January 152014

Moneen Nasmith
Earthjustice

48 Wall Street, 18 Floor
New York, NY 10005

Dear Ms. Nasmith:

Earthjustice asked me to review the Arlington Stor@gmpanyLLC (Arlington)
proposal to store compressed natural gas in bedded salt cavirad\atkins Glen brine field
adjacent to Seneca Lake in New York. The review included public documents obtained by
Earthjusticeandliterature and data from other projects in the area. In addition, &strig
arranged for me to examienfidentialmaterial Arlington provided tahe FederalEnergy
RegulatoryCommission(FERC)for the development of its own Environmental Assessment
(EA); comments about this part of treview are provided separatelgd confidentially to
FERC The following report is beed solely on the publiclgvailable documents and does not
contain any information from the confidential materials provided by Arlington.

| have been involved in a number of environmental situations related to salt geology, salt
caverns and associatedraknts; these include the Hockley, North Dayton, Mont Belvieu
(Barbers Hil), Daisetta, Stratton Ridge, Boling, Long Point and Blue Ridge salt domes in Texas.
My Ph.D. in geophysics is from Stanford University, and | taught geology and geophysics at
Rice University for many yearésee Vita attachgd All geologists are interested in Appalachian
geology and am patrticularlyfamiliar with the Senechakeregion since | had previously
reviewedarea geology related toproposaby Finger Lakes L8 Storagel LC to store liqud
petroleum ga$éLPG) in caverns near the Arlington site.

l. Background

Arlington plans to storand cyclecompressed natural gastwo connected caverns
approximately 500 to 2900 feet below thgroundsurface The caernswere createthy
dissolving salt around and between wells drilled into the section of Silurian interbedded salt and
rock; thus, Well 30 became Cavern 30 and Well 31 became Cavern 31 of the Watkins Glen brine
field. Thesetwo caverns are more thanhalfcenturyold, theystarted as solutionedbrine
ming then were used for storage of LR€H idle, thenwere plugged and abandoned for
decadesand noware to be used agaasnew wells have been drilled to-emter each cavern and
the connection between. Theattende history alone indicates that calls for special scrutiny
mustbe heededasthese are not new cavenmst wereoptimally engineered for the express
purpose of storing and cyclimpmpressed gas.

Therealsoaregeologic features involved with these gfiecaverns that raisadditional
concerns about their viabiligs storagéacilitiesd and these featuresd concernare not

1Arlingtoncomments



addressed in the public paftthe Arlington proposal or the FEREA. For oneg both caverns
are cutby abedding planéhrustfault involving a significant disturbed zonet was this
horizontalthrustfault zone that enabled the hydraulic fracturing connectibmd®n the original
wells (Wells 30 and 31and thus gathway to inject fresh water in one well and withdraw
solutiored brine from the othecreatingthe original brine minsystem of Caverns 30 and 31,
now known as Gallery.2In addition to the thrust fautig through the sectignthe Gallery is
further complicated bg cavern roof collapsbatoccurredn Cavern 30n the sixtiesvhena
fault blockweighing more than 400,000 tofedl from the roof to the floor athecaver® then
being usedor propane storagerinally, a major strikeslip tearfault, the Jacobypellwig Fault,
cuts thegeologicsectionvertically in a northsouth directiorbetweenCavern 3land the next
cavern to the east, Cave2B. It was along thisnajor strikeslip tearfault path that brine flowed
to the surface during a hydraulic fracturing attempt at Wela28ell near thefault and also rer
these caverids andsituated similarly to Cavern 3&lative to the tear fault

Clearly,as part of the consideration thie propriety of storing compressed natural gas in
Gallery 2,0bvioussite-specific qiestions presented llye cavern geology andeafaulting must
be answered These questions includé/ill the roof of Cavern 30 collapse again®hat is the
areal extent of the thrust faulDoes the thrust fault serve apathway beyond the caverns?
Could material from the caverns interact witle tear fault?Are there other faults related to the
thrust fault and tear fault that might serve as pathways or zones of weakimsdtas half a
century of history affected the ability of these caverns to contain compressed natural gas? The
list goeson. However, oncerns created by the cavern conditiontsave not been addresdeyl
Arlington orrecognized by regulatory reviewersloreovetAr | i ngt on e FEREs wer s t
Requests for Engineeringaliathat arerelated to these issues are incorrechoomplete andlo
not anticipate or answer tlobviousconcernc r eat ed by geol ogy and the

