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Logging objectives and borehole environment
Passive electrical properties of earth materials
Resistivity logging

Spontaneous potential
Matrix-sensitive logs: Gamma Ray

Depth measurement and control
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Porosity-mineralogy logs
Porosity determination
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Formation resistivity factor

Conductivity of shales
Water resistivity determination

Saturation determination
Reconnaissance and quicklook techniques
Porosity-resistivity crossplots
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Nuclear magnetic resonance NMR
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DAY 2: Porosity
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| & y-Ray Interactions with the Silicon Atom
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DAY 3: Mineralogy
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PetroSkills e PelroSkills pemzmagrnrore "

B 21: 7%}2]‘11 ¢ 3 H et B YRR

Spectral Gamma Ray (#c38 5+ 547 3#) 2 #-Gamma Rayd7f# = 4> & 2 4o = fd p

a5 A T (DA B (1 B AR) 0 ST #
() @) fa (8) ()2 b £ &

)
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T benyes] v 1 %ﬁ“v} (1)High Uranium, (2) U spikes, (3) Heavy Mud (Barite)
from Pe (Photoelectric absorption) spike (4) Correction rho, (5) Spiky caliper (6)
High resistivity or high porosity % = /% # #+f# - MK 235 &> AR BlF - B

Jé(Splke) > ‘:"1:!!2‘17;"",% AApE g ’ﬁf‘éﬁ:f]'jﬁ}% s E%T‘F%‘)ﬂfﬁrﬁﬁtfto

Imm Potassium Evaporites Immature Detrital Sediments Organic Matter
= Arkoses, greywacke = Sylvite = Arkoses, greywacke = Algal
= Sandstones rich in K * Langbeinite ' = Tuffaceous sandstones = Humic
feldspars and micas = Kainite = Silts (heavy minerals = Sapropelic
= Carnallite association)
Clay Minerals = Polyhalite
= |llite = Glaserite Chemical Sediments
= Glauconite » Carbonates (fractures)
Algal Limestones * Phosphates
= Scaling and plating

Lo S e Rl ety L

| Petroskins _u| | petroskins by "

Shales Tuffaceous Sandstones
= Adsorbed on clay — "“_ e -
minerals Residual Sediments I I / i
= After U & K eliminated |25 §
Silts by weathering ] ;
= Heavy minerals = Least soluble of 54. s
association radioactive sediments __{E
» Below unconformities H—
Arkoses and greywacke E [
= Igneous rock fragments —*—: :
-
#_\ i
% &
[petrosians v i e o |[eetrosin == | ’

Bl 2204 > &2 43 BIRE R

BEALED NATI SYSTEM N
LASL DRY HOT ROCK PROJECT VALLES CALDERA, NEW MEXICO

TOTAL COUNTS | oerin COUNTS PER MINUTE

PetroSkills

=
PetroSkills

B 23 : B Hye g b
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DAY 4: Water Saturation

41 * Archie Equation:& 7 7 -k &z fo & (Sw) et & #7F & chddies 23V 5 ~
PR RIE(R)E = KK T E(Rw) » M2 me&nd Bipfos W F I i R
(Tortuosity) £z #L & |+ (Wettability) o H ¢ 3L 5 & % ¢ 3 22 & o2 Plig %2
For TRV EYPIRET oL EKTERYE BB LB RPRRT

TRERIFIPRTIEE(RI24 =) Rofl & Gt I u ik ke BT TR R T OR R

—\

v (®24 ++) A «‘5 vt BA G K T IE Tk #ic(Formation Resistivity Factor» F) -

Pl THESETRME R 25 % (RoRn) B Y (B124 27)cd 3

Ro%2 3 M ehig|fic Bt > Fpt o K T fhdier 7 & 7 240 B24 + T 0Bl 1%
7o HP Zfarth & «‘Fgf F e B ARE o $3 SEaBiment r-e dreng K

TR REE I S A R TR AR e BRE EOAAL TR e w]

