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1.0 TINTRODUCTION

In the Troll Field, the o0il reservoir 1is a very high permeability,
unconsolidated sand. Completion procedures to be performed are either:-

(a) prill in 124" hole. Completion to he an in-casing gravel pack.

or (b) Drill in 81" hole. Underream to 18". External gravel pack to be
placed.

The reservoir is relatively shallow, with a low BRHT of 154°F. The
reservoir pressure requires a wellhore fluid density of 1.18.

A frozen core sample from Well 31/2-9 (1594.76 - 1595 M) was received, plus
details of connate water analyses.

This report detalls the results of lahoratory examinations on the nature of
the core sample, and' proposes wellhore fluids designed to minimise

formation impairment and operational problems.

1.1 FULL CORE INENTIFICATIOHN

The sample was lahelled:-
SHELL 31/2-9 C(Core MNo. 4 (Box &4 of 19) Depthr 1594.76 - 1595 M (74") Rox 5.

2,0 NATURE OF THE CORE SAMELF

2.1 Description

L.ight grey, extremely friable sandstone. Medium/coarse sub-angular
gralns. Moderately sorted. FEvident high porosity.

2.2 Pore Size

Recause of sample friability, capillary pressure methods were not
possible. Pore sizes were assessed wusing an optical microscope.

Pore Size Frequency Assessment
{Microns)

More than 200 Occasional

100 - 200 Typical

Less than 100 Frequent

2.3 Grain Size

For possible utility in gravel pack design, screen analysis results of
grain size distribution are given below,

Grain Size Percent by Ueight
(Microns)

More than 1676 0.2
1003 - 1676 4.0
500 - 1003 34.9
152 - 500 55.7
Less than 152 5.2



2.5

2.6

Retort Analysis

A known weight of as received core was retorted. Assuming 100% liquid
saturation, the o0il and water saturations were as follows:-

011 Saturation 13%
Water Saturation 37%

Assuming now a grain density of 2.7, the porosity was calculated.

Porosity 317

Permeability

A core plug was cut under liquid nitrogen, and encased in epoxy resin
containing Idcarb 150 to prevent resin invasion. Fluid flow was
estahlished through many 1/16" holes drilled at each end through the
epoxy to just penetrate the friable sand.

Result:-

Effective permeability to Kerosene (at irreducible water saturation)

= 8,000 millidarcys

An average reservoir permeability of 10 - 15 Darcys is reported.

Mineralogy and Dispersible Fine Clay Content

A sample of the core was cut from immediately alongside the sample
used for permeability testing. The sample was taken from at least one
inch away from the rounded mud contacted edge produced during coring.

The material was placed in distilled water containing a deflocculant
at pH 10, the mixture pently stirred, and ultrasonic energy introduced

via an ultrasonic probe (Soniprobe - Dawe Instruments) for a period of
four minutes.

The mixture was allowed to sediment and the smaller than 5 microns
particles removed by repeated decantation,

This procedure is designed to separate the more loosely held clay
minerals without significant comminution of the coarser particles. The
dispersible fine mineral content has heen found to correlate with the
water sensitivity of sandstones.

The mineralogical analyses of two fractions : less than 5 microns and

whole core, were determined hy X-Ray Diffraction. The results are
shown in Tabhle 1.



TABLFE 1 — MINERALOGY AND PARTICLF SIZF RESULTS

Particle Size Fraction Less than 5 Microns Whole Core

% W/W in Fraction 2.6 100

X-Ray Diffraction Analysis

Minerals found % w/w of whole core

OQuartz 0.08 63
Felspar 0.05 14
¥aolinite 0.94% 2
Mica 0.10 3
Montmorillonite - -
Pyrites/llaematite n.0s- 2
Calcite 0.03 1
Rarytes 0.08 -

* Kaolinite plus Chlorite
- No mineral detected

NDiscussion of Results

The fine particle (less than 5 microns) content of the core is 2.6%. This
represents a moderately clean sand and by normal criteria no more than
moderately water sensjitive. The very high permeability and pore size,
however, suggests that the water sensitivity is low. This is hecause any
mobilised fine particle clays are probably well able to move through the
pore network without significant plugging effects.

