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Brief History of the Trenton
Limestone Play

First commercial well drilled in Sandy Creek Field
In 1888

Pulaski well drilled in 1891

Many test wells drilled in the surrounding area
from 1889- 1900

Drilling continued steadily through the 1930s then
died down

Gas consumed locally
Drilling continued sporadically until recent times




Stratigraphy

Lithology

- Trenton Limestone is Upper

| Ordovician in Age

o It sits above the Black River
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Trenton Limestone play occurs to northeast of HTD play




Trenton Limestone Play In
Northern New York
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Trenton Limestone Play

The typical well has several very high pressure gas
shows

The gas will flow at a high rate for a few hours or

days and then drop off to a very low rate of ~10
mcfd

It will flow at this rate for decades

Drilling practice was to drain high-rate producing
Intervals and then drill deeper

A few wells have sustained higher rates for longer
periods of time




Very High Pressure

“When shut In, pressure lifted 633 feet of
casing and drive pipe out of hole and
scattered it about the land. One 80-foot
length was thrown 600 feet from the well.

-Scout card from well Iin Pulaski Field




Previous Work

e Orton, 1899 — no dolomite, different than
Ohio, possibly shale gas

o Gillette, 1935 — shale gas
 Robinson, 1985 — fractured limestone




Previous Work

“That the gas iIs confined to the shale partings and shale
layers can be observed at any well during the drilling of
the Trenton. The drill first strikes a hard, dense
limestone layer which is usually only a few inches thick
but Is hard to penetrate. As the drill breaks through this
layer the gas rushes forth, sometimes under enormous

pressure which may even blow the tools out of the hole.
When drilling is again resumed it Is invariably found
that the layer under the hard dense limestone Is a
calcareous shale... No increase in volume is realized
until another hard dense limestone is reached.
Unqguestionably the limestone acts as a cap rock.”
-Gillette, 1935
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' A Veln of Gan “truck Saturdny. -
Last Satarday uftoruoon at ten mwibutes
o oue. Divid Dawey, who was drilling

to the fall «xtent of the rupo and re-

throngh the roul of the-well house, tenr.
fug off e hgards, aod to the top of the
durrias " - .

’ 5.{-0t-ubuye. 2
soard of the esoupiig gas was distfnor

® | tieird by Ud: il Barriett at the Burtler
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bllm vain 'K’ u
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the fires, . Word] Al
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thiat' d-vection - Though the day - was Y|
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bttadreds of peuple visired the well, * N
o116 was illowed to approach within g
hundred t-ct of the well, but this was
tully vear enough for memt of the
-yuiters, -The watking heam trom which

. | the & ole, weighivg,d 000 the', were gu..

peuded, shook oontinoally from the
fkcn of a0 ping gas, . The poise ocon:
noned by the gus as it came frim (L
well wan mnoh londer though similar to’
that produoed by esonping ateam, ’

‘The drrecturs of the Gus and Oil som-

| | Pauy wers immediatelyculled opethernnd

contin av,

! About xundows the volume of gu8 begun

s diminish ao that it wan possible 1o
sppronch the well. The rope from whiol
We tools wers surpsuded was tien
lovsened #nd the !oolu‘supk_nbmn. four
T ot iuth the ouvity from whioh the gas
oame. . The fl .w of gaa has dimiuiahrd.
but w atill wnough wo that it onn he|
uenrid wheu ut th, well, -~ Ax the well s
o1y 579 feet duep, iu in probuble thut|
uly wp okv f gus was wtruok, Tue
Suudy Creok Ol aud Gan Company was
organiz-d last npaiug for tue pury oss of
siukitg n well w town, The capita,
b0k of the company  waw placed st
J0D, 83,600 of whion was taken, Ihin |
well wun Ipentsd ou the laud of O, a,
Braples, propretor of the Willurd hosel
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taking 25 uhures o1 810 each, s that Mr.

ot the well, sucderly felt the drili mink |9

follswed by a fhw of ||
guy that: oLt the . watr in the well |®

OAS WELL BLOWN UP.

ie | A’ Poweriul Vein of Gas Strack at Well

Bpuuting Fountaln of Watsr,
Friday morning, about 3 o'clock,
_|Charles Flagg and Louis Snyder
ware engaged in drilling at wall No,
14 on the Mrs. Cynthin Wart farm,
o | WHOH Buddentythe—drill—pierced—s
vein of gas that bléw casing and rope

through the top of the derrick, utter- i
ly sonihilating the rope and landing
he casing some 250 feet in length on |

® | the hillside, 300 feet from the well,
.| all twisted and bent so thet it will be
of no further use for drilling pur-