The paragraphs that follow discuss the publagilable information about the project
geology,andwhere Caverns 30 and 81the Watkins Gletrine fieldare concerned, there is a
lotofitt Geol ogi ¢ storage is the basis of Arlingtor
Seneca Lakeand the geology here is nosinplehomogeneous, isotropic salt mass; it is a
combination of rock andadt layers, folded, fractured and faulted. This particular well system
begarwith the drilling of Well 30 in1958 followed by Well 31 in 1961 A second attempt at
hydraulic fracturingoetween the two wells was successhumd the two wells, now caverrand
the fracturecreated cavity between were solution mined briefly for Setie system wassed
for LPG storagefrom 1964 to 1984 In 1968, Well 45 was drilled into the connection between
Caverns 30 and 31 and was used to inject and withdraw brltfe@Gsvas cycled in the system.
All three wells werglugged and abandon&d1989 and lefasbrinefilled cavitiesfrom
plugginguntil now. It is within this geologic and operational history framework that a
meaningful evaluation and monitoring plan minstdeveloped.
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Il. Charl es Jac amilabesartigas tebkcrile theydevelopment of Caverns
30and 31

Charles Jacoby, a geologist who workedtfarArlington predecessaompany that
creded the original Wells 30 ariéil, along with colleaguesyrotea number of articleabout the
salt geology at Watkins Glen, its hydraulic fracturing behatar creatiorof and problems
related to cavern developmerggional tectonisnand Appalachian structural geolognd used
site-specific data from Wells 30 drB81 often in his analyses and writing. His papers published
in journals and international symposia proceedings included discussions of regional structural
development, regional strilgip tear faulting, thrust faulting found in the various wells, faults
and fractures found in these wells aredated to this Appalachian system, the presence of
fractures, theroleofsabnd a vari ety of complexities of th
papers were provided to me by Earthjustice \matereadily avaihbleonline®

Jacoby alsevrote about the hydraulic fractupeocedure connecting/ells 30 and 31,
about their development as cavemsd then their use for LPG storagehe Jacoby paper titled,
ASt orage of Hydrocarbonsitea Eavmedebyi Rlyd8eddekEk
(1969 outlines the development éflington Gallery 2 and includes severgeologiccross
sections showing the changes in these caverns through the. siatedy details that/ells 30
and 31 were drilledbr brine poductionas part of an eastest sequerecthat included Wells 27
and28. As solutioning took place in the salt section of these wells, they became the caverns of
the same numbersVhile these wells, their geology and hydraulic fracturing behaariepart of
severapapers witten by Jacoby and eauthors, m his 1969 paper, Jacoby usétklls 30 and 31
together with Wells 27 and 28 and nearby wllglustratecavern development and caution
about the role of geology and thrust faulting in hydrafulicturing andhen incavern
development.

The four crosssection figures in the Jacoby 1969 paper illustrate the early history of this
part of the brine field All four wells were cored and geophysically logged as they were drilled
providing thestratgraphicand structuralrameworkof each crossection. His first cross
section(his Figure 1, attacheas Exhibit 1)shows he precaverngeologyinterpreted from the
logs and coresHere, thrust faulting has pushed beds of salt and rock up and @vanother,
resultingin repeated sequeesof several of the bedscross the sectiohThe thrust faulhoted
in Exhibit 1appears to continue to the edlbugh offsetyithin a Retsof salt besequenceln
addition, faultsoriented nortksouth perpemlicular to the figure and parallel to the west side of
Seneca Lakandwith verticaland horizontabffsetare shown between Wells 31 and 28 and

! The papers previously were available online but have been taken down in the last few months. The symposia

volumes, AAPG Bulletins, and AIME publications are availabla number of college libraries and may be found

through Worldcat.

0n Exhibit 1, the notation AThrust Faulto between well
the hydraulic fracture connection between Wells 30 and 31.
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between 28 and 27 The fault show between Well 3{the easternmosavern of Gallery Pand
Well 28 (the wesernmost cavern of Gallery i§ known as the Jacokyellwig Fault* amajor
strike-slip tear fault with vertical displacemeatfecting the salt secticas well as 200 feet of
horizontal offset The fault offse$ and repeated sectiaor theencounteof the sameets of

beds of rock and sadipparently stacked on top of one anothex wellboreandresulting from

thrust faulting shown on the crossection were developdaly correlatingock core across this
section as well as o@laing geophysicalogsfrom these wells and wells near@acoby, 1965,
Jacoby and Dellwig, 1973 This work was araluable contbution toAppalachian geologgnd

the understanding of the complex role of faulting in the salt sectoreover, he majorstrike-

slip tearfault, together with the complex thrust faultipdayeda significantrole in the

determination ohydraulicfracturingdirectionand cavermevelopmenbehaviorin this part of

the Watkins Glen brine fieldJacoby wrote as they observed a variety of &wtfilc fracturing
behavior Gradually, there emerged a theory of a double system of faults which controlled the
direction of f I ow(Jacdby, 296FA map fream theuJacohy gnd Dellwigi d . 0
1973 paper (theifigure 3 attached as Exhibg) illustratesthe orientation of the crossection

and the position of the wellgith annotationgrom the same papabouthydraulic fracture
connections and location of the Jacabsllwig fault.

