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TIME AND DEPTH CORRECTION OF MWD AND 
WIRELINE MEASUREMENTS USING 

CORRELATION OF SURFACE AND DOWNHOLE 
MEASUREMENTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention is related to methods for determin 
ing a depth at Which measurements are made by a doWnhole 
assembly based on surface estimates of the depth and 
surface and doWnhole measurements. 

[0003] 2. Description of the Related Art 

[0004] In the rotary drilling of Wells such as hydrocarbon 
Wells, a drillbit located at the end of a drillstring is rotated 
so as to cause the bit to drill into the formation. The rate of 

penetration (ROP) depends upon the Weight on bit (WOB), 
the rotary speed of the drill and the formation and also the 
condition of the drillbit. The earliest prior art methods for 
measuring ROP Were based on monitoring the rate at Which 
the drillstring is loWered into the Well at the surface. 
HoWever because the drill string, Which is formed of steel 
pipes, is relatively long, the elasticity or compliance of the 
string can result in the actual ROP being different from the 
rate at Which the string is loWered into the hole. Conse 
quently, the depth of the bottomhole assembly (BHA) that 
includes the drillbit is different from that Which is estimated 
from surface measurements alone. 

[0005] The BHA typically includes several formation 
evaluation (FE) sensors that make measurements of forma 
tion properties. These include, for example, density, poros 
ity, resistivity, and seismic velocities. Similar measurements 
may also be made after the Well has been drilled by 
conveying logging instruments on a Wireline or coiled 
tubing. Determination of properties of the formation is based 
upon evaluation of a suite of logs that are properly aligned 
in depth. 

[0006] Due to their nature, all data from MWD tools are 
referenced to time, i.e. it is presumed to be knoWn When 
every measured value Was taken. For applications involving 
correlating different logs, it is necessary to knoW Where the 
measurement Was taken. To ?nd out Where it is necessary to 
knoW the Wellbore pro?le, i.e., the Wellbore location in 
space. The Wellbore pro?le may be determined using suit 
able survey instruments such as accelerometers and/or gyro 
scopes. 

[0007] It is also necessary to knoW the time-depth pro?le, 
i.e., Where (With respect to the Wellbore) the bit Was located 
at each moment of time. Using the Wellbore pro?le and the 
time-depth pro?led, it is possible to place MWD measure 
ments along the Wellbore and hence in space. 

[0008] The Wellbore and time-depth pro?les are knoWn 
only With some ?nite accuracy. This affects the accuracy of 
the ?nal logs. This is Well knoWn and there is much effort 
spent to ensure good quality surveys and depth measure 
ments. There is another problem that has a strong impact on 
the accuracy of the ?nal results. This problem arises due to 
the fact that the timestamps on MWD data come from the 
clocks in MWD tools, While surface measurements have 
timestamps from the surface computer clock. 
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[0009] If the tool clock does not produce the same time as 
the surface clock during the Whole run, then any attempt to 
use time-depth pro?les (Which are based on surface time) to 
convert from When to Where Will result in erroneous output. 
The error depends on hoW big this mismatch is, and due to 
the non linearity of the time-depth transformation even small 
time mismatches can result in noticeable changes to the logs 
(especially time-based logs). 

