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ABSTRACT 

 

Oil based mud is a fluid used in modern day drilling. It is preferred compared to 

water based mud because it can be used in high pressure high temperature wells, 

doesn’t react with clay formations, provides better wellbore stability and reduces 

differential sticking in the hole. Though it has a lot of it benefits, its negative points 

are known for its high initial costs and harmful towards the environment. 

Nevertheless the use of oil based mud is proved harmful to the environment, it is still 

being used with the help of solids control and drilling waste management’s 

technology which leads to high cost of maintaining the mud. The need of drilling 

fluid to be environmentally friendly is important in the sense of not being harmful to 

the environment and reducing the cost impact. The study would be on developing a 

synthetic base mud using organic biodegradable based oil where methyl ester of 

castor oil will be used for this study. The final outcome expected is to have a 

synthetic based mud which is less harmful to the environment and user while 

competent with the current’s market base oil’s synthetic based mud. The study will 

be done in Universiti Teknologi PETRONAS’s lab and Scomi Global Research and 

Training Centre (GRTC) depending on availability of tools and technology. 
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CHAPTER 1 

 INTRODUCTION 

 

 

1.1 Background of Study 

 

The main target of drilling and production operations are to drill the wells and bring 

the wells to life. One of the important roles needed to achieve the target is the use of 

drilling fluids. The effectiveness of drilling fluids will be measured by providing 

enough pressure to maintain wellbore stability, providing good rate of penetration 

and transmit hydraulic horsepower to bit while drilling process, ability to transport 

cuttings from the well to surface, ability to isolate fluid from formation and wellbore, 

able to cool and lubricate drill bit and drilling assembly, not causing formation 

damages and borehole problems in order to operate at the lowest overall cost. 

 

Oil based mud and synthetic based drilling fluid are preferred because they have 

many inherent advantages over water based drilling fluid including wellbore 

stability, tolerance to contamination, not reactive with clay formation and corrosion 

protection. Nevertheless, oil based mud from highly aromatic oil (e.g.diesel) which 

can pollute environment has been replaced by lower aromatic mineral oils and 

synthetic oils but still not suitable as its low biodegradability property. An average 

well can produce 1000-1500 tons of cuttings, while a shaker is able to separate the 

cuttings from the mud system leaving the oil on cuttings 14% to 15% by weight, 

meaning the amount of oil will be dumped into the sea can reach to 150 – 225 tons 

per well causing a large area around the drilling site being affected (Dosunmu and 

Joshua 2010). 

 

Although unfriendly to the environment, synthetic oil based mud is still being used 

with help of solids control and drilling waste management’s technology even though 

it is proven to be harmful to the environment. As for some countries, the practice of 

using a dryer is used to reduce the oil on cuttings percentage to lower than 6% before 

dumping. Some countries impose a zero discharge law, where all cuttings need to be 
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transported back onshore for treatment before disposing. This leads to high cost of 

maintaining the mud. In order to reduce cost impact and meet the technical and 

environmental criteria, the need of drilling fluid to be environmentally friendly is 

important and base fluid from organic material comes into consideration.  

 

1.2 Problem Statement  

 

1.2.1 Problem Identification 

 

Even though oil based drilling fluids offer more advantages but there is a 

limitation of applying this drilling fluid which is its toxicity which causes 

harm to the environment. Moreover, it has a big impact on user’s health. 

Also, handling and initial costs of oil base mud are high, which includes the 

solids control equipment and drilling waste management equipment. 

 

1.2.2 Significant of the Project 

This project will focus on research study information and the effect of the 

developed old based mud from organic materials towards the environment. 

Lab tests for properties and environment impact will be done to obtain 

results. Comparison of results will be done between the developed oil based 

mud and the current oil based mud in market based on the impact towards the 

environment. 

 

1.3 Objectives  

 

To develop a stable and environmentally friendly drilling fluid which has less 

harmful effect toward environment and user, and cost saving under required pressure 

and temperature condition compared to the conventional drilling fluid. 

 

1.4 Scope of Study  

 

The scope of work are to run a lab test on new organic oil based mud which will 

measure the effect of additives concentration which need in fewer amounts of 
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additives as possible and a test on mud properties, rheology and impacts on the 

environment in order to meet the objective of project.  

1.5 Relevancy of Project  

 

The reason of having an environmental friendly oil based mud is to reduce the 

impact on the environment. For the current practice in Malaysia, only 6.9% oil on 

cuttings by weight is allowed to be dumped to the sea. Anything higher than that will 

be needed to be treated through the cutting dryer. That will increase the cost of 

drilling. With an environmental friendly oil based mud, the amount of oil able to 

dump to the sea can be increased as it is less harmful thus saving on the cost of the 

equipment as well. 

 

1.6 Feasibility of Project  

 

A proper planning and good background research of current product is needed to 

successfully achieve the objective of the project. A collaboration or memorandum of 

understanding will be done with mud servicing company for their knowledge and 

advice. Proper planning and discipline towards the project timeline is needed to 

achieve each progress of the project. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 

2.1 Drilling Fluid Overview  

 

Drilling fluids are fluids used during drilling and production operations. This drilling 

fluid better known as “drilling mud” is a one of the important role in drilling and 

production operation in order to drill the well and bring the well to life. The 

effectiveness of drilling fluids will be measured by providing enough pressure to 

maintain wellbore stability, providing good rate of penetration and transmition 

hydraulic horsepower to bit while drilling process, ability to transport cuttings from 

the well to surface, ability to isolate fluid from formation and wellbore, able to cool 

and lubricate drill bit and drilling assembly, not causing formation damages and 

borehole problems in order to operate at the lowest overall cost. 

 

2.2 Drilling Fluid Functions  

 

Following are the functions of drilling fluids towards drilling: 

a) Control formation pressure 

b) Transport or suspend cuttings 

c) Maintaining wellbore stability 

d) Sealing permeable formations 

e) Minimising reservoir damage 

f) Coolant and lubricator to the drill bit and drilling assembly 

g) Ensure good data recovery 

h) Control corrosion 

i) Facilitate cementing 

j) Minimising HSE risks 

 

Drilling fluid manage to control formation pressure by providing hydrostatic 

pressure which is a force exerted by a fluid column together with density property 
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and true vertical depth (TVD). Drilling fluid must overcome both borehole instability 

due to unequal mechanical stress and pressure created by physic-chemical interaction 

when surfaces are exposed in the process of drilling a well.  

 

As drilled cuttings are generated by the bit, they must be removed from the wellbore. 

Drilling fluid is created to this purpose by circulating down the drill string and 

through the bit, transporting the cuttings up the annulus to the surface. 

 

Wellbore stability is a complex balance of mechanical (pressure and stress) and 

chemical factors. The chemical composition and mud properties must combine to 

provide a stable wellbore until casing can be run and cemented. Regardless of the 

chemical composition of the fluid and other factors, the weight of the mud must be 

within the necessary range to balance the mechanical forces acting on the wellbore. 

Drilling fluid helps to maintain stable wellbore by supporting borehole pressure. 

Pore pressure was predicted before drilling operation. Mud weight planning is based 

on the predicted pore pressure gradient plus, typically, 200 to 500 psi. 

 

2.3 Type of Drilling Fluid 

 

2.3.1 Water Based Mud 

Water based mud is a mud in which the continuous phase is water. 

 Advantage 

This type of drilling fluid is environmentally friendly and users’ friendly 

as the base fluid itself is a water. The handling cost of this water based 

mud is lesser than oil based mud as it does not require advance 

equipment and processes to manage the cuttings. 

 Disadvantage 

In shale formations, if the mud weight is sufficient to balance formation 

stresses, wells are usually stable - at first. With water-base muds, 

chemical differences cause interactions between the drilling fluid and 

shale, and these can lead (over time) to swelling or softening. This 

causes other problems, such as sloughing and tight hole conditions. 

Highly fractured, dry, brittle shale formations, with high dip angles, can 
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be extremely unstable when drilled. The failure of these dry, brittle 

formations is mostly mechanical and not normally related to water or 

chemical forces. 

 

Water based mud provide less mud density which means it can be used at 

the limited formation depth range as the deeper formation require 

suitable mud weight to provide enough pressure in order to control well 

pressure. 

 

2.3.2 Oil Based Mud 

Oil based mud and synthetic based drilling fluid are preferred because they 

have many inherent advantages over water based drilling fluid including 

wellbore stability, tolerance to contamination, not reactive with clay 

formation and corrosion protection. 

 

The oil used in this oil base mud can range from crude oil, refined oils such 

as diesel or mineral oils, or non-petroleum organic fluid. 

 

A. Mineral Oil/ Synthetic Oil  

Oil based mud from highly aromatic oil (e.g. diesel) which can pollute 

environment has been replaced by lower aromatic mineral. 

 Advantage 

- Used for High Pressure High Temperature (HPHT) wells to stand the 

downhole high temperature. 

- Does not react with clay formation in shale formation 

- Creates sludge cake cutting where it reduces the risk of pipe stalemate 

- Able to be treated through Solids Control and Drilling Waste 

Management systems to be able for reuse. 

 Disadvantage 

- Cannot be directly dispose into the ocean or land due to environment 

issue. 
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- People’s healths are compromised without proper safety Personal 

Protective Equipment (PPE). It releases bad odour and very acidic to 

the skin without proper gloves 

- Handling costs of oil based mud is more for the chemicals and 

equipment used. 

- Long-term legal liability has been imposed in many countries. 

