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' METHOD FOR ESTIMATING ROCK PETROPHYSICAL PARAMETERS
USING TEMPERATURE MODIFIED NMR DATA

‘Field of the Invention:

~ The invention relates to a method for estimating rock
petrophysiCal parameters of underground rock formations in
oil and gas wells and[ more particularly, to a process for
utilizing temperature modified NMR data that yields~more
accurate petrophysical interpretations in~carbouate rocks.

BACKGROUND OF THE INVENTION

‘Nuclear Magnetlc Resonance (NMR) as a well logglng
technlque does not always yield useful results - Part of the
problem with NMR 1ogg1ng is a consequence of faulty-
assumptlons, particularly as they apply to carbonate rocks.

‘ Carbonates are partlcularly troublesome because great
variations in thelr pore sizes and organic materlals
distributed throughout the grains can cause misleading
results Conventlonal 1nterpretatlon of NMR measurements is
based on a number of potentlally faulty assumptlons, "to wit:

1) 1In addition to the bulk relaxatlon mechanism,
magnetlzatlon decays because water molecules diffuse to the
'surface of the graln where they experlence an enhanced
relaxation rate. This is assumed to be a result of their
j1nteractlon with local magnetic fields assoc1ated with ‘
paramagnetlc 1mpur1t1es in the grain.

2) The pore space 1s divided into separate pores that
: do not 1nteract w1th each other.

3) WithinAeach pore, magnetization is assumed to be-
uniform. The basis for the latter assumption is that
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pV,/D << 1, where D is the diffusion coefficient in the bulk
fluidL V, is the volume to surface ratio of the pore; and p
is the surface relaxivity. The characteristic decay time
constant ofispin—spin relaxation of any pore is then given

as:
1/T, = p/V, + 1/T, 4 (1)
where T, is the bulk relaxation time.

4) The magnetization decay can be represented -as an
integral of contributions of all such components due to:the_'
multitude of pores of different volﬁme to surface ratio. If
the probability density function of T, is g(T,), this integral
can then be reéqlved into the components represented by .g(T,)
by a number of established fitting procedures. 1In practice,
g(T,) is widely considered to represent the pore size

distribution.

The above assumptions are flawed in general and

particularly several of them do not hold for carbonate rocks.

The measured decay is not readily translatable to pore

sizes. (Assumption 4). Inverted T, distributions in grain-
supported carbonates are unimodal, whereas petrography
studies show them to be at least bimodal. Petrographs show'
that’ the grains are composed of micrite particles, which form
the intragranular por051ty "The juxtapositioning of pores of
diverse sizes, and the difquion of magnetic moments among
these pores, causes the breakdown of the relationship between -

T, and pore size. (Assumption 3).

- Most recently, we have discovered that NMR tests
performed on carbonate rock samples from Middle East oil
wells are temperature dependent The temperature
dependenCies are contrary to established beliefs for NMR
response in fluid- saturated rocks. The prior art was based
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on the supposition that there were no,significant temperature-
dependencies for the NMR response. Closer examination of
this work suggests that,these conclusions were valid only for
sandstone media. Data obtained for carbonate media were
simply inconsistent. Furthermore, a recent comparison of
laboratory core data with data obtained from logs taken in

the Middle East wells also shows inconsistencies.

The studies made in accordance with the present
invention confirm the prior art conclusion with respect to a
limited number of sandstone media. That 1is, the cnange‘in~

_response to temperature is weak or non-existent. However,
core samples taken from the Middle East wells cited in the
comparatlve data show a dependence on temperature Wthh is
con51stent with the observed dlscrepanc1es between laboratory

core data and log data.

The extent of the temperature dependence is very
significant for NMR logging interpretation. In particular;
‘the tradltlonal practlce of using an emplrlcally determlned ‘
"cut-off" in the relaxatlon time distribution becomes '
completely invalid unless extensive correctlons are made to

: correlatlons.obtalned at room temperature.

