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FORMATION EVALUATION -
USE OF WELL BORE MEASUREMENT
 
OF ELECTRICAL, NUCLEAR, ACOUSTIC, ETC, PROPERTIES OF ROCKS
 
TO FACILITATE
 

SUBSURFACE MAPPING
 

, DEFINITION OF LITHOLOGY
 
* LOCATION OF PRODUCTIVE ZONES
 
, DETERMINATION OF DEPTH AND THICKNESS OF FORMATIONS
 
, INTERPRETATION OF RESERVOIR CHARACTERISTICS AND
 

CONTENT
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PETROPHYSICS
 

ROCK TYPES
 

RESERVOIR ROCKS
 

POROSITY SYSTEMS
 
WATER AND HYDROCARBON SATURATIO'
 

PERMEABILITY
 

CAPILLARY PRESSURE
 

ELECTRICAL PROPERTIES
 
NUCLEAR PROPERTIES
 

ACOUSTICAL PROPERTIES
 



RUbU ITrn
 

ROCK CHEMISTRY CLASSIFICATION
 

SANDSTONES -- Si 02
 

INCLUDE SILT AND CHERT
 

LIMESTONE -- CA CO
3
 

INCLUDE CHALK
 

DOLOMITE -- CA MG (CO3)2
 

ANHYDRITE -- CA SO4
 

GYPSUM -- CA SO4 AND CRYSTALLINE WATER 
SHALE -- MIXTURE OF CLAY, SILT, AND SAND GRAINS 

MAIN TYPES OF CLAY
 

KAOLIN ITE 
ILLITE
 

BENTONITE
 

CLAY DISTRIBUTIONS
 

ALLOGENIC (DETRITAL ORIGIN)
 
AUTHIGENIC (DIAGENETIC ORIGIN)
 



SPWLA SHALY SAND 
REPRINT VOLUME
 
JI'LY 1932 

QUARTZ SIMPLIFIED SAND-SHALE CLAY MINERALS 
SAND-SIZE CLAYSIZE 

H SAND SHALE-
FLUID FLOW NO FLUID FLOW 

GRAIN SUPPORTED MUD SUPPORTED 

CLASTIC SEDIMENTARY ROCKS 
SEDIMENT SIZE 
 ROCK
 

GRAVEL 2 MM CONGLOMERATE
 
SAND 2-1/16 MM SANDSTONE 
SILT 1/16-1/256 MM SILTSTONE 
CLAY 1/256 MM SHALE 

NONCLASTIC SEDIMENTARY ROCKS 

PHYSICO-
ROCK 
 CHEMICAL ORGANIC SECONDARY
 

COAL 
 X 
ROCK SALT X 

GYPSUM x 
CHERT X X X 
LIMESTONE X X
 

DOLOMITE X RARE
 



--
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RESERVOIR ROCKS
 

NATURE - SOLID ROCK FRAMEWORK
 

PORE SPACE
 

HYDROCARBONS ARE FOUND IN
 
SEDIMENTARY ROCKS - SANDSTONESj LIMESTONES AND
 
DOLOMITES
 

ONLY RARELY INSHALES. IGNEOUS AND METAMORPHIC
 
ROCKS
 

SANDSTONES (CLASTICS)
 
QUARTZOSE --
LITTLE OR NO SHALE CONTENT --

STABLE MINERALS
 

GRAYWACKE -- DIRTY SANDSTONE --CONTAINS SHALE 

STABLE AND UNSTABLE MINERALS
 

ARKOSE --DEPOSITION NEAR SOURCE OF ROCKS 

GRANITE WASH
 

LIMESTONES
 
ACCRETIONARY --BIOTHERMS (REEFS) AND BIOSTROMS
 
CLASTIC -- FROM WEATHERED LIMESTONE LANDMASS 
CHEMICAL -- DIRECT PRECIPITATION 
DOLOMITE -- MOLECULAR REPLACEMENT OF CALCIUM BY 

MAGNESIUM 
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POROSITY SYSTEMS
 

ABSOLUTE POROSITY -- TOTAL PORE VOLUME -- RESISTIVITY 
TOOLS 

EFFECTIVE POROSITY -- INTERCONNECTED PORE VOLUME --
NEUTRON TOOLS 

PRIMARY POROSITY -- DEVELOPED DURING DEPOSITION, COMPAC-

TION AND CEMENTATION -- INTERGRANULAR POROSITY
 

DEPENDENT ON .-

GRAIN SHAPE AND ARRANGEMENT
 
ANGULARITY AND DISTRIBUTION OF PARTICLE SIZE
 
AMOUNT OF CLAY AND CEMENTATION
 

POROSITY INCREASES FOR
 
- SMALLER GRAIN SIZE AND GREATER ANGULARITY 
- DECREASE INRANGE OF PARTICLE SIZE 

POROSITY RANGE --10% TO 35%
 

TEND TO BE LOWER FOR DEEPER AND OLDER ROCKS --
DUE TO WEIGHT OF OVERBURDEN AND CEMENTATION 

SHALES FOLLOW SAME TREND EXCEPT WITH LOWER 
POROSITIES 



POROSITY 	SYSTEMS - CONT,
 

SECONDARY POROSITY
 

PORE SPACE DEVELOPED AFTER DEPOSITION AND COMPACTION
 
BY LEACHING OR FRACT'-RING
 

FORMS --	VUGULAR PORE OPENINGS
 

SOLUTION CAVITIES
 

FRACTURES
 

DOLOMITIZATION OF LIMESTONE CAN CAUSE MINERAL
 
SHRINKAGE OF 12%
 

Isolated (Nonetiective) 

porosty3%Total 
porosity 32% 

_-Ga-nConnected 	 (Elective) 

4 Porosity 29%/ 
E Cement 

Effective, noneflective, and total porosity 

OGGI - BASIC PETROLEUM GEOLOGY - LINK 



FROM CHOQUETTE AND PRAY,
 
1970 PERMISSION TO PUBLISH
 
AAPG
 

BASIC POROSITY TYPES 

FABRIC SELECTIVE f NOT FABRIC SELECTIVE-] 

INTERPARTIC.E BP 

FRACTURE FRINTRAPARTICLE wp 

INTERCRYSTAL 
 jc 
 CHANNEL* CH
 

MOLDIC Nio 
 VUG* VUG 

i FENESTRAL FE 

CAVERNSH 


G R OWTH- GF 


SHELTER 


oc q. q,o ptil 10mon* j o,Io'g4 po,I ot 
FRAM EWORK ~,*e 

FABRIC SELECTIVE OR NOT
 

BRECCIA BORING BURROW
[u f SRINKAGE
BIR - e. 80 BU . jSK
 

CV 



9 Porous weathered/Eroded limestone 

Weathered zone 

Unweatrere zone 

Weathering and limestone porosity 

-PROGR',S/ve SOLUTION 

INITIAL MOLD SOLUTION - ENLARGED VUG 

STATE (MO) MOLD (sx- MO) (VUG) 

P4Rr/,4_ IN,"71-.. 

MATRIX 

REDUCED REDUCED REDUCED
 
PORE MOLD SOLUTION ENLARGED VUG


(r - kO) MOLD (rx- MO) (r-VUG)
 

CEMENT 

FILLED FILLED FILLED 
MOLD SOLUTKOi - ENLARGED VUG

(f- o) MOLD (fsx-MO) (f -VU) 

Mo.dic porosity evol,tion. From Choquette and Pray, 1970 Permission to pubbsh by AAPG, 

OGCI - BASIC PETROLEUM GEOLOGY - LINK
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PORE SPACE SATURATIONS 

ROCK PORES ARE FULL OF FLUIDS - WATER., OIL OR GAS 

OVER 99% OF POROUS RESERVOIRS CONTAIN 100% WATER 

IFYOU CAN'T CALCULATE 100% WATER IN A WATER ZONE -

STOP
 

Sand grains 
O Connate water 

Low permeability High permeability 
pore channel pore channel 

Original oil and water saturations in pore! space at equilibrium. 
(Courte.)y JOURNAL OF PETHM.OIJ n",' i i0i JI... 



PERMEABILITY -

ABILITY OF ROCK TO PERMIT FLOW OF FLUIDS
 

PRESENCE OF POROSITY ISNOT ENOUGH - MUST ALSO HAVE
 
PERMEABILITY
 

CONTROLLING FACTORS
 
SIZE OF PORES NEAR GRAIN CONTACT POINTS
 
AVERAGE GRAIN SIZE
 
AMOUNT AND DISTRIBUTION OF SHALE
 

TYPE OF CLAY
 
TYPE AND AMOUNT OF SECONDARY POROSITY
 

ABSOLUTE PERMEABILITY -- K 

EFFECTIVE PERMEABILITY -- KF 

RELATIVE PERMEABILITY -- [r/K 
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Connote water., 

Gas I -- o-Oil out 

Sand Grin 

Natural displacernerit o/(Courtesy JOU.NAL oil by gas in a single pore channel.OF PTROLEUm TECHOLOCY-IWue, 1958.) 

Watelr In 
 xl oii11out
ou
 

Sand Gan 

Naural displacemea 
(Courtesy JOURNAL 

o/ oil by waler in a single pore channel.oF"PErOLEUM .npene
T cHNOLO. 1958.) 
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Residual oil 

Gas ir 

•Cas dLsplarce oil first from high permeaUity pore channels.Residual oil occurs in lower permeability pore ctanets. (Courtesy
JOL'NAL OF PETROLIM 'EC,NoocLO -un.e, 1958.) 

A 

•Capillaryforces coutse w ter to move alead jaster in lowpermeability pore channel (A) whten water is moving slowthrough high permeabilitypore channel (B). (CoLrtesy
JOURNAL OF PETROLEUM TECHNOLOcY-lune, 1958.) 
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" oil out+! 


~ i u~~Water in ~ 

thread ol oil gets smaller, interlacialtension increases in the 
As 

and B, where film subsequenily breaks. 
film at restricted Points A 

OF PETROLEUM TEcHNOLOGY-une, 1958.)
(Courtesy JOURNAL 

2 
......Woter oui 

Water in 

Residual oil 

Water drive leaves residual oil in sand because surface fdns 

break at restrictions in sand pore channels. (Courtesy JOURNAL 
1958.)TECHNOLOGY--une,OF PETROLEUM 

Water saturation
 
builds up at
 

this point
 

a:S+nd Grains;l: 

move out and water 
Capillary pressuregradient catses oil to 

to move into a dead-end pore channel when sand is walerwet. 

PETROLEUM TEcnNOiOGY-June, 1958.)
(Courtesy JOURNAL OF 
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ROCK ELECTRICAL PROPERTIES 


-- F= RoFORMATION FACTOR 


Figure 2
 

Insulator Core
 

1 = 1 + _ 	 R -- RESISTANCE, OHMS 
0 -- TOTAL SYSTEMRR 

S -- ROCK MATRIX 

W -- WATER
 

SINCE RS =
 

R0 R= W 

RESISTIVITY -- R 

R L OR P 

SUBSTITUTION ABOVE
 

Figure 3
 
Rock Resistance Circuit
THUS 


VOL,= = LKVORE 
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FORMATION FACTOR - CONT, 

RELATING THE IDEAL SYSTEM TO ACTUAL ROCK SYSTEMS
 
GIVES
 

F = Ro =A
 

Ro -- ROCK RESISTIVITY WHEN Sw = 100%
 

Rw-- RESISTIVITY OF SATURATING WATER
 

A -- CONSTANT
 

M -- CEMENTATION FACTOR
 

rRUCK
PHYSICAL PROPERTIES

M = F- GRAM SIZE 

CEMENTAT ION 

WIDELY USED MODEL
 

F .62 CLEAN SANDSTONES (HUMBLE) 

F = CLEAN LIMESTONES (ARCHIE) 



FORMATION FACTOR - CONT.
 

CAROTHERS STUDY (LOG ANALYST, SEPT, 
- OCT., 1968)
 

LABORATOR'.' MEASUREMENTS ON 793 SS SAMPLES AND
 
188 CARBONATES COVERING VARIOUS AGES, FORMATIONS
 
AND AREAS IN USA 

F = 1,45 SANDSTONES
 

F = -0.85 LIMESTONES 

CAROTHERS AND PORTER STUDY (SPWLA TRANS, 1970)
 

DENSITY LOG AND RESISTIVITY LOG MEASIIREMENTS
 

F = 2,L15 PLIOCENE SS IN SOUTHERN CALIFORNIA 

F = 1.97 _ MIOCENE SS INTEXAS - LA 
0/.2 GULF COAST 
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:ORMATION FACTOR - CONT,
 

WHAT DO THE F VS ] STUDIES SHOW? 

LITTLE AGREEMENT WITH EACH OTHER OR WITH HUMBLE
 
MODEL
 

ANY F VS 2 RELATIONSHIP MAY NOT PERTAIN TO MANY
 
RESERVOIRS
 

WIDE APPLICATION OF A F VS 2'RELATIOISHIP CAN
 
CAUSE ERRORS OF 10 TO 20% OR MORE
 

MOST MODELS WERE DEVELOPED FOR CLEAN ROCKS (LESS
 

THAN 10% SHALE) HAVING PRIMARY POROSITY
 

SHALES TEND TO INCREASE Ro AND DECREASE RT
 



M_MT F = _ _ __l 

FORMATION FACTOR VERSUS POROSITY 

FORMATION FACTOR VERSU-S POROSITY 

510 

------ --*-------------"'-.-"L_,C----------.'-_- "-- -'_. - - -- C- .T­

. .. .. FOR.ATION.ACTOR 

5._5. Q 20: 200 Po 2.--_0 10_ 200 500 10. 

~ or FR=08F 

F,, FORMATION FACTOR 

RECaOMMENDED 

For Soft Formations: 

For Hard Formations: 

For Low-cf Carbonates (not fractured): 

F,.O RELATIONS 

Himble Formula: F,,= 0.62 /02.15 

or F, = 0.81 /02. 

F, = 1/ ' with appropriate 
cementation factor, m. 
Shell Formula: F,= 1/0' 
m = 1.87 + 0.0191 

Por-1 
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FORMATION FACTOR - CONT. 

LABORATORY DETERMINATION 

E = RI = L R I OHM'S LAW 

USE STATISTICAL SAMPLE OF CORE PLUGS 
SATURATE EACH PLUG 100% WITH BRINE OF RESISTIVITY Rw 

MEASURE E, L, A, I, .e AND COMPUTE Ro, THEN 

R W_ F = A_ 

LOGR o = LOG A - M LOG I'+ LOG RW 

PLOT LOG RQ VS LOG &'TO DETERMINE m (SLOPE) OF THE LINEAR 
PLOT, THEN SELECT ANY POINT ON PLOT AND COMPUTE A, 
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FORMATION FACTOR - CONT.
 

DETERMINATION FROM LOG DATA
 

LET R = I OR R 
= IR = FRwI 

0
 

OR RT = A- Rw I
 

LOG RT = LOG A - M LOG 9 + LOG RW + LOG 
I
 

FOR Sw 100% Ro ANDI
RT 	 = 1,0 

THUS 	LOGR o = LOG A -+ -M 	 LOG LOG RW 

PICKETT (SPE 1966) 

OVER INTERVAL OF INTEREST READ POROSITIES FROM A POROSITY
 
LOG AND CORRESPONDING RESISTIVITIES FROM A RESISTIVITY
 
LOG
 

PLOT 	Z'APPT, VS RT APPTI 
 ON LOG- LOG GRAPH
 

DRAW A LINEAR LINE THROUGH DATA FOR I= 1,0, S
w = 100% 
Ro LINE. 
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FORMATION FACTOR - CONT.
 

METHOD ASSUMES
 
FORMATION INTERVAL OF SINGLE LITHOLOGY
 
PORTIONS OF INTERVAL CONTAIN S.= 
 100%
 

INTERVAL AND Ro LINE HAVE SAME M,RW, A AND I
 

NOTE THAT INPICKETT METHOD THE SLOPE OF THE R
o LINE IS
 
M 

IFTHE Ro LINE ISEXTRAPOLATED TO . = 100%
 

F = = = A =
Ro A 1.0
 

OR
 
R0 A RW
 

IFRW CAN BE OBTAINED FROM AN INDEPENDENT SOURCE, SOLVE 
FOR "A"OTHERWISE GET R.= Ro @ = 100% AND "A"= 1.0 
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THE LOG ANALYST SEPT, - OCT,, 1968 

A STATISTICAL STUDYOF THE FORMATION FACTOR RELATION 

by 
JAMES E. CAROTHERSPhillips Petroleum Co., Bartlesville, Oklahoma 

' 

• 

, 

" 

- ~ 

:,AGE: 

: 

LITHOLOGY: Sandstone 
4 HiAl.I AIll 

FORMATION: All 

fI}AREA: All
*-DataPoint (793 samples) 
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ELECTRICAL PROPERTIES
 

WATER SATURATION
 

CONSIDER A TWO-PHASE SYSTEM WHERE HYDROCARBONS ARE
 
PRESENT INTHE PORES WITH WATER
 

Sand groins 

Oil onnte water 

* ., 

Low permeability High permeability 
pore channel pore channel 

Orig:'na oil antd water saturalions in pore space at equitibrium.
(Courtesy JOURNl . O0" PETROLEum TECHNOIOcG-June, 1958.) 

rr 
 Figure 6
I IRock 
 Circuit with
 
Oil and Water
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WATER SATURATION - CONT.
 

1 - 1 + 1 + 
RT Rw RHC Rs
 

OR RT = Rw 

WHERE
 

RW = RW L AND RT = RT L 

THUS
 

RT L RW L 

FOR IDEAL SYSTEM F AND 

RT =F OR-w -

SW = F RW FOR IDEAL SYSTEM
 
T 
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WATER SATURATION - CONT,
 

ARCHIE (TRANS, AIME 1942) DETERMINED EXPERIMENTA.LY
 
THAT A BETTER MODEL FOR CLEAN ROCKS WAS
 

sW-C' ­(R7 i/


"N" ISTHE SATURATION EXPONENT AND DEPENDS ON
 

'WETTING MECHANISM 
'SURFACE AREA
 

TORTUOSITY
 

ETC.
 

VALUES OF "N"
 

CLEAN ROCKS 
 N o 2.0 
MODERATELY SHALY ROCKS 
 N 1,7 TO 1.9
 
VERY SHALY ROCKS N 1,5 TO 17
 

http:EXPERIMENTA.LY


--

ELECTRICAL PROPERTIES
 

FORMATION WATERS
 

ELECTRIC CURRENT FLOW IN 


METALLIC CONDUCTOR BY ELECTRON FLOW
 
AQUEOUS SOLUTION BY MOVEMENT OF IONS
 

ROCK CONDUCTIVITY ISAFFECTED BY
 

POROSITY
 

WATER SATURATION
 
PPM SALTS INWATER 

SALT COMPOSITION 

TEMPERATURE 

SHALE CONTENT 
MINERAL CONTENT OF ROCK (CONDUCTIVE SOLIDS -

PYRITE AND SULFIDE ORES)
 

TEMPERATURE EFFECTS ON RESISTIVITY
 
METALLIC CONDUCTIVITY -- /AS TEMPERATURE
 

WATER CONDUCTIVITY 
 -- /AS TEMPERATURE / 
(AS T P, w/, ION MOVEMENT /, DRAG I) 
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Figure 8 

VARIATION IN VISCOSITY AND 

RESISTIVITY WITH TEMPERATURE 
(FOR 5000 PPM SOLUTION) .. 

RESISTIVITY 

VISCOSITY-­

. . ,, , . ( I! I .II , 

50 100 ISO 
TEMPERATURE" F 



FIGURE 9
 

WENvTRA PH 
rio
 

RESISTIVITY201FOR~ ORAPIHKjaCl . 11~~ 4 ~t 
SOLUTIONS 

4)Ail,1i, 

,-4
 

-4-, 

To A" I 4 

if C 

ifit 
--4 

o CHm 0 

GA aso-2 o. OD O 2 3t .01 .0 .03 .04 .03 .06 .09 0. .1 ,o 

IL RESITIVITY OF SOLUTION (OHM-METER) 

Example: R,. is 1.2 at 75"F (point A on chart). Follow trend of slanting lines (constant salinities) to find R, at other 
temperatures; for example, at Formation Temperature (FT) =--
160"F (point B) read R. = 9.56. The conversion shown 
in this chart is approximated by the Arps formula: Rv-r = R7..-X (750 + 7)/(FT (in 'F) 4- 7). 



RESISTIVITY NOMOGRAPH FOR NaCI SOLUTIONS 

R 
(11.01M) W~ 

OF oC
 
50 10 .02
 

Conversion approximated by: /kg Grins/g .0
 
60or T0 .7 Q24t 1.03
k ppm or 750 F
 

70 2020 R2Rl I6.77.'"+67"/)(Arps);° 300
R -OF 17500 .04-O-100.05 
R2 ,(200 13000.0 

10000 .06
 
80 30 or 100
 

so -- b000 
2 1'590- 30 R2=Rj(!i-+ 

) o-,
.08 

Tt + 21.5 c 0.10060_ 400040.--30 0.1 
I00. 40 • 

100 
40 3-2030 "2000 

020 .
100 

6060 500 .4 
6 400 .5 

?50 .6 
4 

80 3 20- -. 8
 
200 
 21.0 

200 :-00 
100 

250 120 40
50 2 
.6 3
 

14 0 
 .4 -­
300 20 4 

-160 5 

:180 . S6 

400 "-"200 ©) Schlumberger 8 

-220 

240 
500 -260 20 

20 

Gen-9 

http:O-100.05
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FORMATION WATERS - CONT,
 

SALINITY AND RESISTIVITY OF
 
SOME SOLUTIONS a 700 F
 

SOLUTION 
 PPM SALT RESISTIVITY, OHM M
 

SEA WATER 
 30,000 TO 35,000 0.2
 
SATURATED SALT 
 250,000 0.04
 
WATER
 
ROTABLE WATER 
 500 
 10
 
FRESH WATER BASE 
 1,000 To 7,000 1 TO 5
 
MUD FILTRATE
 

SALT BASE MUD 
 75,000
 
FILTRATE
 

OIL AND GAS 1 x 106
 

WATER CONDUCTIVITY DUE TO IONIZED SALTS
 

MOSTLY -- NA AND CL 

ALSO -- K+ ++, HCO 3, CA
 MG++ C0
3
 
AND SO4 

­
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FORMATION WATERS - CONT,
 

DETERMINATION OF RW
 
LABORATORY FROM REPRESENTATIVE SAMPLE
 

'SP LOG
 

* RWA LOG
 

RWA - SP PLOTS
 
RESISTIVITY - POROSITY PLOTS
 

, 	Rxo AND RT
 

WATER CATALOGS
 
*CHEMICAL COMPOSITION (CONVERT TO EPUIVALENT NACL)
 

WATER SAMPLES
 

USEFUL (POSSIBLY)
 

PUMPING WELL WITH HIGH WOR
 
* 	FLOWING WELL WITH HIGH WOR 
*DRILL STEM TEST
 

NOT USEFUL 
,FLOWING WELL WITH HIGH GOR
 
' DISTILLATE WELL
 
,GAS WELL
 

* 	WELL a LEAKY CASING 
* 	TANK BOTTOMS 



RESISTIVITIES OF SOLUTIONS2 
34! 

Actual resistivity measurements are always to be preferred, but, if necessary, the resistivity of awater sample can be estimated from its chemical analysis. An equivalent NaCI concentration deter­mined by use of the chart below is entered into Gen-9 to estimate the resistivity of the sample.The chart isentered n obscissa with the total solids concentration of the sample in ppm (mg/kg) tofind weighting multipliers for the various ions present. The concentration of each ion is multiplied by itsweighting multiplier and the products for all ions are summed to get equivalent NaCI concentration.Concentrations are expressed in ppm or mg/kg, both by weight. These units are numerically equal. 

EXAMPLE 

A formation-water-sample analysis snows 460 ppm Ca, 1400 ppm SO4, and 19,000 ppm
Na plus Cl. 

Total solids concentration is 460 + 1400 + 19,000 = 20,860 ppm. 
Entering the chart below with this total solids concentration, we find 0.81 as the Ca mul­tiplier and 0.45 as the SO, multiplier. Multiplying the concentrations by the corresponding

multipliers, the equivalent NaCI concentration isfound as approximately: 
460 X 0.81 + 1400 X 0,45 + 19,000 X 1 - 20,00 ppm.


Entering the NaCI Resislivity.Salinity nomograph (Gen-9) with 20,000 ppm and 750 F (24°C), the

resistivity is found to be 0.3 at 75°F.
 

Li(2.5)* OH(', 5)* 
2.0 2.0 

t- 9,--T- ,-. . . . -: ., . . . ._ _ . 

B .4 _ . .. ... . . ) ... .... 

N aCO -­ 1.0 

--- -- L~'IT cimbre r I 

Br.. C0-- ) C ... -0 -H 
7- €o sr ' ...-... .. .. ... Hco,_ -

K 
7 

L-(- hl u m b erg e r .-- " .-. -C , - - - -­

_ _ _ _ _ ..... . _- __ _,: -i-L . .... 

10 20 50 100 200 500 1k 2k 5k iOk 20k 50k K)Ok WOk 

Total Solids Concentration, ppm mg/kgor 

Gen-8*MulplierG en-3 which do P vary apprecably for low cocniations (;vuobovi 10,000 ppo") are thon at the, left rrirgin of the chart. than 
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ELECTRICAL PROPERTIES - CONT,
 

NATURE OF ROCK AND RESISTIVITY
 

ROCK MATRICES CONTRIBUTE INDIRECTLY TO CONDUCTIVITY
 
THROUGH
 

AMOUNT OF POROSITY
 

PRESENCE OF HYDROCARBONS
 

WETTABILITY
 

INTERNAL FEATURES OF PORES
 

TORTUOSITY
 

PRESENCE OF SHALES
 
PRESENCE OF CONDUCTIVE SOLIDS (PYRITE AND
 
SULFIDE ORES, RARE INSEDIMENTARY ROCKS)
 

CLAYS INSHALES
 

' ABSORB WATER AND BECOME CONDUCTIVE
 
POSITIVE IONS MOVE ABOUT SURFACES OF CLAY
 
PARTICLES
 

,NEGATIVE IONS ATTRACT POSITIVE IONS AND RESTRICT
 
THEIR MOVEMENT
 

, EVEN LITTLE MOVEMENT OF POSITIVE IONS CONTRIBUTES
 
TO CONDUCTIVITY
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ELECTRICAL PROPERTIES - CONT,
 

WATER ABSORPTION BY CLAYS INSHALES ISAFFECTED BY
 
SALINITY OF WATER
 

FOR PPM < 70,000 ION DISSOLL'hION ISIMPORTANT 

FOR PPM > 70,000 EFFECTS OF CLAYS ON CONDUCTIVITY
 
ISINCONSEQUENTIAL
 

EFFECT OF CLAY UPON CONDUCTIVITY DEPENDS ON
 

AMOUNT OF CLAY 

AMOUNT OF WATER
 

, SALINITY OF THE WATER 
, TYPE OF CLAY
 
, DISTRIBUTION OF CLAY
 



RESISTIVITY RANGE (OHM.M) 3 7 
0.1 10 102 3 1 ,0 5 106 

SEDIMENT FLIDl 

CLLAY 
LEGEND 

SOFT SHALE 

I I 
F SB.W. 

F. W. 

S.W. 

FRESH WATER 
BRACKISH WATER 
SALT WATER 

H R S LPET. PETROLEUM 

B."W.', 
SAND 

PE. 

SANDSTONE S.. 

P ET. . , 

F.W. ..- i. 

POR. DOLOM. 
POR. LMST. 

PET. 

DENSE LUST. 

ANHYDR ITE 

ROCK SALT 

COAL a LIG. s.Z . ' 

ESISTIVITY ItANGE OF COMMON SEDIMENTSThe length of the lines represents the range, while the line thickness indicates approximately the correspondirg frequency of occurrence. 

GUYOD - ELECTRICAL WELL LOG(ING FLNDAMENTALS, 1952
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NUCLEAR PROPERTIES OF ROCKS
 

ATOMIC THEORY REVIEW
 

RUTHERFORD (1911)
 
'CONCEIVED FIRST CLASSIC PLANETARY CONCEPT OF
 

ATOMIC STRUCTURE
 

, NUCLEUS COMPOSED OF PROTONS --Z POSITIVE PARTICLES
 
PROTON MASS = 1836 X ELECTRON MASS
 

CHADWICK (1931)
 

, ALL PROTON NUCLEL' CONFLICTED WITH KNOWN ATOMIC 
WEIGHTS 

DISCOVERED SECOND NUCLEAR PARTICLE, THE NEUTRON 
a NO ELECTRIC CHARGE 

, NEUTRON IS0,0023 X i024 GR HEAVIER THAN PROTON 
* NUCLEUS COMPOSED OF NEUTRONS & PROTONS 

E -- ATOMIC MASS NUMBER 
z Z -- ATOMIC NUMBER 

A - Z = NUMBER OF NEUTRONS INNUCLEUS 
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NUCLEAR PROPERTIES OF ROCKS - CONT,
 

9 BERYLLIUM ISOTOPE @
 
4 
 4 PROTONS
 

5 NEUTRONS
 

YUKAWA (1935)
 

NUCLEUS SHOULD FLY APART --
ALL POSITIVE CHARGES
 
WHAT HOLDS PROTONS IN NUCLEUS? -- A NUCLEAR 

GLUE 
WITHIN 5 YRS, PHYSICISTS CONFIRMED EXISTENCE OF
 
YUKAWA'S NUCLEAR GLUE 
-- @DISCOVERY OF MESOIJ 
GROUP OF PARTICLES
 

MESON PARTICLES 
-
 MASS ABOUT 200 + THAT OF ELECTRON 
- CAN BE POSITIVE, NEGATIVE, OR NEUTRAL 
- BY RAPID EXCHANGE BETWEEN PROTON &NEUTRON --

THEY CREATE PSEUDO - ELECTRO - STATIC EQUILIBRIUM
 
WITHIN NUCLEUS
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NUCLEAR PROPERTIES OF ROCKS - CONT, 

NUCLIDE - PARTICULAR COMBINATION OF NEUTRONS & PROTONS 
IDENTIFYING A NUCLEUS 

ELEMENTS - IDENTIFIABLE BY UNIQUE NUMBER OF PROTONS IN 
NUCLEUS -- ORDINARILLY THE SAME AS NUMBER OF 
ELECIRONS IN SURROUNDING ELECTRON SHELLS 

,He' 

2 PROTONS, 2 NEUTRONS 

2 ELECTRONS 

Structure of helium alom. 

ELEMENTS @ SIMILAR CHEMICAL PROPERTIES CONTAIN SIMILAR
 
NUMBERS OF ELECTAONS -- REGARDLESS OF THE NUMBER & 
ARRANGEMENT OF THEIR INNER SHELL STRUCTURE,
 

AN ATOM CAN BE IONIZED BY LOSING ONE OR MORE OF ITS 
ELECTRONS -- CHEMICAL PROPERTIES CAN CHANGE -- IT 
BECOMES SENSITIVE TO ELECTRIC FIELDS --BUT REMAINS
 
THE SAME ELEMENT
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NUCLEAR PROPERTIES OF ROCKS 
- CONT,
 

ISOTOPES - ATOMS OF ONE ELEMENT THAT CHANGE INMASS DUE TC
 
VARYING NEUTRON CONTENT
 

EXAMPLE -
NEON GAS AS NATURAL ELEMENT
 

90,92% ISi0N20
 

8,82% IS N22  
 ATOMIC WT,

10 

=320,183
0,26% IS N21 


10 

83 OF THE 104 ELEMENTS CONSIST OF A MIXTURE OF TWO
 
OR MORE ISOTOPES
 

21 ELEMENTS HAVE JUST ONE NUCLEAR FORM
 

1400 NUCLIDES ARE KNOWN TO EXIST
 
265 ARE STABLE (NOT RADIOACTIVE) 
1135 ARE UNSTABLE (RADIOACTIVE DECAY TOWARD SOME 
STABLE STATE) 

OF UNSTABLE NUCLIDES ONLY 65 OCCUR INNATURE 
--FOUND
 
PREDOMINANTLY AMONG THE HEAVIEST ELEMENTS
 

RADIOACTIVE ISOTOPES ARE IMPORTANT BECAUSE THEY EMIT

VARIOUS KINDS OF RADIATION, SOME OF WHICH IS
 
DETECTABLE INA WELL BORE
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NUCLEAR PROPERTIES OF ROCKS - CONT,
 

NATURE OF RADIATION
 

BECQUEREL (1896) IDENTIFIED ALPHA (C'), BETA
 
AND GAMMA (i)RAYS
 

ALPHA RAYS
 

'POSITIVE CHARGE
 

I COMBINATION OF TWO PROTOJS AND TWO NEUTRONS
 
, IDENTICAL TO NUCLEUS OF HELIUM ATOM, 2H4
 

HAVE APPRECIABLE MASS
 

, EXHIBIT LOW ORDER PENETRATING ABILITY
 
WILL NOT EVEN PENETRATE A SHEET OF PAPER
 

, IMPRACTICAL TO DETECT INA WELL BORE
 

BETA RAYS
 

,ARE ESSENTIALLY A STREAM OF ELECTRONS
 

,NEGATIVE CHARGE
 
,GENERATED WHEN A NELITRON DECAYS INTO A PROTON,
 

AN ELECTRON & A NEUTRINO
 
*PROTON REMAINS INNUCLEUS WHILE ELECTRON &
 

NEUTRINO ARE EJECTED
 
'ELECTRON HAS LOW PENETRATION POWER --SEVERAL
 

THICKNESSES OF CARDBOARD
 

'NEUTRINOS ARE EXTREMELY DENETRATING WITH
 
DETECTION IMPOSSIBLE
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IUCLEAR PROPERTIES OF ROCKS - CONT,
 

GAIMA RAYS
 

TYPE OF ELECTROMAGNETIC (PHOTON) RADIATION
 
,OCuuRS EITHER INDEPENDENT OR ACCOMPANIES
 

ALPHA OR BETA EMISSIONS 
'SIMILAR TO X-RAYS OR RADIO WAVES
 

* ARE QUITE PENETRATING 
* INCH OF LEAD REDUCES INTENSITY BY TWO 

PRACTICAL 	 TO MEASURE ABOVE AND BELOW 
EARTH'S SURFACE 

MASSLESS QUANTUM OF HIGH FREQUENCY ENERGY SIMILAR 
TO HEAT AND LIGHT
 

65 UNSTABLE NUCLIDES EXIST IN NATURE 

62 ARE RARE AND CAN BE OMITTED 
3 ARE OF SIGNIFICANT ABUNDANCE
 

URANIUM - RADIUM SERIES
 

THORIUM SERIES 
RADIO - POTASSIUM 40
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NUCLEAR PROPERTIES OF ROCKS - CONT,
 

EMISSION OF GAMMA RAYS ISDISTINCTIVE
 

POTASSIUM 40 (1GRAM) EMITS 3,4 PHOTONS/SEC 
AT 1,46 MEV 

THORIUM OR URANIUM (IGRAM) PRODUCES RESPECTIVELY 
12,OOO OR 26,000 GAMMA RAYS PER SECOND @A 
SPECTRUM OF ENERGIES THAT AVERAGE 9,5 MEV 
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UCLEAR PROPERTIES OF ROCKS - CONT.
 