The JacomDellwig Faultalsois important inthat it and réated faulting apparentlgan
serve amconduit The 1973 study state® We | IDuriggSracturing, a flow of brinat the
surface 0.5 mi. to the northmust certainly be interpretesthe result of movement of brine
from the well aJaanby g@nd Déllwig, 19¢3amphakisadded . 0So, Jacob)
first crosssection establishes the presence of both thrust faulting through Wells 30 and 31 and
the Jacopellwig Fault next to themandbetween Galleries 1 and 2

The next crossectionfrom the Jacoby 1969 papéris Figure 2, attacheas Exhibit3)
shows the situation in June of 19@4itially, Well 30 and Well 31 were bothydraulically
fracturedatthe lower B2 salt layer, bubé process failed to connect the two wells by way of the
lower B2 salt(seenearwell fracture at wellborelepictedat the lower BfWell 31). i T h e
connection between the two wells was finally completed irighk zonein theoverthrust
blocko f B 2 (Jacably, t196f(emphasis added)acoby wrotextensiely about using an
understanding of this thrust fault geology to design hydraulic fracture prograite take
advantage of a weakentalilt zonepath to a target wellAnd with regard to these wells, he

not es: AAt t h esegian whetedulting has he@neconfirmenl,fasilt zones several
feet i n thickimsyslo6aFokowipgrfrackreg, tommunication was

established between Wells 30 and 31 and Galesglutioningdevelopment beganThe cross
sectim o f J a c o2lshowsdlat the tyowconeected caverns wbeeng used for LPG

*ATeFaarul t®o in Exhibit 1 points to the fault between Wel
27.

* See, e.gNew York State Electricity and Gas, Compressed Air Energy Storage Final Report (Dec. 2011) available

at http://www.smartgrid.gowites/default/files/doc/files/Exhibit%2013.10%20Geology%20Part%201.pdf
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storagdan 1964 as showhy the propane legend symbolthe upper part of Cavern &hd at the
top of Cavern 30The vertical extent of the hydraulically fractured fault zone connecting Gaver
30 to Cavern 31 is discussed only qualitativelyhe paperbutthe areal extenof the hydraulic
fracture connection must be significant sipeblicly available mappingshowswWell 45to be
offset from a straight lineonnecting/Nells 30 and 31andit intercepts théractured fault zone
connection and will be used the Arlington plaras a monitowell. While on the subject of the
hydraulically fractured connection between Wells 30 andtite is a crossection in another
Jacoby paper that showsconnection between Well 30/ell 27,and Well 28(Jacoby, 1961
Figure 2attachedas Exhibit4). Thatpaper is a discussion of the brine mining proeeskthe
wells are not discussespecifically. If there is or was a connection, that would conneadte®y 2
to Galleryl, andthis would be a significant concern. Arlingtorust have all the original
records andit could provide that information from the original soutegesolve this question
The connection by way @f fault zone that affects boWiell 30 and Well 3&and beyongdand
perhaps way beyond not digussed irthe publicArlington documents that | have reviewed

By July 0f1967,the date of the next crosgction both Gallery 2Cavern 30 connected
to Caverr3l) and Galleryl (Cavern27 connected to Cavern28ere being used for LPG
storage(JacobyFigure 3, attacheds Exhibit5). By this time, he caverns lthexpanded,
leaching salt and accumulating rubble where interbeddsdpportedock layers hdfallen.
Jacoby depicts thieur caverndilled with a combination obrine, propaneandrubble. In
perhaps the most striking revelation of this reyidvere isa largeintactblockin Cavern30 with
a suspiciougig-saw puzzle fit to the cavern outliaboveandn ot e d aRo dik aMd €90 on
the crosssection ThatisCavern 30060s roof fail edThisiand the r
explained by Jacoby adessonto use saturated brine in cycling prodaat of the caverns

Unless saturated brine is used continually in reagckhe product, there is
distinct possibility of undermininéault blocks. lllustratedin (Jacoby Figure 3
is a large block of rock calculated to weigh o#60,000 tonsvhichfell from the
roof even with the use of saturated brine.

