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Abstract.. Oil wells construction in Brazilian scenarios presents several challenges to overcome. In ultra deep water 

scenarios, rock formations present low competency and, consequently, hydraulics should contemplate the narrow 

operational window between pore and fracture pressures. Beside that, heavy oil reservoirs require long horizontal 

wells sections, challenging the current technology. The construction of long horizontal sections in narrow operational 

window scenario, requires the development of new technologies to expand hydraulic limits. Among the operational 

aspects related to borehole hydraulic, the following are critical: cuttings transporting, managing pressure, resuming 

circulation (breaking gel) and fluid displacement.  

PETROBRAS has an oil well hole cleaning and hydraulic simulator (SIMCARR) that helps designing and monitoring 

drilling operations in several different scenarios. The simulator has some modules responsible for optimizing and to 

ensure drilling job is carried out within operational limits. Some of these modules are listed below and are detailed in 

this paper. 

• Drilling and enlarging holes with reamer. 

• Bottom hole pressure variations due to drillstring movement (Surge and Swab). 

• Temperature gradient effects on drilling fluid properties and friction losses. 

• Prediction of pressure peaks when resuming circulation 

• Fluid displacement   
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1. INTRODUCTION  

 

Wellbore hydraulic simulators should be able to capture all phenomena governing the cuttings transport to surface. 

These phenomena include the response of solid-liquid annular flow, the wellbore pressure profile while drilling and 

other important aspects, such as: bit jets optimization, pump pressure estimative, solids concentration, among others. 

Thus, models used should properly predict the effects of the relevant operational parameters, such as: the drilling fluids 

rheological properties, flow rate, drillstring rotation and eccentricity, the rate of penetration, drillstring geometry, 

cuttings properties (density and diameter), different casings and friction loss calculus.  

The SIMCARR is the wellbore hydraulic and cuttings transport simulator of PETROBRAS, for vertical and 

horizontal wells, developed in partnership with GTEP – PUC-RJ.  

The study of stratified solid-liquid annular flow is of great interest for petroleum engineering specially for drilling 

issues. The kind of flow describes the phenomena governing cuttings transport in horizontal and highly inclined 

sections. Due to gravitational segregation, both solids and drillstring will have the tendency to be in the lower portion of 

the annulus formed by the well walls and the drillstring. This process is characterized by stratified solid-non Newtonian 

fluids flow in eccentric annuli. Is hydraulic condition permit, the solids may be kept in suspension avoiding operational 

problem such as abnormal torque and drag during the drillstring movement.    

This paper aims to show the PETROBRAS’ simulator is able to consider many of the relevant phenomena in 

drilling and provide some features. 

 

2. ADOPTED MODEL 

 

The hole cleaning module is based on a mechanistic model to characterize the solid-fluid flow non-Newtonian in 

eccentric annular. An useful approach for modeling stratified two phase flow consists in writing the one dimensional 

momentum equation for two different layers. The bottom layer represents the stationary cuttings bed, deposited on an 

annular horizontal section by the action of the gravitational forces. The upper layer represents the drilling fluid, which 



flows through the unobstructed portion of the annular. For a general situation, where both layers move and there is mass 

transport from the suspended layer and vice-versa, the problem may be formulated by writing two mass and two 

momentum equations (Martins and Santana, 1992). This approach considers the several flow patterns in which the 

solids-liquid system may flow in horizontal annulus.  

This model allows calculating hole cleaning parameters, such as, solids concentration, bed height, and flow pattern. 

The SIMCARR model was proposed by Martins (1990) and finds a mean of two stratified layers, bed and 

suspension to represent the sliding mechanism of the bed. This model allows further, characterizing the system within 

the following flow patterns proposed by Iyoho (1980): 

1. Stationary bed flow: deposition of solid particles at the bottom of the annular, forming a static bed; 

2. Non-stationary bed flow: deposition of solid particles at the bottom of the annular, forming a mobile bed;  

3. Heterogeneous flow: it is characterized by a system fully in suspension and solid phase presents a 

concentrations profile along the cross section.  

4. Pseudo-homogeneous flow: it is characterized by a system fully in suspension, but in this case, there is no 

profile concentration and the solid phase is equally dispersed along the section. 

For the implementation of this model, the following simplifying assumptions were considered:  

• Bed height constant over time;  

• The rheological parameters constant along the cross section;  

• The solids are characterized by an average diameter and a sphericity;  

• Surface tension effects and mass transfer between the solid and liquid phases are negligible;  

• The slip effects between the liquid and solid phases in each of the layers are negligible. 

