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Spills of produced water or brine on soil 
result in two types of damage:

• Excess salinity
– Creates an osmotic imbalance that 

reduces water uptake by plant 
roots.  Plants can go into drought 
stress even though there is plenty 
of water in the soil.



Spills of produced water or brine on soil 
result in two types of damage:

• Excess sodicity (an excess of 
sodium)
– Destroys soil structure by 

dispersing clays
– Produces a hardpan that will 

not transmit water
– Erosion

Both salinity and sodicity must 
be addressed in any successful 
remediation of a brine impacted 
site



Remediation of a Brine Spill In Brief
• First response

– Flushing and containment
• Reducing salinity

– Breaking open the soil
– Bulking agents
– Fresh water
– Drainage

• Reducing sodicity
– Soluble calcium ion to reverse sodic reaction with 

clays
• Revegetation

– Taking advantage of plant root systems

There are many ways for this process to go wrong



First response to a brine spill

• A typical method of first response (even recommended by some 
regulators): flushing with fresh water into a receiving body 
followed by disposal of salty water.  There are two problems 
with this approach.

Capillary suction from 
dry soil can result if 
further damage



First response to a brine spill

• Fresh water on a brine spill accelerates dispersal of 
clays and results in severe reductions in soil 
permeability

no subsequent gypsum application. Time series charts of
Ks (Fig. 1a) show the changes in Ks relative to elapsed
time. In Fig. 1b, the data were also segregated into gen-
eral leaching stages, prebrine application (PRE), during
brine application (BR), and multiple postbrine applica-
tion stages (POST1 and POST2) to present significant
differences between and within leaching stage and soil.
During the initial water-leaching phase (PRE), the aver-
age Ks (Fig. 1b) was between 0.06 and 0.08 cm h−1 for
T_U, T_L, and B_L soils and 0.28 cm h−1 for B_U, indicat-
ing adequate water flow through all of the soils. These
values are similar to the values from the nonbrine check
cores, which were leached with water only (Fig. 2a).
During the application of one pore volume of brine
(BR), the Ks was not significantly different (α = 0.05)
from PRE Ks. However, once distilled water was again
introduced to the system (POST) and leaching was
continued for an average of 15 h (Fig. 1a), the Ks dropped
to 0.009 cm h−1 for S_L and 0.006 cm h−1 for B_U, a 97%

reduction. After approximately another 27 h, the Ks was
0.002 cm h−1 for all soils. There was a very strong signifi-
cant difference (P < 0.0001) between the PRE Ks and the
POST1- and POST2-stage Ks, which took <18 h after the
brine source was removed to fully manifest for all soils.
No significant differences in Ks between soils for any
given leaching stage were measured except B_U for the
PRE and BR stages (Fig. 1b).

The salinity of the leachate, as indicated by the TDS
concentration for the same leaching events, is shown in
Figs. 1c and 1d. During the PRE stage, the TDS was quite
low (<4 mg L−1 for all soils), indicating very little soluble
salt was present in the soil to be leached out. Similar TDS
values were measured from the nonbrine checks
(Fig. 2b). The effluent TDS concentrations started to
increase only slightly (not significant at α = 0.05) after
addition of one pore volume of brine. This indicated that
the brine had filled most of the previously water filled
pore space and that no preferential flow was occurring.

Fig. 1. Time series charts of average (a) saturated hydraulic conductivity (Ks) and (c) total dissolved solid (TDS) concentration of the
leachate for the four soils (T_U, Tonka upland; S_L, Svea lowland; B_U, Barnes upland; B_L, Barnes lowland) leached with one pore
volume brine and receiving no gypsum. Vertical lines through data points are 95% confidence intervals. Charts by leaching stage
(PRE, prebine water application; BR, during brine application; POST, post-brine water application) of average (b) saturated
hydraulic conductivity (Ks) and (d) TDS concentration of the leachate for the four soils leached with one pore volume brine and
receiving no gypsum. Means with different lowercase letters are significantly different between leaching stage for a given soil.
Means with different uppercase letters are significantly different between soils for a given leaching stage. Corresponding
leaching stage is also indicated across top of time series chart.

