McDonald, Jeffrey

“rom: Gilmore, Tyler J [Tyler.Gilmore@pnnl.gov]
nt: Wednesday, January 29, 2014 1:16 PM
J McDonald, Jeffrey
Cc: Greenhagen, Andrew, Bayer, MaryRose
Subject: Re: FG T&M table
Attachments: IR6_01-21-14_FutureGen TM Strategy Tables.xisx
leff,

Attached is the T&M table with the missing holes filled in. Please call if you have questions.

Also, the AoR shapefile that you requested last week has been uploaded to the input advisor.
Thanks

Tyler

From: <McDonald>, Jeff McDonald <mcdonald.jeffrey@epa.gov>
Date: Tuesday, January 21, 2014 10;40 AM

To: Tyler Gilmore <tyler.gilmore@pnnl.gov>

Cc: "Greenhagen, Andrew” <Greenhagen.Andrew@epa.gov>
Subject: FW: FG T&M table

Tyler,

‘noted, we think that this might help you and the FGA people fill in some holes in testing and monitoring
~equirements. The folks here in the region went over it and agree with Molly’s assessment. Let me know if you have any
guestions.
leff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

{312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey @epa.gov

From: Bayer, MaryRose

Sent: Friday, January 17, 2014 3:45 PM
To: McDeonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: FG T&M table

Jeff,

Attached is the T&M table | had Cadmus pull together. This should be VERY helpful in getting them to narrow in on what
they are planning. | would encourage you to take a quick look and send it on to Tyler ASAP!

Thanks,

Molly

ary Rose Bayer
:ologist, UJIC GS Team Leader
U.S. Environmental Protection Agency




Office of Ground Water & Drinking Water: Prevention Branch
Phone: (202) 564-1981




INTRODUCTION

This file is intended to summarize FutureGen's testing and monitoring strategy to comply with the Class VI
reguirements under:

- 40 CFR 146.90(d) for geochemical monitoring above the confining zone; and

- 40 CFR 146.90(g) for plume and pressure front monitoring.

The information presented in the following tabs for these monitoring strategies is compiled from the permit
application revision dated May 2013 and subsequent communications in November and December 2013. Copies
of submitted information are also presented in the "Submissions" tab for reference purposes.




GROUND WATER/GEOCHEMICAL MONITORING ABOVE THE CONFINING ZONE - Injection Phase

Surficial aquifers

Fluid sampling

Locai landowner wells

Lacations of wells?

--= Sea surficlal aguirar
deta® provided on
Alliznce Submission
workshaat

Approx. 10 point
locaticns

Depth of sampling
intervals?

> Sge surflsial aguifer
detaii provided on
Altianca Subrnission
workshaet

Project-instaled well

Lacation of well? --» 5ee
surficial aquifer detail
provided on
AllianceSubmissian
worksheet

1 point location

Depth of sampling
intervai?

detsit provided on
Alitance Submission
warksheet. FG-1is the
ore project installed
well.

3 events
{mainimurm)

NA

RA

MA

1. The permit application lists this monitoring methed as "under
consideration.” Wilt shallow aquifer sampling be carried out during the
infection phase?

2. What are the locations of the private wefls that will be used for sampling?
Has the lacation of the project-installed well been finalized, as indicated In
the November 2013 cemmunication? The location information for these
wells may need to be finalized for the permitting process.

3. What arrangements have been made to ensure access to these wells for
the kfetime of the project?

4. Which target parametzrs will be selected for analysis at these wells and
what is the justification for selecting these parameters? Also, if any
anomalies are chserved, more frequent Auld sampling may be necessary.
FutureGen should specify triggers for identifying any evidence that USDWs
mazy be affected by injection activities.

+



Ground Water Manitaring
Above Confining Zone
140 CFR 146.20(d}]

Lowermost USDW
monitoring well

Lecation of well?

1 point location

Depth of sampiing
interval?

—» See monitoring wel|
location detail. Note

3 events

1. Has the {ocation and depth of this well been finalized, az indicated in the
November 2013 communication? The location information for these wefls
may heed to be finalized for the permitting process.

