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The Value of Extra Data
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Understanding Chloride in Soil: What Are We Really Measuring?
How does this relate to chloride in groundwater?

“When delineating chloride-based soil salinity for comparison to Tier 1 soil salinity guidelines (Table 4), 

delineation must include the lateral and vertical extent of chloride concentrations in saturated paste 

extracts (expressed as mg/L) that exceed the Tier 1 groundwater guideline. The area and depth 

defined by soil chloride delineation requirements may extend beyond the area and depth of soil that 

exceeds Tier 1 soil salinity guidelines. In that case, soil remediation may be based on the Tier 1 soil salinity 

guidelines, but consideration must be given to the potential for chloride contamination in groundwater.”



4

Sample weighed 
and dried

Sample 
saturated with 

deionized water

What Are Saturated Paste Extract Concentrations?
Step 1: Sample arrives and is weighed and dried

Air space

Mineral grains

Salt removed from 
solution

Soil moisture / 
groundwater 
(including salt in 
solution)
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Water is extracted 
and concentrations 

measured

What Are Saturated Paste Extract Concentrations?
Step 2: Deionized water is added to sample to create a paste

Air space

Mineral grainsSample 
saturated with 

deionized water

Sat. %=
Wt of Water Added at Saturation

Dry Wt of Soil
X 100%

Salt removed from 
solution
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What Are Saturated Paste Extract Concentrations?
Step 3: Water is extracted from the paste and the concentration measured

Mineral grainsWater is extracted 
and concentrations 

measured
200 mg/L 

Cl

Soil concentration 
calculated

Extracted Water
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0.25 L
(approx. 0.25 kg)0.5 L water

(approx. 0.5 kg)

100 mg Cl

200 mg/L Cl in sat 
paste extract

If 0.5 kg of 
water was 
added to 1 
kg of soil 
(soil 
saturation is 
50%)

If 1 kg of 
soil 
originally 
contained 
0.25 kg of 
soil 
moisture

100 mg Cl

400 mg/L Cl in soil 
moisture

What Are Saturated Paste Extract Concentrations?
Step 4: Calculate the concentration in the soil

Cl𝑠 ൗ
mg

kg = Cl𝑆𝑃𝐸 Τmg
L ×

𝑆𝑎𝑡.%

100%

100 mg Cl

Cl𝑤 Τmg
L = Cl𝑆 ൗ

mg
kg ÷

𝑀𝑜𝑖𝑠𝑡.%

100%

100 mg/kg Cl in soil
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Factors and Processes Affecting Distribution

-

-
-

-
-

-

K+
Ca+2

Mg+2

Na+
Linear

Freundlich

Langmuir

- Soil Physical Properties

- Porosity, bulk density, particle type

- Adsorption

- CEC, AEC, pH

- Anion Exclusion

- Clay content (net negative), pH, CEC 

- Ionic Strength

- Ion concentration, clay content, porosity

- Contaminant & Site History
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• Soil groundwater partitioning coefficient

• Common Empirical Models for Estimating Ion Adsorption

• Linear, Freundlich, Langmuir

• Approaches for Chloride:

• Alberta Tier 1 Soil and Groundwater Remediation Guidelines 

(DF1) & SST V3.0

• SST V2.5

• British Columbia Contaminated Sites Regulation (Protocol 

28 and Protocol 13)

• United States Environmental Protection Agency & Kansas 

Department of Health and Environment
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Existing Approaches To Relate Soil to Groundwater Concentrations

𝐾𝑑
𝐿

𝑘𝑔
=

𝑚𝑔 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑝𝑒𝑟 𝑘𝑔 𝑜𝑓 𝑠𝑜𝑖𝑙

𝑚𝑔 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑝𝑒𝑟 𝐿 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝐾𝑜𝑐 =
𝐾𝑑 × 100

𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝐶𝑎𝑟𝑏𝑜𝑛 %𝐷𝐹1 = 𝐾𝑜𝑐 × 𝑓𝑜𝑐 +
𝜃𝑤 + 𝐻′ × 𝜃𝑎
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Testing the Relationship Between Soil and Groundwater Concentrations
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Individual Site Correlation Comparison
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How Does Soil Chloride Concentrations Relate to Groundwater Chloride Concentrations?
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Groundwater (mg/L): Soil

Ratio

Soil 

(mg/kg)

Soil

(mg/L)

Count (n) 25 25

Minimum 0.86 0.38

Maximum 12.33 6.17

Average 4.84 2.29
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How Does Soil Chloride Concentrations Relate to Groundwater Chloride Concentrations?
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Groundwater (mg/L): Soil

Ratio

Soil 

(mg/kg)

Soil

(mg/L)

Count (n) 5 5

Minimum 1.93 1.22

Maximum 4.70 2.78

Average 3.24 1.82

FIELD 

SITE
Location

GW 

(mg/L)

Soil 

(mg/kg)

Soil  

(mg/L)

GW : Soil 

(mg/kg)

GW : Soil 

(mg/L)

1 61 13 22 4.70 2.78

2 3540 1830 2909 1.93 1.22

3 3710 992 1740 3.74 2.13

4 7340 2790 5080 2.63 1.44

5 12300 3830 7980 3.21 1.54

Measured Chloride Ratio
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Factors Affecting Chloride Distribution
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FIELD SITE
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Assume no sorption

Assume no volatilization

Assume fully saturated

assume gw in contact

Measured for test site

Measured for test site

DF1 to Enhance Groundwater Chloride Plumes??? 
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How Does This Relate to Chloride in Groundwater?

