
 

STATE OF NEW YORK 

SUPREME COURT  : COUNTY OF TOMPKINS 

 

In the Matter of the Application, CAYUGA LAKE 

ENVIRONMENTAL ACTION NOW (CLEAN), an 

Unincorporated Association by President JOHN V. DENNIS, 

and LOUISE BUCK, BURKE CARSON, JOHN V. DENNIS, 

WILLIAM HECHT, HILARY LAMBERT, ELIZABETH and 

ROBERT THOMAS, and KEN ZESERSON 

 

    Petitioners,      AFFIRMATION 

           OF JOHN K. 

           WARREN 

For a Judgment Pursuant to Article 78 of the      IN SUPPORT 

New York Civil Practice Laws and Rules       OF PETITION 

   

vs. 

              Index No.  

 

THE NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL 

CONSERVATION, and CARGILL INCORPORATED 

 

    Respondents. 

 

___________________________________________________ 

 

 

Adelaide, 

State of South Australia, Australia, ss.:  

I, JOHN K. WARREN, hereby affirm under the penalties of perjury of the State of New 

York: 

1. I am an evaporite geologist with a Ph.D. in Geology from Flinders 

University School of Earth Sciences. Evaporite geology, my area of expertise, deals with 

deposits of salt, gypsum, etc., and the many related practices and technologies involved 

in salt mining, gypsum mining, etc. In my work and writing, I understand and follow the 

accepted methodology of evaporite geology. I am the author of four books on evaporite 

and carbonate geosystems. The first edition of my most recent evaporite book was 

chosen by the American University Association of University Librarians as one of the 

“Outstanding Academic Titles for 2006.” My fourth book, Evaporites: a Geological 

Compendium was published by Springer in late 2016. This is an updated and expanded 

version of the previous book and is now an all-color edition that is more than 1800 pages 
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in length. My CV is attached as Exhibit A (a shorter online version can be accessed at 

https://www.saltworkconsultants.com/johns-resume). 

 

2. In the fall of 2016, I was contacted by John V. Dennis, Ph.D., who asked 

me to review and comment on the proposed Shaft #4 for the Cargill Cayuga Salt Mine. I 

agreed to work as an expert consultant for Dr. Dennis, and in October 2016 I sent him my 

first work product, a 30-page report entitled Technical requirements needed to approve 

construction of Shaft #4 in the Cayuga Salt Mine, New York State (hereinafter “2016 

Technical requirements report,” attached as Exhibit B). 

 

3. For this affirmation, I have reviewed the Cayuga Salt Mine permit, 

Modification # 1, effective 12 February 2021, and have also reviewed related documents 

such as the June 2021 affidavit of Raymond C. Vaughan (“Vaughan affidavit”) and the 

22 February 2018 letter report by Vincent Scovazzo of John T. Boyd Co. (“2018 Boyd 

letter”). 

 

4. Based on my review and my experience, I recognize the importance of a 

1000-foot protective buffer around the Frontenac Point Anomaly (hereafter “FPA”), 

surrounding both the oval version and the linear version of the FPA. However, I am also 

concerned that the problems of mine stability go well beyond the FPA, and involve the 

trough of thinning bedrock in far greater ways than indicated in the Vaughan affidavit. 

This has been discussed in Ferguson, 2017 and Ferguson and Warren, 2017. 

 

5. There appears to be no dispute about the existence of one or more faults 

in the immediate vicinity of the FPA. For example, about 20 years ago, Boyd reported 

that the FPA, then called the “disturbed area,” appeared to be “a graben-like structure 

with a vertical displacement of approximately 100 ft.” 2018 Boyd letter at p.2. A few 

years later, based on seismic studies, Cargill’s consultant RESPEC suggested “that the 

anomaly is a deep penetrating, nearly vertical, east-west-trending fault.” Id. at p.5. In my 

opinion, this and other nearby faults were likely influenced by periodic loading due to 
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the superposition of kilometer-thick successions of several thick glacial ice sheets that 

came and went during the Pleistocene. Such faults also act as planes of weakness and 

groundwater entry fed by sediment-filled drainage channels that were formed, partially 

eroded, and superimposed as each ice sheet melted. 

6. It is well known that bedrock throughout the Finger Lakes region of New 

York is pervasively fractured. Such fractures, known as “joints,” occur every few feet in 

the bedrock under and around Cayuga Lake. For example, see 

https://epod.usra.edu/blog/2004/01/taughannock-creek-joint-patterns.html and many 

other sources. Such fractures do not qualify as faults unless the bedrock on one side of 

the joint has shifted relative to the bedrock on the other side. However, even if no 

shifting has occurred, joints are planes of weakness in the rock and, depending on 

whether a given joint is slightly open or squeezed tightly shut, may be gaps or conduits 

along which fluids such as water or brine or methane may flow through the rock.  

 

7. In most circumstances, the fractured bedrock at a given location can’t shift 

either vertically or laterally because it’s hemmed in by adjacent bedrock. However, as is 

well known, the bedrock above a large underground void such as a salt mine will 

gradually sag down into the void over periods of years, decades, and centuries. This 

well-known process, called subsidence, inevitably distorts the sagging bedrock and 

causes some amount of shifting across joints and some change in the gap or aperture 

through which relatively undersaturated water may flow and dissolve salt. The effect on 

any given joint will be small, almost imperceptible, if such shifting is spread out 

uniformly over the sagging bedrock, but it’s usually the case that the shifting and aperture 

change vary from joint to joint, such that a few joints may undergo 

measurable/substantial shifting (thus some degree of new faulting) and may also open up 

substantially, thus creating a much greater opportunity for water and other fluids to flow. 

 

8. The two preceding paragraphs have focused on joints, but similar 
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openings or small gaps are typically found in the more-or-less-horizontal bedding 

openings between the different layers of bedrock. In combination, the joints and bedding 

openings respond to the sagging (subsidence) of bedrock into a mine void. In 

combination, as these pre-existing fractures and openings change, the pathways for 

groundwater and brine change, and the mechanical strength of the bedrock above the 

mine also changes. These changes may be interactive, especially where subsidence 

widens the aperture of a joint or bedding opening, allowing an increased flow of 

groundwater or brine through the gap, which in turn erodes an even greater gap. 

 

9. Such changes above a mine are ongoing and difficult to track in detail. 

Recent tests by Cargill under Anomaly C provide some reassurance in the short term but 

are only snapshots in time. The trough of thin bedrock that’s been mapped from 

Anomaly A through Anomaly E, combined with the inevitable sagging or subsidence into 

the mine void beneath it, creates a recipe for eventual unwelcome changes, especially in 

the amount of water entering the mine workings. Continual testing is needed above the 

areas already mined, and based on my professional experience I recommend that further 

mining beneath the trough of thin bedrock be discontinued. 

10. Some have suggested that large pillar mining resolves the issues 

summarized above. I disagree as this methodology assumes little potential for 

unexpected entry into regional surface and groundwater sources with unexpected 

large volumes of water that may flow        catastrophically into the mine workings. 

11. Water or brine is known to have already penetrated relatively 

deeply into the bedrock above the mine. One of our previous reports to CLEAN 

showed that this was likely, based on evidence of glacial meltwater and 

groundwater being pumped or driven downward, to depths of hundreds of 

meters, as documented in the Michigan and Appalachian Basins and other 

locations worldwide. Relating to the Cayuga mine itself, Boyd’s 2015 review of 

Cargill’s 2014 annual report cites a RESPEC opinion that the FPA “may reflect 

the southern extent of water infiltration” that consists of brine on top of and 

between beds of rock and salt in the Salina Group, the presence of which has 
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5 

 

been recognized further north in the Cayuga Lake Valley. 

12. More specifically, as noted on p.8 of Boyd’s 17 June 2020 review 

of Cargill’s 2019 annual report, brine was encountered in November 2019 in an 

investigation drill hole above the U-12 mining panel, 133 ft above the #6 salt, in 

the dolomite layer between the #4A salt and #5 salt layers.  Although the brine at 

this location was drained and depressurized, it remains a reminder of the water 

and brine that may be encountered at depths similar to the depth of the mine. 

13. At the moment,  the level of water entry is safely controlled by the 

company via pumping, but most active  salt mines are lost to flooding via the 

intersection of an unexpected water source. I have detailed examples of salt mine 

losses to this type of water entry in a recently published paper; Warren, J. K., 

2017, Salt usually seals, but sometimes leaks: Implications for mine  and cavern 

stabilities in the short and long term: Earth-Science Reviews, v. 165, p. 302- 

341. 

14. The extent and relevance of water/brine penetration can and 

should be evaluated by modern methods such as seismic integration with salt-

core textural and mineralogical analysis. In my review of available documents, I 

see too little awareness of             integration and use of some of these modern methods, 

at least in the limited data released into the public realm. 

 

15. In summary, the FPA needs protection and a protective buffer, but 

there is      a larger issue of risks from water entry due to undocumented thinning 

bedrock and faulting that goes beyond the FPA. As described above, and based 

on my professional experience, I recommend that further mining beneath the 

trough of thin bedrock be discontinued until a full evaluation of the potential 

negative consequences. 
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This affirmation is based on information available to me at this time. Should 

additional   information become available, I reserve the right to determine the impact, 

if any, of the   new information on my opinions and conclusions and to modify or 

supplement this affirmation if necessary. 

 

 

 

John K Warren 

SaltWork Consultants Pty Ltd 

Kingston Park, Australia 5049 

Tel: +614 1165 1508 

jkwarren@saltworkconsultants.com  
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New York State Department of Environmental Conservation March 18, 2015

Mr. Matthew Podniesinski Page 2

Solutions3· 4, 13 reports are from ESG Solutions including a velocity model report5 and

12 monthly reportsS, and one from RESPEC7.

On February 15, 2006, Mr. Steven M. Potter, then the Director, Bureau of Resource

Management & Development, New York State Department of Environmental

Conservation (NYSDEC), requested that BOYD review all documents, digital data, and

annual reports received by BOYD starting with the 2006 Annual Report.

The recently received documents were reviewed for their adherence to conditions of the

revised Permits. §12.8 of this revised permit limit cost for review of annual reports by

Consulting Services to $15,000. For this annual review, BOYD is providing the

Consulting Services. It is noted that "Funding relating to permit modifications or

alterations requiring consultant review shall be not be capped due to the varying nature

of potential future applications. Cargill shall fund the cost of the annual

" meeting/underground inspections, and will share the cost of joint inspections with

American Rock Salt Co.,
LLC."

The Cargill 2014 Annual Report is accepted, however, additional information is required

for further evaluations by BOYD and NYSDEC. This includes:

" A map showing the thin rock overburden, Frontenac Point Anomaly, the 1,000 ft set

back, and mine projections.

" The well data referencing the presence of brine on top of and within the beds of the

Salina Group and seismic data which may show the presence of this brine.

3
Petersen, Gary, 2014, "Cargill Deicing Technology, Cayuga Mine, Rock MechanicsEvaluation,"

report to Dave Plumeau of Cargill Deicing Technology, July 21.
4

Petersen, Gary, 2014, "Cargill Deicing Technology, Cayuga
Mine,"

report to Dave
Plumeau of Cargill Deicing Technology, April 28, with notes attached on MS data.

5 ESG Solutions, 2014, "Seismic Velocity Model Optimization at the Cayuga
Mine,"

Reference Number: 2015-0111 Version: 2, Cargill Corp., November.
e ESG Solutions, 2013, "Remote Data Processing, Seismicity & System Health AnalysisReport,"
Reference Number: 2012-003664, submitted to: Cargill, January 7, February 4, March 4,

April 4, May 29, June 11, July 4, August 8, September 5, October 4, November 17, and
December 12, 2015.

7
DeVries, Kerry L., William M. Goodman, and Cody A. Vining, 2014, "Mine Stability

Assessment, Cargill Deicing Technology, Cayuga Mine, Lansing, New
York,"

RESPEC Topical
Report RSI-2371, prepared for Cargill Deicing Technology, April.

e New York State Department of Environmental Conservation, Region 7, 2007,
"Permit"

DEC ID 0-9999-00075, expiration December 31, 2012, December 31, Modification # I Effective
Date: November 8, 2013.

JOHN T. BOYD COMPANY
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,
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s u r v e y
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C o n d i t io n 3

C o n d it io n 3 r e q u i r e s a l l r e p o rt s r e q u ir e d b y t h e p e r m it t o b e s u b m it t e d t o R e g io n 7

I

C o n d it i o n 9 . a .

C o n d it io n 9 a r e q u i r e s i n v e s t ig a t io n in t o t h e d is t u r b e d s a lt z o n e a n d t h is in v e s t ig a t io n t o

b e c o m p le t e d a n d s u b m it t e d b e f o r e m in in g p r o c e e d s i n t o t h e a r e a B a s e d u p o n t h e

a d d it i o n a l s e is m ic s u rv e y a n d c o n s u lt a n t r e p o rt s
, p a rt ic u la r ly R E S P E C

'

s r e p o rt
'
'

,
C a r g i ll

w il l m a in t a in t h e p la n n e d 1
,
0 0 0 f t s e t b a c k a r o u n d t h e F r o n t e n a c P o in t A n o m a ly F u rt h e r

i n v e s t ig a t io n s h a ll b e c o m p le t e d a n d s u b m it t e d t o t h e D e p a rt m e n t f o r r e v ie w a n d

a p p r o v a l p n o r t o m in i n g w it h in t h is 1
,
0 0 0 f t b u f fe r

C o n d it i o n S . b .

C o n d it io n 9 b r e q u i r e s i n v e s t ig a t io n s a n d r e p o rt s o n t h e a d e q u a c y o f t h e t h in r o c k

o v e r b u r d e n w h e r e t h e s o l id r o c k o v e r b u r d e n is t h in n e r
,
t h e g la c ia l t ill a n d la k e s e d i m e n t s

t h i c k e n a n d la k e d e p t h in c r e a s e s T h e t h i n r o c k o v e r b u r d e n a n d F r o n t e n a c P o in t

A n o m a ly m a y o v e r la p T h e s e A d d it i o n a l in v e s t ig a t i o n s a n d r e p o rt s h a v e n o t b e e n

p e rf o r m e d
,
a n d m in in g in t h is a r e a s h o u ld b e a v o id e d u n t i l r e v ie w e d a n d a p p r o v e d by

t h e N Y S D E C ■

{

C o n d it io n 1 2 . a .

C o n d it io n 1 2 a r e q u ir e s a n A n n u a l R e p o rt t o b e s u b m it t e d by C a r g ill in r e s p o n s e t o

12 a s u b - c o n d it io n s 1 t h r o u g h 8 a n d C o n d it io n 12 b t h r o u g h g T h e s e c o n d it io n s a n d

C a r g i ll
'

s r e s p o n s e s a r e s u m m a r iz e d b e lo w

J O H N T B O Y D C O M P A N Y
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N e w Y o r k S t a t e D e p a rt m e n t o f E n v ir o n m e n t a l C o n s e rv a t io n M a r c h 1 8
,
2 0 1 5

M r M a t t h e w P o d n ie s i n s k i P a g e 5

C a r g ill in c l u d e d a s t a t e m e n t in t h e A n n u a l R e p o rt , p a g e 2
,
S e c t io n 12 a 3 t h a t

"

[t ]h e

C a y u g a M in e is c u r r e n t ly o p e r a t i n g in t h e n o rt h e r n r e g io n o f t h e m i n e A c t iv e m i n in g is

l o c a t e d in p a n e ls U - 6 2 B a n d U - 7 2 t o t h e w e s t
,
a n d NW - 3 t o t h e n o rt h A s c a n b e s e e n

o n t h e m a p ,
m in in g is p r o p o s e d t o c o n t in u e e a s t f r o m U - 6 3 u n d e r t h e la n d

, p e n d in g

a c q u is it i o n o f m i n e r a l r ig h t s t h e r e

"

M in e m a p s a s A u t o C A D f i le s w e r e s u p p lie d by C a r g il l t o f u lf il l t h i s c o n d it io n A l l A u t o C A D

m a p s s u p p l ie d w e r e o v e r l a y s a n d a b a s e m a p T h e b a s e m a p w a s in c l u d e d a s

B A S E M A P W IT H R O C K L A Y E R R O O F R O C K F L O O R r o c k r o lls ( u p d a t e d

12 - 18 - 14 dw g .
w h ic h w a s la s t m o d if i e d D e c e m b e r 2 3

,
2 0 14

,
a n d in c lu d e s a m a p e n t it le d

"

C a y u g a M i n e
,
6 L e v e l Wo r k i n g s ,

"

b y C a r g il l D e ic i n g T e c h n o lo gy A ls o in c l u d e d o n t h is

m a p a r e r o o f a n d f lo o r r o l ls O t h e r m a p s p r o v id e d a r e :

• T h e A u t o C A D f i l e
,
C O M P L E T E M IN E O V E R L A Y W S U R F A C E S u b s id e n c e

( 1 2 - 2 0 1 4 ) d w o .
la s t m o d if i e d D e c e m b e r 2 3

,
2 0 1 4

,
a n d c o n t a in in g u n t it le d

,
u n d a t e d

m a p ,
w h ic h s h o w s s u b s id e n c e m o n u m e n t lo c a t io n s

,
s h o r e li n e

,
a n d t h e 1 s t

,
4 t h

,
a n d

6 t h L e v e l w o r k in g s |

• T h e A u t o C A D f i le
,
R O Y A LT Y DW C ,

la s t m o d if ie d J a n u a r y 0 8
,
2 0 15

,
a n d c o n t a in i n g

t h e C a r g i ll D e ic in g T e c h n o lo g y ,
2 0 14

,

"

C a y u g a M in e
,
M i n e R o y a lt y M a p ,

2 0 14 / 2 0 15

F is c a l Y r
"

D e c e m b e r M a p s h o w s f is c a l y e a r p r o d u c t io n a r e a s f r o m J u n e 1
,
19 8 4

t h r o u g h M a y 3 1
,
2 0 14

• T h e A u t o C A D f i le
,
BA K E R U P DA T E U 3 8 - 3 6 D U S T F IL L M A P DW C . m o d if ie d

J a n u a r y 0 8
,
2 0 15

,
c o n t a in in g a n u n t it le d

,
u n d a t e d m a p a n d s h o w s U 3 8 a r e a s f i lle d

• T h e A u t o C A D f i le
,
BA S E M A P P LA N N IN G F O R M L R P DWC . m o d if ie d D e c e m b e r 2 3

,

2 0 14
,
a n d c o n t a in i n g t h e m a p C a r g ill D e ic in g T e c h n o lo g y ,

2 0 14
,

"

C a y u g a M in e
,
3 Y r

M in e P la n
,
2 0 14 / 2 0 15 F is c a l Y r

"

,
N o v e m b e r T h is m a p s h o w s p la n n e d e x p a n s io n

t h r o u g h f is c a l y e a r 2 0 17

• T h e A u t o C A D f il e
,
4 LE V E L PO N D M A P M L R P V E R S IO N 18 N O V 14 D WC . m o d if ie d

D e c e m b e r 2 3
,
2 0 14

,
a n d c o n t a in in g t h e m a p ,

20 15
,

"

C a y u g a M i n e
,
4 L e v e l P o n d

M a p ,
U p d a t e d : 18 N o v 2 0 14

,

"

J a n u a r y T h is m a p s h o w s f il le d le v e l s t o

J a n u a r y 1
,
2 0 1 5

,
a n d r e m a in in g p o t e n t ia l p o n d a r e a

• A u t o C A D f il e 4 L EV E L C O NV E R C E N C E M A P DW C , m o d if ie d D e c e m b e r 2 3
,
2 0 14

a n d c o n t a in s a n u n t it le d a n d u n d a t e d m a p s h o w in g c lo s u r e s t a t io n lo c a t io n s

• T h e A u t o C A D f i le
,
4 A L E V E L F O R J T B O Y D DWC ,

m o d if i e d D e c e m b e r 2 3
,
2 0 1 4

c o n t a in i n g u n d a t e d
,

"

4 A L e v e l I n s t r u m e n t a t i o n M a p
"

T h is m a p s h o w s c l o s u r e

s t a t i o n
'

s lo c a t io n s

• A h a r d c o p y m a p ,
u n d a t e d a n d u n t it l e d

,
s c a le 1 in = 5 0 ft a n d A u t o C A D f ile

,

PA M E L PA S S DW C
,
m o d if ie d D e c e m b e r 2 3

,
2 0 14

,
a n d c o n t a i n s t h e m a p

"

4 L e v e l
,

F a m e ! P a s s
- 13 B e lt

"

T h is m a p s h o w s lo c a t io n s o f e x t e n s o m e t e r s a lo n g 13 b e lt
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N e w Y o r k S t a t e D e p a rt m e n t o f E n v ir o n m e n t a l C o n s e r v a t io n M a r c h 18
,
2 0 15

M r M a t t h e w P o d n ie s i n s k i P a g e 6

A n u n t i t le d A u t o C A D f i le
,
S C R E E N P LA N T H O R IZ O N T A L R O O F E X T DW C .

m o d i f ie d D e c e m b e r 2 3
,
2 0 14

,
a n d s h o w in g m a p a n d c r o s s - s e c t i o n v ie w o f

in s t a l la t io n lo c a t io n s o f n e a r h o r iz o n t a l e x t e n s o m e t e r s i n t h e r o o f o f t h e s c r e e n p la n t

g a l le r y

• T h e A u t o C A D f i le
,
S C R E E N P LA N T IN S T R U M E N T A T IO N DW C . m o d if ie d

D e c e m b e r 2 3
,
2 0 14

,
a n d c o n t a in in g m a p u n d a t e d

,

"

U n it # 5 S c r e e n p la n t
,

"

s h o w in g

in s t r u m e n t l o c a t io n s in a n d a r o u n d t h e s c r e e n p la n t g a l le r y

• T h e A u t o C A D f i le
,
u n d a t e d

,

"

C u r r e n t S u r g e B in I n s t r u m e n t a t io n M a p a s o f 9 - 0 9
"

a n d

A u t o C A D f i l e
,
S U R G E B IN IN S T R U M E N T M A P T O J T B O Y D DW C m o d if ie d

D e c e m b e r 2 3
,
2 0 14

,
a n d c o n t a in in g u n d a t e d

,

"

C u r r e n t S u r g e B in I n s t r u m e n t a t i o n

M a p a s o f 9 - 0 9
,

"

s h o w in g in s t r u m e n t lo c a t io n s i n a n d a r o u n d t h e s c r e e n p la n t

g a lle r y

• A u t o C A D f i le
,
C O N V E R C E N C E M A P W IT H BA S E M A P 2 0 1 3 DWC m o d i f i e d

D e c e m b e r 2 3
,
2 0 14

,
a n d c o n t a i n in g t h e m a p C a r g ill D e ic in g T e c h n o lo g y ,

u n d a t e d
,

"

C a y u g a M in e
,
6 L e v e l W o r k in g s ,

C o n v e r g e n c e S t a t i o n s
"

T h is m a p s h o w s t h e

lo c a t io n s o f c o n v e r g e n c e s t a t io n s

• A d o b e A c r o b a t f ile C a y u g a M in e C o n t o u r D e c 2 0 14 f o r J T B o y d R a t e D e c - 2 0 14 p d f a

c o n v e r s io n o f a S o n y R AW f i le C a y u g a M in e C o n t o u r D e c 2 0 13 f o r J T B o v d R a t e

D e c - 2 0 13 s rf m o d if i e d D e c e m b e r 2 3
,
2 0 14 a n d c o n t a i n in g t h e u n d a t e d m a p

"

C a y u g a

M in e C l o s u r e R a t e (I n c h e s / Y e a r ) D e c
- 2 0 13

"

• A d o b e A c r o b a t f ile C a v u q a M in e C o n t o u r D e c 2 0 1 4 f o r J T B o v d C lo s u r e D e c -

2 0 1 4 p d f a c o n v e r s io n o f a S o n y R AW f i le C a v u q a M in e C o n t o u r D e c 2 0 13 f o r J T

B o v d C lo s u r e D e c
- 2 0 13 s rf m o d if ie d D e c e m b e r 2 3

,
2 0 14 a n d c o n t a in i n g t h e u n d a t e d

m a p
"

C a y u g a M in e C lo s u r e R a t e (i n c h e s ) D e c - 2 0 13
"

T h e s u pp l ie d m a p s s h o w th e e x t e n t o f m i n i n g , p r o p o s e d m i n e p la n
,
s u b s id e n c e

m o n u m e n t l o c a t io n s
,
s h o r e lin e s o f b o t h t h e 4 L e v e l f l o o d in g a n d o f C a y u g a L a k e

,
t o t a l

c l o s u r e
,
c l o s u r e r a t e

,
a n d i n s t r u m e n t lo c a t io n s

C o n d it io n 12 a 4

C o n d it io n 12 a 4 r e q u i r e s t h e a n n u a l r e p o rt t o in c l u d e a

"

s u m m a r y o f in s it u

m e a s u r e m e n t s o f r o c k m e c h a n ic s r e q u i r e d by P a rt f o f t h is S p e c i a l C o n d it io n

"

C o n d it io n 13 f r e q u i r e s t h e m e a s u r e m e n t a n d c o lle c t io n o f in s it u r o c k m e c h a n i c s d a t a

"

in a c c o r d a n c e w it h t h e a p p r o v e d M i n e d L a n d U s e P l a n
"

T h e d a t a a r e t o in c l u d e
"

p lo t s

o f r e le v a n t g r a p h s
"

F u rt h e r m o r e
,

"

[e j x c e p t io n s t o a n t ic i p a t e d t r e n d s in r o c k b e h a v io r

s h a l l b e n o t e d a n d e x p la i n e d
"

A t t h e A u g u s t 2 0 0 4 m e e t in g ,
it w a s a g r e e d t h a t

"

[a j l l r o c k m e c h a n ic s d a t a
"

w o u ld b e

in c o r p o r a t e d in t h e A n n u a l R e p o rt ,

"

in c lu d i n g ,
b u t n o t l im it e d t o

,
a l l i n s t r u m e n t a t io n

r e a d i n g s a n d o b s e r v a t io n s f r o m t h e in it ia l r e a d in g s t o p r e s e n t D a t a f o r s u b s id e n c e
,

c lo s u r e
,
a n d e x t e n s o m e t e r s a r e t o b e p r o v id e d e le c t r o n ic a lly T h e s e e le c t r o n i c f i le s a r e

J O H N T B O Y D C O M P A N Y

DocuSign Envelope ID: 36F4CDA2-9316-49D8-B480-5763E59B2040
INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

FILED: TOMPKINS COUNTY CLERK 06/11/2021 02:27 PM INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

CI2021-09851 Index #: EF2021-0422

FILED: TOMPKINS COUNTY CLERK 06/11/2021 02:27 PM INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