2. What arrangements have been made te ensure access to this well for the
Iifetime of the project?

St. Pete Fluid li that depths ar Semi-Annualk Annuall
ster L monitoring well P ]t ET | {minigum] Quarterly Y v
- . N approX(maie; aciua
Incation datail pravided depth will bz; 3. Which target parameters will be selected for analysis at these wells and
on the Alliance determined based on what Js the justification for selecting these parameters? Also, if any
Submissions worksheet, | P apomaiies are observed, more frequent fluid sampling may be necessary,
site specifle conditions i _ N o N
A FutureGen should specify triggers for identifying any evidence that USDWs
encountered during T o
o may be affected by injection activities.
drilling,
2 paints location . . S o .
1 Has the location and depth of this well been finalized, as indicated in the
) November 2013 communication? The location information for these wells
) Depth of sampling . .
ACZ early-detection interval? may need to be finalized for the permitting process.
monitoring well » 5ee .mon]tr,rm welt
> o ] =
{ocation detail. N gt 2 What arrangements have been made to epsure access to this well for the
calion cetatl. Note
. . Location of well? 3 events . lifetime of the project?
Ironton Fluid sampling o that depths sre o Quarterly seri-annually Annually
~>» See monitoring well approximate; actual {mihihum]
iacation detail provided ;'Dth wi;i be‘ = 3 Which target parameters will be selected for analysis at these wells and
5

on the Altiance
Submissions worksheet.

determined based on
site specific conditions
enceuntered during
driiling

what is the justification for selecting these parameters? Also, if any
anomalies zre observed, more frequent fluTd sampling may be necessary.
FutureGen should specify triggers for identifying any evidence that USDWs
may be affected by injection activities,




1. The &t. Peter Fermation {1,740bgs! has been dasignated a5 the lowermost USDW basged on the
regulatory guidelines of being the dezpest permesble formation having 2 szlinity of less than 10,000
ppm TRS. Berause near-surface environmental impacts are not expected, surficial aguifer (<2001t bas)
monitoring will anly be conducted fer o sufficient duration to establish baseline conditians fminimurm
of 2 sampling events); surficial aguifer monitaring is not planned during the injection phase, howaver,
the need for additienal surficiat aguifer monitoring will be continuaily evaluzted throughout the
aperational phases of the project, ard may be relnstitulad If conditions warrant. Given our current
conceptuat understapding of the subsurface emdronment, early and appraciable impacts an near-
surface envirgnments sre not expected, s¢ extansive netwo s of sueficial aguifer monkoring wells are
not warranted.

2. 3ee surfictal 2fjuifer detalt in Allianca submissions workshest for well ocations. The praject
installed surficial zquifer menitoring well [FG-1) in 2012 so the Jacation is finalized.

3. Access te the surficlal aguifer wells will not be required over the lifatime of the projacl. Access o
wells far bas

ne sampling has been on a voluntary basis by the well awner, Tanr local landowners
arlginaily agread ta have their surficial aquifer wells saropled, one opted out during a recent sampling
susnt.

4. Target paramaters include pressure, temperature, and hydrogeochemica! indicators of CO2 and
brine composition. & comprehensive suite of geochemical and sotepic analyses will be performed on
aotlected flufd samples duting the baseline menitoring peried. $election of this initial analyte list was
based on relevance for deterting the presence of fugitive brine and COZ. Results far this
comprehensive set of anahdes will then be evaluated and a determination made regarding which
analytes ta carry forward through the operational phases of the project. This selection pracess wili
consider the unigusness and sighature strehgth of each potential anzlyte and whether their
charsciaristics provide for 8 high value lesk detestion ca
agquifer have not heen dafined, If 2 lzak

fiity. Trigger vzives for the surficial

ge response (s observed in the ACZ eariy-detection
monitoring wells (tonton) then the dacision not to insttute surficial aguifer tiggers will be
regvaltiated based on the magnitude of the obsarved leakage response and predictive simulations of
{02 transport bebween the ronten and the surficis| aguifer.




1. The location of this well has been finalized, panding final signing of landowner agreements.
2. 1and access wili be securad through either a purchase or leng-term lzase agreemeant.

3. Yarget parameters inciide pressure, temperature, and hydrogeschemizal indicators of 002 and
bririe compesition. A comprehensive suite of geochemical and isotopic analyses will be performed on
collected fluid semples during the haseline monitoring period. Selection of this initial analyte fist was
based on relevance for detacting the presence of fugitive brine and COZ. Results for this
comprehensive set of analytes wilt then be evaluzted and a determination made regarding which
analytes to carry forward through the oparational phases of the project. This selection process wilt
cansider the unigueness and signatire strenpth of each potential analyte and whether their
zharacteristics provide for a high value leak Setection capability, Trigger values for this lowermost
USDVY monitering well have not been dafined. If a leakage response is observad in the ACZ =arly-
detection monitaring weils {[ronton) then the decision not to institute USDW aquifer triggers will be
reevaluzted based on the magnitude of the obzerved leakage response and predictive simulations of
CO2 transpart between the ronton and the 54 Peter aquifers.

1. The location ef these wells has bean finziized, pending final signing of landowner sgreements.
2. Tha land will either be purchased or leased for the life of the project, so access will be secured.