© Montrose Environmental Group, Inc. Proprietary and Confidential

X 2.909

X 3.24

Location
GW 

(mg/L)

Soil 

(mg/kg)
Individual  

Site 

Specific 

Avg 

(2.909)

1                 61               13                 36                 38                  42 

2           3,540         1,830           4,605           5,323            5,935 

3           3,710             992           2,942           2,886            3,217 

4           7,340         2,790           7,816           8,116            9,049 

5        12,300         3,830        12,157        11,141          12,422 

Predicted Groundwater Chloride 

DF1 Site 

Specific 

Correlation 

Coefficient 

(3.24)

Measured Chloride
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Variability in Correlation Coefficients
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Site 
Count

(n)

Correlation 

Coefficient

14 58 8.41

2 13 4.57

4 8 4.51

6 32 3.04

5 6 4.68

All 299 5.71

Minimum 3.04

Maximum 8.41

Average 5.23

Correlation 

Coefficient

100 mg/kg Soil -

Predicted Groundwater 

Concentration (mg/L)

3.04 (min) 304

8.41 (max) 841

5.23 (avg) 523
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Variability of Correlation Coefficient on Chloride Plumes

Dissolved Chloride Plume 

Groundwater Data Only

Cl (mg/L)

Cl mass > 100 mg/L: 28 t

Well screen with GW sample

Scaled soil sample
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Variability of Correlation Coefficient on Chloride Plumes

Dissolved Chloride Plume

Groundwater + Soil (sat. paste - mg/L)

Cl (mg/L)

Volume > 100 mg/L: 484,000 m3

Cl mass > 100 mg/L: 42 t

Well screen with GW sample

Scaled soil sample
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Variability of Correlation Coefficient on Chloride Plumes

Cl (mg/L)

Volume > 100 mg/L: 526,000 m3

Cl mass > 100 mg/L: 66 t

Well screen with GW sample

Scaled soil sample

Dissolved Chloride Plume 

Groundwater + Soil (mg/kg x 2.69)



21

Variability of Correlation Coefficient on Chloride Plumes

Cl (mg/L)

Volume > 100 mg/L: 679,000 m3

Cl mass > 100 mg/L: 115 t

Well screen with GW sample

Scaled soil sample

Dissolved Chloride Plume 

Groundwater + Soil (mg/kg x 4.61)

Site 

Specific 
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Variability of Correlation Coefficient on Chloride Plumes

Cl (mg/L)

Volume > 100 mg/L: 900,000 m3

Cl mass > 100 mg/L: 217 t

Well screen with GW sample

Scaled soil sample

Dissolved Chloride Plume 

Groundwater + Soil (mg/kg x 8.64)
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Variability of Correlation Coefficient on Chloride Plumes
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Enhancing Groundwater Chloride Plumes With Soil

By optimizing the data we 

routinely collect we can 

enhance our groundwater 

plumes. 

An incorrect correlation 

coefficient can over or 

underestimate your 

plume.

Underestimate

Overestimate



25© 2024 Montrose Environmental Group, Inc. Proprietary and Confidential. 25

This presentation was based on work conducted for 

PTAC

Major contributors:

• Jason Desilets- Cenovus

• Lorie Mayes, Tannis Such, and Allan Fogwill – PTAC

• Anna Best, Carl Ayer, Gabrielle Marchand –Montrose 

Environmental Company

Acknowledgements



26

Questions?
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Montrose At A Glance 

Montrose provides strategic, integrated solutions 

that guide organizations through environmental 

challenges, ultimately delivering business value and 

positively impacting our planet and society.

We implement environmental solutions that scale.

• ~3,200 employees

• ~100 locations worldwide

• ~5,600 clients from the private 

and public sectors

• 6 patents issued in 2022, for a total 

of 18 patents
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Disclaimer

• Project is in DRAFT and has NOT received Regulatory endorsement. 

• Conclusions based on sites that were reviewed as part of this project and can not necessarily 

be applied to all sites. 

Montrose Environmental Solutions Canada Inc. certifies that this presentation is accurate and complete
and accords with the information available during the project. Information obtained during this work or
provided by third parties is believed to be accurate but is not guaranteed. Montrose Environmental has
exercised reasonable skill, care, and diligence in assessing the information obtained during the preparation
of this presentation.

This presentation was prepared for the Remediation Technologies Symposium 2025 (RemTech™ 2025) in
October 2025. Any uses of this presentation by a third party or any reliance on decisions made based on it
are the responsibility of that party. Neither Montrose Environmental nor its affiliates are responsible for
damages or injuries incurred by any third party as a result of decisions made or actions taken based on this
presentation.