In the context of more advanced models:of NMR in
-water- saturated rocks, the data is explained onlysby a
’temperature dependence of the 1ntr1n51c nuclear magnetlc
relaxivity of the rock pore surfaces The 1nterpretatlon
- methodology recently proposed for dual por051ty carbonate~
rsystems of the type known as "peloidal grainstones" oxr
7"pe101da1 packstones" still delivers an expected length scale
for 1arge, intergranular pores, but fails to dellver a
" correct  length scale for mlcropores unless it 1s extended
. using a 1aboratory determlnatlon of relax1v1ty as a functlon.

of temperature
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Selecting a laboratory correlation approprlate for the
known geologlcal and mineralogical characteristics of the
sub—surface known a prlorl-from other data, or determined in
situ using other logging tools, it is possible to adapt the
interpretation of the .carbonate rock to account for the
temperature‘dependence. Thus adapted, the methodology
delivers length scales for both the intergranular pores and
“the mlcropores of the dual poros1ty systems common in ’
carbonate geology. Although the inferred 1ntergranular pore
lengthzscale should be affected only weakly by the
temperature effect disclosed herein, the micropore length '
scale will be affected strongly. Both of these length scales
are important in estimating transport properties such as
electrical conductivity and hydraulic permeability. The ,
latter is of considerable importance in evaluating subsurface
formatlons, because it determlnes how easy it is to produce
the hydrocarbons which may be present. The former is
important, because it affects the 1nterpretatlon of
associated res;st1v1ty 1logs.- The resistivity logs are a.
primary source of data for~est1mat1ng how much -hydrocarbons

may- be present,

- The present invention'contemplates tWo equivalent
‘methods for obtaining reliable NMR results for bound -fluid
and” free fluld in carbonate rock formations based upon
' adjustlng‘n data with respect to temperature. The rnvention»
also features a more advanced methoddlogy for aScertaininga
the rock petrophys1cal propertles, which methodology adapts
another appllcatlon to 1nclude the newly dlscovered

temperature dependence of relax1v1ty

SUMMARY OF THE INVENTION
The aspect of the invéntion closest to orthodoex

A‘practice, features two equivalent methods of achieving
reliable results for bound fluid and free fluid. Orthodox



WO 01/86322 ‘ PCT/US00/28665

practice relies implicitly upon the aforementioned -
assumptions of: (2) pore .independent; (4) additive
'magnetization decays. - The invention retains these
assumptions in the first method. The first method allows for
i~4an-expected variatipnmofmsurface.relaxivitywp.as,foundﬂ
.experlmentally in carbonate rocks, within the application of
Eq. 1 of Assumptioh'(3). The methods employ the conventional
T, distribution, which is generally regarded as equivalent to
a'poreésize distrihution, where each pore size "a" (strictly,
volume to surface ratio V/S) is associated with a particular
relaxatlon time T,, the proportlonallty being the surface
relax1v1ty, as in the equation now found in hundreds of
sources deallng with NMR logging:

1/T, = p S/V = pla (@)

~ Orthodox practlce is to determine by laboratory
experlments a so-called R 8 cut- off" or T,, which partltlons
the distribution 1nto small pores (con51dered to retaln fluid
’ 1n flows, hence the term "bound fluld“) -and larger pores
(whlch allow fluid to flow, called "free fluid"). ThlS
appears to have a certain validity in experlmehts conducted

at laboratory or room temperatures.

If however, o} must be con31dered to vary w1th
temperature, then. NMR logglng of downhole formatlons at
temperdture © results in the first instance in a T,
distribution approprlate to temperature @ which can be

.called gm’(Tgy In the orthodox interpretation parad;gm,
:each relaxation time T, correspohding to a pore size -

"a" is given by:

= p(@)T, .. (3
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" But the T, cut-off, T,, is determined at room
temperature RT. This corresponds to a critical pore size,
a,:

S — wr.,wa€w=mp(R¢wﬁ;d ()

which determines the partition between bound and free fluid.
'To make the traditional interpretation of T,
distributions, an analyst must now either (i) adjust T,

dlstrlbutlon g'® (1, to room temperature. before applylng n/

or (ii) adjust T to. borehole temperature @ before applylng
the conventlonal 1ntegrat10n to. yleld bound and free fluid
volumes. The procedures‘are equivalent, but the analysis
proceeds by slightly different routes.