(a) (b)

(c) (d)
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Pre – distilled water to 
steady state flow

BR – One pore volume of 
produced water (no change 
in hydraulic conductivity)

Post 1, 2 – distilled water 
to steady state flow (large 
decrease in hydraulic 
conductivity)

Derby, et al. (2016), “Effects of oil field 
brine wastewater on saturated hydraulic 
conductivity of smectitic loam soils”,   
Can. J. Soil Sci 96: 496-503



First response

• To prevent spreading contamination and 
causing clay dispersion:
– Collect all standing water to prevent 

infiltration
– Do not flush with fresh water
– Initiate remediation, including 

incorporation of fine particle gypsum deep 
into the soil, before it rains
• Inhibits clay dispersal
• Restores proper cation balance in soil 



Minimizing effects of produced water spill 
on soil reduces cleanup costs

• Keep fine particle gypsum (gypsum flour) on 
hand and readily available

• Get lots of gypsum in the ground before it 
rains

Typical Particle Size Distribution 
Particles Passing ASTM Sieves: 

200 Mesh 100.0% 
270 Mesh 98.4 % 
325 Mesh 95.6 % 
400 Mesh 88.4 % 



Expect things to go from bad to worst if 
you don’t do anything or don’t do enough



Clay Layer

Brine Spill

Site topography was an issue

Leaching

Capillary rise

Seep



Recommended remediation method

• Ripping, tilling with hay and fertilizer 
application, calcium source

• Subsurface drain at the bottom of the spill
– Predicted that the salt was going to 

continue down slope and pool
• Only hay and fertilizer application with tilling 

was done (once); no artificial drainage used, 
no calcium source



Google Earth

Original spill site

Seep, now salty

Further 
impact?





Metrics
• Salinity

– Soil salinity is measured as a saturated paste EC
– ECsat paste ≈ 3 X EC1:1

• Assumes good contact and dry soils
• Sodicity

– Sodium adsorption ratio (SAR)

SAR =        [Na+]

[Ca+2] + [Mg+2]

2

1/2
All units meq/L





Example of correlation between field and lab EC: 
heavy clay, high moisture content

Field ECs = 1:1 EC X 3
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Water
• Soluble salts are transported by water – No water no 

movement
• How much water? A unit depth of water will remove 

about 80% of the salts from the same depth of 
contaminated soil.

Example: 12 in interval of contamination with
an EC of 28 mS/cm

Leaching water 
(in)

% of salts 
leached

Approximate EC 
(mS/cm) after 

leaching
6 50 14
12 80 5.6
24 90 2.8



Remediation of brine spills will require more 
than the calculated amount of water to be 
applied because of runoff and evaporation.

Precipitation or 
applied water

Runoff

Infiltration

Evaporation

Useful 
water



Water

• Lots of water is required which means lots of time if 
you don’t irrigate.

• Lots of organic matter in the soil improves 
permeability to water.  A thick layer of mulch retains 
moisture and reduces evaporation.
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Beware of Capillary Migration

• Capillary suction moves 
salty leachate against 
the force of gravity 
– Height of capillaries 

inversely 
proportional to pore 
size

– Capillary suction 
brings salt from 
depth into the root 
zone



Capillary Migration

• Capillary action causes the unexpected migration 
of brine within the soil
– Has proven to negate remediation efforts 
– The same forces causing the vertical migration 

of brine also cause the LATERAL migration of 
brine

• Helps explain the persistence and growth of 
brine scars 

• Brine components must be driven well beyond the 
plant root zone in the long term to allow 
revegetation



Guidance on estimated capillary rise
Handbook of Drainage Principles (OMAF, Pub. 73)

Soil type Capillary rise (inches)

Very coarse sand 0.8 

Coarse sand 1.6

Medium sand 3.2

Fine sand 6.8

Very fine sand 16.0

Silt 40.0

Clay > 40.0

Depending on soil texture salt must be moved at least this far 
out of the root zone of desired vegetation



Drainage: the salt has to have 
somewhere to go

• What are the options?
– Vertical drainage

• Will it go deep enough? 
• Will it impact groundwater?