[0010] US. Pat. No. 6,837,105 to DiFoggio et al. discloses 
the use of a doWnhole atomic clock for maintaining syn 
chroniZation With a surface clock for seismic While drilling 
(SWD) applications. Atomic clocks based on an atomic 
transition of rubidium, cesium and/or hydrogen can have 
drifts as small as 3 us per day. This kind of accuracy is 
necessary for SWD applications Where errors of 1-2 ms in 
synchronization can be serious. For determination of a 
time-depth pro?le, as in the present invention, an accuracy 
3 us is not necessary. Even for a high rate of penetration 
(ROP) of 100 m/hr, an error of 1 second translates into a 
depth error of less than 3 cm; for loWer ROPs, the depth 
error is even smaller. Errors of the order of 3 cm can be 
tolerated in correlation of different logs. Given the high cost 
of atomic clocks and the possible damage that can occur to 
them in the harsh drilling environment, it Would be desirable 
to ?nd alternate methods of determining proper alignment of 
logs. 
[0011] US. Pat. No. 5,581,024 to Meyer et al. established 
proper alignment of logs use of a doWnhole computer and 
buffer storage Within a MWD doWnhole subassembly to 
process data from the response of a plurality of sensors of 
different type. Sensor measurements are made essentially 
simultaneously. First, the sensor responses are correlated to 
a common reference point and reference vertical resolution. 
This correlation is performed using doWnhole models of the 
sensor responses stored Within a doWnhole memory associ 
ated With a doWnhole processor. In one embodiment, 
response models are computed theoretically or are deter 
mined from sensor responses measured in test facilities With 
knoWn environmental conditions. These sensor response 
models are initially stored Within the doWnhole memory. As 
an alternate embodiment, sensor response models are cal 
culated While drilling using the doWnhole computer and 
sensor responses in portions of the borehole Where condi 
tions are knoWn. These models are then stored in the 
doWnhole memory and subsequently used for correlation in 
the portions of the borehole in Which conditions are 
unknown. The depth and resolution correlated sensor 
responses are then processed, using combination sensor 
response models stored Within the ?rst storage means along 
With doWnhole computing means to obtain logs of formation 
parameters of interest as a function of depth Within the 
borehole Which is preferably a depth reference point. 

[0012] The modeling is necessary in Meyer due to the fact 
that different sensors have different resolution in depth. This 
adds to the complexity of the problem that must be solved. 
It Would be desirable to have a relatively simple, inexpen 
sive and rugged apparatus and method for determining the 
depth of a tool in a borehole. The present invention satis?es 
this need. 

SUMMARY OF THE INVENTION 

[0013] One embodiment of the present invention is a 
method of determining a difference betWeen a ?rst clock at 
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a surface location and a second clock at a doWnhole location 
of a doWnhole assembly. First measurements of a ?rst 
parameter of the doWnhole assembly are made at the surface 
location and a ?rst time stamp is associated With the ?rst 
measurements. Second measurements, similar to the ?rst 
measurements, are made of the doWnhole assembly at the 
doWnhole location and a second time stamp is associated 
With the second measurements. The time difference is deter 
mined by matching a feature of the ?rst measurements With 
a corresponding feature of the second measurements. The 
?rst and second measurements may be a rotational speed of 
a drillstring, a torque measurement and/or a pressure mea 
surement. The determined time differences are used to 
correct formation evaluation and other doWnhole sensor 
measurements to a corrected time. 

[0014] Another embodiment of the present invention is a 
measurement While drilling (MWD) system that includes a 
?rst clock at a surface location and a second clock on a 

bottomhole assembly (BHA) at a doWnhole location in a 
borehole in an earth formation. The second clock may have 
a time difference relative to the ?rst clock. The system 
further includes a processor Which determines the time 
difference from ?rst measurements of a ?rst parameter of the 
MWD system at the surface location and second measure 
ments similar to the ?rst measurements at the doWnhole 
location. The time difference is obtained by matching a 
feature of the ?rst measurements With a corresponding 
feature of the second measurements. The ?rst and second 
measurements may be of rotational speed or torque. 

[0015] Another embodiment of the invention is a com 
puter readable medium for use With a measurement While 
drilling (MWD) system. The MWD system includes a ?rst 
clock at a surface location a second clock on a bottomhole 

assembly (BHA) at a doWnhole location in a borehole in an 
earth formation. The second clock has a time difference 
relative to the ?rst clock. The medium includes instructions 
Which enable determining the time difference from ?rst 
measurements of a ?rst parameter of the MWD system at the 
surface location and second measurements similar to the ?rst 
measurements at the doWnhole location. The determination 
is done by matching a feature of the ?rst measurements With 
a corresponding feature of the second measurements. The 
medium may be selected from the group consisting of (i) a 
ROM, (ii) an EPROM, (iii) an EAROM, (iv) a Flash 
Memory, and, (v) an Optical disk. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention is best understood With ref 
erence to the accompanying ?gures in Which like numerals 
refer to like elements and in Which: 

[0017] FIG. 1 (Prior Art) shoWs a schematic diagram of a 
drilling system having doWnhole sensor systems and accel 
erometers; 

[0018] FIGS. 2a and 2b are plots of surface measurements 
and doWnhole measurements of rotational speed at two 
different times of drilling; 