3. Target parametars include pressure, temperature, and hyd rogecchemical indicators of CO2 and
brine compasition. A comprehensive suite of grochemical and fsotnpic analyses will be perfarmed on
vollected fluld sarnptes and analytical results will be used to characterize baseline geochemistry and
providu 2 metric for comparison during operationai phases. Selection of this initial analyte list was
based on refevance for detecting the presence of fugitive brine 2nd COZ. Results for this
ramprehensive set of analytes will be evaluated and a determination made regarding which anslytes
1o carry forward through the eperational phases of the project. This selection pracsss wilk consider
the uniqueness and signature strength of each potential analvte and whather their charactaristics
provide for a high value leak detection capability. Once baseline conditions have been estaklished,
ohserved differences in the geochemical and isctapic sighature between the reservoir and overlying
manitaring intervals, along with predictions of leakege-ralated pressure tesponse, will be used to
specily triggers values that would prompt further actior, including a detsiled evaluation of the
ohserved rasponse and possible nodification to the monitoring approach and/or storage site
aperations. This evaluation will be supported by numerical modeling of thearetical leakage scenarios
that wiil be used 1o evaluzte leak detection capability and interprat any abserved prassure and/or
georhemicel/isatopic change in the ACZ wells.




GROUND WATER/GEOCHEMICAL MONITORING ABOVE THE CONFINING ZONE - Post-Injection Phase

Instructions: Please filt in the red items in the table below and answer the questians tisted in the calumn "Questions for Permit Applicant”.

Alliance's responses are in blue

Ground Water Monitoring
Abave Confining Zone
[40 CFR 146,90(d}]

Sutficial zquifers

Fluld szmpling

Local landowner wells

Locations of wells?

Approx. 10 point
locations

Depth of sampling
intarvals?

Project-installed well

Location of well¥

1 point location

Depth of sampling
interval?

Every 5 years

« The permit application lists this monitoring
method as "under consideration.” Will shaliow
aquifer sampling be carried out during the PIsC
phase? Also, if any anomalies are observed, more
frequent fluid sampling may be necessary.
FutureGen should specify triggers for identifying
any evidence that USDWs may be affected by

rinjection activities,

* S22 response for injection phase ACZ monitoring
{including weli locationfdepth information). This
same approach would be carried through the post-
njection phase.

5t. Peter

Fluid sampling

Lowarmost USDW
monitoring well

l.ocation of well?

1 point location

Cepth of sampling
imerval?

Every 5 yearts

= If any anomakies are cbserved, more frequent
fluid sampling may be necessary, FutureGen
should specify triggers for Tdentifying any evidence
that USI'Ws may be affected by injection
activities.

= Sae responsa for injection phase ACZ maonltoring
tincluding well lacationfdapth information). This
sama approach would be carried through the post-
injaction phass,

Iranton

Fluid sampling

ACT eatly-detection
monitoring well

tocation of well?

1 point location

Depth of sampling
interval?

Every 5 years

& If any anamalies are observed, more frequent
fluid sampling may be necessary. FutureGen
should specify triggers for identifying any evidence
that USDWs may be affected by injection
activities.

* 3ee response far injection phase AC? menitering
[Inckeding well iozation/depth information}. This
same gpproach would be carried through the post-
injaction phase.

]



PLUME MONITORING - injection Phase

Allanca's response:

Plushe Monitoting
[40 CFR 146.90(g)}

DIRECT MCRITORING

Mt. Simen

Fluid sampling

Single-level manitoring
wells

Lecations of welle? >
= monitoring well
locaticn detall provided
on the Afiiance
Submissions worksheet.

2 point locations

Depth of szmpling
Intervals?

—> See monitoring w
twcztion detail, Nate that
depths are approximate;
actual depth wili be
determinzd based on
sife speciiic conditiona
encountered durlng
drifting.

3 events

Quarterty

Lemiznnually

Annual

1 Have the Incations and depths of these walls
been finalized, as indicated in the November 2013
communication? The lacatlon mformation for these
wells may need to be finalized for the permitting
process.