The predominant fine particle mineral is Kaolinite., Mo swelling clays such
as Montmorillonite were found.

Rarytes, found only 1in the fine particle fraction, may well have been
present from coring fluid invasion of the very open pored core sanmple.

3.0 FORMATION UATER ANALYSIS

Two analyses of connate water from the Troll Field have been made
available.,

Ton Concentration (mg/1) No. 1 No. 2
Na+ 16,600 15,900
Ca2+ 1,870 2,400
M2+ 320 320
Sr2+ 295 270
Ba2+ 23 -
Fe 20 -
Cl- 29,780 29,500

HCO3- 615 800



3.0

FORMATION WATER ANALYSIS (Cont'd)

On

contact with Calcium Chloride based filtrates on the alkaline side of

neutral, precipitation of Calcium Carbonate (ca. 1 g/l depending on mixture
ratio) 1is likely to occur.

The Strontium and (particularly) Barium concentrations are sufficiently low
that little sulphate scale 1s likely to occur with seawater based wellbore

fluids.
4.0 ASPECTS OF WELLBORE FLUID DESIGN
4.1 Bridging Solids

For both drill-in and under-reaming fluids, the most critical feature
required here is an adequate concentration of bridging solids. This
will minimise the depth and degree of solids invasion of this very
open—-pored sand.
The presence of bridging solids also allows the laying down of a tight
filter cake on the surface of the expnosed sand. The differential
pressure between the wellbore fluid and the formation is thus
concentrated essentially across the filter cake. This will support
unconsolidated sand and prevent sloughing and washouts. Near—gauge
hole will allow good perforation penetration of the formation through
the casing and thin cement bhond.

Bridging Solid Particle Size

From the microscope examination given in 2,2, the typical pore size 1is

estimated at 150 microns. In SPE Paper No. 5713, Albert Abrams (Shell

Development Co.) recomments:-—

"(1) The median particle size of the bridging additive should be equal

to or slightly greater than one third of the median pore size of the

formation. (ii) The concentration of the bridging size solids must
be at least five percent by volume of the solids Iin the final mud

mix."”

Therefore, for this formation, at least five percent of the solids in

the fluid should be of 50 microns diameter or greater.

Suitable bridging solids are :-

( i) Idcarb 150 - a high purity aclid soluble calcite containing
(typically) 30% of particles greater than 50 microns (See
Appended Product Data).

(i1) TIdbridge 'L' ~ an aqueous dispersion of oil-soluble resin
particles, of which 45% (typically) are greater than 50 microns
diameter (See Appended Product Data).

4.2 Nature of the Aqueous Phase

The cholce of the brine in which the wellbore fluid is built is
governed by the following factors:-—

1) Fluid density required
11) Water sensitivity of the formation
111) Compatibility with formation water
iv) Performance of polymeric suspending agents.
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4.2

Nature of the Aqueous Phase /Cont'd)

The density required is 1.18, For brines unweighted with Idcarh,
this 1is about the limit for KC1 brine. Solely from the aspect
of density, for fluids further welighted with TIdcarb it is
immaterial whether XCl, NaCl or (aCl2 brine is used as a basis.

The water sensitivity of the formation is probably low. However CaCl2
and KCl brines are fav better than NaCl brine for stabhilising such
clays as are present. Na”l brine converts clays by ion exchange to

the sodium form, which on clean-up of the well can disaggregate on
contact with lower salinity ‘nrmation water.

From the aspect of compa'ibility -with formation water, Calcium
Chloride brine, used at slig'tly alkaline pH, would cause precipita-

tion of some CaCO3 on contac' with the formation wayter containing 600
- 800 mg/l Bicarbonate anion.

For suspension of relativ-ly coarse bridging solids, the use of a
biopolymer (Xanthan Gum) sus-ending agent i{s necessary. HEC lacks the
necessary progressive gel st-negth for adequate suspension.