[0019] FIG. 3a is a plot of the time difference betWeen the 
surface and doWnhole rotational speed as a function of 
drilling time; 
[0020] FIG. 3b is a plot of the time difference betWeen 
surface and doWnhole torque measurements as a function of 
drilling time; 
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[0021] FIGS. 4a and 4b shoW the data of FIGS. 2a and 2b 
after correcting for the time shift; 

[0022] FIG. 5 shoWs the method of conversion of time 
based memory data to depth-based log; 

[0023] FIG. 6 shoWs the correction of misalignment 
betWeen FE measurements and drilling measurements using 
the determined time shift; 

[0024] FIG. 7 shoWs the determination of time since 
drilled; and 

[0025] FIG. 8 shoWs the errors in time based logs Without 
applying the time corrections. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] FIG. 1 shoWs a schematic diagram of an exem 
plary drilling system 10 having a doWnhole assembly con 
taining an acoustic sensor system and surface devices. This 
is a modi?cation (discussed beloW) of the device disclosed 
in US. Pat. No. 6,088,294 to Leggett et al. As shoWn, the 
system 10 includes a conventional derrick 11 erected on a 
derrick ?oor 12 Which supports a rotary table 14 that is 
rotated by a prime mover (not shoWn) at a desired rotational 
speed. A drill string 20 that includes a drill pipe section 22 
extends doWnWard from the rotary table 14 into a borehole 
26. A drill bit 50 attached to the drill string doWnhole end 
disintegrates the geological formations When it is rotated. 
The drill string 20 is coupled to a draWWorks 30 via a kelly 
joint 21, sWivel 28 and line 29 through a system of pulleys 
27. During drilling operations, the draWWorks 30 is operated 
to control the Weight on bit and the rate of penetration of the 
drill string 20 into the borehole 26. The operation of the 
draWWorks 30 is Well knoWn in the art and is thus not 
described in detail herein. 

[0027] During drilling operations a suitable drilling ?uid 
(commonly referred to in the art as “mud”) 31 from a mud 
pit 32 is circulated under pressure through the drill string 20 
by a mud pump 34. The drilling ?uid 31 passes from the mud 
pump 34 into the drill string 20 via a desurger 36, ?uid line 
38 and the kelly joint 21. The drilling ?uid is discharged at 
the borehole bottom 51 through an opening in the drill bit 50. 
The drilling ?uid circulates uphole through the annular 
space 27 betWeen the drill string 20 and the borehole 26 and 
is discharged into the mud pit 32 via a return line 35. 
Preferably, a variety of sensors (not shoWn) are appropri 
ately deployed on the surface according to knoWn methods 
in the art to provide information about various drilling 
related parameters, such as ?uid ?oW rate, Weight on bit, 
hook load, etc. 

[0028] A surface control unit 40 receives signals from the 
doWnhole sensors and devices via a sensor 43 placed in the 
?uid line 38 and processes such signals according to pro 
grammed instructions provided to the surface control unit. 
The surface control unit displays desired drilling parameters 
and other information on a display/monitor 42 Which infor 
mation is used by an operator to control the drilling opera 
tions. The surface control unit 40 contains a computer, 
memory for storing data, data recorder and other peripherals. 
The surface control unit 40 also includes models and pro 
cesses data according to programmed instructions and 
responds to user commands entered through a suitable 
means, such as a keyboard. The control unit 40 is preferably 
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adapted to activate alarms 44 When certain unsafe or unde 
sirable operating conditions occur. The surface control unit 
also includes a surface clock (not shoWn). 

[0029] Optionally, a drill motor or mud motor 55 coupled 
to the drill bit 50 via a drive shaft (not shoWn) disposed in 
a bearing assembly 57 rotates the drill bit 50 When the 
drilling ?uid 31 is passed through the mud motor 55 under 
pressure. The bearing assembly 57 supports the radial and 
axial forces of the drill bit 50, the doWnthrust of the drill 
motor 55 and the reactive upWard loading from the applied 
Weight on bit. A stabilizer 58 coupled to the bearing assem 
bly 57 acts as a centralizer for the loWermost portion of the 
mud motor assembly. 