CI2022-05416 Index #: EF2021-0422

FILED: TOMPKINS COUNTY CLERK 03/25/2022 09:32 PM INDEX NO. EF2021-0422

NYSCEF DOC. NO. 90 RECEIVED NYSCEF: 03/25/2022



N e w Y o r k S t a t e D e p a rt m e n t o f E n v ir o n m e n t a l C o n s e r v a t io n M a r c h 18
,

2 0 15

M r M a tt h e w P o d n ie s in s k i P a g e 7

t o in c l u d e r a w a n d p r o c e s s e d d a t a
, g r a p h s ,

a n d e x p la n a t io n s o f a n y in c o n s is t e n c ie s a n d

a n o m a lo u s r e a d in g s in c l u d i n g r e a s o n s f o r a b a n d o n m e n t
,
r e i n s t a lla t i o n

,
e t c

,
a l o n g w it h

a p p lic a b le o b s e r v a t io n in t h e v ic in it y o f t h e in s t r u m e n t s u c h a s f l o o r h e a v e
,

w a t e r i n f l o w
,

e t c F u t u r e r e p o rt s a r e t o c o n t a in c o m m e n t o n w h e t h e r
,
in t h e o p i n io n o f C a r g il l , t h e

in s t r u m e n t r e a d in g s s u p p o rt o r c o n f li c t w it h p r io r s t a b iiihy m o d e l s e s p e c ia lly in a r e a s

e m p lo y i n g n e w m in e
, p a n e l

,
o r m a in c o n f ig u r a t io n s

"

C a r g i ll in c lu d e d a s t a t e m e n t in t h e A n n u a l R e p o rt o n p a g e 2 a n d 3
,
S e c t i o n 13 a 4 t h a t

"

E v a lu a t io n s o f w e e k ly a n d q u a rt e r ly c o n v e r g e n c e d a t a in d ic a t e t h a t n o u n u s u a l t r e n d s

h a v e b e e n i d e n t if ie d a n d t h e m i n e i s b e h a v in g a s e x p e c t e d
,
w it h t h e e x c e p t io n o f t h e

U - 4 0 B a n d U 12 a r e a s S in c e b a c k f i ll p l a c e m e n t in t h e U 4 0 B a r e a h a s b e e n c o m p le t e d

t h e c o n v e r g e n c e r a t e s h a v e s lo w e d a n d a r e t r e n d in g b a c k t o w a r d h is t o r ic a l r a t e s T h e

U - 1 2 p a n e l a ls o s h o w s h ig h e r t h a n n o r m a l c lo s u r e n e a r t h e b r e a kt h r o u g h w it h SW - 2 a n d

n e a r t h e U - 12A s u b -

p a n e l T h e s e a r e a s a r e b e in g m o n it o r e d m o r e f r e q u e n t ly a s w e t r y

t o u n d e r s t a n d w hy t h e r a t e s a r e in c r e a s e d B o t h o f t h e s e a r e a s in U - 12 w e r e b a c k f i lle d

d u r in g t h e 19 9 0
'

s a n d b o t h a r e a s s h o w a d e c r e a s in g r a t e t r e n d a t t h is t im e
"

C lo s u r e m e a s u r e m e n t s c a n b e e v a lu a t e d t o in d ic a t e p o s s ib le i n s t a b ilit y i n t h r e e w a y s :

l i

1 B y s t u d y i n g t h e g r a p h s o f t h e r a t e o f c lo s u r e o v e r t i m e T h e s h a p e o f t h e s e g r a p h s

i n d ic a t e s a r e a s o f in s t a b ilit y ,
a r e a s o f c o n c e r n

,
a n d a r e a s o f s t a b ilit y M r P e t e r s e n o f

R M A (C a r g i ll g e o t e c h n ic a l c o n s u lt a n t ) e v a lu a t e d t h e c l o s u r e i n t h is m a n n e r

2 B y e s t a b lis h in g t r ig g e r v a lu e s f o r t o t a l c lo s u r e T h is m e t h o d is a p p li c a b le i n h a r d e r
,

le s s v is c o u s r o c k b u t is n o t a pp l ic a b le f o r t h e C a y u g a M i n e
,
a s s t a b le c l o s u r e in s a lt

w i ll c o n t i n u e u n t il t h e o p e n in g s a r e c lo s e d

3 B y e s t a b lis h in g t r ig g e r v a lu e s f o r lo n g
- t e r m c lo s u r e r a t e s S in c e t h is is n o t b e i n g

c o m p l e t e d by t h e o t h e r i n v e s t ig a t o r s
,
B O Y D a p p l ie d s u c h t r ig g e r r a t e s in it s

e v a l u a t io n o f t h e c lo s u r e r e a d in g s

C lo s u r e r a t e d a t a a r e s ig n if i c a n t b e c a u s e t h e y o ff e r e d in s ig h t i n t o t h e c o lla p s e s a n d t h e

in u n d a t io n o f t h e R e t s o f M in e S u s t a i n e d c lo s u r e r a t e s o f 1 5 i n p e r y e a r o r le s s w e r e

m e a s u r e d i n s t a b le a r e a s o f t h e R e t s o f M in e
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a r o u n d 6 0 0 i n p e r y e a r A lt h o u g h R e t s o f a n d C a y u g a m i n e s h a v e d iff e r e n t o v e r b u r d e n

a n d m a t e r i a l p r o p e rt ie s
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i n t h e g e n e r a l s e n s e
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a c o m p a r is o n s e e m s w a r r a n t e d f o r a

r e la t iv e in d ic a t o r o f s t a b il it y

B O Y D r e v i e w e d t h e 3 7 3 c lo s u r e s t a t io n s r e a d i n 2 0 14 (3 6 5 in L e v e l 6
,
f iv e in L e v e l 4 A

,

a n d t h r e e in L e v e l 4 ) O f t h e s e
,
15 0 (4 1% ) h a d t h e h ig h e s t c lo s u r e r a t e o f t h e y e a r o n
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2 0 1 5

P a g e 8

t h e la s t c a lc u la t e d r a t e o f t h e y e a r
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d o w n f r o m 4 2% A s im il a r t r e n d w a s n o t e d o v e r

s e v e r a l y e a r s b y BO Y D R e v ie w in g in - m in e h u m id it y d a t a
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it c a n b e s e e n t h a t t h e h ig h e s t

h u m id it y in t h e m i n e o c c u r r e d b e t w e e n e a r ly J u ly t o e a r ly N o v e m b e r w h ic h a c c o u n t s f o r

t h is t r e n d a n d f o r 14 2 o f t h e 1 5 0 r e a d in g s

N o n e o f t h e s e 3 7 3 c lo s u r e s t a t io n s s h o w e d r e a d in g s t h a t e x c e e d e d 2 30 i n p e r y e a r

B e lo w is a lis t o f t h e 1 0 h ig h e s t m e a s u r e d c lo s u r e r a t e s in 2 0 14 f o r a r e a s o f r e c e n t
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0 0 0 ft o f m i n in g t h a t o c c u r r e d s in c e O c t o b e r 2 0 1 3

T o p 1 0 C lo s u r e R a t e s i n A r e a s o f R e c e n t M i n i n g

C lo s u r e S t a t io n

U 6 2 P I N N o 3 3

U 6 2 B P I N N o 3

U 6 2 B P IN N o 2

U 6 2 P I N N o 3 5

U 6 2 B P IN N o 1

U 6 8 P I N N o 6

U 6 2 P I N N o 3 2

U 6 8 P I N N o 4

U 6 2 B P I N N o 4

U 6 2 P I N N o 3 1

R a t e o f

C lo s u re

(in / y r )

8 0 5 4

7 7 5 2

6 7 2 1

6 5 8 2

6 2 8 8

6 0 5 9

5 9 2 5

53 5 0

5 3 33

5 2 4 0

L a s t

R e c o r d e d

R a t e

o f C lo s u r e

( in / y r )

1 1 4 5

12 6 7

2 4 3

8 3 8

1 2 2

2 3 3

8 3 3

7 6 6

14 4 4

N o t e s

I n i t ia l a n d o n ly r e a d i n g

I n it ia l r e a d i n g

S t r u c k b y e q u ip m e n t
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2 n d re a d i n g

In it ia l r e a d i n g

In it ia l r e a d i n g

In it ia l r e a d in g

In it ia l r e a d in g

In it ia l r e a d i n g

In i t ia l r e a d in g
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s t a b i liz in g A ll 1 0 o f t h e s e s t a t i o n s a r e lo c a t e d i n t h e m o s t n o rt h e r n p a rt o f t h e m i n e

w h e r e a ll p r o d u c t io n is lo c a t e d
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w it h f o u r s t a t io n s lo c a t e d in U - 6 2
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f o u r in U - 6 2 A
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a n d

t h r e e in U - 6 8
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M r M a t t h e w P o d n ie s in s k i

M a r c h 1 8
,
20 15

P a g e 9

A l s o d e t e rm in e d a r e t h e t o p 10 c lo s u r e r a t e s a w a y f r o m r e c e n t m i n i n g a c t iv it y a s s h o w n

b e lo w :

T o p 1 0 C lo s u r e R a t e s A w a y f ro m R e c e n t M in i n g

C l o s u r e S t a t i o n

U 6 2 P I N N O 17

U 6 0 P I N N o 2 3

U 6 3 P I N N o 2 U

U 4 0 B P IN N o 8

U 1 2 P IN N 0 3 2

U 1 2 P IN N o 2 8

2 B - U 4 0 B

U 1 2 P IN N 0 1 0 7

U 4 P I N N o 2 0

U 6 0 P IN N o 2 0

R a t e o f

C lo s u re

(' " A
' P

1 1 5 3 2

1 1 2 7

1 0 1 2

0 9 9 3 6

0 9 8 8 9

0 9 5 0 7

0 9 2 9 1

0 9 0 5 1

0 9 0 2 9

0 8 8 3 7

L a s t

R e c o rd e d

R a te

o f C lo s u r e

( i n / y r )

0 9 1

1 1 2 7

0 6 4 2

0 9 6 7

0 9 8 8 9

0 9 5 0 7

0 8 9 8

0 8 8 7

0 9 0 2 9

0 8 8 3 7

N o t e s

L a s t re a d in g

L a s t re a d in g

L a s t re a d in g

L a s t r e a d i n g

L a s t re a d i n g

R a t e s d r o p p e d f o r f i v e o f t h e s e s t a t io n s o v e r 2 0 14 R a t e s d id n o t d r o p in f iv e s t a t io n s

w h e r e h ig h r e a d in g s o c c u r r e d d u r in g a p e r io d o f h i g h h u m id ihy T h e r a t e d r o p in d ic a t e s

t h e g r o u n d is s t a b le

A

• F o u r o f t h e s e r e a d in g s (U 6 2 P IN N o 1 7
,
U 6 0 P IN N o 2 3

,
U 6 3 P IN N o 2 U

,
a n d 6 0 P IN

N o 2 0 ) o c c u r r e d c lo s e t o t w o b u t j u s t o u t s id e t h e 1
,
0 0 0 ft c u t o ff f o r r e c e n t m in in g

• T h r e e h i g h
- r a t e s t a t io n s a r e c l u s t e r e d in U - 12 a r e a s n e a r t h e U - 12 A s u b -

p a n e l
,

w h ic h a r e t h e s a m e s t a t io n s t h a t h a v e b e e n in c lu d e d o v e r t h e la s t t h r e e y e a r s

U - 12 a r e a s h a v e b e e n f r e q u e n t ly v is it e d i n t h e p a s t b y B O Y D a n d N Y D E C t o

o b s e r v e c o n d it io n s a n d e a c h t im e t h e a r e a a p p e a r s g lo b a l ly s t a b le

• T w o in t h e U - 4 0 f i l l a r e a

• T h e lo c a t io n o f s t a t io n 2 B - U4 0 B c o u ld n o t b e d e t e r m i n e d

l i /

E x t e n s o m e t e r d a t a w e r e a ls o e v a lu a t e d E x t e n s o m e t e r s w e r e in s t a ll e d in v a r io u s

m a n n e r s i n c lu d i n g v e rt ic a lly in t o t h e r o o f
,
a t lo w a n g le (n e a r h o r iz o n t a l) in t o t h e r o o f a n d

t h e n o v e r t h e p i lla r s
,
a n d h o r iz o n t a lly in t o p il la r s In a d d it io n

,
e x t e n s o m e t e r s w e r e

in s t a lle d i n le v e ls 4 a n d 6 T h u s
,
f o u r p o p u la t io n s e x is t T h e s e d a t a a r e f u rt h e r

c o m p l i c a t e d by t h e v a r y in g r o d a n d b a y le n g t h s (B a y l e n g t h is t h e le n g t h d iff e r e n c e
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M r M a t t h e w P o d n ie s i n s k i

M a r c h 18
,
2 0 15

P a g e 10

b e tw e e n r o d s e x c e p t f o r t h e f i r s t b a y w h ic h is t h e l e n g t h o f t h e s h o rt e s t r o d )

N e v e rt h e le s s
,
B O Y D a t t e m p t e d t o a s c e rt a in a n o m a l ie s w it h in t h e s e d a t a

E x t e n s o m e t e r S a g o r S w e l l

(a n o m a lo u s r a t e s a r e in b o ld )

E x t e n s o m e t e r

L o c a t io n S t a t io n 1
^ '
B a y ,

in 2
" ®

B a y ,
i n 3

' ®
B a y ,

i n

R o o f H o r iz o n t a l - L e v e l 6

S c re e n P la n t 1 A 0 9 5 5 - 0 8 8 5 0 9 7 0

I B 0 0 0 8 0 0 0 5 0 9 2 0

2 A 0 0 8 7 0 3 1 6 1 0 7 2

2 B 0 0 8 3 0 3 5 5 1 2 6 7

3 A 0 0 7 1 0 0 4 3 0 4 4 8

3 B 0 0 8 9 0 0 3 7 0 2 8 5

4 A - 0 0 5 9 1 0 3 7 1 5 5 8

4 B 0 0 7 2 0 0 2 5 3 7 4 8

P i l la r
- L e v e l 6

S c re e n P la n t G P i l la r
,
H o le B 1 2 . 8 0 9 - 1 3 7 8 - 0 7 8 4

H P i l la r
,
H o le A 1 2 . 8 9 1 - 1 2 0 3 - 0 5 4 7

H P i l la r
,
H o le A 3 0 2 8 0 0 37 9 2 0 1 6

I P i l la r
,
H o le B 1 1 4 0 8 - 0 0 5 9 - 0 7 7 8

J P i l la r
,
H o le B 1 1 7 9 0 - 0 16 1 - 1 3 2 1

R o o f - L e v e l 4

P a m e l P a s s N o 1 0 1 1 6 0 0 3 3 0 0 2 1

N o 2 0 0 2 1 - 0 0 0 9 - 0 0 0 8

N o 3 0 1 9 8 0 0 2 3 - 0 0 2 0

N o 4 0 4 7 7 0 0 6 7 0 0 2 4

N o 5 0 5 6 3 0 0 9 2 0 0 0 9

P i l la r
- L e v e l 4

S u rg e B i n N o 2 0

N o 2 5

N o 5 0

G A
-

N o 1 0

G A - N o 1 1

G A - N o 2 2

G A - N o 2 7

G A - N o 2 9

G A - N o 4 9

G A - N o 6 0

G A - N o 8 0

G A - N o 9 0

G A - N o 1 0 0

0 6 8 0

1 9 0 1

1 0 6 6

0 2 7 8

1 2 6 1

0 7 5 0

0 7 3 0

0 5 3 9

2 12 1

2 7 9 1

1 0 9 2

0 0 2 4

0 6 5 3

0 0 0 1

0 12 7

0 0 4 5

0 0 8 4

- 0 0 7 6

0 1 6 3

0 0 4 9

- 0 0 2 7

0 2 0 2

0 0 8 7

0 0 4 3

0 0 1 7

0 1 2 4

0 0 4 6

0 0 2 1

0 0 1 0

A m e a s u r e m e n t o f 0 0 0 0 3 0 in p e r d a y is o ft e n a c c e p t e d a s a c o n v e n ie n t p o in t in

e x a m i n in g v e rt ic a l e x t e n s o m e t e r d a t a
,
a s t h is v a l u e i s c lo s e t o

,
b u t n o rm a l ly le s s t h a n

t h e v a lu e r e q u ir e d f o r b e d s e p a r a t io n ( o p e n in g o f b e dd in g p la n e s ) H o r iz o n t a l r o o f

e x t e n s o m e t e r s a r e in s t a lle d a t 5 d e g r e e s t o 15 d e g r e e s f r o m th e h o r iz o n t a l a s m e a s u r e d

i n t h e A u t o C A D d r a w i n g s T h is a n g le w o u ld m u lt ip ly a n y b e d s e p a r a t i o n
,
t h u s t h e t r ig g e r

u s e d f o r h o r iz o n t a l e x t e n s o m e t e r s is 0 0 2 in p e r d a y o r a b o u t 2 in o f s a g N o

e x t e n s o m e t e r r e a d in g s w e r e c o n s id e r e d a la rm in g
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N e w Y o r k S t a t e D e p a rt m e n t o f E n v ir o n m e n t a l C o n s e n y a t io n M a r c h 1 8
,
20 15

M r M a t t h e w P o d n ie s i n s k i P a g e 1 1

C o n d it io n 12 a 5

C o n d it io n 12 a 5 r e q u ir e s t h e A n n u a l R e p o rt i n c lu d e a
"

s u m m a r y o f s u b s id e n c e

m o n it o r in g d a t a r e q u ir e d b y P a rt e o f t h is S p e c ia l C o n d it io n
"

C o n d it io n 12 e r e q u ir e s

"

[s j u b s id e n c e m o n it o r i n g s h a l l b e c o n d u c t e d i n a c c o r d a n c e w it h t h e a p p r o v e d

s u b s id e n c e m o n it o r in g p la n c o n t a in e d w it h i n t h e a p p r o v e d M in e L a n d U s e P la n
"

F u rt h e r m o r e
,

"

[e ]x c e p t io n s t o t h e t r e n d s s h a ll b e n o t e d a n d e x p la i n e d
"

P o in t s

a p p l ic a b le t o t h is c o n d it io n w e r e a g r e e d u p o n a t t h e A u g u s t 2 0 0 4 m e e t in g a n d a r e n o t e d

a b o v e u n d e r C o n d it io n 12 a 4

C a r g i ll i n c lu d e d a s t a t e m e n t in t h e 2 0 13 A n n u a l R e p o rt p a g e 3
,
S e c t io n 12 a 5 t h a t

"

A

s u r v e y o f t h e w e s t s h o r e o f C a y u g a L a k e w a s p e rf o r m e d t h is y e a r a n d t h e d a t a is b e i n g

e v a l u a t e d n o w P la n s a r e b e in g m a d e t o c o n d u c t s u b s id e n c e s u r v e y s o f t h e e a s t s h o r e

l in e in t h e 2 0 14 c a le n d a r y e a r T h is 2 0 14 A n n u a l R e p o rt s t a t e s o n p a g e 3
,
S e c t i o n

12 a 5 t h a t
"

P la n s a r e b e in g m a d e w it h a n e w s u r v e y i n g c o n t r a c t o r t o c o n d u c t

s u b s id e n c e s u r v e y s o f t h e s u rf a c e in t h e 2 0 15 c a le n d a r y e a r
"

A s im i la r s t a t e m e n t w a s

i n c lu d e d in t h e 2 0 12 a n n u a l r e p o rt t h a t n o t e d t h e e a s t l in e w o u ld b e c o m p le t e d i n 2 0 13

C a r g i ll in c l u d e s a s t a t e m e n t
"

P a s t m e a s u r e m e n t s i n d ic a t e t h a t t h e m in e is b e h a v in g a s

e x p e c t e d w it h n o a n o m a lo u s s u b s id e n c e z o n e s

"

C o n s u lt a n t R e p o r t s C o n c e r n in g C o n d it io n s 12 a 4 a n d 5

M r P e t e r s e n d is c u s s e d h i s v is it t o t h e C a y u g a M in e o n F e b r u a r y 2 5 t h r o u g h 26
,
2 0 14

T h is v is it d id n o t in c lu d e u n d e r g r o u n d o b s e r v a t io n s H e n o t e d t h a t t h e c lo s u r e r a t e f o r

U - 4 0 B
,
U 12

,
a n d U 2 8 w e r e

"

h ig h e r t h a n e x p e c t e d
,
a r e d e c li n in g ,

w h ic h is a g o o d

t h in g
"

A n d t h a t f o r U - 4 0 B h e is
"

n o lo n g e r c o n c e r n e d w it h e x c e s s iv e c l o s u r e

o c c u r r in g i n t h i s a r e a
"

H e n o t e d t h a t i n t e r s e c t io n s U 1 2 / SW 2 a n d U 12 / U 1 2 A c lo s u r e s

r a t e s a r e d e c lin i n g i j

M r P e t e r s e n c a u t io n s a b o u t m i n in g a r o u n d t h e n o rt h e r n a n o m a ly a n d t h a t C a r g i ll s h o u ld

"

a v o id m i n in g in t e r s e c t in g p a n e l s in t h a t a r e a
"

b e c a u s e
"

T h is in c r e a s e s t h e e ff e c t iv e

p a n e l w id t h
,
m a k in g t h e i n t e r s e c t i o n m o r e v u ln e r a b le f o r h ig h e r c lo s u r e a n d p r o b le m s

"

H e a l s o r e c o m m e n d e d e lim i n a t in g t h e b r e a k t h r o u g h s b e t w e e n p a n e ls
,
t o c o n t a in m in e

f lo o d in g if a b r e a c h w e r e t o o c c u r

M r P e t e r s e n a n a ly z e d t h e m ic r o s e is m ic d a t a o v e r t h e p a s t f o u r y e a r s s t a rt in g w it h 2 0 1 0

H e n o t e d t h a t w h e n t h e r e w e r e p e r io d s o f n o b la s t in g ,
t h e f r e q u e n c y o f t h e t r ig g e r e d

e v e n t s d e c li n e d
"

T r ig g e r e d
"

e v e n t s a r e e v e n t s r e c o r d e d by a n y g e o p h o n e
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N e w Y o r k S t a t e D e p a rt m e n t o f E n v ir o n m e n t a l C o n s e r v a t io n M a r c h 1 8
,
2 0 1 5

M r . M a tt h e w P o d n ie s i n s k i P a g e 1 2

"

L a r g e
"

e v e n t s a r e t h o s e w it h a m a g n it u d e o f 0 5 o r g r e a t e r T h e f r e q u e n c y o f la r g e

e v e n t s l o c a t e d n o rt h o f U 5 2
, p e a k e d i n J a n u a r y 2 0 1 1 w h e n m in in g w a s o c c u r r i n g

b e n e a t h a l in e d e f in e d by t h e lo c a t io n o f t h e s e e v e n t s T h e f r e q u e n c y o f la r g e e v e n t

s o u t h o f S 3 h a s d e c li n e d s in c e e a r ly 2 0 1 2

M r P e t e r s e n n o t e d in h is s e c o n d r e p o rt t h a t
"

m i n e - w id e c lo s u r e r a t e g r a p h s a n d
,

e x c e p t f o r t h o s e a r e a s m e n t io n e d in t h is r e p o rt
,
t h e y w e r e a l l i n d ic a t in g v e r y s t a b le

c o n d it io n s
"

D r a w in g t h e s a m e c o n c l u s io n s f o r U -

4 0 B
,
U 12

,
a n d U 2 8

,
h e r e p e a t e d

r e c o m m e n d a t i o n s f o r m in in g n e a r t h e a n o m a ly i n t h e n o rt h
,
a n d r e p e a t e d t h e

m ic r o s e is m ic d is c u s s io n a s i n t h e f ir s t r e p o rt ,

A R E S PE C r e p o rt w a s a ls o r e v ie w e d R E S P E C d is c u s s e d t h e c lo s u r e r a t e f o r U 4 0 B

w h ic h p e a k e d in 2 0 0 8 T h e i n c r e a s e in r a t e s t a rt e d in 2 0 0 6 a n d b a c k f i lli n g s t a rt e d in

A u g u s t 2 0 0 7 R E S P E C d o e s n o t e x p e c t c lo s u r e r a t e s t o s lo w u n t i l a ft e r t h e o p e n in g s

c lo s e a p p r o x im a t e ly 4 ft B u t in c o n t r a d ic t io n R ES P E C n o t e d t h a t c l o s u r e r a t e s f o r s o m e

s t a t io n s a r e l e s s t h a n t h o s e b e f o r e 2 0 0 6 b u t t h e y d o n o t e x p e c t o t h e r s t a t i o n s

'

c lo s u r e

r a t e t o b e b e l o w p r e
- 2 0 06 r a t e s f o r s e v e r a l y e a r s t o c o m e

P a n e l U 12 e x p e r ie n c e d a n u p t u r n i n c lo s u r e r a t e s b e tw e e n 2 0 06 a n d 2 0 0 8
,
w h ic h w a s

m o s t p r o n o u n c e d in a n d n e a r t h e in t e r s e c t io n s U 1 2A /SW 2 a n d U 12 / U 12 A
"

T h e c l o s u r e

r a t e s i n U 12 h a v e d e c li n e d s in c e 20 1 1
,
b u t a r e s t il l g r e a t e r t h a n e x p e c t e d b a s e d o n

p r e
- 2 0 0 5 m e a s u r e m e n t s

"

a n d a s e x p e r ie n c e d t h r o u g h o u t t h e m i n e U 12
'

s 19 9 3

b a c k f il l h a s n o t c o m p a c t e d e n o u g h t o c u rt a il c lo s u r e

R ES P E C a l s o n o t e s

"

W e l l d a t a i n t h e n o rt h e r n p a rt o f t h e C a y u g a L a k e V a l le y h a v e

d e t e r m in e d t h a t b r in e is p r e s e n t o n t o p o f a n d i n b e tw e e n b e d s i n t h e S a l in a C r o u p T h e

F r o n t e n a c P o i n t A n o m a ly m a y r e f le c t t h e s o u t h e r n e x t e n t o f w a t e r i n f i lt r a t io n
"

R E S P EC

o p i n e s t h a t t h e p la n n e d 1
,
0 0 0 ft b u ff e r a r o u n d F r o n t e n a c P o i n t A n o m a ly s h o u ld p r e v e n t

a h y d r a u lic c o n n e c t io n w it h t h e m in e F u rt h e r
,

"

A s t h e m i n e p r o g r e s s e s n o rt h
,

m i c r o s e is m i c m o n it o r i n g t o d e t e c t a n o m a l ie s a n d d r il lin g in a d v a n c e o f t h e f a c e s t o

d e t e c t a n i n c r e a s e i n m o is t u r e o r p r e s e n c e o f w a t e r is r e c o m m e n d e d a s a p r e c a u t io n

"

R E S P E C n o t e s t h a t
"