(Jacoby, 196p(enmphasis added Perhaps anticipatingven thepan attempt to discredit this

cavern roof rock fall event, he went on to sa
sonar sur v ey iThe garabdefbetwgemtieerfault biock cavern rodtifa in Cavern

30 and theoof collapse irCavern 58 is obviouslt is clear that@searchers working on caverns

in the Watkins Glen brine field have encountered cavern roof failures and attributed these

failures to fault situationsilt is essential thitacavern roof failure in the Watkins Glen brine field

be recognized.

A cavern roof failure of this magnitudso fully documente¢there may even be a
seismic record)offers a remarkable opportunity testgeomechanicahodeling A

® See for example, Draft Supplemental Environmental Impact Statement, Finger Lakes LPG Storage, LLC, LPG
Storage Facility, figure 4 (Aug. 2011).

5Arlingtoncomments



mathematical model alt the future behavior of these caverns was commissioned by Arlington

and appears to predict that the caverns will be stable in the future. Howenathesmatical

modelis only useful if it can actually predict that something will or will not happehas
happenedinthepast Can Arl ingtonds mathematical model
Everything about this cavern at th®867 point in time was knownlhe dimensions of the cavern
including the open roof span, the dimensions of the bloclprthigerties of the materials (from

Wells 58 and 8 and Wells 30A and 31A) and detailed cavern cycling history are well known.
Jacobyodos 1969 paper calls this a fifaul% bl ock
about measurements concernihg fault(s) involved.The mathematical model used in the
geomechanical studgr the Arlington projectmustincludethese conditions in the model to

showhowthe modekan predicfailure of thecavern roof This cavern roof failure, and the
mathematicamo d el 6 s abi | i t vy representsam opmbitunity to teshemofleh i | ur e
and this validation should be requireddid not see anything in my revies¥ the public

documentshat recognized the cavern roof failure involving a 400;@@0faultblock, and the
Jacobyl969paper was not listed in theferences reviewed in tipeiblicly available portions of

the Arlington Suitability Reportthe Arlington Resource Reportdcumentsor the FERCEA.

The final figure of the Jacolpaper describingie development of Gallery and Gallery
1 as well shows the condition of the caverndMiarch, 1968(attached as Exhib@). By this
time, there wasa small amount of propane &ettop of Cavern 3@ropane at the top of Cavern
31,and propan@ a mart of Cavern 27 offset from thatelld and on its way to becomirige
subject of another Jacoby pape(lacobylRPwhereer y of
he described the effort to drill an interceptor well to recover product in a part of Cavéat 27 t
had developed unintentionaiynd no longewasaccessible by the original wellThe
directionally drilled interceptor well is Well 46 and the paper shows the cavern development
significantly displaced west of the original Well 27.

In summarythe caerns and camection of Gllery 2 bythe late sixties consisted oo
irregularly shaped caverigsaverns that departed from the idea cylindrical shape, which is the
strongest geometrygonnected by aolutioned channel created by hydraulic fracigralang a
thrust faulithat intersected bothPart of the irregularity was due to preferergltioning into
saltlayers on the sideand resultant rock layer collapdmitthe preferential solutioning does not
account for the elliptical shape thiese cauwmsor for the fact tha€Cavern 30s substantially
offset from its solutioning wellBecause of the fault block cavern roof failure, Caveral36
was significantly larger than Cavern 31. There is no public redmodtchanges in these
caverns sincehe late sixties.The Jacoby papers describe four areas of concern:

1 Thrust faulting extent, effect on these and nearby caverns, presence of
additional faults and studies about the problem.

® According to the publicly availablear t of Arlingtonds Resource Report 6, |
as a result of their development procedure and maintai
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9 JacobyDellwig major strikeslip tear faul® proximity to these cavas, role of

fault as a transmission zone along its path, presence of related faults and fractures,

effect of brine field history odacobyDellwig system

1 Roof failure event at Cavern 80400,000ton fault block fall, extent of faulting
involved, effect ofroof failure, potential for future failure

1 Age ofCaverns 30, 3land 4% historic changes in geometry, cavity condition,
gaspathwaysand zones of weaknessudiesand monitoring plan

Arlington and FERC do not address these issueArlitfigton wishego usehalf-centuryold
caverndor compressed natural gas storage and cydtatger than new ones engineered fat th
exprespurposethen the issues that are a part of this history must be recognizeditly
addressed

. FERCO6s EA andubmliismmgtommsd do not accord
description and leave open numerous guestions

The FERCEAand Arl ingtonds answers poseddgEERGCe st s
would suggest a different picture of tbavern geology than the odeveloped by Jatxy for
these specific cavermasd shown in the diagrams from R869peper.