[0030] The doWnhole subassembly 59 (also referred to as 
the bottomhole assembly or “BHA”), Which contains the 
various sensors and MWD devices to provide information 
about the formation and doWnhole drilling parameters and 
the mud motor, is coupled betWeen the drill bit 50 and the 
drill pipe 22. The doWnhole assembly 59 preferably is 
modular in construction, in that the various devices are 
interconnected sections so that the individual sections may 
be replaced When desired. 

[0031] Still referring to FIG. 1, the BHA also preferably 
contains sensors and devices in addition to the above 
described sensors. Such devices may include a device for 
measuring the formation resistivity near and/or in front of 
the drillbit 50, a gamma ray device for measuring the 
formation gamma ray intensity and devices for determining 
the inclination and azimuth of the drill string 20. The 
formation resistivity measuring device 64 is may be coupled 
above the loWer kick-off subassembly 62 that provides 
signals, from Which resistivity of the formation near or in 
front of the drill bit 50 is determined. A dual propagation 
resistivity device (“DPR”) having one or more pairs of 
transmitting antennae 66a and 66b spaced from one or more 
pairs of receiving antennae 68a and 68b may be used. 
Magnetic dipoles are employed Which operate in the 
medium frequency and loWer high frequency spectrum. In 
operation, the transmitted electromagnetic Waves are per 
turbed as they propagate through the formation surrounding 
the resistivity device 64. The receiving antennae 68a and 
68b detect the perturbed Waves. Formation resistivity is 
derived from the phase and amplitude of the detected 
signals. The detected signals are processed by a doWnhole 
circuit that is preferably placed in a housing above the mud 
motor 55 and transmitted to the surface control unit 40 using 
a suitable telemetry system 72. 

[0032] The inclinometer 74 and gamma ray device 76 are 
suitably placed along the resistivity measuring device 64 for 
respectively determining the inclination of the portion of the 
drill string near the drill bit 50 and the formation gamma ray 
intensity. Any suitable inclinometer and gamma ray device, 
hoWever, may be utilized for the purposes of this invention. 
In addition, an azimuth device (not shoWn), such as a 
magnetometer or a gyroscopic device, may be used to 
determine the drill string azimuth. Such devices are knoWn 
in the art and are, thus, not described in detail herein. In the 
above-described con?guration, the mud motor 55 transfers 
poWer to the drill bit 50 via one or more holloW shafts that 
run through the resistivity measuring device 64. The holloW 
shaft enables the drilling ?uid to pass from the mud motor 
55 to the drill bit 50. In an alternate embodiment of the drill 
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string 20, the mud motor 55 may be coupled beloW resis 
tivity measuring device 64 or at any other suitable place. 

[0033] The drill string 20 contains a modular sensor 
assembly, a motor assembly and kick-off subs. In a preferred 
embodiment, the sensor assembly includes a resistivity 
device, gamma ray device and inclinometer, all of Which are 
in a common housing betWeen the drill bit and the mud 
motor. Such prior art sensor assemblies Would be knoWn to 
those versed in the art and are not discussed further. 

[0034] The doWnhole assembly of the present invention 
includes a MWD section Which may contain a nuclear 
formation porosity measuring device, a nuclear density 
device and an acoustic sensor system placed above the mud 
motor 55 for providing information useful for evaluating and 
testing subsurface formations along borehole 26. The 
present invention may utilize any of the knoWn formation 
density devices. Any prior art density device using a gamma 
ray source may be used. In use, gamma rays emitted from 
the source enter the formation Where they interact With the 
formation and attenuate. The attenuation of the gamma rays 
is measured by a suitable detector from Which density of the 
formation is determined. 

[0035] The porosity measurement device preferably is the 
device generally disclosed in US. Pat. No. 5,144,126, Which 
is assigned to the assignee hereof and Which is incorporated 
herein by reference. This device employs a neutron emission 
source and a detector for measuring the resulting gamma 
rays. In use, high energy neutrons are emitted into the 
surrounding formation. A suitable detector measures the 
neutron energy delay due to interaction With hydrogen and 
atoms present in the formation. Other examples of nuclear 
logging devices are disclosed in US. Pat. Nos. 5,126,564 
and 5,083,124. 

