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TYPICAL 75- BY 80-FOOT PILLARS
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APPROXIMATE TRUE SCALE CROSS SECTION DIAGRAM OF GENESEE VALLEY
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Small (Yielding) Pillar Concept

To Avoid Roof “Collapse” Issues



DIAGRAMMATIC VIEW OF LARGE PILLARS WITH
ROOF AND FLOOR PROBLEMS CAUSED BY HIGH
HORIZONTAL STRESSES
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A. REGULAR ROOM-AND-PILLAR METHOD
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Mr. Kurt Kiser. Supt.

AKZ0 Salt MEMO: November 22, 1993
Retsof Mine (from ROCK MECHANICS ASSIST)
3846 Retsof Road

Retsof. New York 14339

Signed by: Gary Petersen

Dear kurt.

This is a recap of my last visit. which primarily addressed the performance of the 2 Yard South
cxperiment. Mining was discontinucd in the experiment the latter part of October duc to cxcessive closure.
Total closure rates were approaching 30" in some parts of the experiment, But morc important than total
closure was that the rate of closure was incrcasing instead of decreasing as was expected. Figure 1 shows
a typical closure graph. Notice the deviation from the expccted during the latter part of August.
Continuing the expeniment would have probably resulted in increasing closure ratcs for some time to come.
During the early part of November it was decided to prohibit entry into the experimental arca unul closure
rates began to decrease and a thorough evaluation of ground conditions could be made.

At first glance it appears that the experiment was too wide thus exceeding the critical width. After a
preliminary assessment, there appears 1o be other factors that had a significant impact on the performance
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IN FEET Gradual Upward Stoping at Collapse
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GROUNDWATER FLOW INTO VALLEYS
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Additional Geologic Issues:

» Plate Tectonic Stresses in the Earth’ s Crust.

 Local Rock Structures: Faults & Fractures.
Fluid Migration; Contamination

» Stresses Resulting From Valley Topography.



REGIONAL GEOLOGY

Pennsylvania New York
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Fractures At Crest of Anticline
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REGIONAL GEOLOGY

Pennsylvania New York




Thrust Fault can Duplicate Layers in Drill Hole




~ Thrust
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Geologic Detalls Ignored

Widespread Jointing, Faulting



Modified from: Science News 9/8/2012
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Rock Jointing

Joints (fractures) are Pervasive in all Sedimentary
Rocks.

Water Wells in western NY commonly derive
water supplies from fractured (jointed) rock aquifers
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Not all master joints or joint sets are vertical




Not all master joints or joint sets are vertical




Evidence of Stress Field:
Quarry “Pop up” Structures

Horizontal stress (pressure) is
often greater than vertical rock
load to depths of 3000 feet
(Zoback, 1980)

Genesee Valley Margin: Horizontal / Vertical stress is >2 at 672 ft depth



Continental &%
Trench volcanic arc %

Oceanic
crust




1207 | 40y 16y 180 1 64F (EN
¥ ¥ ¥ L ¥

4 | 2307 | 0 &0 B 2ir 4" 60" Bi° (0¥ 1207
¥ ¥ ¥ ¥ v ¥ ¥ v v ¥ L
T = o
1
\
Eurasian 1 North American
G Plate : Plate Eurasian A4l1°
1
: . N. American Plate™~ Sl
507 ’ 50"
' "f-"Euﬁ;bl;'._i"# e Fueal o Yellowst
<! N B <
A0 f‘;;_ - )"
-“" . Iﬂur:el__-:?r: r— N
; :
0% Pacific =N g
0w Philippine Plate - e}
Plae_§#f & Hawaill Hat Spot AT Y
101w ”5-';';:_-,‘-5 o~ I‘i:l‘l‘.{.l'ls]- :E”; A
e . /r !-'1' | - - s
\Plate Pacifi South
10 P PI“::“':C X, American a
20 g Y= Plate , Indian-Australian |0
0% Indian-Australian a0
T aq{)=
517 m}% A5
Antaretic “ﬁ?.'!“ ' N Y Antaretic
— ntarctic ate Plate o0
Plate
5 lrll.h‘l- I'l. h
Pl o
707 p— MLl
- - - E ; L] Ll L) . & - ) L) L] L] . .l L] l - a & L]
1 24 140 160 1500 L) 140 1200 L0 H B air i 0 2 el 6 EIF L 1207
LEY: overnding .
EY: + + plate / e -— e m——— — oy
-__l'_,_‘___,.- - -
,—_p--lq_.-l-F-'
/ "’”bpdlgfj'"g Transform Plate Boundary  Comgplex or Uncertain Relative Mation Martle
Divergent Plate Boundary ” (Transfarm Fault) Flate Boundary at Platz Boundary  Hot Spot
Cornvergent Plate Boundary

(usually broken by transfom
faults along mid-ocean ridges)

TS

Mid-Ocean Ridge

(Subduction Zong)

MNOTE: Mot all plates and boundaries are shawn.







