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Environmental Consequences of the Retsof Salt Mine 
Roof Collapse

By Richard M. Yager

Introduction
In 1994, the largest salt mine in North America, which had been in operation for more than 100 years, catastrophically 

ÀRRGHG�ZKHQ�WKH�PLQH�FHLOLQJ�FROODSVHG��¿J������,Q�DGGLWLRQ�WR�FDXVLQJ�WKH�ORVV�RI�WKH�PLQH�DQG�WKH�PLQHUDO�UHVRXUFHV�LW�
provided, this event formed sinkholes, caused widespread subsidence to land, caused structures to crack and subside, and 

FKDQJHG�VWUHDP�ÀRZ�DQG�HURVLRQ�SDWWHUQV��6XEVHTXHQW�ÀRRGLQJ�RI�WKH�PLQH�GUDLQHG�RYHUO\LQJ�DTXLIHUV��FKDQJHG�WKH�JURXQGZDWHU�
VDOLQLW\�GLVWULEXWLRQ��UHQGHULQJ�GRPHVWLF�ZHOOV�XQXVDEOH���DQG�DOORZHG�ORFDOO\�SUHVHQW�QDWXUDO�JDV�WR�HQWHU�GZHOOLQJV�WKURXJK�
ZDWHU�ZHOOV��,QYHVWLJDWLRQV�LQFOXGLQJ�H[SORUDWRU\�GULOOLQJ��K\GURORJLF�DQG�ZDWHU�TXDOLW\�PRQLWRULQJ��JHRORJLF�DQG�JHRSK\VLFDO�
VWXGLHV��DQG�QXPHULFDO�VLPXODWLRQ�RI�JURXQGZDWHU�ÀRZ��VDOLQLW\��DQG�VXEVLGHQFH�KDYH�EHHQ�HIIHFWLYH�WRROV�LQ�XQGHUVWDQGLQJ�
WKH�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�WKH�PLQH�FROODSVH�DQG�LQIRUPLQJ�GHFLVLRQV�DERXW�PDQDJHPHQW�RI�WKRVH�FRQVHTXHQFHV�IRU�
the future.

6DOW�PLQHV�DUH�JHQHUDOO\�GU\��EXW�DUH�VXVFHSWLEOH�WR�OHDNV�DQG�FDQ�EHFRPH�ÀRRGHG�LI�JURXQGZDWHU�IURP�RYHUO\LQJ�DTXLIHUV�RU�
VXUIDFH�ZDWHU�¿QGV�D�ZD\�GRZQZDUG�LQWR�WKH�PLQHG�FDYLW\�WKURXJK�KXQGUHGV�RI�IHHW�RI�URFN��:LWK�LWV�SRWHQWLDO�WR�ÀRRG�WKH�HQWLUH�
mine cavity, groundwater is a constant source of concern for mine operators. The problem is compounded by the viscous nature 

RI�VDOW�DQG�WKH�IDFW�WKDW�VDOW�PLQHV�FRPPRQO\�OLH�EHQHDWK�ZDWHU�EHDULQJ�DTXLIHUV��6DOW��IRU�H[DPSOH�KDOLWH�RU�SRWDVK��GHIRUPV�
and “creeps” into the mined openings over time spans that range from years to centuries. This movement of salt can destabilize 

the overlying rock layers and lead to their eventual sagging and collapse, creating permeable pathways for leakage of water and 

depressions or openings at land surface, such as sinkholes. Salt is also highly soluble in water; therefore, whenever water begins 

WR�ÀRZ�LQWR�D�VDOW�PLQH��WKH�FKDQQHOV�WKURXJK�ZKLFK�LW�ÀRZV�LQFUHDVH�LQ�GLDPHWHU�DV�WKH�VXUURXQGLQJ�VDOW�GLVVROYHV��6RPH�PLQHV�
leak at a slow rate for decades before a section of rock gives way, allowing what initially was a trickle of water to suddenly 

EHFRPH�D�FDVFDGH�DQG�¿QDOO\�D�WRUUHQW��2WKHU�PLQHV�EHFRPH�ÀRRGHG�DQG�DUH�GHVWUR\HG�ZKHQ�DQ�HUUDQW�GULOO�KROH�SXQFWXUHV�WKH�
PLQH�FHLOLQJ��DOORZLQJ�ZDWHU�IURP�RYHUO\LQJ�VRXUFHV�WR�ÀRZ�LQWR�WKH�PLQH��(LWKHU�VFHQDULR�FDQ�FDXVH�FDWDVWURSKLF�ÀRRGLQJ�DQG�
SHUPDQHQW�ORVV�RI�WKH�PLQH��2FFDVLRQDOO\��D�PLQH�WKDW�KDV�UHPDLQHG�GU\�IRU�D�FHQWXU\�ZLOO�XQGHUJR�D�URRI�FROODSVH�WKDW�UHVXOWV�
LQ�ÀRRGLQJ�

Collapses of the Mine Roof
Until March 1994, the Retsof salt mine in western New York had been the largest active salt mine in North America. It had 

EHHQ�LQ�RSHUDWLRQ�IRU�PRUH�WKDQ�����\HDUV�DQG�KDG�D����VTXDUH�PLOH�IRRWSULQW�EHQHDWK�WKH�*HQHVHH�5LYHU�YDOOH\�DQG�DGMRLQLQJ�
XSODQGV�WR�WKH�ZHVW��¿J������5RFN�VDOW��KDOLWH��ZDV�PLQHG�IURP�D�VDOW�EHG�ZLWKLQ�6LOXULDQ�VKDOH�EHGURFN�DV�PXFK�DV�������IHHW�
EHORZ�ODQG�VXUIDFH��0LQLQJ�ZDV�GRQH�WKURXJK�D�WHFKQLTXH�FDOOHG�³URRP�DQG�SLOODU´�PLQLQJ��ZKHUHE\����IRRW�KLJK�URRPV�ZHUH�
H[FDYDWHG�ZLWKLQ�WKH�VDOW�EHG��DQG�WKLFN�����IHHW�î����IHHW��VDOW�SLOODUV�ZHUH�OHIW�LQ�SODFH�WR�VXSSRUW�WKH�PLQH�URRI��7KH�PLQHG�VDOW�
was used mainly as a deicing agent on roadways throughout the northeastern United States.

