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AND SHALE GAS RESERVOIRS
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Why NMR?

It directly measures:

Irreducible Water (BVWI)

Free Water

Chemically Bound Water (VCBW)
Mud Filtrate (OBM,WBM)

Oil

Gas

Log Measurements @ Reservoir P/T
Core Measurements @ Native State



Tight Gas Sand Models
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Incremental Porosity (%)

Core Native State NMR T2 Distribution in Shaly Interval

NMR T, Distribution
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Cumulative Porosity (%)
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Give the Value of
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TFUQ to TD
Filters RANGE(DEPTH.9534,10453) & R5_MAIN.DCAL<1.8
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For a shale interval:
VCBW = @

and since
R = R,/ ®™

m = 1.0

R. = R,/ VCBW

C, = C,.* VCBW



MRIL T1 SPECTRA
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VCBW can be measured
In both T1 and T2 space

The Gas Signal is Identified
at T1>1024ms, but
Imbedded in the Liquid
Signal in T2 Space

PVT — HI correction to the
gas signal yields PHIT
VCBW correction gives PHIE



Native State vs. Cleaned/Dried
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Basic
Perm-
Pc-
Pore (throat)
& Grain Size
Relations
for
Constant
PHI

Rhombohedral packing,
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Gas/Water Pressure, psia

Sample: 172Sm Host Plug

Depth, feet: 9511.0| ambient| 800psi | 2000psi

Klinkenberg Permeability, md: | 0.031 | 0.005 | 0.003

Permeability to Air, md: 0.075 | 0.011 | 0.008

Swanson Permeability, md: 0.012 - -

Porosity, fraction: 0.076 | 0.079 | 0.077
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Sample: 172Sm Host Plug
Depth, feet: 9511.0| ambient| 800psi | 2000psi
Klinkenberg Permeability, md: | 0.031 | 0.005 | 0.003
Permeability to Air, md: 0.075 | 0.011 | 0.008
Swanson Permeability, md: 0.012 - -
Porosity, fraction: 0.076 | 0.079 | 0.077
maximum Sb/Pc, fraction: 0.0022 g

R35, microns:

0.0658

R50 (median pore throat radius): 0.0289

PORE THROAT SIZE HISTOGRAM

Sample: 132Sm Host Plug
Depth, feet: 9048.65| ambient| 800psi | 2000psi
Klinkenberg Permeability, md: | 0.805 | 0.443 | 0.338
Permeability to Air, md: 1.15 0512 | 0.394
Swanson Permeability, md: 0.636 - -
Porosity, fraction: 0.103 | 0.107 | 0.104
maximum Sb/Pc, fraction: 0.022

R35, microns: 0.548

R50 (median pore throat radius): 0.198

PORE THROAT SIZE HISTOGRAM
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Sample: 172Sm Host Plug
Depth, feet: 9511.0f ambient| 800psi | 2000psi
Klinkenberg Permeability, md: | 0.031 | 0.005 | 0.003
Permeability to Air, md: 0.075 0.011 0.008
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SS Resistivity Model NMR Model

NMR Perm
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Shale Gas Models



I\/Iancos Formation
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Mancos Log Porosity
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Mancos Log Porosity

Histogram of MRIL,FHIE_T1 Histogram of MRIL.BYGYO
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Incremental Porosity (%)

Mancos Core T2 Spectra

NMR T, Distribution
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Mancos Log
T12&T1
Spectra

FED-9-12
MRIL Data at 14724.5 feet

8 16 32 64 128 256 512
T1Time (ms)

{024 2048

GAS

1.6
1.4+
1.2
>
o oT2
£ 06
0.4+
0.2
0,
05 Wl 2 4) \8 16 32 /64 128 256 512 1024 2048
T2 Time (ms)
VCBW BVW
FED-9-12
MRIL Data at 14724.5 feet
1.6
g
>
@
o
o oTl
o




Shale Oil Source Rock NMR



L-Bakken
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Spectra
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Hislograom of MRIL_T1_%2,PHIT_T1
Interval:

Well;

