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2CAUSES OF KIckS

�e term “kick” is a �eld expression used in the upstream oil and gas industry to denote that formation 
�uids are �owing into a well. �e International Association of Drilling Contractors (IADC) classi�es 
kicks as intentional or unintentional. An intentional kick refers to operations that deliberately induce 
the controlled �ow of formation �uids into a well. Obviously, when a well is producing, formation 
�uids are being brought to the surface under controlled conditions and although producing wells are 
not usually described as “kicking”, they do �t the de�nition of an intentional kick. �ere are other 
operations that �t the de�nition as well, for example, drill stem testing, swabbing with wireline, or 
pumping nitrogen in order to bring a well in.
An unintentional kick is an unexpected and undesired �ow of formation �uids into a well. 
Unintentional kicks, if not detected and handled correctly, lead to blowouts. A blowout is the 
uncontrolled �ow of formation �uids to the surface or into another zone in the same open borehole. 
Subsurface or underground blowouts occur when a formation is producing from one formation and 
entering a weaker or fractured formation before the �uid reaches the surface.
Blowouts are the most tragic accidents in the drilling/workover industry, often resulting in death 
and injury of personnel, loss of the well and its potential production, and severe damage to the 
environment. Kicks can occur during nearly any operation on an oil or gas well, and if improperly 
handled, kicks can turn into blowouts. �e key to blowout prevention is recognition and control of 
kicks, therefore learning the causes and indications of potential kicks, and taking the correct action 
to maintain control of the well is the essence of blowout prevention.
�e previous chapter described two opposing forces acting on a well in which the formation is 
exposed: 1) bottomhole pressure, the sum of all pressures exerted on the bottom of a well; and 2) 
formation pressure, as a result of local geology, acting upward. It can be seen that a kick can only 
occur when, for some reason, formation pressure is greater than bottomhole pressure. �e following 
discussions are concerned with unintentional kicks and some of the situations that might cause them.
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KICk DETECTION

Well “kicks” were de�ned in Chapter 2, and some of the situations that could cause a well to kick 
were discussed. �is chapter discusses the primary warning signs that could indicate to the crew that 
a kick might be in progress. Failure to recognize a developing well control incident and take prompt 
action can lead to an excessive surface pressures and eventually to a blowout and �re. �e danger to 
human life and the environment are unacceptable. 
A kick can enter a well during almost any wellsite operation. Drillers are taught that when the 
warning signs of a kick are detected they should immediately suspend the present operation, and 
observe the well to see if it will �ow after the pumps have been stopped. If a well �ows, even though 
nothing is being pumped into the well, it is a sure sign that a kick is in progress. Detailed procedures 
for performing �ow checks are discussed later in this chapter.
Kick warning signs can be divided into two main groups:

Warning signs observed when drilling
Warning signs observed when tripping

KICk DETECTION WHEN CIRCULATING
ABNORMAL PRESSURE
 On most wells drillers are instructed to drill with a speci�c weight on the bit (WOB), rotary speed, 
and pump pressure. When downhole motors are used the speed that the bit turns is controlled by 
hydraulic concerns, that is, the recommended pump rate and pressure. Once the parameters are 
set, a somewhat reasonable constant drilling trend is established. In this way sudden or unexpected 
deviations in the established rate of penetration (ROP) indicate that the bit may be entering a 
di�erent formation.
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�e previous chapter discussed the procedures for observing a well with the pumps shut o� in 
order to determine whether or not a well is �owing. �ere are times when a �ow check is routinely 
performed as part of standard company policy. Examples include, prior to beginning a trip out of a 
well, when the BHA is pulled into the casing and prior to pulling collars through the BOPs. Flow 
checks are also performed at the driller’s discretion based on changes in drilling performance, or 
at the request of supervisors, the mud logger, or others who have noticed kick indicators. It is not 
always easy to determine if a well is actually �owing. Depth, �uid type, formation permeability, 
the degree of under balance, and other factors are all borehole characteristics. �e duration of the 
�ow check should be long enough to make positively sure whether or not the well is �owing. Flow 
checks may be performed by direct observation at the rig �oor, by �ow sensor equipment, or at other 
locations depending upon the particular equipment in use. 
As soon as it is determined that a well is �owing, the annulus must be closed with the BOPs. �e 
�ow of formation �uids into the well must be stopped as quickly and safely as possible. �is chapter 
discusses shut-in procedures that are generally accepted throughout the industry. �e speci�cs of any 
particular procedure are developed according to the equipment in use, the operation at the time of 
the incident, and the policies of the operators and contractors involved. 
Four important things are accomplished simultaneously when a well is properly shut in.