GAMMA RAY - INITIAL ENERGY
 

,DIMINISHED THROUGH REPEATED ELASTIC COLLISIONS
 
AND BY PAIR PRODUCTION
 

*AT SOME LOW ENERGY LEVEL ITISTOTALLY ABSORBED
 
VIA THE PHOTOELECTRIC EFFECT
 

'SPECTRA OF ENERGIES SENSED INBOREHOLE IS
 
PARTIALLY DEGRADED BY ROCK BULK DENSITY
 
AND CHEMICAL COMPOSITION
 

RADIOACTIVITY INROCKS
 

IGNEOUS ROCKS
 

,SOURCE OF SEDIMEN1",' FORMATIONS AFTER EROSION 
BY MECHANICAL&CHFMICAL FORCES 

, CONTAIN A MAJOR PORTION OF EARTH'S POTASSIUM & 
A LARGE FRACTION OF THE URANIUM &THORIUM 

, UPON EROSION RADIOACTIVE ELEMENTS BECOME 
AVAILABLE FOR SELECTIVE DEPOSITION 

BASIC CONSTITUENTS ARE QUARTZ, FELDSPARS, MICAS
 
& MINOR ACCESSORY MINERALS
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RADIOACTIVITY INROCKS - CONT,
 

SANDSTONES
 

FORMED BY MECHANICAL EROSION OF QUARTZ
 
*QUARTZ EXHIBITS STRONTLY BONDED PLANES IN
 

ALL DIRECTIONS
 

- CRYSTALLIZES INPURE FORM
 

- TENDS TO EXCLUDE IMPURITIES (RADIOACTIVE ELEMENTS)
 

'LOW INRADIOACTIVITY EXCEPT WHEN SHALY
 

LIMESTONES
 

INITIALLY DEVELOPED FROM CALCAREOUS MARINE LIFE
 
, RADIOACTIVITY ADVERSELY AFFECTS LIVING ORGANISMS
 
,LITTLE OR NO RADIOACTIVITY FROM BEGINNING
 
*WHERE MAGNESIUM IlNS INMIGRATING WATERS HAVE
 

CAUSED DOLOMITIZATION, SLIGHTLY HIGHER
 
RADIOACTIVE LEVELS ARE OBSERVED
 

LOW INRADIOACTIVITY EXCEPT WHEN SHALY
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RADIOACTIVITY INROCKS 
- CONT,
 

SHALES
 

'COMPOSED OF SILT AiD CLAYS
 
FELDSPARS AND MICAS
 

- CONTAIN LARGE SHARE OF EARTH'S POTASSIUM
 
- DECOMPOSE RAPIDLY INTO CLAY MINERALS
 

CLAYS 

- HAVE OPEN LATTICE &WEAK BONDING 
- HAVE LARGE NUMBER OF BROKEN ION BONDS & 

UNOCCUPIED ION SITES 
- PERMIT HIGH CAPACITY ION EXCHANGE & 

ABSORPTION 
- ENCOURAGE INCLUSION OF RADIOACTIVE ELEME1TS 
- ABSORB RADIOACTIVE ELEMENTS FROM MINERALIZED 

WATER DURING WEATHERING PROCESS 

, QUITE RADIOACTIVE BECAUSE CLAY MINERALS ARE
 
PRINCIPAL CONSTITUENTS
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Gamma Ray a , t y' , Neutron 
Surface formations (30'-70') affected 
by cosmic ray peinetration Fluid bearing Sand 

Sand or lime onflud bearing or lime 
-- Shale Shale 

Sand or lime Dense sand or lime 
Shale Shale 

Shaly sand or lime Shaly sand or lime 
. . . .~ 5ria~ 

Sand or lime with shaly streaks 
grading to shale at bottom Sand or lime 

Fluid beanng where not shaly 
Shale Shale 

Manne shale Shale 
Shale Shale 

Sand or lime Sand or lime Dense on topFluid bearing on bttom 

Shale Shale 

SafItSalt 

Potash beds, Sylvite Polyhalite, with shale ATnI -,,­Annva,,e IvPotash beds, Sylvite Polyhalite, with shale 

Shae Shale 
Sano or lime Sana or !;me clbeIarng ._____a__,_: 

Shale Shale 
Shaiy sand or lime Shaly sand or lime 

grading to clean at -".-m grading to clear dense sand orlime 

Shale wilh thin sand stnngers Shale with thin sand stringers 

NormalI saSnd or lume ---Radioactive sand or lime - _earingSalie flibern 

Shale Shale 

Lime Lime, gas bearing 
Doiomite Dolomite. fluid bearing 

Lime Lime, dense 

Dolomite Dolomle, fluid bearing 

Lime Lime. dense 
Bentonite Bentonite shale 

Ler~e de"5se 

Lime. dense 
ime Lime, fluid beanng 

Shale Shale 

Lime Lime. dense 
Dolomite Dolomite, dense 

Lime Lime, dense 

Granite Granite 

Typical radioactlve logs (from Pelro!eui,, "roduction Handbook, 1962, ® SPE.AIME). 

From 1981 Dresser Atlas Booklet on Gamma Ray Log
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ACOUSTIC PROPERTIES OF ROCKS
 

INALL SUBSTANCES --AN INHERENT FORCE CAUSES RANDOM
 
MOTION OF THE MOLECULES -- FORCE OF ATTRACTION TENDS
 
TO HOLD MOLECULES TOGETHER
 

RESULTANT OF THESE TWO FORCES 
--ELASTICITY --RESISTS 
DEFORMATION INVOLUME OR SHAPE 

HOOKE'S LAW -- DESCRIBES BEHAVIOR OF ELASTIC MATERIAL --
RESULTING STRAIN ISPROPORTIONAL TO THE APPLIED STRESS 

STRESS -- EXTERNAL FORCE APPLIED PER UNIT AREA 

' STRAIN -- FRACTIONAL DISTORTION 

MODULUS OF ELASTICITY= STRES
 

THE ELASTIC MODULI ARE
 

F/A
YOUNG'S MODULUS, Y 	 DL L
 

BULK MODULUS, B = 	 F/A
 
DV/V
 

SHEAR MODULUSj S = F/A
 
TAN S
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ACOUSTIC PROPERTIES - CONT.
 

F/A = FORCE/UNIT AREA 

DL/L, DV/V, TANS ARE FRACTIONAL STRAINS OF LENGTH,
 
VOLUME AND SHAPE
 

SEPARATION OF MOLECULES INCREASES INORDER FROM SOLIDS
 
TO LIQUIDS TO GASES
 

SOLIDS HAVE LITTLE COMPRESSIBILITY COMPARED TO LIQUIDS
 
AND GASES
 

ACOUSTIC WAVE (ELASTIC WAVE) - VIBRATORY STATE GENERATED
 
INAN ELASTIC MEDIUM
 

A DISPLACEMENT TEMPORARILY IMPOSED UPON AN ELASTIC
 
MEDIUM PRODUCES AN OSCILLATING MOTION OF THE
 
PARTICLES
 

*OSCILLATING MOTION ISTRANSMITTED THROUGH THE MEDIUM
 
OVER LONG DISTANCES FROM THE ORIGIN
 

a PARTICLES OF THE MEDIUM DO NOT TRAVEL WITH THE WAVE
 
BUT ONLY VIBRATE
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COUSTIC PROPERTIES - CONT,
 

\COUSTIC WAVE TYPES
 

COMPRESSIONAL WAVES (ALONGITUDINAL WAVE)
 

PARTICLE DISPLACEMENT 1S PARALLEL TO THE DIRECTION
 
OF PROPAGATION
 

a 
PARTICLES ARE DISPLACED CAUSING COMPRESSION --TEND
 
TO RETURN TO INITIAL POSITION THROUGH ELASTICITY --

INSO DOING THEY OVERSHOOT AND CAIUSE RAREFACTIONS
 

, CONSIST OF COMPRESSIONS & RAREFACTIONS TRAVELING
 
INDIRECTION AWAY FROM SOURCE
 

, CAN BE TRANSMITTED THROUGH SOLIDS, LIQUIDS AND
 
GASES
 

AA COMPRESSION TOGETHER WITH A RAREFACTION
 
CONSTITUTE A CYCLE
 

FREQUENCY ISNUMBER OF CYCLES/UNIT TIME
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ACOUSTIC PROPERTIES - CONT.
 

ACOUSTIC WAVE VELOCITY
 

DERIVED USING THEORY OF ELASTICITY WITH NEWTON'S
 
LAW OF mOTION
 

' COMPRESSIONAL WAVES (P-WAVES) TRAVEL FASTER THAN OTHE
 
WAVES -- FIRST ARRIVAL WAVES
 

VELOCITY ISA FUNCTION OF DENSITY ANID ELASTIC MODULI
 
OF MEDIUM
 

Vc = B+ (4/3) j 

EXAMPLE - FOR A NON-POROUS LIMESTONE
 

10 2
B (BULK MODULUS) = 69 X 10 DYNES/CM
 

S (SHEAR MODULUS) = 31 X 10 DYNES/CM 2
 

PLMS (DENSITY) = 2.71 G/CM 3
 

THUS, THE COMPUSSIONAL WAVE VELOCITY, Vc, is
 
Vc = 69 + (1,33) (31)3 101
 

- = 1CM/SEC
 

= 640,000 CM/SEC OR 21,000 FT/SEC
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ACOUSTIC PROPERTIES - CONT,
 

INTERVAL TRANSIT TIME -AT
 

ISTHE RECIPROCAL OF VELOCITY EXPRESSED
 
IN/A SEC/FT
 

4 7TLMS = 101021,000 FT/SEC = 417.6OO)OOO­7,6 FT.
 

SHEAR WAVES (ATRANSVERSE WAVE)
 

ALSO REFERRED TO AS S WAVES
 

DIRECTION OF PROPAGATION IS PERPENDICULAR TO 
DIRECTION OF PARTICLE DISPLACEMENT
 

PARTICLES OF SOLID MEDIA UNDER3O TO AND FRO MOTION
 
INA DIRECTION PERPENDICULAR TO WAVE TRAVEL
 

* SOLIDS HAVE A TENDENCY TO OPPOSE SHEARING FORCES,
 
WHICH CAUSE PARTICLES TO SLIDE RELATIVE TO EACH
 
OTHER
 

CANNOT BE TRANSMITTED THROUGH LIQUIDS AND GASES
 
WHICH DO NOT POSSESS RIGIDITY
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ACOUSTIC PROPERTIES - CONT.
 

SHEAR WAVE VELOCITY
VS;
 

FOR THE NON-POROUS LIMESTONE EXAMPLE, THE SHEAR WAVE
 
VELOCITY, VS IS
 

VS = 2,71 X 10
 

- 338,000 CM/SEC = 11,100 FT,/SEC 

1,000,000 
AND ATiLMS-S = 11,100 9 0/.SEC/FT. 

NATURE OF ACOUSTIC PULSES
 

'FIRST ARRIVAL ISTHE CO'PRESSIONAL WAVE
 

' VS = (05 TO 07) VC 

,SHEAR WAVES ARE STRONGER AND CAN BE RECOGNIZED
 

'LATER ARRIVALS OF OTHER WAVE TYPES ARE NOT IMPORTANT
 
MASKED BY P-WAVE ARRIVALS THROUGH BORE HOLE FLUID
 

'SHEAR WAVE ARRIVALS ARE OFTFN OUT-OF-PHASE WITH P-

WAVE ARRIVALS AND CAN CAUSE INTERFERENLE OF TOTAL
 
WAVE TRAIN
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WAVE FORM OF ENERGY ARRIVING AT RECEIVERS 

Zero Amplitude 

Threshold L=v''= v'"=" L .....in U 

Energy Compressionol Shear Fluid Low Velocity
Level Wove Wave Wove Wave 

I I i i i 
100 200 300 400 500 - o Time (,u Sec) 
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ACOUSTIC VELOCITIES OF SOME MINERALS, ROCKS AND FLUIDS
 

V At
Foriiation ft/sec 
 psec/ft
 

Sandstone:
 
Unconsolidated 
 17,000 58.8
 

or less or more

Semi-consolidated 
 18,000 55.6
 
Consolidated 
 19,000 52.6


Limestone 
 21,000 47.6

Dolomite 
 23,000 43.5
 
Shale 
 6,000 167
 

to 16,000 to 62.5
Calcite 
 22,000 45.5
 
Anhydrite 
 20,000 50.0

Granite 
 20,000 50.0

Gypsum 
 19,000 52.6
 
Quartz 
 18,000 55.6

Salt 
 15,000 66.7
 

V 
 At
Fluid 
 ft/sec psec/ft
 

Water with 20% NaCl 
 5,300 189

Water with 15% 
VaCl 5,000 200

Water with 10% NaCl 4,800 
 208
 
Water (pure) 
 4,600 218
 
Oil 
 4,200 
 238

Methane 
 1,600 626

Air 
 1,100 910
 

From Dresser Atlas 1981 Booklet on Acoustic Logs
 



FACTORS AFFECTING WELL LOG ANALYSIS
 

FORMATION TEMPERATURES
 

*
IMPORTANT BECAUSE ALL RESISTIVITY DATA DEPEND
 
ON TEMPERATURE
 

*HEAT CONDUCTIVITY DECREASES WITH INCREASING
 
TEMPERATURE
 

'SALT CONCENTRATION HAS LITTLE EFFECT ON THERMAL
 
CONDUCTIVITY OF WATER
 

'HEAT CONDUCTIVITY ISLITTLE AFFECTED BY LOW
 
POROSITIES BUT FOR HIGH POROSITIES ITVARIES
 
INVERSELY WITH WATER CONTENT
 

'GEOTHERMAL GRADIENTS 
- ARE HIGH INOVERPRESSURED BEDS - HIGH 

AND WATER CONTENT 

- DEPEND ON LITHOLOGY 
- SELDOM CONSTANIT FROM ONE LOCATION TO ANOTHER 

'NORMAL INCREASE WITH DEPTH ISGIVEN BY
 

(GG) (D)

TF =TM + 
 100
 

TF = FORMATION TEMP.J OF 

D DEPTH, FT.
 
GG = GEOTHERMAL GRADIENTj °F/100 FT.
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FORMATION TEMPERATURES - CONT.
 

TABLE 5(11)
 

Heat Conductivity Values
 

Approx. Heat Conductjvity
 
Material (Cal. Crrj2 sec' 0C 

Gas 0.1 

Oil 0.3 

Water 1.4 

Clay 2.4 

Quartzite 6.8-18.9 

SUBSURFACE TEMPERATURES GIVEN ON LOGS
 

ARE LOWER THAN TRUE FORMATION TEMPERATURE BY 
.20°F TO 80OF 

, CIRCULATION OF MUD PRIOR TO LOGGING REDUCES
 
SUBSURFACE TEMPERATURES 

,TEMPERATURE GRADIENTS OF 0,30F/100 FT, TO 6°F/100 FT.
 

HAVE BEEN ENCOUNTERED, GRADIENTS OF 10F/100 FT, TO
 
1,70F/100 FT. ARE FOUND MOST FREQUENTLY
 



FACTORS AFFECTING WELL LOG ANALYSIS 
- CONT,
 

WELL BORE ENVIRONMENT
 

,HOLE SIZE, DH
 

- DIAMETER ISGIVEN BY DRILLING BIT SIZE
 

- CAN CHANGE DUE TO 

SLOUGHING OF CLAY DUE TO FLOCCULATION 
COLLAPSE OF POORLY CEMENTED POROUS ROCKS 
MUD CAKE BUILDUP 

- GENERALLY RANGE FROM 7 7/8" TO 12" 
INDIAMETER
 
-
MOST LOGGLNG TOOLS REQUIRE LITTLE CORRECTION FOR
 

NORMAL BOREHOLE SIZES
 

'DRILLING MUD
 

-
REMOVES ROCK CUTTINGS AND CONTROLS FORMATIONi FLUID
 
FLOW
 

- HYDROSTATIC PRESSURE OF MUD COLUMN MUST EXCEED
 
FORMATION PRESSURES
 

-
SOME OF DRILLING FLUID INVADES PERMEABLE BEDS
 

- DESIGNED TO MINIMIZE FILTRATE INVASION
 
- CONTAINS FINE PARTICLES (CLAY MINERALS) CARRIED IN
 

SLISPENSION
 
-
CLAYS ARE FILTERED OUT ON PERMEABLE BED FACES TO
 

FORM IMPERMEABLE MUD CAKE AND MINIMIZE FILTRATE
 
INVAS ION
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WELLBORE ENVIRONMENT - CONT, 

, MUD CAKE 

- THICKNESS RANGES FROM 1/8" TO 1/2" 
-
FORMS INABOUT 30 MINUTES
 
- EFFECTIVENESS ISDETERMINED BY CAKE BUILDING
 

PROPERTIES OF MUD
 
- CONSTITUENTS
 

MOSTLY BENTONITE BUT MAY ALSO INCLUDE
 
,sOIL
 

a CELLULOSE
 

*,LIGNIN
 

" TANIN
 

- BECOMES IMPERMEABLE BUT CAN BE DAMAGED BY DRILLING,
 
LOGGING OR TESTING TOOLS
 

- AFFECTS SEVERAL OF THE SHORT RANGE LOGGING TOOLS
 
-
ELECTRICAL PROPERTIES (RMc) APPROXIMATE VERY ROUGHLY 

THOSE OF A SALT SOLUTION 
- BED AND K HAVE LITTLE INFLUENCE ON ITS SEALING 

PROPERTIES 
- COMPACTNESS ISRELATED TO ITS THICKNESS, HMc 
-
HAS ABOUT SAME HMC AGAINST ALL PERMEABLE ZONES OF
 

A WELL DRILLED WITH ONE TYPE OF MUD
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WELL BORE ENVIRONMENT - CONT,
 

MUD FILTRATE
 

- LIQUID SEPARATED FROM MUD -- WATER 

- ITS RESISTIVITY ISRMF
 

-
ITS INVASION MODIFIES ORIGINAL DISTRIBUTION OF
 
FLUIDS INTHE ROCK
 

BOREHOLE AND FORMATION FLUIDS
 

- MUD FILTRATE -- ONLY WATER INFLUSHED ZONE 
- FORMATION WATER --
ONLY WATER INVIRGIN ROCK
 
- MIXTURE OF MUD FILTRATE AND FORMATION WATER -- WATER 

INZONE BETWEEN FLUSHED AND VIRGIN ROCK 
- RESISTIVITIES ARE Rxo, Rw, Rz 
- VARIOUS WATERS BEHAVE LIKE NA CL SOLUTIONS
 

ZONE OF INVASION - Ri ZONE
 

- INVASION FRONT ISUNDOUBTEDLY IRREGULAR AND 
DEPENDENT ON VARIATION INPERMEABILITY 

- HORIZONTAL EXTENT ISREFERRED TO AS DIAMETER OF 
INVASION, Di 

- SAME VOLUME OF WATER INVADES A LOW P&BED AS A 
HIGH e BED 

- Di ISHIGHER FOR LOW .2'THAN FOR HIGHZX
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WELL BORE ENVIRONMENT - CONT,
 

" GENERALLY
 

DI/D = 2 FOR HIGH .9
 
DI/D = 5 FOR INTERMEDIATE Z
 
DI/D = 10 FOR LOW,9'
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WELL BORE ENVIRONMENT - CONT.
 

ESTIMATION OF Di
 

- USE THREE RESISTIVITY LOGS READING
 
SHALLOW (Rxo), MEDIUM (Rz) AND DEEP (RT)
 

IFRz Rxo DEEP INVASION
 
IFRz RT SHALLOW INVASION
 

-
INVASION ISA TIME FUNCTION AND MAY DISAPPEAR IF
 
FORMATION FLUID REUIVADES POPES NEAR WELL BORE
 

'FLUSHED ZONE - Rxo ZONE
 

- PART OF THE INVADED ZONE
 

- INCLUDES THE FIRST 4" FROM BOREHOLE WALL
 
- COMPLETELY FLUSHED OF FORMATION 
WATER FOR MODERATE
 

TO DEEP INVASION
 
- IFHYDROCARBONS ARE PRESENT 70 TO 85% ARE USUALLY
 

FLUSHED OUT
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WELL BORE ENVIRONMENT - CONT.
 

VIRGIN OR UNDISTURBED ZONE - RT ZONE
 

- LIES BEYOND THE INVADED ZONE
 
- PORE SPACES MAY BE SATURATED WITH WATER, WIT
 

WATER AND OIL OR WITH WATER AND GAS
 
- WHEN CONTAINING HYDROCARBONS, WATER ISALSO
 

PRESENT AND PERMITS ELECTRIC CURRENT TO FLO
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IN LOG INTERPRETATIONSYMBOLS USED 
(Schematic) 

Cd, 

"-II- Resistivity of the zone 

in the zone0- Resistivity of the water 

/\-Water saturation in the zone 

(VD ADJACENT BED 
 '
 

MUD
 

... ........
========-----------------=
 

, CO :-.: - dh "' t 

HOLE 

HOL
 

DIAMETER 

Gen-3 
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FACTORS AFFECTING WELL LOG ANALYSIS - CONTI
 

I INVASION PROFILES
 

- ARE MATHEMATICAL IDEALIZATIONS NOT LIKELY TO MATCH
 
EXACTLY ACTUAL INVASION
 

- APPROXIMATE LABORATORY FINDINGS AND INTERPRETATION
 
EXPERIENCE VERIFIES THEIR ADEQUACY
 

- STEP PROFILE
 
so CONSISTS OF INVADED AND VIRGIN ZONES
 
to SHALLOW RESISTIVITY CURVE READS Ri
 
isDEEP RESISTIVITY CURVE READS RT
 
ItUSED INCOMPUTER INTERPRETATION OF WELL LOGS
 

- TRANSITION PROFILE
 
I MODELS TRUE BOREHOLE CONDITIONS MORE ACCURATELY
 
of USEFUL WHEN THREE OR MORE RESISTIVITY CURVES ARE
 

AVAILABLE TO DEFINE INVASION
 
,,RELIABLE VALUE OF RT CAN BE DETERMINED
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FACTORS AFFECTING WELL LOG ANALYSIS 
- CONT.
 

- ANNULUS PROFILE
 
CHANGES WITH TIME AND USUALLY NOT PRESENT AT
 
TIME OF LOGGING
 

, OCCURS ONLY IN OIL OR GAS PRODUCTINE INTERVALS 
FILTRATE INVASION MOVES HYDROCARBONS FIRST THEN 
CONNATE WATER WHICH FORMS AN ANNULAR RING AROUND 
THE BOREHOLE AT THE EDGE OF THE INVADED ZONE 
AN INDUCTION LOG COULD GET TOO MUCH RESPONSE
 
FROM ANNULUS AND RESULT INSw BEING HIGH
 

" ANNULAR EFFECT ONLY OCCURS ON INDUCTION LOGS
 
ANNULUS EFFECT DISSIPATES WITHIN A FEW HOURS AND
 
ISNOT CONSIDERED A COMMON OCCURRANCE
 



Borehole 
Wall 

Borehole 
Wall 

Borehole 
Wall 

ii'/ 

Rxo 

Rxo Rxo R Ri 

cc 
.4 

Di 

Ro 

Distance -

It 
I 

Di 

r-Distance 

Ro 

-

CC 

I 

Di 

Distance 

Ro 

Step Profila Transition Profile Annulus Profile 

SCHEMATIC ILLUSTRATION OF THE STEP. TRANSITION, AND 
LOW RESISTIVITY ANNULUS PROFILES OF INVASION 

0'. 
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FACTORS AFFECTING WELL LOG ANALYSIS 
- CONT.
 

RESISTIVITY PROFILES
 

-
HELPFUL INJUDGING RELIABILITY OF LOG DATA AND
 
DATA RECORDED ON LOG
 

-
USE SKETCH OF THE RESISTIVITY VALUES OF MUD AND
 
BED UNDER iNVESTIGATION
 

- PLOT Rxo, Ri 
AND RT VS HORIZONTAL DISTANCE FROM
 
THE BOREHOLE
 

of Ri ALWAYS LIES BETWEEN Rxo AND RT
 
" RT MAY BE GREATER, EQUAL OR LESS THAN Rxo
 

- INAQUIFERS Ro = F(., Rw)
 
- RT/Ro ISFAIRLY CONSTANT INA GIVEN BED IF.e"AND
 

Rw ARE CONSTANT
 
- REAL VARIABLE ISRMF WHICH CAN CAUSE Rxo TO VARY
 

FROM LESS THAN Ro TO GREATER THAN RT INAN OIL
 
ZONE
 

- WATER ZONES CONSIST OF Rxo, Ri, Ro
 
- HYDROCARBON ZONES CONSIST OF Rxo, Ri, ANNULUS,
 

RT
 

- SHC INRxo ZONE 15%
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- WATER ZONEPROFILERESISTIVITY 

Horizontal Section Through
A Permeable Water-Bearing 
Bed, 

UNDISTURBED 
ZONE 

Rt
 

R 
I II 

I 

i i 

I 
I 

I 
I 

Radial Distribution 
Of Resistivities.

Rmf >> Rw RII \ 
R~Ro ------ I 

RR 
I 

I 

Mud Coke Dsn 

Rmt 0 '0R" 

R I 

RI I 
R0 R 0 

Invaded Zone Undisturbed Zone 
'Flushed Zono 
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RESISTIVITY PROFILE -OIL ZONE 

Horizontal Section Through
A Permeable Oil-Bearing 
Bad. 

UNDISTURBED 

Rt 

S<< 60% 

R,, 
I I 

I - ­

-1. 

Radial Distribution . R1Rt -Of Resistivities. 
Rmf cc Rn:>Rmn> Rw ---------- o 

I i ! Ro 
iII 

Invaded Zone Undisturbed Zone 
Flushed Zone Annulus 

I a 
I I I, 
* I 

RR! 
I a 

RRfcc Rw 
R~a 

Rn---- . a 

lInode Zone ulusUndisturbed Zone
kFlushed Zone Arnuu 
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BASIC DATA NECESSARY FOR LOG INTERPRETATION
 

LITHOLOGY OF INTERVAL
 

TEMPERATURE, TF
 
'MUD PROPERTIES, RM, RMF, HMC
 
'WATER RESISTIVITY, Rw
 
, RESIDUAL HYDROCARBON SATURATION, RHSj ROS
 

-
A FUNCTION OF Xj K,FILTRATE VOLUME,/-'HC,
 
°API
 

- DETERMINATION
 

,,RESTORED STATE CORES - PERHAPS MOST RELIABLE 

(I-RHS)2 F RMF = Rxo AQUITER 
Rxo Rxo HC 

LOCAL RULES OF THUMB -- 15% INrEDIUM POROSITY 
(15 - 20%) WHERE INVASION ISMODERATE TO DEEP 

ACCORDING TO FLUID GRAVITY
 

RHS 
0AP I /D___ 

GAS 
 5-4O
 
HIGH GRAVITY OIL. 400-50o 5-10
 
MEDIUM GRAVITY OIL 2G°-400 
 10-20
 
LOW GRAVITY OIL 10°-200 
 20-30 
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MEASUREMENTS WHILE DRILLING - MWD LOGS
 

DRILLING TIME LOG
 

CONTINUOUS RECORD GIVING RATE-OF-PENETRATION INTIME
 
PER FOOT OF HOLE OR FEET OF HOLE PER UNIT OF TIME
 

RIG INSTRUMENTATION
 

WEIGHT INDICATOR
 

MUD PRESSURE GAUGE
 

MUD FLOW RATE
 

ROTARY TORQUE GAUGE
 

TACHOMETER
 

RATE OF PENETRATION RECORDER
 



---
- -

___ 
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WELL LOGGING 

'"; 'A Line indrii operations column 
.,A driller got on bottom with new bit and ­ -

time,started drilling at 11:26. Total trip
)-, G. 

as indicated by "Trip Action", 3 hours 
____ and 	 17 minutes.____._________-__.... 

2-


This is the way a connection looks ....-

• .'.=-., _ on the Geolograph chart. The drill­

drill pipe from bottom at er raised the 
-_ 12:03, broke out the kelly, picked up a 

the 	 drilling ­-________- __ .- - single pipe (adding it to 
-
string), picked up the kelly and resumed 

drilling. This operation required 11 min.­
____-__"_,_4 4 ---~ utes, and the driller has written the 

on thedepth of the hole, at that time, 
chart. Thus, every connection is a con­
venient datum for determining the depth 

-
of any drilling or down-time break, ' 

2 
either immediately above or below. 

eedat-etas-n 0t 


was 	encount-A 4-foot hard streak 
ered at 5,2.35 feet, as indicated hy 

foot 	 marks-	 the increased spacing of the 
, 	 on this time chart 

was made at 5,259 " 

feet and a vertical test was 
D 	 A connection 

run at 
this point to determine the vertical devi­

hole. The driller has 	 notedation of the 
the was actuallyon the chart that test 

at 5,250 feet and the deviation wastaken and connec­, _degree. The vertical test 
required 34 minutes.

_-tion 

- Soft bed was drilled from 5,266 to 
" fet. ecause of the thinness5,69 


" -- * of 
 this bed, no core or drill stem test 

" as attempted. 

lip -This section represents 5 feet of 
drilling. Note that every 5 feet the 

/ z~___ base line is offset for I foot. makingthea 
for determiningmarker 

depth of significant drilling changes.convenient 

made at 5,287 feet.Connecticin was 
'". -Note similarity to the record at "B". " 

H 	 A hard streak was encountered ,, i i 
-

5,28 to 5,290 feet.from 

j 	 At 5,290 feet, the formation soft­
ened, drilling continued to 5,300 

where the driller was given ordersfeet 	
cease drilling and circulate for

to 

samples.r 

,j 	Circulating for samples started ofat , 	 6:39 as indicated by movement 

line to the right. After circulatingthe stainfor 35 minutes, sample2 showed 
-. -,

and odor, and a drill stem test was 

ordered. 

Courtesy Geolograph Mechanical Well 
Typical mech.nical drilling log record. 

Logging Service. 
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MWD -

CUTiNGS ANALYSIS AND MUD LOGGING 

CONTINUOUS INSPECTION OF THE DRILLING MUD AND CUTTINGS 
FOR TRACES OF OIL AND GAS - IMPORTANT INEXPLORATORY 
WELLS 

OIL DETECTION - EXPOSURE TO ULTRAVIOLET RADIATION --

ELECTRONIC TRANSITION OF SOME ATOMS TO CAUSE EMISSION
 
OF RADIATION -- FLUORESCENCE --CAN DETECT AS LITTLE
 
AS 10 PPM
 

FLUORESCENCE COLOR OF CRUDE OILS
 

GRAVITY °API COLOR OF FLUORE 

BELOW 15 

15 - 25 

25 - 35 

35 - 45 

OVER 45 

BROWN 

ORANGE 

YELLOW TO CREAM 

WHITE 

BLUE-WHITE TO VIOLET 

LIMITATIONS 

LOW GRAVITY OILS -- FLOURESCE VERY LITTLE 

HIGH GRAVITY OILS -- DIFFICULT TO SEE -- ULTRAVIOLET REGION 

REFINED RIG OILS -- ALSO FLuORESCE -- WHITE OR BLUE-WHITE 
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MWD - CUTTINGS ANSLYSIS AND MUD LOGGING - CONT. 

ANALYSIS FOR GAS
 

HOT-WIRE ANALYZER (WHEATSTONE BRIDGE)
 

1.2 VOLTS GIVES 9000C IN AIR -- BURNS ALL GASES 

,65 VOLTS GIVES 5500C INAIR -- BURNS ALL GASES 
EXCEPT CHij
 

SENSITIVITY 200 PPM
 

LIMITATIONS:
 

PRESENCE OF H2 INGAS STREAM
 

ANALYZER ACTUALLY BURNS COMBUSTIBLE GASES 
INTHE SAMPLE
 

, GAS CHROMATOGRAPH -- ABSORPTION AND DESORPTION --
SEPARATES HEAVY TO LIGHT COMPONANTS
 

, INFRARED ANALYZER - ABSORPTION OF INFRARED ENERGY 

BY CHI, 

,MASS SPECTROGRAPH -- SEPARATES AND DETERMINES RELATIVE 

AMOUNTS OF VARIOUS IONS ON BASIS OF MASS TO CHANGE 
RATIO
 



--
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MWD - CUTTINGS ANALYSIS AND MUD LOGGING - CONT.
 

DETERMINATION OF LAG TIME
 

, NECESSARY FOR MEASUREMENTS TO BE CORRELATED WITH 
DEPTH --- RULE-OF-THUMB - 1 MINUTE / 90' HOLE 

,METHODS
 

CIRCULATION RATE - SIZE OF MUD PUMP CYLINDERS,
 
NUMBER OF STROKES/MItq, AND PUMP EFFICIENCY
 
(90%)
 

TRACERS - PLACED INPIPE WHEN JOINT ISADDED 
CELLOPHANE STRIPES, ROLLED OATS, STRAINED 
CUTTINGS 



Lf lW O Jt.,[i. I - W ,.,uLEM~D78- ? 8,..­

- ~ ~at ~ T t MZM 33 3B.w-. DRLL&N RATE CURVE-L V--Ow"n ot ........ ....
inv5H~-_'=? 
"13­

... . 3 LLUJ-_1-.J .- o1I~~ [ -- 'vebt'-ry_--o 

A. BIT AND CORE RECORDS _____ 

B. DRILLING RATE CURVE 

C. LITHOLOGY C..... .... ---

D. OIL CURVE (MUD) ] z F 

E. METHANE CURVE (MUD)__ 
-7!Z 

F. TOTAL GAS CURVE (MUD)fF 

G. MUD CHARACTERISTICS -__________ 

__~~~ -7rr=.7
.--.


-7 

7_i~ 

7--:' 

ii_
 

:7 -7, 
Mud ngig pti .d Courny. .T. 
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CORE ANALYSIS
 

'CORING -­

- CONVENTIONAL 

WILL CUT A LARGE CORE FOR GIVEN SIZE HOLE
 
RECOVERS A LARGE PROPORTION OF CORE CUT
 
CORES RANGE INSIZE FROM 2 3/8" TO 3 9/16"
 
READILY ADAPTABLE TO MOST FORMATIONS
 

, CAN ONLY CUT 20' OF CORE BEFORE HAVING TO PULL
 
DRILL PIPE
 

- DIAMOND CORING 

to ESSENTIALLY THE SAME AS CONVENTIONAL CORING 
EXCEPT CORE BARREL ISFINELY MACHINED 

DIAMOND CORE BIT ISUSED 
DIAMOND CHIPS 

--TUNGSTEN ALLOY WITH 

, NO HAMMERING OR CHIPPING ACTION 
ACTION 

--ONLY ABRASIVE 

'' 

CORES RANGE INSIZE FROM 2 7/8" TO 4 7/8" 
CAN CUT UP TO 90' OF CORE BEFORE HAVING TO PULL 
DRILL PIPE 



so
 

CORING - CONT.
 

- WIRELINE CORING 

DOES NOT REQUIRE ROUND TRIP TO RECOVER CORE 

INNER CORE BARREL CAN BE RETRIEVED WITH AN 
OVERSHOT 

, LOWER CORING COSTS ARE INVOLVED BUT 

REQUIRES ADDITIONAL SURFACE EQUIPMENT 

SPECIAL SUBSURFACE EPUIPMENT ISNEEDED 

WORKS WELL INSOFT FORMATIONS 

CUTS SMALLER CORES --I"TO 2 3/16" DIAMETER AND 
UP TO 20 FT, LONG 

- SIDEWALL CORING
 

USES SMALL CYLINDERS DISCHARGED INTO SIDES OF BOREHOLE
 

ENERGY FROM ELECTRICALLY IGNITED POWDER CHARGES
 

UP TO 30 SHOTS CAN BE MADE INONE TRIP
 

CORE SAMPLES 1 " DIA, TO 2 " LONG
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FLUI D C OXTENT3 

1.~I40 4$5 dA 
REDUCED "IESSLRE CONDOrZINOd 
OMC4NAL fLWIDSALTEED,
 
COMl WIATHMIO
 

04LSANDO WrniF(USp~tt 

A~Y0COND ITIONS 

Illustration of changes taking place in a core as it isbrought to
the surface. 

MI-ID LOGS - CORING
 
CHANGES IN A CORE -- SUBSURFACE TO SURFACE
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CUMMTION C CGaAPW 
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MWD LOGS
 

MODERN MWD SYSTEM
 
- MEASUREMENTS CURRENTLY MADE NEAR THE BIT
 

INCLUjE
 

i FORMATION RADIOACTIVITY
 

, FORMATION RESISTIVITY 

, ANNULAR TEMPERATURE 

DOWN HOLE WEIGHT ON BIT 

HOLE DEVIATION 

AZIMUTH 

, TOOL FACE ANGLE
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MODERN MWD SYSTEM - CONTI 

- DATA TRANSMISSION 

ItVIA CONTINUOUS PRESSURE WAVE THROUGH MUD INSIDE THE 
DRILL PIPE 

,, SIGNALS DETECTED AT THE SURFACE AND PROCESSED BY 
ON-SITE COMPUTER 

INFORMATION ISPLOTTED INREAL TIME ON CONTINUOUS 
MULTI-SCALE LOGS 

DATA ALSO AVAILABLE DIGITALLY ON VIDEO DISPLAYS 
AND STORED ON MAGNETIC TAPE 

- USES 

of FORMATION EVALUATION
 

i t ABNORMAL PRESSURE DETECTION
 

ItCORRELATION
 

DRILLING CONTROL 
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SPE 10324 D.R. TANGUY AND W.A. ZOELLER
 

MWD ROTARY DRILLING LOG 
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ELECTRIC LOGGING - THE SP LOG
 

,WHAT IS IT--RECORDING VS DEPTH OF THE DIFFERENCE
 

BETWEEN THE POTENTIAL OF A MOVABLE ELECTRODE INTHE
 

BOREHOLE AND THE FIXED POTENTIAL OF A SURFACE
 
ELECTRODE
 

*ITISA NATURAL LOG
 

,USES
 

- DETECT PERMEABLE BEDS
 

- LOCATE BED BOUNDARIES
 

- CORRELATION OF BEDS
 

- DETERMINE WATER RESISTIVITY, Rw
 

- ESTIMATE BED SHALINESS
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THE SP LOG - CONT.
 

ORIGIN OF SP
 

MEMBRANE POTENTIAL (SHALE POTENTIAL), EM
 

FLOW OF NA IONS FROM CONNATE WATER THROUGH SHALE
 
TO MUD
 

CL IONS ARE RESTRAINED FROM DIFFUSING BY THEIR
 
IONIC BONDS WITH THE SHALE
 

LIQUID JUNCTION POTENTIAL (DIFFUSION POTENTIAL) Eit
 

DEVELOPED NEAR BOREHOLE WALL AT JUNCTION OF
 
CONNATE WATER AND MUD FILTRATE
 

CL IONS DIFFUSE INTO MUD FILTRATE CAUSING
 
ELECTRICAL FLOW INOPPOSITE DIRECTION
 

THE SP FORMULA
 
Aw RMFE
 

SP KLOG AMF KLCG RWE
 



RERMEABLE 

SALT MEMBRANE 

--. -FRESH WATER) 

,C2 / 

( I CURRENT 
FLOW 

SAND . .
 

