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Abstract

Solutions to deviated and horizontal wellbore stability issues can be complex. Problems such as lost circulation, stuck pipe, pack off, tight hole
and enlarged cuttings can occur while drilling. Drilling techniques, mud pump pressure surges, mud type, weights and additives, cleanup cycle
design, borehole azimuth, structure, anisotropic stresses and formation characteristics may be contributing factors in any combination.
Determining a wellbore's failure point is a critical first step toward finding a solution to a stability issue. Borehole imaging-while-drilling tools
help but can be costly since an operator would need to routinely run the tools in wellbores in order to “catch” a wellbore failure. Analysis of
breakdown/breakout mud weight failure envelopes help as predictive tools but may not be definitive in an actual wellbore failure situation.
Wellbore “rubble” (enlarged rocks exiting the well that were not caused by cutting action from the drill bit) can be elementally/compositionally
analyzed more precisely to determine where in the rock column the failure occurs. X-Ray Diffraction (XRD) works well to determine bulk
mineralogy; however, this technique can fall short when trying to differentiate various organic shale sequences and parasequences. Elemental
analysis and chemostratigraphy offer a more in-depth analysis to determine sequence stratigraphic units in mud rocks where type sections are
available. This paper details a case study where the utilization of elemental analysis and chemostratigraphy to successfully pinpoint a series of
wellbore failure events in the Marcellus Shale Play in southwestern Pennsylvania.
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AREA OF INTEREST - SW PA MARCELLUS PLAY
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GEOLOGIC VARIATIONS WITHIN THE MARCELLUS SHALE,

WASHINGTON COUNTY, PA
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TYPICAL RUBBLE FROM A FAILED WELLBORE

PROBLEM-SOLUTION-APPLICATION

1) PROBLEM - Increased rubble
events occurring while drilling
in condensate-rich Marcellus
area.

2) PROBLEM - Preconceived
bias as to where the rubble
originated.

3) SOLUTION - Geology Team
needed to perform lab and
geosteering analysis to
determine the role the rocks
were playing in wellbore
failures.

4) SOLUTION - Drilling Team
needed to review drilling
equipment and procedures and
make revisions as necessary.

5) APPLICATION - Reconvene
and determine an action Plan.

6) DRILLING AND GEOLOGY
TEAMS WORK TOGETHER

: : : TO SOLVE WELLBORE
Tabular Marcellus rubble. Scale 1 block = 1/4". Large triangle piece at lower left is 3" STABILITY PROBLEMS.

long.
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Summary of Geology, Landing Zone and Drilling Changes Concurrent with

the move to the Condensate-Rich Area

1) DECREASE IN THERMAL MATURITY — Rocks change character in an updip

direction: increasing TOC, condensate yield and ductility, decreasing thermal

maturity, depth, thickness and pressure gradient.

2) LANDING ZONES - Due to variations in BTU and condensate content, the

geology dept. altered landing zones and target intervals within the Marcellus to

seek larger pores.

3) DRILLING RIGS — Range contracted two Super Single drilling rigs at about
the same time we moved into the condensate rich area. These rigs were
equipped with smaller ID drill pipe (4 '2”), smaller mud pumps and hook load.

(Also less expensive, smaller footprint and faster moving).
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VARIABLE PORE THROATS WITHIN THE MARCELLUS

High BTU Area Low BTU Area
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Pores in the 1,500 to 2,000 nm range Pores in the 10 to 20 nm range
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Chemostratigraphic Nomenclature

G““'”'m:“:m W \ Range Resources Type Log

EFCLJ

- mm

NOTE: Type log was
landed in Oatka Creek
and did not penetrate
Union Springs.
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RUBBLE ZONE “A” IDENTIFIERS

TYPE WELL
RUBBLE ZONE A, Package 2, Unit 2.3 — ol o oa—r
EFU
Lower Mahantango (above Purce”) Deptho ;5300;:’ Th/UJ | Ca/Al Z EENi:‘:AVBaSeS Mg/Ca 05278 K/Al ZriAl UsAl Fe_ Al
mor |§]g cu Al
ek | | 0 g 0.928.5|0.208.28

@ Higher Th/U - (less organics, not
Marcellus)
2) Higher P (phosphorous)
3) Higher Th/Al
Lower EF (enrichment factor, not
Marcellus)

5) Lower U (not Marcellus)

6) Lower Si/Al (not Package B, [~ )

Rhinestreet)

Suspect zone

= —-z I/ FeaER AP




RUBBLE ZONE “B” IDENTIFIERS

TYPE WELL
o 0 T
RUBBLE ZONE B, Package 1, @ = - —
Depttl0 ,?,5.300% U |Caral | gini | Jesses [Mgica 0.527.8 KAl | ZrAL | UL |Fe_Al
Unit 4, Cherry Valley I e o e e T I