Lower Bakken Log Porosity

PHIT

=} o @ =, £y =}
- (] a L] [w] a
L L L L
i . i i j S0 aoa
: _ _ _ _ oo
: o
T T e T S FrL0 Q0o
' ' ' ' ’ ac Pelalw]
] : _ _ : I
....... it ittt il bt < i
: : " : " 7
........ R CEEE EEDEETES PECEETE PEPPERESPERPPES ¥ AR o
= ] H 1 1 H =
S : i _ _ ) )
I [ raishlts jremmm—- i preees gl - 110 =
- “ “ " " ; 5
o~ 1N L S s . L 2 5
ol . ; ] i E 00 oo
i : : : : : e E
o~ e A el g W
B qmmneee- Tt bemmee- e qmmmee- r60'0 B S
&3 T i s 7 5 e
o : ; : : " = < ol Tae
[ d e A L 200
_MM i ' ' ' ! '
= 1.8 : ! : “ “
EZ9E  feee- KR [ E— heeneee d-mmes L 400
=« L ; ! . ] ! TOMNDT g wihfD—un
B 0H _ : _ ] ; T EBM dar Shoood
. =
- -~ Homsnen Mnosmnns bancsans fenanss e - 90'0 65 &2t ZhBYTT
E L ] . I ] . oo oco SHcnmoo
BN ] H 1 ' H oo ooo oooNOo
S et qremsees s Ty e - 800
Jm.ﬂ ' ' I ' '
= - 1 r r A o> v0°0
et _ 1 . _ \
_ H : _ -
_ : , _ g
4 4 L 1 W =
! _ €00 . c. %
h ' | HEL 25 A
" ' | e A A A AT A e u.u...mm Zu 3
q 7o SIEIEE =
W _ : EAL pes b o
b : e Ll poES £t Scde
m - ERTDERRY RS EEEE S Lo B 2EFEy P £8:55E
i h i i = wmpEfe EEE DEsBiw
O _ : : : ! B BWESE i25 52Y5L0
" H H ; H 00'a | LZ=Za =Z0I Shinc==
V (3] [=] co @ = (8] Q
- - (=1 <] © a a
L] L] o a (=] L] Q
a 0 o = ey =
- (=] Q a (e ] L]
z — : i
mm I 510 oy
K T oum
R R L I SN SR SR 191 gg2
i i H : H ' 1 H | 2z i)
IS N AP SR NR RN NS SRR SN AP &
' i : ' : ' : H ' T
" : e <)
: " <
T ; L 11" =
&~ z
I 0Ln w £
U
| N R-SE
0 % g0 H B C
Sm e B . B
=L _| q R
== S L R L L L L L L Lo L L L L LT B0
.. w e e
_uMn = | R s Bt 0]
LJ
o
e
LJ
(3]

F 10°0

00a

Q.10

0.094----
0.084----
0.07 4----
0.064----
005 4----
T B
0.024----
0.01 4----
0.00

144
408104
Q.0EC44
Q07985
000010
0.01510
0.62682
2.90048
0.07983
Q08175

Standard Dewviolion

Skewness
Huriosis
Medion

Harrmonic Mezan
Mode

Slatiglics:
Possible values
Missing volues
Minimum walue
Meoxirmurn value
Range

Meon

Geomelric Mean
Yarlance




Lower Bakken Log Porosity

i

=
Ll =
=N
z
o)
Uum.ﬁ
1=
h |
F==
th_h
x5To
==
o o
OWM
mE
US
c

=
2%
L
oL

BVWIE

Fiier:

0.6

0.0

e S

mawlssstbsvadeeralossnbosodesiol sl

-t 05

m— A — ==

B LR T T S L

====q====p===

il Sl sl T Sl sl Selaliiell il

S " ap—_—

RIS ) s SRt | R LI S R T e

A

i e ol Rl

il

Feeed 0.2

ey

S0

FrLta

FELD

FCL0

F LD

F OO

F 6070

F 800

AL

F 800

SO0

o
=
o

0.084----

0.08----

0.07 4 ----

0.064----

Q.02 3-

0.00

Wells;

Siatistics:

SERGEANT _MAJOR_1-21H

{

144

Possible values

Miszing volues

Percentiles.

0.00333
0.03116

Minimum value
Moampr volye

Ronge

& 00561
C.01804
G 02790

5%
50%
95%

0 02781
1
1
1

Geomelric Mean
Harmonic Mean

Mean

W 0T LT
Qoo
D
Q0N —
&&o~-o0o
ooomoa

(=

b2y

B

[=3
aBh
U5 -
cle ¥

b4 ==}
2CcELfE
rl TR
O DL O
FPUNXEXZEZE

_M_H
E.—.l
ey
I

o~
o™ |
=
IG8
—
==
|Z =
=
Dnmm.
=3¢
— ]
Gm..n\
Ew ™
o n
=3

o=
B
o

T=

PHIE

Filier:

(=] (=]
[144]

1.0

0.0

S e

el e

L0

F L0

FEL0

FC1L0

F 10

FOL0

F 070

FE00

F 200

F 1070

000

0.12

0.104----

0.084----

0.044----

0.02 4----

Q.00

Wells:

Siotigtics:

SERGEANT _MAJOR_1-21H

144
0.04402
0.05061

Possible volues

Missing values

Fercentiles,

Minimum wglue
Mecimpm value

o
Ot
Qacy
w Wwa
f=t=t=}
fanf o T |
R0
=1t}
(T
o o
]
@ ama
< Do
o oco
g goag
c
et
L]
==
Lo
re
='C
v o
w
o cCEFE
C == =
6 040
x ZeI

a0 0ac11
0.01055
0.95788
3.65801
0.06C14
0 05325

Standard Deviglion

Skewness
Kuriosis
Median

“orlance
Moda




CONCLUSIONS

OUNTAINS

1. For the Cretaceous sands evaluated In this study, clay
conductivity is linearly related to VCBW

2. Analysis of Core and Log T1 and T2 data can yield values of
PHIT, PHIE, VCBW, BVWI and Sgxo

3. VCBW relationships show why some shaly sand models
are unstable in the Rocky Mountain area

4. Fresh State core analysis gives consistent porosity-
permeability relationships that can be used in log transforms
for TGS but not Shale Gas

5. NMR data give further insight into the physical properties of
source rocks
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