S a lt d is s o l u t io n n e a r t h e in j e c t io n p o i n t o n t h e 4 - L e v e l is v is ib le a n d

t h e p i lla r s a r e b e in g u n d e r c u t
"

,
w h ic h c a n p o s s i b ly r e s u lt in m in e c o l la p s e A n d n o t in g

"

A m a j o r c o lla p s e in t h is a r e a c o u ld h a v e a s ig n if i c a n t e ff e c t o n C a y u g a L a k e
'

s s h o r e lin e

a n d t h e m in e s h a ft s C o n t i n u e d d u m p in g o f w a s t e s a lt a t t h e b a s e o f t h e N o 2 S h a ft i s

e n c o u r a g e d t o i n c r e a s e s a lt s a t u r a t io n b e f o r e t h e i n f lo w e n t e r s t h e w e s t p o n d
"
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N e w Y o r k S t a t e D e p a rt m e n t o f E n v i r o n m e n t a l C o n s e r v a t io n M a r c h 1 8
,
2 0 1 5

M r M a t t h e w P o d n ie s i n s k i P a g e 1 3

I n a d d r e s s i n g E S C w o r k i n m ic r o - s e is m ic R E S P E C o p i n e d a b o u t s e le c t e v e n t s b e in g

lo c a t e d a lo n g s e t s o f l in e s t h a t
"

T h r e e lin e a r f e a t u r e s i n d ic a t iv e o f e c h e lo n t e a r f a u lt s a r e

id e n t if i a b le b y t h e n o rt h e r n s e is m ic n e tw o r k I n t h e s o u t h e r n m i n e w o r k in g s ,
t h e e v e n t s

c l u s t e r a r o u n d a s i n g le li n e a r f e a t u r e
" "

R E S P E C r e c o m m e n d s t h a t s a lt d u s t a n d w a s t e

r o c k b e b a c kf il le d u n d e r t h o s e a r e a s t h a t a r e s e is m ic a l ly a c t iv e a s a p r e c a u t i o n
"

R E S P E C d i s c u s s e d t h e i r n u m e r i c a l a n a ly s e s r e la t e d t o c h a n g e s in m i n e la y o u t a n d

c h a n g e s in g e o lo g y a s t h e m in e e x p a n d s n o rt h w a r d u n d e r t h e la k e I n p a rt ,
t h e s e

a n a l y s e s w e r e a d d r e s s e d b y B O Y D i n 2 0 14
® ^ °

I n t h e 2 0 14 A n n u a l R e p o rt ,
a s e r ie s o f r e p o rt s o f E S C C a n a d a In c w e r e in c l u d e d a lo n g

w it h a r e p o rt a b o u t d e v e lo p m e n t o f a n e w v e l o c it y m o d e l T h e o r ig i n a l s e is m ic v e l o c i t y

m o d e l f o r t h e C a y u g a M i n e w a s o p t im iz e d u s i n g n e w v e lo c it y lo g i n f o r m a t io n f r o m

c o r e h o le N o 18 a n d N o 1 7 w a y p o i n t s lo c a t e d w it h i n t h e N o 6 S a lt la y e r E S C u s e d

12 c a li b r a t io n b la s t s

C o n d it io n 12 a 6

C o n d it io n 12 a 6 r e q u ir e s t h e i n c lu s io n o f
"

[ ij n f o rm a t io n r e g a r d i n g t h e s o u r c e a n d

v o l u m e o f a n y w a t e r i n f l o w i n t o t h e m in e
,
a n d t h e d is p o s it io n o f s u c h w a t e r

"

A t t h e

A u g u s t 2 0 04 m e e t i n g ,
it w a s a g r e e d t h a t a d is c u s s io n a b o u t w a t e r d i s p o s a l in

L e v e l 4 w o u ld b e in c l u d e d i n t h e A n n u a l R e p o rt ,
n o t i n g :

"

U p d a t e s o f L e v e l 4 f i ll in g

in c lu d in g d a t a o n s h o r e li n e a d v a n c e

"

H o w e v e r i n 2 0 12 it w a s n o t e d t h a t
"

A c c e s s t o

v ie w th e p o n d is n o t p o s s i b le d u e t o g r o u n d c o n d it io n s
"

H o w e v e r
,
R E S P E C a p p e a r s t o

h a v e v ie w e d t h e s it e i n 20 14

M r P iu m e a u n o t e s t h a t
"

A ll o f t h e w a t e r i s d ir e c t e d t o a s e t t lin g p o n d lo c a t e d o n t h e

4 - l e v e l o f t h e m in e T h e w a t e r is t h e n p u m p e d f r o m th e s e t t li n g p o n d t o a b a n d o n e d

a r e a s a t t h e f a r e a s t e n d o f 4 - le v e l a s w e ll a s t o v a r io u s a r e a s o f t h e a c t iv e m in e f o r d u s t

c o n t r o l R e c e n t v o lu m e c a lc u la t io n s in d ic a t e d t h a t a t o u r c u r r e n t r a t e o f s t o r a g e (a b o u t

1 6
,
8 0 0

,
00 0 g a l lo n s p e r y e a r ) w e h a v e a pp r o x i m a t e ly 7 9 y e a r s o f s t o r a g e l if e r e m a i n in g

o n 4 - le v e l
"

T h e s e v a lu e s h a v e c h a n g e d f r o m t h e 2 0 13 A n n u a l r e p o rt t h a t n o t e d
"

o u r

c u r r e n t r a t e o f s t o r a g e (a b o u t 1 2
,
0 0 0

,
0 0 0 g a l lo n s p e r y e a r ) w e h a v e a p p r o x im a t e ly

13 y e a r s o f s t o r a g e lif e r e m a i n i n g o n 4 - le v e l
"

®
S c o v a z z o

,
V A

,

2 0 14
,

"

D R A F T R e v ie w o f P e rm it M o d if ic a t io n A p p l ic a t io n f o r C a y u g a

M in e
,

C a r g i l l ,

I n c
"

p r e p a r e d f o r M a t t h e w P o d n ie s in s k i
,

N e w Y o r k S t a t e D e p a rt m e n t o f

E n v i ro n m e n t a l C o n s e r v a t io n
,
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June 17 , 2020 
File: 2499.004 

New York State Department of Environmental Conservation 
Bureau of Resource Management & Development 
Division of Mineral Resources 
625 Broadway, Third Floor 
Albany, NY  12233-6500 

Attention: Mr. Matthew Podniesinski 
Chief, Resource Development Section 
Bureau of Resource  
Management & Development 

Subject: Revised 2019 Annual Report Review 
Cayuga Mine, Cargill, Inc. 
Seneca and Tompkins Counties, New York 

Ladies and Gentlemen: 

The 2019 Annual Report Review completed by John T. Boyd 

Company (BOYD) and submitted to Mr. Matthew Podniesinski 

on May 15, 2020 has been revised. On May 28, 2020, 

Mr. Mark Theisinger, Senior Engineer of Cargill’s Cayuga Mine 

notified BOYD that Cargill’s original data set contained some 

irregularities and calculation issues. The data and calculation 

changes were made and a final data set was provided via the 

secured Intralinks website on June 02, 2020.    

Initially, Dr. Vincent Scovazzo, Director of Geotechnical 

Services, and Dr. María Jaime, Senior Geotechnical 

Engineer, of BOYD, received an email message on March 10, 

2020 from Steven Army, Region 8 Mining Program 

Supervisor, New York State Department of Environmental 

Conservation (NYSDEC) with the attached Annual Report1  

signed by Shawn G. Wilczynski as file DOC031020- 

03102020105346.pdf last modified March 10, 2020. 

1 Wilczynski, Shawn G. of Cargill Deicing Technology, 2020, “Annual Report for Mine File 
#709-3-29-0052; Cayuga Salt Mine, Permit ID#0-9999-00075-00001” to Matthew Podniesinski of 
New York State Department of Environmental Conservation, March 4. 
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 JOHN  T.  BOYD  COMPANY 

Dr. Scovazzo received an email message on April 06, 2020 from Mr. Theisinger advising 

that the 2019 Annual Report data set could be accessed on Intralinks. This data set 

contained: 

 
 Maps as Adobe Acrobat® files. 

 Extensometer and closure readings as Adobe Acrobat® and Excel® files. 

 Seismicity consultant reports from Engineering Seismology Group (ESG). 

 

On February 15, 2006, Mr. Steven M. Potter, then the Director, Bureau of Resource 

Management & Development, NYSDEC, requested that BOYD review all documents, 

digital data, and annual reports received by BOYD starting with the 2006 Annual Report. 

 

The received documents were reviewed for their adherence to conditions of the revised 

Permit2. Section 12.8 of the revised permit limits cost for review of annual reports by 

Consulting Services to $15,000. BOYD is providing the Consulting Services for this annual 

review. It is noted that “Funding relating to permit modifications or alterations requiring 

consultant review shall not be capped due to the varying nature of potential future 

applications. Cargill shall fund the cost of the annual meeting/underground inspections, 

and will share the cost of joint inspections with American Rock Salt Co., LLC.” 

 

The Cargill 2019 Annual Report contained ESG reports but no other consultant reports. 

Previously, active mining location and mine progress over the last three years were 

determined from the royalty map. Upon the request from BOYD, Mark Theisinger made 

the royalty map available on Intralinks on April 28, 2020 as part of the report data set. 

The file, 9.3 Royalty map2020.pdf, contained the mine advance information required for 

the 2019 Annual Report review.  

 

 

Discussion of Annual Report  

The Permit has several conditions that affect the Annual Report and its review including: 

 

Condition 9 
Condition 9.a. 

Condition 9.a. requires investigation into the disturbed salt zone and this investigation to 

be completed and submitted before mining proceeds into the area. Based upon the 

additional seismic survey and consultant reports, Cargill will maintain the planned 

1,000 ft setback around the Frontenac Point Anomaly. Further investigation is to be 

 
2 New York State Department of Environmental Conservation, Region 7, 2007, “Permit” 

DEC ID 0-9999-00075, expiration December 31, 2012, December 31, Modification # I Effective 
Date: November 8, 2013. 
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completed and submitted to the Department for review and approval prior to mining 

within this 1,000 ft buffer. 

 

Condition 9.b. 

Condition 9.b. requires investigations and reports on the adequacy of the thin rock 

overburden where the solid rock overburden is thinner, the glacial till and lake sediments 

thicken, and lake depth increases. The thin rock overburden and Frontenac Point 

Anomaly may overlap. 

 

The required additional investigations and reports have been performed for Anomaly C. 

Undermining of Anomaly C will be completed using a large pillar configuration and not 

the more yielding production pillar typically used at the Cayuga Mine. Cargill has agreed 

that no additional mining will occur under Anomaly E and no mining will occur under 

Anomaly D and the Frontenac Point Anomaly. Additional investigations and reports will 

need to be undertaken for anomalies A and B, and mining in these areas should be 

avoided until reviewed and approved by the NYSDEC.  

 

The 2019 Annual Report notes the inclusion of reports by ESG Canada Inc. which were 

in the Intralinks data set as documents 7.1 through 7.14: 

 

 ESG Solutions, “Seismic Data Processing Results and Health Analysis Report for 

Cayuga Monitoring System,” prepared for Cargill Salt Division, covering 14 months 

from November 2018 to December 2019.  

Cargill notes in the annual report that “The Cayuga Mine operates a micro-seismic 

monitoring network which now has over 120 geophones and covers over 6 square 

miles of mine workings. The data from this system is reviewed daily in-house, by 

ESG, and is reviewed weekly by RESPEC. This data indicates the mine is behaving 

as expected and is stable.” 

 

Condition 15.a. 
Condition 15.a. requires an Annual Report to be submitted by Cargill in response to 

15.a. sub-conditions (1) through (8) and Condition 15.b. through g. These conditions and 

Cargill’s responses are summarized below. 

 

Condition 15.a.(1) 

Condition 15.a.(1) requires the inclusion of the Mine Manager’s signed certification that 

“all mining related activities…were in conformance with this permit and the approved 

plans, or that variances have been reported and managed.” 
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A certification was included on page 2, Section 15.a.(1) and the certification was signed 

by Mr. Shawn G. Wilczynski, Mine Manager, on March 4, 2020. This certification notes 

“…that all mining activities, to the best of my knowledge, conducted during the reporting 

period from October 1, 2018 through December 31st  of 2019 were in conformance with 

the DEC Permit # 0-9999-00075/00001 and the approved plans. No variances occurred 

and none were reported.” 

 

Condition 15.a.(2) 

Condition 15.a.(2) requires “A summary of all non-routine mining incidents as defined in 

Special Conditions Part b. …” Condition 15.b. defines non-routine as “incidents during 

mining, processing, or other mine related activities that may adversely affect mine 

stability, ground and surface water or other natural resources, or the health, safety, 

welfare or property of the general public.” During a meeting held on August 17, 2004, 

among Cargill, NYSDEC, and BOYD, it was agreed that statements will be included in 

the Annual Report “to point out known, encountered, or discovered geologic and 

geotechnical anomalies and mine action to address such anomalies.” 

 

Cargill included a statement in the Annual Report page 2, Section 15.a.(2) that “[t]he 

Cayuga Mine is not aware of any non-routine incidents associated with the mining, 

processing, or other mine related activities that would have adversely affected any of the 

following: 

 

 Mine stability. 

 Ground and surface water. 

 Natural resources. 

 Health, safety, welfare or property of the general public.” 

 

Condition 15.a.(3) 

Condition 15.a.(3) requires “[a]n updated Mining Plan Map depicting the current extent of 

mining activities, and the proposed advancement of the working face for the subsequent 

three years.” At the August 2004 meeting, it was agreed that in addition “[a] mine map 

showing instrumentation location and type and shore line…” will be included in the 

Annual Report. 

 

Cargill included a statement in the Annual Report, page 2, Section 15.a.(3) that “[t]he 

Cayuga Mine is currently operating in the northern region of the mine. Active mining is 

located in panels U-78, U-80, U-82 U-84, and NW-3.” Mine maps as electronic files were 

supplied by Cargill to fulfill this condition. Included maps were: 

 

 Adobe Acrobat® file 9.2 3yr mine plan.pdf downloaded from Intralinks on April 28, 

2020, containing MBD, 2020, “Cayuga Mine, 3 Yr Mine Plan” January 22. The 
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high-resolution map shows the planned extent of mining through 2023 with pillar 

configurations. 

 Adobe Acrobat® file 6.7 Convergence2020.pdf, downloaded from Intralinks on 

April 28, 2020, containing the high-resolution map Cargill Deicing Technology, 

undated, “Cayuga Mine, 6 Level Workings, Convergence Stations” showing the 

locations of convergence stations. 

 Word® document 6.2 Closure Dec-2019.docx downloaded from Intralinks on April 6, 

2020, containing two closure maps, undated, “Cayuga Mine Closure (Inches) 

Dec-2019” and “Cayuga Mine Closure Rate (Inches/Year) Dec-2019.” The maps 

show contours of total closure ranging from 0 in. to 27 in., and contours of closure 

rates ranging from 0 in. to 4.5 in./year, respectively. 

 

The supplied maps show the extent of mining, proposed mine plan, shorelines of 

Cayuga Lake, total closure, closure rate, and instrument locations.  

 

Condition 15.a.(4) 

Condition 15.a.(4) requires the annual report to include a “summary of in situ 

measurements of rock mechanics required by Part f. of this Special Condition.” 

Condition 15.f. requires the measurement and collection of in situ rock mechanics data 

“in accordance with the approved Mined Land Use Plan.” The data are to include “plots 

of relevant graphs. …” Furthermore, “[e]xceptions to anticipated trends in rock behavior 

shall be noted and explained. …” 

 

At the August 2004 meeting, it was agreed that “[a]ll rock mechanics data” would be 

incorporated in the Annual Report, “including, but not limited to, all instrumentation 

readings and observations from the initial readings to present. Data for subsidence, 

closure, and extensometers are to be provided electronically. These electronic files are 

to include raw and processed data, graphs, and explanations of any inconsistencies and 

anomalous readings including reasons for abandonment, reinstallation, etc., along with 

applicable observation in the vicinity of the instrument such as floor heave, water inflow, 

etc. Future reports are to contain comment on whether, in the opinion of Cargill, the 

instrument readings support or conflict with prior stability models especially in areas 

employing new mine, panel, or main configurations.” 

 

Closure Measurements 

Cargill included a statement in the Annual Report on page 2, Section 15.a.(4) that 

“Evaluations of the convergence data indicate that overall, no unusual trends have been 

identified and the mine is behaving as expected. There continues to be a few slight 

anomalies, which while showing elevated closure rates, are not elevated enough to be of 

a concern to global stability. These areas are being monitored more closely and areas 

are being outfitted with additional electronic instrumentation to help gather more data.” 
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Closure measurements can be evaluated to indicate possible instability in three ways: 
 

1. By studying the graphs of the rate of closure over time. The shape of these graphs 

indicates areas of instability, areas of concern, and areas of stability. Mr. Petersen of 

Rocktec Solutions (Cargill geotechnical consultant) has evaluated the closure in this 

manner in the past.  

2. By establishing trigger values for total closure. This method is applicable in harder, 

less viscous rock, but is not applicable for the Cayuga Mine, as stable closure in salt 

will continue until the openings are closed. 

3. By establishing trigger values for long-term closure rates. Since this is not being 

completed by the other investigators, BOYD applied such trigger rates in its 

evaluation of the closure readings. 
 

Closure rate data are significant because they offer insight into the collapses and the 

inundation of the Retsof Mine. Sustained closure rates of 15 in./year or less were 

measured in stable areas of the Retsof Mine, while in the failure areas, closure was 

regularly measured with sustained rates over 230 in./year with onset of failure around 

600 in./year. Although Retsof and Cayuga mines have different overburden and material 

properties, in the general sense, a comparison seems warranted for a relative indicator 

of stability. 

 

BOYD reviewed the 306 closure stations read during the reporting period (7 more than 

last year; 300 in Level 6, 4 in Level 4A, and 2 in Level 4) Levels 4 and 4A readings show 

an overall trend of steady constant closure rates. 

 

None of these 306 closure stations showed readings that exceeded 230 in./year. Table 1 

lists the top 10 measured closure rates in 2019 for areas of recent mining, defined as 

areas within 1,000 ft of the advance face that occurred since October of 2018. 

 

Table 1. Top 10 Closure Rates in Areas of Recent Mining  

Station  

Closure 
Rate 
(in./yr)  

Time from 
Mining to 
Reading
(days) 

Total 
Measured 
Closure
(in.) 

Latest 
Closure 
Rate
(in./yr) Notes 

          

U78PIN#1  17.8120  1320 7.190 1.4294 1, 2  2nd after mining resumed in August 2018
NW3PIN#75  17.7155  28 2.308 2.8157 1, 2  First reading 

NW3PIN#68  13.9542  145 6.403 3.8207 2

U78PIN#4  6.9524  63 1.200 6.9524 1  Only reading reported 
NW3PIN#62  3.0170  322 8.145 0.9684 1, 2

NW3PIN#56  2.2270  537 7.261 0.5328 1, 2  Approx. 1,300 ft away from active face 
U76PIN#16  1.3849  67 1.285 0.1941 1, 2

U78PIN#3  1.3383  63 0.231 1.3383 1  Only reading reported  
U78PIN#2  1.1935  63 0.206 1.1935 1  Only reading reported  
U76PIN#2  0.7682  1296 8.847 0.4718 U78 mining?  

 
1  First reading in reporting period (October 2018 through December 2019).  
2  Closure rate trend consistently decreasing.  
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These rates are substantially lower than the comparable rates for 2018. All of these 

rates substantially decreased over time showing that the ground is stable or stabilizing. 

 

Table 2 provides the top 10 closure rates away from recent mining activity. These results 

do not include data from panel U-12, as this panel’s closure rates are analyzed 

separately and shown in Table 3. 

 

Table 2. Top 10 Closure Rates Away from Recent Mining (Excluding Panel U-12) 

Station  

Closure 
Rate 
(in./yr)  

Time from 
Mining to 
Reading
(days) 

Total 
Measured 
Closure
(in.) 

Latest 
Closure 
Rate
(in./yr) Notes 

          

U72PIN#12  0.9751  1729 6.580 0.9751 1, 2  Only reading reported 
NW3PIN#44  0.9006  1365 8.748 0.9006 2, 3  Only reading reported 
U40BPIN#8  0.8948  6435 30.427 0.7883 3   71.9°F 67%H, maxed, rod reset on 10/7/19
NW2PIN#44  0.7535  5036 19.878 0.5309 3     76.2F, 52%H, rod reset on 12/13/19 
U40BPIN#14  0.7182  6295 28.670 0.6286 3   Rod reset on 10/7/19 
W1PIN#4  0.6930  13139 21.341 0.6930 2     Only reading reported   
NW2PIN#50  0.6594  4904 18.012 0.5254 3  

NW3PIN#50  0.6584  699 7.204 0.4459
1     Slight decrease of closure rates over time. 

NW2PIN#56  0.6387  4934 15.878 0.4356       Rod reset on 11/4/19 
U40BPIN#2  0.6123  6546 28.670 0.6286 2, 3 Rod reset on 10/7/19 

 
1  Erratic closure rates over time. 
2  Closure rates not decreasing over time.  
3  First reading of reporting period. 

 

These top 10 rates away from recent mining are lower than the comparable rates for 

2018, and they are staggered throughout the mine. 
 

Table 3. Top 10 Closure Rates in Panel U-12 

Station  

Closure 
Rate 
(in./yr)  

Time from 
Installation
to Reading
(days) 

Total 
Measured 
Closure
(in.) 

Latest 
Closure 
Rate
(in./yr) Notes 

          

U12PIN#49A  989.880  6 22.186 0.0730 1, 2  2nd Highest is 10.585 in./yr @195 days
U12PIN#94  34.2188  4 0.666 2.4507 1, 2  2nd Highest is 6.4483 in./yr @18 days 
U12PIN#91  12.7750  12 2.616 0.5736 1, 3  
U12PIN#93  10.2200  5 1.796 0.9386 1, 3   
U12PIN#100.5  9.5421  106 1.063 0.6205 1 Pole destroyed 
U12PIN#92  9.2163  5 0.533 3.1286 1, 3  2nd Reading 
U12PIN#90  5.6741  130 2.897 3.7230 1, 3  
U12PIN#61A  3.4675  2 0.637 0.2086 1, 3  69.4F, 40%H 
U12PIN#32  2.6767  10825 4 26.595 0.2738 1

U12PIN#61  1.7033  11532 4  15.410 0.3650 1    
 

1  Erratic closure rates over time. 
2  First reading. 
3  Slight decrease of closure rates over time. 
4  Time from mining to reading (days). 
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Station U12PIN#61 shows its closure rate decreased throughout 2019 and is 

significantly lower than the last rate recorded in 2018. The top eight closure rates listed 

in Table 3 correspond to stations installed in 2019. With the exception of station 

U12PIN#49A, all closure rates are considered low and stable. The high rate from closure 

station U12PIN#49A was the result of the first reading taken, on January 29, 2019. One 

day later it had decreased by more than three orders of magnitude.  

 

The contour map of closure rates in December 2019 depicts a clear zone of 

concentrated closure rates up to a maximum of 4.5 in. per year. This concentrated 

maximum rate is located within panel U-80 and is the result of mining the surrounding 

panels U-78 and U-82. Its magnitude is considered low and stable.  

 

Another zone of high concentrated closure rates is located in panel U-12, which is a 

panel that experienced anomalous mine closure rates during 2018 and the first half of 

2019. This led to the development of an investigative program focused on finding fluid 

under pressure within the overlying rock layers above #6 Salt. On November 14, 2019, 

brine was encountered in one of the investigation drill holes located near closure station 

U12PIN#49A, 133 ft above #6 Salt, in the Dolomite rock layer between #4A Salt and #5 

Salt layers. After measures were implemented to relieve fluid pressure in the roof as 

anticipated by the program procedures, the closure rates significantly decreased by one 

order of magnitude. 

 

Extensometers Results 

Cargill included a statement in the Annual Report on page 2, Section 15.a.(4) that “Roof 

sag and wall expansion, measured with extensometers, is also monitored as conditions 

warrant, and is reviewed internally and externally as well. This data indicates the mine is 

behaving as expected.” 

 

Data from 19 extensometers that were read in 2019 were evaluated (four more than in 

2018). Extensometers were installed in various manners including vertically into the roof; 

at low angle (near horizontal); at an angle that resulted in the extensometer being 

installed over the pillars; vertically into the roof, and horizontally into pillars. These data 

are further complicated by the varying rod and bay lengths. (Bay length is the length 

difference between rods except for the first bay which is the length of the shortest rod.) 

Nevertheless, BOYD attempted to ascertain anomalies within these data. 

 

Similar to last year, BOYD evaluated the rate measure as strain per year. Using 

RESPEC’s 1995 Cargill salts values: 

 

    Dilation Limit  J20.5/I1	=	0.36 
    Creep Rate  ε̇c	=	8.3	×	10‐30(Δσ)5.9  
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BOYD assessed the stress state to estimate that a strain rate greater than 8 ×10-3 (-/yr) 

is needed for destructive dilation. No calculated strain rate exceeded this standard.  

 

Table 4 lists the five highest extension rates measured during 2019. 

 

Table 4. Top 5 Estimated Strain Rates 

 
Mine Area  Extensometer Label

Displacement 
Rate 
(in./yr)

Rod 
Length 
(ft)  

Strain Rate
(-/yr)

         

Screen Plant Pillar  I-Pillar B-Hole 3 Tun 0.437 10.0  3.64 x10-3

Surge Bin 4 Level  STA. #25 0.429 11.0  3.25 x10-3

Screen Plant Pillar  G-Pillar B-Hole 3 Tun 0.243 7.0  2.89 x10-3

Surge Bin Roof  #27 - Roof ext. 0.596 19.5  2.55 x10-3

Screen Plant Pillar  J-Pillar B-Hole 1 Tun 0.145 6.0  2.01 x10-3

 

These strain rates are acceptable.  

 

Consultant Reports Concerning Conditions 15.a.(4). 

No consultant reports were available on Intralinks, other than ESG Solutions monthly 

reports:  

 

 ESG Solutions, 2018 and 2019, “Seismic Data Processing Results and Health 

Analysis Report for Cayuga Monitoring System,” prepared for Cargill Salt Division, 

covering 14 months from November 2018 to December 2019.  

 

These reports are discussed in section Condition 9.b. above. 

 

Condition 15.a.(5) 

Condition 15.a.(5) requires the Annual Report include a “summary of subsidence 

monitoring data required by Part e. of this Special Condition.” Condition 12.e. requires 

“[s]ubsidence monitoring shall be conducted in accordance with the approved 

subsidence monitoring plan contained within the approved Mine Land Use Plan.” 

