SUBMISSIOM/S¢ 21 RE
Manitoba Environment Act Proposa
Public Registry119.00
Silica Sand Extraction Project
Sio Silica Corporation (formerly CanWhite Sands)

To:Clean Environment Commission
March 13,2023

Submitted byE. Pip BSc (Hons.), PID.



Acronymsand abbreviations
BMP= Best Management Practices
CEG- Clean Environment Commission

CPA= CanWhite Patent Applicatid®A 3080017 (Received 2625-01)
https://www.ic.gc.ca/opiccipo/cpd/eng/patent/3080017/summary.html?query=CanWhite+san
ds+corp&type=basic_search

CWQG= Canadian Water Quality Guidelines for Drinking Water
https://www.canada.ca/en/healthcanada/services/environmentatorkplacehealth/reports-
publications/waterquality/guidelinescanadiandrinkingwater-quality-summarytable.html

EAP1=CanWhite Sands Corgivian Sand Extraction Projdenvironment Act ProposaPart 1
https://www.gov.mb.ca/sd/eal/registries/6119/eap_partl.pdf

EAP2= CanWhite Sands Corp. Vivian Sand Extraction Project Environment Act Propog&al, Part
https://www.gov.mb.ca/sd/eal/registries/6119/eap_part2.pdf

AppAl=EAPAppendix A Part 1
https://www.gov.mb.ca/sd/eal/registries/6119/appendix_a_partl.pdf

AppA2= EAP Appendix A Part 2
https://www.gov.mb.ca/sd/eal/registries/6119/appendix_a_part2.pdf

AppA3= EAP Appendix A Part 3
https://www.gov.mb.ca/sd/eal/registries/6119/appendix_a_part3.pdf

AppA4=EAPAppendix A Part 4
https://www.gov.mb.ca/sd/eal/registries/6119/appendix_a_partd.pdf

AppA5=EAPAppendix A Part 5
https://www.gov.mb.ca/sd/eal/registries/6119/appendia_part5.pdf

AppA6= EAP Appendix A Part 6
https://www.gov.mb.ca/sd/eal/registries/6119/appendix_a_part6.pdf

AppB=EAPAppendix B https://www.gov.mb.ca/sd/eal/registries/6119/appendix_b.pdf
AppC=EAPAppendix Chttps://www.gov.mb.ca/sd/eal/registries/6119/appendix_c.pdf
AppE=EAPAppendix E https://www.gov.mb.ca/sd/eal/registries/6119/appendix_e.pdf

AppJAppA6)=EAP Appendix G (located in AppA6)
https://www.gov.mb.ca/sd/eal/registries/6119/appendix_a_pé.pdf
Note: there are TWO Appendices G in different places: this one, in AppA6, and the other,
separate Appendix G which relates to Heritage Resources.



AppHAppAG6)= EAP Appendix H (Note: located in AppA6)
https://www.gov.mb.ca/sd/eal/registries/6119/appendix_a_part6.pdf

EAPPE Vivian Sand Facility Project Environment Act Proposal, Public Registry 6057.00
Appendix | https://www.gov.mb.ca/sd/eal/registries/6057canwhite/appendix_h_and_i.pdf

GHG= Greenhous&sases

GTTR= Geotechnical Technical Revig022)http://www.cecmanitoba.ca/hearings/silica
sandextractionproject/doc/Geotechnical_Technical _Review.pdf

HDPE-= High density polyethylene

HGTR= Hydrogeology Technical Revig022)
http://www.cecmanitoba.ca/cecm/hearings/pubs/silicasandextractionproject/backgroundinfor
mation/hydrogeology_technical_review.pdf

MAC= Maximum Acceptable Concentration (regulatory)
MPN= Most Probable Number: bacterial counts per 1 dL (0.1 L) of water

NREP-= Notice of Revised Extraction Plan. January 24, 2023.
http://www.cecmanitoba.ca/hearings/silicaandextraction
projed/doc/notice_sio_silica_vivian_sandextractionprj.pdf

NTU=NephelometricTurbidity Unit
PAM= Polyacrylamide
PCR= Public Comments Receiveattps://www.gov.mb.ca/sd/eal/registries/6119/index.html

RMSF=Sio Silica Corporation (SSC) Responskddomation Requests (IRs) Round NpRiral
Municipality of Springfielchttp://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/ir_rm_of_springfield.pdf

RPCR: Reply to Public Comments Received.
https://www.gov.mb.ca/sd/eal/registries/6119/tab2_responses.pdf

SIO= Sio Silica Sustainability Report 2020.
https://staticl.squarespace.com/static/610afe20c55b9077df8f8a64/t/622bel1166edc7cl6a4a8
051b/164704284%07/SI0+SILICA+ESG+v8+SINGLE.pdf

S102= Vivian Silica Projechttps://viviansilicaproject.com/home/#factsnatter

SRM, 201& dzNF I OS wA3IKGa Ay alyAdz2ol ¢
https://www.gov.mb.ca/iem/board/srights_pdfs/surface_rights_guide.pdf



SRTER Sio Silica Corporation (SSC) Responses to Technical Experts R&gamtischnical
November 2022 http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/siosilica_technical_reports_response.pdf

SSCR Sio Silica Corporation (SSC) Responses to Technical Experts Kelgdrtsgeology
November 2022http://www.cecmanitoba.ca/hearings/silicgaandextraction
project/doc/siosilica_technical_repts_response.pdf

SSCRIR4Sio Silica Corporation (SSC) Responses to Information Requests (IRs) Round No. 1

CE@R=http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/ir_response_roundl_partl.pdf

DLNIR= http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/ir_dIn_wtfmb.pdf

MBENIR= http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/ir_mben_ols.pdf

MSSAER=http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/ir_mssac.pdf

SSRIR2 Sio Silica Corporation (93&sponses to Information Requests (IRs) Round No. 2
CEAR= http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/cec_ir_res_r2.pdf

CE@R AppA=http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/appendix_ab-c-cecir_14.pdf

DLNIR=http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/dIn_ir_res_r2.pdf

MBENIR= http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/mben_ols_ir.pdf

MSSA@R= http://www.cecmanitoba.ca/hearings/silicgandextraction
project/doc/mssac_ir_repdf

SUPPLEZ SioSilica Supplemental Information Document &llica Extraction Method SioSilica,
2 June 2022http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/silosicilia_supplimental_information_extraction_meth@ilipplimentl.pdf

SUPPL3 Progressive Well Abandonment and Site Closure Additional Informa&®aune,
2022 http://www.cecmanitoba.ca/hearings/silicgandextraction
project/doc/siosicilia_supplemental_information3_progressive_abandonment.pdf

SUPPL4 Process Wastewater Treatment Options Technical Memorandure, 2022
http://www.cecmanitoba.ca/hearings/silicaandextraction
project/doc/siosicilia_supplimaal_information4_process_wastewater_treatment_options.pdf

TAC= Proponent Response to Technical Advisory Committee (TAC) Comments


http://www.cecmanitoba.ca/hearings/silica-sand-extraction-
http://www.cecmanitoba.ca/hearings/silica-sand-extraction-
http://www.cecmanitoba.ca/hearings/silica-sand-extraction-
http://www.cecmanitoba.ca/hearings/silica-sand-extraction-

https://www.gov.mb.ca/sd/eal/registries/6119/tablel responses_to tac 20211215.pdf

WDR= CanWhite well drilling recordsot in EAP)
https://registrydocumentsprd.blob.core.windows.net/commentsblob/proje@®974/comment
48101/CanWhiteWellDrillingRecords2020 10 01.pdf

Acronyms used icitation sourcesare providedin the References section.

Note regarding colocoding in this document

Verbatim quotes frompublic documentssubmitted by the proponentr in the Registrjrave
been highlighted in coloProposal documents (EAP) cited in this text have been highlighted in
red, otherquoted documentsappearin various colors$o identify themin the text.

Sientific literature, industry sources and ottsayuoted verbatimare not color codedbut are
enclosedidj dz2 G F GA 2y YIN]J & & a

[ ] Square brackets have been used to delineate editorial comments and péistargections.

Because of the complexity of this submission, in order to reduce redungdangyerous
internal crossreferences are used. These are identified in parenthesed &S S LJP X PO @

Proponent name

In the present submission, in order to skirnfosion associated with serial name changesst,
ongoing anduture, the proponent companyis hereinidentified as CanWhitesince the

original EAP proposahd associated documentand Environment Act License No. 3367 for the
processing facility are all under that nanteis recognized that HD Minerals, CanWhite, Sio
Silica and possibly others yet to come are different morphs of essentially the sgaamation.

Furthermore, theteY WLINB LR Y Sy o0oauvQ Aa dzaSR 02ttt SO0GAQOSTt @
its consultants and others whare responsible fosubmitted proposabnd ancillarydocuments



Declaration

| amopposedto the proposed project. Je sui®pposéeau projet proposé.

Disclosure

This document is a voluntary submission, not a repdso remuneration or other
compensation/consideration was received or promised from any individual, group or agency in
the preparation of this documennor am ] or havebeen,a member of any group dobby

involved in this issue

Professional opinions expressed herein derive from my qualificatimhsding but not limited

to: Bachelor of Science with Double Honours in Botany and Zoology, Doctorate in ecophysiology
and water qualityPostdoctoral Fellow (Natural Sciences and Engineering Research Council
(Canada))careerResearchcientist andFull(University of Winnipegand Adjunct(University of
Manitoba)Professoyinternational publishein the fields of biology, toxicology, and water
quality/public health also published in geologyhaveservedon numerous provincial and

federal committees and panels, including 12 yeamghe Committee on the Status of

Endangered Wildlife in Canada (COSEWI@)e received a number of community service and
environmental awards.

Personal cogitations expressed herein derive from my qualifications as a seasoned human
being. | recognizthat my personal views might not be shared by all parties, but we all respect
and honor the right to speak.
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Synopsis

1. The Red River Carbonate and tteeperWinnipeg Sandstone aquifeo$ concernin the
project area areseparated by a relativelynpermeable shale aquitard which is of variable
thickness, brittle, and in some places degraded tg.dl&e current project proposes to
extract silica sand from the deep Sandstone aquifghe Vivian areain southeastern
Manitoba

2. The proposed project initiallplannedto drill up to 467 (subsequently amended to 324)
production wells per yeapenetrating the aquitard andhtruding onboth aquifers Current
estimatesamount to >7700 wellsver a 24 year periadAn unknown nurber ofadditional
boreholes andvellswill be usedor monitoringand testingor will be unusableThe present
application refers only to the first gossibly 5years.