– Lateral drainage
• Will it cause additional damage?
• Can I protect environmental receptors?

– Ultimately choices are isolation, collection 
for disposal (drain systems), or dilution



Where will the salt go? 

Surface

Clay layer

Brine 
contamination





The salt has to have somewhere to go

Ponds with 
overflow

Drainage



Remediation using lateral drainage

Slope Drainage 
feature

Underlying clay 
at about 3-4 ft



7 months of treatment



20 months of treatment (June)



Isolation



Isolation

• Site characteristics argue for vertical migration of 
salts below the root zone
– Clay lens below root zone are protective of 

groundwater
– Sandy soil minimizes potential for capillary suction
– Low recharge rate minimizes movement of salt in 

the subsurface under natural rainfall conditions
– Deep groundwater results in spreading and 

therefore dilution of any salt that gets to the 
aquifer

– High hydraulic conductivity results in rapid dilution 
of any salt reaching the aquifer

• Irrigation required to drive salts below the root zone 



Remediation strategy for this site

Brine impacted soil

Surface



Incorporate calcium, irrigate to push 
brine well below root zone







Move salt low enough in soil profile that 
capillary suction will not bring it back into the 

root zone.

Root zone



Withdraw heavy irrigation; seed, fertilize, and 
provide just enough water to establish 

vegetation cover

Root zone



When vegetation established irrigate only 
enough to keep vegetation healthy; when plants 

mature withdraw artificial water 

Root zone



Evapotranspiration further decreases net 
recharge to aquifer further slowing any 

downward movement of brine 

Root zone



After 7 months of treatment



Sodicity and soil structure

Ca+2 Ca+2 Ca+2 Ca+2

Ca+2 Ca+2 Ca+2 Ca+2

Ca+2 Ca+2

Ca+2 Ca+2

Na+

Na+

Na+

Na+ Na+

Clay particles or 
platelets in soil  are 
held together by Ca+2

ions
High concentrations of 
Na+ ions can displace the 
Ca+2 and cause the clay 
particles to disperse



Effect of leaching on salinity vs sodicity

Na+

Ca+2 Cl-
Na+ Na+ Na+

Na+
Na+Ca+2

Ca+2
Ca+2Ca+2Ca+2

Cl-
Cl-

Cl-
Cl-

Cl- Cl-
Cl- Na+

Na+

Na+

Brine spill: 
high salinity 
and high SAR



Effect of leaching on salinity vs sodicity

Na+

Ca+2 Cl-
Na+ Na+ Na+

Na+
Na+Ca+2

Ca+2
Ca+2Ca+2Ca+2

Cl-
Cl-

Cl-
Cl-

Cl- Cl-
Cl- Na+

Na+

Na+

Rainfall or 
irrigation



Effect of leaching on salinity vs sodicity

Na+

Ca+2
Cl-

Na+ Na+ Na+

Na+
Na+

Ca+2 Ca+2

Ca+2

Ca+2

Ca+2
Cl- Cl-

Cl-Cl-

Cl- Cl-Cl-

Na+ Na+

Na+

Na+Na+

Cl-

Lower 
salinity 
but high 
SAR



Calcium is required to fight sodicity

Ca+2 Ca+2 Ca+2 Ca+2

Ca+2 Ca+2 Ca+2 Ca+2

Ca+2 Ca+2

Ca+2
Na+

Na+Na+

Na+

Na+
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Due to the low solubility of gypsum, gypsum 
is typically effective only within the depth to 

which it is incorporated into soil

6”

18”

24” of 
contamination

Typical 
tilling depth

Untreated

Gypsum treatment





Any Questions?


