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Abstract: Microbial contamination and extensive growth of bacteria in water-based drilling fluids impact the overall drilling 
operation cost and performance and may affect reservoir integrity. To prevent microbial growth, drilling fluids should be treated with 
effective biocides for microbial control to prevent polymers biodegradation and loss of the mud rheological properties Make-up 
water and drilling mud samples from reserve fields and mud mixing tanks were collected from active drilling rigs. Baseline numbers 
of general aerobic bacteria (GAB) and sulfate-reducing bacteria (SRB) in the make-up water and the drilling mud being used were 
determined using the Most Probable Number (MPN) method. Microbial growth in the drilling mud and microbial control using 
glutaraldehyde-based biocide were evaluated under short-term (< 24 hours) conditions and long-term conditions, up to 7 days 
downtime of drilling operations. In short operational downtime, without biocide addition to the stagnate mud system, resulted in high 
number of GAB (105-107/ml) in the mud. In long operational downtime, addition of 1500 ppm of biocide (1/3 of normal dosage) at 
Day 3 was found to be effective in controlling GAB and SRB growth in drilling mud. Biocide performance was significantly affected 
by the mud sulfide content; higher dosage and more frequent treatment may be required to control the microbial growth in the 
drilling mud. The study indicated that biocide treatment is essential for microbial control, especially in the period of drilling 
operational downtime. Based on this evaluation study, Drilling mud treatment programs and field best practice have been developed 
and implemented in by all Saudi Aramco active drilling rigs. 
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1. Introduction 

Xanthan gum and starch are high molecular weight 

polysaccharides with exceptional shear thinning 

properties and good suspension characteristics. They 

are widely used in oil industry for oil field drilling, 

workover and completion fluids [1-3]. Due to the 

biopolymer nature, they are susceptible to bacterial 

contamination and attack [4]. Drilling fluids and mud 

additives are generally acknowledged as potential 

sources of contamination in deep drilling programs 

[5-7]. Extensive bacterial growth during drilling mud 

preparation has been reported in Barnett Shale gas 

operations [8, 9]. Uncontrolled microbial growth in 

drilling mud can result in significant degradation of 

biopolymers of drilling mud leading to the loss of mud 

rheological properties [10, 11]. The metabolic 

by-products from biopolymer degradation and the 

various additives in drilling mud can serve as food 
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sources and promote the growth of naturally occurring 

oil field microbes such as anaerobic sulfate-reducing 

prokaryotes (SRP) [9, 10, 12-15] Consequences of 

excessive SRP activity include microbiologically 

influenced corrosion, biomass plugging in injection 

wells and in the formation, and hydrogen sulfide (H2S) 

production deep in the formation, leading to reservoir 

souring and reduced product quality [11, 16-21]. One 

microbial control strategy used in drilling operations 

is the addition of biocides for suppression of vital 

microbial activities that would affect rheological 

properties of mud, and control of the introduction of 

resilient and high temperature tolerant 

microorganisms into the reservoirs [5, 22]. 

In this study, make-up water and drilling mud 

samples from reserve tank and mixing tank were 

collected from three drilling rigs in Saudi Aramco 

oilfields to determine the microbial contamination and 

effectiveness of glutaraldehyde-based biocide on 

microbial control of drilling mud under normal and 
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abnormal (downtime) operations. The Most Probable 

Number (MPN) method was used for bacterial 

enumeration before and after biocide treatment. The 

method would take one week to enumerate the general 

aerobic bacteria (GAB), and up to four weeks to 

enumerate the slow growing sulfate-reducing bacteria 

(SRB) [23-25].  

The paper presents a case study of assessing 

microbial contamination in the current drilling 

practices within Saudi Aramco. The study 

recommended the drilling mud operation and field 

best practice for microbial control to be implemented 

in all Saudi Aramco drilling rigs. 

2. Sampling and Sample Description 

The appropriate drilling rigs were selected based on 

its drilling depth and temperature at the time of 

sampling. The drilling mud and make-up water 

samples were collected on March 8, 2016, for 

microbial assessment from Rig X in Field A and Rigs 

Y and Z in Field B. All selected gas well rigs used 

water based drilling mud. In each drilling rig, three 

mud samples were collected from mixing tank (inlet 

and outlet to the drill pipe) and reserve tanks, 

designated as Mud-in, Mud-out, and Mud-reserve, 

respectively. To preserve sample integrity, all samples 

were delivered in ice igloos and stored at 4°C before 

analysis. 