3. Thegreatmajority ofexistingdomestic wells within the Regional Project asea
completedin the Carbonate aquifer and do not penetrate the shale aquitard

4. The enormous number gdlanned newwellsinto the deep Sandstone aquifewill
unavoidably contribute tanterconnections betwen the aquifersaand theirintermixing,and
will vastlyincrease the risk of contaminant transport from the surfatkeis project is
contrary to the 2019 Friesen Drillers report 8pringfield groundwater status, whittas
advised againgtew interconnecting wells, and recommended reductioinexisting ones

5. Perched aquifers in the sand and gravel overburden in the area have not been considered in
any of the models. If their aquicludes are punctured, this may introduce another source of
intermixing, and may compromise associated domestic wells.

6. Multiple shale layers are present in the Sandstone aquifenatylocations. Water
chemistry within these subunits has not beilawestigaed, nor have any potential impacts
of their intermixing. Water leemistry also differs between upper and lower portiomishin
the Carbonate aquifer.

7. Artesian conditiongre present in the region, angquire specialmanagement andgealing
techniques Wells that are not flowing at the time of decommissioning may ertat later
time. The proponents expect to extract such wells when they are not flowing.

8. Sampling methodology and results for groundwater chemistry reported in the EAP are in
some cases invalid. Statistical analysis of data has not been conducted, inderdagto
the exceedingly small number of samples, and as such these cannot be accepted as
representative of conditions in the wider project area, or of a wider period of tirnether
invalid samples are planned (ewgater softener samples

9. The borehats will be20.3-40.6 cm in diameter, much larger théme typical 15 cm(or
less)boresused fordomestic wells.



10. Circular well clusters will be 60 m in diameter, with one well in the center; individual wells
will be approximately 18 m apaiThere is uncertainty whether 5 orof some other
number ofwells will comprise a cluster, aariousconfigurations have beemconsistently
proposed.dusters will be 60 nfone cluster widthjppart, and will each encompasp to
0.28 haTherefore all of the extraction and processing equipment, mobile office, fuel
storage parking,etc. will be distributed between and among thells, in intimate
proximity to them.

11.All of the wells will be located on private land, on parcels as small as QLarger parcels
will contain multiple clusterarranged in blocks

12. Setbacks from homedgomestic wellsand hamletswill be only 100 m or somehow
RS G SNI A Y S Roy-cage Yasisfor Whicti cteria are not known

13.Some form of air lifting will be used, but the actfiabl design is not disclosed the EAP
only an example is given. However a separate patent application contains additional
information not included in the EAP.

14.Water and sand brought to the surfabg air liftingwill be subjected onsite to vibrating
screendo remove largematerials,a dewatering stion includinga centrifuge(cyclone)
and a screeysome sort ofattempt atwater disinfection, angproposedreintroduction of
recoveredwater into the aquifer.

15. Air lifting and return of water will occur at the same time, presenting the likelihood that
some of the returned water will be rexposed to the surface multiple times.

16. Thedewateringstationdescription is problematic.ne 65% sand target at pesentrifuging
does not account foextracionswith higher initial sand contentandit is uncleamwhether
the cyclonsand dewatering screeswill be bypassed as redundant in such cases. Water
from the cyclonsis not accounted farThese factors need to be considered in relation to
well interference.

17.The disinfection system has not yet been desigriguw proposed ultraviolet lighteatment
will be inappropriate becausef high turbidity, as well asighiron and manganeskevels
whichvastlydisqualify this methodrom this application in addition to other factors such as
lamp sleeve foulingnd vaiable flow ratesPotential UV lamp breakage could release
mercury into the aquiferGrave misunderstanding &vident regarding the difference
betweendrinking water standards ansewage treatmeneffluent.

18. A proposednethod for reduction of turbidity using chitosan addititaces expected
challenges irffectivedosage, insolubility in alkaline water, and residues of chitosan and its
breakdown products in the treated watelestined for reinjectionlt is not known wheter
inorganic metallic ceoagulants will also be used.
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19. Any turbidity removal treatments will generate large amounts of slud®jedge drainage
usingdrying bedshas been proposedutthis process presents numerous logistical
challenges that render thisiethod impracticalA filter press system for sludge has been
proposed as a possible alternative to drying beds. Sludge will contain coagulants from the
treatment processand will require disposaNo basicplans have beeput forward.

20.A number of explorry wells have already been drilled, and four injection well permits
have been issued. None of tipermitshave required water quality monitoring of the return
water or mandatedits disinfection

21.For injection wellstemarkably re-injected water wagdreated withad hocchlorination
Form of chlorine, method of delivery, dosage, volumeshdbrinatedwater injected into
the aquifer, and monitoringresults arenot disclosedSince dissolved organic matter is
present in thegroundwater harmful chlorindéed byproductscanresultand can continue to
form in the aquifers after chlorineintroduction.

22.The processed sand/water slurry will be pumped into plastic slurry lines and aiavg
cleared pathway$o the processing facility, where the sand will leenoved and the water
will be endlesslyrecirculatedvia return lines to the extraction sites.

23.Some of the water in the slurry line system will contain water from the facility clarifier and
thus potentially residues of polyacrylamide, which degrades to toxic acrylamide.

24. Somedrilling muds grouting agents and borehole linings also contain polyaomdeor
acrylamide While such materials araeot normallyused in domestic water supply welisis
not known whether the thousands of sand extraction waltgl additional monitoring and
testwellsg Aff 06S O2Yy&aARSNBR WAYRdZAUGNAIf Q

25. Pumping stations ofndisclosed design and configuration will maintain pressirnatervals
alongthe slurry lines.

26.Plastic kurry lines i.e.HDPBEpipesof inadequate descriptiorwill be placed on the ground,
will be moveable to different locationsvill cross under or ovaoads and may obstruct
culverts Sections will b@ermanentlyfused into undetermined lengths, and also joined
with flangeswhich can be disassemblel is not known how the fused lengthgtween the
flanges will beperiodically relocated

27.Use of HDP#ibing for this application raises concerns: it is not optimal for high pressure
applications, becomes brittle at cold temperatures, withstands less pressure at warm
temperatures,s prone tovarious modes ofrackingwill be continually abraded by silica
sand, and requires gentle handling and protection from scratches. It will be exposed to the
rigors of the environmentfluctuating pressuresmpact, heating in sunlight,
photodegradationyepeateddisassemblingelocation and handlingand potential
human/animal interference. Risks of leakage or rupture are significant.

11



28. Drilling will occur yearound, with extraction24/7 during April to NovembeiSlurry lines
will not be used in winterand he slurry water will bestoredat various locations

29. Drawdown of domestic wells surrounding the extractgitesmaywill occurduring and
after operation activitiesSimulation modelling does nencompasshe range ofproposed
operatingparameters While 50%einjection rates are hypothesizedd volumeof
groundwater actually reinjected imcertainand will likely vary

30. Several extraction wells operating in close proximity will resutbimplexsuperposition of
drawdown cones, increasing the amount andreunding radius of drawdowrExtraction
of a well cluster has not been tested.

31.The volume andnechanicabupport of the removed sand and some of the water will not be
replaced Removal will createavities (voidsdf irregularand inconsistentonfiguratons
underneath the extraction wells, which will permanently alter the physical structure and
characteristics of th&ndstone aquifer within the proje@rea The large volume of water
in the many voidsnay alter water leveland hydraulic flow, as welkgpathways of
contaminant travel within the aquifer

32.Damage to the brittle and fractured shgler the pliable clayaquitard, combined with the
circular perforatiornplacementsof the boreholeg+ 1 in the center)could lead tats
weakening and collapsecrosshe well cluster, resulting ialarge hole between the two
aquifers that cannot be sealedhis constitutes a fundamentahd insuperabldlaw in the
project.

33.Over time the cavities will enlarge due to spalling aadddisplcementdue to
hydrological forceand gravity Cavities may coalesce into larger voi@sllapse of the
cavities couldnanifest at thesurfaceasland subsidence and sinkholiesareas of
insufficientor incompetentlimestonelayers This coulchappen unpredictably at any future
time, and could affect future land usend safety concerns

34.Potential subsidence monitoring during and shortly after extraction is insufficient, as
stresses and failure leading to ultimate collapse must first propagateards over a period
of time.

35. Sudden caprock collapse mimycefullydisplacethe water in the void, sending a sudden
pulse of pressurized water against thielesand ceiling causing catastrophic damage and
enlarging the voidA cascathgfailure of sucessive adjacent clusters may be triggelsd
the force of the hydraulic blast

36.The critical minimum limestone thickness modehose aim is to guide operation decisions,
requires recalibration, recalculation and refinement, based on a more substantidiaiza
rather thana fewsamples and mangssumptionsand better alignment with proposed
operating conditionsMany locations do not meet the minimum 15 m thicknés®shold
The modebpparentlydisregards theaumerousother factors which govern porosity,
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mechanical strength, and hydraulic conductiviyacturesdiscontinuitiesinclusions, fossil
beds,stylolites heterogeneous laminatio@nd other features of secondary porositythe
limestone are not accounted fo&implisticconsideration of hicknesgper seis not an
adequatecriterion of subsidence prevention.

37.The treatment of roof limestone as supporting beams does not take into account that the
longest beam at the center is pierced by a borelatl¢ghe point of greatesttsess The
multiple borehole piercings in the cluster promote further fracturing.

38.The limestone thickness model disregards shale aquitard Railure of the shale is deemed
by the proponentasacceptable and concerns regarding aquifer mixing are disnuisse

39. Operations will be associated with zonesroéversibleshale degradationyith an
estimated radius of 200 nthe cumulativearea of which will expand as the project
advances aneénlarges.

