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1.0 –Survey Correction Procedures SAG / MSA 

 

Some of the information detailed below contains values which could be used as a guide when 

creating company policy. These are not definitive and there is no set industry standard. It is very 

important that individual companies have their own Policies, Procedures and Guidelines in place, 

clearly detailing the way that they handle SAG correction. These should be company specific, and it 

is essential that they are distributed among relevant personnel, understood and closely followed.  

 

2.0 - SAG 

• SAG occurs when a BHA bends under its own weight when positioned between two points of 

stabilisation 

• The degree of bending is affected by: 

– Hole Size 

– Stabiliser Size 

– Distance between points of stabilisation 

– Tubular OD & ID – Stiffness 

• SAG causes MWD sensor misalignment in relation to the borehole 

• BHA SAG accounts for up to 80% of wellbore TVD position uncertainty 

3.0 -SAG Correction Considerations 

3.1 - Inclination range 

• From 0-3° the potential correction will likely be invalid due to the difficulty with finding the 

point at which the top of the BHA contacts the wellbore, this is due to the hole not having a 

defined highside. 

• SAG should be applied when the inclination is >3° however >5° is also acceptable in certain 

circumstances 

3.2 - Innova Engineering BHA Entry 

• Assemblies containing motors or turbines, which have a bend setting, have to be carefully 

dealt with, as the toolface (TF) the bend is aligned on during the survey has an effect on the 

correction 

• This can complicate matters, and introduce errors if not handled correctly 

• The corresponding correction for bends ≤ 1° are generally small enough that assemblies can 

be modelled, for SAG purposes, with no (0°) bend. It should be noted that doing this will 

mean that you do not get a predicted "BUR Slide" in the BHA Analysis output. 

• For bends ˃ 1° the assembly more often than not should be correctly modelled in Engineer 
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3.3 - Difference between the MWD sensor TF & Motor TF (TF Offset) 

• Extra care must be taken to ensure that the method of calculating the TF offset is correct 

and done as accurately as possible in the field 

• Stringent policy should be in place including field paperwork which details the 

measurements and is signed by the DD, MWD engineer and Company Representative 

• Apart from the obvious directional implications, an incorrect TF offset will introduce errors if 

used in the correction 

3.4 - BHA Diagrams and lengths 

• BHA diagrams created in the field should be accurate and contain all of the relevant data 

required to precisely model the assembly in Engineer 

• Required measurements should be clearly detailed  

• It should be unmistakeably stated what is meant by each measurement e.g. what exactly do 

you mean by stabiliser blade length 

• A copy of this paperwork should always be sent to the office 

3.5 - ISCWSA Error Model Assignment 

• When SAG correction is used it is important to assign the correct error model in Well Seeker 

Pro, to ensure accurate anti-collision and error ellipse calculations 

4.0 - Pre-job Planning 

• Create a pre job BHA in the office and send to the field 

• Once all measurements have been taken in the field of the actual BHA, the field engineers 

should update their BHA in Engineer and send in a copy of their BHA sheet to the office 

• DO NOT SEND AN ENGINEERING PROJECT FILE FROM THE FIELD TO THE OFFICE 

• The engineers in the office should update Engineer independently, using the detailed BHA 

they receive from the field. When checking someone else's inputs it is too easy to miss 

mistakes 

• Once the field & office have the accurate BHA modelled, run the calculation over a set 

inclination range for fixed parameters. Field and office outputs should be compared and 

match exactly. 

• Any discrepancies between the 2 sets of test data should be addressed until everything 

matches 

5.0 - Drilling 

• MWD Engineers should always keep a record of the RAW (uncorrected) inclinations in order 

to verify any corrections applied 

• Field engineers should run the RAW surveys through Engineering as they get them, and 

should note the exact correction used  - usually on a survey sheet 

• DD's should send in corrected surveys on a daily basis (or as per company policy) 

• MWD engineers should send in RAW, uncorrected surveys, including the motor bend TF 

recorded for each individual survey if relevant 
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• Office engineers should use RAW data to independently run the SAG calculation and check 

this against the corrected survey received from the DD. 

• Any discrepancies should be addressed immediately, and rechecked until both sets of data 

match 

6.0 - Rotational Shots 

• Carried out to correct for any tool face dependant errors such as sensor bias or sensor 

misalignment. 

• Four surveys are taken, one in each of the four quadrants (0-90°, 90-180°, 180-270° & 270-

360°) 

• For a correctly centred sensor, all four surveys should be identical. This is rarely the case. 

