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ABSTRACT:

Most of us use oil, and it is difficult to imagine the modern world without oil,
but oil and gas are not, easy to find and get out of the earth. It is of course we
cannot see the oil which is trapped deep, down in the ground. Geologists must
study rocks carefully, and when they know rocks in a certain place, containing oil
or gas, drilling processes will then take place. Oil and gas are obviously not rocks,
but they are, derived from rocks, like sedimentary rocks.

Petroleum occurs in the pores of sedimentary rocks, the most common are,
sandstones, limestone and dolomites, which may contain porosity and permeability
filled with oil, gas and water and they can act as reservoir rocks. Most drilling oil
companies require a mudlogging unit on their wells, to provide identification and
evaluation, of oil and gas bearing formations, during drilling operations. The main,
source of geologic data are the cuttings of rocks produced in the process of
drilling a well, whears core cuttings are a cylindrical rock sample of different
diameters, used to understand, the subsurface conditions, like rock type, pore
fluids and detailed reservoir characteristics. In rotary drilling, the drilling fluid is
pumped, from the surface, down inside the drill string, and through vents in the,
drilling bit at the bottom hole, this fluid returns, back to the surface through the
annulus between, the drill string and the walls of the hole carrying well cuttings
from the bottom hole up to the surface, were they are collected. There is always a
time Lag between when the formation is drilled and when cuttings returns back to
the surface, this time is called "lag time". This time used is to ascertain the true
representative depth from which cuttings come, controlled by the slip velocity of
drilling fluid. The objective of this study is to calculate and figure out the lag time
required for well cuttings to reach from the bottom of the well up to the surface
and receiving core cutting from core barrel during drilling formation which
produce cuttings. A case study for the well (f- 22) drilled to a total depth of 12000
feet, and a core cuttings are taken in this well through the Gargaf formation
represents a reservoir rock in this well, and figuring out the lag time of well
cuttings form the bottom of the well up to surface.
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INTRODUCTION:

The Quality of well cutting, is a result of the improved drilling practices,
working with well cuttings, confronted with two problems, the sample quality and
sample quantity, the quality of well cuttings is largely depends on the properties of
drilling fluids like mud viscosity and mud density, and if the drilling fluid
properties are independent, considerable mixing of well cuttings to reach the
surface, cutting may contaminate with cavings, and these cavings carried with true
formation cuttings, the size, shape of well cuttings depend on the character of the
rock type, and the, sharpness of drilling bit, when well cuttings reach the surface,
the whole depth from which cuttings are come is recorded on the sample
envelopes and bags, this depth is measured from the top of rotary table.

Representative cuttings, are accurately correlated to the depth from which they
come from the bottom of hole.

Every rig has a shale shaker screen, for separating, well cuttings from the
drilling fluid as they reach the surface, well cuttings are collected every 10- feet
interval in normal situations, but might be collected every 5- feet interval in
drilling through pay zones, or any drilling break occurs. In collection of well
cuttings it is better to place a piece of board or any catching box should be placed
at the foot of the shale shaker in order to collect the complete representative (10-
feet) sample drilled.

It is possible in sometimes to pick up a sufficient, amount of representative
material for mechanical analysis, for grain size distribution therefore core samples
usually requited. Coring is the act of the retrieving a whole sample of the down
hole formations, for analysis purpose at the surface. Coring is of the most
techniques used to understand the subsurface conditions such as lithology type,
pore hole fluids, core samples and well cuttings are needed for porosity,
permeability, fluid content measurements because like these properties of the
reservoir rocks are important in petroleum technology.

2. METHODOLOGY

The methodology used in this study is a case study for the well (f- 22) drilled to
a total depth of 12000 feet, core is taken in this well through the Gargaf formation
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represents a reservoir rock in this well, open hole is drilled from the casing shoe
set at (9220.31) feet up to total depth (12000) feet. The actual data are obtained
from offset wells close to the well (f-22) and from company drilling reports. The
objective of this study is to:

1. Figuring out surface to bottom and bottom lag time for cuttings collected
during the drilling of the well (f-22) from (0-12000) feet.

2. Handling, description and boxing of core samples drilled in the well (f-22)
through Gargaf formation at the interval (10860-10890) feet for (30) feet length
using conventional coring method.

3. Two improved methods for obtaining subsurface information's about the
formations drilled in the well (f-22), these two methods are :

- Examination of well cuttings under Binocular microscope in mudlogging unit.

- Examination of core samples under both Binocular microscope and ultraviolet
box.

3. DISCUSSION AND RESULTS:
3.1 METHODS OF FIGURING OUT LAG TIME.

During the drilling operation of the well (f-22) from the surface (waha
limestone ) to the total depth (Gargaf sandstone), well cutting from this well are
collected each 10-feet interval, the collection is based on the lag time which is that
time required for the cutting to reach out to the surface from the bottom of the
hole[2].