Furthermore, “[e]xceptions to the trends shall be noted and explained…” Points 

applicable to this condition were agreed upon at the August 2004 meeting and are noted 

above under Condition 15.a.(4). 

 

Cargill included a statement in the Annual Report page 3, Section 15.a.(5) that “Surface 

subsidence measurements continue to be performed in accordance with the Mined Land 

Use Plan. The surface subsidence survey was completed in September of 2019, minor 

inconsistencies do exist and are being investigated.”  

 

No subsidence data file was included in the data set on Intralinks. BOYD expects to 

review these data when they are provided. 
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Condition 15.a.(6) 

Condition 15.a.(6) requires the inclusion of “[i]nformation regarding the source and 

volume of any water inflow into the mine, and the disposition of such water.” At the 

August 2004 meeting, it was agreed that a discussion about water disposal in  

Level 4 would be included in the Annual Report, noting: “Updates of Level 4 filling 

including data on shore line advance.” However, in 2012 it was noted that “Access to 

view the pond is not possible due to ground conditions.” 

 

Section 15.a.(6) of the Annual Report, notes that “Most the water is directed to a settling 

pond located on the 4-level of the mine. The water is then pumped from the settling pond 

to abandoned areas at the far east end of 4-level as well as to various areas of the 

active mine for dust control. Water labeled as Other Inflows is fully saturated and is 

stored in various areas on the 6 Level of the mine.”  

 

A data file with water volume calculations was not included in the data set on Intralinks.  

 

Cargill lists the following water flows in the Annual Report: 

 

 Production Shaft (#1 shaft) - 25 gallons per minute (gpm). 

 Ventilation Shaft (#2 shaft) - Less than 1 gpm. 

 Service Shaft (#3 shaft) - 1 gpm. 

 ED Plant Concentrate discharge - 3 gpm. 

 Other Inflows - 2.5 gpm. 

 Total Water Inflow = 32.5 gpm. 

 

The total water inflow rate is 2.5 gpm more than reported in 2018. 

 

Condition 15.a.(7) 

Condition 15.a.(7) requires the inclusion of “[a] summary of all other monitoring data 

required under the terms of this permit or Department SPDES permit issued to Cargill.” 

Cargill included a statement in the Annual Report page 3, Section 15.a.(7) that “For the 

2019 calendar year there was no exceedance of the SPDES limits for the storm water 

outfalls.”  

 

Back up data to this statement were not provided on Intralinks. Typically, an Excel 

spreadsheet, which documents MLRP outfall and provides information on outfall water 

quality including cyanide, chloride, zinc, total dissolved solids, and cooling and treatment 

water, is provided. 

 

DocuSign Envelope ID: 36F4CDA2-9316-49D8-B480-5763E59B2040
INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

FILED: TOMPKINS COUNTY CLERK 06/11/2021 02:27 PM INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

CI2021-09851 Index #: EF2021-0422

FILED: TOMPKINS COUNTY CLERK 06/11/2021 02:27 PM INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021

CI2022-05416 Index #: EF2021-0422

FILED: TOMPKINS COUNTY CLERK 03/25/2022 09:32 PM INDEX NO. EF2021-0422

NYSCEF DOC. NO. 90 RECEIVED NYSCEF: 03/25/2022



New York State Department of Environmental Conservation June 17, 2020 
Mr. Matthew Podniesinski Page 11 

JOHN  T.  BOYD  COMPANY

SPDES data and a discussion of these data were not included in the Annual Report. 

These data are to be reviewed by NYSDEC. Discussion on June 6, 2019, suggests that 

direct reporting requirements of SPDES data to the State of New York renders this 

requirement moot.  

Condition 15.b. and c. 
Condition 15.b. and c. addresses Mine Safety and Health Administration (MSHA) 

reporting involving non-routine mining incidents as defined in Condition 15.b. Condition 

15.c. requires Cargill to submit “all correspondence with the Mine Safety and Health 

Administration involving non-routine mining incidents…” 

Cargill includes a statement in section 15.b. of the Annual Report that “[t]here were no 

incidents meeting the guidelines for notification as identified in section 15.a.(2)” and 

section 15.c. of the Annual Report that “[t]he Cayuga Mine has not received any citations 

or correspondence from MSHA regarding non-routine mining incidents as identified in 

section 15.a.(2).” The Annual Report does not note reports or letters from MSHA 

concerning any non-routine mining incidents. 

Condition 15.d. 
Condition 15.d. addresses reporting requirements “Prior to undertaking any material 

change in the approved mining methods or techniques … Cargill shall submit to the 

Department a description of such modification …” This condition does not require the 

reporting to occur in the Annual Report.  

Cargill notes in section 15.d. that “[t]he mining methods used at the Cayuga Mine have 

not been changed in the last year.” 

Condition 15.g. 
Condition 15.g. addresses the reporting and recording of citizen complaints. 

Cargill includes a statement in section 15.g. of the Annual Report that “[n]o written 

complaints from citizens were received since the last report (November 2019).” 

Site Visit  

A site visit to discuss these findings amongst NYSDEC, Cargill, and BOYD is scheduled 

to take place on August 6, 2020. During this visit the following should be discussed: 

 4 Level monitoring.

 ‘Other inflows’.

 Subsidence data.
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 Panel U-12 behavior.

 Outside consultant review such as Mr. Petersen of Rocktec Solutions.

BOYD recommends visiting U-12 and U-78 panels. 

Please contact us if you require additional information or if we may be of further service. 

Respectfully submitted, 

JOHN  T.  BOYD  COMPANY 
By: 

María C. Jaime, Ph.D., P.E. 
Senior Geotechnical Engineer 

Vincent A. Scovazzo, Ph.D., P.E. 
Director of Geotechnical Services 

Q:\ENG_WP\2499.004\WP\Cayuga Mine Annual Review 2019 REVISED 06-17-2020.doc
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STATE OF NEW YORK   

APPELLATE DIVISION OF THE SUPREME COURT, THIRD JUDICIAL DEPARTMENT 

 

In the Matter of the Application THE CITY OF ITHACA,  

THE TOWN OF ITHACA, THE TOWN OF ULYSSES,  

THE VILLAGE OF UNION SPRINGS, CAYUGA LAKE  

ENVIRONMENTAL ACTION NOW (CLEAN), an  

Unincorporated Association by President JOHN V. DENNIS,  

ALFRED THOMAS VAWTER, JOSHUA J. and JENNIFER L.  

LAPENNA, RODNEY and CYNTHIA HOWELL, KENT and  

HEATHER STRUCK, JUDITH R. SCOTT, WILLIAM HECHT  

and JOHN V. DENNIS, 

 

  Petitioners-Appellants, 

       AFFIRMATION OF 

       JOHN K. WARREN 

Appeal from the Decision and Order of  IN SUPPORT OF 

the Supreme Court of Tompkins County   PETITIONERS-APPELLANT’S 

(Hon. Judge Rowley, A.J.S.C) entered  MOTION FOR PRELIMINARY 

on April 22, 2019     INJUNCTIVE RELIEF 

 

vs.        

 

           Index No. EF2017-0285 

 

THE NEW YORK STATE DEPARTMENT OF 

ENVIRONMENTAL CONSERVATION, and 

CARGILL INCORPORATED, 

 

  Respondents. 

 

___________________________________________________ 
 

 

 

 

 

BANGKOK, 

THAILAND: 
 

  I, JOHN K. WARREN, hereby affirm under the penalties of perjury of the State of 

New   

  York:  

1. I am an evaporite geologist with a Ph.D. in Geology from Flinders 

University School of Earth Sciences.  Evaporite geology, my area of expertise, deals 

with deposits of salt, gypsum, etc., and the many related practices and technologies 

involved in salt mining, gypsum mining, etc.  In my work and writing, I understand 
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and follow the accepted methodology of evaporite geology.  I am the author of four 

books on evaporite and carbonate geosystems.  The first edition of my most recent 

evaporite book was chosen by the American University Association of University 

Librarians as one of the “Outstanding Academic Titles for 2006.”  My fourth book, 

Evaporites: a Geological Compendium was published by Springer in late 2016.  This 

is an updated and expanded version of the previous book and is now an all color 

edition that is more than 1800 pages in length.  My CV is attached as Exhibit A. 

2. In the fall of 2016, I was contacted by John V. Dennis, Ph.D., who asked 

me to review and comment on the proposed Shaft #4 for the Cargill Cayuga Salt Mine.  

I agreed to work as an expert consultant for Dr. Dennis, and in October 2016 I sent him 

my first work product, a 30-page report entitled Technical requirements needed to 

approve construction of Shaft #4 in the Cayuga Salt Mine, New York State (hereinafter 

“2016 Technical requirements report,” attached as Exhibit B).   

3. In this affirmation, my first point is that the bottom-rearming of Shaft #4 

is likely to cause irreparable harm by establishing a hydraulic connection between the 

shaft and either the water column of Cayuga Lake or between the shaft and the artesian 

aquifer that a 1995 Cargill map indicates exists between the bottom of Cayuga Lake 

and the Syracuse formation.  Should the reaming of an 18-foot diameter shaft connect 

with a significant joint or fracture, I believe that the resulting leakage into Shaft 4 could 

overwhelm the designed storage capacity and flood the mine.  This flooding of the mine 

could result in several irreparable harms:  

a. loss of life by miners and/or construction workers 

b. creation of a reservoir of saturated brine with a volume estimated to be 

greater than 15 billion gallons and with a likelihood that such volume of 

brine will vent into the water column of Cayuga Lake and harmfully 

increase the salinity of Cayuga Lake for hundreds of years.  
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4. In this affirmation, my second point is that even if the bottom-reaming of 

Shaft #4 is successful, i.e., Cargill’s capacity to store process and shaft leakage waters 

is not overwhelmed, the completion of Shaft #4 will—according to Cargill’s own 

application to the Tompkins County Industrial Development Agency— enable “an 

additional 30 years of mining at the Cayuga Mine” (p. 4 of Cargill’s August 30, 2016, 

application to the Tompkins County IDA).  [should this 16-page document be included 

as an Exhibit?]  

The problem with the creation of more and more mining voids under Cayuga Lake, or 

with creating new mined voids under land that are connected to the mine under the lake 

via the 1-mile tunnel that would connect Shaft #4 to the mine under the lake, is that 

these mined voids will likely become flooded at some time in the future either 

intentionally at mine decommissioning or by accident as was the case at the Retsof Salt 

Mine in 1994 or at the Jefferson Island Salt Mine in 1980.  

5. This report is based on information available to me at this time.  Should 

additional information become available, I reserve the right to determine the 

impact, if any, of the new information on my opinions and conclusions and 

to modify or supplement this report if necessary. 

I affirm this _____ day of June 2019 under the penalties of perjury under the laws of 

New York, which may include a fine or imprisonment, that I am physically located 

outside the geographic boundaries of the United States, Puerto Rico, the United States 

Virgin Islands, or any territory or insular possession subject to the jurisdiction of the 

United States, that the foregoing is true, and I understand that this document may be 

filed in an action or proceeding in a court of law. 

 

 

__________________________________ 

John K. Warren, Ph.D. 

       Saltwork Consultants Pty Ltd 
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       Kingston Park 

       Adelaide SA 5049 

       AUSTRALIA 

       +61 8 8121 5710 (Australia) 

       +66 8 9498 1512 (roaming/SMS) 

       jkw.saltwork@gmail.com 
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Mobile: (668) 9498-1512  

mailto:jkwarren@saltworkconsultants.com 
 

John	K	Warren,	Ph	D,	Technical	Director	

SaltWork	Consultants	Pte	Lte	(ABN	068	889	127)	

Kingston	Park,	Adelaide,	Australia	5049	

(www.saltworkconsultants.com)	

	

The	professional	career	of	Dr.	Warren	spans	more	than	30	years,	of	which	a	total	of	20	years	are	in	academia.	

Dr.	Warren	currently	is	Technical	Director	of	Saltwork	Consultants,	Adelaide	Australia	and	holds	a	

Professorial	position	in	the	International	Master	Program	in	Petroleum	Geoscience	at	Chulalongkorn	

University,	Thailand,	and.	Previously	he	held	the	Shell	Professorial	Chair	in	Carbonate	Studies	at	Sultan	

Qaboos	University,	Muscat,	Sultanate	of	Oman.	Before	this,	he	was	a	faculty	member	in	the	Department	of	

Petroleum	Geosciences	at	Universiti	Brunei	(1998-2006)	and	Professor	of	Petroleum	Geology	at	Curtin	

University,	Perth,	Western	Australia	(1993-1995).	He	specializes	in	Wireline	Analysis,	Carbonate	and	

Evaporite	Reservoir	Systems,	Production	Geology	and	Reservoir	Characterization.		

	

Throughout	his	career	he	has	worked	as	an	industrial	consultant	dealing	with	diagenesis-related	issues	in	

reservoir	and	wireline	studies	as	part	of	exploration	programs	conducted	by	ADNOC,	ADCO,	Asia-Pacific	

Potash,	BHP	Minerals,	BHP	Petroleum,	Chevron,	Esso-Mobil,	Fortescue	Metals,	Homestake,	Pasminco,	PTTEP,	

Santos	Indonesia,	Santos	Australia,	Statoil-Hydro,	Schlumberger,	Saudi-Aramco,	Shell	International,	Texaco,	

the	World	Bank,	Geological	Survey	of	The	Northern	Territory,	Geological	Survey	of	South	Australia,	Geological	

Survey	of	Australia	and	others.	He	has	also	served	as	a	technical	advisor	for	the	AAPG,	BBC,	IHRDC,	and	New	

World	Horizons.	

	

He	was	chosen	as	the	annual	keynote	speaker	for	PESA	(Petroleum	Exploration	Society	of	Australia)	and	was	

the	keynote	speaker	at	the	IAS	meeting	in	Brazil	in	2003,	the	keynote	speaker	in	the	SEPM	conference	in	

Aachen	in	2004	and	has	recently	ran	industry-funded	short	courses	in	applied	aspects	of	Carbonate	and	

Evaporite	Sedimentology	at	the	Colorado	School	of	Mines	and	in	2008,	in	Exxon	Mobil	Research	in	Houston,	

and	in	2010-11	for	Statoil-Hydro	in	Norway	and	PDO	in	Muscat,	in	2014	for	Nexen	in	Calgary,	and	will	be	

running	courses	in	Adelaide,	India	and	Brazil	in	2018.	He	is	currently	a	retained	consultant	to	PTTEP	dealing	

with	carbonate	reservoir	issues,	as	well	as	having	recently	been	a	consultant	to	Exxon	Mobil	and	Statoil	

dealing	with	reservoir	quality	issues	in	the	Middle	East	and	the	South	Atlantic	Salt	Basins.	He	is	currently	a	

consultant	to	Santos	Adelaide,	looking	at	the	Amadeus	Basin,	and	to	Fortescue	Metals	evaluating	potash	and	

lithium	brine	prospects	in	Australia	and	South	America.		

	

Dr.	Warren	has	written	four	books	in	his	area	of	expertise	(evaporite	and	carbonate	geosystems).	The	first	

edition	of	his	most	recent	evaporite	book	(published	by	Springer,	2006)	was	chosen	by	the	American	

University	Association	of	University	Librarians	as	one	of	the	“Outstanding	Academic	Titles	for	2006”.	His	

fourth	book	on	the	same	subject	area	was	published	via	Springer	in	late	2016.	This	is	an	updated	and	

expanded	version	of	the	previous	book	and	is	now	an	all	color	edition	that	is	more	than	1800	pages	in	length.		

	

He	has	contributed	chapters	on	economic	aspects	of	sedimentology	in	a	number	of	other	books	and	has	

published	more	than	60	scientific	articles	in	major	refereed	journals	including:	American	Association	of	

Petroleum	Geologists	Bulletin,	APEA	Journal,	Australian	Journal	of	Earth	Sciences,	Journal	of	Sedimentary	

Petrology,	Geochimica	Cosmochimica	Acta,	Geotimes,	PESA	Journal,	Sedimentary	Geology	and	Sedimentology.	

His	published	and	presented	material	has	been	chosen	for	special	mentions	by	SEPM,	AAPG,	and	PESA.	He	has	

received	teaching	awards	from	the	University	of	Texas	and	Adelaide	University.	At	various	times	in	his	career,	

he	has	been	selected	for	guest	lectureships	to	the	oil	Industry	by	Nordic	Council	of	Ministers,	by	PESA,	and	the	

AAPG.	He	has	worked	extensively	and	successfully	in	various	cultures	including	the	Americas,	Europe,	the	

Middle	East,	Oceania	and	Southeast	Asia.	

	

	

Education	

	

Ph.D.	1981	Flinders	University,	South	Australia,	School	of	Earth	Sciences	–	Carbonate	Sedimentology	

B.Sc.	Hon.	1st	Class	1975	Flinders	University,	South	Australia,	School	of	Earth	Sciences	–	Marine	Geology	

B.	Sc.	1972	University	of	Adelaide	-	Majors	in	Geology	and	Palaeontology	
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Research	Interests	

	

Applied	evaporite	sedimentology	

Evaporite	sedimentology	

Economic	geology	of	evaporite	geosystems	

Potash	and	lithium	resources	in	saline	settings	

Evaporite-related	geohazards	

Evaporites	as	source	rocks		

Use	of	image	logs	and	seismic	in	defining	reservoir	quality	in	evaporite-sealed	and	halokinetic	systems	

	

Quaternary	arid	zone	carbonates		

Arabian	Gulf	coastlines,	Australia	and	elsewhere	

	 Current	projects	in	eastern	Saudi	Arabia	and	Australia	

	

Carbonate	reservoir	characterization	

Core-calibrated	wireline	studies	of	evaporite-plugged	and	leached/dolomitised	carbonate	reservoirs	

with	a	view	to	predicatively	mapping	and	understanding	porosity	and	permeability	distributions	with	

a	prime	focus	in	carbonate	reservoirs	in	the	Precambrian,	Permian,	Jurassic	and	Miocene	petroleum	

systems	of	the	Middle	East	

Core	to	wireline	calibration	of	carbonates,	especially	dolomitised	karst	systems	as	in	the	Miocene	gas	

reservoirs	of	Vietnam	and	Indonesia	

Modern	dolomite	deposition	in	sabkhas	of	the	Coorong	and	the	Middle	East	

Development	of	non-actualistic	models	for	greenhouse	platform	carbonates	

Facies	and	porosity	degradation	in	modern	and	ancient	carbonate	reefs	

		

	

Training	and	Research	Fields	

	

Primary	–Wireline	Analysis,	Carbonate	and	Evaporite	Sedimentology,	Petroleum	Geology,	

Secondary	–	Presentation	Skills	for	Business	Professionals	

	

Employment	

	

August	2014-Present		–	Technical	Director,	Saltwork	Consultants	Pte	Ltd,	Adelaide,	Australia	

(www.saltworkconsultants.com)	

	

Aug	2009-Present	–	Full	Professor	in	the	International	Master	Program	in	Petroleum	Geosciences	at	

Chulalongkorn	University,	Bangkok	Thailand	(www.cupetrogeoscience.com)	

	

2007-2008	-	Shell	Chair	in	Carbonate	Studies,	Oil	and	Gas	Research	Centre,	Sultan	Qaboos	University,	

Sultanate	of	Oman		

	

1998-2006	-	Contracted	Professor,	Reservoir	Studies,	Department	Petroleum	Geoscience,	University	Brunei	

Darussalam,	Bandar	

	

1995-2009	-	Executive	Director,	JK	Resources	Pty.	Ltd.,	Adelaide,	Australia.	

	

1992-1995-	Professor	of	Petroleum	Geology,	School	of	Applied	Geology,	Curtin	University,	Perth,	Western	

Australia.	

	

1989-1992	-	Principal	Petroleum	Geologist,	National	Centre	Petroleum	Geology	and	Geophysics	(NCPGG),	

University	of	Adelaide,	Australia.	

	

1982-1988	-	Asst.	Professor,	Dept	Geological	Science,	University	Texas	at	Austin.	USA	
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Academic	courses	offered	(commercial	course	can	be	viewed	on	www.saltworkconsultants.com)	

	

Graduate	–	Wireline	Analysis,	Reservoir	Sedimentology,	Production	Geology	and	Reservoir	Characterization.	

	

Undergraduate	–	In	academic	positions	prior	to	current	appointment	he	was	involved	in	teaching	aspects	of	

undergraduate	courses	in	Physical	Geology,	Historical	Geology,	Field	Geology,	Environmental	Geology,	

Hydrogeology,	Petroleum	Geology,	Carbonate	Sedimentology,	Clastic	Sedimentology.	

	

Thesis/Dissertation	Supervision	

	

Supervised	a	total	of	74	M.Sc.	theses	and	8	Ph.D.	dissertations.	

		

Computer	Literacy	

	

Operating	systems	–	All	geological	software	under	Windows	and	OSX,	as	well	as	Unix	familiarity		

	

Research	and	teaching	–	WellCad,	Interactive	Petrophysyics,	MapInfo,	Petrel	and	various	Geoframe	geological	

and	petrophysical	packages	

	

Interactive	Petrophysics	and	WellCad	are	software	packages	forming	the	main	training	tools	and	research	

tools	in	wireline	analysis	in	the	postgraduate	unit	under	Professor	Warren’s	supervision	at	SQU	

	

	

Personal	

	

Australian	citizen,		

Born	12th	August,	1951	

Married	(17	January	1972),	2	adult	children	

Excellent	health	
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LIST	OF	PUBLICATIONS	

	

Four	books,	numerous	papers	and	abstracts	in	different	national	and	international	journals.	The	appended	

publication	list	does	not	include	numerous	technical	reports	prepared	in	his	role	as	a	consultant	to	the	

hydrocarbon	and	minerals	industries.	

	

BOOKS		

Warren,	J.	K.,	2016,	Evaporites:	A	compendium	(ISBN	978-3-319-13511-3):	Berlin,	Springer,	1854	p.	

	

Warren,	J.	K.,	2006,	Evaporites:	Sediments,	Resources	and	Hydrocarbons:	Berlin,	Springer,	1036	p.	

	

Warren,	J.	K.,	1999,	Evaporites:	Their	evolution	and	economics,	Blackwell	Scientific,	Oxford,	UK,	438	p.	

	

Warren,	J.		K.,	1989,	Evaporite	Sedimentology:	Importance	in	Hydrocarbon	Accumulations.	Prentice	Hall	

Advanced	Reference	Series,	Englewood	Cliffs,	285	p.	

	

	

CHAPTERS	IN	BOOKS	

Warren,	J.,	2017,	Evaporites,	in	W.	M.	White,	ed.,	Encyclopedia	of	Geochemistry:	A	Comprehensive	Reference	

Source	on	the	Chemistry	of	the	Earth:	Cham,	Springer	International	Publishing,	p.	1-8.	

	

Warren,	J.	K.,	2017,	Halide	Minerals,	in	W.	M.	White,	ed.,	Encyclopedia	of	Geochemistry,	Springer	International.	

	

Warren,	J.	K.,	2001,	Evaporites:	In,	McGraw	Hill	Encyclopedia	of	Science	and	Technology,	9th	Edition.	New	

York	

	

Warren	J.	K.,	1994,	Holocene	Coorong	Lakes,	South	Australia.	In	E.	Gierlowski-Kordesch	&	K.	Kelts	(eds),	Global	

Geological	Record	of	Lake	Basins,	Cambridge	University	Press,	p.	387-394.	

	

Warren	J.	K.,	1991,	Sulphate-dominated	sea	marginal	and	platform	evaporative	settings:	In,	Melvin,	J.	(ed)	

Evaporites,	Petroleum	and	Mineral	Resources	Elsevier	Developments	in	Sedimentology	No.	50,	p.	69	-	187.		

	

Kendall,	G.	C.	St.	C.,	and	Warren,	J.	K.,	1989,	Sabkha	and	subaqueous	evaporites;	A	review;	In;	Evaporites	and	

Hydrocarbons,	B.	C.	Schreiber	(ed)	Columbia	Univ.	Press.	475	p.			

	

ARTICLES	IN	REFEREED	JOURNALS	

	

Warren,	J.	K.,	2017,	Salt	usually	seals,	but	sometimes	leaks:	Implications	for	mine	and	cavern	stabilities	in	the	

short	and	long	term:	Earth-Science	Reviews,	v.	165,	p.	302-341.	

	

Gindre-Chanu,	L.,	J.	K.	Warren,	C.	Puigdefabregas,	I.	R.	Sharp,	D.	C.	P.	Peacock,	R.	Swart,	R.	Poulsen,	H.	Ferreira,	and	L.	

Henrique,	2015,	Diagenetic	evolution	of	Aptian	evaporites	in	the	Namibe	Basin	(south-west	Angola):	Sedimentology,	v.	

62,	p.	204-233.	

	

Richards,	L.,	R.	C.	King,	A.	S.	Collins,	M.	Sayab,	M.	A.	Khan,	M.	Haneef,	C.	K.	Morley,	and	J.	Warren,	2015,	

Macrostructures	vs	microstructures	in	evaporite	detachments:	An	example	from	the	Salt	Range,	Pakistan:	

Journal	of	Asia	Earth	Sciences,	v.	113,	p.	922-934.	

	

Warren,	J.	K.,	2014,	Section	13.22	-	Geochemistry	of	Evaporite	Ores	in	an	Earth-Scale	Climatic	and	Tectonic	

Framework,	in	H.	D.	Holland,	and	K.	K.	Turekian,	eds.,	Treatise	on	Geochemistry	(Second	Edition):	Oxford,	Elsevier,	p.	

569-593.	
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Warren,	J.	K.,	C.	Morley,	T.	Charoentitirat,	I.	Cartwright,	P.	Ampaiwan,	P.	Khositchaisri,	M.	Mirzaloo,	and	J.	Yingyuen,	

2014,	Structural	and	fluid	evolution	of	Saraburi	Group	sedimentary	carbonates,	central	Thailand:	A	tectonically	driven	

fluid	system:	Marine	and	Petroleum	Geology,	v.	55,	p.	100-121.	

	

Morley,	C.	K.,	J.	K.	Warren,	M.	Tingay,	P.	Boonyasaknanon,	and	A.	Julapour,	2014,	Comparison	of	modern	fluid	

distribution,	pressure	and	flow	in	sediments	associated	with	anticlines	growing	in	deepwater	(Brunei)	and	continental	

environments	(Iran):	Marine	and	Petroleum	Geology,	v.	51,	p.	210-229.	

	

Schofield,	N.,	I.	Alsop,	J.	K.	Warren,	J.	R.	Underhill,	R.	Lehné,	W.	Beer,	and	V.	Lukas,	2014,	Mobilizing	salt:	Magma-salt	

interactions:	Geology.	DOI	10.1130/G35406.1	

	

Mansyur,	M.,	J.	K.	Warren,	I.	Cartwright,	and	Y.	L.	Cheong,	2013,	Dolomitisation	and	its	relation	to	fracture	porosity	

evolution:	A	case	study	in	Permian	Ratburi	carbonate	outcrop	in	the	Sibumasu	Domanin,	Krabi,	Southern	Pensinsular	

Thailand:	Proceedings	of	the	2013	IPA	Annual	Convention,	15-17	May,	2013,	v.	IPA13-G-016.	