IOUNCE a RUST SHALE CELL
 



SORE HOLE
 

STATIC S.P. I .SHAL _C HALE 

SAN -AIND 

IT 

Vo +A+B+C SH E 
C C 

S.P. 	LOG
 

Vo
 
(SHALE LINE) 	 CURRENT LINES 

ILLUSTRATION OF THE 

DYNAMIC S.P. 
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OXAG-RXM OF SIMPLIFIED S. P. CIRCUIT
 

*~. 
77 

C~i~tAR~4O 

I 
11• 



a-

SEDIMENT 

SEDIMENT 

I 

FLUID 

,.. ..­ 200 -,3 
P"'TENTIAL 

-,oo -C 
I 

RANOG (Mv) 
o40 . 

•F , 

IISANDS) 

SANDSONES. S.W 

i 

POR. 
? OR. 

LMST., 
DO LOMl. 

S.W. *II 

o N5HYLMT., 

ANHYDRITI, 

MOCK SALT 

F 
F.W. 
S.W. 
B.W. 

F 

s 

LEGEND 

FRESH WATER 
SALT WATER 
BRACK.WATER 

FRESH 

SALTY 

From 

0A 

COAL, 
LIGNITE 

Guyod-Electrical Well 

F 

Logging Fundamentals, 1952 
POTENTIAL RANGE OF COMMON SEDIMENTS 
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ELECTROKINETIC SP (ELECTROFILTRATION POTENTIAL), EK 

PRODUCED BY FLOW OF ELECTROLYTE THROUGH NON-METALLIC
 
POROUS MEDIUM
 

EK = F (AP, Rw) 

MOVEMENT OF MUD FILTRATE THROUGH MUD CAKE INA PERMEABLE
 
BED
 

EK MOSTLY EXISTS ACROSS MUD CAKE BECAUSE 8P IS
 

ACROSS MUD CAKE
 

OR -EKSH 0EKMc EKH EKMC 

EK ISIMPORTAi'fl WHEN ----


A P ISLARGE (HEAVY MUD) OR RESERVOIR PRESSURE
 

ISLOW
 

LOW K (K 5 MD) AND LITTLE MUD CAKE ISFORMED AND
 

LOT OF A P ISAPPLIED TO BED
 

FORMATION WATER ISBRACKISH AND MUD FILTRATE IS
 

RESISTIVE
 

PRESENCE OF SIGNIFICANT EK MAKES THE SP LOG LESS
 

INTERPRETABLE
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SWANE( S Nwif- L DEPTH RESTIVITPY CONDUCTIVITY 
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INDUCTION CONDUCT/ITY 
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++0 0 400 0 
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THE SP LOG - CONT.
 

SP VS PERMEABILITY AND POROSITY
 

MUST HAVE SOME K AND ,s"
TO HAVE SP BUT
 

SP F (K, 2) 

STATIC SP 

SUM OF POTENTIAL DROPS INBOREHOLE, INVADED ZONE, 
BED AND SHALE 

SP OF THICK (>16D) CLEAN BED SSP 

SHAPE OF SP CURVE
 

SLOPE OF SP CURVE ISPROPORTIONAL TO INTENSITY
 
OF SP CURRENTS INMUD
 

CURRENT INTENSITY ISA MAXIMUM @ BOUNDARY GIVING
 
MAXIMUM SLOPE (INFLECTION POINT)
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SHAPE AND AMPLITUDE OF SP CURVE
 

DEPENDS ON
 

BED THICKNESS
 

BED RESISTIVITY
 

CONTRACT OF Rw AND RMF
 

DIAMETER OF INVASION
 

SHALE RESISTIVITY, Rs
 

BED SHALINESS, VSH
 



SMAT I C S P. t6d 
96 

4d 

d 

AMPLITUDE OF S P AS 
A FUNCTION OF BED 
THICKNESS EXPRESSED 
IN BORE HOLE DIAMETERS 

ss.P '. 

SRf 21 Rm 

SHOWING DECREASE IN 
AMPLITUDE AS e-d 5 
ROUNDING OF S P AS 
Rt/Rm INCREASES 

d 4 I V 

L­



97 rESISTIVITY 
- s 

UFLECTK* 

POINT 
SHAL.E
 

I AE <OIL- GAS 

I CQ~4ACT~ 

- - 'Ke 

WATER 

POoffT
 

I R,.s)) "Rth>R~d 

IWLECTM r- -.... 

NTS 
- LIME S TONE 

_-,.,. .PERIEABLE SAND-. . 

ULMESTONE 



I Rud RRsh
 

SHEALE. 
I 

r I 

P~R~Aa~tP$T INFLECTION PTS. MOVED~NR ARER PLATEAU OF M(,,AE 
CON ETIIED 

SMALE 4
 
-I
 

Rad sRsh 
SHALEI 

sAm
 
5- -% S.AL E 
P.ZRCZPTAEG SHA LE CONTENT 
U SAM LOWERS THE S.P 
PR >ORT INATTE LY 

L 
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* SELF POTENTIAL (#ALLIVOLTS) 

-0 -W -60 -30 0
S-------- r -----

too% c 

100%oC 

P-EM AL 'STRATA FII .. ;L'
 

C.&E_ &CODCTV STRAT (SHLE
SSHAE . LooTcA 
SHALE CO T N .... . .. ........ 
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POVIE LIMESTONE WIfTH 
T*e'." PREA8LE STREANS 

.- .... .... E~E A t 

fl PFAR TV, 
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SHALE BASE LINE SHIFTS
 

OCCUR WHEN BED WATERS OF DIFFERENT SALINITIES ARE
 
SEPARATED BY NON-PERFECT CATIONIC (SHALE) MEMBRANI 

=--7-zl Shal A 

-42 Sadlm BSandsto.I-­

- I So, ,loi~. F 

Sorndotons H 

Rm.2ol 165F 

- SP base.line shbit. 

From Schlumberger's 1972 Principles 
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SP ANMALIES RELATED TO CONDITIONS OF INVASION
 

OCCUR INHIGH PERMEABILITY AQUIFERS
 

MUST HAVE BOTH VERTICAL AND HORIZONTAL PERMEABILITIES
 

ADJACENT SHALE 

HOLE" ERMETBLE
INVADING 
FILTRATEFFILTRATE 

PERMEABLE 

Rmf 

NVADIN
 G
 

FILTRATE 

Rmf 

PERMEABLE 
SW Sond
 

R,
 

ADJACENT SHALE 

Sawtooth SP. 

J" AL SCHEMATIC 

SHALE S 

I~E 0 4EEjj 

SAND ELJJC4 

SHALE SHAZE LINE 

-SP reduct;on by mud-cake membrane 
cmf. 

From Schlumberger's 1972 Log Interpretation - Vol. 1 "Principles" 
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DETERMINATION OF Rw FROM SP LOG
 

BASIC ASSUMPTION ISTHAT BED ISCLEAN
 

PROCEDURE
 

DRAW CLEAN BED AND SHALE BASE LINES ON SP LOG
 

READ SP
 

CORRECT SP FOR Di, RT, Rxo, Rs, RM, H AND DH
 
USING SP-3 --GIVES SPc
 

OBTAIN RWE FROM SP-1
 

READ Rw FROM SP-2
 



SP CORRECTION CHARTS 104 
(FOR REPRESENTATIVE CASES) 4 

No Invasion F--------- Invasion, dj/dh 5---
R1 o =0.2 Rt Rxo0 Rt Rx0 5 Rt I 

R 1.0 -11..0 -

02 '~~~ \ 	 0'~1100!Io5 
0'a ~ 	 IA 02, 

IL 04 I I K' \ o. . ... _\ _200 K I A \ ,o'0_ 

.	 . . . . .0 --­

h/0 	 hdT0~--i06~-	 *' 21 06,-V 06 . 
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04---\C- I V\ 
~o--*\i 100, 14.- 1, \N .0 .Q 10_\R- m 10 	 0 
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02-o... -- .. 	 o...p- 20? 00C- --- 200C' 

_ _0 I RD,-	 , -- I\T 7 
40 20 10 5 40 ;0', 5 46 -o 20 '1 10 'i 5 40 J 20" 10 I 5h/ d h h/d, 	 ( Schumberger 

sJCo 	 -A c06 

0 0
\Vj I i00 

020	 -H 02--JK.0 0 4 

o\ 	L4I1'R I I06 ,2>C. I R, . N,.I _jR.I 	 R/600 [ 
n 	 O - C -- 04_-Z 	 Zz~~I' - .... ' 

40 	 2 b 540 K 0 .I 10 5 4 6 D; - - I -. 40 2, 10 5 
h/ d , h/d, 

1. 	Select row of charts for most aippropriate value of RR.. 
2. 	 Select chart for No Invasion or for Invasion of di/d,, = 5, as more app'opriate. 
3. 	 Enter abscissa with value of h/d, (ratio of bed thickness to hole diameter).
4. 	 Ga vertically up to curve for appropriate Ri/R, (for no invasion) or R,,/RII (for invaded cases), inter­

polating between curves if"necessary.5. 	 Read ., n ordinatescale. Calculate E = (E.r is SP from log.) 

For more detail on SP Corrections see Reference 4. 

SP-3 
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105 , D TERMINATION FROM THE SSP 
(CLEAN FOMA1ONS) 

For predocni wgf, sc d','rk e muds determine R,,cm 	 Rwq 
a. 	If .at 750 is grtoer J 0.1 ohm-m, correct L, to foe-mation tempera­

ture using G'-?, m,, = 0.85 R,,.
 
b. fLR & 75 6Js 0. 1 ohm-m, use S-P-2 to 6cive a vo~ue o~f k,, at 

STATIC 	 % /Rwq"
SP 	 .
 
mV ,005 

-200-­

a:-0 Rrnfoq 

2 A4 .02 

-440 

4 

.A 

0 
10 I o 

0.5­
-20. 

400 to 	 (.0 

+ ES - Kcvlog I! 2 
SZO, ( Schlumbetgef 

• 6'rE4 +.133 T('F) P0 
+40 (4) 

IS(I}
 

0 
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R VERSUS R" AND FOLMATON TEMPERATURE' 106 
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,-200'F 
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.0,05 
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01 71 \-SATURATION 

Rweq 

.02 

Rmfeq 

0.1 

,,. *-. " 

2. ...... 

.005 .01 De .03 w 0. o.z 0.3 0.5 1.0 2 3 4 "1 

Rw or Rmf 
(ohn-m) 

Us t+e solid in,.c 6 chart or pre.4oncoa y'yNaCI woters. The dashed lins are approximuie
for "cveroge" fresh fo-vaticn wafers ('were ,v~ecs c4 5ah er than NaC 
 be-come significant), Thedaos'4d p otions may caIo be vsed frx Cnp-b seA Ftrcr . 
ExampLe R-, = 025 a 150'F. From char, P- =
 

Speck p roce-3vrzs r r'.-vds contain rg Ca 
or Mg ,oluticmaor discussed in the reference. Lime. 
base ,Pntid usuczy 4cva a rtewib e Gmov.- -i sc'ution, andmay be treated as regular mud types. ' 4 G 

P-2 



Rw. from SP Problem 

Determine , in the interval 3919 - 8951. 

PR03LEM 

DEPTHP %kl yCMI CO CVITY 

d - 4V1 ! IN 

80° _S 
p 

From 1975 Log Interpretation Fundamentals - Dresser Atlas 



108 

THE GNV" RAY LOG
 

' EASUREEN OF NATURAL RADIOACTIVITY OF FORMATIONS 

'REFLECTS SHALE CONTET OF BEDS ---RADIOACTIVE ELMFTS 
1TP TO CONCENTRATE INSHALES 

'CFTEi REFERRPE TO AS THE SHALE LOG 

'CLEAN BEDS S04 LCA LEVEL OF RADIOACTIVITY UNLESS THEY CONTAID 
RADIOACT IVE CONTAM1I1NATS 

- VOL.CANIC ASH 
-GRAITE WASH
 
- DISSOLVED POTASSIUM SALTS 
-DEPOSITED URANIUM
 

'CAN BE RECORDED INCASED AND UNCASED WELLS
 

'IS ANATURAL LOG
 

GA1WA RAY LOG USES 

'LOCATE WATER ENTRY POINTS INOLD WELLS
 

'CCPLETION AND URKOVER OPERATION
 

'SUBSTITUTE FOR SP IN
 

-VERY RESISTIVE FORFATIONS
 
- WELLS DRILLED ) SALT BASE IiJD
 
- WELLS DRILLED S UN-CHAJCTIVE IJUS
 
- B'IPTY, HOLES
 
- CASED HOLES
 
- SHALE INDICATOR 
-DETECTION U EVALUATION OF RADIOACTIVE MINERALS 
(POTASH OR URANIIUM ORE) 

- CORRELATION 
TRACER OPERATIONS 
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GM RAYS 

' ARE BURSTS OF HIGH ENERGY ELECTROMAGNEIIC WAVES 

' ARE EMITTED SPFrANEOUSLY BY RADIOACTIVE ELEMENTS 
' INPASSING THROUGH MATTER, DPERIENCE SUCCESSIVE CAMPTON SCATTERING 

COLLISIONS
 
' LOSE ENERGY AND ARE ABSORBED
 
' ABSORPTION IS A FUNCTION OF F01ATION DENSITY
 

LESS DENSE FOI ATION ISMDRE RADIOACTIVE 

WTlA RAY LOG RESPONSE 

' PROPORTIONAL TO PADIOACTIVE MATERIAL WEIGHT - CONCENTRATION 'N 
THE FO1ATION 

'AFFECTED BY
 
- DENSITY OF F(0ATION
 
- HOLE DIANI-ER
 
- WD WEIGHT
 
- CASING
 
- CEJJfT
 

I' 

' VERTICAL RESOLUTION 2 1/2 

' PENETRATION -/ 6"TO I" 
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STATISTICAL VARIATIONS
 

RADIOACTIVE UMISSIONS ARE RADSM INNATURE 
COUNT RATES FLUCTUATE RAPIDLY WITH TINE
 

ATIME AVERAGINC PROCEDURE ISADOPTED TO MINIMIZE 
STATISTICAL FLUCTUATICNS 

ELECTRICAL PULSES FRCF1 THE DETECTOR OUTPUT ARE COUNTED PER 
UNIT INTERVAL OF TI'E 
COUif RATE MEER ISDESIGNED TO AVERAGE THE W[W OU'T RATES 
OVER A TIME PERIOD PROPORTIONAL TO THE TIME CONSTANT 

' SINGLE TINE CONSTANT ISTHE RESPONSE TIFE INSECONDS NECESSARY 
TO RECORD 63%7 OF THE ULTIMATE THICK BED VALUE,
 

SELECTION OF ATI'E CONSTANT IS A PRACTICAL COPRZ1ISE OF
 
LOGGING SPEED AND ACCEPTABLE STATISTICAL QUALITY.
 



Radicactivy Increases I 

.' \ True GR Intensity 
DETECTOR OF ZERO 

\a---.-Hgh Logging Speed LENGTH
 
Low \ 1% 

Logging'.
 
Sp2ed ',.
 

Infinilely
Slow 1 
'
 .S 1 //
 

/ 

"tTrueGR Intensity 
%-High Logging Speed 

Low\,U nLogging,Speed' (DDETECTOR OF FINITE 

LENGTH
 

Infinitely Slow 

FIGURE 4 
Effects of detector length ind logging speed on the shape of 
the Gamma Ray Log (,,h-r Rel. 8) 

FROM 1981 BOOKI.ET ON GAMMA RAY LOG 

BY: DRESSER ATLAS
 

http:BOOKI.ET
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-A RAY UNITSGC, 


'INCHES OF DEFLECTION FOR ASTANDARD RADIATION INTENSITY
 

'MICROENTGES / HR
 

'MICROGRA D PER TON
PIL!i EQUIVALENT 

-.- SECTIONS OF NEAT CENT'API UNITS T --
ONE OF A HIGH & ONE OF A LOW RADIOACTIVITY LEVEL --


DIFFEFNCE IS200 API UNITS
 

RADIATION DETECTORS
 

' IONIZATION CHM1,BERS
 
'GEIGER-VJELIER DETECTORS
 

'PROPORTIOR4L COUFRS
 

'SCINTILLATION DEFECTORS
 

FIRST THREE kFJ< ON PRINCIPLE OF CS IONIZATION 
&FLOW OF ELECTRONS --NOT EFFICIENT & LITTLE USED
 

SCINTILLATION DE-ECTIORS -- 691"A RAYS PRODUCE TINY 
FLASHES OF LIGHT AS THEY E(PSID THEM'SELVES ON 
CHRYSTALS --FLASHES ARE CONVERTED TO ELECTRICAL PULSES,
 



SHALINESS ESTIMATION
 

GAA RAY LOG ISCONSIDERED AN IMPORTANT SHALE INDICATOR
 

ITISASSU0J THAT ALL RADIOACTIVE MINERALS EXIST INTHE SHALES
 

RAY INDEX
CLAY CONTENT FROM GAMMA 


= .8 ! l i i
 

c~ TERTIARY ROCKS 
C(L9 .7 

0 -C .6 
' OLDER ROCKS
 

.5
 

.4
 

a .3 	 . 

A-­,- ­

0 

10 20 30 	 40 50 60 70 B0 90 100 

%CLAY (Vsh) 

FROM DRESSER ATLAS
 

LOG INTERPRETATION FUNDAMENTALS, 
1975
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A Louisiana Gulf Coast Well (Tertiary sandstones)
 

GAMMA RAY DEPTH RESISTIVY CONDUCTIVITY 
21 Ali UNITS 120 Ohm m'/m Allomhol M 

16' NORMAI INDUCTION CONDUCTIVITY 

tod;oI;on Inteny Irncreoat 40"SPACING". 


P- .. .­ j " 

Oil B~lie Mud0 
INDUCTION RESISTIVITY On 

Temp 2260 0 40' PACIG 

L - -­''-- ---­

-_-4 - -- _--__­.'-..- . .. ... 

TIiT; Th --­4_

SHAALE 1100 

7 77' 

From i a 

250
 

- TT 

-I-4-

From Dresser Atlas 1975 Log Interpretation Fundamentals
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NATURAL GM RAY SPECTROSCOI ( SPECTRA LOG) 

'DETECTS NATURALLY OCCURING CRATA RAYS OF VARIOUS ENERGIES EMITTED 
FROM A FORMATION 

'ETASURES -­
- TOTAL GIA RAY COUNTS 
- COUNTS EMIITD BY K4 @1.46 MEV 
- COUNTS BY URANIUM SERIES NUCLIDE BISIIJTH, Bi214 @1,764 IV 
- THORUIM SERIES THALLIUM, T1208 COUNTS @2.624 M'EV 

tCALE 
SCALE IT1208 

ENERGY (MeV) 

wI W2 W3 W4 W 5 SCHLUWBERGER 

Fig 3 Potassium, Thorium and Uranium Response Curves (Nal Crystal Defector) 

SPWLA TWENTY-FIRST ANNUAL LOGGING SYMPOSIUM, JULY 8.11, 1980 
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SPECTRA LOG - CONT"D 

INDIVIDUAL CONTRIBUTIONS OF THE TH, U)KIN RELATION TO TOTAL
 
FORMATION WEIGHT ARE CALCULATED FROM THE ENERGY SPECTRA
 
ELEMENTAL CONCENTRATIONS THUS CALCULATED HAVE SHMIN CORRELATION TO 

- DEPOSITIONAL ENVIROWENT 
- NECOMDRPHIC &DIAGENETIC PROCESSES 
- CLAY lYFE 
- CLAY VOLUME 

' TOTAL ENERGY RMGE IS RESOLVED INTO FIVE ENERGY INTERVALS OR 
WI OWdS USING
 

- PRINCIPLES OF NATURAL GN,' 4A PAY SPECTRQETRY
 
- STATISTICAL ESTIMATIO THEORY
 

' CIUTATIONS USING FIVE WIth,,S GIVE GAIA RAY CONTRIBUTIONS ---

TH & U INPPM
 
K IN%
 



SPECTRA LOG TOOL
 

'	PRINCIPAL COMPONENT IS A SCINTILLATION DETECTOR WITH 12" LONG &
 
1 3/4" DIAETER SODIUM IODIDE CRYSTAL OPTICALY COUPLED TO A
 
PHOTCa1JLTIPLIER
 

'	AT SURFACE TRNSMIU11 INFORfMATION ISDECODE) FOR FURTHER DIGITAL
 
PROCESSING
 



118 POTASS IUM 40 

ORIGIN -. SILICIC IGNEOUS ROCKS WHERE IT IS PRESENT INPTASSIUM 
FIELDSPARS &MICAS -- 2,59% OF EART'S CRUST 

1/2 LIFE OF 1.2 BILLION YRS. -- 1/16 LEFT ON EARTH
 
ALTERATION &WEATHERING CONERT ITTO CLAY MINERALS --
 ILLITE,
 
MONTORILLONITE, CHLORITE, KAOLINITE 
TRANSPORTATION -- SCEUI ES INSOLUTION, BUT MOST K0 IS ABSORBED 
BY CLAYS &EXTRACTED FROM WATER BY PLANTS, 
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THORIUM 


ORIGIN --SILICIC .GiEOUS ROCKS 
--12 PPM EARTH CRUST CONCENTRATION
 
I LIFE OF 14 BILLION YRS,
 

AVG, C'JCENTRATION INIGNEOUS ROCKS IS3.5 TO 4TINES THAT OF U
 
--TH/U RATIO ISCONSTANT
 
'OST CLAYS IED TO CONTAIN 8TO 20 PPM
 

'ALL OF ITS CO(APOUNDS ARE INSOLUBLE 
DURING ALTERATION &WEATHERING ITISHYDROLYZED &TENDS TO CONCENTRATE 
INRESIDUAL MINERALS --BAUXITE & CLAY MINERALS 
TRANSPORTATION -- AL!VOST WHOLLY INSUSPENSION & CONCEfNTRATES INSILTY 
FRACTIU S OF SHALE ---ASSOCIATED @MARINE DEPOSITION 
PRESENCE INCARB NATE ROCKS ISATTRIBUTED TO SHALINESS 
CCVONLY ASSOCIATED WITH MARINE DEPOSITION 



120 

URANIUM 

' ORIGIN - SILICIC IGNEOUS ROCK --EXISTS INACCESSORY MINERALS 

' 1/2 LIFE OF 4.5 BILLION YRS, 

' EARTH'S CRUST CONCENTRATION -- 3 PpM 2+
 

' EASILY OXIDIZED INTO URANYL ION, U 02 BY BACTERIAL ACTION
2 

' VERY SOLUBLE &THEREFORE VERY MOBILE-TRANSPORTED CHIEFLY IN 
SOLUTION & CAN BE REDEPOSITED, 2+ 

02' UNDER REDUCING CONDITION, U FORMS COMPLEXES WITH
2

ORGANIC COMPOUNDS 


' IN CLEAN SANDSTONES & CARBONATES THE ONLY RADIOACTIVE
 
ELEMENT WILL BE U,
 



--
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K40, TH & U COMBINATIONS 


EVAPORITES
 

U & TH USUALLY ABSENT
 

K40 PRESENCE MAY INDICATE POTASH MINERALS
 

SANDSTONES
 

TH & K40 CONTENT REFLECT CLAY CONTENT & PRESENCE OF MICA
 

& POTASSIUM BY PRODUCTS
 

U MAY INDICATE
 

- DEPOSITION FROM SOLUTION
 
- DEPOSITION INCALM WATER CONDITIONS 


INDICATIVE OF PALEO ENVIRONMENT & GRAIN SIZES
 

SHALES
 

ALL THREE CAN BE PRESENT
 

TH -- REFLECTS A HIGH CONTENT OF CLAY MINERALS
 

U MAY INDICATE ORGANIC MATERIAL INTHE SHALES
 

K40-- INDICATES ILLITE - MONTMORILLONITE CLAY MINERALS
 



--
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SPWLA TWENTIETH ANNUAL LOGGING SYMPOSIUM, JUNE 3-6, 19-

Example 2. 	 In the more recent sediments, some apparent shales are, in re ility, due to the 
high Uranium vaiues. This Uranium isconcentrated from solutions migrating 
through the permeable streaks of the formation. The high API value on the log 
at 570'-80' is caused by a concentration of uranium in the sandstone. This 
would imply that this 10' zone has a higher permeability than the rest of the 
formation and was conducive to the transmission of fluids after lithification. 

j 

TCTAL COUNTS POTASSIUM THORIUM 
URANI UM 

FIGURE 2- Apparent Shaae Cauwd by HIgh Uranium Streak In Northern C.allfofni4 Well 

This zone ishydrocarbon productive and wells completed in the "shale" 
are placed in production without treatment. 

PAPER P -- J, J, KOWALSKI & SO, ASEKUN 
"ITMAY 	NOT BE A SHALE"
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THE TRUE RESISTIVITY LOGS
 

DETERMINATION OF RT ISESSENTIAL INOBTAINING Sw
 
PRESENCE OF BOREHOLE AND INVADED ZONE MAKE MEASUREMENT
 
OF RT A COMPLEX PROBLEM
 

ELECTRICAL LOG SONDES
 

' ELECTRICAL SURVEY-- ( ES ) SP, R1611, R64, R181811 
' INDUCTION ELECTRICAL SURVEY ( I - ES ) SP, R1 6,,, RIL 
'DUAL INDUCTION LATEROLOG 8 - LL8, ILM, ILD 
' INDUCTION - SPHERICALLY FOCUSED ( ISF ) -- SP, SFL, 

ILD' SONIC LOG 
' THE LATEROLOG ( LL ) - GR, LL7
 
' DUAL LATEROLOG - Rxo -- LL8, LLD' MSFL
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MUD SYSTEMS
 

FRESH WATER BASE MUD -- RMF > 3 RW 

SALT WATER BASE MUD -- RMF < 3 RW 

AN SP CURVE VALUE GREATER THAN 35 MV WOULD INDICATE A 
FRESH WATER BASE MUD SINCE RMF > 3 

THE ES SURVEY
 

'SP, R16,,, R641/, R18,8,, 

IMPORTANCE 

- ONLY ELECTRIC LOGS RUN FOR 1929 - 56, 27 YRS, 

- ALTHOUGH ABSOLETE -- STILL RUN INMANY PARTS OF 
WORLD
 

- NECESSARY INREINTERPRETATION OF OLD WELLS
 

PRINCIPLE
 

- CURRENTS ARE PASSED THROUGH BEDS VIA CERTAIN
 
ELECTRODES AND VOLTAGES MEASURED BETWEEN OTHER
 
ELECTRODES
 

- MUD MUST BE CONDUCTIVE 

- CURRENT IS EMITTED IN SPHERICAL PATTERN 
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SCHEMATIC LOGGING DEVICES
 

| B
 

N A 

L 

M 

L 
NA J-1 LTR N 

NORMAL DEVICE LATERAL DEVICE 



126 THE ES SURVEY - CONTD 


THE NORMAL DEVICES
 

- DESIGN PL.CES POTENFIAL ELECTRODE NEAR CURRENT
 
ELECTRODE-- OFTEN POTENTIAL ELECTRODE ISAT
 
INFINITY
 

- CURRENT ISMAINTAINED AT CONSTANT LEVEL SO THAT
 
R ISDIRECTLY PROPORTIONAL TO THE MEASURED VOLTAGE
 

- RADIUS OF INVESTIGATION ISFROM ONE TO TWO ELECTRODE
 
SPACING.
 

- RESISTIVE BED HAS A R GREATER THAN RESISTIVITY OF
 
SURROUNDING BEDS ( Rs )
 

- BED THICKNESS DEFINITIONS
 

''THICK BED H > 4 AM
 

THIN BED -- H 4 AM
 

''CRITICAL THICKNESS --H Z AM
 

- SPACING, AM 

" 16" NORMAL, R16,,
 
" 64" NORMAL, R64,,
 



2 THE ES SURVEY - CONT,'D 


' THE LATERAL DEVICE 
- USES TWO CURRENT ELECTRODES (A & B ) AND TWO 

POTENTIAL MEASURING ELECTRODES ( M & N ) 

- MEASURES THE DIFFERENCE INPOTENTIAL BETWEEN TWO E0.UI-
POTENTIAL SPHERES CENTERED AT A & OF RADIJ AM & AN 

- SPACING ISDITANCE FROM A TO MID POINT "0" 
BETWEEN POTENTIAL ELECTRODES --18'8" 

- DISTANCE MN IS16" 

- RADIUS OF INVESTIGATION ISONE SPACING
 

- RT = F [RT, RI, DI, RM, SPACING, DH, H, Rs] 

'USES
 

- LOCATION OF HYDROCARBONS
 

- CORRELATION
 

- STRUCTURE & ISOPACH MAPS
 

- DETERMINATION OF SW & 0 ESTIMATES 
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vIV 

L dV AEAOCF SP',-EFZ 
qMdVap 

v 

/ELECTIF t- IL 

AA 

\\..___.. -- o 

v-v 

VV) , ! IP,.- 71-rL2 ' 

DERIVATIONSRESISTIVITY 
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R2/R 5
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RP/R- 5
 

R1 

NoTE CIATER 

.1 R1 
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R2 /R -5
 

Me 

- R, 
a+AM 

R2 
Ao R, 

/ 
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R2/R13
 
5 

R2 

. Rl
 
AM 
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R2 /Ri= 5
 

A 

R1 
MN/2 

DECAY ZONE 

0 oN 

R2 

REFLECTK)N PEAK 

=e 2AO 
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2Rc5MN/2 ~RI 

A.N t-, o
 
Rl uAO/S 

5 _OD ZONE 

0­

- 1SHAWOI (REFLECTION) PEAK 
AD DISTAN-CE MLN LOWER 

AA/ 

r-


OAD ZONE
 

SHADtY2 (REFLECTION) PEA(It,
 
I 
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THE ES SURVEY
 

'	WAS DEVELOPED FOR MODERATE TO LOW RT BEDS ( R 4. 50 
THICK)HOMOGENEOUS, NO INVASION, NO HOLE EFFECT 

-­

'
SHAPES OF THE CURVES BECOME COMPLICATED & THE LOG
 
CONFUSING INRESISTIVE FORMATIONS
 

'DETERMINATION OF RT
 
- ESTIMATION ISPOSSIBLE WHEN R
T 	< 50 AND
 

INVASION ISLOW TO MODERATE
 
- DEPARTURE CURVES ARE AVAILABLE FOR RT ESTIMATION
 
-
ALTHOUGH RT CAN BE ESTIMATED, ITISCONSIDERED MUCH
 

LESS RELIABLE THAN THAT OBTAINED FROM A MODERN
 
SUITE OF LOGS,
 

-238 
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- THE LATEROLOGSFOCUSING ELECTRODE LOGS 

WHEN DRILLING WITH SALT BASE MUDS 

- E,S, SURVEY CURRENTS TED TO FLOW UP &DOWN THE MUD COLUMN 

- LITTLE CURRENT PENETRATES BEDS 

- INDUCTION LOGS ARE ALSO AFFECTED ADVERSELY
 

LATER OLOGS 

- ARE FOCUSED DEVICES
 

- CURRENT PATH ISA SERIES CIRCUIT
 

VTOTAL = IRMUD +IRINVADED +IRUNDISTURBE D
 
ZONE ZONE
 

TO GET RLL RT WE MUST REDUCE R,AND RM -- SALT BASE MUD 
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7 1 ,-.:,",,,',.
 

Current Flow of 
S --- ! . '--'-.--- -----­

. -I Focused Devices 

-,~ -. .. , . ,,". .. . . 

R1 :Rvsistivity 

RS Resistivity 

Rm Resistivity 

of 

of 
of 

bed 

adjacent 

mud 

Rm ""R 

formation 
R$ 

i . ., , 

. .,._. .. 10 

F -, Loterolog 
rz. -- ,-- ' Non Focussing System o it 

(Normal Device) 

CompnrLon of current line dsLtribution 

d&tri- when logging a thin resistive formation by the shortMeasuring and bucking current 
norma and by the Laterolog 7 devices. Reprinted

bution around the Laterolog 7 tool. Reprinted with 
with permission of Schlumberger Well Surveying

permission of Schlumberger Well Surveying Corpo-
Corporation.ration. 
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LATEROLOGS- CONT'D,
 

SUPERIOR TO E,S, SURVEY & INDUCTION LOGS
 

- FOR LARGE RT/RM -- SALT MUDS AND RESISTIVE BEDS (RT >100)
 

- FOR LARGE RESISTIVITY CONTRAST WITH ADJACENT BEDS, RT/Rs OR
 

Rs/RT , 

,, RESISTIVE BEDS SURROUNDED BY SHALES
 

itSOLID ROCK WITH POROUS STREAKS
 

USES
 

- RT DETERMINATION
 

- THICKNESS OF THIN BEDS
 

- LOCATE HYDROCARBONS
 

- CORRELATION
 



LATER;OLOGS- CONT'D, 150 

PRINCIPLE OF OPERATION (LATEROLOG 7)
 
- USES A CENTER ELECTRODE A. & THREE PAIRS OF ELECTRODES
 

M1 , &M21, A1 ­& M2 & &A2


- A CONSTANT DC CURRENT ISSENT THROUGH Ao
 

-D C CURRENTS ARE SENT THROUGH Al & A2 TO MAINTAIN EQUAL
 
POTENTIALS AT MI ,&M2 MD 1 1M2 . 

- E ISMEASURED BETWEEN ONE OF THE MONITORING ELECTRODES AND 

AN ELECTRODE AT THE SURFACE, 

- WITH A CONSTANT I)L E VARIES DIRECTLY WITH FORMATION R 

DEVICES
 

RT TYPE = LL7, LL3 , LLD 

R,TYPE- LLS 

Rx0 TYPE - LL8,SFL 
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CURRENT CURRENT
 
GENERATOR GENERATOR.
 

r n 

____ -

Bl Bo B', Bo 

NN 

Al
M0 I - --

M,,
 

I; A AeBO 

!V12 A1 AO"1--

Ol O?=32"A 2 

A2 ~ 

LATEROLOG 7 LATEROLOG 3 

SIMPLIFIED LATEROLOG SCHEMATICS 
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0 10 20 30 5040 60 70 80 90 100 

Resistivity
Rm:O.I I
 

Rmz 0.1
 

d Normal--,j 
- N
R : / AM:75d1.75d .MAM7-Nor mal 

....... .......
 

Rt" o * ' - d I Resistivity 
0 .... ..... e .... d 

..... -Loteral AO 25d A i 
-' i "- " -Lterolog 

x 1 0102 31.5d 

A, A2 9d A2'
 

///
0X 

Response of Laterolog 7 and LcwventionaI log opposite a -'tinresistive bed, noninvaded,with salt.mud in the well. Reprinted with permission of Schlumberger "J, Surveying Corporation. 
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LATEROLOGS (CoNT'D) 

LATEROLOG CHARACTERISTICS
 

VERTICAL 
LOG BEAM WIDTH RESOLUTION 
LL7 32" 32" 
LL3 12" 12" 
LLD 24" 24" 


LLs 24" 24" 

LL8 14" 14" 


<14"SFL 


SONDES
 

LL7 + SP OR GR 

LL3 + SP
 

LL3 + SP OR GR + NEUTRON
 

LL8 + ILD + 1 LM + SP
 

LLD + LLS + GR OR SP
 

LLD + LLS + SFL + GR OR SP
 

ILD + SFL + SP OR GR + BHCSONIC
 

RADIUS
 
INVESTUGATION
 

1i'
 
"15' 
> 15'
 

5'
 

"
 3
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LATEROLOGS (CONT'D)
 

RECORDING SCALES
 

LINEAR
 

0-50, 0-500, 0-5000
 

HYBRID 

LINEAR ON FIRST 1/2 OF TRACK 

LINEAR CONDUCTIVITY ON SECOND 1/2 OF TRACK 

LOGARITHMIC
 

SPLIT 4-CYCLE LOGARITHMIC
 



---- 
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GAMMA RAY 	 LATEROLOG MICROLATEROLOG 
ugm o- g/tan 	 ohm , m m .ohm .i m ' 'm 

o 7,5 o 300 	 30 

7.5 15 0 	 300 

0. 	 .-- .-.- -5000 MICROLATEROLOG CALIPER 

16" 14 11"I, I , -F 	 -F,. . ... T, 	 -
It _. ... -­ -TTT.. 

-~ - .T- 4T ' 	 :1T7: 4 - 7 

WELL. INFORMTIO11 COUNTYFOkJATIOX Penn.LimOlhmICOMPLETION_	 DATA 

HOLE. SIZE .. JJ.. 4 ' 	 DRILL TE[ST. SI T lSTErM 	 POROAAL 

DEPTH RECOVERY DEPTH
 
Rm of FT .06 v
 
Ramf of F.T. -0 59 3 ______G--

Rmc of FT4 Oil_ PERrORATl0ONS 

WIr Loss L.-g 
R 

Iv of F T 	 il~i 

Example of Laterulog 7 in Lah.mud survey. Reprinted with permission of Schlumberger 
Well Surveying Corporation. 
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I -MOYRD ALE )DC 

7111. 

8-5- tl:---

~ - A L 

. . 

-. J. 

- Laterolog recorded on h) brid scale. 

