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ABSTRACT

A NOVEL RHEOLOGICAL AND FRICTIONAL PRESSURE LOSS
EQUATIONS FOR NON-AQUEOUS BASED DRILLING FLUID SYSTEMS
BY CONSIDERING THE PRESSURE EFFECT

Gokdemir, Muzaffer Gorkem
Doctor of Philosophy, Petroleum and Natural Gas Engineering
Supervisor: Prof. Dr. Mahmut Parlaktuna

March 2023, 183 pages

Non-aqueous conventional drilling fluid systems (NAF) are preferred due to
lubricity effect, high inhibitive characteristic and temperature-rheological stability
in deep formations. However their flow characteristics prone to change with pressure

due to slightly compressibility nature of them.

This study is designed to investigate the effect of pressure on the flow characteristics
of sightly compressible drilling fluids, both experimental and theoretical work, at
constant temperature conditions. Diesel and synthetic based samples are used as
slightly compressible systems while water base muds are tested as incompressible
drilling fluids. Rheological tests are conducted on Anton Paar MCR-302 high
pressure high temperature (HPHT) rheometer. Pressure dependent constitutive stress
equations are proposed and based on those rheological equations, frictional pressure
loss calculation methodology is developed during the theoretical work.

While a difference in pressure doesn’t affect Fluid Flow Behaviour Index (m

parameter), both the Yield Stress or Point — ty and Consistency Index, (also known



as K parameter), are strongly dependent on pressure change as rheological parameter

analysis indicates.

The hydraulic calculations obtained using the proposed constitutive stress equations
were verified through real field application, where the drilling fluid system
demonstrated a yield behavior with shear-thinning deformation characteristics. Field
measurements were taken at two different flow rates along with pressure readings
and when compared to model calculations in the annular geometry, the on-bottom
pressure values were slightly overestimated with a negligible difference in absolute

terms.

When the oil (continuous) fraction of a non-aqueous drilling fluid system is increased
in volume relative to the water (brine) phase, pressures shows more effect on the
rheological parameters or stress requirements of flow for the non-aqueous based
drilling fluid systems.

The oil water ratio affects the level of yield stress significantly. When the o/w ratio

is reduced, higher yield stress values are observed.

Under the same experimental conditions, an increase in Barite content in the system

results in the rise of both yield stress and consistency index.

On higher mud weights, even though the relatively compressible fluid amount is
decreased; the percentage increase of rheological parameters ty and K in terms of

pressure is higher due to solid particle effect.

Keywords: Rheology, Slightly Compressible, Drilling Fluids, Hydraulic Calculation
Methodology
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SU BAZLI OLMAYAN SONDAJ AKISKANI SISTEMLERINDE BASINC
ETKIiSINI GOZ ONUNE ALAN YENILIKCi BIR REOLOJI VE
SURTUNME BASINC KAYBI DENKLEMLERI

Gokdemir, Muzaffer Gorkem
Doktora, Petrol ve Dogal Gaz Miihendisligi
Tez Yoneticisi: Prof. Dr. Mahmut Parlaktuna

Mart 2023, 183 sayfa

Su bazli olmayan sondaj camurlar1 (NAF) biinyesinde sentetik bazli (SBM) ve petrol
bazli (OBM) sistemleri barindirmaktadir. NAF sistemleri; yiiksek yaglama, ytliksek
korunma mekanizmasi, yliksek sicaklikta kararlilik ve kuvvetli kuyu stabilitesi
saglama Ozelliklerinden dolay1 operasyonel olarak daha ¢ok tercih edilir. NAF
sistemleri sikistirilabilen akiskanlar olduklarindan akis karakterleri basinca baglh

olarak degisim gosterir.

Bu ¢alismada, sabit sicaklik kosullarinda basincin etkisi az sikistirilabilir sondaj
stvilarinin akis davraniglarinda deneysel ve teorik olarak gergeklestirilmistir. Dizel
ve sentetik bazli Ornekler az sikistirilabilir sistemler, su bazli ¢amurlar
sikistirtlamayan sondaj sivilari olarak kullanilmistir. Reolojik testler Anton Paar-302
yiksek basing yiiksek sicaklik (YBYS) reometresinde gergeklestirilmistir. Basinca
bagli temel stres denklemleri 6nerilmis ve teorik ¢alismada siirtiinme basing kayb1
hesaplama metodolojisi reolojik denklemlere bagli olarak gelistirilmistir. Reoloji
parametre analizinin gosterdigi iizere Akiskan Akist Davranis Endeksi (m

parametresi), basin¢ degisimi ile degistirilemez. Fakat hem Akma Gerilimi ya da

vii



noktasi — 1y, hem de Kivam Endeksi (K parametresi) basing degisimine fazlasiyla

bagimlidir.

Onerilen yapisal stres denklemlerine dayali sekilde elde edilen hidrolik
hesaplamalar, ger¢ek saha uygulamalartyla dogrulanmistir. Sondaj akigkani sistemi
kayma incelmesi deformasyon davranisina sahip bir akma karakteri gostermistir.
Saha oOl¢limleri iki farkli akis hizinda, basing okumalariyla beraber alinmustir.
Anntiler geometrideki model hesaplamalari, on-bottom basing degerlerini ¢ok diisiik

bir mutlak fark ile oldugundan sadece biraz fazla tahmin etmistir.

Petrol (siirekli faz) yiizdesi, su (brine) ylizdesine gore hacimsel olarak arttirildigi
zaman, reolojik parametreleri basing domine etmektedir. Yani akis icin stres
gereksinimleri, su-bazli-olmayan sondaj akigkani sistemleri i¢in daha yliksek

seviyededir.

Petrol/su (O/W) orani, akma gerilimi degerini yiiksek oranda etkiler. O/W orani

diisiiriildiglinde daha yiiksek akma gerilimi degerleri gozlenmistir.

Ayni1 deneysel kosullarda, sistemdeki Barit miktar1 arttirildikca hem akma gerilimi

hem de kivam endeksi ylikselmektedir.

Daha yiiksek camur agirliklarinda, her ne kadar sikistirilabilir akiskan miktar
goreceli olarak diigsmiis olsa da basincin yiizdesel artis1 ty ve K reolojik parametreleri

icin kat1 madde etkisi sebebiyle daha fazladir.

Anahtar Kelimeler: Reoloji, Az Sikistirilabilir, Sondaj Akiskanlar1, Hidrolik
Hesaplama Metodolojisi
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CHAPTER 1

INTRODUCTION

The aim of a drilling operation is to drill and complete a well and to produce the
hydrocarbon sources in a more economical and efficient way. There are various
components in the drilling system to manage the operation. Drilling fluid (called
drilling mud in the field term) is one component, which is circulated from surface
through the drill string, passes to the bit and continues up the annulus to the final
destination-surface again. The drilling fluid or drilling mud ia a colloidal system a
mixture of a base fluid and special chemicals designed to meet the operational
requirements. This colloidal system should have certain properties throughout the
drilling process, namely, its primary well control role over the pressure in the
formation pores, counterbalancing against the in-situ formation stresses by its
pressure force or carrying formation cuttings, preventing precipitation of these
cuttings and chemical additives using viscous forces.

Drilling fluids are the life blood of the well and operations cannot survive without
them. Rheological properties of drilling fluids are adjusted to provide some
properties based on operational conditions and to affect the functionality of drilling
fluid. Viscosity and yield stress play a vital role to control specific functions such as
carrying the formation cuttings from down hole to the surface while circulating in
the well bore, preventing the precipitation of cutting particles and chemical additives
during the pump-off period and to pump easily; i.e., to decrease the apparent
viscosity with increasing the shear rate (Ahmadi T. and Andy P., 2009). That means,
drilling fluid should show solid-like gelled and fluid-like behavior. More viscous
fluids or fluids with high yield stress are preferred to achieve this goal, but they cause
high frictional pressure loss which is detrimental when the mud operating window
between pore pressure and fracture gradient is shrinking especially in deep water

wells and horizontal drilling (Gokdemir M.G., 2010).



Increasing energy demand and the depletion of the shallow hydrocarbon reserves
have led the industry to explore deeper reservoirs. It is stated that 87 percent of
industry players have some form of involvement in High Pressure High Temperature
- HPHT assets and that 60 percent of this capacity will be involved in an HPHT
program in the next few years (Lee J., et al, 2012). Drilling ultra-deep HPHT wells,
deviated wells or offshore wells can be managed by formulating stable and accurate
drilling fluid systems (Ibeh C., et al., 2008). Drilling with non-aqueous conventional
drilling fluids (NAF), containing SBM and OBM, is more favorable than Water
Based Mud (WMB) in challenging environments due to lubricity, high inhibitive
character in shale and salt formations, corrosion control, contamination resistance
and thermal rheological stability.

Despite the advantages of NAF over WBM, their flow properties vary with pressure
due to compressibility. The effects of, pressure and temperature on the density and
rheological behavior of slightly compressible fluids are indeed complex (Gokdemir
M.G,, etal., 2017).

Generally, rheological measurements are defined at the surface conditions and
extrapolated to downhole conditions, that resulting in a perversity of the actual high-
pressure deformation behavior. Davison et al. mentioned this drawback in their
research. They focused on the rheological phenomena in hydraulic calculations or
equivalent circulation density (ECD) and found that ECD calculation with pressure-
temperature independent rheology and density, underestimates the measured values
by about 10 percent (Davison J.M., et al, 1999).

The goal of this research is to get better understanding on the effects of pressure on
NAF rheology, to obtain an accurate model in terms of the previously developed
equations, and to compare it to WBM via the rheological tests. Rheological
parameters are determined, and a pressure dependent mathematical model is
proposed to characterize the deformation behavior under in-situ high-pressure

conditions.



CHAPTER 2

LITERATURE REVIEW

2.1  Rheology

Rheology is the study of flow and deformation of any kind of matter. In rheology,
the relationship between the applied forces (i.e., stress), the deformation caused by
that force, called strain, and the deformation behavior are studied. Typically, for fluid
rheology, the flow behavior is explained by the flow of fluid between two solid
plates. As presented in Figure 1, a force F is applied parallel to the upper plate of
area A, which made the plate move at velocity v to the distance Ah while the bottom
plate is held stationary; the distance between the plates is h. The fluid layer attached
to the plates will move at the same velocity of the plates, for example, the layer
underneath the upper plate move with the same velocity of the upper plate and the
bottom fluid layer has zero velocity because of the stationary. Thus, the fluid layers
in between these two layers travel at different velocities; there is the velocity
variation or velocity gradient (dv/dh). By considering the deformation mechanism in
fluids, velocity fluctuations or velocity gradients are usually observed due to the
cohesive and viscous forces between fluid layers. This velocity gradient or so-called
shear rate is defined as the rate of fluid movement between the plates. The force
exerted on the region of the fluid area to provide fluid movement is defined as the
shear stress. In addition, the shear rate represents the rate of change of strain (AL/h).
It can be stated that the shear stress (force divided by the area parallel to the force,
F/A) has the relationship with the shear rate (dv/dh).



v=0

Figure-1: Diagram of Fluid Flow between Stationary and Moving Plates (Thomas
M.G., 2011)

The viscous fluids can be classified by considering the relationship between shear
stress (7 ) and shear rate (7). Generally, they are divided into two groups as the
followings:
- Newtonian fluids
- Non-Newtonian fluids, time independent. Time dependent fluids develop
some structure with time, therefore stress — rate explanation needs time
function to represent the real deformation character (Gokdemir M.G., et
al., 2011)

To classify the fluids, the apparent viscosity which is defined as the ratio of shear
stress to shear rate (77(y)=7(7)/7) is applied. Newton’s law states that the applied
shear stress is proportional to resulting shear rate; and, the proportionality constant
known as the dynamic viscosity ( ) is independent of shear rate; the relationship is
expressed as z = . The fluid behaves like this kind of deformation is called

Newtonian fluid.

The Non-Newtonian fluids are generally complex mixtures such as drilling fluids,
gels, slurries, etc.; their viscosity changes as a function of shear rate. The viscous
flow behavior, as a function of shear stress and shear rate, is modeled by

mathematical models.



Main mathematical models that can be used for the drilling industry are;
Newtonian Model, graphically explained by straight line with a slope of Newtonian

Viscosity and starts from the origin (Dipankar C. et al, 2009).

T=py (D)

Bingham Plastic Model (BP) requires as a threshold value for fluid flow, is called
Yield Point (YP). After the yield point, shear stress and shear point mathematically
show constant slope value of Plastic Viscosity (PV).

T=YP+PVy (2

Power Law Model (PL), which is pseudoplastic behavior of fluids (Dipankar C. et
al, 2009). In this model, Consistency Index (K) shows the resistance of deformation

or thickness of the fluid under specific deformation conditions.

T=Ky™ ()

Yield-Power Law (Herschel Bulkley) Model (YPL), is mathematically
combination of Bingham Plastic and Power Law rheological models. After a certain
value of stress application, fluid can flow with a thickness or viscosity at a specific

degree of slope.

T=1,+Ky" (4

Casson Model is mathematically similar to Yield-Power Law model with the

difference of root in mechanism.

V=5, +JKy (%



2.1.1 Yield Stress Phenomena and Viscoelasticity

The general definition of yield stress in aqueous systems is a critical value, below
which elastic or plastic deformation is observed. Contrarily viscous deformation
occurs above this critical value.

Viscoelastic fluids exhibit both fluid-like (viscous) and solid-like (elastic)
deformation behavior at the same time due to the high elastic component. Elasticity
stems from the resistance of the bonds in a material to extension or bending; i.e.,
deformation increases bond energy. When stress, which is in the elastic region, is
removed in real solid materials, the materials go back to their original shape and no
bonds are broken between molecules. However, some bonds are broken upon
deformation in viscoelastic materials and no permanent bonds are observed in purely

viscous materials (Walstra P., 2003).

Viscoelastic phenomena occur due to the normal stress difference in fluid. This stress
difference characterizes the elastic component of the fluid; i.e., viscoelastic behavior.
Compared to viscoelastic fluid, normal stress difference in inelastic or Newtonian
fluids is zero; Newtonian fluids do not exhibit any solid-like behavior (Coussot P.,
et al, 2002).

Another characteristic of viscoelastic fluids is the existence of stress relaxation with
given deformation. Stress value decays exponentially to zero with constant applied
strain in a finite period of time (Wilkinson W.L., 1960). Furthermore, recoil
phenomena is encountered in viscoelastic fluids due to tensile forces in the system
which cause the back and forth movements of particles.

Maxey defines the yield stress as a condition in which a fluid can support its own
weight to a certain extent; i.e., it resists flowing to a certain value at a given shear
(Maxey J, 2007). A continuous solid network can be formed in time-dependent fluids
when they are not mobilized hence, it is necessary to apply a minimum shear stress
to start the flow. This stress value is called yield stress, which varies with time and

temperature. Above this critical value, materials exhibit a fluid-like deformation



(Rubinho H. and Galindo R., 2009). Peder et al. give the theoretical definition of
yield stress as the stress value at which fluid starts or stops moving or flowing, or the
viscosity alternates between finite and infinite value, the highest stress at which no
flow is observed (Peder C.F.M et al., 2006). Steffe states that yield stress is the first
stress in a test where the increase in strain occurs without increase in stress; i.e., a
finite stress required to achieve flow (Steefe J.F., 1996). Below the yield stress,
materials can store the energy in a small strain level like the one solids do. Some
authors (Power P. and Zamora M., 2003) believe that yield stress is the 6 rpm
stabilized reading; others use the 3 rpm reading or even lower rates. There are various
values of this critical stress from this point of view. Yield stress is the minimum
stress to initiate flow. This intrinsic property is affected by temperature, pressure,
chemical content and flow history.

Yield stress is a shear stress threshold that defines the boundary between solid and
fluid-like behavior. The fluid does not begin to flow until the yield stress threshold
IS exceeded.

2.1.2 Previous Pressure Dependent Rheological Models

The sensitivity of the viscosity of the continuous phase in colloidal fluid systems

controls the viscosity or rheological properties of the system (Lee J., et al, 2012).

Rommetveit and Bjorkevoll found that for the specific rate of deformation
conditions, shear stress increases with pressure increment and proves their statement

in an experimental work (Rommetveit R. and Bjorkevoll K.S., 1997).

Conventional constitutive equations explain the rheological deformation of the
system at certain temperatures and pressures. Various studies have been carried out
in the literature to integrate the temperature or pressure effect to predict the viscosity
and rheological parameters of the fluid system. Most of them use Arrhenius
equations in the developed models (Joseph R.R., et al, 2000), where rate of a reaction

has exponential dependency on activation and kinetic energy (Thomas M.G., 2011).



k =Aexp (—Ea/RT) (6)

Lee et al., develop an equation to predict the compressible fluid viscosity at specific

pressure (Lee J. etal., 2012).
u=Aexp (B.P) (7)

Amani uses a similar approach like Lee, also establishes the temperature term in the

viscosity equation (Amani M., 2012).

u=aexp (b.P) (8)
and

p=aexp (t/T) (9)

Houwen and Geehan improve the yielding term of Bingham and Casson constitutive

equations as (Houwen O.H. and Geehan T., 1986);

B! YBinFBinP
YPBingham =A' (?"‘ BB TB ) (10)

BY YcasFcasP
YPcasson = A" (T+ < TC ‘) (11)

Martin-Alfonso et al., use the reference viscosity value at the defined pressure in the

proposed viscosity equation (Martin-Alfons M.J. et.al., 2007).

U = Urer €XP (ﬁ(P - Pref)) (12)

Alderman et al., extend the Arrhenius equation in both considering the temperature
and pressure effect in their viscosity calculation (Alderman N.J. et al, 1988).

(13)

W(P,T) = Ay (1 + a(p)B(P)P) exp (F22ES)



CHAPTER 3

STATEMENT OF THE PROBLEM

Increasing energy demand and the depletion of the shallow hydrocarbon reserves
have led the oil industry to explore deeper reservoirs. Majority of these deep
exploration activities have some form of involvement in High Pressure High
Temperature (HPHT) assets. One of the challenges of drilling ultra-deep HPHT
wells, deviated wells or offshore wells is to formulate stable and accurate drilling
fluid systems. One of the primary concerns in deep offshore wells or horizontal
drilling is to maintain a proper mud pressure due to the narrow window between the
pore pressure and the fracture gradient curves. If the mud weight is not maintained

within this window, it might result in either lost circulation or blowouts.

Non-aqueous conventional drilling fluid systems (NAF) are more than water base
muds (WBM) favorable due to their lubricity effect, high inhibitive characteristics
in shale and salt formations, corrosion control and temperature-rheological stability

in deep formations.

Despite the advantages of NAF over WBM, their flow properties vary with pressure
due to compressibility. The effects of, pressure and temperature on the density and
rheological behavior of slightly compressible fluids are indeed complex. On the other
hand, the equivalent pressure exerted by the drilling fluid under downhole conditions
should outweigh the pressure exerted by the pore fluid, which may be extremely
high. In extreme wellbore conditions, horizontal wells or ultra-deep sections, only
small changes in overpressure can be tolerated because of the small margin between
pore pressure and fracture gradient of the formation. Incompetent fluid formulation
and hydraulic design will result in adverse and vital problems. A static and dynamic
pressure profile and all parameters that affect the pressure profile, such as drilling
fluid density, depth, flow rate, and downhole rheological properties, are critical.



Unfortunately, generated rheological data under extreme HPHT conditions are rare
due to inadequate measurement systems and drilling fluid formulation. Generally,
rheological measurements are defined at the surface conditions and extrapolated to
downhole conditions, that resulting in deviation of the actual high-pressure

deformation behavior.

The main purpose of this study is to experimentally investigate the pressure effect
on slightly compressible drilling fluid rheology under high pressure but moderate
temperature conditions and propose new rheological models to cover all constitutive
stress behavior. As a consequence, a new calculation methodology will be proposed
for frictional pressure loss determination of NAF systems based on determined

rheological aspects under high pressure.
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CHAPTER 4

EXPERIMENTAL SET-UP, TEST METHODOLOGY and TEST FLUIDS

The testing methodology was developed based on previous studies. Lee used 5
different HPHT viscometers in the experimental part; however 5 different results
were obtained for the same fluid under the same experimental conditions (Lee J. et
al., 2012). Although the manufacturers recommend the frictionless pivot and the
measuring stone for the viscometer design, the rotation damages the pivot and leads
to inaccurate readings. In addition, viscometers or some HPHT rheometers that limit
the mixing of fluids are the main problem that harms the fluid system. Considering
the disadvantages of viscometers, rheological experiments are conducted by using
an Anton Paar MCR 302 Rheometer with an HPHT measuring cell in this research.
The Rheometer has an air-bearing system in the measuring coupling part to minimize
the metal-to-metal friction effect in the measurements compared to HPHT
viscometers in which metal friction leads to misreading, and no confining fluid is

needed to pressurize the test fluid.

4.1  Experimental Set-Up

The measurement system consists of four main parts; the rheometer test cell, the
pressure gauge, the pressurized sample chamber, and the high-pressure hydraulic oil

pump, as shown in Figure 2.
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Figure-2: Picture and Schematic Drawing of Experimental Setup

12



The system uses the concentric cylinder systems as the test cell with electrical
resistance heating, which limits the temperature up to 300°C and the pressure to 1000
bar (14500 psi). The geometry is equipped with a magnetic coupling that transmits
the torque of the measuring drive to the measuring cylinder in the pressure cup,
illustrated in Figure 3. The inner diameter of the pressure cup is 30 mm and the outer
diameters of the gauges used in this research are 29 mm and 29.5 mm. The 29.5 mm
bob is preferred for fluids that exhibits wall slippage. Since the colloidal system may
not be used in the pump, a new-modified pressure unit was developed to be used in
the rheological tests with different pressure values. The new pressurized sample
chamber is separated by a piston. It holds the test fluids and keeps the test fluid and
hydraulic oil in a separate position. The high-pressure hydraulic oil pump, which

serves as the pressure source, is directly connected to the pressure cup.

Figure-3: Magnetic Coupling and High Pressure Measuring Geometry
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The sample is placed in the 200 ml capacity pressure chamber. The pump, using the
special hydraulic oil under the chamber, pressurizes the chamber. The sample and
the hydraulic oil are removed from the packing disk. When the oil is pumped, the
packing disk directs the sample through the hose, at the desired pressure value,
directly into the pressure chamber of the rheometer. The applied pressure is
measured on the manometer that is placed, in the hoses in front of the inlet of the

measuring cell.

4.2  Test Methodology and Test Fluids

Water-Based Drilling Fluids are used as incompressible fluids to see if pressure can
affect the rheological behavior of incompressible fluids. A Drill-In fluid system and
a low-weight bubble coated system, Polymeric Multiphase Invasion Control Mud
(PMICM), commercially called Aphron, are selected as incompressible fluid
samples. Aphron system is created by an air-core and outer shell is provided by
surfactants. Bubbles are protected by a both monolayer and trilayer surfactants.
Aphrons are surrounded by high viscous fluid that should show thixotropic behavior.
Aphron mud is used in depleted zones and drilling operations where high mud loss
is encountered (Growcock F.B. et.al., 2004). On the other hand, a field oil-based
mud, a diesel-based drilling fluid system (denoted F-OBM) and two different
synthetic drilling fluid systems with different chemical compositions (denoted SBM-
1 and SBM-2) were used as slightly compressible fluid systems for rheological tests.
The main chemical compositions of the fluid systems are shown in Table 1. Diesel
Based, Drill-In and Aphron chemicals are field used commercial grades, synthetic
system chemicals are obtained from Baker Hughes and DFT drilling fluid providers.
In this study, all the drilling fluid systems, which has hydrocarbon derivatives base

fluid is generalized as Non-Aqueous Fluids (NAF).
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Table-1 Chemical Composition of Test Fluids

. . . PMICM
. Diesel Based Synthetic Drill-In
Chemicals Fluids Based Fluid* |  Fluid (Aphron
System)
Base Fluid Diesel Synthetic Oil Water Water
Primary Emulsifier, v% 1.5-5 1 - -
Secondary Emulsifier, v% 0.3-1 0.3 - -
Lime, gr/l 28.6-43 114 - -
Brine 25% CaCl; 25% CaCl; - -
Viscosifier, g/l 23-34.3 34.3-48.6 14.3
Filtration Cgo/r;trol Agent, 28.6 14.3 15.7
pH Buffer Agent, g/l - - 6.6
Surfactant, g/l - - - 3.4
Bacterial Controller, g/l - - 0.6
Low Shear Rate Viscosity
(LSRV) Agent, v% - 1-13 i i
Depends on
Barite, g/l Test 100 - -
Formulation
Low Gravity Solid, g/l 0-86 43 - -
Soda Ash, g/l - - 0.70 0.57
Depends on
System Weight, gr/l Test 28.6 18.6
Formulation
Depends on
Oil-Water Ratio, v/v Test 80/20 - -
Formulation

*In the sample of SMB-2, only LSRV agent concentration is increased to 3.25% by
volume.

Mixing protocol for OBM/SBM in the laboratory are as followed,

1) Taking the base fluid into the Silverson high shear mixer (shown in Figure
4). The mixer has 7000 to 10000 rpm value depends on the fluid rheology
and density,

2) Mixing the primary emulsifier and lime then shear 1 hour,

3) CaCl, Brine is prepared in the beach mixer (shown in Figure 5), and added

to the slurry. It should be noted that both laboratory and field preparation
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4)
5)

6)
7)
8)

system should be sheared at least 4 hours. Shearing with emulsion creates
heating up effect on the fluid. To minimize this effect, shearing cup is
covered by small hoses and water is circulated inside hoses that connected to
water bath for cooling,

Then secondary emulsifier is mixed,

Fluid Loss Polymers and Rheology Modifiers are blended to the system, and
sheared at least 2 hours,

Rheology and Electrical stability of the mud are measured,

Weighting Agents are mixed with the mud, and sheared 2 hours,

In the final stage, density, emulsion stability and rheological properties are
checked. If any unintended mud properties are observed, modification with

chemicals are performed.

Figure-4: Silverson high shear mixer
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Equipment in the experimental set-up and chemical sensitivity of the system, fluid
preparation, test methodology and aging history can affect the rheological data
generation. A consistent preparation phase and test methodology is followed in this
study to obtain accurate data. The samples are prepared using a high shear mixer.
After the preparation time, the sample is poured into the chamber and pumped into
the test cup. Air is completely displaced from the system and the test cell is sealed.
The system is sheared at a medium level, between 600 to 800 s, when the required
temperature is reached by the sample, and then the fluid is held still for about ten
seconds to relax and to orient the structure. After the relaxation period, the test
interval is started. The controlled shear rate method is used to obtain rheological
results. The shear rate is ramped down from 1200 s* to 30, 20 or 10 s™. If ramp
increase methodology in shear rate is performed, low shear period may create the
time-dependent effect and hence affect the dynamic readings in lower plateau in rate
of deformation situation. Moreover, 60 to 100 data points are collected from all test
intervals using the rheometer software program. The duration of the data points starts

at 2 seconds and increases logarithmically to ten seconds to obtain the steady stress
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or torque readings. The sample is changed after 3 hours that corresponds to any
applied pressure test interval to avoid any possible problem of chemical additive
precipitation. At each pressure point, the test is repeated three times to obtain a data
set within + five percent, if not interval is repeated to stay in the defined limit. As
mentioned, the objective of this work is to study the effect of pressure on fluid
rheology. For this reason, only the applied pressures are changed from 1.01 to 830
bar (0.1 MPa to 82.7 MPa) or 14.7 to 12000 psi at constant temperature during the
test periods. The physical conditions of the tested fluid systems are listed in Table 2.

Table-2 Test Conditions of Sample Fluids

Temperature,

Test Fluid oC

Pressure, MPa (Psi)

0.1 (14.7);
0.7 (100);
1.7 (250);
3.5 (500);
6.9 (1000);
13.8 (2000);
20.7 (3000);
27.6 (4000);
34.5 (5000);
41.4 (6000);
48.3 (7000);
55.2 (8000);
62.1 (9000);
69 (10000);
75.8 (11000);
82.7 (12000)

Diesel Based,
Synthetic Based,
25
Aphron System,

Drill-In System
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CHAPTER 5

EXPERIMENTAL RESULTS and DISCUSSIONS

In low shear rate applications, viscoelastic deformation, the sol-gel or solid-liquid
transition is observed. It depends on the deformation rate and history for both solid
like and fluid like deformation, shown most of the colloidal non-Newtonian fluids.
Therefore, measurement points below the critical shear rate values are excluded from
the analysis in order to obtain the equilibrium values of viscous deformation for the
graphical representation of the rheograms of the different systems. This approach
has been illustrated in Figure 6 for Drill-In Fluid system. The plot is limited to 400
st shear rate application to highlight the effect at low shear rate values. The critical
shear rate for the limit of viscous flow condition is around 30 s shear rate where
reading anomaly ends or stress trend changed, for this test interval. In this study all
the rheological parameters are found by “non-linear estimation method”. Statistica

(https://www.statistica.com/en/) is used to analyze and find the rheological

parameters of the samples. In the analyses, regression is specified, Quasi-Newton

estimation methodology is applied with the convergence criteria of 0.00001.

Rheogram - Drill-In Fluid @20.7 MPa and 25°C
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Figure-6: Data Analysis Example
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Incompressible fluid samples used in this research, namely Drill-In and PMICM
systems, show stress threshold before flow initiation, i.e., yield stress. This flow
character is required for drilling fluids to reduce the precipitation rate of cutting
materials and chemical additives. In addition, a shear-thinning deformation response
is observed for both samples, which is also required for drilling fluids with lower
energy requirements at high deformation rates. The Yield Power Law rheological
model describes the mathematical stress equations for both the Drill-In and PMIC
systems. The rheograms of the incompressible systems are shown in Figures 7 and

8, respectively.

Drill-In Fluid-Rheogram @25°C
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Figure-7: Rheogram for Drill-In Fluids
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90 - PMIC System - Rheogram @25°C
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Figure-8: Rheogram for PMIC Fluids

Pressure has a negligible effect on the deformation behavior and rheological
parameters of the Drill-In and PMICM systems at constant temperature conditions.
This statement is expected for Drill-In Fluid system. However, the PMICM system
contains entrapped air bubbles that are dispersed in the water medium and enables
to the system having a lower mud weight (Growcock F.B. et al., 2004). Therefore,
system is expected to have pressure effect on rheological behaviour. Though air is
compressible and hence affected by pressure, the surfactant coating creates durable
multiphase structures that resist the effects of pressure also stated in the product

bulletin.

Field used OBM (F-OBM), base fluid of diesel, is tested at 25°C temperature under
atmospheric conditions up to a high pressure of 82.7 MPa as a slightly compressible
fluid mud sample. The system density is 1260 kg/m®. According to the statistical
analysis of the measured rheological data the non-linear regression - R? is more than
99.9% for F-OBM. The mathematical equation Power Law describes the rheological
behavior of F-OBM best among the other mathematical equations. The system does
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not exhibit elastic deformation character, but shear-thinning behavior is observed.
The pressure affects the deformation behavior of the fluid. For a test application of
13.8 MPa; the read shear rate of 1200 s™ increases by almost 25% compared with
the measurement at 27.6 MPa. A similar trend can be observed in the lower shear
rate data under the same pressure conditions, i.e., 21% increase at 105 s or 20%
increase at 50 s when the pressure changes from 13.8 MPa to 27.6 MPa. The effect
of pressure on the shear stress or apparent viscosity measurement is remarkable when
comparing results between atmospheric and 82.7 MPa high pressure conditions. The
values increase around 1.75 times compared to the lower ones. The Rheogram of the

F-OBM is given in Figure 9.

F-OBM Rheogram @25°C
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Figure-9: Rheogram for Field OBM

Fluid Flow Behavior index, known as m-value, is not affected by the change of
pressure and ranges from 0.89 to 0.92 in all test intervals. This was also observed by
Houwen, stated that the flow index is a fluid-shear dependent property and cannot
be changed by pressure (Houwen O.H. and Geehan T., 1986). On the other hand, the
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consistency index, denoted by K, can increase steadily with increasing pressure. It

already doubles when the applied pressure is changed from 0.1 MPa to 41.4 MPa

and at 75.8 MPa the - K value is three times higher than the atmospheric one. The

rheological parameters of F-OBM are shown in Table 3 with respect to the applied

pressure conditions.

Table-3 Rheological Parameters of Field OBM at Different Pressure and 25°C

Pressure (MPa) K (Pa sec™) m
0.1 0.1022 0.9184
1.7 0.1092 0.9073
35 0.1200 0.8948
6.9 0.1346 0.8849
13.8 0.1473 0.8865

20.7 0.1654 0.8845
27.6 0.1809 0.8877
34.5 0.1842 0.8994
41.4 0.2145 0.8909
48.3 0.2341 0.8926
55.2 0.2423 0.9016
62.1 0.2627 0.9016

69 0.2869 0.9043
75.8 0.3112 0.9075
82.7 0.3257 0.9207

The Synthetic Base Fluid System-1 (SBM-1) is tested at constant temperature of

25°C under various pressure conditions, likewise the F-OBM. The fluid density is

1200.5 kg/m?® and the chemical formulation is given in Table-1. Stress responses
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when shear stresses applied increase with increasing pressure. As an example for
atmospheric conditions, shear stress readings increase 63% at 1200 s™ and 55% at
30.1 st shear rates compared to test results at 34.5 MPa. A similar trend is observed
for at higher pressure applications. The Rheogram of the SBM-1 is presented in
Figure 10.

SBM-1 Rheogram @25°C
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Figure-10: Rheogram for Field SBM-1

According to non-linear regression analysis, SBM-1 follows the Yield Power Law
equation with a threshold value that initiates permanent deformation and shear
behavior. Table 4 shows the rheological parameters of SBM-1. Fluid flow behavior,
or shear thinning index, hardly changes with pressure and ranges from 0.91 to 0.96
for all the pressure conditions, which is also consistent with F-OBM and previous
data in the literature. The yield stress and the consistency index change and increase
with pressure application, which explains the clear pressure shift in the rheogram.
Both the 1y and K increase by 10% and 9%, respectively, when the pressure is
doubled from 6.9 MPa, and ty doubles when the pressure is changed from

atmospheric one to 82.7 MPA. The K value at an 82.7 MPa is more than four times
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higher than the atmospheric reading. This example of extreme pressure explains that,
at least two times more energy is required to initiate the fluid flow at an 82.7 MPa
pressure across the SBM-1 system, which can lead to formation rupture and more
severe operational problems like; lost circulation, stability issues or well control

incidents.

Table-4 Rheological Parameters of SBM-1 at Different Pressure and 25°C

Pressure (MPa) 1y (Pa) K (Pa sec™) m
0.1 1.9389 0.0442 0.9500
3.5 2.0154 0.04448 0.9500
6.9 2.0739 0.0488 0.9500
13.8 2.2723 0.0530 0.9500
20.7 2.3756 0.0629 0.9500
27.6 2.5798 0.0705 0.9500
34.5 2.8804 0.0871 0.9500
41.4 3.1596 0.1023 0.9500
48.3 3.2664 0.1205 0.9500
55.2 3.3779 0.1465 0.9500
62.1 3.6544 0.1843 0.9500

69 3.7479 0.2154 0.9500
75.8 3.9291 0.2216 0.9500

The chemical composition of SBM-2 system is different from that of SBM-1 system
due to the low-shear rate viscosity agent to analyze the proposed model responses
under elevated yielding conditions. In addition, SMB-2 are tested at a temperature
of 50°C and 75 °C with the same pressure conditions to verify the functionality of

the model at different temperature conditions. The Yield Power Law model explains
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the deformation of SBM-2 in both temperatures. Pressure effect, on the SBM-2 fluid
rheology is similar to the previously analyzed slightly compressible fluids’ rheology.
Rheograms of SBM-2 at 50°C and 75°C are illustrated in Figures 11 and 12,
respectively. At 50°C stress recordings with the application of 302 s shear rate is
11.8 Pascal at atmospheric condition, 39% increase is observed when the pressure
reaches 34.5 MPa, even more than doubled in the 82.7 MPa test interval. The m
index does not change with pressure and found between 0.95-0.98. However, both
1y and K parameters increased with increased pressure. Similar pressure effect is
found at 75°C test intervals. All the stress responses and pressure dependent
rheological parameters are increased with the pressure. 1y values are normally
decreased with temperature, yet increased at 75°C compared to the 50°C test
conditions; this could be due to the temperature stability of the chemicals or due to

the sagging. Model parameters are presented in Table 5.