While drilling there are several methods used to figure out the lagtime, these
are, solid method and the mathematical calculation method, the solid methods
include, gas detector method and solid materials like rice, wood shavings, the
mathematical calculation by using standard mathematical equations. There two lag
times to be calculated, these are, surface to bottom time and bottom to surface lag
time.

3.1.1 Surface to Bottom lag time: this time is the time required to pump a
certain volume of mud from mud pumps at the surface until it reaches to the
bottom of the hole at total depth of 12000 feet as showing in figure(1).
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Fig (1) Surface to Bottom Lag time

3.1.2 Bottom to surface lag time: This is the time required for well cuttings to
reach the surface from the bottom of the hole at (12000) feet as showing in

figure(2).
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Fig (2) Bottom to surface lag time.

Before calculating the lag time either surface to bottom or bottom to surface
time, it is required data about drill pipes, drill collars, casing pipes, mud pumps,
hole sizes, casing shoes and rotation rate of mud pumps. These data are collected
and available from daily drilling reports or from the driller and assistants drillers
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on rig floor. [5,6]. The data required in calculation lag time is generally outlined in
table (1) as given below.

Table (1) Data required in lag calculations

Drill pipe outside and inside diameters.
Drill collars outside and inside diameters.
Casing pipe inside diameter.

Open hole diameter.

Bottom hole assembly (Drill collars + Bit).
Casing shoe depth.

Mud pump output.

Mud pump rate.

Total well depth.

Note: The outside and inside diameter are measured in inches, the depth is
measured in feet and the mud volume is measured in barrels.

NOMENCLATURE: The following abbreviations are used in
calculations of lag time and they are presented in table (2) given below.

Table (2) Abbreviations, Used in lag Calculations

oD Outside diameter.

ID Inside diameter.

BHA Bottom hole assembly.
P.O.P Pump output.

SP.M Strokes per minute.
bbls Barrels.
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The Mathematical equations used in calculation are presented in table (3) given
below:

Table (3) Standard equations for lag time calculation.

Capacity= 22" ppig/ft

(0D)?-(ID)?
1029.4

Displacement= bbls/ft

Volume of mud inside pipe = capacity * length
Volume of mud with displacement =
(capacity + Displacement)* length
Annular volume without open hole =
[ Volume of casing] — [Volume in drill string]
Note:
Drill string includes volume in drill pipe and volume in drill collar.
Annular volume with open hole and casing =

[ Volume of casing + Volume open hole] — [Volume of drill
string]

volume of drill string

Surface to bottom lag time =
p.o.p

Aannular volume

Bottom to surface lag time =
P.O.P

Lag time in stroke
SPM

Lag time in minutes =

Note: lag time calculations are changes by changes of, casing diameter, bottom
hole assembly and pump output.

3.1.4 CALCLULATION PROCEDURE:

The Following Drilling data for the well (f-22) is obtained from the
driller:
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Surface to Bottom Lag time

TVD: 12000 Ft.

Casing Shoe: 9220.31ft.

Drill Pipe (OD): 5-inch.

Drill pipe (ID): 4.276-inch.

Casing (ID): 8.625- inch.

Hole diameter: 8.5- inch.

Bottom hole assembly: 430.22 ft.

Drill collar (OD): 6- inch.

Drill collar (ID): 2.50- inch.

Pump out put (P.0.p): 0.158 bbls/ Stroke.
Pump rate (SPM): 60 Strokes per minute.
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Fig (3) Well (f-22) lithological column
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3.1.5 SURFACE TO BOTTOM LAG TIME AT SHOE:
Drill Pipe Length = casing shoe — BHA

= 9220.31-430.22 > 0
= 8790.09Ft
Volume of Mud in drill pipe = Capacity * Length
_ (4.276)% _
Volume of Mud in drill collar = capacity * length
= @59, 430.22 = 2.61 bbls
1029.4
Total volume of mud in drill pipe + drill collar ¢

= 156.13 bbls + 2.61 bbls i /
=158.74 bbls / .
Surface to bottom lag time at BHA “/}— Corenbit

Casing shoe (9220.31 ft) i @_ 9220.31 Ft

_15874bbls . TTTmmmmmmmmemmmmTTs

0.158-2Pls_

stroke . .
= 1005 Strokes Fig (4) Drill

_ 1005 stroke
- stroke
minute

= 17 Minutes
From calculations, for mud to reach to bottom at 9220.31 ft.
From the surface, it requires (1005) strokes or (17) minutes.