C" 

0 

4-) 

GAMAA Y 

API vndi 

RESISTIVITY 

otsms r,"m 

-j 

C 

I-­

___ __ 

_. __----__ __ _. - " -

U-:: 

- DiLaerolog over samne interval as in Fig. 
4-4, recorded on logarithmic scale. 
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LATEROLOS (CONT'D)
 

EFFECT OF BED THICKNESS & ADJACENT BEDS 

- FOR RESISTIVE BED WHERE H < CURRENT DISC THICKNESS., CURRENT IS 

DIVIDED BETWEEN MAIN BED AND ADJACENT BEDS 

AMOUNT OF CURRENT FLOWING INEACH MEDIUM DEPENDS ON H, RT 

AND Rs 
WHEN RS < RT RLL(RT 

AS H DECREASES RLL< < RT 

- FOR A THIN CONDUCTIVE BED WHERE H < CURRENT DISC THICKNESS AND RT< 
Rs
 

, RLL > RT
 

,,CURRENT TRIES TO AVOID ADJACENT BEDS AND FLOW INCONDUCTIVE BED
 

CROSS-SECTIONAL AREA OF CURRENT DISC ISREDUCED CAUSING AN
 

INCREASE INRESISTANCE
 

THE SMALLER RT/Rs & THE THINNER THE RED, THE GREATER ThE IN-


CREASE INRLL
 

- IN ACTUAL LOG ANALYSIS 

THE FEWER CORRECTIONS MADE TO BASIC DATA, THE LESS CHANCE FOR 
ERROR INTHE FINAL CALCULATION 

RESTRICT ANALYSIS TO INTERVALS WHERE H ISGREATER THAN RESOLIi-


TION OF DEVICES
 

FOR THIN BED ANALYSIS APPROXIMATE CORRECTIONS ARE AVAILABLE
 



LATEROLOGS (CONT 'D) 

EFFECT OF BOREHOLE CONDITIONS
 

- NEGLIGIBLE FOR REASONABLE DH
 

- IMPORTANT WHEN RT> > RM AND DH> DE 

-- CURRENT DISC TRIES TO AVOID PENETRATING RESISTIVE BED 

-- DH BEING LARGE ALLOWS CURRENT DISC TO FLARE & SPREAD WITHIM 

THE BOREHOLE 
--	FLARING INCREASES CROSS-SECTIONAL AREA OF CURRENT DISC AND
 

REDUCES RESISTIVITY
 

THIN BED & 

ZQ_ R$ RT THEN 
! RLL ,<RT 

Fg=R 11 

FR,)m DRESSER ATLAS LOG REVIEW 1, 19741
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f . 

THIN BED &R S RT RT >>R Dh/De IS HIGH 

THEN RLL RT THEN RLL< RT
 

FROM DRESSER ATLAS LOG REVIEW 1, 1974
 



LATEROLOG*-8 BOREHOLE CORRECTION 	 161 

1.5 	 / 7V 1 
LL8 * 6 1 	 ___ _ 

1.4 	 "(38rm) 64. ......... 12 ,
 
4 0 4' 	 I0 

= 1.3 	 STANDOFF -- - / 
THICK BEDS Z1.0

S1.2Rh 	 - I 
-,.30r4.8 m '=" '1 HOLE DIAMETER:m (inches)-.../ * , .. ,,5 .--

I. 	 ---254" o1 	 2o3.2 . - ... .... 
-J 	 __ __ _ __ __ _ __ _.,--- - _ __ __­

. .a0 	 HOLE DIAMETERJ . 

'-"09 (mm) ©Schlumberger 

2 5 20 50 200 500 5000 
IO 100 1000 I0,000 

RLL8 / Rm 

SFL* BOREHOLE CORRECTION 

'SF L -E 	 'TOOL CENTERED -THICK BEDS 

(inches)1-, (3 mmm)S.chuO.ge 

0.9 HOLE DIAMETER 	 152.4 

1. 	 I0 0. 
1.2 2 5 20 50 O200 500 000 5000 10,000 

RSFL / Rm 

Rcor.1 	 *Mark of Schlumberger 

http:S.chuO.ge


- - -
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DUAL LATEROLOG* CORRECTION CHARTS 

SONDE CENTERED 

DEEP LATEROLOG* BOREHOLE CORRECTION 

1. ~ lJ iI I ,IIIII I i ,, : .. 

TOOL CENTERED, THICK BEDS- -----.-. 

I - I ' 


HOLE D AMETER inch (mm) 
1.2 -T1 

04 16- -- --355.6og; 
0.9 -10Schlumberger: '-- 11 
0.8 2 5I I0OO020 50 200 500 1000 5000 10,000 

RLLd / Rm 

SHALLOW LATEROLOG* BOREHOLE CORRECTION 

1.5 
LLs TOOL CENTERED, THICK BEDS 

1.4. . . ' . ... .. . . . .. ..
 
HOLE DIAMETER--- (inches) (mm) 

-16 . .... 4 0 6 .4- - - - - - - - - - - . ' 

.,35 .6
 

-JI. r - - ""-- 2504 . " - - -.. ... . . 

1.0 -- "-8" ' , 

0 .9 ...
,
 
( Schlumberger ' I
 

0 2 5 
 20 50I 200 500 1000 500010,000 

RLL, /Rm 

*Mark of Schlumberger Rcor-2 
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1.8 	 R- Infinitely Thick Shoulders 
RS -- Sonde at Bed Center1.6 \ . Rs' 	 o °.o 

No Invasion500 " ,S.quenlal 	 D L L 
.- (1 returned 	oInfinity)
 

1A2 3 456 8 I0 20 304050 

-Sboulder.bed corrections, LLa (top) a,.d4 Lidi (bottom). - e ,.,.. 

1.8" .22 -" -
Ro ! Infinitely Thick 

Sonde of Bed 
Shoulders 
Center 

1.No Inv ion 

', T n F 

IBed Thickness, Feet 

LO___ _ _ 
12 

_ - _ _..--.-­
35 4 5 6 8 0 20 30) 40 50 

,,Shu ,[rhcJ ,eti,LLJ (t p nI ( o t m 172 S4;hlum e ret 

I. 2 3' 4" 102"3 4 5 



.e -- is s 
""00 

Infinitely Thick Shoulders 

Sonde at Bed Center 
No Invasion 

[64 

1.4 R O _ __IL _ 

I 2 3~~~ 45 8 
T, 

020 
I 

345 
, 

.2 

1.4 -­

01972 &C..umb rg er 

2 3 4 
Bed 

568 50 
Thickness, Feet 

0 20 30 405 

Shotilder-bedcojrrect/irmi,I.d. 3 (lop) and 0.." htt . 

2.0 - : 

11. 

'-' 

'1 %\I 

Rs -1500O 
I. 

Sonde at Bed Center 

No Invasion 

-­

" I,- L . -I , 

1.4 -_ 

t'1.0 *mete 

• 2 , 

2Rc 
1.2 

I I 10 
BeT icnesFet1
,' b20 

( 

3 0 
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LATIROLOGS (CONT'D)
 

EFFECT OF INVASION 

- APPARENT RESISTIVITY MEASUREDj RLL. INA THICK BED ISGIVEN 

APPROXIMATELY BY 

RLL = RXOI JDI + RT DI 

WHERE J = PSEUDO-GEOMETRICAL FACTOR GIVING THE FRACTION OF 

THE TOTAL SIGNAL THAT ORI61NATES FROM A VOLUME HAVING A 

SPECIFIC GEOMETRICAL ORIENTATION WITH THE SONDE INAN INFINITE 

HOMOGENEOUS MEDIUM 

1.0
 
7hiCk Beds 

8"Hole 

.8SFLi
_ ,,, 
o i i LLB/ 

0 

. ~LLS 
C-3, 

o .6 
E 

L9~ 
4 -

0 1 

.2= .1R 

--Rxo > Rt 

°0 8 20 40 60 80 

Diomeelr di inches ) 

C1972 Schlurmte rer 

-Radi.: pseudo-geonmetrical factors, 
fresh muds (solid) and salt3 muds 
(dashed). 



166 LATEROLOGS (CONT'D) 


DETERMINATION OF RT - LL3, LL
7
 

CORRECTION FACTORS RELATIVE TO INVASION AE ONLY APPROXI-


MATIONS
 
- ADDITION OF RX0 DEVICE (MLL, PL) AIDHIN THE EVALUATIONI OF 

RT 

POROSITY DILL7 
 = RLL3 = 

5%- 10% 80" O,6Rxo+O,4RT O 75 Rxo+DSRT 
10% - 15% 40' ,4Rxo+O,6RT 05Rxo+OSRT
 
15% - 20% 20" 0,2Rxo+O.8RT 0,25Rxo+O.75RT
 

- RLL7 & RLL3 ARE CORRECTED FOR 3OREHOLE AND BED THICKNESS
 

BEFORE USING ABOVE,
 
- FOR DEEP INVASION ACCURATE VALUES OF RXo ARE IMPORTANT
 

- AS D,DECREASES INCREASING ERRORS INRx0 CAN BE ACCOMODATED
 



167 LATEROLOGS(CONT'D) 


DETERMINATION OF RT - THE DUAL LATERLOG
 

- MODERN LATEROLOG SONDE
 

- COMBINED WITH AN Rx0 DEVICE, FIGURES DI AND RT
 

- CORRECT RLLD & RLL S FOR BOREHOLE BEFORE ENTERING DUAL LATEROLOG-


Rxo CHART
 



DUAL LATEROLOG*- Rxo 
LLd - LLs - Ro 

30 " - 0 ---	 LBOJi ----­

065 

7o4
40 	 0 
so3 ... :	 .....

1. 	 . . . ..­

• • _ _":.-.:_ __ __ IM)­:-.'_ _: 

0., . '-	 ­

2 

:'.i6 4L.____ L 'I- i ;..	 IG < BEDS,. 

1.55 	 1©ShubrLeT 

-j- i 	 .. t4;A,.:. 	 8 ------ l TA-f-USNORE )-- io~~~~~3 : IT+ 	 "•: .. ::' .. 

.. .... -­1.5 of ....... 	 ,
62-0"4 !.....-EDS 	 -7j R ,­x 

7 ' 	 . ... . .. J-. S . ..C O...... 
 I+	 ..
0.2....... .-.. 

*Mark re -Ri..n"'t.... 	 . . . .9breof.Sclmb i 
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INDUCTION LOG
 

MAKES USE OF INDUCED MAGNETIC FIELDS TO DETERMINE ROCK
 
RESISTIVITY
 
- DETECTION POSSIBLE INLIQUIDS, SOLIDS & GASES
 
- NOT NECESSARY TO HAVE CONDUCTIVE FLUID INBOREHOLE
 
-
WORKS WITH BOREHOLE FULL OF GAS, AIRINVERTED OIL EMULSION MUD,
 

100% OIL MUD, OR FRESH WATER MUD
 

PRINCIPLE
 

- HIGH FREQUENCY A C OF CONSTANT INTENSITY ISSENT THROUGH
 

TRANSMITTOR COIL
 
- ALTERNATING MAGNETIC FIELD ISCREATED WHICH INDUCES SECONDARY
 

CURRENTS INROCKS
 
- SECONDARY CURRENTS FLOW INCIRCULAR GROUND LOOP PATHS CO-AXIAL
 

WITH BOREHOLE
 
- SECONDARY MAGNETIC FIELDS ARE CREATED WHICH INDUCE SIGNALS IN
 

THE RECEIVER COILS
 
-
RECEIVER SIGNALS ARE PROPORTIONAL TO CONDUCTIVITY OF ROCKS
 



- --

CABLE TO RECORDER
 

HOUSING FOR 
-MPLIFIER B 

' OSCILLATOR 

R--­
rECEIVER& IRECEIVER COIL -

GROUND LOOP OFk 
CONDUCT!VE 

0
MEDIUM-UNIT 

CROSS SECTIONAL
 
AREA ED 

CURRENTS -­

,, COIL/[OSCI . TRANSMIT TER C _ . .T_ _4 

'L.ATO.----j_:Z, 
At 

/ 

APPROX 20KC
 

INDUCTION LOGGING TOOL 
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INDUCTION LOG (CONT'D) 


FEATURES
 
- DEVELOPED TO MEASURE R
T WHEN USING OIL-BASE MUD OR NO MUD (GAS)
 

- QUICKLY PROVED SUPERIOR TO E.S, SURVEY WHEN USING FRESH WATER
 
BASE MUDS
 

-. FOCUSED & THUS MINIMIZES EFFECTS OF BOREHOLE & SURROUNDING BEDS
 
- DEEP INVESTIGATION
 

-
INVADED ZONE EFFECTS MINIMIZED
 
- SPACING BETWEEN TRANSMITTER AND RECEIVER COILS INCURRENT TOOLS
 
IS40"
 

-
DOES NOT REQUIRE A CONDUCTIVE COUPLING BETWEEN TOOL AND FORMATIONS
 
- PARTICULARLY APPLICABLE WHEN RT <,50
 
-
LOWER LIMIT OF RESISTIVE BED THICKNESS ISABOUT 4'
 
-
DOES NOT FUNCTION WELL FOR RT> 100 DUE TO BOREHOLE SIGNAL,
 

TEMPERATURE DRIFT, VARIATION INSTAND OFF
 



INDUCTION LOGS (CONT'D)
 

FEATURES - CONT'D
 

VERTICAL RADIUS OF 
TOOL RESOLUTION INVESTIGATION 

6FF40 40" , 10' 
6FF28 28"

ILD 40" I0 

lLM 40" 5' 

SONDES 

6FF40 + 16" N + SP 

6FF-23 + 16" N + SP 

DIL -- ILD + ILM + LL8 + SP 

ISF/SONIC -- 6FF-40 OR ILD + SFL + SP OR GR + B H CSONIC 



174 INDUCTION LOGS -(CONT'D) 


LOG PRESENTATION
 

TRACK I - - SP
 

TRACK 2 - - TWO OR THREE RESISTIVITY LOGS
 

TRACK 3 - - DEEP CONDUCTIVITY, C = 1000
 
R
 

SCALES
 

- LINEAR
 

,,FIRST USED SCALE
 
ItGOOD FOR CORRELATION WITH EARLIER LOGS
 
isNOT USED MUCH ANYMORE - CAN BE DIFFICULT TO READ--


BACKUP TRACES
 

itI" OR 2" PER 100'
 

- SPLIT FOUR-DECADE LOGARARATHMIC
 

..2"OR 5"PER 100"
 

,,HAS GOOD READABILITY @ LOW RESISTIVITIES
 

WIDE RANGE WITHOUT BACKUP TRACES
 

,,EASE OF READING RESISTIVITY RATIOS DIRECTLY
 

ISDETAIL LOG FOR ENGINEERING
 

GOOD READINGS AT HIGHER RESISTIVITIES BY USING
 

CONDUCTIVITIES
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PROBLEM 

SPONTANEOUS POTENTIAL 
MIllivolts 

DEPTH RESISTIVITY 
Okmi m'/m 

CONDUCTIVITY 
hillimhos/m 

--+0 

200 
Rm 7 @780 

Rmf = .64 @780 

BHT = 1900@10,500 
Mean Surface Temperature 

= 80 F 0 

0 

0 
0 

16" NORMAL INDUCTION CONDUCTIVITY 
2 40" SPACING 

10 
- 4000 

010a 
INDUCTION RESISTIVITY 9000 4000 

40" SPACING 10 

-
100 

-__T 

Example - :1--.. . . 

~,- -'-- -----From Dresser Ats - -- . . . ..1975 Log Interpetatio F , 

-.. 44-- •- . -'-_- __ _ 

-- 1Example1 1 

Frm2rssrAta 17 Log~- IneprttinFud-etl 
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INDUCTION LOGS (CONT'D)
 

COMPUTATION OF SP LOG - QUICK-LOOK METHOD FOR FINDING HYDRA-


CARBONS
 
RMF 

Esp- -KLOG Rw
 

WRITING ARCHIE'S EQUATION
 
SX= Rx° FLUSHED ZONE
 

S= F Rw RT ZONE 

T
 

INAQUIFERS Sxo = S, = 100 AND R RM- RT R 

THUS FOR AQUIFERS
 

EP -K LOG
 
RT
 

THUS THE COMPUTED SP CURVE FOLLOWS THE MEASURED SP CURVE WHEN
 
Sw = 100% AND DEVIATES FROM ITWHEN SW = 100%
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INDUCTION LOG PROBLEM

Log I (a) Determine 4, assuming Rmf 
 0.5 and SP = SSP FT = 200OF Rm=0.7 

(b) Compute SP @ point y. 


.2,-d 10 100 IOOc 

I L _ 

i-- I- . ' - II - " - I 

* IIi 

7r 

t I 

, , -H --

S , , - , I --- ,I' -- Iu
 

.- --- ­. .... 2,-. ,, --- .
 - m .. *L 

4 L 
-- 4- ­ ,-]ST 
 '-- -, -­

_ _ _ '. " __i__ L ]j _ ___i T
 L 

I 
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DUAL INDUCTION -FOCUSED LOG 

SPONTANEOUS POTENTIAL RESISTIVITY 

MIIrvolls DEPTHJ ohms . mlm 

SHALLOW FOCUSED LOG 
0.2 1.0 10 100 1000 

-- 10Df. + MEDIUM INDUCTION LOG 
0.2 1.0 10 100 1000 

j 

DEEP INDUCTION LOG 
0.2 1.0 10 100 1000 

HALLOW FOCUSED3 

IMEDIUM INDUCTION 
SINUCTION 

aIW1Ds 

From Dresser Atlas "Well Loggina & Interpretation Techniques" 1982 
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INDUCTION LOGS (CONT'D)
 

RWA QUICK-LOOK METHOD FOR FINDING HYDROCARBONS
 
S = FRw IA­

=FRo 


F Rw 
 SW T
 

= 	 Sw == R-w-Rw
w 	F RWA)
 
R

F
RWA= F 

THUS Rq = RW IFSw = 100% -- OTHERWISE RWA)> Rw- HYDROCARBONS 

-RTHUS-

A tPLIrlCC IFL 
to 

II DJCTIOk LOG 

If 	 7 
,, i-4T- t 

Pt' I L j 

-i+.!-Aj'4s _j i FI! I !r -r 

>_ _.l- . Fromi Scihlumberger's 1972.,.-.,,_ .ILo Interpretation 

F i _,__________ ' r . ..
i ' P	 Pic pl es 

Pt'-,--	 - SCCO~iWS.~tC -+7- - - --T--	 umblrger'-s 1972l 	 ll '!J ,ro,,chi 
r t 

F i-nFlF-17 

'ii I - F!,i ,,F i l__ Principle7 

7171 



180 INDUCTION LOGS (CONT'D) 


SKIN EFFECT
 
- INVERY CONDUCTIVE FORMATIONS THE INDUCED SECONDARY CURRENTS
 

ARE LARGE
 
-
THE SECONDARY MAGNETIC FIELDS ARE STRONG AND INDUCE ADDITIONAL
 

EMF'S INOTHER GROUND LOOPS
 
- INTERACTION BETWEEN THE LOOPS CAUSES A REDUCTION OF THE CON-

DUCTIVITY SIGNAL RECORDED--REFERRED TO AS "SKIN EFFECT"
 

- INDUCTION LOGS ARE AUTOMATICALLY CORRECTED FOR "SKIN EFFECT"
 
-
WHEN MEDIA SURROUNDING SONDE ARE NOT OF UNIFORM CONDUCTIVITY
 
A SECONDARY "SKIN EFFECT" MAY BE REQUIRED 
-- IS INCORPORATED
 
ININTERPRETATION CHARTS
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INDUCTION LOGS (CONT'D)
 

GEOMETRICAL FACTORS
 
- FRACTION OF THE TOTAL SIGNAL THAT ORIGINATES INA VOLUME HAVING
 
A SPECIFIC ORIENTATION WITH THE SONDE INAN INFINITE HOmGENEOUS
 

MEDIUM
 
,,	INIENSITY OF THE CURRENT INANWY ONE OF THE LOOPS DEPENDS ON
 

ITS LOCATION WITH RESPECT TO THE TRANSMITTING COIL AND ON
 
THE CONDUCTIVITY OF THE FORMATION
 

, CONTRIBUTION OF A LOOP TO THE RECORDED SIGNAL DEPENDS ALSO
 

ON ITS LOCATION, RELATIVE TO THE RECEIVING COIL
 

- RESISTIVITY INDICATED BY INDUCTION LOG DEPENDS ON RESISTIVITY
 
OF VARIOUS SECTIONS OF FORMATION & ON THEIR GEOMETRIC FACTORS 

BECAUSE VARIOUS REGIONS ARE AXIALLY SYMMETRICAL, CURRENT 
INDUCED FLOWS ONLY INZONE INWHICH ITORIGINATES 

, 	 CURRENT WILL NOT ORDINARILY CROSS FROM INVADED TO UNINVADED 
ZONE, OR FROM ADJACENT BED TO THE OBJECT BED--PROVIDED
 

SONDE ISCENTERED,
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INDUCTION LOGS (CONT'D)
 

GEOMFT pICAL FACTORS
 

- THE APPARENT RESISTIVITY ISGIVEN BY
 

RA RM Ri RT Rs
 

WHERE G'S ARE INTEGRATED GEOMETRIC FACTORS
 

- FOR RA - RT ITISNECESSARY TO MINIMIZE CONTRIBUTIONS OF 

MUD COLUMN, INVADED ZONE AND ADJACENT BEDS 
- USE OF A HIGH RESISTIVITY MUD REDUCES 

RM. RI
 

----+ CAN BE REDUCED BY USING FOCUSING COILS WHICH 
RM Rl RS 

PROVIDE CANCELING SIGNAL RATHER THAN CONTROL CURRENT DISTRI-

BUTION AS INTHE LATEROLOGS,
 

- SIGNIFICANCE
 

,PERMIT CONSTRUCTION OF MATHEMATICALLY SOUND CORRECTION
 
CHARTS TO ACCGUNT FOR EFFECTS OF BOREHOLE, INVADED ZONE,
 
AND ADJACENT BEDS ON RT
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INTEGRATED RADIAL GEOMETRICAL FACTOR 
-o1.0 ~~ILm L 

n 0.8 -F4 6FF2-

LL 0.6/ ," -I 

LU_LA0.A 
trInfinitely Thick Beds 

Ld 

0 
-­

0 40 80 120 160 200 240 280 320 360 

DIAMETER di (INCHES) 

C1972 Schlumberger 

- GeometricalFactors.Dashed curve includes skin effect under conditions 
shown, jor the 6FF40or the 114 devices. 



184 INDUCTION LOGS (CONF'D) 


FACTORS AFFEING TOOL RESPONSE
 

- BOREHOLE CONDITIONS
 

BOREHOLE CONDITIONS WHICH AFFECT LOG RESPONSE ARE
 
RMj RMCj DHJ STAND-OFF
 

,,TOOLS ARE DESIGNED TO REDUCE POREHOLE SIGNAL TO A
 

MINIMUM
 
ItBOREHOLE CONDUCTIVITY SIGNAL ISSUBTRACTED BEFORE OTHER
 

CORRECTIONS ARE MADE
 
go BOREHOLE SIGNAL ISREDUCED BY CENTRALIZING THE SONDE
 

- ADJACENT BEDS & BED THICKNESS
 

ADJACENT BED EFFECTS ARE DIRECTLY RELATED TO BED THICKNESS
 

AND RS
 



INDUCTION LOG BOREHOLE CORRECTION 185 

English 

- .01-0 
-- 6FF40,ILd 
 2.0 

- . ' ' " IFor very low mud te litviie$
 

-r ,_ 09 diide R scale byo nd
 
FF . Il , Py Hole Signol sCale by 10.K. ,' .o 
/";t, . . oo 0,.--

~0
 

- / ­ -. 007 

Ii._.... - .oV
 

I / C) / 
r I 

.'/ "_- /..(N~~" 1 
_ _ STAND-OFF J 

I(INCHES) --. 005
I. . .'. 

• ! 0
 
.004 x-20 

WJ 20
 

* I ' a 
. - . ... 003 / .25
 

/ *1/ 22,0 / 
_/_ ...
.. / 

.002 30 

- 1 HOLEN
/ . SIGNAL 
/ ' 0  . . . I0 1 6 1 0/M/M O E SG A O EG .R 

4 6 8 0 12 14 1-g i.0 HOLE SIGNALS HOLE G F /Rm -4 

HOLE DIAMETER (INCHES) 6 I 00 

The hole-conductivity signal is to be subtracted, wh.re necessary, from the Induction-Log conductiv­
ity reading before other corrections are made.* This correction applies to all zones (including shoulder 
beds) having the same hole size and mud resistivity. 

Rcor-4 gives corrections for 6FF40 or ILd, ILm, and 6FF28 for various wall stand-offs. Dashed work­
ing lines illustrate use 
of the chart for the ca3e of a 6FF40 sonde with a 1.5-inch standoff in a 14.6-inch
borehole, and R. 0.35 Q'm.The hole signal is found to be 5.5 mS/m.If the lo. reads R,1. = 20C'm,
CIL(Conductivity) = 50mS/m.The corrected CIL is then (50 -5.5) = 44.5 mS/m. R, = 1000/44.5 = 
22.4 Q'm. 

* CAUTION: Some Induction Logs, especially in salty muds, are adjusted so that tha hole sign., for the 
nominal hole size isalready subtracted out of the recorded curve. Refer to log heading. 

Rcor-4 
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INDUCTION LOG BED THICKNESS CORRECTION
 

6FF40 or ILd and 6FF28 

These charts give bed thickness corrections for the 6FF40, ILd, and 6FF28 in beds thicker thcn 4 feet
(1.2 m). A skin-effect* correction is included in these charts. Select appropriate chart for value of adja­
cent-bed resistivity (R.). Enter the bed thickness and proceed upward to the proper RIL curve. Read ordi­
nate values of (RIL),r. 

To use these curves for the small-diameter 6FF28, simply multiply the bed thickness by the
ratio of the spacings. For a 6FF28 tool reading in a 7-ft bed, the bed thickness used to enter the chart 
is 40/28 X 7 = lOft. 

20C R 200j 
I R, 

l 45 0oc 50
S40 4 

640 

4C30 .I*30 

Nc1 10 
t ., 

2 

Ol4 04
 

03 / 0,3 03 0022 "0 2 (2 

ILCi
0' .m © Schlumberger m,.z2,,Li 

Schlumberger
12(1f16 20 24 28 4 8 211) 16 20 24 ­

0 2 3 4(.n)5 6 7 a 4 (m)l 5 7 6 
Bed Thickness Bed Thickness 

NOTE: These corrections are computed for a shoulder-bed rtsiotivity (SBA) s4tting of lf.m. Refer to log heading. 

2VC i40 

200
 
4055 40

40 0 C0 4 
00 23 

20 20 2 

S! E 6 
4 4 4

03 23 

2 2 2 2 

8Bed- Thisn 
-B ITscn06 -0 

33Q 0.3 

02 - -0.2 02 
ar 4e d nhmer nea hetoorn o © Schiumbergero.o01I)~le 2 42 01 

Bed Thickness Bad Thickness 

*Skin effect corrections are made automatically by Schlumberger Induction tools. However, these internal corrections 
are necessarily based on the total conductivity signal measured by the tool, and are'therefare correct only inhomoge­neous, anisolropic beds of considerable extent, In thin beds, adjustments ore needed to the corrections made by theRcor-5 tool, and are included in these charts. 
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ILm 

These charts are for the lLm in beds thicker than 4 feet (1.2 in). A skin-effect* correction is included 
in tiese charts. Select appropriate chart for value of adjacent-bed resistivity (R.). Enter the bed thick­
ness and proceed upward to the proper RIL curve. Read ordinate values of (R1L)... 
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Skin effect corrections ore mode automatically by Schlumberger Induction tools. However, these internal corrections 
are necessarily based on the total conductivity signal measured by the tool, and are therefore correct only in homage. 
neous, anisotropic beds of considerable extent. In thin beds, adjustments are needed to the corrections mude by the 
tool, and ore included in these charts. Rcor-6 



188 DUAL INDUCTION LOG9 

and 
LATEROLOG* 8 or SPHERICALLY FOCUSED LOG 

The ILd (Deep Induction Log), ILm (Medium Induction Log) and the LL8 (Laterolog 8) or SFL* Spher­ically Focused Log) are recorded with the Dual Induction equipment. The improved charts on the follow­ing pages are used to determine values of R,, R.o/Rt, and d,(assuming a step-contact profile of invasion).Skin-effect corrections have been included in the construction of these new charts**. 
The Induction Logs are corrected, where necessary, for hole effect and bed thickness using Charts

Rcor-4 through Rcor-7. Correct the Laterolog 8 or SFL for hole effect using Rcor.1. 
EXAMPLE OF USE: 

GIVEN: RLI = 25, RI = 5.9, RID = 4.8, all values previously corrected as noted above: 
Entering the Ro/Rn ,-100 
chart (Rint-2a) with: RLLS/RID = 25/4.8 = 5.2
 

Rim /RID = 5.9/4.8 1.23
 
Read from the solid black curves R.o/Rt = 8
 
Read from the dashed curves dl = 39y (1m) 
Read from the red curves R,/RID = 0.98 

R,= RID X (R,/R[D) = 4.8 X 0.98 = 4.7 

SATURATION DETERMINATION (CLEAN FORMATIONS): 
The chart-derived values of R,and Ro/R, each can be used to find values for S.. One value, whichisdesignated as S,L (S.:-Archip), is found using the Archie saturation formula (or Chart Sw-1) with theR,value and known values of FR and R,,. An alternate S. value, designated as S, (S.,-Ratio), is found

using Ro/R, with R,/R, as in Chart Sw-2. 
If S.A and S.R are equal, the assumptioni of a step-contact invasion profile is indicated to be cor­rect, and all values found (S., R,, R,., d,) are considered good. 
If S, > S,, either invasion is very shallow or a transition type of invasion profile is indicated;and S, isconsidered a good value for S,,. 
If S, < S,, ,an annulus type of invasion profile may be indicated. In this case a more accuratevalue of water saturation may be estimated using the relation: 

1/4s.
= 

The correction factor (S.,/S.,)1 ' 4 can be found from the scale shown below: 

SWA/SwR 
045 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 Q90 0.95 1.0I I I -- I ''.,.1 "...1.1I , I I .1.1 ,-11''1.L.I , , j0.80 1085 0.90 0.95 1.0 

(SwA/SWR) ©&hlumberger 

* Mark of Schlumberger
 
""Skin affect corrections are made automatically by Schlumberger Induction tools. However, these interna!
tions are correc.necessarily based on the total conductivity signal measuredhomogeneous, onisotropic b(-ds 

by the tool, and arv therefore correct only inof considerable extent. In Invaded beds, adjusitments aRi t-1 neidd to the correctionsmode by the tool, and are included in thes charts. 



189 INDUCTION LOGS (CONT'D) 


CALIBRATION
 
- THERE ISAN UNCERTAINTY OF ABOUT + 
2 MMHO/M ON THE ZERO OF
 

THE PRESENT SONDES
 
-
RESISTIVITY ERROR MAY BE GREAT AS CONDUCTIVITY APPROACHES ZERO
 
-
TO PRECLUDE AN ERROR OF MORE THAN 20%, THE FORMATION CONDUCTIVITY
 
SHOULD BE GREATER THAN 10 MMHO/M
 

- PRIMARY CALIBRATION ISPERFORMED BY PLACING A TEST LOOP AROUND
 
THE SONDE--PRODUCES A CERTAIN CONDUCTIVITY SIGNAL
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NDUCTION LOGS (CON'T)
 

INVASION EFFECTS
 
- INVADED ZONE INCLUDES VOLUMES HAVING SEVERAL CONDUCTIVITIES--

CM CxO) CI & CT 

of CLOG = Cm GM + Cxo Gxo + CI Gi + CT GT (THICK BED)
 

-
FOR A 6FF40 TOOL, MODERATE HOLE SIZE, A RELATIVELY, FRESH 
MUD, THE BOREHOLE SIGNAL ISNEGLIGIBLE AND THE Co & C1
 

ZONES CAN BE MERGED INTO ONE
 

tCLOG =Cxo Gxo + CT GT
 

FOR DI 65"GxO = a2 GT = 8
 

IF Rxo =4 R THEN Co 4
 

THUS CLOG = CT (,2) + .8CT = 0,85 CT4 

- FOR THE SAME CONDITIONS BUT USING SALTY MUD SO THAT Rxo = RT/4
 

CLOG = 4 CT(, 2 ) + .8CT = f6 CT 

- THESE EXAMPLES ILLUSTRATE THE "CONDUCTIVITY-SEEKING CHARACTER-

ISTICS OF THE INDUCTION DEVICES--DISCRETION ISREQUIRED FOR
 
THEIR USE INSALT-MUD ENVIRONMENTS
 

RULE-OF-THUMB--RT < 2,5 Rxo &D1 . 100" FOR SATISFACTORY 

RT DETERMINATION
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INDUCTION LOGS (CONT'D)
 

THE ANNULUS PROBLEM
 
-
WHEN A FORMATION CONTAINS HYDROCARBONS, THE PROCESS OF INVASION
 
BECOMES COMPLEX
 

RX0 ZONE ISNOT COMPLETELY FLUSHED
 

RESIDUAL HYDROCARBONS AND EVEN SOME CONNATE WATER WILL REMAIN
 
INRx0 ZONE
 

R
R,ZONE WILL CONTAIN HYDROCARBONS, CONNATE WATER AND MUD FILTRATE
 

INVASION WILL BE DEEPER BECAUSE OF So, INRx
0 ZONE
 

- UNDER CERTAIN CONDITIONS, MUD FILTRATE INVASION OF A HYDROCARBON
 
BEARING FORMATION CREATES A ZONE OF FORMATION WATER--LOW RESIS-

TIVITY ZONE OR ANNULUS
 
,,	INDICATIVE OF MOVABLE HYDROCARBONS
 

NOT NECESSARILY A CRITERION OF A PRODUCTIVE FORMATION
 
ANNULUS ISMORE PRONOUNCED WHEN Sw ISLOW
 
ANNULUS THICKNESS INCREASES AS INVASION INCREASES
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INDUCTION LOGS - (CONT'D) 

ANNULUS CON'T, 
- ANNULUS REPRESENTS AN IDEAL CYLINDER WITHIN WHICH CURRENT CAN FLOW 
,,ITS EFFECT ON A DEVICE ISDEPENDENT UPON DI, RMF/R W, AND 

HYDROCARBON MOBILITY 
isITDECREASES THE RECORDED RESISTIVITY, RA AND CAN CAUSE ITTO 

BE LESS THAN Rxo AND RT 

isITS EFFECT ISMORE MARKED IFTHE ANNULUS ISCLOSE TO WELLBORE
 
go ITDIFFUSES AND DISSIPATES WITH TIME
 
IsITCAN CAUSE THE INDUCTION LOG TO READ CONSIDERABLY LOWER
 

THAN RT 

- WHEN RXo > RT RA < RT AND THE EFFECTS OF THE TWO TEND TO CANCEL 

- ANNULUS HAS MORE EFFECT ONl MEDIUM DEVICE, 1L WHERE DI< 5 DHm, 

- ANNULUS IS SEEN WHEN RIL< RIL & RLL 



193 INDUCTION LOGS (CONT'D) 


DIL (LL8.,ILM, ILD, GR) INSALT MUD
 

-
CAN GIVE GOOD RESULTS WITH CERTAIN PROVISIONS
 

of,,> 12 TO 15%
 

of D 8" FOR MINIMUM BOREHOLE EFFECT
 

of 	 RMFZ RW 

,,	MEDIUM TO SHALLOW INVASION WHEN Rxo< RT--FOR DEEP INVASION
 

THE LOW RESISTIVITY RX
0 ZONE WOULD HAVE A DETRIMENTAL EFFECT
 

ON ILM & ILD
 

, RT ' 50
 



DUAL INDUCTION LOG9 
194­

and 
LATEROLOG* 8 or SPHERICALLY FOCUSED LOG 

The ILd (Deep Inductin Log), ILm (Medium Induction Log) and the LL8 (Laterolog 8) or SFL* Sphtr­ically Focused Log) are recorded with the Dual Induction equipment. The improved charts on the follow.ing pages are used to determine values of R,, Ro/R,, and d1 (assuming a step-contact profile of invasion).Skin-effect corrections have been includ,.d in the construction of these new charts**. 
The Induction Logs are corrected, where necessary, for hole effect and bed thickness using ChartsRcor-4 through Rcor-7. Correct the Laterolog 8 or SFL for hole effect using Rcor-1. 