As per mention above, even though, oil based mud have many advantages 

over other type of base fluid, unfortunately environmental concerns make the 

use of oil based muds increasingly more difficult, costly and risky.  

 

There are many groups and organizations concerned about this environmental 

issue as it is mentions in many articles, research paper and books. 

 

As per mention by Joseph (2012) “Oil based mud is most certainly not 

environmentally friendly and great efforts are made to ensure it doesn't get 

into the oceans/environment. I should know, I work with the stuff. It's used a 

lot on Oil rigs, taken out there in sealed containers or pipelines, pumped 

down a borehole (sealed off from the sea), and when it's back, it either stays 

on the rig, or is sent back to shore for cleaning and decontamination (again, 

sealed containers/pipelines) and used again. Only when all the oil is gone, 

will any of it be put back into the environment. Workers cannot get it on our 

skin; we're covered in protective gear to work with it. Any samples of rock 

that have it on are washed before anything else is done to them”  

 

Moreover there also a website said “Believe it or not, drilling for oil can be a 

definite source of waste that can harm the environment. The most common 

problem comes in the drilling fluids that are used. In the past, oil drilling sites 

have used oil-based-muds, OBMs, as drilling fluid to keep cuttings from the 

drill cleared away. The problem is that in the mud there is both diesel fluid 

and mineral oil. Both of these are harmful to the environment. While water-

based-muds are available and provide a much more environmentally safe 

solution, they simply do not work as well for the drillers. Companies are 

working on creating more environmentally friendly drilling fluids. As of the 

1990’s, companies began making SBMs, or synthetic-based-muds. These 
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have the desired effect of OBMs with a much lower threat to the 

environment. Still, the perfect drilling solution beneficial to both man and 

planet has yet to be found”(Oil Industry 2012). 

 

Besides , a study on the topic of Toxicity Study on Marine Organisms due to 

drilling fluid shown that oil base mud (diesel has proved to be most toxic) has 

a negative impact on marine organisms. The toxicity was due mainly to its 

base oil that was diesel. The result suggest that drilling fluid systems should 

be carefully formulated to minimize the effect to pollution to the 

environment.(Ismail, Ahmad, and Anam. 2012) 

 

According to the reason that oil base mud has bad impact to environment, so 

that the drilling fluid need to be managed following the rules and regulations 

of each particular production area.   

 

The Department of Industry and Resources (2012) have established 

Petroleum Guideline for Drilling Fluids Management which the operators in 

that development area need to follow.  

The guideline mentioned regulating the use of drilling fluids by the 

Department of Industry and Resources (DoIR) assesses the use of drilling 

fluids in perspective with environmental risks associated with the whole 

operation. This holistic assessment approach takes into account the technical 

justification for the proposed use of the drilling fluid, environmental 

sensitivities of the proposed drilling location, the method of cuttings disposal 

and the drilling fluid environmental performance under standard test 

protocols. Criteria for assessing the environmental performance of drilling 

fluids include the eco-toxicity, biodegradation and bioaccumulation 

properties of the whole and base fluid. 

 

 Long Term Issue Due to Oil Base Mud 

Existing cuttings piles contain a mixture of rock formation cuttings of 

varying sizes and drilling fluids that adhere to the rock cuttings. The 

size and nature of these cuttings piles vary according to the amount of 

cuttings discharged to the seabed, the platform configuration, 
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oceanographic conditions and the type of drilling fluid used. In 

shallower waters cutting piles tend not to accumulate for individual 

exploration wells due to oceanographic condition, whereas cuttings 

piles are known to persist beneath some production platforms in 

deeper waters offshore Western Australia. 

 

The burial of OBF’s and SBF’s discharged on cuttings limits the rate 

of natural biodegradation and there are indications that the residual oil 

in the sediments is not substantially biodegraded in the long term. 

Large cuttings piles are considered likely to be a source of chronic 

low level hydrocarbon seepage into the marine environment and may 

be taken up by sediment reworked species (Daan et. al., 1994; Munroe 

1997). The Dutch North Sea study of the environmental impact of 

OBF cuttings discharges around wellsites in the Dutch sector 

demonstrated that the discharge of OBF cuttings involves high 

disturbance of benthic fauna up to hundreds of metres from platforms 

and that smaller effects can be detected up to a few kilometres (Daan 

et. al., 1996). Oil concentrations in deeper sediment layers (> 10 cm) 

of a large cutting pile have shown to be high eight years after the 

completion of OBF cuttings discharges. 

 

The issue of removal and disposal of cuttings piles needs to be 

carefully considered. A comprehensive risk assessment of the options 

should be supplemented by environmental monitoring data to support 

the best approach to treatment. Decommissioning of WA production 

platforms in deeper water is unlikely to occur in the next decade. It 

may however, be prudent to consider this issue for current platform 

developments in the light of changing environmental awareness and 

the potential future cost of removing cuttings piles at the time of 

facility decommissioning. 
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B. Organic Oil 

Esters  

Esters are synthesized from fatty acids and alcohols. Fatty acid is derived 

from vegetable oils. Proper selection on the hydrocarbon chain length will 

minimize viscosity. Ester has general structure as adjacent figure. To form 

an ester, an alcohol is reacted with fatty acid, under acidic condition using 

acid catalyst 

 

Ethers  

Ethers are a class of organic compounds that contain an ether group — an 

oxygen atom connected to two alkyl or aryl groups — of general formula 

R–O–R'. Ethers can be prepared in the laboratory in several different ways. 

Ethers are also categorized as a broad range of materials which are usually 

synthesized from alcohols (Md, Amanllah, 2005). 

 Advantage 

- This organic oil based mud is environmentally friendly as it is 

readily biodegradable. So that, there will be no environmental 

impact at the control concentration. 

- Less initial and management cost compare to conventional oil based 

mud and synthetic based mud.  

 Disadvantage 

- Experiments need to be done in order to optimize properties of 

organic oil based fluid.  

- Limited resources of the organic oil, so that alternative organics oil 

should be studied.  

 

 

2.4 Drilling Fluid Properties/ Selection Criteria 

 

Selection of the best fluid to meet anticipated conditions will minimize well costs 

and reduce the risk of catastrophes such as stuck drill pipe, loss of circulation, gas 

kick, etc. Consideration must also be given to obtain adequate formation evaluation 

and maximum productivity. Some important considerations affecting the choice of 



11 
 

mud’s to meet specific conditions are location, pressured, high temperature,  hole 

instability, rock salt, hole inclination, formation and productivity impairment 

(Chapter -2 Drilling Fluids 2012). 

Basic requirements of base oil properties discussed by Johan Scvik and Grieve 

(1987) are nontoxic and low aromatic content as should be non-acutely toxic in a 

standard 96 hr LC 50 toxicity test, as low kinematic viscosity as possible, higher 

flash point in order to minimize fire hazards which should be greater than 

100degFand must be able to form a stable emulsion. 

 

Base Fluid Properties  

There are certain requirements to identify whether the oil can be used as base fluid in 

drilling fluid. The requirements are as follows;  

• Non-toxic and low aromatic content  

Base oil should have total aromatic hydrocarbon content of less than 5%. It 

should be non-acutely toxic in a standard 96 hr LC 50 toxicity test, performed 

using 100% water soluble fraction of the base. 

• Kinematic Viscosity  

It should be as low as possible. This allows the oil based mud to be formulated 

at lower oil/water ratio and gives better rheology (lower plastic viscosity) 

especially at lower mud temperature.  

• Flash Point  

It should be greater than 100°F. Higher flash point will minimize fire hazards as 

less hydrocarbon vapours is expected to generate above the mud. 

• Pour Point  

It should be lower than the ambient temperature to allow pump ability of mud 

from storage tanks.  
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2.5 Mud Additives 

 

There are many additives in drilling fluid industry which are used to develop the key 

properties of the mud. The functional group of additives may contain several 

alternative materials with slightly different properties although more than 1,000 trade 

name or generic additives are available for drilling mud formulation. Most additives 

are added in small amounts to change mud properties to solve specific down-hole 

problems.  

Table 1:  Functional categories of materials used in drilling fluids, their functions, 

and examples of typical chemicals in each category from Boehm et al. (2001). 