# $#aime B+ 7 $Ha#l > R AR F S TR o

ﬁi._ Tank Experiment G : ﬂ Add Glass Beads

Water Resistivity= R, Formation Resistivity - R,

] V Ohmmeter? Archie Defined:
=] ==
[ v meter Formation Resistivity Factor
as
Colloquially the resistivity unit Ro
is called “ohm meter” FR = o,
R
w

[SE—— o g

PelroSkills 300} et 115 18 e it PetroSkills Ty —

Ei\_- Formation Resistivity Factor E:: Reservoir Rock

* Fundamental pro| of a given sample of
rock o s g ple o Permeable Reservoir

Material
* Independent of R,,

i With several Rock Types
* Reflects pore and grain shape

_RO — a
F =R _C R TR
: Rw CO Rmf |

Bl 24 : Formation Resistivity Factor=+ 3, Bl
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a (. i
F=— Slope =“m” R oo
o i I )
Intercept = “a Jf
Take the logarithm of both sides pt= T \\
= + log a H : i
-LogF m'loggi‘ 9 Since ais not1, {:
equation of a straight line of the form this implies i !
y=mx+b several Rock f - T
Types on plot. : A
Plot F vs. ¢ on log-log paper : \\
PetroSkills PO erriprryerei) " PetroSkills e ) 2

Bl 25 3 & e ko dradmani B S

PARY - R A RS e ER RIS AT T Apt e 7
(1)Water Catalog - (2) Water Sampling > (3) SP > (4)Ro method > (5)Rwa Method >
(6)Porosity Resistivity Cross Plot - (1)Water Catalog:z % (2)Water Sampling4 %] & 41

#

b33

T TR R 0 2 B BB RS R K (5 40DST) it | £l - SP(A

S

K3 =) i 5 A% §okA Sp AT 4 B Ru/Rue(1242) » H ¥ Rpes R I

FIF R E R AR BT F 417 Ruer Ry Ao b1 (W24%) o 5 -k en T e i o

Rwe DETERMINATION FROM THE SSP R, VERSUS R.. AND FORMATION TEMPERATURE
|CLEAN FORMATIONS)
a0 Rmt VERSUS Rmie FOR SALTY MUDS AND GYP-BASE MUDS
B FET rotwann. | ZZZETETR
—— TmPE_s;.nrmE--_; S Z 5
s A T
EEE=E =
o i == SR == = > 2
== lisil == 3 = /) /.{1 ya g
R EEEmEmmmr s g 10
m'?.gg T e e ;
e e s 17572 . =
1 ' : 177 1 & 08
7= S = e H 2
Rmf M = i3 = =
'ﬁ;’ 3_'___-_‘. £ .-—: ==z ] i E l‘tso_z
e = =S s +
2 = L = 2t
= ||
8 = —— JI =t === E oz
s — T .
5 SE ' E 0!
L L3 i
3 s =je : : j—.DDS 1 T 1 1 i
+60 +40 +20 © -20 -40 -60 -80, -I00 -I120 —I40 —150 -iBO 00l o002 005 .0 .oa ol 02 05 10 2
STATIC SP ( miilivolts) Rmfe o Rwe (0t Formation Temperature)

Bl 26 : SP£rRyedp B #2BI( =) " 2 Ruel? Ruez 47 B 2 BI(7)
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Romethod & & %1% — 7 K& ehiz ¥ @ ARy 5™ % di G g -RenT e

—_

B oo 3t 8 22 L R=(Re*®@™)/a o H 7 Ro=R; > I FFRy, method#? Ry methodz % 2

2> Rya method e pFiE B35 5 7 NN %] BEFER VS Fr(Fr = Rxo/Rm) &

=
e

Fe( Fp = a/®@™) & % Quicklook Methods » 4= % #751 o 2576mr4 & % & H Fre?