Biopolymers such as XC Polym:r or DF-Vis, however, exhibit problema-
tical performance 1n Calc:um Chloride brine. Their performance
(yielding characteristics) i: extremely dependent on pH.

At lower pH (6 - 7), especizlly with prehydration, XC Polymer can
provide satisfactory yie A points In Calcium Chloride brines.
However, the progressive jel strength (suspending ability) is much
reduced. More importantly, :f the pH approaches 8.0 and above, the
Xanthan Polymer can (at le:st partially) precipitate as evidenced by
lower pseudoplastic properti:s and (often) very low API filtrate loss.

The pH of commercial Calciun Chloride solutions can vary due to
varying unreacted brine co:zents. Also mud systems contalning CaCoO3
ultimately buffer the pH on -1e alkaline side of neutral (pH 7.5 -
8.0).

For these reasons, and b:rause of erratic behaviour under field

conditions, 1IDF does not rec.mmend the use of either XC Polymer or
DF-Vis in Calcium Halide bri-es,

Recommended Brine Phase

The recommended choice 1Is b :yeen the cheaper Sodium Chloride type or
the more expensive but clay ::abilising Potassium Chloride brine, thus
avolding any scale or polym:- performance problems. If an under—
reaming fluid based on visco::fied brine plus Idbridge L were adopted,

the density limit of 9.8 5pg (1.176 density) for KCl brine may not
allow enough flexibility for :ick control.

In this instance, a more fle:ble and cheaper system exists in a mixed
NaCl/KCl brine. This can :itain a density of 1.234 (higher than

either pure NaCl or pure KC1 when the NaCl:KCl ratio is between about
2:1 and 3:1.

For example, 0.869 bbls of witer, plus 96 bbls of NaCl plus 32 lbs of

KCl gives one barrel of br ae with a density of 1.234, a crystallis-
ation temperature of 32°F,



5.0

RECOMMENDED FLUID DESIGN

The

fluids wused will depend on the completion operations performed.

NDrill-In "Fluid

For drilling in the production sand prior to either casing/perforation

or under-reaming, solubility or removability of the filter cake 1is not
an important factor.

However, the fluid must contain bridging solids to prevent deep skin
damage and sloughing, and must exhibit a thin impermeable filter cake
to minimise any tendency to differential sticking.

Such a fluid is provided by the following composition per finished
harrel:-

Drill Water 0.872 bbls
¥Cl1 (or NaCl) 50 lbs
NDF-Vis 2 lbs
Idflo 4 1bs
Idcard 150 70 lbs
NaOH To pH 10.0

Typical Properties:-

S.G. AV PV 1P GELS FILTRATE LOSS
API HTHP*

1.18 36 20 32 6/10 3.0 9

* At 500 psi and 250°F.

Because of the high pore size of the sand, Idcarb 150 is recommended

as sole bridging/welghting agent. (Normally blends with the finer
Idcarb 75 are used).

Such fluids also exhibit very low dynamic fluid loss. Case histories
have demonstrated that very low skin factors are attainable with such
fluids. ’

Solids Removal

Because of the need to maintain relatively coarse bridging solids in
the fluid, the solids removal system must be considered. Nesanders

and desilters are capable of removing most of the particles above 50
microns,

Shaker screen sizes down to 100 mesh will remove most of the cuttings
whilst allowing the Idcarb 150 to remain in the fluid. Desanders
should only be used when essential to reduce the sand content.

An alternative, 1if available, 1is to use a mud cleaner where the
desilter hydrocyclone discharge 1is screened. Again, the use of finer
screens than 100 mesh will remove some of the bridging size solids.

Some of the bridging solids will show up in the API Sand Content check
(More than 75 microns) at about a 1-1.5% by volume level. This serves

as a check for the presence of an adequate concentration. Maintenance
additions of Idcarb 150 may be necessary.
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5.2

Under-reaming Fluid

Whilst fulfilling baslically the same function as the drill-in fluid,

the main difference 1is that the filter cake must be removable after
the gravel pack 1is placed.