,Q�������FHLOLQJ�IDOOV�EHJDQ�WR�RFFXU�LQ�URRPV�LQ�WKH�GHHSHVW�SDUW�RI�WKH�PLQH�QHDU�LWV�VRXWKHUQ�ERXQGDU\��¿J������,Q�
UHVSRQVH��WKH�PLQH�RZQHU��$N]R1REHO�6DOW�,QFRUSRUDWHG��$16,���WXUQHG�WR�DQ�LQQRYDWLYH�³\LHOGLQJ�SLOODU´�PLQLQJ�WHFKQLTXH�WKDW�
XWLOL]HG�PDQ\�QDUURZ�����IHHW�î����IHHW��SLOODUV�UDWKHU�WKDQ�IHZ�ZLGH�RQHV�LQ�WKH�PLQHG�VHFWLRQ��*HRWHFKQLFDO�DQDO\VHV�LQGLFDWHG�
WKDW�WKH�UHVXOWLQJ�FRQ¿JXUDWLRQ�ZRXOG�DOORZ�WKH�VDOW�SLOODUV�WR�VORZO\�\LHOG�DQG�FUHDWH�D�³VWUHVV�HQYHORSH´�LQ�WKH�VXUURXQGLQJ�
bedrock to support the entire mined room. In November 1993, strain measurements in a yielding-pillar area within the mine 
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2  Environmental Consequences of the Retsof Salt Mine Roof Collapse

Figure 1. Location of the former Retsof salt mine and area of roof collapse in Livingston County, New York. The extent of the lower 
confined aquifer is shown, along with the extents of water-level drawdown (depicted as contour lines) and land subsidence (shown by 
colored shading). The source area of saline water in the Bertie Limestone at the north end of the valley is shown as blue shading. Wells 
where water levels declined, that produced gas, or became saline are also shown.
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LQGLFDWHG�D�ODUJHU�WKDQ�H[SHFWHG�GHIRUPDWLRQ�RI�VDOW�QHDU�WKH�HDVWHUQ�ZDOO�RI�URRP���<DUG�6RXWK��¿J������0LQLQJ�LQ�WKH�DUHD�ZDV�
KDOWHG�DV�FHLOLQJ�IDOOV�RI�VDOW�FRQWLQXHG�GXULQJ�WKH�QH[W���PRQWKV��2Q�0DUFK�����������D�PDJQLWXGH�����VHLVPLF�HYHQW�FDXVHG�E\�
D�ODUJH�FROODSVH�ZDV�GHWHFWHG�E\�VHLVPRPHWHUV�PRUH�WKDQ�����PLOHV�DZD\��0LQH�ZRUNHUV�DWWHPSWHG�WR�HQWHU�URRP���<DUG�6RXWK�
and found a pile of rock rubble within the former mined room and saline water entering the mine roof.

2YHU�WKH�QH[W�VHYHUDO�ZHHNV��$16,�PDGH�FRQFHUWHG�DWWHPSWV�WR�VDYH�WKH�PLQH�E\�SXPSLQJ�ZDWHU�RXW�DQG�GULOOLQJ�DURXQG�
WKH�FROODSVH�DUHD�WR�LQMHFW�FHPHQW�JURXW�WR�VWDELOL]H�WKH�FROODSVHG�URRP�DQG�SUHYHQW�IXUWKHU�LQÀRZ�RI�ZDWHU��0HDQZKLOH��XQVWDEOH�
VKDOH�OD\HUV�RYHUO\LQJ�URRP���<DUG�6RXWK�VDJJHG�DQG�FROODSVHG�WR�IRUP�D�����IRRW�GLDPHWHU�]RQH�RI�URFN�UXEEOH�WKDW�VORZO\�
propagated upward through overlying layers of shale. This column of rock rubble is referred to as a rubble chimney.

The propagating rubble chimney eventually reached a layer of carbonate rock that was strong enough to temporarily 

UHVLVW�IXUWKHU�FROODSVH��VWRSSLQJ�IXUWKHU�WKH�UXEEOH�FKLPQH\¶V�XSZDUG�SURJUHVVLRQ��$W�WKLV�SRLQW��WKH�ÀRZ�RI�ZDWHU�LQWR�WKH�PLQH�
stabilized at about 5,500 gallons per minute. The water entering the mine was saline and probably a mixture of saline water from 

WKH�VKDOH�DQG�D�SURPLQHQW�IUDFWXUH�]RQH�EHWZHHQ�WKH�2QRQGDJD�DQG�%HUWLH�/LPHVWRQHV��¿J������%\�WKH�HQG�RI�0DUFK�������WRQV�
RI�FHPHQW�JURXW�KDG�EHHQ�LQMHFWHG�LQWR�WKH�PLQH�DQG�WKH�UXEEOH�FKLPQH\�WKURXJK�QHDUO\����ERUHKROHV�GULOOHG�LQ�WKH�FROODSVH�DUHD��
EXW�WKHVH�HIIRUWV�IDLOHG�WR�VWHP�WKH�UDWH�RI�ZDWHU�ÀRZLQJ�LQWR�WKH�PLQH�

2Q�$SULO����������WKH�OLPHVWRQH�URFN�OD\HU�FROODSVHG��DQG�����IHHW�RI�XQFRQVROLGDWHG�VHGLPHQWV�LQ�WKH�*HQHVHH�5LYHU�YDOOH\�
TXLFNO\�VOXPSHG�GRZQZDUG�LQWR�WKH�UHVXOWLQJ�FDYLW\��IRUPLQJ�D�VLQNKROH�DW�ODQG�VXUIDFH�PRUH�WKDQ����IHHW�GHHS�DQG�VHYHUDO�
hundred feet across. The collapse of the limestone rock was like pulling the plug in a bathtub—it allowed groundwater from a 

IUHVK�ZDWHU�DTXLIHU�DW�WKH�EDVH�RI�WKH�XQFRQVROLGDWHG�VHGLPHQWV��WKH�ORZHU�FRQ¿QHG�DTXLIHU��¿J�����WR�GUDLQ�GRZQZDUGV�WKURXJK�
WKH�UXEEOH�FKLPQH\�DQG�LQWR�WKH�PLQH��,Q�PLG�$SULO��D�VHFRQG�FROODSVH�RFFXUUHG�LQ�DQ�DGMDFHQW�URRP�����<DUG�:HVW��¿J������2Q�
0D\�����D�GULOOLQJ�FUHZ�ZRUNLQJ�DERYH�URRP����<DUG�:HVW�IHOW�WUHPRUV�DQG�UHPRYHG�WKHLU�GULOO�ULJ��DQG�WKHPVHOYHV��MXVW�EHIRUH�D�
second sinkhole formed at land surface, this one more than 50 feet deep and several hundred feet across. The discharge from the 

DTXLIHU�WKURXJK�ERWK�UXEEOH�FKLPQH\V�LQFUHDVHG�WKH�ÀRZ�RI�ZDWHU�LQWR�WKH�PLQH�WR�DERXW��������JDOORQV�SHU�PLQXWH�
:DWHU�EHJDQ�WR�¿OO�WKH�VRXWKHUQ�HQG�RI�WKH�PLQH�DQG�WKHQ�VSUHDG�VWHDGLO\�QRUWKZDUG��GLVVROYLQJ�WKH�EDVHV�RI�WKH�VDOW�SLOODUV�

that supported the mine ceiling. As the pillars gave way, the southern part of the mine began to collapse, causing the land surface 

