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DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Abstract: Deep ice drilling requires a fluid with a density closely matched to that of the ice to prevent ice-
overburden pressure from causing borehole closure. Looking over the properties of the low-temperature
drilling fluids for oil and gas well drilling confirms that they are not suitable for deep drilling in central
Antarctica. Only special fluids, or mixture of fluids, can satisfy very strict criteria for deep drilling in ice. The
main properties of existing and potential drilling fluids were described in the report of Talalay and
Gundestrup, 1999, concluding that all recent borehole fluids cannot be qualified as intelligent choices
because of the safety, environmental, and other technological standpoints. Several new drilling fluids have
been proposed in the past several years. The present report aims to update the state of drilling-fluid
research with newly available data, and to point out new directions of drilling fluid research.
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1. INTRODUCTION

Drilling in the central part of Antarctic Ice Sheet is planned by various national and
international projects (Dome A, Antarctica's Gamburtsev Province Project, The Oldest Ice
Coring, and others) for the study of climate change, glacier dynamics, ancient life, the
subglacial environment, etc. The first experience of deep drilling showed significant
closure in an open hole. The deepest ‘dry’ boreholes were 415 m at Vatnajokull glacier,
Iceland (Arnason et al., 1974) and 952 m at Vostok Station, Central Antarctica, 1972
(Korotkevich and Kudryashov, 1976).

For drilling at greater depth it is necessary to prevent hole closure by filling the
borehole with a fluid. More properly, fluid is introduced into an open borehole for two main
purposes (Talalay and Gundestrup, 2002a). First, a circulating fluid in the borehole
provides a mechanism for sweeping chips away from the drill head and into the screen
section, where they are sequestered for ultimate removal. Second, the presence of a
density-balanced fluid in the hole prevents it from closing in on itself through plastic
deformation (‘creep’).

The first drilling in ice with a fluid-filled borehole was by U.S. Army Cold Regions
Research and Engineering Laboratory (CRREL) at Camp Century, Greenland in 1966.
The method was subsequently used at Byrd Station, West Antarctica in 1967-1968 (Ueda
and Garfield, 1968; 1969). The lower part of the boreholes were filled by the aqueous
ethylene glycol solution and the upper part was filled by a mixture of diesel fuel (arctic
blend DF-A) with the trichlorethylene as a density-increasing additive ('densifier’).

For the next fifty years, nearly twenty deep, fluid-filled boreholes were drilled in
Antarctic and Greenland ice sheets using cable-suspended electromechanical rotary drills.
But, previous drilling fluids are now considered very harmful agents for Polar Region
environments because they can contaminate large quantities of air, surface- and near-
surface snow and firn layers, ice cuttings, and subglacial water resources. The possibility
of impact on subglacial water biota from the drilling fluid can occur at almost any inland
drilling site. Subsequent effects of drilling fluids are particularly important if the fluid is to
be left in the hole: because of the movement of the ice, fluid in the hole will eventually
reach the sea after a period of many thousands of years.

Since 2004, the international scientific community has been discussing the

problems of the deep-drilling technology within International Partnerships in Ice Core
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Sciences (IPICS). Two IPICS Workshops (Algonkian Regional Park, 2004 and Brussels,
2005) and two Steering Committee business meetings (Vienna, 2008 and Corvallis, 2009)
declared that searching for a new drilling fluid (or fluids) is the most important ice-core
drilling technical challenge. Members of IPICS concluded: “The identification of a non-toxic,
non-flammable, density appropriate, hydrophobic, inexpensive, environmentally friendly
and readily available fluid(s) with predictable performance characteristics has become
somewhat of a Holy Grail in the ice-drilling community.” (IPICS, 2004).

The main properties of existing and potential drilling fluids were described in the
report of Talalay and Gundestrup, 1999. The present report aims to update the statement
of drilling fluid research by a new available data and to point out new directions for drilling

fluid research.

2. DESIRABLE PROPERTIES

The ideal drilling fluid would simultaneous meet several desirable and somewhat
conflicting properties.

Density is perhaps the most important fluid property, so that the pressure of the
fluid column should be sufficient to prevent closure of the borehole. Making unfortunate
choices of the fluid density and its column-height has frequently caused sticking of the drill.
For example, drills were stuck several times at Vostok Station (Ueda and Talalay, 2007),
and once at Dome F (Takahashi et al., 2002). In order to prevent hole closure, the
hydrostatic pressure difference between the ice and the borehole fluid should ideally be
equal to zero at any depth (Talalay and Gundestrup, 2002b). It is not sufficient to have
excess pressure in the borehole because the borehole will then expand and the column
height will drop; this has the potential to cause at least partial closure at higher levels in
the borehole. As a first approximation, the desirable average fluid density in the borehole
can be estimated as:

- _5/‘0£Z_H1)
Pr = (Z—/‘/O) J (1)

where p,. is the average value of ice density, kg/m?®; zis depth of the hole, m; H; is often

named as ‘firn correction’, and its value depends on the ice accumulation conditions (for
example, Tchistyakov et al., 1994 suggested to use H; =34 m at Vostok Station), m; Hy is
the fluid level in the borehole, m (usually Hy=80-100 m).
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The ice density pice can be estimated according to (Hobbs, 1974):
Lo =9168(1-153x107¢), (2)

where tis the temperature, °C.

As a result of the pressure increase with burial, and the resulting compression of air
bubbles, glacial ice density increases with depth. The temperature usually increases with
depth also, and thermal expansion may at least partially offset the effect of pressure on
density, and even reverse that trend. For example, at Byrd Station the density reaches a
maximum of 920.6 kg/m® at a depth of 1000 m and then decreases to 917 kg/m® at
2164 m (Gow, 1971). At Vostok station the density smoothly increases from 918 kg/m?® at
a depth of 200 m, to 924 kg/m* at 1000 m, and then the density decreases to 921 kg/m® at
2600 m (Lipenkov et al., 1997). Generally the influence of pressure and of temperature is
mutually compensated, and the density of ice may be taken as constant at an average
value. For example, at Vostok Station the average density of ice is 923 kg/m> up to the
depth of 3000 m (V. Lipenkov, pers. comm., 1998).

Taking the average density of ice p,, =923 kg/m® and fluid level in the borehole

Hoy =80 m, we can assume that the average fluid density in a borehole in central Antarctica
should be ~970 kg/m? at a depth of 1000 m, and ~940 kg/m? at a depth of 3000 m.

Viscosity of the fluid influences the travel time of the drill string, winching power
requirements and, finally, the total time of drilling. In fact, there are two alternative ways
for achieving the drill's desired lowering rate: either a low-viscosity fluid must be used, or
boreholes with a larger clearance between drill and borehole walls must be drilled to lower
the viscous drag. The main disadvantages of a larger-diameter borehole are lower rate of
penetration, increased cuttings, and higher energy consumption. Thus, a low viscosity
(less than 5-10 cSt, Talalay and Gundestrup, 2002a) is an essential requirement for a
practical drilling fluid.

Freezing point of the fluid should be higher not only than the minimal temperature
in the borehole but also the temperature of the air outside the drilling shelter (where the
fluid is usually stored). This is important especially for the drilling sites in central Antarctica
where winter temperatures drop to —70...—80 °C. Vostok station holds the record for the
lowest ever temperature recorded at the surface of the Earth (-89.2 °C, 21 July, 1983").
The annual average temperatures in central Antarctica are —50...-58 °C (Fig. 1).

! http://www.aari.aq/stations/vostok/vostok_ru.html
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Fig. 1. Annual mean surface temperature in Antarctica, inferred from measurements
at 10 m depth in the snow (King and Turner, 1997).

Stability of the drilling fluid should be sufficient to maintain key properties during
storage, transportation and during use in the borehole.

Reactivity of the drilling fluid should be minimized; it should be essentially inert.
Drilling fluid should be non-aggressive to the drill and to cable components; stable with
respect to water, air, oxygen, metals, wood, paper; compatible with most plastics and
elastomers; and inert with respect to ice at sub-zero temperatures.

Volatility of the drilling fluid would be as high as possible, so that it would
evaporate cleanly, completely and rapidly from the surface of the ice core.

Flammability: The fluid would be non-flammable and non-explosive, particularly in
consideration of desirable high volatility.

Cost of the fluid should be relatively low, and fluid should be readily available from
markets near the site of drilling operations because considerable expense comes not only
from the purchase of the drilling fluid, but from its transportation to remote Polar sites.

Toxicological and environmental properties of drilling fluids became the key
point for forthcoming drilling projects in Antarctica because fluids in current use cannot be
regarded as intelligent choice from the point of view of health and environmental safety
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(Talalay and Gundestrup, 2002a; Gerasimoff, 2003). An ideal drilling fluid would be
completely non-toxic to humans and animals, and biodegradable. Article 3 of the Protocol
on Environmental Protection to the Antarctic Treaty declared (Antarctica Agreements,
2010): “The protection of the Antarctic environment and dependent and associated
ecosystems ... shall be fundamental considerations in the planning and conduct of all
activities in the Antarctic Treaty area.” This Protocol entered into force on 14 January

1998, following ratification by all Antarctic Treaty Consultative Parties.

3. LOW-TEMPERATURE DRILLING FLUIDS
FOR OIL AND GAS WELL DRILLING

Drilling fluids are used extensively in the oil and gas industry, and are critical to
ensuring a safe and productive oil or gas well. There are two primary types of drilling fluids:
water based fluids (WBFs) and non-aqueous drilling fluids (NADFs).

WBFs consist of water mixed with bentonite clay and barium sulphate (barite) to
control drilling fluid density and thus, hydrostatic pressure. Others substances are added
to gain the desired drilling properties. WBFs have water as the primary phase (typically
~75 % by weight), which is either freshwater, seawater or brine. A combination of salts
may be used to provide specific brine-phase properties. Freezing point of the seawater
and brines is less than 0 °C (Table 1) but it is not low enough for drilling in cold ice sheets.
Moreover, there are other undesirable properties of the seawater and brines like high
viscosity, electrical conductivity, ice dissolution, corrosion of metals, etc. When brines are
cooling, salts are concentrated, and crystallohydrates are formed.

Table 1

Freezing point of sodium chloride and seawater, °C

Concentration, g/ Sodium chloride (NaCl) Seawater

10 0.12 -0.52
20 -0.8 -1.08
30 -1.7 -1.63
40 -2.59 -2.19
50 -3.47 -2.75
100 -7.59 -
150 -11.32 -
200 -14.64 -
250 -17.57 -
300 -20.09 -
350 -22.22 -
400 -23.94 -
450 -25.27 -
500 -26.19 -
550 -26.72 -
600 -26.84 -

Source: Zelinskaya and Voronina, 2009
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NADFs are emulsions with the external phase such as diesel oil, mineral oll,
synthetic hydrocarbons; chemicals such as brine, glycols, acetates, and nitrates comprise
the internal phase. As with WBFs, additives are used to control various properties of
NADFs. According to the International Association of Oil & Gas Producers (OGP)
definition (Drilling fluids and Health Risk Management, 2009) for low-temperature
applications the most attractive base of NADFs are synthetic low-, or negligible-, aromatic-
content fluids, and those highly refined mineral oils containing total aromatics below 0.5 %

and polycyclic aromatic hydrocarbons (PAH) below 0.001 % (Table 2).

Table 2
Low-temperature NADFs-based fluids technical data

Name Densitsy, Flash Pour Aroma- Viscosity, Aniline Boiling point

kg/m point, point, tics, cSt point, range,

°C °C % 20°C  40°C °C °C

DF1 820 75 -50 0.15 24 1.7 73 198-254
EDC99DW 811 100 -51 <0.01 - 2.3 80 230-270
HDF 150 808 95 -45 - - 27 84 215
LVT200 814 94 -46 0.5 - 2.1 78 216
LVTS2 808 93 -60 3 - 1.56 - 179
PureDrill IA-35LV 816 96 -63 <0.1 - 2.64 82 -
SIP 4\0 827.5 132 -57 0 - 3.8 92 >249
SIPDRIL 4.0 820 104 -51 <0.01 - 2.7 84 230-310

Source: Drilling fluids and health risk management, 2009

Densities of these components are in the range of 808-827.5 kg/m® (at room
temperature), and itself, does not have sufficient density to accomplish full hydrostatic
compensation of overburden pressure of ice. Among low-temperature NADFs-based
fluids, PureDrill 1A-35LV has the lowest pour point. It is a synthetic isoalkane and is
completely colorless, odorless, readily biodegradable and non-toxic to humans, marine
and wildlife. This fluid is manufactured by Petro-Canada, Mississauga, Ontario (Synthetic
drilling mud base fluids provide options, 2001). Viscosity of PureDrill 1A-35LV is high:
7.39 cSt at 0 °C (Petro-Canada Data Sheet') and ~17-19 ¢St at —50 °C (according to
allowable extrapolation). Such high viscosity will not allow for optimal drill travel time.

So, we can conclude that the low-temperature drilling fluids for oil and gas well
drilling are not suitable for deep drilling in the central Antarctica, but could be considered
as the basis for a two-compound fluid for drilling in temperate glaciers if the minimal
temperatures is not less than about —30 °C (e.g., Arctic ice caps, mountain glaciers,
Greenland, margins of Antarctica). In any case, their density should be boosted by

blending with another, higher-density compound.

! http://www.online.petro-canada.ca/datasheets/en_CA/iaf35Iv.pdf

9



DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

4. CLASSIFICATION OF SPECIAL LOW-TEMPERATURE DRILLING
FLUIDS FOR DEEP ICE DRILLING

The various special low-temperature drilling fluids were proposed for coring in ice
(Talalay and Gundestrup, 1999). In the practice of deep ice core drilling, four types of
borehole fluids have been used:

1) Two-component petroleum base fluids;

2) Agqueous ethylene glycol or ethanol solutions;

3) n-Butyl acetate;

4) Two-component ESTISOL™ ester-base fluids.

It was also proposed to use the low-molecular dimethylsiloxane oils as borehole
fluid (Talalay, 2007), but they have never been used in ice-core drilling projects; the final
conclusion about the their applicability for deep ice drilling could be made only after field
experiments in a test borehole and also laboratory tests to assure that they are compatible
with currently used and anticipated analytical methods and instruments, as suggested by
Gerasimoff (2003).

According to ice/water solubility, drilling fluids are divided to hydrophobic liquids
that are stable to the water and ice, and hydrophilic liquids that are able to blend with
water in any concentration and thereby dissolve ice at sub-zero temperatures.

Hydrophilic liquids include those consisting of aqueous ethylene glycol or ethanol
solutions. The main drawback of these results from the dissolving of ice from borehole
walls until equilibrium concentration of the solution is reached. The equilibrium
concentration of hydrophilic liquids depends on the temperature and, therefore, as the
borehole temperature changes there is the precipitation of frozen water from aqueous
solutions, and the formation of slush in the borehole. For the purposes of deep
electromechanical drilling in very cold ice (with temperatures less than about —30° C),
especially given that the borehole may be required to stay accessible for many years,
experience has demonstrated that hydrophilic fluids are not suitable (Gerasimoff, 2003).

n-Butyl acetate has low initial purchase cost, but is an ongoing liability from a safety
(fire and explosion), acute- and chronic-health-hazard standpoint. The main problem of
using n-butyl acetate as the drilling fluid is the hazard it presents to the physical and
mental health of the people who work at the coring site. It is impossible to use n-butyl
acetate without sufficient ventilation and some means of removing the n-butyl acetate
vapors from inhaled air. n-Butyl acetate is a very aggressive solvent: there are no

elastomers that can able operate in n-butyl acetate for a long time. Moreover, the fire
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hazard of n-butyl acetate is very high (flash point is only 22 °C). So, this fluid cannot be
considered as an intelligent choice for future drilling projects.
Hereafter, the new two-component petroleum base and ESTISOL™ ester-base

fluids are reviewed and discussed.

5. PREPARATION OF TWO-COMPONENT DRILLING FLUID
For the preparation of two-component fluid with the density ps the volume of
densifier V, at given temperature is estimated according to:
V, =V £ (3)
P2~ P4
where V is the volume of mixture, m>: p1 and po are the density of the base fluid and the
densifier respectively, kg/m®.

The density of mixture at atmospheric pressure is

Py 1-C))p+Cyp,, (4)
or
pr=—t (5)
1-c, P2=~
P>

where Cy and Cy are the volume and mass concentration of densifier, respectively, as

parts of unity.
The volume and mass concentrations can be calculated due to the following
equations:
CI/ _ Pr — P4 : (6)
P2 = Py
C :p£ pf/_p’]). (7)
Pk P2 = Py)

The volume concentration slightly depends on the temperature; therefore, it's
preferable to use the mass concentration. The relation between volume- and mass-

concentrations is given by:

C,=Cy 2, 8)

P2

or

11
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C, = {% [ci + 1}} . (9)

6. TWO-COMPONENT PETROLEUM BASE FLUIDS
6.1. General considerations

Usually two-component drilling fluids are based on the kerosene-like product such
as low-temperature fuels DF-A, Jet A1, JP-8; or solvents of the Exxsol D-series, Isopar K,
etc. Functionally, these are all very similar and differ by the content of aromatics, waxes,
sulfur, and other impurities. Kerosenes have the density of about 800-850 kg/m? at —30 °C,
compared to 917-924 kg/m® for ice. Therefore, they are made denser by mixing with
fluorocarbons or other compounds that have a density that significantly exceeds the
density of ice.

The hydrochlorofluorocarbon of HCFC-141b type with density of 1332.5 kg/m® at
—30 °C has the best properties to be blend with petroleum fluids ( Talalay and Gundestrup,
1999). During the past years, several holes were successfully completed in Antarctica
using mixture of kerosene-like fluid and HCFC-141b (3270 m, EPICA Dome C2; 2872 m,
EPICA DML; 998 m, Berkner Island; 1620 m, Talos Dome).