Functional 

Category 

Function Typical Chemicals 

Weighting 

Materials 

Increase density (weight) of 

mud, balancing formation 

pressure, preventing a 

blowout  

Barite, hematite, calcite,  

ilmenite 

 

Viscosifiers Increase viscosity of mud to 

suspend cuttings and  

weighting agent in mud  

Bentonite or attapulgite clay, 

carboxymethyl cellulose, &other 

polymers  

Thinners, 

dispersants, & 

Temperature 

stability 

agents 

Deflocculate clays to 

optimize viscosity and gel 

strength of mud  

Tannins, polyphosphates,  

lignite, ligrosulfonates 

 

Flocculants Increase viscosity and gel  

strength of clays or clarify 

or de-water low-solids 

muds  

Inorganic salts, hydrated lime, 

gypsum, sodium carbonate and 

bicarbonate, sodiumtetraphosphate, 

acrylamide-based polymers  

Filtrate 

reducers   

Decrease fluid loss to the  

formation through the filter 

cake on the wellbore wall  

Bentonite clay, lignite, 

Nacarboxymethyl cellulose,  

polyacrylate, pregelatinized 

starch   
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Alkalinity, pH 

control  

additives 

Optimize pH and alkalinity 

of mud, controlling mud 

properties 

Lime (CaO), caustic soda  

(NaOH), soda ash (Na2CO3), 

sodium bicarbonate (NaHCO3), & 

other acids and bases  

Lost 

circulation 

materials   

Plug leaks in the wellbore 

wall,  

preventing loss of whole  

drilling mud to the 

formation  

Nut shells, natural fibrous  

materials, inorganic solids,  

and other inert insoluble solids 

Lubricants Reduce torque and drag on 

the drill string  

Oils, synthetic liquids,  

graphite, surfactants, glycols, 

glycerin  

Shale control 

materials   

Control hydration of 

shalesthat causes swelling 

and dispersion of shale, 

collapsing the wellbore wall   

Soluble calcium and  

potassium salts, other inorganic salts, 

and organics such as glycols  

Emulsifiers & 

surfactants   

Facilitate formation of 

stable dispersion of 

insoluble liquids in water 

phase of mud  

Anionic, cationic, or nonionic 

detergents, soaps, organic acids, and 

water-based detergents  

Bactericides   Prevent biodegradation of  

organic additives  

Glutaraldehyde and other  

aldehydes  

Defoamers Reduce mud foaming   Alcohols, silicones, aluminum 

stearate (C54H105AlO6), alkyl  

Phosphates 

Pipe-freeing 

agents   

Prevent pipe from sticking 

to wellbore wall or free 

stuck pipe  

Detergents, soaps, oils,  

surfactants  

 

Calcium 

reducers   

Counteract effects of 

calcium from seawater, 

cement, formation 

anhydrites, and gypsum on 

mud properties 

Sodium carbonate and  

bicarbonate (Na2CO3 & 

NaHCO3) , sodium hydroxide 

(NaOH), polyphosphates 
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Corrosion 

inhibitors   

Prevent corrosion of drill  

string by formation acids 

and acid gases  

Amines, phosphates, specialty 

mixtures  

 

Temperature 

stability 

agents 

Increase stability of mud  

dispersions, emulsions and  

rheological properties at 

high temperatures 

Acrylic or sulfonated 

polymers or copolymers,  

lignite, lignosulfonate, tannins 

 

Oil based muds required special product to ensure that the emulsion is extremely 

stable and can withstand conditions of high temperature (HT) and contaminants. 

Every single product must be dispersible in the external oil phase (OLD-BASED 

MUDS & SYNTHETIC-BASED MUDS 2012).  

 

 Emulsifying System 

Calcium soaps are the primary emulsifier in oil muds. These are made in the 

mud by reaction of lime and long-chain fatty acid. Soap emulsion are strong 

emulsifying agent but may take reaction time before emulsion is actually 

formed. 

Thus secondary emulsifiers are used: they consist in very powerful oil-wetting 

chemical which generally do not form emulsions but wet solids before the 

emulsion is formed. Also use to prevent from any water intrusion.  

 Lime (Calcium Hydroxide) 

Lime is essential in OBMs. It neutralizes fatty acids in the fluid, stabilizes the 

emulsion when present in excess, and controls alkalinity. In the field, it also 

neutralizes acid gases (H2S and/or CO2). Moreover it also can be corrosion 

control agent. Lime is a safer alternative to Caustic Soda to provide alkalinity 

for corrosion protection. 
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 Fluid Loss Reduction Additives 

Many types of chemicals can be used as Fluid Loss control agents. They are 

usually organophiliclignites (amine-treated lignites), Gilsonite or Asphalt 

derivatives, or special polymers. 

The reasons for fluid loss control are to maintain hole integrity, to protect water 

sensitive shales, to minimize hole washout to achieve better casing cement jobs, 

to reduce fluid loss to productive formation and to minimize formation damage 

and to reduce log analysis problems. 

Bentonite is a multipurpose additive that aids in fluid loss control, barite 

suspension, viscosity, generator for hole cleaning purposes. It is not suitable for 

use in environments high in concentration of sodium, calciumor potassium 

without pre-hydration. It may contaminate formations such as salt or anhydrite. 

Slurries are susceptible to the effect of high temperature gelation which could 

cause an increase in the fluid loss. 

XC Polymer builds viscosity. It increases gel structure, has low viscosity at high 

shear rates, has high viscosity at low shear rates and suspends barite. 

Lignites and Tannins have good temperature stability in the range of 300°F to 

350°F. They have colloidal structure that aids in fluid-loss control. The dual 

action of fluid loss control and dispersing tendencies makes these products 

suitable for single-product usage in some cases. They are susceptible to calcium-

ion contamination and subsequent mud flocculation due to sequestering nature 

of the additive. 

The impacts of such products on rheology depend on their nature. For instance, 

lignites do not affect viscosity, whereas asphalt derivatives can cause excessive 

viscosity and/or gelation. 

 Wetting Agents 

Supplemental additives to quickly and effectively oil-wet solids that became 

water-wet. 
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 Rheology Control Materials  

When efficient control of viscosity and gel development cannot be achieved by 

control of viscosifier concentration, materials called "thinners", "dispersants", 

and/or "deflocculants" are added. These materials cause a change in the physical 

and chemical interactions between solids and/or dissolved salts such that the 

viscous and structure forming properties of the drilling fluid are reduced.  

Thinners are also used to reduce filtration and cake thickness, to counteract the 

effects of salts, to minimize the effect of water on the formations drilled, to 

emulsify oil in water, and to stabilize mud properties at elevated temperatures.  

Materials commonly used as thinners in clay- based drilling fluids are classified 

as: (1) planttannins, (2) lignitic materials, (3) lignosulfonates, and (4) low 

molecular weight, synthetic, water soluble polymers. 

 Weighting Agents  

They are substances with high specific gravity which can be added to the mud to 

increase its density, usually to control formation pressure. Barite is by far the 

most common weighting material used in drilling fluids. It has an API defined 

specific gravity of 4.2, which makes it possible to increase mud weight up to 21 

ppg. It is cheap and readily available. However, suspension of barite requires 

high gel strength and viscosity. Hematite is sometimes used depending on the 

availability. Calcium Carbonate is an additive used in drilling mud’s, work over 

fluids and packer fluids to increase the fluid density. It has a specific gravity of 

2.7, therefore, the fluid density can be increased up to 12 ppg. It is more 

economical than other agents, and can be suspended easier than barite. Also it is 

acid soluble (Chapter -2 Drilling Fluids 2012 ; OIL-BASED MUDS & 

SYNTHETIC-BASED MUDS 2012; Rabia 2012). 

 

2.6 Mud Rheological Properties and Filtration Characteristics Measurement 

 

Rheology is defined as the study of the deformation and flow of matter. In drilling 

operations, the term rheology refers to the use of the shear stress, shear rate and time 

relationships of drilling fluids. Rheological properties are used to design and 
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evaluate the hydraulics and to assess the functionality of the mud system. Muds 

behave with non-Newtonian fluid flow properties as their viscosity is not only 

influenced by temperature and pressure but are also strongly related to the velocity at 

which the mud flows through the hydraulic system. 

 

The drilling fluid velocity and the resulting rate of shear at the walls of the conduits 

play an important role on the viscosity of the fluid pumped. For this reason, it is 

important to know the viscosity in the full range of shear rate usually considered for 

hydraulic calculations. There is a well characterized minimum stress, called yield 

point, below which flow does not occur. At low shear rates there is a typical non-

linear relationship between shear stress and shear rate, which tends to be attenuated 

with the increase of shear rate (Rheology of Drilling Muds 2012). 

 

Rheological models (Figure 1) are mathematical equations used to predict fluid 

behavior across a wide range of shear rates and provide practical means of 

calculating pumping (pressure) requirements for a given fluid. Most drilling fluids 

are non-Newtonian and pseudo plastic and, therefore, hydraulic models use a number 

of approximations to arrive at practical equations (Rabia 2012). 

 

 

Figure 1: Rheological models 

 

The three rheological models that are currently in use are: 
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 Bingham Plastic model 

The Bingham Plastic model describes laminar flow using the following equation:  

 

Τ = YP + PV × (γ) 

 

Figure 2:  Bingham Plastic model(1) 

 

Where   Τ = measured shear stress in lb/100 ft2 

YP = yield point in lb/100 ft2 

PV  = plastic viscosity in cP 

γ  = shear rate in sec–1 

 

 

 

The values of YP and PV are calculated using the following equations: 

PV =θ600 –θ300 

YP =θ300 – PV 

YP = (2 ×θ300) –θ600 

 

 

Figure 3:  Bingham Plastic model(2) 
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The slope of a line connecting any point on the straight line to the origin is described 

as the apparent viscosity at that particular shear rate. 

 

The Bingham Plastic model usually over predicts yield stresses (shear stresses at 

zero shear rates) by 40 to 90 percent. 

 

The following equation produces more realistic values of yield stress at low shear 

rates:                                     

YP (Low Shear Rate)= (2 ×θ3) -θ6 

 

This equation assumes the fluid exhibits true plastic behavior in the low shear-rate 

range only. 

 

Figure 4:  Bingham Plastic model(3) 

 

 Power Law model 

The Power Law model assumes that all fluids are pseudo plastic in nature and are 

defined by the following equation; 

Τ = K (γ)n 

Where  

Τ =Shear stress (dynes / cm2) 

K =Consistency Index 

γ =Shear rate (sec-1) 

n =Power Law Index 

n= 3.321log(θ600/θ300) 

K= θ300/(511)n 
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The constant “n” is called the POWER LAW INDEX and its value indicates 

the degree of non-Newtonian behavior over a given shear rate range. If 'n' = 1, the 

behavior of the fluid is considered to be Newtonian. As 'n' decreases in value, the 

behavior of the fluid is more non-Newtonian and the viscosity will decrease with an 

increase in shear rate. The constant “n” has no units. The “K” value is the 

CONSISTENCY INDEX and is a measure of the thickness of the mud. The constant 

'K' is defined as the shear stress at a shear rate of one reciprocal second. An increase 

in the value of 'K' indicates an increase in the overall hole cleaning effectiveness of 

the fluid. The units of 'K' are either lbs/100ft2, dynes-sec or N/cm2. 