/’I
; i
' Current Stress

Orientation in
North American
Plate —Finger lakes

i Zoback 1980

Jour. Geophysical Research



90

ATLANTIC
OCEAN

60'W

Method:

focal mechanism
breakouts

drill. induced frac.
borehole slotter
overcoring

hydro. fractures
geol. indicators

Regime: =39
ONF #SS @TF QU
Quality:

A

8 ——

C —_—
(2008) World Stress Map

T 30



Quarry floor
“Pop-Ups”
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Horizontal Stress Release







Horizontal Compressive

Stresses in Rocks
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Arizona







originally looked like this

“Pop-ups”

NY
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VALLEY ANTICLINE FEATURES
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Mt Morris Dam: Genesee Valley
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Grand Canyon: Colorado River “anticline”




Observed
deformation
in

bedrock
layers
above coal
mines under

valleys
(PA, WV)

Molinda et al.

US Bureau of
Mines, 1992
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Rock loads: Weight Only
Density = 2.4 - 2.6, or weight =
150 -162 Ibs. per cubic foot

Vertical Loads: Approx. 1 psl
(per foot of depth)



HOWEVER.........
Horizontal Stresses may be 3 times
vertical rock loads (weight) at depths
of several thousand feet




Old
Sterling
Mine
Shaft




Observed Style of Horizontal Deformation in Old Sterling Mine,
Genesee Valley, NY

Deformed Shape Original Metal Lining Supports
(tunnel lining installation was circular)

Tectonic
¢ Stresses in
North
G —— American
Plate
C— (ENE-WSW)

At depths of 600-800 feet horizontal stresses are 2X to 3X vertical loads.
(From “overcoring” measurements in borings for new American Rock Salt mine.)



Tully Valley Mining Data

Evidence for Horizontal Compression
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TULLY VALLEY CROSS SECTION: SOLUTION MINING WELL DATA




Tully Valley: South of Syracuse (Salt Solution Mining)

TULLY VALLEY CROSS SECTION SLIGHTLY SIMPLIFIED FROM H&A FIGURE 4, FEBRUARY 1992, File No. 70259-00
COLORS ADDED FOR CLARITY, FAULT SOLUTION MODIFIED WHERE GEOLOGY UNCERTAIN
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VALLEY ANTICLINE AND RELATED TECTONIC FEATURES

VALLEY

REVERSE
FAULTING

2 Sandstone

Limestone

Existing Tectonic Horizontal
Stress Field




Tully Valley: South of Syracuse (Salt Solution Mining)
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Cayuga Lake Salt Mine
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LANSING, NEW YORK
SEAR-BROWN, OCTOBER 2000.
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Examples of
Unmapped Deformation Structures
In Western NY

(Aside from Normal Rock Jointing)

(PATHWAYS FOR FLUID MIGRATION)
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Thrust Fault: Cayuga Crushed Stone Quarry (East End of Firtree Anticline)
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REGIONAL GEOLOGY

Pennsylvania New York
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Rochester: Barge Canal
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(ROCHESTER FAULTS / FOLDS: Extrapolated vertically to surface from tunnel depths)

£ : . flef et 3 >
s ,::N Cofte 4 | '] \Ml ; - [ i

- a 3 .';U - 2 g ) £y
‘ v y - - Sl -{b :
' oS T N s - 4 ;
- dndm. ARl E , ik - ; N S . X ’
¢i . ", ) BRI e s ‘f Uotoln Put = .
. - - . 4 .. " 4 . . »
L | X - : N £l ‘ = 4
- s W i A P
o » 4 <
= N : S Ry
ro 2 Tl SRl g et ; S
\ o - ) O » a e
‘ .". ' > b
~ 37 ) X Lo <
: APt 4
L -~ .
3 c,( 2 » « l
- " 1 Lo \ ; r



Major Fault Zones — R. Jacobi SUNY Buffalo (Tectonophysics)
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Legend
—— Geologic Fault

Combined Utica and Marcellus Shales
in New York State

From: NYSDEC
SGEIS for Fracking Study

Extent of _/
: i Utica shale

_ Extent of _/ ’,’J )

\ Marcellus shale

100 Miles

Based on
FIGURE 4.13 Selected

’ ‘ MAPPED GEOLOGIC FAULTS 1977/ data
[ :: | IN NEW YORK STATE
Lr

Note:
Technical Support Document to the : =
E IENCE . - Geologic fault features shown were complied by Isachsen
(A;WE)Pipcduo 05?0‘ Draft Supplemental Generic and McKendree (1977) and exclude brittie structures identified
¥ Environmental Impact Statement as drillholes, topographic, and tonal linear features.

Draft SGEIS 9/30 /2009, Page 4-26




UNRESOLVED ISSUES

Significance of Undefined Horizontal Stress
Field (tendency for deformation of valley axis)

Unmapped structures (faults, folds, joints)

Stress Arch Concept ? Competence to Support
Roof? (Retsof Similarities?)

Clear Evidence In Similar Finger Lake Valleys
(and elsewhere)
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ELEV. . . . . ]
w~ reer Alpha Geoscience “theory” There were liquid brine “pools” above mine roof.
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USGS Study (Yeager et al., 2009) USGS Professional Paper 1767

“Borehole geophysical surveys have identified
three saline-water-bearing fracture zones in the
bedrock: at stratigraphic contacts between the
Onondaga and Bertie Limestones (O/B-FZ) and the
Bertie Limestone and the Camillus Shale (B/C-F2),
and in the Syracuse Formation (Syr-Fz).”

“In model A, the salinity of water in the upper
part of the rubble chimneys is derived mainly
from the inflow of bedrock water from the O/B-
FZ, (Onondaga and Bertie Fracture Zone) as
indicated by geochemical models.”
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