40.The most recent explanation in RPCR regartheglecommissioning of wellss thatPVC
casing will be severed below ground and capped, then camouflaged at the surface. People
g 2 y Q1 thdyyretidere until at some pointhey may be erodedaccidentally excavated
or exposedand shatteredby sinkhole cdhpse There will be many thousands of these
abandoned wells.

41. The municipality must keep accurate records of all decommissioned wellspasdler
carefully thefuture uses building permitsand constructiorallowedat these sites.
Permanentmarkers should be installe@nd land titlesapprised On agricultural land,
spreading of manureor pesticide anadthemicalfertilizer application overtop these wells
could provide riskof groundwatercontamination.

42.¢KS LINRLRYSY(Qa pdperaidnsinlgrkafeypitdirdisesintiltiple addidlonalz
concerns, for example the lack of overburden protectisna buffelagainst surface
contamination, and exceptional nois&fter decommissioning, when gravel pits resume
normal operationthe vibrationand compaction from heavy machinenaycompromise
the abandoned wellsand promote caprock failure and sinkhole formati@uasting
activitiesmustbe forever banned in sudainted pits.

43. Since the decommissioned wells will remain in perpetuity, théssaad casings will
eventually fail on at least some of them, as there will be many thousands of theswill
provide conduits for contaminants to the aquifers below.

44.Groundwater contaminant plumesill be drawn to active pumping wells.

45, Both steel and plastic casinggsach toxic substancesto groundwateras they age. Tif will
be aggravated by thlarger surface area of the casings, and the vast numbers of them.
Sealing putsand cementsnay also leach undesirable chemicals.
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46.0xygen will be introduced into th®andstoneaquifer with the reinjected groundwateirhe
separatepatent application alsdescribes potential direct injection of pressurized qiulses
into the aquiferto loosen the sangdand potential loerizontal reach beyond the borehole
axis Air pockets may lodge against the shale ceiling, and become enriched with radon and
hydrogen sulphidgases

47.Aeration and agitation of the water will displace dissolved radon gas and hydrogen
sulphide; the latter gas may generate increased nuisance odor complaints in neighboring
wells during and after operation. Radon will be silent and cannatdiected by smell or
taste.

48.Modelling to predict water quality changes resulting froxygen in theeinjected water is
not based on measured data, but on assumptions which underestimatdisiselved
oxygencontent

49. Oxygen will oxidize soluble iron and nganese to form insoluble precipitagewhichmay
discoloruntreated tapwaterandfurther increase turbidity

50.Oxygen will promote pyrite oxidation in the shale layer, whiehy contribute to water
chemistry changes due to acidification, ameavymetal andtrace element mobilization

51.Oxygen will create favorable conditions for proliferation of iesvd manganesbacteria
and fungi, should they be introduced into the aquifer with infected tools and equipnwent
be already present in nearby irdied domestc wells

52.Extraction sites for well clustensjonitoring and test well sitegccess trails for large
equipment,andsmaller trails for slurry lines will be bulldozed in winter, uniessestricted
access is already available. Since clusters will be 60 m apart, multiple chiditezguire
interconnecting acces®rainage ditches are also plannddhe proposed 2 m width for
slurry line trails is deemednrealistic

53.While the onsite dewatering statn and the undescribed slurry pumping stations will run on
mainline power, no mention is made of where hydro poles and power lines witluied
andthe additional clearing requireddowever a late comment suggests that the dewatering
station can only benoved once a year, thus bringing into question how dewatering at each
cluster will occur.

54.Clearingof sites and trailsand equipment and vehicle transfaray promote spread of
plant diseases and pestas well as invasive plant species

55. Extraction @eraions will continue 24/7#rom April to NovemberEach well will operat8-7
days and nightgthere are several different estimated days seems to begeneraltarget).
Not all wells in a cluster may operate at the same time, extending the total duration
operationof a given clusterThe number of wells operating at the same time is stated as 7,
although 10 extraction rigs are specifi@ithee may be many clusters on a land parcel,
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56.

57.

58.

59.

60.

61.

materiallyextending its occupation timé.andowners will be excluded from occupied areas
of their land.

The 24/7 operation will generateontinuousnoise from all of theaumerouspieces of
equipment operating simultaneously, only some of which will be powered by mainline
electricity (althoughthe latter will alsoemit noise) The100 msetback limit from

42 YS02Re Qddlossaydaadsquateiand crudloisehas been indubitably
demonstrated toaffect healthand wellbeingf people, and will disturb farm animals, birds
and other wildlife Addtional noise will occuduringclearing, site setuprilling, pipe
relocation, powerline installation and removalhd decommissioning-he slurry pumping
stations will generate nois&loise assessment studies have not been conducted.

It will not be posible for the extraction sites to meet the 83 dBA mandated Workplace
Safety and Health maximum ftre 12-hour work shifts. Workers will require the most
robust hearing protectionNoise fatigue may affect worker performance and safety.

Highly annoying lowoundfrequencieswhichpropagate forgreater distances will be
produced by compressors, generatppsimps,cyclones, vibratingcreensand other
equipment, particularly diesel powereBroposed outdoor noise measurement with a dBA
meter will not beadequateto reflecttrue exposures, whiclpenetrate construction
materials, and which aramplified indoordue to resonanceExposures are also greater at
nightbecause the light plants will be operating in additiamd sound propagatiors higher
at this time Indoor measurements with a dBC or dBZ metél be required.Surrounding
exposures will be further amplified by sound reflection, refraction, curvature, and lift.
Simple sound barriers will not remedy the problem.

Infants and children will be most affected by the noise, since they canhiglaeroperating
frequencies that are inaudible to adults and elders. Animals will also be differentially
affected for this reaon.

The proposal bashfully skirts around the issue of light pollution. Since operations will be
24/7, industriallighting will be required. There is no information regarding details of the
intensity, type and disposition of lighting at the sitesher than that 8industriallight arrays
are plannedLight pollution affectshe health ofpeople andoehavior ofnocturnal wildlife.
Birds especially are disturbed by light, adractionoperations will overlap with the
breeding season of all bird speci@sturbance from light will be combined with that from
noise.

Air quality will be garticularnuisance on days when the site is upwind. Diesel exhezarst
exacerbate respiratory conditionsreate stressand affect neurocognitive functionDesel
particulaes are carcinogeni®ust and moldexposure is possibl&lo air dispersion studies
for extraction activitiesare included in the EARNd data for the processing facility are not
transferable orappropriate Workers will be continuously exposedring theirl2-hour
shifts.
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62.Greenhouse gas emissions are underestimated to omissionsgapsandfundamental
calculationerrors.

63.Impacts on vegetation and ecology, all on private lands, have received little attention from
both the proponents and theaviewers. All effects areigmissedoy the proponentas
GYAY2NE | yéRwitlioyt Supporting dataf S

64.. &St AYS @S3ASGlIGA2Y & dDBikkedrecbrddisSande R&adt G 2 LI NE
conducted.

65. The revegetation and restoration plans are deenmetlequate in multiple waysMuch of
the restoration appears to be based on allowing area&évegetatenaturallyg, i.e. walk
away.¢t KSNB A& y2yO02YYAGdlLft ySodzZ 2dza YSyuAzy 27F
YA EGdzZNB aé Propettydwrers Wilappaseatigobtain andreplantnewtree
saplingghemselvesRestoration of wooded land will require decades for trees to regrow;

howeverplant community composition will not duplicate the original, and the trees
comprising the stands will all be of the same agé possibly same species

66. The patchwork and network clearing will create dysfunctional ecological edge effects for
vegetaticn and wildlife.Continued damage may occur due to windthrow, and death of trees
injured by equipment.

67.The proposal ignores or minimizes the role and rights of the property ovtsrnot clear
what the rights are of adjacent landowners who are doedly involved in landowner
agreements with the company.

68. Complaints of residents are to be directed to the company.

69. As admitted by the proponents themselveketprocedures and technology to be used in
this project are untried and undocumented elsewhere. Tirs four yearqat least)are
expected tobe experimentalearning

70.Postclosure, bngterm accountability is absenthere is no provision for
compensatingaddressing permanent damage to property or water supply as a subsequent
consequence of operatits.

71.Numerous Plans, Programs and Reports referenced in the EARadeguatemissingand
not available for evaluatiarincluding:

Waste Characterization and Management Plan
Water Management Plan

Groundwater Monitoring and Impact Mitigation Plan
Trigger Action Response Plan

Limestone Competency Testing Plan

Noise Mitigation Plan

Progressive Well Abandonment Plan
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Water Sampling Program Plan
Environmental Emrgency Response Plan
Air Quality Plan

Wildlife Assessment Report

Vegetation Survey Report

Revegetation and Monitoring Plan

Stakeholder and Indigenous Engagement Plan
Closure Plan

Drafts of three late submitted Plans amnedimentary, with fundamental gaps and omissions

The proponent indicates that missing Plans will be drawn up after licerstegnald t A @A y 3
R 2 O dzY $oysiiati @nd contractorsvill be altered and amended at wiDocuments and

NB LJ2 NIi & RS S Y S RbeWaiR®ohINGy SravindaBreulaiakatl ¢onsultants

and regulatory approvals and decisions may rest on these suppressed materials.

729y Rf Saad Wb2GAO0Sa 27F ! f (S NJeal lfeSpsndf the projéct, 6 S LINE 3
bringing into question how much of the original E&®l thecurrentdecisions based on it

will remainrelevantt 2 8 aA 0 A f A ( A SBS y2SINI f (2Ay23yEe ) ZROWEKISHSAE A v S &
mentioned.

74. Current mining regulations drguidelinesare inadequate to address this type of mining.
Similarly a number of pieces of legislation relating to groundwater, wells, and drilling
regulationsrequire updating. What we do herewith this projectwill set some serious

precedents.The project should proceedith appropriate regulatory frameworks in
place.