@ High Ca - Limestone

2) High Ca/Al - Limestone

3) Mg and Mn values —
Cherry Valley is more

similar to these values

than the Tully or Purcell.
y =pd TR “PiSYW Y3 YN
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o i — |
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RUBBLE ZONE “C” IDENTIFIERS

TYPE WELL
RUBBLE ZONE C, Package 1, o oo (R
EEEEE 1:1000 n+
. . - EFU
Unit 3 — Middle of Sequence 2B ool O | Ty [caral © grn useses Mgica 2o ial | zral | WAL |Fe Al
Deptr? APIS00| 5 2 0.647.8
2.5(0.928.5)0.28.28]7 -

@ EF - Intermediate. Not very
good indicator.

(2) KIAI-High, an indicator of
Package 1, Unit 3.

@ Zr/Al — Low, an indicator of
Package 1, Unit 3.

U/Al = High, Marcellus
source rocks. =pd (P FiiaW W NN

noretiore WA S WEE K B AN~ /|

Rubble Zone C




RUBBLE ZONE “D” IDENTIFIERS

TYPE WELL

EFV
1 3

RUBBLE ZONE D, Package 1 Unit 2 e

— Sequence 2A, and a few feet of the pepef0 APEIRS| [ U |Calal | grng pvesses MgiCa gl KIAL | Z0AL | UM |Fe A
base of 2B g 0.9285[028.28

(Enrichment Factor — Vanadium)

@ EFV and U/Al = Very high
(Marcellus, source rocks).

@ K/Al — High, suggest Package 1,
Units 2 and 4.

@ Zr/Al - Low, tags to Package 1,
Units 2 and 4.

Fe/Al — Intermediate, tags to

Package 1, Units 2 and 4.




CHEMOSTRAT “RUBBLE ZONES”

. TYPE WELL
Chemostrat Lab packaging -
. oordinates , T . = -
Of ||ke I‘OCkS ;angi(MtD): E'ESDUDUUD‘[—lEBDU.UU' 1EFI\-I|0 3 Typlng Of rubble
Scale 1:1000 O . 70
o |3 o - to Chemostrat
Depth? Ap|300§’ Th/U | Ca/Al EENi [MBases [Mg/Ca 06478 KiAl | Zr/Al | UFAL |Fe Al P k
T S 0 - 12
CheorﬁsGR { *g EFCu Al ac ages.
.. [0 300 |5 20 - 0 - 30 -2.50.928.5(0.28. - - =

Package B

Next step is to
Rhinestreet

match Packages
to geosteering.

Cashaqua
Package 5
Burkett-Middlesex

Package 4
Tully Ls

Package 3 _J
Upper Mahantango

Package A l

Package 2 {— RUBBLE ZONE A
Lower Mahantango, ORIGINAL “RUBBLE ZONE”
Purcell Ls

RUBBLE ZONE B
Cherry Valley

Package 1 — RUBBLE ZONE C

Oatka
Creek and
above

RANGE RESOURCES®

@
o
@
=
]
@
o




Rubble “A” Example — SM1B land (Purcell Ls)

MB#2, 3DSB#13...

EL*l Close | ‘?l Restore Viewing Options Current Initial Current Initial
MD Start| 11090.00 4 | » | 11090 | MDEnd| 11762.00 « | » | 11782
El ! |a|am|uﬁu|n| '"l:':l 7 |EE?| v|m| Thick. 20000 4| » 20 TVD| 6381.83 4« | » |6351.53
Dip Azi.| 327.00 4 | » | 327 Dip 0.77 4| » | 084