Two deep drilling projects with HCFC-141b as densifier are on-going in Antarctica,
at Vostok Station and at West Antarctic Ice Sheet (WAIS) ice-flow divide. Drilling of the
deepest hole in ice at Vostok station (3737.5 m, 12" Jan. 2012") continues with drilling
fluid blended from Jet A1 and HCFC-141b (Vasiliev et al., 2011). The U.S. research
community is conducting a deep ice-coring project at WAIS Divide, where for the first time
Isopar™ K solvent as the base for blending with HCFC-141b was used (Shturmakov et al.,
2007). The WAIS Divide borehole was bottomed to a depth of 3405.1 m, 31%' Dec. 20112

The Montreal Protocol placed HCFC-141b on its Class Il substance list. Originally,
Class Il compounds were slated for restrictions starting in year 2015 and outright
prohibition by 2030. Some of the countries accelerated that process, and HCFC-141b is
now under a production-and-import ban. In Europe HCFCs are banned since 2004, in
North America U.S. Environmental Protection Agency (EPA) has forced HCFC-141b
phase-out in 2003. In 2007, Montreal Protocol Parties have decided to accelerate the

phase-out of consumption and production of HCFC.

! http://www.aari.nw.ru/news/text/2012/120112-%D0%A0%D0%90%D0%AD. pdf
? http://www.waisdivide.unh.edu/docs/sitrep/DISC_SITREP7_Dec25-31_2011.pdf
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Nevertheless, some countries continue to produce and to use HCFC-141b without
any restrictions. For example, the government of China will cap and reduce the production
and consumption of HCFC-141b gradually starting in 2015, but now it is still available on
the market (Tony Jiang Ping Li', pers. comm., 2011). The dealer’s price of HCFC-141b is
7.9 USD/kg. Considering the Exxsol™ D-40 price of 75.37 RUB/kg2 (~2.4 USD/Kkg), the
two-component fluid mixed from Exxsol™ D-40 and 34.2 % (vol.) HCFC-141b will cost of
~4.6 USDl/liter.

6.2. Two-component fluid based on Isopar™ K solvent

Isopar™ K is a highly refined, de-aromatized isoparaffinic solvent with narrow
boiling range (Table 3). Gerasimoff, 2003 mentioned that Isopar™ K is so pure as to be
applicable to the manufacture of cosmetics and the application of waxes and other
coatings to food products. Shturmakov et al., 2007 asserted that Isopar™ K presents

fewer health and safety concerns than Exxsol™ D40. In fact, it does not reflect reality.

Table 3
Main properties of solvents Exxsol ™ D-series and Isopar™ K

Properties Exxsol™ D30 Exxsol™ D40 Exxsol™ D60 Isopar™ K
Density 15 °C, kg/m® 762 775 792 763
Flash point, °C 29 42 63 54
Pour point, °C <-55 <-55 <-55 <-18
Aromatic content, wt. % 0.001 0.003 0.06 0.003
Viscosity 20 °C, cP 0.75 0.96 1.29 1.84
Aniline point, °C 64 67 70 83
Distillation range, °C 143 — 165 160 — 190 187 — 216 178 — 197
Evaporation rate (hnBuAc=100) 44 14 3.4 6.0

Source: Exxon Mobil Corporation data

The manufacturer's recommended Time Weighted Average (TWA) for Exxsol™
D40 is 197 ppm or 1200 mg/m* (Attachment 1). At the same time, vapor concentrations of
Isopar™ K greater than approximately 1000 ppm are irritating to the eyes and the
respiratory tract, and may cause headaches, dizziness, anesthesia, drowsiness,
unconsciousness, and other central nervous effects, including death (Attachment 2). Skin
contact may aggravate existing dermatitis. Moreover, other technological properties of
Isopar™ K are worse than properties of Exxsol™ D40: the density is lower, viscosity two

times higher, and evaporation much slower.

! Business Development Leader of DuPont China Holding Co., Ltd., 18/F Tower A, Gemdale Plaza, No.91 Jianguo. Road,
Chaoyang District, Beijing 100022, China
% http://www.b2b-bashneft.ru/market/view.htm|?id=79811&lang=eng&switch_price_both_view=1
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During drilling in the season 2010/2011 at WAIS Divide wastes of the drilling fluid
were estimated by author as ~29.3 % (Table 4).

Table 4
Consumption of the drilling fluid at WAIS Divide

Parameters Season 2010/2011
Drilling depths, m 2564.37 — 3331.54
Drilled interval, m 767.17
Drill fluid used, liters, including 23 027 (100 %)

Isopar™ K 16 307 (70.8 %)

HCFC 141b 6 720 (29.2 %)
Drilling fluid consumption*, liters/m 30.0
Drilling fluid consumption for filling of drilled-in hole interval®, liters/m 21.2

Source: Johnson, 2011; *Estimations of P. Talalay

6.3. Abandoned densifiers

6.3.1. Hydrofluoroether HFE-7100

The Ice Drilling Design and Operations group (IDDO, University of Wisconsin —
Madison, USA) tested two-compound fluid consisted from Isopar™ K and segregated
hydrofluoroether HFE-7100 produced by 3M Corporation as densifier. The segregated
HFE’s have low viscosity, low toxicity, and no flash point (Table 5). HFE-7100 is described
chemically as a mixture of two inseparable isomeric chemicals:
methoxynonafluoroisobutane, and methoxynonafluorobutane. HFE-7100 is used as a
cleaning and a heat-transfer agent, a solvent for the manufacture of cosmetic products,

including personal care products (skin, hair and bath care), fragrances and room scents.

Table 5
Main properties of hydrofluoroether HFE-7100

Properties HFE-7100
Molecular weight 250
Molecular formula (CsH3F50) (CsH3F0)
Density 20 °C, kg/m® 1530.5
Viscosity 25 °C, cSt 0.37
Evaporation rate (nBAc=1) 49

Freezing point, °C -135

Water solubility, mg/L 8.47

Vapour pressure 25°C, kPa 27.736
Appearance Clear, colourless liquid
Flash point, °C No flash point
Surface tension, mN/m 13.86
Autoignition temperature, °C 397
Explosive properties Not explosive
Flammability limits Not flammable
Reactivity/stability Not reactive

Source: HFE-7100, 2006

14
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HFE-7100 has low acute oral and inhalation toxicity. It is not an eye or skin irritant
and is not a skin sensitizer and is not classified as a hazardous chemical. Ordinary the
segregated HFE’s have zero Ozone Depletion Potential, but they exhibit extremely high
(low hundreds to about 15 000) Global Warming Potential.

100

80

. |

40

Miscibility, %

20

-80 -60 -40 -20 0

Temperature, C

Fig. 2. Miscibility of Isopar™ K solvent with HFE-7100
(M.Gerasimoff, in Shturmakov, 2004)

Experimental tests (M. Gerasimoff, pers. comm., 2004) showed that the mixture of
Isopar™ K with HFE-7100 separate into two phases over a very narrow temperature

range at about —45 °C; this makes its use impossible to in boreholes in extremely cold ice
(Fig. 2).

6.3.2. Lusolvan® FBH

Lusolvan® FBH is di-isobutyl-ester of succinyl-, glutar- and adipinacid (2:4:3)
(Steffensen et al., 2004). The acids are extracts from amber, red, and green beets. It is

colourless and almost odourless, and it has a relatively high density (Table 6).

Table 6

Main properties of Lusolvan® FBH
Parameters Lusolvan® FBH
Density 20 °C, kg/m® 960
Viscosity 20 °C, cSt 7
Freezing point, °C <-60
Vapour pressure 20°C, kPa 0.001
Flash point, °C 131
Autoignition temperature, °C 400
Explosive limit. % (vol.) 0.6-4.7
Boiling point, °C >260

Source: Steffensen et al., 2004
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Lusolvan® FBH is used by the paint industry to obtain the slow and even drying of
paint. It is described as “a very effective coalescent’. It is a low toxicity and biodegradable
liquid: no risk is involved in inhaling a highly saturated air-vapour mixture; no skin, throat,
lung or nose irritation was observed on test animals. Lusolvan® presents no known health
risks. Standard industrial protection and hygiene is, however, recommended by
manufacturers.

The Glaciology Group, now reorganized as The Centre for Ice and Climate at
Copenhagen University, investigated Lusolvan® FBH and mixtures of this compound with
Exxsol™ D-40 solvent at low-temperatures. Lusolvan® FBH is readily miscible with
Exxsol™ D-40 solvent. This allows adjusting density to 930 kg/m® at —30 °C by mixing of
Lusolvan® FBH and Exxsol™ D-40 in the ratio 6:1 (vol.). Viscosity of this mixture is very
high: 18 ¢St at —30 °C (Fig. 3). Nitrile rubber O-rings were observed to swell in this mixture.
Lusolvan® FBH has low vapour pressure, which could result in unacceptably slow drying

of freshly drilled ice cores.
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Fig. 3. Viscosity vs temperature: 1) Lusolvan® FBH (Sheldon, 2011);
2) Exxsol™ D-40 ( Talalay and Gundestrup, 1999);
3) two-component fluid mixed from Lusolvan® FBH and 14.3 % (vol.) Exxsol™ D-40 (Sheldon, 2011)
4) EGDA (Sheldon, 2011)
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The very high viscosity of Lusolvan® FBH and Exxsol™ D-40 mixtures leads to a
significant decrease in the free-falling speed of an ice core drill. Due to the steep increase
of viscosity at low temperatures, it is not suitable as a component of drilling fluid in
environment colder than about —35 °C.

Lussolvan® FBH is produced by BASF chemical company. Almost the same type
of linear alcohols coalescent is produced by Chemoxy as COASOL™. This compound
was used as densifier of two-component fluid with base-fluid ESTISOL™ 240 in NEEM

borehole, Greenland (see Subchapter 7.2).

6.4. Promising densifiers

6.4.1. ESTASOL™

ESTASOL™ is a mixture of refined dimethyl esters of adipic, glutaric and succinic
acids characterised by its mild odor and low vapor pressure (Table 7)'. The chemical

index of ESTASOL™ dimethyl esters is referred as following:

CH;CO,(CH,),CO,CHs (n =2, 3 and 4)

ESTASOL™ is a strong polar solvent for use as an alternative to the chlorinated
solvents, aromatics and ketones in cleaning and in a wide range of functional fluids.
ESTASOL™ has low toxicity, high solvency, high boiling point, high flash point, low vapor
pressure. It is biodegradable, non-flammable, non-volatile organic compound (non-VOC)
(Attachment 3).

ESTASOL™ is used in can and coil coatings, foundry core-binders, acrylic lacquers,
wood finishes, printing inks, paint strippers, various industrial cleaning applications
including metal degreasing, resin cleaning, hand cleaning, grouting, sealants and wax
formulations, etc.

This product is not classified as dangerous according to EC criteria. Specific safe
use and handling information are listed in the Attachment 3.

ESTASOL™ is compatible with most commonly used solvents, and often blended
with the other solvents to optimize properties in formulations. ESTASOL™ is miscible in all
parts with hydrocarbons, but there are no data for sub-zero temperatures. Presumably, it
could be used as densifier for a two-component fluid based on Exxsol™ D-series (Fig. 4).

The price of ESTASOL™ is 2300 USD/220-kg drum (/. Rumoroso', pers. comm.,
2011). Assuming that the price of Exxsol™ D-40 is 2.4 USD/kg, the two-component fluid

! http://www.dow.com/custproc/products/estasol.htm
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mixed from Exxsol™ D-40 and 36.6 % (vol.) ESTASOL™ will cost of ~5.4 USD/liter
(Table 8).

Table 7
Specification and physical properties of potential densifiers

Properties ESTASOL™ EGDA
Dimethyl Succinate, % wt/wt 15-25 =
Dimethyl Glutarate, % wt/wt 55 - 65 -
Dimethyl Adipate, % wt/wt 12-23 -
Water, % wt/wt max 0.2 -
Diester content, % wt/wt min 99 -
Acidity, mg KOH/g max 0.5 -
Appearance Clear, colourless liquid Colourless liquid
with ester odor with ester odor
Molecular wt (average) 160 146.14
Density, kg/m® 1085 - 1095 @ 1128 @ 20 °C
15.5°C

Viscosity 25 °C, cSt 24-2.5 6.8
Evaporation rate (nBAc=1) 0.01 0.02
Vapour pressure 20 °C, mmHg 0.06 0.2
Hansen solubility parameters, MPa'”

Nonpolar 16.9 7.9

Polar 4.7 23

Hydrogen Bonding 9.8 4.8
Refractive index (N20-D) 1.423 - 1.425 1.416
Distillation range IBP, °C 200 -

DP, °C 230 -

Freezing point, °C -25 -42
Flash point, °C 102 82
Boiling point, °C 200-230 186-187
Solubility in water 20°C, % wt/wt 5 14
Vapor density (air = 1) - 5.04
Coefficient of expansion per °C 0.00094 0.00095
Auto ignition, °C 365 481
Flammable limits in air, % 1.5-12.5 1.6-84
Electrical resistance 24°C, megohms 0.5 5

Sources: http://www.dow.com/custproc/products/estasol.htm
http://ws.eastman.com/ProductCatalogApps/PageControllers/ProdDatasheet_PC.aspx?product=71001081

Table 8
Potential compositions of Exxsol™ D40 base fluids
with presumable density of 940 kg/m3 at-50°C
Compositions Contents, %  Approximate
(vol.) price, USD/liter

Exxsol™ D40 63.4 5.4
ESTASOL™ 36.6 :
Exxsol™ D40 67.4 20
EGDA 32.6 '
Exxsol™ D40 86.9 14.0
DuPont™ Vertrel® XF 131 :
Exxsol™ D40 70.3 ™
DuPont™ FEA-1100 29.7 '

! commercial Development Manager, Chemoxy International Ltd, Cargo Fleet Road, Middlesbrough TS3 6AF UK
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Fig. 4. Density vs temperature: 1) ESTASOL™ with coefficient of expansion 0.00094 K™,
2) EGDA with coefficient of expansion 0.00095 K™'; 3) DuPont™ Vertrel® XF in the range -20...+20 °C
according to manufacturer’'s data and below -20 °C due to extrapolation;
4) Exxsol™ D-40 (Talalay and Gundestrup, 1999); 5) ice according to eq. (2)

6.4.2. Ethylene Glycol Diacetate (EGDA)
EGDA is a colorless, low odor, very slow-evaporating solvent with empirical

formula’:
CsH100s.

EGDA gives good flow-out to baking lacquers and enamels, and its major uses are
in thermoplastic acrylic coatings, as a reflow solvent, and in foundry core-binder
applications. EGDA is also utilized as a perfume fixative.

This product is biodegradable and is not classified as dangerous according to EC
criteria (Attachment 4). Viscosity of pure EGDA is very high at low temperatures (see
Fig. 3), but being mixed with low-viscosity Exxsol™ D-40 solvent should significantly
reduce this effect. Hypothetically, to obtain density of 940 kg/m® at —50 °C the solvent
Exxsol™ D-40 should be mixed with 32.6 % (vol.) EGDA.

The price of EDGA is ~2.3 USD/liter (Sheldon, 2011), and the two-component fluid
mixed from Exxsol™ D-40 and 32.6 % (vol.) EGDA costs only ~2.0 USD/liter (see Table 8).

! http://ws.eastman.com/ProductCatalogApps/PageControllers/ProdDatasheet_PC.aspx?product=71001081
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6.4.3. DuPont™ Vertrel® XF (HFC 43-10mee)

DuPont™ Vertrel® XF is HFC 43-10mee or 2,3-dihydrodecafluoropentane (also
known as, decafluoropentane). It is a proprietary hydrofluorocarbon fluid with “zero” ozone
depletion and a low global warming potential (Table 9) suited for use in vapor degreasing
equipment for cleaning, rinsing, and drying. Typical applications of DuPont™ Vertrel® XF
are cleaning and rinsing agent, drying fluid, particulate remover, fluorocarbon lubricant
carrier, solvent and dispersion media, heat-transfer media, and a dielectric fluid. It can

replace current hydro-chlorofluorocarbon and perfluorocarbon fluids in most applications.

Table 9
Properties of foam expansion agents

Properties 1% 2" 31d 2"

Generation Generation Generation Generation

CFC-11 HCFC-141b HFC-245fa HFC-365mfc HFC 43-10mee FEA-1100

Chemical formula CFCl CChLFCH; CF;CH,CHF, CF;CH,CF,CH; CsHyFyo CF;CHCHCF;
ODP 1 0.12 0 0 0 0
GWP (100 year ITH) 4750 725 1020 782 1300 5
Flash point, °C non none none -25 none none
Boiling point, °C 23.9 321 15.3 40 55 33

DuPont™ Vertrel® XF is a clear, colorless liquid with high density, low viscosity,
and low surface tension (Table 10). This combined with non-flammability, chemical and

thermal stability, low toxicity.

Table 10
Main properties of DuPont™ Vertrel® XF

Properties DuPont™ Vertrel® XF
Molecular weight 252

Surface tension, N/m 0.0141

Liquid density, kg/m® 1580
Freezing point, °C -80
Solubility in water, ppm 140
Solubility of water, ppm 490

Critical temperature, °C 181

Critical pressure, atm 22.6

Critical volume, Itr/mol 0.433

Vapor pressure, atm 0.297
Viscosity, cPs 0.67

Source: DuPont™ Vertrel® XF. Specialty Fluid: Technical Information

A large variety of plastics and elastomers can be safely exposed to DuPont™
Vertrel® XF. It is fully compatible with the stainless steel, zinc, aluminum, copper, brass
after exposure for two weeks at 100°C. DuPont™ Vertrel® XF is not compatible with

strong bases; therefore, contact with highly basic process materials is not recommended.
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DuPont™ Vertrel® XF has relatively low inhalation toxicity: acceptable exposure
(TWA) limit is 200 ppm (as established by DuPont™). It is a slight skin and eye irritant.