75. Regulations are irrelevant if monitoring and enforcement are lacking. A proactive,
preventative, as well as deterrent, approach is required, rather than the culaessez
faire, largely complaintrivensystem. As we have already seént not learned hundreds
of times inManitoba, it is difficult or impossible to remediate a situation after it has
already arisepand harm has been done

76. In the end, the proposal fails to provide substantive informationmaritiple key asgcts of
the project,many very basiassumptions are flawedlata areseverelylacking,andthe
proposalhas not been adequately consideragsearchedpr presented.The publicare
being asked to buy something in a sack. Es@rthe proposed project will imposeviasive
and permanent changes on the aquifefisGilitate groundwater contaminationnflict
environmentaland ecologicatlamagemar andsd: NJ LJS 2 LJ S GabjedtieRded&NI A Sa =
to unconscimable inconvenience, intrusionuisanceand stressand create future
liabilities and risk$or landowners
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Terms of Reference

A letter of notification dated 15 November 2021 waddresgd to Mr. Somjof CanWhite Sands

by the Minister of Conservation and Climate regarding a CEC review process and forthcoming
G¢SN¥ya 2F ¢STFSNByOSé wairos
(https://www.gov.mb.ca/sd/eal/registries/6119/2P11115 CEC_Notification.gdiegardingManitoba
Environment Act ProposdPublic Registry 6119.00anWhite Sands Corp. Silica Sand

Extraction ProjectA letter dated the same day to the CEC Chair circumscribe@ieimas of
Referencd: & LJS NJi Ipdtefitfalyedviroangetal @nd health effects of the proposed
sequential installation, operation and decommissioning of silica sand extraction wells for the
silica sand extraction project httes://gov.mb.ca/sd/pubs/termsreferencecanwhite.pd).

TheseTerms of Referencare interpreted in the present submission: aéfects relating to

geology, aquifer integrity, water quality, air quality, human he#éttdsidents and workers)
ecologicalmpactswith respect to wildlife and vegetation, and pedbsure and permaneiyt
persistingissuesa L ya i I € £ I ( A 2 yelearidgaite ang sit& dddeReIréparRtidhe &

drilling of wells, equipment setup, arsglurry pipe deploymee a h LISNY G A2y ¢ A a Ay
activities during the sand extractiggrocess and associated agional procedures/practices

AyOf dzZRAY 3 2LISNI GAZ2Y 2F &f dZNNE effedtsyfrGndadivitesinS O2 Y Y A
the time periodafter sand extraction from a well is completmdextending toPostClosure
andongoing(indefinite) consequencesAn overview of hese interpretationss summarizedn

Table 1.

Table 1.Summary ofriterpretation of Terms of Referencwith respect to impact components and
associatecnvironmental and healtleffectsdiscussed in the present document

Tem of Identified Effects
Reference Component

Preparation and | Vegetation | Destructionof trees site clearing, access traikite
Installation interconnection trails, slurry line trails, hydro service trails
Injury ofborderingtrees by equipment

Root compaction of living trees

Disturbance/destruction of vulnerable/rare species

Soil disturbance and compaction

Soil seed bank interference/degaction

Digging dainageditches:destruction, andalteration of
prevaling moisture conditions
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Propagatiorintroduction of invasive species vimovement
of drilling, constructionand otherequipmentand vehicles
and workers, especially to and from grapés where
invasive species most commonly occur

Potential introduction/spread of plant diseases and pests
Destruction of wild foods (berries, mushrooms, medicines
Indigenous harvester treaty rights

Sentimental/spiritual value

Destruction/damage of trees planted and cared for by
landowner

Machine fluid spills

Wildlife

Physical ssturbance especially during night clearing
Noise: clearing, drilling, traffic

Habitat destruction

Habitat fragmentation

Loss of foodind cover

Degruction of dens and permanent nests

Exodus or destruction oflnerable species

Destruction of sedentary or smalleaturesunable to flee
Ingestion of harmful garbage (antifreeze, plastic food
wrappers, remains of human foods that are toxiatumals)
Injury and entanglement hazasd

Indigenous harvester treaty rights

Aquiferand
water quality

Aquitard compromise and intermixing of aquifers
Chemical eantaminationduringdrilling and casing
manipulation

Increased fracturing dimestone

Vulnerable exposed PVC casings

Biological contaminatiomonsteriledrill bits, tools and
equipment

Surface water incursion into open boreholes
Artesian conditions: loss of heafiooding

Puncture of aquicludes

Spills of machine fluids, oils,dig, lubricants, antifreeze,
hydraulic fluids other

Human
health
(residents)

Noise: clearing, drillingligging transport of heavy
machinery, mobile officduel tanks, portapottiesworker
traffic; installationand setupof equipment, hydro poles,
slurry pipes, pumping stations

Stress (other than noise, e.g. psychological distoessto
property damage, destruction of areas of personal
significance, destruction of planted or valuable trees, dea
with company representatives anchresponsive offiéils

Air quality
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S5SLINAGIF A2y 2F F00Saa (2,1
meditation)
Privacyintrusions into private wells

Worker
environment

Noise

Air quality

Stresgextended shifts, night shifts,hazardous workplage
other issuese.g.extra hours, illnegs

Exposure to toxic materiale.g.equipment maintenance)
Working in cold weather

Need for quiet break time

Air quality Dieselexhaustemissions
Burningof cleareddebris branchesbanned wood transport
speciesgarbage
Dust
Mold spores, e.g. blastomycosis, from disturbed soil
Greenhouse gases

Waste Garbage: litterfood wrappers and cupsans, clothing,

materials discardedmachine andequipment parts machine fluid and
lubricant containers, chemical containers (drilling fluids,
grouts and cementstc.)

Infrastructure | Interference with roadwayand culvertsat installation of
slurry pipe crossings
Hydro transmission line crossings
Shoal Lakaqgueductin regional project area

Operation Aquiferand | Water quality changesH, turbidity, trace elements and

water quality

metals unknown products of disinfection

Exhaust gases introduced with compressed air, return wa
Oxygenintroduction: oxidationof iron and manganese
promotion of aerobiamicrobial growth

Radon hydrogen sulphiddisplacement

Ineffective disinfectionmicrobial contamination

Well interferencedue to drawdown, turbidity, discoloration
Drawdown ofboth aquifers during and after pumping
Shale degradation and/or collapse

Acceleration of downward surface contaminant migration
Direct contaminationintroduction of infected equipment,
surface water incursigrcompressed air

On sitespills offuels,machine oilsfluidssuch as antifreeze
Mercury release into aquifer fromsk ofUV lamp breakage

Slurry fluidspillson site and on slurry line trails
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Fuel spills and machine oils from pumping stationsslurry
line trails

Existing injection well received chlorinatecter: ongoing
formation ofhazardoushlorinated organic compounds

Topography

ubsidenceand collapse

Human
health
(residents)

High levels of cumulativend continuoushoise: intensity,
audio frequency characteristics, periodicity, duration,
hammering andangs no respite

Nocturnal noise

Light pollution: intensityspectral characteristicsluration,
disposition

Changes in well water qualityurbidity, disoloration, odor
Stress from well failurer fouling,and immediate need for
water supply with no timelgid, costburdenof buying and
transporting bottled watey cost of well pump damage
Inconvenience or inability to carry trucked water into hom
for washing and sanitation

No hot water

Stress from continuous disturban2d/7 from

worker and equipment traffic

Stress from dealing with unresponsive officials

Stress fromdisruption due torelocationto alternate
accommodations for duratigrand costhardship

Stress from requirininding alternate arangementgor
livestockand flocks other domestic animals

Worker
environment

Constant high decibel noise

Air quality

Stress: shift workextendedshifts, pressure to maintain
schedulepther work conditionsworking while ill or injured
Exposure to harmful substances

Air quality

Dieselandother fossil fuelemissions (CHCO, NQ
hydrocarbons, particulatedieavy metad)

Exposure tdydrogen sulphidgincreased odor levels),
radon

Dustand mold, silica sand spills

Greenhouse gases

Silica and coagulant dust from sludge drying bedsaybe
filter pres®

Wildlife

Continuous nise disturbance: site operatioslurry line
pumping stationsworker anddelivery/maintenancédraffic,
slurry line patrols

Reduction in foodnd coveravailability
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Light pollution for nocturnal species

Interference with bird breeding season
Stresdrom loss of home territoryshelter,failure of
reproductive effort

Edge effectfragmentation

Vehiclewildlife collisions on trails

Depopulation of surroundinggoodedareas

Farm
animals and
pets

Continuous nise

Light pollution

Stress: disturbanceeduction in milk yieldseduction in
reproductive success

Stress: relocation of farm animdts unfamiliar surroundings
Well and dugout interference for livestock watering
Diguption of pasturelandy placement of extraction sites

Drainage

Site floodingwater spillsfrom operations artesian
conditions, hydraulic fracture, dump water from dewaterir|
cyclones, other(?)

Obstruction ofmunicipalculverts by slurry pipes

Vegetation

Vegetation control onecess and slurry line trails
Enlargement of clearings due to edigee toppling

Decommissioning

Aquifer and
water quality

Thousands ofiiddenabandoned wells
Partial casing removal

Sealing: fill materiaJgpotentially toxic
Incomplete sealing and contaminatiavenues from surface
Sealing of artesian wells

Monitoring and certain wells remaiimy open significantly
past 180 days

Site Noise
restoration | Dismantling and removal of structures and equipment
(if any) Levelling and grading

Indifferent surface soitestoration

Soil contamination from drips arspills

Tree root compaction and damage

Filling in ofdrainageditches?

Traffic

Garbag
Trail Apparently none planned: residual damage from vegetati
restoration | destruction and trafficinjured edge trees, tree root

compactionslurry pipe removal, sits, removal of hydro

poles and lines
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Human
health

Noise

Exhaust fumes

Disturbance from traffic, heavy machineat/extraction sites
and onaccessslurry, interconnecting, hydrdrails

Stress of waiting for remediatigpmevegetation

Stress oflealing with unresponsive/disinterested officials

Revegetation

Site abandonment with no replantirg Wy I { dzNJ f Q
revegetation)

Destroyed native seed soil seed banks

Reseeding with native (?) species

Inability to replace rare or specialized plantsedicine
Inappropriateor invasive speciemtroduction

Necessity for weed control

Trafficfor subsequentevegetation monitoring (?)