EXAMPLE OF USE: 
GIVEN: RLLS = 25, RI,, = 5.9, RID = 4.8, all values previously corrected as noted above: 
Entering the Rxo/R, - 100
 
chart (Rint-2a) with: 
 RLJ/RD = 25/4.8 = 5.2 

Rim /R,D = 5.9/4.8 - 1.23
 
Read from the solid black curves R.o/R , = 8
 
Read from the dashed curves 
 dl = 39" (1m)
 
Read from the red curves R,/RID = 0.98
 

"t = ) X (R,/RID) = 4.8 X 0.98 = 4.7 

SATURATION DETERMINATION (CLEAN FORMATIONS): 
The chart-derived values of R,and RI,,/R, each can be used to find values for S.. One value, whichis designated as SA (S.-Archie), is found using the Archie saturation formula (or Chart Sw-1) with theR,value and known values of F, and R.. An alternate S. value, designated as S., (S,-Rafio), is found

using RIo/R, with Rmt/R,, as in Chart Sw-2. 
If S.A and S., are equal, the assumption of a step-contact invasion profile is indicated to be cor­rect, and all values found (S.,, R,, R10, d,) are considered good. 
If S., > S.,, either invasion is very shallow or a transition type of invasion profile is indicated;and S., is considered a good value for S.. 
If S., < S,,, an annulus type of invc,ion profile may be indicated. In this case a more accu-ntevalue of water saturation may be estimated using the relation: 

The correction factor (SA/S,,) 1/4 can be found from the scale shown below: 

SwA/ SwR 
045 050 0.55 0.60 0.65 0.70 0.75.. , I I 1 I II I , 

0.80 0.85 Qg90 0.95 1.0I I , I I 
0.80 Q85 0.90 0.95 1.0 

(SwA/SWR) IV4 @ Schlumbergor 

" Mark of Schlumborger
" Skin effect corrections are made automatically by Schlumbergei Induction tools. However, thes internal correc­tions are necessarily based on the total conductivity signal measured by the tool, and are therefore correct only inhomogeneous, tropk bedsonisoa of consider.ble extent. In Invaded beds, odjustments are needed to the correctionsR iflt'1 mode by the tool, and or* included in these charts. 
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INDUCTION LOG PROBLEM
 
Log I (a) Determine , assuming Rmf = 0.5 and SP = SSP FT = 200i)F Pm=0.7 

(b) Compute SP @ point y. 1 197 
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INDUCTION LOG PROBLEM 
Log 11 Determine Sw assuming waters in both logs are similar. 198 

d = 9" Rm f  0.5 h = 34' Rm = 0.7 @ FT standoff = 1 " 
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MICRORESISTIVITY DEVICES - THE RESISTIVITY POROSITY LOGS 199 

TOOLS
 

- MICROLOG
 

- MICROLATEROLOG 

- PROXIMITY LOG
 

- MICROSPHERICALLY FOCUSED LOG
 

CHARACTERISTICS OF TOOLS 

- PRESENT EQUIPMENT INCLUDES A COMBINATION TOOL WITH TWO PADS 

MOUNTED 0N1 OPPOSITE SIDES 

- ONE ISTHE MICROLOG PAD AND THE OTHER MAY BE EITHER THE MICRO-

LATEROLOG OR THE PROXIMITY LOG, AS REQUIRED BY MUD CAKE THICK-

NESS
 

- MICROSFL IS A COMBINATION TOOL THAT CAN BE RUN WITH EITHER
 

F D C OR D L L 

- SONDES NORMALLY INCLUDE THE CALIPER LOG 

- PAD, CARRYING SHORT-SPACING ELECTRODES ISPRESSED AGAINST MUD 

CAKE, THUS REDUCING THE SHORT CIRCUITING EFFECT OF M1lD
 

- CURRENTS MUST PASS THROUGH THE MUD CAKE TO REACH THE Rxo ZONE
 

- SHALLOW INVESTIGATION RESISTIVITY TOOLS
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MICRORESISTIVITY DEVICES - THE RESISTIVITY POROSITY LOGS
 

USES
 

- MEASURE Rx0
 

- MICROLOG DELINEATES PERMEABLE BEDS BY DETECTING PRESENCE OF 

MUD CAKE 

- DELINEATE BED BOUNDARIES 

- USEFUL INNET THICKNESS DETERMINATION 

- HELPFUL TO DETERMINE RT IN MODERATE TO DEEP INVASION 

- PROVIDES RXo/RT RATIO INSw DETERM1INATION 

- PROVIDE 4,INCLEAN BEDS WHEN SOR ISKNOWN 

- HELP TO DETERMINE MOVABLE OIL 
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MICRORESTIVITY LOGS (CONT'D) 


AFFECTED BY
 

- MUD CAKE RESISTIVITY, RMC
 

- MUD CAKE ANISOTROPY
 

go RMc PARALLEL TO BOREHOLE ISLESS THAN THAT ACROSS THE
 

MUD CAKE
 

RESULT ISTO MAKE EFFECTIVE OR ELECTRICAL HMC GREATER THAN THAT
 

INDICATED BY A CALIPER
 

,,HOLE CAVING OR ROUGHNESS--POUR PAD CONTACT CAN RESULT INCURREN 

LEAKAGE--TOOLS INCLUDE TWO-ARM CALIPERS WHICH SHOW THE SIZE 

AND CONDITION OF BOREHOLE 

- MUD CAKE THICKNESS, HMC 



MICRORESISTIVITY LOGS (CONT'D) 20;
 

LOG PRESENTATION
 

- MICROLOG--TRACKS 2 & 3 ON, LINEAR SCALE WITH CALIPER INTRACK 1
 

- MICROLATEROLOG 

,,LINEAR SCALE EQUAL TO LL SCALE INTRACK 2 & AN EXPANDED 

SCALE INTRACK 3 

,,SPLIT 4-CYCLE LOGARATHMIC SCALE COVERING TRACKS 2 & 3 

HYBRID SCALES IN TRACK 2 AND AN EXPANDED LINEAR SCALE ON 

TRACK 3 

- PROXIMITY LOG--SPLIT 4-CYCLE LOGARITHMIC SCALE INTRACKS 2 &3 

WITH THE CALIPER INTRACK 1 

- MICRO SFL -- RECORDED ON SPLIT 4-CYCLE LOGARITHMIC SCALE WITH 

DUAL LATEROLOG 
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MICRORESISTIVITY LOGS (CONT'D)
 

THE MICROLOG (MINILOG, CONTACT LOG)
 
-
DESIGNED FOR VERY SHORT RANGE OF INVESTIGATION WITHOUT BEING
 

AFFECTED BY MUD
 
-
WITH ARMS & SPRINGS A RUBBER PAD ISPRESSED AGAINST BOREHOLE WALL
 
- PAD CONTAINS THREE SMALL ELECTRODES INLINE SPACED I"APART
 
-
TOOL RECORDS A 2"MICRO NORMAL RESISTIVITY CURVE AND A 1.5"
 

MICRO LATERAL RESISTIVITY CURVE
 
- THE MICROLATERAL CURVE PENETRATES 1,5" WHILE THE MICRONORMAL
 

CURVE PENETRATES 4"
 

- WHEN RMCK Rx0 R11511< R211 

- PRESENCE OF MUD CAKE CAN BE DETECTED AND THIS, INTURN., INDI-
CATES PERMEABILITY 
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MICRORESISTIVITY LOGS (CONT'D)
 

THE MICROLOG (MINILOG, CONTACT LOG) CONT'D
 

- POSITIVE SEPARATION: R2,, R1.511 

- ZERO SEPARATION: R2,,= R1.5, 

- NEGATIVE SEPARATION: R2 "< R1.51, 

- APPLICATION LIMITATIONS
 

Rxo/Rjc < 15
 

o ¢> 15 4/' 
i/2 "I
HMc 

,DEPTH OF INVASION > 4"
 

- THE GREATER Rxo/Rlc, THE GREATER THE TENDENCY FOR THE CURRENT
 

TO ESCAPE THROUGH THE MUD CAKE
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10CROLOGGING TOOL 

Courtesy of Schlumberger Well Surveying Corp. 
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tflCRO -,REtS~rl1rr 
----- 1CC M AL 2u 
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SHALE 

POROUS SAND 
NOTE: POSITIVE 

SEPARATON. 
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CJ!YE D 

POROUS
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SHALE 

BROKEN 8
 

PERMEABLE L1W -E" -

SHALE 

SIMPLIIEO ILLUSTRATIlON OF MICROLOG 



210 MICROLOG* INTERPRETATION CHART 

20....- ........... 	 -..--.. .
 

0. . .. . ..... . .... ..... 0/-- -	 ' 
........... 	 --- .....- - (1.5mm
 

. .. ,. . . . . ................. .......... ," . . (,r
10 

77
 

7: 	 '(64mm.... .. . . 

. .... ....-	 -,'... . . 
R. : 	 / - s?1 ...... .. - .4 	 / : - :..., ­/6 (4mm 	 mm) 

. . . .	 . / / / . ... . '-._ - _ - - _L - . .­

. /. .. ...... . . ...
 
• " ",,", 	 -......... ........
 

- .Ve. . / . .i(imm................... ......... .
 

1.5 2 3 4 5l 6 7 8 9 I0 520 

Rmc 

For hole sizes other than 8 in. (203mam), multiply R,,. ,./R,,. by the following factors before entering 
the chart: 1.15 for 4 ,,-in. (120mam) hole, 1.05 for 6>-in. (152mm) hole, 0.93 for 10-in. (254mm) hole. 

NOTE: 	Ar, incorrect R°, will displace the points in the chart along a .450 line. In certain coos this can be 
recognized when the mud'-cake thickness is different from direct mneasurement by le microcali­
per. To correct, move the plot-ted point at 45° to intersect the known hr . For this r<w point read 
Ro/P,.< from the chart and R..,/°, from the bottom scale of the chart. R1o= R10o/R,. X R° 

Rxrj1' 	 'Mark of Schiumberger 
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MICRORESISTIVITY LOGS (CONT'D)
 

MICROLOG CONT'D
 

- MUD LOG
 

,GOTTEN WITH MICROLOG SONDE LOWERED WITH ARMS CLOSED
 

,,EXCEPT WHEN DH < 8"PAD WILL FACE AWAY FROM WALL PART OF THE
 

TIME AND READ INSITU RM
 

USES--CHECK RM, DETECT MUD SYSTEM CHANGES, IDENTIFY VATER
 

FLOWS
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MICRORESISTIVITY LOGS (CONT'D)
 

MICROLATEROLOG
 

- PRINCIPLE
 

..SMALL ELECTRODE Ao AND THREE CONCENTRIC ELECTRODES ARE
 

IMBEDDED INA RUBBER PAD
 

,,FOCUSED DEVICE
 
CURRENT OF CONSTANT INTENSITY ISIMPRESSED ON THE CENTER
 

ELECTRODE
 

CURRENT OF SIMILAR POLARITY ISIMPRESSED ON OUTER RING
 
ELECTRODE--ITS INTENSITY ISVARIED AUTOMATICALLY TO MAINTAIN
 
A ZERO POTENTIAL DROP INTHE TWO INNER RING ELECTRODES
 

FOCUSED CURRENT FLOW INCYLINDRICAL PATTERN FROM CENTER
 

ELECTRODE FORABOUT 3"BEYOND WHICH ITFLARES
 

- GOOD VERTICAL RESOLUTION--3" TO 6"
 

- GOOD FOR SALT BASE MUDS OR WHEN RX > 15
 
RMc 

- MOST OF RESPONSE COMES FROM MUD CAKE AND THE FLUSHED ZONE 
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MICRORESISTIVITY LOGS (CONT'D)
 

MICROLATEROLOG CONT'D 

- LIMITATIONS 

HMC 3/8", 

to DEPTH OF INVASION > 3" TO 4"
 
,,FOR HMC> 3/8" TOOL RAPIDLY LOOSES ITS RESOLUTION OF Rxo
 

PROXIMITY LOG
 
- PRINCIPLE--SIMILAR TO MICROLATEROLOG, BUT USES A WIDER PAD--


FOCUSED DEVICE
 
- MUD CAKE THICKNESSES UP TO 3/4" HAVE LITTLE EFFECT ON THE LOG
 

MEASUREMENTS 
- DEPTH OF INVESTIGATION (DI = 40") MAKES ITALMOST AN R1 TOOL 
- LIMITATIONS 

of HMC Z3/4 

,, DI 5 40" 

RPL = JDI Rx0 + (1-jDI) RT
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Courtesy of Sch1 umberqer 'ell Surveying Corp. 
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Courtesy Of SchlUrberger Well Surveying Cor^p. 



MICROLATERoLOc;, PROXIMITY" 	
21 

LOG, AND MICROSFL-
MUD-CAKE CORRECTION 

FOR HOLE DIAMETER OF 8 in. OR 2 03mm 

.5.0 icrolroteroloq'!
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221 MICRORESTIVITY LOGS (CONT'D) 

,	MICRO S F L 
- USES A HARD TYPE PAD WITH RECTANGULAR ELECTRODES 

- ADVANTAGES OVER M L, M L L, & P L 

,,COMBINABILITY WITH OTHER LOGGING TOOLS (FDC & DLL) THUS,
 

ELIMINATING NEED FOR SEPARATE LOGGING RUN
 

,MEASURES GOOD Rxo INTHICK MUD CAKES & DOES NOT REQUIRE MUCH
 

INVASION
 

- A CALIPER CURVE ISPROVIDED
 

- SPHERICAL FOCUSING ISSHAPING OF EQUIPOTENTIAL SURFACES TO
 

APPROXIMATELY SPHERICAL FORM
 

,,FOCUSING ISACCOMPLISHED BY AUXILIARY ELECTRODES
 

itINSTEAD OF BEING FORCED INTO A NARROW BEAM, CLIRRENT ISMERELY
 

PREVENTED FROM FOLLOWING THE BOREHOLE MUD OR MUDCAKE PATHS
 

it	CAREFUL SELECTION OF ELECTRODE SPACINGS ACHIEVES ArN OPTIMUM
 

COMPROMISE BETWEEN TOO MUCH & TOO LITTLE DEPTH OF INVESTI-


GATION
 

- HOLE RUGOSITY ISPRESENT WHEN THE CURVE BECOMES VERY NOISY WITH
 

LARGE AMPLITUDE
 

- LIMITATIONS
 

HMC< 3/4"
 

*,DEPTH OF INVASION ;>4
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Micro S.F.L.
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The Micro-Spherically Focused Log (courtesy Schlumberger)


E 

MEASLNi AI--
YOLTAGEI/ 

VOLTA4 1 

MIONITOR 

ELECTRODES 

Electrode arraigement of MICROSFL
 
(right) and current distribution (left).
 
(Sc/e, tic)
 

RESISTIVITY 0 
1 10 100 1000 0 

,J 4 ,,,,,, 0 
- ________ - 0 MSFL 

7-A1Ij PAD 
T 

- >-, 

7' 
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MICRORESISTIVITY LOGS (CONT'D)
 

DETERMINATION OF F &
 
- INAQUIFERS (CLEAN)
 

R
 
KMF o 

- LOGS GIVE Rxo AND KNOWING RMF) F CAN BE COMPUTED, A &M MUST 
BE KNOWN OR ASSUMED TO OBTAIN POROSITY 

- INHYDROCARBON ZONES (CLEAN) 

SX0= F-RMF /"
Sx° = 

SINCE S ==1 0R 

Rxo 

F=
 
( 
 O-SOR)2 
RMF 

THE PROCEDURE HERE ISTHE SAME AS FOR AQUIFERS, EXCEPT IN 
ADDITION, SOR NEEDS TO BE KNOWN 
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ELASTIC WAVE LOG--SONIC LOG--ACOUSTIC LOG 


WHAT ISIT?
 
-
A RECORDING VS DEPTH OF TIME A T,FOR A COMPRESSIONAL WAVE TO 
TRAVERSE ONE FOOT OF FORMATION
 

- INTERVAL TRANSIT TIME, L4 T, ISTHE RECIPROCAL OF THE COMPRESSIONAL 
SOUND WAVE VELOCITY IN/SEC, 

T = /tSEC/FT
 
MA
 

T =F(LITHOLOGY, 
, FLUID CONTE.NT)
 

.ORIGINALLY DEVELOPED TO HELP INTERPRET SEISMIC DATA BY IEASURING
 
THE VELOCITY OF SOUND THROUGH VARIOUS TYPES OF ROCKS
 

. SELF-DRIVEN MAGNETOSTRICTIVE OSCILLATOR ISTHE MEANS OF CONVERTING
 
ELECTRICAL ENERGY INTO VIBRATIONAL ENERGY
 
- DEVICE OSCILLATES BY CONTRACTION AND EXPANSION WHEN IT ISUSED
 

AS THE TRANSMITTOR OF ELASTIC WAVE PULSES
 
- WAVE TRAINS ARE OF SHORT DURATION AND OF CONSTANT AMPLITUDE AND
 
FREQUENCY (ABOUT 30,000 CPS)
 

http:CONTE.NT


226 ELASTIC WAVE LOG (CONT'D) 


ACOUSTIC LOGGING TOOLS
 
- SINGLE REC-IVER
 

EARLIEST SONIC LOGGING TOOL
 
INCLUDE ONE TRANSMITTER & ONE RECEIVER SPACED 6'APART
 

-,ATINCLUDED THE TRAVEL TIME INTHE MUD WHICH WAS DIFFICULT
 
TO CORRECT FOR SINCE NO CALIPER WAS INCLUDED--A CONSTANT MUD
 
TRAVEL TIME WAS SUBTRACTED
 

- CONVENTIONAL SONIC TOOL
 
CONSISTS OF TRANSMITTER AND THREE RECEIVERS--ONLY TWO OF WHICH
 
ARE USED AT ANY ONE TIME
 

, DISTANCE FROM TRANSMITTER TO FIRST RECEIVER ISABOUT 3'
 
DISTANCE BETWEEN THE TWO RECEIVERS USED ISI'OR 3'--SWITCH
 
PERMITS SELECTION OF EITHER SPACING
 
3'SPACING ISNORMALLY USED--USEFUL FOR BOTH 0 AND SEISMIC
 
VELOCITY DETERMINATION
 
FIRST ARRIVAL SOUND STARTS TIMING DEVICE INTHE FIRST RECEIVER
 
& TRAVELS ON TO THE SECOND RECEIVER WHERE ITSTOPS THE TIMING
 
DEVICE
 
PATH DIFFERENCE FOR THE TWO RECEIVERS ISEQUAL TO THEIR SPACING
 
IFTHEY ARE EQUIDISTANT TO BOREHOLE WALL--NOT TRLE WHEN TOOL MOVES
 
PAST A CHANGE INBOREHOLE SIZE OR SONDE ISNOT PARALLEL TO WALL--

THIS PROBLEM LED TO DEVELOPMENT OF B H C
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From 1981 Booklet by Dresser Atlas 


on Acoustic Logs
 

AA 
A 

C 

Single receiver sy stem. Dual receiver system. 

A A 

C-C I.
 

Effet o too t~t. Efec of avebounary 
c oI 
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ELASTIC WAVE LOG (CONT'D)
 

BOREHOLE COMPENSATED SONIC TOOL (BH C SONIC)
 
- MODIFICATION OF CONVENTIONAL SONIC TOOL
 
- CONSISTS OF TWO CONVENTIONAL ACOUSTIC TOOLS--ONE INVERTED WITH
 

RESPECT TO THE OTHER
 
-
SUPPRESSES UNDESIRABLE FLUCTUATIONS OF TRANSIT TIMIE CURVE,WHICH
 

ARE CAUSED BY CHANGES INBOREHOLE SIZE
 
- USUALLY ELIMINATES ERRORS CAUSED BY SONDE TILT
 
- AVERAGES AT FOR 2' OF ROCK INSTEAD OF I' OR 3'
 
-
BASIC OPERATION ISSIMILAR TO CONVENTIONAL TOOL
 
- MEASURES4T OF ROCK TWICE--ONCE USING UPPER TRANSMITTER AND ONCE
 

USING LOWER TRANSMITTER
 
- THE TWO VALUES OF T ARE AVERAGED, DIVIDED BY 2'& RECORDED IN
 
/SEC/FT,
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UPPER TRANSMITTER 

R1 

2j R2 

2 R3 

R4
 

LOWER TRANSMITTER 

Scbematic of BHC Sonde, howu~g ray 
p"abs for the two tranmitter.receivtr 
jets. As'eraging the two Li measure. 
meuts canceh t-ror due to sonde tilt 
aud bole.jize changes. 

From Schlumberger Log Interpretation 
Principles (1972)
 



230 ELASTIC WAVE LOG (CONT'D)
 

* CYCLE SKIPPING
 

- THEORETICAL CONCEPTS
 
A SOUND WAVE WILL TRIP TIMING MECHANISM INRECEIVERS ONLY IF
 
ENERGY OF WAVE ISABOVE A MINIMUM
 
THIS PREVENTS BACKGROUND NOISE FROM TRIPPING THE TIMERS PRE-

MATURELY
 
IFTHE AMPLITUDE OF A SOUND WAVE STARTS THE TIMING DEVICE OF

THE FIRST RECEIVER, & ISTHEN ATTENUATED OR DA/IPENED, ITWILL

NOT CLOSE THE TIMER AT THE SECOND RECEIVER--IT WILL STAY OPEN
 
UNTIL A WAVE WITH SUFFICIENT ENERGY CLOSES IT
 
PERIOD BETWEEN EACH PEAK OF A TRANSMITTED WAVE IS33 MICRO
 
SEC/FT
 
FOR CONVENTIONAL TOOL CYCLE, SKIPPING CAUSES HIGHER VALUES OF 4T

FOR B H C TOOL CYCLE, SKIPPING CAN EITHER CAUSE 6 T TO BE SMALL
 
OR LARGE
 



Bore hole enlargement effects on acoustlc logs (courtesy Schlumberger)
 

I t ]INCREASEINRESINIRCASAS 

T2 Delayed
T - , CLONG 

R2R2 

APPARENT t T Delayed
T more than T2 

CAVE t SPORT 

APPARENT t 

TRUE t
 

, 
T1 Delayed 
more than T2 

TRUE t T2 Delayed 
t LONG 

jt SHORT 

UPPER TRANSMITTER LOWER TRANSMITTER 
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S PO7NT'E OU'S P-EN T iAL 

~lIC Millivolts 

CALIPER 

No.) Dia. in Inchzs 
1il16 

. 

THE 8OAEHOLE 

150 

COMPEUSATED SONIC LOG 

INTERVAL TUAJ:SIT TIME 

MICROSECONDS PEA FOOT 

T3XI2A2 

1-00s 

---­ __ ALE 
IK 

i--f-. , 

--L 

CYCLE 

An example of mul tiple cycle skipping on the BSHC Sonic log.Note that the skips on the compensated sonic log "kick" 
in
 
both directions.
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CYCLE SKIPPING (CONT'D)
 

WHAT CAUSES CYCLE SKIPPING
 
- GAS OCCUPYING PORE SPACES--LACK OF CYCLE SKIPPING DOES NOT MEAN GAS
 
ISNOT PRESENT (MUD FILTRATE INVASION)
 

-
HORIZONTAL FLUID-FILLED FRACTURES--REFLECT A PORTION OF THE ENERGY
 
AT FLUID-ROCK INTERFACES
 

-
DEEP CAVING OPPOSITE ONE OR BOTH RECEIVERS--ATTENUATION OF ENERGY
 
OVER LONG MUD PATH--OCCURS WHEN Dh 13"
 

- LACK OF SUFFICIENT ACOUSTIC COUPLING BETWEEN MUD COLUMN AND ROCKS--

CAN OCCUR AT SHALLOW DEPTHS (< 1500')--RESULTS INLARGE ATTENUATION
 

- LACK OF SUFFICIENT ACOUSTIC COUPLING BETWEEN ROCK GRAINS (LACK OF
 
RIGIDITY OF ROCK--UNCONSOLIDATED SANDS)
 

- GAS INMUD COLUMN--GREATLY REDUCES THE WAVE ENERGY BETWEEN ROCK &
 
SONDE
 

-
BOREHOLE NOISE--WAVE MOTION GENERATED INMUD BY SONDE--BUMPING OF
 
SONDE AGAINST BOREHOLE WALL
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ELASTIC WAVE LOG (CONT'D) 


LOG PRESENTATION 
- SONIC VELOCITIES 7, COMMON ROCKS RANGE FROM 6,000 TO 23,000 FT/SEC 
- TO AVOID SMALL DECIMAL FRACTIONS, THE RECIPROCAL OF VELOCITY,6T,

ISRECORDED INMICRO SEC/FT---4I/ SEC/FT FOR ZERO-POROSITY DOLOMITE
 
TO 190fSEC/FT FOR WATER
 

-4T ISRECORDED ON A LINEAR SCALE INTRACKS 2 & 3
 
-
A 3-ARM CALIPER CURVE AND A GAMMA RAY CURVE ARE RECORDED INTRACK I
 
-
AN SP CURVE, BUT BECAUSE OF METAL "ONDE, IS USEFUL ONLY FOR 

CORRELATION 
- INTEGRATED TRAVEL TIME ISGIVEN BY A SERIES OF PIPS AT LEFT EDGE OF
 
TRACK 2--USEFUL FOR SEISMIC PURPOSES
 

-4T SCALES USED INCLUDE
 
40-90-140 
 NORMAL SCALE
 
50-100-150 
 GULF COAST UNCONSOLIDATED SHALES
 
40-70-100 
 WEST TEXAS CARBONATES
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TABLE I 

Fluid 
 V at
fL/. C. Pace/fL

Water with2M N'a 5,300Water with 15% Na(] 1895,000 200.tcr with 10% NaQ 4,800Water (pure) 208
4,600 218Od
Methane 420 2184,200Air 2381,6001,100 626 

910 

TABLE I 
Vma 
 tma 

Formation 
 fL/ic,. P te/fl 

Sandstone: 
Unconsolidated 

17,000 58.8 
or less or noreSemi-consolidated 18,000Consolidated 55.6
19,000 52.6 

limestone 21,000 fDoloite 23,000 43.5 
6,000 

167. 
Calite
Ahcite to 16,000 to 62.522,000Anhydrite 45.5

20,000Gypurm 50.0 
20,000Qusrtz 50.0 
19,000Salt 52.6
18,00015,000 55.6 

66.7 

From Dresser Atlas Log Review 1 (1974)
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BHC ACOUSTILOGs -GR-CALIPER 
GAMMA RAY -'' 

& CALIPER DErr ACOUSTILOG 
T,4 2_, T , 

HqOLEW E WH,,CE$ 

SPECIFIC ACOUSTIC TIME 
)A PI UNITS 1 50 1 0 

go4 
0 

'1 - -

i~P PIS! 
F A 1
 

jI 

From Dresser Atlas 1981 Booklet on Acoustic Logs
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ELASTIC WAVE LOG (CONT'D)
 

,
INVESTIGATION CHARACTERISTICS
 
-
DEPTH OF PENETRATION-A FEW INCHES--6" TO 12"
 -
VERTICAL RESOLUTION ISAPPROXIMATELY EQUAL TO THE DISTANCE BETWEE
 
RECEIVERS
 

* EVALUATION OF POROSITY
 
-
FOR CLEAN CONSOLIDATED FORMATIONS WITH UNIFORMLY DISTRIBUTED PORE
M.R,J, WYLIE'S MODEL HAS BEEN VERIFIED BY EXTENSIVE FIELD APPLICA
 
TIONS 

A TL = TF + (I-), TMA 

OR 
- TL-TMA 

dTF -TMA 

L ISREADING OF SONIC LOG IN/,SEC/FT
 
##.ATMA 
IS TRANSIT TIME OF MATRIX MATERIAL--DEPENDS ON MINERAL
 

COMPOSITION
 
.,6TF IS.TRANSIT TIME INPORE FLUID (ASSUMED TO BE MUD FILTRATE)
 

189,ASEC/FT--DEPENDS ON TEMPERATURE, SALINITY AND PRESSURE OF
 
rLUID-,TF VARIES FROM 180 TO 200/(SEC/FT
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ELASTIC WAVE LOG (CONT'D) 


EVALUATION OF POROSITY (CONT'D)
 
- INUNCONSOLIDATED AND ABNORMALLY PRESSURED SANDSAT'LSARE TOO
 

HIGH & GIVE POROSITIES WHICH ARE GREATER THAN THE TRUE POROSITY
 
- AN ADJUSTMENT ISNECESSARY TO ADJUST THE SONIC POROSITY OF
 

UNCONSOLIDATED SANDS
 
-ZT. -dd TMA
A


q5ML =(14U L x 
,.TF -6TMA
 

WHERE Cp = COMPACTION CORRECTION FACTOR 

- ISSONIC POROSITY
 
ISTRUE POROSITY
 

-
DETECTION OF UNCONSOLIDATED SAND CONDITIONS
 
STSH VARIES FROM ABOUT 625 TO 167/SEC/FT
 

FOR4TSH< 100 SEDIMENTS ARE COMPACTED
 

FORLTSHN> 100 SEDIMENTS ARE UNCONSOLIDATED
 

PRESSURE GRADIENT > 5 PSI/FT
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ELASTIC WAVE LOG (CONT'D) 


DETERMINATION OF COMPACTION CORRECTION FACTOR
 
- USINGATsH WHEN 4TSH> 
 100
 

100
 

C = SHALE COMPACTION COEFFICIENT--RANGES FRO 0.8 TO 1.2--

SELECTION DEPENDS ON EXPERIENCE AND THE GEOGRAPHICAL AREA 

-. USING RESISTIVITY LOGS 
DETERMINE Ro INA CLEAN 1kATER-BEARING SAND
 

,,SELECT APPROPRIATE MODEL TO OBTAIN POROSITY
 

Rw m
 

_os,,
-OR 
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ELASTIC WAVE LOG (CONT'D)
 

DETERMINATION OF Cp (CONT'D) 

- USING DENSITY LOG
 

DETERMINE D AND Cp 
 -

DENSITY--SONIC CROSS-PLOT
 
--WHEN DENSITY AND SuNIC LOGS ARE AVAILABLE READ THEM AT
 

COMMON DEPTHS,/ AND4T
 

--PLOTPB VSAT USING LINEAR SCALES
 

--IFTHE INTERVAL CONTAINS CLEAN SANDS WITH SW 
= 100%, A LINE
 
DRAWN FROM THE MATRIX POINT THROUGH THE POINTS LYING TOWARD 
THE UPPER LEFT WILL BE THE CLEAN SAND LINE, ANYLT WILL GIVE 
A9D AND 

0 

POINTS FALLING BELOW THOSE AT THE UPPER LEFT REPRESENT
 
SHALINESS OR PORES CONTAINING OIL OR GAS
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2.3 

20~ 

2.4 

. Ia --- ­

o ,o Iso 90 200 :iu 

-Densit,.S ¢nic crosspIoI as used for 
""mbacn' .actor deternion. 

From Schlumberger Log interpretation Principles (1972)
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ELASTIC WAVE LOG (CONT'D) 

242
 

DETERMINATION OF Cp (CONT'D)
 

- USING NEUTRON LOG
 
isPREVIOUS METHODS REQUIRE PRESENCE OF A CLEAN SAND FULL OF WATER
 

IFSANDS ARE SHALY THEY CANNOT BE USED
 
to IFA NEUTRON LOG ISAVAILABLE, 'N 
MAY BE COMPARED WITH Os TO 

ESTIMATE Cp--IN PRESENCE OF SHALE BOTHOS &ON WILL BE HIGH
 
Cp - 0 lo­

to 
EXPERIENCE SHOWS THAT DISCREPANCIES BETWEENON & s INSHALY 
WATER-FILLED SANDS ARE DUE TO LACK OF COMPACTION
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ELASTIC WAVE LOG (COPJT'D)
 

DETERMINATION OF POROSITY INCARBONATES
 
- IN CARBONATES HAVING INTERGRANULAR POROSITY, TRE TIME AVERAGE
 

FORP1ULA APPLIES 
- AT TIMES PORE STRUCTURE AND PORE SIZE DISTRIBUTION ARE NOT SIMIL
TO INTERGRANULAR, BUT CONSIST OF VUGS AND/OR FRACTURES WITH MUCH 

LARGER DIMENSIONS 
- IN ROCKS CONTAINING SECONDARY POROSITY, THE VELOCITY OF SOUND

DEPENDS MOSTLY ON THE PRIMARY POROSITY AND 95 WILL TEND TO BE 
LOW BY AN AMOUNT APPROACHING SECONDARY POROSITY
 

- IN MANY CASES A MODIFIED TIME AVERAGE FORMULA CAN BE USED 
4 T = A9 + B (1-)
A &B NEED TO BE DETERMINED EMPIRICALLY FOR A GIVEN FORMATION,
 
INTERVAL OR FIELD 



POROSITY EVALUATION FROM SONIC 	 244 

-0----- - ..-	 -- ­ - -- 5 
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I ~~~~~~1--	 - Cc,©Schfunbcrer -. 

30 40 50 60 70 80 .C0 00 11o 120 130 

.t, INTERVAL TRANSIT TIME, microaec/ft 

Y,(ft/ wc) X'.(microec/ft) 

Sandstones 18,000-19,500 55.5-51.3 

Limestc oq 21,000-23,000 47.6-43.5 

Dolomites 23,000-26,000 43.5-38.5 

Por-3 
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ELASTIVE WAVE LOG (CONT'D)
 

T VS RESISTIVITY CROSSPLOT
 

ARCHIE'S WATER SATURATION EQUATION CAN BE WRITTEN AS
 

A Rw
 
wMRr
 

USING N M 2 AND A = 1 

THIS SHOWS THAT FOR RW CONSTANTJ S ISPROPORTIONAL TO 

/OR
 

VRw
 

Sw IS QUANTITY OF WATER PER UNIT VOLUME OF FORPATION 

THUS PLOTTING RT ON AN INVERSE SQUARE ROOT SCALE VS Q5 SHOULD 

GIVE STRAIGHT LINES FOR CONSTANT VALUES OF WATER SATURATION.
 

THE CROSSPLOT PROVIDES ESTIMATES OF4TMA AND R
w .
 

WHEN AN INTERVAL CONTAINS ZONES WHERE S.
= 100%, THESE 

POINTS WILL PLOT TO THE UPPER LEFT HAND PORTION OF CROSSPLOT.
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At VS. RESISTIVITY 

2000.. 

1900. 
110. 

Company 
hell 

1700-16W 
_ 

Fieldd " _-
.6 

1400, VWA_.9 00 ft./mc. 
.7 

1300. R. 
1200 . 2 . _ microtec./ft. .8 

100. F-- 6 2 

3000. 
.0 

900 

800 
1.2 

7D.2 

700 1. 

soo 
2/o. 

400 

3003 

0 0200 

150 6 

7 
300 

23l0 60?040 0IO 
3012 

30 .3 

20S 607 C00 0 

200 303 50 20 0 

0 5 10 S 20 25 30 
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INTERPRETATION -
SHALINES CORRECTION
 
- COMPACTED OR UNCONSOLIDATED BEDS CONTAINING SHALE OR CLAY
 

EXHIBIT LONGER ATL THAN CLEAN BED OF SAME 0
 
- INCREASE INTRAVEL TIME RESULTS FROM DIFFERENCE JN ZIT SH
 

AND ZJTMA 

- WHEN NOT ACCOUNTED FOR PRESENCE OF SHALES MAKES Os > 

-TsH 
 VARIES WITH AREA & DEPENDS ON
 

TYPE OF SHALE
 

a DEGREE OF CCMPACTION
 

AMOUNT OF SHALE PRESENT
 
- NECESSARY TO DETERMINE VSH FROM OTHER LOG MEASUREMEITS
 

VARIOUS SHALE INDICATORS ARE USED WITH EACH PROVIDING
 
AN UPPER LIMIT ESTIMATE
 
USE OF MINIMUiN SHALINESS OBTAINED FROM A NUMBER OF IIDI­

- CATORS ISUSED
 
- SHALE CONTENT IS FOUND AS LAMINAL DISPERSED PARTICLES OR
 

AS IATRIX STRUCTURE
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SHALINESS CORRECTION
 
- FOR LAMINATED SHALE STREAKS, ITMAY BE ASSUMED THAT THESE HAVE
 

THE SAME CHARACTERISTICS AS ADJACENT THICK SHALE BEDS
 
.FOR COMPACTED BEDS
 

A TL =JATF + VSH6TSH + (1'--VSH)4TMA 

SOLVING FOR
 

Z4_l4_MA -V __j TMA 
T =TF-ATMA - VSH ATF-ZTMA 

OR 

= (A$ - V ~SH 

..FOR UNCOMPACTED BEDS
 

=SH 
 SH 
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SHALE CORRECTION 
6119 ocif t} 
 30 uncorr 

0Ccorr
 

44)T v (flsec) Co:rrectec 
P.-.-orosity, o % Porosity ~,e % 

50-. LIMES 21~0 400DOLOMITE 23000 

60 CONSOLIDATED 35 5
FORMATIONS 3 

' 
 f --­

65 
20 

90-.-
.
 ..' 
75 

- . =00035 

110 T oA 
05- 57 


13 

Vsh (%)o2-
0 03 05 

151 

101 1 s150 10 

A 1OuI0Iog p OosLfy.ahaliness and iul) -orroc4ins. 