Momalize Mode [#] 4+ [0 ALL [J A0 [ Thicker Lines [ Type Log

| 0SB Dipkdai. Plan [0 5C Constants [ Use LWD MindMax

[ Use L'wiD Min/tax [ Use L'wiD Min/tax

[-] rRsDMaxmin[s0  ~[-75 -] |[-] RsDMaxminso ~[65 -] 06240 |
m Tempie 6H Derived Type Log 10-5) m
06260
4 40
06280 .
|:| = Area matching Rubble Zone “A”
20 30 e of Chemostrat study.
Predominant rubble in well bore.
Rubble
06320
Zone A 20
r Marcelus Top
Eosm
L 10 _
i "$5, 1.47° 147°
0 % pAYZONETOP #110.201° 147°
3 10, 1.15° 327
0 06380 #0117 147° 29 g ko° 309
#6, 0.76° 327°
a-10 VD 11721
7] - Em 06400 INC 90.80
I 7, AZI 148 51
LS 1.19°
-20 SSTEUTTTR 06420 TVD 6390
VS 5558.4
per Marcglus -20
a0 06440
ubble Zone 30 6,500 7.000  7.500 8,000 8,500 9.000 9500 10,000 10,500 11,000 11,500 12,000
-40 MD
Suspect ‘ -
START. END
-40
-50 00300
:GDZE-G
50 %
60 E{CGZGG
Dpotso
00100
70 -60
00050
6,500 7,000 7,500 8,000 8500 9,000 9,500 10,000 10,500 11,000 11,500 12,000
1 2 1 2 1 3

Suspect zone not “failure”

RANGE RESOURCES®

interval. Failure interval at base of the curve. Suspect zone was

penetrated in the middle of the lateral and was originally blamed for the well failure.




Rubble “A” Example — SM1B land (Purcell Ls)

2] Fle Window Help

Type a question for help

EI Close 7 Restore Viewing Options. Current Tnitial Current Initial | [AppDip [AppInc | vsA | Cirl [
=15 o MD Start| 11469.00 4 | » | 11465 | MDEnd| 11859.00 4 | » | 11865 | | -0.50 |88.50 [155.58 | KEY
il H |ﬁ|Bﬂ| ﬁ|n| 8 jlﬂ l:Ef|7|”‘| Tl 2000 4| | 2 D[ 6561.84_¢ | » 556184

DipAz| 156.00 4 | » | 156 Dip 0.50 4| »| 0.5 | Note|

MB#1, 3D5B#8...

[IMormalize Mode [ 4+ [ ALL [ A0 [ Thicker Lines Typelog TL

[ 305B Dip&Azi. W Plan [5C / [ Constants [] Use LWD MinMax  J[_| &

[Juse LWD Min/Max [Juse LWD Min/Max Zoom [« | EI
[+ RSD MaxMin|185 [+]-55 [+| |[+=] RSDMaxMin|70 [+]-25 [+ |
70 =

Type Log #1
=

140

120

06400 ,

06420 ¥

06440
06460
06480

£ 06500

#2, 0

06520

06540

06560

10°016°
\

0.69° 186°

= Area matching Rubble Zone “A”
of Chemostrat study.
Predominant rubble in well bore.

#4, 0.24° 186° #5,0.90° 186°

156°

D 11559.00

+ _INC 92.43°
———~= AZ| 158.70°
— | DLS0.00°/100ft

06580
TVD 6550.33
VS 4119.86
7,500 8,000 8,500 9,000 9,500 10,000 10,500 11,000 11,500 12,000
MD 7
g START. :ND‘Al :
00200
Rubble Zone %00150
Suspect
-40 20 00100
7.500 8,000 8,500 9.000 9,500 10,000 10,500 11,000 11,500 12,000
100 200 300 100 200 4 [l »
Ready Num Lock |I

Suspect zone not “failure” interval. Failure interval at base of the curve. Suspect zone was not
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penetrated in the wellbore.



Rubble “B” Example — S2B Land

y Close k74 Restore Viewing Options. Current Tnitial Current Tnitial E:;'
FDELE v 1% 1|: | oxsoose ] {e%5:03] [rept[Appine] VA ‘
MB21, IDSB213... Dip Azl 155.00 4 [ » | 155 Dip 0.35_ 4| »| 035 || 0.35 [90.35 [342.86 | |gpy
[ Normalize Made [J 4+ (] ALL [ AO [ Thicker Lines B Tupe Lag [ 3DSE Dip3Azi Plan (O SC / Constants [J Use LD Min/Max J_I
TS e e Zip7
d 06320 ,
Suspect
06330 \ [ | =Areamatching Rubble Zone “C’
of Chemostrat study.
10
= 06340 Predominant rubble in well bore.
@bble First rubble came @
neB 06350 11,207’ and was a
5 carbonate, possibly
4 06360 the Cherry Valley
> (Rubble Zone “B”) INE()D %"82515900
06370 #9, 0. 20"55 _——A71333.30°
#8, 0.80° 155° ). DLS 2.32°/100ft
06380 ' 0.53° 1557 ', ,,_---‘ TVD 6362.20
% VS 4661.12
t 06390
06400 &
06410
7.000 7.500 8,000 8,500 9,000 9,500 10,000 10,500 11,000 11,500
MD
START END _I :
00300
200200
00100
7,000 7,500 8,000 8,500 9,000 9,500 10,000 10,500 11,000 11,500

Suspect zone not “failure” interval. Note position of failure zone at the base of the curve and in the lateral.
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Rubble “C” Example — S2A land

E Close | 7 Restore Viewing Options Current Initial Current Initial
SlE = MDStart 11552.00 4 | » | 11552 | MDEnd| 11962.00 « | » | 11562
ﬂ : |a Bml f |'” ﬂ %lvlm Thick., 2400 4| » | 24 TvD| 6294.57_« | v |623457

' DipAz.| 33000 4| » | 3% Dp| 140 4| v | 02

MB#1, 3DSB#11...

