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Abstract 
 

Regulations on the discharge of cuttings from synthetic based 

drilling fluids include a toxicity test to assess the potential effect 

of the cuttings and adhered fluid on the benthic (bottom dwelling) 

sea life.  The sediment toxicity test used in the Gulf of Mexico for 

synthetic based drilling fluid compliance monitoring uses 

laboratory prepared reference fluids.  The test protocol (including 

the reference fluid requirement) was a result of a cooperative 

effort that included government regulators, operator’s personnel 

and drilling fluids providers.  It uses an estuarine sediment 

burrowing amphipod, Leptocheirus plumulosus, that is easily 

cultured in a laboratory environment.  A consistent laboratory 

prepared reference fluid was required because the testing 

procedure has large variability for the absolute toxicity, 

particularly when comparing results between laboratories.  The 

reference fluid is formulated using commercially available 

synthetic based drilling fluid products used in the U.S. Federal 

waters of the Gulf of Mexico.  Three densities of reference fluids 

are specified by the NPDES regulations: a 9.0 lb/gal fluid, an 11.5 

lb/gal fluid and a 14.5 lb/gal fluid.  Other physical properties of 

the reference fluids are also specified by the regulations. 

 

In the second half of 2004 and the start of 2005, the original 

industry standard reference fluid began to show considerable 

variation in test results on the sediment toxicity test.  This 

variation contributed to invalid results for the reference fluid and 

delays in final determination of compliance.  The variability in 

test results has been reduced by the development of an alternative 

reference fluid that eliminates the sources of variation in the 

reference fluid.  The process used to develop this reference fluid 

required six months of formulation and testing prior to first use.  

The protocol used for mixing the fluid and certifying its 

acceptability has been continuously refined and improved.  The 

result of this effort has been a more consistent reference fluid 

with less variability than previously obtained. 

 
 
 
Introduction  

The petroleum industry must comply with many US 

Environmental Protection Agency regulations particularly with 

regard to discharging potential pollutants into the environment.   

This paper will discuss one aspect of environmental testing 

concerning discharges into the Gulf of Mexico when a certain 

type of drilling fluid is used in the offshore drilling operation.   

Several types of drilling fluids are used to successfully drill wells 

on the Outer Continental Shelf of the GOM; water based, diesel 

based, mineral based and synthetic based.  Within these types are 

many specialized fluids that an operator may choose to drill the 

well with depending on expected or known formation geology, 

offset well information, cost efficiencies, location to marine 

sanctuaries, etc.  The focus of this paper is on a specific type of 

drilling fluid, namely the synthetic based drilling fluid or non-

aqueous fluid, which uses the C16-18 internal olefin. 

 

The synthetic based drilling fluid used offshore is regulated by 

more testing than the typical water based drilling fluid.  All 

discharges from oil and gas platforms and drilling rigs in the 

GOM are governed under the general GMG 290000 permit. The 

EPA Region 6 headquarters in Dallas, Texas oversees 

enforcement of and compliance with this permit.  The permit 

requires that concurrent 96-hour LC50 tests with a field sample of 

synthetic fluid and a standard reference fluid be completed.  A 

sediment toxicity ratio is generated from the two test results: 

standard reference fluid LC50/field sample LC50.  The STR 

determines if the field sample is in compliance with the permit’s 

sediment toxicity testing requirement or not. A STR value of 

equal to or less than one is a passing or compliant results and 

indicates that discharges of associated cuttings are in compliance 

and can proceed offshore albeit other requirements such as static 

sheen, ROC testing, RPE testing, base fluid requirements, etc. are 

met. It is imperative that a stable and consistent reference fluid be 

used in the toxicity test to provide a benchmark value. This paper 

will show the development of a stable synthetic reference fluid 

used for this testing.   

