
Geochemical fi xes boost shale 
completion effi ciency 
Controlling the effects of geochemical interactions between the shale and the 

fracturing fl uids has helped shale gas operators preserve reservoir communication 

to the wellbore, reduce sour gas potential and tailor fl owback water for reuse.

Matt Blauch, Superior Well Services

NERGYE TM

THE EAGLE FORDTHE EAGLE FORDDEVELOPING

Operators exploring for natural gas 
in shale reservoirs have improved well 
completions by controlling the effects 
of geochemical interactions between 
the shale and the fracturing fluids. 
Enhancing control over deposits of 
geochemical precipitates, scale, micro-
bially induced biogeochemical interac-
tions, and high salinity has helped pre-
serve reservoir communication to the 
wellbore, and has reduced the poten-
tial for generation of hydrogen sulfide 
(sour gas).

Geochemical control also enables 
operators to tailor frac flowback wa-

ter so it can be reused in subsequent 
fracturing operations while minimiz-
ing concerns of subsequent formation 
damage due to geochemical precipi-
tation. Significant reductions in frac 
fluid expense have been observed from 
the reuse of flowback, due to the reduc-
tions in transportation costs of frac wa-
ter, purchases of freshwater and  water 
disposal volume.

BACKGROUND
Fracturing shale reservoirs requires 

the use of large volumes of incompress-
ible fluid (water) to create effective 

complex fracture surface area. Upon 
flowback, large volumes of fluid must 
be managed to minimize impairment of 
gas production. Initially, during fractur-
ing, chemicals are added to the water to 
enhance its friction reduction properties 
during proppant placement at typically 
high rates and pressures (i.e., 80–100 
bbl/min. and 7,000–10,000 psi). The 
ultimate goal of this process is to provide 
a long-lived path through which the gas 
can flow uninterrupted into the wellbore 
and on to the sales line. Unfortunately, 
typical shale wells exhibit a steep gas pro-
duction decline curve.
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Fig. 1. Iron analysis from a shale well fl owback. Presence of 
iron in the fl owback increases as frac fl uid is exposed to the 
formation and picks up iron.
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Fig. 2. Geochemical simulation result showing tendency for 
barite precipitation from a shale well fl owback.
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Along with the introduced addi-
tive components, frac fluid in close 
contact with the shale during the 
course of the stimulation treatment 
may, when recovered, contain a wide 
variety of dissolved constituents such 
as salts. These constituents can make 
wastewater disposal difficult and ex-
pensive, and can potentially impair 
gas production by yielding damaging 
precipitants within the fractures, per-
forations and wellbore.

Potentially damaging formation 
products picked up downhole by 
fracturing fluids are 1) soluble salts; 
2) metal ions including iron, barium, 
strontium, calcium and magnesium; 3) 
solubilized carbonates such as calcite, 
dolomite and siderite; 4) solubilized 
sulfates including gypsum, anhydrite 
and celistite; 5) scale- and gas-forming 
microbes; and 6) significant levels of an-
ions including carbonate, bicarbonate, 
sulfate and chlorides. These byproducts 
cannot be released without treatment 
into area streams, waterways and water 
supplies; therefore, they must be puri-
fied at great expense or transported to 
permitted downhole disposal wells.

A cost-effective alternative ap-
proach to maintaining a supply of 
fracturing fluid is reuse of flowback 
frac fluid without extensive treat-
ment, a procedure that is made 
possible by analyzing, performing 
geochemical modeling upon, and 
minimally treating the flowback frac 
fluid. A percentage (10%–70%), but 
not all of the original frac fluid vol-
ume that was pumped downhole re-
turns to the surface before the well is 
connected to the sales line; therefore, 
only a small percentage of freshwater 
is normally required for a new frac-
turing treatment.1

DEALING WITH HIGH SALINITY

Slickwater pumped at high rates 
with low sand concentration has been 
very effective at treating shale forma-
tions. An ideal slickwater additive has 
been found to be a liquid-polymer 
emulsion that is a salt-tolerant fric-
tion reducer (STFR) designed espe-
cially for compatibility with the spe-
cific shale lithology. Use with brine 
fluids at NaCl concentrations from 
2% to 12% is feasible.2,3 Salt toler-
ance allows frac fluid of high salt 
concentration to be reused repeat-
edly provided that other geochemical 
properties are controlled.

GEOCHEMICAL AND 
BIOGEOCHEMICAL DEPOSITS

Three types of scale or geochemi-
cal precipitates are of major concern to 
shale gas producers: carbonate, sulfate 
and iron-based depositions. In many 
shale completions, the frac flowback 
water contains significant levels of ions 
that can impair production. Unman-
aged, this geochemical environment 
can spawn precipitates within the cre-
ated fracture network and cause scale 
to accumulate in perforations, piping 
and surface equipment. Preventing 
such accumulations requires analysis 
of the flowback water to identify and 
evaluate geochemical deposit-produc-
ing potential. An effective treatment 
method is twofold:

1. Based on the geochemistry 
analysis, apply an appropriate selec-
tion and dose of scale control that is 
designed not to negatively affect the 
fluid pH and resultant friction reducer 
(FR) performance.