2 What arrangements have heen made to ensure
access to these wells for the ifetime of the
project?

3 Which target parameters will be selected for
analysis at these wells and what is the fustification
for selecting these parameters? Also, if any
anomalies are observed, mere frequent fluid
sampling may be necessary. FutureGen shauld
specify triggers for identifying any evidence that
the pluma is not behaving as expected,

. The leeation cf the: lls has bezr finalized, pending final signing of andowner

agreemen

2.7he land will either bz purchased or leased for the life of the project, se access will be secured,

3. Target parameteTs inciuds pressire, tempsraturs, and hydrogenchemical indicaters of COL and brine compasition,
A comprehendive suite of geochemizal end lsotopic znalvses will be performet en cetiected fluld samples and
anzlyticad resutts will be used 1o characterize baseline geochemistry and pravide a metric for comparnison during
operational phases, Selection of this initie! analyte Hst was based an relevanee for getzcting the presence of CG2
within the reservoir end fugitive brine and $O2 above the primary confining zene, Results for this comprehensive set
of analytes wil! be avziuarad and a determination made regarding w analytes to carry forward thrsugh the
operational phases of the project =t the unigliensss and signature strenpth of 2ach
petential analytz and whather their characteristics igT value lezk detection capability. Once baseline
hydregeechemical fsotonic corditinns have been established and the reservair modal hzs bean refined, predictive
simaitions of pressure and CO2 arrivel response wi be generated for sack single-level reservoir monitoring wedl,

“This selection sreces: will co

These predicted responses will be compared to monitoring results throughout the epsrational phass of the projact
and significant deviatien in observed response Wesdd resutt in Further gctlan, induding 2 deteiied svaluation of the
ahsarved response, callbrstion,refinement of the numerizal mode!, and possibie modMication to the monitoring
eppraach and/ar storsge site operations.

. .
el

Location of wall?
HAa

Depth of sampling
intervals?
o NA

+ Has the location ahd depth of this well been
finalized, a5 indicated in the Novenber 2013
communication? The location informatian for this
'well may heed to be finslized for the permitting
process.

* What arrangements have haen made to ensure
access to this well for the fifetime of the project?

= Which target parameters wlll be selected for
analysis at these wells and what is the justification
for sefecting these parameters? Also, Ifany
anomalies are ohserved, more fraquent fluid
sampling may be necessary. FutureGen should
specify triggers for identifying any evidence that
the plume is not behaving as expected.

A rouls-level reservoir monitoring well wik not he installed. The Alliance has medified the monitariag netwark Gecign
since the UIC permis application was submitied by aliminating {vis “muiti-level manitoring well*, The praviaushy
pianned multilevel completion has been replaced by twe bully cased rezervolr access tubes {RATs} that will be
Installed within ihe bounsaties of the simulated Seyear CO2 plume. The RATS will extend to the base of the seservoir
and ity the Frecambrian bedrock. The RAT: will be non-perforated, cemented cazings uged ta mapitor C0O2 arrival
and quantify saturation levels via downhale pulsed-neutron captzzre (PNC) geophysical lagging across the reservoir and
corfining rane.

VSP survey

VAP wil? ot be ussd for monitaring piutne evelution




Plume Manitoring
[0 CFR 146.80{g}]

INCIRECT MONITORING

Mt. simon

Pulsed neutron capture
logging ot
determination of
reservoir CO2 saturation

= Please provide a deseription of the strategy that
wilt be employed 1o track the plume using the data

erated fram each of these manitoring activities
and how each activity will contribute to an averadl
maonitaring strategy. This description, ata
minimurm, should provide the predicted values.
aver time at each well and describe how the
generated monitoring data will be compared to

these results.

Integrated deformation . " .
N 1 ywear min, Continuaus Continucous Continucus
monitering
Time-lapse gravity 4 euants Aanval Annust Annue
Microseismic . " . "
1 year min, Continuous Continuous Continuous

menitoring

crvoir mode has been refined based on site specific informatior. trem the injzction site. predictive
simulations of CO2 arrivzl r2zponse witt ba genersted far ezch BAT instzllation Tpess predlcted response: will ba
compared to manitoring resulrs throughaut the oparationa! prase of the project and significant deviaticn in observed
response waould result in furthar action, including a detalled evalug of the ohsenyad response,
rczlibration/rafinamant of the numerical modsl, and possible madification o the monitoring spproach and/ar storag
site operations.

e the

s ground data trom permanent GRS statlons, tiltmaters, supplzmented

stit Aperture Radzr (DIS3AR] surveys 1o
=flrct the dynsmic gromechanical behavi
| provide useful informatian on the svolution and
ith model predict

teprated datorenation moniiaring intsars
with annuai DBPS surveys. and larger-seate Differential Interferometric &
detsct and map temporal ground-surface defermation, Thess data
sub: 2 in Fedpenss 16 CO2 injection. Thess measureme:
symetry of the pressure front, These resulis wit be comparsd ns througheout the operationzl
phase of the preiectand significant deviatictl in observed response wawid result in furthar action, including 3
=valuztion of the ohssrved reso ., calibration/r and possibie modification o the
Irnnitcring apprazch andfer slotage site operations.