DuPont™ Vertrel® XF is accepted by the U.S. Environmental Protection Agency
(EPA) under the Significant New Alternatives Policy (SNAP) program as a substitute for
ozone-depleting substances. DuPont™ Vertrel® XF is exempt from classification as a
VOC by the EPA. It is not a hazardous air pollutant, and therefore not subject to National
Emission Standards for Hazardous Air Pollutants (NESHAP) regulation®. Atmospheric
lifetime is 17.1 years.

The solvency of DuPont™ Vertrel® XF is selective. It is completely miscible with
most esters, ketones, ethers, ether-alcohols, and with the lower alcohols such as
methanol, ethanol, and isopropanol. The lower hydrocarbons, such as hexane and
heptane, are also soluble. Neat DuPont™ Vertrel® XF has limited solvency for many
higher molecular weight materials, such as hydrocarbon oils, silicone oils, waxes, and
greases; in the latter case, combination of Vertrel® XF with a third compound such as the
many readily miscible esters, alcohols, and lower hydrocarbons, can enhance co-solubility.

So, the miscibility of DuPont™ Vertrel® XF with Exxsol™ D-series is questionable.
Probably using of DuPont™ Vertrel® XF as densifier of petroleum base drilling fluid is
possible only by initial blending with miscible component (e.g. ester) and following mixing
with kerosene type fluid.

The price of DuPont™ Vertrel® XF is very high at about 60 USD/kg (Tony Jiang
Ping Li, pers. comm., 2011).

6.4.4. DuPont™ FEA-1100 (HFO-1336mzz)

DuPont™ FEA-1100 is a hydrofluoroolefin of the HFO-1336mzz type, a 4™
generation foam-expansion agent (Loh et al., 2009). It is characterized by zero ozone
depletion potential, very low acute toxicity, and has a low GWP value of 5 (see Table 9).
Recent estimates indicate that DuPont™ FEA-1100 has a very short atmospheric lifetime
of approximately 16 days. Molecular weight of DuPont™ FEA-1100 is 164, and a density
of more than 1200 kg/m?® at room temperature. It has good solubility properties.

DuPont™ FEA-1100 has been shown to be non-flammable. Testing according to
ASTM E681 Standard Test Method for Concentration Limits of Flammability of Chemicals

! The National Emissions Standards for Hazardous Air Pollutants (NESHAP) are emissions standards set by the U.S. EPA
for an air pollutant not covered by the National Ambient Air Quality Standards (NAAQS) that may cause an increase in
fatalities or in serious, irreversible, or incapacitating illness.
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(Vapors and Gases) indicated non-flammability at temperatures of 60°C and at 100°C.
Toxicological testing performed to date indicates that DuPont™ FEA-1100 can be safely

used in different applications (Table 11).

Table 11
DuPont™ FEA-1100 toxicological assessments

Test Results

ALC and LC-50 Very low acute toxicity

Skin irritation Non-irritating

Mutagencity-ames Non-mutagenic

Chromosomal aberration No genetic material damage when tested in
bacterial and mammalian cell cultures

Cardiac sensitization Favorable cardiac sensitization potential profile

28 day repeated inhalation  Favorable repeated inhalation profile
Source: Loh et al., 2009

Compatibility tests for DuPont™ FEA-1100 with metals were performed in sealed
tubes. Metal coupons (copper, brass, carbon steel, stainless steel and aluminum) were
immersed in DuPont™ FEA-1100 and heated in an oven for 14 days at 100°C, and
changes in weight and appearance of the metal coupons were recorded. The liquid
solutions were also evaluated for appearance and decomposition products such as
fluoride. There were no weight change, no sign of corrosion, no fluoride detected. A large
variety of plastics and elastomers can be safely exposed to DuPont™ FEA-1100.

DuPont™ FEA-1100 is characterized by good environmental properties,
compatibility with metals, plastics and elastomers, and most likely can be employed as
densifier of two-component petroleum base fluids. Commercial sales of DuPont™ FEA-
1100 are planning to start at the end of 2012 (Fig. 5).
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Fig. 5. DuPont™ FEA-1100 project timeline
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7. TWO-COMPONENT ESTISOL™ ESTER BASE FLUIDS

7.1. ESTISOL™ esters

ESTISOL™ esters have developed to be the formulator's preferred alternative to
aliphatic and aromatic hydrocarbons in many chemical products (Table 12). ESTISOL™
esters may reduce, or eliminate, the VOC content; they improve the product's health and

safety profile, and ensure an environmentally sound product profile.

Table 12
Main properties of ESTISOL™ esters (selectively)
ESTISOL™ Raw material Viscosity Boiling Flash Pour Density

grade base 25°C,cP range, °C point,°C point, °C 20°, kglm3
140 Synthetic 1.3 199 75 -93 870
150 Synthetic 2.5 220-225 102 -25 1085
165 Synthetic 3 180-190 81 <-30 1100
170 Vegetable 4 180-300 78 <-20 873
180 Vegetable 4 210-230 95 <-10 872
240 Vegetable 4 250-290 130 <-50 855
256 Synthetic 3 265-280 144 <-40 859
312 Vegetable 6 300-320 172 -30 860

F2887 Synthetic 7 >280 167 <-10 1083

Source: Esti Chem A/S

ESTISOL™ esters can act as straight replacements, solvency boosters, or carrier
fluids in formulated products such as industrial cleaners, degreasers, blanket and roller

washes, printing inks, hand cleaners, paint strippers, and oil field chemicals.

7.2. ESTISOL™ 240 and COASOL™

Danish specialists from The Centre for Ice and Climate, University of Copenhagen
chose for the laboratory and field tests mixture of ESTISOL™ 240 and COASOL™.,

ESTISOL™ 240 is based on the natural fatty acids derived from coconut oil. The
product is a strong polar solvent with a high flash point and very good environmental
properties. ESTISOL™ 240 is recommended as a component in industrial cleaning fluids
such as degreasing agents, blanket and roller washes for off-set printing inks, automotive
and hand cleaners. ESTISOL™ 240 is also applied in formulation of the mineral-oil-free
printing inks. ESTISOL™ 240 is recommended to replace traditional solvents such as
aromatics, kerosene, and white spirit.

COASOL™ is a mixture of refined di-isobutyl esters of adipic acid, glutaric acid and
succinic acid and is characterized by being of low odour and of low vapour pressure
(Table 13). COASOL™ is generally the same product as Lusolvan FBH (see Subchapter
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6.3.2). COASOL™ js used as coalescing agent in water-based coatings, a solvent in
industrial cleaners, and a solvent in polymer applications. It is non-VOC and hydrolytically
stable. COASOL™ does not contain chlorinated compounds and has high solvency power
for polar and non-polar soils. COASOL™ is miscible with most commonly used solvents
including alcohols, glycol ethers, esters, terpenes, hydrocarbons, chlorinated solvents,

glycol ether acetates, and ketones. It dissolves most resins.
Table 13
Main properties of COASOL™

Properties COASOL™
Chemical description % w/w

Di-isobutyl succinate 15-25

Di-isobutyl glutarate 55 - 65

Di-isobutyl adipate 12 -25
Appearance clear, colourless

liquid

Odour low
Density, 20°C kg/m’ 958-960
Viscosity, mPas 5.3
Freezing point, °C - 60
Flash point, °C 131
Vapour pressure at 20 °C, hPa max. 0.004
Flammable limits in air, % (vol.) 06-4.7
Autoignition temperature, °C 400
Solubility in water Insoluble
Boiling range, °C 274-289
Evaporation rate (nBAc=1) <0.001

Source: Dow Haltermann. COASOL™ Di-Ester for Applications in
Water-borne Coatings, Industrial Cleaners & Polymer Industry.

Both of the liquids are characterized by low vapor pressure, almost no odor, low
toxicity, good bio-degradable properties. By varying the mixing ratio of ESTISOL™ 240
and COASOL™ fluid, the densities between 860 and 965 kg/m® can be obtained. Density
of two-component fluid mixed from ESTISOL™ 240 and 22 % (vol.) COASOL™ is 935
kg/m? at -24 °C (NEEM Field Season 2011, 2011).

The main disadvantage of this mixture is the very high viscosity: ~20 cSt at
—25 °C and ~30 cSt at —35 °C (Fig. 6). To achieve the optimal drill’s lowering/hoisting rate,
the borehole with larger clearance between the drill and the borehole walls must be drilled.
This will lead to significant increasing of cuttings, shortening of run penetration,
decreasing of ice production rate, and so on.

The price of ESTISOL™ 240 is 5.5 USD/kg and of COASOL™ is 4.6 USD/kg. A
two-component fluid mixed from ESTISOL™ 240 and 22 % (vol.) COASOL™ costs 4.64
USDl/liter.
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Fig. 6. Viscosity vs temperature (Sheldon, 2011): 1) COASOL™; 2) ESTISOL™ 256;
3) ESTISOL™ 240; 3) two-component fluid mixed from ESTISOL™ 240 and 22 % (vol.) COASOL™

ESTISOL™ 240 was field-tested as a drilling liquid at Flade Isblink, Greenland
during 2006 with a 4"”-diameter ice-coring Hans Tausen electromechanical drill to a depth
of 423.3 m. About 260 m of this core was drilled using this new drilling fluid. The ice core
quality was ‘good’, no problems were encountered during cleaning and processing of the
ice core; the mixture has a slippery feel with no discernible odour. The liquid is very
slippery when spilt on smooth wooden flooring, which presents a potential hazard. In this
fluid mixture, the Hans Tausen drill descends at speeds of 0.95 m/s at drill liquid
temperature of —16 °C. By increasing the borehole diameter by 4.4 mm (from 129.6 to 134
mm) a 36 % descent speed increase was achieved (to ~1.28 m/s).

These field tests brought to light another disadvantage of the mixture consisted
from ESTISOL™ 240 and COASOL™. Although declared non-hazardous material and
handling protocols are very simple, this mixture being spilled on the floor of the drilling

shelter totally destroyed the rubber soles of boots. It is difficult to say that a fluid with such
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aggressive properties is an intelligent choice for health-and-safety, and that it is also an
ecologically-friendly material.

Nonetheless, a two-component mixture consisting of ESTISOL™ 240 and
COASOL™ was successfully used at the NEEM deep drilling project in north-west
Greenland. The minimal temperature in the hole was approximately —30°C. After two
seasons the drillers reached basal material that could not be penetrated at 2537.35 m
depth on 27" July, 2010". The new drilling fluid did not create unforeseen problems.
Moreover, the drillers speculated that the viscous drilling fluid might have helped to solve
the usual penetration problems in ‘warm’ ice (S. Hansen, pers. comm., 2011).

A combination of ESTISOL™ 240 and COASOL™ is planned to be used for drilling
project Roosevelt Island in Antarctica with target depth of 744110 m. The project was
initiated by the New Zealand Ice Core Group, University of Wellington. The average
annual temperature at the drilling site at 10-m firn was estimated as —23.4 °C (Roosevelt
Island Climate Evolution, 2010).

Use of a two-component drilling fluid mixed from ESTISOL™ 240 and COASOL™
is unpromising in very cold ice environments because viscosity of this mixture increases

rapidly at temperatures below about —30 to —35 °C.

7.3. ESTISOL™ 140, -165 and -F2887

ESTISOL™ 140 is an aliphatic synthetic ester. It has a high flash point and a low
viscosity. ESTISOL™ 140 is used as a solvent in industrial cleaners, coatings, adhesives
and other formulated chemical products. ESTISOL™ 140 is a clear fluid with fruit-like
odour. It is not miscible with water. When used and handled according to specification,
ESTISOL™ 140 does not have any harmful effects (Attachment 5). There are no skin
irritant effects, and no eye irritating effect. ESTISOL™ 140 might be used as an alternative
to hydrocarbon solvents or fuel-stock in drilling fluids.

ESTISOL™ 165 is a clear liquid is mild odour. It is slight irritant to skin and mucous
membranes (Attachment 6). It has also irritating eye effect. The usual precautionary
measures (gloves, safety glasses) are to be adhered to when handling chemical.

ESTISOL™ F2887 is a synthetic ester made from a polyvalent alcohol. It is
recommended as a co-solvent in foundry sand binder systems, coatings and adhesives. It

could be used to replace highly polar solvents with suitable polymer compatibility and

"http://neem.dk/
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limited plasticizing property. ESTISOL™ F2887 is often used in a combination of other
polar solvents. No special measures are required for safe handling (Attachment 7).

The main properties of ESTISOL™ 140, -165 and -F2887 are presented in
Table 12.

The values of the pour point of ESTISOL™ 165 and ESTISOL™ F2887 in technical
data sheets are <-30 °C and <-10 °C, respectively. The manufacturer has not tested the
fluid appearance at such low temperatures, and it is likely that the pour points are much
lower than those indicated.

All three esters are not considered to be hazardous according to the calculation
procedure of the “General Classification guideline for preparations of the EU”, and they
are readily biodegradable. They are not classified (i.e., hazardous) substances for
transport by road or air cargo, and do not present an explosion hazard.

The miscibility between ESTISOL™ 165 and aliphatic hydrocarbons is not 100% in
all proportions; especially at low temperatures (7. Mathiesen', pers. comm., 2011).
ESTISOL™ 165 is approx. 5% soluble in water at 20°C. ESTISOL™ 140 and ESTISOL™
F2887 are miscible with hydrocarbons and they are no soluble in water.

The typical density of the ESTISOL™ 140 is 870 kg/m?® at 20 °C varying according
to specification from 860 to 880 kg/m®. Assuming coefficient of expansion ~0.001 K™, the
density of ESTISOL™ 140 should be equal to 935 kg/m® at —50 °C. Therefore it is almost
sufficiently dense by itself to compensate for ice-overburden pressure.

The densities of ESTISOL™ 165 and ESTISOL™ F2887 are 1100 kg/m® and 1083
kg/m® at 20 °C, respectively, and they could be used as densifiers of low-temperature
drilling fluids. We can propose for future testing and using the following mixtures that can
meet requirements to low-temperature drilling fluids (Table 14).

Table 14

Potential compositions of ESTISOL™ ester base fluids
with presumable density of 940 kg/m3 at-50°C

Compositions Contents, Approximate
% (vol.) price, USD/liter

ESTISOL™ 140 98.2 07
ESTISOL™ 165 1.8 :
ESTISOL™ 140 98.1 27
ESTISOL™ F2887 1.9 :
Exxsol™ D40 64.3 26
ESTISOL™ F2887 35.7 :

! Managing Director, Esti Chem A/S, DK-4621 Gadstrup, Denmark
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The manufacturer, Esti Chem A/S, indicates price in drums as: ESTISOL™ 140 —
2.30 EUR/kg; ESTISOL™ 165 — 2.30 EUR/kg; ESTISOL™ F2887 —2.80 EUR/kg. The
price of the two-component ESTISOL™ 140 base fluid are two times lower than two-
component fluid mixed from ESTISOL™ 240 and COASOL™ (see Table 14).

CONCLUSIONS

The search for a new environmental-friendly drilling fluid for coring in central
Antarctica is still one of the most pressing problems of future drilling projects. Looking over
the properties of the low-temperature drilling fluids for oil and gas well drilling confirms that
they are not suitable for deep drilling in cold ice.

The most common drilling fluid of many recent projects was composed from
kerosene type fluid and HCFC-141b, but as the latter component is no longer widely
available, a substitute must be found. Even though restrictions for HCFC-141b technically
do not until year 2015, many of the countries have accelerated this process, and HCFC-
141b is now under a production-and-import ban virtually everywhere.

Danish specialists from The Centre for Ice and Climate, University of Copenhagen
used for deep drilling at NEEM, northwest Greenland, mixture of ESTISOL™ 240 and
COASOL™ Both of the liquids are characterized by low vapor pressure, almost no odor,
low toxicity, and good bio-degradability. The main disadvantage of this mixture is the very
high viscosity, such that it is ineffective for our purposes in an environment colder than
-35 °C.

Four new chemicals can be considered as promising densifiers of two-component,
kerosene-based drilling fluids: ESTASOL™, Ethylene Glycol Diacetate (EGDA), DuPont™
Vertrel® XF (HFC 43-10mee), and DuPont™ FEA-1100 (HFO-1336mzz). Exssol™ D-
series solvent can be used as the base of such a drilling fluid in lieu of kerosene-like fuels
that contain harmful levels of aromatic hydrocarbons.

Low-molecular dimethylsiloxane oils (DSQO’s) can also be considered as good
alternative for borehole fluids, and are discussed at some length elsewhere (Talalay,
2007). Low-molecular DSQO’s are clear, water-white, tasteless, odorless and neutral liquids.
They are hydrophobic and essentially inert substances that are stable to water, air,
oxygen, metals, wood, paper, and plastics. From the wide range of DSO'’s, two grades of
silicones — KF96-1,5cs and KF96-2,0cs — most fully fit the requirements for borehole fluids.
The price of KF96-2,0cs is rather high. In 1999 the price indicated by Shin-Etsu Silicones
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Europe B.V. (Almere, The Netherlands) was 7.5 USD/kg. In 2011 the price of KF96-2,0cs
offered by Shanghai Yazu Science and Technology of the Chemical Industry, Ltd. (China)
has risen to 23 USD/kg. The final conclusion about DSQO’s applicability to deep ice drilling
might be made after field experiments in a test borehole.