At the time of collection, the drilling depth was 

between 4585 and 8534 ft, and temperature between 

82.2°C and 84.4°C (Table 1). Under the normal 

operation (Rig# X and Z), the pH of mud-in and 

mud-out samples was adjusted and maintained at 9-10 

range, while the mud pH in reserve tank was around 8. 

At the operation downtime (Rig# Y during sampling), 

the pH of all mud sample dropped to below 8 due to 

bacteria growth. For color and texture illustration 

purposes, a small volume of mud samples was 

transferred to sterile glass vials and petri dishes (Fig. 

1). 

Make-up water samples were collected from three 

drilling rigs in the chosen oilfields. The geochemical 

composition of the water samples is shown in Table 2, 

with salinity equivalent to 5% to 15% of Arabian Gulf 

seawater. The pH of make-up water is at 7.7 to 8.3. 
 

Table 2  Geochemical composition of make-up water 
samples. 

Make-up water 

Field A B C 

Bicarbonate 167 159 67 

Carbonate 0 0 0 

Hydroxide 0 0 0 

Barium < 1 < 1 < 1 

Calcium 127 147 732 

Chloride 772 707 3058 

Conductivity@25°C 1625 2954 8885 

Potassium 30 11 67 

Magnesium 53 58 260 

Sodium 253 230 1222 

Total Dissolved Solids 1838 1635 7130 

Strontium < 1 3 < 1 

Sulfate 466 334 1791 

pH@25°C 8.1 8.3 7.7 

Specific Gravity@60°F 1.0018 1.0018 1.0064 

Close to SW salinity 5% 5% 10% 
 

 

Table 1  Well and mud sample information. 

  Field A B 

Rig/well info 

Rig# X Y Z 

Well Depth (ft.) 8534 4585 5680 

Well Temperature (°C) 84.4 82.2 82.2 

Mud-in 

pH 

10.1 7.6 9.0 

Mud-out 10.1 7.7 9.0 

Mud-reserve 8.3 7.4 8.1 
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Fig. 1  Drilling mud samples. 

 

3. Drilling Operation Conditions  

According to drilling mud engineer, drilling mud 

are prepared using sweet water, and the pH is adjusted 

to and maintained at 9-11 during the operation. Starch 

and xanthan gum are commonly used as drilling 

additives in Saudi Aramco drilling operations. Only 

when starch is used as a drilling additive for shallow 

well drilling, biocide is added at the dosage of 0.2-0.3 

gallon per barrel, which is equivalent to 4750 to 7150 

ppm. More biocide is added every 1-2 hours 

depending on how much starch is used. In the sampled 

drilling rigs, the biocide (KCB-310A) is supplied by 

Champion, containing active ingredients 

glutaraldehyde (10-30%) and formaldehyde (1-10%).  

Furthermore, the drilling engineer indicated that 

there are occasions when the drilling operation has to 

be stopped. When this happens, the wellbore mud will 

be stagnant; the mud in the mixing tank will be under 

low pressure mixing and move slowly. The operation 

halt can last for 12-24 hours, or as long as 7-10 days. 

In the latter case, biocide is added at 1/3 of the normal 

dosage every 2 days to maintain the concentration. 

The operational downtime provides a good condition 

for microbes to thrive and consequently contaminate 

the drilling mud system. It is observed that the pH of 

the drilling mud. 

Samples collected from the Field B Rig# Y dropped 

to below 8 dues to operational downtime and 

microbial activities. 

4. Experimental Design 

Laboratory experiments were designed to simulate 

field operational conditions at the worst case scenario 

� � �

Field A Rig #X Mud-in Field A Rig #X Mud-out� Field A Rig #X Mud-reserve�

� � �

Field B Rig #Y Mud-in� Field B Rig #Y Mud-out� Field B Rig #Y Mud-reserve�

� � �

Field B Rig #Z Mud-in� Field B Rig #Z Mud-out� Field B Rig #Z Mud-reserve�
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that is the operational downtime from 12-24 hours to 

one week. The Most Probable Number (MPN) method 

was used to determine the baseline GAB and SRB 

numbers in the make-up water and drilling mud 

samples, and the numbers in the mud samples after 

incubation for 12 hours to seven days with or without 

biocide addition. 50°C of incubation temperature was 

used to simulate the tank temperature in the drilling 

operation in Saudi Arabia. When biocide is added 

during incubation, 1500 ppm was used to mimic the 

1/3 of normal dosage as practiced in the field. 