26



Table-5 Rheological Parameters of SBM-2 at Different Pressure, 50°C and 75°C

Temperature (°C) | Pressure (psi) | 1y (Pa) | K (Pasec™) m

0.1 4.0358 0.0257 0.9700

1.7 4.0476 0.0246 0.9700

6.9 4.0256 0.0279 0.9700

13.8 4.0703 0.0346 0.9700

20.7 4.1698 0.0427 0.9700

27.6 4.2083 0.0477 0.9700

50 34.5 4.2578 0.0513 0.9700
41.4 4.3290 0.0460 0.9700

48.3 4.3661 0.0524 0.9700

55.2 4.3945 0.0574 0.9700

69 4.4322 0.0696 0.9700

75.8 4.4482 0.0794 0.9700

82.7 4.4603 0.0847 0.9700

0.1 6.0673 0.0144 0.9300

1.7 6.1858 0.0156 0.9300

35 6.1951 0.0161 0.9300

6.9 6.3528 0.0174 0.9300

13.8 6.4138 0.0242 0.9300

20.7 6.4672 0.0276 0.9300

75 27.6 6.6197 0.0270 0.9300
345 6.7418 0.0295 0.9300

414 6.8141 0.0404 0.9300

48.3 6.8169 0.0414 0.9300

55.2 6.8797 0.0463 0.9300

62.1 6.9060 0.0518 0.9300

69 7.0430 0.0597 0.9300
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Figure-11: Rheogram for SBM-2 at 50°C
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Figure-12: Rheogram for SBM-2 at 75°C
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CHAPTER 6

PROPOSED MATHEMATICAL PRESSURE-DEPENDENT EQUATIONS
and EVALUATION

6.1  Constitutive — Stress Equations

The conventional steady-state stress equations define the mathematical deformation
behavior of fluids at a specific constant pressure and temperature. In literature, very
few constitutive equations exist to model the stress-strain rate deformation by
considering pressure or temperature. In literature, previous temperature and pressure
dependent equations can only consider the viscosity term, and hence does not
represent the constitutive stress equation except the Houwen’s equation, equations

10 and 11 (Houwen O.H. and Geehan T., 1986).

A pressure dependent constitutive stress equation is proposed in this thesis. The
mathematical model is developed from the Power-Law and Yield Power-Law
equations. Temperature effect is not considered in the proposed equations and
estimated constant, because the response of chemical additives are strongly affected
at some critical high temperature value, typically after 275°F for polymers and 350°
F for surfactants. Thermal stability of the chemicals alter the deformation behavior
of the system and led to incompatibility of the trend and equations, also it is stated
that pressure effect on fluid rheology or viscosity is prevail rather than temperature
when the temperature is below 177°C (lbeh C. et al., 2008). Similar activity is
observed in Valentin’s, case study; and they concluded that pressure change is more
dominant compared to temperature alteration in specific temperature limits.

(Valentin V. and Mario B., 2013). Also Rommetveit and Bjorkevoll gives the
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domination effect of pressure rather than temperature below 150 - 160°C on OBM’s

rheology according to laboratory results (Rommetveit R. and Bjorkevoll K.S., 1997).

In the Power-Law model, pressure effect is placed in to the Consistency Index (K)
term and the proposed equation is;

T=({R+S xXP9)y™ (14)

The first term in the right side (in the bracket) of the equation represents the pressure
effect on K. All R, S and g are fluid and temperature-dependent model constants and
found to be in non-linear regression methodology. The unit of the pressure is Pa or
Bar.

In the Yield-Power Law model, pressure effect is arranged in both the yield stress

and the consistency index; the developed equations is;
T=(L+N XP")+(R+S xPI9)y™ (15)

The first bracket and second bracket terms in the right side of the equation represents
the pressure effect on the 7y and K, respectively. Like the Power-Law equation; L, N
and v are model constants and changed with fluid type and temperature. The unit of
the pressure is again Pa or Bar.

Proposed pressure dependent stress Equation-14 is applied on the F-OBM system,
which does not show any creeping or elastic deformation, i.e. does not have any yield
stress. Consistency index increased with pressure increment and the model points the
K value almost at a measured readings with an R? of 0.9936, only the model over-
predicts the K value at an atmospheric condition with a difference of 7.5%. The K
value determination and stress prediction examples are illustrated in Figures 13 and
14.
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Figure-13: Consistency Index for Field OBM at 25°C
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Figure-14: Model Rheogram Example for Field OBM at 25°C
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Equation-15 validation is checked by using the synthetic base fluid samples, showing
stress threshold to initiate the flow and shear thinning behavior simultaneously. Each
test fluids are examined separately at the constant temperature conditions and model
parameters are found by non-linear estimation methodology. Temperature change
for SBM-2 is applied just to see the model functionality for the same fluid at different
temperature environments. Model predicts both zy and K values in some levels.
Measured variables and predicted ones’ linear fit level in the regression model, so
called R?, for SBM samples are; for 7, at 25°C 0.9888, at 50°C 0.9648, at 75°C
0.9545. Similarly, R? values for K parameter are 0.9952, 0.9566 and 0.9871
respectively. Figure 15 and 16 illustrate the measured and predicted zy and K values.
Stress prediction examples about the SBM samples are shown in Figures 17 through
19.

Yield Stress Prediction for SBM Samples
8
7
[ J

6
©
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2 9@ A
SBM-1 25C Ty Predicted SBM-2 50C Ty predicted
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Figure-15: Predicted and Measured zy for SBM Systems
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Consistency Index Prediction for SBM Samples
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Figure-17: Model Rheogram Example for SBM-1 at 25°C
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Predicted vs Actual Rheogram for SBM-2 @50°C
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Figure-19: Model Rheogram Example for SBM-2 at 75°C
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6.2 Frictional Pressure Loss Equations

Friction may be observed as the resistance required for moving a body through the
external surface. Nevertheless, the friction loss is related to the flow of liquid through
some conduit. Thus, it is a kind of energy loss due to the drag, viscous and cohesive
forces inside the flow area. It is therefore related to the velocity, mass and rheology
of the fluid, (Bourgoyne Jr. A.T. et al., 1991).

According to conservation of mass and conservation of energy equations, Newtonian

annular laminar flow equation for constant density is defined as;

In this research, pipe and annular flow hydraulic equations are redefined for Power-
Law and Yield Power Law deformation behaviors. In this manner, fluid density is
assumed constant in the small-defined grids or the represented conduit hence
conservation of energy and mass equations are applied, (Aadnoy B.S. et al., 2009).

6.2.1 Power-Law Pipe Flow

EXLOG staff developed laminar flow equation of Power Law fluid’s in pipes, so
called Ex-log solution. They use effective diameter concept (Deff) to simulate non-
Newtonian effect (Whittaker A. and Exlog Staff, 1985). Power-Law Laminar Pipe

flow is restated according to Equation-14 as;

n
dap 4K 8vG
w= (o) Gor) 60
dl Deff Deff

Where G and Des is given in the following equations;

__3m+1
im

G

(18)

D
Desr =+ (19
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3m+1

TWapr = (R+SxP9) (E:Tv)m ( )m (20)

am
Hence, the Reynolds Number for Power-Law Pipe flow is derived as;

Desf™ vE™™ p(P)
8(m-1) (R+S x P9)

RepL = (21)

If the calculated Reynolds number is below 2100, the flow regime is assumed

laminar and the frictional pressure loss is calculated,

ap _ 2fp(P)v?

dl D (22)
Where the friction factor “f” is;
16
f= Reny (23)

If the calculated Reynolds number is above 2100, the flow regime is assumed
turbulent, and the fanning frictional factor is calculated according to Dodge-Metzner

approximation as (Bourgoyne Jr, A.T. et al, 1991);

1

4 _m 0.4
77~ mors 08(Rep, i) -

ml2

(24)

After obtaining the friction factor, frictional pressure loss equation is;

ap _ 2fp(P)v?

dl D (25)

6.2.2 Power-Law Annular Flow

In the annular conduit, Ex-Log solution is used Power-Law geometry similar to
Power-Law Laminar Pipe flow. In this concept, both hydraulic diameter (Dnyq) and
effective diameter (Defr) are used (Whittaker A. and Exlog Staff, 1985). Annular flow

calculations are performed according to Equation-14 followed by;
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d_P=<4K)<8vG>n (26)
dl Dhyd Dhyd
Where;

Dpya = D, —D;  (27)

B (1+§){(3—z)m+1}
G = m(4-z) (28)

hyd

D
Deff == G (29)

In addition, z parameter in Equation 28 is found by “Y” parameter;

Y = 0.37m %1% (30)

z=1- (1 A (%)Y>1/Y (31)

o

8
Warr = (R +Sx PG ™ (32)
m .. (2-m)
RePL == Deff 7 pP) (33)

8(m-1) (R+S x P9)

If the calculated Reynolds number is below 2100, the flow regime is presumed

laminar and the frictional pressure loss is calculated,;

ap _ 2f p(P)v?

dl Dhyd (34)
Where the friction factor “f” is;
16
f=rte- @9

If the calculated Reynolds number is above 2100, the flow regime is accepted as
turbulent, and the fanning frictional factor is calculated according to Dodge-Metzner

approximation as (Bourgoyne Jr. A.T. et al, 1991).
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1

4 _m 0,4
Jr - Wlog(RePL f(1 2) —

ml2

(36)

After obtaining the friction factor, frictional pressure loss equation is;

ap _ 2f p(P)v?

dl Dhyd (37)

6.2.3 Yield Power Law Pipe Flow

Hydraulic or frictional pressure drop equation for YPL Laminar Pipe flow is
reestablished according to proposed Equation 15 from the algorithm presented by
Reed and Pilehvari (Reed T.D. and Pilehvari A.A., 1993). In this algorithm flow rate,

trajectory and pipe diameters, and rheological properties should be known.

_ 40
v=— (38)

In the first trial, assuming the flow behavior index is “m” is equal to F parameter.

4F

Defpr = srr1 89

Vw1 = ——  (40)
Degr1

Then the shear stress at the wall is re-defined as;

Ty =L +NxP’)+(R+SxPI)y,)™ (41

Hence the effective viscosity is;

Twi1

Wepr =5~ (42)

Defr1 v p(P)

Re, =
1 Hefr

(43)
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If the calculated Reynolds number is below 2100, the flow regime is laminar and the

frictional factor is;

16

fi=— 44

- R61

If the calculated Reynolds number is above 2100, the flow regime is accepted as

turbulent and the frictional factor is;

1 4 _ 0,4
N log(Re; f*F/%) =5 (45)
2
Ty = fiv ZP(P) (46)

After calculating the tw2 , the convergence of w1 IS checked.

Tw2—Twi1

x 100 < convergence criteria (1) (47)

Tw2

If the convergence factor is within the accepted criteria;

Frictional pressure loss for laminar flow is;

% = 4%2 (48)

Frictional pressure loss for turbulent flow is;

ap _ 2f p(P)v?

dl D (49)

If the convergence is not approached, new “F” factor should be re-calculated and
start from Equations 39 until 47 when the convergence is attained.

1= 341, ((”m) + 2 (WEm+ 1) +2 w) (50)

muU w (2m+1)

Where;

U= (12— (L+NxP”) (51)
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and

U? L+N x PY)U L+N x PY)?
W = 4o WHNXPOU | LANXPT o)
3m+1 2m+1 m+1
6.2.4 Yield Power Law Annular Flow

There is no exact solution for Yield Power Laws Fluids to calculate the frictional
pressure loss in the annulus. Rectangular slot approximation is frequently used in
practical engineering operations. This approximation assumes the annular geometry
as a rectangular slot with a height (h) and a width (w). Total flowing area in the
annular geometry is represented by the multiplication of h and w. The formulation

of h and w is:

h=_—0° i ZED_D'
w-2(0,-D)

2 And (53)

Where Do and D; are outer and inner diameters of annular conduit respectively.

A calculation methodology for frictional pressure losses of YPL fluids is presented
in reference (Aadnoy B.S. et al., 2009), assuming; inner pipe or geometry is
concentrically located in the annular section. As our model systems’ are slightly
compressible fluid and assumed incompressible in density manner and flow is
isothermal. According to Newton’s Law of Motion, the relation between pressure

drop gradient and the shear stress is;

Where y is the vertical distance between the center and any point from center of the
slot. y value is equal to the half of the h value at the wall of the slot. Therefore, the

pressure gradient is redefined with respect to shear stress at the wall (z).

h( de
Ty ==|———
20 dl) (g5
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The equations for wall shear rate (yw) and flow rate (Q) are defined in terms of
pressure gradient and YPL rheological parameters in the equations 56 and 57,

respectively.

1

._;H_djj_@ \ V)}m L )
e +NxP - 7,, —\L+ NxP
(R+sxpo)n L2\ d (R+5xP% )
(56)

wh? 1 . %gl _JIL_ V
QZZ(R+SXP9);TW2 (1+2mj(rw—(L+NxP ) (TW+m+1(L+NXP )j

(57)

Moreover, the velocity equation is;

1+m
12v __ (ty—(L+NxPV)) m

Do—-Dj

( ) (rw-+ ig;(L-+1VxP”)) (58)

1
(R+SxP9)m 72, 1+2g

Equation 58 needs to be solved iteratively to find shear stress at the wall;

Also the velocity equation for the given flow rate in the annular media is written,

v = Tw (59)

By assuming N=n, the Shear Stress at the wall is;

_1+2m 12v

Y
3m D,~D; (g

Hence the shear stress at the wall is;

o, =(Le NP )+ RSP gy

After obtaining the rheological equations, correction factor-Cca should be defined:

1+m T 1+m T

w w

1 (L) m ((L+NXPV)T
(62)
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Shear stress can be recalculated in terms of the correction factor to check the iteration

convergence,

Twc:(L4'NXPV)+(R-FSXPQ{[_£_14_2m] 12y
C., 3m )D,-D,

ca

} (63)
The convergence criterion is,

Twe ~Tw 100<1

Fwc (64)

If the convergence criterion is satisfied, Reynolds Number is calculated:

12 p(P v?
ReYPL — M
Fu (65)

Otherwise, continue iteration from Equation 62 until 65 by using twc as a new shear
stress at wall.
If Reyp<2100, flow is laminar and

d_P_ 4z,
dl D,-D, (g

If the calculated Reynolds number is above 2100, the flow regime is assumed

turbulent and the frictional factor is;

1 4 N 0.4

RN CE log (ReYPLfl_E) — vz (60

Where,

(m Ceq)

= Trama-cy (09
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Finally the frictional pressure drop equation is;

dP _ 2fp(P)v?
dl D, - D, (69)

6.3 Model Validation and Discussion from Real Field Application and

Pressure Measurements

Proposed pressure dependent Rheological and Frictional Pressure loss equations are
validated by field used QOil Based Drilling Fluid System (F-OBM) in real field
application. This system was in the Well XX in drilling operation in August 2019, in
Turkey. As the main objective of this research is investigation of pressure effect on
slightly compressible fluids rheology and friction loss at constant temperature,
validation rheological tests will be performed at constant temperatures on the Anton
Paar MCR 302 HPHT Rheometer with 29 mm pressure cell. According to logging
while drilling data (LWD), bottom hole temperature was measured as 68°C and
average temperature through the bore was given as 55°C, meanwhile flow line
temperature was 45°C. Rheological tests were performed from that temperature
information, proposed hydraulic model validation will be run at average temperature
profile. Average temperature results, used in validation calculations, are tabulated in
Table 6.

Data analysis are performed and model parameters are calculated. In every constant
temperature; deformation regime or energy requirement increases as pressure
increments. Each temperature results are divided into two parts (0.1 MPa to 27.6
MPa and 34.5 MPa to 82.7 MPa) to highlight the stress elevation with different
pressure intervals. Rheological results with different temperature and pressure

conditions are illustrated from Figure 20 to 25.
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Figure-20: Rheogram-1 for F-OBM at 45°C (0.1 to 27.6 MPa)
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Figure-21: Rheogram-2 for F-OBM at 45°C (34.5 to 82.7 MPa)
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F-OBM Rheogram-1 @55°C
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Figure-23: Rheogram-2 for F-OBM at 55°C (34.5 to 82.7 MPa)
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Figure-25: Rheogram-2 for F-OBM at 68°C (34.5 to 82.7 MPa)
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Table 6 illustrates the model parameters belongs to F-OBM used in validation
calculations. Parameters are obtained via regression analyses. Figures 26 and 27
shows the measured and predicted rheological parameters; yield stress and
consistency index, obtained from proposed rheological models respectively. From
this prediction R? values at 45°C are 0.9859 for yield stress and 0.9982 for
consistency index, likewise at 55°C analyses calculated R? are 0.9411 for yield stress

and 0.9773 for consistency index terms.

Table 6- F-OBM Model Parameters at Test Temperatures

Temperature R (Pa S (Pa sec™
(°C) L (Pa) N (Pa Bar?) % sec™) Bar9) g
45 2.0280 0.0009 1.2122 0.0584 4.0639E-06 1.5635
55 2.3192 0.0025 1.0075 0.0552 2.8452E-06 1.5466
68 2,6257 0.0093 0.8965 | 0.0435 | 9.6330E-06 | 1.3221

F-OBM Predicted and Measured Ty

Yield Stress (Pa)

Ty Predicted 45C Ty Predicted 55C

1 4 ——Ty Predicted 68C @® Ty Measured 45C
® Ty Measured 55C ® Ty Measured 68C
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Pressure (MPa)

Figure-26: F-OBM Predicted and Measured Yield Stress
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Figure-27 F-OBM Predicted and Measured Consistency Index
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Calculation algorithm for the given mud properties, hole geometry and operational

parameters is as follows;

First annular velocity profile is calculated;

A l= b
-Vt = o — Di)2Pi
Then Shear Rate at the wall is found;
_14+2m  12x
~ 3m Do-Di

Followed by Shear Stress at wall and Correction Factor equations;

T, = (L +NTPV)_|_ (R + Sy P¢E X}-’)m

— > Cc_ =1- —
«“ 1+m T, 1+m

W

1 (Z+MxP”)  m [ (z+ MrP"')T
T

w

From that information Critical Shear Stress at wall is;

TWCZ(L+NxPV)+(R+Sng{(C1 l+2mj 12v }

ca 3m Do - Di

Convergence criteria is checked,

Twe —Tw 100 <1
T

we

If satisfied new Shear Stress at wall is Critical Shear Stress at wall (tw = twc),

— If not, attain as twc = twand turn back to equation till convergence satisfied.
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After obtaining the corrected Shear Stress at wall, check the Reynolds Number

12pv"h2

™W

Re=

If Re<2100 flow is laminar
If Re>2100 flow is assumed turbulent.

In laminar flow frictional pressure loss is,

dP 4t

W

d D,-D,

In turbulent flow, friction factor needs to calculate frictional loss gradient;

4 1-N 0.4
NO.75 log (ReYPLf 2) ~ Niz

L
Jr

_ (mCeq)
1+2m(1-C.p)

Finally;

dp  2fpv"2
dl Do —Di

As stated, real field data is used to validate both the proposed constitutive and
hydraulic equations. Data is obtained from Well XX, drilled 8.5-inch (0.2159 m) bit
to 2694 m. with the 9 5/8 inch (0.2445 m) casing set at 2667 m. Tables 7 and 8

illustrate the bottom hole assembly - string geometries and length. In addition, mud
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pump properties are illustrated for the upcoming table. According to third party smart
pressure tool (LWD) measurement, at the 2662 m depth of interest, 120 Ib/cuft
(1925.9 kg/m?) circulation density is recorded at the 110 strokes — 0.03 m®/s of mud
pump circulation. Moreover, 113 Ib/cuft (1813.6 kg/m®) density is recorded at the 80

strokes — 0.022 m®/s of mud pump condition.

Table 7 - String Geometry of Well XX

String Outer Diameter cm (in) Inner Diameter cm (in) Length (m)
Smart Tools 17.15 (6.75) 9.53 (3.75) 31.50
Drill Collar 16.51 (6.50) 6.99 (2.75) 144.60

Heavy Weight 12.7 (5.00) 7.62 (3.00) 113.50
Drill Pipe 12.7 (5.00) 10.86 (4.28) 2372.40

Table 8 — Operated Mud Pump Properties in Well XX

Mud Pump Properties
Stroke Length cm (in) | 30.48 (12)
Stroke Diameter cm (in) | 15.24 (6)
Efficiency, % 98

Table 9 gives the daily mud properties reported by third party services at the depth
of interest.

51



Table-9 Mud Properties of Validation Sample

Sample From Flow Line |Flow Line
Check Time 04:59 14:59
Depth (m) 2694 2696
Bit Depth (m) 2694 2696
Density (kg/m®) 1685 1685
Funnel Viscosity (s/quart) 75 68
Test Temperature (°F) 150 150
R600/R300/R200 92/57/43 | 84/54/42
R100/R6/R3 29/12/11 | 29/13/12
Plastic Viscosity (cP) 35 30
Yield Point (Ibf/100sgft) 22 24
Gel 10 s (Ibf/100 sqft) 13 12
Gel 10 min (Ibf/100 sqft) 23 23
HTHP API-Filter (ml) 2,1 2,2
HTHP API-Cake (in/32) 1 1
Retort Water (%) 15 15
Retort Base Fluid (%) 56 56
Oil/Water Ratio 21/79 21/79
Alkalinity (ml) 2 2
Chloride (mg/l) 30000 30000
Electrical Satbility (nV) 620 860

Rheological and model parameters in the validation calculation are given in the
Tables 10 and 11, respectively. Rheological model parameters are redefined in terms

of Pascal unit to provide the compatibility throughout the calculation.
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Table-10 Rheological Parameters of F-OBM at Different Pressure at 55°C

Pressure (MPa) 1y (Pa) K (Pa sec™) m
0.1 2.5108 0.0552 0.9580
35 2.4780 0.0538 0.9580
6.9 2.6169 0.0552 0.9580
13.8 2.6636 0.0655 0.9580
20.7 2.9360 0.0665 0.9580
27.6 2.9441 0.0716 0.9580
34.5 3.2922 0.0812 0.9580
41.4 3.3933 0.0862 0.9580
48.3 3.4962 0.0942 0.9580
55.2 3.6518 0.1081 0.9580
62.1 3.9377 0.1125 0.9580
69 4.1094 0.1227 0.9580
75.8 4.4072 0.1323 0.9580
Table-11 Model Parameters of F-OBM at 55°C
Temperature S (Pa sec™
(°C) L (Pa) N (Pa ) v R (Pa sec™) Pa®) g
55 2.3192 | 2.48E-08 |1.0073 | 0.0552 | 5.28E-14 | 1.5464

Annular frictional pressure loss calculations are solved iteratively by using the
Visual Basic Computer program. As explained, string is in the casing at 2662 m,
medium flow rate are used in check-shots to prevent any wear on the casing.

Calculation starts from surface and annular geometry is divided into 1-meter grids.
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In the 1-meter conduit, frictional pressure loss is calculated and add to 1-meter
hydrostatic head and pressure at the starting point of grid, which is attained as end
pressure of the grid. Calculations continue until the bottom of the hole. Figure 28
shows the schematic calculation methodology in the well bore trajectory. Calculation

results are tabulated in the Appendix-A.

P1 (surface)

1 m grid in annular geometry
P2=P1+Hydrostatic Pressurein 1 m+ AP in1m
P2

Figure-28: Pressure Calculation Methodology in the Hole Trajectory

1 m grid in annular geometry

P3= P2+ Hydrostatic Pressurein 1m+ APin1m
Pn-1
1 m grid in annular geometry,

Pn= Pn-1+ Hydrostatic Pressure in1 m+ AP in 1 m

At 0.03 m¥/s flow rate, measured 1925.9 kg/m? equivalent density creates 50.24 MPa
pressure at this depth, calculation shows 50.93 MPa pressure value. Model slightly
overestimates 1.36% of the in-situ measurements. The entire flow regime is in the
laminar region according to program illustration. This is expected in check shots for
smart units records wants to be taken in steady conditions, lack of chaotic flow.
Furthermore, without considering the pressure effect on slightly compressible fluids,
i.e., If calculations are performed according to atmospheric conditions, pressure at
2662 m is calculated as 47.14 MPa. This value strengths the hypothesis of the thesis.
In the surface, 1357.56 Pa/m gradient is calculated, at 1000 meter depth of interest
gradient is 1546.24 Pa/m and reaches to 1913.57 Pa/m at 2000 m in the same annular
geometry. Figure 29 displays the annular pressure with depth. Figure 30 illustrates
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the fictional pressure loss gradient in the trajectory. At 2486-meter gradient, there is
a sharp increase in the gradient values. This is due to annular velocity increase or

flow in the Bottom Hole Assembly.

Annular Pressure vs Depth

Annular Pressure (kPa)
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Figure-29: Calculated Pressure in the Well Bore at 0.3 m®/s circulation rate
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Frictional Pressure Loss Gradient vs Depth
Pressure Gradient (kPa/m)
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Figure-30: Frictional Pressure Loss Gradient Change at 0.3 m®/s circulation rate

Second validation calculation is performed 0.022 m3/s flow rate; measured 1813.6
kg/m® equivalent density creates 47.40 MPa pressure, shown in Figure 31. Same
calculation algorithm and methodology is followed. Program gives 49.05 MPa
pressure value at 2662 m. The absolute discrepancy is 3.48% of the in-situ
measurements. The entire flow regime is in the laminar region according to program
illustration. In addition, without considering the pressure effect on slightly
compressible fluids, i.e., if calculations are performed according to atmospheric
conditions, pressure at 2662 m is calculated as 46 MPa. In atmospheric condition,
friction gradient is 1040.58 Pa/m, due to overhead pressure it is not constant and
changed to 1175.68 Pa/m at 1000 m and reaches to 1437.28 Pa/m at 2000 m. If
pressure effect is not considered in the rheological aspect and surface conditions are
used in hydraulic calculations, 38% of underestimation happens in our calculations.
Figure 32 illustrates the fictional pressure loss gradient in the trajectory. At 2486
meter, again there is an increase in gradient values. This is due to annular velocity

increase or flow in the Bottom Hole Assembly.
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Annular Pressure vs Depth
Annular Pressure (kPa)
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Figure-31: Calculated Pressure in the Well Bore at 0.022 m®/s circulation rate

Frictional Pressure Loss Gradient vs Depth
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Figure-32: Frictional Pressure Loss Gradient Change at 0.022 m®/s circulation rate
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Proposed rheological equations and hydraulic calculation methodology is compared
with Lee et.al.’s equation (Equation-7). In their equation, Newtonian viscosity is
related to pressure change in an exponential way. F-OBM viscosity results at
constant 55°C temperature test conditions are reviewed (shown in Table 12). Figure
33 illustrates the viscosity change with pressure and Lee et.al.’s model constants are
calculated as; A: 0.0455 Pa-s and B: 0.011 Pa’™.

F-OBM Pressure vs Newtonian Viscosity @55°C
0,12 T
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4
E: L
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Figure-33: F-OBM Newtonian Viscosity with Different Pressure at 55°C

For Newtonian frictional loss calculations, Lamb’s equation is used in annular
conduit (Bourgoyne Jr. A.T., et.al., 1991), where r2 is the inner radius of casing or
open hole and ry is the outer radius of string.

dP 8puv
— = = (70)
dal 2,.,.2_T2-T1

Ln %/r,

Where viscosity is;

i = 0.0455 exp©011P)  (71)
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Similar methodology is followed and viscosity is changed with pressure.
Calculations are performed at 0.3 m®/s flow rate and 55°C with the same hole and
string geometry. For example, in frictional loss gradient calculations, there has been
62.8% increase is observed at 2486 m (where drill pipe - heavy weight strings end)

compared to surface gradient due to viscosity change with pressure.

Calculations give 45.47 MPa pressure at 2662 m where measured pressure is 50.24
MPa at this point of interest (50.93 MPa is calculated via proposed equations in this
study). That means, Newtonian calculation with previously developed pressure
dependent viscosity equations underestimate the measured one with a difference
9.5% or calculated equivalent density is 182.66 kg/m? (1.52 ppg) less than the real
case. That findings show that, design or calculation with Newtonian — Lee approach
cause some design and operational troubles. Calculated annular pressure at each

depth with Lee-Newtonian equations is drawn in Figure 34.

Annular Pressure vs Depth
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Figure-34: Calculated Pressure in the Well Bore at 0.3 m%/s circulation rate with

Newtonian Model
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Table-12 F-OBM Newtonian Viscosity at 55°C

Pressure (MPa) Newtonian Viscosity (Pa-s)

0.1 0.0482
6.9 0.0489
13.8 0.0522
20.7 0.0559
27.6 0.0612
34.5 0.0665
414 0.0722
48.3 0.0783
55.2 0.0843
62.1 0.0905

69 0.0975
75.8 0.1042
82.7 0.1142

Measured total annular frictional pressure loss is around 6.26 MPa. Newtonian
calculation methodology with Lee et.al.’s viscosity equation gives 1.49 MPa at 2662
m. Calculated value is around 4.2 times less than the real case. Nevertheless,
calculated annular frictional loss with the proposed rheological and hydraulic

equations is 6.94 MPa at this depth of interest. Figure 35 illustrates Newtonian

frictional pressure gradient at 0.3 m%/s flow rate.
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Frictional Pressure Loss Gradient vs Depth
Pressure Gradient (Pa/m)
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Figure-35: Frictional Pressure Loss Gradient Change at 0.3 m®/s circulation rate
with Newtonian Model
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CHAPTER 7

RHEOLOGICAL MODEL SENSIVITY IN REFERENCE TO THE BASE
FLUID RATIO, TEMPERATURE and VOLUME OF SOLID

Proposed rheological models are checked by analyzing different slightly
compressible and incompressible fluids at moderate temperature conditions. In both
the diesel and synthetic base samples are mixed with 20/80 water/oil ratio (w/0),
chemical contents are given in Table 1. Model predictions show accurate match with
the measured ones at this formulated systems, in between 25°C to 68°C temperature
conditions. Model performance is reviewed by decreasing the oil ratio in the drilling
fluid system. F-OBM sample is selected in this analysis. Besides the 20/80 w/o,
already mentioned and shown in the previous parts, 30/70 and 40/60 w/o systems are
prepared by increasing the brine phase and primary emulsifier ratio (1% in each 10%
water phase change) in the main formulation. All of the prepared samples, emulsion

stability values are more than 600 nV at room temperature.

7.1 Base Fluid Effect

Like the previous ones, the rheological tests are conducted on Anton Paar Physica
MCR 302 HPHT Rheometer. Controlled shear rate methodology is followed in this
sample, also. After the relaxation period, test interval is started. Shear rate is ramped
decreasing from 1200 s™ to 10 s. To minimize the barite or any colloidal system
precipitation, samples are changed in every 3 hours of test intervals. At each pressure
points test is repeated three times to get the data set in the + five-percent range. Base

fluid effect on the rheological behavior are analyzed at 45°C.
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Deformation behavior of 30/70 w/o diesel-based fluid obeys the Yield Power Law
model at 45°C, shown in Figures 36 and 37. Pressure increments result in the energy
requirement to flow hence, there has been an uplift in the Rheogram in the Pressure

side.

F-OBM 30/70 Rheogram @45°C
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Figure-36: Rheogram-1 for 30/70 F-OBM at 45°C (0.1 to 34.5 MPa)
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F-OBM 30/70 Rheogram @45°C
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Figure-37: Rheogram-2 for 30/70 F-OBM at 45°C (41.4 to 82.7 MPa)

The system needs some degree of stress threshold to initiate the flow, yield stress,
and shows shear-thinning behavior. Rheological parameters are found by nonlinear
regression technique. Fluid flow behavior index, m, is almost constant (between
0.905 and 0.920) in every pressure level. Pressure influences the deformation
responses of the fluid. At 41.4 MPa test application; 1200 s shear rate reading
almost increases by 35% at 82.7 MPa measurement. Similar trend is also identified
in lower shear rate data at the same pressure conditions i.e.; 23% increase in 105 s
readings when the pressure changes from 6.9 MPa to 34.5 MPa. Rheological

parameters are illustrated in Table 13.
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Table-13 Rheological Parameters of 30/70 w/o F-OBM at Different Pressure at

45°C
Pressure (MPa) 1y (Pa) K (Pa sec™) m
0.1 11.7171 0.1491 0.9150
3.5 11.3977 0.1500 0.9150
6.9 11.7027 0.1527 0.9150
13.8 12.3224 0.1547 0.9150
20.7 12.7889 0.1553 0.9150
27.6 12.9550 0.1784 0.9150
34,5 13.4364 0.1896 0.9150
41.4 14.4244 0.1930 0.9150
48.3 14.2070 0.2171 0.9150
55.2 15.1542 0.2206 0.9150
69 16.2020 0.2229 0.9150
75.8 16.4206 0.2479 0.9150
82.7 17.1903 0.2579 0.9150

Table 14 illustrates the model parameters belongs to 30/70 w/o F-OBM in validation
to Equation-15. Figures 38 and 39 show the measured and predicted rheological
parameters; yield stress and consistency index, obtained from the proposed
rheological models respectively. There has been a good match with an R? value of
0.9863 in every pressure level for Yield Stress and 0.9852 in every pressure level for

consistency index.
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Table-14 30/70 w/o F-OBM Model Parameters at 45°C

Temperature S (Pa sec™
(°C) L (Pa) N (Pa Barv) % R (Pasec™) Bar9) g
45 11.3065 0.0037 1.1280 0.1470 1.3240E-05 | 1.3635
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Yield Stress (Pa)

Yield Stress Prediction for 30/70 F-OBM @45°C
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Figure-38: 30/70 w/o F-OBM Predicted and Measured Yield Stress 45°C
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Consistency Index Prediction for 30/70 F-OBM @45°C
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Figure-39: 30/70 w/o F-OBM Predicted and Measured Consistency Index 45°C

Similar mixing protocol is followed to prepare 40/60 w/o F-OBM, to investigate the
kind of compressible base fluid — pressure sensitivity on the deformation phase. The
main chemical composition F-OBM, for 20/80 w/o, is given in Table 1, however to
obtain the 40/60 more brine phase is needed and so more primary emulsifier is used
to obtain the emulsion stability. Like the 30/70 w/o sample, 2% more primary
emulsifier is added to the mixing procedure to achieve the 600 nV emulsion stability

value at room temperature.

As well the previous rheological tests, controlled shear rate methodology is used.
First, the sample is sheared and allowed to rest for relaxation and then test interval
is initiated. Shear rate is ramped decreasing from 1200 s to 10 s. To minimize the
barite or any colloidal chemical sag, samples are changed in every 3 hours of test
interval. At each pressure points, test is repeated three times to get the data set in the

+ five-percent range.
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Higher yield stress values are measured at 40/60 sample at 45°C, compared to the
20/80 and 30/70 w/o samples. This effect is also observed by another research, which
concluded that oil water ratio play a big role in yield stress level. Higher yield stress
values are observed when the w/o ratio is increased (Eldar D. et.al., 2004). This is
because of the continuous phase reduction and more brine phase addition, acting like
solid droplets and causing in resistance to flow. Moreover water molecule spacing
changes the colloidal forces between droplets (attractive and repulsive forces), even
observed at stagnant period. Both the hydrodynamic and electrostatic
communication led to increase in internal friction when the volume amount of brine
increased in the system (Eldar D. et.al., 2004).

Rheograms of the 40/60 w/o sample at 45°C are illustrated in Figures 40 and 41.
Samples show the yield stress or creeping in the early stage of viscous deformation,
and then followed shear thinning behavior is recognized. Even the slightly
compressible fluid volumetric ratio is decreased; pressure can play a significant role

on the deformation behavior.

Energy requirement for flow is increased when the pressure application is in higher
level. For example, at 1200 s shear rate, stress measurement is doubled at 82.7 MPa
compared to 6.9 MPa readings. In addition, at moderate drilling shear rate simulation
as the flow in annular medium - 206 s deformation rate, there has been a 33%
increased stress is recorded when the pressure is altered from 27.6 MPa to 69 MPa.
Similar trend is also identified in lower shear rate data i.e.; 27% increase in 20 s*

readings when the pressure increased from 13.8 MPa to 75.8 MPa.
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Figure-40: Rheogram-1 for 40/60 F-OBM at 45°C (0.1 to 34.5 MPa)
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Figure-41: Rheogram-1 for 40/60 F-OBM at 45°C (41.4 to 82.7 MPa)
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All the rheological parameters are identified through a nonlinear regression
technique and listed in Table 15. Fluid flow behavior index, m, is constant (between
0.90 and 0.91) in every pressure level and consistent with previous samples and
literature statements. Both the yield stress - ty , and Consistency Index - K, increase
with pressure, being not as dramatic as 30/70 or 20/80 samples. That observation is
expected, because the relatively compressible continuous fluid phase is decreased in

the volumetric ratio.

Table-15 Rheological Parameters of 40/60 w/o F-OBM at Different Pressure at

45°C
Pressure (MPa) 1y (Pa) K (Pa sec™) m
0.1 21.2480 0.2159 0.9100
1.7 21.0850 0.2064 0.9100
6.9 21.4169 0.2015 0.9100
13.8 21.3117 0.2274 0.9100
20.7 22.0377 0.2397 0.9100
27.6 22.7828 0.2512 0.9100
34.5 23.9093 0.2617 0.9100
41.4 24.2726 0.2706 0.9100
48.3 25.1511 0.2757 0.9100
55.2 25.7455 0.2957 0.9100
69 26.2382 0.3235 0.9100
75.8 27.1618 0.3353 0.9100
82.7 27.5799 0.3704 0.9100

Proposed pressure dependent rheological model, Equation-15, is applied for the data

to find the model parameters. These parameters are presented in the Table 16 for the
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40/60 w/o F-OBM at 45°C temperature. Predicted and measured Yield stress
analyses is exhibited in the Figure 42. The highest identified difference is 2.4% at
13.8 MPa values with R? of 0.9906. Figure 43 illustrates the Consistency Index
analysis. Except the 6.9 MPa comparison that has 9% difference by overestimation,
other pressure conditions have a R? value of 0.9825.