2. When necessary, conduct reme-
diation of the water for certain problem 
species. The ideal treatment should ad-

dress all scale situations predicted dur-
ing post-frac flowback; conform to Na-
tional Pollutant Discharge Elimination 
System (NPDES) standards; and pass 
appropriate aquatic toxicity standards 
if surface disposal is required.

Inclusion of the right blend of in-
hibitors in the treatment helps pre-
vent formation of certain geochemical 
deposits by the mechanism of crystal 
modification. Polyacrylic acid of the 
proper molecular weight can further 
prevent the formation of calcium, bar-
ium or strontium sulfate scales. Iron 
control, discussed below, is an impor-
tant component of the solution since 
the presence of iron tends to deactivate 
the effectiveness of conventional scale 
inhibitors; preventing the formation of 
iron-based scales has been an industry-
wide problem.

Sulfate-reducing and iron-metab-
olizing microbes play an important 
role in the formation of geochemical 
precipitates and must therefore be con-
sidered in any geochemical discussion. 
Control measures must be followed 
to negate the effects of downhole “ex-
tremophile” sulfate-reducing microbes 
and conventional spore-forming bacte-
ria. A 20% active, liquid brominated 
propionamide, commonly referred 
to as DBNPA, is an effective choice 
for biogeochemical control. DBNPA 
works in the presence of hydrocarbons, 
begins to kill instantly, and will decon-
taminate a system within 1 hr. One 
benefit of DBNPA is its short half-life 
in the environment. DBNPA is con-
sidered one of the safest biocides when 
used or spilled; it breaks down into 
the innocuous components bromine, 
nitrogen and water. The non-foaming 
biocide is effective against both aero-
bic and anaerobic microorganisms. It is 
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Fig. 3. The Langelier saturation index (LSI) shows high 
potential for development of carbonate scale (Case 1).
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Fig. 4. Comparison of salt-tolerant friction reducer (STFR) to 
guar FR for development of friction reduction in pond water 
(Case 2).
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water-soluble, easy to mix and dilute, 
and registered with the US Environ-
mental Protection Agency as non-per-
sistent. DBNPA is also not affected by 
hard water or salts.

IRON CONTROL
An iron-control compound is nec-

essary that chemically maintains the 
iron in formation fluids in the re-
duced-valence state and prevents both 
precipitation and re-precipitation of 
iron compounds and minerals. The 
iron-control agent should inhibit the 
iron from converting to insoluble 
particulates that can damage fracture 
conductivity and reduce the produc-
tion potential of the formation.1 The 
compound must provide adequate 
iron control at a low dosage rate with-
out lowering the system pH and, thus, 
reducing FR performance. The chem-
ical additive should work synergisti-
cally with scale-control additives both 
in preventing precipitation of difficult 
post-frac geochemical species, such as 
siderite (which can form in hydraulic 
fractures), and in enhancing perfor-
mance of FR chemistry.

Traditional iron-reducing and che-
lating agents consist of acidic chemicals 
such as citric acid, acetic acid and eth-
ylenediaminetetraacetic acid (EDTA), 
which keep the iron in formation in a 
soluble or reduced form (ferrous iron) 
through pH reduction and chelation 
chemistry. This method of iron control 
performs inconsistently, particularly 
when the formation acts to neutralize 
the acid and the acid’s capability to 
control iron and other metals. Acids or 
chelants also reduce frac fluid pH and, 
thus, can adversely affect FR and other 
chemical performance. Alternative iron 
control additives should be sought that 
avoid these drawbacks, thus allowing 
optimal performance of the FR, scale 
control agents and biocide.

Figure 1 illustrates the need for in-
tegrating iron control into the frac flu-
id, even though the initial water used 
to frac may contain no iron. Upon 
contact with the downhole environ-
ment, iron and other metal ions are 
leached and/or released into the frac 
flowback water. If not controlled, free 
iron may be available to form a num-
ber of iron species that can be damag-
ing to gas production and potentially 

to the unloading of the frac fluid dur-
ing well cleanup. For example, geo-
chemical simulation has shown that 
siderite (FeCO3) can be a problematic 
iron precipitate.

GEOCHEMICAL SIMULATION
A geochemical simulator may be 

used to predict the tendency for a wide 
range of geochemical precipitation 
from the shale completion flowback 
fluid. A geochemical simulator shows 
the tendency for specific mineral pre-
cipitates such as barium sulfate and iron 
carbonate to form, Fig. 2. This process 
is used to ensure that the appropriate 
level of protection is being provided by 
the control chemical.