	

Morley,	C.	K.,	P.	Ampaiwan,	S.	Thanudamrong,	N.	Kuenphan,	and	J.	K.	Warren,	2013,	Development	of	the	Khao	Khwang	

Fold	and	Thrust	Belt:	Implications	for	the	geodynamic	setting	of	Thailand	and	Cambodia	during	the	Indosinian	

Orogeny:	Journal	of	Asian	Earth	Sciences,	v.	62,	p.	705-719.	

	

Warren,	J.	K.,	2011,	Evaporitic	source	rocks:	mesohaline	responses	to	cycles	of	“famine	or	feast”	in	layered	

brines,	Doug	Shearman	Memorial	Volume,	(Wiley-Blackwell)	IAS	Special	Publication	Number	43,	p.	315-392.	

	

Warren,	J.	K.,	A.	Cheung,	and	I.	Cartwright,	2011,	Organic	Geochemical,	Isotopic	and	Seismic	Indicators	of	Fluid	Flow	in	

Pressurized	Growth	Anticlines	and	Mud	Volcanoes	in	Modern	Deepwater	Slope	and	Rise	Sediments	of	Offshore	Brunei	

Darussalam;	Implications	for	hydrocarbon	exploration	in	other	mud	and	salt	diapir	provinces	(Chapter	10),	in	L.	J.	

Wood,	ed.,	Shale	Tectonics,	v.	93:	Tulsa	OK,	AAPG	Memoir	93	(Proceedings	of	Hedberg	Conference),	p.	163-196.	

	

Kukla,	P.,	J.	Urai,	J.	K.	Warren,	L.	Reuning,	S.	Becker,	J.	Schoenherr,	M.	Mohr,	H.	van	Gent,	S.	Abe,	S.	Li,	Desbois,	G.	Zsolt	

Schléder,	and	M.	de	Keijzer,	2011,	An	Integrated,	Multi-scale	Approach	to	Salt	Dynamics	and	Internal	Dynamics	of	Salt	

Structures:	AAPG	Search	and	Discovery	Article	#40703	(2011).	

	

Utomo,	R.,	J.	Warren,	and	W.	Susanto,	2011,	Fracture	Characterization	in	Contrasting	Platform	Carbonate	Facies	in	

Permian	Limestone	Outcrops,	Muak	Lek	and	Chumphae	Areas,	Central-Northeast	Thailand:	AAPG	Search	and	

Discovery	Article	#50509,	AAPG	International	Conference	and	Exhibition,	Milan,	Italy,	23-26	October	2011.	

	

Warren,	J.	K.,	2011,	Understanding	Hydrocarbon	Accumulations	in	Ancient	Evaporite-Associated	Petroleum	Systems:	

AAPG	Search	and	Discovery	Article	#90135©2011	AAPG	International	Conference	and	Exhibition,	Milan,	Italy,	23-26	

October	2011.	

	

Warren,	J.	K.,	2010,	Evaporites	through	time:	Tectonic,	climatic	and	eustatic	controls	in	marine	and	nonmarine	

deposits:	Earth-Science	Reviews,	v.	98,	p.	217-268.	

	

McKirdy,	D.	M.,	A.	J.	Hayball,	J.	K.	Warren,	E.	D.,	and	C.	C.	von	der	Borch,	2010,	Organic	facies	of	Holocene	carbonates	in	

North	Stromatolite	Lake,	Coorong	region,	South	Australia:	Cadernos	Laboratorio	Xeolóxico	de	Laxe,	v.	35,	p.	127-146.	

	

Trinh	Xuan	Cuong,	and	Warren,	J.	K.,	2009,	Bach	Ho	Field,	a	fractured	granitic	basement	reservoir,	Cuu	Long	

Basin,	Offshore	SE	Vietnam:	A	"Buried	Hill"	Play:	Journal	of	Petroleum	Geology,	v.	32,	p.	129-156.		

	

Morley,	C.	K.,	B.	Kongwung,	A.	A.	Julapour,	M.	Abdolghafourian,	M.	Hajian,	D.	Waples,	J.	Warren,	H.	Otterdoom,	

K.	Srisuriyon,	and	H.	Kazemi,	2009,	Structural	development	of	a	major	late	Cenozoic	basin	and	transpressional	

belt	in	central	Iran:	The	Central	Basin	in	the	Qom-Saveh	area:	Geosphere,	v.	5,	p.	325-362.	

	

Warren,	J.	K.,	2008,	Salt	as	sediment	in	the	Central	European	Basin	system	as	seen	from	a	deep	time	

perspective	(Chapter	5.1),	in	R.	Littke,	ed.,	Dynamics	of	complex	intracontinental	basins:	The	Central	European	

Basin	System,	Elsevier,	p.	249-276.	

	

Mohr,	M.,	Warren,	J.	K,	Kukla,	P.	A.,	Urai,	J.	L.	and	Irmen,	A.,	2007,	Subsurface	seismic	record	of	salt	glaciers	in	an	
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Executive Summary

What drives significantinstability at times of salt mine expansion is the unexpected intersection of zones holding

substantial halite-undersaturated pore water volumes located in or immediately out-of-salt. Worse yet, is a hydro-

logical connection scenario where the intersected zones possess high potential inflow rates and are connected

to large reservoirs of halite-undersaturated pore waters. This is especially so when such unexpected pore waters

are connected to the mine workings via open fracture porosity

To date, the NewYork State authorities have not required of the mine operator appropriate technical data suitable

to make a
"best-practice"

judgement on whether to grant permission to move forward with Shaf t #4. Before a

firm decision is made, the following set of documentation and studies should be required of the mine operators.

1) What is the geological situation ("stay in the salt") in the areas where an unknown and possibly significant

volume of halite-undersaturated water is to be stored? If the proposed water storage area is such that the water

volume is fully encased, and it will not weaken the strength of intervening salt pillars, or while stored, drive dis-

solution and connection with unexpected aquifers in adjacent "out-of
-salt"

positions, then such below-ground

storage of pilot hole and shaf t reaming inflows should be feasible.

2.Whatis the nature of the permeability and porosity in the aquifer level to be encountered at the Bertie -Oriskany

levels during upward reaming of Shaft#4. This interval was sampled via cuttings, not core, in Corehole #18. At this

stage, it is not known if the encountered aquifer poroperm is held in a homogeneous medium or held in a highly

inhomogenous host, as is typical of a fractured aquifer reservoir. If it is held in a homogenous bedded host, then

the pump test already done to quantify entry rates and discussed in the CoreHole 18 report can be extrapolated

reasonably well from the narrow borehole diameter to a 14-foot wide shaft. If the aquifer is fractured, then flow

rates and aquifer interconnectedness have not been reliably quantified by pump tests in a narrow borehole. Un-

expected water volumes may be encountered during upward reaming of Shaft #4.

3.What do the salt textures captured in the core from Corehole #18 indicatein terms ofpossible aquifer proximity?

The current description of salt textures in the RESPEC report does not define the nature of the various processes

likely influencing the formation of various salt textures. Current salt sedimentology allows one to differentiate

between tectonic, diagenetic and salt dissolution textures and breccias.Work on the publically-available core from

the Himrod Mine shows all these textures are present in the salt layers in the Syracuse Fm; they are distinct and

capable of being classified. Such a sedimentological study of the salt core in Corehole #18 would better refine the

hydrological situation in the vicinity of Corehole #18 and if there is a possible hydrological connection already in

existence between the top of salt and the overlying potential aquifers located in and above the Bertie Formation.

The further integration of the salt texture information derived from the core with the mineralogical information

already measured in the wireline data run in Corehole #18 would help to refine such a hydrological model, which

could then be tied back to the current understanding of the mine geology and improve the utility of predictive

ore quality models.
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I n troduction
its use as a host lithology. Possible future problems are

This reportstems fromarequestfor technicalcomments
outlined and discussed in this report only in a general

on the general suitability of the salt geology for the pro- hon.The mattersraised can only be further addressed

posed sinking of a new shaft using upward reaming on
ifspecificdetailed site geology documentation, currently

the property of the Cayuga Salt Mine in New York State.
unavailable to the author,is integratedinto anypossible

Specifically,howwould the knowngeologyinteractwith
future study. Additional relevant aspects of the regional

the safe disposal of the waste and associated stability
salt geology of the Finger Lakes region are giving in an

in existing underground mine workings? The request
earlier scoping report (Warren 2015) and in Goodman

to SaltWork Consultants Pte Ltd invited Professor John
et al., 2009, 2011, 2015 and in the references therein.

Warren to be the report's author due to his extensive

experience in salt studies (www.saltworkconsultants.

com). Dr Warren has more than 30 years expertise in aH Ca rg S need to commission Shaft

aspects of salt geology, both academic and applied. He ff 4
has authored four advanced-level books on the topic of A new shaf t is required for the safe operation of the Ca-

salt, as well as numerous papers in internationally-ref- yuga Salt Mine as the current working faces are located

ereed scientific journals- almost 4 miles north under the lake from the existing

main access shaf t(Figure 1). The currentaccess situation
The reportfirst documents the saltgeology oftheregion' is not only problematic regarding escape protocols, but
it then documents the Quaternary glacial history of

also because the three existing shafts are now showing
Cayuga Lake and the Finger Lakes region. It focuses on

of 9 w % m dma ash w
how active deep aquifers currently flow beneath Lake

longterm salt heave. Having been in continuous oper-
Cayuga and the surrounds. The briny flows evolved in

ation since 1924 Cayuga salt mine it one of the older
response to loading, driven by the waxing and waning salt mines currently operating in the United States. The
ofice sheets atop the geology southward-dipping Phan-

oldest salt mine in the US is extracting diapiric, not
erozoic geology ofthe region. The report then addresses

stratiform salt from Avery Island in the US Gulf Coast
the specifies of this highly saline geological evolution in

terms of future mine stability and the storage of waste

materials in worked-out regions of the salt mine- Cargill Saltis currently seeking permission to construct

a new 14-foot diameter access shaf t to be known as
Throughout the readingofthis report, the reader should

Shaf t #4 (public notification published Sept 9, 2016, in
keep in mind that rock salt (which is mostly composed

the Ithaca Journal).Located at 1001Ridge Road (St.Rte.
of the mineral halite -NaCI) is a rock type with unusual

34B) in the Town of Lansing, Tompkins County, at an
physical properties. It possesses an extraordinary com-

elevation H890 ft the site has a proposed surface extent
bination of high solubility in water, low shear strength

of some 12.3 acres and is located some 3.9 miles north
and yetis largely impervious if left in an unaltered state

of Cargilfs current access shaf ts. The geology at this
in the subsurface.Thisunique combination ofproperties

planned construction site is based on cuttings and core
makes the mining of salt and the long-term stability of

recovered in a stratigraphic well known as Core-hole 18
abandoned salt mines and solution wells afield of study (RESPEC, 2013). Much of the geological detail in the
with many features indigenous to the unusual nature

vicinity of the proposed shaft comes from a reading of
of the exploited salt (See Warren 2016 and Warren, in

this RESPEC report by the author. It is assumed that
press; copies of chapters 7 and 13 from Warren 2016 are

Shaft #4 will be constructed in the vicinity of Corehole
available in the Endnote° database that accompanies

#18 (42.571830N, 76.582346W)
the hi-res pdf version of this report).

The most likely method of shaf t construction being
The brief for this report is to focus specifically on what

considered by Cargill involves controlled upward
information is in the public realm related to the geology stoping, beginning at the level of current subsurface
of the Salina Group salt and its relevance to decisions of

mine workings and is known as raise boring (Liu and
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has an additional advantage ofno

unsightly wastepile atthe surface

during construction. It further

s . . . , reduces costs as there is no need

to dispose of any brine or other

pumped subsurface fluids into

surface storage facilities. Rather,

. any collected brine or brackish

water can be moved directly into

subsurface storage sumps locat-

ed within older already worked

..- · t parts of the mine.

The disadvantage of this con-

struction method is that if the

work encounters severe condi-

tions during shaf t construction,

such as unexpectedly high vol-

umes of water inflow are inter-

sected, or a loss of roof stability

occurs, then it is a system that

is not easily plugged or isolated.

, Roof control is not easily recov-

I eredwithoutsignificant sub-roof

damage.Ifthe eventis associated

with high levels of water influx,

there is a strong possibility of

, ultimate loss of existing under-

|: - m 3rine well site ground facilities (see RetsofMine

case history). However, Cargill

successfullyused the same shaf t

Figure 1.Cayuga Salt mine, NewYorkState.A)Current lake shore position of CargillSalt's conshcdonme&ohnng
main shaft and surface operations. B) Positions of documented brine wells rang ing in existing facilities to the south.
age from the1890s until the1970s and extending to depths of more than a kilometer.

Meng, 2015). If chosen, this method involves installing Cargill is proposing to integrate

an initial 18-inch pilot hole to the mine level, and then and store any aquifer leakage waters flowing into the

attaching the reaming bit, which is then pulled upward shaf t duringand af ter construction(likelyfromintervals

to the surface to create the 18-foot opening for the final in and above the Bertie Formation), for consolidating

shaft construction (Figure 2). Both of these holes will be fines that will be disposed of within regions of already

open to the mine level to allow any cuttings and fluids mine dresidual panels. The plan will also utilise this

encountered to fall to the mine for removal. stored groundwater for reduction of dustin active parts

of the mine. To dispose ofwaste/water/brine generated

The advantage of this construction method is that all
during the construction of Shaft #4, a temporary sump

waste and brine can be immediately removed into stor-
will be constructed to collect pilot hole, construction,

age and disposal in mined out portions of the existing and shaf t water.This water/brine then willbe pumped to

workings. The method is cost effective compared to a the U60 and U58 regions in the current mine for storage.

surface excavation of an access shaft downward, and In the proposed plan up to 75 gpm can be pumped and
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Unexpected geology
intersected by pilot hole

Deviation of pilot hole Fragmentation of rock is
should be avoided controlled at all times

Stability of shaft wall
must be maintained

(a) Pilot drilling. (b) Back reaming.

igure 2. Raise Boring (upward-reaming) method of shaft construction and requirements to maximise stability and control during
construction (after Liu and Meng, 2015)

it is expected over the shaft construction period that gpm.Lowerin the stratigraphy,inproximitytothe mine's

some 5.5 million gallons will be generated. According currentworkings beneaththe eastern uplands, thebase

to Cargill, regions U58 and U60 can accommodate over of water can reasonably be expected to be at, or above,

13 million gallons of water without roofing or leakage. the base of the Bertie Group. Gas was observed in the

Oriskany Sandstone at 1,505 ft bgs with an estimated
The rate ofbrine inflowpostulated to come mostly from production rate of approximately 13,300 cfd.

or above the level of the Bertie Dolomite is based on

pumping tests conducted after an unexpected aquifer The proposed final reclamation plan states that when

was intersected during the drilling of Corehole #18 Shaft #4 is decommissioned at some time in the future

(RESPEC, 2013). This level in the stratigraphy is defined this will involve removal of any piping or operating

by amajor regionalunconformity(Figure 2). The known systems from the shaft, injecting of a cementitious

salinities of the inflow waters will make the collected low-permeability flowable fill (nature of fill not further

water undersaturated with respect to rock salt (halite). specified) that will permanently seal the shaft and will

Possible effects on roof and pillar stability during the also require the filling the uppermost eight to ten feet of

reservoiring of significant volumes of undersaturated theshaftwithahigh-strength concreteplug.The surface

water underground are discussed later. facilities will remain to provide office and commercial

facilities for future use. The reviewed additional life-of-

Corehole #18 identified a significant aquifer at ap-
mine area is 12.3 acres.

proximately 1,490 ft bgs (below ground surface) in the

Oriskany Sandstone with aflowrate that was estimated

in the field at the time of drilling to be ten gpm (gallons .

per minute). However, the subsequent pumping test
onal Sak Gology

(after two pump failures) suggested that the sustained
Salt in the Cayuga Lake region is currently extracted in

inflow rate into the borehole was approximately three
solid form from the Cayuga salt mine mostly for road

de-icing (see Cayuga Salt Mine). The salt source lies in
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Figure 4, Distribution and thickness of salt in the SalinaGroup.

variably dissolved and deformed beds of the Vernon In the Michigan basin, the Salina Group reaches thick-

and Syracuse formations that together make up the ness greater than 2,500 feet (760m) and consists domi-

Salina Group. The 416-418 million-year-old (Silurian) nantlyofsub-horizontallybeddedalternatingcarbonate

Salina Group extends from Michigan through upstate rockandsaltlayers(Figure3).SouthwardoftheMichigan

New York and into the Appalachians and south into Basin the Salina Group lacks salts, becomes thinner

Indiana (Figures 3, 4). (bothdepositionallyanderosionally),andextendsintoa

Correlation to Cayuga Mine series

F4 #1 Salt

o°LCel>i F3 #2 Salt

Meters Feet Bertie F2 #3 Salt
o 0 , m. H upper F1 #4 Salt

cafm G F1 #4A Salt
30 100 F3 Salina E(sh. dol.) #5

D3 #5 Salt
60- -200 F * -Brined along Ohio River in W.Va - #6 Claystone

D2 #6 Salt

90 300
p -Mined at Cayuga, and

no - 400 brined at Livonia, Watkins Glen N.Y. Salina C Vernon Shale

150 soo F * -Mined at Cleveland, Ohio; Detroit Michigan;
a- and Ojibway, Ontario

O -Brined at Barberton, Ohio
O F, , Mined at Fairport Harbor, Ohio and Myers, N.Y.

and brined at Rittman, Ohio and Ludlowville N.Y.

salt - Brined at Painsville, Ohio

--Brined at Akron, Ohio

Shale -- -

Dolomite
* Mined at Retsof, N.Y.and brined

at Silver Springs, N.Y.

Anhydrite O

A

* Thicknessvariation in
extractedsalt layersis likely
dueto combinationof
deformationanddissolution Lockport

Figure 5. Stratigraphy (rock unit names) used to describe salt units in New York State and surrounds, along with a listing of targeted
saltintervalsin former and current mining or brine well operationsacrossthe region (after Tomastik,1997) Insert gives the correlation
of the regional stratigraphy to units used in the Cayuga Mine. 5
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roughlywedge-shapedunitranginginthickness from500 Depth to top of the Salina Group in the Appalachian

feet (150 m) (northeastern Indiana) to as little as 50 feet Basin ranges from 0 along the outcrop in New York and

(15 m) (central Indiana). To the east of the thick Salina western Ohio to more than 9,000 ft (2,740m) deepin the

salts in the Michigan basin, the Salina Group transition center oftheAppalachian depositionalbasin. The top of

into the more structurally-deformedAppalachianBasin the Salina Group ranges from about 1,400 ft (430 m) be-

(Figure 4), it retains its salt units and in total thickness neath the shore ofLakeErie to more than 10,000ft (3,050

can exceed 1250 ft (380 m), but individual salt unit m) below sea level in the vicinity of Muncy, Lycoming

thicknesses are more variable (Figures 5). County, PA. The Salina Group ranges in thickness from

about 300 ft (90 m) in Erie County to over 2,200 ft (670

North South
2000

Updipthinningof SalinaGroupdueto groundwaterdissolution
1000assaltbedsmovecloserto the landsurface Canadaway

0Feet oud, Hamibn Westfalls
ea Demian

-1000 see
SalinaFIeldebem ilton

e rg

Salina
4)0 Silurian

LOCkport
-5000 ApproximateLocationof Clinton

CrossSection Medina
00 NewYorkState 4"" '

Queenston

sa a PoMam Lorraine Ordovician
)0 Limestone Shale

TrentonErie
Dolomite Sand lack

Evaporites SandandShale a ay Cambrian
PrecambrianComple POSaM

A.
North South

Somefault/ disturbancezonesappearto
transectthe SalinaGroup(evenat likelydepths
of 2000-3000ft) implyingabrittlenature
to somesaltintrabeds

Updip
thinningof

Salina
group

likely
relatedto

saltloss

(dissolutionor

deformation)

. Trenton
BlackRiver

- Beekmantown

B.

igure 6. Beds of the Salina Group (including salt layers) dip or deepen to the south, asshown in: A) the stratigraphic crosssection and
3) a regional seismic line -this line was published without a position or a scale to maintain commercial confidentiality. As the beds of
the Salina group approach the surface the total thickness of the unit lessens, likely due to the natural dissolution of the salt layers.
rhis implies there is a natural supply of brine to the shallow parts of the stratigraphy (base images extracted from Smith et al., 2005).
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m) in north-central Pennsylvania in Tioga and Bradford of "wild
brining"

in the 1800s were allowed to expand

Counties (Figure 3). Salt beds in the Salina Group can to the point where the landsurface became unstable

occur in both the Syracuse and Vernon formations and with some cavities daylighting and other exacerbating

so are informany termed the Cayugan salts. the creation of
"mudboils"

still active in the Tully Valley

today (Kappel et al., 1996). This landscape instability
AH beds in the region of Cayuga Lake show a consistent occurred because

"wild-brine"
solution caverns were

gentle southerly dip, as seen in the stratigraphic cross aHowed to expand, uncontrolled ,to transect a number

section and the north-south seismic line illustrated in of intrasalt beds. Operators continued to operate the

Figure 6. This section has a high vertical exaggeration brine well as long as the well continued to supply a

so the beds appear to deepen steeply. This is a standard brine-stock. Once a salt cavern roof was breached (out-

geological presentation construct, designed to give the of-salt situation) and lost seal integrity, the resultant

viewer maximumvisibility of the various rockunits and roof collapse led to a loss of brine well control, so the

layers thatmakeup the stratigraphy.Actualdip angles in well was abandoned, and a new brine well was driHed

true scale are much less, and beds would appear much nearby. Since the 1960s, maintenance of solution brine
thinner in a true-scale section.

wellintegrity and minimisation ofroof collapse became

the aim of mostbrinefield operators, with the exception
What is interesting in the seismic line is the overaH .

ofwild-brine well operations m the former SovietUnion
thinningin the strata ofthe Salina Group as the saltbeds

and its satellite states (Warren 2016, Chapter 13).
approach the surface. This is typical of dipping salt beds

worldwide and is a direct indication of the dissolution The practice of uncontrolled brinefield expansion and

of the salt layers as they get shallower and come into consequentwellabandonmenthas led tolaterproblems

contact with crossflowing undersaturated groundwa-
atop former brine fields. Worldwide, some brinefield

ters (Warren, 2016; Chapter 7). This geometry implies salt cavities, once out of the salt, continued to expand

that the saltat shallowerlevels beneaththe Seneca Lake for decades after the causative well was abandoned.

regionisnaturallysupplyingbrines to the aquifer system. Cavities became so large they stoped to the surface to

At deeper levels, the amount of natural dissolution is become collapse dolines, with associatedloss oflife and

far less, and the salt in the Salina Group maintains its
property (see Warren, 2016; Chapter 13 for case histo-

integrity and overaH thickness. This is likely one of the ries). A problem with salt cavity-related collapse and

reasons why not all of the salt layers are present in the groundwater contamination associated with stoping
Salina Group at shallower depths, and one of the main caverns is thattheymaynotbecome obvious until many
cause of changes in bed thickness at shallower levels decades after brine or salt extraction operations have

(Goodman etal., 2011).The otheris deformation related ceased.Complete removal of saltlayers by uncontrolled

to regionaltectonics.Salt dissolution is why any study of brinefield operations in the early part oflast centuryled

the suitability of the salt beds for mining or gas storage to the current problems with mud boils in Tully Valley,
in the Finger Lakes will show salt character improves Onondaga County, New York (Kappel et al., 1996).

to the south as the salt deepens and is less susceptible

to groundwater induced dissolution. Across NewYorkState the buried saltlayers in the Salina

Group range in purity and thickness, along with the

Groundwater dissolution means individual layers and number ofintrasaltbeds.Targetedlayers areideaHy more

overall salt thickness increase in a southerly direction than 95% pure NaCl. Regionally the salt beds beneath

and why there is a widespread reservoir of dissolu-
NewYorkState contain higherproportions ofimpurities

tion-derived brine beneath and adjacent to the Onon-
than their lithostratigraphic equivalents in the Michi-

daga Escarpment. gan Basin. Salt layers in the Michigan and Appalachian

basins are separated by shales and fractured dolomites
In the past, brine wells driHed to extract a brine feed-

and variably capped by a unit with abundant anhydrite
stock have exploited this brine reservoir (Goodman et

(CaSO,), which in combination are locally described as
al., 2010). Many caverns were created during this time

the Bertie Formation or the Bertie Group (Figure 5).
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Thelateralandverticalextentofimpurities andthickness suggest intrabed extents and dips within the Cayugan

ofsaltintrabeds south ofthe CayugaLake regionis given salt are farless predictable than suchhighlyinterpretive

in published examples of wireline log data, as in Figure correlation panels suggest. A comprehensive suite of

7a, bEnelinelogs are geophysicalmeasurements ofrock logs was collected in the drilling of Corehole #18 and

properties in a well bore. They are measured by a string paper copies of the log outputs are in the public domain

of tools lowered on a cable (or wire) into a wellbore and as part of the contents of the RESPEC (2013) report.

then raised to the surface at a constant rate of rising, as

measurements of rock properties are made. The seismic line illustrated in Figure 8 shows the Salina

Group geometry in the vicinity of a fault zone and how

The gamma log measures natural radioactivity in the the salt body it carries can show substantial thickness

rock, values tend to be high in shales and low in salt changes, especiallyin zones of tectonic disturbance and

and carbonates (limestones and dolomites) that lack deformation. This is clearly unlike the evenE-bedded

impurities. The density log measures electron density near-constant-thickness salt layers that typify salt oc-

and converts it to equivalent rock densities. Anhydrite currences in the Michigan Basin. The salt in the Salina

has a characteristic high-density value around 3, halite Group in its current eastern extent beneath New York

is around 2, while the densities of the other rock types State and Pennsylvania is variab7 deformed, with re-

vary according to porosities and matrix constituents. sultingthickness changes inindividualsaltlayers (as can

The neutron log measures hydrogen content.When the be seen locally in the Cayuga Mine (Prucha, 1968) and

neutron log and density logs are overlain on a stand- discussed further in next section of this report. This de-

ardised scale, as done in Figure 7a, then regions where formed region includes strata beneath the Fingers Lake

the two trackways overlap indicates a like7 limestone, region, as indicated by the shaded rectangle in Figure 8.

some separation indicates dolomite, while a broader

separation of tracks indicates shale. A reversal of the Thus, the salt beds of the Seneca Lake region and its

dolomite and shale overlap direction indicates a likely
surrounds areintenselyfoldedinto a series oflocal east-

sandstone.Wirelineinterpretation techniques are used west anticlines and synclines, withelevation differences

to betterunderstandlithology throughout the oilindus- of more than tens offeetfrom crest to crestin local folds

try and is increasingE in use by the mining industry. in the Cayuga mine area (Jacoby, 1963). However, as the

Wireline interpretation minimises the need to collect published seismic shows, there are much greater lateral

core, which is an expensive process. However, cores thickness changes in the salt across faulted regions, andit

preserve rock textures indicative of strength properties is like7 that some of these faults have localEpenetrated

and vectors that need to be understood for reliable and the Salina Group (Figure 8).

safe mining practice.
Regional7, as first expressed by Gwinn (1964), the var-

Figure 7b is an example of the use of the wireline data ious anticlines in the Finger Lake region, and regions

to correlate the extent of the salt and nonsalt intervals further south, are the principal products of halokinetic

between three wells south of Cayuga Lake. It clearly
deformation. Thevarious salt-cored anticlines and syn-

shows that the salt thickness is not consistent between clines (including the Firtree Anticline which transects

wells andthat the amount and thickness ofnonsaltbeds Lake Cayuga in the vicinity oof the Salt mine - Prucha,

vary between wells. The diagramis drawn withtheintent 1968) extend downward to the décollement (slippage)

of maximising a bed-parallel correlation of intrasalt surfacenearthe base ofthe saltlayers in the SalinaGroup.

units between the various wells. There is no control Currently, a dip slightly in excess of 1° is present at the

on the orientation of the beds between the wells other base of the Salina Group; this is true from the vicinity

than an assumption that the intrasalt beds are aligned of the Finger Lakes region to the structural front of the

sub-horizontalE. This is standard geological practice collision belt at the Muncy anticline in Sullivan County,

in the oil industry. However, regional observations as Pennsylvania.In this distance of approximate785 miles,

seen in published seismic and public-domain core and the base of theSalina Group drops from 1,000 ft below

mine-based observations (detailed in Warren 2015) all sea level near Himrod, New York, to more than 10,000

ft below sea level west of the Muncy anticline.
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Tully

Onondaga

Salina

Queenston/Medina

Unintrepreted seismic line Intrepreted seismic line

NORTH TH

TullyLimestone Thrustfault inTully- Cayuga
CayugaMine CrushedStoneQuarry
No,1shaft

HamiltonGroup
(includesMarcellusShales)

Onadaga st.
Roundout-Helderbergcarbonates
Camill ertie dolomite.
SalinaGroup(salt)

--- -----

FirtreeAnticline
NOTTO SCALE

-igure 8. Regional variations in salt thickness (in the Salina Group) as interpreted in A) Seismic (from Smith et al., 2005) and B) ar
nterpretive schematic based on regional thickness changes seen in wells and observations in the Cayuga Mine (after Goodman anc
31umeau,2004a, b).