:In the second more advanced method of  the 1nvent10n,
the~so—ca11ed "model—based,1nterpretatlons“, which are the
subject of the appllcatlon, Serial No. 08/932,141, filed.
September 16, 1997 (incorporated hereln by reference) are
subject to temperature modifications. These "model-based .
interpretations“ relate to the physics of diffusion in
typ1ca1 carbonate pore geometrles This second method
av01ds, in- partlcular, the aforementloned pore space
Assumptlon (2), v1z. that the pores act 1ndependently This
is now believed to be incorrect  for carbonates. The second
' method of the 1nventlon includes the temperature dependence
of the surface relaxivity, a numerlcal parameter appearing
explicitly in the_computatlonal models of the prior

application.

~ The first and second methods will be explalned in more
detall w1th reference ‘to the subsequent detailed descrlptlon
- . in the preferred embodlments '
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The temperature at any particuiar depth in the borehole
can be measured by a thermometer in the NMR tool, or ‘it may
be known from previous temperature measurements in the
borehole or other boreholes in the same field. The
- —“temperature  can-also-be-derived from-empirical relationships
relating temperature to depth in the oil or gas field in
which the NMR logging is taking place. .

It is.an object of this invention to provide a new
method of determining the bound fluid and free fluid in

carbonate rocks.

It is another object of the lnventlon to prov1de an
-1mproved method of using temperature adjusted NMR data to
determine the characteristics of carbonate rocks in model~-
based 1nterpretatlons which further 1mproves the estimates
- of petrophy51cal parameters by exp11c1t modelllng of
dlffu51on within the pore geometry of the rock.

BRIEF DESCRIPTION OF THE DRAWINGS

a complete understandlng of the present 1nventlon may be
obtained by reference to the accompanying draw1ngs, when
considered in conjunctron with the subsequent detalled

description, in which:

~ FIGURE 1 illustrates a schematic, in situ, sidegview.oﬁ'
'a typical down hole NMR instrument positioned in a bore hole
for making measurements of the surrounding formations, in

“accordance with this invention;

FIGURE 2 shows a flow diagram of the temperature
" adjusted NMR logging procedure of this invention;

FIGURE 3 111ustrates a flow dlagram of an alternate
' embodlment of the temperature adjusted NMR logglng procedure
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" of this invention;

FIGURE 4 shows a graph depicting how the T, distribution
is adjusted'for temperature utilizing the procedure shown in
FIGURE 2; and ‘

FIGURE 5 illustrates a graph depicting how the T,
dlstrlbutlon is’ adjusted for temperature utilizing the
procedure shown in FIGURE 3; '

FIGURE 6 deplcts a flow diagram of a more advanced
method of NMR 1ogg1ng which 111ustrates a temperature '

modified model of the prior appllcatlon teachlngs,

FIGURE 7 shows a graph of example relaxation data which
might be obtained_downhole; and

FIGURE 8 illustrates a graph,depieting,a smoethed curve
of hoise—free‘relaxatioﬁ data computed by the model-based ,
inversion procedure expressed in FIGURE 6, and based upon the
actual datatshown‘in FIGURE 7. ‘

DESCRIPTION OF THE PREFERRED EMBODIMENT

Generally spéaking, the invention reflects the discovery
that carbonate formations yield unreliable, down hole NMR
results. These results must be corrected for.temperature.

' The invention features two eguivalent methods for obtaining
rellable NMR results for bound fluid and free flUld in
carbonate rock formatlons based upon adjusting the T data

w1th respect to temperature.

4 Now referring to FIGURE 1, a tyﬁiéal NMR tool 13 is

.. shown. The NMR tool 13 isjdisposed within a borehole 10,
:'adjacent formatlons 11 and 12. The NMR :tool 13 is lowered
into the borehole 10 by a w1re11ne 8, which communlcates w1th
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surface . instrumentation 7. The face 14 of the tool is
des1gned to 1nt1mately contact the borehole surfaces. ‘A
‘retractable arm 15 is used for this purpose, and presses the
NMR tool 13 against the wall of the borehole. The tool

m—cemprlses -a- magnetle_array 17..and -an- -antenna-18,-which-are.—

used to create and measure the oscillating magnetic. fleld
characterlstlcs assoc1ated with NMR testlng Certaln aspects
of NMR testlng also require that the area of 1nvest1gatlon be
prepolarlzed which is accomplished by component 19 A more
detailed discussion of this tool and others.used for bore
hole NMR exploration, can be obtained by reference to United
States Patent No. 5,055,787. The NMR tool illustrated in
FIGURE 1 is excentered in the borehole, and has a sensing pad
' that is pushed egainst hhe formation, es shown. Other.NMR
tools can be centralized in the borehole,'sdch as the tool
described in US Patent No. 4,710,713. '