Fpernt Ei04i730] > 7% Lk 3 v i fd > &7 43zt i kkeng e
e AL R FT MR
Zone Log Readings Parosity Quicklook Methods

o | oo | 55 o o] 7 [ 2 [t o o] W [ S ] 0 [ e [ o | o
1 2556.0 32 -52 1.0 2.20 1400 1.0 0.152 | 0273 36.7 13.4 2.73 10.413 | 0.078
2 2558.0 Edl -52 1.5 a2 150.0 12.0 0.159 | 0.267 400 141 2.84 10.667 | 0.079
3 2560.0 30 -51 20.7 2.26 85.0 20.0 0.251 0.236 66.7 17.9 3.72 4749 | 0.156
4 2563.0 33 -52 28 2.18 80.0 13.0 J 0272 | 0.285 || 433 12.3 352 | 6491 | 0123
5 2565.0 31 -51 20.8 224 95.0 1.0 0.252 | 0248 36.7 16.2 2.26 5.866 | 0.100
6 2568.5 k1 -51 245 219 50.0 12.0 0.290 | 0279 40.0 12.9 an 3.886 | 0.158
T 2573.0 34 -31 19.2 225 80.0 180.0 {| 0.238 | 0.242 || 600.0 17.0 35.26 | 4.702 | 0638
8 2576.0 N -43 3.0 254 120 65.0 0.068 | 0.067 1.105
9 2579.0 36 -52 6.0 250 8.5 40.0 0.100 | 0.091 1.012
10 25815 42 -52 17.5 234 1.9 10.0 0.220 | 0.188 1.086
11 2587.0 32 -56 214 222 0.9 5.0 0.259 | 0.261 1123
12 25915 31 -56 30.0 210 0.6 28 0.343 | 0.333 1.007
13 25935 39 -55 26.2 217 0.8 35 0.308 | 0291 1.007
14 2595.5 a3 -54 25 225 1.1 6.0 0.270 | 0.242 1.110
15 2600.0 35 -54 23.0 223 1.0 52 0.276 | 0.255 1.077
16 | 26025 34 -53 25.2 220 0.9 5.0 0.298 | 0273 | 16.7 13.4 1.24 Q0.067 | 1.123
17 2606.0 43 -54 13.7 241 3.0 14.0 0.180 | 0.145 46.7 47.3 0.99 0.063 | 1.007
18 2609.0 45 -53 10.2 246 5.0 24.0 0.143 | 0115 80.0 75.4 1.06 0.066 | 1.025
19 26120 4 -49 16.6 234 2.0 10.5 0.210 | 0.188 35.0 28.3 1.24 0.071 1.084
0

(% 422-4a)
Pickett Plot ¥2Hingle Plot'# % % & en3t [ -3 fe 4 # B - Pickett Plot 3 #-¢ & 3¢
Mg f7remsg gt s doiik? > v % 302 8 Archie Equation® eh4dkc
mo & kRIS o ReFfr Rk o KRI27( =)™ 42538 ¢ ¥ g IR H-Archie Equation
g IR 2 (5 0 2 RIhE PR B2 A S RS L S lm e § ok R ke

feR A1 GPHIR SRATF o VB ITER AR (@=]) 0 A BEET ARy
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ur Pickett Plot | [E pickettpiot

100

R
SRS
?'R,

logRt=- mlog¢+ logR,, + loga - nlog S,

y=mx+b

Porsaty - Eovabeny Comite Possees - Bty Cramietn
PetroSkills B 00 vrnn L s e PetroSkills B s eevyam (40 A et

B 27 : Pickett Plot (3L /4. & -3 [e 4 % §))
Hingle Plotf] s ® 3¢ H 5 &8 ¢ re 302 B o 4 ¢ (R 28) 5 e 7 /rastst
BF-RIeafp bt » & o Svirg BSL g SoAphl e RITRARER > BAS
HRIET o RERZHP S AETHR %J" g U MAFRRIRE Y o
Rwifid i 1t % # & Rya ~ Pickett2z Hingle Plot= f& > 2 « 5 £ % Rya™ 23 § Ry
£ 2 Pickett Plotrz 3+ 5 ) kR JE 1 & 4#cm > £ ¥ & 12 Hingle Plot #-1& % & (Grain
Density) » £ ixpt S & REFCHF > ETI IR EL PATIRLS A2 - B

wEE PR RSB (R 29) -

[HE_ Hingle Plot HIE Companion with Rwa

HINGLE PLDT

= Having finished Rwa with an approximation
of Rw, proceed to Pickett Plot to estimate a
value of “m” using the “known” value of Rw
to anchor the line.