• If they are not identical, a correction can be calculated based on the data from the four 

surveys; this correction is applied to the X and Y axis accelerometers and magnetometers.  

• Rotational shots should only be taken if the well bore inclination is >5, every time a new 

sensor or BHA is run. Consideration should be given to hole conditions and the time taken to 

acquire the data. 

• This is a specialist application which should only be done by a survey specialist and not a 

correction which should be done in the field 

• It is questionable whether or not this process is worthwhile as there are no error models 

relating to this correction and many companies including Shell have stopped using it 

• Innova can provide this service if requested 

7.0 - Multi Station Analysis 

• A statistical method to correct for sensor misalignment and bias 

• Careful consideration has to be given to the dataset used as surveys which are out of spec 

can have a big effect on the results 

• All surveys are analysed and a monte-carlo analysis run. A pseudo bias and scale factor is 

applied to X,Y Z axis accelerometers and magnetometers. 

• This is a specialist application which should only be done by a survey specialist and not a 

correction which should be done in the field 

• Innova can provide this service if requested 
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8.0 - SAG Module 

This section will deal with the SAG module within Innova Engineering and will detail the steps 

required to run SAG analysis. 

8.1 - Required Inputs 

In order to run SAG, the following inputs are required.  

• Units:  Firstly, ensure that all of the units are correctly selected, based on 

requirements 

• Well Geometry: The wellbore geometry tells the program the 

size of hole that the assembly is in. 

• Mud Weight 

• Survey Selection: Actual Surveys, Well Plan Surveys or RAW 

Surveys (SAG can be run on any of these, but at least one must be populated) 

• Sensor Offset: distance from Bit to MWD Sensor – Required for SAG but not used in BHA 

Analysis calcs. 

• Drill String: This does not need to include any more than ~30m (100ft) of assembly 

beyond the last point of stabilisation. Beyond this point the remainder of the drill string will 

be lying on the low side of the hole and is not considered in the calculation. 

 

Extra care should be taken when adding the stabiliser data (including motor stab sleeve).  

• Stab OD: The outside diameter of the stabiliser 

• Stab Blade Length: The length of the stabiliser blade that will be in 

contact with the side of the hole - WATCH YOUR UNITS, THIS IS 

INPUT AS INCHES 

• Stab Dist from Bottom: The distance from the Pin end shoulder to 

the bottom of the stab blade 

These are the 3 main inputs required to model a stabiliser. None of the other stabiliser component 

details affect the calculation. 

 

8.1.1 – Bit Formation Index (BFI) 

 

When a BHA analysis calculation is run, the program calculates the theoretical dogleg generated by 

the assembly, based on all the input parameters. This will be represented as a build or a drop. 

The bit formation Index is an important input (located in the bit component details) as this 

determines the proportion of dogleg associated with build and walk rate. It effectively models the 

tendency of the bit to walk. 
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The BFI is input as a value between 0 and 1 and affects the calculation as follows. 

• Build Up Rate (BUR) = DLS * Cos (BFI) 

• Walk Rate (WR) = DLS * Sin (BFI) 

With a BFI of zero (default), the walk rate will be 0 and all the dogleg will be attributed to build or 

drop. With a BFI of 1, the build rate will be 0 and all the dogleg will be attributed to walk. The more 

aggressive the bit, the higher the tendency to walk and therefore the higher the BFI.  

For tri-cone bits, a BFI range of 0 to 0.3 is typical, while for more aggressive PDC bits 0.2 to 0.5 (or 

higher) can be modelled. 

8.2 - Setup 

The Survey Corrections section of the Surveys Tab, is where the user can select the way they want 

to run the SAG correction. 

 

8.2.1 - Single 

Selecting Single allows the user to calculate a SAG correction based on a single inclination. 

• Inc: Inclination that the user requires SAG results for 

• DLS: Dogleg (°/30m or °/100ft depending on units selected). The program will use the dogleg 

to simulate hole curvature which affects the results. Zero represents a tangent. 

• TF: The Toolface of the motor bend during the survey (if the motor does not have a bend 

modelled in Engineering, this input will not have any effect on the calculation) 

 

 

8.2.2 - Inc Range 

Selecting Inc Range allows the user to calculate SAG over a range of inclinations 

• Inc Start: Initial Inclination 

• Inc Stop:  Final Inclination 

• Inc Step: Step change in inclination between the initial and final. A step change of 2.5° will 

calculate SAG every 2.5° between the selected range. 