Table-16 40/60 w/o F-OBM Model Parameters at 45°C

Temperature S (Pa sec™
(°C) L (Pa) | N (PaBarv) % R (Pasec™) Bar9) g
45 20,8201 0,0038 1,1332 0,2180 1,1700E-06 | 1,7723

Yield Stress Prediction for 40/60 F-OBM @45°C
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Figure-42: 40/60 w/o F-OBM Predicted and Measured Yield Stress 45°C
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Consistency Index Prediction for 40/60 F-OBM @45°C
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Figure-43: 40/60 w/o F-OBM Predicted and Measured Consistency Index 45°C

Compressible fluid fraction in the drilling fluid system and pressure effect on the
yield stress is illustrated in Figure 44. As the temperature is another alteration factor
for rheological parameters, same temperature results are interpreted. In this graph,
45°C test results for F-OBM with 20/80 w/o, 30/70 w/o and 40/60 w/o ratio fluid
systems are analyzed. This evaluation is carried out by taking the atmospheric yield
stress values at each temperature conditions as a reference point. Then calculate the
percentage increment at 20.7 MPa, 41.4 MPa, 62.1 MPa and 82.7 MPa, respectively.
The higher percentage increase is observed at 20/80 w/o samples compared to other
fraction ratios. As stated more volume of compressible fluid in the system, change
in the yield stress is more dramatic with respect to pressure change. When the
pressure is changed from atmospheric condition to 20.7 MPa; yield stress reached
more than 55% of atmospheric one, or it is 132% at 62.1 MPa. Energy requirement
to initiate the fluid flow or pump start-up is 186% higher than the atmospheric

condition that may leads to formation breakdown in the operational conditions. The
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increment is in modest level in 30/70 w/o F-OBM system, but higher than the 40/60
fraction system in the percentage values. For example, 20.7 MPa yield stress is 13%
more than the atmospheric yield stress, at 41.4 MPa it reaches to 28% or at 82.7 MPa,
there is a 56% increment compared to the atmospheric one. At 45°C test conditions
40/60 w/o samples show the least percent increase on the reference-atmospheric
yield stress readings. The system is barely affected by the pressure change because
of the diminished compressible fluid volumetric ratio. The percentage of reference —
atmospheric yield stress increment for 20.7 MPa, 41.4 MPa, 62.1 MPa and 82.7 MPa
values are; 5%, 16%, 25% and 37%, respectively.

In addition, Figure 45 illustrates Consistency Index and Pressure susceptibility in
terms of compressible fluid fraction in the drilling fluid system, thus atmospheric
Consistency Index is kept as a reference point at the constant temperature, 45°C.
Likewise the Yield Stress, there is a sharp change observed for 20/80 w/o samples
compared to the other fractions. Increase in the Consistency Index is 80% at 41.4
MPa or 164% at 62.1 MPa. On the other hand, the pace in the increment is decreased
as the water phase is increased in the fluid. For 30/70 w/o samples, the increase is
34% when the pressure is changed to 41.4 MPa, 55% at 62.1 MPa.
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Yield Stress Pressure Effect-W/O Ratio @45°C
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Figure-44: Compressible Fluid Fraction and Pressure Effect on Yield Stress
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Figure-45: Compressible Fluid Fraction and Pressure Effect on Consistency Index
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7.2  Temperature Effect

Proposed pressure dependent rheological equations work properly at constant
temperature conditions. So far, mid-temperature operational conditions are tested
and simulated. In addition, model functionality at higher temperatures, needed to be
validated. When the w/o ratio is increased, Yield Stress and Consistency Index terms
reached higher values compared to lower w/o ratio formulated systems. Also stated,
at higher temperature conditions rheological parameters are decreased and very low
numerical values are observed in temperature effect sensivity data. Therefore, 40/60
w/o formulated F-OBM are analyzed at 100°C temperature. Sample preparation is
the same but test methodology is altered to obtain the steady constant temperature in
the test chamber. After preparation and set-up the test protocol, fluid is pre-sheared
at 1000 s rate of deformation in the pre-heated chamber (100°C) at half an hour.
The Rheometer-Physica program measures steady sample temperature with in the
accuracy of = 0.3 °C. When reached the target temperature, test intervals has been
started. Shear rate is ramped decreasing from 1200 s™ to 10 s*. To minimize the
barite or any colloidal system sag, samples are changed in every 3 hours of test
interval. At each pressure points test is repeated three times to get data set in the
plus/minus five-percentage range. Figures 46 and 47 illustrate the deformation
behavior of 40/60 w/o sample at 100°C with different pressure conditions. A
characteristic behavior of Yield Power Law rheological equation is shown in the
deformation phase of samples. First fluid needs a stress value to start the viscous
flow, followed by shear thinning behavior in some degree. Yield stress values of
100°C readings at 40/60 w/o are lower than the 45°C measurements. That is
expected, because streamlines or fluid molecules has higher energy level inside the
system and shows less resistance to flow. However, pressure increments led to
increase in deformation-stress responses. Shear stress value is almost doubled when
the pressure is changed from 6.9 MPa to 82.7 MPa at the 1200 s? shear rate
condition. In addition, there has been a 24% increase in stress response at 404 s

shear rate at the 55.2 MPa test interval compared to 20.7 MPa.
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F-OBM 40/60 Rheogram @100°C
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Figure-46: Rheogram-1 for 40/60 F-OBM at 100°C (0.1 to 34.5 MPa)
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Figure-47: Rheogram-2 for 40/60 F-OBM at 100°C (41.4 to 82.7 MPa)
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Nonlinear regression analyses is followed Yield Stress - zy, Consistency Index - K
and Fluid Flow Behavior Index —m, of Yield Power Law model. Fluid flow behavior
index is almost constant and obtained between 0.74 and 0.77, the average value of
0.76, which is also consistent with previous samples and literature statements. Both
the yield stress, 1y, and Consistency Index, K, increase with pressure. Parameters are
tabulated in Table 17.

Table-17 Rheological Parameters of 40/60 w/o F-OBM at Different Pressure at

100°C
Pressure (MPa) 1y (Pa) K (Pa sec™) m

0.1 11.2200 0.1466 0.7600
35 11.2294 0.1466 0.7600
6.9 11.0682 0.1498 0.7600
13.8 11.1287 0.1604 0.7600
20.7 11.3718 0.1747 0.7600
27.6 11.0516 0.1896 0.7600
34.5 11.4566 0.2036 0.7600
414 11.6831 0.2155 0.7600
48.3 11.7449 0.2284 0.7600
55.2 11.5934 0.2455 0.7600

69 11.8857 0.2619 0.7600
75.8 12.1612 0.2805 0.7600
82.7 12.2060 0.3009 0.7600

Proposed pressure dependent rheological equation’s parameters are presented in
Table 18. Yield stress comparison with respect to measured and model prediction is

illustrated in Figure 48. Model curve perfectly fits the rheometer data with a 0.9189
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value of R? and maximum differ of 2.4% at the 55.2 MPa condition. Figure 49

demonstrates the predicted and measured Consistency Index values. Model

calculation coincides the rheometer Consistency Index values with a maximum 1.8%

differ at the 27.6 MPa pressure application of 0.9986 fitting regression.

Table-18 40/60 w/o F-OBM Model Parameters at 100°C

Temperature S (Pa sec™
(°C) L (Pa) | N (PaBar?) v R (Pa sec™) Bar?) g
100 11.0696 | 9.6200E-05 | 1.4288 0.1445 2.7100E-05 | 1.3058
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Figure-48: 40/60 w/o F-OBM Predicted and Measured Yield Stress 100°C
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Consistency Index Prediction for 40/60 F-OBM
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Figure-49: 40/60 w/o F-OBM Predicted and Measured Consistency Index at 100°C

Temperature affects the rheological behavior of colloidal systems. Percentage
change in both yield stress and consistency index are shown in the Figures 50 and
51, respectively. At these analyses, 40/60 w/o ratio F-OBM is used at 45°C and
100°C readings are used. Two temperature conditions have same fluid and
measurement methodology. Atmospheric values of both yield stress and consistency
index are kept constant and percentage change at 20.7 MPa, 41.4 MPa, 62.1 MPa
and 82.7 MPa are calculated.

According to Figure 50, the change in yield stress at 45°C is 5% when the pressure
is 20.7 MPa, 16% at 41.4 MPa, 25% at 62.1 MPa and 35% at 82.7 Mpa, compared
to atmospheric pressure reference value. On the other hand, the rate of change is less
at 100°C interest, namely 4% at 20.7 MPa, 7% at 41.4 MPa, 9% at 62.1 MPa and
finally 16% at 82.7 MPa.
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Yield Stress Change with Temperature (40/60 w/0)
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Figure-50: Temperature and Pressure Effect on Yield Stress

For considering the K value change at 45°C results, illustarted in Figure 51, 20%
increase is observed at 20.7 MPa compared to atmospheric condition. When pressure
is changed to 41.4 MPa, 35% increase is calculated. At 62.1 MPA change is 61%, at
82.7 MPa there has been a 98% increase. In 100°C analyses, calculated values are;
19% at 20.7 MPa, 47% at 41.4 MPa, 79% at 62.1 MPa and 120% at 82.7 MPa.

Unlike the yield stress trend, the percentage change in consistency index is higher at
100°C than 45°C. Also fluid flow index , m value is changed to 0.91 to 0.76 when
temperature is changed from 45°C to 100°C. As shown, it is not easy to state any
temperature trend on the rheological paremeters like the pressure phonemena for the

slightly compressible fluids.
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Consistency Index Change with Temperature
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Figure-51: Temperature and Pressure Effect on Consistency Index

7.3 Mud Weight — Solid Effect

In this analysis, Diesel Based NAFs (DBF) with different mud weight are used to
analyze any solid effect on slightly compressible fluid rheology. Controlled shear
rate methodology is followed in all sample tests. 80/20 oil/water ratio systems are
mixed with 3 different barite amount to obtain mud with 1044 kg/m3 (8.7 ppg),
1404.4 kg/m® (11.7 ppg) and 1764.7 kg/m?® (14.7 ppg) densities. To prevent any
emulsifier or viscosifier effect on the rheology, three samples are formulated with
same chemical ingredients except the Barite content. All the samples have 25%-wt
CaCl; Brine phase. Chemical additives and formulation of fluids are illustrated in
Table 19.
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Table-19 Formulation of Different Mud Weight DBMs

SAMPLE COMPOSITION
CHEMICAL ITEM
1044 kg/m® | 1404.4 kg/m® | 1764.7 kg/m?

Diesel (vol %) 80 80 80

Brine Phase (vol %) 20 20 20

Primary Emulsifier (vol %) 4 4 4

Secondary Emulsifier (vol %) 2 2 2
Fluid Loss Agent (g/l) 22.9 22.9 22.9
Viscosifier (g/l) 17.1 17.1 17.1
LSRV Agent (vol %) 3.5 3.5 3.5
Lime (g/l) 18.6 18.6 18.6
Barite (g/l) 157 715 1443

Tests are performed at 25°C for all samples. Fluids are pre-sheared in the pressure
cell and let to be rest to obtain the relaxation period, then test interval is started with
the shear rate ramped decreased methodology from 1200 s* to 20 s. To minimize
the barite or any colloidal chemical precipitation, samples are changed in every 3
hours of test intervals. At each pressure points, test is repeated three times to get the

data set in the = five-percent range.

Deformation behavior of 1044 kg/m?®, lowest weighted DBF follows the Yield Power
Law model at 25°C. Graphs are divided into two parts to prevent any complexity,
shown in Figures 51 and 52.

83



1044 kg/m3 DBM Rheogram-1 @25°C
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Figure-52: Rheogram-1 for 1044 kg/m® DBM at 25°C (0.1 to 41.4 MPa)

1044 kg/m3 DBM Rheogram-2 @25°C
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Figure-53: Rheogram-2 for 1044 kg/m3 DBM at 25°C (48.3 to 82.7 MPa)
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Results show, some stress level is required to initiate the deformation, called the
yield stress, and show some degree of shear thinning behavior. Rheological
parameters are found by nonlinear regression technique. Fluid flow behavior index,
m, is not affected by pressure and almost constant an average value of 0.95. Stress
response is increased in levels when the ambient pressure is increased. Pressure
influences the deformation responses of the fluid. One third of increase in
deformation practice is observed at the 600 s rate of shear application when
pressure is changed from atmospheric condition to 34.5 MPa, even doubled at 82.7
MPa. At the highest shear rate of application, stress reading reaches 50% higher
values from atmospheric ones to 41.4 MPa or 110% higher at 82.7 MPa. Rheological
parameters of 1044 kg/m?® DBF are tabulated in Table 20.

Table-20 Rheological Parameters of 1044 kg/m® 80/20 o/w at 25°C

Pressure (MPa) 7y (Pa) K (Pa sec™) m
0.1 11.0740 0.1040 0.9500
3.5 11.5191 0.1198 0.9500
6.9 11.7768 0.0845 0.9500
13.8 11.7690 0.0843 0.9500
20.7 11.8947 0.0867 0.9500
27.6 12.4320 0.0869 0.9500
34.5 12.4080 0.0864 0.9500
414 12.9300 0.0914 0.9500
48.3 12.9540 0.0936 0.9500
55.2 13.3288 0.0928 0.9500
62.1 13.4190 0.1003 0.9500
69 13.9920 0.1013 0.9500
75.8 14.4750 0.1019 0.9500
82.7 14.5520 0.1148 0.9500
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Consistency index of fluid is counted in the low value due to small amount of solid,
which is less than 4% by volume in the system and cannot affected by pressure
alteration. On the other hand, Yield stress is increased when pressure increases. In
order to depict the pressure effect importance, “pump start-up pressure” is reached
to 1.3 of surface design when 82.7 MPa of bottom hole head is subjected in-situ hole
conditions. As stated before, system shows in a small degree of thinning behavior
due to small amount of solid-surfactant interaction, common behavior of post-

chemical rheological responses of OBMs.

All the stress inputs are examined through the proposed Equation-15 to find the

model parameters, shown in Table 21.

Table-21 1044 kg/m® DBF Model Parameters at 25°C

Temperature N (Pa S (Pa sec™
(°C) L (Pa) Bar?) Y R (Pasec™) Bar9) g
25 11.3176 0.0022 1.0867 0.0681 1.50E-14 1.5750

Comparison of measured and model predicted Yield Stress is illustrated in Figure
54. There has been a good match is identified with a R? value of 0.9781 in every
pressure level for Yield Stress parameter in 1044 kg/m® sample. Better convergence
is identified in Consistency Index calculation, illustrated in Figure 55, except the

atmospheric measured K value, which is out of trend.
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Yield Stress Prediction for 1044 kg/m3 DBM @25°C
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Figure-54: 1044 kg/m® DBM Predicted and Measured Yield Stress 25°C
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Figure-55: 1044 kg/m® DBM Predicted and Measured Consistency Index 25°C
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Rheometer measurements and Model Prediction of constitutive stress levels are
exemplified in Figure 56 which consists measurements at atmospheric, 41.4 MPa
and 82.7 MPa pressures. Model overestimates the stress level at the higher level of
deformation at the atmospheric conditions. Maximum 29% of difference is
identified. Model converges the measured ones after the 300 s shear rate and crosses
in lower values with a maximum differ of 6.5%. However, at 41.4 MPa, good match
and similar values in both higher — moderate and lower deformation levels are
observed in the rheogram with a maximum discrepancy of 9.2% in all readings.
Highest-pressure measurements and model prediction can almost be coincidence

with each other. Divergence level is an average value of 3.3%.

Stress Prediction - 1044 kg/m3 DBM @25°C
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Figure-56: 1044 kg/m® DBM Predicted and Measured Stress Values

Mixing protocol of moderate weight sample, 1404.4 kg/m® DBF, is the same with
the previous test fluid. In addition, chemical concentration is the same, already stated
in Table 19, except the Barite content. 714.3 g/l of Barite is added to base system to
obtain the desired mud weight. That leads to 14.5% volume increase in the system,

hence diesel volume fraction reduces to 68.5%, but still the system has 80/20 o/w
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ratio. During the rheological tests, temperature kept constant at 25°C, only pressure
is changed within the intervals. For the test procedure, first samples are pre-sheared
in the pressure cell; second fluid stays stagnant for a short time period to have the
relaxation period. Finally measurements are started with the decreasing Shear rate
ramped methodology from 1200 s to 10 s™. To minimize the barite or any colloidal
chemical precipitation, samples are changed in every 3 hours of test intervals. At
each pressure points test is repeated three times to get the data set in the £ five-

percent range.

Rheogram and stress behavior of 1404.4 kg/m® DBM are exhibited in Figures 57 and
58. Deformation behavior follows the yielding in the early rate of deformation levels,
then curvature is followed with the slope less than 1 at higher shear rate application,

thus data set typically follows the Yield Power Law model at 25°C.

1404.4 kg/m3 DBM Rheogram-1 @25°C
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Figure-57: Rheogram-1 for 1404.4 kg/m3 DBM at 25°C (0.1 to 41.4 MPa)
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1404.4 kg/m3 DBM Rheogram-2 @25°C
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Figure-58: Rheogram-2 for 1404.4 kg/m3 DBM at 25°C (48.3 to 82.7 MPa)

Readings states that, a threshold value is required to trigger the creep flow, where
the fluid velocity is too slow, or any irreversible deformation behavior. Furthermore,
this “flow start-up stress” value is increased with pressure due to the compressible
fluid effect. Three YPL Model parameters, namely Yield Stress, Consistency Index
and Fluid Flow Behavior Index, are obtained from nonlinear regression calculations.
Like the Yield Stress, Consistency Index is sensitive to subjected pressure and
increased with pressure. Similar to previous hydrocarbon based drilling fluid muds,
Fluid flow behavior index, m, is not affected by pressure and almost constant with

an average value of 0.89.

Besides the rheological parameters, stress reaction of the sample is highly dependent
on pressure alteration. At highest shear rate condition, 82.7 MPa reading is more than
two times of atmospheric one. Furthermore; at 600 s deformation rate, 34%

increment is recorded with respect to 6.9 MPa value and within the same rate; 84.3%
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increment is measured when the pressure is increased from 6.9 MPa to 75.8 MPa.

Rheological parameters of 1404.4 kg/m® DBF are shown in Table 22.

Table-22 Rheological Parameters of 1404.4 kg/m? 80/20 o/w at 25°C

Pressure (MPa) 1y (Pa) K (Pa sec™) m
0.1 13.5560 0.1266 0.8900
6.9 14.0500 0.1459 0.8900
13.8 14.5430 0.1461 0.8900
20.7 15.0320 0.1551 0.8900
27.6 15.5202 0.1529 0.8900
34,5 16.0068 0.1560 0.8900
41.4 16.4932 0.1635 0.8900
48.3 16.9781 0.1597 0.8900
55.2 17.4618 0.1673 0.8900
62.1 17.9463 0.1900 0.8900

69 18.4290 0.1860 0.8900
75.8 18.9113 0.1875 0.8900
82.7 19.3932 0.1924 0.8900

Compared to atmospheric Yield Stress, additional 22% and 43% energy is required
in the solid-liquid transition phase when test pressure showed up 41.4 MPa and 82.7
MPa respectively. Increment in the Consistency Index terms are; 23% at 20.7 MPa,
30% at 41.4 MPa, 42% at 62.1 MPa and 52% at 82.7 MPa compared to surface
readings.

Proposed pressure dependent rheological model parameters in the Equation-15, are
analyzed and illustrated in Table 23.
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Table-23 1404.4 kg/m® DBF Model Parameters at 25°C

Temperature S (Pa sec™
(°C) L (Pa) N (Pa Bar) % R (Pasec™) Bar?) g
25 13.5511 0.0076 0.9900 0.1287 3.0752E-07 | 0.6690

Model Yield Stress calculation overlaps the measured ones, illustrated in the Figure
59. Maximum discrepancy for 1404.4 kg/m® DBM is observed only 1.5% at 6.9 MPa
condition. Comparison of measured and model predicted Consistency is illustrated
in the Figure 60. There has been also a good match is identified with a R? value of
0.9179.
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Figure-59: 1404.4 kg/m*® DBM Predicted and Measured Yield Stress 25°C
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Consistency Index Prediction for 1404.4 kg/m3 DBM
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Figure-60: 1404.4 kg/m® DBM Predicted and Measured Consistency Index 25°C

Figure 61 delineates the measured stress values and Model calculations within the
test shear rate levels. At 6.9 MPa curve, model overestimates the measured ones until
the 300 s shear rate point with a maximum of 13% divergence. In contrast, after
this shear rate model gets closer and almost gives the measured values. At 41.4 MPa
curve, in all the upper plateau rates, moderate levels and low shear conditions, model
predicts the measured values. The difference is less than 6% in all constitutive
stresses. At 82.7 MPa curve, model slightly underestimates the measured ones until
the 1000 s shear rate levels with a maximum of 7% divergence. After 1000 s shear

rate, model converges and fits the measured values.
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Stress Prediction - 1404.4 kg/m3 DBM @25°C
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Figure-61: 1404.4 kg/m® DBM Predicted and Measured Stress Values

Third and maximum weighted sample, 1764.7 kg/m® DBM, chemical formulation
has already been stated in the Table 19. Barite is used to obtain this weight, and 1443
g/l of Barite is added. This amount of solid causes 34% increase in volume.
Compressible fluid volume ratio reduces to 59.5%, brine ratio reduces to 14.5%, yet
the oil-water ratio remains 80/20. Rheological tests are performed at constant 25°C
temperature; pressure is only the varying parameter to be investigated. Before the
data recording, similar procedures are followed, “pre-shearing and resting”. Like the
previous rheological experiments, shear rate is ramped from 1200 s™ to 10 s™. To
minimize the barite or any colloidal chemical precipitation, samples are changed in
every 3 hours of test intervals. At each pressure points test is repeated three times to

get the data set in the + five-percent range.

All the stress behavior of 1764.7 kg/m® DBM, from atmospheric conditions to 82.7
MPa, are illustrated in Figures 62 and 63. Fluid deforms after a certain point of stress

level and continues as a viscous flow with a shear-thinning behavior at 25°C. This

94



elastic-viscous transition is typical character of Hersley-Buckley fluids and

expressed by Yield Power Law mathematical model.

1764.7 kg/m3 DBM Rheogram-1 @25°C
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Figure-62: Rheogram-1 for 1764.7 kg/m® DBM at 25°C (0.1 to 41.4 MPa)
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Figure-63: Rheogram-2 for 1764.7 kg/m® DBM at 25°C (48.3 to 82.7 MPa)

Yield Stress, Consistency Index and Fluid Flow Behavior Index, are also calculated
from nonlinear regression method. Besides the physical-chemical interaction due to
chemicals and temperature, pressure is another key factor that influences the
rheological behavior in hydrocarbon-derived fluids. Permanent deformation value
or transition to viscous flow is increased with pressure due to the compressible fluid
effect. Degree of flow resistance, represented by Consistency Index, is increased
with pressure. Similar to previous hydrocarbon based drilling fluid muds, Fluid flow
behavior index, m, is not affected by pressure and almost constant an average value
of 0.90.

Atthe 6.9 MPa condition having 30 s shear rate, stress response is 24% higher when
the applied pressure is doubled and reaches 53.5% value when the pressure is
extended to 69 MPa. At the mid-level of rheogram, 600 s rate of deformation,

atmospheric measurement is boosted to 50% of original value in 41.4 MPa, and
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almost 2.3 times in the highest-pressure condition. Rheological parameters of 1764.7
kg/m® DBF are shown in the Table 24.

Table-24 Rheological Parameters of 1764.7 kg/m? 80/20 o/w at 25°C

Pressure (MPa) 1y (Pa) K (Pa sec™) m
0.1 21.4333 0.1548 0.9000
6.9 21.2702 0.1481 0.9000
13.8 21.5477 0.1720 0.9000
20.7 22.8221 0.1644 0.9000
27.6 23.9750 0.1782 0.9000
34,5 25.5950 0.1831 0.9000
41.4 26.4602 0.2071 0.9000
48.3 28.4643 0.2168 0.9000
55.2 29.6479 0.2440 0.9000
62.1 31.3781 0.2622 0.9000

69 33.0902 0.2727 0.9000
75.8 34.9941 0.2825 0.9000
82.7 35.8367 0.2970 0.9000

There has been a 53% increase identified at the 69 MPa condition compared to the
surface Yield Stress. Likewise, increase in 13.8 MPa Yield Stress value reaches to
38% when pressure is increased to 55.2 MPa. Increment in the Consistency Index
terms are; 14% at 27.6 MPa, 30% at 41.4 MPa, 57% at 55.2 MPa and 90% at 82.7
MPa compared to surface reading.

Proposed pressure dependent rheological model parameters in the Equation-15, are
analyzed and illustrated in Table 25.
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Table-25 1764.7 kg/m® DBF Model Parameters at 25°C

Temperature N (Pa S (Pasec™
(°C) L (Pa) Bar) v R (Pasec™) Bar?) g
25 20.3012 | 0.0025 | 1.3060 0.1542 6.93E-06 | 1.4850

Predicted Yield Stress term in the Equqtion-15 and real data exemplification is
presented in Figure 64. The absolute difference is less than 1.5% in all pressure
intervals, except the atmospheric one. Surface prediction underestimates 5.3% of the
measured yield stress. Comparison of measured and model predicted Consistency is
illustrated in the Figure 65. Both the curvature trend of the graph and data fits each

other. Calculated maximum difference value is 6.2% at 6.9 MPa.
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Figure-64: 1764.7 kg/m® DBM Predicted and Measured Yield Stress 25°C
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Consistency Index Prediction for 1764.7 kg/m3 DBM
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Figure-65: 1764.7 kg/m® DBM Predicted and Measured Consistency Index 25°C

All the deformation responses of rheometer and model data are illustrated in Figure
66. Graph belongs to 13.8, 48.3 and 75.8 MPa pressure conditions. Prediction
slightly overestimates the 13.8 MPa data only the difference of maximum 6.5%
between 600 to 1050 sshear rate interval, and getting closer after 400 s*. At 48.3
MPa, model calculation almost gives the rheometer data with an average difference
of 2.1%. In the 75.8 MPa curve, model slightly underestimates the measured ones

and model converges and fits the low shear rate values.
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Stress Prediction - 1764.7 kg/m3 DBM @25°C
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Figure-66: 1764.7 kg/m® DBM Predicted and Measured Stress Values

The oil-water ratio or the relatively compressible fluid volume analysis has already
mentioned in terms of rheological parameters; yield stress and consistency index
terms. Results states that the intensity in Yield Stress increase is higher when the oil
ratio rises in the system.

Mud weight analyses based on similar approach. Except the weighting agent, other
chemical formulation is the same for all three samples. Chemical additives and
formulation of fluids are shown in Table 19. Even the 1044 kg/m? sample has the
limited amount of Barite, concentration of Organophilic Clay, Secondary Emulsifier
and LSRYV agent amounts are designed in terms of 1404.4 kg/m? fluid requirements.
Formulation based on wettability of Barite requirement and prevention of Barite
precipitation. Highest level of yielding and consistency can observed in 1764.7
kg/m?® fluid as expected because of highest solid amount. The volume of slightly
compressible fluid portion is decreased when the mud weight increased. Therefore,

it is supposed that, percentage of increase in rheological parameter get the maximum
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value in the lowest weighed sample. However, physical-chemical phenomena and

new generation surfactants and viscosifiers determines the trend responses.

Organophilic clays are specially blended clays, mostly treated with amines and
became hydrocarbon-wetted used as main viscosifiers in NAF systems. It adjust the
moderate level and high plateau of rheological behavior, LSRV agents directly
increase the force requirement in elastic limit of system. Figure 67 shows that these
two component are susceptible to solid amount in the system hence solid amount
alters the magnitude of increase in Yield Stress. This graph is established by keeping
the atmospheric Yield Stress as a reference point in each sample, and percentage
change of Yield Stress at 20.7, 41.4, 62.1 and 82.7 MPa are investigated. For the
1044 kg/m?® system; increase of percentages are; 7.5%, 16.8%, 21.2% and 31% when
the pressure is varied from atmospheric condition to 20.7, 41.4, 62.1 and 82.7 MPa,
respectively. Those values are; 11.1%, 21.7%, 31% and 44.1% for 1404.4 kg/m3
system and 8.5%, 26%, 49.2% and 70.4% for 1764.7 kg/m® DBM.

Yield Stress Mud Weight Effect @25°C

W 1044 kg/m3

m 1404.4 kg/m3

W 1764.7 kg/m3

Yield Stress Change (%)

20,7 41,4 62,1 82,7
Pressure (MPa)

Figure-67: Mud Weight and Pressure Effect on Yield Stress
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In YPL model, consistency index defines the degree of resistance to flow. Main solid
in the test fluid is Barite. Secondary emulsifier coats the water-wet Barite particles
and to be oil-wet in the final process. “In the oil medium environment” streamlines
are not free to flow because of solid molecules and leads to increase in apparent
viscosity. That statement is observed in the rheological analyses; Consistency Index
rises as the Barite amount is increased in the system. Similar to Yield Stress — Mud
weight relation, atmospheric Consistency Index is kept as a reference point at the
constant temperature, 25°C and percentage change of Consistency Index at 20.7,
41.4, 62.1 and 82.7 MPa are calculated. Even the relatively compressible fluid
amount is decreased; percentage increase in terms of pressure is more, in higher mud
weight due to solid particle effect. For example; Consistency index increase is;
91.7% in 1404.4 kg/m?® sample, 40.8% in 1404.4 kg/m® sample but 20% in 1044
kg/m? fluid, when the pressure is varied from 1764.7 kg/m? to 82.7 MPa. Percentage
change is illustrated in Figure 68.

Consistency Index Mud Weight Effect @25°C

100
90
1044 kg/m3
80
m 1404.4 kg/m3
70

1764.7 kg/m3

60

Consistency Index Change (%)

20,7 41,4 62,1 82,7

Pressure (MPa)

Figure-68: Mud Weight and Pressure Effect on Consistency Index
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CHAPTER 8

CONCLUSIONS

In this study, pressure effect on slightly compressible drilling fluids are investigated,
in both experimental study and theoretical work, at constant temperature conditions.
In experimental work, diesel and synthetic based samples are used as a slightly
compressible system; also water based muds are tested to see any pressure effect in
theoretically incompressible drilling fluid. Rheological tests are conducted on Anton
Paar MCR-302 HPHT rheometer. In theoretical work, pressure dependent
constitutive stress equations are proposed and based on those rheological equations,

frictional pressure loss calculation methodology is developed.

According to rheological analyses,

e The rheology of incompressible fluid based Drilling Mud systems can be
affected in negligible level by pressure change at a constant temperature.
Surface measurements can be used in operational calculations.

e Dirilling Fluids that contains bubble coated low-weight systems’ rheological
deformation parameters also affected in negligible level by applied pressure
change and proven by the experiments.

e Pressure phenomenon changes the slightly compressible fluid based Drilling
Mud systems’ rheology and stress requirement is increased with pressure
increment.

e Rheological parameter analysis show that Fluid Flow Behavior Index, m
parameter, cannot be changed with pressure change. On the other hand, both
the Yield Stress or Point — 1y and Consistency Index, so-called K parameter,

are strongly dependent on pressure change.
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For the proposed equations,

It is identified that good match is observed for the proposed pressure
dependent rheological equation in this study, with different test samples,
chemical compositions and different deformation characteristics, compared
to measured data. All the calculated rheological parameters have R? values
between 0.92 and 0.99. Moreover, the model predicts the constitutive stress
equations with different constant temperature intervals and chemical
compositions.

Derived hydraulic calculations based on proposed constitutive stress
equations are validated with real field application. In this situation, drilling
fluid system shows yield character with shear-thinning deformation
behavior. Two different flow rate checks with pressure readings were
obtained from the field measurements. Model calculations in the annular
geometry slightly overestimates the on bottom pressure values with a very
low absolute difference.

Hydraulic calculations based on a rheological characterization
underestimates the in-situ annular pressure frictional pressure loss for
slightly compressible drilling fluid systems. This can also cause operational
problems.

Hydraulic calculation based on Lee et.al.’s equation underestimates around
9.5% measured pressure at 2662 m. at 0.3 m%/s flow rate and 55°C. At this
point of interest, proposed rheological and hydraulic equations have the

discrepancy of 1.36%.

In addition to pressure effect on slightly compressible systems’ rheology

examination, oil/water volumetric ratio, solid amount and temperature effects are

examined in both on rheological parameters and proposed equations.

For the oil/water ratio effect;

As the oil fraction - as a continuous phase, is increased volumetrically

compared to the water — brine phase, pressure dominates the rheological
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parameters or stress requirements of flow is in the higher levels for the
non-aqueous based drilling fluid systems.
Oil water ratio play a big role in yield stress level. Higher yield stress values

are observed when the o/w ratio is diminished.

For the solid amount effect;

Both yield stress and consistency index rises as the Barite amount is
increased in the system by considering the same experiment conditions.

Even the relatively compressible fluid amount is decreased; percentage
increase in terms of pressure is more for rheological parameters zy and K, in

higher mud weight due to solid particle effect.

For temperature effect;

Percentage change of Yield Stress is more at lower temperature test intervals
compared to higher temperatures. Unlike the yield stress trend, the
percentage change in consistency index is higher at 100°C temperature then
45°C.

Moreover, at higher temperature situations with the same chemical
compositions, fluid shows more shear thinning behaviour. Fluid flow index,
m, 1s changed to 0.91 to 0.76 when temperature is changed from 45°C to
100°C.
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CHAPTER 9

RECOMMENDATIONS

. Validity of hydraulic calculations will be tested at higher flow rate and turbulent
flow regime conditions.

. Pipe rotation effect or a correlation factor may be added to hydraulic equataions.
. Temperature effect shall be added into the rheological equations and frictional
pressure loss calculation methodology.