By de�nition, if a well is �owing from the annulus, bottomhole pressure is lower than formation 
pressure. Bottomhole pressure continues to decrease as more and more formation �uids enter the 
well therefore the rate of �ow will constantly increase. �e longer it takes to stop the �ow, the greater 
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5GAS BEHAVIOR

When a well is shut in on a kick and the pressures stabilize, the well is balanced. It is mechanically 
balanced with the blowout preventers. In other words, all the forces exerted downward toward the 
bottom of the well are equal to all the forces exerted upward from the formation. �is is true provided 
that there are no leaks on the surface and no �uid is being lost to the formation. It can be seen that 
if this balanced condition is maintained throughout subsequent operations, no further in�ux can 
enter the well. Since the well is holding the stabilized pressures at the time of shut-in, there is a good 
chance that the kick can be safely circulated out of the well as long as the pressure on the annulus is 
not approaching the pressure at which the formation would fracture. All conventional methods of 
well control are based on this constant bottomhole pressure idea.
Imagine that a kick has been taken while drilling a vertical well and that the driller recognized the 
kick and closed the blowout preventers. After a few minutes the pressures within the well stabilize. 
�ere is no �oat (back pressure valve) in the string and the in�ux is near bottom. �e circulating 
pressure gauge now indicates a stabilized pressure of 200 psi. Pressure on the annulus can also be 
determined because the blowout preventers have been closed. Assume the annular pressure is 400 psi. 
On most rigs these pressures are actually read from gauges on a remote choke panel located on the 
rig �oor. �e 200 psi is called the Shut-in Drillpipe Pressure (SIDPP) or the Shut-in Tubing Pressure 
(SITP). �e pressure on the annulus, 400 psi, is called the Shut-in Casing Pressure (SICP).
When the in�ux entered the well the annulus was open at the surface, therefore the formation �uids 
forced a certain volume of the working �uid out of the well and into the mud pits. Looking at the 
well as a U-tube (Chapter 1), the drill string side of the tube is �lled with a �uid of known density. It 
is unlikely that the in�ux could enter the drill string through the small nozzles in the bit and the drill 
string is connected back to the pumps. �e in�ux would have taken the path of least resistance, into 
the open annulus.  �e column of �uid on one side of the shut-in well, the drillpipe, has a consistent 
density from the surface to the bit. �e column on the other side, the annulus, consists of drilling 
�uid and formation �uid, each having di�erent densities. �e stabilized shut-in pressures re�ect this 
condition.
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6CONSTANT BOTTOMHOLE 
PRESSURE METHODS

Blowout prevention consists of three basic steps: detection, shut-in, and the actions taken in order to 
regain and maintain control of the well. Once a well is successfully shut-in and the �ow of formation 
�uids into the well has been stopped, the situation is analyzed and a course of action for regaining 
control of the well is developed.
It will likely take several minutes for pressure gauges to stabilize after the blowout preventers close. 
During that time all of the valves and connections in the wellhead equipment, from the BOP stack 
to the choke should be checked for leaks. Any leaks in the system will not only cause false readings 
on pressure gauges, they are inherently dangerous. Most drilling rigs today are equipped with remote 
hydraulic chokes and it is the gauges on the choke panel that are used to make judgments. 
Some of the questions that supervisors must address after shut-in are:

What is the size (volume) of the in�ux? �is can be estimated by determining the increase in 
surface mud volume between the time that the kick was detected and the time that the �ow 
stopped. �e kick volume information can be used in several ways although it is always an 
estimate because actual borehole size and kick solubility is not accurately known.
How reliable are the gauge readings? It is possible that some pressure was trapped during the 
shut-in procedure. If the drill string has a �oat (check valve) installed, was pressure trapped 
with the pump when the �oat was forced open? If trapped pressure is suspected, some �uid 
will have to be bled o� at the choke, risking additional �ow into the well.
Are the shut in drillpipe and shut in casing pressures remaining constant? Many operators will 
record the shut-in pressures every minute as the well comes into balance in order to establish 
a stabilization trend as the pressures increase. If the casing pressure stabilizes after a reasonable 
time the pressures are assumed to be correct. If the casing pressure continues to increase slowly 
it may be an indication that gas is migrating up toward the surface.
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�e previous chapters have discussed the basic causes of blowouts and the precautions and techniques 
commonly used to control kicking wells. �e examples given have been based on the simplest of 
conditions, that is, vertical wells with the in�ux of formation �uids near the bottom of the well, 
consistent well dimensions, and all rig equipment functioning properly. Such perfect conditions only 
apply to a small percentage of the wells drilled around the world. Data analyzed in one area indicated 
that over a three year period only 22% of well control incidents fell into this “classic” category. �is 
chapter discusses situations in which basic well control techniques are adapted to some common �eld 
problems and complications that may arise during a well killing operation.

SAFETY FACTORs WHEN CIRCULATING
�ere has been a good deal of research work concerning the recommendation of adding a safety 
factor when killing a kicking well. �e question that arises is: “What is an appropriate safety factor 
and how is it selected and applied”? If it were decided that extra pressure should be applied by choke 
manipulation, say 200 psi, it must be realized that in this case the safety factor does not only increase 
bottomhole pressure but that the extra 200 psi is exerted throughout the well including at the casing 
shoe, often considered to be the most fragile area in the open borehole.
Another means of adding a safety factor is by circulating a heavier kill mud than calculated to balance 
the formation. Circulating the heavier �uid would also result in greater pressure at the casing seat 
than if the calculated kill mud was used. However if the hydrostatic pressure increase due the heavy 
�uid were subtracted o� of the annular pressure loss there would be no safety factor exerted on the 
formation but total pressure at the casing shoe might actually be less due to the increased hydrostatic 
pressure in the annulus. Also, circulating time would be less if the heavier kill �uid represented a 
trip margin. But if for some reason the well had to be shut in after the kill �uid had reached the bit, 
pressure on the casing shoe would increase. 
Major operators consulted for this text prefer to kill a well with the calculated kill �uid and then add 
trip margins or safety margins after the kill operation. Once the safety of personnel and the equipment 
has been assured, avoiding underground blowouts becomes a primary goal of the operation.

LOsT CIRCULATION AND UNDERGROUND BLOwOUTs
It is not always easy to diagnose partial lost circulation when it �rst begins during a well kill operation. 
Although the casing pressure may �uctuate, the circulating pressure will not give an immediate 
indication because the developing problem is in the annulus therefore the circulating friction hasn’t 
changed appreciably. If there is gas associated with the kick, the gas will expand as it rises and it 
would be expected that the mud pits would gain volume. Also, if barite is being added to the system 
it will cause a pit gain of about a barrel for every 15 sacks (1,500 lbs) mixed. In this case the increase 

7SPECIAL SITUATIONs AND 
COMPLICATIONs
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9SURFACE EQUIPMENT

�e primary source for the material found in this chapter is API 53, Recommended Practices for 
Blowout Prevention Equipment for Drilling Wells. �e blowout preventers and associated wellhead 
equipment are considered the secondary barrier against blowouts. �e discussions which follow 
brie�y describe a variety of blowout prevention equipment and their applications. Manufacturer’s 
manuals and industry publications should be consulted for speci�c information.

THE BLOWOUT PREVENTER (BOP) STACK
�e blowout preventer stack is the assembly of well control equipment including preventers, spools, 
valves, and nipples connected to the top of the wellhead. Its purpose is to stop the �ow from a well 
when a kick occurs and allow the greatest �exibility for subsequent operations. �e stack should 
have a working pressure at least equal to the maximum anticipated surface pressure for the well upon 
which it is installed. API has established the following codes to designate stack components. 
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10SUBsEA WELL CONTROL

INTRODUcTiON
Well control equipment and many procedures for �oating drilling operations di�er substantially 
from land, platform and jackup drilling operations.  �e same basic principles apply, but the �oating 
drilling environment introduces a number of unique characteristics of the equipment and kick 
handling procedures.