 
 
 
 

Historical Background of GOM Compliance Testing 
 
With the advent of the Clean Water Act enacted by Congress in 

1970, many regulations have been placed upon industry to help 

control and eliminate discharges of potential toxicants into the 

surface waters of the United States.  In fact, the National Pollutant 

Discharge Elimination System program, commonly known as the 

NPDES program is aimed at eliminating the discharge of toxic 

pollutants to the waters of the US in toxic amounts.  This goal has 

not been reached and new changes and requirements are 

implemented with each reissuance of individual and general 

permits under the program. Toxicity testing of discharges for oil 
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& gas operations in the GOM began in 1985 for water based 

drilling fluids using a water column organism, the mysid shrimp.  

A standard limit of 30,000 ppm SPP was set as the compliance 

limit.  As determined from the mysid toxicity test, a 96-hour LC50 

value below that limit indicates a noncompliant fluid. It was 

discovered through studies done on North Sea platform 

discharges, that synthetic drilling fluids and their associated 

cuttings posed environmental problems on the seabed.  US 

authorities took preventative action against this potential problem 

occurring beneath GOM rigs and platforms by implementing 

strict requirements along with toxicity testing on synthetic drilling 

fluids and their associated cuttings.  These requirements were 

written into the GMG 290000 general permit in 2002.  The new 

toxicity test uses an estuarine sediment burrowing amphipod, 

Leptocheirus plumulosus.  Never before has a sediment organism 

been used for compliance testing in the Gulf of Mexico.  As with 

the mysid shrimp testing, still a requirement today for water based 

drilling fluids, a limit was set for synthetic sediment toxicity tests. 

The STR determination of <1.0 as mentioned previously depends 

greatly on the performance of the reference fluid used to compare 

with the field drilling fluid.  

 
Is was evident early on in the commercial testing laboratories, 

that variability in test results using the new sediment toxicity test 

and organism would raise questions on its validity as a 

compliance test.  In the commercial toxicity testing laboratories, 

performance of the testing and refinement of culture techniques is 

ongoing.  The laboratories have been refining techniques that 

allow for less test variability.  In toxicity testing, it is acceptable 

for coefficients of variation to be 40% or less in most types of 

toxicity tests.  This seems rather high when compared to 

analytical testing where variations and repeatability of tests is 

usually below 10%.  It is not unwarranted though because of the 

nature of the testing in which live organisms are used.  

Predictability of test results will remain somewhat variable when 

using a live organism in the testing.  

The reference fluid, however, is one aspect in the testing 

which may be refined to provide a more predictable outcome and 

still meet EPA requirements for reference fluids.  The standard 

accepted method of preparing a reference fluid was first outlined 

by the Sediment Toxicity Workgroup (an industry workgroup) in 

the Sediment Toxicity Reference Drilling Fluid Manual Version 

1.2.  Continual research has given an alternative improvement of 

the method on preparing the reference fluid for its use in sediment 

toxicity testing. 

 

 
Reference Fluid Preparation 

The components of a standard field synthetic based drilling 

fluid consist of: 

- viscosifiers for suspending weight materials and to 

provide the fluid’s cuttings carrying capacity 

- Base fluid (C16-18 Internal Olefin) 

- Emulsifiers, primary and secondary 

- Lime 

- Fluid Loss agents 

- Freshwater 

- Calcium or sodium salts 

- Weighting material (most commonly barite, calcium 

carbonate or hematite) 

 

These materials are used to prepare the standard reference fluid 

with the exception of the fluid loss agents.  Permit requirements 

state that depending on the density of the field sample of drilling 

fluid, a similar density reference fluid must be used in the 

sediment toxicity testing. To address this issue three different 

densities of reference fluid, 9.0 ppg, 11.5 ppg and 14.5 ppg, are 

used by the environmental toxicity testing laboratories.  The 

materials present in each weight fluid remain the same and differ 

only in concentration.  Tables 1-3 list the quantities of materials 

required to make one gallon (10.81 lab barrel equivalents) of each 

density reference fluid.   Initial mixing of 40 lab barrel 

equivalents for each density fluid was done on a Silverson L4RT-

A mixer using the standard mixing head. Mixer rpm was kept at 

approximately 5,500 rpm during the product additions and for the 

total mixing time. The products were initially mixed in the order 

listed in Tables 1-3.  Total mixing time for each volume was one 

hour + five minutes. 