rofthe

stailed

£ nurnerical mos

The eravity daza are supptemeatal data for sermpatisen with ather menisoring maethadologizs. Mo

iegar levels v

The objective of the micraseismic morndtering wotk 15 1o zecurately datermine the locations, magniu
sotion-induced seizmic events with the primary goals of 1) addressing public end stekeholder

conesrne telated to Induced s2ismicity, 2 2Etimating the spatial exient of the pressure front fram tha distribation of
fure and possible conzalnment ioss,

2nd response framewerk wit consist of an auromated event iocation and megnittde determination, followed by an
alert forz tachrical review in order to reduce the likelfoad of falve pesitives. Identification of events with suffi
mzgnituas or that are located in 2 se:
strategy. Sefsmic events what affect the operations of 202 Injacticn can be divided Inta twa groups/fiers: 1) svents
eismicity at the surfece and may iead 1o public cencern or structurs! damage, and 2} ew
roup one, but et might indicate feilure or impending feilere of the caprock, The operational proteced for
responding to evznts In group ena [Tier 1) will follow a “watffic light” spproach {modified after Zabeck 2012; Rat!
Research Council 2022 thet uses three oparetionsl suabac;

nal

1. @reen: Continue normal oparations unless inje
Ri=2.

Rrglatzd ssismicity s observed with magnitudes greater than

2. vellow: Injection-related seismile events are observed with magnituds 2 < Mc#. Tha |
2nd the relaticnship betwsen rate and seismicity will be studied to pulds mitigation pr
operational fiow rates,

actian rate wil! be slowead
dures, includging reduced

sre observed that ere related to 02
rmin= the sour:

3. Red: Magnitugs 4 Gr greater seismic sus
ctop and an svaluation will be performed o d

e Injection cperations will
and cause of the ground motion.

Tier & operetional TeSpORSSS 10 &0 &van: or collection of svents that Indizate possibl=
zona may include Mitztion of supplemental adapiive manitoring acti i
injection iaterals, or pragsure reduction using brine extra

#ure of the primary confining
crion Tate reduction in one o mora




PLUME MONITORING - Post-Injection Phase

instructions: Please complete the yellow highlighted eedls in the table beiow and answer the guestions listed in the colurn "Questons for Permit Applicant”.

Alliance's respanses ate in blue

Plume Monitoring

Single-lavel mantoring
wells

Locations of webls?

2 point locations

Degth of szmpling
intervzls?

# If any anamalies are observed, more frequent

* Sag 1asponse f

¢ infertion phase plume

monitoring

40 CFR 246.90| i 3 nonftoring [in<hud: 2ll locationfds,
i (el ML, Simon Fluid sampling Every 5years ﬂuEdlsam)?I\ng may be necessary. Futf.lreGen should| moni orir 5 linzluding wall tecation/depth
J-pointteoatieRwith- specify triggers for Kentifying any evidence that information). This same approact would be
DIRECT MONITORING MultHevelmeniterifg  multiple sampling the piume |s not behaving as expacted, carried through the pest-injection phaze.
wett intervals -
Lecatlon of well? Depth of sampling
e
Pulsed neutron capture
loggir
eEng or None
determination of
reservoir CO2 saturation |- « Please provide a description of the strategy that
ill be ernployad to track the plume using the data
Plume Monitoring eneratedfom each f 166 IONIGTOE IS |, o o njction phase s
[40 CFR 146.90(g}] : \teprated defarmati and haw each activity will contribute toanoverall 4 L o nluding focation/denth ot ion].
M1, Sirmon nteprates farmation Continuous monitoring strategy. This description, et a This zame appreach woud be carried thraugh tae
monitoring L . 5 same 5 3 Sl
NDARECT MONITORING rmmmlum, should provide the pr‘edk:(ed values postinjection phase,
over time at gach well and describe how the
generated monltoring data will be compared ta
Time-lapse gravity M these results.
Microselsmlic Continuous




PRESSURE-FRONT MONITORING - Injection Phase

Instrustions: Please complete the yellow highlighted calls in the teble below and answer the questions listed in the column "Quesiions for Permit Applicant'.

Alliance's responses are in Blue

Pressure-Front Moenitoring
[40 CFR 126.90{g]]

Pressure and

Single-ievel montoring
wells

Locations of walls?

- See monitoring well
location detaif provided
on the Alliance
Submissions workshaet

2 point locations

Dapth of sampling
intervals?

-> See manioring well
location detall. Nate that
depths are approximate;
actual depth will be
determinad baged on sita
spacific conditions
encounierad during

“|» Mare specific monitoring strategy information Is

needed for this rrethod {i.e., predicted pressure
values at each well over time and how pressure
monitoring results will be corpared to these
predicted values).