 

The constants n and K can be calculated from Fann VG meter data obtained 

at speeds of 300and 600 rpm through the use of equations above. 

 

Hence the Power Law model is mathematically more complex than the Bingham 

Plastic model and produces greater accuracy in the determination of shear stresses at 

low shear rates. The Power Law model actually describes three types of fluids, based 

on the value of 'n': 

i) n = 1: The fluid is Newtonian 

ii) n< 1: The fluid is non-Newtonian 

iii) n> 1: The fluid is Dilatent 

 

 Herschel-Bulkley (yield-power law:YPL) model 

The Herschel-Bulkley (yield-power law [YPL]) model describes the rheological 

behavior of drilling muds more accurately than any other model using the following 

equation: 

Τ = τo + K × (γ)n 

 

Where 

τ = measured shear stress in lb/100 ft2 

τo=fluid's yield stress (shear stress at zero shear rate) in lb/100 ft2 

K = fluid's consistency index in cP or lb/100 ft sec2 

n = fluid's flow index 

γ=shear rate in sec-1 
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The YPL model reduces to the Bingham Plastic model when n = 1 and it reduces to 

the Power Law model when τo= 0. 

 

The YPL model is very complex and requires a minimum of three shear-stress/shear-

rate measurements for a solution. 

 

 

Density or mud weight 

Report in g/ml or in lb/gal, lb/cu ft, or psi/1000 ft of depth. Instrument should be 

calibrated once a day when weight is critical. Mud weight is measured by means of a 

mud balance.  The weight of water is 8.33 ppg. The mud weight can be increased by 

adding barite (barium sulphate).  Barite has a specific gravity of between 4.2 – 4.3.  

Other materials can be used to increase mud weight such as ilmenite (S.G of 4.58) 

(Drilling Fluids 2012). 

 

 

Plastic Viscosity (PV) 

It is a parameter of the Bingham plastic rheological model. PV is the slope of the 

shear stress/shear rate line above the yield point as mentioned earlier. Mud viscosity 

is difficult to measure but in the field the Marsh funnel and the Fann V-G meter is 

commonly used. The Marsh Funnel is filled with mud, the operator then notes the 

time, removes his finger from the discharge and measures the time for one quart   

(946 cm
3
) to flow out.  Marsh funnels are manufactured to precise dimensional 

standards and may be calibrated with water which has a funnel viscosity of                        

26  0.5 sec. 

 

In using Fann V-G (Viscosity-gel) meter, readings are taken at 600 rpm                         

and 300 rpm. 

 

The viscosities are defined as follows: 

p = 600 - 300 

    aF= ½ 600  

    Yb= 300 - p 
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Where    p = plastic viscosity, cp 

  aF = apparent viscosity, cp 

  Yb = Bingham yield point, lb/100 ft
2
 

   = Torque readings from instrument dial at 600 and 300 rpm. 

 

From these relationships: 

    Yb= 2(aF - p) 

    aF = p + ½ Yb 

 

True yield point: Yt = ¾ Yb 

 

Yield point is influenced by the concentration of solids, their electrical charge, and 

other factors.  If not at the proper value, it can also reduce drilling efficiency by 

cutting penetration rate, increasing circulating pressure, and posing the danger of lost 

circulation (Drilling Fluids 2012). 

 

 

Gel strength 

The gel strength is the shear stress of drilling mud that is measured at low shear rate 

after the drilling mud is static for a certain period of time. The gel strength is one of 

the important drilling fluid properties because it demonstrates the ability of the 

drilling mud to suspend drill solids and weighting material when circulation is 

ceased (Gel Strength of Drilling Mud 2012). We use the 3-rpm reading which will be 

recorded after stirring the drilling fluid at 600 rpm from a rheometer. Normally, the 

first reading is noted after the mud is in a static condition for 10 second. The second 

reading and the third reading will be 10 minutes and 30 minutes, respectively. You 

may wonder why we need to record the 3-rpm reading after 30 minutes. The reason 

is that the 30 minute-reading will tell us whether the mud will greatly form the gel 

during an extensive static period or not. If the mud has the high gel strength, it will 

create high pump pressure in order to break circulation after the mud is static for 

long time. Furthermore, increasing in a trend of 30-minute gel strength indicates a 
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buildup of ultra-fine solid. Therefore, the mud must be treated by adding chemicals 

or diluting with fresh base fluid (GEL STRENGTH 2012). 

 

The following causes will result in the high gel strength in the water base mud. 

• Bacteria 

• Drill solid 

• Salt 

• Chemical contamination as lime, gypsum, cement, and anhydrite 

• Acid gases as Carbon Dioxide (CO2), and Hydrogen Sulphide (H2S) 

  

For an oil base drilling fluid, there are several points that will cause the high gel 

strength in the mud system as follows. 

• Over treatment with organic gelling material 

• Buildup of fine solid particles in the mud 

 

Operational impacts of the gel strength are as follows:  

Cutting suspension ability - Low get strength drilling mud will not be able to 

efficiently suspend cuttings; therefore, the cutting will quickly drop once pumps are 

shut down. This can lead to several problems such as stuck pipe, hole pack off, and 

accumulation of cutting beds. 

 

Barite sag - The barite sag issue mostly occurred because of low gel strength drilling 

fluid. Hence, the mud weight in the hole will not be constant. You will see that the 

lower mud weight will be seen at the shallow depth but the heavier mud weight will 

be noticed at the deeper section of the well. This situation could possibly lead to a 

well control incident because of insufficient mud weight to balance formation 

pressure at the shallow section of the wellbore. 

 

Break circulation pressure - If you have highly progressive gel strength fluid, there 

will be a lot of pressure required to break circulation. Once high pumping pressure is 

applied, it could lead to break formation and results in lost circulation issue (Gel 

Strength of Drilling Mud 2012). 
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Yield Point (YP)  

It is a parameter of the Bingham plastic rheological model. Yield Point is the yield 

stress extrapolated to a shear rate of zero. As shown in figure 1, a Bingham plastic 

fluid plot as a straight line on a shear rate (x-axis) versus shear stress (y-axis) plot, in 

which YP is the zero-shear-rate intercept. (PV is the slope of the line). Yield Point is 

calculated from 300- and 600-rpm viscometer dial readings by subtracting PV from 

the 300-rpm dial reading, as follow 

 

YP = θ300 – PV 

 

Yield Point is used to evaluate the ability of a mud to lift cuttings out of the annulus. 

A high YP implies a non-Newtonian fluid, one that carries cuttings better than a fluid 

of similar density but lower YP. YP is lowered by adding deflocculant to a clay-

based mud and increased by adding freshly dispersed clay or a flocculant, such as 

lime. YP is measured in unit of lbf/100ft2.  

 

When plastic viscosity rises, this is usually an indication that the solids control 

equipment are running inefficiently. Ideally, the yield point should be just high 

enough to suspend the cuttings as they are circulated up the annulus.  

 

Yield Point is characterized also as resistance of initial flow of fluid or the stress 

required in order to move the fluid. The YP indicates the ability of the drilling mud 

to carry cuttings to surface. Moreover, frictional pressure loss is directly related to 

the YP. Higher YP will result in higher pressure loss while drilling mud is being 

circulated. In oil-based mud, the causes of increasing in YP are listed from Rabia 

(2012) 

 

• Drill solid – the higher content of drill solid, the higher YP will be. 

• Treatment CO2 in the mud with lime (CaO) – The lime (CaO) will 

chemically react with CO2 to form Calcium Carbonate (CaCO3) which will 

increase the YP. 

• Low temperature – in the oil base system, the low temperate will increase the 

viscosity and the YP. 

• Operational impacts of the YP are as follows. 
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• Equivalent Circulating Density (ECD) – The ECD typically increases when 

the YP increases. 

• Hole Cleaning – in drilling a large diameter hole, the YP in the drilling mud 

must be high in order to help hole cleaning efficiency. 

 

 

Fluid Loss and Filter Cake  

The fluid loss gives a representation of the fluids interaction with the wellbore under 

simulated pressure and temperature conditions. Ideally the fluid should form athin, 

flexible, impermeable layer (filter cake) against the wall and prevent fluid (filtrate) 

from entering the rock and reacting with the formations. A mud system with a low 

value of filtrate loss cause minimum swelling of clays and minimum formation 

damage. The filter cake should be in the region of 1 to 2 / 32" and should never be 

greater than 3/ 32”, even in an HPHT test with WBM (Rabia 2012) . 

 

Both tests work on filling a cell with drilling fluid, and sealing it shut. Inside the cell 

is a filter paper that has been placed between the mud and the aperture in the cell. 

Pressure is applied to the cell which forces the mud and solids through the filter 

paper. The solids accumulating on the filter paper form a filter cake and the filtrate 

passing through the paper is collected in a graduated cylinder. The mud in the cell is 

pressurized for 30 minutes the fluid or filtrate is collected and measured. The filter 

paper is also collected, washed, then examined and the deposited filter cake is 

measured. HPHT tests with the cell put under heat are usually carried out on wells 

where the temperature is greater than 200
o
F. 