WATER ANALYSIS EXAMPLES
Case histories illustrate the utility of 

conducting detailed water analyses be-
fore preparation of frac fluids for use in 
a shale reservoir.

Case 1. An operator recovered 15,000 
bbl of flowback water, accounting 
for a load recovery of approximately 
40%.4 Analyses were performed on 19 
samples; Table 1 presents results from 
five samples taken throughout the 
flowback process.

Analysis shows that the volume of 
dissolved solids increases and pH and 

alkalinity decrease as flowback pro-
gresses. Calcium and sodium are the 
most prevalent cations. As shown by 
the Langelier saturation index (LSI) 
in Fig. 3, the greatest potential for car-
bonate scale formation occurs when 
flowback represents 10–30% load re-
covery. Divalent cations including cal-
cium, magnesium and strontium show 
dramatic increases as late-stage water 
is produced to the surface. Decreasing 
sulfate in the late stages of flowback 
indicates that sulfate is the limiting 
ion, and its decrease may be indica-
tive of sulfate precipitation downhole. 
Solubility of barium sulfate is low, with 
the potential for creating an aggressive 
geochemical precipitate or scale. Iron 
content increases in late stages of flow-
back, prompting consideration of tak-
ing iron control measures.

Based on this analysis, the fluid de-
signed for the ensuing frac treatment 
was the flowback water along with 1) 
scale inhibitors designed for multiple 
sulfate and carbonate species, 2) an 
iron-control agent with potential to 
control iron carbonate, and 3) a bio-
cide designed for extremophiles and 
environmental risk mitigation.

Case 2. A shale gas producer was 
using surface pond water as a base 
for mixing frac fluid for a Haynes-

Flowback, bbl   500 2,500 6,000 11,000 15,000
Anions     
P alkalinity, mg/L as CaCO3 0 0 0 0 0
M alkalinity, mg/L as CaCO3 580 560 360 260 160
Chloride, mg/L as Cl- 2,000 5,800 16,400 53,000 104,000
Sulfate, mg/L as SO42- 1,115 910 588 57 24 
Cations     
Sodium, mg/L as Na1+ 714 1,470 2,671 9,062 12,830
Potassium, mg/L as K1+ 27 40 105 381 544
Calcium, mg/L as Ca2+ 240 536 1,960 6,840 9,720
Magnesium, mg/L as Mg2+ 44 73 171 341 805
Total hardness, mg/L as CaCO3 780 1,640 5,600 18,500 27,600
Barium, mg/L as Ba2+ 0.4 0.5 2.1 7.3 70.2
Strontium, mg/L as Sr2+ 16.5 48.4 211 995 1,837
Ferrous iron, mg/L as Fe 1.8 0.8 0.4 0.6 3.3
Total iron, mg/L as Fe 42 27 38 157 78
Miscellaneous     
pH 7.25 8.31 8.54 6.27 5.88
Total suspended solids, mg/L 90 20 201 123 502
Specifi c gravity, g/ml 1.001 1.016 1.026 1.071 1.087
Conductivity, µΩ 7,160 16,800 37,800 123,000 173,200
� ATP (microbiological content), relative 
 light units 5 6 3 1 1
Microbiological content Low Low Low Low Low
Langelier saturation index (LSI) 1.02 2.37 2.94 1.02 0.55
Langelier potential scaling   Scaling Scaling Scaling   Mildly  Scaling
Calcium sulfate scaling potential Positive Positive Positive Positive Positive

TABLE 1. Flowback water analysis (Case 1)
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ville Shale gas well. The water was 
analyzed and run through a friction 
loop to assess its compatibility with 
an STFR and compare STFR perfor-
mance with that of a guar FR. Flow-
back water was also analyzed and 
geochemical simulation conducted 
to determine the propensity for 
downhole geochemical precipitates 
and the need for geochemical con-
trols in the fracturing design.

Three friction-
loop tests showed 
that STFR is com-
patible with the 
chosen surfactant 
and other additives. 
STFR was shown 
to develop friction 
reduction more 
rapidly and effi-
ciently, and achieve 
a higher FR level, 
than guar, Fig. 4.
   The surface wa-
ter used is of low 
alkalinity, hardness, 
iron and chloride 
content, indicat-

ing that it is an excellent source water 
for frac fluid; however, geochemical 
controls are suggested based on model-
ing of the water equilibrated with the 
downhole environment. The slightly 
alkaline pH is well within the operat-
ing range of STFR. Although the water 
contains fine suspended solids that re-
sult in high turbidity, it does not im-
pair STFR performance. Geochemical 
analysis of flowback samples shows a 

tendency for precipitation of siderite, 
gypsum and celestite if no controls are 
applied, Fig. 5.

In view of the above analysis, the frac 
water design included a biocide, a scale 
inhibitor system, an iron-control agent 
and a salt-tolerant friction reducer. WO
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Fig. 5. Post-frac fl owback water geochemical simulation 
showing siderite results (Case 2).
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