[0036] The above-noted devices transmit data to the 
doWnhole telemetry system 72, Which in turn transmits the 
received data uphole to the surface control unit 40. The 
doWnhole telemetry also receives signals and data from the 
uphole control unit 40 and transmits such received signals 
and data to the appropriate doWnhole devices. The present 
invention preferably utilizes a mud pulse telemetry tech 
nique to communicate data from doWnhole sensors and 
devices during drilling operations. A transducer 43 placed in 
the mud supply line 38 detects the mud pulses responsive to 
the data transmitted by the doWnhole telemetry 72. Trans 
ducer 43 generates electrical signals in response to the mud 
pressure variations and transmits such signals via a conduc 
tor 45 to the surface control unit 40. Other telemetry 
techniques such electromagnetic and acoustic techniques or 
any other suitable technique may be utilized for the purposes 
of this invention. The BHA also includes a doWnhole 
processor and a doWnhole clock (not shoWn) at convenient 
locations. 

[0037] In operation, MWD data are collected and stored in 
the doWnhole memory during the run. The folloWing pro 
cedure has been commonly used in the past: 

[0038] 1. Synchronize all surface computers; 

[0039] 2. Before the run synchronize the tool clock to the 
surface computer; 

[0040] 3. Dump memory With the same computer after the 
run. During the dump procedure, the time of the surface 
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computer is compared to the time of the tool and a found 
mismatch is saved along With the memory data; 

[0041] 4. This saved mismatch is used during processing 
of memory data as a default value for time correction; and 

[0042] 5. The timestamps of memory data is shifter by the 
speci?ed value. 

[0043] Unfortunately this Way of “correcting” for a time 
mismatch does not provide a good correction, as the mis 
match is not constant during the run. This can be easily 
observed by plotting the same parameter measured on the 
surface and doWnhole. By measuring the same parameter 
With the same resolution at the surface and doWnhole, the 
problem of resolution matching discussed in Meyer is 
avoided. FIG. 2a shoWs the surface measured rotational 
speed in RPM 151 and the doWnhole measured rotational 
speed 153. As expected, the surface speed is quite uniform, 
but the doWnhole speed is someWhat irregular. The main 
cause for the irregularity is possible sticking and slipping of 
the drillstring inside the borehole. Torsional Waves travel 
quite fast in the drill string and We should see changes in the 
doWnhole RPM Within feW seconds after RPM is changed 
on the surface. Such a difference is noted, and is indicated 
by the time 155 With a value of approximately 80 seconds. 
An accurate estimate of this time difference may be readily 
obtained by performing a cross-correlation of the smoothed 
doWnhole curve With the surface curve 151. It should be 
noted that the use of surface and doWnhole measurements of 
RPM is for exemplary purposes only, and the method of the 
present invention is applicable for any tWo types of mea 
surements that are similar to each other. In this regard, the 
term “similar’ is intended to mean having matching features. 

[0044] FIG. 2b shoWs similar plots of surface rotational 
speed 151' and doWnhole rotational speed 153' later in the 
drilling of the same Well. The estimated time shift 155' is 
noW only around 40 seconds. Note the difference in time 
scales betWeen FIG. 21 and FIG. 2b. It is thus clear that the 
correction procedure outlined above Would not Work With a 
constant time shift. 

[0045] Turning noW to FIG. 3a, the results of using a time 
varying time shift based on a cross-correlation of the surface 
and doWnhole measurements of rotational speed from FIGS. 
2a, 2b are shoWn. The curve 201 is the determined time shift, 
203 is a linear ?t to 201 and 205 is the difference betWeen 
the determined time shift and the linear ?t Obviously there 
is some noise in the doWnhole measurements and therefore 
they should be approximated ?rst by a smooth curve before 
using them for time correction. As a ?rst approximation a 
linear time correction (linear time “stretching”) is a good 
approximation. In an alternate embodiment of the invention, 
different smoothing, such as a higher order polynomial may 
be used. FIG. 3b shoWs similar results for torque measure 
ments: 221 is the determined time shift betWeen surface 
torque measurements and doWnhole torque measurements 
While 223 is a linear ?t to 221. The results are similar to 
those in FIG. 3a. Another measurement that can be used is 
the pressure. For example, When a drill pipe is being added 
to the drillstring, the mud pump is turned off. It takes a 
determinable time for the resulting pressure change to 
propagate doWn the borehole and reach the BHA. Any time 
difference over and above the determinable time is attribut 
able to the clock. 