3.1.6 BOTTOM TO SURFACE Lag Time At (9220.31) Ft
Volume of mud in drill pipe with displacement of drill pipe
= (Capacity + displacement) * length
= [z 42761, (ODF-UD) .« g790 09 ft = 213.45 bbls

1029.4 1029.4
Volume of mud in drill collar with drill collar displacement
= [ capacity + displacement] * length

= [ 2507 L O=@50° 4443029 = 15.04 bbls

1029.4 1029.4
Volume of mud in casing = capacity * length

= (8625° 4 955031 = 666.31 bbls

1029.4
Annular volume = [ volume casing] — [volume drill pipe + volume drill collar]

= [666.31 bbls] — [213.45+15.04]
= 666.31 — 228.49 = 437.82 bbls.

22 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol Al g o glall Mal) agaall [ 45850 oy 6 Al
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (5), August- 2019 -guhus ¢ ualdl) aal)

Bottom to surface lag time at casing shoe

437.82 bbl
= =20 2771 strokes
0.158

stroke

2771 stroke
stroke
minute

= 46 minutes

From calculations, for well cuttings to reach the surface from the bottom at
(9220.31)ft it requires (2771) strokes or (46) minutes.

SURFACE TO BOTTOM LAG AT (12000) FT
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Fig (5) Surface To Bottom Lag At (12000) Ft.
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Drill pipe length is increase because depth is increase from (9220.31 ft — 12000ft) :
Length of drill pipe = TVD — BHA

=12000 -430.22 = 11569.78 FT.
Volume of mud in drill pipe = capacity * length

(4.276)%?
1029.4

*11569.78=204.92 bbl

Volume of mud in drill collar = Capacity * length

_ (2.50)?
1029.4

*430.22 = 2.61 bbl

Total volume of mud in drill pipe + drill collar
=204.92 + 2.61 = 207.53 bbls

Surface to bottom Lag time at 12000 FT

= 20753 _ 1313 strokes
0.158
=118 22 minutes
60

From calculations, the mud requires (1313) strokes to reach the bottom at 12000 Ft
or (22) minutes.

BOTTOM TO SURFACE LAG TIME AT 12000 FT

Volume of mud in drill pipe with drill pipe displacement = [ capacity+
displacement] * length.

(4.276)% + (5)%2—(4.276)?
1029.4 1029.4

11569.78* [ = 280.98 bbls.

Volume of mud in drill collar with drill collar displacement = [capacity +
displacement] * length

2_ 2 2
430,22+ © =507 @507 _15 04 ppls

1029.4 10294

Total volume of drill pipe + drill collar = 280.98+15.04 = 296.025 bbls

Volume of mud in casing is calculate before as (666.31) barrels.
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Volume of mud in open hole 8% inch.

Length of open hole = TFD — Casing shoe
=12000-9220.31 =2779.69 ft.

Volume of mud in8 % open hole = capacity * length

= 89" 577969 = 195.09 bbl
1029.4

Annular volume = [ volume casing + volume open hole]-[ volume drill pipe+
volume drill collar)

=[666.31+195.09] —[ 280.98 +150.04] = [861.4-296.25]= 565.375 bbls

565.375
0.158

= 3578 strokes

Bottom to surface lag time at 12000 ft =

3578 .
= =—— =59 minutes.
60

For well cutting to reach the surface from the hole it requires.

(3578) strokes, or (59) minute. From these calculation, the lag time is increasing
with increase of depth. Table (4) given below summarize the results with respect
to depth.

Table (4) Variations of lag time with depth

Depth/ft Surface to bottom Bottom to
lag time surface lag time
9220.31 1005 strokes 2771 strokes
12000 1313 strokes 3578 strokes

MUD CYCL: The total mud cycle refers to the surface to bottom plus the
bottom to surface, lag time .

Table (5) illustrates the total mud cycle at casing shoe calculations and total
depth calculations.
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Table (5) Total Mud Cycle

Depth Surface to Bottom to Total mud
Bottom surface cycle
9220.31 1005 2771 3776
12000 1313 3578 4891

To verify the validity of hand calculations . or even computer calculations a
test can be carried out by using solid materials like rice, wood shavings and corn
or by using carbide grains and this is a best test to be used in verifying lag time
calculations.

Drop a cup- full of carbide through drill pipe at connection time and adjust the
pump stroke counter in the lagging unit to zero reading at the time of dropping
through drill pipe, the driller will start connection, the carbide will reaches to the
bottom of the hole and then back to the surface with drilling fluid, when gas
returns to surface, a gas peak of methane will appears on Gas charts, subtract the
surface to bottom lag time from the total stroke recorded from the counter which is
already calculated and the rest is the real lag time from bottom to surface.

4. CORE CUTTINGS

Coring would provide a means of obtaining substitute data for geological or
engineering use. The coring program for the well (f-22) is to cut a(30- feet) core
interval from (10860-10890) feet through Gargaf sandstone in order to:

- Definition of porosity, permeability , fluid saturations and type of lithology.
- Locating oil-water contact and gas- water contact.
- information's for calibration and improved interpretation of well logging[1,5].