Characteristics of Floating Drilling Well Control that di�er from Surface Well Control:
BOP Stack is at the sea�oor
Control System is much more complex
Surface Hole is usually drilled with returns to sea�oor
Low Pressure Riser connects the BOP stack to the surface
Provisions exist for connecting/disconnecting the Riser to BOP stack
Generally smaller margins between wellbore and formation pressures
Kick detection and circulation are more di�cult
Friction in the Choke/Kill Lines must be accounted for
Rapid hydrostatic pressure changes occur in the Choke/Kill Lines
Gas in the Riser must be controlled
Diverter is primarily used to control gas in the Riser
Gas Hydrates in Choke/Kill Lines, Valves and Wellhead Connector

�e BOP stack must be located at the sea�oor because the Marine Drilling Riser is a low pressure 
conduit for bringing the returns to the surface and there must be a provision for shutting in the well 
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Annulus Fluid Density -  _______ ppg
Packer Set

TVD -  _______ ft
MD -  _______ ft

Top Perforation
TVD - _______ ft
MD -  _______ ft

Bottom Perforation
TVD -  _______ ft
MD -  _______ ft

Formation Pressure -  _______ psi
Estimated Integrity Fluid Density -  _______ ppg

Casing
OD - ______”
ID - _______”
Weight - _______ lbs/ft
Grade - _______
Internal Yield (100%) - _______psi
Capacity - _______ bbls/ft
Length TVD - _______ ft
Length MD - _______ ft

Tubing
OD - _______”
ID - _______”
Weight - _______ lbs/ft
Grade - _______
Collapse (100%) - ______ psi
Yield (100%) - _______ psi
Capacity - _______ bbls/ft

Circulating Port
(SSD, Sliding Sleeve, Etc.)
TVD - _______ ft
MD - _______ ft

End of Tubing
TVD - _______ ft
MD - _______ ft

W

M

M

Pump

Pit

C

Well Name - _____________________ C-1 & Oklahoma 

Pump #1 - ____” x ____” Triplex Output - _____ bbls/stk

Pump #2 - ____” x ____” Triplex Output - _____ bbls/stk

Maximum Pump Pressure - _____ psi

4-1/2 8
4-1/2 8

0.039
0.039

5,000

10.7

9,860
9,960

9,900
10,000

10,000
10,100

5,564
14.5

Tree/Wellhead/BOP Stack Rating - _______ psi10,000

7
5.820

38
N-80

8,460
0.03404

10,100
10,200

2-7/8
2.441

6.5
N-80

11,160
10,570

0.00579

9,750
9,850

9,870
9,970

SIMULATION EXeRCIses
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Knowledge of basic arithmetic is required to fully understand some of the topics  
presented in this text. It is assumed that the learner has some experience using a simple hand-held 
calculator. �e guidelines below are intended to serve as an aid for the less experienced learner.

VARIABLES & CONSTANTS
Mathematical equations contain both variables and constants. Variables are words or letters that 
represent numbers whose values may change. Constants are numbers that do not change in the 
equation. For example:

Hydrostatic Pressure psi = Mud Weight ppg × 0.052 × TVD ft 

Or

HP psi = MW ppg × 0.052 × TVD ft  

In the formula for hydrostatic pressure above there are two variables, the mud weight and the true 
vertical depth. Either one of those values may change. �e constant, 0.052, does not change so long 
as the depth is measured in feet and the mud weight in pounds per gallon. 
Some equations are quite long and complex. It is good practice to write out the equation �rst, and 
then replace the letters with all the known values before attempting to work the calculation. For 
example:

HP psi = MW ppg × 0.052 × TVD ft

10.5 × 0.052 × 9000 = 4,914 psi

PARENTHESES ( ) AND BRAcKETS [ ]
�e symbols used for adding, subtracting, multiplying and dividing (+,-, x, ÷) are called operators. 
Sometimes values and operators appear in parentheses or brackets. In these cases the rule is to 
perform the bracketed operations �rst, working from the inside out. For example:

2 × (3 + 5) = 2 × 8 = 16

In the example above the 3 is added to the 5 �rst, equaling 8 and removing the parentheses. �en 2 
is then multiplied by 8 resulting in 16.

GUIDELINES FOR 
WELL CONTROL MATH
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�e following procedures are excerpts taken from API RP 53 and are general guidelines only and 
should not be confused with any government, state, or company policy.
On surface preventers, the closing system should be capable of closing each ram preventer within 
30 seconds and should not exceed 30 seconds for annular preventers smaller than 20 inches or 45 
seconds for those larger than 20 inches. For subsea preventers, each ram should close within 45 
seconds and annular preventers within 60 seconds. 