DERYH�LW�WR�VXEVLGH��7KH�JUHDWHVW�VXEVLGHQFH��PRUH�WKDQ����IHHW��ZDV�EHQHDWK�WKH�WZR�VLQNKROHV��ZKLFK�DOWHUHG�WKH�FKDQQHO�RI�
%HDUGV�&UHHN��DOORZLQJ�VXUIDFH�ZDWHU�WR�¿OO�WKH�VLQNKROHV��7KH�VXUIDFH�ZDWHU�GLG�QRW�ÀRZ�GRZQZDUG�WR�WKH�PLQH��KRZHYHU��
EHFDXVH�KXQGUHGV�RI�IHHW�RI�¿QH�JUDLQHG�VHGLPHQWV�XQGHUOLH�WKH�*HQHVHH�5LYHU�YDOOH\��7KH�LQVWDELOLW\�DOVR�IRUFHG�WKH�FORVXUH�
RI�WKH�8�6��5RXWH���$�EULGJH�RYHU�%HDUGV�&UHHN��WKH�VRXWKHUQ�HQG�RI�WKH�EULGJH�HYHQWXDOO\�VXEVLGHG�E\����IHHW��7KH�EHG�RI�WKH�
Genesee River 1 mile north of the collapse areas subsided by as much as 5 feet and altered the pattern of sediment scour and 

GHSRVLWLRQ�DORQJ�D�����PLOH�UHDFK�GRZQVWUHDP�RI�%HDUGV�&UHHN�

Effects of the Mine Roof Collapses
$PRQJ�WKH�¿UVW�UHVLGHQWV�WR�IHHO�WKH�HIIHFWV�RI�WKH�FDWDVWURSKLF�IDLOXUH�ZHUH�WKH�RFFXSDQWV�RI�D�IDUPKRXVH�DORQJ�5RXWH�

��$�RQ�WKH�RSSRVLWH�VLGH�RI�%HDUGV�&UHHN�IURP�WKH�FROODSVH�DUHDV��7KH�KRXVH�EHFDPH�VWUXFWXUDOO\�XQVDIH�ZKHQ�WKH�IRXQGDWLRQ�
HYHQWXDOO\�VXEVLGHG�E\���IHHW��2QH�ZHHN�DIWHU�WKH�LQLWLDO�FROODSVH��GRPHVWLF�ZHOOV�DORQJ�:KHHORFN�5RDG�DERXW�����PLOHV�
VRXWKZHVW�RI�WKH�FROODSVH�DUHD�EHJDQ�WR�JR�GU\�EHFDXVH�ZDWHU�OHYHOV�LQ�WKH�DTXLIHU�VXIIHUHG�ODUJH�GHFOLQHV�RYHU�D�EURDG�DUHD��%\�
June 1994, water levels had declined by 100 feet in wells as far away as 3 miles south of the collapse area and by as much as 

���IHHW�LQ�ZHOOV���PLOHV�WR�QRUWK��¿J�����
ANSI began to monitor declines in wells throughout the Genesee River valley and land subsidence as far as 3 miles to 

WKH�VRXWK�RI�WKH�PLQH��,Q�6HSWHPEHU�������D�FRQVXOWLQJ�¿UP�KLUHG�E\�$16,�EHJDQ�D�K\GURJHRORJLF�VWXG\�WKDW�LQFOXGHG�GULOOLQJ�
¿YH�ERUHKROHV�LQ�WKH�YDOOH\�ZLWKLQ���PLOHV�RI�WKH�FROODSVH�DUHD�WR�FKDUDFWHUL]H�WKH�K\GUDXOLF�SURSHUWLHV�RI�WKH�XQFRQVROLGDWHG�
sediments and underlying bedrock. Initial investigations revealed a narrow, buried bedrock valley beneath the Genesee River 

WKDW�H[WHQGV����PLOHV�IURP�$YRQ�WR�'DQVYLOOH��¿J������7KH�GHHSHVW�SDUW�RI�WKH�EHGURFN�YDOOH\��QHDU�6RQ\HD��LV�����IHHW�EHORZ�ODQG�
VXUIDFH��'ULOO�FRUHV�IURP�WKH�ERUHKROHV�UHYHDOHG�WKDW�PRVW�RI�WKH�XQFRQVROLGDWHG�VHGLPHQWV�LQ�WKH�YDOOH\�ZHUH�GHSRVLWHG�GXULQJ�
JODFLDO�DGYDQFHV�DQG�UHFHVVLRQV���������WR��������\HDUV�DJR���FUHDWLQJ�D�FRPSOH[�V\VWHP�RI�VHGLPHQWV��¿J�����WKDW�FRQWDLQV�WKUHH�
GLVWLQFW�DTXLIHUV�VHSDUDWHG�E\�WKLFN�OD\HUV�RI�OHVV�SHUPHDEOH�PDWHULDOV�RU�FRQ¿QLQJ�OD\HUV��ODFXVWULQH�FOD\V�DQG�WLOOV���7KH�¿UVW�
ZHOOV�WR�EH�DIIHFWHG�E\�WKH�ZDWHU�OHYHO�GHFOLQHV�GUHZ�ZDWHU�IURP�WKH�ORZHU�FRQ¿QHG�DTXLIHU��ZKHUHDV�ZHOOV�WKDW�GUHZ�ZDWHU�IURP�
WKH�PLGGOH�DTXLIHU�ZHUH�DIIHFWHG�D�IHZ�GD\V�ODWHU��:HOOV�LQ�WKH�XSSHU�DTXLIHU�QHDU�ODQG�VXUIDFH�ZHUH�QHYHU�DIIHFWHG�E\�WKH�PLQH�
roof collapses.

7KH�GHFOLQLQJ�ZDWHU�OHYHOV�LQ�WKH�ORZHU�FRQ¿QHG�DTXLIHU�FRXOG�KDYH�UHVXOWHG�LQ�FDWDVWURSKH�LQ�$SULO�������ZKHQ�D�GU\��
GHZDWHUHG�ZHOO�DW�D�KRWHO�LQ�&X\OHUYLOOH�EHJDQ�WR�SURGXFH�QDWXUDO�JDV��PHWKDQH��WKDW�RXWJDVVHG�IURP�JURXQGZDWHU²PXFK�
like opening a carbonated beverage container. The natural gas seeped into the basement of the hotel, but was detected and 

YHQWHG�EHIRUH�LW�LJQLWHG��%\�'HFHPEHU�������WZR�RWKHU�ZDWHU�ZHOOV�KDG�DOVR�EHJXQ�WR�SURGXFH�QDWXUDO�JDV��$Q�DQDO\VLV�RI�WKH�
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Figure 2. Perspective three-dimensional views showing the geologic setting and the unconsolidated 
sediments in the area of the Retsof salt mine in Livingston County, New York. Inset views show locations of the 
rubble chimneys and sinkholes and depict a time sequence of events and movement of waters, including A, the 
roof collapses in Retsof mine in 1994, B, the propagation of rubble chimneys in 1994, C, complete flooding of the 
salt mine by fresh water from the lower confined aquifer by 1996, D, the recovery of water levels and upward 
migration of saturated brine from the flooded mine until 2006, and E, pumping of saline water and brine from the 
rubble chimneys after 2006. (http://pubs.usgs.gov/of/2013/1174/pdf/ofr2013-1174_fig2.pdf)