 

This reference fluid is maintained in large batch quantities.  The 

40 lab barrel quantities were added to 55 gallon stainless steel 

drums (304 stainless steel, 2B Finish manufactured by Skolnik) as 

mixing was completed.  The drum configurations are shown in 

Figure 1. A batch reference fluid (BRF) volume of approximately 

30 gallons (320 lab barrels ) is maintained in each drum for each 

density.   The fluid mixing is accomplished by a mechanical 

mixer powered by high torque constant speed motor (Neptune 

Mixer Model JG-20).  An extended shaft with a 316 stainless 

steel blade impeller (see Figure 2) is mounted to the under side of 

the motor.  The blade and approximately 18 inches of shaft are 

submerged in the fluid at all times.  The mixing motors for all 

three drums are hard-wired into a wall mounted electronic timer.   

An external heating jacket is wrapped around the drum to regulate 

the drum temperature.  Drum temperature is kept at 90
o
F+ 5

o
F.  

The fluid in each drum is stirred by the blade impeller rotating @ 

350 rpm for a period 2 hours every twelve hours.  Drums are also 

stirred for 30 minutes prior to pulling sub samples to ensure 

homogenization.  Additionally, the fluid is mixed when adding 

replacement volumes.  All three drum configurations were 

designed the same and all maintained in the same fashion as not 

to bias any particular drum makeup. 

 
The fluids are designed to meet specifications found in 

40CFR425 Subpart A Appendix 8 Table 1 to satisfy EPA 

requirements.  The C16-18 synthetic base oil (Internal Olefin) 

used as the continuous phase of fluid also meets base oil 

specifications found in the general permit and is certified by the 

supplier.  Products and materials used in the reference fluid are 

supplied by a drilling fluids company and come from standard 

company stock points. These materials are kept in storage at the 

laboratory facility at room temperature. These same type 

materials are used in field drilling fluid operations.  Materials 

used in the maintenance of the drums are rotated every six 

months. This is done by discarding the old lot #’s and exchanging 
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them with new material form the stock points. 

 
 

The reference fluids have to meet the following properties as 

published by the EPA in 40 CFR Part 425 Subpart A Appendix 8: 

 
 
 

 
 
 

Comparison of Reference Fluids 
Current traditional reference fluid formulations do not differ 

significantly in composition from the BRF, but differ in 

preparation, maintenance and storage.  Traditional reference 

fluids are prepared in one-gallon quantities by an outside 

laboratory and shipped to the environmental laboratory for use in 

toxicity testing.  The improved method allows for sub sampling a 

larger batch of reference fluid periodically (usually four to five 

times per month) and shipping the samples to the testing 

laboratories.  Small quantities of the drum batch are removed and 

replenished, thus allowing the overall large batch of reference 

fluid time to stabilize chemically prior to testing.  This is an 

important consideration when using any material in toxicity 

testing. For example, the main media used in the sediment 

toxicity test is seawater and secondary media of formulated 

sediment.  Aging of artificial seawater used in culturing and 

testing is a requirement of EPA test methods.  Bioassays do not 

use “freshly made “ artificial seawater due to potential inherent 

toxicity associated with pH instability and metals speciation 

present in newly prepared seawater made from artificial sea salts.  

This was one consideration in the preparation/conditioning of the 

large batch quantity reference fluids.  

Maintenance of reference fluid has not been an issue prior to 

the BRF because no reference fluid was stored except under cold 

storage at the toxicity testing facility.  Instead traditionally it has 

been prepared upon request and shipped to the toxicity lab.  

Minimal aging on traditional fluids is accomplished by hot-rolling 

the fluid for 16 hours overnight at 150
o
F.  Some questions have 

been proposed that degradation of compounds in the large batch 

fluid over time will render the reference fluid more toxic. This 

issue has been addressed in several ways. First, periodic 

replacement of drum volume allows for “freshly made fluid” to be 

commingled with conditioned fluid.  Secondly, total drum volume 

would be depleted within 6-8 months without replenishment. 