. Drilling fluid systems, which show higher properties of compressibility, can be

tested for the proposed equations and calculation methodologies.
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APPENDIX

A) 0.03 M3/SEC FLOW RATE CALCULATION RESULTS

Frictional
Depth Annular T wall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)

1 4.7354 30.4734 1315.2508 Laminar 1357.5416

2 4.7354 30.4738 1315.2334 Laminar 1357.5595

3 4.7354 30.4743 1315.2145 Laminar 1357.5790

4 4.7354 30.4747 1315.1943 Laminar 1357.5999

5 47354 30.4752 1315.1728 Laminar 1357.6221

6 4.7354 30.4758 1315.1500 Laminar 1357.6456

7 47354 30.4763 1315.1260 Laminar 1357.6704

8 4.7354 30.4769 1315.1008 Laminar 1357.6964

9 4.7354 30.4775 1315.0746 Laminar 1357.7234
10 4.7354 30.4781 1315.0473 Laminar 1357.7516
11 47354 30.4788 1315.0190 Laminar 1357.7809
12 4.7354 30.4795 1314.9896 Laminar 1357.8112
13 4.7354 30.4802 1314.9593 Laminar 1357.8425
14 4.7354 30.4809 1314.9281 Laminar 1357.8748
15 47354 30.4816 1314.8959 Laminar 1357.9080
16 4.7354 30.4824 1314.8628 Laminar 1357.9422
17 47354 30.4832 1314.8288 Laminar 1357.9772
18 4.7354 30.4840 1314.7940 Laminar 1358.0132
19 4.7354 30.4848 1314.7583 Laminar 1358.0501
20 4.7354 30.4857 1314.7218 Laminar 1358.0878
21 4.7354 30.4865 1314.6845 Laminar 1358.1263
22 4.7354 30.4874 1314.6464 Laminar 1358.1657
23 4.7354 30.4883 1314.6074 Laminar 1358.2059
24 4.7354 30.4892 1314.5678 Laminar 1358.2469
25 4.7354 30.4902 1314.5273 Laminar 1358.2887
26 4.7354 30.4911 1314.4861 Laminar 1358.3313
27 4.7354 30.4921 1314.4442 Laminar 1358.3746
28 4.7354 30.4931 1314.4016 Laminar 1358.4187
29 4.7354 30.4941 1314.3582 Laminar 1358.4635
30 4.7354 30.4951 1314.3141 Laminar 1358.5090
31 4.7354 30.4962 1314.2694 Laminar 1358.5553
32 4.7354 30.4972 1314.2239 Laminar 1358.6023
33 4.7354 30.4983 1314.1778 Laminar 1358.6500
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
34 4.7354 30.4994 1314.1310 Laminar 1358.6984
35 4.7354 30.5005 1314.0835 Laminar 1358.7474
36 4.7354 30.5016 1314.0354 Laminar 1358.7972
37 4.7354 30.5027 1313.9866 Laminar 1358.8476
38 4.7354 30.5039 1313.9372 Laminar 1358.8987
39 4.7354 30.5050 1313.8872 Laminar 1358.9505
40 4.7354 30.5062 1313.8365 Laminar 1359.0029
41 4.7354 30.5074 1313.7852 Laminar 1359.0559
42 4.7354 30.5086 1313.7334 Laminar 1359.1096
43 4.7354 30.5098 1313.6809 Laminar 1359.1639
44 4.7354 30.5111 1313.6277 Laminar 1359.2189
45 4.7354 30.5123 1313.5741 Laminar 1359.2744
46 4.7354 30.5136 1313.5198 Laminar 1359.3306
47 4.7354 30.5148 1313.4649 Laminar 1359.3874
48 4.7354 30.5161 1313.4095 Laminar 1359.4448
49 4.7354 30.5174 1313.3534 Laminar 1359.5028
50 4.7354 30.5188 1313.2968 Laminar 1359.5613
51 4.7354 30.5201 1313.2397 Laminar 1359.6205
52 4.7354 30.5214 1313.1820 Laminar 1359.6802
53 4.7354 30.5228 1313.1237 Laminar 1359.7406
54 4.7354 30.5241 1313.0649 Laminar 1359.8015
55 4.7354 30.5255 1313.0056 Laminar 1359.8629
56 4.7354 30.5269 1312.9457 Laminar 1359.9250
57 4.7354 30.5283 1312.8852 Laminar 1359.9876
58 4.7354 30.5297 1312.8243 Laminar 1360.0507
59 4.7354 30.5312 1312.7628 Laminar 1360.1144
60 4.7354 30.5326 1312.7008 Laminar 1360.1787
61 4.7354 30.5341 1312.6382 Laminar 1360.2435
62 4.7354 30.5355 1312.5752 Laminar 1360.3089
63 4.7354 30.5370 1312.5116 Laminar 1360.3747
64 4.7354 30.5385 1312.4475 Laminar 1360.4411
65 4.7354 30.5400 1312.3829 Laminar 1360.5081
66 4.7354 30.5415 1312.3179 Laminar 1360.5756
67 4.7354 30.5430 1312.2523 Laminar 1360.6436
68 4.7354 30.5446 1312.1862 Laminar 1360.7121
69 4.7354 30.5461 1312.1196 Laminar 1360.7811
70 4.7354 30.5477 1312.0526 Laminar 1360.8507
71 4.7354 30.5493 1311.9850 Laminar 1360.9207
72 4.7354 30.5509 1311.9170 Laminar 1360.9913
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
73 4.7354 30.5524 1311.8485 Laminar 1361.0624
74 4.7354 30.5541 1311.7795 Laminar 1361.1339
75 4.7354 30.5557 1311.7101 Laminar 1361.2060
76 4.7354 30.5573 1311.6401 Laminar 1361.2786
77 4.7354 30.5589 1311.5697 Laminar 1361.3516
78 4.7354 30.5606 1311.4989 Laminar 1361.4252
79 4.7354 30.5623 1311.4276 Laminar 1361.4992
80 4.7354 30.5639 1311.3558 Laminar 1361.5737
81 4.7354 30.5656 1311.2836 Laminar 1361.6487
82 4.7354 30.5673 1311.2109 Laminar 1361.7242
83 4.7354 30.5690 1311.1377 Laminar 1361.8002
84 4.7354 30.5707 1311.0641 Laminar 1361.8766
85 4.7354 30.5725 1310.9901 Laminar 1361.9535
86 4.7354 30.5742 1310.9156 Laminar 1362.0309
87 4.7354 30.5759 1310.8407 Laminar 1362.1088
88 4.7354 30.5777 1310.7653 Laminar 1362.1871
89 4.7354 30.5795 1310.6895 Laminar 1362.2659
90 4.7354 30.5812 1310.6133 Laminar 1362.3451
91 4.7354 30.5830 1310.5366 Laminar 1362.4248
92 4.7354 30.5848 1310.4595 Laminar 1362.5050
93 4.7354 30.5866 1310.3820 Laminar 1362.5856
94 4.7354 30.5885 1310.3041 Laminar 1362.6666
95 4.7354 30.5903 1310.2257 Laminar 1362.7481
96 4.7354 30.5921 1310.1469 Laminar 1362.8301
97 4.7354 30.5940 1310.0677 Laminar 1362.9125
98 4.7354 30.5958 1309.9880 Laminar 1362.9954
99 4.7354 30.5977 1309.9080 Laminar 1363.0787
100 4.7354 30.5996 1309.8275 Laminar 1363.1624
101 4.7354 30.6015 1309.7466 Laminar 1363.2466
102 4.7354 30.6034 1309.6654 Laminar 1363.3312
103 4.7354 30.6053 1309.5837 Laminar 1363.4162
104 4.7354 30.6072 1309.5016 Laminar 1363.5017
105 4.7354 30.6091 1309.4191 Laminar 1363.5876
106 4.7354 30.6111 1309.3362 Laminar 1363.6739
107 4.7354 30.6130 1309.2529 Laminar 1363.7607
108 4.7354 30.6150 1309.1692 Laminar 1363.8479
109 4.7354 30.6169 1309.0851 Laminar 1363.9355
110 4.7354 30.6189 1309.0006 Laminar 1364.0235
111 4.7354 30.6209 1308.9157 Laminar 1364.1120
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
112 4.7354 30.6229 1308.8304 Laminar 1364.2009
113 4.7354 30.6249 1308.7448 Laminar 1364.2902
114 4.7354 30.6269 1308.6587 Laminar 1364.3799
115 4.7354 30.6289 1308.5723 Laminar 1364.4700
116 4.7354 30.6310 1308.4854 Laminar 1364.5605
117 4.7354 30.6330 1308.3982 Laminar 1364.6515
118 4.7354 30.6351 1308.3106 Laminar 1364.7429
119 4.7354 30.6371 1308.2227 Laminar 1364.8346
120 4.7354 30.6392 1308.1343 Laminar 1364.9268
121 4.7354 30.6413 1308.0456 Laminar 1365.0194
122 4.7354 30.6434 1307.9565 Laminar 1365.1124
123 4.7354 30.6455 1307.8670 Laminar 1365.2057
124 4.7354 30.6476 1307.7772 Laminar 1365.2995
125 4.7354 30.6497 1307.6870 Laminar 1365.3937
126 4.7354 30.6518 1307.5964 Laminar 1365.4883
127 4.7354 30.6539 1307.5055 Laminar 1365.5833
128 4.7354 30.6561 1307.4142 Laminar 1365.6787
129 4.7354 30.6582 1307.3225 Laminar 1365.7744
130 4.7354 30.6604 1307.2304 Laminar 1365.8706
131 4.7354 30.6625 1307.1380 Laminar 1365.9671
132 4.7354 30.6647 1307.0453 Laminar 1366.0641
133 4.7354 30.6669 1306.9522 Laminar 1366.1614
134 4.7354 30.6691 1306.8587 Laminar 1366.2591
135 4.7354 30.6713 1306.7648 Laminar 1366.3572
136 4.7354 30.6735 1306.6706 Laminar 1366.4557
137 4.7354 30.6757 1306.5761 Laminar 1366.5546
138 4.7354 30.6780 1306.4812 Laminar 1366.6539
139 4.7354 30.6802 1306.3860 Laminar 1366.7535
140 4.7354 30.6824 1306.2904 Laminar 1366.8535
141 4.7354 30.6847 1306.1944 Laminar 1366.9539
142 4.7354 30.6870 1306.0981 Laminar 1367.0547
143 4.7354 30.6892 1306.0015 Laminar 1367.1559
144 4.7354 30.6915 1305.9045 Laminar 1367.2574
145 4.7354 30.6938 1305.8072 Laminar 1367.3593
146 4.7354 30.6961 1305.7095 Laminar 1367.4616
147 4.7354 30.6984 1305.6115 Laminar 1367.5642
148 4.7354 30.7007 1305.5132 Laminar 1367.6672
149 4.7354 30.7030 1305.4145 Laminar 1367.7706
150 4.7354 30.7054 1305.3155 Laminar 1367.8744
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
151 4.7354 30.7077 1305.2161 Laminar 1367.9785
152 4.7354 30.7100 1305.1164 Laminar 1368.0830
153 4.7354 30.7124 1305.0164 Laminar 1368.1879
154 4.7354 30.7148 1304.9160 Laminar 1368.2931
155 4.7354 30.7171 1304.8153 Laminar 1368.3987
156 4.7354 30.7195 1304.7143 Laminar 1368.5046
157 4.7354 30.7219 1304.6130 Laminar 1368.6109
158 4.7354 30.7243 1304.5113 Laminar 1368.7176
159 4.7354 30.7267 1304.4093 Laminar 1368.8247
160 4.7354 30.7291 1304.3070 Laminar 1368.9320
161 4.7354 30.7315 1304.2043 Laminar 1369.0398
162 4.7354 30.7339 1304.1013 Laminar 1369.1479
163 4.7354 30.7364 1303.9980 Laminar 1369.2564
164 4.7354 30.7388 1303.8944 Laminar 1369.3652
165 4.7354 30.7413 1303.7905 Laminar 1369.4743
166 4.7354 30.7437 1303.6862 Laminar 1369.5839
167 4.7354 30.7462 1303.5816 Laminar 1369.6937
168 4.7354 30.7487 1303.4768 Laminar 1369.8040
169 4.7354 30.7512 1303.3715 Laminar 1369.9145
170 4.7354 30.7536 1303.2660 Laminar 1370.0255
171 4.7354 30.7561 1303.1602 Laminar 1370.1367
172 4.7354 30.7586 1303.0540 Laminar 1370.2483
173 4.7354 30.7612 1302.9476 Laminar 1370.3603
174 4.7354 30.7637 1302.8408 Laminar 1370.4726
175 4.7354 30.7662 1302.7337 Laminar 1370.5853
176 4.7354 30.7687 1302.6263 Laminar 1370.6983
177 4.7354 30.7713 1302.5186 Laminar 1370.8116
178 4.7354 30.7738 1302.4106 Laminar 1370.9253
179 4.7354 30.7764 1302.3023 Laminar 1371.0393
180 4.7354 30.7790 1302.1936 Laminar 1371.1537
181 4.7354 30.7815 1302.0847 Laminar 1371.2684
182 4.7354 30.7841 1301.9755 Laminar 1371.3834
183 4.7354 30.7867 1301.8659 Laminar 1371.4988
184 4.7354 30.7893 1301.7561 Laminar 1371.6146
185 4.7354 30.7919 1301.6460 Laminar 1371.7306
186 4.7354 30.7945 1301.5355 Laminar 1371.8470
187 4.7354 30.7972 1301.4248 Laminar 1371.9637
188 4.7354 30.7998 1301.3138 Laminar 1372.0808
189 4.7354 30.8024 1301.2024 Laminar 1372.1982
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
190 4.7354 30.8051 1301.0908 Laminar 1372.3159
191 4.7354 30.8077 1300.9789 Laminar 1372.4340
192 4.7354 30.8104 1300.8667 Laminar 1372.5524
193 4.7354 30.8130 1300.7542 Laminar 1372.6711
194 4.7354 30.8157 1300.6414 Laminar 1372.7901
195 4.7354 30.8184 1300.5283 Laminar 1372.9095
196 4.7354 30.8211 1300.4149 Laminar 1373.0292
197 4.7354 30.8238 1300.3012 Laminar 1373.1492
198 4.7354 30.8265 1300.1872 Laminar 1373.2696
199 4.7354 30.8292 1300.0730 Laminar 1373.3903
200 4.7354 30.8319 1299.9584 Laminar 1373.5113
201 4.7354 30.8346 1299.8436 Laminar 1373.6326
202 4.7354 30.8373 1299.7285 Laminar 1373.7543
203 4.7354 30.8401 1299.6131 Laminar 1373.8763
204 4.7354 30.8428 1299.4974 Laminar 1373.9986
205 4.7354 30.8456 1299.3814 Laminar 1374.1212
206 4.7354 30.8483 1299.2652 Laminar 1374.2442
207 4.7354 30.8511 1299.1487 Laminar 1374.3674
208 4.7354 30.8539 1299.0319 Laminar 1374.4910
209 4.7354 30.8567 1298.9148 Laminar 1374.6149
210 4.7354 30.8595 1298.7974 Laminar 1374.7391
211 4.7354 30.8623 1298.6797 Laminar 1374.8637
212 4.7354 30.8651 1298.5618 Laminar 1374.9885
213 4.7354 30.8679 1298.4436 Laminar 1375.1137
214 4.7354 30.8707 1298.3251 Laminar 1375.2392
215 4.7354 30.8735 1298.2064 Laminar 1375.3650
216 4.7354 30.8763 1298.0873 Laminar 1375.4911
217 4.7354 30.8792 1297.9680 Laminar 1375.6176
218 4.7354 30.8820 1297.8484 Laminar 1375.7443
219 4.7354 30.8849 1297.7286 Laminar 1375.8714
220 4.7354 30.8877 1297.6085 Laminar 1375.9987
221 4.7354 30.8906 1297.4881 Laminar 1376.1264
222 4.7354 30.8935 1297.3674 Laminar 1376.2544
223 4.7354 30.8964 1297.2465 Laminar 1376.3827
224 4.7354 30.8992 1297.1253 Laminar 1376.5113
225 4.7354 30.9021 1297.0038 Laminar 1376.6402
226 4.7354 30.9050 1296.8820 Laminar 1376.7695
227 4.7354 30.9079 1296.7600 Laminar 1376.8990
228 4.7354 30.9109 1296.6378 Laminar 1377.0288
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
229 4.7354 30.9138 1296.5152 Laminar 1377.1590
230 4.7354 30.9167 1296.3924 Laminar 1377.2894
231 4.7354 30.9196 1296.2694 Laminar 1377.4202
232 4.7354 30.9226 1296.1460 Laminar 1377.5513
233 4.7354 30.9255 1296.0224 Laminar 1377.6826
234 4.7354 30.9285 1295.8986 Laminar 1377.8143
235 4.7354 30.9314 1295.7745 Laminar 1377.9463
236 4.7354 30.9344 1295.6501 Laminar 1378.0786
237 4.7354 30.9374 1295.5254 Laminar 1378.2111
238 4.7354 30.9404 1295.4006 Laminar 1378.3440
239 4.7354 30.9434 1295.2754 Laminar 1378.4772
240 4.7354 30.9464 1295.1500 Laminar 1378.6107
241 4.7354 30.9494 1295.0243 Laminar 1378.7445
242 4.7354 30.9524 1294.8984 Laminar 1378.8785
243 4.7354 30.9554 1294.7722 Laminar 1379.0129
244 4.7354 30.9584 1294.6458 Laminar 1379.1476
245 4.7354 30.9614 1294.5191 Laminar 1379.2826
246 4.7354 30.9645 1294.3921 Laminar 1379.4178
247 4.7354 30.9675 1294.2649 Laminar 1379.5534
248 4.7354 30.9706 1294.1375 Laminar 1379.6893
249 4.7354 30.9736 1294.0098 Laminar 1379.8254
250 4.7354 30.9767 1293.8818 Laminar 1379.9619
251 4.7354 30.9798 1293.7536 Laminar 1380.0986
252 4.7354 30.9828 1293.6252 Laminar 1380.2357
253 4.7354 30.9859 1293.4965 Laminar 1380.3730
254 4.7354 30.9890 1293.3675 Laminar 1380.5106
255 4.7354 30.9921 1293.2383 Laminar 1380.6485
256 4.7354 30.9952 1293.1089 Laminar 1380.7867
257 4.7354 30.9983 1292.9792 Laminar 1380.9252
258 4.7354 31.0014 1292.8492 Laminar 1381.0640
259 4.7354 31.0046 1292.7191 Laminar 1381.2031
260 4.7354 31.0077 1292.5886 Laminar 1381.3425
261 4.7354 31.0108 1292.4580 Laminar 1381.4822
262 4.7354 31.0140 1292.3270 Laminar 1381.6221
263 4.7354 31.0171 1292.1959 Laminar 1381.7623
264 4.7354 31.0203 1292.0645 Laminar 1381.9029
265 4.7354 31.0234 1291.9328 Laminar 1382.0437
266 4.7354 31.0266 1291.8009 Laminar 1382.1848
267 4.7354 31.0298 1291.6688 Laminar 1382.3262
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
268 4.7354 31.0329 1291.5364 Laminar 1382.4678
269 4.7354 31.0361 1291.4038 Laminar 1382.6098
270 4.7354 31.0393 1291.2710 Laminar 1382.7520
271 4.7354 31.0425 1291.1379 Laminar 1382.8946
272 4.7354 31.0457 1291.0046 Laminar 1383.0374
273 4.7354 31.0489 1290.8710 Laminar 1383.1805
274 4.7354 31.0522 1290.7372 Laminar 1383.3239
275 4.7354 31.0554 1290.6032 Laminar 1383.4675
276 4.7354 31.0586 1290.4689 Laminar 1383.6115
277 4.7354 31.0619 1290.3344 Laminar 1383.7557
278 4.7354 31.0651 1290.1997 Laminar 1383.9002
279 4.7354 31.0683 1290.0647 Laminar 1384.0450
280 4.7354 31.0716 1289.9295 Laminar 1384.1900
281 4.7354 31.0749 1289.7941 Laminar 1384.3354
282 4.7354 31.0781 1289.6584 Laminar 1384.4810
283 4.7354 31.0814 1289.5225 Laminar 1384.6269
284 4.7354 31.0847 1289.3864 Laminar 1384.7731
285 4.7354 31.0880 1289.2500 Laminar 1384.9196
286 4.7354 31.0913 1289.1134 Laminar 1385.0663
287 4.7354 31.0946 1288.9766 Laminar 1385.2133
288 4.7354 31.0979 1288.8396 Laminar 1385.3606
289 4.7354 31.1012 1288.7023 Laminar 1385.5082
290 4.7354 31.1045 1288.5648 Laminar 1385.6561
291 4.7354 31.1078 1288.4271 Laminar 1385.8042
292 4.7354 31.1112 1288.2891 Laminar 1385.9526
293 4.7354 31.1145 1288.1509 Laminar 1386.1013
294 4.7354 31.1179 1288.0125 Laminar 1386.2502
295 4.7354 31.1212 1287.8739 Laminar 1386.3994
296 4.7354 31.1246 1287.7350 Laminar 1386.5489
297 4.7354 31.1279 1287.5959 Laminar 1386.6987
298 4.7354 31.1313 1287.4566 Laminar 1386.8488
299 4.7354 31.1347 1287.3171 Laminar 1386.9991
300 4.7354 31.1380 1287.1773 Laminar 1387.1497
301 4.7354 31.1414 1287.0374 Laminar 1387.3005
302 4.7354 31.1448 1286.8972 Laminar 1387.4517
303 4.7354 31.1482 1286.7568 Laminar 1387.6031
304 4.7354 31.1516 1286.6161 Laminar 1387.7547
305 4.7354 31.1550 1286.4753 Laminar 1387.9067
306 4.7354 31.1585 1286.3342 Laminar 1388.0589
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
307 4.7354 31.1619 1286.1929 Laminar 1388.2114
308 4.7354 31.1653 1286.0514 Laminar 1388.3641
309 4.7354 31.1687 1285.9097 Laminar 1388.5172
310 4.7354 31.1722 1285.7677 Laminar 1388.6704
311 4.7354 31.1756 1285.6255 Laminar 1388.8240
312 4.7354 31.1791 1285.4832 Laminar 1388.9778
313 4.7354 31.1825 1285.3406 Laminar 1389.1319
314 4.7354 31.1860 1285.1978 Laminar 1389.2863
315 4.7354 31.1895 1285.0547 Laminar 1389.4409
316 4.7354 31.1930 1284.9115 Laminar 1389.5958
317 4.7354 31.1964 1284.7680 Laminar 1389.7510
318 4.7354 31.1999 1284.6244 Laminar 1389.9064
319 4.7354 31.2034 1284.4805 Laminar 1390.0621
320 4.7354 31.2069 1284.3364 Laminar 1390.2180
321 4.7354 31.2104 1284.1921 Laminar 1390.3742
322 4.7354 31.2139 1284.0476 Laminar 1390.5307
323 4.7354 31.2175 1283.9029 Laminar 1390.6875
324 4.7354 31.2210 1283.7579 Laminar 1390.8445
325 4.7354 31.2245 1283.6128 Laminar 1391.0017
326 4.7354 31.2280 1283.4674 Laminar 1391.1593
327 4.7354 31.2316 1283.3219 Laminar 1391.3171
328 4.7354 31.2351 1283.1761 Laminar 1391.4751
329 4.7354 31.2387 1283.0301 Laminar 1391.6334
330 4.7354 31.2423 1282.8839 Laminar 1391.7920
331 4.7354 31.2458 1282.7375 Laminar 1391.9509
332 4.7354 31.2494 1282.5909 Laminar 1392.1100
333 4.7354 31.2530 1282.4441 Laminar 1392.2693
334 4.7354 31.2565 1282.2971 Laminar 1392.4289
335 4.7354 31.2601 1282.1499 Laminar 1392.5888
336 4.7354 31.2637 1282.0025 Laminar 1392.7490
337 4.7354 31.2673 1281.8548 Laminar 1392.9094
338 4.7354 31.2709 1281.7070 Laminar 1393.0700
339 4.7354 31.2746 1281.5590 Laminar 1393.2309
340 4.7354 31.2782 1281.4107 Laminar 1393.3921
341 4.7354 31.2818 1281.2623 Laminar 1393.5535
342 4.7354 31.2854 1281.1137 Laminar 1393.7152
343 4.7354 31.2891 1280.9648 Laminar 1393.8772
344 4.7354 31.2927 1280.8158 Laminar 1394.0394
345 4.7354 31.2963 1280.6665 Laminar 1394.2018
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
346 4.7354 31.3000 1280.5171 Laminar 1394.3645
347 4.7354 31.3037 1280.3674 Laminar 1394.5275
348 4.7354 31.3073 1280.2176 Laminar 1394.6907
349 4.7354 31.3110 1280.0676 Laminar 1394.8542
350 4.7354 31.3147 1279.9173 Laminar 1395.0179
351 4.7354 31.3183 1279.7669 Laminar 1395.1819
352 4.7354 31.3220 1279.6163 Laminar 1395.3461
353 4.7354 31.3257 1279.4654 Laminar 1395.5106
354 4.7354 31.3294 1279.3144 Laminar 1395.6754
355 4.7354 31.3331 1279.1632 Laminar 1395.8404
356 4.7354 31.3368 1279.0117 Laminar 1396.0056
357 4.7354 31.3406 1278.8601 Laminar 1396.1711
358 4.7354 31.3443 1278.7083 Laminar 1396.3369
359 4.7354 31.3480 1278.5563 Laminar 1396.5029
360 4.7354 31.3517 1278.4041 Laminar 1396.6692
361 4.7354 31.3555 1278.2517 Laminar 1396.8357
362 4.7354 31.3592 1278.0991 Laminar 1397.0024
363 4.7354 31.3630 1277.9464 Laminar 1397.1695
364 4.7354 31.3667 1277.7934 Laminar 1397.3367
365 4.7354 31.3705 1277.6402 Laminar 1397.5042
366 4.7354 31.3742 1277.4869 Laminar 1397.6720
367 4.7354 31.3780 1277.3333 Laminar 1397.8400
368 4.7354 31.3818 1277.1796 Laminar 1398.0083
369 4.7354 31.3856 1277.0257 Laminar 1398.1768
370 4.7354 31.3894 1276.8715 Laminar 1398.3455
371 4.7354 31.3932 1276.7172 Laminar 1398.5145
372 4.7354 31.3970 1276.5627 Laminar 1398.6838
373 4.7354 31.4008 1276.4081 Laminar 1398.8533
374 4.7354 31.4046 1276.2532 Laminar 1399.0230
375 4.7354 31.4084 1276.0981 Laminar 1399.1930
376 4.7354 31.4122 1275.9429 Laminar 1399.3633
377 4.7354 31.4160 1275.7875 Laminar 1399.5338
378 4.7354 31.4199 1275.6318 Laminar 1399.7045
379 4.7354 31.4237 1275.4760 Laminar 1399.8755
380 4.7354 31.4275 1275.3200 Laminar 1400.0467
381 4.7354 31.4314 1275.1639 Laminar 1400.2182
382 4.7354 31.4353 1275.0075 Laminar 1400.3899
383 4.7354 31.4391 1274.8510 Laminar 1400.5618
384 4.7354 31.4430 1274.6942 Laminar 1400.7340