• DLS: Dogleg (°/30m or °/100ft depending on units selected). The program will use the dogleg 

to simulate hole curvature which affects the results. Zero represents a tangent. 

• TF: The Toolface of the motor bend during the survey (if the motor does not have a bend 

modelled in Engineering, this input will not have any effect on the calculation) 
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8.2.3 - Surveys 

Selecting Surveys allows the user to calculate SAG on Actual Surveys, Well Plan Surveys or RAW 

Surveys, depending on what is selected 

• TF: The Toolface of the motor bend during the survey (if the motor does not have a bend 

modelled in Engineering, this input will not have any effect on the calculation) 

 

 

 

When Surveys is selected in BHA Analysis Calc, the calculation will run 

against whichever survey is selected in the Survey Selection.  

 

 

8.3 - Running the Calculation 

Once the user has completed all the required inputs the calculation can be run. To do this, select 

either the icon displayed below, or select Calculate - BHA Analysis and SAG Correction 

 

 

 

 

8.3.1 - Warning 

The BHA Tangential Point, is the point 

above the last stabiliser where the 

assembly touches the side of the hole. 

Anything above this point will be lying 

against the side of the hole and will 

therefore not be subjected to SAG. In this 

situation a warning box will appear. It is important to note that the tangential point changes 

depending on the curvature of the hole, and in some instances when running the calculation there 

will be some stations that will require correction and others that will not. Engineering runs through 

all of these calculations and assigns a 0° correction to those that do not. 
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8.3.2 - Dealing with Motor Bend Toolface 

If the motor bend is not being modelled in Engineering i.e. Bend angle is 0° in the motor component 

details, then it is possible to SAG correct all required stations in one go. If however, the motor bend 

is being modelled, then each station has to be SAG corrected individually, assigning the relevant 

Toolface for each survey. This is more labour intensive and therefore more susceptible to errors.  

When the bend is not being modelled, the addition of new stations has no effect on the historic 

corrections. This is not the case when modelling the bend. When a new survey station is added and 

the correction run, the program runs the correction against all of the previous stations using the 

assigned toolface. Since every station will likely have been measured on a different toolface, it is 

possible that the program may change some of the previous corrections based on the new toolface. 

For this reason it is important to carefully note the correction at each new station as it is calculated, 

and understand why you may see a difference when looking at earlier corrections.  
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8.3.3 - Output 

The following outputs are displayed in the BHA Analysis and SAG Results 

• Deflected Shape: Shows the deflected shape of the BHA. The blue dot represents the sensor 

position. Note that the displayed plot always represents the final station. 

• BHA Slope: Shows the slope of the BHA and relates to the correction. The blue dot 

represents the sensor position. The displayed plot always represents the final station. 

• MD: Measured Depth of Station. 

• Inc (Org): The uncorrected inclination. 

• Inc (Corr): The SAG corrected inclination. 

• Sag (Corr): The SAG correction to be applied to the uncorrected inclination.  

      Inc (Org) + Sag (Corr) = Inc (Corr) 

• Bit SF: Sideforce at the bit. 

• BUR: Predicted Rotary Build Rate. 

• WR: Predicted Rotary Walk Rate. 

• BUR (Slide): Predicted Build Rate Sliding. If the motor has a 0° bend, this column will not 

display. 

• WR: (Slide): Predicted Walk Rate Sliding. If the motor has a 0° bend, this column will not 

display. 

• Crit RPM:  The theoretical RPM that excites the natural frequency of the drill string. These 

RPM's should be avoided when rotating. 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTE: SAG corrections are always ADDED  

https://en.wikipedia.org/wiki/Natural_frequency
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When running the SAG calculation on RAW surveys, in addition to the BHA Analysis and SAG Results 

being generated, the Inc SAG and Delta Inc columns will be populated. These will be empty until the 

calculation has been run, at which point they will be populated. 

• Inc SAG: The SAG corrected inclination 

• Delta Inc: The SAG correction to be applied to the uncorrected inclination 

 

 

 

 

 

 

 

 

 

 

 

 

8.3.4 - Reports 

Once a calculation has been run, if required the user can generate a report. This can be 

done by either selecting the Report icon or by going to File - Print Reports. 

Select the BHA Analysis and SAG tab and select what is to be 

included in the report. It is possible to create the report as PDF or 

Excel. If Excel is selected, the BHA Deflected Shape and Slope 

Charts option will no longer be available. Then select File - Print. 

 

 