Tdcarb Fluid

Most conveniently, the same Idcarb containing fluid could be used for
under-reaming as for drilling-in. 1In theory, the Idcarb 150 particles
are well able to flow through (on clean-up) a gravel pack sultable for
this sand. The particle size of the Idcarb 150 is of the order of ten
times smaller than the formation sand.

1f, 1{in practice, some of the filter cake remains and causes flow
restriction, the Idcarb and polymeric components are fully degradable
in 15% Hydrochloric Acid.

Idbridge Fluid

An alternative system for under-reaming and drill-in fluids is to use
Idbridge 'L' oil soluble bridging agent, thus avoiding the possible
use of acid for cake removal.

Such fluids have been used successfully by Brunel Shell Petroleum for
under-reaming wells in the Seria Field (Well clean-ups have been rapid
indicating no  damage). Idbridge is hest suited for low
temperature applications such as the Troll and Seria Fields.

Because of the low particle density (1.075), the overall fluid density
is provided by the base brine. A mixed NaCl/KCl brine is most
appropriate for the densities required.

Because the Idbridge particles tend to float in the brine, DF-Vis 1is

recommended to avoild such separation. DF-Vis also provides a much
more stable dispersion than Idhec hydroxyethylcellulose should oil
contaminate the fluid,

Formulation:-

NaCl/KCl Brine (1.19 Density) 1 bbl
DF-Vis 2 1bs

Idbridge 'L’ 7.5 litres * (2 US Gal)
NaOH To pH 10.0

Typical Properties:-

Density 1.18
AV 26
PV 13
YP 26
Gels 6/9
API Fluid Toss 6 ml
HTHP Fluid Loss

(160°F, 500 psi) -9 ml

* Lower doses required than Idcarb 150 because of the lower SG of the
particles.




5.3

Solids Removal

Because of the coarser size of some of the Idbridge particles, shaker

screen sizes finer than about 50 x 50 mesh will remove quantities of
Idbridge.

However, because of thelr low density, Idbridge particles are not

removed by desanders and desilters. Hence full use can be made of
such equipment.

The API Sand Content check can be used to check the presence of

adequate quantities of bridging solids at about 0.5 - 1.0% by volume
levels.

Perforating Fluid

A sollds-free, filtered,'unviscosified brine of the necessary density
should allow clean, open perforations for subsequent gravel packing.

The most economical system allowing flexibility for kick control
(NDensity up to 1.234) is a mixed NaCl/KCl brine. The NaCl/KCl ratio
should be between 2:1 and 3:1.

The following data 1is for brine formations to give one barrel with
NaCl/KCl ratios of 2.5:1.

Density at 20°C Drill Water NaCl KCl
pPPg g/cc bbls 1bs 1bs
9,7 1.164 0.901 65 26
9.8 1.176 0.888 70 28
9.9 1.188 0.877 76 30
10.0 1.200 0.868 81 33
10.1 1.212 0.862 86 35
10.2 1.224 0.861 91 36
10,28%* 1.234 0.860 94 37

* Saturated at 68°F (20°C)

Loss Control

Assuming overbalance perforation, losses to the highly permeable sand
may well be wunacceptable. For moderate losses, spotting a viscous
brine pill viscosified with about 3 ppb Idhec hydroxyethyl cellulose
should provide suafficlent control, whilst leaving perforations open.
Such a solution, with a yield point of about 100 on surface and about
60 downhole, will not damage such a high permeability reservoir.

The viscous plll could be spotted prior to perforation as a prevent-—
ative measure.

For heavy losses, the viscous pill can be loaded with either:-
(1) 20 ppb Idcarh Custom plus 20 ppb Idcarb 150

or (1i) 8 ppb Idbridge Custom plus 2 US Gallons (7.5:1)/bbl of
Idbridge L.

depending on whether an oill or acid soluble system is desired. The
blend of coarse and fine minerals is to allow better bridging and also
easler clean up of the filled perforations.
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Gravel Packing Fluid

Filtered brine 1s recommended viscosified with ca. 2 ppb of Idhec,
this will provide good gravel transport whilst the low flat gel
strength will allow easy solution flow through the pack and screen.