 

3. DATA INPUT 

 

The data input for a hole cleaning well simulation are: well geometry, drilling fluid properties and cuttings 

parameters and other operational parameters. The well geometry includes well path, casing data and drillstring 

composition. Figure 1 shows the presentation screen.  

 

 
Figure 1. Presentation screen  

 

3.1 Drilling fluids 
 

The choice of the drilling fluid type is very important in order to obtain an accurate response. The fluid must be 

designed to minimize friction losses and provide an effective cutting transport. Thus, a good drilling fluid should have 

pseudoplastic behavior, presenting high viscosity at low shear rates (providing good solids transportation) and low 

viscosity at high shear rates (minimizing friction losses). The software allows the user to choose differents rheological 

models, such as, Power Law, Bingham, Herschel-Bulkley and Robertson–Stiff. It is possible to consider different 

rheological properties for the riser due to temperature effects. Figure 2 shows data input for rheological parameters 

determination. 
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Figure 2. Data input for rheologic parameter determination  

3.2 Pumps 

 

In this item, flow rate, pressure limit, power and pump efficiency are inserted. The pressure limit and power data are 

used on bit jets optimization. Also, pressure limit is used as a parameter to alert the user when the pump pressure 

exceeds the limit value.  

 

3.3 Particle 

 

The particles properties are very important for the hydraulic and hole cleaning parameters determination. Basically, 

the informations included are: average diameter and density. An average diameter does not represent the real situation, 

once there is a particle size distribution in the well. A particle size distribution would be more appropriate and studies 

are being made toward implementing this change. The default of particle diameter of 0.25 inches is used in simulations 

for clay formation. For sand, it is recommended the value of 0.15 inches. 

The response of cuttings transport modulus has a great influence in hydraulics, once solids concentration increases a 

hydrostatic pressure and friction losses. 

 

3.4 Well path 
 

The well path data is very important for friction losses and cuttings transport calculations. To draw up a trajectory in 

the project mode must specify KOP data (measured depth), build-up or drop-off (measured depth, inclination and 

azimuth and inclination rates) and slant (final depth). In the monitoring is necessary to insert the data for each point of 

directional (measured depth, inclination and azimuth). The figure below shows the entry of data for the trajectory of the 

well. 

 
 

Figure 3. Well path data input 

3.5 Casing 

 

In this section, casing data are inserted. The data edition depends on the casing type added: riser (external and 

internal diameters and final depth), final casing (external diameter associated with weight and depth of the last casing 



shoe), liner (same parameters for selection of the final casing) and open hole (diameter and depth of the end the well). 

Figure 4 represents the casing data window. 

 

 
  

Figure 4.  Casing data input 

 

3.6 Drillstring 

 

In this module, drillstring composition (drillpipes, heavy weights, drill collars, reamers, subs, bits, MWD/LWD, 

etc) is inserted. The drillstring composition is important to an accurate calculus of friction losses and correct estimative 

of pump pressure and bottom hole pressure. 

 

3.7 Hole enlargement 

 

In some oil wells, unconsolidated formations can cause enlargement of the open hole sections. SIMCARR allows 

the user to insert a well section with a diameter greater than the bit diameter.  

 

4. DATA OUTPUT 

 

4.1 Hole Cleaning Analysis 

 

The main parameter used to analyze hole cleaning conditions are bed height (for horizontal and inclined sections), 

solids concentration (for vertical sections) and generalized transport ratio. 

The bed height indicates the fraction of the annular space filled by a cuttings bed. The parameter value can vary 

from 0 to 100%. Bed height above 15% is critical. 

 The solids concentration is the main parameter to be considered in hole cleaning analysis for vertical sections. It is 

the volumetric fraction of the annular occupied by solids in suspension. High values of solids concentration can cause 

operational problems. Some authors have defined a solids concentration of 5% as maximum acceptable limit for a safe 

operation. 

The generalized transport ratio is a parameter to evaluate the efficiency of solids removal. For vertical sections GTR 

is given by the equation bellow:  
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Where Va is the fluid velocity in the annular space, Vs is the particle sedimentation velocity. 

For inclined and horizontal sections the solids have a tendency to sediment, forming a cuttings bed. The GTR for 

inclined and horizontal sections is given by equation bellow: 
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Where AT is the annular space total área, AL the fraction of annular space area occupied by the cuttings bed, Ci is the 

solids concentration in suspension and CT is the total solids concentration (suspension + bed).  
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Figure 5(a) shows the graphic results of a hole cleaning simulation.  Figure 5(b) shows a table with, solids 

concentration (%), bed height (%) and GTR (%) for each section of the well.  