Down this incline, sliding of post-salt beds likely the shallower regions, and an earlier episode of disso-

formed the salt-core anticlines, with characteristically lution tied to the Alleghanian Orogeny explains why

over-steepened and thrust-faulted south-east limbs the wedge-shaped plate of post-salt rocks thins from

(Figure 8; Frey, 1973). This leads to the contrast in about 12,000 ft thick near the structural front to less

deformation style seen in Figure 8. Above the base of than 2,000 ft in the Cayuga Rocksalt Mine (Frey, 1973;

salt, the beds are folded and deformed, while below the Harrison et al., 2004). Based on a regional study of fault

base of salt the beds are gently dipping. Hence, salt and trends and seismic events in New York State, Jacobi

incompetent shales in the Salina Group have flowed (2002) concluded, "...It thus appears that not only are

plastically during regional tectonic events in the Mes- there more faults than previously suspectedin NYS, but

ozoic era. This gives rise not only to the intense folding also, many of these faults are seismically
active..."

This

in and above the saltlevel but also to faulting of the salt question of ongoing fault activity should be addressed

and supra-salt section (Figure 8a). in terms of mine expansion toward the north of the

current operational area of the Cayuga Salt Mine and

Theupper surface ofthe saltandits overlying sediments we shall return to it once we have discussed the nature

in thevicinityof Cayuga and Senecalakes are character-
of the brine hydrology within its evolving Quaternary

ised by broad, east-west synclines and anticlines, with glacial-interglacial context.

axes paralleling the sharp folds and salt-cored defor-

mation zones in the underlying evaporites. In contrast,

beds below the décollement or slippage layer near the

base of salt are not folded. This structural contrast, in

combination with ongoing natural salt dissolution in
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Lake Length Width Elevation Water Surface Drainage DA/SA Maximum Maxsedt. Erosion Erosion
(km) (km) (m msl) volume area (SA) area (DA) depth thickness belowlake rel sea

(106m3) (km2) (km2) (m) (m) level (m) level (m)

Conesus 13 1 249 157 14 168 12 18 n.a. n.a. n.a.

Hemlock 11 1 276 106 7 96 14 29 149 173 103

Canadice 5 1 334 43 3 32 11 27 68 94 240

Honeoye 7 1 245 35 7 95 14 9 n.a. n.a. n.a.

Canandaigua 25 2 210 1,640 42 407 10 84 202 261 -51

Keuka 32 3 218 1,434 47 405 9 57 146 193 25

Seneca 57 5 136 15,540 175 1,181 7 186 270 442 -306

Cayuga 61 6 116 9,379 172 1,870 11 132 226 358 -242

Cwasco 18 2 217 781 27 470 17 52 95 140 77

Skaneateles 24 3 263 1,563 36 154 4 84 140+ 255 8

Table 1. Finger lake dimensions, sediment fill, glacial scour depths and water volume statistics (after Mullins et al.1996) See figure
9a for lake locations

Quaternary Geology of the Finger
Nor& of &e Finger I,akes, is ne Ontario Lowland char-

acterised by an extensive drumlin field and an elaborate
Lakes region of New York State.

system of meltwater channels including Montezuma
The Finger Lakes of central New York State consist of

wetlandsnorthofCayugaLake(Figure9a,b).Theuplands
11 elongate, glacial7 scoured lake basins Mullins et al.,

between the Finger Lakes are covered by a thin layer of
1996). Located south of Lake Ontario (Figure 9a) along

tillwith a series of distinct chevron-shaped till moraines
the northern margin of the glaciated Appalachian

(Figure 9b), which become more lateralE continuous to
Plateau, the Finger Lakes have been eroded into unde-

the north.Immediate7 south of the Finger Lake basins,
formed, but well-jointed, Devonian sedimentary rocks

and restricted to the valleys, are kame moraines (Figure
(chiefly shale)thatdipgent7to the south-southwest.The

9a) collective7 referred to as the Valley Heads Moraine.
seven larger, eastern Finger Lakes (Otisco, Skaneateles,

The Valley Heads kame moraines are thick (locally
Owasco, Cayuga, Seneca, Keuka, Canandaigua) form

>200m in the deeper parts of the lake valley fill) and
a radiating pattern that projects northward into the

are permeable accumulations oflarge7 coarse-grained,
eastern basin of Lake Ontario, whereas the four smaller,

water-laid drif t (Figure 10a).
western Finger Lakes (Honeoye, Canadice, Hemlock,

Conesus) project northward to a point near the city of

Rochester (Figure 9a). The lakes vary considerab7 in Hydrology of the Cayuga Lake region

size, ranging in length from 5 to 61 km, in lake-water Deep subsurface brine hydrology and hydrochemistry

elevation from 116 to 334 m, and in maximum water in the Cayuga Lake region is strongly influenced by a

depth from 9 to 186 m (Table 1). Lakes Cayuga (133 m, combination oftwoprocess sets;1)longer-termongoing

435 feet) and Seneca (188 m, 618 feet) are among the deeper salt unit dissolution and natural aquifer salini-

deepest lakes in the United States, with bottoms well zation and, 2) a shallower set of hydraulic flowreversals

below current sea level. They are also the longest of the responding to pressurization changes driven byloading

Finger Lakes, thoughneither's widthexceeds5.6km(3.5 and unloading fluctuations, in response to the to and

miles); Lake Cayuga is 61 km (38.1 miles) long with a fro and ultimate retreat of Late Quaternary ice sheets

surface areaof 172 km2(66.4square miles), while Seneca (Laurentide sheet; Goodman et al., 2011).

at 175 km2 (66.9 square miles) is the largest of the lakes

in of water surface area (Table 1). Glacially-driven The two process sets are now discussed and then their

sub-ice base erosion was most intense beneath Seneca significance outlined in terms of depths of associated

and Cayuga lakes, where maximum depths to bedrock inducedbrinepermeabilityandimplications forpossible

are 304 m and 249 m below sea level, respectively. The aquifer connection between deep saline aquifers and

ice-retreatmodelcurrentlyusedto explain the formation shallower fresh water units.

and filling of the various Finger Lakes is illustrated in

Figure 9c (Mullins et al., 1989, 1996).
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SOUTH NO TN

LateQuatemaryke

s vavl

Time4

Time3

Nottoscale

Time0
SE40

Subglacial Lake Glacial kellow fivessarisesf5esRment
drainage DmmAns valley cutwash direction

Figure 9. Finger Lakes, upper NewYork State.A) locality and generalsurface geology(after Mullinsetal., 1996). B) Topograp ly of
the Cayuga Lake region looking South (extracted from images downloadablejohn Allmendinger's website <www.geo.cornell.edu/
geology/faculty/RWA>.C)Geologicalmodelexplaining FingerLakeformationassubglacialscourfreatures(afterMullinsetal.,1989).

Saline aquifers and glacial drivers of fluid groundwaters and suprasalt depressions in the land-

entry
scape, with adjacent ridges composed ofless soluble

Worldwide, wherever bedded or halokinetic salt ap- sedimentssuchaslimestonesorsandstones.Thisisthe

proaches the land surface it dissolves and, unless in casewheretheSilurianSalineGroupsalinesediments

an extremely arid region, the salt unit rarely makes subcropdowndipoftheOnondagaescarpment,which

it to the surface (Warren, 2016). Accordingly, regions islocatedimmediatelynorthoftheFingerLakesregion

of salt sub-crop are typically characterised by saline (Figure11;Goodmanetal.,2011)
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Figure 10. Section and map views of sediment fill statistics (after Mullins et al., 1995) A) Total thickness of the glacial sediment fill in
the various Finger Lakes. B) Variation in position of penetration in the Phanerozoic stratigraphy of the glacially scoured valley-base in
east-west sections (based on seismic) at the northern, medial and southern end of Lake Cayuga. C) Total thickness isopach of glacial
sediment fill (m) and depth to bedrock isoclines relative to lake water surface (based on seismic interpretation).

Thisregionofsalinegroundwaters,createdbySalinasalt imposed by glacial ice during the Pleistocene Epoch

unitdissolution,andaccessiblebythebrinetechnologies like7 promoted enhanced, southward-directed down-

ofthetimedefinestheareawheresaltwasmanufactured ward fluid flow along bedding-parallel transmissive

fromvarious naturalsaltsprings and shallowwells,be- horizons within the Salina Group. Such saline fluids of

ginninginthe1790s andongoingthroughoutthe l800s variable salinity are reported in Salina Group strata to

(Merrill et al., 1893) subsurface depths ofabout l,500feet.Atmore substan-

tialdepths, most SalinaGroupstrata donotflowwater.

Work by Goodman et al. (2011) described the brine These hydrogeological patterns are in conflict with a

aquifer of this region as being of likely glacial origin Tothian model of basin-scale fluid flow that requires

and associated with downdip salt dissolution. The meteoric recharge (rain and snow-melt) in the Appa-

systemis situatedintheup-dipportions ofthe Silurian lachian Plateau (Southern Tier) Province of western

Salina Group subcrop belt, south of the historical salt NewYorktoinfiltrateasdeeplyastheSalinaGroupsalts

manufacturing center at Montezuma, Cayuga County, beforemigratingnorthwardanddischargingasbrinein

New York (Figure 11). Well completion records report the Lake Ontario Plain. Instead, water-bearing Salina

saline formation water in the interbedded shale, car-
Group strata are restricted to a belt approximate7 18

bonate and salt sequence.If accurate7 reported, fluid miles south of and parallel to, the Onondaga Escarp-

emplacement in these strata was not vertical driven; ment. Hence, the saline aquifer, referred to herein as

ratheraniceweight-inducedlateraldown-dipmigration the Montezuma Brine Aquifer System (MBAS), more

is required to emplace undersaturated fluid beneath
like7 owes its origin to Pleistocene paleohydrological

and between partially intact salt beds which acted as processes that affected the escarpment.

aquitards or aquicludes.Increasedhydraulic gradients
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Montezuma
Drainage

Onondaga
Escarpment Fresh Brackish

Inferred extent . What is likely depth to the top of salt beneath the central
brine entry . - - portion of Cayuga Lake? (gives an estimate of current aquifer

in n e -sak ,
'

separation from proposed mined salt level beneath the lake)

via ice-sheet Brir e source i indicat d
Cayuga water surface +116 msl - Table 1 & Mullins et al., 1996driven loading b loss or thinning

250-300m -as illustrated in Figure 10c

i nte ake po t ns Therefore, depth to basal sub-lake scour level where maximum
Approximate - scour at deepest base of glacial fill is around -184 m msl

northern -300-116m from Figure 10c and Table 1
extent of Approx. position of

current mine N proposed shaft
Top of salt is at -339m msl (top salt F4 is at -1112 ft from Table 3.1

workings Ludlowville in Corehole 18 report.
10 miles (Cayuga)Mine

Therefore, there could be as little 150-160 m (339-184m)
of sediment between the base of the glacial aquifer beneath
Lake Cayuga and top of salt in the proposed mine area
(assuming a subhorizontal top salt - which is unlikely).

Figure 11. The extent of subsurface dissolution of various Syracuse Fm salt beds as the regional geology shallows toward the north
infleunce region is shaded brown. The intersalt hydrology was periodically pressurised and released by expansion and retreat of
glacial ice (after Goodman et al., 2011). The extent of the brown shade area is based on wireline signatures in wells drill in interlake
positions. None of these wells (which are petroleum wells) were drilled into saline sediments below the glacial scour base thalweg.
The inset box gives a calculation of the likely distance separating active undersaturated pore waters held in aquifers in the glacial
sediments and the top salt unit, beneath the central part of Cayuga Lake, based on material presented in this report.

During the period of Pleistocene glacial advance, the In proximity to the Onondaga Escarpment, alocalised,

MBAS was mainly closed-ended along its southern shallowsubsurface,topographicallycontrolledflowsys-

boundary, i.e. the aquifer had no discharge zone but temcontains freshwater.ne saline waterinthe deeper

maintained its high salinity by dissolving the upper subsurface MBAS is likely driven up-dip to the line of

and lower edges of the southward-dipping salt beds. saline springsbyagradualreleaseofresidualPleistocene

Recharging sub-glacial meltwater simply may have fluidpressure.Freshwater and saline water springs can

infiltrated further down-dip through bedding-parallel be closely juxtaposed, and the waters from the shallow

transmissive zonesandremainedinstoragemaintained and deeper flow systems likely mixin many areas along

in position by the ice loaf at its up-dip end. he term the southern margin of the Lake Ontario Plain.

"pocket"aquiferisproposedforthistypeofclosed-ended,

glacio-hydrogeological system. According to Goodman et al. (2011), the presence of

brinein subsurface Salina Groupstrata southofthe On-

Following glacialretreat, the steepened, southward-di- ondagaEscarpment in western NewYorkis commonly

rected hydraulic gradient dissipated, and the source of reported in the vintage scientific literature. Hence, the

cold water recharge was removed. hus, according to saline aquifer system is likely more extensive than the

the glacialpocket aquifer hypothesis, the Salina Group SenecaandCayugaLakevalleysnearMontezuma.Nine-

outcropbelt changedbehaviour over time from aPleis- teenth-century descriptions of salt wells in Wyoming,

tocene recharge zone to a Holocene discharge zone. Livingston, Genesee, Erie and Cattaraugus Counties

Today, the Salina Group outcrop belt is populated by indicate artesian brine conditions in a zone parallel

brine springs, confirmingits status as a discharge zone to, and south of, the up-dip terminus of the salt beds

for the modern MBAS. in the Salina Group. he salt beds are preserved just

south of the Onondaga Escarpment beneath much of

western NewYork. North of the escarpment, the Salina
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Group strata are so shallow A)preglacial

in the subsurface that they
'

C)Glacialmaximum

are thoroughly leached by
n 500-1000km

activelycirculatingground-
B)Glacialonset Forebulge

water,andthesaltbedshave Continental arginaltrough Seaice

been fully dissolved. n,,,n,,,
4"

h
icesheet Meitingand cean

andm ration Ocean
This ice-load driven flow of 4-----** a °n

brine in and out of beds in
gigration- -

contactwiththefluctuating

edges of glacial ice sheets
Marginaltrough Forebulge

does not just occur in the D)Post-glacialrebound

Finger Lakes region, but n andmi9ta®"
ocean

also occurs in fractures

in hard-rock (granite and

granodiorite) terrains in
Figure 12. Isostatic and hydrological evolution of a marine-cryogenic basin aquifer system: A)

the cratonic shield regions Continent-ocean boundary before the onset of a glacial cycle. B) An ice sheet develops on the
continent, depressing the crust underneath and forming a forebulge along the coast. Seawater

of Canada, Greenland and infiltrates into the marginal trough between the ice edge and the forebulge and sea ice crystallizes
Antarctica where it drives on its surface. The resultant brine sinks to the bottom and infiltrates the underlying sediments

and rocks via cracks and shear zones and by non-equilibrium melting of the ice sheet base. Then,
seawater-derived brines it migrates inland, along the inclined ice-rock contact, towards the center of the depression. Loss

into the craton to depths of brine from the trench is compensated by fresh seawater flow through the forebulge. C) During
the glacial maximum the basement rocks below the ice sheet become saturated with brine. D)

of 1 km or more (Figure 12; Increased melt water head developing during glacial decline, accompanied by postglacial litho-

Warren, 2016, Chapter8;
SPheric rebound, drive the brines outwards from the center of the glaciostatic depression to their
present sites (after Starinsky and Katz, 2003).

Starinsky and Katz, 2003).

In such cases the load

induced by a kilometer or Salt mine problems due unforeseen

more ofice cover drove additional fracturingin the un-
Water entry

derlyingstrata,1hismechanismdrivesfluidentryfurther Salt mining is usually safe and predictable. However,
into rock areas that would otherwise be impermeable. there are some situations, illustrated by the following

case histories that are relevant to the Cayuga mine sit-
What makes the Finger Lakes region unique in terms

uation. We shall consider three salt mines, namely; 1)
ofits ice-load driven hydrologyis the fact thatthe brine

loss of the Retsof Mine, 2) the Lake Pegnieur collapse
entry is penetrating and dissolving a set of soluble

and loss of the Jefferson Island Salt Mine 3) the flood-
sediments (dissolving salt layers separated by the car-

ing of the Patience Lake Potash Mine. All three mines
bonate and shale aquifers). This is somewhat different .

were lost to flooding due to workings mteracting with
the more commonlyinvoked sea-edge ice sheet setting unexpected aquifer systems (See Warren 2016, Chapter
drivingbrine entry(Figure 12). This style ice sheetload-

ing enhancing salt bed dissolution is active along the

northernendofLake Cayugaandexplainsthe complete

disappearance of shallower salt beds in the northern Retsof Mine, New York State, USA

part of the subsurface geology beneath Lake Cayuga The 1994 flooding of the Retsof Mine, New York State

(Figure 11). Ice sheet loading may also have enhanced USA, took place over a period of weeks. Before aban-

fracturingofintrasaltcarbonatebedsandperhapsdriven donment,the24km2 areaof subsurfaceworkings made

adegree ofrecentsaltflowinregions ofsignificantlocal it the largest underground salt mine in the USA and

differencesinsalithickness.Thesethickness differences the second largest in the world (Figures 13, 14). The

were originally due to earlier folding and deformation mine had been in operation since 1885, exploiting the

(Warren, 2016; Chapter 6 for a summary of the physics Silurian Salina Salt and each year it produced a little

of salt deformation).
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250 m

Figure 13. Location of the collapse dolines atop the former Retsof Mine to the east of the town of Cuylerville. The doline occupies a
pre-existing low that had also captured Beard Creek (Bing' 2012 image mounted and scaled in Mapinfo).

over3 million tons ofhalite.It supplied more than 50% 70 m3/min, via the overlying now fractured limestone

of the total volume of salt used to de-ice roads across back (Gowan and Trader, 1999).

the United States.

TheeventuallossoftheRetsof

Salt Mine began in the early Wellsthat experienced
Location rapid dewatering or had

morning hours of March 12, gone dry by August, 1994

1994, with a magnitude 3.6 O GeneseeRiverValley
New 0

earthquake. The quake was York O GeneseeUplands North
caused by the catastrophic Mile

breakdown of a small mine Livingston o 1

pillarandpanelsectionsome ____-------.,
340metersbelowthesurface 575

andwasaccompaniedbythe
Area of --- -

surface collapse of an area 550 - Retsof Mine
Estimated

atopthe minethatwas some 5 water level , Genesee
180 by 180 meters across 525 -',

decline

, cuylerv e
and 10 meters deep. This all

a Leicester
occurredatthesouthernend 500 -

of the mine near the town of Area of

Cuylerville.Amonthlater,on 475 - collapse

April 18, an adjacent mme water level
decline

room collapsed to form a 450 -

second collapse crater (Fig-

ure 13) The initial March 12 425 -

collapse in the mine was

accompaniedbyaninrushof 400
M A M J J A

Mt. Morris

brine andgas (methane)and 1994

byasustainedintenseinSow
Figure14.Locality plan ofthe Retsof mine andthe area ofcollapsealong witha selected hydrograph

ofwateratrates in excess of from a well in the Genesee River valley (March 12 to August 12 1994; after Tepper et al.,1997).
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Inalittlemorethanamonth,twosteep-sidedcircular an anomalous buildup of fluid pressure above the

collapsefeatures,some100metersapart,hadindented panelsintheperiodleadinguptotheircollapse.The

thelandscapeabovethetwocollapsedminerooms(Fig- initialinfluxofbrine andgasfollowingthefirstcol-

ure14. henorthernmostfeature,whichwasmorethan lapsecoincidedwiththereliefofthisexcesspressure.

200metersacross,includedacentralareathatwasabout GowanandTrader(1999)demonstratedtheexistence

60meterswideandhadsubsidedabout6tolometers. ofpre-collapsepressurisedbrinecavitiesandgaspools

Thesouthernmostfeature,whichwasabout270meters abovethepanelsandrelatedthemtonineteenth-cen-

indiameter,includedacentralareathatwasabout200 turysolutionminingoperations. heyalsodocumented

meterswideandhadsubsidedabout20meters(Figure widespreadnaturalgasandbrinepoolswithinUnitDof

13).Fracturesextendingupfromthebrokenmineback theSyracuseFormationapproximately160ftabovethe

createdhydraulicconnectionsbetweenaquifers,which minedhorizonintheRetsofMine.Thesatelliteimage

previouslyhadbeenisolatedfromeachandsoprovided alsoshowsthatcollapseoccurredinthelandscapelow

newhighvolumeflowroutesforrapidmigrationof thatdefinedtheBeardCreekvalley(Figure13).Brine

perchedgroundwatersintotheminelevel. accumulationsapparentlyformedinnaturalsinks,long

beforesolutionminingbeganinthevalley,drivenbythe

Waterfloodedthemineatratesthateventuallyexceeded naturalcirculationandaccumulationofmeteoricwaters

60,000litresperminuteandcouldnotbecontrolled alongverticaldiscontinuities,whichconnectedzones

bypumpingorin-minegrouting.ByJanuary1996the ofdissolvingsalttooverlyingfreshwateraquifers.Sub-

entireminewasflooded.Associatedaquiferdrawdown sequentworkbyGowanandTrader(2003)showedthat

caused inadequate water

supplytoanumberoflocal
West :¡5 Eastwellsinthemonthsfollow-

ingthecollapse;some dried 250- FEOET

up(Figure14;Tepperetal., Channelsof the GeneseeRiver - 700

1997). Aside from the loss

of the mine and its effect 150 500

onthelocaleconomy,other 400

adverse effects included
3°°

Devonianshale Subsidencezone - 200
abandonmentoffourhomes,

50-
with thin limestoneuni nglacialsediments - 100

damage to other homes see - Sealevel
OnondagaLimestone .Unconformity

(SOme aSmuchas1.5kilom-
BertieLimestone - -100

etersfromthesinkholes),the
-50- CamillusShale -200

Rubblechimneyformedviaupward .
lossofamajorhighwayand -100. SyracuseFormation stopingdrivenbywaterinflux,salt "A - -300

dissolutionandformationslaking y
bridge, loss of water wells vernonShale Unmined

- -400
-150 Retsofsaltmine / salt v" + - -500

and prohibition of public
-600

accesstothecollapsearea. -200
0 500 1,000METERS

Land subsidence, possibly 0 2,000 4,000FEET
related to compaction in- VERTICALEXAGGERATION×10

duced byaquifer drainage
GEOHYROLOGYOFRETSOFMINE(postcollapse)

to themine,evenoccurred Minera1contentin core
nearthetownofMt.Morris

Upperunconfinedaquifer Deltaicdeposits from boreholeLv343

Upperconfininglayer Till V Fe-dolomite(>30percent)
Some3miles southwest of " Anhydrite(>20percent)Middleconfinedaquifer Dischargeto mine
the collapsearea. duringflooding A Clayminerals(>20percent)

Lowerconfininglayer

Lowerconfinedaquifer
Post-mortem examination (LCA)

ofclosuredatafromthe two f igure 15. Stratigraphic section depicting rubble chimney above collapsed room in Retsof sal

failedminepanels showed mine, Livingston County, N.Y.Also shown are the main aquifers that facilitated water influx intt
the flooding mine (inflow also drained natural and artifical brine filled solution cavities in the
stratigraphic levels above the working mine level (after Yager et al.,2009)
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daylightingsinkholes hadformedby the down-dropping some 200 feet across and 24 feet deep. This old sump

of the bedrock and glacial sediments into voids created was in contact with a zone of anomalous
"black"

salt (a

by the dissolution of salt and the slaking of salt-bearing boundary shear zone - see Warren, in press, for further

shale upon exposure to fresh water. discussion of black salt anomalies). The volume of su-

prasaltfloodwaterengulfingthe mine corridors couldn't

This collapse tookplace in a salt-glacial scour stratigra-
be drained by the available pumps. Some 23-28 million

phy and hydrology near identical to that in the Cayuga m3 of salt were extracted during the preceding 58 years

Mine region. In this context, it is of interest to note that of mine life. The rapid flush of lake water into the mine,
there are a number of documented plugged and aban-

probablyaugmentedby the drainage ofnaturalsolution

doned brine wells located in the vicinity of the Cayuga cavitiesinadjacentanomalous saltzones and associated

Minethatwere drilledfromthe1890s tothe 1950s.Figure collapsegrabens beneaththelakefloor,meantlandslides

lb plots the positions of these known wells. and mudflows developed along the perimeter of the

overlying Peigneur sinkhole, so that post flooding the
One wonders if there are older undocumented wells on & m 8 h
the eastern lakeshore located in areas where the salt

brine target was shallower further north. Such undoc-
With water filling the mine workings, the surface entry

umented brine wells would likely have been sited near hole in the floor of Lake Peigneur quickly grew into a

the lake shore to facilitate the transport of the brine half-mile-wide crater. Eyewitnesses all agreed that the

product. Current salt mining below the lake avoids the lake drained like a giant unplugged bathtub-taking

possibility of intersecting solution cavities associated with it trees, two oil rigs (worth more than $5 million),
with any such undocumented old brine wells. But, the eleven barges, a tugboat and a sizeable part of the Live

drive needed to position the pilot hole for Shaft #4 will Oak Botanical Garden. The drained lake didn't stay dry
transectasaltregionthatmayhavebeen solution-mined for long, within two days it was refilled to its normal

more than a century ago. A seismic or a less disruptive level by Gulf of Mexico waters flowing backwards
"mini-sosie"

survey should be undertaken to identify into the lake depression through a connecting bayou

any possible solution cavities in the region that will (Delcambre Canal, aka Carline Bayou) forming what

connect the current workings to the Shaft #4 pilot hole. was a short-term waterfall with the highest drop in the

State of Louisiana. Associated ground movement and

Lake Peigneur, Jefferson Island, Louisiana
subsidenceleftoneformerlake-fronthouse aslantunder

On November 20, 1980, one of the most spectacular
12 feet of water (Autin, 1984).

sinkholeevents associatedwithoil-welldrilling occurred
The Peigneur - Jefferson Mine disaster had wider re-

atop the Jefferson Island salt dome. On that day Lake
source implications as it detrimentally affected the

Peigneur disappeared as it drained into the workings

of the underlying Jefferson Island salt mine. In a few

hours a collapse sinkhole, some 0.91 km2 in area, had

daylighted in the southeast portion of the lake (Figures ..