FIGURES 2 and 3‘iilu$trate, by means of respective‘flow
diagrams 100 and 200, the new temperature adjusted methods of
.the invention. The methods utlllze the common T,
distribution, which is generally regarded as equlvalent to a
pore-size dlstrlbutlon, in which each pore size "a"™

. (strlctly, volume to surface ratio v/S), 'is associated with a
partlcular relaxation time T,, the. proportionality béing the
surface relax1V1ty, as 1n the equation now found 1n hundred
of sources dealing w1th NMR 1ogg1ng. '

/T, = p S/V = pla (s

Conventlonal practlce 1s to determlne by laboratory
experlments a so-called "T, cut-off" or Toer Whlch partltlons
the dlstrlbutlon into small pores, considered to retain £fluid
“in flows (hence - "bound fluid") and larger pores, Wthh allow.
fluid to flow (hence "free fluid").
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' If, however, p is‘considered to vary with temperature,
.theﬁ NMRilogging df down hole formatipne at temperature ©
resulrs'in the first instance in a new T, distribution
appropriate:to temperature ©, which can be called g'® (T,).
" In the orthodox interpretation paradigm, each relaxation

time T, corresponding to a pore size "a" is given by:
a = p(@)T, (6):

But the T, cut-off, T,, is determlned at room
_ temperature RT. This corresponds to a crltlcal pore s1ze,

a,:

= p(RT)T, o T
which determines the partition between bound and free fluid.

. Tdimake the traditional'interpretation of T,
distributions, the anélyst now either (i) adjuets‘T2
distribution g'® (T,) to roem~temperatureAbefdre,applyinngk,
or (ii) adjusts T, to borehole temperature © before epplying 
the cohventional"integration to.yield bound and free fluid

~volumes.

To make the traditional 1nterpretatlon of T,
distributions, the new method of the 1nvent10n can either (1)
: adjﬁst the T, distribution g (T,) to ‘room temperature before

applylng Tyer O (ii) adjﬁst . to borehole temperature

® before applylng the conventlonal integration to vield bound
and free fluid volumes. These equlvalent.procedures are
illustrated in FIGUkES'z and 3, respectively, described in
greater detail hereinbelow. The only difference is whether. .
. the analyst chooses to present the general display of Tg data_

referenced to borehole temperature @ as shown in FIGURE 3;‘or
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to room temperature, as illustrated in the method shown in
FIGURE 2. ‘ ’

The method of EiGURE,Z (room temperature referencing) is
sgnsistént»withwtheggenEIicnpractigeﬁoﬁmpepﬁorming— L
"environmental corrections" to well log déta{ obtained by an
appropriate tool shown in FIGURE 1. The data is presented in
terms of what.wduid be expected, as if the meaéurement_had
been performed at rbom‘temperature, rather than at '

temperature @.

It is commonly assumed that p.is uniformAfhroughout.the',
rock pores. Making this simple assumption, and assuming that
the. quantity of fluid in pores of size "a" does not change
with temperatﬁre, the pore size can be related to T, at the
two temperatures by: ‘

a = p(RT)T,(a,RT) = p(@)T,(a,® . - (8)

On a lqgaxithmic scale of T, (as conventionally used)
this amounts to a shift in the curve for g® to obtain g™,
by a fixed distancellog (p(®) /p(RT)), where the ratio
P (@) /p(RT) can. be determinedvin'the laboratory. ‘This is the

method shown in FIGURE 2.

FIGURE 4 depicts a graph of free fluid vs. g(T,). . It
can be seen that referencing the data to room temperature
results in shifting the curve leftwardly from g@’ Cm)

to g™(T,) as a functibn of temperature correction.