CLOSING UNIT REQuIrEMENTS
�e closing unit pump capability test should be conducted on each well before pressure testing the 
BOP stack. A typical test would entail the following:

1.	 Position a joint of drillpipe in the BOP stack.
2.	 Isolate the accumulators from closing unit manifold by closing the necessary valves.
3.	 If the pumps are powered by air, isolate the rig air system from the pumps. A separate closing 

unit air storage tank or bank of nitrogen bottles should be used to power the pumps during 
this test. If a dual power system source is used, each power supply should be tested separately.

4.	 Simultaneously turn the control valve for the annular preventer to the closing position and 
turn the control for the hydraulically controlled valve (HCR) to the open position.

5.	 Record the time, in seconds, for the pumps to close the annular preventer, to open the 
hydraulically controlled valve and record the pressure that is remaining. API recommends 
that this time should not be exceed two minutes.

6.	 Close the hydraulically controlled valve and open the annular preventer. Open the accumulator 
system to the closing unit, charge the system to its operating pressure, and record the time to 
do this.

AccuMuLaTOr CLOSING TEST
To be conducted on a per well basis prior to testing the BOP stack. A typical test procedure follows:

1.	 Position a joint of drillpipe in the BOP stack.
2.	 Close the power supply to accumulator pumps.
3.	 Record the initial accumulator pressures. Adjust the annular regulator to 1,500 psi or 

designated pressure.
4.	 Depending on policy, perform the functions that are required. For example, API requires the 

minimum standard to close the annular, one pipe ram, and the hydraulic choke line valve.
5.	 Record the time required for accumulators to close and the �nal accumulator pressure. �e 

�nal pressure should not be less than 200 psi above the pre-charge pressure.
Note: some regulatory agencies require than a minimum of 200 psi above the pre-charge pressure.

6.	 After the preventers have been opened, recharge accommulator system to the designed 
operating pressure and record the time for complete power up.

EQuIPMENT TESTING
PrOcEDurES
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Chapter 1 - Pressure Concepts
Practice Calculations

1.	 0.5096 psi/ft

2.	 12.2 ppg

3.	 6109 psi

4.	 12.5 ppg

5.	 11.3 ppg

6.	 a.	 1,800 psi

	 b.	 800 psi

Review Questions
1.	 Density of the �uid;  Vertical Depth

2.	 0.052

3.	 psi/ft

4.	 Hydrostatic Pressure in the annulus is greater than hydrostatic pressure in the drillpipe.

5.	 Is the sum of all pressures (hydrostatic head of �uid, drilled solids, and friction pressure 
losses in the annulus) exerted on the bottom of the well and expressed in an equivalent 
mud weight (lb/gal).

6.	 While drilling this annular pressure loss adds extra pressure (or equivalent mud weight, 
ECD) to the bottom of the well. When tripping, the pumps are o� and there is no ECD 
which reduces bottomhole pressure.

7.	 a

ANSWERS TO 
CHaPTER QUESTIONS
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A
ABNORMaL PRESSURE – Pore pressure in excess of that pressure resulting from the hydrostatic pressure 
exerted by a vertical column of water with salinity normal for the geographic area.
ABSOLUTE PERMEaBILITY – A measure of the ability of a single fluid (as water, gas, or oil) to flow through 
a rock formation when the formation is totally filled (saturated) with the single fluid. The permeability 
measure of a rock filled with a single fluid is different from the permeability measure of the same rock filled 
with two or more fluids. Compare Effective Permeability.
ABSORpTION – The penetration or apparent disappearance of molecules or ions of one or more substances 
into the interior of a solid or liquid. For example, in hydrated bentonite, the planar water that is held 
between the mica-like layers is the result of absorption.
ACCELERaTOR – A chemical additive that reduces the setting time of cement. See Cementing Materials.
ACCUMULaTOR – On a drilling rig, accumulator stores hydraulic fluid under pressure from compressed 
nitrogen for closing blowout preventer in an emergency. Accumulator is a vessel or tank to receive and 
temporarily store liquid used in a continuous process in a plant. A drip accumulator collects liquid 
hydrocarbons that condense out of wet gas travelling in a pipeline. In some countries, a storage battery is 
called an accumulator.
ACETIC ACID – An organic acid compound sometimes used to acidize oil wells. It is not as corrosive as other 
acids used in well treatments.
ACETYLENE WELDING – A method of joining steel components in which acetylene gas and oxygen are 
mixed in a torch to attain the high temperatures necessary for welding.
ACID – Any chemical compound containing hydrogen capable of being replaced by positive elements 
or radicals to form salts. In terms of the dissociation theory, it is a compound which, on dissociation in 
solution, yields excess hydrogen ions. Acids lower the pH. Examples of acids or acidic substances are:  
hydrochloric acid, tannic acid, sodium acid pyrophosphate.
ACID FRaCTURE – Hydraulic pressure is applied to potentially carbonate (limestone/dolomite) formations, 
opening cracks, or causing the formation to split open forming a fracture by using a combination of oil and 
acid or water under high pressure.
ACID TREaTMENT – A method in which chemicals are pumped into microscopic flow channels of the 
formation. By dissolving the rock, these passages are enlarged, increasing production. See Acidize. 
ACID-Up – To fracture a well using acids (acidizing).

