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Good market for storage

= New York + New England natural gas
consumption = 8% of total US*

2z New York storage capacity = 2% of total US*
zz New England has no storage capacity*

z All new power plants in NY and NE will
probably be natural gas-fired

*Source: EIA Website
1998 Statistics From Sanford, 2000




Current Storage Fields in Eastern US

Consuming East

* Depleted Fields
Salt Caverns
Aquifers

& LNG Storage Facility




Salt Cavern Storage Advantages

= High deliverability and injection rates
zz Short cycle times: can fill and extract several
times in a year

_ 2 Least amount of gas lost to formation during
) injection and withdraw

“» = Good usable salt occurs in New York
" k= Great Market for Storage




Disadvantages of Salt Cavern Storage

= Money — It takes time and money to make
caverns - big up-front cost

zz Development of well engineered caverns
2 Brine Disposal!




Current Salt Cavern Storage Projects
¢ in New York/ Northern PA

= NYSEG - only operational project, converted an
existing solution mine to a storage facility

4 = Tloga — Northern Pa.

; 2 Bath — Attempting to convert an existing LPG
b©  storage cavern to natural gas storage

%) = Avoca - currently looking for brine disposal

| options




Salt Operations in New York
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» Avoca Project

= 2 The QOriginal Plan
% SIx caverns to be solution mined for storage

% 6.72 BCF total capacity, 10 day cycle time at 500
MMCF/D

4 50 million barrels of brine to be re-injected in six
disposal wells

.--.""' 2 Everything worked except brine disposal — no
»  permeable formations, earthquakes induced

during injection, project went bankrupt after $100
million investment




5 Our Research

i - Two Phased Plan

z Phase | - “Usable Salt”
7 Define areas where developing caverns is a
possibility
2 Phase Il — Brine Disposal
7. \Within the areas of usable salt, delineate formations
with potential as brine disposal reservoirs




& Cavern Site Criteria

wy = Saltthickness and quality (200-300 feet preferred, but
need minimum of 100 feet with few non-salt intervals)

2 Salt Depth (2000-6000 feet)
2 Location (proximity to power, populations, market and

nipeline)
= Fresh Water Source (to use for dissolution)

=

2 Brine Disposal Options (ocean, salt plant feed, deep
well injection)




Brine Injection Challenges

e Significant volumes of brine produced during solution
' mining (6.75 volumes of brine to make 1 volume of
cavern)

2z Relatively high injection rates are a must (20,000-
100,000 barrels of water per day)

= Need good porosity and permeability in disposal
reservoirs

% The problem in New York:

7% Porosities and permeabilities in NY and much of the
Appalachian Basin are low




;ﬁf’ Phase | — Usable Salt Criteria

2 \We will be looking for salt that IS:
2 First - 2000-6000 ft deep

7 Second - Intervals of salt that are > 100 ft thick w/ no
Intervals of non-salt greater than 10ft

!_ 2 \Where both criteria are met = “Usable Salt”
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Usable Salt is In Silurian Salina Group

Rondout-
Cobleskill

Bertie
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Rickard’s Cross Section Through

South-Central New York
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O —




Rickard’s Cross Section Through

South-Central New York

03924-00 00109-00 22830-00 00519-00 03973-00 05087-00 04073-00 -
= = | Lt S Pl .
| | i i) =_ i 1]
B8 I' === i i - S
=i ' } - - IS,
Pk 4 i d IS tf 5 7
[ T i "E (.;_' = '|"
== ¢ ol g KALKEERG-COEYMANS g M gi - = \ f {
== | Sy Fet— SSI=E| MANLIUS 21 _-g - 7 e
= . ——— T | 81 RONDOUT-COBLESHLL ||| =% - B
= : e == | ESEE| BERTIE | B
=y ; _i_} f - CAMILLUS } f
== i i i =5 e -
= ' - Iy ! EEET e
==t ¥ Er 2 F e =]
i I _}_l E q] 15 1 r; -
= et ¥ : JI i
= - ¥ ! : ——
= b f o ! S 3w VERNON
—l t — I ==l '\; E 3l
o o : ?_ ; Por s 1l
:g"ﬂ . 4‘%_' : ' t F:‘
P e i e i _H ‘? %
I » _L_, . RS g
: 3 i ¥ Bk ;{
. . - e
i [RiSE
, T 1 J{— e
: ! i === S
| oo =1 i ~ -
; = i
, s g_‘ ¥ s |~
5 : [,
EE| . san
Section modified from Rickard, 1969. Well 22380-00 was added to show that new ' Salt Lave :If'
data can be integrated into Rickard's sections to enhance our knowledge of the . Salt Layers
distribution of the Salina Group in New York.
O —




Depth to Salina F unit

Datum: Surface

I

:

‘3 METERS

POSTED WELL SALINA GROUP
i DATA OUTCROP OSWEGD
=
CONTOURS
wct

ORLEANS
NIAGARA

ONEIDA

4

- /4
ONONDAGA MADISON 5




METERS
POSTED WELL SALINA GROUP
DATA OUTCROP

-------

MADISON

CAYUGA



¥ .-_"I F=

F4

=

o

j i
&; b/
1
| it

\& Correct Depth




l
)
i

=
T

= Ay
v

S e

o J’f’;‘-ﬂtﬁt \‘; :
@ _ | : |
| ;

“ -
A
: A
Fer
4
-~







e
e
Fondk—

Greatest Usable Salt and 2000’ and




‘2 is possible

51




Over-thickened salt




Over-thickened salt




Our Project Design

2z Two Phased
2 Phase | - “Usable Salt”
4% Define areas where developing caverns is a
possibility
2z Phase Il — Brine Disposal

7. Within the areas of usable salt, delineate formations
with potential as brine disposal reservoirs
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What makes a good brine disposal
& formation ?