= Then use Hingle plot to get Grain Density
and use this to compute a better value of
Porosity for use in Rwa with “m” from Pickett
plot.

When Log response is [ j*’_
used rather than ¢, the g1 R
intercept falls at the j
matrix value. For
example, if bulk density
is usad on the X-axis
and lithology is J
sandstone, the X-axis
intercept would be near I

2.85 glee. = |terate 3 times: Rwa  Pickett  Hingle
C - —_— —_—
it J
B 28 : Hingle Plot (3* 1§ & -% fe & #) Bl 29 : R,k i i i de

e B {1 % 49 e £ % 435275 % (Flushed Zone) » 14 Reo Rttt {7 47 fr B 113

Gk ok ant N R % 4o R 30(2)40m o FIT 0 h PRSIV
FEARFT B EEEZNE OB 0 4oB] 30(% )7 o Bl 315 1t Bl 30% %
S S PR S SR BER S SRtk P
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Zone Water Saturation B.V.W.
Sw Sw Sw Sxo || #"Sw | ©*Sxo
No. Depth Pickett | Hingle | Archie | Archie BV BV
ViV VIV ViV ViV VIV ViV

1 2556.0 0.080 | 0.080 | 0.079 | 0606 || 0.022 | D.165
2 2558.0 0.080 | 0.080 | 0.07v8 | 0593 || 0.021 | 0.158
3 2560.0 0.120 | 0410 | 0.117 | 0518 || 0.028 | 0.122
4 2563.0 0.100 | 0.100 | 0.100 | 0533 || 0.029 | 0.152
5 2565.0 0.110 | 0.110 | 0.105 | 0665 || 0.026 | 0.165
& 2568.5 0.130 | 0.140 | 0.129 | 0.567 || 0.036 | 0.158
7 2573.0 0.120 | 0.120 | 0.118 | 0.168 || 0.029 | 0.041
8 2576.0 1.050 1.100 | 1.104 | 1.018 | 0.074 | 0.088
9 2579.0 0.950 | 0.890 | 0.962 | 0.953 || 0.087 | 0.087
10 2581.5 0.990 | 0990 | 0.984 | 0.922 || 0.185 | 0.173
11 2587.0 1.020 | 1.050 | 1.031 0.940 || 0.269 | 0.245
12 25915 0.990 | 0.990 | 0.987 | 0.982 || 0.329 | 0.327
13 2593.5 1.000 | 1.000 1.012 1.006 || 0.294 | 0.293
14 25955 1.000 1.000 | 1.003 | 0.922 || 0.243 | 0.224
15 2600.0 1.000 1.000 | 1.002 | 0.944 || 0.255 | 0.240
16 2602.5 0.990 | 0.980 | 0.985 | 0.898 || 0.269 | 0.245
17 2606.0 1.000 1.010 | 1.012 1.006 || 0.147 | 0.146
18 2609.0 0.930 1.000 | 0.990 | 0.971 0.114 | 0.112
19 2612.0 0.980 | 0.980 | 0.960 | 0.900 || 0.180 | 0.169
20
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|EXERCISE 2 -4 a DEEP INDUCTION - SPHERICAL - MICROSPHERICAL |

|o GamMA RAY

EXERCISE 2-4b

o GAMMA RAY 12a)

oy

Pl et

MOVED OIL PLOT
0

undisturbed zone [

k8

%,

.

flushed zone

- jdep

27k A B R AR A F ()

| f
| DENSITY - NEUTRON - GAMMA RAY

1
|
[
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Bofi- R 3AR(H T )6 S RRA (B B KRS R FEEE iR
® ) %% F G NMRE jpler & 2 pls (Final Exam) - 3 & B 4 #- & 5 5 EMDT
F2 R RERRIE KRS > A N F R IRR R T F AR R RS 2R