Another remarkable feature of the
blowout is that 150 feet from the
well, near the boiler, a fiasure was
opened in the ground'py the force of
the escaping gas which must have
found an escape through an opening
in the rock in the well. This fissure
is several feet long, and the ground
about is raised in some places three
feet above ite normal level. It is
Almost miraculous that fire under the
boiler which stands near this fissure,
did not ignite the escaping gas and
produce o terrific explosion which

| would have shaken this and sur-
rounding towns, As it was, the
escapiig gas and spouting water
hurled upward by ita foree, awakeoned
many a slumherer in-this village two
miles frum the well, with the wind

| Ulowing from the west or opposite
ditection. Driller Flagg and his as-
sistant were very fortunate to escape

['] with their lives. This was by far the

| |most svrious blowout hers, and o

| gentlemun from Buffalo with wide

i ice in natural gas telds, who

¢ visited the well, {3 of the
opinion that it is the most serious in

" | all his experience. .

'l Bome further idea of the forco of
the bluwout can be gained from the
[nct that the iron casing was

}|anchored in the well by two fix6

P | pigices of hardwood timber of which

I you cannot find a piece today larger

| | than & good sized chip.

The drilling tools were left in the

'| well by nnother freak of the escaping

[ |gna, and special tools have been

" tordered from Bradford with which
to 'fish for them.” However, Super-
infendent (iayton is au expert fisher-

.| map in more senses thun one, and
baglin the past poen very fortunate

anedine for Inat tanle ar amnllor fre

Well @ 579 ft. Located on the land
of O.G. Staples. Since November
drilling on done on one ten hour shift
per day. Gas Pocket @ 550 ft. found
on February 2, 1889.

Large blow out @ 920 ft. , ground
opens up 150 ft. away from the large
blow out. A fissure several feet long
displaced the ground elevation by three
feet.




Sandy Creek Field

Discovered In
1888

Depth to Trenton:
380-600 feet

Trenton 590 feet

thick

No dolomite
reported

Many gas intervals
In the Trenton




Pulaski Field

Discovered in 1891
Most wells drilled: 92

Depth to Trenton top: 440-
971

Trenton Thickness: 610 feet

Two gas intervals @ 675 &

1175 feet

Typically no
communication between
wells but there were reports : .
of two sets of wells where * omgon .‘

drilling of one affected B i
production in another writoose, g sionine

aski




Baldwinsville Field

Depth to Trenton:
2250 feet

No dolomite

Many gas intervals
from the Medina to the
Trenton

Some wells produced
from the Utica

Gas also found In the
Potsdam

High volumes of gas

; " @W sandy Creek

' Pulaski
B ® Bass Lake

® Kasog

1 North Fulton Little France
] ® QCamden

q 2
South Fulton * Huntley #1 Well

h — bRome
Blue Tail Rooster n dwinsville. -
[ ]
angburn ) Crdsssae

“ Clyde ®Memphis

e Auburn




Blue Tail Rooster Field

Discovered in 1966
Depth to Trenton
2400-2564

Depth to Black River
3083-3242

Dolomitized fractures
found in cuttings Van
Tyne, 1984

Gas intervals from
Lockport to Trenton

Exploration continues




Trenton Limestone Play In Northern New York

Pulaski

@ Bass Lake
® Kasog

North Fulton Little France

- @ | ‘Camden

e >outh Fulton * Huntley #1 Well

_. L ~ Bl TS - . bRome

Blue Tail Rooster fJBéﬂldwinsi\}ille . |
Pangburn ‘ Cross Lake

* Clyde ®Memphis
® Allburn

Exploration has continued with one well field discoveries and renewed
Interest in older fields
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Fields occur where Tren.t-on IS buried to depths of <3000 feet —
no high pressured gas found in Trenton below this depth




Questions We Wanted to Answer
for This Study

Where Is the gas coming from?

Does hydrothermal dolomite have anything to do
with this production?

Is there any porosity In the limestones that might
work as a reservoir?

Does the gas come from fractured limestones or
fractured shales or both?

What is the source of the high pressure?
What iIs the lateral extent of the play?




Trenton Study

 NYSERDA funded study to acquire a full
diameter core In the Trenton Formation In
northern New York to study reservoir
characteristics

o After a year of trying to get a partner to drill a full
diameter core, we partnered with Seneca
Resources to take 160 side wall cores from one of
their wells in Oswego County (Huntley #1) API
31-075 23071-0000

After the well was logged we picked intervals
from the Trenton mostly to TD to core, study and
characterize.




