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Customized Biodegradable Fluid Systems: 

Premium Treatment Solutions for Versatile 

Challenges in Demanding Wells
By N. R. LUMMER and S. GERDES*

A
bstract

Challenges encountered in the geother-

mal, as well as in the oil & gas sector 

are versatile, continuously changing and in-

creasingly demanding. Therefore, a custo-

mized approach for production enhancing 

treatments is recommendable. According to 

actual project demands, each treatment fluid 

system should especially be designed. At the 

same time, the ever-growing claim for pro-

ducts with the lowest possible environmental 

impact dramatically influences possible recipe 

compositions.

This article focuses on the development of flu-

id systems based upon biodegradable acids 

with extremely low toxicity values. Further-

more, it highlights the corresponding field 

trials related to the following topics: Targe-

ting Clay Minerals in Sandstone/Granite 

Formations, Dissolving Lead-Scale, Acidizing 

Carbonate Formations under H2S-Condi-

tions, and Cleaning of Geothermal Plants.

E
nvironmental and Safety Issues

Because of their environmentally-

friendly and non-hazardous nature, 

all acids presented here meet strict regu-

lations, as well as environmental guide-

lines set by regulatory bodies and opera-

tors. Additionally, these systems have 

very low vapor pressures and high boi-

ling points, thus they are odor-free and 

evolve no dangerous volatiles. Moreo-

ver, these acidic fluids show low toxicity 

to aquatic life and are readily biodegra-

dable within 28 days.

L
ab Experiments

Solubility tests were performed 

with actual cutting and scale samp-

les from the respective project. After an 

exposure time of two to four hours in 

the biodegradable fluid system, the 

weight loss of the material was gravime-

trically determined.

To simulate natural fractures in the for-

mation and ensure an easy pathway for 

fluids, granite cores were cut in half em-

ploying a core saw. Subsequent flooding 

experiments were conducted with a per-

meability tester at 140°C. Initial and fi-

nal permeability was established by 

pumping a solution of 20 kg/m³ Ammo-

nium Chloride at 4 mL/min. While ap-

plying a confining pressure of 2000 psi 

(back pressure @500 psi), the respective 

biodegradable acid system was pumped 

through the core at 1 mL/min.

Metal coupons were cut, polished and 

rinsed using butyl glycol prior to corrosi-

on testing. Weight loss of the metal sam-

ple was determined after an exposure 

time of two to four hours in the respec-

tive fluid system at the actual bottomho-

le temperature. All tests were performed 

at a differential pressure of 1000 psi Nit-

rogen. Here, the fluid volume / metal 

surface area ratio was held constant at 

5.7 mL/cm².

Weight increase of elastomers were 

measured after an exposure time of 24 h 

at bottomhole temperature. Fluid com-

patibility with synthetic formation wa-

ter (composition in accordance with the 

customer) was tested with live and spent 

acid.

T
argeting Clay Minerals in Sandstone / 

Granite Formations

The primary objective of acidizing 

geothermal wells in fractured sandsto-

nes and granites is to remove scales blo-

cking the pathway of water, thus increa-

sing the productivity or injectivity of the 

formation. For this purpose, hydrochlo-

ric acid- based fluids are commonly ap-

plied. At high temperature, however, 

the fierce reactivity of hydrochloric acid 

(HCl) often hinders deep penetration of 

the formation making stimulation of re-

moved damaged zones difficult to attain 

[1, 2]. Selection of chemicals to reduce 

reactivity adds to the difficulties en-
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countered in the acceptance by mining 

and water authorities.

Furthermore, the extreme corrosion 

tendency of hydrochloric acid requires 

high concentrations of corrosion inhibi-

tors and intensifiers [3, 4]. Another pro-

blem often encountered during acidi-

zing sandstones with HCl-based formu-

lations is their incompatibility with clay 

minerals. Core flood experiments and 

field results indicate that high tempera-

ture illitic sandstone is sensitive to con-

ventional mud acid treatments. Here, 

the commonly employed HCl pre-flush 

degrades illite and chlorite leading to fi-

nes migration and formation damage 

[5]. 

An innovative fluid system is introdu-

ced, which is based upon a naturally re-

tarded, biodegradable acid system and 

highlights its first field trial in a granite 

formation. Here, demanding borehole 

conditions (195 °C BHT, vast open-hole 

section, and a high concentration of illi-

te) were encountered.

Preparing the application, core flood ex-

periments with actual granite and sand-

stone samples (Fig. 1), as well as solubi-

lity tests with cuttings from the target 

zones were performed. In contrast to 

HCl-based fluids, this state-of-the-art 

acid system has supreme dissolving ca-

pacity against carbonates and silicates. 

Furthermore, it shows a low corrosion 

tendency and an excellent compatibility 

profile with illite, even at high tempera-

ture.