From Dresser Atlas 1981 
Booklet on Acoustic Logs
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ELASTIC WAVE LOG (CONT'D)
 

SHALINFSS CORRECTION
 
- FOR DISSEMINATED OR DISPERSED SHALE PARTICLES IN INTERSTICES
 
isACOUSTIC RESPONSE ISABOUT THE SAME AS IFTOTAL PORE SPACE
 

WERE FILLED WITH WATER 
THIS WILL BE TRUE FOR DISPERSED SHALE OR CLAY VOLUME NOT
 
EXCEEDING 50M OF PORE VOLUME. 
HERE
 

FOR Q: 50% ACOUSTIC VELOCITY INPORES TENDS TO BE HIGHER 
THAN THAT FOR WATER 
ACTUALLY WHEN Q> 50%, A BED LOOSES COMItiERCIAL INTEREST BECAIISE i 
nf "I imA!P F ' A D TI T V 

TL =4TF (0+ VSH) +JTMA (I VVSH) 

OR
 
~ f_ 

4 MA_ 
- VATF 
_ 

-1TMA SH 

AND
 

0~9SS
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SHALINESS CORRECTION (CONT'D)
 

FOR DISSEMINATE1I OR DISPERSED SHALE AND UNCOMPACTED BEDS
 
tooo -V SH
 

CP 

THUS 
O 

C
 

Q FACTOR ISINDICATIVE OF PRODUCIBILITY OF SHALY RESERVOIR ROCKS

PSEUDO Q FACTORS CAN BE GOTTEN FROM DENSITY AND ACOUSTIC LOG
 
POROSITIES
 

0s -s 

HERE qD- " WHEN fsHxZ/A AND 

ALSDO VSHODSH 

ALSO
 

q~s - = VSH(OSSH DSH) 
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FOR DISSEMINATED OR DISPERSED SHALE
 
THE FOLLOWING PLOT ISBASED ON FIELD DATA FROM THE GULF COAST
 
AREA, NEW MEXICO, COLORADO AND WYOMING 
ITCAN BE USED FOR PREDICTING THE PRODUCIBILITY OF SHALY SANDS 
TENTATIVE PERMEABILITY CUT-OFFS SUCH AS >, 0,4 AND Q :2 

HAVE BEEN USED
 
THE FIGURE WAS TAKEN FROM DRESSER-ATLAS 1981 BOOKLET ON ACOUSTIC
 
LOGS
 

CLAY 
POINT 
l.0 

OM16PACTE 

SHALES 

1 UNDE RCOAPACTED 

~TIGHT 
4 N0+ .PRODuCIBLE """ 

.20 

SAND PODUCIBLE FLUID 
POINT 0 

o 
10
10 20 30 40 

POINT 

EFFECTIVE POROSITY. 0,(%) 

Reservoir producibility inBhaly tands. 

From Dresser Atlas 1981 Booklet on Acoustic Logs
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ELASTIC WAVE LOG (CONT'D)
 

EFFECT OF HYDROCARBONS
 
#I	RESIDUAL HYDROCARBONS IN THE FLUSHED ZONE CAUSE TF> 189
 
INHIGHLY POROUS BEDS INVASION DEPTH IS AMINIMUM 
 AND 6TL Is 

INFLUENCED BY ORIGINAL FORMATION FLUIDS
 
THUS INHYDROCARBON BEARING BEDS 
0s > 

CORRECTIONS FOR HYDROCARBONS ARE APPROXIMATE AT PRESENT--BASED 
ON LIMITED EMPIRICAL DATA COMPARING ATLOG INCLEAN WATER BEARING 
BEDS TO TLoG INTHE'SAME BEDS BUT CONTAINIIING OIL AND GAS
 

FOR AN OIL BEARING SECTION = x ,9 

FOR A GAS BEARING SECTION 9= x ,7
 
..DIFFERENT FACTORS MAY BE REQUIRED FOR A PARTICULAR AREA
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ELASTIC WAVE LOG (CONT'D)
 

ABNORMAL FORMATION PRESSURE DETERMINATIONJ 
SUBSURFACE PRESSURE GRADIENTS 
0,43 PSI/FT TO 0.5 PSI/FT--NORMAL ,>50PSI/FT--ABNORMAL 

., FORMATIONS HAVING ABNORMALLY HIGH PRESSURES ARE OFTEN OVERLAIN 
BY OVERPRESSURED SHALES WITH EXCESS PORE WATER 
NORMALLY SHALE POROSITY DECREASES WITH DEPTH AND6TsH DECREASES 
WITH DEPTH EXCEPT WHEN OVERPRESSURED QHALES ARE ENCOUNTERED 

0 
2 

4000 

:. 

4,,' I t 

I f
1 0j0 
1 7.0IsDD 1704


12.000 
1, 

II 
I 

14,000 - 0? 77.3D50 100 200 1.6-5W0 50 - . 10 - 77 .508HP 131.o ,= .m M , It., , I i, I io I -- A 
SJale Acoustic travel time versus depth ol burial forMiocene and Oligocene shales, Upper Texas and Southern 6L. ',cNl 

Louisiana Gulf Coast Shale transit travel-time plot and application of equivalentarea. 
depth method for quantitative pressure evaluation. Casing 

points and mud weight requirements are also given. 

3 

From Dresser Atlas 1981 
Booklet on Acoustic Logs
 



255 

ELASTIC WAVE LOG (CONT'D) 

FRACTURE DETECTION 
ACOUSTIC AMPLITUDE LOGS CAN INDICATE PRESENCE OF FRACTURES 
- AMPLITUDE OF COMPRESSIONAL WAVES ISATTENUATED BY VERTICAL AND
 

HIGH ANGLE FRACTURES
 

_
AMPLITUDE OF SHEAR WAVES ISATTENUATED BY HORIZONTAL AND LOW 
ANGLE FRACTURES 

- INTERPRETATION FOR FRACTURE DETECTION ISQUALITATIVE & EMPIRICAL--
BASED ON COMPARISON OF LOGS WITH CORE AND DRILLING DATA 

- BEDDING PLANES, THIN SHALE STREAKS, HEALED FRACTURES GIVE SAME
 
RESPONSE AS OPEN FRACTURES
 

From Dresser Atlas 1981 
Booklet on Acoustic Logs
 

' P 

Shear Wave first
 
arrival time At.
 
is aboul 1.5 o 
 A change i slope1.8 tiues com- p

of the band3arrival time. 
waves. 

At. - --- -­
&Lx . 

x 1.53m 
S h~ea r -- -dc la rm in a io n . 
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Acousl~loge Frac Log 
UnfrCeuree o 

Fracured
 
FAromDrsC Ls 

E 
t ACOAtSlho9FBkCLA 

T T 6 A 

Amo,,,,oe_ .. .gA. t en 

Ampr~itC y COMDne$st t 

-300 . ec 30 v rla lD e n .Iy 

-- . 31 

Fracture detecion from the Variable Donsity Log. 

From Dresser Atlas 1981 Booklet on Acoustic Logs
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ELASTIC WAVE LOG (CONT'D) 


USES
 

- DETERMINE
 

- ASSIST INGEOPHYSICAL IWTERPRETATIONS
 

, MEASURE VELOCITY 
PROVIDE DATA FOR SYNTHETIC SEISMOGRAIMS
 

- INDICATE PRESENCE OF SECONDARY
 

- INCOMBINATION WITH OTHER LOGS
 

, COMPUTE SW
 

DEFINE LITHOLOGY
 

,,RECOGNIZE PRESENCE OF GAS
 

LIMITATIONS 

- CANNOT PROVIDE RELIABLE ESTIMATE OF FRACTURE & VUG POROSITY 

- GIVE SATISFACTORY RESULTS UNDER CONDITIONS OF HIGH ATTENUATION 

- PROVIDE 0WHEN £2 TMA & TF ARE UNKNOWN 

- INTERPRETATION BECOMES DIFFICULT INSHALY FOPiATIONS
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ELASTIC WAVE LOG (CONT'D)
 

CEMENT BOND LOGGING
 
USED TO ASSESS QUALITY OF CEI'ENT-TO-CASING BOND

MAY BE RECORDED WITH STANDARD SONIC TOOL ON MULTI-CONDUCTOR CABLE
 
OR WITH A CEMENT BOND TOOL ON MONO CABLE
 
RECORDS AMPLITUDE INMV OF FIRST 1/2 CYCLE OF THE SIGNAL AT A
 
RECEIVER 3' FROM TRANSMITTER
 

MAXIMUM1 INUNSUPPORTED CASING
 
MINIMUM INWELL CEMENTED CASING
 

, 
ISA FUNCTION OF CASING SIZE AND THICKNESSCEMENT STRENGTH AND
THICKNESS, DEGREE OF CEMENT BONDING AND TOOL CENTERING
 

>ONDEoCEMENT 
TRANS :-",SHEATM. 

.; --


SONIC PULSE 
WAVE FRONT
 

RECU.. 

'- --. 'P 

BORE_ 
_

HOLE 
­

-SCHEMATIC DIAGRAM OFTHE CEMENT BOND LOGGING TOOL 

I 

CIMCEdT.*CwO(D
T" CASINGQ 

-CO.MPARISON OF TYPICALRECEIVER SIGNAL IN UNBONDED
CASING AND IN CEMENT.BONDED 

CASING. 

From J. Petr. Tech., Feb. 1961
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ELASTIC IAVE LOG (CONT'D) 


VARIABLE DENSITY LOG (VDL)
 
,	VDL WAVE TRAIN ISRECORDED AT A RECEIVER 5'FROM TRANSMITTER
 
SAME TOOL CAN HAVE ANOTHER RECEIVER 3'FROM TRANSMITTER FOR CBL
 

, EQUIPIENT INCLUDES AN OSCILLOSCOPE
 
, OSCILLOSCOPE TRACES ARE PHOTOGRAPHED PRODUCING A VARIABLE DENSITY
 
DISPLAY
 

, ON OSCILLOSCOPE DARK AREAS CORRESPOND TO POSITIVE AND LIGHT AREAS
 
TO NEGATIVE EXCURSIONS OF W'AVE FORM
 
IN CEIENTED CASING THERE ARE FOUR POSSIBLE SOUND PATHS FROM TRANS-
MITTER TO RECEIVER
 

ALONG CASING (FASTEST)
 
, ALONG CEMENT 

THROUGH FORr ATIONS 
, THROUGH MUD 

, INFREE, UNCEMENTED CASING MOST OF SOUND ENERGY TRAVELS VIA PIPE--
LITTLE ISTRANSFERRED TO CEMENT & FORMATIONS
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VARIABLE DENSITY LOG (CONT'D) 

. STRONG CASING ARRIVALS ARE SHOWN BY STRAIGHT, STRONGLY CONTRASTING 
DARK & LIGHT BANDS AT LOW ARRIVAL-TIME RANGE 
WHEN CEMENT IS BONDED TO THE ENERGYPIPE, IS TRANSFERRED TO CEMENT A 
CASING ARRIVALS ARE WEAKENED
 

. SOUND TRAVELING ALONG CEMIENT IS ATTENUATED 

.
IFCEMENT ISWELL BONDED TO FORMATION, ENERGY ISTRANSFERRED TO
 
ROCKS AND STRONG FORMATION SIGNALS DEVELOP
 
GOOD CEMENT BONDING IS INDICATED 
 BY WEAK CASING SIGNALS ARRIVING,
 
FIRST FOLLOWED BY STRONGER 
 P WAVE SIGNALS FROM ROCKS 

# CASING ARRIVALS CAN BE DIFFERENTIATED FROM FORMATION ARRIVALS BECAUSE 
THE FORMER HAVE A CONSTANT i T WHILE THE LATTER ARE LIKELY TO VARY 

. IFFORMATION ARRIVALS ARE NOT CLEARLY SHOWN, POSSIBLE POOR BOND 
WITH ROCKS OR HIGH FORMATION ATTENUATION ARE INDICATED
 

. PRESENCE OF GAS INMUD ATTENLIATES THE V'HOLE WAVE TRAIN
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From Dresser Atlas 1981 Booklet on 
Acoustic Logs
 

GAMMA RAY DEPTH COMPRESSION WAVE 
AMPLITUDE VARIABLE DENSITY 

AMPLITUDE INCREASES 

RADIATION INTENSITY 

INCRE ASES 

PERCENT UNBONDED PIPE 
IGNAL 

0D 100A 200 12
 
API UNITS 
 0 6.4 16 10040 MICROSECONDS 

TOP ( 

11I4E 

POOR BOND TO 
FORiATION CASING 
AND LINER 

- GOOD BOND TO 
FORMATION CASING 
AND LINER 

x!
 

ACouLStlc Cement Bond/Varlable Dwanslty Log. 
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Sonic Log Problem 
Given: Electrical and Sonic Logs through sandstone andthe Rt 

shale beds. Assumevalues shown are correct. Itcontain 20% shale and 
is estimated that zones A & Bzones C&D contain 30% shale.
Required: Determine for each marked zone 
(a) porosity, (b) water saturation,


(c t e of production (oil,gas,water) and whyj(d)pay thickness if
ELECTRICAL LOG SONIC LOG poro.ist-!
 

S P RESISTIVITY
'________2 ,A SEC./FT. 

-150+ 1 7 

4 
II
 

5Rm 
 0.16 136OF
 

SANDSTONES AND SHALE I_ 
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THE FORMATION DENSITY LOG (DENSILOG) 


DENSITY LOG ISAN OPENHOLE TOOL DESIGNED TO MEASURE THE BULK DENSITY
 
OF ROCKS
 

DENSITY LOG USES
 
. DETERMINATION OF POROSITY
 
. IDENTIFICATION OF MINERALS INEVAPORITE DEPOSITS'
 
.DETECTION OF GAS
 
.EVALUATION OF SHALY SANDS AND COMPLEX LITHOLOGIES
 
.DETERMINATION OF OIL SHALE YIELD
 

PRINCIPLE
 
.A RADIOACTIVE (COBALT-CO OR CESIUM 137) SOURCE ON A SHIELDED
 
SIDEWALL SKID EMITS MEDIUM ENERGY (.6 
TO 1.3 MEv) GAMMA RAYS
 

.GAMMA RAYS COLLIDE WITH ROCK EL-ECTRONS--ON EACH COLLISION A GANIIA
 
RAY LOOSES SOME OF ITS ENERGY & CONTINUES ON--THIS PHENOMENA IS
 
CALLED COMPTON SCATTERING
 

.SCATTERED GAMMA RAYS REACHING THE DETECTOR, AT A FIXED DISTANCE
 
FROM THE S.OURCE, ARE COUNTED AS AN INDICATION OF FORMATION DENSITY
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Mud Coke 

((em 1.hctci> 

. .. t.,..Long . . $ o i. .
 

Shoart
S Sp acing..'.":".. t ctor 

,our ..... :....:.... ...

Schenatic drawing of the dual pacingFormation Denjit Logging Device
 

(FDC), (Courtesy AIME) 

SCATTERED 
PHOTON 
ENERGY h ' 

INCIDENT 
FHOTON I h. 

ENERGY h._ 

A 

COMPTON 
RECOIL 
ELECTRON 

RECOIL 
ELECTRON 

B 

(A) Schematic of the Compton proces3 (B) Geometrical rla­
tlions In the Compton process 



DENSITY LOG (CONT'D) 

265
 

PRINCIPLE CONT'D
 
,NUMBER OF COMPTON-SCATTERING COLLISIONS ISRELATED DIRECTLY TO
 
NUMBER OF ELECTRONS INTHE FORMATION
 

, RESPONSE OF DENSITY TOOL DEPENDS ON THE ELECTRON DENSITY (N1UMBER

OF ELECTRONS PER CC) OF THE FORMATION
 

, ELECTRON DENSITY ISRELATED TO TRUE BULK DENSITY,,pB INGMS/Cc
 
,BULK DENSITY, B DEPENDS 
O AND F 
, FEWER GAMMA RAYS ARE DETECTED AS THE DENSITY OF A FORMATION INCREASES
 
,TOOL INVESTIGATES ABOUT 6" INTO THE ROCK FROM THE BOREHOLE
 



DENSITY LOG (CONT'D) 
 266
 

TWO DETECTOR FORMATION DENSITY COMPENSATED LOG (FDC)

REPRESENTS A MAJOR IMPROVEMENT OVER INITIAL SINGLE SPACED FORMATION 
LOG (FDL) INBOTH ACCURACY AND CONVENIENCE OF OBTAININGr CORRECTED 
VALUES FROM RAW DATA 

, MUD COLUMN INFLUENCE ISMINIMIZED 
EMPLOYS TWO DETECTORS SPACED AT DIFFERENT INTERVALS FROM THE SOURCE 

* SOURCE AND DETECTORS ARE MOUNTED ON A SKID AND SHIELDED
 
, SHIELDS ARE APPLIED AGAINST BOREHOLE WALL BY STRONG ECCENTERING
 
ARM
 

, SKID HAS A PLOW-SHAPED LEADING EDGE DESIGNED TO REMOVE AT LEAST 1/z
 
OF MUD CAKE
 

HMC = DH - DCALIPER 
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DENSITY LOG (CONT'D)
 

FDC CONT'D
 
.SHORT SPACED DETECTOR ISPARTICULARLY SENSITIVE TO DENSITY OF
 
MATERIAL ADJACENT TO PAD
 

.
MUD CAKE & MINOR BOREHOLE WALL IRREGULARITIES AFFECT RESPONSE
 
OF EACH DETECTOR TO A DIFFERENT DEGREE
 

aSIGNALS FROM BOTH DETECTORS ARE COMBINED IN ANALOG COMPUTER TO
 
PROVIDE AUTOMATIC MUD CAKE & HOLE SIZE CORRECTIONS
 

.BOTH fB AND A!1OUNT OF COMPESATION,Af ARE RECORDED ON THE LOG
 

.HAS A VERTICAL RESOLUTION OF AROUT 2'
 
MAXIMUM RECOMMENDED LOGGING SPEED IS1800 FT/HR
 

*MINIMUM REQUIRED BOREHOLE DIAMETER IS5"
 
.HAS A MAXIMUM PRESSURE RATING OF 20,000 PSI
 
.HAS A TEMPERATURE RATING OF 350OF
 



268 DtN1IY LOG (CONT'D) 


LOG PRESENTATION
 
, FDC ISRECORDED INTRACKS 2 & 3 USING A LINEAR DENSITY SCALE IN
 
GMS/CC
 

.* CURVE ISRECORDED INTRACK 3
 

.
CALIPER & GAMMA RAY ARE RECORDED INTRACK j 

SONDES
 

FDC - GR - CALIPER
 

FDC - MSFL - GR - CALIPER
 
FDC - CNL 
- GR - CALIPER 
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DENSITY LOG (CONT'D)
 

FACTORS AFFECTING LOG RESPONSE
 
BOREHOLE SIZE
 
..CORRECTIONS ARE NEGLIGIBLE FOR HOLES SMALLER THAN 10" DIAMETEF
 
of 
FOR LARGER HOLES SMALL CORRECTIONS ARE REQUIRED AS SHOWN BY
 

CHART POR-5B
 

MUD CAKE
 
ATTENUATING EFFECT OF MUD CAKE DEPENDS ONPmcj TMC AND MUD
 
COMPOSITION
 
ANY MUD CAKE OR MUD REMAINING BETWEEN THE TOOL & THE FORMATION
 
ISSEEN AS PART OF FORMATION AND REQUIRES CORRECTION
 
ROUGHNESS OF BOREHOLE WALL CAN MAKE CONTACT IMPERFECT BETWEEN
 
TOOL AND FORMATION--SOME MUD ISADDED TO MEASUREMENTS
 
FDC USES TWO DETECTORS--A LONG SPACING COUNT RATE VS A SHORT-

SPACING COUNT RATE ISRECORDED
 
FDC USES THE TWO COUNT RATES WITH THE "SPINE & RIB" CORRECTION
 
-CHART TO DETERMINE CORRECTED FB WITHOUT MEASUREMENT OF/fMC
 
& TMC
 

THIS CORRECTION ISMADE AUTOMATICALLY
 
"'SPINE & RIB" PLOT FOR EMPTY HOLES ISDIFFERENT THAN THAT FOR
 
HOLES WITH MUD
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Gas- Filled Hole% 2.6 

F C.04 
.0. 

f2.2 
2BOREHOLE 

2T2CORRECTIONSA 
D3 

.1Mud-Filld oles Faprniation 
L Density ,grn/1972 Schlumberr(For small mud-cke 10 11 12 13 14 15 

thckese)6-9 BOREHOLE DIAMETER, INCHES 
For cylindricol holes use bit size rather than caliper.

Par-5b 

Pb. ./,.0"c

kUOCAAE o£Bf1/

WITM &I.4TE JI .. ,,, o ,,0.i. 

I, 21 / 

0 t£ 5I, '/II 

,..- 2 84 O/ 
X~ 

i / m c II 

I&plo., or r#.
 
0I 
 27 . 0 

0 Eu111 
UT INGRTSGNSHORT2 DEECO CO 

1.7 &AA 

SHORT SPACING DETECTOR COUNTING RATE 

Fig. 8-2 - "Spineraaid-ribx"plot, showingre 
sponse of FDC counwiug rwges to mud 
cake (Courtesy AIME) 
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%WWII I J/ 

TIME CONSTANT AND LOGGING SPEED
 
DENSITY LOG MEASURES PHENOMENA THAT ISRADIOACTIVE & DISPLAYS
 
STATISTICAL VARIATIONS
 

,ENOUGH MEASUREMENTS MUST BE TAKEN AT EACH POINT TO PROVIDE A
 
REPRESENTATIVE AVERAGE VALUE
 

*DATA ARE SMOOTHED BEFORE RECORDING BY PASSING SIGNALS THROUGH
 
CIRCUIT HAVING A TIME CONSTANT OF 2,3,OR 4 SECONDS 

. TWO SECONDS ARE USED WHEN/0A ISLOW (HIGH POROSITIES) AND FOUR
 
SECONDS ARE USED WHEN 
 ISHIGH (LOW POROSITIES)
 

.LOGGING SPEED ISCHOSEN SO THAT TOOL WILL NOT TRAVEL MORE THAN
 
ONE FOOT PER TIME CONSTANT
 

SMAXIMUM RECOMMENDED LOGGING SPEED IS1800 FT/HR
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DENSITY LOG (CONT'D)
 

CALIBRATION
 
PRIMARY CALIBRATION STANDARDS ARE LABORATORY FRESH WATER-FILLED
 
LIMESTONE BLOCKS OF HIGH PURITY AND ACCURATELY KNOWN DENSITIES
 
SECONDARY STANDARDS ARE LARGE ALUMINUM & SULFUR BLOCKS INTO
 
WHICH SONDE ISINJECTED--OF DESIGNED GEOMETRY & COMPOSITION--

CHARACTERISTICS RELATED TO LIMESTONE BLOCKS
 

, TWO DIFFERENT THICKNESSES OF ARTIFICIAL MUD CAKES ARE USED TO
 
CHECK AUTOMATIC MUD CAKE CORRECTION
 

SECONDARY STANDARDS ARE KEPT AT THE LOCATION SHOPS
 
AT WELL SITE, A RADIOACTIVE TEST JIG ISUSED TO PRODUCE A SIGNAL
 
OF KNOWN INTENSITY TO CHECK DETECTION SYSTEM
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DENSITY LOG (CONT'D) 


ELECTRON DENSITY & BULK DENSITY
 
D
DENSITY LOG RESPONDS TO THE ELECTRON DENSITY OF ROCKS BUT RECORDS
 
BULK DENSITY
 

,THE QUESTION ISTHEN WHAT ISTHE RELATION BETWEEN e AND
 
LET AN ELECTRON DENSITY INDEX, 
 ,BE DEFINED WHICH ISPRO-

PORTIONAL TO ELECTRON DENSITY, 
THUS FOR A SINGLE ELEJENT
 

2 = ATOMIC NUMBER (NUMIBER OF ELECTRONS PER ATM
 
A = ATOMIC WEIGHT (,B/A ISPROPORTIONAL TO NUMBER OF ATOMS
 

PER CC OF SUBSTANCE)
 

FOR A SUBSTANCE
 

,,FOR MOST ROCKS THE BRACKETED QUANTITIES INTHE ABOVE EQUATIONS
 
ARE ABOUT UNITY. THUS
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DENSITY LOG tCONT'D)
 

ELECTRON DENSITY & BULK DENSITY CONT'D
 
.APPARENT BULK DENSITY,fL, ISRELATED TO ELECTRON DENSITY BY
 

L= 10704/ - 0.883 

. FOR LIQUID FILLED SANDSTORES, LIMESTONES &DOLOMITES/ 0L=/f 

. FOR A FEW SUBSTANCES--SYLVITE, ROCK SALT, GYPSUM, ANHYDRITE, 
COAL & GAS- BEARING FORMATIOS.IS 

/9=R42.- CfDDctrTTr)R1 

Element A Z 2 -
VZA RATIOS OF COMMON EARTH ELEMENTS 

H 

C 

0 

Na 

Mg 

Al 
$1 

S 

CI 

K 
cc 

1.008 

12.011 

16.00 

22.99 

24.32 

26.98 
28.09 

32.07 

35.46 

39.10 
40.08 

1 

6 
8 

12 

13 
14 

16 

17 

19 
20 

1.941ELEMENT 

.9991 
1.0000 

.9569 

.9868 

.9637 

.996B.99"8 

.9588 

.9719 
.9m 

Hydrogen 

Oxygen 
Nitrogen
Carbon 
Calcium 

Sulfur 
SiliconMagnesium 
Potassium 

Aluminum 

Sodium 
ChlorineIron 

SYMBOL 

H 

0 
N 
C 
Ca 

S 
Si
Mg 
K 

Al 

Na 
ClFe 

A 

1.008 
16.0 
14.007 
12.011 
40.08 

32.06 
28.086
24.312 
39.102 

26.98 

23.00 
35.4555.85 

/A 

0.992 

0.50 
0.500 
0.49,9 
0.499 

0,499 
0,498
0.495 
0.487 

0.482 

0.479 
0.479
0.466 

Barium Ba 137.34 0.407 

From Schlumberger's Log Interpretation Principles, (1972) 

http:FORMATIOS.IS
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VARIATIONS IN DENSITY DUE TO CALIBRATION AND ELECTRON DENSITY EFFECTS
 

MATERIAL FORMULA 
DENSITY 

gJcm= 
ZZ 

M 
SEEN BY 

DENSILOG® 
g/cm, 

Quartz 
Calcite 

Dolomite 

Anhydrite 

Gypsum 

Halite 

Sylvite 

Anthracitic Coal 

Bituminous Coal 

Lignke 

S13 
CaCo3 

CaCo, 

CaSO, 

CaSO, 

NaCl 

KCI 

MgCo, 

2HO 

2..65 
2-71 

2.87 

2.96 

2.32 

2.165 

1.98 

1.40.1.80 

1.20.1.50 

0.499 
0.500 

0.499 

0.499 

0.511 

0.479 

0.483 

0.515 

0.530 

2.65 
2.71 

2.875 

2.98 

2.35 

2.03 

1.86 

1.36.1.80 

1.17.1.51 

Water 

Saltwater 

Saltwater 

Oil 

Gas 

HO 

(100,000 PPM) 

(200,000 PPM) 

C. (CH) 

C. H , 

0.70-1.50 

1.00 

1.07 

1.146 

0.80 

0.20 

0.545 

0.555 

0.548 

0.540 

0.570 

0.619 

0.63. 

1.00 

1.067 

1.135 

0.80 

0.08 

1.56 

From Dresser Atlas 1980 Booklet on Compensated Densilog
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+.14
 

FORMATION DENSITY LOG 4.1SALT CORRECTIONS 
S ) ADD CORRECTION (ORDINATE)

SYLVITE (N TO plog TO OBTAIN TRUE ?-.12(KCL) BULK DENSITY, Pb 
-.. MAGNESIUM ALMNM+. 

• N.OTON % +40

*+.08 

SAN DSTONE 
LOW-PRESSURE GAS 

.4LMSOEOR A!R IN PORES 0 
+.04 

+'Z RO .O2 

0 p 1( S~ANDSTON~E+ WATER ZE0 2 

00 

-. 02 40 % 

ANYDRITE -. 02 

.041I0 T TGYPSUM2-0 -04 

-Correction needed to get true bl est rmlgds~t 

SCHLUMIUOIR1 LO-0 INTIRPftfTATION / PitINCIpLIS 
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DENSITY LOG (CONT'D)
 

POROSITY DETERMINATION
 

,FOR CLEAN FORMATIONS
 

/0/'F1 +m f
 

, FOR COMNON MATRIX MINERALS THE DIFFERENCE BETWEENI ANDj 
IS
 
SO TRIVIAL THAT ITCAN BE DISREGARDED AND
 

MA -F 

* TO OBTAIN 'fMA &f MUST BE KNOWN 

. ROCK MATRIX DENSITY, fMA
 
DENSITY IS DEFINED AS MASS PER UNIT VOLUME--OFTEN EXPRESSED AS 
SP E CI F IC GRA V I T Y QN OMA R
 

SP,GR. = Wi. UhU 
 T O17AliLl - ­
.,MATRIX 
DENSITY ISDEPENDENT ON MINERAL COMPOSITION, TEMPERATURE 

&PRESSURE 
THE DENSITY OF SEDIMENTARY ROCKS RANGES FROM ABOUT 2.0 GM/cc TO 
3,0 GM/CC 
SEVERAL SHALE MINERALS HAVE DENSITIES CLOSE TO THAT OF QUARTZ--
THUS PRESENCE OF SHALE HAS LITTLE EFFECT INSHALY SAND STONES 
EXCEPT WHEN PREDOMINANT SHALE MINERAL ISMONTMORILLONITE
 
MONTMORILLONITE ISTHE PRINCIPAL CONSTITUENT OF BENTONITE--

COMMON INCALIFORNIA
 



The grain densities of the more comon minerals 
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2 

0)
 

0)
 

(c " 

4­

o o0
 

0
 

<.000 

5U 

E 
0S. 

Anhydrite 

Dolomite 
Calcite 

Feldspar 

Gypsum 

QuartzAnthracite 

Bituminous Coal 

Lignite 

2.95 

2.85 

2.71 

2.55-2.80 


2.32 


2.652.30-1.70 

1.14-i.40 


1.15-1.30 


Fluid Densities Used 
vith co 


and gases
 

Flui d and Gas(---
Air (sTP)GasNatural (STP) 
Natural Gas 3000 psi 180o 

Oil 50 AP0 
Oil 30- ApI

Oil 10' API 

Water (STP) 

Fresh 

Sea 

Highly saline 

Chlorite 

Halloyslte 

Palygorskite 

Seplolite 

smoctIte 

Vermiculite 

Magnesite 

Kaolinite 

lllite 
Montmoriloute 


Halite 
SulphurSylvite 

Ca1nallite 

Langbeimit
e 


DENSITIES OF CLAY MINERALS 

no Jiquids 

(0 /c2)
0.000129O.TP 70
00 

0.I06 


0.78o
 
0.876
 

1.000 
. 000
 
2.026 

1.180 

3.00-3.12
 
2.63
2.76 
2.00
 

2.17,

2.05-2.09
.85 20
 
.56 

2.81
 

(glcm') 

2.60.2.95 

2.55 •2.56 

2.76.3.00 
2.70.3.10 

2.642 2.688 

2.602 
2.60.2.68

2.63 

2.29-2.36 

2.08 

2.20.2.70 
2.24 • 2.30 

2.348 
2.20. 2.70 

2.53 
2.74 

Low water absorptive properties 

Completely evacuated 
Muscovite 
Biotite
 
No absortbed water
 

Theoretical density

Extensive literature
Most frequently quoted 

Limlled data 

Limited data 

Nontronite essentially 
Saponlite dehydrated 

Montrnorillonlte 
Low-iron amectlte 
3.6% Iron Content 

No precise data; oven-dried similar to blotite.mica 

http:2.20.2.70
http:2.29-2.36
http:2.60.2.68
http:2.70.3.10
http:2.76.3.00
http:2.60.2.95
http:2.05-2.09
http:3.00-3.12
http:1.15-1.30
http:1.14-i.40
http:2.30-1.70
http:2.55-2.80
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DENSITY LOG (CONT'D)
 

POROSITY DETERMINATION CONT'D 
PORE FLUID DENSITY, F 

DEPENDS ON CHEMICAL COMPOSITIONV, TEMPERATURE, AND PRESSURE 
C.ART ISAVAILABLE TO DETERMINE fF WHEN SALINITY, TEMPERATURE
 
AND PRESSURE ARE KNOWN
 
AS A RULE FRESH WATER (<25,000 PPMNACL) HAS 1PZ 1.0 AND
 
SALT WATER ( 150,000 PPM NACL) HAS fF 
 1.1 GM/Cc
 
MEASUREMENTS (L) ARE INRx
0 AREA WHERE PREDOMINANT FLUID IS
 
MUD FILTRATE
 
- INAQUIFERSF 1,0
 

- INHYDROCARBON RESERVOIRS WITH BLACK OILSj/ 
F 1.0
 
- INHYDROCARBON RESERVOIRS WITH LIGHT OILS OR GASES f 
<1.0--


USE OF/PF = 1.0 LEADS TO 0 BEING TOO HIGH
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OF WATER AND NaCI SOLUTIONSDENSITIES 

TEMPERATURE fCENTIGRADE) 

ZO 25 50 ISO 200OO2 

020 

-15 

j 
CJ 

rj1.1 /0 

085 

0 % 

IID 

200 0 

r Z 

469 10 -_ 0 004 0 .0
 

TEMPERATURE (FAHRENHEIT) 
Groups of curves plottcd versus pressure are shown for Distilled Water, and for NaCI solutions of five differentsalinities. U:e the 1000 psi lines to estimate the density at the given salinity and temperature. Then estimateLe pressure correction on the basis of the separation between the 1000 psi and 7000 psi lines. 
Curves for temperatures above 212 • are derived from data given by Ellis and Golding, American Journal ofScience, Vol. 261. pp. 47-60 (Jan 1963). 
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FORMATION DENSITY LOG
DETERMINATION OF POROSITY 

30_ 

1.2 .-T T.- - '-T--_ _ ! i -

I -­

0 

i .~ Pb 

5~~~a--

- -r 

BULK-
DEkT , Y m /cc,-r-,Jl---.l 'Mg, /r3! i: 

a" f, 

, 1 ' 2.7 ("---,imes -tone) >/ .- -

" 

SOLU 

2 .8 

_iN: #-----"25 p Z ____ 

2 .6 P.4 

Pb, BULK DENSITYl, gmlcc 

2 .2 

2..2 
or Mg/m3 

I J i 

2 0 

EXAMAPLE: 

SOLUTION: 

4-r-

A, = 2.3 1MGI/m a in limestone lithology 
pass= 2.71 (limestone) 

Pf 1.(satt rmud) 

-­25 p.u. 
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EFFECT OF SIALE
 
,POROSITY DETERMINATION MAY BE AFFECTED BY PRESENCE OF SHALE
' HVARIES WITH AREA, CLAY, MINERALS PRESENT AND DEGREE OF COMPAC 

TION
 
, MINERAL COMPOSITION OF SHALE VARIES OVER A WIDE RANGE 
* SHALE DENSITIES ARE USUALLY BETWEEN 2.20 GM/CC AND 2.85 GM/CC 
a WHEN /SH" 2.65 GM/CC DENSITY LOG GIVES CORRECT POROSITY FOR
 

SHALY BEED 
.DEPENDING ON fSH OD B 
.AT SHALLOW DEPTH 
 SH TEND TO BE LOWER AND EFFECT ISGREATER
 
,SHALE DISSEMINATED INPORES TENDS TO HAVE LOWER DENSITY THAN
 

ADJACENT LAMINAR SHALE STREAKS 
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DENSITY LOG (CONT'D)
 

EFFECT OF SHALE CONT'D
 
FOR A SHALY (S
W
 = 100%) BED THE BULK DENSITY ISGIVEN BY
 

=jDdt2 + vSH~ (1
a Vs PMA 

SH F
 

-M-v A 
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b /cm') 

3.1 

3.0 

2.9 

Porosity (%) 
(For P,= 1.0 g/c=') 

Shaliness 
Corrected 
Porosity (%) 

Porosity (%) 
(For P, 0 1.0 g/cm') 

2.7 

35 -

30 -

I I I 35 

30 

10 

15 

2.6 

20.7 
PmA (g/=,')/ 

20 .20 

072 720 

-25 

01 5 

-S5 "5 

2.1514-
2-60 10 -- 3 

2.6 
10202 

, 

- 0 

2.0 

G)AN DENSITY OR Vsh(%) 

FORMATION MATRIX-2.
2. IN ,o .,,, o,× 

SANDSTONE - 2.65 
UMESTONE - 2.71 
DOLOMITE -2.13 

0 

I 
10 2 

/ //'2.4<.//:2.4 
2.5 

2.2 

.C. 

L.ensllog porolty • shaliness and fluid density cor'rction 

From Dresser Atlas 1980 Booklet on Compensated Densilog
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DENSITY LOG (CONT'DY
 

S'ALE BULK DENSITY, isH
 

BULK DENSITY OF SHALE NORMALLY INCREASES WITH DEPTH DUE TO COMPAC-

TION
 
PLOT OF/ sH WITH DEPTH GIVES A COMPACTION TREkD LINE
 

NORMAL COMPACTION TREND REVERSES WITHIN OVERPRESSURED ZONES
 
INOVERPRESSURED ZONES SHALES ARE UNDERCOIPACTED DUE TO EXCESS
 
W.ATER--THUS BULK DENSITIES ARE LOWER THAN NORMAL
 

, A DECREASE INSHALE BULK DENSITY WITH DEPTH REFLECTS PRESENCE OF
 
OVER-PRESSURED ENVIRONMENT
 

GULF COAST SHALE DENSITIES
 

DEPTH BULK DENSITY 
(F.t) (01cm') 

0 1.80 
2000 
4000 

2.20 
2.34 

800 2.4 
8000 2.52 

10000 2.57 
12000 2.60 
16000 2.63 

From Dresser Atlas 1980 Booklet on Compensated Densilog
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x 

5.
 

6 •* 

7. 