122




Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
385 4.7354 31.4468 1274.5373 Laminar 1400.9065
386 4.7354 31.4507 1274.3802 Laminar 1401.0792
387 4.7354 31.4546 1274.2229 Laminar 1401.2521
388 4.7354 31.4585 1274.0655 Laminar 1401.4253
389 4.7354 31.4624 1273.9078 Laminar 1401.5987
390 4.7354 31.4663 1273.7500 Laminar 1401.7724
391 4.7354 31.4702 1273.5920 Laminar 1401.9463
392 4.7354 31.4741 1273.4338 Laminar 1402.1205
393 4.7354 31.4780 1273.2754 Laminar 1402.2949
394 4.7354 31.4819 1273.1169 Laminar 1402.4695
395 4.7354 31.4859 1272.9582 Laminar 1402.6444
396 4.7354 31.4898 1272.7993 Laminar 1402.8195
397 4.7354 31.4937 1272.6402 Laminar 1402.9948
398 4.7354 31.4977 1272.4809 Laminar 1403.1704
399 4.7354 31.5016 1272.3215 Laminar 1403.3463
400 4.7354 31.5056 1272.1618 Laminar 1403.5224
401 4.7354 31.5095 1272.0020 Laminar 1403.6987
402 4.7354 31.5135 1271.8421 Laminar 1403.8752
403 4.7354 31.5175 1271.6819 Laminar 1404.0520
404 4.7354 31.5214 1271.5216 Laminar 1404.2291
405 4.7354 31.5254 1271.3611 Laminar 1404.4064
406 4.7354 31.5294 1271.2004 Laminar 1404.5839
407 4.7354 31.5334 1271.0396 Laminar 1404.7616
408 4.7354 31.5374 1270.8785 Laminar 1404.9396
409 4.7354 31.5414 1270.7173 Laminar 1405.1179
410 4.7354 31.5454 1270.5559 Laminar 1405.2963
411 4.7354 31.5494 1270.3944 Laminar 1405.4750
412 4.7354 31.5534 1270.2327 Laminar 1405.6540
413 4.7354 31.5574 1270.0708 Laminar 1405.8332
414 4.7354 31.5615 1269.9087 Laminar 1406.0126
415 4.7354 31.5655 1269.7465 Laminar 1406.1922
416 4.7354 31.5695 1269.5840 Laminar 1406.3721
417 4.7354 31.5736 1269.4215 Laminar 1406.5522
418 4.7354 31.5776 1269.2587 Laminar 1406.7326
419 4.7354 31.5817 1269.0958 Laminar 1406.9132
420 4.7354 31.5857 1268.9327 Laminar 1407.0940
421 4.7354 31.5898 1268.7694 Laminar 1407.2751
422 4.7354 31.5939 1268.6060 Laminar 1407.4564
423 4.7354 31.5980 1268.4424 Laminar 1407.6379
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
424 4.7354 31.6020 1268.2786 Laminar 1407.8197
425 4.7354 31.6061 1268.1147 Laminar 1408.0017
426 4.7354 31.6102 1267.9505 Laminar 1408.1840
427 4.7354 31.6143 1267.7863 Laminar 1408.3664
428 4.7354 31.6184 1267.6218 Laminar 1408.5491
429 4.7354 31.6225 1267.4572 Laminar 1408.7321
430 4.7354 31.6266 1267.2924 Laminar 1408.9152
431 4.7354 31.6307 1267.1275 Laminar 1409.0986
432 4.7354 31.6349 1266.9624 Laminar 1409.2823
433 4.7354 31.6390 1266.7971 Laminar 1409.4661
434 4.7354 31.6431 1266.6316 Laminar 1409.6502
435 4.7354 31.6473 1266.4660 Laminar 1409.8346
436 4.7354 31.6514 1266.3003 Laminar 1410.0191
437 4.7354 31.6556 1266.1343 Laminar 1410.2039
438 4.7354 31.6597 1265.9682 Laminar 1410.3890
439 4.7354 31.6639 1265.8020 Laminar 1410.5742
440 4.7354 31.6680 1265.6355 Laminar 1410.7597
441 4.7354 31.6722 1265.4689 Laminar 1410.9454
442 4.7354 31.6764 1265.3022 Laminar 1411.1314
443 4.7354 31.6806 1265.1353 Laminar 1411.3176
444 4.7354 31.6847 1264.9682 Laminar 1411.5040
445 4.7354 31.6889 1264.8010 Laminar 1411.6906
446 4.7354 31.6931 1264.6336 Laminar 1411.8775
447 4.7354 31.6973 1264.4660 Laminar 1412.0646
448 4.7354 31.7015 1264.2983 Laminar 1412.2519
449 4.7354 31.7057 1264.1304 Laminar 1412.4394
450 4.7354 31.7099 1263.9623 Laminar 1412.6272
451 4.7354 31.7142 1263.7941 Laminar 1412.8152
452 4.7354 31.7184 1263.6258 Laminar 1413.0035
453 4.7354 31.7226 1263.4573 Laminar 1413.1919
454 4.7354 31.7269 1263.2886 Laminar 1413.3806
455 4.7354 31.7311 1263.1198 Laminar 1413.5695
456 4.7354 31.7353 1262.9508 Laminar 1413.7587
457 4.7354 31.7396 1262.7816 Laminar 1413.9481
458 4.7354 31.7439 1262.6123 Laminar 1414.1377
459 4.7354 31.7481 1262.4428 Laminar 1414.3275
460 4.7354 31.7524 1262.2732 Laminar 1414.5175
461 4.7354 31.7567 1262.1035 Laminar 1414.7078
462 4.7354 31.7609 1261.9335 Laminar 1414.8983
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
463 4.7354 31.7652 1261.7634 Laminar 1415.0890
464 4.7354 31.7695 1261.5932 Laminar 1415.2800
465 4.7354 31.7738 1261.4228 Laminar 1415.4712
466 4.7354 31.7781 1261.2522 Laminar 1415.6626
467 4.7354 31.7824 1261.0815 Laminar 1415.8542
468 4.7354 31.7867 1260.9107 Laminar 1416.0461
469 4.7354 31.7910 1260.7397 Laminar 1416.2381
470 4.7354 31.7953 1260.5685 Laminar 1416.4304
471 4.7354 31.7996 1260.3972 Laminar 1416.6230
472 4.7354 31.8040 1260.2257 Laminar 1416.8157
473 4.7354 31.8083 1260.0541 Laminar 1417.0087
474 4.7354 31.8126 1259.8823 Laminar 1417.2019
475 4.7354 31.8170 1259.7104 Laminar 1417.3953
476 4.7354 31.8213 1259.5383 Laminar 1417.5890
477 4.7354 31.8257 1259.3661 Laminar 1417.7828
478 4.7354 31.8300 1259.1937 Laminar 1417.9769
479 4.7354 31.8344 1259.0212 Laminar 1418.1712
480 4.7354 31.8388 1258.8485 Laminar 1418.3658
481 4.7354 31.8431 1258.6757 Laminar 1418.5605
482 4.7354 31.8475 1258.5027 Laminar 1418.7555
483 4.7354 31.8519 1258.3296 Laminar 1418.9507
484 4.7354 31.8563 1258.1563 Laminar 1419.1461
485 4.7354 31.8607 1257.9829 Laminar 1419.3418
486 4.7354 31.8651 1257.8093 Laminar 1419.5376
487 4.7354 31.8695 1257.6356 Laminar 1419.7337
488 4.7354 31.8739 1257.4617 Laminar 1419.9300
489 4.7354 31.8783 1257.2877 Laminar 1420.1265
490 4.7354 31.8827 1257.1135 Laminar 1420.3233
491 4.7354 31.8871 1256.9392 Laminar 1420.5202
492 4.7354 31.8916 1256.7648 Laminar 1420.7174
493 4.7354 31.8960 1256.5902 Laminar 1420.9148
494 4.7354 31.9004 1256.4154 Laminar 1421.1124
495 4.7354 31.9049 1256.2405 Laminar 1421.3103
496 4.7354 31.9093 1256.0655 Laminar 1421.5084
497 4.7354 31.9138 1255.8903 Laminar 1421.7066
498 4.7354 31.9182 1255.7150 Laminar 1421.9051
499 4.7354 31.9227 1255.5395 Laminar 1422.1038
500 4.7354 31.9271 1255.3639 Laminar 1422.3028
501 4.7354 31.9316 1255.1882 Laminar 1422.5019
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
502 4.7354 31.9361 1255.0123 Laminar 1422.7013
503 4.7354 31.9406 1254.8362 Laminar 1422.9009
504 4.7354 31.9451 1254.6601 Laminar 1423.1007
505 4.7354 31.9495 1254.4837 Laminar 1423.3007
506 4.7354 31.9540 1254.3073 Laminar 1423.5010
507 4.7354 31.9585 1254.1307 Laminar 1423.7014
508 4.7354 31.9630 1253.9539 Laminar 1423.9021
509 4.7354 31.9676 1253.7770 Laminar 1424.1030
510 4.7354 31.9721 1253.6000 Laminar 1424.3041
511 4.7354 31.9766 1253.4228 Laminar 1424.5054
512 4.7354 31.9811 1253.2455 Laminar 1424.7070
513 4.7354 31.9856 1253.0680 Laminar 1424.9087
514 4.7354 31.9902 1252.8905 Laminar 1425.1107
515 4.7354 31.9947 1252.7127 Laminar 1425.3129
516 4.7354 31.9993 1252.5349 Laminar 1425.5153
517 4.7354 32.0038 1252.3569 Laminar 1425.7179
518 4.7354 32.0084 1252.1787 Laminar 1425.9208
519 4.7354 32.0129 1252.0004 Laminar 1426.1238
520 4.7354 32.0175 1251.8220 Laminar 1426.3271
521 4.7354 32.0220 1251.6434 Laminar 1426.5305
522 4.7354 32.0266 1251.4648 Laminar 1426.7342
523 4.7354 32.0312 1251.2859 Laminar 1426.9381
524 4.7354 32.0358 1251.1069 Laminar 1427.1423
525 4.7354 32.0404 1250.9278 Laminar 1427.3466
526 4.7354 32.0450 1250.7486 Laminar 1427.5512
527 4.7354 32.0496 1250.5692 Laminar 1427.7559
528 4.7354 32.0542 1250.3897 Laminar 1427.9609
529 4.7354 32.0588 1250.2101 Laminar 1428.1661
530 4.7354 32.0634 1250.0303 Laminar 1428.3715
531 4.7354 32.0680 1249.8504 Laminar 1428.5771
532 4.7354 32.0726 1249.6703 Laminar 1428.7829
533 4.7354 32.0772 1249.4901 Laminar 1428.9890
534 4.7354 32.0819 1249.3098 Laminar 1429.1952
535 4.7354 32.0865 1249.1294 Laminar 1429.4017
536 4.7354 32.0911 1248.9488 Laminar 1429.6084
537 4.7354 32.0958 1248.7681 Laminar 1429.8152
538 4.7354 32.1004 1248.5872 Laminar 1430.0223
539 4.7354 32.1051 1248.4062 Laminar 1430.2297
540 4.7354 32.1097 1248.2251 Laminar 1430.4372
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Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
541 4.7354 32.1144 1248.0439 Laminar 1430.6449
542 4.7354 32.1191 1247.8625 Laminar 1430.8529
543 4.7354 32.1237 1247.6810 Laminar 1431.0610
544 4.7354 32.1284 1247.4993 Laminar 1431.2694
545 4.7354 32.1331 1247.3176 Laminar 1431.4780
546 4.7354 32.1378 1247.1357 Laminar 1431.6867
547 4.7354 32.1425 1246.9536 Laminar 1431.8957
548 4.7354 32.1472 1246.7715 Laminar 1432.1049
549 4.7354 32.1519 1246.5892 Laminar 1432.3144
550 4.7354 32.1566 1246.4068 Laminar 1432.5240
551 4.7354 32.1613 1246.2242 Laminar 1432.7338
552 4.7354 32.1660 1246.0416 Laminar 1432.9439
553 4.7354 32.1707 1245.8588 Laminar 1433.1541
554 4.7354 32.1755 1245.6758 Laminar 1433.3646
555 4.7354 32.1802 1245.4928 Laminar 1433.5753
556 4.7354 32.1849 1245.3096 Laminar 1433.7861
557 4.7354 32.1897 1245.1263 Laminar 1433.9972
558 4.7354 32.1944 1244.9428 Laminar 1434.2085
559 4.7354 32.1991 1244.7593 Laminar 1434.4200
560 4.7354 32.2039 1244.5756 Laminar 1434.6318
561 4.7354 32.2087 1244.3917 Laminar 1434.8437
562 4.7354 32.2134 1244.2078 Laminar 1435.0558
563 4.7354 32.2182 1244.0237 Laminar 1435.2681
564 4.7354 32.2230 1243.8395 Laminar 1435.4807
565 4.7354 32.2277 1243.6552 Laminar 1435.6934
566 4.7354 32.2325 1243.4707 Laminar 1435.9064
567 4.7354 32.2373 1243.2862 Laminar 1436.1196
568 4.7354 32.2421 1243.1015 Laminar 1436.3329
569 4.7354 32.2469 1242.9167 Laminar 1436.5465
570 4.7354 32.2517 1242.7317 Laminar 1436.7603
571 4.7354 32.2565 1242.5466 Laminar 1436.9743
572 4.7354 32.2613 1242.3615 Laminar 1437.1885
573 4.7354 32.2661 1242.1761 Laminar 1437.4029
574 4.7354 32.2709 1241.9907 Laminar 1437.6175
575 4.7354 32.2757 1241.8052 Laminar 1437.8323
576 4.7354 32.2806 1241.6195 Laminar 1438.0474
577 4.7354 32.2854 1241.4337 Laminar 1438.2626
578 4.7354 32.2902 1241.2477 Laminar 1438.4780
579 4.7354 32.2951 1241.0617 Laminar 1438.6937
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Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
580 4.7354 32.2999 1240.8755 Laminar 1438.9095
581 4.7354 32.3048 1240.6892 Laminar 1439.1256
582 4.7354 32.3096 1240.5028 Laminar 1439.3418
583 4.7354 32.3145 1240.3163 Laminar 1439.5583
584 4.7354 32.3193 1240.1297 Laminar 1439.7749
585 4.7354 32.3242 1239.9429 Laminar 1439.9918
586 4.7354 32.3291 1239.7560 Laminar 1440.2089
587 4.7354 32.3340 1239.5690 Laminar 1440.4262
588 4.7354 32.3388 1239.3819 Laminar 1440.6436
589 4.7354 32.3437 1239.1946 Laminar 1440.8613
590 4.7354 32.3486 1239.0073 Laminar 1441.0792
591 4.7354 32.3535 1238.8198 Laminar 1441.2973
592 4.7354 32.3584 1238.6322 Laminar 1441.5156
593 4.7354 32.3633 1238.4445 Laminar 1441.7341
594 4.7354 32.3682 1238.2566 Laminar 1441.9528
595 4.7354 32.3731 1238.0687 Laminar 1442.1717
596 4.7354 32.3781 1237.8806 Laminar 1442.3908
597 4.7354 32.3830 1237.6924 Laminar 1442.6101
598 4.7354 32.3879 1237.5041 Laminar 1442.8296
599 4.7354 32.3928 1237.3157 Laminar 1443.0493
600 4.7354 32.3978 1237.1272 Laminar 1443.2692
601 4.7354 32.4027 1236.9385 Laminar 1443.4894
602 4.7354 32.4077 1236.7498 Laminar 1443.7097
603 4.7354 32.4126 1236.5609 Laminar 1443.9302
604 4.7354 32.4176 1236.3719 Laminar 1444.1509
605 4.7354 32.4225 1236.1828 Laminar 1444.3719
606 4.7354 32.4275 1235.9936 Laminar 1444.5930
607 4.7354 32.4325 1235.8042 Laminar 1444.8143
608 4.7354 32.4374 1235.6148 Laminar 1445.0358
609 4.7354 32.4424 1235.4252 Laminar 1445.2576
610 4.7354 32.4474 1235.2355 Laminar 1445.4795
611 4.7354 32.4524 1235.0457 Laminar 1445.7016
612 4.7354 32.4574 1234.8558 Laminar 1445.9240
613 4.7354 32.4624 1234.6658 Laminar 1446.1465
614 4.7354 32.4674 1234.4757 Laminar 1446.3692
615 4.7354 32.4724 1234.2854 Laminar 1446.5922
616 4.7354 32.4774 1234.0951 Laminar 1446.8153
617 4.7354 32.4824 1233.9046 Laminar 1447.0386
618 4.7354 32.4874 1233.7140 Laminar 1447.2621
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Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
619 4.7354 32.4924 1233.5233 Laminar 1447.4859
620 4.7354 32.4975 1233.3325 Laminar 1447.7098
621 4.7354 32.5025 1233.1416 Laminar 1447.9339
622 4.7354 32.5075 1232.9506 Laminar 1448.1583
623 4.7354 32.5126 1232.7595 Laminar 1448.3828
624 4.7354 32.5176 1232.5682 Laminar 1448.6075
625 4.7354 32.5227 1232.3769 Laminar 1448.8324
626 4.7354 32.5277 1232.1854 Laminar 1449.0576
627 4.7354 32.5328 1231.9938 Laminar 1449.2829
628 4.7354 32.5378 1231.8022 Laminar 1449.5084
629 4.7354 32.5429 1231.6104 Laminar 1449.7341
630 4.7354 32.5480 1231.4185 Laminar 1449.9600
631 4.7354 32.5531 1231.2265 Laminar 1450.1862
632 4.7354 32.5581 1231.0344 Laminar 1450.4125
633 4.7354 32.5632 1230.8421 Laminar 1450.6390
634 4.7354 32.5683 1230.6498 Laminar 1450.8657
635 4.7354 32.5734 1230.4574 Laminar 1451.0926
636 4.7354 32.5785 1230.2648 Laminar 1451.3197
637 4.7354 32.5836 1230.0722 Laminar 1451.5470
638 4.7354 32.5887 1229.8794 Laminar 1451.7745
639 4.7354 32.5938 1229.6866 Laminar 1452.0022
640 4.7354 32.5989 1229.4936 Laminar 1452.2301
641 4.7354 32.6041 1229.3005 Laminar 1452.4582
642 4.7354 32.6092 1229.1073 Laminar 1452.6865
643 4.7354 32.6143 1228.9141 Laminar 1452.9149
644 4.7354 32.6194 1228.7207 Laminar 1453.1436
645 4.7354 32.6246 1228.5272 Laminar 1453.3725
646 4.7354 32.6297 1228.3336 Laminar 1453.6016
647 4.7354 32.6349 1228.1399 Laminar 1453.8308
648 4.7354 32.6400 1227.9461 Laminar 1454.0603
649 4.7354 32.6452 1227.7521 Laminar 1454.2900
650 4.7354 32.6503 1227.5581 Laminar 1454.5198
651 4.7354 32.6555 1227.3640 Laminar 1454.7499
652 4.7354 32.6607 1227.1698 Laminar 1454.9801
653 4.7354 32.6658 1226.9755 Laminar 1455.2105
654 4.7354 32.6710 1226.7810 Laminar 1455.4412
655 4.7354 32.6762 1226.5865 Laminar 1455.6720
656 4.7354 32.6814 1226.3919 Laminar 1455.9030
657 4.7354 32.6866 1226.1971 Laminar 1456.1342
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Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
658 4.7354 32.6918 1226.0023 Laminar 1456.3657
659 4.7354 32.6970 1225.8073 Laminar 1456.5973
660 4.7354 32.7022 1225.6123 Laminar 1456.8291
661 4.7354 32.7074 1225.4171 Laminar 1457.0611
662 4.7354 32.7126 1225.2219 Laminar 1457.2932
663 4.7354 32.7178 1225.0266 Laminar 1457.5256
664 4.7354 32.7230 1224.8311 Laminar 1457.7582
665 4.7354 32.7283 1224.6356 Laminar 1457.9910
666 4.7354 32.7335 1224.4399 Laminar 1458.2239
667 4.7354 32.7387 1224.2442 Laminar 1458.4571
668 4.7354 32.7440 1224.0483 Laminar 1458.6905
669 4.7354 32.7492 1223.8524 Laminar 1458.9240
670 4.7354 32.7544 1223.6563 Laminar 1459.1577
671 4.7354 32.7597 1223.4602 Laminar 1459.3917
672 4.7354 32.7650 1223.2639 Laminar 1459.6258
673 4.7354 32.7702 1223.0676 Laminar 1459.8601
674 4.7354 32.7755 1222.8712 Laminar 1460.0946
675 4.7354 32.7807 1222.6746 Laminar 1460.3293
676 4.7354 32.7860 1222.4780 Laminar 1460.5642
677 4.7354 32.7913 1222.2812 Laminar 1460.7993
678 4.7354 32.7966 1222.0844 Laminar 1461.0346
679 4.7354 32.8019 1221.8875 Laminar 1461.2701
680 4.7354 32.8071 1221.6905 Laminar 1461.5057
681 4.7354 32.8124 1221.4933 Laminar 1461.7416
682 4.7354 32.8177 1221.2961 Laminar 1461.9776
683 4.7354 32.8230 1221.0988 Laminar 1462.2139
684 4.7354 32.8284 1220.9014 Laminar 1462.4503
685 4.7354 32.8337 1220.7039 Laminar 1462.6869
686 4.7354 32.8390 1220.5063 Laminar 1462.9237
687 4.7354 32.8443 1220.3086 Laminar 1463.1607
688 4.7354 32.8496 1220.1108 Laminar 1463.3979
689 4.7354 32.8550 1219.9129 Laminar 1463.6353
690 4.7354 32.8603 1219.7149 Laminar 1463.8729
691 4.7354 32.8656 1219.5168 Laminar 1464.1107
692 4.7354 32.8710 1219.3187 Laminar 1464.3486
693 4.7354 32.8763 1219.1204 Laminar 1464.5868
694 4.7354 32.8817 1218.9220 Laminar 1464.8251
695 4.7354 32.8870 1218.7236 Laminar 1465.0636
696 4.7354 32.8924 1218.5250 Laminar 1465.3024
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Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
697 4.7354 32.8977 1218.3264 Laminar 1465.5413
698 4.7354 32.9031 1218.1277 Laminar 1465.7804
699 4.7354 32.9085 1217.9288 Laminar 1466.0197
700 4.7354 32.9139 1217.7299 Laminar 1466.2591
701 4.7354 32.9192 1217.5309 Laminar 1466.4988
702 4.7354 32.9246 1217.3318 Laminar 1466.7387
703 4.7354 32.9300 1217.1326 Laminar 1466.9787
704 4.7354 32.9354 1216.9333 Laminar 1467.2190
705 4.7354 32.9408 1216.7339 Laminar 1467.4594
706 4.7354 32.9462 1216.5345 Laminar 1467.7000
707 4.7354 32.9516 1216.3349 Laminar 1467.9408
708 4.7354 32.9570 1216.1352 Laminar 1468.1818
709 4.7354 32.9624 1215.9355 Laminar 1468.4230
710 4.7354 32.9678 1215.7357 Laminar 1468.6643
711 4.7354 32.9733 1215.5357 Laminar 1468.9059
712 4.7354 32.9787 1215.3357 Laminar 1469.1476
713 4.7354 32.9841 1215.1356 Laminar 1469.3896
714 4.7354 32.9896 1214.9354 Laminar 1469.6317
715 4.7354 32.9950 1214.7351 Laminar 1469.8740
716 4.7354 33.0004 1214.5348 Laminar 1470.1165
717 4.7354 33.0059 1214.3343 Laminar 1470.3592
718 4.7354 33.0113 1214.1337 Laminar 1470.6021
719 4.7354 33.0168 1213.9331 Laminar 1470.8451
720 4.7354 33.0223 1213.7324 Laminar 1471.0884
721 4.7354 33.0277 1213.5316 Laminar 1471.3318
722 4.7354 33.0332 1213.3307 Laminar 1471.5755
723 4.7354 33.0387 1213.1297 Laminar 1471.8193
724 4.7354 33.0441 1212.9286 Laminar 1472.0633
725 4.7354 33.0496 1212.7274 Laminar 1472.3075
726 4.7354 33.0551 1212.5262 Laminar 1472.5518
727 4.7354 33.0606 1212.3248 Laminar 1472.7964
728 4.7354 33.0661 1212.1234 Laminar 1473.0411
729 4.7354 33.0716 1211.9219 Laminar 1473.2861
730 4.7354 33.0771 1211.7203 Laminar 1473.5312
731 4.7354 33.0826 1211.5186 Laminar 1473.7765
732 4.7354 33.0881 1211.3168 Laminar 1474.0220
733 4.7354 33.0936 1211.1149 Laminar 1474.2677
734 4.7354 33.0991 1210.9130 Laminar 1474.5135
735 4.7354 33.1047 1210.7110 Laminar 1474.7596
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Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
736 4.7354 33.1102 1210.5089 Laminar 1475.0058
737 4.7354 33.1157 1210.3067 Laminar 1475.2522
738 4.7354 33.1213 1210.1044 Laminar 1475.4989
739 4.7354 33.1268 1209.9020 Laminar 1475.7456
740 4.7354 33.1323 1209.6995 Laminar 1475.9926
741 4.7354 33.1379 1209.4970 Laminar 1476.2398
742 4.7354 33.1434 1209.2944 Laminar 1476.4871
743 4.7354 33.1490 1209.0917 Laminar 1476.7347
744 4.7354 33.1546 1208.8889 Laminar 1476.9824
745 4.7354 33.1601 1208.6860 Laminar 1477.2303
746 4.7354 33.1657 1208.4831 Laminar 1477.4784
747 4.7354 33.1713 1208.2800 Laminar 1477.7267
748 4.7354 33.1768 1208.0769 Laminar 1477.9751
749 4.7354 33.1824 1207.8737 Laminar 1478.2238
750 4.7354 33.1880 1207.6704 Laminar 1478.4726
751 4.7354 33.1936 1207.4670 Laminar 1478.7216
752 4.7354 33.1992 1207.2636 Laminar 1478.9708
753 4.7354 33.2048 1207.0601 Laminar 1479.2202
754 4.7354 33.2104 1206.8564 Laminar 1479.4698
755 4.7354 33.2160 1206.6527 Laminar 1479.7195
756 4.7354 33.2216 1206.4490 Laminar 1479.9694
757 4.7354 33.2272 1206.2451 Laminar 1480.2196
758 4.7354 33.2328 1206.0412 Laminar 1480.4699
759 4.7354 33.2385 1205.8372 Laminar 1480.7203
760 4.7354 33.2441 1205.6331 Laminar 1480.9710
761 4.7354 33.2497 1205.4289 Laminar 1481.2219
762 4.7354 33.2554 1205.2246 Laminar 1481.4729
763 4.7354 33.2610 1205.0203 Laminar 1481.7241
764 4.7354 33.2666 1204.8159 Laminar 1481.9755
765 4.7354 33.2723 1204.6114 Laminar 1482.2271
766 4.7354 33.2779 1204.4068 Laminar 1482.4789
767 4.7354 33.2836 1204.2021 Laminar 1482.7308
768 4.7354 33.2893 1203.9974 Laminar 1482.9829
769 4.7354 33.2949 1203.7926 Laminar 1483.2353
770 4.7354 33.3006 1203.5877 Laminar 1483.4878
771 4.7354 33.3063 1203.3827 Laminar 1483.7404
772 4.7354 33.3119 1203.1777 Laminar 1483.9933
773 4.7354 33.3176 1202.9725 Laminar 1484.2463
774 4.7354 33.3233 1202.7673 Laminar 1484.4996
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Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
775 4.7354 33.3290 1202.5621 Laminar 1484.7530
776 4.7354 33.3347 1202.3567 Laminar 1485.0066
777 4.7354 33.3404 1202.1513 Laminar 1485.2603
778 4.7354 33.3461 1201.9458 Laminar 1485.5143
779 4.7354 33.3518 1201.7402 Laminar 1485.7684
780 4.7354 33.3575 1201.5345 Laminar 1486.0227
781 4.7354 33.3632 1201.3288 Laminar 1486.2772
782 4.7354 33.3689 1201.1229 Laminar 1486.5319
783 4.7354 33.3746 1200.9171 Laminar 1486.7868
784 4.7354 33.3804 1200.7111 Laminar 1487.0418
785 4.7354 33.3861 1200.5050 Laminar 1487.2971
786 4.7354 33.3918 1200.2989 Laminar 1487.5525
787 4.7354 33.3976 1200.0927 Laminar 1487.8080
788 4.7354 33.4033 1199.8865 Laminar 1488.0638
789 4.7354 33.4091 1199.6801 Laminar 1488.3198
790 4.7354 33.4148 1199.4737 Laminar 1488.5759
791 4.7354 33.4206 1199.2672 Laminar 1488.8322
792 4.7354 33.4263 1199.0606 Laminar 1489.0887
793 4.7354 33.4321 1198.8540 Laminar 1489.3454
794 4.7354 33.4378 1198.6473 Laminar 1489.6022
795 4.7354 33.4436 1198.4405 Laminar 1489.8592
796 4.7354 33.4494 1198.2336 Laminar 1490.1164
797 4.7354 33.4552 1198.0267 Laminar 1490.3738
798 4.7354 33.4609 1197.8197 Laminar 1490.6314
799 4.7354 33.4667 1197.6126 Laminar 1490.8892
800 4.7354 33.4725 1197.4054 Laminar 1491.1471
801 4.7354 33.4783 1197.1982 Laminar 1491.4052
802 4.7354 33.4841 1196.9909 Laminar 1491.6635
803 4.7354 33.4899 1196.7835 Laminar 1491.9219
804 4.7354 33.4957 1196.5761 Laminar 1492.1806
805 4.7354 33.5015 1196.3686 Laminar 1492.4394
806 4.7354 33.5073 1196.1610 Laminar 1492.6984
807 4.7354 33.5132 1195.9533 Laminar 1492.9576
808 4.7354 33.5190 1195.7456 Laminar 1493.2170
809 4.7354 33.5248 1195.5378 Laminar 1493.4765
810 4.7354 33.5306 1195.3299 Laminar 1493.7362
811 4.7354 33.5365 1195.1220 Laminar 1493.9961
812 4.7354 33.5423 1194.9140 Laminar 1494.2562
813 4.7354 33.5482 1194.7059 Laminar 1494.5165
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Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
814 4.7354 33.5540 1194.4977 Laminar 1494.7769
815 4.7354 33.5599 1194.2895 Laminar 1495.0375
816 4.7354 33.5657 1194.0812 Laminar 1495.2983
817 4.7354 33.5716 1193.8728 Laminar 1495.5593
818 4.7354 33.5774 1193.6644 Laminar 1495.8204
819 4.7354 33.5833 1193.4559 Laminar 1496.0818
820 4.7354 33.5892 1193.2473 Laminar 1496.3433
821 4.7354 33.5950 1193.0387 Laminar 1496.6050
822 4.7354 33.6009 1192.8300 Laminar 1496.8668
823 4.7354 33.6068 1192.6212 Laminar 1497.1289
824 4.7354 33.6127 1192.4123 Laminar 1497.3911
825 4.7354 33.6186 1192.2034 Laminar 1497.6535
826 4.7354 33.6245 1191.9944 Laminar 1497.9160
827 4.7354 33.6304 1191.7854 Laminar 1498.1788
828 4.7354 33.6363 1191.5763 Laminar 1498.4417
829 4.7354 33.6422 1191.3671 Laminar 1498.7048
830 4.7354 33.6481 1191.1578 Laminar 1498.9681
831 4.7354 33.6540 1190.9485 Laminar 1499.2316
832 4.7354 33.6599 1190.7391 Laminar 1499.4952
833 4.7354 33.6658 1190.5297 Laminar 1499.7590
834 4.7354 33.6718 1190.3202 Laminar 1500.0230
835 4.7354 33.6777 1190.1106 Laminar 1500.2872
836 4.7354 33.6836 1189.9009 Laminar 1500.5515
837 4.7354 33.6896 1189.6912 Laminar 1500.8160
838 4.7354 33.6955 1189.4814 Laminar 1501.0807
839 4.7354 33.7015 1189.2716 Laminar 1501.3456
840 4.7354 33.7074 1189.0616 Laminar 1501.6106
841 4.7354 33.7134 1188.8517 Laminar 1501.8759
842 4.7354 33.7193 1188.6416 Laminar 1502.1413
843 4.7354 33.7253 1188.4315 Laminar 1502.4068
844 4.7354 33.7312 1188.2213 Laminar 1502.6726
845 4.7354 33.7372 1188.0111 Laminar 1502.9385
846 4.7354 33.7432 1187.8008 Laminar 1503.2046
847 4.7354 33.7492 1187.5904 Laminar 1503.4709
848 4.7354 33.7551 1187.3800 Laminar 1503.7374
849 4.7354 33.7611 1187.1695 Laminar 1504.0040
850 4.7354 33.7671 1186.9589 Laminar 1504.2708
851 4.7354 33.7731 1186.7483 Laminar 1504.5378
852 4.7354 33.7791 1186.5376 Laminar 1504.8049
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
853 4.7354 33.7851 1186.3268 Laminar 1505.0723
854 4.7354 33.7911 1186.1160 Laminar 1505.3398
855 4.7354 33.7971 1185.9051 Laminar 1505.6075
856 4.7354 33.8031 1185.6942 Laminar 1505.8753
857 4.7354 33.8092 1185.4832 Laminar 1506.1433
858 4.7354 33.8152 1185.2721 Laminar 1506.4116
859 4.7354 33.8212 1185.0610 Laminar 1506.6799
860 4.7354 33.8272 1184.8498 Laminar 1506.9485
861 4.7354 33.8333 1184.6385 Laminar 1507.2172
862 4.7354 33.8393 1184.4272 Laminar 1507.4861
863 4.7354 33.8453 1184.2158 Laminar 1507.7552
864 4.7354 33.8514 1184.0044 Laminar 1508.0245
865 4.7354 33.8574 1183.7929 Laminar 1508.2939
866 4.7354 33.8635 1183.5813 Laminar 1508.5635
867 4.7354 33.8695 1183.3697 Laminar 1508.8333
868 4.7354 33.8756 1183.1580 Laminar 1509.1032
869 4.7354 33.8817 1182.9463 Laminar 1509.3733
870 4.7354 33.8877 1182.7345 Laminar 1509.6436
871 4.7354 33.8938 1182.5226 Laminar 1509.9141
872 4.7354 33.8999 1182.3107 Laminar 1510.1848
873 4.7354 33.9060 1182.0987 Laminar 1510.4556
874 4.7354 33.9120 1181.8867 Laminar 1510.7266
875 4.7354 33.9181 1181.6746 Laminar 1510.9977
876 4.7354 33.9242 1181.4624 Laminar 1511.2691
877 4.7354 33.9303 1181.2502 Laminar 1511.5406
878 4.7354 33.9364 1181.0379 Laminar 1511.8123
879 4.7354 33.9425 1180.8256 Laminar 1512.0841
880 4.7354 33.9486 1180.6132 Laminar 1512.3562
881 4.7354 33.9547 1180.4007 Laminar 1512.6284
882 4.7354 33.9608 1180.1882 Laminar 1512.9008
883 4.7354 33.9670 1179.9756 Laminar 1513.1733
884 4.7354 33.9731 1179.7630 Laminar 1513.4460
885 4.7354 33.9792 1179.5503 Laminar 1513.7189
886 4.7354 33.9853 1179.3375 Laminar 1513.9920
887 4.7354 33.9915 1179.1247 Laminar 1514.2652
888 4.7354 33.9976 1178.9119 Laminar 1514.5387
889 4.7354 34.0037 1178.6990 Laminar 1514.8122
890 4.7354 34.0099 1178.4860 Laminar 1515.0860
891 4.7354 34.0160 1178.2729 Laminar 1515.3599
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
892 4.7354 34.0222 1178.0598 Laminar 1515.6340
893 4.7354 34.0284 1177.8467 Laminar 1515.9083
894 4.7354 34.0345 1177.6335 Laminar 1516.1828
895 4.7354 34.0407 1177.4202 Laminar 1516.4574
896 4.7354 34.0468 1177.2069 Laminar 1516.7322
897 4.7354 34.0530 1176.9935 Laminar 1517.0071
898 4.7354 34.0592 1176.7801 Laminar 1517.2823
899 4.7354 34.0654 1176.5666 Laminar 1517.5576
900 4.7354 34.0716 1176.3531 Laminar 1517.8331
901 4.7354 34.0777 1176.1395 Laminar 1518.1087
902 4.7354 34.0839 1175.9258 Laminar 1518.3845
903 4.7354 34.0901 1175.7121 Laminar 1518.6605
904 4.7354 34.0963 1175.4984 Laminar 1518.9367
905 4.7354 34.1025 1175.2845 Laminar 1519.2130
906 4.7354 34.1087 1175.0707 Laminar 1519.4895
907 4.7354 34,1150 1174.8568 Laminar 1519.7662
908 4.7354 34.1212 1174.6428 Laminar 1520.0431
909 4.7354 34.1274 1174.4287 Laminar 1520.3201
910 4.7354 34.1336 1174.2147 Laminar 1520.5973
911 4.7354 34.1398 1174.0005 Laminar 1520.8746
912 4.7354 34.1461 1173.7863 Laminar 1521.1522
913 4.7354 34,1523 1173.5721 Laminar 1521.4299
914 4.7354 34.1585 1173.3578 Laminar 1521.7078
915 4.7354 34,1648 1173.1434 Laminar 1521.9858
916 4.7354 34.1710 1172.9290 Laminar 1522.2640
917 4.7354 34.1773 1172.7145 Laminar 1522.5424
918 4.7354 34.1835 1172.5000 Laminar 1522.8210
919 4.7354 34,1898 1172.2855 Laminar 1523.0997
920 4.7354 34.1960 1172.0708 Laminar 1523.3786
921 4.7354 34.2023 1171.8562 Laminar 1523.6576
922 4.7354 34.2086 1171.6415 Laminar 1523.9369
923 4.7354 34.2148 1171.4267 Laminar 1524.2163
924 4.7354 34.2211 1171.2118 Laminar 1524.4959
925 4.7354 34.2274 1170.9970 Laminar 1524.7756
926 4.7354 34.2337 1170.7820 Laminar 1525.0555
927 4.7354 34.2400 1170.5671 Laminar 1525.3356
928 4.7354 34.2463 1170.3520 Laminar 1525.6159
929 4.7354 34.2526 1170.1369 Laminar 1525.8963
930 4.7354 34.2589 1169.9218 Laminar 1526.1769
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
931 4.7354 34.2652 1169.7066 Laminar 1526.4576
932 4.7354 34.2715 1169.4914 Laminar 1526.7386
933 4.7354 34.2778 1169.2761 Laminar 1527.0197
934 4.7354 34.2841 1169.0608 Laminar 1527.3009
935 4.7354 34.2904 1168.8454 Laminar 1527.5824
936 4.7354 34.2967 1168.6300 Laminar 1527.8640
937 4.7354 34.3031 1168.4145 Laminar 1528.1458
938 4.7354 34.3094 1168.1989 Laminar 1528.4277
939 4.7354 34.3157 1167.9833 Laminar 1528.7098
940 4.7354 34.3221 1167.7677 Laminar 1528.9921
941 4.7354 34.3284 1167.5520 Laminar 1529.2746
942 4.7354 34.3347 1167.3363 Laminar 1529.5572
943 4.7354 34.3411 1167.1205 Laminar 1529.8400
944 4.7354 34.3474 1166.9047 Laminar 1530.1229
945 4.7354 34.3538 1166.6888 Laminar 1530.4060
946 4.7354 34.3601 1166.4729 Laminar 1530.6893
947 4.7354 34.3665 1166.2569 Laminar 1530.9728
948 4.7354 34.3729 1166.0409 Laminar 1531.2564
949 4.7354 34.3792 1165.8248 Laminar 1531.5402
950 4.7354 34.3856 1165.6087 Laminar 1531.8242
951 4.7354 34.3920 1165.3925 Laminar 1532.1083
952 4.7354 34.3984 1165.1763 Laminar 1532.3926
953 4.7354 34.4048 1164.9601 Laminar 1532.6771
954 4.7354 34.4112 1164.7437 Laminar 1532.9617
955 4.7354 34.4176 1164.5274 Laminar 1533.2465
956 4.7354 34.4239 1164.3110 Laminar 1533.5315
957 4.7354 34.4303 1164.0945 Laminar 1533.8167
958 4.7354 34.4368 1163.8780 Laminar 1534.1020
959 4.7354 34.4432 1163.6615 Laminar 1534.3874
960 4.7354 34.4496 1163.4449 Laminar 1534.6731
961 4.7354 34.4560 1163.2283 Laminar 1534.9589
962 4.7354 34.4624 1163.0116 Laminar 1535.2449
963 4.7354 34.4688 1162.7949 Laminar 1535.5310
964 4.7354 34.4753 1162.5781 Laminar 1535.8173
965 4.7354 34.4817 1162.3613 Laminar 1536.1038
966 4.7354 34.4881 1162.1444 Laminar 1536.3905
967 4.7354 34.4946 1161.9275 Laminar 1536.6773
968 4.7354 34.5010 1161.7106 Laminar 1536.9643
969 4.7354 34.5075 1161.4936 Laminar 1537.2514
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
970 4.7354 34.5139 1161.2765 Laminar 1537.5387
971 4.7354 34.5204 1161.0594 Laminar 1537.8262
972 4.7354 34.5268 1160.8423 Laminar 1538.1138
973 4.7354 34.5333 1160.6251 Laminar 1538.4017
974 4.7354 34.5397 1160.4079 Laminar 1538.6896
975 4.7354 34.5462 1160.1906 Laminar 1538.9778
976 4.7354 34.5527 1159.9733 Laminar 1539.2661
977 4.7354 34.5592 1159.7560 Laminar 1539.5546
978 4.7354 34.5656 1159.5386 Laminar 1539.8432
979 4.7354 34.5721 1159.3211 Laminar 1540.1320
980 4.7354 34.5786 1159.1037 Laminar 1540.4210