INDIRECT MONITORING

monitoring

Mt Simon o dritling.
temperature monitoring
DIRECT MONITORING
. s ) X + Mere specific monitoring strategy information is
{ needed for this method (E.e., oredicted pressure
wvalues at each well over time and how pressure
itori Its will b d to th
Lozation of well? Depth of sampling manitoring results will be compared to these
) predicted values).
intervals?
» The Class VI Rule at 40 CFR 145.50{g}{2) requires
Pressure-Front Monitoring i{:di[)e‘cct ;nonitoﬂrl;g: of :hedprtessu.re fni:t,tunle;s
e rogram Director determines that suc
[80 CFR 146.90(g}] Mt. Simon Integrated deformation &

methods are not apprepriate for the site. What
ndirect monitoring methods will be used to track
the pressure front and how will they contribute to
the overall maonitoring stratagy?




Onee tha reservoir model has been updated with detelled site specific
information from the injection site, pradictive simuiations of prassure response
will bz generated for each single-lavel reservoir monitoring well. These
predicted responzas wili be compared to menitoring results throughout the
operatianal phass of the praiect and significant deviation in ohserved response
wauld result in further action, including @ detailad evalustion of the obsaried
response, calibrstion/refinemant of the numerical modal, and possible
modification to the menitoring approach and/or storage site operations.

Hevel reservair monitaring wali will not be installed. The Alliance has
fiad the menitering netwaork dasign since the UK permit application was
submitted by eliminating this “multi-level monitoring well”. The previousky
plannied multi-level completion has been replaced by two fully cased resarvoir
accass tubes [RATS) that will b2 installed within the boundaries of the simulated
S-year CO2 plume. The RAT: will exiend ta the base of the reservoir and ints
the Precambrian hedrock, The RATs will be non-perfarsied, cemented casings
used to manitor CO2 arrival and quantify saturation levels via dewnhole pulsed-
nautron capture {PNC} geophysical logeing across the reservoir and confining
zone,

Intzgrated deformation monitaring integrates ground data from permanent
P3 stations, tiltmeters, suppiemented with annual DEPS surveys, and larger-
scale Differential Interferometric Synthetic Aperture Radar [DINSAR) surveys to
detact and map temperal ground-surface deformation, These data refiect the
dynamic gesomechanical behavior of the subsurface in response to CO2

tion. These measurements will provide usefu} information on the
evojutian ang symetry of the pressure front, These results will be compared
with mode! predictions throughout the operationai phase of the projact and
significant deviation in obssrved response would resuit in further action,
including a detailed evaluation of the observed response,
calibration/refinement of the numerical model, and possible modification to
the monitoring appraach andfor storage site operations,




PRESSURE-FRONT MONITORING - Post-injection Phase

Instructions: Plaase complete the yellow highlighted cells in the table below and 2nswer the guestions listed in the column "CGuestinns for Permit Applicant”, Alllarca's responsas are in biug

: ki
1. Monitoring wilt continue in the fwo single-leval raniors
wiells

i

Single-level montaring

2 point locations
wells P

1. The permit application states that "at least two
wells in the injection zone will be retained for this 2, Onee the reservoir rodel has been updated with detaiied site
purpose” during PISC [page 5.24). At which wells | PPecific information from the injection site, predictive

will monitoring take place? simulations of pressure respanse wili be gererated for each
single-ieved raservair monitoring well. These predict=d
responses will be compared to manitering resubis throughout

Depth of sampling intarvals?
Locations of wells? P Ping

Pressure-Front Monitoring

140 CFR 146.90(g)] M. Sirmon Pressure and

temperature monitoring 2. More specific monitoring strategy information is

DIRECT MONITORING Piuti-level rmonitodng- 1-peintloeationwith- needed for this methad {i.e., pradicted pressure the operational phase of the project and significant deviation in
well rratiple sarapling tervals vahues at cach well aver time and how pressure | 2P¥erved response wrould result in further actian, inclucing =
monitoring results will be compared to these detalled evaluation of the oyserved response,
Location of well? Depth of sampling intervals? predicted values). calihration/refinement of the numericat madel, and possible

modffication to the mositering approach and/or storage site
operations.

