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FOLD HERE The well name, location and borehole reference data were furnished by the customer
y

ANY INTERPRETAT ION, RESEARCH, ANALYSIS, DATA, RESULT S, ESTIMATES, OR RECOMMENDAT ION FURNISHED WITH THE SERVICES OR OTHERWISE COMMUNICAT ED BY SCHLUMBERGER TO CUSTOMER AT ANY TIME IN CONNECTION WITH THE SERVICES ARE OPINIONS BASED ON INFERENCES FROM MEASUREMENTS, EMPIRICAL
RELATIONSHIPS AND/OR ASSUMPTIONS, WHICH INFERENCES, EMPIRICAL RELATIONSHIPS ANDIOR ASSUMPTIONS ARE NOT INFALLIBLE, AND WITH RESPECT TO WHICH PROFESSIONALS IN THE INDUSTRY MAY DIFFER. ACCORDINGLY, SCHLUMBERGER CANNOT AND DOES NOT WARRANT THE ACCURACY, CORRECTNESS OR COMPLETENESS OF
ANY SUCH INTERPRETAT ION, RESEARCH, ANALY SIS, DATA, RESULT S, ESTIMATES OR RECOMMENDAT ION. CUSTOMER ACKNOWLEDGES THAT IT IS ACCEPTING THE SERVICES "AS IS", THAT SCHLUMBERGER MAKES NO REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED, OF ANY KIND OR DESCRIPTION IN RESPECT THERETO. SPECIFICALLY,
CUSTOMER ACKNOWLEDGES THAT SCHLUMBERGER DOES NOT WARRANT THAT ANY INTERPRETATION, RESEARCH, ANALYSIS, DATA, RESULT S, ESTIMAT ES, OR RECOMMENDATION IS FIT FOR A PARTICULAR PURPOSE, INCLUDING BUT NOT LIMITED TO COMPLIANCE WITH ANY GOVERNMENT REQUEST OR REGULAT ORY REQUIREMENT.
CUSTOMER FURTHER ACKNOWLEDGES THAT SUCH SERVICES ARE DELIVERED WITH THE EXPLICIT UNDERSTANDING AND AGREEMENT THAT ANY ACTION TAKEN BASED ON THE SERVICES RECEIVED SHALL BE AT ITS OWN RISK AND RESPONSIBILITY AND NO CLAIM SHALL BE MADE AGAINST SCHLUMBERGER AS A CONSEQUENCE THEREOF.

Ser. Order # Process Date: 5/1/2019 Center: Pitisburgh Baseline: Techlog 2018.2 Log Analyst: USCHNER-ARROYO

Service Description:
The CMR NG is the latest generation Schlumberger CMR logging tool, providing continuous, two-dimensional T1-T2 relaxation maps as a downhole log.
The standard one-dimensional Tz interpretation uses pre-defined Tz cut-offs to determine fluid bin porosities, bound fluid volume, free fluid volume, and permeability. The new-generation technique leverages the
differences in T1/T2 ratios of various poro-fluid components to separate out the various fluid volumes in T1-Tz space. This is performed using a two-dimensional data analytics clustering technique that identifies
common signatures throughout the 2D log and defines 2D cutoffs, or regions, for each poro-fluid component. The analyst then identifies each component as a petrophysical fluid component, and final fluid porosities
and saturations are computed as a depth log.
Log Legend:
Track 1: Bin porosities from Tz distribution cut-offs, caliper, and bit size
Track 2: Measured depth, tool tension, and gamma ray THE LOW-FIELD NMR (2MHZ) T,/T, MAP:
Track 3: Resistivities All Components in Unconventional Shales in a Homogenous Magnetic Field
Track 4: NMR permeability from SDR and Timur-Coates equations
Track 5: NMR BFV, NMR FFV, density porosity, neutron porosity
Track 6: Zonation track
Track 7: CMR NG T distribution projection with T1 log-mean (T1LM)
Track 8: CMR NG T distribution projection with T2 log-mean (T2LM)
Track 9: Porosity of each cluster region computed from the 2D analytics algorithm
Track 10: Fluid porosities based on analyst's cluster region interpretations
Track 11: Water porosities from 2D NMR fluids interpretation
Track 12: Hydrocarbon porosities from 2D NMR fluids interpretation
Track 13: Water saturation from 2D NMR fluids interpretation
Pr ing P ters S y (Ad d):
Starting echo: 2s 222
T+ minimum: ims s T —_—_
T2 minimum: 0.5ms
Phase option/value: Manual/-144.501
Artifact corr. option: Yes
Artifact corr. T+ cut: 600 600
Artifact corr. T2 cut: 600 600
Cluster proc. mode: Recommended G I fluid interpr ion concept diag for T1-T2 NMR maps.
Cluster max comp.: 10
Cluster subsam. rate: 50 50
Clustering num. trials:
Cluster size: 50
Cluster size after mask: 50
Footprint: 12
Mask Size: 12

lustering Analysis:

Zone: Middlesex - Marcellus

Clustering No. 5 Clustering No. 5
Combination of Sources Weighted Combination of Sources
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E E
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T2 (ms) T2 (ms)
Boggess 17H : CMR_75B_Processed : ALL
Source 1 projection Source 2 projection Source 3 projection
TILM: 8.7 TILM: 27.1 TILM: 130.1
TAM:18 10 100 1000 T2LM:3.0 1 10 100 1000 TAM: 123 4 10 100 1000
T1/T2 ratio: 4.90. T1/T2 ratio: 8.97. T1/T2 ratio: 10.60.
Avg porosity (pu): 0.9 Avg porosity (pu): 1.0 Avg porosity (pu): 1.0
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Source 4 projection Source 5 projection No title
TILM: 60.0 TILM: 234.4 (blank)
T2LM: 16.1 1 10 100 1000 T2LM: 53.5 1 10 100 1000 -05 0 0.5
T1/T2 ratio: 3.72. T1/72 ratio: 4.38.
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Standard Answers

Parameters Permeability Timur SDR
T2 Cutoff: 3 (ms) Computed: yes yes
Multiplier: 1 0.35
Porosity Exponent: 4 2
Phi Ratio/T2LM Exp: 2 2
Bin Porosities (ms) Bound Fluid Min: 0.02 (ft3/ft3)
0.5 11 < 10 i 100 300 1000 3000
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COMPANY: North East Natural Energy LLC
WELL: Boggess 17H

FIELD: Wildcat

COUNTY: Monongalia

STATE: West Virginia
COUNTRY: United States

API No.: 47-061-01812-00-00 Date Processed: 5/23/2018