Huntley#1 Drilling Story

Huge gas shows occurred sixty feet below the top
of the Trenton

First big blow out at 1812 feet

Mud weight increased from 15 to 18.4 Ibs to
handle the high pressures

After this blowout a bigger rig was brought in to
finish the well

19-pound mud was then used

Well was tested, gas blew down to sub-economic
rates within hours or days

Eventually the well was drilled all the way to
basement
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e Gas Shows

 First gas at 1778 ft
H e First major flow at
nfpyepeenEs 1812 ft and the well

g blew out
e Some are In the clean
limestone
» Most and the biggest
are in the interbedded
shales and limestones
especially under base of
two cleaner limestones
e Consistent to what has
been observed from
other wells in this play
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Coring Strategy

e Took 160 sidewall cores

e Used mudlog and FMI to pick coring
points

o Sampled every 6 inches where shows
occurred

* Tried to sample any zone that had a hint
of porosity on density log

 Tried to sample all major rock types
based on FMI response

« Sampled Black River, Galway, and
Potsdam




1791 -

Each sidewall was trimmed, polished and scanned and had a thin
section made




SENECA RESOURCES HUNTLEY #1: 1857.0 FEET

Limestone with dolomite lenses: grainstone

No visible porosity
Dolomite % Echinoderms a e S
i:l{.'
DO

Limestone 9  Brachiopods
Clay % Trilobites
Pyrite % Ostracodes

 Scans of each sidewall
core
- e Thin section photos and
e Ll  descriptions for each

of this grainstone. Clear,

PR ks ceeck (5] sidewall core

intergranular porosity.

e 107 Trenton

e 36 Black River
1 Tribes Hill
e 6 Galway

e 7 Potsdam

of a portion of the thin section

i ith Alizarin Red-S = =
possiu orocaride. Ealy  Sidewall cores available
non-ferroan syntaxial calcite (Cn)
and later ferroan syntaxial

calcite (Cf) cement brachiopods fo r i n S pe Cti 0 n a_t th e C O re

(Br), ostracods (Os) and

echinode-rms (E). B I aSt
Rick Bray




Plates combines gas shows, logs, FMI, plug depths and interpreted lithology

N\ Reseruoi Plate 3. Huntley Trenton Logs, FMI

—_ Characterization

G and Interpreted Lithology
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Plates combines gas shows, logs, FMI, plug depths and interpreted lithology
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» 1761 feet
*Argillaceous limestone to calcitic
shale
* No visible porosity
| * No dolomite
* No fractures
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» 1761.5 feet
 Limestone with clay lenses and
microstylolites
* No visible porosity
* No dolomite
g * No fractures
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e 1762 feet

e Dolomitic limestone with clay
rich laminae

* No visible porosity

* No dolomite

* No fractures
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e 1762.5 feet
 Limestone with wispy clay rich
microstylolites
* No visible porosity
| * No dolomite
* No fractures
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~ "« SEM show possible
.| microfractures
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Virtually all skeletal fragments
are echinoderms (E).
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» 1778 feet

* First gas show

 Limestone with thin clay and silt
rich lamina microstylolites

* No visible porosity

* No dolomite

* No fractures
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Fo w1778 feet
S « SEM shows possible

Teesy 4% . microporosity that is not well
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» 1814 feet
e Limestone : grainstone with rare
. N patches of mud
¢! * Gas show
% * No visible porosity
4 ° No dolomite

» No fractures
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o 1825 feet

e Major gas show
 Limestone with wispy
microstylolitic seams
 » skeletal wackestone

* No visible porosity

* No dolomite

» No fractures




1826 feet
 Limestone and silty limestone
'Y ° mudstone grainstone
!« No visible porosity
e No dolomite

e No fractures




» 1826.5 feet

e Limestone
\ ° grainstone
| « No visible porosity
| * No dolomite

* No fractures
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» 1827 feet
e Limestone
N ° grainstone
| » No visible porosity
* No dolomite
* No fractures




» 1827.5 feet

 Limestone and argillaceous, silty
limestone

 wackestone

* No visible porosity

e No dolomite

* No fractures
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» 1828 feet
e Limestone with thin,
argillaceous, silty,

| microstylolitzed,lamina
= | * grainstone

* No visible porosity
* No dolomite

» No fractures




» 1828.5 feet

 Limestone with thin agillaceous,
silty microstylolitized lamina

e grainstone

* No visible porosity

* No dolomite

* No fractures




1829 feet
 Limestone: muddy packstone
* No visible porosity
* No dolomite
. | * No fractures

g
|
I 4

i i

.._...-‘ --..‘- ; gy
‘_'I'm". -

Ll | Ly P

Tt AL B L
il Dl AR 2 i 4116 LV 2
e e e e T T
o ameia e 1

| | il |

;
)