Replenishment of a small volume (4-8 gallons) of new fluid each 

month into the drums allows for a continual fluid turnover and 

keeps the contents from aging excessively.  Third, periodic testing 

of drum contents by analytical methods assures no extraneous 

compounds are accumulating at toxic levels.  One such study 

performed recently tested the 2-ethylhexanol content of synthetic 

fluids and found at levels from 0.5% to 5.0% (5,000 ppm to 

50,000 ppm) some negative effects on STR’s.  A sampling of the 

11.5 ppg batch reference fluid indicated approximately 1,500 ppm 

2-ethyhexanol (most likely from hydrolysis of the emulsifiers), 

which is well below any effect level.  For verification, a 12.0 ppg 

synthetic fluid was spiked with 2-ethylhexanol and tested for 

standard sediment toxicity. The base fluid and spiked sample 

were tested for sediment toxicity in a standard 96-hour test.  

Results showed the spiked sample actually was less toxic than the 

base sample. This is shown in Table 4.   

 
Monthly (minimum) sediment toxicity tests with the standard 

reference fluid and the improved BRF have been performed by 

several laboratories for as along as 18 months.  These tests show 

that both variability and range of LC50 results are for tests with 

the BRF than for similar tests with the traditional freshly prepared 

reference fluid. Control charts generated by the toxicity 

laboratories showing the LC50s and +/- 2 sd control limits for 

these reference fluids are included:  refer to Figures #3-8.  The 

standard deviation in the testing was significantly reduced using 

the improved BRF as opposed to a traditional reference fluid.  

The coefficient of variation amongst the tests is also less with the 

BRF. 

 
 

Field Synthetic Fluids 
The synthetic fluids used by drilling companies in the Gulf of 

Mexico are reusable.  The same batch of fluid can be reused 

continually with periodic maintenance and reconditioning to suit 

the desired properties and still maintain effectiveness in shale 

stability and pressure control while drilling.   A typical field fluid 

is generally used in this manner:  

• a large batch of fluid is shipped to location on a 

drilling rig usually via a work boat 

• the fluid is used to drill the well  

• fluid is then returned to port for storage in large 

(1,500 bbl) tanks and reconditioned  

• fluid quality is checked by chemical, mechanical and 

analytical methods 

• fluids are then ready to reuse on the next jobsite.   

• fluids can remain in storage (sometimes for extended 

periods of up to one year or more) before they used  
Through this process offshore, a field fluid will undoubtedly be 

conditioned quickly by field storage conditions, which include bit 

action, downhole circulation and temperature exposure, pumping, 

etc. than that of a traditional lab prepared reference fluid.  Some 

conditioning of reference fluids is important to show that possible 

toxins incorporated into the fluid after exposure to field and 

downhole conditions to be the causal effect in toxicity tests rather 

than the reference fluid itself contributing to sediment toxicity.  In 

other words, a reference fluid’s characteristics should be as close 

as possible to an actual field fluid without having been exposed to 

uncontrolled field conditions. The BRF process allows for slow 
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conditioning of the fluid over time so it’s use in toxicity testing 

can result in more predictable results.  The main purpose of 

testing a fluid in sediment toxicity tests is to assess the impact the 

field fluid has to the environment.  The main contaminant of a 

synthetic  fluid when used offshore is crude oil from the drilled 

formation.  In storage onshore and during transport, possible 

contaminants can be incorporated into the field fluid also by 

residues in tanks and inadvertent commingling with diesel muds 

or other fluids.   The batch reference fluid will allow for 

comparison of sediment toxicity values when performed side by 

side with the field fluids, thus allowing for detection of these 

types of contaminants.    
 
 
 
Conclusions 

An alternative method of preparing a standard reference fluid 

has been developed to help reduce variability in the sediment 

toxicity test.  Other ways to reduce variability with this new form 

of testing are ongoing within the industry and within the 

associated environmental testing laboratories.  Several 

conclusions can be drawn from the Batch Reference Fluid 

process: 

 

• A Batch Reference Fluid method of preparation, 

maintenance and storage of synthetic testing fluid has 

been developed successfully. 