 

Unit: ml / 30 minutes at100 psi (for API test) or 500 psi and BHT (F) for high 

temperature/high pressure (HTHP). 

 

Filtration control additives include: 

• Starch 

• Carboxymethylcellulose (CMC) 

• Polyanionic Cellulose (PAC) 
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Alkalinity and pH Test 

The pH affects several mud properties including: 

• detection and treatment of contaminants such as cement and soluble 

carbonates 

• solubility of many thinners and divalent metal ions such as calcium and 

magnesium  

•  

Alkalinity and pH control additives include: NaOH, KOH, Ca(OH)2, NaHCO3 and 

Mg(OH)2. These are compounds used to attain a specific pH and to maintain 

optimum pH and alkalinity in water base fluids (Drilling Fluid Functions 2012). 

The term pH is used to express the concentration of hydrogen of hydrogen ions in an 

aqueous solution. pH is defined by pH = log [H+], Where [H+] is the hydrogen ion 

concentration in moles per litter. At room temperature, the ion product constant of 

water, Kw, has a value of 1.0 x 10-14 mol/L. 

Table 2: Relations between pH, [H+] and [OH-] in water solutions 

 

 

 

 

 

 

H2O = H
+
 + OH

-
 

Kw = [H
+
][OH

-
] = 1.0 x 10

-14
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For pure water, [H
+
] = [OH

-
] = 1x10

-7
, and the pH is equal to 7, since in any aqueous 

solution the product [H
+
][OH

-
] must remain constant, an increase in [H

+
] > [OH

-
] is 

said to be acidic, and a solution in which [OH
-
] > [H

+
] is said to be alkaline. The 

relation between pH, [H
+
], and [OH

-
] is summarized in table above. 

The pH of a fluid can be determined using either a special pH paper or a pH meter. 

The pH paper is impregnated with dyes that exhibit different colors when exposed to 

solutions of varying pH. The pH is determined by placing a short strip of the paper 

on the surface of the sample. After the color of the test paper stabilizes, the color of 

the upper side of the paper, which has not contacted the mud, is compared with a 

standard color chart provided with the test paper. When saltwater muds are used, 

caution should be exercised when using pH paper. The solutions present may cause 

the paper to produce erroneous values.  

The pH meter is an instrument that determines the pH of an aqueous solution by 

measuring the electro potential generated between a special glass electrode and a 

reference electrode. The electromotive force (EMF) generated across the specially 

formulated glass membrane has been found empirically to be almost linear with the 

pH of the solution. The pH meter must be calibrated using buffered solutions off 

known pH. 

 

An electrical stability (ES)  

It is a test for oil-base and synthetic-base muds that indicates the emulsion and oil-

wetting qualities (stability) of the sample. The electric stability is read as an voltage 

reading from 0 to 2000 volts, which indicates the easiness of electric current to pass 

the mixture of liquid which results in the higher value will indicate that the emulsion 

is stable or more compacted, on the contrary if the voltage level is low, it indicates 

the emulsion stability is weak or not stable. The API standard for good emulsion of 

synthetic based mud (SBM) or oil based mud (OBM) is above 400 volts of ES value. 

Below this value, it is said that the emulsion is not good and the mud is not 

recommended to be used in drilling circulation system in drilling operations (Drilling 

Fluid Functions 2012). 
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2.7 Alternatives Base Fluid  

 

There are some studies according to alternative fluid base mud which have some 

properties close to oil based mud but more environmental friendly. 

Oil based mud developed using Palm oil and groundnut oil should be encouraged 

since its highly biodegradable, have better eco-toxicological properties and the cost 

of treatment of the cuttings are lower compared to Oil-based drilling mud formulated 

with diesel, mineral and conventional synthetic oil (Dosunmu and Joshua.O 2010).  

There is a possibility of replacing oil-based mud with water-based glycol drilling 

mud which is environmental friendly and totally nontoxic. There are also done shale 

inhibition test, water-based glycol mud gives inhibition performance close to OBM. 

As well as rheology test which shows glycol mud can perform rheological properties 

close to OBM. Glycol mud also has a better quality under HTHP compared to water- 

base mud ( Samaei and Tahmasbi 2007).  

There is some issue concerned about existed palm oil based drilling fluid which is 

also used for human consumption. There will be not enough palm oil to supply the 

drilling operations and the price will become more expensive due to the competition 

which is not meet the objective of developing new oil based mud which means to 

reduce the cost.  

 

2.7.1 Castor Oil 

 

The castor oil plant, Ricinuscommunis, is a species of flowering plant in the 

spurge family, Euphorbiaceae. It belongs to a monotypic genus, Ricinus, and 

subtribe, Ricininae. Ricinoleic acid, a monounsaturated, 18-carbon fatty acid, 

is unusual in that it has a hydroxyl functional group on the 12th carbon. This 

functional group causes ricinoleic acid (and castor oil) to be unusually polar, 

and also allows chemical derivatization that is not practical with most other 

seed oils. It is the hydroxyl group which makes castor oil and ricinoleic acid 

valuable as chemical feedstocks. 
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Castor seed is the source of castor oil, which has a wide variety of uses. The 

seeds contain between 40% and 60% oil that is rich in triglycerides, mainly 

ricinolein (90 percent of fatty acid chains). The seed contains ricin, a toxin, 

which is also present in lower concentrations throughout the plant (Castor oil 

plant, Wikipedia 2012; Castor oil, Wikipedia 2012). 

 

Castor oils unsaturated bond, high molecular weight (298), low melting point 

(5ºC) and very low solidification point (-12ºC to -18ºC) make it industrially 

useful, most of all for the highest and most stable viscosity of any vegetable 

oil. Moreover castor oil is currently less expensive vegetable oils. (Castor Oil 

as Biodiesel & Biofuel 2012). 

 

Castor oil has better high temperature lubrication than most vegetable oils. 

Castor oil is the preferred lubricant for bicycle pumps, most likely because it 

does not dissolve natural rubber seals. Biodegradability results in decreased 

persistence in the environment in case of an accidental release. From these 

properties, the lubricants company Castrol took its name from castor oil. 

(Castor oil, Wikipedia 2012). 

 

 

Figure 5: Seed and oil of castor 
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Figure 6: Extraction process of raw oil from castor seeds 

 

Figure 6 shows the extraction process of oil from castor seeds. Initially, each 

seed will go through a separation process to discard all unknown and 

unwanted materials leaving out only clean seeds. It will then go through an 

Oil Expeller which is some kind of heating crusher to heat out crude oil from 

the seeds. Crude oils will be sent to the refinery while the remains of the 
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extraction or cake will go through a second stage of processing due to high 

content of oil in the cake. Depending on the end product of cake desired, the 

second stage will be either extraction with hexane, a chemical used to extract 

oil for food processing, or crushing. Each process produces raw oil which 

will be sent to the refinery while the different type of cakes produced will be 

packed and sent for marketing. 

Table 3: Castor oil production 2010 data (Tones) from FOOD AND 

AGRICULTURE ORGANIZATION OF THE UNITED NATIONS (2012) : 

 

 

 

 

 

 

 

 

 

 

 

 

From this table we can conclude that India is the biggest supplier of castor 

oil. Thailand produces the most castor oil per year (2010) among Southeast 

Asia countries. 

 

 

Country Production (Tones) 

 India 1150000 

 China 180000 

 Brazil 93025 

 Thailand 12197 

 Vietnam 6000 

 South Africa 5500 

 Philippines 77 

 Brunei - 

 Burma - 

 Cambodia 1600 

 East Timor - 

 Indonesia 1900 

 Laos - 

 Malaysia - 

 Singapore - 

http://en.wikipedia.org/wiki/India
http://en.wikipedia.org/wiki/China
http://en.wikipedia.org/wiki/Brazil
http://en.wikipedia.org/wiki/Thailand
http://en.wikipedia.org/wiki/Vietnam
http://en.wikipedia.org/wiki/South_Africa
http://en.wikipedia.org/wiki/Philippines
http://en.wikipedia.org/wiki/Brunei
http://en.wikipedia.org/wiki/Burma
http://en.wikipedia.org/wiki/Cambodia
http://en.wikipedia.org/wiki/East_Timor
http://en.wikipedia.org/wiki/Indonesia
http://en.wikipedia.org/wiki/Laos
http://en.wikipedia.org/wiki/Malaysia
http://en.wikipedia.org/wiki/Singapore
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2.7.2 Cow Fat 

 

Animal fats and oils are lipid materials derived from animals. Physically, oils 

are liquid at room temperature, and fats are solid. Chemically, both fats and 

oils are composed of triglycerides (Animal fat 2012). Flesh and animal fat 

have a melting temperature of 184 °C, a boiling point of around 200 °C and 

an ignition point of 280 °C where it will burst into flames without spark 

(Mattogno 2012). 

 

Tallow is a rendered form of beef or mutton fat, processed from suet. It is 

solid at room temperature. Unlike suet, tallow can be stored for extended 

periods without the need for refrigeration to prevent decomposition, provided 

it is kept in an airtight container to prevent oxidation (Tallow 2012).  

