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 الخلاصة

جمٍؼىب ٌسزؼمً اٌىفظ ٌَىه مه اٌصؼت أن ٌزخًٍ اٌؼبٌم اٌحذٌث ثذَن وفظ، َمه اٌصؼت أٌضب اٌحصُي 

ػٍى اٌىفظ َاسزخشاجً مه الأسض، َثبٌطجغ أوً لا وسزطٍغ سؤٌخ اٌىفظ اٌمحبصش فً أػمبق الأسض. مه 

ؼٍمُا أن اٌصخُس فً مىبن مب رحزُي ػٍى اٌضشَسي ٌٍجٌٍُُجٍٍه دساسخ اٌصخُس ثذلخ ػىذمب ٌزحممُا أَ ٌ

 اٌىفظ َمه ٌىب رجشي ػمٍٍخ اٌحفش.

اٌىفظ َاٌغبص ولاٌمب ٌٍس مه أوُاع اٌصخُس ٌَىىٍمب ٌشزمبن مه اٌصخُس، مثً اٌصخُس اٌشسُثٍخ َاٌزً 

مه أٌمٍب صخُس اٌحجش اٌشمًٍ، اٌحجش اٌجٍشي َاٌذٌَُمبٌذ َاٌزً ٌمىه أن رىُن مسبمٍخ َوفبرح ٌٍىفظ 

غبص َاٌمبء ًٌَ ثبٌزبًٌ رمثً مىبمه وفطٍخ. مؼظم اٌششوبد اٌىفطٍخ رزطٍت مؼمً ثٌٍُُجً ػٍى مُالغ َاٌ

حفش أثبسٌب، َرٌه لإجشاء فحُصبد أٌٍَخ ػٍى اٌفزبد اٌصخشي َػٍى اٌطجمبد اٌحبٌَخ ٌٍىفظ َاٌغبص أثىبء 

ٌُ مه خلاي اٌفزبد  ػمٍٍبد اٌحفش. اٌمصذس اٌشئٍسً ٌٍحصُي ػٍى اٌمؼٍُمبد اٌجٌٍُُجٍخ رحذ اٌسطح

 اٌصخشي َمه خلاي اٌؼٍىبد الأسطُاوٍخ اٌٍجٍخ.

اٌفزبد اٌصخشي ٌُ لطغ صغٍشح مه اٌصخُس رىزج خلاي ػمٍٍخ اٌحفش، أمب اٌؼٍىبد الاسطُاوٍخ اٌٍجٍخ ًٌ 

ػجبسح ػه ػٍىبد صٍجخ دائشٌخ اٌشىً راد ألطبس َأطُاي مخزٍفخ ٌزم حفشٌب ٌغشض اٌزؼشف ػٍى وُع 

 ٌسُائً فً اٌمىمه.اٌصخش َأوُاع ا

خلاي ػمٍٍبد اٌحفش ٌزم دفغ سبئً حفش مه اٌسطح خلاي ػمُد اٌحفش ٌَزُجً ٌزا اٌسبئً مجبششح اًٌ لبع 

اٌجئش ثم ٌؼُد ٌزا اٌسبئً اًٌ اٌسطح  َرٌه ػه طشٌك اٌفشاؽ اٌذَساوً ثٍه ػمُد اٌحفش َجذسان اٌجئش َػىذ 

ػبدرً إٌى لبع اٌجئش مشح ثبوٍخ. ٌىبن فبصً صمىً ثٍه ٌحظخ ػُدح ٌزا اٌسبئً إٌى اٌسطح ٌزم غشثٍزً َرىمٍزً َإ

حفش اٌطجمخ َثٍه ػُدح فزبد ٌزي اٌطجمخ إٌى اٌسطح ٌَسمى ٌزا اٌضمه "اٌضمه اٌفبصً" َاٌزي ٌمثً اٌؼمك 

 اٌحمٍمً اٌزي أرى مىً اٌفزبد اٌصخشي مه لبع اٌجئش.

mailto:alJaylanyalfrjani2019@yahoo.com
mailto:ali.abduladhim2@gmail.com
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بجً اٌفزبد اٌصخشي ٌىً ٌصً مه لبع رٍزم ٌزي اٌُسلخ اٌجحثٍخ ثىٍفٍخ حسبة اٌضمه اٌفبصً اٌزي ٌحز

اٌجئش إٌى اٌسطح ومب رٍزم ٌزي اٌُسلخ أٌضبً ثىٍفٍخ اٌحصُي ػٍى اٌؼٍىبد اٌٍجٍخ مه جٍجبة اٌٍت أثىبء ػمٍٍبد 

 حفش اٌٍت.