A.Defi ciencies in FERC6s EA

First, consider the FERC EAThe FERCEA makes several summary conclusions about the
geology of the site area atitk Caverns 30 and 31The EArefere n ¢ e s sJ1968paperyaidd
Jacoby and Dellw g ®83paperindicating afamiliarity with their work, but no concern related
to the subjects of these papargl no mention of the 1969 Jacoby paper relating specifically to
Caverns 30 and 31IThe EA is bief and generally dismisses thencerns expressed by
commenters Key among these concerns are questions about geology, seismicity, and faulting.

i. Geology Questions

TheEA geology section begins with a general description of the geology of the site area
including its stratigraphy and structural geology, acknowledging the diiedeissely folded
Intensely folded is an understateniethe region is affected byppalachiarorogenicthrust
faulting and the tear faulting, normal faulting, high angle fagltfolding, fracturingand otler

associated deformatione | at ed t o t hi s fi iMoreogen EERC ghoulddndvel e d 0

recognized that every element of a geologic repository, particularly at this set of caverns,

f

Wi |

C

g

deserves detailed review forthee asons outl ined in Jacobyds wri

ii. Seismicity Questions

Commenters asked about the possibility of damaging eartequdkheir concern is
certainly understandablbased on recent quakes in the regionand Laary®@ nk er 0 s
interpretation that an earthake triggered the cavern ro@dilure atWell 58, a part of the nearby
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Finger Lakes project The EA response characterized the seismicity of the region and described
low magnitude earthquakesd left it at that FERC should have expanded on the citizen
commens raising this issuand recognized that seismicity is a legitimate congethe Watkins
Glen brine fieldin that arealow-magnitude seismic evesfbotheventsinvolved with the

overall regionatectonicframework and events related to theaeerns and those neajligll

about stress in the subsurfa&eismic events provide information about things about to happen,
and asensitive seismic network capable of measuring these events should be part of a
comprehensive monitoring plan for this @ and those caverns nearldy subsurface
microseismic network has recently been installed il\iggoleonvilleSalt Dome where a salt
cavern collapséhreatens to affect nearby caveams already, numerous microseismic events
related to movement ité salt and caverns there have been recorded, anadyzhkded to

inform the plan for safety at this salt cavern 8ite

ii. Faulting Questions

The EAgives faulting in the Gallery 2 arshort shrift and respondsnly to
comment er s 0 theoposiidity afi slarge btrakeslip fault passing through one of the
caverrsd andaddresesthat concern byoting that the Jacobellwig Fault is east of the
caverns.By discussinghe JacobyDellwig fault aloneand dismissing it as not passing through a
cawern, the reviewes missan opportunity to address the concerns raiseitidyhrist faulting
through the cavern#he faulting involved with the failed cavern roof and the more than 400,000
ton fault block that fell to the floor of the cavetaring caverroperation The JacobyDellwig
Fault does not go directly through a cavdrat it is intimately involved with the geologic issues
that the EA should address.

The FERC EA is general and fails to confront the several geologic issues presented by
publicly available information. FERC shouldvesit this public information about problems
with these caverns and ask,fand make public for review, titata that mudte available in
Arl ingtonés records about these caverns.

B.Deficiencies i niodstoFERCgt ondés Submiss

While the EA isall toobrief for a project focused on geologic storagel fails to
recognize the very real problems of the cavgreghaps inadvertentlyhe publicly available
portions ofA r | i n g itabilitydReporf Resource Repatf and its responses Requests for
Engineering Data posed by FERreate a far more serious situatidrne difficult questions

"Fax from NY Department of Environmental Conservation Division of Minerals (Feb. 13, 2001), Letter from Larry
Sevenker, to Frank Pastore (Oct. 17, 2003), Letter from Larry Sevenker (Jan. 15, 2013).

8 http://dnr.louisiana.gov/assets/OC/BC_All_Updates/BCPublic.Briefing.9172013.pdf
http://lasinkhole.wordpress.com/tag/helicordeismicactivity-bayoucorne/

° A July, 2010, heavily redacted version of the Arlington Suitability Report was included in the material obtained
during the Finger Lakes review earlier in 2013.