Typical Properties:-—

AV PV YP GFLS FUNNEL VISCOSITY

56 27 58 9/9 100 secs.

Tt 1is not considered necessary to use a hreaker system for the Idhec
hecause its initial plugging characteristics are very low, and its
ultimate degradation assured.
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7.0 INTRODUCT ION

In the Trodd Field, the oid neservoin is a very high permeability
unconsodidated sand. Completion procedures to be perfoamed are
elthen:

L) Ol in 12 174" hole. Completion to be an in-casing gravel

pack.
) Ol in 8 1/2" hole. Underream to 18". External graved
pack to be placed.

The reservoin is relatively shallow, with a dow BHT of 154°F.
The neservoin pressure nequines a wellbore fluid density of 7.18.

Three corne samples Lrom Well 31/6-1 (1370m - 1374m) was received.
This neport detaids the results of laboratory examinations on the

nature of the cone samples, and proposes wellbore fluids designed
Lo minimise foramation impaiament and operational problems.

7.7 Full Cone Fdentification

The samples was Labelled:
al Hydno 31/6-1 Cone No. 4  Depth 1370m
bl Hydno 31/6-1 Cone No. 5  Depth 1371m

c) Hydrno 31/6-1 Cone No. 5  Depth 1374m

2.0 NATURE OF THE CORE SAMPLES

2.1 Des cadiption

The conas wene Light grey in colourn, extremely friable sandstones.

Medium/coarnse aub-angular grains. Moderately gorted. Evident
high porosity.

2.2 Pore Si ze

Because of sample friability, capidlary pressure methods were
not possible. Pore sizes were assessed wsing an optical
microscope and by scanning electrone microscope on Cone No. 5

~ depth 1374m. :
PORE STZE (Microna) FREQUENCY ASSESSMENT
>200 Occasional
700 - 200 More frequent
50 - 100 Typical
> 50 Frequent
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2.5

2.6

Grain Si ze

For utility in gravel pack design, acreen analysis results
of grain sige distribution ane given below.

Grain aize in micron Cone No.4 - 1370m No.5 - 1371m No.5 - 1374m

>1676 micron 0.05% 0.03% 0.07%
1003 - 1676 0.28% 9. % 0. 14%
500 - 1003 79.9% 46.7% 3.3%
752 - 500 42, 4% 28.2% 39.3%

>752 micron 37.4% 15.87% 57.19%

Retont Analysis

A knoun weight of sample as neceived faom each cone was nelorted.

Assuming 100% Liquid saturation, the oil and water saiurations
wene a4 foldlows:

Deefth Ol % saturation Water % saturation
71370m 75 85
1374m 22 78

Assuming now a grain density of 2.7, the porosity was calculated
to be:

De pth 7’0/104&655
7370m 40%
1374%m 36%

Peﬂmeabi.u,téé

No competent cores could be mounted for testing.

Mineralogy and Dispersible Fine Clay Content

Samples of the cones wene examined by X-Ray Diffraction fon thein
mineral composition.

By sedimentation techniques, the quantity of fine minerals of
dess than 5 microns size was less than 0.5% by weight. There
was insuificient of this fraction forn XRD analysis.
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2.7

TABLE 1 - MINORALOGY RESULTS (X-RAY DIFFRACTION ANALYSTS)

Mineral 7370m 1371m 1374%4m
Kaodinite 5 4 13%
Mica 3 7 5
Quantz 38 /27 9
Felspar 14 8 14
Montmorillonite - - -
Pyrites/Haematite 70 25 70

A dash means a mineral was sought but not detected.
* (ndicates the sample contained chloride.