 

Figure 7: Tallow consists mainly of triglycerides (fat)  

from TriglycerideTallow.png 2012) 

 

Processed of animal fats 

Oil is made by removing waste fat from animal carcasses using a rendering 

process. Rendering is a process that converts waste animal tissue into stable, 

value-added materials. Rendering consists of grinding the animal by-products 

to a fine consistency and cooking them until the liquid fat separates and 

pathogens are destroyed. This cooking process also removes water, which 

makes the fat and solid material stable against rancidity. The end products are 

fat, and a high-protein feed additive known as “meat and bone meal” (Gerpen 

2012) 
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Property which may useful for based fluid: Lubrication 

During developing of steam-driven piston engines, the hot vapors and liquids 

washed away most lubricants very quickly. It was found that tallow was quite 

resistant to this washing. Tallow and compounds including tallow were 

widely used to lubricate locomotive and steamship engines at least until the 

1950s (Tallow 2012). As well as drilling fluids which are provide lubrication 

for drill bit and drill string while doing operation.  

 

2.7.3 Jatropha 

 

Jatrophacurcus (Linnaeus) is a multipurpose bush/small tree belonging to the 

family of Euphorbiaceae. The name Jatrophacurcus is derived from a Greek 

word “Jatros” meaning “Doctor” “and trophe” meaning ‘nutrition’ because of 

the potential of this plant for medicinal purposes (Patil and Singh  1991) It is 

believed to be a native of South America; but today it is found in almost all 

the tropical and sub-tropics in Africa/Asia. InIndia, Jatrophacurcus known as 

ratanjyote or seemaikattamanakku is found almost in all the states and is 

generally grown as a live fence for protection of agricultural fields from 

damage by livestock as it is not eaten by cattle because it is non-edible and 

also poisonous.(Jatropha oil 2012; Jatropha Oil 2012). 

Jatropha oil cannot be used for nutritional purposes without detoxification; 

hence its use as energy or fuel source is attractive. In one hectare can yield up 

to 3500 litters of Jatropha extracted oil. (Anand et al. 2011). 

Propose of extracting oil from the seeds is to prepare high quality bio-fuel an 

alternative source that can be used in diesel car which its properties similar to 

diesel fuel. It is a oxygenated fuel and is also a eco-friendly. While the 

remaining part after extracting oil is also can be used as a biomass feedstock 

to produce electricity and used as a fertilizer. (Jatropha Oil 2012). 

Fadairo,Tozunku and Kadiri (2012) discussed about advantages and 

disadvantages of Jatropha oil as a based drilling fluid as following; 

 

http://www.google.com.my/search?tbo=p&tbm=bks&q=inauthor:%22Vinayak+Patil%22&source=gbs_metadata_r&cad=3
http://www.google.com.my/search?tbo=p&tbm=bks&q=inauthor:%22Kanwarjit+Singh%22&source=gbs_metadata_r&cad=3
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Advantages 

• Environmental friendly. Considered as a one of renewable energy where 

it is part of vegetable oil. 

• Can yield out to 3500 liters/hectare or 925 gallons/hectare. This shows 

that the continuity of Jatropa oil production. Refer to table in paper 

11140 for reference table comparing it to other plants. 

• Easy to be planted anywhere and most of the condition.  

• Has better PH and density variation with temperature compared to 

diesel-oil. 

 

Disadvantages 

• The apparent viscosity of the Jatropha oil is higher under ambient 

temperature compared to the diesel oil based mud, caused by the highly 

viscous property of the oil. 

• Salinity and temperature have bad effects on the rheological properties of 

the Jatropha oil. 

• Needs other additives to make the oil’s properties balance and suitable 

for drilling. This will increase the cost of the project. 

 

 

2.8 Selected Vegetable Oil 

 

The selected base fluid in this research study is castor oil. Castor seeds are the source 

of castor oil. The seeds contain between 40% and 60% oil that is rich in 

triglycerides, mainly ricinolein (90 percent of fatty acid chains). The castor oil plant, 

Ricinuscommunis, is a species of flowering plant in the spurge family, 

Euphorbiaceae. It belongs to a monotypic genus, Ricinus, and subtribe, Ricininae. 

Ricinoleic acid, a monounsaturated, 18-carbon fatty acid, is unusual in that it has a 

hydroxyl functional group on the 12th carbon (Castor oil plant, Wikipedia 2012; 

Castor oil, Wikipedia 2012). Castor oils unsaturated bond, high molecular weight 

(298), low melting point (5ºC) and very low solidification point (-12ºC to -18ºC) 

make it industrially useful, most of all for the highest and most stable viscosity of 

any vegetable oil. Moreover castor oil is currently less expensive vegetable oils 

(Castor Oil as Biodiesel & Biofuel 2012). From FOOD AND AGRICULTURE 
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ORGANIZATION OF THE UNITED NATIONS (2012), India is the castor oil 

biggest supplier in Asian countries which can produce 1,150,000 tons per year in 

2010 following by China, Brazil and Thailand. 

 

Some important properties of castor oil are shown as tables below,  

Table 4: Kinematic viscosity of castor oil 

 Temperature Kinematic Viscosity 

Castor oil (
o
F) (

o
C) CentiStokes 

(cSt) 

Seconds 

Saybolt 

Universal 

(SSU) 

100 

130 

37.8 

54.4 

259-325 

98-130 

1200-1500 

450-600 

Absolute Viscosity (at a temperature of 300 K) 

(N s/m
2
, Pa s) (cp) 

0.650 650 

 

Table 5: Fatty acid composition of castor oil 

Fatty acid  Composition (%)  

ricinoleic acid  87  

linoleic acid  5  

oleic acid  4  

palmitic acid  2  

estearic acid  1  

linoleic acid  1  

http://www.engineeringtoolbox.com/temperature-d_291.html
http://www.engineeringtoolbox.com/dynamic-absolute-kinematic-viscosity-d_412.html
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Table 6 :castor oil properties 

Properties  Value  

free fatty acid ( %)  0.63  

flash point (°C)  230  

smoke point (°C) 200 

viscosity at 40 °C ( mm 

2/s)  

227  

water content (ppm)  367  

iodine value (g I2/100 g 

sample)  

85.5  

auto-ignition 

temperature (°C /°F ) 

449/840.2 

boiling point (°C) 313 

pour point (
o
C) -24 

melting point (
o
C) -18 

dispersion properties see solubility in water, methanol, diethyl ether 

solubility soluble in methanol, diethyl ether, chloroform, glacial 

acetic acid, benzene, carbon disulfide 

insoluble in cold water 
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Standards for industrial quality castor oil as specified by the ASTM are given in 

table 7 : 

Table 7: industrial castor oil standards property 

acid value,max 2  

clarity  clear  

Gardner color,max 2  

hydroxyl value  160-168  

loss on heating ,wt % max  0.2  

refractive index ,25 C  1.4764-1.4778  

saponification value  176-184  

solubility in alcohol  complete  

specific gravity 25/25C  0.957-0.961  

unsaponififiablematter,wt % max  0.7  

viscosity,mm^s 6.5-8.0  

iodine value  84-88  

 

 

2.9 Viscosity Dilution 

 

Castor oil is vegetable oil which is readily biodegradable and non-toxic toward 

environment and user provided high flash point at 446degF (230 degC) which 

greater than the requirement makes castor oil seems suitable to be one of the 

alternative base fluids. However, viscosity of raw castor oil is still too high to use as 

a base for drilling fluid, further studies have been done to reduce viscosity                    

of castor oil. 
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2.9.1 Toluene 

Toluene has low kinematic viscosity which is 0.68 cSt at 20degC and it 

miscible with alcohol, it can be used as a diluter to reduce viscosity of base 

oil. In order to save time and cost, toluene is the suitable solvent for this 

study.  

 

2.9.2 Transesterification 

One of the chemical processes to reduce viscosity of castor oil is 

transesterification process. In organic chemistry, transesterification or 

alcoholysis has been widely used to reduce the high viscosity of triglycerides. 

The process is to exchange the organic group R″ of an ester with the organic 

group R′ of an alcohol. These reactions are often catalyzed by the addition of 

an acid or base catalyst (Burno et al. 2009). 

The transesterification reaction can be expresses by the following equation: 

 

     Figure 8: Overall reaction of triglyceride transesterification  

       from Transesterification (2012) 
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CHAPTER 3 

METHODOLOGY 

 

 

3.1 Research Methodology 

 

The assessment of this research is to develop new oil base mud to achieve mud 

properties which required by industry: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research on drilling fluids available in 

industry 

 

Research on new organic materials 

 

Obtain the new organic oil 

Research on mud lab testing procedures, tools, 

equipment, and material 

Conduct experimental for 

 developing oil base mud 

Analyse and compare the new oil based mud 

with existing oil based mud 
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3.2 Project Activities 

 

Steps of project activities are as following:  

 

 

Figure 9: Project activities 
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3.3 Gantt Chart and Key Milestone 

Gantt chart and Key Milestone for the project: 

 

Key Milestone 

Table 8: Final year project gantt chart and key milestone 

NO Activities in FYP I 

 / Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 Selection of project topic       

S 

E 

M 

 

B 

R 

E 

A 

K 

       

S 

T 

U 

D 

Y 

 

W 

E 

E 

K 

E 

X 

A 

M 

I 

N 

A 

T 

I 

O 

N 

2 Preliminary research 

work (Literature review) 

             

3 Submission of proposal 

defense report 

             

4 Proposal defense (Oral 

Presentation) 

             

5 Project work continues              

6 Submission of Interim 

draft report 

             

7 Submission of interim 

report 

             

NO Activities in FYP II 

 / Week 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 Material preparation and 

lab booking 

       

 

 

 

 

 

 

S 

E 

M 

 

B 

R 

E 

A 

K 

        

 

 

 

 

 

 S 

T 

U 

D 

Y 

 

W 

E 

E 

K 

 