Alternatively, the method of FIGURE 3 can be_ﬁéed to
adjust'Tu'for temperature; instead, because the critical pore
size a, dividing free from bound fluid stays the same.

Because of the difference in p, consider:
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c

a = p(RD)T, (RT) = p(0)T, (8) - )
or equivalently:
T,(8) = T,.(RT) [p(RT)/p(0)] S (10)

Again, on the conveutienal iog'T axis, this amounts to
a Shlft of the pos1tlon of T2c by an ‘amount of log
(p(RT)/p(@)), as shown in FIGURE 5.  Note that this is the
' same dlstance, .but in the opposite sense, to the shift
applied to g'® to obtain g™ of FIGURE 4 pursuant to: the
method of FIGURE 2. '

The methods of FIGURES 2 and 3 are mathematically
- equivalent. However, the method in FIGURE 2 references all
Qf the data to room temperature, which iS‘more'eonsistent
‘with traditional practices of'“environmehtal cbrreetipns" in
1o§_ana1ysis generally;AwhereaS'the method in FIGURE 3
references data to borehole'temperature. The method of
FIGURE 3 is slightly easier to explain, by reason of the
critical pore size a,; which remains almost unchanged, while
its aSsociated.relaxatien time varies according to any change

in relaxivity p.

Now referring once again to FIGURE 2, a flow chart 100
of this invention features correctlng the data in the
borehole for temperature varlatlon of. the relax1v1ty, p. The
'NMR tool 13 (FIGURE 1) is placed in the borehole, step 101.
The spin echoes of the NMR relaxatlon data are measured at
temperature 0, step 102. A. T dlstrlbutlon as it relates to .
'temperature ® is then obtained, step 103. 1In accordance with -

.the'lnvention, the T, dlstrlbutlon must then be temperature
corrected.with regard to env1ronmenta1 correction; step 104
~f~to obtain the temperature- corrected T, dlstrlbutlon, step
105r‘ The results -are then displayed and interpreted, step
'107. The data is then integrated over the T, distribution
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ranges, step 108, delimited by the T, cut-off, and the bound
fluid~vo1ume~and the free fluid ‘index 1is determiued{~step
'109. The integration step 108 uses the conventional input of
the T, cut-off 110 to'partition the T, distribution.” As with
—the-conventlonal,-prlor art method, other. well data 111 .may ..
be 1ntroduced at p01nt B, along with the measurement of
temperature @, step 112.

Now‘referring to FIGURE 3, depicting an alternate method
200 of this invention, relaxivity p is corrected for
temperature variation in the laboratory (i.e., at-room’
temperature (RT)). The NMR tool 10 is introduced into-the
borehole, step‘201. The relaxation data at temperature S 1s>
measured, step 202. The T, distribution is obtalned as it
relates to temperature ©, with no adjustment for temperature,
step 203. The T, cut-off. partltlonlng ‘the T, distribution
'determlned in the 1aboratory at room temperature RT, step ..
204, -is used in accordance with the invention to carry out
-the env1ronmental correctlon for temperature at the borehole
" temperature e, step 205. The new temperature corrected T
cut- off ‘is obtained, step 206. This data is then used to .
adjust the T, dlstrlbutlon for the 1ntegrat10n, step 207,
'lthus obtalnlng the bound £luid volume and the free fluid
index, step 208. ‘As with. conventlonal procedures, other well
data 209 can be introduced at point B, whlle measurlng the
‘temperature ©, step 210, which is used to adjust the T, cut~4
off,. steps 205 and 206. The T, dastrlbutlon at temperature e .
‘can ‘be dlsplayed step 211 for further analys1s. : '

. Referrlng to FIGURE 6, a flow dlagram 20 111ustrates the
‘nwre advanced procedure, used for NMR logging ut111z1ng the
“1ogg1ng tool 13, shown in FIGURE 1. The logglng,tool 13 is
lowered -into the borehole, step 322. NMR relaxation data is
obtained‘by the tool 13 without adjusting for temperature,
step 324. This data 1s typlcally very n01sy, as shown in
FIGURE 7. Other well data from the same borehole (block 344)-
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- can be combined with the temperature data at point B to
obtain aeeurate data for subsequent method steps (blocks 328,
330 and 332), respectively.