• Environmental testing indicates batch reference fluids 

have more predictable results on a month-to-month 

basis. 

• Industry labs currently use the Batch Reference Fluid 

in sediment toxicity testing with repeatable results. 
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Nomenclature 
GOM– Gulf of Mexico 

STR – Sediment Toxicity Ratio. 

 LC50 – Lethal concentration to 50% of the test organisms 

 BRF – batch reference fluid 
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Table #1 
 

9.0 PPG FLUID FORMULATION WITH PROPERTIES 
 

 
 

Formulation and Mixing Table (1-gallon or 10.81 bbl equivalents) 

Batch Formulation Product Concentrations 

Product Source 
Product 

Reference 
Number 

Quantity 
(bbl eq) 

Weight 
(gm) 

Volume 
(cm

3
) 

Amount 
Added 

(g or cc) 

Added 
By 

(Initials) 

Complete 

����    

C16-C18 IO   #31366 0.65 bbl 1934.8 2464.7 1934.8 g KC     

Organophilic clay  #1013F20401 6.5 ppb 70.3 42.6 70.3 g KC     

Primary Emulsifier  #060539 6 ppb 64.9 74.6 64.9 g KC     

Secondary Emulsifier  #110545 9 ppb 97.3 108.1 97.3 g KC     

Polymeric Viscosifier  #2 0.3 ppb 3.2 3.4 3.2 g KC     

Lime  Lab Stock 5 ppb 54.1 23.0 54.1 g KC     

25% CaCl2 
     

UA25016R5
                        

0.24 bbl 1094.5  890.5 1094.5 g KC     

Barite  Lab Stock 71.5 ppb 772.9 184.0 772.9 g KC 

 

 

 

Mud Properties at 150°F   

Property 
Target 
Specs 

Test Method Result 
By 

(Initials) 

Complete 

���� 
Mud Weight (lb/gal) 9.0 API RP13B-2 Sect 3 9.0 JS  

600 RPM @ 150° F  56 

300 RPM @ 150° F  34 

Plastic Viscosity (cps) 12 – 30 22 

Yield Point (lb/100 sq ft) 10 – 20 12 

10-sec Gel Strength (lb/100 sq ft) 8 – 15 8 

10-min Gel Strength (lb/100 sq ft) 12 – 30 

API RP13B-2 Sect 4 

12 

JS  

Retort Water (cm
3
)  22.5 

Retort Synthetic (cm
3
)  66.5 

SWR 75 / 25 

API RP13B-2 Sect 6 

75 / 25 

JS  

Electrical Stability (volts) >300 API RP13B-2 Sect 8 445 JS  
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Table #2 

 
11.5 PPG FLUID FORMULATION WITH PROPERTIES 

 
 

Formulation and Mixing Table (1-gallon or 10.81 bbl equivalents) 

Base Formulation  Product Concentrations 

Product Source 
Product 

Reference 
Number 

Quantity 
(bbl eq) 

Weight 
(gm) 

Volume 
(cm

3
) 

Amount 
Added 

(g or cc) 

Added 
By 

(Initials) 

Complete 

����    

C16-C18 IO   #31366 0.62 bbl 1844.0 2349.0 1844.0 g JS     

Organophilic clay  #1013G15107 8 ppb 86.5 52.4 86.5 g JS     

Primary Emulsifier  #090637 5 ppb 54.1 62.1 54.1 g JS     

Secondary Emulsifier  #090614 9 ppb 97.3 108.1 97.3 g JS     

Polymeric Viscosifier  #2 0.5 ppb 5.4 5.7 5.4 g JS     

Lime  Lab Stock 6 ppb 64.9 27.6 64.9 g JS     

25% CaCl2 
     

UA25016R5
                        

0.17 bbl 782.4 636.6 782.4 g JS     

Barite  Lab Stock 212 ppb 2291.7 545.6 2291.7 g JS 

 

 

 

Mud Properties at 150° F  

Property 
Target 
Specs 

Test Method Result 
By 

(Initials) 