Different resulting communitgompositionand cohort
structurefrom original

Edge effecand fragmentation

Absencéreduction of tree canopy shadinfpr seedlings
Introduction of new genetics into locpbpulationgene
pools

Reseeding appropriate mixes for damaged pasture areas
Changes in soil structure, texture, compaction

Changes in soil microbiota, missing symbionts

Changes in pollinator populations

Increased opportunities farampling due tarespassing ang
motorized vehicles

Requiredongoing commitment from landowner to care for
and water planted trees

Obtaining and replanting of native berry bushes

Wildlife

Noise

Alteration of habitat wasteland conditions
Lack of covernnd food

Visibility of nests to predators

Edge effectfragmentation

Post closurdao
long-term effects

Aquifers

Thousands of permanent abandoned wells
Intermixing ofCarbonate and Sandstomreuifers
Compromised sand and gravel wells due to aquiclude
damage

Permanent change® aquifer structure

Increased fractures in limestone

Increased contaminant travel

Altered hydraulic conductivity and flow
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Potentialintermixing of Sandstone aquifer subunits
delineated by multiple shale layers

Swaths of degrade@innipegshale

Enlarging voids over time

Permanent risks of subsidence and collapse

Pyrite oxidation, acidification, water chemistry effects
Persistent effects from oil, machine fluid, mercury spills
Contamination via improperly sealed/decommissiomneslls
Progressive eventual deterioration of wells and well seals
Leaching of toxic substances from aging well casing mate
and grouts

Emergere of new artesian flows due to hydraulic fracture|
or failure of annular seal®yr casing corrosion, especially
during high head in wet seasons

Damaged casings and seadaised byollapse and
subsidence

Damaged casings due to accidental excavation aferid
unmarked wells

Topography

Scarring (up to decades)

Collapse and subsidengeermanent sinkholes
Potentialfor hydraulic blast and cascade failurenofiltiple
voids

Vegetation

Many years until community stabilizes

Longterm effectsof slow or failed recovery

Soil and root compaction

Destruction of natural soil seed bank

Reduction in species diversity

Edge effecand fragmentation, continuity dissected by ma
trails

Remaining trees along clearings and trails damaged by
machinery

Topplihg of edge trees due to removal of supporting trees
Potential extirpation of rare species due to fragmentation
populationdepletionbelow sustainable recruitment levels
Repopulated tree stands all of same agel species
absence of cohortgeduction in community stability
Absence or insufficiency of understory

Naturalization of new species introduced with seed mixes
reseeding

Invasive species

Plant diseases and pests

Possible residues of oil and other toxic fluilashdebris in
soil

Wildlife

Alteration and loss aéinimalcommunity diversity

Changes in community structure anoheposition
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Longterm effects: slow or no recovery, failure to return
annually to nesting sitesvoidance of area

Loss of cover and food

Alteration of predatosprey relationships

Potential extirpation of rare species with limited mobility
and distributionge.g.amphibians, reptilesnvertebrates)
Nonbiodegradable garbadezards (e.g.ack rings, plastiq
straws, plastic twingpackagig)

Disturbance by monitoringrdnes

Farm
animals

Vegetationloss(cover and foodn pasture$
Nonbiodegradable garbadezardqe.g. sharp metal
objects, wire)

Stress and stampede injury due to monitorimgides

Human
health

Altered quality ofife

Longterm stress depressiorand residual traum&om
dealing withunresolved property damage ajured
landscape, reduced property values, land use restrictions
due to permanent well clusterincreased cost burden (e.g.
buying and planting treedixing fences and damaged
property, fixing well issues denied by company
Permanent well problems (perched aquifers, altered
hydraulic flows, altered water quality)

Continued intrusion from postlosure monitoring by
personnel or drones

Inability to sell poperty, insurance issues

Air quality

Exposedilled silica sand
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IncertaSans

1 The Silica Sand Extractiand Processingroject was presented for approval by the
proponent as two separate proposalRublic Registry 6057.00 CanWhite Samdéivian
Sand Processing Facilijmd Public Registry 6119.00 CanWhite Sands Corp. Silica Sand
Extraction ProjectThese two proposals intersect materially and inextricaahd
therefore many components unavoidablyerlap with many environmental and health
concerns in commanit is not possible for one proposetideavor to operate without
the other,each constitutesine qua nopnor is it possible to evaluate one without
implicating the other.

1 However after the Clean Environment Commission heaniogification wasposted on
23 November 2021the processing facility was granted Environment Act License No.
33670n 16 December 202posted 17 December 202Thishastyapproval,
inopportune if not prejudicialtenders the present consultation processncerrnng
only the remaining half of the entire project, awkward amtcertain and placeshe
reviewer in thestrangeposition of having to comment ontrinsicallylinked aspects of
the operationthat have already been approved.

1 The concerns of dividing the project into physical operatiqguuations, as well as
temporal 4year segmentdan orderto diminish theperceivedmpact of the whole (a
similar strategy employed by industrial hog operatiam$/anitobg), has also been
SOK2SR o0& GKS 3520 SO0OKY heQdbréviateNBEPokesSopeS NB Ay { w
adzoaidlyirogsSte avlrtf SN aLl daAtf a02LI FyR SEOfdaAaAzy 2
ALX AGGAYIED Ly aAYLIES GSN¥Yaz (KAA Ay@2ft @Sa oNBI 1Ay
EA impact thresholds that mightlorwise result in significant impacts. Arcadis considers this to be a
material deficiency with the Project Proposal and recommends that the CEC explore options to evaluate
the potential environmental impacts of the entire Vivian Sand Project, not just saxdractioné @

(Emphasis is minellote: the proposed first term is now 5 years (see p. 525).

But unfortunately, the processing facility is already approved. The proponent responds

to the aboveconcerny L @ A & o LINPhLAXWAS Y (I Q apiniOr2thya@ dzf G+ y (1 Qa8
commentary on the permitting of the Facility Project, which has already obtained an

EAL, is outside of the scope of what the Clean Environment Commission (CEC) and

Arcadis were instructed to reviesv. 6 { w ¢ 9 ve cdnstraints hindétdiat and
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muddythe thoroughnesscredibility, and opticsof the pinioned CEC process. How is it

even possible to divorce the two applicationghen the EAP itself references the

processing facility on numerous occasions? It shoulddted that this fragmenred
approachproceededs A 1 K G KS 0SYSRAOGAZ2Y 2 FiscikeS att NB JA
length and reviewed in detail with provincial regulatory agencies, and at no time was
GKSNBE Iy AYRAOFGAZ2Y K bppropliggeSindonfdil foyhdet 2 T { A 2
the requirements of The Environment Akt. 6 { w¢ 9w | o0 @

Furthermore, the proponent claims that new procedural concerns cannot be raised for
the current application if the Processing Facility has been previously approvedhssing
al YS LINE OS R dzNBféefe@ RsbhbsiEl kpYohdf afd Yhethéds used by AECOM

were deemed unacceptable by the EAB, we expect that the EAB would not have accepted EAPs produced
by AECOM, and the EAB would not have issued Environmenicéuetés(EALS) for other projects based

on AECOM EAPs (e.g., Vivian Sand Facility Project; EAL N& 3360){ { / wL-\R@33)] a. 9b

It should befurther noted that the areal scope of thmurrent proposal is but a
deceptivelymodestfraction (633 ha (NRER)J the colossal extent of the eventual
operations planned in southeastern Manitoba. Its actual reach, however, is shrouded in
ambiguity, as different numbers haveickled outat different times

The Sio website indicates that 390 mininginis for85,000 ha o~850 square
kilometers have been already secured; these include several tracts in other
municipalities besides the current Vivian projeatgs://www.siosilica.com/silicaaccessed 10
December 202p

However in information released to the public in Steinbach in 2019, a previous

incarnation of thiD 2 Y LJ y & NB @5 MiheaR has &ldinis oni120,328 hectares

of land in several municipalities in tlseutheast including Hanover, La Broquerie, Tache,

Ste. Anne and Springfiefthttps:/steinbachonline.com/articles/resultsf-mysteryminerakdrilling-
to-be-made-public).

y {{/w 01l n03X (K She NB@haSaiSdNdaly editaddat 68,000 o
hectare€ ® ¢ KS LINRPLRYSyila R2 y2i( IRISERIR20S GKAA vy
(#MBENIR036):

Reviewer@@ NBI Yot SY {A2 {AtAOF R28a y20 RAaLM2S GKS / 9/
Aa ONHzRSt & SadAYFGSR 4G mcysnnn KSOGFNBaXxE

Request: a) Pleageconcile the figure in the Preamble with the statement on the Sio Silica website
FAaaSNIAYy3 GKFIG GKS LINRP2SOG NS O20SNB a2@SNJ ypZInnn
wSaLkRyasSy 0o {A2Qa ¢6SoairidsS adlriasSa aGKS O02YLIye Kl a
over®Innn KSOGIFINBa 2F flyRPE ¢KS ypXnnn KSOGIFNBa NBf
claims. Sio is not clear where the 168,000 hectare value came from in the Reference. This is not a value

Sio has evereleased€ (Emphasis is mine).
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We note he murkiness of the respons&he proponent only states that thargervalue
was not evereleased and what the current claimseem to be but does not

categorically deny thiargernumber either. Why was that number not disputédt is
erroneou® Theproponent also does not deny the 120,328 ha claim made in Steinbach
as noted above.

In any caseshould not the ENTIRE PROJECT be asseS#emitd we not even know

what it actually isThould this not be dealt with in its true context and comprehensive,
unprecedented impact, rather than sleight of hand to foous short and fickle

attention sparonly2y I f AGGE S O2 Ny.IhNdypubkepdvétisingl G Qa y 2
breathes nary avhisper2 ¥ G KS | Oiditdzlpoduciic 2villd& Yn ah existing

aggregate site, then will expand within three miles of the proposed faéilityé ¢ K S

Clipper, January 19, 2023, p. 24).

Smaller doses become more palatable: heck, an Australian man atela wdr over a

LISNA2R 2F n &SI NA dHereGs®OAWNiR didyit=he dgraundieverythirg2 dzNO S
up into tiny pieceé htt@//www.classclownacademy.com/thenanwho-ate-a-carso-weirdandyet-

sotrue/). The strategy is transferahland has worked so far

The mapof claims provided in SIEigure 1) presumably showslythe 85,000 ha

referred to above half of the estimate in SSCR (#4). Eveiit popvides a hint of the

huge extent and scope of the planned mining in southern Manitoba, and the vast area
that will be affectedlt is assumed thaa series of additional applications for licences in
each olor-coded groupingpn the mapwill be forthcoming. The present initiatykear
proposal deals witla fewof the yellow onesPresumably the expired claims listed in
AppC have been renewed.