The GAB and SRB media composition was listed in 

Table 3. The pH of the media was adjusted to 8.0, and 

the media were prepared in 10% of Arabian Gulf 

seawater, which simulates the salinity and pH of 

make-up water, and the pH of drilling mud samples 

during operational downtime. The experimental 

treatment matrix was summarized in Table 4. 
 

Table 3  Composition of bacterial growth media. 

GAB medium 
Items Amount 

Bacteriological Peptone 0.5 g 

Yeast Extract 0.5 g 

Seawater (10%) Make up to 1 liter 
 

SRB medium 
Items Amount 

Ammonium Chloride 1.0 g 

Calcium Sulfate 1.0 g 

Magnesium Sulfate 2.0 g 

Sodium Lactate 3.5 ml 

Yeast Extract 1.0 g 

Ascorbic Acid 0.1 g 

Resazurin Solution 4.0 ml 

Sodium Thioglycollate 0.1 g 

Ferrous Sulfate 0.5 g 

Potassium Hydrogen Phosphate 0.5 g 

Seawater (10%) Make up to 1 L 
 

Table 4  Lab experimental set-up for drilling mud 
samples. 

Treatment Conditions Biocide 

1 12-hour incubation at 50°C No 

2 24-hour incubation at 50°C No 

3 7-day incubation at 50°C No 

4 7-day incubation at 50°C 
1500 ppm 

added at Day 3

After 12 and 24 hours of incubation of mud samples 

at 50°C, the samples were taken for MPN inoculation 

to determine the number of GAB and SRB, which 

mimics the short-term operational downtime without 

biocide addition. At seven day incubation, 1500 ppm 

of biocide KCB-310A was added at Day 3 to one of 

the treatments to mimic the field practice and 

determine the effectiveness of microbial control at 

long-term operational downtime.  

5. Results 

Table 5 summarized the results of microbial 

analysis in make-up water and drilling mud samples 

collected from three rigs in two oilfields. 

The make-up water collected from three drilling 

rigs showed high microbial activities, containing 

105-107/ml of GAB. SRB number in make-up water 

was very low as expected due to oxygen presence. In 

drilling mud samples collected in different tanks 

contained baseline GAB and SRB in range of 

102-103/ml. The number of GAB and SRB in the 

drilling mud was affected by oxygen level, biocide 

treatment, and sulfide content in the mud. In the 

scenarios mimicking short-term downtime (< 24 hours 

and no biocide addition), GAB grew up to the level at 

105-107/ml, while SRB number decreased to 

101-102/ml due to depletion of oxygen in mud tanks. 

If no biocide was added in long-term downtime (7 

days), the number of GAB decreased to 102-104/ml in 

most of the mud samples, and SRB increased to 

102-104/ml. One addition of Biocide KCB-310A at 

Day3 at the dosage of 1500 ppm during long-term 

downtime was very effective in controlling GAB and 

SRB growth in drilling mud. GAB number at Day 7 

remained at 101-102/ml level, and SRB at below 

detection level in the mud samples collected from two 

drilling rigs. In the mud samples collected from Field 

B Rig# Z, addition of biocide at Day 3 did not show 

an effective control of GAB and SRB, with GAB at 

105-106 cells/ml and SRB at 102-103 cells/ml at Day 

7. This ineffective microbial control of biocide 
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KCB-310A at Rig# Z may be dueto the presence of 

high concentration of sulfide in the mud samples, as 

indicated by black color (Fig. 1). Sulfide content in 

the drilling mud has significant negative impact on 

performance of glutaraldehyde-based biocide at high 

temperature and alkaline pH [5, 22, 26]. 
 

Table 5  Results for microbial assessment in drilling mud samples. 