16, 17; Autin, 1984, 2002; Warren, 2016). In the 12 hours

following the first intersection of the drill hole with the .

mine workings, the underlying mine was completely Formér

flooded, and Lake Peigneur was completely drained. . Jefferson Is.

", altmine
.

Drainage and collapse of the lake began when a Texaco
Live Oak

oilrig, drilling from a pontoon in the lake, breached an gardens
unused section of the salt mine some 1000 feet (350

Delcamb
meters) below the lake floor (Figure 17). Witnesses 1000m

working below ground described how a wave of water
. . . . Figure 16. Lake Peigneur, Louisiana (scale ®Bing image mounted
mstantly filled an old sump m the mme measurmg in "Mapinfo) see also warren 2016.
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smallbead-shapedsinkholes

were initially noticedinthe

Drill hole above mine region. Subsid-

Lake Peigneur Airshaft
Jefferson Island ence monitoring post-1986

- - - - - N definedabroadareaofbowl-

shaped subsidence, within

associated areas of gully
- erosion, likely underlain by

BSZ's (Autin, 2002). Avery

mine is today the oldest
/^

operating salt mine in the

United States and has been

in continual safe operation

sincetheAmericanCivilWar.

c. After the Lake Peigneur di-

saster,themineunderwenta

,, majorreconstructionandan

Salt mine improved safety workover.

Subsidenceis stilloccurring

Salt mine today along the active mine

edge,whichcoincideswitha

topographicsaddleabovean

Mine collapse ? anomalous salt zone, which

Figure 17.I_ake Peigneur,Jefferson Island,crosssectionshowing the cause of the floodingofthe is located inside the mined
mine and the temporarydrainingofthe lake (in part after Keller and Blodgett,2006)

salt area. At times, ground
profitabilityofothersaltminesintheFiveIslandsregion water has seeped into the
(Autin, 2002). Even as the legal and political battles at

mine, and there are anumber ofknown soil-gas anom-

Lake Peigneur subsided, safe mining operations at the alies and solutiondolines ontheislandabovebutnotin

nearby Belle Isle salt mine came into contention with
contactthemine.Thesearenaturalfeaturesthatpredate

publicperceptions questioningthe structuralintegrity mining and are continually monitored.
ofthemineroof Duringongoingoperations,horizontal

stressonthemineshaftnearthelevelwheretheLouann Muchofthe subsidenceonAveryIslandisanaturalpro-

Salt contacts the overlying Pleistocene Prairie Com- cess as differential subsidence occurs atop any shallow

plex across a zone of anomalous salt-defined aquifer salt structure with the associated creation of zones of

proximity had caused some mine shaft deterioration anomalous salt (Warren, 2016, Chapter 7). Dating of

and salt leakage. Broad ground subsidence over the middens and human artefacts around salt-solution

mineareawas welldocumentedandmonitored,aswas induced,water-filleddepressionsatopthedome,shows

near continuous groundwater leakage into the mine dissolution-inducedsubsidenceis anaturalprocess,as

workings. The Peigneur disaster meant an increased are short episodes of catastrophic lake floor collapse,

perceptionofcontinueddifficultywithmineoperations slumping and the creation of water-filled suprasalt

and an increased risk of catastrophic collapse related dolines (circular lakes). Such landscape events and

tosaltanomalyintersections was considereda distinct theirsedimentarysignatureshavehistoriesthatextend

possibility.In1985,acontrolledfloodingoftheBelleIsle backwellbeyond the3,000years ofhuman occupation

SaltMine was completed,as partofasafe closureplan. documented on Avery Island (Autin, 2002).

SubsidenceoverthenearbyAveryIslandsaltmine(oper-
WhatthePeigneur-JeffersonIslandcollapseillustrates,

atedbyCargillSalt)hasbeenmonitoredsincel986when once again, is how an unexpected water breach can
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have disasters effects on a safely operating salt mine.

In this case, the mine operation was not to blame, but shale limestone

the volume of breach waters was probably augmented salt

by the proximity of some parts of the no-longer-active mine

areas in the mine workings to anomalous salt zones

and natural brine-filled solution cavities within salt 1975 Mineintersectsaquifer
. - Grouting controls inflow

boundary positions.

7975 - 1986 Seep continues

Patience Lake Potash Mine flood

In the 1970s the Patience Lake potash mine operation, limestone

located on the eastern outskirts of Saskatoon, Canada, shale

encountered open fractures tied to a natural collapse salt

structure. Grouting managed to control the inflow and mine

mining continued. Then, in January of 1986, the rate ----------

of water inflow began to increase dramatically from 7986 Largeflowincreaseintomine

the same fractured interval (Figure 18; Gendzwill and Waterundercuts mine pillars
Enlarged cavern forms

Martin 1996).

Atits worst, the fractures associated with the structure limestone

and cutting across the bedded ore zones were leaking
shale

75 m3/min (680,000 bbl/day) of water into the mine. salt
water

The water was traced back to the overlying Cretaceous mine

MannvilleandpossiblytheDuperowformations.Finally, -------

infanuary1987theminewasabandoned.Ittookanother
7987 July: Mine fills with water

six months for the mine to fill with water. Subsequent Hydrostatic pressure is restored

seismic shotover the offendingstructuresuggestedthat Earthquakes occur related to
collapse and failure of roof spans

theactualcollapsewasn'tevenpenetrated;theminehad

merelyintersected a fracture within a marginal zone of

partial collapse (Gendzwill and Martin 1996). Iimestone

Part of the problem was that the water was undersat- shale

urated and quickly weakened pillars and supports, so salt

compromising the structuralintegrity of the workings. mine

The unexpectedintersection ofone simple fracture sys-

tem resultedin the loss of abillion dollar conventional 7987 Stable arch forms after
roof span failure

potash mine. Patience Lake mine now operates as a
Iigure 18. Sequence of events controlling the flooding of the

cryogenic solution mine by pumping warm KCl-rich Patience Lake Mine (after Gendzwill and Martin,1996).

brine from the flooded mine workings to the surface. Patience Lake, the brine fromthe breachedstructurein

Harvesting of the ponds takes place during winter af
Rocanvillewashalite-saturated, solimitingthe amount

ter cryogenic precipitation of sylvite in the at-surface of dissolution damage in the mine walls. Different out-

potash ponds (Fig. 19).
comes between the loss of the Patience Lake Mine and

recovery from unexpected flooding in the Rocanville
Unlike thePatienceLake Mine flood, therewas asimilar

Mine likely reflects the difference betweenintersecting
episode ofwaterinflowin the nearbyRocanvillePotash

a natural brine-filled dissolution chimney that had
Mine.Butthereacombinationofgroutingandbulkhead

made its way to the Cretaceous landsurface andis now
emplacementin succeededinsealingofftheinflow,thus

overlain by a wide-draining set of aquifer sediments,
saving the mine (see Warren 2016 for detail). Unlike

versus crossing a blind dissolution chimney in a saline
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.. challenges if ongoing operations place parts of the salt

mine workings in a condition of aquifer proximity. he

same caution should also be considered to be anintegral

part of the approval process for construction of Shaf t

#4, which will involve the excavation of a drive across

some lateral distance between an existing portion of

ke the mine workings and the base of the construction

site for the pilot hole that will ultimately evolve into

Shaf t #4 (Figure 11).

Current discussion of the geological conditions in the

vicinity of Shaf t #4 and clarification requests from New

York state authorities do not deal with the fact that the

floor ofthe deep glacial scour channel, definingthe base

ofthewaterfilled glacialsediments beneathLake Cayuga

Figure19.PatienceLake-PCSsolutionmine,Saskatchewan,Cana da and its overlying water column, has been downcut to

depths greater than300 m below the lake water surface.

Devonian sediment surround that never broke out at This is a conservative downcut estimate as Mullins et

the Cretaceous landsurface. Understanding the nature al. (19%) document a maximum scour depth of 358m

ofthe potentialhydrologicaldrainages and water source in the Lake Cayuga erosional valley (position indicated

is a significant factor in controlling unexpected water by the black circle in Figure 10c). The documented level

during any mine expansion. of glacial scour and fill geology is presented as Figure

10b (af ter Mullins et al., 1996)

The likelyvertical distance of separation between top of
Irnplications for the Cayuga Salt

saltand the lowest scour position of the glacial valley
Mine expansion trace (thalweg) beneath the central portions of Cayuga
The supreme rule for safe, conventional salt mining in Lake is possibly as little as 150-200 m (see calculation
bedded and halokinetic ore hosts is "stay in the

salt"
inset in Figure 11). This aquifer-to-salt separation is

(Figure 20). Problem areas encountered in most halite less than normally considered a safe separation from
and potash mines are related to thinning or disappear-

a potential fresh-water aquifer. A minimum vertical

ing salt-ore seams, usually in zones showing evidence distance of 200 meters+ is considered necessary if
of water-related dissolution and solution collapse. In the possibility of unwanted water entry into the mine
other words, problems tend to occur when there is an workings is to be minimised. Without knowledge of
unexpected intersection with a precinct of anomalous the lateral discontinuities at the mine level and if any
salt features (Woods, 1979; Boys, 1990, 1993; Warren, potential intersalt fracture zones are to be intersected
2016). Uncontrollable waterinflowis the greatestthreat

during the construction of Shaf t #4, reliable prediction
to any operating salt/potash mine in both bedded and of mine stability is problematic.
halokinetic ore hosts, as can be seen in the three pre-

vious case histories and numerous other examples, as Cargill Mine operators are already aware of the need

detailed in Warren 2016; Chapter 13. to stay away from possible salt anomaly areas, as evi-

denced by their informed decision to keep a safe work-

"Stay in the
salt" ing distance from Anomaly D in the Cargill subsurface

As the Cayuga Mine operating face steadily moves
operations.

further north below Lake Cayuga, the possibility of
What needs further consideration before the construc-

approaching a sub-lake aquifer increases. This should
tion ofShaf t#4viaupwardreamingis the possibilityof an

generate caution in terms mine planning and possible
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aquifer connection between

the lake waters and the in- surface surface

tersectedaquiferincorehole -salt

#18. As mentioned earlier,
O - ---

and documented in the RE-

SPEC 2013 report detailing i a

conditions in Corehole #18, .5
E

themainaquiferintersection o

occurred at 1,490 ft (bgs) in

theoriskanySandstone,with Salt dome (diapiric) Thick bedded salt

thebaseofwaterreasonably surface surface
beexpectedtobeat,orabove,

thebaseofthe Bertie Group.

IntheRESPEC2013report,no

information was given as to

thenatureoftheporosityand c5

permeability distribution in E

Thin bedded salt Salt breccia (tecto
fracture?). Thisisbecauseat

thelevel ofthe main aquifer
non-salt area influenced .

intersection samples were rock-salt by cavern or mine

being collected as drill cut-
Figure 20. Schematic summarising geotechnically favourable and less favourable scenarios fo·

tings, notwhole core. minesandstoragecavernsinsalt(afterGillhaus,2010;Warrenin press).Thefigure isnottoscale.
Ideally, a storage cavityor mine working should notintersecta saltanomalyand be located well

If the undersaturated water away from the edge ofa salt unit or any pen.etrative aquifer system in the target salt system.

inthemainaquiferisheldin In addition to these concerns with the current set of

a homogenous bedded host typified by intergranular available information, there is also the unknown but

porosity, then the pump test already done to quantify possibly substantial effect of storing a significant vol-

entryratesanddiscussedintheCoreHole18reportcan umeofhalite-undersaturatedwaterinthecurrentmine

probably be extrapolated reasonably well from pump workings.In the author's opinion,withoutmore study,

measurements in anarrowborehole diameter (inches it is unwise to store what may be a significant (as yet

across)toa14-footwideshaft.Iftheaquiferisfractured, unquantified)volumeofreactiveandpenetrativewater

thenflowratesandaquiferinterconnectednesshavenot inaslurrycapableofsaltdissolutioninanalreadymined

been reliably quantified in the Corehole. Unexpected portion ofthemine(see Patience Lake case history).

water volumes may be encountered during upward

reamingof Shaft#4.

. COnC USiOnS With recommendationS
The Cayuga Lake margin aquifer setup has many sim-

ilarities to the aquifer system in the region above the JoneeHects,inmyopinion,maynotdriveorevenbroadly

formerRetsofmine(Figure15).Acompletestudyofthe
indicate regions with potentially significant salt mine

. stability problems (see Addendum 1 for detail onJoffe
natureofthehydrologymtheregionbetweenthebase

oftheShaft#4pilotholeandthecurrentsub-lakemine
effects as documented in the Cayuga Salt Mine).Joffe

. effectstendtooperateatnear-homogenousintracrystal
working1sneededbeforepermissiontoconstructShaft

. scales,as atmosphericmoistureentersandleaveswith
#4 is granted. Likewise, possible positions of undocu-

mentedbrinewells should be documented.
theseasonalchangesinthemineatmosphere.Theyare

partandparcelofanysaltmineoperation,asareslightly

changing rates of roof closure and salt heave. Rapid
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changes in roof closure rates are often registered only poroperm is held in a homogeneous medium or held in

after collapse has initiated or even occurred. a highly inhomogenous host, as is typical of a fractured

aquifer reservoir. If it is held in a homogenous bedded

What drives significant instability at times of salt mine host, then the pump test already done to quantify entry
expansion is the unexpected intersection of zones rates and discussed in the CoreHole 18 report can be

holding substantial halite-undersaturated pore water extrapolated reasonab7 wellfromthe narrowborehole

volumes located in or immediateE out-of-salt. Worse diameter to a 14-foot wide shaft. If the aquifer is frac-

yet, is the connection scenario when the intersected tured, then flow rates and aquifer interconnectedness

zones possess high potential inflow rates and are con-
have not been reliab7 quantified by pump tests in a

nected tolargereservoirs ofhalite-undersaturatedpore narrow borehole. Unexpected water volumes may be

waters.Thisis especialEsowhen suchunexpectedpore encountered during upward reaming of Shaft #4.

waters are connected to the mine workings via open

fracture porosity 3. What do the salt textures captured in the core from

Corehole #18 indicate in termsof possible acquifer

Furtherrocktypingandhydrologicalinformationneeds proximity? The current description of salt textures in

to be collected and technical considerations made of the RESPEC report does not define the nature of the

this data before permission to the construct Shaft #4is various processes like7 influencing the formation of

granted. To date, the New York State authorities have various salttextures.Currentsaltsedimentologyallows

not required of the mine operator appropriate techni-
one to differentiate between tectonic, diagenetic and

cal data suitable to make a
"best-practice"

judgement salt dissolution textures and breccias. Work on the

on whether to grant permission to move forward with publicalE-available core from the Himrod Mine shows

Shaft #4. all these textures are present in the salt layers in the

Syracuse Fm; they are distinct and capable of being
Before a firm decision is made, the following set of .

classified (e.g. Figures 18, 19 in Warren 2015).
documentation and studies should be required of the

mine operators. Such a sedimentological study of the salt core in Core-

hole #18 would better refine the hydrological situation
1) What is the geological situation ("stay in the salt") in . . .m the vicinity of Corehole #18 and if there is a possible
the areas where an unknown and possibE significant

hydrological connection already in existence between
volume of halite-undersaturated water is to be stored?

thetopofsaltandtheoverlyingpotentialaquiferslocated
This is not the typical situation in water sumps in salt W av4 B Fah
mines excavating bedded salt, although it has been

done in thicker salt bodies in mines in some diapiric The further integration of the salt texture information

structures in eastern Europe. derivedfromthecorewiththemineralogicalinformation

alreadymeasuredinthewirelinedatarunin Corehole#18
If the proposed water storage area is such that the

would help to refine such a hydrological model, which
water volume is ful7 encased, and it will not weaken

the strength of intervening salt pillars, or while stored,
the mine geology and improve the utility of predictive

drive dissolution and connection with unexpected
ore quality models.

aquifers in adjacent "out-of
-salt"

positions, then such

below-ground storage of pilot hole and shaft reaming

inflows should be feasible.

2.Whatis the nature ofthe permeabilityandporosityin

theaquiferleveltobeencounteredattheBertie-Oriskany

levels duringupwardreaming.Thisintervalwas sampled

via cuttings, not core, when Corehole #18 was drilled.

At this stage, it is not known if the encountered aquifer
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. . . enceintheCayugaMineisnormalandwasdocumented
Addendum: How important is is

. . . andsuccinctlyexplainedbyvanSambeek(2012).Figure
Short term humidity variation in

21s-arisessome of us relevant iong term closure
terms of mine stability?

measurementsintheCayugaMineovera23-yearperiod
This section was added to the report on Shaft #4 as

inselectedyield-pillarpanels.Duringtheperiod1994to
stateauthoritiesmadeanadditionaldatarequesttothe

2003,monthlyclosuremeasurementsplottedaccording
mineoperatorastothepossibleinfluenceofincreased

to date of the year (Figure 21a). Obvious seasonality
humidityonthemeasuredJolleeffectandanyobserved

exists in the closure rate and, because of its long dis-
increasedclosureratestiedtoregionsofcurrentwaste

tance from the air intake shaft, this panel is buffered
waterponding. Inmyopinion,observationsoftheJolle

from temperature changes, so the seasonalityis most
effetarenotrelevanttopredictingregions ofthemine

likelycausedbyhumiditychanges(vanSambeek,2012).
edgeswherepossibleunexpectedaquiferinfluxes may

occur- Another yield-pillar panel had room closure meas-

urements made over five years (2006-2012), in con-
Theeffectofhumiditychanges onrates ofroofsubsid-

junction with simultaneous

temperature and humidity
10

measurements (Figure 21b).

9- O The figure illustrates two
o o

8 o a
types of normal salt relaxa-

7 - O
O

O O
tion and closure behaviour.

o O Whenmeasurementsstarted

6 O o o o in 2006, the panel had been

5 mined five years earlier,

5 O O and it was inactive but still

000 (
*

ventilated. As shown, the

o temperature was nearly
OO Œ O

2- o constant, and the humidity

Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Variedwiththe seasons. The

Monthly 1994-2003 measuredroom-closurerate

trackedtherelativehumidity.

30-

Then beginning in March

2007,backfillingofthepanel

20 Temperature O
beganusingthewaste prod-

closure uct from the underground

mill (a mixture of rock par-
> ® 10

. . . . . . . . . ticles and salt fines). The
'

waste comes into the panel

60 on a conveyor, is moistened

to lessen dust and improve
E

compaction,andthenspread
a) 40

around using heavy diesel

equipment. A combination

2007 2008 2009 2010 2011 2012 of the seasonal humidity in

theventilationair,thewater
f igure 21. Closure rates in Cayuga Mine (replotted from Van Sambeek, 2012). A) Closure ratt s
(mm/year) complied from monthly measurementsacross1994-2003.B) Room closure rate (mrr / added, and water vapour

yr), ambient temperature (°C) and relative humidity (%) at a long term closure station. in the diesel equipment
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exhaust pushed the humidity level in the panel above

the previous maximum level of 60 percent. The relative

humidity approached (but of course could not exceed)

the nominal 75 percent critical humidity threshold for

deliquescence of water vapour on salt. The annualised

room-closure rate simultaneously increased with the

greater humiditylevel.Moreover, since Figure 21b shows

the temperature was nearly constant throughout this

period (and there was no nearby mining), the closure

rale changes are attributed to humidity changes.

Five complete annual cycles are shown in Figure 21b.

The first cycle (mid-2006 to March 2007) occurred while

the panel was inactive and quiet (before backfilling op-

erations started). The later annual cycles (af ter March

2007) are measured during backfilling activities, so the

room-closure rates are greater than their earlier values.

The correlation trend is that closure during the humid

months will be nominally 75 percent faster than during

the drier months.

Van Sambeek(2012)concludes thathumidity-enhanced

salt creep (rightly or wrongly called the Joffe effect) has

historically been considered a phenomenon mostly

observed in laboratory tests on small test specimens

that were probably in a state of dilation. he laboratory

tests showing the most pronounced Joffe effect were

unconfined and exposed to the atmospheric humidity

changes, particularly greater humidity, although the

phenomenon was reversible. In contrast, van Sambeek

(2012) documented several examples of long-term in-

mine deformation measurements showing an in situ

change in rock-salt creep rates occurs as the seasonal

humidity changes, thus proving the Joffe effect occurs

even on a large scale. Additional extensometer meas-

urements in both salt pillars and salt around a shaf t

show that the Joffe effect influences salt even at depths

of several meters.
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ci2o22-os41s Tompkins County Industrial Development Agency ) Index #: EF2021-0422

Tompkins County Development Corporation
Application for Incentives

Date: August 30, 2016

I. APPLICANT INFORMATION (company receiving benefit)

Name of Company/Applicant: Cayuga Mine

Owner: Cargill Incorporated

Address: 191 Portland Point Road

City: Lansing State: NY Zip: 14882

Primary Contact (First, Last): Shawn Wilczynski

shawn_wilczynski@cargill.c
Phone: (607)533-3700 Email: nm Fax: (607)533-4501

If a separate company will hold title to/own the property, please provide the name and contact

information for that entity:

Name of (Holding) Company:

Owner:

Address:

City: State: Zip:

Primary Contact (First, Last):

Phone: ( ) - Email: Fax: ( ) -

Describe the terms and conditions of the lease between the applicant and the owner of the property:

Select the type of incentives being requested (select all that apply):

¡ Tax-Exempt Bonds ¡ Taxable Bonds

O Real Property Tax Exemption

¡ Standard Tax Exemption (7-year)

Other (attach justification)

CIITAP: O 7-year

CIITAP: O10-year (requires determination of financial need - see CIITAP for details)

Sales Tax Exemption ¡ Mortgage Recording Tax Exemption

TCIDA/TCDC Application 1
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Address: 555EastGenesee Street

City: Syracuse State: NY Zip: 13202

Primary Contact (if different from above:): John F. Klucsik, Esq.

Phone: ( )
- Email: jklucsik@gilbertilaw.com Fax: ( ) -

Applicant Accountant: Vanessa Fey

Address: 191 Portland Point Road

City: Lansing State: NY Zip: 14882

Primary Contact (if different from above:):

Phone: (607)533-3787 Email: vanessa_fey@cargill.com Fax: ( )
-

Applicant Engineer/Architect (if known): Barton & Loguidice, D.P.C.

Address: 443 Electronics Pkwy

City: Liverpool State: NY Zip: 13088

Primary Contact (if different from above:): Matthew C. Fuller, P.E.

Mfuller@bartonandloguidice.
Phone: (315)457-5200 Email: enm Fax: ( ) -

Applicant Contractor (if known):

Address:

City: State: Zip:

Primary Contact (if different from above:):

Phone: ( )
- Email: Fax: ( )

-

II. BUSINESS HISTORY

Year company was founded: 1865 NAICS Code: 212399

Type of ownership (i.e. C-Corp, LLC): C-Corp

Describe in detail company background, products, customers, goods and services: Cargill is a privately
held corporation based in Minnesota. Cargill provides food, agriculture, and industrial products and

services worldwide. The company is over 150 years old and has 149,000 employees in 70 countries.

The Cayuga Mine has been in operation since 1918. It currently mines approximately 2 million tons of salt

per year. The mine is under Cayuga Lake, in lands leased from New York State on a royalty basis. Deicing
road salt is the primary product of the mine, with a small portion of the salt being used in industrial,

chemical, and animal feed applications.

TCIDA/TCDC Application 2
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snow removal contractors.

Major Suppliers: Longhorn Trucking, Riccelli Enterprises, Independent Explosives, Coldiron Fuel, Cayuga

Crushed Stone, Blair Construction, G&L Trucking, and Motion Industries

Has your business every received incentives tied to job creation? ¡ Yes No

If yes, please describe:

Were the goals met? ¡ Yes ¡ No

If no, why were the goals not met? NA

Annual sales to customers in Tompkins County: $1600000.00

Percent of annual sales subject to local sales tax: 9%

Value of annual supplies, raw materials and vendor services are that purchased from firms in Tompkins

County: $2.785.000.00

Ill. PROJECT DESCRIPTION AN D DETAILS

Project Location (all addresses and tax parcels):

Property Size (acres): existing: 57.47 proposed: 57.47

Building Size (square feet): existing: 0 proposed: 14,135

Proposed Dates: start: January 2017 end: January 2020

TCIDA/TCDC Application 3
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equipment purchases, etc.). Identify specific uses occurring within the Project. Describe any and all

tenants and end users: The Cayuga Mine in Lansing, NY produces approximately 2 millon tons of rock salt

per year. The salt is primarily used as a bulk road deicer by highway departments, but is also sold under

the Diamond Crystal and Agway brands as packaged deicing salt, used in animal feeds, and in chemical

processes. The mine is
2,300'

below Cayuga Lake, and has been in continuous operation since 1918.