The new direction of drilling fluids research is connected with testing of ESTISOL™
140, -165 and -F2887 esters. All of them are considered non-hazardous due to the
calculation procedure of the “General Classification guideline for preparations of the EU”.
They are low-toxic, relatively cheap, readily biodegradable, are not classified as
hazardous for transport by road or air cargo, and do not present an explosion hazard. The
applicable of these agents as components of low-temperature drilling fluids is planning to

be tested in Polar Research Center, Jilin University.
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Attachment 1

ExconMobil
Product Name: EXXSOL D40 FLUID
Ravision Date: 28Aug2006
Page 1l W0

MATERIAL SAFETY DATA SHEET

Supplier: EXXONMOBIL CHEMICAL COMPANY
PO BOX 3272

24 Hour Health Emergency (800) T26.2015

Transportation Emergency Phone (800) 424.9000 CHEMTREC

Product Technical information (281) 870-8000%teath & Medical (281) 8706884
Supplier General Contact (281) §70-8000

[SECTION 2 COMPOSITION | INFORMATION ON INGREDIENTS |
Reportable Hazardous Substance(s) or Complex Substancel(s)

Name . CAS# Concentration®
| DSTRIATES (PETRCLEUM) HYDROTREATRD LGHT | 64743474 100%

* All concentrabions ane percant by waight unless malenal is 8 gas. Gas coONCanralions are in percent by volume.
[SECTION3 HAZARDS IDENTIFICATION |

This matenial & considensd 10 be hazardous according 1o reguiatony gudelines (see (M)SDS Section 15)

POTENTIAL PHYSICAL / CHEMICAL EFFECTS
Combustble. Material can release vapors that readly form flammable mudures. Vapor accumadation could
fiash andioe explode if ignited. Matersal can accumaliate stabic charges which may Gsuse an incendiary
olectrical ischarnge

POTENTIAL HEALTH EFFECTS

Ropaatod exposure may cause skin dryness or cracking, If swallowed, may De aspirated and cause lung
damage. May be irmtating to the eyes, nose, throat, and lungs

NFPA Hazard 1D: Healh: 1 Flamenabiity: 2 Reactwvity: 0
HMIS Hazard 1D Meath: 1 Flammabiity. 2 Reactivity: 0

NOTE: This materal should not be usad for any other purpose than the intended use in Section 1 without expen
advice. Hoalth studies have shown that chemical xposure may Cause potental human health risks wihach may vary
from person 10 person

[ SECTION 4 FIRST AID MEASURES I
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ExgonMobil

Product Name: EXXSOL D40 FLUID
Revision Date:  28A0g2006
Page 2010

INHALATION
Remove from further exposure. For those providng assistance, avold exposure 10 yourself or others. Use
adequate respiratory protection. If respiratony initation, AZZINess, NAUSEA, OF UNCONSTICUSNESS OC0UNs, 500k
immediate medical assistance. If beeathing has stopped. assist ventiation with 8 mechanical device or use
Moyth-to-mouth resuscitation

SKIN CONTACT
Wash contact aroas with soap and water. Remove contaminated dothing  Launder contaminated clothing

before reuse.

EYE CONTACT
Flush tharoughly with wabee, i irrilation occurs, Gat medical assistance,

INGESTION
Seek immadiate medical attlention. Do not nduce vomitng

NOTE TO PHYSICIAN
If ingested, material may be aspirated o the lungs and cause chemical pneumonitis. Treat appropriately

[SECTION §

EXTINGUISHING MEDIA
Appropriate Extinguishing Media: Use waler fog, foam, dry chemecal or carben diaide (CO2) 1o extinguish
flames.

Inappropriate Extinguishing Media: Straight Streams of Water

FIRE FIGHTING
Fire Fighting Instructions: Evacuate area. Prevent runoff from fire control or dilution from entering streams,

sewers, or drinking water supply. Firefighlers should use standard protective equipment and in enclosed
spaces, sell-containad breathing apparatus (SCBA). Use water speay 10 cool fre exposed swfaces and %0
protoct personnel.

Unusual Fire Hazards: Combustible. Vapors are Sammable and heavier than air. Vapors may travel across
the ground and reach remote ignition sources Gausing a flashback fire danger. Mazardous matenal. Frefighters
should consider protective equipment indicated in Section 8,

Hazardous Combustion Products: Smoke Fume, Qudes of carbon, Incomplete combustion products

FLAMMABILITY PROPERTIES
Flash Point [Method]: >40C (104F) [ ASTM D-56)
Flammable Limits (Approximate volume % inair): LEL. 08 UEL 56
Autoignition Temperature: 260°C (500°F)
[SECTION & ACCIDENTAL RELEASE MEASURES |
NOTIFICATION PROCEDURES

In the event of 3 spil or sccidental release, nolify relevant authorbes in accordance with all appicable
regulations. U.S. rogudations requing reporting refeases of this materal 10 the enviconment which oxceed the
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Ex¢conMobil

Product Name: EXXSOL D40 FLUID
Rovisicn Date: 284032008
Page 3ot 10

——— e e e s et A e A+ S e St 6 a2 8 e B it oa.

10pONAbIa Quantly or Ol SEills Which Could reach any walerwary INCRIng remmdnent dry crooks The National
Response Center can be reached at (800)424.8802.

PROTECTIVE MEASURES
Avoid contact with spilied material. Warn or evacuate occupants in surrounding and downwind areas if required
due 10 taxicty of flammabilty of the matenal. See Section 5 for fire fighting information. See Section 3 for
Significant Hazards. See Section 4 for First Ald Advice. See Section B for Personal Protective Equipment.

SPILL MANAGEMENT
Land Spill: Eiminate all ignition sources (no smoking, Nares. sparks or Bames in immediale area). Stop leak if
you Can do & without risk. All equipment used when handing the product must be grounded. Do not 1ouch or
walk through splied material. Prevent ontry into wabterways, Sower, basements or conflined areas. A vapor
suppressing foam may be used to reduce vapors. Use dean non-sparking 1ools 1o collect absorbed material
AbSord of cover with dry aarth, sand of other non-combusibie matenal and transfer 1o containers. Large Spils
Water spray may reduce vapor, but may not prevent ignition in closed spaces.  Recover by pumping o with
suilable absorbent

Water Spill: Stop leak f you can do it without nsk. Elminate sources of igniton. Warm other shipping.  If the
Flash Port exceeds the Ambient Temperature by 10 degrees C of mone, use conlainment booms and remove
from the surface by skimming or with suitable absorbents when conditions permit. If the Flash Point does not
exceed the Ambient Temperature by 10 degrees C of is less than the Ambient Temperature, use booms as a
basriar 10 protect shorelnes and aliow the malenal to evaporate. Seek the advice of a specialst before using
dispersants

Water spil and land spél recommendations are based on the most ety spil scenano for this material,
however, geographic conditons, wind, temperature, (and in the case of a water spill) wave and current direction
and $p0ed may greatly inlluence the appropiale Sction 10 be taken. For this reason, local expents should be
consulied. Note: Local regulations may prescribe or it acton 10 be taken,

ENVIRONMENTAL PRECAUTIONS
Large Spilis: Dike far ahead of Squsd spil for later recovery and disposal  Prevent entry into waterways,
sewers, basemants or confined areas.

[SECTIONT HANDLING AND STORAGE |
HANDLING
Avold contact with skin. Use proper bonding andlor grounding procedures. Provent small spils and leakage to

avoid shp hazard.  Material can accumuiate static charges which may cause an electncal spark (ignion
SOUNCR).

LoadingUnloading Temperature: [Ambeni |

Transport Tomperature:  [Ambient |
Transport Pressure:  [Amban |

Static Accumulator: This matenal is 8 s1alic accumuiator

STORAGE
Keep container dosed. Handle containers with care. Open slowly in order 10 conltrol possible pressure releass.
Store in 8 cool, wel-ventiated area. Storage contanars should be grounded and bonded. Drums must be
grounded and bonded and equipped with self-dosing valves, pressure vacuum bungs and flame arresters,
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ExgonMobil

Product Name: EXXSOL D40 FLUID

Rovision Date. 28A4g2006
Page 4 of %0

Storage Temperature:  [Ambent |

Storage Pressure:  [Ambeent |

Suitable Containers/Packing: Ralcars; Drums: Barges. Tank Trucks

Suitable Materials and Coatings: Carbon Steel; Stainless Steel; Polyethylene; Polypropylene: Teflon
Unsuitable Materials and Coatings: Nstural Rubber; Butyl Rubber, Ethylene-proplyensa-(ena moncmer
{(EPDM . Polystyrene

[SECTION &
EXPOSURE LIMIT VALUES
Exposure limits/standards (Note: Exposure limits are not additive)

Source Form Lt | Standard Note Source
DISTILLATES (PETROLEUM), Vapor RCP -« 197 ppmn 1200 Total ExonMobd
HYDROTREATED LIGHT TWA mgim} Mycrocarbons

NOTE: Limas/standards shown for gusdance only. Follow applicabie regufations.
ENGINEERING CONTROLS

The leved of protecton and types of controls necessary will vary depending upon potential exposure Conditions.
Cootrol measures 10 consider:
Adeguate ventilaton should be provided so that exposure imés are nol exceoded. Use explosion.

PERSONAL PROTECTION

Personal protective equipment selections vary based on potential exposure condtions such as applcations,
handling practices, concentration and ventilation. Information on the selection of protective equipment for use
with ths material, 8s provided below, is based upon intended, Normal usage.

Respiratory Protection: ¥ engineerng controls do not martain airborne conaminant conoantratons 8
lovel which is adequate to protect worker health, an approved respirslor may be appropriate. Respirator
selection, use, and manienance must be in accordance with reguiatory requirements, If appiicable, Types of
respiratorns 1o be considered for this matensl include:

Haif-face fiker respirator

Foe high airborme concentralions, use an approved supplied-ar respiralor, operaled in positive pressure mode
Supphed air respirators with an escape botlie may be appropriate when axygen levels are inadequale.
gas/vapor warning properties are poor, or # air purdying fller capactyirating may be exceeded

Hand Protection: Any specific glove rdormation provided s based on publshed Merature and glove
manufacturer data. Work condtions can greatly effect glove durabiity; inspect and replace wom or damaged
gloves. The types of gloves 10 be consideced for this material ncude
I prolonged or repeated contact is likely, chemical resistant gloves are recommaendad. If contact with
forearms is lkely, wear gauntlet style gloves.
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Ex¢onMobil -

Product Name: EXXSOL D40 FLUID

Eye Protection: If contact is hkely, safety glasses with side shields are recommended

Skin and Body Protection: Any specific clothing informaton provided is based on published Merature or
manufacturer dala. The types of dothing % be considered for this material indude:
If prolonged or repealed conlact is likely, chamical, and ol resistant Gothing is recommendad,

Specific Hygiene Measures: Always cbserve good personal hygiene measures, such as washing after
handling the material and before eating, drinking, andior smoking. Routinely wash work clothing and protective
equipment 1o remove contaminants. Discard contaminated clothing and foctwear that cannol be cleanad.
Practice good housakeeping

ENVIRONMENTAL CONTROLS
See Sections 6, 7,12 13,

[SECTION ® PHYSICAL AND CHEMICAL PROPERTIES |

Typical physical and chemical properties are given below. Consult the Supplier in Section 1 for additional
data.

GENERAL INFORMATION
Physical State: Ligud
Form: Clear

IMPORTANT HEALTH, SAFETY, AND ENVIRONMENTAL INFORMATION
Relative Density (at 156 C ). 0776
Density: 777 kgy/m? (6.48 Ibs/gal, 0.78 kg/dm?)
Flash Point [Method]: >40C (104F)[ ASTM D-56)
Flammable Limits (Approximate volume % Inalr): LEL: 08 UEL: 56
Autoignition Temperature: 260°C (500°F)
Boiling Point / Range: 161C (322F) - 198C (388F)
Vapor Density (Air=1): 49 a1 101 kPa
Vapor Pressure: 027 kPa (203 mmHg) s 20C
Evaporation Rate (n-butyl acetate = 1):  0.18
: NA

pH:

Log Pow (n-OctanoliWater Partition Coefficient): ND
Solubity in Water: Negigbie

Viscosity: 1.09cSt (1.09mm2/sec )at40C | 1.3¢St (1.3 mm2isec) at 25C
Oxidizing Properties: See Sections 3, 15, 16

OTHER INFORMATION
Freozing Point: <-75°C (-103°F)
Melting Point: ND
Pour Point:  S57°C (-7T1°F)
Molecular Weight: 143
Hygroscopic: No
Coefficient of Thermal Expansion: 0.00077 VVDEGC
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Product Name: EXXSOL D40 FLUID

Revision Date: 284052008
Page 6of 10

[SECTION 10

Ex¢conMobil

STABILITY: Matenal is stable under normal condtions.

CONDITIONS TO AVOID: Avoid heat, sparks, open flames and other ignition sowrces,

MATERIALS TO AVOID: Strong oxidizers

HAZARDOUS DECOMPOSITION PRODUCTS: Material does not decompose at ambient temperatures.
HAZARDOUS POLYMERIZATION: Will not ocour

[SECTION 11 TOXICOLOGICAL INFORMATION ]
ACUTE TOXICITY _ _

| Route of Exposure Conclysion [ Remarks

Inhalatson

Towoty. Data avadable.

Minimally Toxe. Based on test data for structurally simélar
materials

Imtaton: Data avalable

hazard ot asbientinamal handing lemporatuses.
Based on test data for structuraily similar matenals.

Towoty. LDSO > 15000 mghg

Nenimally Tonc. Based 0n test 0ata for structurmily Similar
matenas

Skin

Towaty. LDSO > 3160 mgrkg

Minimaily Touc. Based 0N %est 0ata for sYuCtUrally SHTHar
matenals

Imtaton: Data svadable

Mkl rrinating 10 skin with peclonged expesare. Based on test data

for struchurally samdar materials.

Eyo

Imtaton: Data avalable

May cause mild, shon-lastng Sscomion 10 eyes. Based on lest

data for struchurally samilar materials

CHRONIC/OTHER EFFECTS
For the product itself:

Vaporfaecosol concentrations above recommended exposure levels ace iritaling to the éyes and respiralory
tract. may cause headaches, Gzziness, anesihesia, drowsiness, uUNCONSCIOUSNass and other cantral nervous

system effects inchading death.

Prolonged andior répeated skin contact with low viscosity materials may defst the skin resuling in possible

#Titation and dermatiis.

Smdwmdh»dwmmwmw«mmmmm

pneumonitis or pulmonary edema

Additional information is avatable by request.

The following ingredients are cited on the lists below: None.

~REGULATORY LISTS SEARCHED--
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Ex¢conMobil -

Product Name: EXXSOL D40 FLUID
Revisicn Date: 284052006

Page 7ol %0

1=NTP CARC 3= ARC 1 5= ARC 28

2= NTP SUS 4= ARC 2A 6 = OSHA CARC
[ SECTION 12 )
The information given is basad on data available for the maternal, the components of the matenal. and similar matenass.
ECOTOXICITY

Matenal — Not expected 1o be harmiud to agualic organsms
Matenal - Not expected lo demonstrate chronic toxicly %0 aguatic ceganisms.

PERSISTENCE AND DEGRADABILITY
Biodegradation:
Materal ~ Expecled 10 be readly biodegradabile,

Matenal — Transformation due 10 hydrolysis not expectad 10 be sigrsficant

M-memwmwmuwcwtouw
Oxidation:

Material - Expected 10 degrade rapidly in air

OTHER ECOLOGICAL INFORMATION
VOC (EPA Method 24): 6476 Ibaigal
[[SECTION 13 DISPOSAL CONSIDERATIONS )

Disposal recommendations based on matenal as supplied. Disposal must be in accordance with current applicable
laws and regulations, and material charactenstics at ime of disposal

DISPOSAL RECOMMENDATIONS
Product is suitable for buming in an enclosed controlled bumer for fusd value or disposal by supervised
nGneration at very high lemperatures 10 prévent formation of undesirable combustion products.

REGULATORY DISPOSAL INFORMATION
RCRA Information: Disposal of unused product may be subject 1o RCRA regulations (40 CFR 261) Disposal
of the used product may also be regulated due 10 igneabilty, corrosivity, reactivity or toxicity as determined by
the Towcity Charactenstic Leaching Procedure (TCLP), Polential RCRA characienstics: IGNITABILITY,

Empty Container Waming PRECAUTIONARY LABEL TEXT: Empty contaners may relain residue and can be

DO NOT PRESSURIZE, CUT, WELD, BRAZE, SOLDER, DRILL, GRIND OR EXPOSE SUCH
CONTAINERS TO HEAT, FLAME, SPARKS, STATIC ELECTRICITY, OR OTHER SOURCES OF IGNITION; THEY
MAY EXPLODE AND CAUSE INJURY OR DEATH. Do not attempt %0 refill or cléean container since residue is dificult
1o remove. Emply drums should be complstely drained, property bunged and promptly returmed 1o a drum
reconditionar. All conlainers should be disposed of in an environmentally sale manner and in accordance with
govermmental regulations.

[ SECTION 14 TRANSPORT INFORMATION |
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Product Name: EXXSOL D40 FLUID
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LAND (DOT)
Proper Shipping Name: PETROLEUM DISTILLATES NOS.
Hazard Class & Division: COMBUSTIBLE LIQUID
1D Number: 1268
Packing Group: Il
ERG Number: 128

Label(s): NONE
Transport Document Name: PETROLEUM DISTILLATES, NO.S , COMBUSTIBLE LIQUID, UN1268. PG I

Footnote: The Rash powt of this material & greater than 100 F. Regulatory class&cation of this materad vanes.
DOT: Flammabile hquid or combustibie iquid. OSHA: Combustble iquid. IATAIMO: Flammabie iquid. This
maleriad is not regulated under 49 CFR in a contaner of 110 gadlon capacity or less when transported solely by
and, 85 long &5 the material is not 3 hazardous waste, » maring poliutant, or spacificaly isted as a hazardous
substance.