981 4.7354 34,5851 1158.8861 Laminar 1540.7101
982 4.7354 34.5916 1158.6686 Laminar 1540.9995
983 4.7354 34.5981 1158.4509 Laminar 1541.2889
984 4.7354 34.6046 1158.2333 Laminar 1541.5786
985 4.7354 34.6111 1158.0156 Laminar 1541.8684
986 4.7354 34.6176 1157.7978 Laminar 1542.1583
987 4.7354 34.6241 1157.5801 Laminar 1542.4485
988 4.7354 34.6306 1157.3622 Laminar 1542.7388
989 4.7354 34.6371 1157.1444 Laminar 1543.0293
990 4.7354 34.6437 1156.9265 Laminar 1543.3199
991 4.7354 34.6502 1156.7085 Laminar 1543.6107
992 4.7354 34.6567 1156.4905 Laminar 1543.9017
993 4.7354 34.6633 1156.2725 Laminar 1544.1928
994 4.7354 34.6698 1156.0544 Laminar 1544.4841
995 4.7354 34.6763 1155.8363 Laminar 1544.7755
996 4.7354 34.6829 1155.6181 Laminar 1545.0672
997 4.7354 34.6894 1155.3999 Laminar 1545.3590
998 4.7354 34.6960 1155.1817 Laminar 1545.6509
999 4.7354 34,7026 1154.9634 Laminar 1545.9430
1000 4.7354 34.7091 1154.7451 Laminar 1546.2353
1001 4.7354 34,7157 1154.5267 Laminar 1546.5278
1002 4.7354 34,7223 1154.3083 Laminar 1546.8204
1003 4.7354 34,7288 1154.0899 Laminar 1547.1132
1004 4.7354 34.7354 1153.8714 Laminar 1547.4061
1005 4.7354 34.7420 1153.6529 Laminar 1547.6992
1006 4.7354 34.7486 1153.4343 Laminar 1547.9925
1007 4.7354 34,7551 1153.2157 Laminar 1548.2859
1008 4.7354 34.7617 1152.9970 Laminar 1548.5795
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1009 4.7354 34.7683 1152.7784 Laminar 1548.8733
1010 4.7354 34.7749 1152.5596 Laminar 1549.1672
1011 4.7354 34.7815 1152.3409 Laminar 1549.4613
1012 4.7354 34,7881 1152.1221 Laminar 1549.7556
1013 4.7354 34.7947 1151.9032 Laminar 1550.0500
1014 4.7354 34.8014 1151.6844 Laminar 1550.3446
1015 4.7354 34.8080 1151.4655 Laminar 1550.6393
1016 4.7354 34.8146 1151.2465 Laminar 1550.9342
1017 4.7354 34.8212 1151.0275 Laminar 1551.2293
1018 4.7354 34.8278 1150.8085 Laminar 1551.5245
1019 4.7354 34.8345 1150.5894 Laminar 1551.8199
1020 4.7354 34.8411 1150.3703 Laminar 1552.1155
1021 4.7354 34.8478 1150.1512 Laminar 1552.4112
1022 4.7354 34.8544 1149.9320 Laminar 1552.7071
1023 4.7354 34.8610 1149.7128 Laminar 1553.0032
1024 4.7354 34.8677 1149.4935 Laminar 1553.2994
1025 4.7354 34.8743 1149.2742 Laminar 1553.5958
1026 4.7354 34.8810 1149.0549 Laminar 1553.8923
1027 4.7354 34.8877 1148.8355 Laminar 1554.1891
1028 4.7354 34.8943 1148.6161 Laminar 1554.4859
1029 4.7354 34.9010 1148.3967 Laminar 1554.7830
1030 4.7354 34.9077 1148.1772 Laminar 1555.0802
1031 4.7354 34.9143 1147.9577 Laminar 1555.3775
1032 4.7354 34.9210 1147.7381 Laminar 1555.6751
1033 4.7354 34.9277 1147.5186 Laminar 1555.9727
1034 4.7354 34,9344 1147.2989 Laminar 1556.2706
1035 4.7354 34.9411 1147.0793 Laminar 1556.5686
1036 4.7354 34,9478 1146.8596 Laminar 1556.8668
1037 4.7354 34.9545 1146.6399 Laminar 1557.1651
1038 4.7354 34.9612 1146.4201 Laminar 1557.4636
1039 4.7354 34.9679 1146.2003 Laminar 1557.7623
1040 4.7354 34.9746 1145.9805 Laminar 1558.0611
1041 4.7354 34,9813 1145.7606 Laminar 1558.3601
1042 4.7354 34,9880 1145.5407 Laminar 1558.6593
1043 4.7354 34.9947 1145.3208 Laminar 1558.9586
1044 4.7354 35.0014 1145.1008 Laminar 1559.2580
1045 4.7354 35.0082 1144.8808 Laminar 1559.5577
1046 4.7354 35.0149 1144.6607 Laminar 1559.8575
1047 4.7354 35.0216 1144.4407 Laminar 1560.1574
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1048 4.7354 35.0284 1144.2205 Laminar 1560.4576
1049 4.7354 35.0351 1144.0004 Laminar 1560.7578
1050 4.7354 35.0419 1143.7802 Laminar 1561.0583
1051 4.7354 35.0486 1143.5600 Laminar 1561.3589
1052 4.7354 35.0554 1143.3398 Laminar 1561.6597
1053 4.7354 35.0621 1143.1195 Laminar 1561.9606
1054 4.7354 35.0689 1142.8992 Laminar 1562.2617
1055 4.7354 35.0756 1142.6788 Laminar 1562.5629
1056 4.7354 35.0824 1142.4585 Laminar 1562.8644
1057 4.7354 35.0892 1142.2380 Laminar 1563.1659
1058 4.7354 35.0959 1142.0176 Laminar 1563.4677
1059 4.7354 35.1027 1141.7971 Laminar 1563.7696
1060 4.7354 35.1095 1141.5766 Laminar 1564.0716
1061 4.7354 35.1163 1141.3561 Laminar 1564.3739
1062 4.7354 35.1231 1141.1355 Laminar 1564.6762
1063 4.7354 35.1299 1140.9149 Laminar 1564.9788
1064 4.7354 35.1367 1140.6943 Laminar 1565.2815
1065 4.7354 35.1435 1140.4736 Laminar 1565.5844
1066 4.7354 35.1503 1140.2529 Laminar 1565.8874
1067 4.7354 35.1571 1140.0321 Laminar 1566.1906
1068 4.7354 35.1639 1139.8114 Laminar 1566.4939
1069 4.7354 35.1707 1139.5906 Laminar 1566.7974
1070 4.7354 35.1775 1139.3698 Laminar 1567.1011
1071 4.7354 35.1843 1139.1489 Laminar 1567.4049
1072 4.7354 35.1911 1138.9280 Laminar 1567.7089
1073 4.7354 35.1980 1138.7071 Laminar 1568.0131
1074 4.7354 35.2048 1138.4861 Laminar 1568.3174
1075 4.7354 35.2116 1138.2651 Laminar 1568.6219
1076 4.7354 35.2185 1138.0441 Laminar 1568.9265
1077 4.7354 35.2253 1137.8231 Laminar 1569.2313
1078 4.7354 35.2322 1137.6020 Laminar 1569.5363
1079 4.7354 35.2390 1137.3809 Laminar 1569.8414
1080 4.7354 35.2459 1137.1598 Laminar 1570.1466
1081 4.7354 35.2527 1136.9386 Laminar 1570.4521
1082 4.7354 35.2596 1136.7174 Laminar 1570.7577
1083 4.7354 35.2664 1136.4962 Laminar 1571.0634
1084 4.7354 35.2733 1136.2749 Laminar 1571.3693
1085 4.7354 35.2802 1136.0537 Laminar 1571.6754
1086 4.7354 35.2871 1135.8324 Laminar 1571.9816
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1087 4.7354 35.2939 1135.6110 Laminar 1572.2880
1088 4.7354 35.3008 1135.3896 Laminar 1572.5946
1089 4.7354 35.3077 1135.1682 Laminar 1572.9013
1090 4.7354 35.3146 1134.9468 Laminar 1573.2082
1091 4.7354 35.3215 1134.7254 Laminar 1573.5152
1092 4.7354 35.3284 1134.5039 Laminar 1573.8224
1093 4.7354 35.3353 1134.2824 Laminar 1574.1297
1094 4.7354 35.3422 1134.0608 Laminar 1574.4373
1095 4.7354 35.3491 1133.8393 Laminar 1574.7449
1096 4.7354 35.3560 1133.6177 Laminar 1575.0528
1097 4.7354 35.3629 1133.3960 Laminar 1575.3607
1098 4.7354 35.3698 1133.1744 Laminar 1575.6689
1099 4.7354 35.3767 1132.9527 Laminar 1575.9772
1100 4.7354 35.3837 1132.7310 Laminar 1576.2857
1101 4.7354 35.3906 1132.5092 Laminar 1576.5943
1102 4.7354 35.3975 1132.2875 Laminar 1576.9031
1103 4.7354 35.4045 1132.0657 Laminar 1577.2120
1104 4.7354 35.4114 1131.8439 Laminar 1577.5211
1105 4.7354 35.4183 1131.6220 Laminar 1577.8304
1106 4.7354 35.4253 1131.4002 Laminar 1578.1398
1107 4.7354 35.4322 1131.1783 Laminar 1578.4494
1108 4.7354 35.4392 1130.9563 Laminar 1578.7591
1109 4.7354 35.4462 1130.7344 Laminar 1579.0690
1110 4.7354 35.4531 1130.5124 Laminar 1579.3790
1111 4.7354 35.4601 1130.2904 Laminar 1579.6893
1112 4.7354 35.4670 1130.0684 Laminar 1579.9996
1113 4.7354 35.4740 1129.8463 Laminar 1580.3101
1114 4.7354 35.4810 1129.6242 Laminar 1580.6208
1115 4.7354 35.4880 1129.4021 Laminar 1580.9317
1116 4.7354 35.4949 1129.1800 Laminar 1581.2427
1117 4.7354 35.5019 1128.9578 Laminar 1581.5538
1118 4.7354 35.5089 1128.7357 Laminar 1581.8652
1119 4.7354 35.5159 1128.5134 Laminar 1582.1766
1120 4.7354 35.5229 1128.2912 Laminar 1582.4883
1121 4.7354 35.5299 1128.0690 Laminar 1582.8001
1122 4.7354 35.5369 1127.8467 Laminar 1583.1120
1123 4.7354 35.5439 1127.6244 Laminar 1583.4241
1124 4.7354 35.5509 1127.4020 Laminar 1583.7364
1125 4.7354 35.5579 1127.1797 Laminar 1584.0488
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1126 4.7354 35.5650 1126.9573 Laminar 1584.3614
1127 4.7354 35.5720 1126.7349 Laminar 1584.6741
1128 4.7354 35.5790 1126.5124 Laminar 1584.9870
1129 4.7354 35.5860 1126.2900 Laminar 1585.3001
1130 4.7354 35.5931 1126.0675 Laminar 1585.6133
1131 4.7354 35.6001 1125.8450 Laminar 1585.9267
1132 4.7354 35.6071 1125.6225 Laminar 1586.2402
1133 4.7354 35.6142 1125.3999 Laminar 1586.5539
1134 4.7354 35.6212 1125.1773 Laminar 1586.8677
1135 4.7354 35.6283 1124.9548 Laminar 1587.1817
1136 4.7354 35.6353 1124.7321 Laminar 1587.4959
1137 4.7354 35.6424 1124.5095 Laminar 1587.8102
1138 4.7354 35.6494 1124.2868 Laminar 1588.1246
1139 4.7354 35.6565 1124.0641 Laminar 1588.4393
1140 4.7354 35.6636 1123.8414 Laminar 1588.7541
1141 4.7354 35.6706 1123.6187 Laminar 1589.0690
1142 4.7354 35.6777 1123.3959 Laminar 1589.3841
1143 4.7354 35.6848 1123.1731 Laminar 1589.6994
1144 4.7354 35.6919 1122.9503 Laminar 1590.0148
1145 4.7354 35.6989 1122.7275 Laminar 1590.3303
1146 4.7354 35.7060 1122.5047 Laminar 1590.6461
1147 4.7354 35.7131 1122.2818 Laminar 1590.9619
1148 4.7354 35.7202 1122.0589 Laminar 1591.2780
1149 4.7354 35.7273 1121.8360 Laminar 1591.5942
1150 4.7354 35.7344 1121.6130 Laminar 1591.9105
1151 4.7354 35.7415 1121.3901 Laminar 1592.2270
1152 4.7354 35.7486 1121.1671 Laminar 1592.5437
1153 4.7354 35.7557 1120.9441 Laminar 1592.8605
1154 4.7354 35.7629 1120.7211 Laminar 1593.1775
1155 4.7354 35.7700 1120.4980 Laminar 1593.4946
1156 4.7354 35.7771 1120.2750 Laminar 1593.8119
1157 4.7354 35.7842 1120.0519 Laminar 1594.1293
1158 4.7354 35.7913 1119.8288 Laminar 1594.4469
1159 4.7354 35.7985 1119.6057 Laminar 1594.7647
1160 4.7354 35.8056 1119.3825 Laminar 1595.0826
1161 4.7354 35.8128 1119.1594 Laminar 1595.4007
1162 4.7354 35.8199 1118.9362 Laminar 1595.7189
1163 4.7354 35.8270 1118.7130 Laminar 1596.0373
1164 4.7354 35.8342 1118.4897 Laminar 1596.3558
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1165 4.7354 35.8414 1118.2665 Laminar 1596.6745
1166 4.7354 35.8485 1118.0432 Laminar 1596.9934
1167 4.7354 35.8557 1117.8199 Laminar 1597.3124
1168 4.7354 35.8628 1117.5966 Laminar 1597.6315
1169 4.7354 35.8700 1117.3733 Laminar 1597.9508
1170 4.7354 35.8772 1117.1500 Laminar 1598.2703
1171 4.7354 35.8843 1116.9266 Laminar 1598.5899
1172 4.7354 35.8915 1116.7032 Laminar 1598.9097
1173 4.7354 35.8987 1116.4798 Laminar 1599.2297
1174 4.7354 35.9059 1116.2564 Laminar 1599.5497
1175 4.7354 35.9131 1116.0329 Laminar 1599.8700
1176 4.7354 35.9203 1115.8095 Laminar 1600.1904
1177 4.7354 35.9275 1115.5860 Laminar 1600.5110
1178 4.7354 35.9347 1115.3625 Laminar 1600.8317
1179 4.7354 35.9419 1115.1390 Laminar 1601.1525
1180 4.7354 35.9491 1114.9154 Laminar 1601.4736
1181 4.7354 35.9563 1114.6919 Laminar 1601.7947
1182 4.7354 35.9635 1114.4683 Laminar 1602.1161
1183 4.7354 35.9707 1114.2447 Laminar 1602.4376
1184 4.7354 35.9779 1114.0211 Laminar 1602.7592
1185 4.7354 35.9852 1113.7975 Laminar 1603.0810
1186 4.7354 35.9924 1113.5739 Laminar 1603.4029
1187 4.7354 35.9996 1113.3502 Laminar 1603.7250
1188 4.7354 36.0069 1113.1265 Laminar 1604.0473
1189 4.7354 36.0141 1112.9028 Laminar 1604.3697
1190 4.7354 36.0213 1112.6791 Laminar 1604.6923
1191 4.7354 36.0286 1112.4554 Laminar 1605.0150
1192 4.7354 36.0358 1112.2316 Laminar 1605.3379
1193 4.7354 36.0431 1112.0079 Laminar 1605.6609
1194 4.7354 36.0503 1111.7841 Laminar 1605.9841
1195 4.7354 36.0576 1111.5603 Laminar 1606.3075
1196 4.7354 36.0648 1111.3365 Laminar 1606.6310
1197 4.7354 36.0721 1111.1127 Laminar 1606.9546
1198 4.7354 36.0794 1110.8888 Laminar 1607.2784
1199 4.7354 36.0867 1110.6649 Laminar 1607.6024
1200 4.7354 36.0939 1110.4411 Laminar 1607.9265
1201 4.7354 36.1012 1110.2172 Laminar 1608.2508
1202 4.7354 36.1085 1109.9933 Laminar 1608.5752
1203 4.7354 36.1158 1109.7693 Laminar 1608.8998
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1204 4.7354 36.1231 1109.5454 Laminar 1609.2245
1205 4.7354 36.1304 1109.3214 Laminar 1609.5494
1206 4.7354 36.1377 1109.0975 Laminar 1609.8744
1207 4.7354 36.1450 1108.8735 Laminar 1610.1996
1208 4.7354 36.1523 1108.6495 Laminar 1610.5249
1209 4.7354 36.1596 1108.4254 Laminar 1610.8504
1210 4.7354 36.1669 1108.2014 Laminar 1611.1761
1211 4.7354 36.1742 1107.9774 Laminar 1611.5019
1212 4.7354 36.1815 1107.7533 Laminar 1611.8279
1213 4.7354 36.1888 1107.5292 Laminar 1612.1540
1214 4.7354 36.1962 1107.3051 Laminar 1612.4802
1215 4.7354 36.2035 1107.0810 Laminar 1612.8067
1216 4.7354 36.2108 1106.8569 Laminar 1613.1332
1217 4.7354 36.2181 1106.6327 Laminar 1613.4600
1218 4.7354 36.2255 1106.4086 Laminar 1613.7868
1219 4.7354 36.2328 1106.1844 Laminar 1614.1139
1220 4.7354 36.2402 1105.9602 Laminar 1614.4411
1221 4.7354 36.2475 1105.7360 Laminar 1614.7684
1222 4.7354 36.2549 1105.5118 Laminar 1615.0959
1223 4.7354 36.2622 1105.2876 Laminar 1615.4235
1224 4.7354 36.2696 1105.0634 Laminar 1615.7513
1225 4.7354 36.2769 1104.8391 Laminar 1616.0793
1226 4.7354 36.2843 1104.6149 Laminar 1616.4074
1227 4.7354 36.2917 1104.3906 Laminar 1616.7356
1228 4.7354 36.2990 1104.1663 Laminar 1617.0640
1229 4.7354 36.3064 1103.9420 Laminar 1617.3926
1230 4.7354 36.3138 1103.7177 Laminar 1617.7213
1231 4.7354 36.3212 1103.4933 Laminar 1618.0502
1232 4.7354 36.3286 1103.2690 Laminar 1618.3792
1233 4.7354 36.3360 1103.0446 Laminar 1618.7084
1234 4.7354 36.3433 1102.8203 Laminar 1619.0377
1235 4.7354 36.3507 1102.5959 Laminar 1619.3672
1236 4.7354 36.3581 1102.3715 Laminar 1619.6968
1237 4.7354 36.3655 1102.1471 Laminar 1620.0266
1238 4.7354 36.3730 1101.9227 Laminar 1620.3565
1239 4.7354 36.3804 1101.6982 Laminar 1620.6866
1240 4.7354 36.3878 1101.4738 Laminar 1621.0169
1241 4.7354 36.3952 1101.2493 Laminar 1621.3473
1242 4.7354 36.4026 1101.0249 Laminar 1621.6778
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1243 4.7354 36.4100 1100.8004 Laminar 1622.0085
1244 4.7354 36.4175 1100.5759 Laminar 1622.3394
1245 4.7354 36.4249 1100.3514 Laminar 1622.6704
1246 4.7354 36.4323 1100.1269 Laminar 1623.0015
1247 4.7354 36.4398 1099.9024 Laminar 1623.3328
1248 4.7354 36.4472 1099.6778 Laminar 1623.6643
1249 4.7354 36.4546 1099.4533 Laminar 1623.9959
1250 4.7354 36.4621 1099.2287 Laminar 1624.3277
1251 4.7354 36.4695 1099.0041 Laminar 1624.6596
1252 4.7354 36.4770 1098.7796 Laminar 1624.9916
1253 4.7354 36.4845 1098.5550 Laminar 1625.3239
1254 4.7354 36.4919 1098.3304 Laminar 1625.6562
1255 4.7354 36.4994 1098.1058 Laminar 1625.9887
1256 4.7354 36.5069 1097.8811 Laminar 1626.3214
1257 4.7354 36.5143 1097.6565 Laminar 1626.6542
1258 4.7354 36.5218 1097.4319 Laminar 1626.9872
1259 4.7354 36.5293 1097.2072 Laminar 1627.3203
1260 4.7354 36.5368 1096.9825 Laminar 1627.6536
1261 4.7354 36.5442 1096.7579 Laminar 1627.9871
1262 4.7354 36.5517 1096.5332 Laminar 1628.3206
1263 4.7354 36.5592 1096.3085 Laminar 1628.6544
1264 4.7354 36.5667 1096.0838 Laminar 1628.9883
1265 4.7354 36.5742 1095.8591 Laminar 1629.3223
1266 4.7354 36.5817 1095.6343 Laminar 1629.6565
1267 4.7354 36.5892 1095.4096 Laminar 1629.9908
1268 4.7354 36.5967 1095.1849 Laminar 1630.3253
1269 4.7354 36.6042 1094.9601 Laminar 1630.6599
1270 4.7354 36.6118 1094.7354 Laminar 1630.9947
1271 4.7354 36.6193 1094.5106 Laminar 1631.3297
1272 4.7354 36.6268 1094.2858 Laminar 1631.6648
1273 4.7354 36.6343 1094.0610 Laminar 1632.0000
1274 4.7354 36.6418 1093.8362 Laminar 1632.3354
1275 4.7354 36.6494 1093.6114 Laminar 1632.6710
1276 4.7354 36.6569 1093.3866 Laminar 1633.0067
1277 4.7354 36.6645 1093.1618 Laminar 1633.3425
1278 4.7354 36.6720 1092.9370 Laminar 1633.6785
1279 4.7354 36.6795 1092.7121 Laminar 1634.0147
1280 4.7354 36.6871 1092.4873 Laminar 1634.3510
1281 4.7354 36.6946 1092.2624 Laminar 1634.6874
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1282 4.7354 36.7022 1092.0375 Laminar 1635.0240
1283 4.7354 36.7098 1091.8127 Laminar 1635.3608
1284 4.7354 36.7173 1091.5878 Laminar 1635.6977
1285 4.7354 36.7249 1091.3629 Laminar 1636.0347
1286 4.7354 36.7325 1091.1380 Laminar 1636.3719
1287 4.7354 36.7400 1090.9131 Laminar 1636.7093
1288 4.7354 36.7476 1090.6882 Laminar 1637.0468
1289 4.7354 36.7552 1090.4633 Laminar 1637.3844
1290 4.7354 36.7628 1090.2384 Laminar 1637.7222
1291 4.7354 36.7704 1090.0134 Laminar 1638.0602
1292 4.7354 36.7779 1089.7885 Laminar 1638.3983
1293 4.7354 36.7855 1089.5635 Laminar 1638.7365
1294 4.7354 36.7931 1089.3386 Laminar 1639.0750
1295 4.7354 36.8007 1089.1136 Laminar 1639.4135
1296 4.7354 36.8083 1088.8887 Laminar 1639.7522
1297 4.7354 36.8159 1088.6637 Laminar 1640.0911
1298 4.7354 36.8236 1088.4387 Laminar 1640.4301
1299 4.7354 36.8312 1088.2137 Laminar 1640.7692
1300 4.7354 36.8388 1087.9887 Laminar 1641.1085
1301 4.7354 36.8464 1087.7637 Laminar 1641.4480
1302 4.7354 36.8540 1087.5387 Laminar 1641.7876
1303 4.7354 36.8617 1087.3137 Laminar 1642.1273
1304 4.7354 36.8693 1087.0887 Laminar 1642.4673
1305 4.7354 36.8769 1086.8637 Laminar 1642.8073
1306 4.7354 36.8846 1086.6387 Laminar 1643.1475
1307 4.7354 36.8922 1086.4136 Laminar 1643.4879
1308 4.7354 36.8998 1086.1886 Laminar 1643.8284
1309 4.7354 36.9075 1085.9635 Laminar 1644.1690
1310 4.7354 36.9151 1085.7385 Laminar 1644.5098
1311 4.7354 36.9228 1085.5134 Laminar 1644.8508
1312 4.7354 36.9304 1085.2884 Laminar 1645.1919
1313 4.7354 36.9381 1085.0633 Laminar 1645.5331
1314 4.7354 36.9458 1084.8382 Laminar 1645.8745
1315 4.7354 36.9534 1084.6132 Laminar 1646.2161
1316 4.7354 36.9611 1084.3881 Laminar 1646.5578
1317 4.7354 36.9688 1084.1630 Laminar 1646.8996
1318 4.7354 36.9765 1083.9379 Laminar 1647.2416
1319 4.7354 36.9841 1083.7128 Laminar 1647.5838
1320 4.7354 36.9918 1083.4877 Laminar 1647.9260
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1321 4.7354 36.9995 1083.2626 Laminar 1648.2685
1322 4.7354 37.0072 1083.0375 Laminar 1648.6111
1323 4.7354 37.0149 1082.8124 Laminar 1648.9538
1324 4.7354 37.0226 1082.5873 Laminar 1649.2967
1325 4.7354 37.0303 1082.3621 Laminar 1649.6398
1326 4.7354 37.0380 1082.1370 Laminar 1649.9829
1327 4.7354 37.0457 1081.9119 Laminar 1650.3263
1328 4.7354 37.0534 1081.6867 Laminar 1650.6698
1329 4.7354 37.0611 1081.4616 Laminar 1651.0134
1330 4.7354 37.0688 1081.2365 Laminar 1651.3572
1331 4.7354 37.0766 1081.0113 Laminar 1651.7011
1332 4.7354 37.0843 1080.7862 Laminar 1652.0452
1333 4.7354 37.0920 1080.5610 Laminar 1652.3894
1334 4.7354 37.0997 1080.3359 Laminar 1652.7338
1335 4.7354 37.1075 1080.1107 Laminar 1653.0783
1336 4.7354 37.1152 1079.8856 Laminar 1653.4230
1337 4.7354 37.1230 1079.6604 Laminar 1653.7678
1338 4.7354 37.1307 1079.4352 Laminar 1654.1128
1339 4.7354 37.1384 1079.2101 Laminar 1654.4579
1340 4.7354 37.1462 1078.9849 Laminar 1654.8032
1341 4.7354 37.1539 1078.7597 Laminar 1655.1486
1342 4.7354 37.1617 1078.5345 Laminar 1655.4942
1343 4.7354 37.1695 1078.3093 Laminar 1655.8399
1344 4.7354 37.1772 1078.0842 Laminar 1656.1857
1345 4.7354 37.1850 1077.8590 Laminar 1656.5317
1346 4.7354 37.1928 1077.6338 Laminar 1656.8779
1347 4.7354 37.2005 1077.4086 Laminar 1657.2242
1348 4.7354 37.2083 1077.1834 Laminar 1657.5707
1349 4.7354 37.2161 1076.9582 Laminar 1657.9173
1350 4.7354 37.2239 1076.7330 Laminar 1658.2640
1351 4.7354 37.2317 1076.5078 Laminar 1658.6109
1352 4.7354 37.2395 1076.2826 Laminar 1658.9579
1353 4.7354 37.2473 1076.0574 Laminar 1659.3051
1354 4.7354 37.2550 1075.8322 Laminar 1659.6525
1355 4.7354 37.2628 1075.6070 Laminar 1660.0000
1356 4.7354 37.2707 1075.3818 Laminar 1660.3476
1357 4.7354 37.2785 1075.1566 Laminar 1660.6954
1358 4.7354 37.2863 1074.9314 Laminar 1661.0433
1359 4.7354 37.2941 1074.7062 Laminar 1661.3914
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1360 4.7354 37.3019 1074.4810 Laminar 1661.7396
1361 4.7354 37.3097 1074.2558 Laminar 1662.0880
1362 4.7354 37.3175 1074.0306 Laminar 1662.4365
1363 4.7354 37.3254 1073.8053 Laminar 1662.7852
1364 4.7354 37.3332 1073.5801 Laminar 1663.1340
1365 4.7354 37.3410 1073.3549 Laminar 1663.4830
1366 4.7354 37.3489 1073.1297 Laminar 1663.8321
1367 4.7354 37.3567 1072.9045 Laminar 1664.1813
1368 4.7354 37.3646 1072.6793 Laminar 1664.5307
1369 4.7354 37.3724 1072.4540 Laminar 1664.8803
1370 4.7354 37.3803 1072.2288 Laminar 1665.2300
1371 4.7354 37.3881 1072.0036 Laminar 1665.5798
1372 4.7354 37.3960 1071.7784 Laminar 1665.9298
1373 4.7354 37.4038 1071.5532 Laminar 1666.2800
1374 4.7354 37.4117 1071.3280 Laminar 1666.6303
1375 4.7354 37.4195 1071.1027 Laminar 1666.9807
1376 4.7354 37.4274 1070.8775 Laminar 1667.3313
1377 4.7354 37.4353 1070.6523 Laminar 1667.6820
1378 4.7354 37.4432 1070.4271 Laminar 1668.0329
1379 4.7354 37.4510 1070.2019 Laminar 1668.3839
1380 4.7354 37.4589 1069.9767 Laminar 1668.7351
1381 4.7354 37.4668 1069.7515 Laminar 1669.0864
1382 4.7354 37.4747 1069.5262 Laminar 1669.4379
1383 4.7354 37.4826 1069.3010 Laminar 1669.7895
1384 4.7354 37.4905 1069.0758 Laminar 1670.1412
1385 4.7354 37.4984 1068.8506 Laminar 1670.4931
1386 4.7354 37.5063 1068.6254 Laminar 1670.8452
1387 4.7354 37.5142 1068.4002 Laminar 1671.1974
1388 4.7354 37.5221 1068.1750 Laminar 1671.5497
1389 4.7354 37.5300 1067.9498 Laminar 1671.9022
1390 4.7354 37.5379 1067.7246 Laminar 1672.2549
1391 4.7354 37.5459 1067.4994 Laminar 1672.6076
1392 4.7354 37.5538 1067.2742 Laminar 1672.9606
1393 4.7354 37.5617 1067.0490 Laminar 1673.3137
1394 4.7354 37.5696 1066.8238 Laminar 1673.6669
1395 4.7354 37.5776 1066.5986 Laminar 1674.0202
1396 4.7354 37.5855 1066.3734 Laminar 1674.3738
1397 4.7354 37.5934 1066.1482 Laminar 1674.7274
1398 4.7354 37.6014 1065.9230 Laminar 1675.0812
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1399 4.7354 37.6093 1065.6978 Laminar 1675.4352
1400 4.7354 37.6173 1065.4726 Laminar 1675.7893
1401 4.7354 37.6252 1065.2474 Laminar 1676.1435
1402 4.7354 37.6332 1065.0223 Laminar 1676.4979
1403 4.7354 37.6411 1064.7971 Laminar 1676.8525
1404 4.7354 37.6491 1064.5719 Laminar 1677.2072
1405 4.7354 37.6571 1064.3467 Laminar 1677.5620
1406 4.7354 37.6650 1064.1216 Laminar 1677.9170
1407 4.7354 37.6730 1063.8964 Laminar 1678.2721
1408 4.7354 37.6810 1063.6712 Laminar 1678.6274
1409 4.7354 37.6890 1063.4461 Laminar 1678.9828
1410 4.7354 37.6969 1063.2209 Laminar 1679.3383
1411 4.7354 37.7049 1062.9957 Laminar 1679.6940
1412 4.7354 37.7129 1062.7706 Laminar 1680.0499
1413 4.7354 37.7209 1062.5454 Laminar 1680.4059
1414 4.7354 37.7289 1062.3203 Laminar 1680.7620
1415 4.7354 37.7369 1062.0951 Laminar 1681.1183
1416 4.7354 37.7449 1061.8700 Laminar 1681.4747
1417 4.7354 37.7529 1061.6449 Laminar 1681.8313
1418 4.7354 37.7609 1061.4197 Laminar 1682.1881
1419 4.7354 37.7689 1061.1946 Laminar 1682.5449
1420 4.7354 37.7769 1060.9695 Laminar 1682.9019
1421 4.7354 37.7850 1060.7444 Laminar 1683.2591
1422 4.7354 37.7930 1060.5192 Laminar 1683.6164
1423 4.7354 37.8010 1060.2941 Laminar 1683.9739
1424 4.7354 37.8090 1060.0690 Laminar 1684.3315
1425 4.7354 37.8171 1059.8439 Laminar 1684.6892
1426 4.7354 37.8251 1059.6188 Laminar 1685.0471
1427 4.7354 37.8331 1059.3937 Laminar 1685.4051
1428 4.7354 37.8412 1059.1686 Laminar 1685.7633
1429 4.7354 37.8492 1058.9435 Laminar 1686.1216
1430 4.7354 37.8573 1058.7185 Laminar 1686.4801
1431 4.7354 37.8653 1058.4934 Laminar 1686.8387
1432 4.7354 37.8734 1058.2683 Laminar 1687.1975
1433 4.7354 37.8814 1058.0432 Laminar 1687.5564
1434 4.7354 37.8895 1057.8182 Laminar 1687.9154
1435 4.7354 37.8975 1057.5931 Laminar 1688.2746
1436 4.7354 37.9056 1057.3680 Laminar 1688.6340
1437 4.7354 37.9137 1057.1430 Laminar 1688.9935
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1438 4.7354 37.9218 1056.9180 Laminar 1689.3531
1439 4.7354 37.9298 1056.6929 Laminar 1689.7129
1440 4.7354 37.9379 1056.4679 Laminar 1690.0728
1441 4.7354 37.9460 1056.2428 Laminar 1690.4329
1442 4.7354 37.9541 1056.0178 Laminar 1690.7931
1443 4.7354 37.9622 1055.7928 Laminar 1691.1534
1444 4.7354 37.9703 1055.5678 Laminar 1691.5139
1445 4.7354 37.9784 1055.3428 Laminar 1691.8746
1446 4.7354 37.9865 1055.1178 Laminar 1692.2353
1447 4.7354 37.9946 1054.8928 Laminar 1692.5963
1448 4.7354 38.0027 1054.6678 Laminar 1692.9574
1449 4.7354 38.0108 1054.4428 Laminar 1693.3186
1450 4.7354 38.0189 1054.2178 Laminar 1693.6799
1451 4.7354 38.0270 1053.9929 Laminar 1694.0415
1452 4.7354 38.0351 1053.7679 Laminar 1694.4031
1453 4.7354 38.0432 1053.5429 Laminar 1694.7649
1454 4.7354 38.0514 1053.3180 Laminar 1695.1269
1455 4.7354 38.0595 1053.0930 Laminar 1695.4889
1456 4.7354 38.0676 1052.8681 Laminar 1695.8512
1457 4.7354 38.0758 1052.6432 Laminar 1696.2136
1458 4.7354 38.0839 1052.4182 Laminar 1696.5761
1459 4.7354 38.0920 1052.1933 Laminar 1696.9387
1460 4.7354 38.1002 1051.9684 Laminar 1697.3015
1461 4.7354 38.1083 1051.7435 Laminar 1697.6645
1462 4.7354 38.1165 1051.5186 Laminar 1698.0276
1463 4.7354 38.1246 1051.2937 Laminar 1698.3908
1464 4.7354 38.1328 1051.0688 Laminar 1698.7542
1465 4.7354 38.1409 1050.8439 Laminar 1699.1178
1466 4.7354 38.1491 1050.6191 Laminar 1699.4814
1467 4.7354 38.1573 1050.3942 Laminar 1699.8452
1468 4.7354 38.1654 1050.1694 Laminar 1700.2092
1469 4.7354 38.1736 1049.9445 Laminar 1700.5733
1470 4.7354 38.1818 1049.7197 Laminar 1700.9376
1471 4.7354 38.1900 1049.4948 Laminar 1701.3020
1472 4.7354 38.1982 1049.2700 Laminar 1701.6665
1473 4.7354 38.2063 1049.0452 Laminar 1702.0312
1474 4.7354 38.2145 1048.8204 Laminar 1702.3960
1475 4.7354 38.2227 1048.5956 Laminar 1702.7610
1476 4.7354 38.2309 1048.3708 Laminar 1703.1261
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1477 4.7354 38.2391 1048.1460 Laminar 1703.4913
1478 4.7354 38.2473 1047.9212 Laminar 1703.8567
1479 4.7354 38.2555 1047.6964 Laminar 1704.2223
1480 4.7354 38.2637 1047.4717 Laminar 1704.5880
1481 4.7354 38.2720 1047.2469 Laminar 1704.9538
1482 4.7354 38.2802 1047.0222 Laminar 1705.3198
1483 4.7354 38.2884 1046.7974 Laminar 1705.6859
1484 4.7354 38.2966 1046.5727 Laminar 1706.0522
1485 4.7354 38.3048 1046.3480 Laminar 1706.4186
1486 4.7354 38.3131 1046.1233 Laminar 1706.7851
1487 4.7354 38.3213 1045.8986 Laminar 1707.1518
1488 4.7354 38.3295 1045.6739 Laminar 1707.5186
1489 4.7354 38.3378 1045.4492 Laminar 1707.8856
1490 4.7354 38.3460 1045.2245 Laminar 1708.2527
1491 4.7354 38.3542 1044.9998 Laminar 1708.6200
1492 4.7354 38.3625 1044.7752 Laminar 1708.9874
1493 4.7354 38.3707 1044.5505 Laminar 1709.3549
1494 4.7354 38.3790 1044.3259 Laminar 1709.7226
1495 4.7354 38.3873 1044.1013 Laminar 1710.0905
1496 4.7354 38.3955 1043.8766 Laminar 1710.4585
1497 4.7354 38.4038 1043.6520 Laminar 1710.8266
1498 4.7354 38.4120 1043.4274 Laminar 1711.1948
1499 4.7354 38.4203 1043.2028 Laminar 1711.5633
1500 4.7354 38.4286 1042.9782 Laminar 1711.9318
1501 4.7354 38.4369 1042.7537 Laminar 1712.3005
1502 4.7354 38.4451 1042.5291 Laminar 1712.6693
1503 4.7354 38.4534 1042.3045 Laminar 1713.0383
1504 4.7354 38.4617 1042.0800 Laminar 1713.4074
1505 4.7354 38.4700 1041.8555 Laminar 1713.7767
1506 4.7354 38.4783 1041.6309 Laminar 1714.1461
1507 4.7354 38.4866 1041.4064 Laminar 1714.5157
1508 4.7354 38.4949 1041.1819 Laminar 1714.8854
1509 4.7354 38.5032 1040.9574 Laminar 1715.2552
1510 4.7354 38.5115 1040.7329 Laminar 1715.6252
1511 4.7354 38.5198 1040.5085 Laminar 1715.9953
1512 4.7354 38.5281 1040.2840 Laminar 1716.3656
1513 4.7354 38.5364 1040.0595 Laminar 1716.7360
1514 4.7354 38.5447 1039.8351 Laminar 1717.1065
1515 4.7354 38.5531 1039.6107 Laminar 1717.4772
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1516 4.7354 38.5614 1039.3862 Laminar 1717.8480
1517 4.7354 38.5697 1039.1618 Laminar 1718.2190
1518 4.7354 38.5781 1038.9374 Laminar 1718.5901
1519 4.7354 38.5864 1038.7130 Laminar 1718.9614
1520 4.7354 38.5947 1038.4887 Laminar 1719.3328
1521 4.7354 38.6031 1038.2643 Laminar 1719.7044
1522 4.7354 38.6114 1038.0399 Laminar 1720.0760
1523 4.7354 38.6198 1037.8156 Laminar 1720.4479
1524 4.7354 38.6281 1037.5912 Laminar 1720.8198
1525 4.7354 38.6365 1037.3669 Laminar 1721.1920
1526 4.7354 38.6448 1037.1426 Laminar 1721.5642
1527 4.7354 38.6532 1036.9183 Laminar 1721.9366
1528 4.7354 38.6615 1036.6940 Laminar 1722.3092
1529 4.7354 38.6699 1036.4697 Laminar 1722.6818
1530 4.7354 38.6783 1036.2455 Laminar 1723.0547
1531 4.7354 38.6866 1036.0212 Laminar 1723.4276
1532 4.7354 38.6950 1035.7970 Laminar 1723.8007
1533 4.7354 38.7034 1035.5727 Laminar 1724.1740
1534 4.7354 38.7118 1035.3485 Laminar 1724.5474
1535 4.7354 38.7202 1035.1243 Laminar 1724.9209
1536 4.7354 38.7286 1034.9001 Laminar 1725.2946
1537 4.7354 38.7369 1034.6759 Laminar 1725.6684
1538 4.7354 38.7453 1034.4518 Laminar 1726.0424
1539 4.7354 38.7537 1034.2276 Laminar 1726.4165
1540 4.7354 38.7621 1034.0035 Laminar 1726.7907
1541 4.7354 38.7705 1033.7793 Laminar 1727.1651
1542 4.7354 38.7789 1033.5552 Laminar 1727.5397
1543 4.7354 38.7874 1033.3311 Laminar 1727.9143
1544 4.7354 38.7958 1033.1070 Laminar 1728.2891
1545 4.7354 38.8042 1032.8829 Laminar 1728.6641
1546 4.7354 38.8126 1032.6588 Laminar 1729.0392
1547 4.7354 38.8210 1032.4348 Laminar 1729.4144
1548 4.7354 38.8295 1032.2107 Laminar 1729.7898
1549 4.7354 38.8379 1031.9867 Laminar 1730.1653
1550 4.7354 38.8463 1031.7627 Laminar 1730.5410
1551 4.7354 38.8548 1031.5387 Laminar 1730.9168
1552 4.7354 38.8632 1031.3147 Laminar 1731.2927
1553 4.7354 38.8716 1031.0907 Laminar 1731.6688
1554 4.7354 38.8801 1030.8667 Laminar 1732.0450
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1555 4.7354 38.8885 1030.6428 Laminar 1732.4214
1556 4.7354 38.8970 1030.4188 Laminar 1732.7979
1557 4.7354 38.9054 1030.1949 Laminar 1733.1746
1558 4.7354 38.9139 1029.9710 Laminar 1733.5514
1559 4.7354 38.9224 1029.7471 Laminar 1733.9283
1560 4.7354 38.9308 1029.5232 Laminar 1734.3054
1561 4.7354 38.9393 1029.2993 Laminar 1734.6826
1562 4.7354 38.9478 1029.0755 Laminar 1735.0599
1563 4.7354 38.9562 1028.8516 Laminar 1735.4374
1564 4.7354 38.9647 1028.6278 Laminar 1735.8151
1565 4.7354 38.9732 1028.4040 Laminar 1736.1929
1566 4.7354 38.9817 1028.1802 Laminar 1736.5708
1567 4.7354 38.9902 1027.9564 Laminar 1736.9488
1568 4.7354 38.9986 1027.7326 Laminar 1737.3270
1569 4.7354 39.0071 1027.5088 Laminar 1737.7054
1570 4.7354 39.0156 1027.2851 Laminar 1738.0839
1571 4.7354 39.0241 1027.0613 Laminar 1738.4625
1572 4.7354 39.0326 1026.8376 Laminar 1738.8413
1573 4.7354 39.0411 1026.6139 Laminar 1739.2202
1574 4.7354 39.0497 1026.3902 Laminar 1739.5992