[ Normalize Mode [#] 4+ [0 ALl [0 A0 [ Thicker Lines ] Type Log 30SE Dipbtizi B Plan (0 SC / Constants [ Use LwD Min/tax g ﬂ
[ Use L'WD Min/tax [ Use L'wWD Min/Max g
[+ |RsDMaxpin[220 [+ ][40 [+] |[+|RSDMaxMin[s5 [+]<0 [+] = 06160
i
Denied omzapplH (Take 2) (0-12) 06180 i . -
. |:| = Area matching Rubble Zone “C
06200 of Chemostrat study.
06220 Predominant rubble in well bore.
06240
06260 s e .
= ' 00 13630 e 00030 #7,010° 150° #9,0.20° 330°
06280 #4, 0. 5/ o1, 0.08° 330° _ #10, 0.40° 330°
- - e A r——— e
vy F 8. 0.00° 1
06320 o ————— MD 11713.0
Suspect INC 87.81°
06340 A7l 324.96°
DLS 0.00°1
T 06360 TVD 6312.9.
Fl VS 5637.30
— 06380
8,500 7.000 7.500 8.000 8,500 9,000 9,500 10,000 10,500 11,000 11,500 12,000
MD
2 ST#HT END .
00500
7 00400
L
200300
&
&£00200
00100
% 6,500 7,000 7,500 8,000 8,500 9,000 10,000 10,500 11,000 11,500 12,000
200 00 200 400 < ] »

Suspect zone not “failure” interval.
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Note position of failure zone at the base of the curve.




Rubble “C” and “D” Example - S2A/B land

Bl Close | 7 Restore Viewing Options Current Initial Current Initial o) 10x

MD Start] 11482.00 4 | » | 11432 | MDEnd| 12377.00 4 | » | 12577 Key| 20
EI !lalgﬂluﬁuln ﬂl = v|"3“| Thick| 1400 4 [ v | TVD| 6377.62_« | » |5377.62 | [AppDip [AppInc| VSA |
.MB#l Earl Dip Azl 32500 4 [ » | 335 Dip| 013 4| v | 015 || 0.12 |89.88 |352.75|
[ Mormalize Mode ] 4+ [ ALL [1AQ [ Thicker Lines [#] Type Log 3DSE Dipdai. Plan [J5C / Constants [ Use LWD Min/ax gil
[ Use L'wD MIH."MGK [ Use l'wD Min/Max  Zoom ~ _I
E|R5.D MaxMin[40  -[-35 -] |[-]RSDMaxpin[1z -|-28 06300
% |:| = Area matching Rubble Zone “C”
of Chemostrat study.
06340 Predominant rubble in well bore.
During a cleanout
Suspect 06360 cycle at 8,412’ saw
D “* ”
& rubble from Zone “D
06380
VD 12311.00
,0.09° 1857 INC 88.80°
06400 AFI 327 40°
DLS 0.00°/100ft
= TYD 6385.11
o 06420 VE 5335.16
8,000 8,500 9,000 9,500 10,000 10,500 11,000 11,500 12,000 12,500
MD
4 3
TTEAT =R "
00500
00400 :
200300
%00200
00100
8,000 8,500 9,000 9.500 10,000 10,500 11,000 11,500 12,000 12,500
1 2 1 2 4 A

Suspect zone not “failure” interval. Note position of failure zone at the base of the curve.
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CONCLUSIONS

1) Due to past experiences, the Geology and Drilling Teams suspected the “Rubble
Zone” (above Oatka Creek) as the main zone of failure in wellbores in the
condensate-rich Marcellus area. This is the uppermost consistant organic layer of
the Marcellus.

2) With cuttings from a type well and from multiple failed wellbores, elemental
analysis was utilized as a relatively inexpensive tool to identify zones of failure.

3) Four separate packages were cataloged as rubble zones. The study determined
that the wellbores were failing in the base of the curve and not in any particular
geologic sequence. The “Rubble Zone” is no longer termed the “Rubble Zone”!

4) Armed with this information the Company was able to forge ahead with solutions,
including bigger OD drill pipe and revisions to clean-up procedures.

Rl
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