¢KS LINR2SO0 Andulti-geBedationdd The Klpger: Amdary®@2, 2022, p. 5;
January 12, 2023, p. 1GJOB radio ajjs 200 year timeline has been put forward (see
p. 554),apparently operended trailing off into the indefiniteremulous future.
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Facility

Figure 1 Map of mining claims secured by Sio, according S O2 YLJI ye Qa ¢So6a
Sourcenttps://www.siosilica.com/silica According to SSCR (#4), claimed area may be much
higher.

The originalinrealistictarget dateof 15 March 2022or completion of the CEC review
for another part of another part of the projecset by the Minister of Conservation and
Climate wasinderstandablydeemed impossible to meet by the CEC, wipiahforward
a request for an extensioon 14 December 2021 (screenshot)

In preparation for the hearing, it has come to our attention that the deadline of March
15, 2021 to complete the project will be difficult to meet while ensuring a complete
technical review of the proposal as well as accommodating full public participation.
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(http://www.cecmanitoba.ca/cecm/hearings/pubs/silicasandextractionproject/termsofreference/letter,
canwhite_sands_schedule.pdf

Note: the date of March 12021is obviouslyin error.

The Minister approved the request for an extension on 13 January 2022.

In an April 20, 2021 letter concerning the present project to federal Minister of
OYBANRYYSYl FYR /fTAYIFIGS [/ KIy3aSs GKS 1 2y® 5
we have a provincial government that has demonstrated a high level of enthusiasm for

GKS LINRB2SOUG FYyR F t2¢ tS@St 2F O2yOSNYy ¥F2N
HeF dzNIIKSNJ y23GSa ¢G4KS 1101 2F (0NM¥zad Ay> | yR
A2 PFSNYYSY (i Anyps/imiy Artverbldem@anadRigiasilidasandsextractionwells

manitoba/).

In June, 2022, the Provinpéedged its wholehearted and unflinching dedication to

FGAONF QGAY3 YR adzLJL}2 NI Ay 3 (K Sof-yokeyhinghe A y R dz&
approachtoshowoNJ O2 YYAGYSyid (2 GKS YAyAy3d aSO02NE
(https://news.gov.mb.ca/news/index.html?item=55123&posted=202213).

{K2dzf R 6S y2(ed3208NKYSy i QWBEKRINRI OK (26 NR
a responsibléalancebetween industry environmentand healtt?

In consideringprojects of such magnitude and scope as is the present application,
should we not first deal with the hundreds of abandoned and toxic sites thatlveady
have should we not overhaul our outdated and loopholécketylegislation,should we
not take away incentives for environmental abuse, ahduld we not first set inlpce

an effective andtredble fabric of monitoring and enforcemenbefore plunging with
gleeful abandon intanore of what we already ha®ef we keep endlessly looking away,
eventually we will not have anywhere to look at all.

In the interim, the corpeation known as CanWhite Sands has announced that it has
become Sio Silica, which change has been amended in the Public Registry title for the
proposal. Prior to its incarnation under CanWhite Sands, this project was pitched under
the name of HD Mineral3.he currently planned lifespan of this project is 24 years, with
consequences far beyond. In the present document, the proponent is identified as
CanWhite throughout, to simplify any confusion associated with past, present, and
future serial name changesd transmogrifications

The present submission is presented with acknowledgement of the above public

position of the Province to encourage and promote frenewable resource extraction.

The present submission is also presented under constraint, as not enough time has been
allowed to properly examine relevant pegtoposal documentation in advance of the
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written submission deadline of February 13, 2@@®ich afterwards was extended to

the close of the HearingsThis is especially concerning in that so much of this
subsequentlocumentation negates;ontradicts,invalidates and materially altetee

already inadequatéenformation put forward in the original proposal (EABY) that it is
difficult to sort out what exactly we are reviewing, further complicated bydteitted
existence of unavailablearallel¥ a S @dnéation that is not publicly accessible but is
heavily referencedViany essential components of the project, such as aquife
protections, disinfection, monitoring programs, mitigatiopspperty restorations and
nuisance abatement have not even been formulated. Yet our response is demanded by
the onerous and quite insufficient deadline.

*

Aquifers and groundwater
Introduction

1 The proposed project in the Municipality of Springfield imitially focus on the Vivian
areain southeastern Manitobaand willinvolve the extraction of silica sand from the
Winnipeg Sandstone Formation, which underlies Red Rlaebonate deposits

1 The age of the Winnipeg Sandstone Formation is approximateh4#@imillion years
(Middle Ordovician)tps://weblex.canada.ca/html/016000/GSCC00053016596. it consists
largelyof quartzose sandstond layer of Winnipeg Shale forms the top of the
Sandstone stratumlhe Red River Carbonate is approximately @481 million years
old (Late Ordovician(pttps://weblex.canada.ca/html/012000/GSCC00053012586.htrilhs
limestoneformationis covered by recer®.6 million years agtw presen) Quaternary
sedimentsof varyng thickness and composition. They are largely unconsolidated and
have beemuchW YA ESRQ | YR LIzZEa KSR | NRdzyR 6& | &SN

This sandstoneshalelimestonestratigraphic sequence is indicative ofrajor
transgressive marine environme(figure2), that records gradually rising sea levigls
the Williston Basimuring Mid and Upper Ordoviciatimes (Bezys and Conley, 1998).

31


https://weblex.canada.ca/html/016000/GSCC00053016596.html
https://weblex.canada.ca/html/012000/GSCC00053012586.html

transgressive sequence
stratigraphic column

Figure2. Transgressive marine

sequence. Source:

https://commons.wvc.edu/rdaws/g101ocl/basics/d
epoenvirons.html

limestone

sandstone

These Sandstone andCarbonatestrata form two importantjrreplaceableand unique
groundwaterreservoirsP ¢ ¢ KS&AS G62 | ljdzZATFSNAR | NB K& RNJI dz
thin shale which forms the upper part of theA Y Y A LJIS3 C2NX I GA2y ®¢ 62 |
The depth at which Winnipeg shale occurs and its thickness vary in the project.region

| 26 SOSNI Ay T2 NYI (Thehale And is Aoyw@Ruvdeitt@®d & ¥ had not

been consistently mappeéd o ! LJLJ). Arfumbdelddf deilltoresn the project area

have showradditionalmultiple shale layersmterbeddedwithin the Sandstone(e.gWell

PID 197863, 199980)/DR) this phenomenon hagreviouslybeen noted by Betcher et

al. (1995).

To extract silica sand frothe Sandstone layerhe proposed project will involve the
drilling ofthousands ohew boreholesover a planned 24 yearthat will puncture the
shale and wilintrude onboth aquifers The entireeventualproject areain southeastern
Manitobais currently estimatedto encompass at least 8800 hectarespossibly much
more (seeFigure 1p. 29).

EAP2 (section 6.2.thinmsthat éapproximately 1.06%of sandwill be] removed

throughout the 24year life of the projed = | YR A yOnw & Yew sndall famctioh a
of sand (approximately 1.06%) will be remoyezm the target aquifer(Carman Sand
Member of the Winnipeg Sandstone Formation) during they@dr life of the Projeét &
(Emphasis is minefHow was the 1.06% value obtained? The thickness of the Sandstone
is variable; even among the exploratory boreholes already drilled (V\MoRie well logs

have notreporteda sandstone layer (e.@ell PID 199971197858, 199974, 20138

Inanycase®S | 02@S adladSYSydaz a ogNRGHERESYIZ AYyRA
target aquifer (Carman Sand Member of the Winnipeg Sandstone Fomg i.e. the

entire aquifer not the project area. If this is correct, the volume is staggering, given the

size of the aquifer. But because activity will be concentrated in the project region, the

relative impact would bexponentially greater (EAP2section 6.2.1). We all agree that

this is a norrenewable resource.
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Wefurthery 2 1S KSNB GKFG GKS LINR LY Suli- Aa | ROSNI
generationag (e.g.The ClipperFebruary 22, 2022, p. &1d others; CJOB radio ads

which implies aspirations of even longer timelinaad even more extensive impacts,

than those over the firs4 yearsindeed 200 years has been mentioned (see p. 554).

=

The sand isisuallyof varying purity. A study of theell logs in WDR indicag¢hat in
addition to the premium white sand, amgeof other colorsalso occurs: yellow, grey,
green, brown and black, presumably reflecting differences in chemistry and
composition. In some instances (e.g. Well PID 19786®yelit colors are separated by
shale layers in the same stratigraphic sequence. The EAP provides no information
characterizing these different sands, nor the associated water chemistries. There is no
indication whether these colored sands will also be eied.

Only one sand samp|g@resumablysome of theW LINB Y A dzY ¢éappeais$o hdave Yy RQ >
been analyzedn Figure3 (screenshot)ve are favored witlihe exactresults as

submitted by the proponentor our illumination(http://www.cecmanitoba.ca/hearings/silica
sandextractionproject/doc/appendix_a_dIn_ir_003.pif

Table 1: Results of quantitative mineral analysis (relative weight %) of X-ray diffraction data for
sample 1 [WASH A] using Rietveld method

C C . -

[ ] | = Figure3. Screenshot showingesults of analysis o

= S = one sand samplsubmitted by the proponent in

I
BN . http://www.cecmanitoba
) ) ) ) i ) ca/hearings/silicesandextracton-

Remark: The XRD results indicate that this sample consists almost entirely of quartz, with trace ) . ]
amomnts of clays (kaolinite and illite). The peak profiles and background of the XRD pattem prOJeCt/dOC/append|X_a_d|n_|r_003df
indicate that the sample 1s fully crystalline.