[0046] As Would be knoWn to those versed in the art, the 
surface rotary speed is determined largely by the speed of 
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the drive motor at the surface. The rotary speed doWnhole, 
on the other hand, is more affected by stick-slip effects and 
Will thus be more erratic. As long as there is no bit bounce 
at the bottom, a smoothing is appropriate. 

[0047] Turning noW to FIG. 4a, the results of shifting the 
doWnhole speed measurements of FIG. 2a (earlier in the 
drilling) based on the linear shift 203 of FIG. 3 are shoWn. 
The doWnhole speed 253 tracks the surface speed 251 quite 
Well. Similarly, FIG. 4b shoWs the results of shifting the 
doWnhole speed measurements of FIG. 2b (later in the 
drilling) based on the linear shift 203 of FIG. 3. As in FIG. 
4a, the time shifted doWnhole speed 253' matches the 
surface speed 251' quite Well. 

[0048] We next examine the effect of the time shift (of the 
order of one minute or so) on formation evaluation (FE) logs 
in depth. The FE logs are, as noted above, recorded in time 
and stored in a memory in the BHA. Referring to FIG. 5, an 
exemplary FE log 301 is shoWn. This is a function of time, 
and at a selected time such as 303, the FE log has a value of 
311. The time-depth pro?le from surface measurements is 
depicted by 305. In the example shoWn, there is a time 
period When the drillbit Was backed up from the bottom of 
the hole as seen in the negative slope of 305. At the time 303, 
the surface measurements Would indicate a depth of the 
drillbit denoted by 307. The FE sensor, Which is at a knoWn 
distance above the drillbit Would then be at the depth 309. 
The value 311 is assigned to the FE curve at depth 309 to 
give the point 313. Repeating this for other values 303 of the 
FE time produces the curve 321. 

[0049] Turning to FIG. 6, an exemplary FE log 351 
(density, for this example) is shoWn as a function of depth 
using the method of FIG. 5 and Without applying the time 
shift estimated from FIG. 3. Also shoWn in FIG. 6 are the 
Weight on bit (WOB) 355, the rotary speed (RPM) 357, and 
the ROP 359. The WOB, RPM and ROP all shoWn a layer 
at the depth interval denoted by 363 Which corresponds to a 
signi?cant change in drilling conditions. The drilling param 
eter logs have a scale chosen to make the comparison With 
the density logs clearer. The density change corresponding 
to this drilling change is shifted by about 6 ft. in the curve 
351 relative to the change in drilling conditions. The density 
change Was due to a shale stringer Within a sand layer. 

[0050] After applying the time shift to the FE-time curve 
and converting it to depth gives the curve 361. There is noW 
a good match betWeen the depth of the stringer seen on the 
density curve and the change in drilling conditions 363 due 
to the stringer. Similar observations may be made about a 
second stringer 365 that can be seen in FIG. 6. 

[0051] The mismatch is exacerbated if, as is common 
practice, FE logs are examined at the Wellsite in the form of 
time displays. The correction of the logs to a common time 
base is ?rst discussed With reference to FIG. 7. Suppose that 
an MWD data point is measured at some time tIn (403). 
Using the time-depth pro?le 409 one can ?nd depth of the 
bit dbit 405 at time tm. Formation evaluation (FE) sensors are 
some meters behind the bit. Subtracting sensor offset from 
dbit one Will ?nd the depth of the sensor d, 407 When 
measurement Was done. Using dS one can ?nd time tp 401 
When bit Was at this depth. Difference betWeen tm and tp 
(421) is called time since drilled (TSD) and is used to plot 
FE data alongside drilling data on time-based logs. Of 
course, the TSD value is not a constant during the run and 
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is computed for each data point. The FE log 411 is thus 
converted to 413. The results of this conversion of an FE log 
and a comparison With drilling logs in time is discussed next. 