1575 4.7354 39.0582 1026.1665 Laminar 1739.9784
1576 4.7354 39.0667 1025.9429 Laminar 1740.3577
1577 4.7354 39.0752 1025.7192 Laminar 1740.7372
1578 4.7354 39.0837 1025.4956 Laminar 1741.1168
1579 4.7354 39.0922 1025.2720 Laminar 1741.4966
1580 4.7354 39.1008 1025.0484 Laminar 1741.8765
1581 4.7354 39.1093 1024.8248 Laminar 1742.2565
1582 4.7354 39.1178 1024.6012 Laminar 1742.6367
1583 4.7354 39.1264 1024.3776 Laminar 1743.0170
1584 4.7354 39.1349 1024.1541 Laminar 1743.3974
1585 4.7354 39.1435 1023.9306 Laminar 1743.7780
1586 4.7354 39.1520 1023.7070 Laminar 1744.1588
1587 4.7354 39.1606 1023.4835 Laminar 1744.5396
1588 4.7354 39.1691 1023.2601 Laminar 1744.9207
1589 4.7354 39.1777 1023.0366 Laminar 1745.3018
1590 4.7354 39.1862 1022.8131 Laminar 1745.6831
1591 4.7354 39.1948 1022.5897 Laminar 1746.0646
1592 4.7354 39.2033 1022.3663 Laminar 1746.4461
1593 4.7354 39.2119 1022.1429 Laminar 1746.8278
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1594 4.7354 39.2205 1021.9195 Laminar 1747.2097
1595 4.7354 39.2291 1021.6961 Laminar 1747.5917
1596 4.7354 39.2376 1021.4727 Laminar 1747.9738
1597 4.7354 39.2462 1021.2494 Laminar 1748.3561
1598 4.7354 39.2548 1021.0260 Laminar 1748.7385
1599 4.7354 39.2634 1020.8027 Laminar 1749.1211
1600 4.7354 39.2720 1020.5794 Laminar 1749.5038
1601 4.7354 39.2806 1020.3562 Laminar 1749.8866
1602 4.7354 39.2892 1020.1329 Laminar 1750.2696
1603 4.7354 39.2978 1019.9096 Laminar 1750.6527
1604 4.7354 39.3064 1019.6864 Laminar 1751.0360
1605 4.7354 39.3150 1019.4632 Laminar 1751.4194
1606 4.7354 39.3236 1019.2400 Laminar 1751.8029
1607 4.7354 39.3322 1019.0168 Laminar 1752.1866
1608 4.7354 39.3408 1018.7936 Laminar 1752.5704
1609 4.7354 39.3494 1018.5705 Laminar 1752.9544
1610 4.7354 39.3581 1018.3473 Laminar 1753.3385
1611 4.7354 39.3667 1018.1242 Laminar 1753.7227
1612 4.7354 39.3753 1017.9011 Laminar 1754.1071
1613 4.7354 39.3840 1017.6780 Laminar 1754.4916
1614 4.7354 39.3926 1017.4550 Laminar 1754.8763
1615 4.7354 39.4012 1017.2319 Laminar 1755.2611
1616 4.7354 39.4099 1017.0089 Laminar 1755.6460
1617 4.7354 39.4185 1016.7859 Laminar 1756.0311
1618 4.7354 39.4272 1016.5629 Laminar 1756.4163
1619 4.7354 39.4358 1016.3399 Laminar 1756.8017
1620 4.7354 39.4445 1016.1169 Laminar 1757.1872
1621 4.7354 39.4531 1015.8940 Laminar 1757.5728
1622 4.7354 39.4618 1015.6710 Laminar 1757.9586
1623 4.7354 39.4704 1015.4481 Laminar 1758.3445
1624 4.7354 39.4791 1015.2252 Laminar 1758.7306
1625 4.7354 39.4878 1015.0023 Laminar 1759.1168
1626 4.7354 39.4964 1014.7795 Laminar 1759.5031
1627 4.7354 39.5051 1014.5566 Laminar 1759.8896
1628 4.7354 39.5138 1014.3338 Laminar 1760.2762
1629 4.7354 39.5225 1014.1110 Laminar 1760.6629
1630 4.7354 39.5312 1013.8882 Laminar 1761.0498
1631 4.7354 39.5399 1013.6654 Laminar 1761.4369
1632 4.7354 39.5485 1013.4426 Laminar 1761.8240
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1633 4.7354 39.5572 1013.2199 Laminar 1762.2113
1634 4.7354 39.5659 1012.9972 Laminar 1762.5988
1635 4.7354 39.5746 1012.7745 Laminar 1762.9864
1636 4.7354 39.5833 1012.5518 Laminar 1763.3741
1637 4.7354 39.5920 1012.3291 Laminar 1763.7620
1638 4.7354 39.6008 1012.1065 Laminar 1764.1500
1639 4.7354 39.6095 1011.8838 Laminar 1764.5381
1640 4.7354 39.6182 1011.6612 Laminar 1764.9264
1641 4.7354 39.6269 1011.4386 Laminar 1765.3148
1642 4.7354 39.6356 1011.2161 Laminar 1765.7034
1643 4.7354 39.6444 1010.9935 Laminar 1766.0921
1644 4.7354 39.6531 1010.7710 Laminar 1766.4809
1645 4.7354 39.6618 1010.5484 Laminar 1766.8699
1646 4.7354 39.6705 1010.3259 Laminar 1767.2590
1647 4.7354 39.6793 1010.1034 Laminar 1767.6483
1648 4.7354 39.6880 1009.8810 Laminar 1768.0377
1649 4.7354 39.6968 1009.6585 Laminar 1768.4272
1650 4.7354 39.7055 1009.4361 Laminar 1768.8169
1651 4.7354 39.7143 1009.2137 Laminar 1769.2067
1652 4.7354 39.7230 1008.9913 Laminar 1769.5966
1653 4.7354 39.7318 1008.7689 Laminar 1769.9867
1654 4.7354 39.7405 1008.5466 Laminar 1770.3770
1655 4.7354 39.7493 1008.3242 Laminar 1770.7673
1656 4.7354 39.7581 1008.1019 Laminar 1771.1578
1657 4.7354 39.7668 1007.8796 Laminar 1771.5485
1658 4.7354 39.7756 1007.6574 Laminar 1771.9392
1659 4.7354 39.7844 1007.4351 Laminar 1772.3302
1660 4.7354 39.7932 1007.2129 Laminar 1772.7212
1661 4.7354 39.8019 1006.9906 Laminar 1773.1124
1662 4.7354 39.8107 1006.7684 Laminar 1773.5038
1663 4.7354 39.8195 1006.5463 Laminar 1773.8952
1664 4.7354 39.8283 1006.3241 Laminar 1774.2869
1665 4.7354 39.8371 1006.1020 Laminar 1774.6786
1666 4.7354 39.8459 1005.8798 Laminar 1775.0705
1667 4.7354 39.8547 1005.6577 Laminar 1775.4625
1668 4.7354 39.8635 1005.4356 Laminar 1775.8547
1669 4.7354 39.8723 1005.2136 Laminar 1776.2470
1670 4.7354 39.8811 1004.9915 Laminar 1776.6394
1671 4.7354 39.8899 1004.7695 Laminar 1777.0320
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1672 4.7354 39.8987 1004.5475 Laminar 1777.4247
1673 4.7354 39.9076 1004.3255 Laminar 1777.8176
1674 4.7354 39.9164 1004.1036 Laminar 1778.2106
1675 4.7354 39.9252 1003.8816 Laminar 1778.6037
1676 4.7354 39.9340 1003.6597 Laminar 1778.9970
1677 4.7354 39.9429 1003.4378 Laminar 1779.3904
1678 4.7354 39.9517 1003.2159 Laminar 1779.7840
1679 4.7354 39.9605 1002.9941 Laminar 1780.1777
1680 4.7354 39.9694 1002.7722 Laminar 1780.5715
1681 4.7354 39.9782 1002.5504 Laminar 1780.9654
1682 4.7354 39.9871 1002.3286 Laminar 1781.3595
1683 4.7354 39.9959 1002.1068 Laminar 1781.7538
1684 4.7354 40.0048 1001.8851 Laminar 1782.1482
1685 4.7354 40.0136 1001.6633 Laminar 1782.5427
1686 4.7354 40.0225 1001.4416 Laminar 1782.9373
1687 4.7354 40.0313 1001.2199 Laminar 1783.3321
1688 4.7354 40.0402 1000.9982 Laminar 1783.7271
1689 4.7354 40.0491 1000.7766 Laminar 1784.1221
1690 4.7354 40.0580 1000.5549 Laminar 1784.5173
1691 4.7354 40.0668 1000.3333 Laminar 1784.9127
1692 4.7354 40.0757 1000.1117 Laminar 1785.3082
1693 4.7354 40.0846 999.8901 Laminar 1785.7038
1694 4.7354 40.0935 999.6686 Laminar 1786.0995
1695 4.7354 40.1024 999.4471 Laminar 1786.4954
1696 4.7354 40.1112 999.2256 Laminar 1786.8915
1697 4.7354 40.1201 999.0041 Laminar 1787.2876
1698 4.7354 40.1290 998.7826 Laminar 1787.6839
1699 4.7354 40.1379 998.5612 Laminar 1788.0804
1700 4.7354 40.1468 998.3397 Laminar 1788.4770
1701 4.7354 40.1557 998.1183 Laminar 1788.8737
1702 4.7354 40.1647 997.8969 Laminar 1789.2705
1703 4.7354 40.1736 997.6756 Laminar 1789.6675
1704 4.7354 40.1825 997.4542 Laminar 1790.0647
1705 4.7354 40.1914 997.2329 Laminar 1790.4619
1706 4.7354 40.2003 997.0116 Laminar 1790.8593
1707 4.7354 40.2092 996.7904 Laminar 1791.2569
1708 4.7354 40.2182 996.5691 Laminar 1791.6546
1709 4.7354 40.2271 996.3479 Laminar 1792.0524
1710 4.7354 40.2360 996.1267 Laminar 1792.4504
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1711 4.7354 40.2450 995.9055 Laminar 1792.8485
1712 4.7354 40.2539 995.6843 Laminar 1793.2467
1713 4.7354 40.2628 995.4632 Laminar 1793.6451
1714 4.7354 40.2718 995.2421 Laminar 1794.0436
1715 4.7354 40.2807 995.0210 Laminar 1794.4422
1716 4.7354 40.2897 994.7999 Laminar 1794.8410
1717 4.7354 40.2986 994.5788 Laminar 1795.2399
1718 4.7354 40.3076 994.3578 Laminar 1795.6390
1719 4.7354 40.3166 994.1368 Laminar 1796.0382
1720 4.7354 40.3255 993.9158 Laminar 1796.4375
1721 4.7354 40.3345 993.6948 Laminar 1796.8370
1722 4.7354 40.3435 993.4739 Laminar 1797.2366
1723 4.7354 40.3524 993.2530 Laminar 1797.6363
1724 4.7354 40.3614 993.0321 Laminar 1798.0362
1725 4.7354 40.3704 992.8112 Laminar 1798.4362
1726 4.7354 40.3794 992.5904 Laminar 1798.8363
1727 4.7354 40.3884 992.3695 Laminar 1799.2366
1728 4.7354 40.3974 992.1487 Laminar 1799.6371
1729 4.7354 40.4063 991.9279 Laminar 1800.0376
1730 4.7354 40.4153 991.7072 Laminar 1800.4383
1731 4.7354 40.4243 991.4864 Laminar 1800.8392
1732 4.7354 40.4333 991.2657 Laminar 1801.2401
1733 4.7354 40.4423 991.0450 Laminar 1801.6413
1734 4.7354 40.4513 990.8244 Laminar 1802.0425
1735 4.7354 40.4604 990.6037 Laminar 1802.4439
1736 4.7354 40.4694 990.3831 Laminar 1802.8454
1737 4.7354 40.4784 990.1625 Laminar 1803.2471
1738 4.7354 40.4874 989.9419 Laminar 1803.6489
1739 4.7354 40.4964 989.7214 Laminar 1804.0508
1740 4.7354 40.5055 989.5008 Laminar 1804.4529
1741 4.7354 40.5145 989.2803 Laminar 1804.8551
1742 4.7354 40.5235 989.0598 Laminar 1805.2574
1743 4.7354 40.5326 988.8394 Laminar 1805.6599
1744 4.7354 40.5416 988.6189 Laminar 1806.0625
1745 4.7354 40.5506 988.3985 Laminar 1806.4653
1746 4.7354 40.5597 988.1781 Laminar 1806.8681
1747 4.7354 40.5687 987.9578 Laminar 1807.2712
1748 4.7354 40.5778 987.7374 Laminar 1807.6743
1749 4.7354 40.5868 987.5171 Laminar 1808.0776
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1750 4.7354 40.5959 987.2968 Laminar 1808.4811
1751 4.7354 40.6049 987.0766 Laminar 1808.8846
1752 4.7354 40.6140 986.8563 Laminar 1809.2883
1753 4.7354 40.6231 986.6361 Laminar 1809.6922
1754 4.7354 40.6321 986.4159 Laminar 1810.0962
1755 4.7354 40.6412 986.1957 Laminar 1810.5003
1756 4.7354 40.6503 985.9756 Laminar 1810.9045
1757 4.7354 40.6594 985.7554 Laminar 1811.3089
1758 4.7354 40.6684 985.5353 Laminar 1811.7134
1759 4.7354 40.6775 985.3152 Laminar 1812.1181
1760 4.7354 40.6866 985.0952 Laminar 1812.5229
1761 4.7354 40.6957 984.8752 Laminar 1812.9278
1762 4.7354 40.7048 984.6552 Laminar 1813.3329
1763 4.7354 40.7139 984.4352 Laminar 1813.7381
1764 4.7354 40.7230 984.2152 Laminar 1814.1435
1765 4.7354 40.7321 983.9953 Laminar 1814.5489
1766 4.7354 40.7412 983.7754 Laminar 1814.9546
1767 4.7354 40.7503 983.5555 Laminar 1815.3603
1768 4.7354 40.7594 983.3356 Laminar 1815.7662
1769 4.7354 40.7685 983.1158 Laminar 1816.1722
1770 4.7354 40.7776 982.8960 Laminar 1816.5784
1771 4.7354 40.7868 982.6762 Laminar 1816.9847
1772 4.7354 40.7959 982.4564 Laminar 1817.3911
1773 4.7354 40.8050 982.2367 Laminar 1817.7977
1774 4.7354 40.8141 982.0170 Laminar 1818.2044
1775 4.7354 40.8233 981.7973 Laminar 1818.6112
1776 4.7354 40.8324 981.5776 Laminar 1819.0182
1777 4.7354 40.8415 981.3580 Laminar 1819.4253
1778 4.7354 40.8507 981.1384 Laminar 1819.8326
1779 4.7354 40.8598 980.9188 Laminar 1820.2399
1780 4.7354 40.8690 980.6993 Laminar 1820.6475
1781 4.7354 40.8781 980.4797 Laminar 1821.0551
1782 4.7354 40.8873 980.2602 Laminar 1821.4629
1783 4.7354 40.8964 980.0407 Laminar 1821.8708
1784 4.7354 40.9056 979.8213 Laminar 1822.2789
1785 4.7354 40.9148 979.6018 Laminar 1822.6871
1786 4.7354 40.9239 979.3824 Laminar 1823.0954
1787 4.7354 40.9331 979.1630 Laminar 1823.5039
1788 4.7354 40.9423 978.9437 Laminar 1823.9125
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1789 4.7354 40.9515 978.7243 Laminar 1824.3212
1790 4.7354 40.9606 978.5050 Laminar 1824.7301
1791 4.7354 40.9698 978.2858 Laminar 1825.1391
1792 4.7354 40.9790 978.0665 Laminar 1825.5483
1793 4.7354 40.9882 977.8473 Laminar 1825.9576
1794 4.7354 40.9974 977.6281 Laminar 1826.3670
1795 4.7354 41.0066 977.4089 Laminar 1826.7765
1796 4.7354 41.0158 977.1897 Laminar 1827.1862
1797 4.7354 41.0250 976.9706 Laminar 1827.5960
1798 4.7354 41.0342 976.7515 Laminar 1828.0060
1799 4.7354 41.0434 976.5324 Laminar 1828.4161
1800 4.7354 41.0526 976.3134 Laminar 1828.8263
1801 4.7354 41.0618 976.0943 Laminar 1829.2367
1802 4.7354 41.0710 975.8754 Laminar 1829.6472
1803 4.7354 41.0802 975.6564 Laminar 1830.0578
1804 4.7354 41.0894 975.4374 Laminar 1830.4686
1805 4.7354 41.0987 975.2185 Laminar 1830.8795
1806 4.7354 41.1079 974.9996 Laminar 1831.2906
1807 4.7354 41.1171 974.7808 Laminar 1831.7017
1808 4.7354 41.1264 974.5619 Laminar 1832.1131
1809 4.7354 41.1356 974.3431 Laminar 1832.5245
1810 4.7354 41.1448 974.1243 Laminar 1832.9361
1811 4.7354 41.1541 973.9055 Laminar 1833.3478
1812 4.7354 41.1633 973.6868 Laminar 1833.7597
1813 4.7354 41.1726 973.4681 Laminar 1834.1717
1814 4.7354 41.1818 973.2494 Laminar 1834.5838
1815 4.7354 41.1911 973.0308 Laminar 1834.9960
1816 4.7354 41.2003 972.8121 Laminar 1835.4084
1817 4.7354 41.2096 972.5935 Laminar 1835.8210
1818 4.7354 41.2189 972.3750 Laminar 1836.2336
1819 4.7354 41.2281 972.1564 Laminar 1836.6464
1820 4.7354 41.2374 971.9379 Laminar 1837.0594
1821 4.7354 41.2467 971.7194 Laminar 1837.4724
1822 4.7354 41.2559 971.5009 Laminar 1837.8856
1823 4.7354 41.2652 971.2825 Laminar 1838.2990
1824 4.7354 41.2745 971.0641 Laminar 1838.7125
1825 4.7354 41.2838 970.8457 Laminar 1839.1261
1826 4.7354 41.2931 970.6273 Laminar 1839.5398
1827 4.7354 41.3024 970.4090 Laminar 1839.9537
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1828 4.7354 41.3117 970.1907 Laminar 1840.3677
1829 4.7354 41.3210 969.9724 Laminar 1840.7819
1830 4.7354 41.3303 969.7542 Laminar 1841.1961
1831 4.7354 41.3396 969.5359 Laminar 1841.6106
1832 4.7354 41.3489 969.3177 Laminar 1842.0251
1833 4.7354 41.3582 969.0996 Laminar 1842.4398
1834 4.7354 41.3675 968.8814 Laminar 1842.8546
1835 4.7354 41.3768 968.6633 Laminar 1843.2696
1836 4.7354 41.3861 968.4452 Laminar 1843.6847
1837 4.7354 41.3954 968.2272 Laminar 1844.0999
1838 4.7354 41.4048 968.0091 Laminar 1844.5153
1839 4.7354 41.4141 967.7911 Laminar 1844.9308
1840 4.7354 41.4234 967.5731 Laminar 1845.3464
1841 4.7354 41.4327 967.3552 Laminar 1845.7622
1842 4.7354 41.4421 967.1373 Laminar 1846.1781
1843 4.7354 41.4514 966.9194 Laminar 1846.5941
1844 4.7354 41.4608 966.7015 Laminar 1847.0103
1845 4.7354 41.4701 966.4837 Laminar 1847.4266
1846 4.7354 41.4795 966.2659 Laminar 1847.8430
1847 4.7354 41.4888 966.0481 Laminar 1848.2596
1848 4.7354 41.4982 965.8303 Laminar 1848.6763
1849 4.7354 41.5075 965.6126 Laminar 1849.0931
1850 4.7354 41.5169 965.3949 Laminar 1849.5101
1851 4.7354 41.5262 965.1772 Laminar 1849.9272
1852 4.7354 41.5356 964.9596 Laminar 1850.3445
1853 4.7354 41.5450 964.7420 Laminar 1850.7619
1854 4.7354 41.5543 964.5244 Laminar 1851.1794
1855 4.7354 41.5637 964.3068 Laminar 1851.5970
1856 4.7354 41.5731 964.0893 Laminar 1852.0148
1857 4.7354 41.5825 963.8718 Laminar 1852.4327
1858 4.7354 41.5919 963.6543 Laminar 1852.8508
1859 4.7354 41.6013 963.4369 Laminar 1853.2690
1860 4.7354 41.6106 963.2194 Laminar 1853.6873
1861 4.7354 41.6200 963.0020 Laminar 1854.1057
1862 4.7354 41.6294 962.7847 Laminar 1854.5243
1863 4.7354 41.6388 962.5674 Laminar 1854.9430
1864 4.7354 41.6482 962.3500 Laminar 1855.3619
1865 4.7354 41.6576 962.1328 Laminar 1855.7809
1866 4.7354 41.6670 961.9155 Laminar 1856.2000
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1867 4.7354 41.6765 961.6983 Laminar 1856.6193
1868 4.7354 41.6859 961.4811 Laminar 1857.0387
1869 4.7354 41.6953 961.2640 Laminar 1857.4582
1870 4.7354 41.7047 961.0468 Laminar 1857.8778
1871 4.7354 41.7141 960.8297 Laminar 1858.2976
1872 4.7354 41.7236 960.6126 Laminar 1858.7176
1873 4.7354 41.7330 960.3956 Laminar 1859.1376
1874 4.7354 41.7424 960.1786 Laminar 1859.5578
1875 4.7354 41.7519 959.9616 Laminar 1859.9782
1876 4.7354 41.7613 959.7446 Laminar 1860.3986
1877 4.7354 41.7707 959.5277 Laminar 1860.8192
1878 4.7354 41.7802 959.3108 Laminar 1861.2400
1879 4.7354 41.7896 959.0939 Laminar 1861.6608
1880 4.7354 41.7991 958.8771 Laminar 1862.0818
1881 4.7354 41.8085 958.6603 Laminar 1862.5030
1882 4.7354 41.8180 958.4435 Laminar 1862.9242
1883 4.7354 41.8275 958.2267 Laminar 1863.3456
1884 4.7354 41.8369 958.0100 Laminar 1863.7672
1885 4.7354 41.8464 957.7933 Laminar 1864.1888
1886 4.7354 41.8558 957.5766 Laminar 1864.6106
1887 4.7354 41.8653 957.3600 Laminar 1865.0326
1888 4.7354 41.8748 957.1434 Laminar 1865.4546
1889 4.7354 41.8843 956.9268 Laminar 1865.8768
1890 4.7354 41.8938 956.7103 Laminar 1866.2992
1891 4.7354 41.9032 956.4938 Laminar 1866.7217
1892 4.7354 41,9127 956.2773 Laminar 1867.1443
1893 4.7354 41.9222 956.0608 Laminar 1867.5670
1894 4.7354 41,9317 955.8444 Laminar 1867.9899
1895 4.7354 41.9412 955.6280 Laminar 1868.4129
1896 4.7354 41.9507 955.4116 Laminar 1868.8360
1897 4.7354 41.9602 955.1953 Laminar 1869.2593
1898 4.7354 41.9697 954.9789 Laminar 1869.6827
1899 4.7354 41.9792 954.7627 Laminar 1870.1062
1900 4.7354 41,9887 954.5464 Laminar 1870.5299
1901 4.7354 41.9982 954.3302 Laminar 1870.9537
1902 4.7354 42.0077 954.1140 Laminar 1871.3777
1903 4.7354 42.0173 953.8978 Laminar 1871.8017
1904 4.7354 42.0268 953.6817 Laminar 1872.2259
1905 4.7354 42.0363 953.4656 Laminar 1872.6503
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1906 4.7354 42.0458 953.2495 Laminar 1873.0748
1907 4.7354 42.0554 953.0335 Laminar 1873.4994
1908 4.7354 42.0649 952.8175 Laminar 1873.9241
1909 4.7354 42.0744 952.6015 Laminar 1874.3490
1910 4.7354 42.0840 952.3855 Laminar 1874.7740
1911 4.7354 42.0935 952.1696 Laminar 1875.1991
1912 4.7354 42.1031 951.9537 Laminar 1875.6244
1913 4.7354 42.1126 951.7379 Laminar 1876.0498
1914 4.7354 42.1222 951.5220 Laminar 1876.4753
1915 4.7354 42.1317 951.3062 Laminar 1876.9010
1916 4.7354 42.1413 951.0904 Laminar 1877.3268
1917 4.7354 42.1509 950.8747 Laminar 1877.7528
1918 4.7354 42.1604 950.6590 Laminar 1878.1788
1919 4.7354 42.1700 950.4433 Laminar 1878.6050
1920 4.7354 42.1796 950.2277 Laminar 1879.0314
1921 4.7354 42.1891 950.0121 Laminar 1879.4579
1922 4.7354 42.1987 949.7965 Laminar 1879.8845
1923 4.7354 42.2083 949.5809 Laminar 1880.3112
1924 4.7354 42.2179 949.3654 Laminar 1880.7381
1925 4.7354 42.2275 949.1499 Laminar 1881.1651
1926 4.7354 42.2370 948.9344 Laminar 1881.5922
1927 4.7354 42.2466 948.7190 Laminar 1882.0195
1928 4.7354 42.2562 948.5036 Laminar 1882.4469
1929 4.7354 42.2658 948.2882 Laminar 1882.8744
1930 4.7354 42.2754 948.0729 Laminar 1883.3021
1931 4.7354 42.2850 947.8576 Laminar 1883.7299
1932 4.7354 42.2946 947.6423 Laminar 1884.1578
1933 4.7354 42.3042 947.4270 Laminar 1884.5859
1934 4.7354 42.3139 947.2118 Laminar 1885.0141
1935 4.7354 42.3235 946.9966 Laminar 1885.4424
1936 4.7354 42.3331 946.7815 Laminar 1885.8709
1937 4.7354 42.3427 946.5663 Laminar 1886.2995
1938 4.7354 42.3523 946.3512 Laminar 1886.7282
1939 4.7354 42.3620 946.1362 Laminar 1887.1571
1940 4.7354 42.3716 945.9212 Laminar 1887.5861
1941 4.7354 42.3812 945.7062 Laminar 1888.0152
1942 4.7354 42.3909 945.4912 Laminar 1888.4445
1943 4.7354 42.4005 945.2762 Laminar 1888.8739
1944 4.7354 42.4101 945.0613 Laminar 1889.3034
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1945 4.7354 42.4198 944.8465 Laminar 1889.7331
1946 4.7354 42.4294 944.6316 Laminar 1890.1629
1947 4.7354 42.4391 944.4168 Laminar 1890.5928
1948 4.7354 42.4487 944.2020 Laminar 1891.0228
1949 4.7354 42.4584 943.9873 Laminar 1891.4530
1950 4.7354 42.4681 943.7726 Laminar 1891.8834
1951 4.7354 42.4777 943.5579 Laminar 1892.3138
1952 4.7354 42.4874 943.3432 Laminar 1892.7444
1953 4.7354 42.4970 943.1286 Laminar 1893.1751
1954 4.7354 42.5067 942.9140 Laminar 1893.6060
1955 4.7354 42.5164 942.6994 Laminar 1894.0370
1956 4.7354 42.5261 942.4849 Laminar 1894.4681
1957 4.7354 42.5358 942.2704 Laminar 1894.8993
1958 4.7354 42.5454 942.0560 Laminar 1895.3307
1959 4.7354 42.5551 941.8415 Laminar 1895.7622
1960 4.7354 42.5648 941.6271 Laminar 1896.1939
1961 4.7354 42.5745 941.4128 Laminar 1896.6257
1962 4.7354 42.5842 941.1984 Laminar 1897.0576
1963 4.7354 42.5939 940.9841 Laminar 1897.4896
1964 4.7354 42.6036 940.7698 Laminar 1897.9218
1965 4.7354 42.6133 940.5556 Laminar 1898.3541
1966 4.7354 42.6230 940.3414 Laminar 1898.7866
1967 4.7354 42.6327 940.1272 Laminar 1899.2191
1968 4.7354 42.6424 939.9131 Laminar 1899.6518
1969 4.7354 42.6522 939.6990 Laminar 1900.0847
1970 4.7354 42.6619 939.4849 Laminar 1900.5177
1971 4.7354 42.6716 939.2708 Laminar 1900.9508
1972 4.7354 42.6813 939.0568 Laminar 1901.3840
1973 4.7354 42.6910 938.8428 Laminar 1901.8174
1974 4.7354 42.7008 938.6289 Laminar 1902.2509
1975 4.7354 42.7105 938.4150 Laminar 1902.6845
1976 4.7354 42.7202 938.2011 Laminar 1903.1183
1977 4.7354 42.7300 937.9872 Laminar 1903.5522
1978 4.7354 42.7397 937.7734 Laminar 1903.9862
1979 4.7354 42.7495 937.5596 Laminar 1904.4204
1980 4.7354 42.7592 937.3459 Laminar 1904.8547
1981 4.7354 42.7690 937.1321 Laminar 1905.2891
1982 4.7354 42.7787 936.9184 Laminar 1905.7236
1983 4.7354 42.7885 936.7048 Laminar 1906.1583
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
1984 4.7354 42.7982 936.4911 Laminar 1906.5932
1985 4.7354 42.8080 936.2776 Laminar 1907.0281
1986 4.7354 42.8178 936.0640 Laminar 1907.4632
1987 4.7354 42.8275 935.8505 Laminar 1907.8984
1988 4.7354 42.8373 935.6370 Laminar 1908.3338
1989 4.7354 42.8471 935.4235 Laminar 1908.7692
1990 4.7354 42.8569 935.2101 Laminar 1909.2049
1991 4.7354 42.8667 934.9967 Laminar 1909.6406
1992 4.7354 42.8764 934.7833 Laminar 1910.0765
1993 4.7354 42.8862 934.5700 Laminar 1910.5125
1994 4.7354 42.8960 934.3567 Laminar 1910.9486
1995 4.7354 42.9058 934.1434 Laminar 1911.3849
1996 4.7354 42.9156 933.9302 Laminar 1911.8213
1997 4.7354 42.9254 933.7170 Laminar 1912.2578
1998 4.7354 42.9352 933.5038 Laminar 1912.6945
1999 4.7354 42.9450 933.2907 Laminar 1913.1313
2000 4.7354 42.9548 933.0776 Laminar 1913.5683
2001 4.7354 42.9646 932.8645 Laminar 1914.0053
2002 4.7354 42.9744 932.6515 Laminar 1914.4425
2003 4.7354 42.9843 932.4385 Laminar 1914.8798
2004 4.7354 42.9941 932.2255 Laminar 1915.3173
2005 4.7354 43.0039 932.0126 Laminar 1915.7549
2006 4.7354 43.0137 931.7997 Laminar 1916.1926
2007 4.7354 43.0236 931.5868 Laminar 1916.6305
2008 4.7354 43.0334 931.3739 Laminar 1917.0685
2009 4.7354 43.0432 931.1611 Laminar 1917.5066
2010 4.7354 43.0531 930.9484 Laminar 1917.9448
2011 4.7354 43.0629 930.7356 Laminar 1918.3832
2012 4.7354 43.0728 930.5229 Laminar 1918.8217
2013 4.7354 43.0826 930.3103 Laminar 1919.2604
2014 4.7354 43.0924 930.0976 Laminar 1919.6991
2015 4.7354 43.1023 929.8850 Laminar 1920.1380
2016 4.7354 43.1122 929.6725 Laminar 1920.5771
2017 4.7354 43.1220 929.4599 Laminar 1921.0162
2018 4.7354 43.1319 929.2474 Laminar 1921.4555
2019 4.7354 43.1417 929.0350 Laminar 1921.8950
2020 4.7354 43.1516 928.8225 Laminar 1922.3345
2021 4.7354 43.1615 928.6101 Laminar 1922.7742
2022 4.7354 43.1713 928.3977 Laminar 1923.2141
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2023 4.7354 43.1812 928.1854 Laminar 1923.6540
2024 4.7354 43.1911 927.9731 Laminar 1924.0941
2025 4.7354 43.2010 927.7608 Laminar 1924.5343
2026 4.7354 43.2109 927.5486 Laminar 1924.9747
2027 4.7354 43.2208 927.3364 Laminar 1925.4152
2028 4.7354 43.2306 927.1243 Laminar 1925.8558
2029 4.7354 43.2405 926.9121 Laminar 1926.2965
2030 4.7354 43.2504 926.7000 Laminar 1926.7374
2031 4.7354 43.2603 926.4880 Laminar 1927.1784
2032 4.7354 43.2702 926.2759 Laminar 1927.6196
2033 4.7354 43.2801 926.0639 Laminar 1928.0608
2034 4.7354 43.2901 925.8520 Laminar 1928.5022
2035 4.7354 43.3000 925.6401 Laminar 1928.9438
2036 4.7354 43.3099 925.4282 Laminar 1929.3854
2037 4.7354 43.3198 925.2163 Laminar 1929.8272
2038 4.7354 43.3297 925.0045 Laminar 1930.2692
2039 4.7354 43.3396 924.7927 Laminar 1930.7112
2040 4.7354 43.3496 924.5809 Laminar 1931.1534
2041 4.7354 43.3595 924.3692 Laminar 1931.5957
2042 4.7354 43.3694 924.1575 Laminar 1932.0382
2043 4.7354 43.3794 923.9459 Laminar 1932.4808
2044 4.7354 43.3893 923.7342 Laminar 1932.9235
2045 4.7354 43.3992 923.5227 Laminar 1933.3663
2046 4.7354 43.4092 923.3111 Laminar 1933.8093
2047 4.7354 43.4191 923.0996 Laminar 1934.2524
2048 4.7354 43.4291 922.8881 Laminar 1934.6956
2049 4.7354 43.4390 922.6767 Laminar 1935.1390
2050 4.7354 43.4490 922.4653 Laminar 1935.5825
2051 4.7354 43.4589 922.2539 Laminar 1936.0261
2052 4.7354 43.4689 922.0425 Laminar 1936.4699
2053 4.7354 43.4789 921.8312 Laminar 1936.9138
2054 4.7354 43.4888 921.6199 Laminar 1937.3578
2055 4.7354 43.4988 921.4087 Laminar 1937.8020
2056 4.7354 43.5088 921.1975 Laminar 1938.2463
2057 4.7354 43.5188 920.9863 Laminar 1938.6907
2058 4.7354 43.5287 920.7752 Laminar 1939.1352
2059 4.7354 43.5387 920.5641 Laminar 1939.5799
2060 4.7354 43.5487 920.3530 Laminar 1940.0247
2061 4.7354 43.5587 920.1420 Laminar 1940.4696
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2062 4.7354 43.5687 919.9310 Laminar 1940.9147
2063 4.7354 43.5787 919.7200 Laminar 1941.3599
2064 4.7354 43.5887 919.5091 Laminar 1941.8053
2065 4.7354 43.5987 919.2982 Laminar 1942.2507
2066 4.7354 43.6087 919.0874 Laminar 1942.6963
2067 4.7354 43.6187 918.8765 Laminar 1943.1420
2068 4.7354 43.6287 918.6657 Laminar 1943.5879
2069 4.7354 43.6387 918.4550 Laminar 1944.0339
2070 4.7354 43.6487 918.2443 Laminar 1944.4800
2071 4.7354 43.6587 918.0336 Laminar 1944.9262
2072 4.7354 43.6688 917.8229 Laminar 1945.3726
2073 4.7354 43.6788 917.6123 Laminar 1945.8191
2074 4.7354 43.6888 917.4017 Laminar 1946.2658
2075 4.7354 43.6988 917.1912 Laminar 1946.7125
2076 4.7354 43.7089 916.9807 Laminar 1947.1594
2077 4.7354 43,7189 916.7702 Laminar 1947.6065
2078 4.7354 43.7289 916.5598 Laminar 1948.0536
2079 4.7354 43.7390 916.3494 Laminar 1948.5009
2080 4.7354 43.7490 916.1390 Laminar 1948.9483
2081 4.7354 43.7591 915.9287 Laminar 1949.3959
2082 4.7354 43.7691 915.7184 Laminar 1949.8436
2083 4.7354 43.7792 915.5081 Laminar 1950.2914
2084 4.7354 43.7892 915.2979 Laminar 1950.7393
2085 4.7354 43.7993 915.0877 Laminar 1951.1874
2086 4.7354 43.8093 914.8776 Laminar 1951.6356
2087 4.7354 43.8194 914.6674 Laminar 1952.0839
2088 4.7354 43.8295 914.4573 Laminar 1952.5324
2089 4.7354 43.8395 914.2473 Laminar 1952.9810
2090 4.7354 43.8496 914.0373 Laminar 1953.4297
2091 4.7354 43.8597 913.8273 Laminar 1953.8786
2092 4.7354 43.8698 913.6174 Laminar 1954.3276
2093 4.7354 43.8798 913.4075 Laminar 1954.7767
2094 4.7354 43.8899 913.1976 Laminar 1955.2259
2095 4.7354 43.9000 912.9877 Laminar 1955.6753
2096 4.7354 43.9101 912.7779 Laminar 1956.1248
2097 4.7354 43.9202 912.5682 Laminar 1956.5745
2098 4.7354 43.9303 912.3585 Laminar 1957.0242
2099 4.7354 43.9404 912.1488 Laminar 1957.4741
2100 4.7354 43.9505 911.9391 Laminar 1957.9242
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2101 4.7354 43.9606 911.7295 Laminar 1958.3743
2102 4.7354 43.9707 911.5199 Laminar 1958.8246
2103 4.7354 43.9808 911.3103 Laminar 1959.2750
2104 4.7354 43.9909 911.1008 Laminar 1959.7256
2105 4.7354 44.0011 910.8913 Laminar 1960.1763
2106 4.7354 44,0112 910.6819 Laminar 1960.6271
2107 4.7354 44.0213 910.4725 Laminar 1961.0780
2108 4.7354 44.0314 910.2631 Laminar 1961.5291
2109 4.7354 44.0416 910.0538 Laminar 1961.9803
2110 4.7354 44,0517 909.8445 Laminar 1962.4316
2111 4.7354 44.0618 909.6352 Laminar 1962.8831
2112 4.7354 44.0720 909.4260 Laminar 1963.3347
2113 4.7354 44.0821 909.2168 Laminar 1963.7864
2114 4.7354 44,0922 909.0077 Laminar 1964.2383
2115 4.7354 44,1024 908.7985 Laminar 1964.6902
2116 4.7354 44,1125 908.5894 Laminar 1965.1424
2117 47354 44,1227 908.3804 Laminar 1965.5946
2118 4.7354 44,1328 908.1714 Laminar 1966.0470
2119 4.7354 44,1430 907.9624 Laminar 1966.4995
2120 4.7354 44,1532 907.7535 Laminar 1966.9521
2121 4.7354 44.1633 907.5446 Laminar 1967.4049
2122 4.7354 44,1735 907.3357 Laminar 1967.8578
2123 4.7354 44,1837 907.1269 Laminar 1968.3108
2124 4.7354 44,1938 906.9181 Laminar 1968.7639
2125 4.7354 44,2040 906.7093 Laminar 1969.2172
2126 4.7354 44,2142 906.5006 Laminar 1969.6706
2127 4.7354 44,2244 906.2919 Laminar 1970.1242
2128 4.7354 44.2345 906.0833 Laminar 1970.5778
2129 4.7354 44,2447 905.8747 Laminar 1971.0316
2130 4.7354 44.2549 905.6661 Laminar 1971.4856
2131 4.7354 44,2651 905.4575 Laminar 1971.9396
2132 4.7354 44.2753 905.2490 Laminar 1972.3938
2133 4.7354 44.2855 905.0406 Laminar 1972.8481
2134 4.7354 44,2957 904.8321 Laminar 1973.3026
2135 4.7354 44.3059 904.6238 Laminar 1973.7572
2136 4.7354 44,3161 904.4154 Laminar 1974.2119
2137 4.7354 44.3263 904.2071 Laminar 1974.6667
2138 4.7354 44,3365 903.9988 Laminar 1975.1217
2139 4.7354 44.3468 903.7905 Laminar 1975.5768
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2140 4.7354 44.3570 903.5823 Laminar 1976.0320
2141 4.7354 44.3672 903.3742 Laminar 1976.4874
2142 4.7354 44.3774 903.1660 Laminar 1976.9428
2143 4.7354 44,3877 902.9579 Laminar 1977.3985
2144 4.7354 44.3979 902.7499 Laminar 1977.8542
2145 4.7354 44.4081 902.5418 Laminar 1978.3101
2146 4.7354 44.4184 902.3338 Laminar 1978.7661
2147 4.7354 44.4286 902.1259 Laminar 1979.2222
2148 4.7354 44.4388 901.9180 Laminar 1979.6785
2149 4.7354 44.4491 901.7101 Laminar 1980.1349
2150 4.7354 44.4593 901.5022 Laminar 1980.5914
2151 4.7354 44.4696 901.2944 Laminar 1981.0481
2152 4.7354 44.4798 901.0867 Laminar 1981.5049
2153 4.7354 44.4901 900.8789 Laminar 1981.9618
2154 4.7354 44.5003 900.6712 Laminar 1982.4188
2155 4.7354 44,5106 900.4636 Laminar 1982.8760
2156 4.7354 44.5209 900.2560 Laminar 1983.3333
2157 4.7354 44,5311 900.0484 Laminar 1983.7907
2158 4.7354 44,5414 899.8408 Laminar 1984.2483
2159 4.7354 44,5517 899.6333 Laminar 1984.7060
2160 4.7354 44.5620 899.4258 Laminar 1985.1638
2161 4.7354 44,5722 899.2184 Laminar 1985.6217
2162 4.7354 44,5825 899.0110 Laminar 1986.0798
2163 4.7354 44,5928 898.8036 Laminar 1986.5380
2164 4.7354 44.6031 898.5963 Laminar 1986.9963
2165 4.7354 44,6134 898.3890 Laminar 1987.4548
2166 4.7354 44.6237 898.1818 Laminar 1987.9134
2167 4.7354 44,6340 897.9746 Laminar 1988.3721
2168 4.7354 44.6443 897.7674 Laminar 1988.8310
2169 4.7354 44,6546 897.5603 Laminar 1989.2900
2170 4.7354 44.6649 897.3532 Laminar 1989.7491
2171 4.7354 44,6752 897.1461 Laminar 1990.2083
2172 4.7354 44.6855 896.9391 Laminar 1990.6677
2173 4.7354 44,6958 896.7321 Laminar 1991.1272
2174 4.7354 44.7061 896.5251 Laminar 1991.5868
2175 4.7354 44,7165 896.3182 Laminar 1992.0466
2176 4.7354 44,7268 896.1113 Laminar 1992.5065
2177 4.7354 44,7371 895.9045 Laminar 1992.9665
2178 4.7354 44,7474 895.6977 Laminar 1993.4266