10 A version of Resource Report 6 without attachments was made publicly available through FERC.
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about this site are aboutajegy. Yet,threeparticularresponses to Engineering Requests for
Data related to geology refleett besta lackor lossof information related to the serial change
of ownership and recordkeeping at this sitée three requests and comments on the responses
are:

Engineering Request(May15, 2013; response June 3, 204$is:

i pHow much natural @s is projected to be stored in tidble pile which connectsthe
t wo c a(emphasis &ldgd

The answer speaks of a rubble pile in generaltatadigas storage the gallerybased on
other estimates not the concern about tlhkennection between tloaverns that was the
substance of the question.

fbyWhat is the size and volume of the rubbl e

The question, regardless of whether it is asking about the rubble pile in the conduit
connecting the two caverns or the rubble pile in total, is notenesivThe answer given is
about gas storageot the rubble concernlhe geometry of the rubble pile[s] is knqwfronly
from the Jacoby 1969 papand Arlington should hav its filesthe detailed records that
formed the basis of these cressctiors. The fault block that fell from the cavern raaid is
thus a part of the present rubble pile of Caverwa8 outlined by a sonar survey described in
the Jacoby articleThe rubble in the cavity connecting the caverns could be estimated from the
original drilling logs, a knowledge of the hydraulic fracturing along the thrust fault and a

mi ni mum wi dth descri bed by Th&eubble pikk Eedasnsannt er cep

unknown. It is particularly importantvhena cavern systetis of this advaned ageandis as
involved with faulting as this one,ithat the dinensions of all components, including the cavity
and rubble pile between Caverns 30 andb@&lknown to the fullest extent.

A Referringto page 21 of the PABB report withn Resourcéreport 6the
hypothetical view of Gallery No. 2, proviélgseries of questions about dinsgns that
are answered in a spreadsheerked confidentiaénding with) é .width of the
connection between caverns 30 and 31, and the salt pillar thickness bedweers 80
and 31.0

Two partsof the questionr@ not answeredhewidth of the connection and pillandthe
width of thesupport between Caverns 30 and 3he answer does not give the values requested,
statingonly: Nnéthe horizonwvaénpCavarndNes and3e b&dered
The connection between the caverns can be imageldthere is other information that alloats
least some estimates abthe connection formed by means of the hydraulically fractured thrust
fault. The samed true for the thredimensional salt pillar between the caveans its
relationship to the connecting cavityhe salt pillar andhe hydraulically fractureghathalong a
thrust fault connection a@gpropriatesubjects of concerandsimply arenot addessedn
Arl ingtonds answer
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Engineering Request(®ayl5, 2013; response June 3, 204$Ks:

AWhy were Wells 58 and 59 used for rock me
Gallery 2? Were any cores taken from Wells 30A and 31A which are being used to
update the earlier rock mechanics and geom
Ar | i nanswemsdist that the only cores availablpeamitting time were from

wells 58 and 59second that new caprock cores from 30A and 31A were tested for porosity at
the Camillus bale level. The question was aboatk mechanics and updates as#pecific

site, not about the Camillus Shale rock formation that lies well above the caverns that were the
subject of the questionThe studiesverenot doneand the question was naisavered.

Engineering Request(®layl15, 2013; response June 3, 20484s

Al n r espons e orcerns cegandimgpon failere, pldase state if this has ever
been an issue in either Gallery 1Gallery 2 or if you have knowledge of any roof or
wadl failures in any of the caverns within

Arlington responds:

ATo Arlingtonds knowledge, there have been
in any other cavern within the Watkins Glen Brine Field in which naturabigaatural
gas liquids have been stored

It is difficult to understand how Arlingtocould make such a categorical statement about
the entire brine field, arould miss a cavern roof failure in one of the two cavernkegjallery
that is the subject afs applicatiod let alone a 400,00@n fault blockcavern roof failure
written about in an international publication by its own geolodi$te Jacoby article that
contains the crossections and illustrates and describes the 40a@®@ault block caven roof
collapse is not listed in the bibliography that accompanies the Arlington Resswaibility
Reportthat was obtained in redacted form from a Freedom of Information Request to the New
York Department of Environment&lonservationso perhapthe Arlington representativerho
wrote the answer was unaware of the work Jacibyn the specific caverns of this proposal.
Earthjusticehoweverfound the article easily and sent it to me as part of fikeiof basic
background references.