4.1- RECEIVING THE CORE

While the core is being cut during the coring operation in well (f-22) , drilling
rate and gas records are concerned, and cuttings of core are collected every foot
from shale shaker, because of the possibility incomplete or negligible core
recovery. The drilling rate while coring varies with the type of core bit, pump
pressure, weight on bit, rotation of bit, and type of formation cored. Before the
core is arrived the surface, the shipping boxes should be prepared, these boxes are
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a large and wooden, metal or cardboard boxes divided into narrow parallel
portions to store the core samples at the surface as they are removed from core
barrel, these boxes are usually of three feet long and have be taken to the rig floor,
to carry the core samples, the boxes should be lightly numbered for example ( 1of
6) and marked with Top (T) and bottom (B). When the core barrel is arrives the
surface, it is often the well site responsibility to supervise the collection of the core
from the barrel the barrel is usually hung in the derrick, and suspended about one
meter from the rotary table and the opening of the table is closed by a steel plate,
the core barrel is kept only twenty or thirty centimeters above the steel plate and
every piece is coming out from the barrel, the core boxes are arranged on the rig
floor in order to which they are to be filled. At this point care must be taken to
ensure the correct orientation to provide the top from bottom confuse as the core
samples comes out from the barrel, since the bottom of the core is comes first, then
the first piece of core should be placed at the bottom end of the box marked
Number one and so on, till the core box one is filled up, and box Number will
contain the lower three feet of the core, fig (6) illustrates the method of boxing
cores.

10890- 10860-
e poor
e SANDSTONE oL Recovery
Bottom Top

Fig (6) The method of boxing cores.

27 Copyright © GJT Al e s Ads gdae wolall (5 g8a



Ol Al g pslall Mall agaal) / A5 Gl 2 Alna
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (5), August- 2019 -guhus ¢ ualdl) aal)

A +—— TOP

T BOX 1of7

T BOX 2 of 7

T BOX 3 of 7
<«—— Core barrel

T BOX 4 of 7

T BOX 5 of 7

T BOX 6 of 7

T BOX 7 of 7

Bottom

il

Fig (7) Receiving core from core barrel.

When all core has been removed from the barrel it taken to the logging unit and
laid on a steel board and the length of recovered should be measured accurately.

When measuring the core which taken in Gargaf formation for interval (10860-
10890) feet, the recovery is not equal to the cored interval, the recovered core is
only (18) feet from (30) feet drilled, the missing portion of core may lost in the
bottom of the hole, the core recovery percentage is calculated as:
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Recovery% = 52 *100 =60%

The cored interval for the well (f-22) is showing in fig (8)

CORE INTRVAL: 10860 — RN .

10890 FT DRI

TVD 12000 FT

FIG (8) CORE INTERVAL WELL (F-22)

4.2 EXAMINING CORE SAMPLES:

After the core has been washed or wiped clean, a geological inspection can be
performed.

The description of core samples is the responsibility of the well site geologist,
geologist logger is advised to make a description also to be included on the mud
lagging. Gross characteristics like, dip, fractures, bedding irregularities, should be
noted from the core, along with thickness of each bed measured to the near inch,
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more detailed descriptions made from examination of core samples under
binocular microscope for lithological alterations and under ultraviolet light for
evidence of oil fluorescence. The description of core samples of potential reservoir
rocks should be more detailed than cores with no prospects.

In description of core cuttings the following properties should be identified and

described in a logical order as outlined below:

Rock Type: sandstone, limestone, dolomite, etc. lag time depends on rock
density.

Color.

Hardness.

Grain shape: angular, sub angular, rounded, sub rounded,

Grain Size: according to Wentworth scale. Very fine cuttings are carried out
quickly rather than coarse grain cuttings.

Sorting: well sorted, moderately sorted, poorly sorted.

Major Characteristics.

Sedimentary Structures.

Porosity.

Oil Shows.

CONCLUSIONS:

Lag Time calculations and Handling of cores presented in this study leads to

the following conclusions:

1.

In drilling operations there are two important times, surface to bottom time
and bottom to surface time by which well cuttings are collected.

Correct Lag Time and correct catching of well cutting at their representative
depths from which they come reflects in a good well formation tops.

In case of total lost circulation there is no well cuttings and drilling blind but
lag time is necessary to evaluate gas readings if any.

Solid methods and gas detector methods are of great importance in verifying
Lag time calculations.

Well cuttings may collected also from the desanders, disillters and mud
cleaners, to establish the quantity of sand and fine solids while drilling
unconsolidated formations.

Core cuttings have a great significance in that they assists in the solution of
many problems in geology such as determination of oil and water contact or
oil and gas contact and in the development of oil and gas fields.
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7. Care must be taken when collecting core cuttings from core barrel to avoid the
confuses of top and bottom of the drilled core cuttings.
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