Complete 

���� 
Mud Weight (lb/gal) 11.5 API RP13B-2 Sect 3 11.5 JS  

600 RPM @ 150° F  71 

300 RPM @ 150° F  41 

Plastic Viscosity (cps) 12 – 30 30 

Yield Point (lb/100 sq ft) 10 – 20 11 

10-sec Gel Strength (lb/100 sq ft) 8 – 15 11 

10-min Gel Strength (lb/100 sq ft) 12 – 30 

API RP13B-2 Sect 4 

16 

JS  

Retort Water (cm
3
)  15.5 

Retort Synthetic (cm
3
)  65.0 

SWR 80 / 20 

API RP13B-2 Sect 6 

80 / 20 

JS  

Electrical Stability (volts) >300 API RP13B-2 Sect 8 631 JS  
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Table #3 

 
14.5 PPG FLUID FORMULATION WITH PROPERTIES 

 
 

Formulation and Mixing Table (1-gallon or 10.81 bbl equivalents) 

Base Formulation  Product Concentrations 

Product Source 
Product 

Reference 
Number 

Quantity 
(bbl eq) 

Weight 
(gm) 

Volume 
(cm

3
) 

Amount 
Added 

(g or cc) 

Added 
By 

(Initials) 

Complete 

    

C16-C18 IO  #31666 0.57 bbl 1702.3 2168.5 1702.3 g KC     

Organophilic clay  #1013F20401 6 ppb 64.9 39.3 64.9 g KC     

Primary Emulsifier  #060539 5 ppb 54.1 62.1 54.1 g KC     

Secondary Emulsifier  #110545 9 ppb 97.3 108.0 97.3 g KC     

Polymeric Viscosifier  #2 0.25 ppb 2.7 2.8 2.7 g KC     

Lime  Lab Stock 6 ppb 64.9 27.6 64.9 g KC     

25% CaCl2 
       

UA25016R5
                       

0.11 bbl 509.8 414.8 509.8 g KC     

Barite  Lab Stock 380 ppb 4107.8 978.0 4107.8 g KC 

 

 

 

Mud Properties at 150° F  

Property 
Target 
Specs 

Test Method Result 
By 

(Initials) 

Complete 

���� 
Mud Weight (lb/gal) 14.5 API RP13B-2 Sect 3 14.5 JS   

600 RPM @ 150° F  71 

300 RPM @ 150° F  42 

Plastic Viscosity (cps) 12 – 30 29 

Yield Point (lb/100 sq ft) 10 – 20 13 

10-sec Gel Strength (lb/100 sq ft) 8 – 15 11 

10-min Gel Strength (lb/100 sq ft) 12 – 30 

API RP13B-2 Sect 4 

21 

JS   

Retort Water (cm
3
)  10.5 

Retort Synthetic (cm
3
)  61.0 

SWR 85 / 15 

API RP13B-2 Sect 6 

85 / 15 

JS   

Electrical Stability (volts) >300 API RP13B-2 Sect 8 980 JS   
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Table 4 –  Sediment Toxicity of 2-Ethylhexanol  on spiked sample 
 

 
 
 
 

 
 
 
 
 
 
 

LC50 of Newpark 11.5 ppg Batch Reference Mud used – 29 ml/kg (EE Lot# L-952-06) 
 

 
 
 

 
 

Figure 1 -  Batch Reference Fluid Drums 
 
 
 
 

Sample ID Tox Lab 
Sample ID 

96-Hour 
Results  

Sed Tox 
Ratio 

12.0 ppg Synthetic fluid L-984-06 34 ml/kg  0.8 

12.0 ppg Synthetic Fluid with 
1,500 ppm 2-Ethylhexanol 

L-986-06 99 ml/kg 0.3 
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Figure 2 - Shaft and Blade Impeller Assembly 
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Figure 3 - 9.0 ppg BRF Control Chart 
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Figure 4 - 9.0 ppg TRF Control Chart 
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Figure 5 - 11.5 ppg BRF Control Chart 
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Figure 6 – 11.5 ppg TRF Control Chart 
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Figure 7 - 14.5 ppg BRF Control Chart 
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Figure 8 – 14.5 ppg TRF Control Chart 

 
 