RECHGEF > FR87 FIREERREAL T BORS R > oRIS297F -

|
EXERCISE 18 - 4

Given the following shat-in pressure dats on an
exploration well, define the O/W and GIO contacts
O/MW Contact at 8820" 43 % . and determine formation fluid densitios.
GIO Contact at 8638 00 e R 1
Py= .17 gmice
P, = .64 gmicc
P, =1.02 gm/ice

B 32:+ AR HARTAR(Z)EF KRS ¥R Y 3I8-4(%)

Pt £ IR(NMR) £ - fEpeig & 2Lplf i cn@ Rl & M F ig B A4
AR L o 2 & B P LEES TR 7| (CPMG)iEAZ2Z ¥ > & R
FHRAETA S R RMEL T R P R4 T SR AL TR B pE R o 20 H I AR
XA E g P AR S S BLW AR BT ik L P s R o FI BB R T
BV I EIC R AT o doB) 33(2)HTm o F BB ALEE F b E S RIH
FRREREREFTE PRERERMTTE NGB E S S %ﬁfﬁ 7 e e B

(Cut-off) » KT A o jhager L EIR MM M 3 H 38 F o
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IHE_ T, Histogram B m‘ Interpretation Results and Display
i

Signal Sandstone
distribution

-
1\ i

Signal amplitude

Clay Capillary Producible fluids
bound bound | ‘
I (1 1]

f wab
o ** Total CMR porosity

IR
CMR porosity_3 ms R L S »\/\/\/\,

CMR free-fluid porosity = — | e 1
— =

it Wgmres Brscmmes T [ ——
PetroSkills uc PetroSkills uE

B 33:3 M A G(L)E PR RY PR (E)

o
r
E
‘1

] pa gk 3:

1. PetroSkills % B% v & o0 % 1 A2 S HE o &= 2 PIERED HGKAEE § 16
T R 1 e R O ARRF S 3 RARE h A | St B 35 BT Chevron
ExxonMobil > Shell - Repsol 2 BG &4 & £ b o & o F| b Kf T8 Y AR B
oh s ﬁ;ﬁgbﬁkg TRERIES 2 P Aer AR E A4 > A AT EFEH L e-mail &2
WO TR P4 2 1 TFe g F r s e

2. P jpd FEGARGE BTG A RLDEY o R EI S ¢ S Ap AR

2% FFIE A HE e F o R B 2 H ISR B e TR SEen e L

RIFRER BRI LER B ARM 2 T TR DR A KGR AR
MRATE Y 2 R ML B AT G ke

3. BEARET M RPN RBF AT ERF EAD My AR PR
AB IR AL > Tl i B Aen Rl R 2 b HEE R I BlAe e K R T
ALY 2R L R R Hew 0k = b4of]* Pe, Spectral Gamma Ray #
Moved Qil Plot » & 4] % # @ 37H s NMR % £ 24 5528 o

4 B3R T EFN)BFTRLEZQ I RFRATEST (B T jAF)

H
wE

7

F_L

cfElt o B 1L A6 8 MWL FRBEHENES pRT
2210m~2240 p* & 7 M1 AL crdg g o
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AW eyt 7 g d (1)High Uranium, (2) U spikes, (3) Heavy Mud (Barite)
from Pe (Photoelectric absorption) spike (4) Correction rho, (5) Spiky caliper (6)
High resistivity or high porosity & = ;= @ 7448 -

R S IR E R IE L R R FE L e
T F AT USRS R E o N-MPlot 22 MIDPlot # = i#¢ * = &
UM EE RlEE LR 7 AT o

BERTIRY S § kG R 2 M S e T 4B BT L 0

B kokT a2 e 7 Catelog Water sampling » Ro * 7% » Rwa > Pickett Plot
£ Hingle Plot - ¥ ¢t Ry ehd iz * 2 /% 5 & & Ruwa ~ Pickett ¥ Hingle Plot = &

Sk o F AT Ry 28 Ry £ 12 Pickett Plot 123+ 5 &)k Ry EF 8 %k
» ¥ % £ 12 Hingle Plot <18 % & (Grain Density) » £ iz }* % % fa® 3L (5 >

S SR R w AT Ry S 578 - B B PSRRI E ] -

2~ R¥

RHTREF RS exip g o 29) g BB An M ok
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