Integrated deformation monitoring integrates zround data from
permanent GPS statians, tilimeters, supplemented with annual
DIEFS surveys, and farger-scale Differential Interferometric
synthetic Aperture Radar (DInSAR) surveys te detect and map
tempora! ground-zurface deformation. These data reflect the

» The Class VI Rule at 40 CFR 146.90{g){2} requires
indirect monitoring of the pressure front, unless

Pressure-Front Monitoring

to C0Z infaction. These measurements will provide uzeful

[40 CFR 146.90(g)] . Integrated deformation ] the UIC Program Director‘determines ?hat such Information ¢n the evolution and symetry of the pressure front.
Mt. Simen menitaring methods are not appropriate for the site. What These results will be comparsd with model predictions
INDIRECT MONITORING indfrect monitoring methods wilt be used to track | throushout the operational phase of the project 2nd significant

the pressure front and how will they contribute to

deviztion in obssrved response would result in further action,
the overall monitoring strategy?

including = detailed evaluation of the chsarved response,
calibration/refineament of the numerical model, and possible
medification to the monitoring epproach and/or storage site
operations,




Table 5.3 from FutureGen's May 2013 Permit Application Revision:

Table 5.3, Monttorsag Frequencies by Method and Project Phase for both Plaoned and Considered M
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Update on indirect monitoring methods from November 2013 communication:

The screening of the indirect monitoring approaches was conducted as part of the Fror
Engineering Design process.. The selected indirect technologies will include the followi

»  pulsed neutron capture logging or determination of reservoir CO, saturation
*»  integrated deformation monitoring

»  time-lapse gravity

- micreseismic monitoring.

In addition, a baseline V5P survey in at least one of the “Above Caprock Zone™ (ACZ) we
conducted after construction of the monitoring well network and if the EPA provides g
UIC permit application.

The menitoring well locations have been identified; however land owner agreements s
finalized. We anticipate that we will have the final agreements before the end of Janus
can map the locations at that time.
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Surficial Aquifer Detail
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{Location of Monitoring Wells

The monitoring well network (Figure 1} has been updated in accordance with discussion in the UIC
application supporting documentation.

Chapter 5 of the UIC Supporting Documentation, Section 5.1, p. 5.2: The monitoring
network design was developed based on the current conceptual understanding of the

Morgan County CO, storage site and was used to guide development of the testing and
monitoring approaches described in Section 5.2. The technical approaches described in
Section 5.2 should be considered working versions that over time will be updated and
modified as required in response to changes in the site conceptual model and/or
operational parameters.

The objective of the monitoring program is to select and implement a suite of monitoring technologies
that are both technically robust and cost-effective and provide an effective means of 1) evaluating CO,
mass balance and 2) detecting any unforeseen containment joss.

The application proposed two single-level in-reservoir (SLR) wells, one above confining zone (ACZ) well,
one underground source of drinking water (USDW) well, and a one multi-level in-reservoir (MLR) well
within the injection reservoir for a total of five monitoring wells.

As part of the project’s design optimization, the monitoring well network design has heen revised
(Figure 2) to increase its effectiveness, simplify its engineering design, and hopefully eliminate any
permitting challenges that might have been associated with the MLR. The revisions include eliminating
the MLR well in favor of adding two fully cased reservoir access tube (RAT) wells. The revised design
includes a total of seven monitoring wells summarized in Table 1 and as follows:

s  Two ACZ wells

These wells will be used to monitor immediately above the Eau Claire caprock in the Ironton
Sandstone. Monitored Parameters: pressure, temperature, and hydrogeochemical indicators of
COZ. '

* Two SLR wells (one of which is a reconfiguration of the previously drilled stratigraphic well)

These wells will be used to monitor within the injection zone beyond the east and west ends of
the horizontal CO,-injection laterals. Monitored Parameters: pressure, temperature, and
hydrogeochemical indicators of CO..

e Two RAT wells

These are fully cased wells, which allow access for monitoring instrumentation in the reservoir via
pulsed-neutron logging equipment. The wells will not be perforated so as to avoid two-phase flow
near the borehole, which can distort the CO; saturation measurements. Monitored Parameters:
qguantification of CO, saturation across the reservoir and caprock.

e  One USDW well

This well will be used to monitor the lowermost USDW {St. Peter Sandstone). Monitored

Note that the specific geographic coordinates of each well remain “proposed” because the project is in
the process of finalizing legal agreements with surface landowners. Also, we believe this proposed
network should substantially exceed the intent of the regulations. Thus, we respectfully ask that only
those wells required to meet the minimum permit requirements be included in the permit as
prerequisite permit conditions.
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Note that the specific geographic coordinates of each well remain “proposed” because the project is in
the process of finalizing legal agreements with surface landowners. Also, we believe this proposed
network should substantially exceed the intent of the regulations. Thus, we respectfully ask that only
those wells required to meet the minimum permit requirements be included in the permit as
prerequisite permit conditions.
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Monitoring Well Network as Presented in Testing and Monitoring Plan (Chapter 5.0} of the

2013-DCL-6PlumestonWells-001_05-10

UIC Permit Supporting Documentation as Submitted in May 2013
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Figure 2. Updated and Revised Plan for Monitoring Wells