§ Theplannedmarkets for tle extractedd YR | NB @I NA2dzaX Ay Of dzRA Y :
A Y R dzaniihd Bomganidnalready approvedProcessing Facility documentation
(EAPPF Appendix 1), questsei and 46from the publicare answered thus
(screenshas, highlights are mine):
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an By uting radl 3¢ your main trangpartation toures, |Emad (1) Sand uill be chipped within Canada, the United Statet and internationally through porte
Jare you shipping the silica sand to be used in the on eith, - oast of Canada. Although some of our sand

oll industry outside of the province and/or may b(lwtd to the ofl and gas industry, .iu of high enough silica purity that our target
jcountry? market 4 edical glass industry, renewable energy

industry (e.g., solar panel production), electronics (e.g. cell phones, computer chips) and

Project Description - Sand Product

[Marieat e telecommunications (e.g., fibre optics). Until such time that these target markets have
operations in Manitoba, the sand will be shipped to establshed markets within Canada,
the United States and internationally

A Y
46 What percentage of your sand product willbe  |Virtual Meeting (2) We forecast that at least 60% of the sand product will be going to various industries |
sold to markets other than the od sector? outside of the oil and gas industry. Also see responses to #44 and 845 above.

However all mention of this significaahd unsavoryortion of the destination is
meticulously avoided in thevebsite,print and radio public ad campaigns: only thiee
cell fhones, solar paneksnd suchlike are touted.

Water quality

1 Intact, infractured shale is aaffectiveaquitard One of the greatest concerns witheh
present projeciproposal is the risk, indeed expectation, thath increases in the
number of interconnecting boreholethe shale aquitard barriebetween the
Carbonate andsandstoneaquiferswill be further compromised andnixing will

inevitably occur Accordingtotls LISSNJ NEOGASGSNEZ aLG Aa 2 dzNJ

gAff NBadzZ § FNRY GKAa LINR2SO0 -3) ¥ccadhyt& o &

C5 O6HnmMpLI a! ¢Sttt O2yySOGAY3I 620K I lj dzA FSNJ
carbonate groundwater mix@ R2 gy Ay a2 GKS alyRadaz2ysS | |jdz

For the proposed projectit is possible that project operations will result in increased
hydraulic communication between the Red River Carbonate and the Winnipeg
Sandstone within the Project Area dueftactures and borehole annuli that may extend
across the Winnipeg Shale aquitard. 6 ! LJLJ! WhEre islihe pptentiatiof

oDegradation of the Winnipeg Shale as a result of project operations resulting in mixing
of groundwaters onjsic]the Winnipeg Sangtone and Red River Carbonate with

possible impacts on groundwater quality in one or more of the aqué€AppAl, p. 79).

1 Clause 6(1) of The Mines and Minerals Act (C.C.S.M. c. M162), Drilling
wS3dzt | 0A 2y 2 licmndge shal&dilllar@tBddond borehole in such a manner
as to prevent the vertical movement of fluids between permeable water bearing zones
penetrated by the borehol® ¢
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Furthermore, he aquifers of the project area are specifically protected by provincial
legislation and nterconnection and mixing involving the Winnipeg Formation is
prohibited:

Under Section 3(1) of The Groundwater and Water Wel(B4E.S.M. ¢.Gg110) Well
{GF yYRI NRa aw&sbdzhustindt @ysTuctr seal a well or test hole in a
manner that allows the interconnection or mixing of groundwater between the
Winnipeg Formation and any overlying aquifér.

'Y RS NJ { S Giiitihi2syctiondVmp¥g Farmation” means the shale,
sandstone and sands of the Wiipeg Formationg

While theoverwhelmingmajority ofexistingSpringfield wells are completed in the
Carbonate aquife(Tablel, 2016 data)FD, 2019), and do not breach the aquitard, a
number ofmostly domestic wells already span both aquifekppAl, Figwe 1-3).

I O0O2NRAY 3 (2 . SMo weliNdlles into thé \Winnipew dajnpatiol &
aquiferhave been completed as open holes through the bedssktion,
interconnecting the Winnipeg Formation aquif@ith the overlyingcarbonateevaporite
unit. This hasillowed acontinuous exchange of fluids of differing quality between the
two aquifers, resulting in substantial logd groundwater from the Winnipeg Formation.
This mayeventually result irsignificant water quality chages in the aquifex
(Emphassare mine). In southeastern Manitobathese interconnecting boreholes have
resulted in localized losses in the naturally softened groundwater from the Winnipeg
Formation, and local water quality changes in the carbonate agéiBetcher and
Ferguson 2003)(in AppAl, p. 66)Thus althoughknowninterconnecting wells are
much fewer in numbe(4.7%)compared to the number cdhallowerCarbonatewells
(77.4%)(Table 1gxisting interconnecting boreholes havaready had measurable
effects on water quality This is a compelling argument for not drilling any more.

Table 1 Aquifer completions of wells in Springfield (2016 data). Source: FD, 2019.

Groundwater Wells by Aquifer
RM of Springfield

Aquifer Type Number of Wells Percent of Total
All aguufers 6,080 100

Sand and gravel aquifers 282 4.6
Carbonate aquifer 4707 774
Sandstone aquifer 66 1.2
Carbonate and Sandstone 215 35
Unknown or other 747 12.3

Dry Well/Insufficient supply 63 1.0

— Groundwater wells within the RM. (source — GWDRILL, 2016)
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It should be noted that the Town of Anola draws its domestic water supply from the
Sandstone aquifer (FD, 2019).

According to RMSIRn n MAlithirdthe Project Site Area, an estimated 19 wells are
completed in the Winnipeg Sandstone aquifer, with a furt2 wells completed in the
Red River Carbonate aquifer. Five wells are completed in the overburden agjuifer.
Thereforecomparativelyfew wells currently within the project area are interconnecting
boreholes. Drillingnanyhundreds morean this areavould be a drastic change.

One of the concerns is the occurrence of saline watg@ontionsof the Sandstone
aquifer which could foul Carbonate water qualitly.SSCR (#7), the proponemtesthat
aThe referenced papdi.e. Betcher et al., 1995]iscuses the risk of upwelling saline
water from within the saline portion of the Winnipeg Sandstone aquéfer

A number of observations arise:

1. According to lhe comprehensiv8etcher et al. (1995)aperquoted above, wells in

southeastern Manitoba drilled to the Sandstone aquifer amostt &n thie area of

YEGdzNFf e aaz2FaG¢é IANRdzy RANI TG SNE @ BSaEsRINK WR v il (0
waters behind the saline front are not desirable water supply sources.

2.L0G A& NBO23ay ATl SR A4 {/KnS | N Bisk@iNIdEn Q2 YY Sy
the east[of Winnipeg]are affected with this physical problegi.e. salinityin the
Sandstone

In SSCR (#10he proponentstates thaty Thé overall low TDS (<500 mg/L) indicates

groundwater in theProject Area is fresh and not brackish or saline because much of the

water entrained in the rock at the time of deposition and diagenesis has since been

flushed by more recent recharge anddWithin the Project Site Area and for some

distance west, groungater quality is fresh in both aquifers and simulation of density

effects for the purposes of impact assessment is therefore lessimpagtan® { { / w | HYy 0

In other wordswe all agree thatvater qualityin both aquiferdn the project area is a
premium resource, unlike other regions nearbys itnot all the more necessary to
safeguard it?

While the current limited project area mat this timebe blessed with fresh water,

saline waters in the Sandstone occur to the west and north of the,areha great

distance awayFigure4). According to Ferguson et al. (2006), in the Winnipeg Formation
GOGKS Ff29 aeadsSYy Ay LI NLa 2F GKS FNBI Aa y:
will encroach on areas currently occupied by freshwater in some areas, while in other

areas, freshwadr will replace saline water. These features must be considered in
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groundwater resource management, as groundwater withdrawals will likely hasten
iKSaS LINPOS&aasSaodé

Rural Municipality of Springfieid

Parameter Rating

0 o= roeen water
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Figured. Map of saline and freshwater zones in the Winnipeg Sandstone aguifer
Sprngfield Note the proximity of the transition zone to Anola and Viyamows)
Arrows are mine. Modifiedrdém FD (2019).

Ly {{/w 61 om0 X theK&el N&@A sy SNk rgeleSoagh to d
account for large scale physical effects suchadisie water intrusion or longerm
sustainabilitg @iven the large eventual scope of the impacted astdgast85,000 ha
(SSCRIR2 #MBHRI036), surelyaveryrobustand comprehensivdata bank is required.
How will disturbance of the Sandstone aquifer, alterations of hydraulic flow, and the
planned future expansions of the proposed project, affeatential incursion of saline
water further to the east and souttof the currenttransition boundary?
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It shouldalso be noted that futureniningoperations are planned for large tracts in
other municipalities€.g.Figure 1, p29), where saline conditions will be encountered.
This will present a major technical issue for futgesd extractionn those areas.

3d Thé Groundwater Monitoring and Mitigation Plan will monitor groundwater quality
with a view to tracking concentrations over time aomhfirmingthat water is not
becoming more saline as a result of project operations, @rdirm the findings of the
Hydrogeology and Geochemistry Assessment Report.0 #X0)(Bmphases are mine)

- The aim of the (apparently nonexistent) Plan istofirmi KS LINR LI2 Yy Sy G Q&
assumptions which are currently based on scant supporting data.

- Who willindependentha O N3z A yfaching Ki R St f & outkide#hé 2 R &
WLINE LINA S NB Ornadeddafe®S 6S y20AFASR

- Tracking requiresomparative baseline datawhich must be obtainetieforestart
of operations.

oAnalytical results will be regularly evaluated bygualified professional to specifically
determine whether there is evidence of saline water intrusion from areas of the aquifer
that are presently brackish or saline. Should any changes be identified, mitigation
measures will be implemented in accordancéwa Trigger Action Response Plan
(TARPE o { {/ wirR@1B). | / 9/

- Where is this Trigger Action Response Plan?

- In the possible event that there ARE chandetected how does the (nonexistent)
Planadvancemeasures taeversethe changes, andestore prior water quality to
the area?Or is the entirety of the Plan: walk away? Indeed, what else is even
possible?