http://pubs.usgs.gov/of/2013/1174/pdf/ofr2013-1174_fig2.pdf


Effects of the Mine Roof Collapses  5

1994 1996 1998 2000 2002 2004 2006
100

560

520

400

440

480

600

150

200

250

300

350

400

450

500

550

HE
AD

, I
N

 F
EE

T
HE

AD
, I

N
 F

EE
T

HE
AD

, I
N

 F
EE

T 100

0

200

300

400

500

-500

-400

-300

-200

-100

1994 1996 1998 2000 2002 2004 2006

1994 1996 1998 2000 2002 2004 2006

1994 1996 1998 2000 2002 2004 2006
1

0

0.5

LA
N

D 
SU

BS
ID

EN
CE

, I
N

 F
EE

T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

1994 1996 1998 2000 2002 2004 2006CH
LO

RI
DE

 C
ON

CE
N

TR
AT

IO
N

, I
N

 G
RA

M
S 

PE
R 

LI
TE

R

B. Water level in lower confined aquifer

C. Pressure in upper confining layer

E. Water level in Retsof salt mine

D. Land subsidence 2,800 feet south of 
     collapse area

A. Chloride concentration in lower confined
      aquifer 8 miles north of collapse area

1994 1996 1998 2000 2002 2004 2006

CH
LO

RI
DE

 C
ON

CE
N

TR
AT

IO
N

, I
N

 G
RA

M
S 

PE
R 

LI
TE

R

40

50

30

0

10

20

F. Chloride concentration in collapse area

Onondaga Limestone 
Lower confined aquifer

    Measured
    Simulated

Figure 3. Environmental changes in the aquifer system near the 
collapsed Retsof salt mine in Livingston County, New York, from 1994 
through 2006. A, Increase in chloride concentration in a well near 
Fowlerville indicating increasing salinity. B, and C, Decrease in water 
level in the lower confined aquifer and upper confining layer near the 
collapse area in response to mine flooding and subsequent recovery 
after the mine was flooded. D, Land subsidence 2,800 feet south of the 
collapse area that resulted from nonrecoverable compaction of the upper 
confining layer. E, Rise in water level in the mine in response to flooding 
by fresh water from the lower confined aquifer. F, Increase in chloride 
concentration in the collapse area after the mine was completely flooded 
in 1996, indicating upward migration of brine and saline water through 
the rubble chimneys. Measured values are shown in red and values 
obtained through numerical simulation are shown in blue.
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composition of the gas produced by the water wells indicated a shallow microbial origin. Gas was also produced by wells drilled 

in the collapse area and proved to have been generated thermally at greater depths and pressures. In May 1995, this thermogenic 

JDV�LQ�WKH�FROODSVH�DUHD�ZDV�ÀDUHG��SURGXFLQJ����IRRW�KLJK�ÀDPHV�WKDW�EXUQHG�XQWLO�WKH�PLQH�¿OOHG�ZLWK�ZDWHU�LQ�-DQXDU\�������
���PRQWKV�DIWHU�WKH�LQLWLDO�FROODSVH�

'XULQJ�VSULQJ�������WKH�FKORULGH�FRQFHQWUDWLRQ��D�PHDVXUH�RI�VDOLQLW\��RI�ZDWHU�SXPSHG�IURP�¿YH�ZHOOV�LQ�WKH�ORZHU�
FRQ¿QHG�DTXLIHU�QHDU�)RZOHUYLOOH����PLOHV�WR�WKH�QRUWK��LQFUHDVHG�XQWLO�WKH�ZDWHU�ZDV�QR�ORQJHU�SRWDEOH��¿J���$���7KLV�
increase in salinity resulted from the southward movement of saline groundwater from an area underlain by the subcrop 

DUHD�RI�WKH�%HUWLH�/LPHVWRQH��D�FDUERQDWH�URFN�WKDW�FRQWDLQV�VDOLQH�ZDWHU��¿J������:DWHU�OHYHO�GHFOLQH�LQ�WKH�ORZHU�FRQ¿QHG�
DTXLIHU�KDG�FDXVHG�WKH�K\GUDXOLF�JUDGLHQW�LQ�WKH�)RZOHUYLOOH�DUHD�WR�UHYHUVH�VRXWKZDUG��DOORZLQJ�VDOLQH�ZDWHU�WR�ÀRZ�LQWR�
DUHDV�WKDW�KDG�SUHYLRXVO\�EHHQ�SRWDEOH��7KH�VDOLQLW\�LQ�WKH�¿YH�DIIHFWHG�ZHOOV��H[SUHVVHG�DV�VSHFL¿F�FRQGXFWDQFH��UDQJHG�
IURP�������WR��������PLFURVLHPHQV�SHU�FHQWLPHWHU�DW����GHJUHHV�&HOVLXV��ZKLFK�ZDV���WR����WLPHV�WKH�EDFNJURXQG�VDOLQLW\�RI�
������PLFURVLHPHQV�SHU�FHQWLPHWHU�DW����GHJUHHV�&HOVLXV��DQG�UHQGHUHG�WKH�ZDWHU�QRQSRWDEOH��5HFRJQL]LQJ�WKH�WKUHDW�WR�ZHOOV�
QHDU�)RZOHUYLOOH��$16,�LQVWLWXWHG�D�JURXQGZDWHU�VDPSOLQJ�SURJUDP�DQG�HYHQWXDOO\�¿QDQFHG�D�SXEOLF�ZDWHU�VXSSO\�V\VWHP�WR�
provide water to the affected residences.

%\�-DQXDU\�����������WKH�PLQH�ZDV�FRPSOHWHO\�ÀRRGHG�DQG�ZDWHU�OHYHOV�LQ�WKH�DTXLIHU�V\VWHP�EHJDQ�WR�UHFRYHU��¿J���%���
Mining operations had ceased in September 1995, and access shafts to the mine were sealed. The maximum drawdowns of 

ZDWHU�OHYHOV�LQ�WKH�ORZHU�FRQ¿QHG�DTXLIHU�ZHUH�����IHHW�LQ�WKH�FROODSVH�DUHD�����IHHW�QHDU�6RQ\HD��DQG����IHHW�QHDU�)RZOHUYLOOH��
'UDZGRZQ�LQ�WKH�PLGGOH�DTXLIHU�DW�WKHVH�ORFDWLRQV�ZDV�VLPLODU��H[FHSW�LQ�WKH�FROODSVH�DUHD�ZKHUH�WKH�PD[LPXP�GUDZGRZQ�
ZDV�����IHHW��1LQH�ZDWHU�ZHOOV�WKDW�KDG�EHHQ�GULOOHG�WR�WKH�PLGGOH�DTXLIHU�ZHUH�GU\��:HOOV�RSHQ�WR�WKH�XSSHU�DTXLIHU�UHPDLQHG�
XQDIIHFWHG��$V�WKH�ZDWHU�OHYHOV�UHFRYHUHG��WKH�ZHOOV�WKDW�KDG�EHHQ�SURGXFLQJ�JDV�DJDLQ�EHFDPH�¿OOHG�ZLWK�ZDWHU��DQG�WKH�ÀRZ�
RI�QDWXUDO�JDV�FHDVHG��6DOLQH�ZDWHU�LQ�WKH�ORZHU�FRQ¿QHG�DTXLIHU�QHDU�)RZOHUYLOOH�FRQWLQXHG�WR�PLJUDWH�VRXWKZDUG��3UHVVXUH�
GHFOLQHV�FDXVHG�GHZDWHULQJ�DQG�FRPSDFWLRQ�RI�WKH�WKLFN�FRQ¿QLQJ�OD\HUV�WKDW�VHSDUDWH�WKH�WKUHH�DTXLIHUV��¿J���&���UHVXOWLQJ�LQ�
ODQG�VXEVLGHQFH�DV�PXFK�DV�����IRRW�DERXW�����PLOH�VRXWK�RI�WKH�PLQH�QHDU�0RXQW�0RUULV��¿J���'���6XEVLGHQFH�DERYH�WKH�PLQH�
ZLGHQHG�WKH����\HDU�ÀRRG�SODLQ�RI�WKH�*HQHVHH�5LYHU�DERYH�WKH�PLQH��LQFUHDVLQJ�LW�E\�DERXW�����DFUHV��DQG�FDXVHG�FKDQQHO�
HURVLRQ�LQ�WKLV�����PLOH�UHDFK�RI�WKH�*HQHVHH�5LYHU�DQG�LQ�%HDUGV�&UHHN�

First USGS Study

,Q�������WKH�8�6��*HRORJLFDO�6XUYH\��86*6���LQ�FRRSHUDWLRQ�ZLWK�WKH�/LYLQJVWRQ�&RXQW\�'HSDUWPHQW�RI�+HDOWK��EHJDQ�
D���\HDU�VWXG\�WR�DVVHVV�WKH�HIIHFWV�RI�WKH�PLQH�ÀRRGLQJ�RQ�WKH�DTXLIHU�V\VWHP��SUHGLFW�WKH�WLPH�UHTXLUHG�IRU�ZDWHU�OHYHOV�LQ�
WKH�DTXLIHU�V\VWHP�WR�UHWXUQ�WR�SUHFROODSVH�FRQGLWLRQV��DQG�HVWLPDWH�WKH�H[WHQW�RI�ODQG�VXEVLGHQFH�RXWVLGH�WKH�PLQH�DUHD��7KH�
study used a computer program to implement a conceptual model of the subsurface and numerically simulate the changes in 

ZDWHU�OHYHOV�DQG�PRYHPHQW�RI�JURXQGZDWHU�WKURXJK�WKH�DTXLIHU�V\VWHP�EHIRUH�DQG�DIWHU�WKH�PLQH�IDLOXUH�DQG�WKH�FRPSDFWLRQ�RI�
FRQ¿QLQJ�OD\HU�VHGLPHQWV��6LPXODWLRQV�ZHUH�FDOLEUDWHG�E\�DGMXVWLQJ�WKH�K\GUDXOLF�SURSHUWLHV�RI�DTXLIHUV�DQG�FRQ¿QLQJ�OD\HUV�
to obtain a good match between simulated and observed groundwater levels from their decline in March 1994 until their partial 

UHFRYHU\�LQ�$XJXVW������
The simulations indicated the following:

• DERXW����SHUFHQW�RI�WKH�ZDWHU�WKDW�ÀRRGHG�WKH�PLQH�ZDV�UHOHDVHG�IURP�VWRUDJH�ZLWKLQ�WKH�ORZHU�FRQ¿QHG�DTXLIHU�

• ZDWHU�OHYHOV�LQ�WKH�DTXLIHU�V\VWHP�ZRXOG�UHFRYHU�ZLWKLQ�DERXW����\HDUV��E\�������

• WKH�UHYHUVDO�RI�WKH�K\GUDXOLF�JUDGLHQW�QHDU�)RZOHUYLOOH�FDXVHG�LQWUXVLRQ�RI�VDOLQH�ZDWHU�LQWR�ZHOOV��DQG�VDOLQLW\�ZRXOG�
remain high for a decade or more;

• DW�OHDVW�����IRRW�RI�ODQG�VXEVLGHQFH�RFFXUUHG�DV�D�UHVXOW�RI�WKH�FRPSDFWLRQ�RI�FRQ¿QLQJ�OD\HU�VHGLPHQWV�ZLWKLQ�D�
���VTXDUH�PLOH�DUHD�WKDW�H[WHQGHG���PLOHV�VRXWK�RI�WKH�PLQH��DQG�WKLV�FRPSDFWLRQ�ZDV�ODUJHO\�QRQUHFRYHUDEOH��DQG

• PHWKDQH�WKDW�RXW�JDVVHG�IURP�JURXQGZDWHU�GLVSODFHG�ZDWHU�IURP�WKH�ORZHU�FRQ¿QHG�DTXLIHU��WKHUHE\�OLPLWLQJ�GHFOLQHV�LQ�
water levels below those that would have occurred if gas were not present.
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Continuing Concerns
(QYLURQPHQWDO�FRQFHUQV�UHJDUGLQJ�WKH�PLQH�IDLOXUH�HDVHG�E\������DV�ZDWHU�OHYHOV�LQ�WKH�DTXLIHU�V\VWHP�EHJDQ�WR�UHFRYHU�

DQG�JDV�UHOHDVHV�IURP�ZHOOV�FHDVHG��6RPH�JDV�WKDW�ZDV�WUDSSHG�LQ�WKH�ÀRRGHG�PLQH�ZDV�IRUFHG�XSZDUG�E\�WKH�LQFUHDVLQJ�ZDWHU�
SUHVVXUH�DQG�UHDFKHG�ODQG�VXUIDFH�DW�VHYHUDO�ORFDWLRQV��EXW�WKHVH�HPLVVLRQV�FHDVHG�LQ�PLG�������+RZHYHU��VDOLQH�ZDWHU�PLJUDWLRQ�
VWLOO�DIIHFWHG�ZDWHU�TXDOLW\�IURP�VL[�ZHOOV�LQ�WKH�ORZHU�FRQ¿QHG�DTXLIHU�LQ�WKH�)RZOHUYLOOH�DUHD��:DWHU�TXDOLW\�PRQLWRULQJ�
FRQWLQXHG�DW����ZHOOV��DQG�SODQV�ZHUH�PDGH�WR�SURYLGH�GULQNLQJ�ZDWHU�WR�UHVLGHQWV�WKURXJK�D�SXEOLF�ZDWHU�VXSSO\�V\VWHP��
3HUKDSV�WKH�JUHDWHVW�FRQFHUQ�ZDV�WKH�IDWH�RI�WKH����ELOOLRQ�JDOORQV�RI�VDWXUDWHG�VDOW�ZDWHU�WKDW�KDG�¿OOHG�WKH�PLQH��7KH�ZDWHU�
GLVVROYHG�KDOLWH�LQ�WKH�PLQH�DQG�KDG�EHFRPH�VDWXUDWHG�EULQH�ZLWK����WLPHV�WKH�VDOLQLW\�RI�VHD�ZDWHU�DQG�D�GHQVLW\����SHUFHQW�
JUHDWHU�WKDQ�IUHVK�ZDWHU��7KH�EULQH�ÀRRGHG�PLQH�UHPDLQHG�K\GUDXOLFDOO\�FRQQHFWHG�WR�WKH�ORZHU�FRQ¿QHG�DTXLIHU�DW�WKH�WZR�
rubble chimneys—connections that had not existed before the collapses.