 

 

 

 

 

E 

X 

A 

M 

I 

N 

A 

T 

I 

O 

N 

2 Pre-test analysis              

3 Project run              

4 Progress report 

submission 

             

5 Pre-test analysis              

6 Pre-EDX              

7 Draf report submission              

8 Dissertation submission 

(Softbound) 

             

9 Technical paper 

submission 

             

10 Oral presentation               

11 Dissertation submission 

(Hardbound) 
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3.4 Tools Required 

 

Following tools are required in order to follow mud lab testing procedures and 

environmental impact: 

 

Testing Equipment 

 

Property Equipment/Materials 

Mud density - Standard Mud Balance  

Funnel Viscosity - Thermometer 

- Stopwatch 

- Marsh funnel 

Rheology 

(PV,YP,GS) 

 

- Rheometer 

- Mud cup 

- Stopwatch 

- Thermometer 

An electrical stability (ES) - OFI testing equipment 

Oil, water and solid content  - Retort 

HPHT Filtration loss - HPHT Filter press unit 

Mud property after hot rolling - Hot rolling test unit 

Environment Assessments - Aquarium  

- Fish 

- Mud sample 

 

 

3.5 Tranesterification and Mud Formulation 

 

To start this research study in experimental process, equipment and material 

preparation must be done followed by trasesterification of castor oil. The experiment 

in this research study follows the process of tranesterification done by Deshpande et 

al. (2012) in order to obtain methyl ester at 14.10 cSt of kinematic viscosity. Castor 

oil of measured 100ml was added to the batch reactor and heated to 30degC while 

stirring at 460rpm. Dissolved solution of methanol (oil to alcohol mole ratio is 1:9) 
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and potassium hydroxide which is a catalyst (1wt. % catalyst concentration) added 

into batch reactor at constant temperature and stirring rate. The reaction time is 45 

minute. After this process done, it requires one night for glycerol to settle down. At 

that time, methyl ester separated from glycerol. Tranesterification process of castor 

oil can be shown in the diagram below:  

 

 

 

 

 

 

 

 

Figure 10: Overall transesterification reaction of castor oil 

 

To formulate mud material by using Scomi’s mud formulator, specific gravity of the 

methyl ester measured by hydrometer is required which is equal to 0.925 at 25degC. 

Specific gravity of basic additives for synthetic based mud which are primary 

emulsifier, secondary emulsifier, viscosifier, fluid loss agent, lime, brine and barite 

added to formulator to calculate appropriate additives concentration in order to mix 

one lab barrel of mud, 350ml in the laboratory. The samples of mud were mixed by 

using Saraline (branch mark) and methyl ester of castor oil as base fluids by having 

mud weight which is 10ppg, oil-water ratio at 85to15, primary and secondary 

emulsifier concentration, fluid loss agent concentration and lime concentration as 

control parameters. 

 

Each additive has its own functions. Primary emulsifier produces stable emulsions 

which are resistant to high temperatures and contamination, and imparts good fluid 

loss properties to the mud while secondary emulsifier offers emulsion stability as 

well as high temperature tolerance and resistance to contamination. It has secondary 

wetting agent capacities and helps maintain HTHP fluid loss in a water-free state. 

Viscosifier is used to increase the viscosity and gel strength in invert oil base                         

or synthetic base mud. It provides suspension capability of weighting materials, 

increases hole-cleaning capacity and improves filter cakes quality. Fluid loss agent 

Castor oil      Catalyst  

     Methyl ester 

 

 

 

        Glycerol 
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causes minimal viscosity increase, effective in controlling HTHP filtration in the 

invert oil/synthetic base systems over a wide range of temperatures and enhances 

emulsion stability in the same time. Lime is the common name for calcium 

hydroxide, Ca(OH)2 which is used as a source of calcium and alkalinity in water and 

oil-based drilling fluids. It is used to increase pH for improving hole cleaning and 

controlling corrosion. Brine helps to increase emulsified water phase salinity which 

provides inhibition of shales and reactive solid. Barites used as the primary weight 

material in both water based and non-aqueous fluids with the purpose of increasing 

mud density (Scomi, 2012). 

 

Methyl ester of castor oil is more viscous compared to Saraline which its kinematic 

viscosity is equal to 2.6 cSt at 40 deg C. As toluene has low kinematic viscosity 

which is 0.68 cSt at 20degC and it miscible with alcohol, it is used as a diluter to 

reduce viscosity of methyl ester. Same control parameters as mentioned above, 

toluene was mixed with methyl ester in ratio of 20:80 and 40:60, toluene to methyl 

eater. Specific gravity of each solution was measured to calculate additives 

concentration. 

 

Mud materials were mixed using FANN multi mixer for 60 minute for a sample.  

 

Steps of mud mixing are shown in table below;  

 

Table 9: Order and duration of mixing mud 

Mud Material 
1 lab bbl = 350ml at constant high speed 

Order Time (minutes) 

Base oil 1 start 

Primary Emulsifier 2 2 

Secondary Emulsifier 3 2 

Viscosifier 4 5 

Fluid Loss Agent 5 2 

Lime 6 2 

Drill water 
7 15 

Calcium Chloride 
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Barite, 4.2 SG 8 5 

 
Additional time 27 

 
Total time 60 

 

 

The concentration of each mud material is now formulated. Each of samples will be 

tested for rheological and electric stability properties in order to identify whether the 

mud is suitable to use as a good drilling fluid or not. The samples formulation and 

additive concentration of this study are show in Table 10. 

 

Table 10: Mud samples formulation for performance test  

and comparison study 

 

 

Mud samples:   

-  T3 Saraline base 

-  T4 Toluene40%-Castor oil60% base 

-  T5 Toluene20%-Castor oil80% 

-  T6 Castor oil with 6.5g viscosifier base 

-  T7 Castor oil with 3.0g viscosifier base 

-  T8 Castor oil with none viscosifier  
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CHAPTER 4 

RESULT AND DISCUSSION 

 

4.1 Experimentation 

 

The mud samples: T3 Saraline base, T4 Toluene40%-Castor oil60% base, T5 

Toluene20%-Castor oil80%, T6 Castor oil with 6.5g viscosifier base, T7 Castor oil 

with 3.0g viscosifier base and T8 Castor oil with none viscosifier base were tested 

for rheological, electric stability and HTHP filtration loss properties and measure oil, 

water, solid content by retort as a following procedures: 

 

1. Rheology properties are determined by using Driven Fann 6 speed 

Viscometer. The six readings at speed of 3, 6, 100, 200, 300 and 600 rpm will be 

taken at 120degF.  Plastic viscosity can be calculated by 600 reading - 300 reading 

(cps) and Yield point in Pounds / 100 ft2 = 300 reading - PV.  

2.  The gelling characteristics of the fluid will be determined by taking a 10 

second and a 10 minute gel reading. 

3.  Electric stability (ES) measurement is measured out at 120degF, following 

rheology temperature in step 1 and step 2 by using ES digital meter in volts.  

4. Fill the 50ml retort cup with mud sample in order to determine oil, water 

and solid content in the mud. Raise the temperature up to 950 degF, collect and 

measure condensed liquid, and calculate for solid portion.  

5. Ageing or Hot-rolling is required to simulate reservoir environment to 

measure the stability of mud after 16hr operating at required condition. 

6. Re-conduct step 1 to step 4 and continue at step 7. 

7. Conduct HTHP filtration loss measurement for 30 minutes at 275degF and 

500psi as a study condition. Fluid loss and filter cake thickness will be measured for 

further analysis. 
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4.2 Data Analysis 

 

Mud properties of samples T3, T4, T5 and T6 are summarized in table 11 and mud 

properties of sample T6, T7, T8 are in table 12 ; 

Table 11: Mud properties of samples T3, T4, T5 and T6 

 

 

Table 12: Mud properties of samples T6, T7 and T8 

 

 

To compare mud properties of methyl ester of castor oil based mud and saraline 

based mud, sample T3, T4, T5 and T6 were tested.  The relationships of each mud 
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properties and each sample before hot rolling (BHR) and after hot rolling (AHR) are 

shown in the following figures. 

As mentioned by Rabia, Drilling Ahead groups and KMC Oiltools (2012), the main 

focus for mud rheology is 6 rpm reading because the initial gel strength will be more 

or less the same as the 6 rpm reading which Mud programs will specify a range for 

the 6 rpm reading. It is a good indicator of a colloidal solids build up that may not be 

detected by solids analysis. 

 

 

Figure 11: Viscosity reading at 6 rpm BHR and AHR of each base oils 

 

Specific value of rheology reading at 6 rpm of this study is in the range of 8-10 cP 

which sample T3 seems to give the most satisfy value BHR and give too low value 

AHR. Sample T4, T5 and T6 give exceeded values from specific range BHR and 

give no value AHR because all sample could not be tested as all turned to solid 

phase. The most preferable sample is T3 which is Saraline based mud. 

  

Plastic Viscosity (PV) is also known as resistance of fluid to flow. Any increase in 

solid content in drilling mud results in higher the plastic viscosity. One of the 

methods to reduced PV is diluting drilling mud with base fluid. In this study, toluene 

is added in sample in order to reduce samples’ viscosity. In oil base mud, the 
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emulsified water in oil base drilling fluid will act like a solid, and it will increase the 

plastic viscosity drastically so the high oil-water ratio at 85:15 is set to gain a lower 

viscosity value.  