L

e
L SR b Al
Pl e




1830 feet
 Limestone with rare mud patches

=\ egrainstone
| « No visible porosity
| » No dolomite
d * No fractures




CALI[IN]
0 1]
T GRIGAP] | [ MPHIVAV] RHOE [G/C3] PEF [B/E]
0 200] fo3 0.1 |2 3jo 10
X 3 Total Gas Show (units)
TRENTON ! LY 10 139 1000 10000
T ‘£L > < 1
1T i3 1 s
g2 3 0
& z =
OE £ 1 i
- E y.d Top Major gas show 1823’
i [ ' ¢
2 ! =
w ] >
5 o
b 3 % gl
g 2 3
£ % i
3 : :
c - < 3 1
% .l = - ]
3 - i % 2Nl
e b
© [
% i {
@ -
]
4 .
™ |
§ £ 7] Top Big Show 2060'
o l
v = !
=) - — o2
73] [ F 4l
[ Y
I b 1 i
L X y J n
] £
F = :
[ r o
L
' 1
-
Y 7
] rd [ 4
= 3 ]
[ 1 < 1
< 2 4
BLACK RIVERL 2 5
- [ e

Tr

1857.0 feet

Br

Tr

Os

1.0mm



CALI[IN]
o 10

GRIGAPI) NPHI V] RHOB [G/C3] - o T : ] LB g -
0 00| |03 0.1 |2 3l0 10 L O T Sl i L A"@

1877.5 mudstone and grainstone

TRENTON

0
|

a
Limestone

[ Top Major gas show 1823'

£

Stiprig sjo

WPSTY I

7] Tep Big Show 2060'

Big shows at bases of cleaner limestofes
1

- -

An extensive burrow (Bu)
network has developed in the
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Brachiopods (Br) and echinoderms
(E) are scattered throughout this
mudstone. Faint, darker areas are
probably burrows (Bu). The
fracture (F) near the bottom of the
, frame 1s an artifact.
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1897 packstone to grainstone

[i] e
GR [GAFI NPHI V] RHOE [G/C3] o X - @
Q 200 0.3 0.1 |2 3|0 . " -

Total Gas Show (units)
10 100 1000 10000
[

TRENTON

Cleaner
Limestone

[ Top Major gas show 1823'

= :!-JJ-

Stralhd shows

rIimesto}s

'] Top Big Show 2060'

= There is a sharp contrast between the clay

- matrix (Cy) above and the lime mud

matrix (Mi) below. Most skeletals are

echinoderms (E), although brachiopods

(Br) and bryozoans (By) also can be

; recognized. Notice the low amplitude

'; ! stylolite (S) between the large brachiopod
‘ ' In the clay matrix and the underlying

limestone.
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| Top Major gas show 1823'

Strong shows
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- Numerous, large trilobites (Tr),
n brachiopods (Br), bryozoans
(By) and echinoderms (E)
comprise this packstone.
Syntaxial cements (Sy) envelope
the echinoderms and occlude
much intergranular pore space.
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L_imestone and slightly

argillaceous limestone
e mudstone to grainstone

* No visible porosity

* No dolomite
» No fractures
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e 2059 feet

e Limestone

» wackstone

* No visible porosity
* No dolomite

* No fractures
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2061 feet
 Next large gas show zone
. .\ ° Limestone
1 . grainstone
= | « No visible porosity
e No dolomite
 No fractures
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e 2065 feet

 Next large gas show zone
e Limestone

e mudstone

* No visible porosity

* No dolomite

* No fractures
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e 2067 feet
 Next large gas show zone
e Limestone
e mudstone
. * No visible porosity
* No dolomite
* No fractures
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Porosity

Increases with low density values

and high gamma ray values
 Bentonites signatures have high

=—=mmmll Jamma ray and density values,
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suggests porosity may be related

to clay content
neutron logs have low values -

they are not porous
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Interpretation of where the gas
comes from In the Trenton

We think the gas comes from open bedding planes partings between
limestone and shale or limestone and bentonites or horizontal fractures

Core plug scan
with break in
shale

Bentonite and limestone with open parting between them




GR profile

Tight Cemented Limestone

Interbedded Limestone and Shale

Tight Cemented Limestone

Interbedded Limestone and Shale

Trenton Sequences of tight clean limestone and interbedded limestone
and shale




GR profile

Tight Cemented Limestone

4

Interbedded Limestone and Shale

Tight Cemented Limestone

}

Interbedded Limestone and Shale

Overpressured gas builds up below dense limestones in bedding
planes and lifts lithostatic load