For the first field trial, three target zones 

(MD: 4900–5300 m) in the open-hole 

section were selected for chemical injec-

tion via tubing. The superior chemical 

properties of this treatment system lead 

to a greatly enhanced injectivity of the 

well (Fig. 2).

D
issolving Lead Scale

Scale formation may decrease flow 

potential of geothermal wells re-

ducing project profitability. For premi-

um results, remedial treatments, as well 

as fluid recipes should be diverse and 

optimized according to the respective re-

servoir conditions. Nonetheless, it is of-

ten common practice to employ stan-

dard hydrochloric acid-based solutions, 

even for persistent and more complex 

precipitates.

Here the development of an innovative 

fluid system specially customized for 

dissolving lead (Pb2+) scales and high-

lights its field trial in a geothermal well. 

The first component of this new system 

is a salt dissolved in water providing clay 

control and pH-adjustment. The second 

is a biodegradable acid, which shows 

low environmental impact [6]. Lab re-

search regarding the solubility of actual 

Pb2+-scale samples, the compatibility 

with elastomers and synthetic formation 

water, as well as the corrosion tendency 

of metal coupons preceded the first ap-

plication.

The following results were observed: In 

hydrochloric acid, dissolved lead-ions 

form PbCl2-precipitates at lower tempe-

rature. In contrast, Pb2+ remains highly 

soluble in the new system rendering it 

most preferable for descaling purposes. 

This innovative fluid provides compati-

bility with elastomers and synthetic for-

mation water. Additionally, it is extre-

mely low corrosive (< 0.05 lbs/ft²).

Chemical injection via tubing targeted 

eight different zones in the perforated 

liner section of the Bunter sandstone 

formation (TVD: 2500–2600 m; BHT: 60 

°C). In the course of the three treatment 

steps planned for this application, cup 

tools provided fluid separation and di-

version.

The superior chemical properties of this 

biodegradable treatment fluid combined 

Fig. 2  Injectivity increase of granite formation through treatment with biodegradable acid 
system I

Fig. 3  Injectivity increase through lead-scale dissolution employing biodegradable acid 
system II (dashed line ≡ fluid reaches formation)
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with an optimized pumping schedule re-

sulted into an improved injectivity of 

the geothermal well. As an example, Fi-

gure 3 depicts the results for the second 

step. Here, the injectivity index increa-

sed from 6 to 8 L/min/bar.

A
cidizing in Carbonate Formations un-

der H2S-Conditions

For matrix acidizing of carbonate 

wells, hydrochloric acid is usually em-

ployed. HCl simply dissolves the forma-

tion and creates wormholes when pum-

ped at the optimum rate, thus by-pas-

sing the damaged zone and increasing 

well productivity. However, at high tem-

perature, hydrochloric acid reacts vigo-

rously with carbonates. Additionally, 

the corrosion rate of metal material is 

high, especially in wells completed with 

Cr-based alloys. In these cases, hydro-

chloric acid dissolves the protective lay-

er (Cr2O3) and can severely corrode well 

tubulars. To address the corrosive nature 

of HCl at high temperatures, an increase 

of corrosion inhibitor loading, as well as 

the use of intensifier may be necessary. 

Another option is to employ a large vo-

lume of pre-flush to reduce bottomhole 

temperature of the treated well. In the 

following the results of the first field ap-

plication of a biodegradable fluid to aci-

dize a sour, high temperature, tight gas 

well completed with high chrome con-

tent tubulars are presented. The sour 

carbonate reservoir was damaged during 

workover. Previous matrix acidizing em-

ploying HCl and a chelating solution 

was not successful and below expecta-

tions. 

The well produces sour gases with 19 

mol% H2S and 9 mol% CO2. The target 

zone contains dolomite and calcite mi-

nerals with an average porosity of 11.5 

vol% and permeability of 0.4 mD. The 

length of the target zone is 25 m. The 

well tubular consists of L-80, a low car-

bon-steel, with some internals made of 

Incoloy 925, and Alloy 28. After the ap-

plication with biodegradable acid system 

III, gas production of the well improved 

by 110%. The treatment efficiency was 

excellent, as the result exceeded the tar-

get set for the stimulation. Here, the re-

sulting production rate nearly equaled 

the one expected for a frac-treatment 

(Fig. 4).

C
leaning of Geothermal Plants

In the Molasse basin, phosphoric 

acid (H3PO4)-based fluids are the 

most commonly used systems for de-

scaling geothermal plants. In compari-

son to other acids, however, H3PO4 dis-

solves carbonates (e.g. CaCO3) only 

slowly hence unnecessarily lengthening 

each application. At high concentrations 

of Ca2+-ions, phosphoric acid also tends 

to form Ca-Apatite precipitates further 

counteracting its efficiency as scale-dis-

solver. Additionally, due to environ-

mental concerns regarding phosphona-

tes, spent H3PO4 may require special dis-

posal treatments and generate additio-

nal costs.