 

Figure 12: Plastic viscosity BHR and AHR of each base oils 

 

Specific range value of PV in this study is lower than 35 cP. Sample T4, T5 and T6 

give higher values BHR compare to specific range. Values of PV after hot rolling 

were not be able to obtained due to the muds turns to solid.  Sample T3 is still the 

most suitable based mud which gives both PV values BHR and AHR in the specific 

range.  

 

Yield Point (YP) is used to evaluate the ability of a mud to lift cuttings out of the 

annulus measured in unit of lbf/100ft2. YP is also a measurement of chemical bond 

which characterized as resistance of initial flow of fluid or the stress required in 

order to move the fluid so that it should be just high enough to suspend the cuttings 

as they are circulated up the annulus. Too high YP cause a pressure loss problem. 
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Figure 13: Yield point BHR and AHR of each base oils 

 

Specific range of YP here is between 15-25 lb/100sqft. Sample T6 BHR give the 

satisfy value which is better than sample T3 which have very low YP. It is means 

that methyl ester of castor oil based mud in this study has a better YP property at lab 

condition compare to saraline base mud. But it is still not good enough to conclude 

that methyl ester of castor oil based mud is a suitable drilling fluid because the mud 

turn to be solid at reservoir condition.  

 

There are two readings for gel strengths (GS), 10 second and 10 minute with the 

speed of the viscometer set at 3 rpm. Ideally the two values of gel strength should be 

close rather than progressively far apart. Measurement of GS is to measure attractive 

forces of chemical bond under static condition. The reason of the 10 minute reading 

will indicate whether the mud will greatly form the gel during an extensive static 

period or not. If the mud has the high gel strength, it will create high pump pressure 

in order to break circulation after the mud is static for long time. 
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Figure 14: Gel strength BHR and AHR of each base oils  

at 10 sec and 10 min 

 

Specific range of GS BHR is between 8-12 lb/100sqft which the value AHR also 

should be in this range. The sample T6 BHR still gives a better value compare to 

sample T3 which have lower GS. But overall comparison, T3 seems to be more 

satisfied as it did not turn to solid AHR and value of GS at 10sec and 10min not give 

much different which are also in the specific range at reservoir condition. 

 

Electrical Stability (ES) test is a test for oil based and synthetic based muds that 

indicate the emulsion and oil wetting qualities (stability) of the sample. The electric 

stability is read as a voltage reading which indicates the easiness of electric current 

to pass the mixture of liquid which results in the higher value will indicate that the 

emulsion is stable or more compacted. . The API standard for good emulsion of 

synthetic based mud is above 400 volts of ES. 
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Figure 15: Electric stability (ES) BHR and AHR of each base oils 

 

Specific value of ES must be above 400 volts following API standard. All samples 

provide a good ES at lab condition. Sample T3 give good readings both BHR and 

AHR condition which AHR values of T4, T5 and T6 could not be obtained as they 

are in solid phase.  

 

Fluid Loss and Filter Cake are also measure after reservoir condition. Fluid loss is 

defined as the amount of water expelled from the drilling mud under particular 

pressure and temperature after 30 min. Filter cake is measured in 1/32” at bottom 

hole temperature 275degF in this study condition. The fluid loss gives a 

representation of the fluids interaction with the well bore under simulated pressure 

and temperature conditions. Ideally the fluid should form a thin and impermeable 

layer of filter cake against the wall and prevent fluid filtrate from entering the rock 

and reacting with the formations. A mud system with a low value of filtrate loss is 

more preferred which cause minimum swelling of clays and minimum formation 

damage. 

 

As shown in table 4, High Temperature High Pressure (HTHP) filtration loss 

property of sample T3 is the most reasonable. Its fluid loss is lesser than 5cc and 

filter cake thickness is lesser than 2/32”. Sample T4 show the lowest fluid loss value 
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which is 0.2cc but the cake thickness is too high. Both fluid loss and cake thickness 

of sample T6 are too high which is not suitable to use and drilling fluid under HTHP 

condition. 

 

Retort study also done in order to measure water, oil and solid content and to 

calculate oil-water ratio at 950degF condition. As a concern for safety issue, sample 

T4 and T5 should not conduct retort study as they contain toluene which has low 

flash point (43degF). Sample T3 give a good retort reading which shows oil-water 

ratio BHR and AHR similar to set specific value which is 85 to 15. A lot of smoke 

and bad smell emerged from sample T6 which indicate that vapour is escaping 

through the threads connecting.  In many cases, this situation happened because tube 

to condenser has been blocked and resulted in escaping of flaring from high pressure 

in the retort cup. This retort study of sample T6 could not give any accurate 

measurement.  

 

From the above comparisons, saraline based mud give more preferred overall 

properties of drilling fluid compare to methyl ester of castor oil based mud. But 

methyl ester of castor oil based mud give a better properties compare to the samples 

which dilute with toluene. At lab condition, methyl ester of castor oil based mud 

shown the better YP and GS values compare to saraline based mud. From this 

information, further experiments will be conducted by reducing viscosifier. The 

objective of this further study is to study an effect of viscosifier toward methyl eater 

of castor oil based mud. Sample T7 which reduce viscosifier form 6.5 lb/bbl to 3 

lb/bbl and sample T8 with no viscosifier were mixed to compare with sample T6. 

The following graph are to show the comparison and relationship of rheology 

reading at 6rpm, plastic viscosity, yield point, gel strength and electric stability BHR 

and AHR of sample T6, T7 and T8. 
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Figure 16: Viscosity reading at 6rpm BHR and AHR of each base oils 

 

 

Figure 17: Plastic viscosity BHR and AHR of each base oils 
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Figure 18: Yield point BHR and AHR of each base oils 

 

 

Figure 20: Gel strength BHR and AHR of each base oils  

at 10 sec and 10 min 
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Figure 21: Electric stability (ES) BHR and AHR of each base oils 

 

Viscosity of sample T7 AHR at 6rpm speed meet the specific value but the value 

BHR is too low. SampleT8 give too low value at both BHR and AHR condition 

while sample T6 give very high value BHR. PV of all samples give too high values 

compare to specific range which indicates too high solid content or too high 

viscosity of base fluid. YP values of samples were observed. Sample T7 and T8 

shown satisfy values of YP AHR. In this case, it is still not good enough to say that 

sample T7 and T8 are good drilling fluid as YP value at BHR and AHR shown too 

much different. Same goes to GS value which BHR and AHR values show the big 

gap. The most preferred sample which shows the best gel property is sample T6 

which can be measure only at BHR condition. ES properties of sample T7 is lower 

than specific value so it is not suitable to use as drilling fluid in this study condition 

while sample T8 shown satisfy value but still not stable as a big range different of 

BHR and AHR values were observed. HTHP fluid Loss and filter cake are also 

measure at reservoir condition. Sample T7 and T8 seems to lost this property as they 

give very high value of fluid loss and filter cake which are higher than value given 

by sample T6. Smoke can be observed from retort study of sample T7 and T8 both 

BHR and AHR condition. 
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4.3 Findings 

 

1. Kinematic viscosity of castor oil is high. 

                Original  259- 325 cSt (54.5
 o
C ) 

                Methyl ester of castor oil  14.10 cSt (37 
o
C) 

 

2. Viscosity of castor oil become higher after aging (Hot Roll) 

Evident:  

1. Rheology: Rheology of methyl ester of castor oil based mud After Hot 

Rolling > Before Hot roling. 

2. Retort: Observed based oil (methyl ester of castor oil) becoming 

thinker as grease and blocked off the spout after being heated at 950
o
F. 

 

 

Figure 22: Retort was leaking due to plugging of base fluid 

 

3. Due to higher viscosity, it is not possible to add more solid (mud additives) to 

achieve mud specification.  

 

All these concerns will not be observed, if the mud is built using current base oil 

available in the market (Ex. Saraline 185V). 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Relevancy to the Objectives 

 

As the objective of this research study is to develop a stable and environmental 

friendly drilling fluid which has less harmful effect towards the environment and 

user, and cost saving at mud weight of 10ppg under 275degF and 500 psi high 

pressure high temperature condition comparing to saraline based fluid which is the 

conventional drilling mud. 

  

Throughout the experiments and discussion, this research study can be concluded 

that Castor oil cannot be used as base oil under conventional formulation and 

condition compared to Saraline based mud at the same condition because even the 

viscosity of castor oil was reduced during transesterification process is still not  low 

enough compared to saraline's viscocity. 

  

From the conclusion above, environmental assessment fish acute toxicity test has not 

been done referring to the project activity in chapter 3. 

 

 

5.2 Suggested Future Work for Expansion and Continuation 

 

Further studies should be conducted before castor oil can be incorporated as the base 

oil in drilling fluid industry such as a study of effects of each additive towards castor 

oil's properties. 

From this research study, fluid loss control additive should be increased since the 

fluid loss property decreases when viscosity was reduced. 

The author recommends the use of organic additives to develop drilling fluid in order 

to be more environmental friendly and for the new mud to undergo environmental 

assessment before applying in the real field.  
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APPENDIX  

Appendix 1 – Recommended practice standard procedure for field testing oil-based 

drilling fluids(1998), American Petroleum Institute. 

 

 



65 
 

 

 



66 
 

 

 

 



67 
 

 

 

 

 

 



68 
 

 

 



69 
 

 

 

 

 



70 
 

 

 



71 
 

 



72 
 

 

 

 

 

 

 

 



73 
 

Appendix 2 - Ecological Effects TestGuidelines. OPPTS 850.1075 Fish Acute Toxicity  

Test,Freshwater and Marine. 
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