LAND (TDG)
Proper Name: PETROLEUM DISTILLATES NO S,
Hazard Class & Division: 3
UN Number: 1268
Packing Group: Il
SEA (IMDG)
Proper Shipping Name: PETROLEUM DISTILLATES NOS.
Hazard Class & Division: 3
EMS Number: F.E S-E
UN Number: 1268
Packing Group: Il

Label(s): 3
Transport Document Name: PETROLEUM DISTILLATES NO S 3, UN126S, PG IIl, (40°Ccc)

AR (IATA)
Proper Shipping Name: PETROLEUM DISTWLLATES NO S
Hazard Class & Division: 3
UN Number: 1268

Packing Group: Il
Label(s): 3
Transport Document Name: PETROLEUM DISTILLATES NOS_ 3 UN1268 PG IlI
[SECTION 18 REGULATORY INFORMATION |

OSHA HAZARD COMMUNICATION STANDARD: 'When used for its intended purpose, s matenal is classfied as
hazardous in accordance with OSHA ZOCFR 1910.1200.

NATIONAL CHEMICAL INVENTORY LISTING: AICS, IECSC, DSL, EINECS, ENCS, KECI, PICCS, TSCA
EPCRA: This material containg no extremely hazardous subslances.

SARA (311/312) REPORTABLE HAZARD CATEGORIES: Fure
SARA (313) TOXIC RELEASE INVENTORY: This material contains no chamscals subjidt 10 the suppser notification

39



DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Ex¢conMobil -

Product Name: EXXSOL D40 FLUID

Revision Date. 28Aug2008
Page 9 of %0

requremants of the SARA 313 Toxic Release Program
The Following Ingredients are Cited on the Lists Below:" None

~REGULATORY LISTS SEARCHED--
1 = ACGIH ALL 6 » TSCA Sa2 11 = CA P85 REPRO 16 » MN RTK
2= ACGIH A1 7=TSCA Se 12=CARTK 17 =NJRTK
3 = ACGIH A2 8=TSCAB 13=ILRTK 18 = PARTK
4=08HAZ 9=TSCA D 14 = LARTK 19 = RIRTK
5=T5CA4 10 = CA P65 CARC 15 = MI 293

Code key CARC=Carcinogen; REPRO=Reproductive

* EPA recently added new chemical substances (o its TSCA Section 4 test rules. Please contact the supplier 10 confirm
whather the ingredients in this product currently appear on 8 TSCA 4 or TSCA 120 Ist

16 OTHER INFORMATION |
N/D = Not determined. NiA = Not applcabie

THIS SAFETY DATA SHEET CONTAINS THE FOLLOWING REVISIONS:
No revision information is available.

PRECAUTIONARY LABEL TEXT:

Contains: DISTILLATES (PETROLEUM). HYDROTREATED LIGHT

CAUTION®

HEALTH HAZARDS

Repesied exposure may chuse skin dryness or cracking. If swallowed. may be asprated and cause lung damage.
PHYSICAL HAZARDS

Combustbie. Material can accumulate stabic charges which may cause an incendiary efectncal discharge.

PRECAUTIONS
Avoed contact with skin. Use proper bonding andlor grounding procedures

FIRST AID

Inhalation: Remove from furthér exposure. FOr those providing S5Sislance, avold exposure 10 yoursall or others. Use
sdequate respeatory profection, If respratory Krtation, JZZINess, NaUEea, Of UNCONSCIOUSNESS OCCUrS, SHek mmediate
medical assistance. ¥ breathing has stopped, assist ventiation with a mechanical device or use mouth-4o-mouth
resuscation,

Eye: Flush thoroughly with water. I irmtaton ocowrs, get medical assistance.
Oral: Seek mmediate medical attention. Do not nduce vomiting.

Skin:  Wash contact areas with soap and water. Remove contamunated clothing.  Launder contaminalod clothing
before reuse.

FIRE FIGHTING MEDIA
Use water fog, foam, dry chemical or carbon doudde (CO2) fo extinguish Nlames.

SPILULEAK
Land Spill: Elminate all ignition sources (no smoking, fares, sparks or flames in immediate area) Stop leak if you
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Product Name: EXXSOL D40 FLUID
Revision Date: 28Aug2006
Page 10of 10

can do it without risk. Prevent entry info waterways, sewer, basements or confined areas. A vapor suppressing foam
may be used to reduce vapors. Absorb or cover with dry earth, sand or other non-combustible material and transfer to

containers, Recover by pumping or with suitable absorbent.

Water Spill: Stop leak if you can do it without risk. Eliminate sources of ignition. Warn other shipping. If the Flash
Point exceeds the Ambient Temperature by 10 degrees C or more, use containment booms and remove from the
surface by skimming or with suitable absorbents when conditions permit. If the Flash Point does not exceed the
Ambient Temperature by 10 degrees C or is less than the Ambient Temperature, use booms as a barrier to protect
shorelines and allow the material 1o evaporate. Seek the advice of a specialist before using dispersants.

The information and recommendations contained herein are, 10 the best of ExxonMobil's knowledge and belief, accurate
and reliable as of the date issued. You can contact ExxonMobil to insure that this document is the most current
available from ExxonMobil, The information and recommendations are offered for the user's consideration and
axamination. Itis the user's responsibility to satisfy itself that the product is suitable for the intended use. If buyer
repackages this product, it is the user's responsibility to insure proper health, safety and other necessary information is
included with and/or on the container. Appropriate warnings and safe-handling procedures should be provided 1o
handlers and users. Alteration of this document is strictly prohibited. Except to the extent required by law, re-
publication or retransmission of this document, in whole or in par, is not permitted. The term, "ExxonMobil™ is used for
convenience, and may include any one or more of ExxonMobil Chemical Company, Exxon Mobil Corporation, or any
affiliates in which they directly or indirectly hold any interest.

Internal Use Only
MHC: 1A,0,0,0,2,0

DGN: 4400210HUS (1007646)
Copyright 2002 Exxon Mobd Corporation. All rights reserved
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I SOPAR K
ExxonMobil
Lubricants &

Petroleum Specialties
DATE [ SSUED: 09/19/00
SUPERSEDES DATE: 01/21/00

MATERI AL SAFETY DATA SHEET

SECTION 1: PRODUCT AND COMPANY IDENTIFI CATI ON

COMPANY: Exxon Mobil Corporation
ExxonMobil Lubricants & Petroleum
Specialties Company
3225 Gallows Road
Fairfax, VA 22037-0001

PRODUCT NAME PRODUCT CODE
I SOPAR K 133467

PRODUCT CATEGORY
Hydrocarbon Fluid

MEDI CAL EMERGENCY TELEPHONE NUMBER: (713) 656-3424

TRANSPORTATI ON EMERGENCY TELEPHONE NUMBERS
(BAYTOWN) (281) 834-3296 ( CHEMTREC) 1-800-424-9300

Product Information and Technical Assistance: 1-800-443-9966

FAXED MSDSs: 1-800-298-4007 MAILED MSDSs OR OTHER ASSISTANCE: (713) 656-5949

SECTION 2: COMPOSITI ON/ I NFORMATI ON ON I NGREDI ENTS

CAS NO. OF APPROXI MATE
COMP ONENTS COMP ONENTS CONCENTRATI ON
Naphtha (petroleum), hydrotreated heavy 64742-48-9 100%

This product consists predominantly of ClI1-Cl2 isoparaffinic hydrocarbons.

SEE SECTION 8 FOR EXPOSURE LIM TS

SECTION 3: HAZARDS IDENTIFI CATI ON

EMERGENCY OVERVIEW
OSHA REQUIRED LABEL I NFORMATI ON
In compliance with hazard and right-to-know requirements, where applicable
OSHA Hazard Warnings may be found on the label, bill of lading or invoice
accompanying this shipment.
DANGER!
COMBUSTI BLE

http://www.exxon.com/exxon_productdata/msds/in133467.htm| 8/28/01
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Note: Product label may contain non-OSHA related information also.

HAZARDOUS MATERI ALS [ DENTIFI CATION SYSTEM (HM S)
Health Flammability Reactivity BASI S
1 2 0 Recommended by ExxonMobil

NATI ONAL FIRE PROTECTI ON ASSOCI ATION (NFPA) - HAZARD IDENTIFI CATI ON
Health Flammability Reactivity BASI S
1 2 0 Recommended by ExxonMobil

VARI ABILITY AMONG I NDI VI DUALS

Health studies have shown that many petroleum hydrocarbons and synthetic
lubricants pose potential human health risks which may vary from person to
person. As a precaution, exposure to liquids, vapors, mists or fumes should
be minimized.

EFFECTS OF OVEREXPOSURE (Signs and symptoms of exposure)

Hi gh vapor concentrations (greater than approximately 1000 ppm) are irritating
to the eyes and the respiratory tract, and may cause headaches, dizziness,
anesthesia, drowsiness, unconsciousness, and other central nervous system
effects, including death.

PRE-EXI STING MEDI CAL CONDI TI ONS WHI CH MAY BE AGGRAVATED BY EXPOSURE
Petroleum Solvents/Petroleum Hydrocarbons - Skin contact may aggravate an
existing dermatitis.

SECTION 4: FIRST AID MEASURES

EYE CONTACT
If splashed into the eyes, flush with clear water for I5 minutes or until

irritation subsides. If irritation persists, call a physician.

SKIN

In case of skin contact, remove any contaminated clothing and wash skin with
soap and water. Launder or dry-clean clothing before reuse. If product is

injected into or under the skin, or into any part of the body, regardless of
the appearance of the wound or its size, the individual should be evaluated
immediately by a physician as a surgical emergency. Even though initial
symptoms from high pressure injection may be minimal or absent, early surgical
treatment within the first few hours may significantly reduce the ultimate
extent of injury.

I NHALATI ON

[f overcome by vapor, remove from exposure and call a physician immediately.
If breathing is irregular or has stopped, start resuscitation, administer
oxygen, if available.

I NGESTI ON

If ingested, DO NOT induce vomiting: call a physician immediately.

SECTION 5: FIRE-FIGHTING MEASURES

FLASH POINT (M NI MUM) AUTOI GNI TI ON TEMPERATURE

COMBUSTIBLE - Per DOT 49 CFR 173.120

49~C (120~F) Approximately 349~C (660~F)
http://www.exxon.com/exxon_productdata/msds/in133467.htm| 8/28/01
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ASTM D 56, Tag Closed Cup ASTM E 659

FLAMMABLE OR EXPLOSIVE LIMI TS ( APPROXI MATE PERCENT BY VOLUME IN AIR)
Estimated values: Lower Flammable Limit 1.2% Upper Flammable Limit 9.3%

EXTINGUI SHING MEDI A AND FIRE FIGHTING PROCEDURES

Foam, water spray (fog), dry chemical, carbon dioxide and vaporizing liquid
type extinguishing agents may all be suitable for extinguishing fires
involving this type of product, depending on size or potential size of fire
and circumstances related to the situation. Plan fire protection and response

strategy through consultation with local fire protection authorities or
appropriate specialists.

The following procedures for this type of product are based on the
recommendations in the National Fire Protection Association's "Fire Protection
Guide on Hazardous Materials", Tenth Edition (1991):

Use dry chemical, foam or carbon dioxide to extinguish the fire. "Water may
be ineffective", but water should be used to keep fire-exposed containers
cool. If a leak or spill has ignited, use water spray to disperse the vapors
and to protect persons attempting to stop a leak. Water spray may be used to
flush spills away from exposures. Minimize breathing of gases, vapor, fumes
or decomposition products. Use supplied-air breathing equipment for enclosed
or confined spaces or as otherwise needed.

NOTE: The inclusion of the phrase "water may be ineffective" is to indicate
that although water can be used to cool and protect exposed material, water
may not extinguish the fire unless used under favorable conditions by
experienced fire fighters trained in fighting all types of flammable liquid
fires.

DECOMPOSI TI ON PRODUCTS UNDER FIRE CONDI TI ONS
Fumes, smoke, carbon monoxide, sulfur oxides, aldehydes and other
decomposition products, in the case of incomplete combustion.

SECTION 6: ACCIDENTAL RELEASE MEASURES

CLEAN WATER ACT / OIL POLLUTION ACT

This product may be classified as an oil under Section 311 of the Clean Water
Act, and under the Oil Pollution Act. Discharges or spills into or leading to
surface waters that cause a sheen must be reported to the National Response
Center (1-800-424-8802).

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED

Shut off and elimnate all ignition sources. Keep people away. Recover free
product. Add sand, earth or other suitable absorbent to spill area. Minimize
breathing vapors. Mnimize skin contact. Ventilate confined spaces. Open
all windows and doors. Keep product out of sewers and watercourses by diking
or impounding. Advise authorities if product has entered or may enter sewers,
watercourses, or extensive land areas.

Assure conformity with applicable governmental regulations. Continue to
observe precautions for volatile, combustible vapors from absorbed material.

SECTION 7: STORAGE AND HANDLI NG

HANDLI NG PRECAUTI ONS
This liquid is volatile and gives off invisible vapors. Either the liquid or

http://www.exxon.com/exxon_productdata/msds/in133467.htm| 8/28/01
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vapor may settle in low areas or travel some distance along the ground or
surface to ignition sources where they may ignite or explode.

Keep product away from ignition sources, such as heat, sparks, pilot lights,
static electricity, and open flames.

"EMPTY" CONTAI NER WARNI NG

"Empty" containers retain residue (liquid and/or vapor) and can be dangerous.
DO NOT PRESSURIZE, CUT, WELD, BRAZE, SOLDER, DRILL, GRIND OR EXPOSE SUCH
CONTAI NERS TO HEAT, FLAME, SPARKS, STATIC ELECTRICITY, OR OTHER SOURCES OF

I GNI TION; THEY MAY EXPLODE AND CAUSE INJURY OR DEATH.

Do not attempt to refill or clean containers since residue is difficult to
remove. "Empty" drums should be completely drained, properly bunged and
promptly returned to a drum reconditioner. All other containers should be

disposed of in an environmentally safe manner and in accordance with
governmental regulations.

For work on tanks refer to Occupational Safety and Health Administration
regulations, ANSI Z49.1, and other governmental and industrial references
pertaining to cleaning, repairing, welding, or other contemplated operations.

SECTION 8: EXPOSURE CONTROLS/PERSONAL PROTECTI ON

EXPOSURE LIMI T FOR TOTAL PRODUCT BASI S
175 ppm (1200 mg/m3) based on total Recommended by ExxonMobil
hydrocarbon for an 8-hour workday.

VENTI LATI ON

Use only with ventilation sufficient to prevent exceeding recommended exposure
limit or buildup of explosive concentrations of vapor in air. No smoking, or
use of flame or other ignition sources.

RESPI RATORY PROTECTI ON
Use supplied-air respiratory protection in confined or enclosed spaces, if
needed.

PROTECTI VE GLOVES
Use chemical-resistant gloves, if needed, to avoid prolonged or repeated skin
contact.

EYE PROTECTI ON
Use splash goggles or face shield when eye contact may occur.

OTHER PROTECTI VE EQUI PMENT

Use chemical-resistant apron or other impervious clothing, if needed, to avoid
contaminating regular clothing, which could result in prolonged or repeated
skin contact.

WORK PRACTICES / ENGI NEERING CONTROLS
To prevent fire or explosion risk from static accumulation and discharge,

effectively bond and/or ground product transfer system in accordance with
(THE) National Fire Protection Association PUBLI CATI ONS.

Keep containers closed when not in use. Do not store near heat, sparks, flame
or strong oxidants. To prevent fire or explosion risk from static
accumulation and discharge, effectively bond and/or ground product transfer
system in accordance with the National Fire Protection Association standard
for petroleum products.

http://www.exxon.com/exxon_productdata/msds/in133467.htm| 8/28/01

45



DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

ISOPAR K Page 50f7

In order to prevent fire or explosion hazards, use appropriate equipment.

Information on electrical equipment appropriate for use with this product may
be found in the latest edition of the National Electrical Code (NFPA-70).
This document is available from the National Fire Protection Association,
Batterymarch Park, Quincy, Massachusetts 02269.

PERSONAL HYGI ENE

Minimize breathing vapor or mist. Avoid prolonged or repeated contact with
skin. Remove contaminated clothing:; launder or dry-clean before re-use.
Remove contaminated shoes and thoroughly clean and dry before re-use. Cleanse
skin thoroughly after contact, before breaks and meals, and at end of work
period. Product is readily removed from skin by waterless hand cleaners
followed by washing thoroughly with soap and water.

SECTION 9: PHYSI CAL AND CHEM CAL PROPERTIES

The following data are approximate or typical values and should not be used
for precise design purposes.