اٌؼٍىبد  -اٌفزبد اٌصخشي –اٌذٌَُمٍذ -اٌحجش اٌجٍشي -اٌحجش اٌشمًٍ -:  اٌصخُس اٌشسُثٍخالكلمات الدالة

 جٍجبة اٌٍت. -حفشسبئً اٌ -اٌٍجٍخ

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). 

 

 

 

 

 

 

 

 

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 

Outside diameter. 

Inside diameter. 

Bottom hole assembly. 

Pump output. 

Strokes per minute. 

Barrels. 

OD 

ID 

BHA 

P.O.P 

S.P.M 

bbls 
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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=   
(  ) 

      
 bbls/ft 

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]            

Surface to bottom lag time = 
                      

     
 

Bottom to surface lag time = 
               

     
 

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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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.o.p): 0.158 bbls/ Stroke. 

Pump rate (SPM): 60 Strokes per minute. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (3) Well (f-22) lithological column 
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Fig (4) Drill 

string   

BHA 

Drill pipe 
 

9220.31 Ft 

0 

 

3.1.5  SURFACE TO BOTTOM LAG TIME AT SHOE: 

Drill Pipe Length = casing shoe – BHA 

= 9220.31-430.22 

=  8790.09Ft 

Volume of Mud in drill pipe = Capacity * Length 

= 
(     ) 

      
                     

Volume of Mud in drill collar = capacity * length 

= 
(    ) 

      
                  

Total volume of mud in drill pipe + drill collar 

= 156.13 bbls + 2.61 bbls 

 = 158.74 bbls 

Surface to bottom lag time at  

Casing shoe (9220.31 ft)  

= 
            

     
    

      

   

= 1005 Strokes 

= 
            

  
      

      

   

= 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 

= [= 
(     ) 

      
   +  

(  )  (  ) 

      
    ] * 8790.09 ft = 213.45 bbls 

Volume of mud in drill collar with drill collar displacement 

= [ capacity + displacement] * length 

] * 430.22 = 15.04 bbls   
( )  (    ) 

      
  +

(    ) 

      
   [= 

Volume of mud in casing = capacity * length 

      =  
(     ) 

      
     * 9220.31 = 666.31 bbls 

Annular volume = [ volume casing] – [volume drill pipe + volume drill collar] 

                           = [666.31 bbls] – [213.45+15.04] 

                         = 666.31 – 228.49 = 437.82 bbls.                      

Core bit 
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Bottom to surface lag time at casing shoe  

=    
            

     
    

      

   =2771 strokes 

=      
            

  
      

      

   = 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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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  

=    
(     ) 

      
  *11569.78= 204.92 bbl 

Volume of mud in drill collar = Capacity * length 

= 
(    ) 

      
    * 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 

=  
      

     
    = 1313 strokes 

= 
    

  
  = 22 minutes 

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. 

11569.78*  [ 
(     ) 

      
 + 
( )  (     ) 

      
     = 280.98 bbls.  

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

displacement] * length  

430.22*   
( )  (    ) 

      
  +
(    ) 

      
   =15.04 bbls 

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 

=   
(   ) 

      
    * 2779.69 = 195.09 bbl 

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 

Bottom to surface lag time at 12000 ft =   
       

     
 = 3578 strokes  

= 
    

  
 = 59 minutes. 

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 

Bottom to 

surface lag time 

Surface to bottom 

lag time 

Depth/ft 

2771 strokes 1005 strokes 1..0.29 

3578 strokes 1313 strokes 9.000 

 

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 

Total mud 

cycle 

Bottom to 

surface 

Surface to 

Bottom 

Depth 

2773 .779 9001 1..0.29 

1919 2179 9292 9.000 

 

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. 

 

 

 

 

Fig (6) The method of  boxing cores. 
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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:  

BOX  1 of 7  T B 

BOX  2 of 7  T B 

BOX  3 of 7  T B 
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BOX  5 of 7  T B 
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Recovery% = 
  

  
  *100 =60%   

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

 

 

 

 

 

 

 

 

 

 

 

 

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, 

CORE INTRVAL: 10860 –

10890 FT                                   

TVD 12000 FT 
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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. 

2. Correct Lag Time and correct catching of well cutting at their representative 

depths from which they come reflects in a good well formation tops. 

3. 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. 

4. Solid methods and gas detector methods are of great importance in verifying 

Lag time calculations. 

5. 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. 

6. 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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