Treatment Condition

MPN GAB SRB GAB SRB GAB SRB

Field A B
Rig# X Y Z

Baseline -
Make-up 
water

1.5E+06 2.3E+00 7.5E+05 2.3E+00 2.3E+07 <0.4

Baseline 0 hr, no biocide
Mud-in

Mud-out
Mud-res

1
12 hr, 50°C, no 
biocide

Mud-in
Mud-out
Mud-res

2
24 hr, 50°C, no 
biocide

Mud-in

Mud-out
Mud-res

3
7 days, 50°C, no 
biocide

Mud-in

Mud-out
Mud-res

4
7 days, 50°C, 
1500 ppm 
biocide at Day 3

Mud-in

Mud-out

Mud-res

4.3E+03 4.3E+03 7.5E+03 4.3E+03 4.3E+03 7.5E+03

2.3E+02 9.3E+03 4.3E+02 2.3E+02 9.3E+03 4.3E+02
4.3E+02 4.3E+02 4.3E+02 4.3E+02 4.3E+02 4.3E+02
7.5E+04 4.3E+02 4.3E+06 4.3E+02 9.3E+06 9.3E+02
1.5E+06 2.3E+02 9.3E+06 9.3E+02 9.3E+06 1.5E+02
1.5E+06 9.3E+01 2.3E+07 1.5E+01 2.3E+07 4.3E+01

2.3E+05 9.3E+01 9.3E+06 2.3E+02 2.3E+07 9.3E+01

9.3E+06 4.3E+02 9.3E+06 2.3E+02 2.3E+07 4.3E+01
2.1E+06 2.3E+02 7.5E+04 2.3E+01 2.3E+07 4.3E+01

9.3E+02 2.3E+02 2.3E+02 2.3E+02 9.3E+07 9.3E+04

- 2.3E+03 2.3E+07 9.3E+03 - 2.3E+02
4.3E+04 1.5E+04 2.3E+01 4.3E+02 2.3E+02 9.3E+07

4.3E+02 <0.4 2.3E+02 <0.4 4.3E+06 4.3E+03

4.3E+02 <0.4 2.3E+02 4.3E+01 2.3E+05 1.2E+02

2.3E+01 <0.4 2.3E+01 <0.4 2.3E+02 2.3E+00

 

6. Conclusions 

Under Saudi Aramco normal drilling operation 

conditions, addition of 0.2-0.3 gallon of biocide per 

barrel of drilling mud every 1-2 hours is expected to 

provide good microbial control in drilling mud. The 

short (< 24 hours) and long (up to 7 days) operational 

downtime presented a challenge for proper control of 

microbial activities in mud tanks. In short operational 

downtime, the current practice with no biocide 

addition resulted in high number of GAB (105-107/ml) 

in the mud samples, and this may have been due to the 

abundance of oxygen at the during the beginning of 

short-downtime operations. In the long operational 

downtime, the addition of 1500 ppm of biocide (1/3 of 

normal dosage) at Day 3 was effective in controlling 

GAB and SRB growth in drilling mud. In addition to 

biocide effect, the number of GAB and SRB in the 

drilling mud during operational downtime was 

significantly affected by oxygen and sulfide content. 

Oxygen presence promoted GAB growth, while 

oxygen depletion resulted in high number of SRB in 

the mud. High sulfide content in the mud significantly 

reduced the performance of glutaraldehyde-based 

biocide. As a result, higher dosage and/or more 

frequent treatment may be required to control the 

microbial growth in the drilling mud. The study 

indicated that biocide treatment is essential for 

microbial control in drilling operations, especially in 

the period of operation downtime. 

7. Recommendations 

As a result of this study, the following are the 

recommended drilling mud operation and field best 

practice for microbial control: 

 Biocide must be added to the drilling mud, 

regardless of the mud formulation containing 

starch or xanthan gum. 

 Biocide must be added to all tanks, including 

water tank and mud reserve tank. 

 Maintain the current practice during normal 

drilling operation: 0.2 gallon of biocide 

(KCB-310A) per barrel of mud every 1-2 hrs.  

 During short downtime (< 24 hours), add 0.12 

gallon of biocide (KCB-310A) per barrel of 

mud every 12 hours. 

 During long downtime (up to 7 days), add 0.12 
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gallon of biocide (KCB-310A) per barrel of 

mud every 2 days.  

 With high sulfide content in the mud, higher 

dosage and more frequent addition of biocide 

are required. 

 Perform appropriate on-site microbial analysis 

on drilling mud and make-up water to check 

microbial activities before starting or restarting 

(after downtime) the drilling operations. 
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