BOI LI NG RANGE VAPOR PRESSURE

177-197~C (351-387~F) 0.9 mm Hg @ 20~C (68~F)
ASTM D 2879

SPECIFIC GRAVITY (15.6 Deg C/15.6 Deg C) VAPOR DENSITY (AIR = 1)

0.76 (6.34 1b/gal) 5.4
MOLECULAR WEI GHT PERCENT VOLATILE BY VOLUME
164 Approximately 50% in 68 minutes

@1 atm and 25~C (77~F)

EVAPORATI ON RATE @ I ATM. & 25 Deg C
pH (77 Deg F) (n-BUTYL ACETATE = 1)
Essentially neutral 0.08

SOLUBILITY IN WATER @ 1 ATM
POUR, CONGEALING OR MELTING POINT AND 25 Deg C (77 Deg F)
Less than -18~C (0~F) Negligible; 0.0001%
Pour Point by ASTM D 97

VISCOSITY
1.84 ¢St @25 Deg C (77 Deg F) ASTM D 445

PRODUCT APPEARANCE AND ODOR
Clear water-white liquid
Essentially odorless

SECTION 10: STABILITY AND REACTIVITY

This product is stable and will not react violently with water. Hazardous
polymerization will not occur. Avoid contact with strong oxidants such as
liquid chlorine, concentrated oxygen, sodium hypochlorite, calcium
hypochlorite, etc., as this presents a serious explosion hazard.

SECTION 11: TOXI COLOGI CAL I NFORMATI ON

http://www.exxon.com/exxon_productdata/msds/in133467.htm| 8/28/01
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NATURE OF HAZARD AND TOXICITY I NFORMATI ON

Prolonged or repeated skin contact with this product tends to remove skin
oils, possibly leading to irritation and dermatitis; however, based on human
experience and available toxicological data, this product is judged to be

"

neither a "corrosive” nor an "irritant" by OSHA criteria.
Product contacting the eyes may cause eye irritation.

Product has a low order of acute oral and dermal toxicity, but minute amounts
aspirated into the lungs during ingestion or vomiting may cause mild to severe
pulmonary injury and possibly death.

This product is judged to have an acute oral LD50 (rat) greater than 5 g/kg of
body weight, and an acute dermal LD5SO (rabbit) greater than 3.16 g/kg of body
weight.

SECTION 12: ECOLOGI CAL I NFORMATI ON

Do not discharge this product into public waters or waterways unless
authorized by a National Pollution Discharge Elimination System (NPDES) permit
issued by the Environmental Protection Agency (EPA).

Environmental and Ecological data may be available for this product. Wite
or call ExxonMobil to obtain further information. Refer to Section 6 and
Section 15 for Accidental Release information and Regulatory Reporting
information.

SECTION 13: DI SPOSAL CONSIDERATI ON

Options for disposal of this product may depend on the conditions under which
it was used. To determine the proper method of disposal, refer to RCRA (40
CFR 261), as well as federal EPA and state and local regulations.

Please refer to Sections 5, 6 and 15 for additional information.

SECTION 14: TRANSPORTATI ON I NFORMATI ON

TRANSPORTATI ON I NCIDENT I NFORMATI ON

For further information relative to spills resulting fromtransportation
incidents, refer to latest Department of Transportation Emergency Response
Guidebook for Hazardous Materials Incidents.

U.S. DOT HAZARDOUS MATERI ALS SHIPPING DESCRIPTI ON
Transported by highway or rail:

Bulk packagings (capacity greater than 119 gallons)
Petroleum Distillate, n.o.s., Combustible Liquid, UNI268, III

Non-bulk packagings (capacity less than or equal to 119 gallons)
Not regulated

Transported by air or marine vessel:

Bulk or non-bulk packagings

http://www.exxon.com/exxon_productdata/msds/in133467.htm| 8/28/01
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Petroleum Distillate, n.o.s., 3, UNI268, III

SECTION 15: REGULATORY I NFORMATI ON

U.S. FEDERAL REGULATI ONS

THE FOLLOW NG I NFORMATI ON MAY BE USEFUL IN COMPLYING WI TH VARI OUS STATE AND
FEDERAL LAWS AND REGULATI ONS UNDER VARI OUS ENVI RONMENTAL STATUTES:

THRESHOLD PLANNING QUANTITY (TPQ), EPA REGULATION 40 CFR 355
(SARA Sections 301-304)
No TPQ for product or any constituent greater than 1% or 0.1% (carcinogen).

TOXI C CHEMI CAL RELEASE REPORTING, EPA REGULATION 40 CFR 372 (SARA Section 313)
No toxic chemical is present greater than 1% or 0.1% (carcinogen).

HAZARDOUS CHEMI CAL REPORTI NG, EPA REGULATION 40 CFR 370 (SARA Sections 311-312)
EPA Hazard Classification Code: Fire

TOXI C SUBSTANCES CONTROL ACT ( TSCA)
This product, as manufactured by ExxonMobil, does not contain polychlorinated
biphenyls (PCB's).

All components of this product are listed on the U.S. TSCA inventory.

SECTION 16: OTHER I NFORMATI ON

The health and safety information presented herein must be used in conjunction
with the pertinent standards for training, work practices and facilities
design established by OSHA, NIOSH, NFPA, API, NEC, NSC, UNDERWRITERS, BUREAU
OF MINES, and similar organizations.

The information and recommendations contained herein are, to the best of
ExxonMobil's knowledge and belief, accurate and reliable as of the date issued.

ExxonMobil does not warrant or guarantee their accuracy or reliability, and
ExxonMobil shall not be liable for any loss or damage arising out of the use
thereof.

The information and recommendations are offered for the user's consideration
and examination, and it is the user's responsibility to satisfy itself that
they are suitable and complete for its particular use. If buyer repackages
this product, legal counsel should be consulted to insure proper health, safety
and other necessary information is included on the container.

The Environmental Information included under Section 15 hereof as well as the
Hazardous Materials Identification System (HM S) and National Fire Protection
Association (NFPA) ratings have been included by ExxonMobil Lubricants &
Petroleum Specialties Company, in order to provide additional health and hazard
classification information. The ratings recommended are based upon the criteria
supplied by the developers of these rating systems, together with ExxonMobil's
interpretation of the available data.

http://www.exxon.com/exxon_productdata/msds/in133467.htm| 8/28/01
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@ Safety Data Sheet
- Dow Chamical Company Ltd

Product Name: ESTASCL (W) Revision Date: 2000019/ %)
Primt Date: O7 Feb 2008

Dow Chemical Company Lid encourages and expects you 10 read and enderstand the entire (M)SDS
as Bare & imporiatt nlomaton thoughou! e document We ospect you 9 bilbw Pe precautons
derohod in s dooument uniess your use condiions would recessitaie o apEroprate methods of
actons

ESTASOL (TM)

Une of She sudatanca'gropaastion
Sodeort

COMPANY IDENTFICATION
Dow Chemuon Company Lid
Damond Mouse, Lotus Park
Kingabury Croscent

TWIE 3AG Saines, Modlesex
Unbded Krgdom

Custtomer Inforation Nurbor G203 130 «000

EMERGENCY TELEPHONE NUMBER
284 Mour Emergency Contact: «&4 {0) 1453 ™51 20
Local Emargency Contact: QOa4 553761 200

| Component Amount Classdicaton: CAS » ECH

| Dsmethyl succote e 150 <» 250% Not chmstied 106650 2004109
‘ Dsmethyl adpane >e 100 < 250% Not cassited 627830 219402086
[ Owmetyl gutarate e S50 <= B50% Not chasstied 1119400 2382772

|

This product s not chassfied a8 Gargerous scooedeyg 1o LC ovtens

“ InQcnes 3 Trademan

Page | /0
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Product Name £ STASOL (TM) Revieian Dato: 2006/11/3)

4 Fust-aid measures

Eye Contact: Immacialioly Miush sy with wikkée, 1omows cONLact lersas, £ predant, sl e frut S
mnuies, then cortinue fushng eves for of laast 15 minctes. Obtan medeal atiention wihou! delay.
peeterably from an ophthamologst

Skin Contact: Wash skin with planty of walior

Inhalation: Mowe parS0n 10 fréah ar  oMNCES oCOur. COndult & physcian

Ingestion: ¥ swalowed, sk medio atlention. Do Nt ducs vomiting uiess drecied 10 do %0 by
madical persormed.

Notes to Physician: No specic antdote  Traatmest of exposure should be deacied 2 the condrol of
sympioms and fe cinical condacn of the patent.

i

Extinguishing Maedia: Water 105 o fee sprny Dy chomical fes oinguatens.  Caton doande fre
cxlinguishers. Foam Do not use deect waley stroam. Moy sgread fre. Alcohol resstant fosms (ATC
type) are prefered. Goneral purposo synihetc ‘tams (ncuding AFEF | or proton foams may Srcton,
ot Wil Do loss efectve. Walkee 1og, apphed gontly may Do used as & Dlasket for Sre extinguishment
Fire Fighting Procedures: Kesp people away. Isclate fre and deny unmcessany sotry. Do rol wse
SUOCT wier SPeam. May soraid Tre Burming Squeds may Be mowed Dy Tushng with wistir 1O prosect
pacsornel sl minee progely daeage  Water fog. sppiied gectly may be wied &5 & blanket for fre
exlinguishment

Special Protective Equipment for Firefightors: Wear pesitive pressuro solf contared tosathing
ppanats (SCEA) ard protectve fre Aghang cething {Incuces e 1gNNng Netmat, COML. YOusen,
boots, and gloves) ¥ protective equement is not avalatie or not used, fght Tim from A protocsed
DCAON OF SH% AsCH

Unususl Fire and Explosion Hazards: Violert sleam geoerslon of aruphon may oot apon
sppivation of drect wivler stroam 0 hot iguds

Mazardows Combustion Products: Durrg a fre, smoke may cortan the ongeal materad » adanon
10 COMDUSBON SROTWES Of Vil ying COMPONLON wiich My D 108 2o mntatng. Combustion
products may nciuds and are rot lmsled %0 Carbon monguide  Caton doxde

6. Accidental Release Measures

Steps 1o Be Taken If Material is Refwased or Spilled: ADsort with materiass wuch as. Sand
Sawdust. Colect in slable and properdy Bbeked contarers. See Section 13, Disposal
Coradermions, for addbtional irdormation

Persenal Precautions: Usa approprale safety equement For adasional informason, refer 1o Secton
A Expoause Controds and Pursonal Protoction

Emvironmental Procautioan: Pravwint from andanng w00 s0d, Siches, Seewars, silirways andor
Powrdwy . See Socion 12, Ecolopas Womabion

General Manding: Av0i! cOMact with oyea, shin. and cloming  'Wash Poroughty afer handing

Storsye
Sloee in orgnal Contarnes

Fage 2 of &
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Product Name: FSTASOL (TM) Reovition Date: 200601 1130

8 posure Controls / Personal Protection
Exposure Limits
Norws e iatiahed

Parsonal Protection
Eyo/Face Protection: Use chemcal goggles. Chemical Qoggies should bo consistent with EN 168 or
oquivaant
SKIN Protection: LUisd proMciiveg CIotNng COHamicaly Mosatat 10 Tl muteril  S0Mcion of specac
SRS SUCH 4 1hon shald, 2OORA, Apron, 0f Al BOdy St will Sepand On T Lk
Mand protection: Lise chemioa resatnm gloves clmsfiod urnder Stardarg ENI74 Proteciwe
gloves aganst chemicals and micro-crganmms. Exampies of prefemed glove barner malerals
nuude. Butyl rubber. Chiorinsted polyolpione. Poyuihgione Efyl viny alconol lannale
{("EVAL") Polyvwnyd aloohal ("PVAT). Exampies of atceptabie giove bamer matenals nclude:
Natural abter ["Wlex™). Nedogrene. NErfabutadens nbter (mitike” or "NBR™). Polyvirngt
chionde [PVC" or ey Vitlon, When prolonged o frequently repealnd condsct mgy ooour,
& ghave with 8 prolocton daas of 4 or Mgher (roakihrough Sme groster than 120 mirutes
acoording to EN 374) is recommended. When only trel contact s especied, a glove with 3
protoction clats of 1 or hgher (Broakthrough time greater han 10 misulos sccordng % BN
374) s recommenced. NOTICE: The selection of a speciic giove for a paticular applcation
ard Aurason of Use In A workpace thouls e ko MO acoourt all relavant workpiaoo factors
SUCH 48, But fol Rentad 10 Oty Chamicals wihach My D Aanded, physical regarenents
({OAPUNCILIY MIOINCICN. 20Xy, NI DrNCHOn) POl BOdy MaSons 1 (love
maberas. as wel a3 the natruchonsspaciicatons prowded by fe glove suppher
Respiratory Protection: Respratory prolodion shoudd bo wom when there & o potentisd 1o excosd
0 expOSUre ent reguirements o gudelnes. Il here are no appicable exposule Inil requiremants
or Qudnines, wear respratary prolection when adverse affeds, such as respralony Friflation o
SHCOMION Sive Divn exDiencid, Of whre NACalRd Sy your ral dsssssmeet procass. Use P
Sollowng CE apgroved sir-gurifyng respirsicr. Osganic vaper cartidge. type A (boding pont »65 *C)
Ingostion: Use good persoral hypiene Do nol cansume or stiore 000 0 the work area. Wash hands
before smoking o oatng

Engineering Controls

Ventintion: Use ol sxfunanl wendliton, o othir $ngnaaing conlrols 5o malnlen alibema wvels
DalOow Qaposutd Il squirementy of guideings. I thete are 00 Mpolicable eapotrs imit
egQueements Of guideines, ganeral verliaton shoukd be sulicent for mos! operations. Loy exhaus!
vaniiation may be nocessary for some operations

Phiysical State Lauwa
Color Cokxens

Odor Estor

Flash Poimt - Closed Cup 08 “C Livrsterw

Flammable Limes In Air

Lower 1.5 %(V) Liersture
Upper 12 5 %(V) Linatre

Autosgniten Temperature 370 *C Ldevature

Vapor Prossure 000 mmMg & 20 *C Ldovature
Boiling Point (T80 smHg) 200 - 230 °C Lawrature (1D 1 atwesphins)
Vapor Dosmity (nir = 1) No st dals aveduable

Specific Gravity M20 = 1) 1 06 Liwoture

Freeding Point 25 °C Lroradure

Melting Pont 25 °C Lrorsdwre

Sodubility in Water (by 5% @ 20 °C Laerakae

walght)

pH 56 Litwradw

Kinemats Viscosity 2AD - 2 50 mm2s £ 20 "C Literadures

Page Jole



DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Product Name: FSTASOL (T™M) Revision Date: 2006:11/%)

Stability Instabdiny

Stabee

Conditions to Avoid: Leposure 3 eclowied lermperatures can cause product 1 decompone
Incompatbile Materials: Avosd contncs with: Oxdizen

Decempontion products dopend woon aergeralue,. or seoly axd Po presnncn of other malerals

1. Toxicological Information

|
| Acute Toxicity
| Ingestion

[ Very low ooty if ssalowed Hasriud effocts not antcipated fom swallowing smal amounts.
Swallowng may resul  asyoinestingl urtaton

Single dose orsl LDSO hiss net been determmed

Based on nformation for componentis]l  Estenated LDS0. Rat » 5000 mokg

Eye Contact

May cause aye imrtason. May cawse comoal injury

Skin Contact

Briod comact may Cause skin irdason with loos nadneas

Skin Absorption

Proiongod siin contact m uniely 1o rosult = abscrpbion of harmful amcorts

The dermal LDSO has not bean detanmned

Bosed on nfomation Tor comporwnd{s) Estmaned LDSO. Ratdst » 2,260 mghg

Inhaation

Vapor may cause rslalion of the weer resparalony tract (ndse asd Proal)

;n E colegical Information

CHEMICAL FATE
Raa e Componet. Dimetiy| seccinate

NMovemeon! &

Becorcenmation potental i low (BCF < 100 or Log Pow < 3. Potental for mobdity in sollis
wery high (Koo batwesn 0 and £0)

Henry's Law Coontant (H): 3 154£-06 st'mdimele, 25 “C Estrated from wapor presses
ot walew sclubiity

Partition coefficient. n-octanobwater (log Pow) Measured

Partition coolficient, soll organic carbon/watar (Koc) 10 Letemates

Persistence and Degradabality
InSiroct Photodegradation with OH Radicaly
Rate Constant Alrmos Mar-Ate Mothod
e MATSE-20mDy 934 Ealrmate: ~
OECD SBiotegradation Tests:
Nﬂvm Elmn Time Method
> 05 % 3-10¢ QECD 3028 Test |



DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Product Name: FSTASOL (TM) Revizion Date: 20061 113)

Theoretical Oxygen Demand: 1.42 ma'mg

Movement & Pa

Deconcentration potentind Is low (DCF « 100 o Log Pow « 31 Potantadl for mobity i sodl &
very high (oc Between O and 50)

Menwry's Law Constant (M) 2 21600 ain“mdmole, 25 °C Csbimatod Som vapdr pressure
and water sohbity,

Partition coeflicient n-o:tancliwaler (log Pow). Moassured

Partition cosflicient, soil organic carben'water (Kock 11 Eslmaned

Persistence and Degrada
Indirest Photodegradation with ON Radicaly

Rate Constart Samospheric Helt e Mothod
19 -12 2'd | Eshrrated

Movoment & Partiioning
Boconcentraton polertisd is low (BCF < 100 or Log Pow < 31 Potanid for mobiily = 5ol &
very Ngh (Wec botwoen O and 50). Given e wvery ow Henry's comatart, volstieation Fom
natural bodes of waler or mosst sofl s not expected to be an mportant fxie process
Menry’s Law Conatant (M) 0 430007 stm mdimcin; 25 °C Eatinatod Som vapor proasuns
and watar sokbdty

Partition costhickent. n-ostanaliwater (g Pow) 0 62 Mesures

Partition cosfficient, soll crganic carbeawater (Koc) 10 Estmaned

Parsistence and Degradability
Indirect Phatodegradation with OH Raswals

Rate Constart Halldife Meothod
zm.umﬁ 41;70 | ZM

OECD Biodegradation Tests:
Time Method

75 % Ba | OECD 31C Teut
Theoretical Oxygen Demand: | 60 mp'mg

fcoroxcny
Qata for Comporers. Dimethyd succinate

Fish Acute & Prolosged Toxicity

LES0. pebors Sady (Deachydanio o) stetc, B8 K 20 - 100 mgn

Teoxicity 10 Micro-organisms

ECS0, actwated shudge. resgiration phibion, 3 h. > 1,000 npA
Oata for Comporent Dimethyt acipate

Aquate Invertebrate Acute Toxicity

CCA0 water Nea Dugtrin magna, satic. 48 h immobdustion 72 mgh
Aquatc Pant Toxicty

ECS0, green 0iga Sclenasrum capnoornatum. Growth mate inbacn, 72 h > 100 mgt

Fish Acute & Prolosged Toxicity

LCS0. tathend mnnow (Pmephafos prometss) sistc, B3 h 1906 - 2062 mph
Aquatc Invertobrate Acute Toxicity

EC50, water Sca Daghnis magea. 48 h, immobdzation: 122 1 - 1638 mg

13.  Disposal Considerations

Pages ot e
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DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Product Name- ESTASOL (TM) Rovision Date: 2006/1 11

All deposy practices must be in comghance wih 3l Fedecal State/Provnoel and local ksws and
egvations. Do nol dame nio any sewors. on Bhe groend. o inlo any body of waler,

14.  Transport Information

ROAD & RAIL
NOT REGULATED

OCEAN
NOT REGULATED

AIR
NOT REGULATED

INLAND WATERWAYS
NOT RECULATED

‘s- ] ‘u‘ “m

Ewropoan inventory of Exating Conmercial Chomical Substances [EINECS)
Th cempenants of ths product e 0 this EINECS rwaniony of am amempt from invenlony
R

EC Classification and User Label Information
Thess product is not chassilied as dangerous sccording B EC crilera.