This absolte, regionwideand unqual i fi ed anabouerooffdime FERCO
meanghatArlington has not consideredemoof collapséailure mechanism and thus its
conceptual model afavern developmers fundamentally flawedThe unsupported roof of
Cavern 3(at the time of the cavern roof failure in the sixties veaghly the size of a football
field. What are the dimensions of the unsupported span nidve?roof failurewas a fault block,
where are the faults i n hé&edtherfaglts?o hod sthisfawtr act er
bl ock i ncorporated i n AitismnonWhabiniobratiogfom mec hani ¢
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failures at other sites, likbe failure aRetsof or the one &ayou Corn&" going on nowcan be

used to evaluate the roofigtion? The roof failure in Cavern 30 wasrdlytrivial, andJacoby

wrote of sonar measurements on faigt block; ifAr | i ngt onds qgonmceame cessor v
enough then to perform a sonar survey of the fault bibbekemustbe a lot additional

informationabout this event inompany files.Salt fall in caverngLoof and Loof, 1999 and

Munson, et al, 2003s a serious concern in salt caverns in general and the roof fall in Cavern 30
makes the concern sigpecific. The complete absence of any mentad this 400,0000n fault

bl ock cavern roof failure in FERCG6s EA and En
an incredible errorlndeed, Arlington went so far as to submit supplementary comments

né dispelling the possibility of cavern roof tambse '6a summangtatementhatsaysthe applicat

is unawareof what has happened at the very caverns where it proposes to store and cycle compressed
naturalgasCl ear |y, Arlingtommé&s camppel usa toindytast rd c B ER
error. Detailedstudies required to address tavern roof fall problenshould benadeavailable

to the public as well as the regulatory agencies.

V. Recommendationsand Summary

At this point, there are serious questions about the Arlington site that must beeahswe
The material reviewed by FERC is incompleted its impressions about the caverns are
incorrect. The first thing that should be required of Arlington is an accurate characterization of
the site areaThe crosssections prepared by Jacoby are aisig point, but there is much more
information that must be available in company rectindsshould be made a part of the
Reservoir Suitability Repoend made available to the publié partial listof thingsto do for
the characterizatioshould inclae the following.

A full evaluation of

1 Theroof fault block fall event with documents and records of the event #kwaify with
any precursor events notetdcompany records at the timmadin retrospectthe sonar
survey of the fault block describea the Jacoby article, sonar surveys before the event,
information about the faults involved, pressure recordings at thedgambguake seismic
records at the tim@ny studies about precursor events that might have signaled the
imminent collapse anstudes made about how to prevent future cavern failure.

1 An accurate geologic desption of the site arethatshould includdaults, fracture
zones, physical properti¢sew coring may be necesspof site specific materials above,
below and making up th&alls of the caverns, thrust faulting intersecting the caverns, the
JacobyDellwig Fault and related features including those shown on the Jacoby cross
sections.

" TheBayou Corne Sinkhole was created from the collapse of an underground salt dome cavern in Assumption
Parish, Louisiana. It was discovered in August 2012 and resulted in the evacuation of 350 nearby residents. The
sinkhole was caused by cavern failur¢hat edge of the Napoleonville Salt Dome.

12 Arlington Reply Comments on EA, 11/7/2013
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1 A threedimensionakeismic survepf thecavernarea including the Jacoiyellwig
Faultis, of course, a necessary element of the geologic description, alonothéth
geophysical measurements in order to develop a full understanding of this gebhegy.
Engineering Request about the rubble pile in the conduit that connects/édras was
nat answered and imaging this feature and the related salt pillar is a priority.

Once a satisfactory geologic characterization is developed, the next step is toectkemi
history ofthe caverns to see how they have developed through time and how thegdbehav
during initial hydraulic fracturingmining, subsequetPG storage and cycling, and now an
extended period of inactivity. The history of nearby caverns should be a part of this study, and a
serious examination of what happened at Well 58 should mawaluable insightThe
applicantapparentlyowns the historical data fileand the information should be readily
available.

The information from these studies is critical in it$etfa comprehensive evaluatidout
the informatiorwill alsobenecesaryfor a detailedsite-specific geomechanical analysis. The
modeling involved should simulate the caverns
behavior and indicate situations that should be considered for monitGitredault block that
fell from the roof of Cavern 3fepresents an event thhefinite difference (offinite elemeny
model ing work can predict a.rHdrewas &fauttloch f f i r m t
known dimensions that fell intact aknown point in time due to éhundermining in the cavity.
There is likely a seismograph record of the event. This is an unusual opporAunity.i ngt ond s
denial that suclault block cavern roof fakvent ever took place, aswell@s | i ngt ond s
characterization of faultingintheeafi i f | & s e A 5 snbabdhat thedpresent analysis
of Gallery 2fails to even consider mechanismsst likely to develop as pathwaysd the
project should bsuspendedntil the basic questions about geology and the caverns are
answered.