168




Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2179 4.7354 44,7578 895.4909 Laminar 1993.8869
2180 4.7354 44,7681 895.2842 Laminar 1994.3473
2181 4.7354 44,7784 895.0775 Laminar 1994.8078
2182 4.7354 44,7888 894.8708 Laminar 1995.2685
2183 4.7354 44.7991 894.6642 Laminar 1995.7293
2184 4.7354 44,8095 894.4576 Laminar 1996.1902
2185 4.7354 44.8198 894.2511 Laminar 1996.6513
2186 4.7354 44.8302 894.0446 Laminar 1997.1124
2187 4.7354 44.8405 893.8381 Laminar 1997.5738
2188 4.7354 44,8509 893.6317 Laminar 1998.0352
2189 4.7354 44.8613 893.4253 Laminar 1998.4968
2190 4.7354 44.8716 893.2190 Laminar 1998.9585
2191 4.7354 44.8820 893.0127 Laminar 1999.4203
2192 4.7354 44,8924 892.8064 Laminar 1999.8822
2193 4.7354 44,9027 892.6001 Laminar 2000.3443
2194 4.7354 44,9131 892.3939 Laminar 2000.8065
2195 4.7354 44,9235 892.1878 Laminar 2001.2689
2196 4.7354 44,9339 891.9816 Laminar 2001.7313
2197 4.7354 44,9442 891.7756 Laminar 2002.1939
2198 4.7354 44,9546 891.5695 Laminar 2002.6567
2199 4.7354 44.9650 891.3635 Laminar 2003.1195
2200 4.7354 44,9754 891.1575 Laminar 2003.5825
2201 4.7354 44,9858 890.9516 Laminar 2004.0456
2202 4.7354 44,9962 890.7457 Laminar 2004.5089
2203 4.7354 45.0066 890.5398 Laminar 2004.9722
2204 4.7354 45.0170 890.3340 Laminar 2005.4357
2205 4.7354 45.0274 890.1282 Laminar 2005.8994
2206 4.7354 45.0378 889.9225 Laminar 2006.3631
2207 4.7354 45.0482 889.7168 Laminar 2006.8270
2208 4.7354 45.0587 889.5111 Laminar 2007.2910
2209 4.7354 45.0691 889.3054 Laminar 2007.7552
2210 4.7354 45.0795 889.0999 Laminar 2008.2194
2211 4.7354 45.0899 888.8943 Laminar 2008.6838
2212 4.7354 45.1004 888.6888 Laminar 2009.1484
2213 4.7354 45.1108 888.4833 Laminar 2009.6130
2214 4.7354 45,1212 888.2779 Laminar 2010.0778
2215 4.7354 45.1317 888.0724 Laminar 2010.5427
2216 4.7354 45.1421 887.8671 Laminar 2011.0078
2217 4.7354 45.1525 887.6618 Laminar 2011.4730
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2218 4.7354 45.1630 887.4565 Laminar 2011.9383
2219 4.7354 45.1734 887.2512 Laminar 2012.4037
2220 4.7354 45.1839 887.0460 Laminar 2012.8693
2221 4.7354 45.1943 886.8408 Laminar 2013.3349
2222 4.7354 45.2048 886.6357 Laminar 2013.8008
2223 4.7354 45.2153 886.4306 Laminar 2014.2667
2224 4.7354 45.2257 886.2255 Laminar 2014.7328
2225 4.7354 45.2362 886.0205 Laminar 2015.1990
2226 4.7354 45.2466 885.8155 Laminar 2015.6653
2227 4.7354 45.2571 885.6106 Laminar 2016.1318
2228 4.7354 45.2676 885.4057 Laminar 2016.5984
2229 4.7354 45.2781 885.2008 Laminar 2017.0651
2230 4.7354 45.2885 884.9960 Laminar 2017.5319
2231 4.7354 45.2990 884.7912 Laminar 2017.9989
2232 4.7354 45.3095 884.5864 Laminar 2018.4660
2233 4.7354 45.3200 884.3817 Laminar 2018.9332
2234 4.7354 45.3305 884.1770 Laminar 2019.4006
2235 4.7354 45.3410 883.9724 Laminar 2019.8681
2236 4.7354 45.3515 883.7678 Laminar 2020.3357
2237 4.7354 45.3620 883.5632 Laminar 2020.8035
2238 4.7354 45.3725 883.3587 Laminar 2021.2713
2239 4.7354 45.3830 883.1542 Laminar 2021.7393
2240 4.7354 45.3935 882.9498 Laminar 2022.2075
2241 4.7354 45.4040 882.7454 Laminar 2022.6757
2242 4.7354 45.4145 882.5410 Laminar 2023.1441
2243 4.7354 45.4250 882.3367 Laminar 2023.6126
2244 4.7354 45.4356 882.1324 Laminar 2024.0813
2245 4.7354 45.4461 881.9281 Laminar 2024.5500
2246 4.7354 45.4566 881.7239 Laminar 2025.0189
2247 4.7354 45.4671 881.5197 Laminar 2025.4880
2248 4.7354 45.4777 881.3156 Laminar 2025.9571
2249 4.7354 45.4882 881.1115 Laminar 2026.4264
2250 4.7354 45.4987 880.9074 Laminar 2026.8958
2251 4.7354 45.5093 880.7034 Laminar 2027.3654
2252 4.7354 45.5198 880.4994 Laminar 2027.8350
2253 4.7354 45.5304 880.2955 Laminar 2028.3048
2254 4.7354 45.5409 880.0916 Laminar 2028.7748
2255 4.7354 45.5515 879.8877 Laminar 2029.2448
2256 4.7354 45.5620 879.6839 Laminar 2029.7150
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2257 4.7354 45.5726 879.4801 Laminar 2030.1853
2258 4.7354 45.5831 879.2764 Laminar 2030.6558
2259 4.7354 45.5937 879.0727 Laminar 2031.1263
2260 4.7354 45.6043 878.8690 Laminar 2031.5970
2261 4.7354 45.6148 878.6653 Laminar 2032.0678
2262 4.7354 45.6254 878.4618 Laminar 2032.5388
2263 4.7354 45.6360 878.2582 Laminar 2033.0099
2264 4.7354 45.6466 878.0547 Laminar 2033.4811
2265 4.7354 45.6571 877.8512 Laminar 2033.9524
2266 4.7354 45.6677 877.6478 Laminar 2034.4239
2267 4.7354 45.6783 877.4444 Laminar 2034.8955
2268 4.7354 45.6889 877.2410 Laminar 2035.3672
2269 4.7354 45.6995 877.0377 Laminar 2035.8391
2270 4.7354 45.7101 876.8344 Laminar 2036.3110
2271 4.7354 45.7207 876.6312 Laminar 2036.7831
2272 4.7354 45.7313 876.4280 Laminar 2037.2554
2273 4.7354 45.7419 876.2248 Laminar 2037.7277
2274 4.7354 45.7525 876.0217 Laminar 2038.2002
2275 4.7354 45.7631 875.8186 Laminar 2038.6728
2276 4.7354 45.7737 875.6156 Laminar 2039.1456
2277 4.7354 45.7843 875.4126 Laminar 2039.6185
2278 4.7354 45.7950 875.2096 Laminar 2040.0915
2279 4.7354 45.8056 875.0067 Laminar 2040.5646
2280 4.7354 45.8162 874.8038 Laminar 2041.0379
2281 4.7354 45.8268 874.6009 Laminar 2041.5112
2282 4.7354 45.8375 874.3981 Laminar 2041.9848
2283 4.7354 45.8481 874.1953 Laminar 2042.4584
2284 4.7354 45.8587 873.9926 Laminar 2042.9322
2285 4.7354 45.8694 873.7899 Laminar 2043.4061
2286 4.7354 45.8800 873.5873 Laminar 2043.8801
2287 4.7354 45.8906 873.3846 Laminar 2044.3542
2288 4.7354 45,9013 873.1821 Laminar 2044.8285
2289 4.7354 45.9119 872.9795 Laminar 2045.3029
2290 4.7354 45.9226 872.7770 Laminar 2045.7775
2291 4.7354 45.9332 872.5746 Laminar 2046.2521
2292 4.7354 45,9439 872.3722 Laminar 2046.7269
2293 4.7354 45.9546 872.1698 Laminar 2047.2018
2294 4.7354 45,9652 871.9675 Laminar 2047.6769
2295 4.7354 45.9759 871.7652 Laminar 2048.1521
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2296 4.7354 45.9866 871.5629 Laminar 2048.6274
2297 4.7354 45.9972 871.3607 Laminar 2049.1028
2298 4.7354 46.0079 871.1585 Laminar 2049.5784
2299 4.7354 46.0186 870.9564 Laminar 2050.0541
2300 4.7354 46.0293 870.7543 Laminar 2050.5299
2301 4.7354 46.0400 870.5522 Laminar 2051.0058
2302 4.7354 46.0506 870.3502 Laminar 2051.4819
2303 4.7354 46.0613 870.1482 Laminar 2051.9581
2304 4.7354 46.0720 869.9462 Laminar 2052.4344
2305 4.7354 46.0827 869.7443 Laminar 2052.9109
2306 4.7354 46.0934 869.5425 Laminar 2053.3874
2307 4.7354 46.1041 869.3407 Laminar 2053.8641
2308 4.7354 46.1148 869.1389 Laminar 2054.3410
2309 4.7354 46.1255 868.9371 Laminar 2054.8179
2310 4.7354 46.1362 868.7354 Laminar 2055.2950
2311 4.7354 46.1469 868.5338 Laminar 2055.7723
2312 4.7354 46.1577 868.3321 Laminar 2056.2496
2313 4.7354 46.1684 868.1306 Laminar 2056.7271
2314 4.7354 46.1791 867.9290 Laminar 2057.2047
2315 4.7354 46.1898 867.7275 Laminar 2057.6824
2316 4.7354 46.2006 867.5260 Laminar 2058.1603
2317 4.7354 46.2113 867.3246 Laminar 2058.6382
2318 4.7354 46.2220 867.1232 Laminar 2059.1164
2319 4.7354 46.2327 866.9219 Laminar 2059.5946
2320 4.7354 46.2435 866.7206 Laminar 2060.0730
2321 4.7354 46.2542 866.5193 Laminar 2060.5515
2322 4.7354 46.2650 866.3181 Laminar 2061.0301
2323 4.7354 46.2757 866.1169 Laminar 2061.5088
2324 4.7354 46.2865 865.9157 Laminar 2061.9877
2325 4.7354 46.2972 865.7146 Laminar 2062.4667
2326 4.7354 46.3080 865.5136 Laminar 2062.9458
2327 4.7354 46.3187 865.3125 Laminar 2063.4251
2328 4.7354 46.3295 865.1116 Laminar 2063.9045
2329 4.7354 46.3403 864.9106 Laminar 2064.3840
2330 4.7354 46.3510 864.7097 Laminar 2064.8636
2331 4.7354 46.3618 864.5088 Laminar 2065.3434
2332 4.7354 46.3726 864.3080 Laminar 2065.8233
2333 4.7354 46.3833 864.1072 Laminar 2066.3033
2334 4.7354 46.3941 863.9065 Laminar 2066.7835
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2335 4.7354 46.4049 863.7058 Laminar 2067.2638
2336 4.7354 46.4157 863.5051 Laminar 2067.7442
2337 4.7354 46.4265 863.3045 Laminar 2068.2247
2338 4.7354 46.4373 863.1039 Laminar 2068.7054
2339 4.7354 46.4481 862.9033 Laminar 2069.1861
2340 4.7354 46.4589 862.7028 Laminar 2069.6671
2341 4.7354 46.4696 862.5024 Laminar 2070.1481
2342 4.7354 46.4805 862.3019 Laminar 2070.6293
2343 4.7354 46.4913 862.1015 Laminar 2071.1106
2344 4.7354 46.5021 861.9012 Laminar 2071.5920
2345 4.7354 46.5129 861.7009 Laminar 2072.0735
2346 4.7354 46.5237 861.5006 Laminar 2072.5552
2347 4.7354 46.5345 861.3004 Laminar 2073.0370
2348 4.7354 46.5453 861.1002 Laminar 2073.5190
2349 4.7354 46.5561 860.9001 Laminar 2074.0010
2350 4.7354 46.5670 860.7000 Laminar 2074.4832
2351 4.7354 46.5778 860.4999 Laminar 2074.9655
2352 4.7354 46.5886 860.2999 Laminar 2075.4480
2353 4.7354 46.5995 860.0999 Laminar 2075.9305
2354 4.7354 46.6103 859.8999 Laminar 2076.4132
2355 4.7354 46.6211 859.7000 Laminar 2076.8960
2356 4.7354 46.6320 859.5002 Laminar 2077.3790
2357 4.7354 46.6428 859.3004 Laminar 2077.8621
2358 4.7354 46.6537 859.1006 Laminar 2078.3453
2359 4.7354 46.6645 858.9008 Laminar 2078.8286
2360 4.7354 46.6754 858.7011 Laminar 2079.3121
2361 4.7354 46.6862 858.5015 Laminar 2079.7956
2362 4.7354 46.6971 858.3018 Laminar 2080.2794
2363 4.7354 46.7079 858.1023 Laminar 2080.7632
2364 4.7354 46.7188 857.9027 Laminar 2081.2472
2365 4.7354 46.7297 857.7032 Laminar 2081.7313
2366 4.7354 46.7405 857.5038 Laminar 2082.2155
2367 4.7354 46.7514 857.3043 Laminar 2082.6998
2368 4.7354 46.7623 857.1050 Laminar 2083.1843
2369 4.7354 46.7732 856.9056 Laminar 2083.6689
2370 4.7354 46.7840 856.7063 Laminar 2084.1536
2371 4.7354 46.7949 856.5071 Laminar 2084.6385
2372 4.7354 46.8058 856.3079 Laminar 2085.1235
2373 4.7354 46.8167 856.1087 Laminar 2085.6086
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2374 4.7354 46.8276 855.9095 Laminar 2086.0938
2375 4.7354 46.8385 855.7104 Laminar 2086.5792
2376 4.7354 46.8494 855.5114 Laminar 2087.0647
2377 4.7354 46.8603 855.3124 Laminar 2087.5503
2378 4.7354 46.8712 855.1134 Laminar 2088.0360
2379 4.7354 46.8821 854.9145 Laminar 2088.5219
2380 4.7354 46.8930 854.7156 Laminar 2089.0079
2381 4.7354 46.9039 854.5167 Laminar 2089.4940
2382 4.7354 46.9148 854.3179 Laminar 2089.9803
2383 4.7354 46.9258 854.1192 Laminar 2090.4667
2384 4.7354 46.9367 853.9204 Laminar 2090.9532
2385 4.7354 46.9476 853.7217 Laminar 2091.4398
2386 4.7354 46.9585 853.5231 Laminar 2091.9266
2387 4.7354 46.9695 853.3245 Laminar 2092.4134
2388 4.7354 46.9804 853.1259 Laminar 2092.9005
2389 4.7354 46.9913 852.9274 Laminar 2093.3876
2390 4.7354 47.0023 852.7289 Laminar 2093.8749
2391 4.7354 47.0132 852.5305 Laminar 2094.3623
2392 4.7354 47.0241 852.3321 Laminar 2094.8498
2393 4.7354 47.0351 852.1337 Laminar 2095.3374
2394 4.7354 47.0460 851.9354 Laminar 2095.8252
2395 4.7354 47.0570 851.7371 Laminar 2096.3131
2396 4.7354 47.0679 851.5388 Laminar 2096.8011
2397 4.7354 47.0789 851.3406 Laminar 2097.2893
2398 4.7354 47.0899 851.1425 Laminar 2097.7776
2399 4.7354 47.1008 850.9444 Laminar 2098.2660
2400 4.7354 47.1118 850.7463 Laminar 2098.7545
2401 4.7354 47.1228 850.5483 Laminar 2099.2432
2402 4.7354 47.1337 850.3503 Laminar 2099.7319
2403 4.7354 47.1447 850.1523 Laminar 2100.2209
2404 4.7354 47.1557 849.9544 Laminar 2100.7099
2405 4.7354 47.1667 849.7565 Laminar 2101.1991
2406 4.7354 47.1776 849.5587 Laminar 2101.6884
2407 4.7354 47.1886 849.3609 Laminar 2102.1778
2408 4.7354 47.1996 849.1631 Laminar 2102.6673
2409 4.7354 47.2106 848.9654 Laminar 2103.1570
2410 4.7354 47.2216 848.7678 Laminar 2103.6468
2411 4.7354 47.2326 848.5701 Laminar 2104.1367
2412 4.7354 47.2436 848.3726 Laminar 2104.6268
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2413 4.7354 47.2546 848.1750 Laminar 2105.1170
2414 4.7354 47.2656 847.9775 Laminar 2105.6073
2415 4.7354 47.2766 847.7800 Laminar 2106.0977
2416 4.7354 47.2876 847.5826 Laminar 2106.5883
2417 4.7354 47.2987 847.3852 Laminar 2107.0789
2418 4.7354 47.3097 847.1879 Laminar 2107.5698
2419 4.7354 47.3207 846.9906 Laminar 2108.0607
2420 4.7354 47.3317 846.7933 Laminar 2108.5518
2421 4.7354 47.3427 846.5961 Laminar 2109.0430
2422 4.7354 47.3538 846.3990 Laminar 2109.5343
2423 4.7354 47.3648 846.2018 Laminar 2110.0257
2424 4.7354 47.3758 846.0047 Laminar 2110.5173
2425 4.7354 47.3869 845.8077 Laminar 2111.0090
2426 4.7354 47.3979 845.6107 Laminar 2111.5008
2427 4.7354 47.4090 845.4137 Laminar 2111.9928
2428 4.7354 47.4200 845.2168 Laminar 2112.4848
2429 4.7354 47.4311 845.0199 Laminar 2112.9770
2430 4.7354 47.4421 844.8230 Laminar 2113.4694
2431 4.7354 47.4532 844.6262 Laminar 2113.9618
2432 4.7354 47.4642 844.4295 Laminar 2114.4544
2433 4.7354 47.4753 844.2327 Laminar 2114.9471
2434 4.7354 47.4863 844.0361 Laminar 2115.4400
2435 4.7354 47.4974 843.8394 Laminar 2115.9329
2436 4.7354 47.5085 843.6428 Laminar 2116.4260
2437 4.7354 47.5195 843.4463 Laminar 2116.9192
2438 4.7354 47.5306 843.2497 Laminar 2117.4126
2439 4.7354 47.5417 843.0533 Laminar 2117.9060
2440 4.7354 47.5528 842.8568 Laminar 2118.3996
2441 4.7354 47.5639 842.6604 Laminar 2118.8933
2442 4.7354 47.5749 842.4641 Laminar 2119.3872
2443 4.7354 47.5860 842.2678 Laminar 2119.8812
2444 4.7354 47.5971 842.0715 Laminar 2120.3753
2445 4.7354 47.6082 841.8753 Laminar 2120.8695
2446 4.7354 47.6193 841.6791 Laminar 2121.3638
2447 4.7354 47.6304 841.4830 Laminar 2121.8583
2448 4.7354 47.6415 841.2868 Laminar 2122.3529
2449 4.7354 47.6526 841.0908 Laminar 2122.8477
2450 4.7354 47.6637 840.8948 Laminar 2123.3425
2451 4.7354 47.6748 840.6988 Laminar 2123.8375
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2452 4.7354 47.6860 840.5028 Laminar 2124.3326
2453 4.7354 47.6971 840.3070 Laminar 2124.8278
2454 4.7354 47.7082 840.1111 Laminar 2125.3232
2455 4.7354 47.7193 839.9153 Laminar 2125.8187
2456 4.7354 47.7304 839.7195 Laminar 2126.3143
2457 4.7354 47.7416 839.5238 Laminar 2126.8100
2458 4.7354 47.7527 839.3281 Laminar 2127.3059
2459 4.7354 47.7638 839.1324 Laminar 2127.8019
2460 4.7354 47.7750 838.9368 Laminar 2128.2980
2461 4.7354 47.7861 838.7413 Laminar 2128.7943
2462 4.7354 47.7973 838.5457 Laminar 2129.2906
2463 4.7354 47.8084 838.3503 Laminar 2129.7871
2464 4.7354 47.8195 838.1548 Laminar 2130.2838
2465 4.7354 47.8307 837.9594 Laminar 2130.7805
2466 4.7354 47.8418 837.7641 Laminar 2131.2774
2467 4.7354 47.8530 837.5688 Laminar 2131.7744
2468 4.7354 47.8642 837.3735 Laminar 2132.2715
2469 4.7354 47.8753 837.1782 Laminar 2132.7688
2470 4.7354 47.8865 836.9831 Laminar 2133.2661
2471 4.7354 47.8977 836.7879 Laminar 2133.7636
2472 4.7354 47.9088 836.5928 Laminar 2134.2613
2473 4.7354 47.9200 836.3977 Laminar 2134.7590
2474 4.7354 47.9312 836.2027 Laminar 2135.2569
2475 4.7354 47.9424 836.0077 Laminar 2135.7549
2476 4.7354 47.9535 835.8128 Laminar 2136.2531
2477 4.7354 47.9647 835.6179 Laminar 2136.7513
2478 4.7354 47.9759 835.4230 Laminar 2137.2497
2479 4.7354 47.9871 835.2282 Laminar 2137.7482
2480 4.7354 47.9983 835.0334 Laminar 2138.2469
2481 4.7354 48.0095 834.8387 Laminar 2138.7456
2482 4.7354 48.0207 834.6440 Laminar 2139.2445
2483 4.7354 48.0319 834.4494 Laminar 2139.7435
2484 4.7354 48.0431 834.2547 Laminar 2140.2427
2485 4.7354 48.0543 834.0602 Laminar 2140.7420
2486 14.2891 221.6033 1646.7940 Laminar 17148.6378
2487 14.2891 221.7026 1646.0564 Laminar 17156.3220
2488 14.2891 221.8019 1645.3190 Laminar 17164.0112
2489 14.2891 221.9014 1644.5818 Laminar 17171.7053
2490 14.2891 222.0009 1643.8448 Laminar 17179.4042
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2491 14.2891 222.1004 1643.1079 Laminar 17187.1081
2492 14.2891 222.2000 1642.3713 Laminar 17194.8169
2493 14.2891 222.2997 1641.6349 Laminar 17202.5306
2494 14.2891 222.3994 1640.8986 Laminar 17210.2492
2495 14.2891 222.4993 1640.1625 Laminar 17217.9727
2496 14.2891 222.5991 1639.4267 Laminar 17225.7011
2497 14.2891 222.6991 1638.6910 Laminar 17233.4344
2498 14.2891 222.7991 1637.9555 Laminar 17241.1727
2499 14.2891 222.8991 1637.2202 Laminar 17248.9159
2500 14.2891 222.9992 1636.4851 Laminar 17256.6640
2501 14.2891 223.0994 1635.7502 Laminar 17264.4170
2502 14.2891 223.1997 1635.0155 Laminar 17272.1750
2503 14.2891 223.3000 1634.2810 Laminar 17279.9379
2504 14.2891 223.4004 1633.5467 Laminar 17287.7057
2505 14.2891 223.5008 1632.8125 Laminar 17295.4784
2506 14.2891 223.6013 1632.0786 Laminar 17303.2561
2507 14.2891 223.7019 1631.3448 Laminar 17311.0388
2508 14.2891 223.8025 1630.6113 Laminar 17318.8263
2509 14.2891 223.9032 1629.8779 Laminar 17326.6189
2510 14.2891 224.0040 1629.1448 Laminar 17334.4163
2511 14.2891 224.1048 1628.4118 Laminar 17342.2187
2512 14.2891 224.2057 1627.6790 Laminar 17350.0261
2513 14.2891 224.3067 1626.9465 Laminar 17357.8384
2514 14.2891 224.4077 1626.2141 Laminar 17365.6557
2515 14.2891 224.5088 1625.4819 Laminar 17373.4779
2516 14.2891 224.6099 1624.7499 Laminar 17381.3051
2517 14.2891 224.7111 1624.0181 Laminar 17389.1373
2518 14.2891 224.8124 1623.2865 Laminar 17396.9744
2519 14.2891 224.9137 1622.5551 Laminar 17404.8165
2520 14.2891 225.0151 1621.8239 Laminar 17412.6635
2521 14.2891 225.1166 1621.0929 Laminar 17420.5156
2522 14.2891 225.2181 1620.3621 Laminar 17428.3726
2523 14.2891 225.3197 1619.6314 Laminar 17436.2345
2524 14.2891 225.4214 1618.9010 Laminar 17444.1015
2525 14.2891 225.5231 1618.1708 Laminar 17451.9734
2526 14.2891 225.6249 1617.4408 Laminar 17459.8503
2527 14.2891 225.7268 1616.7109 Laminar 17467.7322
2528 14.2891 225.8287 1615.9813 Laminar 17475.6191
2529 14.2891 225.9307 1615.2519 Laminar 17483.5110
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2530 14.2891 226.0327 1614.5226 Laminar 17491.4079
2531 14.2891 226.1348 1613.7936 Laminar 17499.3097
2532 14.2891 226.2370 1613.0647 Laminar 17507.2166
2533 14.2891 226.3392 1612.3361 Laminar 17515.1285
2534 14.2891 226.4416 1611.6076 Laminar 17523.0453
2535 14.2891 226.5439 1610.8794 Laminar 17530.9672
2536 14.2891 226.6464 1610.1513 Laminar 17538.8941
2537 14.2891 226.7489 1609.4235 Laminar 17546.8260
2538 14.2891 226.8514 1608.6958 Laminar 17554.7628
2539 14.2891 226.9541 1607.9684 Laminar 17562.7048
2540 14.2891 227.0567 1607.2411 Laminar 17570.6517
2541 14.2891 227.1595 1606.5141 Laminar 17578.6036
2542 14.2891 227.2623 1605.7872 Laminar 17586.5606
2543 14.2891 227.3652 1605.0605 Laminar 17594.5226
2544 14.2891 227.4682 1604.3341 Laminar 17602.4896
2545 14.2891 227.5712 1603.6078 Laminar 17610.4616
2546 14.2891 227.6743 1602.8817 Laminar 17618.4387
2547 14.2891 227.7774 1602.1559 Laminar 17626.4208
2548 14.2891 227.8806 1601.4302 Laminar 17634.4079
2549 14.2891 227.9839 1600.7048 Laminar 17642.4001
2550 14.2891 228.0873 1599.9795 Laminar 17650.3973
2551 14.2891 228.1907 1599.2544 Laminar 17658.3995
2552 14.2891 228.2941 1598.5296 Laminar 17666.4068
2553 14.2891 228.3977 1597.8049 Laminar 17674.4192
2554 14.2891 228.5013 1597.0805 Laminar 17682.4365
2555 14.2891 228.6050 1596.3562 Laminar 17690.4590
2556 14.2891 228.7087 1595.6321 Laminar 17698.4865
2557 14.2891 228.8125 1594.9083 Laminar 17706.5190
2558 14.2891 228.9164 1594.1846 Laminar 17714.5566
2559 14.2891 229.0203 1593.4612 Laminar 17722.5993
2560 14.2891 229.1243 1592.7379 Laminar 17730.6470
2561 14.2891 229.2283 1592.0149 Laminar 17738.6998
2562 14.2891 229.3325 1591.2920 Laminar 17746.7577
2563 14.2891 229.4367 1590.5694 Laminar 17754.8206
2564 14.2891 229.5409 1589.8469 Laminar 17762.8886
2565 14.2891 229.6453 1589.1247 Laminar 17770.9617
2566 14.2891 229.7496 1588.4026 Laminar 17779.0399
2567 14.2891 229.8541 1587.6808 Laminar 17787.1231
2568 14.2891 229.9586 1586.9592 Laminar 17795.2115
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2569 14.2891 230.0632 1586.2377 Laminar 17803.3049
2570 14.2891 230.1679 1585.5165 Laminar 17811.4034
2571 14.2891 230.2726 1584.7955 Laminar 17819.5070
2572 14.2891 230.3774 1584.0746 Laminar 17827.6156
2573 14.2891 230.4822 1583.3540 Laminar 17835.7294
2574 14.2891 230.5871 1582.6336 Laminar 17843.8483
2575 14.2891 230.6921 1581.9134 Laminar 17851.9722
2576 14.2891 230.7972 1581.1934 Laminar 17860.1013
2577 14.2891 230.9023 1580.4736 Laminar 17868.2355
2578 14.2891 231.0075 1579.7540 Laminar 17876.3748
2579 14.2891 231.1127 1579.0346 Laminar 17884.5192
2580 14.2891 231.2180 1578.3154 Laminar 17892.6687
2581 14.2891 231.3234 1577.5964 Laminar 17900.8233
2582 14.2891 231.4288 1576.8776 Laminar 17908.9830
2583 14.2891 231.5343 1576.1590 Laminar 17917.1479
2584 14.2891 231.6399 1575.4406 Laminar 17925.3178
2585 14.2891 231.7456 1574.7224 Laminar 17933.4929
2586 14.2891 231.8513 1574.0045 Laminar 17941.6732
2587 14.2891 231.9570 1573.2867 Laminar 17949.8585
2588 14.2891 232.0629 1572.5691 Laminar 17958.0490
2589 14.2891 232.1688 1571.8518 Laminar 17966.2446
2590 14.2891 232.2748 1571.1346 Laminar 17974.4454
2591 14.2891 232.3808 1570.4177 Laminar 17982.6513
2592 14.2891 232.4869 1569.7010 Laminar 17990.8623
2593 14.2891 232.5931 1568.9844 Laminar 17999.0785
2594 14.2891 232.6993 1568.2681 Laminar 18007.2998
2595 14.2891 232.8056 1567.5520 Laminar 18015.5263
2596 14.2891 232.9120 1566.8361 Laminar 18023.7579
2597 14.2891 233.0185 1566.1203 Laminar 18031.9947
2598 14.2891 233.1250 1565.4048 Laminar 18040.2367
2599 14.2891 233.2315 1564.6895 Laminar 18048.4838
2600 14.2891 233.3382 1563.9744 Laminar 18056.7360
2601 14.2891 233.4449 1563.2596 Laminar 18064.9934
2602 14.2891 233.5517 1562.5449 Laminar 18073.2560
2603 14.2891 233.6585 1561.8304 Laminar 18081.5238
2604 14.2891 233.7654 1561.1161 Laminar 18089.7967
2605 14.2891 233.8724 1560.4021 Laminar 18098.0748
2606 14.2891 233.9794 1559.6882 Laminar 18106.3581
2607 14.2891 234.0865 1558.9746 Laminar 18114.6465
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Frictional

Depth Annular twall- Reynolds Pressure
(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2608 14.2891 234.1937 1558.2612 Laminar 18122.9402
2609 14.2891 234.3009 1557.5479 Laminar 18131.2390
2610 14.2891 234.4082 1556.8349 Laminar 18139.5430
2611 14.2891 234.5156 1556.1221 Laminar 18147.8522
2612 14.2891 234.6231 1555.4095 Laminar 18156.1666
2613 14.2891 234.7306 1554.6971 Laminar 18164.4862
2614 14.2891 234.8381 1553.9849 Laminar 18172.8110
2615 14.2891 234.9458 1553.2729 Laminar 18181.1410
2616 14.2891 235.0535 1552.5611 Laminar 18189.4761
2617 14.2891 235.1613 1551.8496 Laminar 18197.8165
2618 14.2891 235.2691 1551.1382 Laminar 18206.1621
2619 14.2891 235.3770 1550.4271 Laminar 18214.5129
2620 14.2891 235.4850 1549.7161 Laminar 18222.8689
2621 14.2891 235.5931 1549.0054 Laminar 18231.2302
2622 14.2891 235.7012 1548.2949 Laminar 18239.5966
2623 14.2891 235.8094 1547.5845 Laminar 18247.9683
2624 14.2891 235.9176 1546.8744 Laminar 18256.3452
2625 14.2891 236.0259 1546.1645 Laminar 18264.7273
2626 14.2891 236.1343 1545.4549 Laminar 18273.1146
2627 14.2891 236.2428 1544.7454 Laminar 18281.5072
2628 14.2891 236.3513 1544.0361 Laminar 18289.9050
2629 14.2891 236.4599 1543.3270 Laminar 18298.3080
2630 14.2891 236.5685 1542.6182 Laminar 18306.7163
2631 14.2891 236.6773 1541.9096 Laminar 18315.1298
2632 14.2891 236.7861 1541.2011 Laminar 18323.5486
2633 14.2891 236.8949 1540.4929 Laminar 18331.9726
2634 14.2891 237.0038 1539.7849 Laminar 18340.4019
2635 14.2891 237.1128 1539.0771 Laminar 18348.8364
2636 14.2891 237.2219 1538.3695 Laminar 18357.2761
2637 14.2891 237.3310 1537.6621 Laminar 18365.7211
2638 14.2891 237.4402 1536.9550 Laminar 18374.1714
2639 14.2891 237.5495 1536.2480 Laminar 18382.6269
2640 14.2891 237.6588 1535.5412 Laminar 18391.0877
2641 14.2891 237.7682 1534.8347 Laminar 18399.5538
2642 14.2891 237.8777 1534.1284 Laminar 18408.0251
2643 14.2891 237.9872 1533.4223 Laminar 18416.5017
2644 14.2891 238.0969 1532.7164 Laminar 18424.9836
2645 14.2891 238.2065 1532.0107 Laminar 18433.4708
2646 14.2891 238.3163 1531.3052 Laminar 18441.9632
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Frictional

Depth Annular twall- Reynolds Pressure

(m) Velocity(m/s) corrected (Pa) | Number Flow Regime | Loss (Pa/m)
2647 14.2891 238.4261 1530.5999 Laminar 18450.4609
2648 14.2891 238.5360 1529.8948 Laminar 18458.9639
2649 14.2891 238.6459 1529.1900 Laminar 18467.4722
2650 14.2891 238.7559 1528.4854 Laminar 18475.9858
2651 14.2891 238.8660 1527.7809 Laminar 18484.5047
2652 14.2891 238.9762 1527.0767 Laminar 18493.0288
2653 14.2891 239.0864 1526.3727 Laminar 18501.5583
2654 14.2891 239.1967 1525.6689 Laminar 18510.0931
2655 14.2891 239.3070 1524.9653 Laminar 18518.6331
2656 14.2891 239.4175 1524.2620 Laminar 18527.1785
2657 14.2891 239.5280 1523.5588 Laminar 18535.7292
2658 14.2891 239.6385 1522.8559 Laminar 18544.2852
2659 14.2891 239.7492 1522.1531 Laminar 18552.8465
2660 14.2891 239.8599 1521.4506 Laminar 18561.4131
2661 14.2891 239.9706 1520.7483 Laminar 18569.9851
2662 14.2891 240.0815 1520.0462 Laminar 18578.5624
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