' The parameters diffusivity.D, ‘(block 330), bulk
relaxation T, (block 332) and relax1v1ty o (block 350) are
determined by laboratory studies, so that they are.assumed
known a priori in the flow diagrem of Figure 6.

The 1ogging tool 13 measures témperature, block 326, for
inclusion into the temperature.dependent.physical data of the‘
interpretation algorithm, steps'328, 330, and 332. The data
includes fluid or mineral material properties, step 328,
diffusivity, step 330, and bulk relaxation time, step 332.
This data is used to construct a model for the- NMR response
of atglven pore‘geometry in the rock formation, step 334f

In accordarce with the novel aspects of thisiinvention,
surfaee relaxivity, p, which is a preperty of the mineral
surface, is also used, step 350, to constrﬁcttthe model of
blcck.334. Until this invention, the relaxivity, p, was

never adjusted fer temperature shown via line 352.

Trial values for the Qeometrical,patameters of the rock
pores, step 336, are also used to construct the model 334.
Next, simulated relaxation data, step 338, is obtained from
the NMR model 334, and combined at point A with actual
measured NMR relaxation data, step 324. The combined data,
line 340 .is used to adjust the geometrical parameters, step
336, to. obtain the best fit. At that point, the simulated
relaxation data of step 338 is'a "best, least squares fit",
as shown by the smoothed curve in FIGURE 8. Best estimates
of the geometrical parameters are outputed in step'342;
These best estimates are then used to estimate rock
‘1petrophySica1 characteristics such as permeability, or
~~e1ectr:.ca1 res1st1v1ty
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Since other modifications and changes varied to fit
particular operatihg requirements énd envirqnments'wiil be
apparent to thoée skilled in the art, the inventioﬁ is not
- .considered limited.to the example chosen- for._purposes.of.
disclosure, and cpvérsmall chénges and modifications which do
not constitute departures from the true spirit and scbpe of
this invention. ' |

» Having thﬁs described the invention, what is'desired to
be protected by Letters Patent ig'presented in the
subsequently appended claims. '
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- What is claimed is:
1. A NMR logging system for obtaining accurate formation

characterlstlcs in a bore hole, comprising-

awformatlon problngwlnstrument having .means for
measuring NMR relaxation in formations down hole, said
‘instrument having additional temperature measuring means for
measurlng the temperature; ‘

recording means operatlvely connected to said formatlon
- problng instrument for recording data of down hole
measurements of relaxation, and temperature, and-

processing. means associated with said recording means
for adjustlng said relaxatlon measurements with respect to a
temperature difference between downhole temperature and room‘
temperature in order to. obtaln accurate’ formatlon

characteristics.

2. The NMR logging system in accordance w1th clalm 1,
wherein said formatlon problng instrument comprises a tool
with a sensor pad that 1s pressed against the formation.

3. . The NMR. logglng system in accordance with claim 1,
wherein said formation problng 1nstrument comprlses an NMR
tool adapted to be centered in the bore hole.

4. A 1ogg1ng method for obtalnlng accurate formatlon
characterlstlcs in a bore hole, compr1s1ng the steps ‘of:

(a) "obtaining NMR relaxation data down hole;

(b) adjustlng said obtalned NMR relaxation data w1th
'respect to a temperature dlfference between room temperature
and downhole temperature; and

(¢) utilizing said adjusted NMR relaxatlon data in

establlshlng‘formatlonAcharacterlstlcs.

5.  The 1ogg1ng method in accordance with claim 3, whereln o

said. formatlon comprlses carbonate rock.
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6. A NMR logging system for obtaining accurate fdrmation
characteristics in a bore hole, coﬁprising:

a formation probing instrument having means for
measuring NMR relaxation -in formations-down hole, .said- - .
instrument having additional tefiperature measuring means for
measuring the: temperature,

, process1ng means associated with said problng 1nstrument
for adjusting said relaxation measurements to downhole
temperature; and ' ‘ ,

recordlng means operatlvely connected to said - formatlon
probing 1nstrument for recordlng the adjusted data for .
providing accurate formation character;stlcs.