Onea Caverns 30 and 31 are properly characteremedl jf the project is allowed to go
forward, monitoring plans should be tailored to the information developed from the studies
outlined above

Frequent sonar surveys are necessary and the FERC EA stapesitiéit sonar surveys
are planned; yet Arlington statesthe unredacted portions of tAgington Reservoir Suitability
Report(July 1, 2010) provided with the Finger Lakes matetiads once gas storage begins, no
further sonars are plannétArlington 8s pl an s houl ditsbbigatomtodoect ed t
periodic surveysandthose should include cavern roof views andraeleavailable to the
public.

Meaningful subsidence monuments and periodic surveys are an expected part of cavern
monitoring Arlingtonés application agrees to moni

13 Arlington Reservoir Suitability Report, July 1, 2010, page 14, redacted and included with Finger Lakes files.
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current experience is that as many subsidence monuments have risen as fallen over time and

attributes the behavior t o t he thersbkbsidence sur f ac

program is ineffectivé@ the goal is to measure movement related to the caverns, not the weather
monument design is available for this purp@sel there are companies qualified to do thekwor

The state of stress related to the tectonic éaork is not perfectly understoggb strain
measurementsnd borehole microseismic recording devicelsoreholes arrayed around the
Watkins Glen brine field, now storage arelould be part of the monitoring program. Local
universities can design sualsystemand the monitoring experience at Bayou Corne, Louisiana,
provides an example of current stafethe-art measurements, although regrettably after the fact

The FERC EA states that: AArl ington woul
to ensure cavern integrity, including mechanical integrity tests that are designed to monitor the
cavern dimensions and shape, including the cavern roof and an estimate of pillar thickness
between caverns; annual inventory verification; pressure monitondggraundlevel
subsi dence rroutinelyo meanstoglo the thingsfon the list periodicalthgon a
set schedule, there is a disconnect between
pressure monitoring is planned (and should beprehensive) and periodic groutelel
subsidence monitoring is planned (though it should be improieési)ot clear that these
monitoring measures will be continued once operation begihs.piibliclyavailable but
heavily redacted Arlington Suitab¥itReport, says that initial well mechanical integrity tests,
nitrogenbrine interface tests and sonars are platmgavill not berepea¢donce operation
begins'* Granted thatafter operation beginshere will be no brine foa nitrogerbrine
interfacetest, but the rest of the testialgould be done, and done often, and for some
measurements, continuouslieriodic mechanical integrity testing captures only a brief time
sample and far more expansive monitoring of these particular caverns is redudrehced
cement bond logging can provide a picture of the casing condition as well as the centieat and
cement bond to the casing and formatiand this is particularly important in this region where
Aibl ackwatero has att a'® Khestbg dhauld be apartwfehe pericaio d ¢
evaluation of the integrity of the caverns and casidington should revise its sonar and
mechanical integrity testing plans to meet

Since gas under pressure is the subject of the storagegals escaping from the caverns
or the associated well casirggalways a possibility and area gas monitoshguld bea priority.
Soil gas surveys should be conducted first for a baseline map, then periodically as part of the
monitoring program. Tharea around the JaceBellwig Fault should receive special attention
andbeperiodically tested using a variety of geophysical and geochemical appro&ches

14 Arlington Suitability Report, July, 2010, pages 14 aiid 1
15 See for example, NYSEG Compressed Air Energy Storage Seneca Lake Project, PB Energy Storage, ex. 13.10.
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escaping natural gas is parttbé problem at the Bayou Corne Sinkhole, te@periencevith
gasdetection may be helpful in designing a monitoring system at Watkins'€Glen

Salt cavern evaluation requirements developed decade¢badorma part of the
historical regulatory framework are often outdated and new technology is available that can
provide a more accurate picture of cavern integrity. The Bayou Corne Sinkhole is being
monitored now in a number of ways that should be applied to the Arlington site. In addition to
two-dimensionalthreedimensionalandvertical seismic profilingeismc surveys, researchers
in Louisiana are using tiltmeters, downhole microseismic measurements, a surface seismic array
and GPS surveys to monitor movemanthe surface amat depth. The information is made
public by Louisiana agencies, much of it in réale.’” The work going on now to evaluate the
continuing salt cavern failure at Bayou Corne should be used to design a study and monitoring
system for Caverns 30 and 31 and a comprehensive monitoring network of th&vetkiires
Glen brine field area.

Sincerely,

AU

H.C. Clark, PhD

18 http://assumptionla.com/bayoucorne

" http://dnr.louisiana.gov/index.cfm?md=pagebuilder&tmp=home&pid=939
http://www.deq.louisiana.gov/portal/bayoorne.aspxhttp://www.assumptionla.com/bayoucorne/uysgs
http://www.assumptionla.com/bayoucorne/publications
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