 

 

 
      

                    Figure 5(a). Hole cleaning results - graphs                Figure 5(b). Hole cleaning results - Table     

 

4.2 Hydraulic Analysis 

 

The main output parameters are ECD and friction losses along the well. Figure 6 (a) shows a table with the summary 

of simulated pressure and friction loss. The main results shown in this table are the friction loss inside the drillstring and 

in the annular space, ECD in the casing shoe region and bottom hole. Figure 6 (b) shows the hydraulic results. 

 

 

 
    

            Figure 6(a). Hydraulic analysis results                             Figure 6(b). Hydraulic analysis results 

 

4.3 Sensibility Analysis 

 

The software allow the user to evaluate the impact of some operational parameter on hydraulics and hole cleaning. 

The user can choose the maximum and minimum value of the parameter it wants to evaluate (so as the increment) and 

the software simulates the variation of solids concentration, bed height, ECD, annular and pump pressure, etc. Figures 7 

(a) and 7 (b) illustrate the data input for hole cleaning and hydraulic analysis. 

 

 
                         Figure 7(a). Hole cleaning matrix                                    Figure 7(b). Hydraulic matrix 



5. NEW MODULUS 

 

Beside the modules shown above, other routines and features are being developed and incorporated to the software. 

The new modules are described bellow:   

 

5.1 Reamer’s modulus 

 

Reamers can have a strong impact on hydraulics and hole cleaning if it is positioned far from the bit. Part of the 

fluid passes through the reamers jets, decreasing the flow rate between the bit and the reamer. This affects directly the 

cuttings removal in the region (annular space between bit and reamer) and the pressure profile along the well (once a 

smaller flow rate leads to smaller friction loss).  Beside that, reamer generates more solids and it is very important to 

simulate how this extra quantity of solids will be removed.  

Because of the increasing importance of drilling with reamers technique, a modulus was developed as shown in the 

figure bellow.  

 

 

Figure 8. Reamer’s modulus 

 

5.2 Surge and Swab modulus 

 

Drillstring movements can cause variations on bottom hole pressures. When the drillstring goes up quickly, the 

annular pressure tends to decrease (swab pressures). On the other hand, when the drillstring goes down, annular 

pressure tends to increase (surge pressures).  

In a narrow operational window scenario, surge pressures can easily fracture the formations. Swab pressures, during 

drilstring trips, can also induce undesirable fluids formations invasion (kicks).    

The surge & swab modulus predicts the maximum drillstring velocity (up and down) acceptable to avoid formation 

fractures and kicks.  

The correct prediction of surge and swab pressure is a very important issue to determine the maximum velocity 

allowed on drillstring trips. The modulus allow the user to simulate the annular surge and swab pressure for a given 

drillstring trip and the maximum velocity permitted for a given operational window.   Figure 9 shows the surge & swab 

modulus screen.  

 
Figure 9. Surge and Swab module 
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5.3 Temperature’s module 
 

The correct prediction of friction losses along the circulation system and the solids transportation depend on the 

fluid rheology. However, the rheological parameters vary strongly when temperature changes. Thus, the fluid rheology 

corrections for different temperatures is a must on the correct prediction of friction losses and, consequently, pump 

pressure and ECD predictions.  

Mathematical correlations were developed, for drilling fluids used in PETROBRAS, to describe rheological 

parameters behavior as a function of temperature. The Temperature Modulus generates a temperature profile in the 

wellbore and corrects the fluid rheology. This way, the prediction of friction losses (pump pressure and ECD) and the 

solids concentration are more accurate. Figure 10 shows the rheological parameters of a given fluid as a function of the 

mud weight and the temperature.  

 
Figure 10. Rheological parameters variation as function of temperature and mud weight.  

 

5.4 Gel module 

 

The gelation phenomenon is a very important characteristic of drilling fluids, once it helps to keep drilled solids in 

suspension during pumps-off. However, when the circulation is resumed, an extra energy must be dispended to break 

the gel structure formed and pressure peaks are observed. In a narrow operational window scenario, pressure peaks can 

cause detrimental effects when fracture pressure is reached.  Important parameters governing gelation are temperature, 

pumps off time, drillpipe rotation and start up flow rate (Gandelman, 2007).  

Given the frac pressure, the Gel Modulus simulates the maximum flow rate permitted to avoid bottom hole pressure 

to be greater then this value (for a given temperature profile and pump off time).  

 

6. FUTURE STEPS 

 

    The next version of the software has the new modulus described above implemented and will be used by 

PETROBRAS staff. A new modulus of temperature profile prediction will be developed and implanted in a future 

version.  

    Studies are being carried out with drilling fluids used in PETROBRAS to develop new and more accurate 

correlations to their friction coefficients.   
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