Currently, the Cayuga Mine employees over 200 full time employees in operations, maintenance,

engineering, finance, management, and support positions.

Due to the age of the mine, the underground mine workings are currently over 7 miles from the elevator

shafts. Because of the distance, providing fresh ventilation air and safe access to surface in the event of an

emergency is becoming increasingly more difficult. A new ventilation and access shaft is required to

safely and productively mine the northern reserves.

The #4 Shaft project will be constructed on a 55 acre plot of land owned by Cargill, approximately 5 miles

north of the current Cayuga Mine Site. The key objective of the project will be to provide an escapeway 30

minutes closer for the underground miners and the infrastructure and fresh air for an additional 30 years

of mining at the Cayuga Mine.

The #4 Shaft Project will include a
14'

diameter mine shaft that is
2,500'

deep with a heavy duty mine

elevator. This shaft will allow miners to evacuate 30 minutes faster in an emergency and will provide

fresh ventilation air to ensure a safe and healthy work environment. The project will also include change

room facilities for the miners, an electrical upgrade for the mine, and a small maintenance shop for

equipment.

Is there a likelihood that the Project would not be undertaken but for the financial assistance provided by
the Agency? Yes ¡ No

If yes, describe the reasons why the Agency's financial assistance is necessary and the effect the Project

will have on the Applicant's business or operations. Focus on competitiveness issues, project shortfalls,
etc.: The new shaft project is required to ensure long term operations at the Cayuga Mine. There is not a

planned increase in production at the Mine due to this project. The project is currently under funded at

the corporate level, and the additional costs of this project directly impact the economics of this

operation. Strong support from local and state government will aid in ensuring the shaft project is

completed in a safe and efficient manner, in order to ensure long term operations at the Cayuga Mine.

If no, provide a narrative indicating why the Project should be undertaken by the Agency: .

If the Applicant is unable to obtain financial assistance for the Project what will be the impact on the

County/City/Town/Village? The main goal of this project is to ensure long term operations at the

Cayuga Mine. If this project is not completed, the life of the Cayuga Mine will be significantly reduced.

Long term operations at the Cayuga Mine has a large positive impact on the local community. Per an

independent economic study conducted in 2014 using the IMPLAN method, the Cayuga Mine supports

an additional 159 regional jobs and has an annual economic impact of:

Town of Lansing: $4.6 Million

Tompkins County: $173 Million

New York State: $221 Million

TCIDA/TCDC Application 4
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Describe what green building practices you plan to use: With the new shaft, the ventilation system of the

mine will be more efficient. A 2.7MM Kilowatt hour reduction in power usage per year for ventilation is

expected with the #4 Shaft Project.

Additionaly, the project has been designed to meet or exceed all relevant building and environmental

codes.

Will this project result in a regular increase in overnight visitors to your facility (e.g. for training
programs)? ¡ Yes No

If yes, number of visitors per year:

Average duration of stays (days):

Occupancy

Select Project type for all end users at Project site (select all that apply):

Industrial ¡ Service*,
**

Acquisition of existing facility Back off ice

Housing Mixed use

Multi-tenant Facility for aging

Commercial Civic facility (not for prof it)

Retail*,
** Other

* For Purposes of this question, the term "retail
sales"

means (1) sales by a registered vendor under Article

28 of the Tax Law of New York (the "Tax Law") primarily engaged in the retail sale of tangible personal

property (as defined in Section 1101(b)(4)(i) of the Tax Law, or (2) sales of a service to customers who

personally visit the project location.

**
If Applicant checked

"retail"
or

"service,"
complete the Retail Questionnaire contained in Section X

List the name(s), nature of business of proposed tenant(s), and percentage of total square footage to be

used for each tenant (additional sheets may be attached, if necessary):

Business Nature of Business % of total square footage

1. Cayuga Mine Salt Mining 100

2.

3.

IV. PROJECT COSTS AN D FINANCING

Project Costs

Amount ($)

Land and/or Building Acquisition: 0 acres square feet $0

New Building Construction: 14,135 square feet $8,500,000

TCIDA/TCDC Application 5
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Infrastructure Work: $3,000,000

Reconstruction/Renovation: 0 square feet $0

Manufacturing Equipment: $0

Non-Manufacturing Equipment (furniture, fixtures, etc.): $16,000,000

Soft Costs (professional services, etc.): $2,500,000

Other (Specify): Mine Shaft $15,000,000

TOTAL: $45,000,000

Have any of the above costs been paid or incurred as of the date of this application? Yes ¡ No

If yes, describe particulars: To date $2.500.000 has been spent on feasability. front end engineering. a test

hole. and permitting.

Sources of Funds for Project Costs

Bank Financing $0

Equity $37,000,000

Tax Exempt Bond Issuance (if applicable) $0

Taxable Bond Issuance (if applicable) $0

Public Sources (Include sum total of all state and federal grants and tax credits)
$8,000,000

Identify each State and federal grant/credit:

Empire State Development Grant $8,000,000

(Applied for. but not awarded vet1

$

$

Total sources of funds for Project costs: $45,000,000

Project refinancing of existing debt only (estimated): $0

Amount of anticipated financing from a lending institution: $ 0

Note: The applicant must inform the TCIDA/TCDC at the time of issuance of commitment letter if the

financing will exceed the amount stated here.

V. VALUE OF INCENTIVES

Property Tax Exemption: (Agency staff will fill out property tax exemption information based on

information submitted by the applicant).

Assumptions: $ Value of increase in assessment

4% Annual increase in assessment and tax rate

TCIDAfTCDC Application 6

FILED: TOMPKINS COUNTY CLERK 03/25/2022 09:32 PM INDEX NO. EF2021-0422

NYSCEF DOC. NO. 90 RECEIVED NYSCEF: 03/25/2022



T	Epi , pMPUS T..QUN¾FC34RKep6/11/2021 02: 27 PM)
INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021
New taxes paid: $ Taxes Abated: $

Index #: EF2021-0422

Year County School City/Town Village Total County School City/Town Village Total

1

2

3

4

5

6

7

Totals

If the applicant is requesting incentives that are greater than the Agency's Standard Tax Exemption (7

years), please provide a description of the incentive and a justification:

Sales and Use Tax Benefit:

Gross amount of costs for goods and services that are subject to State and local sales

and use tax - said amount to benefit from the Agency's sales and use tax exemption

benefit: $ 8,000,000

Estimated State and local sales and use tax benefit (product of sales and use tax

amount as indicated above multiplied by 8%) $ 640,000

Note: The estimate provided above will be provided to the New York State Department of Taxation and

Finance and represents the maximum amount of sales and use tax benefit that the Agency may authorize with

respect to the application.

Mortgage Recording Tax Benefit:

Mortgage Amount (include construction/permanent/bridge financing/refinancing): $ 0

Estimated mortgage recording tax exemption benefit

(product of mortgage amount as indicated above multiplied by .0025%): $ 0

(Projected 25year borrowing term)

Without Bonds With Bonds

First Year Debt Service $ $

Total Debt Service $ $

Percentage of Project costs financed from public sector:

TCIDA/TCDC Application 7
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A. Total Project Cost $45.000.000

B. Estimated Value of PILOT $0

C. Estimated Value of Sales Tax Incentive $640.000

D. Estimated Value of Mortgage Tax Incentive $0

E. Total Other Public Incentives $8.000.000

(tax credits, grants, ESD incentives, etc.)

.
Calculation of percentage of Project costs financed from public sector: 19%
(Total B + C + D + E above / Total Project Cost)

VI. EMPLOY MENT INFORMATION

Note: Annual employment reporting will be required during the course of the abatement.

Describe the benefits you offer to your employees: The Cayuga Mine offers health, vision, and dental care

plans, 401K retirement plans, paid holidays, paid life insurance, 24 hour per year of paid volunteer leave,

short & long term disabilty insurance, annual holiday events for employees and families, summer family

events, and paid vacation time for all employees.

Describe the internal training and advancement opportunities you offer to your employees: Cargill utilizes

NourishingU, an on-line training system that is availabe to all employees. NourishingU allows employees

to customize a development plan. The Cayuga Mine has also offered maintenace, troubleshooting, diesel

repair, welding, and power & controls training. Cargill has partnered with BOCES in the past to develop

training programs.

All employees receive 40 hours of initial safety training and 8 hours annualy of refresher safety training.

Cargill also utilizes and trains all employees on the BST behavioral based safety system.

Cargill has a tuition reimbursement program available to all employees. All open jobs are posted

internally in order to encourge internal advacement. The mine also offers paid summer internships and

co-op work opportunities for college students.
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Current (Retained) Permanent .
Projected New Permanent Full-Time Jobs

Occupation in Full Tilrie Jobs

Company
Average Annual

Number of Total New
Sa a ang Employees Year 1 Year 2 Year 3 Jobs

55,000-
Professional 50

149,000

Clerical 14.53-25.67 8

Sales

Services

Construction

Manufacturing

High Skilled 19.21-29.63 46

dieum
18.76-26.50 43 4 4

Basic Skilled 18.57-26.64 36

Other

(describe)

Total 183 4 4

What percentage of your current positions are occupied by women? 6 %

What percentage of your current positions are occupied by minorities? 10 %

Estimated percentage of new hires who would be unemployed at time of hire: 30%

Estimate the number of residents of the labor market area in which the Project is located that will fill the

projected new jobs to be created. (The Agency defines the labor market area as Tompkins County and the

contiguous counties; Cayuga, Seneca, Schuyler, Chemung, Tioga, and Cortland Counties) 4

Are you willing to pay a livable wage, as defined by the Alternatives Federal Credit union (AFCU) of Ithaca,
NY fhttp://www.alternatives.org/pdf/AFCU-2015-1055 FINAL2.pdf) to all employees for the duration of

the abatements? Yes O No

If no, estimate the percentage of the current workforce whose wages meet or exceed the livable wage, as

defined by AFCU.100%
TCIDA/TCDC Application 9
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nease describe your strategy for ensuring diversity in hiring: Cargill has a proactive approacn to aiversity
recruitment. We have resources that are trained in sourcing methods to attract diverse talent, have the

opportunity to post to diversity recruiting websites and also work with a group of national minority
organizations for both branding and recruitment events. Additionally, we have active networks to focus

on engagement after hire.

Cargill Deicing Technology in Lansing, NY actively sponsors action oriented programs, at both corporate

and local levels, designed to create positive work environment for all employees. Leaders and employees

across Cargill demonstrate their commitment to Cargill's Vision, Equal Employment Opportunity and

Affirmative Action by championing and participating in a variety of employee focused and community
outreach initiatives. We will continue to recruit at college and adult education

campus'
to increase

female and minority applicants in the technical areas, as well as continue to enhance public awareness in

our community of our commitment to Equal Employment Opportunity and Affirmative Action.

VII. CONSTRUCTION LABOR

Note: Applicants will be required to comply with the Agency's Local Labor Utilization Policy.

Will vou use contractors who:

Have a certified apprenticeship program O Yes % % No

Pay a prevailing wage ¡ Yes Unknown % O No

Use local labor O Yes Unknown % O No

VIll. ENVIRONMENTAL REVIEW AND PERMITTIN G

Environmental Assessment Form - ¡ Short Form % Long Form

Submitted to:

Agency Name: NY Department of Environmental Conservation

Agency Address: 1285 Fisher Ave

City: Cortland State: NY Zip: 13045

In Public

Date of submission: 10/21/2015 Status of submission: Comment period.

The Applicant must comply with the State Environmental Quality Review Act (SEQRA) before the Agency
can vote on proposed financial incentives. It is the applicanes responsibility to provide a copy of the-SEQRA

determination by another entity.

Permits: Describe other permits required and status of approval process.

Permit Status

1. NYS DOT Curb Cut Permit Not applied for

2. Town Special Use Permit Not applied for

3. County Health Waste Water Permit Not applied for

4.
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Do you have anything else you would like to tell the TCIDA regarding this project?

Contractors: Final Contractors have not been choosen, but will use local labor for non-mining portions of

the construction.

Permitting: The mining permit amendment to add the shaft and surface structures to current mining
permit was applied for 10/21/2015. The application was ruled complete on 8/29/2016 and is currently
in the Public Comment Period. Approvals are in progress and the permit is expected to be issued in late

Nov. 2016. The project received a Negative Decleration of Environmental Impact.

The Cayuga Mine is committed to the Lansing area community. Last year 125 employees donated over

3,600 hours in the community. The mine also supports 18 volunteer EMS/Fire Fighters in 13

communities around the area.

The Shaft Project is critical to ensuring long term operation at the Cayuga Mine. The Cayuga Mine is an

employer of choice in the area and has multiple 2nd and 3rd generation miner families working at the mine.

X. RETAll QUESTIONNAIRE (Fill out if end users are
"retail"

or
"service"

as identified in Section III)

To ensure compliance with Section 862 of the New York General Municipal Law, the Agency requires

additional information if the proposed Project is one where customers personally visit the project site to

undertake either a retail sale transaction or to purchase services.

A. Will any portion of the Project (including that portion of the cost to be financed

from equity or other sources) consist of facilities or property that are or will be

primarily used m making sales of goods or services to customers who

personally visit the project site?

If yes, please continue. If no, do not complete the remainder of the retail questionnaire and proceed to

the next section of the application.

For Purposes of this question, the term "retail
sales"

means (1) sales by a registered vendor under Article

28 of the Tax Law of New York (the "Tax Law") primarily engaged in the retail sale of tangible personal

property (as defined in Section 1101(b)(4)(i) of the Tax Law, or (2) sales of a service to customers who

personally visit the project location.

B. What percentage of the cost of the Project will be expended on such facilities or

property primarily used in making sales of goods or services to customers who

personally visit the Project? %

If the answer is less than 33.33% do not complete the remainder of the retail determination and

proceed to the next section of the application.

If the answer to Question A is Yes AND the answer to Question B is greater than 33.33%, indicate

which of the following questions below apply to the Project:

1. Will the Project be operated by a not-for-profit corporation? ¡ Yes ¡ No

2. Is the Project location or facility likely to attract a significant number of visitors ¡ Yes O No
from outside Tompkins County?

If yes, please provide a third party market analysis or other documentation supporting your response.

TCIDA/TCDC Application 11

FILED: TOMPKINS COUNTY CLERK 03/25/2022 09:32 PM INDEX NO. EF2021-0422

NYSCEF DOC. NO. 90 RECEIVED NYSCEF: 03/25/2022



IET Ep4 pMPUMT,.QWVFCI4R% #6/11/2021 02: 27 PM)
INDEX NO. EF2021-0422

NYSCEF DOC. NO. 5 RECEIVED NYSCEF: 06/11/2021
ill the Project make available goods or services which are not currently Index #: EF2021-0422
asonably accessible to the residents of the municipality withm which the ¡ Y�. ...

proposed Project would be located?

If yes, please provide a third party market analysis or other documentation supporting your response.

4. Will the Project preserve permanent, private sector jobs or increase the overall

number of permanent, private sector jobs in the State of New York?

If yes, explain:

XI. INTER-MUNICIPAL MOVE DETERMINATION

The Agency is required by State law to make a determination that, if completion of a Project benefiting from

the Agency financial assistance results in the removal of an industrial or manufacturing plant ofthe Project

occupant from one area of the State to another area of the State or in the abandonment of one or more

plants or facilities of the project occupant located within the State, Agency financial assistance is required

to prevent the Project occupant from relocating out of the State, or is reasonably necessary to preserve the

Project occupant's competitive position in its respective industry.

Will the Project result in the removal of an industrial or manufacturing plant of the

Project occupant from one area of the state to another area of the State?

Will the Project result in the abandonment of one or more plants or facilities of the

Project occupant located within the State?

If yes to either question explain how notwithstanding the aforementioned closing or activity reduction the

Agency's financial assistance is required to prevent the Project from relocating out of the State or is

reasonably necessary to preserve the Project occupant's competitive position in its respective industry:

Does the Project involve relocation or consolidation of a Project occupant from another municipality:

Within New York State: OYes No

Within County/City/Town/Village: ¡Yes No

If yes to either question above, please explain:
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Index #: EF2021-0422

Russ Givens(name of CEO or other authorized representative of Applicant)
confirms and says that he/she is the AVP (title) of Cargill Incorporated (name of corporation or other

entity) named in the attached Application (the "Applicant"), that he/she has read the foregoing Application

and knows the contents thereof, and hereby represents, understands, and otherwise agrees with the

Agency and as follows:

A. iob Listings. In accordance with Section 858-b(2) of the New York General Municipal Law, the

applicant understands and agrees that, if the proposed Project receives any Financial Assistance from

the Agency, except as otherwise provided by collective bargaining agreements, new employment

opportunities created as a result of the proposed Project must be listed with the New York State

Department of Labor Community Services Division (the "DOL") and with the administrative entity

(collectively with the DOL, the "JTPA Entitle") of the service delivery area created by the Federal Job

Training Partnership Act (Public Law 97-300) ("JTPA") in which the proposed Project is located.

B. First Consideration for Employment. In accordance with Section 858-b(2) of the General Municipal

Law, the applicant understands and agrees that, if the proposed Project receives any Financial

Assistance from the Agency, except as otherwise provided by collective bargaining agreements, where

practicable, the applicant must first consider persons eligible to participate in JTPA programs who shall

be referred by the ITPA Entities for new employment opportunities created as a result of the proposed

Project.

C. Employment Reports. The Applicant understands and agrees that, if the proposed Project receives any
Financial Assistance from the Agency, the Applicant agrees to file, or cause to be filed, with the Agency,
at least annually or as otherwise required by the Agency, reports regarding the number of people

employed at the project site, salary levels, contractor utilization, local construction labor utilization and

such other information (collectively, "Employment Reports") that may be required from time to time on

such appropriate forms as designated by the Agency. Failure to provide Employment Reports within 30

days of an Agency request shall be an Event of Default under the PILOT Agreement between the Agency
and Applicant and, if applicable, an Event of Default under the Project Agreement between the Agency
and Applicant.

D. Labor Utilization Reporting. The Applicant understands and agrees that, if the proposed Project

receives any Financial Assistance from the Agency, the Applicant agrees to comply with the Labor

Utilization Policy, which requires providing documentation that construction bids were solicited from

local firms and monthly construction labor reporting as outlined in the Policy.

E. Hold Harmless Provision. The Applicant acknowledges and agrees that the Applicant shall be and is

responsible for all costs of the Agency incurred in connection with any actions required to be taken by
the Agency in furtherance of the Application including the Agency's costs of general counsel and/or the

Agency's bond/transaction counsel whether or not the Application, the proposed Project it describes,
the attendant negotiations, or the issue of bonds or other transaction or agreement are ultimately ever

carried to successful conclusion and agrees that the Agency shall not be liable for and agrees to

indemnify, defend, and hold the Agency harmless from and against any and all liability arising from or

expense incurred by: (i) the Agency's examination and processing of, and action pursuant to or upon,
the attached Application, regardless of whether or not the Application or the Project described therein

or the tax exemptions and other assistance requested therein are favorably acted upon by the Agency,

(ii) the Agency's acquisition, construction and/or installation of the Project described therein and (iii)

any further action taken by the Agency with respect to the Project; including without limiting the

generality of the foregoing, all causes of action and
attorneys'

fees and any other expenses incurred in

defending any suits or actions which may arise as a result of any of the foregoing.
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les Tax. In accordance with Section 874(8) of the General Municipal Law, the Applic²

Index #: EF2021-0422
-..d agrees that, if the proposed Project receives any sales tax exemptions as part c. ...- . ...-....-.

Assistance from the Agency, in accordance with Section 874(8) of the General Municipal Law, the

applicant agrees to file, or cause to be filed, with the New York State Department of Taxation and

Finance, the annual form prescribed by the Department of Taxation and Finance, describing the value of

all sales tax exemptions claimed by the applicant and all consultants or subcontractors retained by the

applicant. Copies of all filings shall be provided to the Agency.

Applicant hereby understands and agrees, in accordance with Section 875(3) of the New York General

Municipal Law and the policies of the Agency that any New York State and local sales and use tax

exemption claimed by the Applicant and approved by the Agency in connection with the Project, may
be subject to recapture and/or termination by the Agency under such terms and conditions as will be

established by the Agency and set forth in transaction documents to be entered into by and between

the Agency and the Applicant.

G. Fees. By executing and submitting this Application, the applicant covenants and agrees to pay the

following fees:

(i) An Administrative Fee in accordance with the Administrative Fee Policy effective as of the date of

this application, to be paid at transaction closing (unless otherwise outlined in the Project

Agreement or authorizing resolution). This fee will be equal to 1% of the total value of expenses that

are positively impacted by the Agency incentives. The Agency may reduce the administrative fees

from 1% to .50% of project costs if the total project cost is less than $1 million. For total project

costs greater than $1 million but less than $2 million, the fees may be reduced from 1% to .75% of

project costs;

(ii) All fees, costs and expenses incurred by the Agency for (1) legal services, including but not limited to

those provided by the Agency's general counsel or bond/transaction counsel, and (2) other

consultants retained by the Agency in connection with the proposed Project; with all such charges

to be paid by the Applicant at the closing or, if the closing does not occur, within ten (10) business

days of receipt of the Agency's invoices therefore please note that the Applicant is entitled to receive

a written estimate of fees and costs of the Agency's bond/transaction counsel;

(iii) The cost incurred by the Agency and paid by the Applicant, including bond/transaction counsel and

the Agency's general counsel's fees and the processing fees, may be considered as a cost of the

Project and included in the financing of costs of the proposed Project, except as limited by the

applicable provisions of the Internal Revenue Code with respect to tax-exempt bond financing.

If the Applicant fails to conclude or consummate necessary negotiations, or fails, within a reasonable or

specified period of time, to take reasonable, proper or requested action, or withdraws, abandons,

cancels or neglects the Application, or if the Applicant is unable to find buyers willing to purchase the

bond issue requested, or if the Applicant is unable to facilitate the sale/leaseback or lease/leaseback

transaction, then, upon presentation of an invoice, the Applicant shall pay to the Agency, its agents or

assigns, all costs incurred by the Agency in the processing of the Application, including
attorneys'

fees,

if any.

H. FOIL. The Applicant acknowledges that the Agency is subject to New York State's Freedom of

Information Law (FOIL). Applicant understands that all Project information and records related to this

application are potentially subject to disclosure under FOIL subject to limited statutory exclusions.

I. Financial Review. The Applicant acknowledges that the Agency shall undertake an assessment of all

material information included in connection with the Application for Financial Assistance as necessary to

afford a reasonable basis for the decision by the Agency to provide Financial Assistance for the Project,

including but not limited to qualification of the proposed project under the GML (including any retail

analysis, as applicable), conducting a full application review, review of applicant financial history and

project pro-formas, and consideration of all local development priorities.
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3 Applicant represents and warrants that the information contained in this Applicatio

Index #: EF2021-0422- Applicant's knowledge, is true, accurate and complete.

K. The Applicant confirms and acknowledges that the owner, occupant, or operator receiving Financial

Assistance for the proposed Project is in substantial compliance with applicable local, State and federal

tax, worker protection and environmental laws, rules and regulations.

L. The Applicant confirms and hereby acknowledges that as of the date of this Application, the Applicant is

in substantial compliance with all provisions of Article 18-A of the New York General Municipal Law,

including, but not limited to, the provisions of Section 859-a(5) and Section 862(1) of the New York

General Municipal Law.

M. The Applicant confirms and acknowledges that the submission of any knowingly false of knowingly

misleading information may lead to the immediate termination of any Financial Assistance and the

reimbursement of an amount equal to all or part of any tax exemption claimed by reason of the Agency's

involvement in the Project.

N. The Applicant and the individual executing this application on behalf of Applicant acknowledge that the

Agency and its counsel will rely on the representations and covenants made in this application when

acting hereon and hereby represents that the statements made herein do not contain any untrue

statement of a material fact and do not omit to state a material fact necessary to make the statements

contained herein not misleading.

Name: Russ Givens

Title: AVP Operations

Company: Cargill Incorporated

Date: 8 /31/2016

STATE OF NEW YORK )

) SS.:

COUNTY OF TOMPKI S )
On thed day of Ll U in the year 20 before me, the undersigned, personally appeared

RuiS Gr l y FAM . ersonally known to me or proved to me on the basis of satisfactory evidence to be

the individual(s) whose name(s) is (are) subscribed to the within instrument and acknowledged to me that

he/she/they executed the same in his/her/their capacity(ies), and that by his/her/their signatures on the

instrument, the individual(s), or the person upon behalf of which the individual(s) acted, executed the

instrument.

Notary PublÏc

GAIL HUBBELL
Notary Public. State of Ohip

My Commisson Expires O
Recorded in Lorain ounty
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REQUIREMENTS FOR INDUSTRIAL DEVELOPMENT AGENCIES

Please be advised that the New York General Municipal Law imposes certain reporting requirements on

IDAs and recipients of IDA financial assistance. Of particular importance to IDA applicants is Section 859

(copy attached). This section requires IDAs to transmit financial statements within 90 days following the

end of an Agency's fiscal year ending December 31, prepared by an independent, certified public

accountant, to the New York State Comptroller, the Commissioner of the New York State Department of

Economic Development. These audited financial statements shall include supplemental schedules listing
the following information:

1. All straight-lease ("sale-leaseback") transactions and whether or not they are obligations of the

Agency.

2. All bonds and notes issued, outstanding or retired during the period and whether or not they are

obligations of the Agency.

3. All new bond issues shall be listed and for each new bond issue, the following information is

required:

a. Name of the project financed with the bond proceeds.

b. Whether the project occupant is a not-for-profit corporation.

c. Name and address of each owner of the project.

d. The estimated amount of tax exemptions authorized for each project.

e. Purpose for which the bond was issued.

f. Bond interest rate at issuance and, if variable, the range of interest rates applicable.

g. Bond maturity date.

h. Federal tax status of the bond issue.

i. Estimate ofthe number of jobs created and retained for the project.

4. All new straight lease transactions shall be listed and for each new straight lease transaction, the

following information is required:

a. Name of the project.

b. Whether the project occupant is a not-for-profit corporation.

c. Name and address of each owner of the project.

d. The estimated amount of tax exemptions authorized for each project.

e. Purpose for which each transaction was made.

f. Method of financial assistance utilized for each project, other than the tax exemptions claimed

by the project.

g. Estimate of the number of jobs created and retained for the project.

Please sign below to indicate th ou have read an understood the above.

Name: s

Title: AVP Operations. Cargill Deicing Technology

Company: Cargill Incorporated

Date: 8/30/2016
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