Kentficaton Number. 70279 1 3008 / ssue Date 200001108/ Version: 1.0
Mos! recort revison|s) are roled by the bold, doubla bars in leftSand margn throughout ths
sccument

Dow Chomeal Company Lid urges ooch cvalommey of recpven! of this IMJSOS 1o study £ carsfuly avd
CONSOT AD OO SIpemse, 35 NOJeSSAry OF aporopaafe. 1o bacome aware of and understand the
dada contamed & Mwe (MIS0S and any hazards assocalnd st e prodkat  The indformadion hevews &
PrOwERd M GOO Tl and Selvnwd 10 2w AcCurate as oF M offRcive dide Shovwn abow. Howwwe, N0
ey, eapreas O mpled iy ghven Reguiafory reguarnmants sre salpoc! 10 change and may Wy
Dedwedy? vanious iocetons I 1y e buyersaser's nesponsibidy 10 ansurs Mt s scivibes comply sy
o focdeval alale pvovnalal or e [pax  The infarmaton peesonied harm perfame only 1o the pvoduc!
25 shippod Sinoe conaihons for w50 of e Ivodect are not wnder Mo contrey of e manwiachurer, X 1S
e Boyor'Busers Aty 10 dalerming e conditons noceasany for e safo wse of Bus pradct Owe o
e PENANOY Of S00r0RS Or IO SUCH &3 MMOUACRV D pe0le (MSDSE we A nf any
CANNAE Do rosponsibie fov (MISOSS abtanod [rom any SOue oy than owrsaives ¥ you have
pddamad &1 (MISDS Sum anodher sowrce o o you are nof sae thatl the (MISDS you hve (s ey,
please cortact us Ly e mosf cormont vevysen

Page t o8
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DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

@ Safety Data Sheet
s Dow Chomical Company Ltd

Product Name: ETHYLENE GLYCOL OIACETATE PURE Rovision Date: 2007/06/14
Print Date: 15 Aug 2008

Attachment 4

Dow Chemical Company Lid encourages and expects you %0 read and enderstand the entire (M)SDS
as Bare & imporiatt nlomaton thoughou! e document We ospect you 9 bilbw Pe precautons
Werthod in s dooument uniess your use condiions would recessitaie oy apEroprane methods of
actions

Product Name
ETHYLENE GLYCOL DIWCETATE PURE

Une of She sudatanca'gropaastion
Scdeort

COMPANY IDENTFICATION
Dow Chemuos Company Lid
Damond Mouse, Lotus Park
Kingabury Croscent

TWIE 3AG Suaines, Modlesex
Unted Krgdom

Custtomer Infor=ation Nurbeor QG203 130 «000
EMERGENCY TELEPHONE NUMBER

284 Mour Emergency Contact: «&4 {0) 1453 61 29
Local Emargency Contact QO&4 2553761 200

Component Amount Classdicaton: CAS» ECwH

£ thylene cacetate 1000 % Net chmstied 111.556.7 2038811

3. Hazaeds Mentification

This product i not chsading s Gangaroes scordeg 10 EC aitens

|

“InQCcnes 3 Trademan

Page | /0



DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Product Name FTHYLINE GLYOOL DIACETATE PLIRE Revision Dato: 2007 04/14

Eye Contact: iImmodately Bush eyes with warler, remove contact ieeses, if present. after he frst &
minuios, than contnue Thahing eyos for a loast 15 minutes. Obtan modcal afention without Jelay
peadacably from an ophthamologs!.

Shin Contact: Wash shun wilh planty of waker

Inhalation: Mows person 10 fresh s f efects oo, comsull 8 physcian

Ingestion: No ermorgoncy sedcal Fealmen! necesty

Notes to Physician: No speofc amtoote. Troatment of exposure shouks be drecied at the centrol of
symetoms and the cinical condton of the patient

5.  Fwe Fighting Measures

Extngueishing Media: Water 159 or Sne spray. Dry chemical fre satingushers.  Carbon doxde fire
exinguishers. Foam Alkchol resistant foarms (ATC type) are peederred. General purpose syrthetic
foams (Induding AFFF) or proten foams may lancten, Dot will Do less oflective  'Water 10 appled
pently may be usad as a tlanket for fre eatinguishment

Fire Fighting Procedures: K pecple awity. I500be fow and deny unrscidaary entry. Buming
gy mary Do salingushed Ly diution wih wider. Do not vse direct wader siresm May spoead fire
Buming hquids may te moved by Nashing with waler 30 peolect personng and minemize property
samage. Waler fog. apphed genty may be used as a biackel or fire axtngushment

Special Protective Equipment for Firefighters: Wear postive-pressure self contanad reahing
apparatus (SCBA) ard protactve fre Sghting cothing (indudaes firo Sghting heimet, coat, Frousers,
BOGHS, AN GOWR) I Sroscive BQUEMBAE 1§ NOL Svislalie O Not Laad, TG Trs from & prosecind
Coaon o sale datancs

Unusual Fire and Explosion Mazards: Volent steam generadon o enuphon may 00our upon
sopication of drect water stroam 10 hot quids

Hazardous Combustion Products: Dunng & fee, smoke may contan the ongnal maleral in addeon
10 COMDUSBON Produits Of vanying COmpostion which may be 1aaic andor mitsting. Combustion
producty mary Inciude s dre rot limiled % Carbion momonde. Caton dlonde

‘

Accidental Release Measures

Steps to be Taken i Material is Released or Spilled: See Section 13 Disposal Consderations, for
sdavoral pformason. Conlam spiled matenal f possible

Persenal Precautions: olate area  Refor 10 Section 7. Handing. ‘or addtional pracausonary
FRAMS KOOP UNPOCHSANY 3G LERICIECING DESOnnl ITOM GNNNNG Ta A8a. NO Smoking in
MoR Use approprids sty esuipement. For sddtional wfomation. reler 10 Section 8, Expasens
Cordrols snd Parsonal Pretection

Enviconmental Precautions: Prevect from ecterng indo 104, diiches, sewers, wisterwarys aovior
prounowaer, See Secton 12, Eoological mformanos.

Handling

Goneral Mandiing: Avold cOMact with ayes, ¥un_ and clathing  'Waah tharoughly sfter handieg  See
Sectcon B, EXPOSURE CONTROLS AND PERSONAL PROTECTION

Other Precautions: Contaners. oven Ihose that hawe Deen emptiad, Can coman vapors. Do not out,
aril. grnd, weld, or perform simiar 00eratons on OF Near empdy Cortaines

S
SL000 I OAGNG! CONLMNGE

Page2 oo
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DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Product Name: FTHYLENE GLYCOL DIACETATE PURE Rovition Date: 2070514

8. iposure Controls / Personal Protection

Exposure Limits
Norw calablabod

Personal Protection
EyeiFace Protection: Use chamcal gogpes. Chamical ogging should De conssiest with EN 166 o
equvalent
Skin Protection: Use protoctve clothing chemcally resstant 1o ths materal.  Selection of spoofic
L0 Such a8 oe shiele, Dools, agron, Of full Dody scil will epend on Bw Lask,
Hand protection: Use chamual tesstant goves classioed under Stndard EN3T4 Protectie
gloves aganet chamicals and micro-organisms. Examples of prefemed glowe bamer materls
nciude  Betyl nbber . Chicrratod polysthykne  Polmthyene Ethyl viey akohol maale
("EVAL"). Polyvnyt alcoral (FVA"). Examgies of acceptadie glove Darrier malerals inchucke
Natural rubber (o) Neogrone  Neslofutadeno adber ("airke” or "NEBR") Polyvay
chlonds ("PVC® or Snyl™) Viten, When proiongid or Iraguantly repeatnd cotact mdy o0t
8 gove with & protecion clase of £ o hgher (Breshithvough Sme groater Ban 120 minuies
aoordng B EN 374) & recommended When orly bref contact is expacted, » glove wih a
proflocson cass of 1 or Nghor (broakPraugh time greater han %0 mirulos according o EN
374) 6 recommandsd. NOTICE: The sslacien of a speciic glows for @ partodar soplcation
a0 G lion of wae 0 & wOrpiace shoukd ais0 tame N0 acoout ol relevan! worsplace facion
such 35, but not imied %o, Other chemicals which may be handed, physical requirements
(O pUNCiure protocBon, daxienty, Ihermal prolecnion) potentiy BOdy 1eacsons 10 glove
materiis, a5 well a5 the Nstructions/specitications proviced by he giove suppliorn
Rospirsiory Protection: ROSOricey SeomcHOn Shoukd 0 worm wian Dand & & pOsnsal 1 dxtied
P expotere IME mequenicts of guidabnes ¥ s e N0 Appicatile mpotune it reganemsnts
o Qudeines, wedl respiratory protecton when adverse effocts, such s respiratory imtabion or
dscomiod have been eperenced, or where Indicated by your risk assessment process. Use fe
Rilowng CE spprowad ar-punfyng respitaor. Organic vapol canrdge, typo A (Baling point »85 °C)
Ingestion: Use good personal Mygierss. Do m0t Consumm of 000 00d 0 the work anea. Wash hands
befocs smoking or ssing

nginsering Controls

Vendllation; Use ongineering cortrols o mainian artome lowel below asposuro bmit requeamants o
FAteines. ¥ Duce 250 00 RpOhCHN exDune Wl Qunsents of gudeites, Lse only with
sdeguate vordiolon  Local exhaust vanliahon may bo necossary or some cperstons

9. Physical and Chemical Properties
Phyysical State Lque

Color Coloress
Oder Untew

R CCC 1901
Lower 1€ %(V) Vendwr
Upper 8 4 %V Vendor

i
H
g

Autoignition Temperature 481 °C Venoor

Vapor Pressure 0.2 iy G 20 "C Vendor
Bolling Point {760 mmig) 186 + 147 'C CAFC 100108
Vapar Denslity (ake = 1) £ 04 Vioncky

Specific Gravity (H20 = 1) 1128 20 'CN "C venxy
Freeting Poim No tost dsta avadabio
Meltng Pount 31 'C Laeratums
Soluldity in Water by 14 % @ 20 °C Lrorshve
woight)

o N lost et svadiabie
OctanolWater Partition 0.40 Estimated
Coetficient

—
TEEL
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DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

| _Product Name: £ THYLENE G2 YOOL DIACE TATE PURE Rovision Date: 200705/ 14

Kinematic Viscosity No test data avalable

StabilityInstability
Thesmaly stable o typical Use Sermperatises
Conditions 10 Avold: Exposcro 10 olovatod o geriiunes Can Cause groduct 10 decampose

Incompatibile Materials: Avod contact with Ouewen

Hazardous Polymerization
Wil rol ot

Thoemal
Decompostion products depend wWon lemperature, ar supgly and the presence of oher malenals

. Toxicological Information
Acute Toxicity

Ingestion

Very iow sicty if ssalowed. Hamiul effects not anlicpated from seallowng small amounts
LOS0. R 6850 mghg

Eyv Contact

May cause eye urtanon. May cause comeal njury

Skin Contact

Braf cOMact may Cause skin MLALon wih 102 1edrass.

Skin Absorptisn

Prolonged skin contact s unkeely 10 result in absopbion of harmisl amounts
LOLO, Rabt 5,400 mghy

Inhalatson

Vapor muay o Fslstion of B uppor rospisalony ract (nose and Pvoal)

CHEMCAL FATE

Movement & Partitioning

Bloconcostration potertial 'S low (BCF < 100 or Log Pow < 3]  Potantal for mobility in 508 is vary high
(Koc batasan 0 ang 50)

Henry's Law Constant (M) S4F 08 ste*m¥make 75 °C Neasernd

| Partition coefficient, nectanolivater (log Pow): 0 40 Esamaled

Partition coofficient, sod arganic cartonleator (Ko< ) 10 Fstmated

Rate Constam Atmospheric Halt life Menod
l 3 7805E-12 o i 280 | Esleraled

Theoretical Oxygen Demana: 1.42 mgmyg

ECOTOXNCITY

Vateral & hamful B agenc argarsams (LCSWECSOICS0 tatwsan 10 and 100 mL in most sensitve
poces)

Fish Acuts & Prolongod Toxicity

LCS0 Blusgil & epomis nacrachins), st 96 h 90 mal

| Pagesarn
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DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Al dispossl pracions must be o comrplinnce with sl Federsl StataProvacial a0 locsl laes a0
reguistons. Do not ump N0 any sewers. 0N The ground. o nio sny body of waber

|14, Tramsport Information

ROAD & RAIL
NOT REGIRATED

OCEAN
NOT REGIRATED

AIR
NOT REGLRATED

INLAND WATERWAYS

Proper Shipping Name: SUBS5TANCES with a fashpant atove §1°C but not more Pan 100°C
NOS

Technical Name: ETHYLENE DIACETATE

Mazard Class: § 1D Number 108008

i

Ewropean inventery of Existing Comenercial Chemical Substasces (EINECS)
The comporants of s product aro on the EINECS isvaniony of a oxompt from iseniony
o e ants

EC Classification and User Label Information
This product is not dassfad a dangarnus acoordng 12 EC onteria

6.  Other Information

g ‘

Kenifcaton Numdar, 7282 /3008 J Isaus Date 2007T04/14 1 Version: 10
Wost recent revision(s) are nofad by the bold, dodbie tars in left-hand mangin fwoughout ™s
dccument

Cow Cheymcal Company LIT orpes soch cusfomer or mcpvent of fvs (MSOS o study i cormly and
CONSUT BOEVOLVISNS SDMSE. 35 NOCOSSNY OF SPEvOanare, 10 DOCOME aware of and understany e

e condamad v fus (MISDS and any hazards assooafed wih e product  The mfarmaton herer is
PrOoveied in gOOd B andt Dot od 10 be accuraie aa of e eMoctive date Ahoen aldve Mowenr. o
TRy, SDrRRs o dngled. & oAt Regulidory Quirimenis & Sulpict 10 Change and soay SV
Daivverr viroos Doalora N i e Doy 'susne’s respensshi®y 10 enscae Kaf e acfvlmes comly with
W foers, statw, peoreasom Or DGRl ws  The ilormaton presenied hevs Deviavs Oy 10 P procuct

Page s of &
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DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Al Y TAT - 14

Ay shpped  Snce condfaovis R (e oF e product ave nod encler the conbrod of Mhe manfschirer. X 18
e boyer'shmer's duty 12 dedermune He concions necessary v e sofe yee of s procdct  Oue fo
o prodforaton of sowtes oy ormation such a3 manufacturerapectic (MISDE s, we are mof and
cannot be responstie or (MISDSs obéamad rom any soenve other than oursshes. If you have
oblained an (M) SDS Som ancther soarce o I you am nol sure thad Me WSOS you Save s cuorawd,
PROSe CONLECE s v Ihe mOSE CAnroal verson.