GR profile

Wellbore penetrates gas-bearing bedding plane, gas flows back at
very high rate




GR profile

After a few hours or days, pressure declines, weight of overburden
causes bedding plane to close, shutting down almost all flow of gas




Supporting Evidence

19-pound mud weight suggests at or near
lithostatic pressure (20-pound mud Is for pressures
greater than lithostatic)

In a compressive stress regime such as present day
NY, least compressive stress near the surface Is
vertical and horizontal fractures are likely to form
from overpressured gas or fluid

At depth of ~3000 feet (1km), this changes so that
least compressive stress iIs horizontal and vertical
fractures are likely to form

The reason this play does not occur at greater
depths Is because this transition has occurred




Trenton Structure Map
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Play boundaries

* To the south the play Is apparently bounded by the
depth at which the least compressive stress
changes from horizontal to vertical — where the

Trenton iIs 2500-3000 feet deep

"he boundary to the east may be the pinchout of

t

ne clean limestone at the top of the Trenton that

serves as a seal (Steuben Limestone Mbr)

There are less fields to the west, this may be
because the charge Is to the east




Central Cross Section
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Crgss Lake

.Lmie France

.‘ca mden



Southern Cross Section

<16,368MIR>
Re d 1 HunterA&B 1
05041 00 00 17508-00-00
Blue Tail Rooster
ButIerCreek 688
188
253

BLACK_RIVER

<5,077MIR>

House Louis and Mary 1

467-00-00
Dry Wildcat
670
192

TRENTON

<69,348MIR>

o
Gapski 1
20411-00-00
Dry Wildcat
247
401

Steuben Limestone pinches out to the
southeast




Approximate
pinchout of upper
clean limestone

1100
1050
100D
as50
aoo
250
a00
T50
Yoo
G50
Goo
A50
500
450
400
350
300
250
00
150
100
50

Trenton thins to the SE and the upper clean limestone pinches out —
no fields to the east of this line




Source

« \We Initially thought that the source was

organic-rich shale beds interbedded in the
Trenton Formation

e TOC values from 10 of the sampled core

plugs were too low to have been source
rock

e Source may be lateral flow from Utica




HGS

No.

05-3072-
122176

05-3072-
122177

05-3072-
122178

05-3072-
122179

05-3072-
122180

05-3072-
122181

05-3072-
122182

05-3072-
122183

05-3072-
122184

TOC Values
from Trenton

Generally low values

1846 & 1847
1857

1878 & 1880
1890, 1892 & 1893

1927




WEST Middle Ordovician chronostratigraphic cross-section EAST
Trenton Falls across the Mohawk Valley — msr—wsr—we—w— 20 km Schenectady

SERIES

Frankfort Fm.
Removed by recent uplift

Cincinnatian

Indian Castle Fm.

Edenian |Maysv.| STAGE

Steuben Lst Schenectady Fm.

MIDDLE ORDOVICIAN

c
=
c | 8
= o
= D
slg
[e) (4]

=
= |0

Poland Mbr.

SugarRiverlist . T

Kings Falls Lst. ~ - Glens Falls Tst.
Napanee Lst. ——_____ Balmville Lst.

Steuben Limestone pinches out to east — Steuben is the clean
limestone at the top of the Trenton — gas may migrate laterally
from time-equivalent Utica Shale




So Is this an economic play?

The wells that only penetrate the bedding
plane gas are probably not economic

Zagorski (2005) suggested that better
prodcuing wells penetrate vertical fractures
found on the downthrown side of faults

Production in these wells may hold up at
higher rates for longer periods of time

Seismic and aeormagnetic data are regired




Subsurface structures

Preferential formation of vertical fractures on downthrown side of
normal or transtensional fault (from Witnjack, 1990 by way of
Davies, 2001).




Glodes Corners- Muck Farms Courtesy ot
Ardent

o RMLHL-L"?- -

Zagorskl (2005) showed a Ilne where a better producing Trenton
limestone well was located in a sag similar to those drilled in the HTD
play — so keep on drillin’ those lows!




Conclusions

Not a hydrothermal dolomite play
Not a matrix limestone play
No evidence of significant vertical fractures

Gas In most wells here interpreted to occur In open
bedding planes or horizontal fractures held open by
the high pressure gas

Gas Is either self sourced or may laterally come
from the Utica

Wells that penetrate vertical fractures may be
economic
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