[0052] ShoWn in FIG. 8 is the FE log displayed in time 
451 Without and With 453 the time shift. The curve 455 is the 
WOB, 457 is the drilling activity code, 459 is the RPM and 
459 is the ROP. Looking at the ?gure, it Would not be clear 
Whether the “spike”471 is a spike in the measurement due to 
noise (Which it is not), or Whether it is a lithology change 
(Which it is). 

[0053] It should be noted With respect to FIG. 6 that in the 
example shoWn, the ROP is highly correlated With the WOB. 
U.S. Pat. No. 6,769,407 to Dubinsky et al., having the same 
assignee as the present invention and the contents of Which 
are incorporated herein by reference, teaches a method of 
determining ROP from doWnhole accelerometer measure 
ments. Accordingly, the method of the present invention is 
not limited to correlating doWnhole RPM measurements 
With surface RPM measurements, and other doWnhole mea 
surements, such as ROP determined from accelerometer 
measurements may also be used. 

[0054] By using the method of the present invention, the 
FE sensor measurements in depth can be properly aligned 
With sensor measurements made With Wireline logging tools 
or With measurements made using sensors conveyed on a 

slickline. This greatly facilitates the interpretation of forma 
tion properties by having redundant measurements and/or 
additional measurements betWeen MWD, Wireline and slick 
line sensors. Slickline measurements have the same clock 
problems as MWD measurements since the doWnhole clock 
and sensors are isolated from the surface system and do not 
even have the limited telemetry capabilities of MWD sys 
tems. The proper alignment in depth of measurements made 
with different sensors at different times having possibly 
di?ferent resolution and different depths of investigation 
makes it possible to use the method disclosed in Us. Pat. 
No. 6,344,746 to Chunduru et al, having the same assignee 
as the present invention and the contents of Which are 
incorporated herein by reference. 

[0055] In some situations, di?ferent FE sensors may be at 
different parts of the BHA and have different time clocks 
with different drifts. The method described above provides 
a frameWork Which makes it possible to compare the FE 
sensor data not only With drilling data but also With each 
other. 

[0056] The processing of the data to apply the various 
corrections may be accomplished in Whole or in part by a 
doWnhole processor and in Whole or in part by a surface 
processor or a combination of a. Implicit in the control and 
processing of the data is the use of a computer program 
implemented on a suitable machine readable medium that 
enables the processor to perform the control and processing. 
The machine readable medium may include ROMs, 
EPROMs, EAROMs, Flash Memories and Optical disks. 

[0057] While the foregoing disclosure is directed to the 
preferred embodiments of the invention, various modi?ca 
tions Will be apparent to those skilled in the art. It is intended 
that all variations Within the scope and spirit of the appended 
claims be embraced by the foregoing disclosure. 
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What is claimed is: 
1. A method of determining a difference betWeen a ?rst 

clock at a surface location and a second clock at a doWnhole 
location of a doWnhole assembly, the method comprising: 

(a) making ?rst measurements of a ?rst parameter of the 
doWnhole assembly at the surface location and associ 
ating a ?rst time stamp With the ?rst measurements; 

(b) making second measurements, similar to the ?rst 
measurements, of the doWnhole assembly at the doWn 
hole location and associating a second time stamp With 
the second measurements; and 

(c) determining the time difference by matching a feature 
of the ?rst measurements With a corresponding feature 
of the second measurements. 

2. The method of claim 1 Wherein the doWnhole assembly 
comprises a bottomhole assembly (BHA) conveyed on a 
drillstring and the ?rst parameter is at least one of (i) a 
rotational speed of the drillstring, (ii) a torque, and, (iii) a 
pressure. 

3. The method of claim 2 Wherein the second measure 
ments comprise a measurements of at least one of (i) a 
rotational speed of the drillstring, (ii) a torque, and, (iii) a 
pressure. 

4. The method of claim 2 Wherein the second measure 
ments comprise a rate of penetration (ROP) of the drillstring. 

5. The method of claim 4 further comprising determining 
the ROP using accelerometer measurements. 

6. The method of claim 1 Wherein the matching further 
comprises performing a cross-correlation of the ?rst and 
second measurements 

7. The method of claim 1 further comprising determining 
the time difference at a plurality of drilling times. 

8. The method of claim 7 further comprising: 

(i) making measurements With a formation evaluation 
(FE) sensor of a property of the earth formation, the FE 
sensor being associated With the second clock; and 

(ii) converting the FE measurements to drilling depth 
using the determined time difference at the plurality of 
drilling times. 