The most recent monitoring well design includes five deep monitoring wells and two RAT wells as listed

in Table 1.
Table 1. Planned Monitoring Wells within the FutureGen Site Network
Single-Level In- Above Confining Zone Reservoir Access
Reservoir {SLR) (ACZ) usow Tube {RAT)
i of Wells 2 2 1 2
Total Depth (ft) 4,150 3,470 2,000 4,465
Monitered Zone Mount Simon SS Ironton S$ St. Peter 55 Mount Simon 55
Monitoring Fiber-optic P/T Fiber-optic P/T/SpC Pulsed-neutron
Instrumentation  (tubing conveyed)"; {microseismic} cable probe in logging
P/T/SpC probe in cemented in annulus; menitored equipment
monitored interval® P/T/SpC probe in interval®

monitored interval®

{a} The P/T/SpC (pressure, temperature, specific conductance) probe is an electronic downhole multi-
parameter probe incorporating sensors for measuring fluid P/T/SpC within the monitored interval.
The probe is installed inside tubing string, which is perforated (siotted} over the monitoring
interval. Sensor signals are multiplexed to a surface data logger through a single conductor wireline
cable.

{b} Fiber-optic cable attached to the outside of the tubing string, in the annular space between the
tubing and casing.

5S = sandstone.

JHingis State Plane West (ft}




Interval. >ensor signals are muitiplexed to a surtace data fogger through a single conductor wireline

cable.

{b) Fiber-optic cable attached to the outside of the tubing string, in the annutar space between the

tubing and casing.
SS = sandstone.

Collocated Microseismic and Integrated Surface Deformation Monitoring Stations
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Time-Lapse Gravity

Objective. Observe changes in density distribution in the subsurface, caused by the migration of
fluids; estimate the areal extent of the CO; plume.

Limitations and Difficulties. Sensitivity is lost with depth; there may be site-specific limitations.
The solution is non-unique and is most useful when combined with other methods such as integrated
surface deformation and seismic. Few implementation difficulties; requires placement of permanent
station monuments and repeat accessibility.

Use at Other Sites. This technology has been successfully applied to a variety of subsurface
injection studies, including carbon sequestration at Sleipner (Arts et al. 2008); aquifer recharge studies in
Utah and elsewhere (Chapman et al. 2008; Davis and Batzle 2008); and to hydrocarbon waterflood
surveillance in Alaska (Ferguson et al. 2007).

Analysis. Gravity changes at the surface are expected to be small but analysis of long-term trends
may allow for tracking of the CO, plume. The cost of implementing this technology is the lowest of all
methods considered and can be combined with Differential Global Positioning System (DGPS) surveys
conducted as part of the integrated surface deformation monitoring to further reduce costs.

Conclusions. Gravity anomalies associated with CO, injection are expected to be quite small, but by
averaging many measurements, meaningful signal may be observed. In addition, information obtained
from annual time-lapse gravity surveys will be used to help guide the adaptive monitoring strategy. This
method requires no permanent infrastructure to implement. A map of the proposed gravity stations is
provided in Figure 1. '
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Private water supply wells

Weli ID Status Well Stick | Adjust- Land Depth Water Water Diameter | Construc- Age
Depth Up ed Surface | to Depth Elev- (fty tion (years)
{ft) (ft} Depth Elev- Water | in well ation
(ft) ation (ft (ft) {fty {ft
AMSL) AMSL)

FGP-1 domestic 30.9 1.00 29.90 630 19.02 18.02 612 5.0 | brick lined ~100
FGP-2 domestic -- - - 641 - - - | Unknown unknown unknown
FGP-3 domestic 40.0 Q.20 30.10 630 21.37 11.47 618 5.0 unknown ~100
FGP-4 inactive 285 0.50 28.00 627 9.40 8,90 618 3.0 | brick lined unknown
FGP-5 livestock 35.1 1.60 . 33.50 607 10.12 8.52 - 598 3.0 unknown ~80

34.5 0.30 34.20 620 13.04 12.74 667 3.0 cast unknown
FGP-6 inactive concrete
FGP-7 inactive 49.0 2.20 46.80 614 13.39 11.19 603 0.7 steel unknown
FGP-8 livestock 17.45 1.30 16.15 614 6.34 5.04 6509 4.0 | brick lined unknown
FGP-9 inactive 223 1.60 20.70 630 16.34 14.74 615 5.0 | brick lined ~100

37.1 0.40 36.70 614 15.80 15.40 539 4.0 cast | unknown
FGP-10 | inactive concrete
FG-1 NA 23.0 2.05 20.95 635 10.16 8.11 627 0.17 PVC new