Scanning Electron Microscope Micrographs

Micrographs of cone No. 5 - 1374 wene taken showing:

a) General view - giving indication as to pore size.

b) Close-up i.e. higher magnification of the general view.
Notice in veny centre of micrograph caystal partially
hidden by kaolinite/ mica flake. This has been funthen
magnified to provide (cl.

c) Close-up of crystal intergrowth. Electron capture analysis
suggests this o be an anhydriite caysital.

d}  Close-up of kaolinite/ mica flakes.




CORE NO. 5 = 1374 m CLOSE OF CRYSTAL INTERGROWTHS

CORE NO.5 - 1374 m CLOSE UP OF THE KAOLINITE/MICA FLAKES




CORE NO.5 - 1374 m - GENERAL VIEW




DISCUSSTON OF RESULTS

The Line particle (>5 micron) content of the cone is<0.5%. This

| nepresents a clean sand and by nowmal crileria noi waten sensitive.

i The very high pemmeability and pore size confinm that the waten

‘ ' sensitivity L9 dow. This is because any mobilised Line particle
clays arne well able to move through the pore network without signi-
Licant plugging effects.

- . The predominant fine particle mineral is kaolinite. WNo swelling clays
such as monitmonidlonite were found,

@ 4.0 ASPECTS OF WELLBORE FLUTD DESTGN

4.1 Bridging Solids

Forn both dnidd-in and underrneaming fluids, the most cruitical
featurne nequined here is an adequate concentration of
bnidging sodids. This widd mindmise the depth and degree
of sodids innasion of this very open pored sand.

The prescence of bridging sodids also allows the laying

down of a tight Lilter cake on the surface of the exposed
sand., The differential pressurne bedween the wellbore fluid
and the fommation is thus concentrated essentially across the
Lilten cake. This widd support unconsolidated sand and
prevent sloughing and washouts. Nearngauge hode will allow
good perforation penetration of the foamation through the
casing and thin cement bond.

. Bridging Sodid Particle Size

From the microscope examination given in 2.2., zthe typical pore
si3e {4 esiimated at 75 microns.

Jn the SPE Papern No. 5713, Albert Abrams (Shell Developement Co. )
necommends:

" 1) The median particle size of the bridging additive should
be equal to on slightly greater than one thind of the

median pore sige of the foamation.

2) The concentration of the bridging size sodids must be at
deast Live pencent by volume of the sodids in the tinal
mud mix."”




4.1 Bridging Soldids (Cont'd)

Thenetore, for this fommation, at least five percent ol the
sodids in the fluid showld be of 50 microns diameter on greaten.

Suitable bridging sodids are:-

L) TJOCARB 150 - a high punity acid soduble calcite
containing (typically) 30% of par-
ticles greaten than 50 micrond.
(See Appended Product Datal.

L) IDBRIDGE 'L - an aqueows dispension of oid-soduble
nesin particles, of which 4#5%
(typically) are greater than 50 microns
diameten. [See Appended Product Datal.

4.2 Nature of the Aqueows Phase

The choice of the braine in which the wellbore fluid Ls buidt
L1 governed by the following Lactons:-

i) Fludld density nequined.
i) Watern sensitivity of the foamation.
i) Comparibidity with foamation waien.
ivl  Penfommance of podymernic suspending agenis.

The density nequined i3 1.29 fon the upper section and 1.18 fon
the lowen section. For brines uweighted with JOCARB, this

Ls about the Limit for KCL brine. Sodely fLrom the aspect of
density, for fluids furthen weighted with JOCARB it Ls immaterial
whethen KCL, NaCl or CaCl, brine is used as a basis.

The water sensitivity of the fowmation is probably low. However
CaCl, and KCL brines are betten than NaCl brine forn stabilising
such clays as arne present. NaCl braine converts clays by ion
exchange to the sodium fowm, which on clean-up of the well can
disaggregate on contact with dowen salinity Lormation water.

From the aspect of compatibility with formation water, calcium
ctlonide brine, wsed at slightly alkaline pH, would cause
precipitation of some CaCo; on contact with the foamation waten
contaning 600-800 mg/L bicarbonate anion.