LL % 

11
 

o; 
 * 

12 

BHP C, 11,300' SHP C 11,300'
11,300 - 9,;00 ((.. 5) W 11,300 - 1C,5 (0.535)
C,00 psi 	 x 5,700 psi 

2.2 2.3 2.4 2.5 2.6 2.1 2.2 2.3 2.4 2.5 

(a) DENSITY LOG (b) CUTTINGS 

P gicmI 

Shale bulk densities measured by density Io and from cut. 
tings plotted vs. depth in an offshore Louisiana well. 

5 

u 
I'. 

x 

CAP 

L*-70P 	 TOP 

10 • ! I 
1.0 	 2.0 3.0 2.0 2.2 2.4 2.5
 

UNEAR LOGARITHMIC
 

SHALE BULK DENSITY (c9cml 

Log derived ihale bulk density plots on linear and 
logarithmic scales for detection of overpressure zones. 

From Dresser Atlas 1980 Booklet on Compensated Densilog
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DENSITY LOG (CONT'D)
 

EFFECT OF RESIDUAL HYDROCARBONS
 
.THE BULK DENSITY FOR A SHALY BED CONTAINING RESIDUAL HYDROCARBON
 

(Rxo ZONE) IS
 

f 2 "9SX M + F1SHRI~ V'SH 0SH + 1~SHfM 

, NORMALLY ITISASSUMED THAT SHR = 0 AND THAT PORES AFE FULL OF MUD 
FILTRATE 

, THE EFFECT WILL BE SMALL FOR BLACK OILS WHEREH 0,.8 AND S. 20% 

,FOR LIGHT OILS AND GASES THE EFFECT ISSIGNIFICANT BECAUSE/DH 

TO 0,2 
. THE ABOVE EQUATION CAN BE REARRANGED TO GIVE 

15 

5D=0+ VSHODSH +0(1 -sXo)(ODH -1) 

HERE (I-Sxo) DH-I) ISTHE RESIDUAL HYDROCARBON EFFECT, WHEN Sxo=100% 

THE EQUATION REDUCES TO THE SHALY BED MODEL WHEN S
w = 100% 

ITSHOULD BE NOTED THAT
 

(F 1,0
 

MA fFF
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SPONTANEOUS POTENTIAL DEPTH CONDUCTIVITY 

INDUCTIOJ CONDUCTIVITY 

20 4000 
10" SPACINC 

RESISTIVITY 
O4~ys m'/ 

16" NORMAL 

Tf 

-M- 2.6 0 7S o 
-Rf" 1.95 0 75-140 

0 
0100 10 

INDUCTION R ESISTIVIY ,.,=. . 
j 40" SPACING 

-- L - C0 

250 

7 
250 

250 

-­ i­

4 
9003100 

-2 000 

-" 4 6 00+ 

Example 181a 
From Dresser Atlas Log Interpretation Fundamentals (1975)
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GAMAPRAY BULK DENSITY 
GRAMS/CC 

- CORRECTION CORRECTION 

API UNITS 1-0.5 0 40. 

HOLE SIZE INCHES 

Zones 

1;s 2.22 

,-4, 6 21 

, 2.2 

-2.46 

~2.2 2.1 

L. Cretc~ou s&,d. in Mi:sjsippi Example 131b 
Assurna 1all Sandi nv ckan. 

From Dresser Atlas Log Interpretation Fundamentals (1975)
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NEUTRON LOG
 

WHAT ISIT?
 
A WELL LOGGING METHOD 
 INWHICH FORMATIONS ARE BOMBARDED WITH NEUTRONS
 
& MEASUREMENTS ARE MADE OF RESULTING EFFECTS WHICH DEPEND PRIMARILY
 
ON THE H2 CONTENT OF THE ROCKS
 

WHAT ARE ITS USES? 
DELINEATION OF POROUS FORMATIONS 
DETERMINATION OF POROSITY 

, IDENTIFICATION OF GAS ZONES 
, IDENTIFICATION OF LITHOLOGY 

EVALIATIflN n qHII r rfl' 
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21 

NEUTRON LOG (CONT'D)
 

INDUCED NUCLEAR RADIATION
 
,THE SOURCE OF NEUTRONS ISA MIXTURE OF A RADIOACTIVE ELEMENT &
 
BERYLLIUM OR POLONIUM
 

, WHEN BERYLLIUM ATOMS ARE STRUCK BY ALPHA PARTICLES FROM THE RADIO-

ACTIVE ELEMlENT, THEY DISINTEGRATE & EMIT NEUTRONS AT HIGH VELOCITIES
 

,FAST NEUTRONS HAVE VELOCITIES OF SEVERAL THOUSAND MILES PER SECOND
 
, NEUTRONS ARE ELECTRICALLY NEUTRAL PARTICLES THAT HAVE THE MASS OF
 
A H2 ATOM, THEY PASS THROUGH THE FOLLOWING ENERGY LEVELS:
 

- FAST-- >1O0 KCV
 
- INTERMEDIATE--100 EV TO I00 KeV
 
- SLOW-- <K100eV 

EPITHERMAL--O,IeV TO 100eV
 
THERMAL--O,025 eV
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NEUTRON LOG (CONT'D) 


INDUCED NUCLEAR RADIATION CONT'D
 
,
INAN ELASTIC COLLISION A NEUTRON'S ENERGY ISREDUCED BY THAT
 
AMOUNT TRANSFERRED TO THE STRUCK NUCLEUS
 

,ENERGY LOSS ISA FUNCTION OF COLLISION ANGLE AND RELATIVE MASS OF
 
STRUCK NUCLEUS
 

,A HEAD-ON COLLISION BETWEEN A NEUTRON & A NUCLEUS OF THE SAME MASS
 
RESULTS INA TOTAL LOSS OF NEUTPON ENERGY
 

, OTHER COLLISIONS OCCURRING bT AN ANGLE OR INVOLVING A HEAVIER
 
NUCLEUS RESULT INA PARTIAL ENERGY LOSS
 

, H2 ATOMS ARE ABUNDANT & HAVE A MASS ABOUT EQUAL TO THAT OF NEUTRON-

ARE PRINCIPAL ENERGY REDUCERS OF FAST NEUTRONS TO THERMAL STATE
 

,WHERE H
2 ISABUNDANT, NEUTRONS ARE SLOWED CLOSE TO SOURCE--WHERE
 
H2 ISSCARCE NEUTRONS MOVE FURTHER FROM SOURCE BEFORE A BEING
 

SLOWED
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NEUTRON ENERGY LOSS
 

(2,0 MEV TO THERMAL ENERGY STATE
 

AVeNUMBER OF 
 MA, ENERGY 

ATOMIC


ELEMENT 
 LLISIONS LOS/oLLISION ATOMIC WT. 
 NUMBER
 

CALCIUM 
 371 
 8% 
 40.1 
 20
 
CHLORINE 
 316 
 10% 
 35.5 
 17
 
SILICON 
 261 
 12% 28.1 

UXYGEN 
 150 
 21% 
 16.0 
 8
 
CARBON 
 115 
 28% 
 12.0 
 6
 
HYDROGEN 
 18 
 100% 
 1.0 
 1
 

HYDROGEN 
- AVG, LOSS DUE TO ANGULAR COLLISION Is 63%,
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NEUTRON LOG (CONT'D)
 

DRINCIPLE
 

HIGH ENERGY (FAST) NEUTRONS ARE CONTINUOUSLY EMITTED FROM A
 
RADIOACTIVE SOURCE--THEY COLLIDE WITH NUCLEI OF ROCKS INELASTIC
 
"BILLARD-BALL" COLLISIONS--WITH EACH COLLISION NEUTRON LOOSES
 
SOME ENERGY
 
GREATEST 
 ENERGY LOSS OCCURS WHEN A NEUTRON COLLIDES WITH A NUCLEUS 
OF EQUAL MASS--H2 

, SLOWING DOWN OF NEUTRONS DEPENDS LARGELY ON AMOUNT OF H2 PRESENT 

IN H20, H C, SHALE, COAL, ETC, 
WITHIN A FEW MICROSECONDS NEUTRONS HAVE SLOWED DOYN BY SUCCESSIVE 
COLLISIONS TO THERMAL VELOCITIES--THEY THEN DIFFUSE RANDOMLY 
WITW LOOSING ANY MORE ENERGY UNTIL CAPTURE BY NUCLEI OF C, H2, 
SILICON, ETC,
 

, CAPTURING NUCLFI BECOME EXCITED &EMIT HIGH-ENERGY GAMVTA RAYS OF 
CAPTURE--LOGGING TOOLS MEASURE GAM,'MA Rf"S OF CAPTURE OR SLOW 
NEUTRONS 

, ABILITY TO DETECT GAMMA RAYS OF CAPTURE OR SLOW NEUTRONS IEPENDS 
ON DISTANCE OF DETECTOR FROM SOURCE & BIAS LEVELS OF EQUIPMENT 
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EUTRON LOG (CONT'D)
 

EUTRON LOGGING TOOLS
 

SINGLE SPACED NEUTRON TOOL (GNT)
 

..COMPRISED OF NEUTRON SOURCE AND NEUTRON OR GAMMA RAY DETECTOR
 

SEPARATED BY MATERIAL THAT PREVENTS RADIATION FROM SOURCE 

REACHING DETECTOR THROUGH TOOL 

SOURCE TO DETECTOR DISTANCE VARIES INTOOLS FROM 13" TO 24"--
MOST COMMON SPACING LIES BETWEEN 18" AND 30" 

TOOL ISSENSITIVE TO GAMMA RAYS FROM THREE SOURCES 

- GA.M.A RAYS OF CAPTURE 

- NATURAL GAMMA RAYS 
- GAMMA RAYS FROM NEUTRON SOURCE 

NATURAL GAMMA RAYS ARE SHIELDED FROM DETECTOR BY BIAS DISCRIMI-
NATION
 

ISA NON-DJPCTIONAL DEVICE USING A DETECTOR SENSITIVE TO HIGH-


ENERGY GAMMA RAYS OF CAPTURE OR THERMAL NEUTRONS
 

ITCAN BE RUN INCASED OR UNCASED HOLES
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NEUTRON LOG (CONT'D)
 

SIDEWALL NEUTRON POROSIIY TOOL (SNP)
 
.A DIRECTIONALLY-SENSITIVE EPITHERMAL NEUTRON DETECTION SYSTEM IS
 
INCORPORATED INA SIDEWALL SOURCE-DETECTOR SKID TO MINIMIZE BORE-

HOLE EFFECTS
 

.DESIGNED FOR OPERATION INUNCASED WELLS
 
,	EFFECTS OF VARIATIONS INBOREHOLE SIZE AJND SHAPEMUD TYPETEMPERA-

TURE AND SALINITY ARE LARGELY ELIMINATED
 
A SURFACE CONTROL PANEL COMPUTATIONALLY ACCOUNTS FOR SMALL RESI-

DUAL BOREHOLE EFFECTS TO PROVIDE A BOREHOLE CORRECTED LOG
 

* LOG PRESENT 
A DIRECT RECORDING OF NEUTRON-DERIVED POROSITY ON A
 
LINEAR SCALE
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NEUTRON LOG (CONT'D)
 

DUAL-SPACING NEUTRON LOG (CNL)
 
,DESIGNED FOR USE INCASED & UNCASED HOLES
 
.USES TWO DETECTORS THAT ARE SENSITIVE TO THERMAL NEUTRONS
 
.
RATIO OF COUNTING RATES FROM THE TWO DETECTORS IS
 
CONVERTED BY A SURFACE PANEL TO POROSITY INDEX
 

.THE TWO THERMAL NEUTRON DETECTORS ARE MOUNTED AT DIFFERENT SPACINGS
 
ABOVE SOURCE ALONG AXIS OF 3 3/8" DIAMETER SONDE
 

. SENSITIVE VOLUME OF FAR DETECTOR ISMUCH LARGER THAN THAT OF THE
 
NEAR DETECTOR, THUS ASSURING GOOD COUNTING RATES AT THE LONGER
 
SPACING
 
NEUTRON SOURCE WITH YIELD OF 4
x 107 NEUTRONS/SEC ISUSED--THIS
 
IS4 TIMES THAT OF CONVENTIONAL SOURCES USED INNEUTRON LOGS
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NEUTRON LOG (CONT'D)
 

CNL CONT'D
 
, COMBINATION OF SENSITIVE DETECTORS & HIGH STRENGTH SOURCE PERMITS
 
A LOGGING SPEED OF 1800 FT/HR
 

.TEMPERATURE & PRESSURE RATINGS ARE 400'F & 
20000Psi
 

.TO MINIMIZE BOREHOLE EFFECTS SONDE ISRUN ECCENTERED INHOLE
 
= 
.FOR DH 6"TO 16" A LARGE BOW-SPRING ISUSED TO ASSURE TOOL
 

LIES AGAINST BOREHOLE WALL
 
, FOR DHK<,6"
& INCASED HOLES TOOL ISASSUMED TO FOLLOW LOW SIDE
 
OF HOLE
 

.MAY BE RUN WITH OTHER LOGGING TOOLS SUCH AS FDC, TDT, ISF AND SONIC.,
 
THUS PROVIDING COMBINATIOnS FOR OVERLAY-TYPE PRESENTATIONS AND
 
QUICK-LOOK INTERPRETATION AT WELL SITE
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BOREHOLE 
 FORMATION 

* 3-5"8DIA 

' .ON 

.
 

-


* LS DETECTO,9 

* SS DETECTOR 

* , SOURCE 

. n Iret in* OTHER PROBEit , .e 

CN instrument configuration 

DOo. HO 
From Dresser AtlasU. 8.080.0 • ' . .DreuweiAtas 7qv plt 1980 Booklet on 

Ame so, -o Neutron Logs 
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NEUTRON LOG (CONT'D)
 

DETECTORS
 

GAMMA RAY DETECTORS
 
- IONIZATION CHAMBER
 

- GEIGER-MULLER COUNTER
 
- SCINTILLATION COUNTER
 
THERMAL NEUTRON DETECTORS
 
-
SAME TYPES AS FOR GAMMA RAYS BUT USUALLY INCORPORATE BORON WHICH
 

REACTS WITH EPITHEkMAL NEUTRONS TO PRODUCE ALPHA PARTICLES WHICH
 
INITIATE IONIZATION PULSES
 

. EPITHERMAL NEUTRON DETECTORS
 
- IONIZATION CHAMBER CONTAINING H2
 H2 NUCLEUS ISENERGIZED BY
 

IMPACT OF A NEUTRON--IONIZATION ISINITIATED RESULTING INAN
 
ELECTRICAL PULSE
 

-
SCINTILLATION COUNTER USING A LITHIUM IODIDE CRYSTAL--INCIDENT
 
NEUTRONS REACT WITH LITHIUM NUCLEI TO CAUSE LIGHT-FLASHES THAT
 
ARE COUNTED BY A PHOTO-MULTIPLIER TUBE
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NEUTRON LOG (CONT'D)
 

TIME CONSTANT & LOGGING SPEED
 
.TO PRODUCE NEUTRON LOGS FOR QUANTITATIVE INTERPRETATIOMJ TIME CON-

STANT (Tc SECS) 
 AND LOGGING SPEED (LFT/MIN) MUST BE PROPERLY
 
CHOSEN
 

,	TIME CONSTANT ISDEFINED AS TIME NECESSARY FOR RECORDER TO DEFLECT
 
TO 63% OF ULTIMATE VALUE--2 Tc GIVE 86% & 3 T
c 	GIVE 95% OF ULTIMATE
 
RESPONISE 

, COUNTING RATE AT DETECTOR FLUCTUATES BECAUSE OF STATISTICAL NATURE
 
0' RADIOACTIVITY PHFNOMENA 

* TO OBTAIN ENOUGH COUNTS FOR A REPRESENTATIVE AVERAGE READING., THE
 
COUNT RATE ISAVERAGED INA TIME-CONSTANT CIRCUIT 

.APPEARANCE & STATISTICAL ACCURACY OF THE LOG ARE FUNCTIONS OF TIME-
CONSTANT SETTING &LOGGING SPEED 

, A TIME CONSTANT OF 2 SEC. & A SPEED OF 1800 FT/HR PROVIDE GOOD
 
LOGS INMOST CASES
 

. FOR LARGE HOLES OR BEDS SHOWING LITTLE RADIOACTIVITY CONTRAST 
MORE SENSITIVITY ISNEEDED REQUIRTNG LONGER TIME CONSTANT AND
 
SLOWER LOGGING SPEED
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NEUTRON LOG (CONT'D)
 

LOG PRESENTATION
 

GNT TOOLS - SCALED LINERALY INAPI UNITS ACROSS TRACKS 2 & 3
 

WITH THE GAMPA RAY LOG INTRACK 1
 
SNP TOOL - TOOL RESPONSE ISCONVERTED TO 0 VALUES BASED NORMALLY ON
 
A LIMESTONE MATRIX--SURFACE PANEL AUTOMATICALLY PROVIDES CORREC-

TIONS INLIQUID FILLED HOLES FOR MUD WEIGHT SALINITY, TEMPERATURE
 
& HOLE SIZE VARIATIONS
 
- INGAS-FILLED HOLES ONLY THE HOLE SIZE CORRECTION ISREQUIRED
 

& ISDONE MANUALLY 
- GAMMA RAY LOG AND CALIPER ARE FOUND INTRACK 1 WITH THE SNP IN 

TRACKS 2 & 3 
,	CNL - RECORDED INLINEAR 0 UNITS USUALLY FOR A LIMESTONE MATRIX
 
INTRACKS 2 & 3. THE GAMMA RAY LOG AND CALIPER ARE PLACED IN
 

TRACK 1
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PresenIationof GNT Neutron Log. - Presentatiorof SNP Log. 

From Schlumb'erger Log Interpretation Principles (1972)
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CALIPEN D+NSIT P o y 3 

GAMMA fRAY POn, z 

Prejen ation oj CNL.FDC Log. 

From Schlumberger Log InterpreLation Principles (1972)
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NEUTRON LOG (CONT'D)
 

CAL IBRATION
 

GNT TOOLS
 
PRIMARY STANDARD ISTHE API NEUTRON 
PIT @ UNIVERSITY OF
 
HOUSTON
 

,,RESPONSE OF A LOGGING TOOL IN19% POROSITY WATER-FILLED LIME-

STONE ISDEFINED AS 1000 API UNITS
 

, CALIBRATING DEVICES ACCURATELY RELATED TO THE API PIT ARE USED
 
FOR FIELD CALIBRATION
 
API TEST PIT PROVIDES THREE LIMESTONE POROSITY POINTS (26%,
 
19%, 1.9%), USING A FRESH WATER FILLED 7 7/8" BOREHOLE
 

, NO MUD CAKE OR STAND-OFF ARE PRESENT 
DURING THE CALIBRATION
 
THAT ISDONE AT 750F.
 

, 
API UNIT DOES NOT FULLY DEFINE THE RESPONSES OF DIFFERENT LOGGING
 
SYSTEMS OVER THEIR ENTIRE RANGE OF OPERATING CONDITIONS--THUS
 
D1VFERENJT LOGGING SYSTEMS WILL NOT EXHIBIT IDENTICAL CURVE
 

,AMPLITUDES
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CALIBRATION CONT'D
 
. SNP TOOLS -
CALIBRATED BASED ON MANY READINGS INFORMATIONS OF
 
HIGH PURITY AND KNOWN POROSITIES
 

t CNL TOOLS -
FOR LIMESTONES AND SANDSTONES CALIBRATION ISBASED
 
ON A LARGE NUMBER OF LABORATORY MEASUREMENTS, FOR DOLOMITES,
 
TOOL RESPONSE ISBASED ON FIELD DATA,
 

DIA. 3/8*STEEL DECK PLATE 

6 	 FRESH WATER 

CONCRETE 

CORRUGATED PIPE 

86 CARTHAGE LIMESTONE 
(POROSITY = 1.9% AVG.) 

INDIANA LIMESTONE 
8' (19% AVG. POROSITY) 

-, / AUSTIN LIMESTONE 
S _ (26% AVG. POROSITY) 

15' CONCRETE 

t-i~ 8I.D. CASING 

Neutron Log calibration pit 

From Dresser Atlas 1980 Booklet on 
Neutron Logs
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NEUTRON LOG (CONT'D) 


INVESTIGATION CHARACTERISTICS
 
NEUTRON TOOLS H'.V 
 VERTICAL INVESTIGATION ABOUT EQUAL TO SOURCE-
DETECTOR SPACING--15,5" OR 19,5" FOR GNT AND 16" FOR SNP 

, RADIAL INVESTIGATION - ISA FUNCTION OFO, LITHOLOGY, SOU*RCE
ENERGY, STRONG-THERMAL.-NELITRON-ABSORBER DENSITY, HYDROGEN 
DENSITY AND SOURCE-DETECTOR SPACING
 

, AVERAGE RADII OF INVESTIGATION IN AN 8" BOREHOLE (EXCLUDING CNL) 
ARE: 

%POROSJT RMAJS OFiVESTIGATION 
0 TO 5% 24" 
5%TO 10% 12"
 
.0% TO 20% 
 6"
 
20% a GREATER 
 VERY SHALLOW
 

DEPTH OF INVESTIGATION OF GNT & SNP ISLESS THAN FOR CNL -
FOR

POROUS BEDS CNL READS 8 TO IG"FROM BOREHOLE WALL 
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NEUTRON LOG (CONT'D)
 

HYDROGEN INDEX (HI)
 
,THE SLOWING DOWN OF FAST NEUTRONS BY H2 NUCLEI ISTHE PREDOMINANT
 
PHENOMENON
 

, RESPONSE DEPENDS ON HI OF FORMATION
 
, HI ISPROPORTIONAL TO QUANTITY OF H2 PER UNIT VOLUME OF FORMATION
 
NEAR BOREHOLE
 
HI OF FRESH WATER AT SURFACE CONDITIONS ISTAKEN AS 1.0
 
INCLEAN WATER BEARING BEDS THE NEUTRON READING ISDIRECTLY RELATED
 
TO0
 
FOR MOST OILS HI WILL BE PRACTICALLY THE SAME AS INWATER
 

, GAS AND LIGHT OILS HAVE SUBSTANTIALLY LOWER VALUES OF HI WHICH
 
ALSO VARY WITH TEMPERATURE AND PRESSURE--CAUSE NEUTRON LOG TO
 
READ LOW 

HI LIGHT OIL< HIH 20
 

flGAS << 
HIH 20
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HYDROGEN INDEX CONT'D
 
FOR A HYDROCARBON BEARING FORMATION
 

~N =0EISHR)HIMF + SHR HIHi 
, HIFRESH = 1,0 BY DEFINITION WHILE HISALT ISSLIGHTLY LESS THAN 1,0
 

HO0 WATER 

,ANOTHER WAY TO DEFINE HI IS 

HI HDRODGE N S _ _jB_ _T 

SUBSTANCE HYDROGEN DENSITY OF FRESH WATER 

H2 DENSITY OF SUBSTANCE 
2/2+16 

THUS HI 
CAN BE DETERMINED IFCOMPOSITION AND HYDROCARBON DENSITY
 
(0) ARE KNOWN--SUPPOSE THERE ARE X ATOMS OF Ho FOR EACH CARBON
 

ATOM
 

Hl 

"v()
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HYDROGEN INDEX CONT'D
 

FOR CH4
 

HIcH4 =Yf/H = 2,25PH 

FOR OIL OF COMPOSITION N CH2
 

HI H= 12-2) = 1,28 
IFHYDROCARBON COMPOSITION IS UNKNIOWN BUTP CAN BE ESTIMATED, 

THEN AN APPROXIMATE VALUE OF HIH CAN BE GOTTEN FROM
 

HIH = 91 H[O.15 + .2(0.9 - )2]
 

- THIS CAN FURTHER BE SIMPLIFIED TO
 

f,+ 0,3
HIH -- o.25 f . 9o, 

AND
 

HI H= 2.2 PH PH< 0,25 
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NEUTRON LOGS (CONT'D) 

HYDROGEN INDEX CONT'D 
HYDROGEN INDEX OF MUD FILTRATE CAN BE EXPRESSED AS 

HIMF =PMF (I- PPMNACL1O- 6) 

, USING THIS RELATION AND THOSE FOR HI H, THE NEUTRON RESPONSE IN 
HYDROCARBON BEARING BEDS BECOMES 

1
~N = -SHR) + 
HR (t ./F(-PPiNlcL 1
 
WHERE o,25 {H- 0,9
 

AND 

56N = 011 S R+SHR (2.2 1DH/ F (' 1 p t 'AL 

WSHEREI/9d < 0.25 
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NEUTRON LOG (CONT'D)
 

EXCAVATION EFFECT
 
,MATHEMATICAL STUDIES SHOW THAT THE EFFECT OF GAS NEAR THE BOREHOLE
 
ISGREATER THAN WOULD BE EXPECTED BY TAKING INTO ACCOUNT ONLY
 
ITS SMALLER H2 DENSITY
 

. PREVIOUS WORK HAD BEEN DONE ASSUMING GAS-FILLED PORTION OFIA WAS
 
REPLACED BY ROCK MATRIX
 

,	NEW STUDIES SHOW THAT WHEN THIS ROCK MATRIX IS"EXCAVATED" AND
 
REPLACED 
WITH GAS, THE FORMATION HAS A SMALLER NEUTRON-SLOWINI-

DOWN CHARACTERISTIC--NAMED EXCAVATION EFFECT
 

,TO IGNORE THE EXCAVATION EFFECT RESULTS INHIGH FLUSHED ZONE GAS
 
SATURATIONS AND LOW VALUES OF POROSITY
 

* ASSUMING THE SONDE WAS CALIBRATED INFRESH-WATER-BEARING FORMATIONS

SWH " SX HW + (-Sxo)H H 

WHERE HW = HIWATE R 

H= HI HYDROCARBON
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4-
-

t 	 LIMESTONE 
SANDSTONE 	 ..
 

0 

CL 	 r20c 

26 40 	 0-.
I-- iHSxo + k-
z
 

0 

0 1;72 S:hh,,m, er 

--	 Correction for Excatation Eflect as a function of So, for three values of
porosit) and for H, = 0. Efiect of limestone, sandstone, ard dolomite
included within the shaded baplis. 

From Schlumberger Log Interpretation Principles (1972)
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NEUTRON LOG (CONT'D)
 

EXCAVATION EFFECT CJDNT'D
 
CORRECTION VALUES CAN BE ESTIMATED WITH
 

NEX = K E2 2 SH + 004](1-S,,,
 

WHEREAyNEX' , g SH ARE IN FRACTIONAL UNITS
 

AND K = 1.0 FOR SANlDSTONES
 
= 1.046 FOR LIMESTOINES
 

= 1.173 FOR DOLOMITES
 
THE SECOND TERM IN THE EQUATION ABOVE IS SPIALL , CAN OFTEN BE
 
DISREGARDED
 

, INSHALY BEDS THERE ISH
2 INTHE CLAY AND AN APPROXIMATE CORRECTION 
CAN BE MADE FOR IT BY REPLACING SwH AND INTHE ABOVE EQUATION 
WITH 

AND
 

WH + VSH (USH)/ 

HERE THE APPROXI4ATION ISTHAT ONsH INDICATES H2 CONTENT OF SHALE
 



317 NEUTRON LOG (CONT'D) 


FACTORS AFFECTING TOOL RESONSE
 
BOREHOLE--SIZEj FLUID CONTENT, CASING, CEP
 
FORMATION--LITHOLOGY, POROSITY, FLUID CONT
 
SOURCE--DETECTOR SPACING
 
STATISTICAL VARIATIONS
 
LOGGING SPEED AND TIME CONSTANT
 
EXCAVATION EFFECT
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NEUTRON LOG (CONT'D)
 

LITHOLOGY & POROSITY
 
, ELEMENT WHICH MOST EFFECTS NEUTRON LOG ISH2
 
, ROCK FORMIING MINERALS CONTAINING H
2
 

- CLAY MINERALS--SHALE, SHALY SANDS & CARBONATE, ARKOSE
 
- GYPSUM--EVAPORITE SEQUENCES
 
- IRON HYDRATES--FERRUGINOUS 
 SANDSTONES & LIMESTONES, SEDIMENTARY 
ORE DEPOSITS 

- GLAUCONITE--GLAUCONITIC SANDSTONES
 
- ORGANIC MATERIALS--COALS, BITUMINOUS SANDS AND LIMESTONES
 

, OTHER ELEMENTS HAVING SIGNIFICANT EFFECTS INNEUTRON LOGGING ARE
 
CHLORINE, IRON, BORON AND ALUMINUM 

, LOG INDICATES RELATIVE AMOUNT OF H2 & MOST OF H2 IS CONTAINED IN THE 
VOID SPACES--THUS ITMEASURES TOTAL POROSITY 
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NEUTRON LOG (CONT'D)
 

POROSITY FROM GNT
 
, NEUTRON LOG RESPONSE IS AN EXPONENTIAL FUNCTION OF POROSITY

TO DETERIINE Y THE EFFECTS OF BOREHOLE CONDITIONS AND FOR!4'LATION 
LITHOLOGY MUST BE ELIMINATED 

, SERVICE COMPANIES HAVE PREPARED NEUTRON DEPARTURE CURVES FOR 
SPECIFIC TOOLS AND SETS OF CONDITIONS 
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NEUTRON DEPARTURE CURVES 

GNT F, G, or H 
Pu-Be or Am-De Source, 151/" Spacing 

FRESH MUD, UNCASED HOLES, LIMESTONE 

API UNITS---­
400 500 600 700 8 0 00 sow I0 Ia Do 2000 2500 x000 3500 5000 60 
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NEUTRON DEPARTURE CURVES 
GNT F, G, or H 

Pu-Se or Am-Be Source, 151/2" Spacing 
SALTY MUD, UNCASED HOLES, LIMESTONE 

400 API UNITS - - ---- l500 0O 700 D0l 504C*LJ''4~~~i 1000 1500 ?000 5 X1111, 
-

'JI/117 17 D0C 3300 4000 500O 6000 
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Par-gb 



--

322 
NEUTRON POROSITY EQUIVALENCE CURVES 

SIDEWALL NEUTRON POROSITY LOG (SNP*) 
COMPENSATED NEUTRON LOG (CNL*)


When the SNP is recorded in limestone poroshy units, 
 units. AIv3ys correct mud cake before entering eq. iva.the large chart is used to find true porosities in sa ,d~tc 'es lanca chart.
or dolomites. First, correct the SNP for mud-cake ,iic.kness 
 EXAMPLE (English Units):using the small charts. The upper chart is in Engli.. 'nits, SANDSTONE BED:the lower in S Iunits. For mud-cake thickness value use the 
The SNP reads 13 p.u. (lime.slone). Bit size 7'i in. Caliper reads 7% in., soful hole-diameter reduction shown hmt = on SNP caliper (rtince VAin. Corrected limestone porosity is I1Ithe backup shoe usually cuts througn pu. Sand.oie mud cake). Thenthe corrected porosity volue a enterod on the abscissa of stone Porosity is 14 p.u.the chart and carried to the appropria;e matrix line. Read
ordinate for true porosity. The churi can 

No mud-cake correction isneeded for CNL conversions.
also be umed to Simply enter the chartfind limestone porosity (needed for entering Charts CP-1 
in abscissa with CNL limestoneporosity, go to appropriate matrix line,and CP-2) if recording isin sandstone or dolomite porosity 

and read true
porosity on the ordinate. 

- - : :-_..-.--.- . --.
-p.'. ___2 "­

40IO aO 
40 

,o .... - . ...- . .. . . ­ ' 

0 

( ETO PRST -P€r .NE ILMSONiu 

Sclmb --- .--- 20 e 
C40 

"___-_ -J____!1 

a 2 0 _ _( ©Sc h l u mbr ger. 
(O~ )o NEUTRON POROSITY INDEX (LIMESTONE), p U. 

0 

2 5()D 1 5 20 25 50 M5 40 

'Ma rk o~f Schlumbergemr 03P)O . Pori13 
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NEUTRON LOG (CONT'D)
 

POROSITY FROM GNT CONT'D 
, LOGARITHMIC METHOD--BASED ON ASSUMPTION THAT LOG OVS NEUTRON 
RESPONSE RESULTS INA LINEAR GRAPH 
LOG 3 = C - K NA 

C & K ARE CONISTANTS RELATED TO TOOL DESIGN & BOREHOLE PARAMETERS 
NA IS NEUTRON LOG RESPONSE (RDG,) 

THIS METHOD ISOFTEN REFERRED TO AS THE TWO POINT CALIBRATION--

THAT IS,TWO POROSITY VALUES ARE NEEDED TO DRAW THE PLOT
 
SHALE-.-O.-40% 
DENSE ZONE-LIMESTONE--I%-2% (BASED ON LOCAL KNOWLEDGE)
 
SANDSTONES--USE VALUE BASED ON LOCAL KNOWLEDGE
 
METHOD CAN BE USED TO PLOT NEUTRON RESPONSE VS POROSITY VALUES
 
OBTAINED FROM CORE OR DENSITY LOGS
 



NEUTRON LOG (CONT'D)
 

POROSITY FROM SNP
 
*LOG PRESENTS A DIRECT RECORDING OF NEUTRON-DERIVED POROSITY
 
(NURMALLY LIMESTONE BASIS) ON A LINEAR SCALE
 

aEFFECTS OF VARIATIONS INBOREHOLE SIZE AND SHAPE, MUD TYPE,
 
TEMPERATURE AND SALINITY ARE LARGELY REDUCED
 

.SMALL RESIDUAL BOREHOLE EFFECTS ARE COMPUTATIONALLY ACCOUNTED
 
FOR INSURFACE CONTROL PANEL
 

.
LOG READINGS MUST BE CORRECTED FOR
 
- LITHOLOGY IFNOT LIMESTONE
 
-
MUD CAKE USING A MUD CAKE THICKNESS OF
 

HMC = BIT SIZE - CALIPER RDG.
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NEUTRON LOG (CONT'D) 


POROSITY FROM CNL 
.DESIGNED TO MINIMIZE THE EFFECTS OF HOLE SIZE, MUD CAKE, ETC, 
.WHEN RUN INCOMBINATION WITH THE FDC, THE CALIPER SIGNAL IS 
USED TO PROVIDE AN AUTOMATIC HOLE SIZE CORRECTION 

, STANDARD CONDITIONS OF CALIBPATION ARE 
7 7/8" DH 

FRESH WATER INBOREHOLE & FORMATION 
NO MUD CAKE 

NO STAND OFF 
750 F TEMPERATURE 

ATMOSPHERIC PRESSURE 
TOOL ECCENTERED INBOREHOLE 
DEPARTURES FROM THE STANDARD CALIBRATION CONDITIONS RESULT IN
 
A COMBINED CORRECTION TO THE LOG WHICH ISQUITE SMALL
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326 DUAL SPACING NEUTRON LOG (CNL*)

CORRECTION NOMOGRAPH FOR CASED HOLE
 

CNL ENVIRONMENTAL CORRECTIONS 
(Caed and Open Hole) 

English 
0 0 20 40 to 

v0 . . .c C 

S, S "- .
 

ft - ,, - ...-. ._..... s . . ..s 

MetricCv- 1 222.... . . .­
0 I02 510 G0 so 

Dw,, eI0 --


.6-,W - V -

340 34) ©0Sclmego 

Neutron PXDII EquivalenceT 


?_ . . . . . . .. .~~~ . ...b . 0..... .. , . .
 

Before using these nomographs, log values must b. corrections for each block and add the algebraic total tocow-
recied for any matrix effect (Par 13). the chart-base porosity. This is the environmontally-cor. 

For cased-hole logs, enter Par 14a with the corrected rected CNL porosity.CNL reading and draw a vertical line through the chort * If "Borehole Size Minus Panel Setting" is positive,blocks. Find the corrections, as shown by the red line. normally assume that the hole is washed out and mud­Then'go to-l C,Por-I14band continue. Apply the al. cake thickness, if any, is indeterminate. Beginning withgebraic sum of all corrections to the corrected log reading. Block A, but ski .ping Block B, find corrections and pro. 
Fw open-hole logs, enter Par 14b with the corrected ceed as above.CNL reading. If the logcorrection: was run with automatic calip ra If the log was not run with automatic caliper corection: 

- "Back out" the caliper correction to find the "chart- * Draw a vertical line through all blocks .: the cor­base" porosity. Go down to Reference (*), Block A,and rected CNL reading.follow trend lines to "Borehole Size Minus Panel Setting". I If "Borehole Size Minus Panel Setting" is'positive,This value (27 p.u. in example) is the chart.base porosity. begin at Block A and find corrected CNL porosity asDraw a vertical line through all chart blocks at this value. above. Do not use both Blocks A and B.
iIf"Borehole Size Minus Panel .tcttng" Isnegative, I If"Borehole Size Minus Panel Setting" is negative,as in the example, normally assume that this is caused by begin at Block B and And corrected CNL porosity asmud cake. Do not make both borehole-size (Block A) and above. 

mud-cake (Block B)corrections. Beginning at Block 3,find 
P r- 4a 

'Mark of Schlumberger 
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327 DUAL SPACING NEUTRON LOG (CNL*)
CORRECTION NOMOGRAPH FOR OPEN HOLE5 

H~e.tror Log Porotily lhdt
 

Log'. ~to rrcMM 10 o 
 to 0
L o ; , o ?t , Joa , 197 

6 C 10 2 :1 
40 5
 

" AZll 


= English 

0 

1~~ ftcha1 

LturohokhS 4l*li-- " ,--- ... .C 

, -7LT ._- - '7-- , --7 ... 