The plasticity of halite has allowed the unmined salt to deform beneath the weight of overlying rock and sediment and 

WR�VORZO\�PRYH�LQWR�WKH�PLQHG�FDYLW\²D�SKHQRPHQRQ�UHIHUUHG�WR�DV�³PLQH�VTXHH]H�´�$V�WKH�FDYLW\�FORVHV��EULQH�LV�IRUFHG�
XSZDUG�WKURXJK�WKH�UXEEOH�FKLPQH\V�WRZDUG�WKH�ORZHU�FRQ¿QHG�DTXLIHU��*HRWHFKQLFDO�FRQVXOWDQWV�FRQFOXGHG�WKDW�WKH�GLVSODFHG�
EULQH�ZRXOG�VSUHDG�ODWHUDOO\�WKURXJK�IUDFWXUH�]RQHV�LQ�WKH�FDUERQDWH�URFNV�EHIRUH�UHDFKLQJ�WKH�ORZHU�FRQ¿QHG�DTXLIHU��$QRWKHU�
potential concern that native saline water in the fracture zones could be forced upward through the rubble chimneys to the 

ORZHU�FRQ¿QHG�DTXLIHU�ZDV�FRQVLGHUHG�XQOLNHO\��$OWKRXJK�WKH�IUDFWXUH�]RQH�ZDWHU�LV�PXFK�OHVV�VDOLQH�WKDQ�EULQH�IURP�WKH�PLQH��
LWV�VDOLQLW\�LV�FRPSDUDEOH�WR�VHD�ZDWHU��DQG�LQFXUVLRQ�E\�WKH�VDOLQH�IUDFWXUH�]RQH�ZDWHU�LQWR�WKH�ORZHU�FRQ¿QHG�DTXLIHU�FRXOG�
VHYHUHO\�LPSDLU�WKH�TXDOLW\�RI�JURXQGZDWHU��%HFDXVH�RI�WKHVH�FRQFHUQV��WKH�ZDWHU�OHYHO�LQ�WKH�PLQH�ZDV�PRQLWRUHG��¿J���(���DV�
ZDV�WKH�VDOLQLW\�LQ�WKH�ORZHU�FRQ¿QHG�DTXLIHU�DQG�2QRQGDJD�/LPHVWRQH�����IHHW�EHORZ�WKH�EHGURFN�VXUIDFH�ZLWKLQ�WKH�FROODSVH�
area.

A New Concern
:DWHU�OHYHOV�ZHUH�UHFRUGHG�IRU���\HDUV�DIWHU�WKH�PLQH�ÀRRGHG������±�������GXULQJ�ZKLFK�WLPH�WKH�UDWH�RI�ODQG�VXEVLGHQFH�

decreased consistent with simulation results, and no apparent increase in salinity was detected in the collapse area. Sporadic 

PHDVXUHPHQWV�RI�VXEVWDQWLDOO\�LQFUHDVHG�JURXQGZDWHU�VDOLQLW\�LQ�D�IHZ�VDPSOHV�ZHUH�GLVFRXQWHG�DV�VSXULRXV��+RZHYHU��D�
VKDUS�LQFUHDVH�LQ�FKORULGH�FRQFHQWUDWLRQ�ZDV�LQGLFDWHG�LQ�WKH�GHHSHU�ZHOO�LQ�WKH�FDUERQDWH�XQLW�LQ�������¿J���)��DQG�ZDV�
ODWHU�FRQ¿UPHG�XVLQJ�DQ�LPSURYHG�VDPSOLQJ�PHWKRG��,W�ZDV�ODWHU�GHWHUPLQHG�WKDW�WKH�SUHYLRXV�VDPSOLQJ�PHWKRG�ZDV�ÀDZHG��
VXJJHVWLQJ�VDOLQLW\�LQ�WKH�FROODSVH�DUHD�KDG�DFWXDOO\�EHHQ�LQFUHDVLQJ�EHIRUH�������0RUHRYHU��VDOLQLW\�LQ�WKH�ORZHU�FRQ¿QHG�
DTXLIHU�LQ�WKH�FROODSVH�DUHD�ZDV�QRZ�DSSURDFKLQJ�WKDW�RI�VHD�ZDWHU��,Q�������$16,�LQVWDOOHG�¿YH�DGGLWLRQDO�ZHOOV�LQ�WKH�FROODSVH�
area to monitor salinity and characterize the hydraulic properties of the bedrock. ANSI considered several brine-mitigation 

RSWLRQV�EXW�¿QDOO\�GHFLGHG�WR�SXPS�VDOLQH�ZDWHU�DQG�EULQH�IURP�WKHVH�ZHOOV�LQ�WKH�FROODSVH�DUHD�DQG�XVH�WKHUPDO��HYDSRUDWLYH��
desalination to produce salt and fresh water.

3XPSLQJ�IRU�EULQH�PLWLJDWLRQ�EHJDQ�LQ�6HSWHPEHU�������E\�ZKLFK�WLPH�ZDWHU�OHYHOV�LQ�WKH�DTXLIHU�V\VWHP�KDG�QHDUO\�
UHFRYHUHG�WR�WKHLU�SUHFROODSVH�OHYHOV��7KH�VDOLQLW\�SUR¿OH�ZLWKLQ�WKH�FROODSVH�DUHD�FRQVLVWHG�RI�D�FROXPQ�RI�VDWXUDWHG�KDOLWH�EULQH�
H[WHQGLQJ�IURP�WKH�ÀRRGHG�PLQH�WR�WKH�%HUWLH�/LPHVWRQH��DW�ZKLFK�SRLQW��D�WUDQVLWLRQ�]RQH�RI�OHVV�GHQVH�ZDWHU�H[WHQGHG�WR�WKH�
ORZHU�FRQ¿QHG�DTXLIHU��ZKHUH�WKH�VDOLQLW\�ZDV�QHDUO\�WKDW�RI�VHD�ZDWHU��¿J������7KH�VDOLQLW\�SUR¿OH�LQFOXGHG�WKUHH�GLVFRQWLQXLWLHV�
that are correlated with the depths of fracture zones previously detected in borehole geophysical surveys. Two of the fracture 

]RQHV�FRLQFLGH�ZLWK�VWUDWLJUDSKLF�FRQWDFWV�EHWZHHQ�EHGURFN�XQLWV��WKH�WKLUG�LV�DVVXPHG�WR�UHÀHFW�WKH�SUHVHQFH�RI�D�ODUJH�FDYLW\�
LQ�VKDOH�EHGURFN��7KHVH�GLVFRQWLQXLWLHV�LQGLFDWHG�ODWHUDO�RXWÀRZ�DQG�LQÀRZ�RI�ZDWHU�WR�DQG�IURP�WKH�UXEEOH�FKLPQH\V�LQ�WKH�
collapse area. The rate of brine displacement from the mine was initially estimated, from measured rates of land subsidence 