Fon suspension of aelatively coarse baidging solids, the wse of
a biopodymen (xanthan gum) swspending agent is necessarny. HEC
dacks the necessary progressive ged strength for adequate
suspension.
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4.2 Nature of the Aqueous Phase (Cont'd)

Biopodymens such as XC podymen on JOVIS, however, exhibit
problematical performance in Calciun Chloride brine.

Thein performance (yielding characteristics!) is extremely
dependent on pfl.

At dowen pH (6-71, especially with prehydration, XC podymen
can provide satisfactony yleld points in calcium chloride
brines. However, the progressive gel strength (4u4penakng
ability) s much neduced. Mone impontantly, if the pH
approaches 8.9 and above, the xanthan polymer can (at least
partially) precipitate as evidenced by {ower psendoplastic
propertices and (often] very low APT Filtrate Loss.

The pH of commercial calcium chlornide sodutions can vary due
to varying uncreacted lime contents. Adso mud aystems contai-
ning CaCo; wltimately buffer the pH on the alkaline side of
neutral (pH 7.5 - 8.0).

For these neasons, and becawse of ewratic behaviour under field
conditions, J7.0.F. does not recommend the wuse of eithern XC
podymen on OF-VIS in calcium halide brines.

Recommended Brine Phase

Two brines arne nequined with a density of 1.18 and 1.29. They
shouldd be formulated with calcium chloride.

5.0 RECOMMENDED FLUTD DESTGN

The Lluids used widl depend on the completion operations performed.

5.

7

Onidd-in Fluid

For drnidding in the production sand prion to either casing/
perfonation on undenneaming, solubility on nemovability of the
Lidter cake is not an important factonx.
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Dnidd-in Fluid (Cont'd)

Howevenrn, the fluid must contain baidging solids to prevent
deep skin damage and sdoughing, and must exhibit a thin
unpeameable Lilten cake to minimise any tendenty to diffenen-
tial aticking.

Such a fluid is provided by the following composition pen
Linished barnned:

Onidd waten 0.872 bbL
KCL (on NaCl) 50 Lba
DF-VIS 2 b
JOFLO 4 Lbs
JOCARB 150 7o nequined density
NaOH o pH 10.0

Typical properties fon Lommulation with 5.G. 1.18 (70 ppb
JOCARB 150].

FILTRATE LOSS
S.G. AV PV yp GELS APJ HIHP*

7.78 36 20 32 6/10 3.0 9

* At 500 psi and 250°F.

Because of the high porne size of the sand, JOCARB 150 is
necommended as sode bridging/weighting agent. (Noamally
blends with the Liner JOCARB 75 are wsed).

Such Luid also exhibit very low dynamic fluid doss. Case

histornies have demonstrated that veny dow skin factorns are
attainable with such fluids.

Sodids Removal

Because of the need to maintain relatively coarse baidging
sodids in the fluid, the soldids nemoval system must be
considened. Desanders and desidterns are capable of nemoving
moat of the particles above 50 micaons.

Shakern screen sizes down to 7100 mesh widl remove most of the
cuttings whilst allowing the JOCARB 150 to nemain in the fluid.
Desanders should only be wsed when essential neduce the sand
content.




5.2

Onild~in Fluid (Cont'd)

An alternative (L available, (s to wse a mud cleaner where
the desiditen hydrocyclone discharge i1 screened. Again, the
use of finen screens than 100 mesh widd remove some of the
bridging sige sodids.

Some of *he bridging sodids will show up in the APJ Sand Content
check (3575 microns] at about a 1 - 1.5% by volume level. This
deaves a4 a check fon the prescence of an adequate concentration.
Maintainance additions of JOCARB 150 may be necessany.

Undenneamning Fluid

Whilst Lulfilling basically the same funcition as the diill-in
tuid, the main difference i4 that the filter cake must be
nemovable aftern the gravel pack is placed.