GLOSSaRY F
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A
 A Blowout is an Uncontrolled Kick

2-1, 2-11, 10-4, 10-52

A typical procedure for stripping in pipe rams
7-8, 7-19, 7-22, 

A typical procedure for stripping out pipe rams
7-8, 7-23

A typical stripping out with the annular procedure
7-14, 7-22

Abnormal Pressure
1-4, 1-5, 2-3, 2-4, 3-1, 3-3, 3-4, 3-14

Abnormal Pressure, Causes of
2-3, 2-4

Accumulator and BOP Test
9-19, C-1, C-5

Accumulator Charging Fluids
9-19, 9-20

Adjustable Choke
5-5, 5-6, 6-2, 6-5, 6-25, 7-13, 9-27, 9-28, 9-29, 9-42, E-12, 
F-2, F-13 

Alarm Setting
3-13

Alternate Start-Up Kill Procedure
10-48, 10-49

Annular BOP
3-16, 3-17, 3-18, 3-19, 6-2, 6-3, 6-12, 6-13, 8-6, 9-3, 10-39, 
10-43, 13-1, 15-2, 16-3

Annular Capacities, Volume & Strokes
6-26, 6-20, 7-17, 7-29, A-3, A-4, A-5, D-1

Annular Pressure
1-6, 1-8, 1-11, 2-5, 3-11, 4-9, 5-1, 7-1, 7-3, 7-4, 7-5, 7-24, 
9-23, E-1, E-5, F-3

Annular Pressure Control
 4-9

Annular Pressure Loss
1-6, 1-8, 1-11, 3-11, 7-1, 7-3, 7-4, 7-24, E-1, E-5,  

Annular Preventers
7-14, 9-3, 9-4, 9-5, 9-6, 9-7, 10-20, C-1, E-12

A
Annulus Blockage/Collapse

7-32, 7-33

API Face-to-Face Type RX Pressure-Energized Ring Joint 
Gasket

9-15

API Type BX Pressure-Energized Ring Joint Gasket
9-16

API Type R Ring Joint Gasket
9-15

API Type RX Pressure-Energized Ring Joint Gasket
9-14, 9-15

B
Back Pressure Valves (BPV)

4-13, 5-1, 7-18, 7-23, 9-33, 9-34, F-4, F-64

Balanced
1-3, 1-5, 7-29, 8-6, 10-50

Balled
2-7, 2-9

Ballooning
3-9, 3-16, 10-36, E-5

Barite Requirements
D-1, D-2, D-3

Blind Rams
3-13, 4-13, 9-9, 16-6, 16-53

Blind/Shear Rams
9-10, 10-6 16-6

Blockage in the String
7-32 

Blowout Preventer (BOP)
4-9, 4-15, 5-1, 5-4, 5-14, 6-1, 6-2, 6-12, 7-15, 8-4, 9-1, 9-3, 
9-5, 9-7, 9-10, 9-19, 9-25, 9-26, 9-27, 9-33, 9-41, 10-6, 10-7, 
F-1, F-2, F-5, F-6, F-7, F-12, F-13, F-14, F-16, F-17 

BOP Inspection and Testing
C-4, C-5
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