This part of the article presents the eva-

luation of biodegradable acid system IV 

and focuses on the optimization of the 

corresponding treatment program, both 

specially customized for de-scaling geo-

thermal plants. Intensive lab research 

regarding the solubility of actual scale 

samples, as well as the corrosion ten-

dency of metal coupons resulted into a 

customized fluid recipe. 

An optimized treatment plan employing 

specially adapted field equipment ensu-

red turbulence flow further accelerating 

the reaction rate of the fluid and hence 

the actual de-scaling procedure. The 

combination of biodegradable acid sys-

Fig. 4  Results of treating a sour, high temperature, tight gas well with biodegradable acid 
system III

Fig. 5  Heat exchanger before (left) and after (right) application with biodegradable acid 
system IV

Biodegradability and Low Toxicity
Ensures acceptance by mining and water 
authorities

Naturally Retarded Reactivity Enables deep penetration into the formation

Low Corrosion Tendency Minimizes corrosion inhibitor concentration

Excellent Compatibility with

Swellable Clays Reduces concentration of potassium chloride

Elastomers
Facilitates the use of inflatable packers and cup 
tools

Formation Water
Counteracts formation damage and ensures 
long-term efficiency

Tab. 1 Advantages of innovative biodegradable acid systems
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tem IV and state-of-the-art equipment 

resulted into great results (Fig. 5).

C
onclusion

Based upon excessive lab testing 

and vast filed experience, the bio-

degradable acid systems presented here 

were specifically customized to meet 

unique project-related demands. In the 

course of numerous applications, they 

have shown their excellent efficiency 

improving the productivity of geother-

mal, as well as oil & gas wells. Their bio-

degradability, low corrosion tendency 

and excellent compatibility profile com-

plement these state-of-the-art treatment 

fluids. Table 1 summarizes their benefits.
 ■

References

[1] K. Lund, H. S. Fogler, C. C. Mc Cune, Acidization I. 

The dissolution of Dolomite in hydrochloric acid, 

Chemical Engineering Science 28: 691–700 

(1973).

[2] K. Lund, H. S. Fogler, C. C. Mc Cune, J. W. Ault, 

Acidization II. The dissolution of Calcite in hydro-

chloric acid, Chemical Engineering Science 30: 

825–835 (1975).

[3] L. Kalfayan, Production enhancement with acid sti-

mulation, 2nd edition, PennWell Corporation, Tulsa, 

USA (2008).

[4] S. H. Al-Mutairi, H. A. Nasr-El-Din, G. A. Al-Muntas-

heri, S. M. Al-Driweesh, Corrosion control during 

acid fracturing of deep gas wells: Lab studies and 

field cases, SPE 94639, SPE International Symposi-

um on Oilfield Corrosion, Aberdeen, Scotland 

(2005).

[5] R. L. Thomas, H. A. Nasr-El-Din, J.D. Lynn, S. Meh-

ta, S. R. Zaidi, Precipitation during the acidizing of a 

HT/HP illitic sandstone reservoir in Eastern Saudi 

Arabia: A laboratory study, SPE-71690, SPE Annual 

Technical Conference and Exhibition, New Orleans, 

USA (2001).

[6] N. Recalde Lummer, O. Rauf, S. Gerdes, Next gene-

ration stimulation system – First field trial of a new 

biodegradable fluid in a sandstone/granite formati-

on, SPE-174242, SPE Formation Damage Confe-

rence, Budapest, Hungary (2015).

Diskutieren Sie mit und schreiben Sie uns Ih-

re Meinung per Mail an leserbriefe@eid.de

EID Energie Informationsdienst GmbH                 Banksstr. 4              20097 Hamburg               Tel. 040/303735-20             info@oilgaspublisher.de

Aktuelles Wissen und Nachrichten zu den Themen der Aufsuchung,  
Gewinnung, Verarbeitung und Anwendung von Erdgas, Erdöl, Petrochemie  
sowie Kohlen-/Biomasseveredlung und Tiefengeothermie.

ERDÖL ERDGAS KOHLE liefert Dir Informationen für Deinen Erfolg bei der 
Studienarbeit, dem Diplom, der Dissertation oder dem Berufseinstieg. 

Best Paper-Award inkl. Preisgeld und Veröffentlichung in ERDÖL ERDGAS KOHLE.

www.oilgaspublisher.de/YoungProfessionals

DGMK Mitgliedschaft  
Vorteile für Studenten:

■   Abo ERDÖL ERDGAS KOHLE mit  
11 Ausgaben im Jahr (inkl. 4x im Jahr  
OIL GAS European Magazine)

■   Gebührennachlässe bei DGMK  
Tagungen (z.B. DGMK Frühjahrstagung, 
Celle) und DGMK Publikationen

■   Networking

Best Student 

Paper Award

Einsende- 

schluss:  

31. Mai 2019