9. The method of claim 8 further comprising: 

(i) making measurements With an additional FE sensor of 
an additional property of the earth formation, the addi 
tional FE sensor being associated With a third clock 
having an additional difference of time relative to the 
?rst clock; and 

(ii) converting the additional FE measurements to drilling 
depth using the additional time difference at the plu 
rality of drilling times. 

10. The method of claim 8 further comprising evaluating 
the earth formation by jointly processing the converted FE 
measurements in conjunction With measurements made 
using sensors on at least one of (i) a Wireline, and, (ii) a 
slickline. 

11. The method of claim 7 further comprising: 

(i) making measurements With a formation evaluation 
(FE) sensor of a property of the earth formation, the FE 
sensor being associated With the second clock; and 

(ii) converting the FE measurements to drilling time using 
the determined time difference at the plurality of drill 
ing times. 
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12. The method of claim 8 further comprising determining 
a lithology of an earth formation from the converted FE 
measurements. 

13. A measurement While drilling (MWD) system com 
prising: 

(a) a ?rst clock at a surface location; 

(b) a second clock on a bottomhole assembly (BHA) at a 
doWnhole location in a borehole in an earth formation, 
the second clock having a time difference relative to the 
?rst clock; and 

(c) a processor Which: 

(A) uses ?rst measurements of a ?rst parameter of the 
MWD system at the surface location and second 
measurements, similar to the ?rst measurements at 
the doWnhole location; and 

(B) determines the time difference by matching a 
feature of the ?rst measurements With a correspond 
ing feature of the second measurements. 

14. The system of claim 13 further comprising a drilling 
tubular Which conveys the BHA into the borehole. 

15. The system of claim 13 Wherein the ?rst parameter is 
at least one of (i) a rotational speed of a drillstring, (ii) a 
torque, and, (iii) a pressure. 

16. The system of claim 15 Wherein the second measure 
ments comprise at least one of (i) a rotational speed of the 
drillstring, (ii) a torque, and, (iii) a pressure. 

17. The system of claim 15 Wherein the second measure 
ments comprise a rate of penetration (ROP) of the drillstring. 

18. The system of claim 17 further comprising an accel 
erometer Which gives an output indicative of the ROP, 

Wherein the processor further determines the ROP using 
the output of the accelerometer. 

19. The system of claim 13 Wherein the processor per 
forms the matching by further performing a cross-correla 
tion of the ?rst and second measurements 

20. The system of claim 13 Wherein the processor further 
comprising determines the time difference at a plurality of 
drilling times. 
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21. The system of claim 20 further comprising a forma 
tion evaluation (FE) sensor Which makes measurements of a 
property of the earth formation, the FE sensor being asso 
ciated With the second clock, 

and Wherein the processor further converts the FE mea 
surements to drilling depth using the determined time 
difference at the plurality of drilling times. 

22. The system of claim 20 further comprising a forma 
tion evaluation (FE) Which makes measurements of a prop 
erty of the earth formation, the FE sensor being associated 
With the second clock 

and Wherein the processor further converts the FE mea 
surements to drilling time using the determined time 
difference at the plurality of drilling times. 

23. The system of claim 21 Wherein the processor further 
determines a lithology of an earth formation from the 
converted FE measurements. 

24. A computer readable medium for use With a measure 
ment While drilling (MWD) system, the MWD system 
comprising: 

(a) a ?rst clock at a surface location; and 

(b) a second clock on a bottomhole assembly (BHA) at a 
doWnhole location in a borehole in an earth formation, 
the second clock having a time difference relative to the 
?rst clock; 

the medium comprising instructions Which enable: 

determining from ?rst measurements of a ?rst parameter 
of the MWD system at the surface location and second 
measurements similar to the ?rst measurements at the 
doWnhole location, the time difference by matching a 
feature of the ?rst measurements With a corresponding 
feature of the second measurements. 

25. The medium of claim 24 Wherein the medium is 
selected from the group consisting of (i) a ROM, (ii) an 
EPROM, (iii) an EAROM, (iv) a Flash Memory, and, (v) an 
Optical disk. 