DERYH�WKH�PLQH��WR�EH����JDOORQV�SHU�PLQXWH��'XULQJ�WKH�QH[W���\HDUV��SXPSLQJ�UDWHV�DQG�GHSWKV�LQ�WKH�¿YH�ZHOOV�ZHUH�DGMXVWHG�
WR�RIIVHW�LQÀRZ�RI�EULQH�IURP�WKH�PLQH�DQG�PDLQWDLQ�D�VWDEOH�VDOLQLW\�SUR¿OH��7KH�¿QDO�SXPSLQJ�UDWH�ZDV����JDOORQV�SHU�PLQXWH��
([FHSW�IRU�LQWHUPLWWHQW�VKXWGRZQV�WR�UHPRYH�DQK\GULWH��GHK\GUDWHG�J\SVXP��GHSRVLWV�IURP�SLSHV��WKH�GHVDOLQDWLRQ�SODQW�RSHUDWHG�
as designed. The sale of salt did not compensate operation costs, however, and the mitigation effort has cost ANSI about 

$1 million per year.

Second USGS Study
&RQFXUUHQW�ZLWK�WKH�LQLWLDWLRQ�RI�WKH�EULQH�PLWLJDWLRQ�HIIRUW�LQ�������WKH�86*6�EHJDQ�D�VHFRQG���\HDU�VWXG\��LQ�FRRSHUDWLRQ�

ZLWK�WKH�1HZ�<RUN�6WDWH�2I¿FH�RI�WKH�$WWRUQH\�*HQHUDO��WR�DVVHVV�WKH�UHODWLYH�FRQWULEXWLRQV�IURP�SRWHQWLDO�VRXUFHV�RI�VDOLQLW\�LQ�
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EXPLANATION

Figure 4. Schematic diagram of the salinity profile along cross-section A–Aƍ, as percent saturation with respect to halite (sea water 
is about 10 percent saturation), in the collapse area at the Retsof salt mine in Livingston County, New York, in September 2006. The 
bedrock stratigraphy and fracture zones are also shown. The lower part of the profile is a column of saturated halite brine. The upper 
part of the profile (in the Onondaga and Bertie Limestones) is a mixture of brine, saline bedrock water, and fresh water from the 
lower confined aquifer. Salinity in the lower confined aquifer is primarily a mixture of fresh water and saline bedrock water. Line of 
section is shown in figure 5.

WKH�FROODSVH�DUHD�DQG�ZKHWKHU�SXPSLQJ�ZRXOG�EH�VXFFHVVIXO�LQ�SUHYHQWLQJ�IXUWKHU�HQWU\�RI�VDOLQH�ZDWHU�LQWR�WKH�ORZHU�FRQ¿QHG�
DTXLIHU��7KLV�VWXG\�XVHG�D�FRPSXWHU�SURJUDP�WR�LPSOHPHQW�D�JURXQGZDWHU�FRQFHSWXDO�PRGHO�WKDW�DFFRXQWHG�IRU�WKH�YDULDEOH�
GHQVLW\�RI�ZDWHUV�ZLWKLQ�WKH�FROODSVH�DUHD�WKDW�ZDV�FDXVHG�E\�YDULDWLRQV�LQ�VDOLQLW\��%RWK�WKH�PRYHPHQW�RI�EULQH�DQG�VDOLQH�ZDWHU�
GXULQJ�ZDWHU�OHYHO�UHFRYHU\������±������DQG�WKH�HIIHFW�RI�SXPSLQJ�RQ�VDOLQLW\�SDWWHUQV������±����ZHUH�VLPXODWHG��7ZR�UXEEOH�
FKLPQH\V��WKH�]RQH�RI�GHIRUPHG�EHGURFN�VXUURXQGLQJ�WKHP��EHGURFN�IUDFWXUH�]RQHV��DQG�D�SDUW�RI�WKH�ORZHU�FRQ¿QHG�DTXLIHU�
were represented in the computer simulations. In addition, geochemical analyses were used to identify the sources of salinity in 

the collapse area and to assess whether the decreases in water salinity induced by pumping could lead to gypsum dissolution and 

additional subsidence of the land surface.

7KH�FKHPLFDO�FRPSRVLWLRQ�RI�ZDWHU�IURP�VHYHUDO�ORFDWLRQV�DQG�GHSWKV�LQ�WKH�FROODSVH�DUHD�LQGLFDWHG�WKDW�WKH�VDOLQLW\�SUR¿OH�
UHÀHFWHG�WZR�VRXUFHV�RI�ZDWHU��VDWXUDWHG�EULQH�IURP�WKH�ÀRRGHG�PLQH�DQG�VDOLQH�ZDWHU�IURP�IUDFWXUH�]RQHV�LQ�WKH�FDUERQDWH�
EHGURFN��7KH�GHQVH��VDWXUDWHG�EULQH�RFFXSLHG�WKH�ORZHU�SDUW�RI�WKH�SUR¿OH�DQG�ZDV�RYHUODLQ�E\�D�PL[WXUH�RI�EULQH�GLOXWHG�E\�
VDOLQH�EHGURFN�ZDWHU�DQG�IUHVK�ZDWHU�IURP�WKH�ORZHU�FRQ¿QHG�DTXLIHU��7KH�VDOLQH�ZDWHU�LQ�WKH�ORZHU�FRQ¿QHG�DTXLIHU�DSSHDUHG�WR�
be solely a mixture of fresh water and saline bedrock water. Geochemical simulations indicated that dilution of saturated brine 

with saline bedrock water would lead to precipitation of anhydrite, as has occurred in the desalination plant. The simulations 

also predicted little chance of further mineral dissolution as long as fresh water within the rubble chimneys was prevented from 

ÀRZLQJ�GRZQZDUG�WR�GHSWKV�EHQHDWK�WKH�FDUERQDWH�URFN��7KH�SUHYHQWLRQ�RI�PLQHUDO�GLVVROXWLRQ�FRXOG�EH�HQVXUHG�LI�WKH�UDWH�RI�
SXPSLQJ�ZDV�FRQVLVWHQWO\�ORZHU�WKDQ�WKH�UDWH�RI�XSZDUG�EULQH�PRYHPHQW�IURP�WKH�ÀRRGHG�PLQH�

6LPXODWLRQV�RI�WKH�ÀRZ�RI�EULQH�DQG�VDOLQH�ZDWHU�GXULQJ�WKH����\HDUV�RI�ZDWHU�OHYHO�UHFRYHU\������±������LQGLFDWHG�WKDW�
LQWUXVLRQ�RI�VDOLQH�ZDWHU�LQWR�WKH�ORZHU�FRQ¿QHG�DTXLIHU�ZDV�SUREDEO\�OLPLWHG�WR�WKH�YLFLQLW\�RI�WKH�FROODSVH�DUHD�DQG�WKDW�VRPH�
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Figure 5. Extent of saline water in the lower confined aquifer 8 years after cessation of pumping in the collapse area as 
predicted by numerical simulation. Saline water with a density comparable to sea water flows 0.5 mile southward along the 
sloping bedrock surface and displaces less dense fresh water. The saline water will eventually pool in a depression on the 
bedrock surface (lower part of diagram) 8 miles south of the collapse area.