2 Matrix porosity of at least 10%

2 Elther good matrix permeability, fracture permeability or
a good candidate for induced fracturing

= Connate water salinity similar to the injected brine

2z Must be hydraulically separated from sources of potable
water




Our Criteria

2 Lithology (sandstones and carbonates)
2 Porosity and Permeability
# Production History (Here or in nearby states)

2 Currently Used for conventional depleted
reservoir storage? (If it s a good storage
reservoir already, most will not want to use it for
brine disposal)
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< MAYBE
7 Queenston Formation 7 Tully Limestone
# Trenton-Black River # Hamilton Group

Hydrothermal Dolomite # Onondaga Limestone
7. Beekmantown Group 2 Oriskany Sandstone
7. Akron-Cobleskill Limestone
7 Medina




& Queenston Sand/Shale Ratio Map

(Modified from Saroff, 1987).



& Queenston Sand/Shale Ratio Map

(Modified from Saroff, 1987).



We have a Queenston core in our collection that Is
from the Auburn Field
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We described
the core In detall
focusing on the
depositional

texture and
defining zones
of visible
porosity
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Sandstone

Main Rock Types

Siltstone
Conglomerate

L& Reservoir Facies




a] L0g Analysis

2 Zones of visible porosity correlate
reasonably well to areas where the
density is less than average (2.5)

Intergranular porosity in a medium grained gtz ss




4 Queenston Disposal Reservoir
Potential

2 It IS widespread and more sand-rich in in the
area of usable salt

& = It has shown to have the capacity to accept brine

In current disposal operations

L. = Production from the Queenston has occurred for

| over 30 years Iin central New York
W& 2 Reservoir in sandstone
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The best reservoir potential in the Beekmantown
Group Is found in the porous dolomites of the
Peloidal Grainstone interval in the Little Falls

P iy et ¥ "
Fe i 1 4

Peloids are either micritized ooids and rounded skeletal
grains or fecal in origin.

Environment: Forms in shallow, high-energy conditions.

74NY-13: 615 feet 7ANY-10: 701 feet
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:'/ All cores go from Utica to basement

MP=d \Ve are currently studying these cores in detail



- .. Zone of porosity is laterally extensive,
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 Ced e Wil

74NY-10: 658 feet

These breccias
have saddle
dolomite and
calcite cement, no
clay

Environment:
Forms due to fault
movement and
assoclated
thermobaric fluid
flow

Reservolr

Quality: Could be
good If laterally
extensive




Quartz Sandstone

Sandstone Is common, particularly toward base; cross-bedding
.common; Most is cemented with quartz overgrowths or dolomite

Environment: wave and tide-dominated,
shallow marine

Reservoir Quality: Generally poor, some
Interparticle porosity




1 Beekmantown Disposal Reservoir
~ Potential

= Reservoir in porous dolomite and possibly
sandstone and hydrothermal breccias

4 = Porosity is widespread (Beekmantown Study in
#  Ohio showed widespread porosity in “B” Unit;
Mohawk Valley study shows laterally-extensive
porosity)

{k = Beekmantown is thick in areas of usable salt
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Trenton/Black River Gas Fields
in New York State

Usable Salt
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CHARACTERIZATION OF

GLOADES CORNERS RESERVOIR

STEUBEN COUNTY.NEW YORK
NO VERTICAL EXAGERATION
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Trenton-Black River Fields typically produce from
diagenetic traps in fault-controlled structural lows where
patchy matrix dolomite and brecciated zones are common.




\Vuggy porosity In
hydrothermally
altered Black

River Group




Glodes Corners Road Example

» 5
> & &

&
K2

&
$® "9 {{Z‘e & R
& > P
& ¢ &

Pipeline

Sonyea
Tully

Onondaga

Salina

Queenston

Trenton

Black River




Cross section through Wilson Hollow

* Field, NY

Salina F unit salt intervals - Wilson Hollow Field, New York
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£ Trenton Black River Disposal
Reservoir Potential

# Prolific producers in recent time
7 Flelds are located in area of usable salt

7 Most wells are still active and could be converted
easlly

% The fields may prove to be unattractive for
conventional depleted reservoir storage due to the
heterogeneity and unknown lateral extent

2 Reservoir- vuggy dolomite in Black River




Conclusions

2 Brine disposal Is the major obstacle to salt
cavern storage in the New York

z Our systematic study of potential brine injection
reservoirs shows that there are three potential
targets in area of usable salt; The Queenston,
Trenton Black River and Beekmantown




Future Work

2 Continue to make maps of possible brine
disposal reservoirs

zz Analysis of all logs In area of usable salt for

porosity in Queenston and Beekmantown

2 Feaslbility study of whether Trenton Black River
will make good gas storage reservoir. If not, it
could be a great brine disposal target
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