250 

----- .. .. .. ­ ---------'. . . . , 1-7.- '--

Mu l-" - -

RA90 
 7 -,, 72lC 

--

schiumbere=, 

:~~~C SOLUIONmberOgTe 

Ct4 .o - --.Edrr... , OJ ...... ~J.u. .. 

(c r. 1 . bh) D~oIv Ir',&s, Ltod A (corr, for bh) Dra,, charn4,o p.o-oit 7 lie' ,.d Y/t. .12 Ir/ta FoI~ow iryt,',d h,,, to -- n. " - Cn. .... +4 i'. thro~fh oil blcki,k.. .. w. Draw. dri.bosa lirw cu IhiuT.. .... 213f pow-, (27 pu.) Au WI. . 9.3 1b/pa1 Firrd eo~r~c-r~a ai ,.... 17S'F (ik p ock II) G 
I;r, (.4) ... i(:Okp Fk-d B~t' (in~y (bI) ....Sa'O* 50kp:,o~r . - 400- I ..$, l~ity(fn,) .... 1: kppr [,t. = + 2.0 + 0.2 

LS4 
-1.4 4" .Salrlty(Irm) .... 1 tp 0.7 i+ 0 - 2.S -" 33 - 4.0-4) .... o0 1.7 - 3.,4+14.3 3.4 SJW4' R .... 0 _"3-. 4.26 p.u 

'Mark f Sddlumrg~er Por 4b 
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Dual Spacing Neutron Log (CNL)

Correction Nomograph Notes
 

Por-14a 
 Correct log values for lithology arid draw a vertical line through thE
chart.
 
A. Tool calibrated for 8 3/4" 
d --actual d 
 9 ". Correction is negative
because more H2 0 is present than calibrated for.
 
B. 
Tool calibrated for 0.304" casing thickness--actual thickness is 
.240"-­correction is positive since it has bcan calibrated for more interference
from steel.
 
C. Tool calibrated for 1.62" 
of cement thickness--actua! thickness is 1.30"-­correction is positive since it has been calibrated for more interference
from cement.
 
Por-14b 
For case-hole logs make the above corrections and then go to Block C
and continue. 


ed reading. 
For openhole logs enter Por 14b with lithology correct-
If applicable back out Automatic Caliper correction and
draw vertical line through the chart. 
 If
 

Caliper Rdg.--dh is negative 
 skip A--mud cake
 
Caliper Rdg.-_dh is positive 
 skip B--wash out


A. 
For Caliper Rdg.--dh negative--mud cake--correction is positive (back-out
is negative)--instrument is calibrated for no mud-cake and 820 has higher E
concentration than mud-cake. 
With Automatic Caliper--when a mud cake is
encountered the caliper senses a reduction in hole diameter and applies a
correction appropriate for a hole reduced by twice h.c.
mud-cake effect being aggravated at low 4 
This results in


and reduced at high 
 .
For Caliper Rdg.--dh positive--washout--correction 

is negative because in­strument is 
seeing Pore borehole than it was calibrated for--more H2
are seen in mud as 4. atoms
 

Bar graph A is used to subtract out nud cake correction and to correct for
wash-outs. 
 If the latter is done, Bir graph B is skipped and vice-versa.
B. 
This bar graph is used when mud cake exists and is skipped when wash-out
exists. 
Presence of mud-cake reduces counting rate, increasing 0.
both detectors are affected and the use of the ratio of their readings
 
However
 

results in a positive correction for high 0 and negative correction for low
4,.
 
C. 
Borehole salinity--tool is calibrated in fresh water. 
 Salt water has 
a lowe
H2 concentration than fresh water, thus the correction is positive.
D. 
Formation Salinity--Here the correccion is negative. 
The lower H concen­tration of the formation water is offset by thermal-ion absorptio 
by the
chlorine.
 
E. Mud-weight--this is 
a positive correction--tool is calibrated in water-­the presence of solids to make up the mud reduces the H2 concentration.
 
F. 
Stand-off--this is a negative correction--the tool was ,calibrated for
stand-off--Presence of stand-off places mud between tool and formations,
 

zero
 
thus decreasing the count rate and increasing apparent 1.
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G. 	Pressure--this is a negative cozrection--tool was 
calibrated at atmospheric
pressure--as pressure increases,H2 
concentration in mud, water, etc., 
is
 
increased. 
 2
 

E. 	Borehole temperature--this is a positive correction--tool was calibrated
at 750 F--higher temperature causes expansicn and 
a decrease in H2 concen­
tration.
 

Reference: Alger, R.P.. 
Locke, S., Nagel, W.A., 
and Sherman, H.: "The Dual
Spacing Neutron Log-CNL", SPE of AIME, New Orleans, Oct. 1971,

Paper SPE 3565.
 



330 NEUTRON LOG (CONT'D)
 

LIMITATIONS
 
.
RESPONSE GREATLY AFFECTED BY BOREHOLE CONDITIONS--CHECK DH VARIATION"
 

WITH CALIPER LOG
 

VALUES FROM CASED HOLES ARE SEMI-QUANTITATIVE DUE TO VARIATIONS IN
 
ECCENTRICITY OF CASING, HOLE SIZE BEHIND CASING, CEMENT THICKNESS,
 
ETC.
 

.
PRESENCE OF GAS MAY MAKE TOOL RESPONSE AMBIGUOUS
 

. UNRECOGNIZED CHANGES INMINERAL COMPOSITION MAY RESULT INERRONEOUS
 
INTERPRETATION 

. SNP SEES LESS THAN 1/LI OF AREA AROUND THE BOREHOLE AND THUS MAY NOT
 
BE ADEQUATE INBEDS WITH SCATTERED VUGS & FRACTURES
 

. CNL RESPONDS SOMEWHAT ANOMALOUSLY INDOLOMITE FORMATIONS DUE POSSIBLY
 
TO PRESENCE OF BORON AND GADOLIMIUM AND TO TYPE OF NEUTRON SOURCE
 
USED
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5'fL1UM11EI1011 LOG INTIIPRETATION / PIINCIPLiS 

La 

U Conditions: 

Pr.- 2.65
 
L4 - h 2.45
 

Pw I.o
 
La
 

L 

IC 40. 0 196W SChlum b g eqv 

- Neutron.Density crosplot ihowing
matrix,Water, and shale points, scaled
for determination of V.a and porosity. 

141
,0 

h l s 

% 

4 2 50Io1 

241.1 . 

el111V $chlufnw rgr 

"O-P 9's Ov eros;plot,over dfJectio, of 
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POROSITY AND LITHOLOGY DETERMINATION FROM 3. 
FORM-ATION DENSITY LOG AND 

SIDEWALL NEUTRON POROSITY LOG (SNP*) 
MAY ALSO 	BE USED WITH GNT F, G, or H N1EUTRON LOGS
 

FRESH WATER, LIQUID.FILLED HOLES
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POROSITY AND LITHOLOGYETERMNATION FROM 335 
FORMATION DENSITY LOG ANDCOMPENSATED NEUTRON LOG (CNL) 

FRESH WATER, LIQUID-FILLED HOLES 
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PROBLEM #1 

This is a Gulf Coast example from South Louisiana. Please note
 
the log scales carefully.
 

1-1. The lithology of the formation from 11,5fiCs-1,618' is:
 

() Dolomite (h) Limestone (c) Sandstone
 
(d) Shale (e) Coal (f). Anhydrite (q) Salt
 
(h)Granite Wash
 

1-2. Thp above zone Cll,588-61l') should produce:
 

(a) Gas (b) Oil (c) Water (d) Nothing 

1-3. The zone at 11,639' is: 

(a) Dolomite (b) Limestone (c) Sandstone
 
(d) Shale (e) Coal (f) Anhydrite c7) Salt 
(h) Granite Wash
 

PROBLEM #2
 

The Berry f1, in Roger Mills Co., Oklahoma, was drilled andlogged in fresh mud. The zone of interest was logged from 
14,976-15,002'. 

2-1. 	 The lithology of this interval is:
 

(a) Dolomite (b) Limestone (c) Sandstone
 
(d) Shale (a) Coal (f)Anhvdritc (g) Salt 
(h) Granite Wash
 

.2-2. 	The 1.eutron-Density crossplot indicates that the
 
formation should produce:
 

(a) Gas (b) O11 (c) U';nter (d) flothinq
 

2-3. 	 The net productive footage in this zone is:
 
(Use a porosity cut-off of 8% for sandstone and
 
5% for carbor-te Remember, the loq is scaled
 
in Apparent Limestone porosity units).
 

(a) 201 (b) 22' (c) 24' (d) 26'
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340 Loq 
INT7IRpRE TAT 1 N ESO 

1. If the mud filtrate (Rmf) is 2.0 at 700 and the 
formation water salinity is 30,000 ppm NaCl, 
the porosity in a carbonate is 15% and the zone 
iswater filled, the formation temperature is 
1800 F., the true resistivity of the formation is: 
(a) 1.6 (b) 360 (c) 35 (d) 4.1 

The resistivity of the flushed zone filled with 
mud filtrate is: 
(a) 1.6 (b) 30 (c) 35 (d) 90 

If the resistivity of the flushed zone (Rxo) is 100 
ohm-m, what is the water saturation in the 
flushed zone (Sx0 )? 
(a) 39% (b) 50% (c) 70% (d) 60% 

If the true resistivity (Ri) of the formation is
14 ohm-m, what is the water saturation? 
(a) 55% (b) 35% (c) 41% (d) 60%0 

If the true conductivity is 100 millimho/m, 
the water saturation is: 
(a) 40 (b) 63 (c) 55 (d) 35 

2. Which resistivity in the table in the text is 
wrorg? 
(a) g (b) h (c) c (d) d 

The value for resistivity should be: 
(a) 2 (b) 10 (c) 14 (d) 7 

Check the following table of numbers and find which one is wrong. 
Reservoir Porosity Water Fluid 

Type % Saturation % Resistivity
(a) Sand 25 100 Rw .09 
(b) Sand 25 100 Rif .4 
(c) Sand 25 50 lw= .09 
(d) Sand 25 20 Rw .09 
(e) Carbonate 20 100 R - .2 
(f) Carbonate 10 100 Rw - .2 
(g) Carbonate 5 100 Rw .2 
(h) Carbonate 10 100 Rmf = .02 

Circle Correct Answer 

a b c d 

a b c d 

a b c d 

a b c d 

a b c d 

a b c d 

a b c d 

Resistivity 
1.1 
5.0 
4.4 

28.0 
5.0 

20.0 
80.0 

500.0 
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,W,, ,QUESTIONS	 j, 

Circle Correct Answer 

1. The water resistivity for the Problem log 
(Example 104) is about 

(a) .017 (b) .027 (c) .2. (d) .19 a b c d 

2. Shale in a reservoir 
(a) reduces SP amplitude 
(b) rounds the shoulders 
(c) has no effect 	 a b c d 
(d) reverses 

3. 	If sand #1 has a 100 mv SP and sand #2 has a 
90 mv SP, sand #1 has 

(a) a higher permeability 
(b) a lower permeability 
(c) the same permeability 	 a b c d 
(d) not enough information 

4. Permeable bed #1 has a resistivity of 100 
ohm-m (Rm = 1.0) while permeable bed #2 
has a resistivity of 20 ohm-m (Rm = 1.0). If 
both are shale free, 15 feet thick and have the 
same very salty formation water: 

(a) SP #1 will be greater than SP #2 
(b) SP #1 will be less than SP #2 

both SP's will be the same 	 a b c d(c) 
(d) not enough information 

5. On log Example 104, mark all shaly zones on 
log and return log. 
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SPONTANEOUS POTENTIAL 
Mllivolts 

DEPTH RESISTIVITY 
Ohms m'/m 

CONDUCTIVITY 
M;llimhos/m 

+ 
20 

Rm =.7 @ 780 

Rf = .64 @78SPACING 
BHT = 1900 @ 10,500-

Mean Surface Temperature 

=80 F 

-

C 

0 

0 
0 

0 

16" NORMAL INDUCTION CONDUCTIVITY 
2 40" SPACING 

10 
100 4000 0 

INDUCTION RESISTIVITY 8000 

4- S------ 10 

100 

Ci 

I--I-I---I-I I,T-----

I '- ---- I 1 -- - j -i T-T--

E p I147-4 

Example 104 
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'ET AT NON 4 

Acoustic Log 	 Circle Correct Answer 

1. The Wyllie "time average formula" (4.1) is really
 
applicable in:
 
(a) shales (b) uniform intergranular porosity a b c d
(c) secondary porosity (d) fractures 

2. 	In hydrocarbon bearing unconsolidated sands the
calculated porosities are generally:
 
(a) too high (b) too low (c) right 	 a b c d 

3. On the Acoustilog in a zone of constant com­
pacted lithology (rock type) curve movements
 
to the left are:
 
(a) meaningless (b) lower porosity
(c) higher porosity (d) something else a b c d 

4. 	On example 11 2A and 11 2B: 
(a) mark the permeable zones on the log
(b) calculate 4, R.,, and S, on log, using

algorithm 2. Be 
sure to indicate R,,used. 

5. Could you follow the algorithm and write-up? 
(a) yes (b) no (c) much difficulty(d) didn't try a b c d 
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SPONTANEOUS POTENTIAL DEPTH RESISTIVITY CONDUCTIVITY 
Mlhvoll Ohmim /m MIhmhos m 

16" NORMAL INDUCTION CONDUCTIVITY 

20 0 2 40" SPACING 
- H + 00 10400o10 0 0 

0 tOO 
INDUCTION RESISTIVITY 8000 4000 

0 40" SPACING 10 

SAND.•SHALE SEQUENCE 0-------------_o0 

it-I 

EXAMPLE 112A
 



I BHC
 

S.P. 
DEPTH ACOUSTILDG 

150 125 100 75 5C7 9 11 13 15 1 I If 
HOLE SIZE tNCHES 

M-cro Second%Per Fool 

ISPECIFIC- ACOUSTIC TIME 
20 

Millivolts 

__../-­

E--4 

EXAMPLE 112B 
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INT~pRETT~ONQUESTIONSNTI ReTaTOon LESSON 

Fill in Blanks (Use Chart 9) 
1. R, R" p Log Formation Porosity % SW % 

200 .083 2.54 Limestone 10
200 .1 2.54 Dolomite 16.510 	 .18 2.54 Sand 6.5


1 - 2.16 Sand 
 29 1001 	 2.37 Limestone 20 100
14 .11 2.56 Limestone 9
10 .015 2.7 Dolomite 7.5 

CJircle Correct Answer2. Most interpretation nomographs use a p, (fluid
 
density) of 1 gm/cc. This isgood where invasion
 
isdeep and residual hydrocarbons are minimal.
 
A. In a gas reservoir with little or no invasion 

the apparent porr.sity calculated using
 
Pf = 1 is:
 

(a) too low (b) too high (c) true porosity
(d) not enough information a b c d 
B. If there is no invasioi, in a water zone filled 

with very salty water, the apparent porosity
 
using Pf 1 is:
 

(a) too low (b) too high (c) true porosity

(d)not enough information 
 a b c r­

3. Finish calculation of Rw, on figures 181a and 
181 b. 
a. Write answers on logs 
b. Calculate R,. 
c. Find R, 
d. Calculate S, for each zone 
e. Which zones are productive? 
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SPORNIUNEOUS POTIETIAL DEPTH CONDUCTIVITY 

INDUCTION CONDUCTIVITY 

40" SPACING 
70 4000 2000 

eooo '009 
RESISTIVITY 

16" NORMAL 

Am - 2.6 0 75 " 0 1 0 
Rmf - 1.95 C 75 0 100 
Tf - 140 INDUCTION RESISTIVITY 

40" SPACING 

' 100 0 10 

---.--.. . ... ..------- -- I' - - _ - - - ­ " -L) r0 s 

- -1--->--r- Zo----

- - -- -- --- - ..'' .f-..-. . ' - " 2 2-A- f 4 

-If -- --. -.. .. " - 4 .- .. . . 
-­

1. 
. 

-f 
.---..-­

. . -- -
4--

5 j-4 ---­ . 900 

___~~ z-i 1 0 0 

2 
4-.--% 

oo 

--- --

4­

- - -1000 

-- "- -4-- --, ... --~ -- - -1 .. 

Example !81a 
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GAMMA RAY BULK DENSITY& CALIPER GRAMS/CC 

CORRECTION CORRECTION 

-0.5 0 +0.5 
API UNITS 

2.0 15 3.0 

HOLE SIZE - INCHES 
_16
 

5" 100' 

zones 

-- 82.22 

6 ..... 2.2 

1 -. 2 

L. Cretz-ows Sand. in Missisippi Example 181b 
Assunm all sarxds &mclan. 
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, , e QUESTIONS 8 

Circle Correct Answer 
1. The gamma ray log may be considered: 

(a) permeability log 
(b) density log
(c) shale log(d) caliper log a b c d 

2. The neutron logs see dry gas as 
(a) high porosity 
(b) liquid
(c) low porosity 

no influence a b c d 

3. A sidewall neutron log indicates the apparent
limestone porosity as 13%. The real porosity is: 
(a) 13% (b) 16.5% (c) 10% (d) unknown a b c d 

4. A compensated neutron log indicated porosity
is 20%. The zone isa sand. The real porosity is: 
(a) 16.8 (b) 23.5 (c) 14.2 (d) 24.1 a b c d 

5. Zone A could be GR SP 

A 

(a) permeable sand 
(b) shale e C d 
(c) nonpermeable limestone 
(d) potash 
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7 
Loq 

Interpretatio
INTEVpRETATIN LESON 

1. Given a Compensated Neutron and density log fill in the porosity and 
lithology.
 
Comp. Neutron Density 
 Porosity Lithology
 

( apparent)
 
18% 
 2.40
12 2.39
 
10 
 2.30
 
0 
 2.03
 

26 
 2.50 

2. Sidewall Neutron Density Acoustic Porosity Lithology Comment 
5% 2.62 50
 
4 
 2.90 55

15.5 2.62 60 
39 2.35 52.5

0 2.03 67 
-1 2.81 52 

3. In a clean sand the best two porosity logs to 
see gas are: 
a. Density/acoustic b. Density/neutron 
c. Acoustic/neutron a b c 

4. In a very shaly sand the best two porosity
logs to see gas are: 
a. Density/acoustic b. Density/neutron 
c. Acoustic/neutron a b c 

5. In a gas bearing sandstone the sidewall neutron 
has an apparent limestone porosity of 12% and 
the density is 2.23. Estimate the porosity. 
a. 18.5% b. 19.7 
c. 20.2 d. 20.8 a b c d 
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QUESTIONS a 

NYERRETAIONkS~ON 8
 
1. Example: 8.2a and 8-2b. 

Fill in the blanks 

Zone 
A 
B 
C 
D 
E 

Depth. 
7066-70 
7072-78 
7082-89 
7089-95 
7095-99 

Acoustic 
16 

Cond. 
Millimho/m 

65 

ow 
CDP 

9.5 
SV 

59% 

2. As the formation grain size (and thus pore space)
become smaller the irriducible water saturation 
incroases 
a) false b) true 
c) did not read Lesson 1, so I don't know. a b c 

3. Isthe computed porosity on the Acoustilog 
a) right b) wrong 
c) don't know how to check a b c 

If b) the log is off by % porosity 

4. If the velocity of the matrix isreally 18,000 
ft/sec show how it affects S, and 0 

€ SW 

A 
B 
C 
D 
E 

5. Log example 8-3 is a combination Induction 
Electrolo~g!Densilog with a CDP run simultan­
eously in track 3. 

Calcu!ate 

10864 -82 
10900 - 10 
10956-60 
11031 - 37 
11070- 73 

SW, = 

SW = 

SW = 
SW, = 
S,. = 
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S.P. & CALIPER DEPTH RESISTIVITY AND POROSITY 
Millivolts - Conductivity Derived Porosity 

60 0
 
15 Density Porosity
 

30 0 

RESISTIVITY 
CALIPER Ohms m2 /m 

HOLE SIZE •INCHES 16" Normal 
7 9 11 13 15 

0 10 
0 100 

INDUCTION RESISTIVITY0 ,o"spa,,g _1o 

"--


SP curve 

or
-- uctivit y - - ----

Derived Porosity 
R = .025 nMw
 

CEllper
 

SotNormal. AM 16"'--

Induction 

zDensity Poos y 

Example 8-3 
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U Y 

UNTERpRETATION 

For the attached Example 30, crossplot the 13 
zones designated on the logs and be sure to return 
the attached crossplot paper used. 

1. What isthe R. from the crossplot? 
(Show work on chart) 

2. What is Rw from the SP? 
(Show work on chart) 

3. What isthe matrix travel time? 

(Show work on chart) 

4. On the log example mark the oil water contact. 

5. 	The zone from 9922 - 25 was not picked. Was 
this because: 
a. The zone was too thin for the induction log 

to measure a good value. 

b.The zone was too thin for the Acoustilog to 
measure a good value, 

6. 	On page 9-11 what is the water resistivity of 
the unlabelled line (Example 2) 

a) .2 b) .07 
c) .05 d) .02 

QEST IONS 

Circle Correct Answer 

a b 

a b c d 



x 

Limestone 

o15s 
-004 + 

%1 

Rmf =.14 @2100 F 

7 9 11 13 15 
4 

Hole Diamer In Inches 

0 

0 

0 

0 
-

16" Normal 

Induction Resistivity 
.RMf 

20 

200 

20 

210 

Specific 

100 

I m .43 9 756F 
M.36 79oF 

m- '-F 
T IC,000 BHT 210 F 

Acoustlc Time 

70 

3 Spacing 

40 

013 
12 

-- - - - - LE 

10 

9 

0 3 • ,U, 

m ­

! 1 2 

CA~ 8 - - - - - z -91 

- - -4X.-­
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_Example 2 

RESISTIVITY/POROSITY CROSSPLOT (RPCP) 

Change in R. line 
Slope as R,, changes 

Divided 

Scale by 10 

ONOUCTIVITY ,, 

'/ 

RESISTIVITY 

,,/1.0 

1.2 

All lines 

:92 

j . , 2,; 

,.--[W% 

- - - -- - - - - -

RI 

-

5 2.5­

-'V 

,-

! 

1 
--­ _- - '1-

' 7-4 

, -20 

,--' 

40 42 44 

Att 

46 48 50 

1 

52 54 56 

120 

58 60 62 64 

, 0% 10% t,,,m- 2.0 
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RESISTIVITY/POROSITY CROSSPLOT (RPCP) 

CONDUCTIVITY RESISTIVITY 

1900. 

1900­

1700-

I 

1 6 

1500­

1400-

13D0 

- - - - - - - - - - - - - 7 

1200­

1100­

100010 1 0 
-2 

100% 

900-

Cs 

700. 

S0--

--. 5 

Ra 

20 70 

oo , - 2 .5 2.5 ­

- 60 

2W- - - 4- 50 

6 I40 

i9 

.8 

10 10- -3 

10- 10 10 -20 

66i~ so
 

400200 ­ 0 

(for F - . -

CHART 10
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RESISTIVITY/POROSITY CROSSPLOY (RPCP) 

CONoUCTIVI1Y RESISTIVITY 

10_- - ' 

oI2 

B..c---
4 S 

50 
0 1 l o l 

30. 

30 ­

50. 

__ 

40. 

~~~ 
I 

i6 

_ -j 

-0 I O 

o 150 0­

- 700 10--_ 

. 0 0 ,¢m 

50___ 

30 

25. m , 2.0 

CHART 11 
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Loq 
INTERpRETATION LESSON 

Circle Correct Answer 
1. On Example 197 zone B the R, is 

(a) 18 (b) 4 
(c) .22 (d) .2 a b c d 
The Ro is 
(a) .13 (b) 4 
(c) .22 (d) .2 	 a b c d 

2. On Example 197d the Proximity log appears to 
be reading 
(a) Higher than Ro 
(b) Lower than R,, 
(c) R. 0(d) R, a b c d 

3. 	 In Example 197 where the borehole diameter is 
8 inches and the diameter of invasion is 52 
inches the apparent step profile invasion is 
beyond the sand face by 
(a) 46 inches 
(b) 22 inches 
(c) 26 inches 
(d) 33 inches a b c d 

4. On Example 189a the oil water contact isat 
(a) 8790 
(b) 8700 
(c) 8636 
(d) 8590 a b c d 

5. R.o or the value read from the Micro-Laterolog 
or Proximity log does not do one of the 
following. 
(a) R.0 increases going from a water bearing 

zone to a oil bearing zone of constant 
porosity. 

(b) R.. increases as porosity decreases 
(c) R., decreases as Rmq decreases 
(d) R.0 increases as Rmf decreases a b c d 
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DUAL INDUCTION FOCUSED LOG 

SPONTANEOUS POTENTIAL OPTH RESISTIVITY 
2Mirfh,l 

Ohm, m /m 

SAILLOW FOCUSED LOG 

o0 
 10 OG 10o 

MEOIUM INDUlIION LOG 
1 0 1 100 1000 

R,..- .l Iao
 

Rml*F 1.4 0 50
T-th 157 
DEErP INDUCTION LOG
 

Sandltone 10 io 10 10o
 

___ ._ _ _ -'- _ _ _ -_---_____,: _.--,----- -------­

- -,------ ;---__-. 

- - -- - - B-- --- - - -- - - -f R -- - - - ­

-_1 ________,.. -____---. - --. ­ ampl 197a 

-44 LR-I .. . 15- . --- t~1~__------ ,_ 

-IM, 3 , 1.5 Exbmple 97a 

RIL D .2 

RILO .2 
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10 

PROXIMITY LOG
 

RESISTIVITYOn., ,,2 oITI.r. RESISTIVITY 
Oh-,u -.21,
 

MICRO INVERSE 

t0 0 

MICRO NORMAL 
2"'
 

0 

HOLE SIZE INCHES PROXIMITY LOG 

I 11 13 15 

0 -. 

AT 

Example 197d 
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LATEROLOG
 

DETECTOR TYPE 
DETECTOR LENGTH 

GAMMA RAY 
DEPTH 

BEAM WIDTH 
GUA RD L ENGTH 

RESISTIVITY 
O n 

API UNITS '1.0 to 100 10O0 

It .045 

,! 
-I-4 

- ' 

=t 7777, 

4 *-t -­ ":T Z 2+. - ----­ ,. 

-~-ti 

I - -- - -

.-­ +--: 

-4-4 

I,,,4 

-4 

I T 

Example 189a 
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Rt FROM DUAL INDUCTION FOCUSED LOG 

_~~~ - ~. ...-......- _---_-_ - ­-


30
 

RFL 

RILD o 
-­

d,-57" 

. 156 

o .88 
RILD 

RILD -1.3 

R,-88 x 1.3-1.14 

Rx 15 

4 

____--_-__ 

R 15 x1.14 
*17 

I----____ __ :; 

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

RILM 



iNT ERDRETTO 
[ ESTINS 

1. The porosity from the density log Example 106 Correct Anwer
Sne B is:
 

a) 17% 
 b) 13%c) 24% 
d) 20% 

2. On example 106 the water saturation for zone A 
using density log porosity data is: 
a) 30% b) 46%c) 19%, d) 10 

a b c d3. The water saturation on example 106a zone B,using density log data is: 
a) 19% b) 10%c) 46% d) 60% 

b4. The porosity from the sidewall neutron in zone
B is:
 
a) 21% 
 b) 22.5%c) 15% d)50 

a b c d5. Did you review Lesson 7 on page 6 on the use ofcross plots for shaly formations? 
a) yes 
b)no 
c) other a b c 

6. On example 106 the calculated density porosities
are:
 
a) too high
 
b) too low
 
c)d) don'tright 

know 
bdue to the fact the well was drilled with oil basemud and the density of oil is normally less than 

water. 
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SANDSTONE
 

BULK DENSITY 
GRAMS/CC POROSITY % 

r -

-. 1 

COftICCTION 

r - - -

0 

- ­ - -

2.0 2.8 3.0 

88DEWALL
L RAESTON E POROSITY 

AS 0 

-__ 

I___-­
--- - -- -­ - ­

, - -* ­ ,---

EXAMPLE 106 
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TERTIARY FORMATION Rw = .02 @Tf 

GAMMA RAY RESISTIVITY CONDUCTIVITY 
API UNITS DEPTH osh-. MYoi 

20 120 

16" NORMAL INUDCTION CONDUCTIVITY
 
R.I,<tln I'tefl~l y IflCpi.$ #0" SPACING
 

4000 0 
o,1 S. M,~O0 

INDUCTION RESISTIVITY 8BO0 4000 

T 226* 40" SPACING 
o 10 

-A J -­-Z o lo 

--- ----- --4 - :
 

- t4 

* -"-'N-- --'-T---"
 

4 . . --- I 

T,­

14­
-E
 

EXAMPLE 106a 



SPONTANEOUS-POTTIA-L 
millivolts 

Tf 144°F . f + 

R *1.5@100 F - 1.,@1440F
d 9" .p =l#gldh- 'Pud 10#-gal. 

-

--

RESISTIVITY 
-ohms. mt/m 

A......0 

0 

-

RESISTIVITY 
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-
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A log-log resistivity-porosity croasplot
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Induction Log Problem 370 
Given: 
NDa2Induction LLB plus SP Logs and dh ' 8 3/4", stand off - 1.5" Tf 1 1.2@ 150 F.150 F Rm = 
The logs show a bed of 100 + ft. thick with possible hydrocarbons on top and an aquifer in the 
lower oortion. 
Required: Determine Sw for interval 2 (5000 to 5010 ft). 

.2 10 100 1000 
F I lli!II 

.;1-. . 

* I " 

771 
* *. k i 

I l*, :: 
-4 

-f ++i -- -, 4~ ._.I .
 

* 1.- I '~4- -----­

, * A , .., ­
...-.... ." . I 

i * --. ... ..I _ 

l1.7 

- : : .
 * •,4 - - -- -. 

-IL A77 

--i
 
XF t-l.,xo t 

-.'I 

.IIZ.II L I X
 I 2 7 
, 

i I _6 I O 

I 
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... .V, . S," 
l 

I CRLI4HCROCAH P[R 
. 

S, lo i t I :, ) I I I 

............... 

'ESfiSS~~T 
ohms. no'm 

-40 

- 20?o . ------­

40 

- - _- , _ .. . ... -f . :-. 7, - A,-.. 
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R 0.8 @ F.T
 

Rmc =0.9 @ F.T.
 

Rmf =0."0 @ F.T.
 

ZONE = 4578-4640
 

HOLE SIZE = 9" 

RHS 20%
 

Determine the Porosity of the formation 



Given: Micro laterlog 372 

Required: Determine 4 over the interval 2979-2984, if 

MICROCALIPER RESISTIVITY MICROLATEROLOG~~~ohms. m"/m.., ,'/, 

a 9 1o I1 12 13 14 ISj Compressed Scale 
•i I ... . .S
 

N.J D.,i~sr*~0 50 

' 1
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P.E. 4053

Induction and Density Log Problems
 

Given: Problem Logs 1, 2, 3, 4, and 5.
 

Required:
 

1. 	Problem logs 1 and 2 have several zones picked to assist in learning interpretat

All potential hydrocarbon zones have not been picked. Each permeable bed isolat
 
by shale beds should be considered a separate reservoir.
 

a) Indicate all the permeable zones. 
b) Determine Sw for each of the permeable zones. 

c) Determine Rw by the Rwa technique. 
d) If Rw = .08, why is this different from R obtained by the Rwa technique? 

2. In problem log 3, the induction and density logs were run simultaneously. The
 
density loq has been scaled in sandstone porosity. 
The conductivity derived
 
porosity was obtained by calculating the apparent porosity, assuming the zones 
were water saturated.
 

a) Pick out the gas bearing zone. 

b) What is the porosity of this zone?
 

c) What is the water saturation of this zone?
 
d) Why do the conductivity derived and density porosities separate above
 

10,900 ft?
 

3. Problem logs 4 and 5 represent a tertiary sequence in the Louisiana Gulf Coast. 

a) Interpret zone 1, 2, 3, 4, and 5.
 

b) 	Which zones are hydrocarbon bearing?
 

c) 	If a limestone (shell bed) exists in the interval, which one would you pick
 
to be this zone? Why?
 



374 

Problem Log 1 

SPONTANEOUS POTENTIAL DEPTH CONDUCTIVITY 

INDUCTION CONDUCTIVITY 

40" PACING 
20 4000 2000 

60004o0 

RESISTIVITY 
Ohms 0 /4% 

6" NORMAL 

Am - 2.6 75 0 10 
Amt - 1.95 0 75" 0 100 

T- 140 INDUCTION RESISTIVITY 

40" SPACING 

01 

o8a 

7250 

_ 250 

7 2450 

900 

900 

3100 

1000 

Courtesy of Dresser Atlas
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Problem Lo-8 2 

GAAWA RAY 
L CALIPER 

0 API UNITs 

4OLE SIZE •INCHES 

20 

BULK DENSITY 
GRAMS/CC 

CORRECTION CORRECTION 

0"5 0 

25 

+05 

3.0 

-------
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- S-

--j-- 6 _ _ --­_-_2 .2 

-

__ _ _ _ __-+--

'----"- " 3 

_ __ 22 

=: '= . .. 

7-­
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* .z 

. 

~ 

.q-­

.... . -

-~~9~ 
-

4 

.-. 

-i~z~~ ~2.18 

-.-..----- -- - .­

., 1 -_z_- - 2.2 

---

L. Crt~cx~cxi ,Snd. kiMz ,p 

Courtee all odsA l en 

h---4 

Courtesy of Dresser Atlas 
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Problem Log 3 

S.P. & CALIPER 

Millivolts 

DEITH 

60 

RESISTIVITY AND POROSITY 

Conductivity Doitvvd Potopty 

0 

CALIPER 
HOLE SIZE .INCHES 
7 t9 11 13 is 

. . . . . . . . - 0 

0 

RESISTIVITY 
Ohms M2l/M 

16" Norml 

10 

100 

MOUCTION RESATIVITY 

Rw" .025 nm 

. .".. .. -......-

Codutiv oity 

Sho eNotmffaI AM 16­

ourtesy Poofer t 

Courtesy of Dresser Atlas
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37 Problem Log 4 


ViINr r S.POTETIAL SHORT NOMAI.. INDUCTION 

-. I-NDUCTION 
0' 10 8000 400 
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Problem Log 5 
 , .BULK DENbiiTY 
6 1 

;L.
iJ
 

W1 Problem Log 5 

FORMATION DENSITY COMPENSATED 
--. 
 (FDC)
 

-f If_:_p 

... 

Id-

I 

-.- - ---

HE E 

-V _ 
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P)mBLF.M 

The Norwicl. VE-6 in Roscommon Co., flichiqan was drilled and
 
logc~cd in salL mud.
 

3-1. Thc lithology at 4164' is: 

(a) Dolomite (b) Limestone (c) Sandstone 

(W) Shale (e) Co .I (f) Anhydrite (g) Salt 

(h) Granite Wash 

3-2. The lithology at 4210' is which of the above: 

(a) (b) (c) (Cd) (e) (f) 

(q) (h)
 

PRBLEM
 

The FDC-C.L on this well was logged in salt mud. Determine
 
the followiq data.
 

The lithology of the formation from 6942-7072' is:
 

(a) Dolomite (h) Limestone (c) Sandstone (d) Shale 

(e) Coal (f) Anhydrite (g) Salt (h) Granite Wash* 

The formation should produce:
 

(a) Gas (b) Oil (c) Water (d) Nothing 

Note: You may determine your answers from the one point 
at 6975'.
 

PROBLEM 

This Wexford Co., Michigan well was drilled with salt mud. 

Thre lithoogy of the zone at 4914' is: 

(a) Dolomite (b) Limestone (c) Sandstone (d) Shale 

(e) Coal (f) Anhvdrite (g) Salt (h) Granite Wash 
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Resume/
 

Dr. E. T. Guerrero
 

Dr. E. T. Guerrero has been a Trustee Professor of Petroleum
 

Engineering at the University of Tulsa since 1956. 
 Educated at
 

Texas A & M, he earned B.S. degrees in both Mechanical and
 

Petroleum Engince'r; there, followed by a MS. and Ph.D. in 

Petroleum Engineering. After three years in industry, principally 

with Seeligson, he joined the faculty &t the University of Tulsa. 

Besides teaching, Dr. Guerrero has held administratiye positions 

at the university as the Head of the Petroleum Engineering Depart­

ment, Director of information Services, and Dean of the College 

of Engineering and Physical Sciences. 

Throughout his career, Dr. Guerrero has published extensively 

on the applications of reservoir engineerina and well logging; he 

has to his credit over 102 articles in "The Oil and Gas Journal." 

in addH.ion, he has been a consultant nationally and internation­

ally to the petroleum industry. With such organizations as 

Continental Oil and Sunray Mid-Continent Oil Company, Dr. Guerrero 

rias conducted annal cours.s for eight years. 

With membership in scientific and professional societies, 

as well as in honoraries such as Tau Beta Pi, Society Sigma Xi, 

Phi Gamma Kappa, and Pi Epsilon Tau, Dr. Guerrero has been listed 

in Who's Who in American Education, American Men and Women of 

Science, Who's in and Leaders in Science.Who America Anierican 