lateral diversion of saturated brine into bedrock fracture zones was probable. The fate of the diverted brine cannot be ascertained 

IURP�WKH�OLWWOH�LQIRUPDWLRQ�DYDLODEOH�RQ�WKH�H[WHQW�DQG�K\GUDXOLF�SURSHUWLHV�RI�WKHVH�]RQHV��6LPXODWLRQV�RI�SXPSLQJ�FRQ¿UPHG�
WKDW�PDLQWDLQLQJ�D�FRPELQHG�SXPSLQJ�UDWH�RI����JDOORQV�SHU�PLQXWH�ZRXOG�SUHYHQW�IXUWKHU�PLJUDWLRQ�RI�VDOLQH�ZDWHU�LQWR�WKH�
ORZHU�FRQ¿QHG�DTXLIHU��+RZHYHU��WKH�VLPXODWLRQV�DOVR�VXJJHVWHG�WKDW�LI�SXPSLQJ�ZHUH�KDOWHG��GHQVH�VDOLQH�ZDWHU�ZRXOG�FRQWLQXH�
WR�PLJUDWH�XSZDUG�WR�WKH�ORZHU�FRQ¿QHG�DTXLIHU�DQG�WKHQ�VRXWKZDUG�DORQJ�WKH�VORSLQJ�EHGURFN�VXUIDFH��0RGHO�VLPXODWLRQV�
indicated that a plume of water with salinity comparable to that of sea water would extend 0.5 mile south from the collapse area 

ZLWKLQ���\HDUV��¿J������(YHQWXDOO\��WKH�VDOLQH�ZDWHU�ZRXOG�SRRO�DW�WKH�ORZHVW�SRLQW�RQ�WKH�EHGURFN�VXUIDFH��QHDU�6RQ\HD����PLOHV�
south of the collapse area.
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A Question for the Future
7KH�FXUUHQW��������SXPSLQJ�LV�SUHYHQWLQJ�IXUWKHU�FRQWDPLQDWLRQ�RI�WKH�ORZHU�FRQ¿QHG�DTXLIHU��+RZHYHU��VWHDG\�XSZDUG�

ÀRZ�RI�VDWXUDWHG�EULQH�IURP�WKH�ÀRRGHG�PLQH�LV�H[SHFWHG�WR�FRQWLQXH�IRU�KXQGUHGV�RI�\HDUV��XQWLO�WKH�PLQH�FDYLW\�FORVHV�
FRPSOHWHO\��7KH�YROXPH�RI�EULQH�WKDW�FRXOG�EH�GLVSODFHG�IURP�WKH�PLQH²DV�PXFK�DV����ELOOLRQ�JDOORQV²LV�QHDUO\�HTXLYDOHQW�
WR�KDOI�WKH�YROXPH�RI�ZDWHU�VWRUHG�LQ�WKH�ORZHU�FRQ¿QHG�DTXLIHU�DQG�WKHUHIRUH�FRXOG�UHQGHU�PXFK�RI�WKH�DTXLIHU�QRQSRWDEOH��
The cost of the pumping and desalination is more than $1 million per year, which could be decreased substantially if a valuable 

EHQH¿FLDO�XVH�FRXOG�EH�IRXQG�IRU�WKH�EULQH�DQG�WKHUHE\�DYRLG�WKH�QHHG�IRU�GHVDOLQDWLRQ��)RU�H[DPSOH��WKH�EULQH�FRXOG�EH�XVHG�
GLUHFWO\�IRU�URDG�GHLFLQJ��EULQH�DGKHUHV�WR�WKH�URDG�VXUIDFH�DQG�LV�PRUH�HI¿FLHQW�LQ�PHOWLQJ�VQRZ�DQG�LFH�WKDQ�URFN�VDOW��+RZHYHU��
the infrastructure to support storing, transporting and using the brine for this purpose is not widely available.

8OWLPDWH�UHVROXWLRQ�RI�WKH�VDOLQL]DWLRQ�WKUHDW�WR�WKH�ORZHU�FRQ¿QHG�DTXLIHU�ZLOO�GHSHQG�RQ�WKH�SHUFHLYHG�YDOXH�RI�WKH�DTXLIHU��
FXUUHQWO\�D�ODUJHO\�XQWDSSHG�UHVRXUFH��7KH�YDOXH�FRXOG�LQFOXGH�WKH�DTXLIHU¶V�ZDWHU�LWVHOI�DQG�WKH�DTXLIHU¶V�SRWHQWLDO�XVH�DV�D�
VWRUDJH�UHVHUYRLU��6LPXODWLRQV�RI�VWHDG\�VWDWH�JURXQGZDWHU�ÀRZ�LQGLFDWH�WKDW�SXPSLQJ���PLOOLRQ�JDOORQV�SHU�GD\�IURP�WKH�ORZHU�
FRQ¿QHG�DTXLIHU�ZRXOG�QRW�DIIHFW�VWUHDP�ÀRZ�RU�GRPHVWLF�ZHOO�ZDWHU�OHYHOV�LQ�WKH�PLGGOH�DQG�XSSHU�DTXLIHUV��+RZHYHU��WKH�
value of the resource is relative. In upstate New York, water is abundant, and currently water is not pumped directly from the 

ORZHU�FRQ¿QHG�DTXLIHU��7KH�IXWXUH�YDOXH�RI�WKH�DTXLIHU�FRXOG�LQFUHDVH��KRZHYHU��LI�FKDQJHV�LQ�FOLPDWH�ZHUH�WR�OHDG�WR�GHFUHDVHG�
UHFKDUJH�LQ�WKH�UHJLRQ�RU�LI�SRSXODWLRQ�JURZWK�LQFUHDVHG�WKH�GHPDQG�IRU�SRWDEOH�ZDWHU��2Q�WKH�RWKHU�KDQG��WKH�FRVW�RI�SURWHFWLQJ�
WKH�ORZHU�FRQ¿QHG�DTXLIHU�IRU�KXQGUHGV�RI�\HDUV�ZRXOG�EH�VXEVWDQWLDO��7KH�6WDWH�RI�1HZ�<RUN�LV�FXUUHQWO\�FRQVLGHULQJ�UHOLHYLQJ�
ANSI from further responsibility for the control of the brine migration in return for a lump sum payment. If such a settlement 

LV�UHDFKHG��ZDWHU�LQ�PXFK�RI�WKH�ORZHU�FRQ¿QHG�DTXLIHU�ZLOO�HYHQWXDOO\�EHFRPH�XQSRWDEOH�DQG�WKH�JURXQGZDWHU�UHVRXUFH�ZLOO�
HIIHFWLYHO\�EH�DEDQGRQHG��VR�WKH�DJUHHPHQW�FRXOG�EH�FRQVLGHUHG�WR�EH�WKH�¿UVW�³VDOH´�RI�DQ�DTXLIHU�
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