7. The NMR logging system in accordance w1th clalm 6
wherein said formation probing 1nstrument comprlses a tool
with a sensor pad that is pressed agalnst the formatlon

8. A logging method for obtaining accurate formatlon
'characterlstlcs in a bore hole, compr1s1ng the steps of
(a) obtaining NMR relaxation data down hole;
i} (b) adjustlng sald NMR relaxatlon data for downhole
. temperature; and :
(c) utilizing said NMR relaxation data of step (b) 1n
establishing formation characterlstlcs

9. The logglng method in accordance w1th clalm 8 whereln

sald formation comprlses carbonate ‘rock.

'10. A method for obtalnlng accurate formatlon .
‘characterlstlcs in a bore hole, comprlslng the steps of

a) obtalnlng NMR relaxation data down hole and obtalning

® (log T,) therefrom;

a T, dlstrlbutlon g'e
b) env1ronmentally correctlng sald T d;strlbutlon data
to obtain a T, distribution g* (log T), that is room

temperature referenced
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Q) determining bound fluid volume and free fluid index,
.dependent upon said relaxation data and said room temperature
referenced T, distribution;. and -
d) establishing formation characteristics dependent upon
saidWNMR—relaxationudata»andmeaid temperature referenced T,

distribution.

11. The‘method in accordance with ¢laim 10, the steps
further comprising: . ‘
t e) partitioning said T, distribution into bound fluid
.and. free fluid; and .

£) integrating said corrected T, distribution prior to

determining bound fluid volume and free fluid index.

'12. The method in accordance with claim 11, wherein said

1

formation comprises carbonate rock.

13. A method for obtaining accurate formation
characteristics in a bore hole, compriSing the steps of
.a) obtaining NMR relaxation data down hole;
b) obtaining‘a‘n‘distribution g'® (log T,) from said NMR_
relaxation. data,A
c) obtaining a T, cut- off referenced to borehole
‘temperature, ' .
d) integrating said T, distribution over ranges
" delimited by said temperature referenced T, cut-off; and
e) establishing formation characteristics, dependent upon
said adjusted NMR relaxation data

14. The methodAin accordanceiwith claim 13, the steps
further compriSing ‘

£) determining bound fluid volume and free fluid index,
dependent upon said relaxation data and said Tg_dietribution.

5. bThe method in accordance with claim 13, wherein said

-formation comprises carbonate rock.
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16. A method for obtaining accurate formation characteris-
tics in a bore hole, comprising the steps of:

(a) obtaining relaxatlon data downhole;
‘m—m<m~—(b) .constructing-a NMR .model..for.a. glven pore geometry
of a rock formatlon u51ng geometrical parameters of the rock
pores, and, inter alia, temperature dependent surface‘
relax1v1ty, ' '
. (c) obtalnlng s1mulated relaxation data obtalned from
the NMR model constructed in step (b);

(d) combining the NMR relaxation data of step (a) w1th
simulated relaxation data of step (c);

(e) adjusting the. geometrical parameters of the rock
‘pores to obtain a best flt, and A

(£) estlmatlng the rock  formation characterlstlcs based

upon the adjusted geometrical parameters of step (e).

17. The method in accordarice with claim 16, wherein the.
model construction step (b) includes the further step of:
(g) estimating temperature downhole. o

18. The method in accordance with claim 16, whereéin the
‘model construction step (b) includes the further step ofr

(g) measuring temperature downhole.

19. The method in accordance with claim 16, wherein the NMR
model constructlng step (b) includes the further step of:
" (h) using d;ffus1v1ty Doestlmated a priori.

‘20‘ " The method in accordance with claim 16, wherein the NMR
‘model constructlng step (b) includes the further step of:

(h) using bulk relaxation T, estimated a prlorlf

"21. Theimethod ih accordancé with claim 16 wherein‘the 'NMR
model constructlng step (b) includes the further step. of:
(h) using surface: relaxivity p estlmated a prlorl
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22. The method in accordance with claim 16, wherein the
model constructing step (b) includes the'furthér steps of:
(h) defivihg downhole temperature; ‘
t+)—estimating d~iffusrivit-y1-;}35-~—a—~pr-iori-;. [
(j) estimating bulk relaxation T, a priori; and

(k) estimating surface relaxivity p a priori.
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