Page b ol &
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DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Attachment 5

P-l.\\ 4
Safety Data Sheet
ocoarding to 0T 200GEC, Article 31
Friating dore 0912 2008 Pavision A9 12 s

I Idenvificarion of the salstanceproparation gnd of the compuny/umideriahing

Frbai 1 dramily

Trnde newwe: ESTISOL 140
fppicerion af the wbatascr / the properstion Sudweny

Mo fontuwrer Sapyelior,
Esti Chem A4S
Lrbswrvgparden (6

IN - 4621 Godbhwny
Fel - 2 d&3083 12 22
Fae 148368523 73

Farther lnformation obteinaile frome:

Je oot sy ol paer iy

At e S che e de

Anfarmation n case of emerpeny! <43 S680 51 72

-‘ Illl “ards I.'v"f.‘.'l','l.n Atyorey

Heswrd dvcripWan: Nov gopivcalvy

afaramtiae comcerlag partou ey Aetes Lir Aumet amd svirsmmew

Fow prodact dowr aow Aeve 0o N Jtollod dar 10 e colindation procadwe of e “Cemerad Chmnifioswas
oniieling Aw gwepaw it of e L1 i v Lot vilSd marviom

Clanioathan yravem:

T elmudfioaiow b acvonding & e Janvar adiioms of b £1, Bt amd andondod by compnany ond Ly iy

N YINY

'
] e 'c-M'.'--u"u--v INSormantion e amprodvenia

CArmiowd characnvipanan
Desoviptlan AW E o nmancgs [iird vl v ah ot Actumdour it

1
‘ angerows cvmpaments 1
\ (AL fivimanian ) o 1ty s diag of e Asnd ok pAvares refor (o w14

— — 1

4 First wid measures

(ronvval Informatae: Mo gvoa svasw oo regaved

After inbaletion: Sy freok air comnal dhavir in e of Compianiny

Afvw siin cnmact: Jemviaied) wank vk wany sad wap el rve horavphdy
ANy ¢ oomlact) RTese apennd coe 1w 3000 of Msweicy sy AV waivy
Afoer ywaloadag: I pmgvaess pevasa ool dacas

§ Fire-fighting mesiures

Naug e exnpanibiag agvat
COL, povwder v Wiy v dy. FION Reper ires with wuser speidly or Soohel raaiand an
Provective ogadpwest; Wear sclfcomtavend reqpiraaary prosciow dves

6 Accidental refeave mogsures

Pervavrelwed sefety pevcwationc oo o otecan vy
Meaiwrs for cmiravmestal prodection: Do oo alloe & onter sowery ssrlxce ar groamd water
Measwres for deosing oolNevrivg:

{dsovd with Sgaid-dinching mutoviad’ Oood Eotomte acid Snders. sevversal Sddwkiory, sawubod)
Xod o e 2)
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DRILLING FLUIDS FOR DEEP CORING IN CENTRAL ANTARCTICA

Pagr ld
Safety Data Sheet
wevarding f JROS2006EC, Artivie 21
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Safety Data Sheet
according to 19072006 EC, Article 3]

Pristing dase 09.12. 2008 Revigow, 09 12 2008

Trade nasve; ESTISOL 148

WContd of pape V)

Air tramsport [CAO-TT and IATADGR:
ICAOTATA Class: -

|

15 Regularory information

Labelling according s KU guidelines:
Observe the gesmera safety regulations when Aandling chemwioals

l The prodect (s st subect 1o deotificanion regadanions wader EU Directives and the Ondinance o Hazardons .
Materials (German GoStoff)) ‘

16 Onher informuation

This information (s dased om our present bnowledpe However, tiis ghall mor conafitute @ guaranive for any |

ipeciic prodvct feavares aod shall not extabiivh a fegally valid contractval refationchip
| Department isswing MSDS: prochuct safoty dopariwent

Comarce: Mrs Rirght Pape |
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Safery data sheet
wecording 1o 19072006 EC, Article 1)
Priving dave 04,02 2011 Revivion: 9403 200)

! Idennificanion of the spbxipnce/mixtwre amd of the company/mndertaling

Frodect ideanfier

Trade mawe: ESTISOL 183
Applicasian of he sabsrence / the preparation Solveons

Dcvalls of the sapplier of the safefy date shooy

Vaoafacsarer Nupplier:

Fory Chew A'S

Erivervaporien 18

DK - 3821 Godvirsp |
Tel: +43:3663 35 72 '
Fax +35-58.65 3375 |
Purrher informwenion odalvaldy fraw, |
proalet sifely Jie e toest

brgh pape daddriv-cheasie e
Emergency tefephone samber: « 453665 31 77

Hazards identification

Claaificetion of the substance or svixture

Clasxifioatow scoording to Directive $ 7ML EEC ov INvective IPPRYGSEC Vot applicadle

Infuoewwaiion comcerning povtiovlar batards for byman and envirosment”

e provivcy dovs vt hawe 1o be labefied dwe b0 the calpwlation pracedvey of e “Cenwral Clacnficanion
pidefing Gor preparations of e EU™ be the Mntest valud version

Clasuificerion iyutom:

e classiGoation is according 1o 1he (wesr edltion of e ET s, amd cxtended &y compary and Weradwe
data

Label edevwonr

Labelling eccondieg v LU paidelnes’

Nerve the ponerad sgfety repadatioar when hondlng chewical

Tive pronbect & v salyect A0 AivmnOoation regwianomes masler EL Directives amd the Ovdimance an Hlatardiso
Maxeriads (German GofSaalV)

Ober bazands

Kol of PET and v/ B axvensment

PRT: N appdvatie

Wl Nt applicable

Covmpasitivsa/ i feormafivon on logresdiensy

Chevndowd characserizanion: Nictwres
Description: Spmhetic Esver

Damperows compenenty; Vold
Aldichamal informmatian: For fw woardlng of i Dited rak phrases refer 10 sevtion 16

- — _—

J Firsy and myeaswres

Decription of first ald svoeswren

Genverel informatisn: Mmwmadiove() remuove omy (oo sollad &y the peodng
Afer inbatsrion: Supply frech alr. comna docior be case of compiatar

After shin comtoact: Ivemediare(y wanlt with waker ond soap and risse Shorougi)
Afver eye contact; Kiase apenwd oy for seversd siostes wnder rvomieg water
After ywallowing: & sympdsms persisf comml docior

-

Comtd o puge 21
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Fuoge 3 4
Safety data sheet
accwnding to 190720065 C, Articke 31
Priwing e 0203 200 Revision 0203 201/
| Trade nome: ESTISOL 165
[ ———
Gl of pupr 1)
Pemetration e of plove meterisl
T axact vk trovwgh thase s 10 8¢ foond ot by e el turer of the provective glovex and bax 1o &
abaervand
Erpe prodection: Safedy phoes
y "'.tl h;-, af ¢ '”I;‘ C l'l- muca 'l'w l-,'\'v'-". >
Informstion on basic physicel and chemical properiies B
General Information
Appearance:
Form Fiwid
Colonr: Cloar
Odowr: [FOIK)
Chomge v condiion
Melay point'Wellng rasge: ( ndcdermoned
Follag point Bollng reage: Cmbedcrminad .
Flarh point: - Ty |
Selfdgnivag: Prodiect is mot selSpmaiing
Damger of explasdon: Frodhct docs mot propest an explocion hazard t
———— —— - . oo ana — |
Density w 20°C) LI gow'
| Soda Sy dv 7 Miscibilley with
e Sodnbie
Fiscoadty:
Dymowic ar 25°C I Py

TO Srabiliry «

Reaonvkey

Chemical atebilisy

Therm! decompasiion / comditions se be eraidnd: No decomponition §f wed according to specioarions
Poibiiy of bacardows reacrions No dangerows reathons woses

Hozardwus decwmporition peoducty: No dangeroas decompanition prodects known

1 Toxicolegical information

{nformetion v sedicadvgical effeces
Acure h’dl*).
LIVLCSO weluen refevant for claxificenion:
Towal [ LO30) 6850 mp kg (re)
Derwaal’ LOSO | E4S0 mag Ry (radiy
 Primsary irrivawt offect:
out the skl Drrivont do ohin oo mwceour wembromes

on the eye: Irrivaving effect
Sendwzeniow, Vo semsinizimg effects Ao nt
| Adslowal faxivodagvoal infarmenon,
The prodivct (s wof axbject to classficarion according o dhe calonfarion melbad of the Gemeral EL
Clansifoavion Gandeldimes for Preparations ax osed (o the bvest versisn

1Cowad o page 1)
— - A —
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Page L1
Safety data sheet
according fo 72006 EC, Artick 31
Printicg datve 04 .03 201 Revisionr M08 2017

Trade nume: ESTISOL 165

(Cond of page 5)
When wsed amd handled according 10 specificavions, the product dacs mo larve amy harmyad offects 1o ow
cxperience ond the gformanion provided s s

12 Ecological information

Toxiciry

toguedic raxicity: No fardber relevant Information avaloble ‘
Pershitence and degradubiliny |
Otheer inforsvotion: The prodwct i really Nodegradalle (60% 7 18 davy according OECD 301)

Behavivar in envirossvental ypstens;

Bioeccamulative patentiol No farther relevand ingormation avanlable

Addinomal ecovlagical infirmetion:

(remeral mates:

Water hapard claw | (German Regulationy (Selfassessmonts siiphtly hazarefoms for water

Do wot allve sndliivwed pradvct or kirge gwmiities of IV 8o reach grownd warer, waler Course or Sewage

L afewe

Resuls of PET snd v PyE asseximeny

PET: Not gppliicale

vE: Nou appdvoalie

i3 1’/\}‘\»!:.'0' considerarions

W axte trovtwment merhods
Revommvndonion
Mt ot & duponed togpesher with hosachald garbagpe Do ner alaw prodicy 10 reack sewage system

Uncleaved pachaping:
Recommandonon: (Asoosad saar be made occording to officis’ regadations

14 Transport informarion

Maritione traesporer IMDG:
Marine pollvaanr: Mo
Speciad precesnious for srer Not applicatVe

15 Regulatory information

Safety, bealth ond envirenmesval reguloonsfegislation specific for the subvtance v v vivre
Nadowal regulafioms:

eker reguiotions, Nevtations end prokibidve ropalations 1993 kode -
Chenvicaf safety assesswent: 4 Chemion! Sty Avsexoment At naf Seew carmad ow

16 (ihver information

Thix Mformuation iy baned on par prexent knowledpe. However, thls shall mod comsninae @ gwaranses for uey
speciie prodvie feavares and skl ned eataNivk a Legally valid comtractmad relatianship

Depaviwent issadng MSDS: prodect safely deparimen
Connacr: Mes. gt Pogwe
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l"." 1§
Safety data sheet
wocording s [T 2NGTC, Articke 31

""mv" e ) w) Noviskon O8N T2 )

I Idenmtification of the substaposmivtare amd of the ¢ o ) ‘anderieking
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PET: Nor opgVoal

Ml Nov appdeaiily

£ Companitiondnformution on ingredienny

Chomvicoa) characinripeaon; Mivoures
Pesonipion; Svwheze Esver

Pervpvrvas cowgpment Fos!

AdBdenat dnfarmation: For e wivding of e Dirred vk phesses rofov 00 sevum 4

f First aid meayares

Bocripdsn of firgd aid sownsuns

Gewerw! infarmation: Mo spvciad messwrss reguirad

AlSer visioNow: Sogpdy rerh alr, commmd Soviv e cone of compinats

A0 SEM (st Tmacaayi) o ash se® waser enad roap omd ruese dhsrouphdy
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Pupe
Safety data sheet
accordimg to 19072006 EC, Articke 31

Fristeg Ave 08 122001 Revivion &% ) )1

[ Trade wawe: ESTISOL F2487 I

|

1Caad e 1)
Iadication of aur immedione maadical asention and special ireatvwen meedad
No farvher redevant armation avaslaiNe

l

Extaguivhing wodla

SatelNe extingubsAing apents:

OO, poseder or water speay. Fight kavger fires with water spray or aloobol restaant foam
Special hezerds ariting frovs the xubstance or sixture Na fwriher relevist nfoemanion ava laiVe

Advice fov firefigtiers
Provective equipoornt: e selfcomtabmed respirarory prosecaive device

Pervanal precastlons, puotecive oquipment and eveergency procedven W e procecie choathing
Envirenwental precastion: Vo sipeckal moanyves requieed

Meatods and meverial fov conminment sad desnivg ap:

{daord with dgasd-dinding maserial (rond dasceving, acvd Nnders. avsversaf Mioders scnedunty
Reference m oaler seciivny

No disspeross ssbstaoces are rebeased

Sev Secrion 7 for Ingformanion on safe hondling

Sev Secnion & for Igformanion o pevsomy pv i fion egagvw sy

Sew Secrion 1] for dapanad information

| ?

Naadlivg:
Precentions for sefe hendlag Vo special meanees reguired
Informavon abour fire - snd cxplesion prosection. Vo specal meanwo regatred

Condiions for safe storage, inchading eay vcompeniiirier
Stovsge:

Reguirements to &¢ met by stoveroonn and recepvacies: Provide solvest reststant. sealed oo
Informwetion sbowl steraypy (n o0 Common Sdarage fociiiy: Siare deuy rom Lndon s
Farvber informeiion sdon! sterape condton: \one

Specific end amefy) No Aovivr redevoms informanion svaloble

t Exposure controds/persomal prorection
» s ’

Adidanal Mfarmanion abow deripn of rechaicsd focllidn: No fareher dane: soe ow 7

Contrad pevometen

fagrolents wivh Bt valnes thed reguire swntioring of the wavkplace:

The prodiect dpes mv comtain agy relevast gvaniies of saverials with erinical values 1har Aeve 1o be
moaniorgs of My wivilpdace

Addwomal infoomatian: Jhe Nate wallf daring the aabing were ased as Aaods

Lxpasare comrndy
| Fersonat pratective oguipaseny:

General provactive and hygpienic menacren:

Tive swowal precastionary eweanwres are (0 N adbered 3 wiven Aanalling ¢ hemvicals

Resplravwry pewiection: Mot regured

Protection of hands:

The plove saverial bt 45 be ipermealie and resiitand 10 the prodiect’ the svdramoe the pv epararion
Cuotd we pagr 1)

\ -
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Page 1§
Safety data sheet
according o 19972006 EC, Article 1)

Prinsivgg diste % )2 2011 Revision 0812201

Yrode mawe; ESTISOL FI8857

fConnd of page 15
D bo muaning feats no recommcadition m the glove aterial can A prven for the prodac: e prepuarivion
e chemical evictare
Selection of the plove maverial ow conrideration of the peseiration times, raves of diffasion sed the
degradanon
- Material of glvres
T sebection of the saisalle gloves doer not anly dopend an the material Dot alss o farther marks of gualin
m{WﬂﬁmMWloMm Ax the prodect (s @ preparation of several substancex, the
md*Wuﬂ:«mNMthhMka«W”m&
WOt
" Penetration time of plave materiol
mmwmwmuﬁwm»mmdwmmwu»~

Eye provection: Safety phasses

| Oecompesiio remperatwe Not desermined
Self-gpaiting: Prodact by s @O‘dmg
Exgpdosion lwin
lLower: Nov desermmnad
Lpper: Nov donerminnd
Faponr presswre! Nov dedervaond
* Dhenadty ar 20°C: 1085 gom”
Refonvve density Nov devermimed
Vapour demsivy Now dever mimed
Eveporation rate Nov devermined
Sohatiiy L 7 Miscidiiy wieh
wwer: - Mot misciNe
Sexpvepation cogffichent (m-octenolvair): Not determined
Viscosivy:
Dyneml: Not dererannnd
Nlwemsaric: Not desermaned
| Oxter Information Nob flarther releran igformaticn avarieble |

n‘
(Comtd om pogr 4
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Foge 43

Safety data sheet
accordieg fo J9072006EC, Article 31

Friviag dove 08 12 2071} Revisdon: 08 12 200/ |

Trade mame: ESTISOL FIs87

OCwnd ol page 1)

10 Stability and reactivin

Rewcoivizy
Ohemicnl srebiley
Thermai decomposiion / conditions (v e evolded: Vo decompantion (f axed aocovding 20 spec(oati s
Possibility of heserdows reactions No dangeross reacnons kvoen
Condivions to gvold No frther refevany information avadadle
Incomparible materiah: No frther relevost (normanion avalatve

l Iavardeus decomposition prodaco: Vo dvgperews decoogantion prodwrs baows

e —— o &

Il Toxicological informarion

Ffarmarion on foricafugical offexty

fonfe faxicity:

Frisary ieripenr ¢ffect

o M e Vo vratoer ooy

on e eve No rianing aofect
Sensi¥sation: No semiiziog ofects bnown
Addivowal ok afopioal (nfivmaatian.

The product is ned sxbject fo claxificarion eccsrding 1o e oolemlavion method of 1he Generad £
Claudficanon Guwidelaes for Prepar ation as isomed in the lodest version

Whern wed and handied sccording 0o specificanions. v prowet does vl Bave sy harmyhl effecis 1o swr
cxpurience and the nformatisn provided o m

— —

12 Ecological information

Taxichy

doywathc fockodty: No farther relenaws nformanion avaleNe
Porvicsence and degradediliy No fiwtler refeva igformation avallable
Beherioar in exvironmenial trstone:

Mloaccwmulanve paventiod Vo firtier redevant igfovmanion avaslable
Madiry in soll Yo farther relevans nformanion geaialle

Koswles of PRT ond vivE assessment

PET: Not apyplicable

v Not applicadle

Ovher adverse effects Mo farther relevaor nformation svaiable

Waste frvetment meshods
Reqnowwn davow
Mt nad & duposed Jogerber with boasehods! pariage Do nat allow prodct &0 resch sewage pystem

Uncloawed packaging;
lm-lmm Neponad mand be made acconding zwfr\ al "p.'.u»..c.

Warithwe trasspour IMDG;
Warine podiviaw: No

Special preceations for user Nov appiicadNe
Trenspoet in bulk according fo Anncx I of MARPOLTTE and the 1BC Code Nov appiicadle

" -

IOl o puge 4
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f e 33

Safety data sheet
accovding te IN72006EC, Article 31

Printiog dave G2 /2 201) Revavdon: 08,72 20701

Trade wame; ESTISOL FIR87T

15 Regudatovry (nformation

Chemiowd safety assessment A Chesvond Safery ssestmeny Aax mv Sevw carried ont

16 Other information
Thix information &y baved aw owr presesy knswlodge, However, this shall wor constinte o guarantes for any
speciic prodvct feavwres and shall ner esvotlish g legally valid contracawa refariosshin

Department iswing MSDS: product safely deportment
Contact: Mrx Birgir Papw
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