JDCARB FLUID

Most conveniently, the same JOCARB containing fluid could be
wsed for undermreaming as for dnidling-in. JIn theony, the
JOCARB 150 particles are well able to flow through (on clean-in)
a gravel pack suitable for this sand. The particle size of

the JOCARB 150 is of the ornden of ten times smallen than the
Lonmation sand.

It in practice some of the Lilten-cake nemains and cawses flow
nestriction, the JOCARB and polymeric components are fully
degradeablde in 15% hydrochloride acid.

JDBRIDGE FLUTD

An alternative system for undenreaming and dnild-in Lluids is
the wse JDBRIDGE 'L’ oid soduble bridging agent, thus avoiding
the posasible use of acid for cake nemoval.

Such fluwids have been used successfully by Brunel Shell Petrodeun
fon underrneaming wells in the Seria Field. Well clean-ups have
been napid to nates indicating no damage. JDBRIDGE is best
suited Lon low temperature application such as the Trodl and
Seria Fields.

Becawse of the dlow particle density (1.075), the overall fluid
density is parovided by the base brine. A mixed NaCl/KCL brine
is most appropriate fon the density of 1.18& and calcium chloride
fon the brine of density 1.29.




5.2 Underrneaming Fluid (Cont'd)

Becawse the JOBRIDGE particles tend to float in the brine,
OF-VIS is necommended #o avoid such sepenation. J0-VIS also
provides a much more stable dispension than JDHEC (hydroxy=
ethyl cellulosel) should oil contaminate the fluid.

FO/zmula,tLﬂL

NaCl/KCL Brine (1.19 densityl 7 bbd

JD-VIs 2 Lbas

TFOBRIDGE 'L’ 7.5 ditnes™ (2. US Gal. )
NaO#H to pH 10

Typical Properities

Density = 71.18
AV = 26

147 =13

yp =26

GELS = 6/9
APJ F. LOSS = 70 °mid -
HTHP F. LOSS (160°F, 500 psil] = 15 mid-.

* Lowen doses nequined than JOCARB 150 becawse of the dowen
S.G. of the pa/ztz.c/[u

Solids Removal

Because of the coarsen size of some of the JDBRIDGE particles,
shaker screen sizes finen than about 50 X 50 mesh will remove
quantities of JOBRIDGE:

Howeven, because of thein low density JDBRIDGE particles are
not nemoved by desanders and desilters. Hence full wse can be
made of such equipment.

The APJ Sand Content check can be used to check the presence of
adequate quantities of bridging sodids at about 0.5 - 7.0 % by
vodume levels.

Loss Controd

Assuming overbalance perforation losses to the highly permeable
sand may well be unacceptable. For moderate losses, spotting

a viscous brine pidl viscosified with ca. 3 ppb JOHEC (hydroxy-
ethyl celdudose) should provide sufficient controd, whilst
Leaving perforations open. Such a solution, with a yield point
of ca. 100 on surface and ca. 40 dounhole, will not damage such
a high peameability neservoin.
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5.2

5.3

Undenreaming Fluid (Cont'd)

The viscous pidd could be spotted prion to perforation as a
preventaiive measure.

For heavy dosses, the viscous pidd can be loaded with eithenr:

i) 20 ppb FOCARB CUSTOM plus 20 ppb JOCARB 150
) 8 ppb JOBRIDGE CUSTOM plus 20 US Gallons (7.5 L) bbL
of JOBRIDGE 'L’

depending on whether an oil on acid soduble system is desined.
The blend of coarse and fine minerals is to allow bettern brid-
ging and also easien clean up of the Lilled perfonration.

Gravel Packing Fluid

Filtened brine is necommended viscosified with ca. 2 ppb of
JOHEC.,  This wild provide good gravel transpoat whilst the ldow
Llat gel strength will allow easy sodution flow through the
pack and screen.

Typical Properities

AV PV yp GELS FUNNEL VTS

56 27 T 58 9/9 7100 secs.

Jt is not considered necessary to use a breaken system fon the
TJDHEC because its initial plugging characteristics are very
dow, and its wltimate degradation assured.