INSSCRIR2 (#GBR&I MH U X (G KS LINE LIy Sifirs Hoth doGadirash 0 K G &
water within the project area, whictiramatically reduces any concerns over upwelling

of saline water from the Winnipeg Sandstone aquifer into the Red River Carbonate

aquifere @

Water qualitydiffersin the Red River Carbonate and the Winnipeg Sandstone aquifers

andlocal changesgepend on drection of intrusion Dr. Ferguson comments in AppB
(#FERGUSONU Merdlis evidence of Pleistocene age water in Lake Agassiz sedin®@nts

l OO2NRAY3 (2 CSNHdzaz2y SiG Fft®d Oo6wnnc0OI o[l NH
ddzo At I OAL f ANBOKAI OB SR GMKK YSE Gol G§SNI LINBAS,)
I lj dZA F SNR ¢
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In Springfieldsoutheast of the saline transition zostée waterin the Winnipeg
Sandstonas generally softefless calcium and magnesiuar)d @ncentrations of many
(not all) chemical parameters are low@rable2)(FD, 2019)However theSandstone
may bemore saline, with higher sodium, potassium and chloride leaglhe transition
boundary(Figured) is approached and crosseld EAPFigure 46 (AppA2), higheoverall
total dissolved solids are seen in the (limited) Sandstone samples compared to the
Carbonate but i is unfortunate thatno statisticalcomparison testge.g. unpaired-
tests, or nonparametric tests, depending on eligibility) &zdone for any of the water
chemistry data. It iglifficult to draw conclusions sina® few data were obtaingdand
corrupted samples should not be included (se®5+).

Despite thesaquiferRA T FSNByYy 0Sa s (KS ewNRthd2ye@y G Of I A YA
migration of groundwater between aquifers through unsealed boreholes in the Project

Area, it would not degrade water qualiy RRCR#61).In SSCR (#32), we are assured

0 K lgibundwater quality in the Project Site area is relatively consist&itce

adequatewater quality studiesincluding vertical intraquifer stratificationhave

apparently not been carried out in the project area, where is the evidéoicthese

statemens?

1 A number of wells in WDR showultiple layers of shalen the Sandstoe. There
appear to be no studies comparing water chemistry among the strata delineated by
these mintaquitards. Are there differenceg®re some more saline than others?
These data are important, in order to ascertain whettteseinterconnections
could impact water quality in these areas.

dGeochemical equilibration modelling to simulate the result of mixing indicates that
changes will be minimal 6 { { / wlR04R). Did/the modelling take into account
the knownpotential presence ofultiple shale layers?

1 With respect to the potential confounding factors of existing interconnecting wells in
0KS aANRBdzyRgl G SNI Y2 R SfcanplatkeSsedsINRitlaeycB yfivatey 2 0 S a
well and the potential for crossonnection of the Red River Carbonate and Winnipeg
Sandstone aquifers was not explicitly assessed. While the magnitude of theqider
flux is moderate and demonstrates that thelafgrs are presently interconnected in
several locations, the magnituderiatively smalln the context of the overall water
balance of the aquifers. 6 { { / w | om0V X

- 2 KA eaShpbvatewel O2dzf R y20 085 ,4ndwhihR of h&viellsk2 g Y I

listedAy ! LILIDG! LILI c 0 HSNBE IAy@SAIIA ik & SIRKE & K& Yie
not explicitly assesséd Y & Wafe none of them assessed?

39



- othe magnitude is relatively smallyY K 2 ¢ Exiativd: iritekcénnecting wells are
indeed not numerous at the present timespecially in relation tthe thousands
more planned.What is the potential then, even if, say, only 10% ofakdditional
wellsbecome problems? They are also larger bores than the private wells.

| Dr. Ferguson in his review (AppB #FERGUSBON Y 2héreSnihYbe ells in the
area that do not appear on the Province of Manitoba database. This could include improperly abandoned
wells that connect the Winnipeg Formation with the overlying Red River formations. This could introduce

some uncertainty intdhe results of themodel £

¢ KS LINE LI y S yEdovNg:és iRty RilleYresénee of additional wateells
presents some uncertainty in theodelling results and wells thatay require mitigation during
operationsX will be important to idertify all wells (active and abandonedyithin the zone oinfluence
of sand extraction activities tallow for effective monitoring andhitigationX.To supplement a physical
survey of thdand for water wells, a comprehensiwonitoring plan is proposed taicinthis by
indirectly determining the presence and overall magnitude of crasmnnecting wells based on the

observed water level responsi eachaquifer® Emphases are mine).

- How exactly wilall wells be identified? Many old abandoned wells acelonger
evident at the surface (personal observatipo)hers, active or notmight be inside
residences or farm building€urrently, much reliance is placed on the public to
report abandoned wells for sealing to the province or local water conservation
districts, but obviously unknown numbers remain unidentifiBdsing deductions on
ocobserved water level responée afsa@difficult because of the many confounding
factors of joints, fracturexhanneling etc.(see p.784).

- What is the monitoring plato determine crossonnecting wells?

- What is the mitigation being proposed?

- Should not mitigation be considereeforeoperations, rather tharafter, when the
undesirable is already observabbnd we are in th@osition of: now wha?

In AppB (#FERGUSON I&is acfinowledged that there may be additional wells that are not

included in the database. These wells will be identified in advance of operatidhs best of CanWhite's

ability as described infarthcoming Groundwater Monitoring and Impact Mitigation Plan as described in
Section 7.5 of therepo X/ 2y 1Ay ASy O& YSIF adz2NBa F2NJ Syadz2NAy3a &1 GSN
[and]will be described imletail in the Groundwater Monitoring and Impact Mitigation PR(Emphasis

IS mine).

- There is no section 7.5 in EAP2.

- However section 8.&roundwater Monitoring and Impact Mitigation PI@BAP2) is a
LJ- 3 SThig docudnent will establish a framewérk 6 9! t HE LIJ®d dc 0 ARSI
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concrete details other than the areas which this future document might or might not
addressThe draft document submitted very late (see pp. 527Hpismuchbetter.

1 Not only does water chemistry differ between the Carb@ahd Sandstonesénsu latdp
aquifers,and possibly withimultiple shale demarcated subunits of the latter, but it can
alsodiffer vertically within strata of the Carbonate aquiferwhich is interpreted as
typical for fractured bedrocknttps://www.gov.mh.ca/sd/eal/registries/6154/eap.pdfAppendix E).
Suchverticalvariationsat the same location within the same aquifaust be taken into
account, becauswater chemistry is not homogeneous throughouthis has
implications for borehole penetrations, as well as for water quality monitornesplts
may differ according to the depth where samples are taken.

- Nitrate, a contaminant of public health concetig,not included in Tabl2. Pip
(unpublished dat) has found that nitrate levels in Springfield Carbonate wells vary
greatly, depending on local contamination soure@sl hydrological flow patterns
ranging from below detectable concentratio(ts0.01 mg/Ljo 12.5 mg/L as N&N, i.e.
in excess of the @adian drinking water guidelinef 10 mg/L N@N in the vicinity of
some intensive livestock productiaperationg. In Table 48 (AppA4), nitrate levels
were generally below detection limits, except for BRLRBFBom Winnipeg Shale, veine
the sample dated 202FebO0 [sid showed clear evidence of contaminatiargmpared
to the pre- and posttest samples from the same well collected on November 2 and
December 2, which were below detection limits. These three samples from the same
well ako showed unaccountable variations for a number of other parameters: the EAP
provided nocomment This well should be resampled.

1 It mustbe pointed outthat the bestwater quality(i.e. lowerdissolved parameter
values)isfound in the eastern portion dhe RM (FD, 2019; Pip, unpublished data),
which is also unfortunately the target area for the proposed projeateed,some
waters in that region compare favorably with commercial bottled watefBip, 2000)
and should be protected as a valuabfeture resource
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Table2. Summary of ranges of water chemistry parameterthe Carbonate and Sandstone
aquifers in the RM of Springfiel@he lower values are found in the eastern reaches of the

RM.Source: FD, 2019

Comparison of Carbonate and Sandstone Aquifers in the RM

Parameter Carbonate Aquifer Sandstone Aquifer
Calcium (Ca) 1.5-220 mg/L 6.7-46 mg/L
Magnesium (Mg) 7.3-220 mg/L 1.8-24 mg/T
Sodium (Na) 25210 mg/L 65-380 mg/L
Potassium (K) 1.1-12 mg/L 7.2-14 mg/L
Carbonate (COy;) < 0.5 mg/L <05 mg/L
Bicarbonate (HCO;) 200-680 mg/L 310-380 mg/L
Chloride (Cl) 0.87-12mg/L 12-310 mg/L
Sulphate (SO.) 5.8-970mg/L 1.8-150 mg/L
Total Dissolved Solids (TDS) 240-1,800 mg/L 270 - >2,000 mg,/L

1 Besides the concerns presented by aquifer interconnectithese is thepotential of the
thousands ohew proposedboreholes to facilitate the downward migration of
pollutants from their surface origins, and thus into both aquifétscording to Cherry et
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Goncerns with this projetcare further aigmentedby the large diameter20.3- 40.6 cm
(EAPL, p. iv)) of thieoreholes.

In the original EAP(p.13) dCanWhite anticipates extracting sand as a sand and water
slurry from up to 467 extraction wells per year at an approximate dep@iah (200ft)

in Winnipeg Sandstone aquifer. Operations will start out with lower numbers of wells
(up to 392 extraction wells), with the number of extraction wells gradually increasing
over the first few years of operatiorgs. @rNditial average of 56vell clusters of seven
extraction wells per cluster, annuadlyEAP1p.iv). However quoting fronthe later

(2022){ } t t [ m Sib BMea hasréducéd the total number of wells required per year

from 467 to 324 (a 30% reductiyin Theprojected lifespan is 24 years.

There isuncertaintyregarding the totakventualnumber of wells. According tie

reviewer inHGTR (p. 13} (i K S
horizon but there is no mention of the total numbef wells over the entire 24ear

LINR L2 Yy Sy (i

NB ¥ S NByeailsk] mMcy n

planning horizon which could total more than 10,000 wélls.any case, thexpected
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numberamounts tomany thousands ofnvasive penetrationsof both aquifers There
will also beadditionalwellsand boreholeghat, for various reasonsyill be unusableor
unintendedfor extraction purposes

Clause 3(1) of the Manitoba Groundwater and Water Well Act (C.C.S.M. c. G110) states:
da person must not construct or seal a well or test hole in a manneraif@vs the
interconnection or mixing of groundwater between the Winnipeg Formation and any
overlying aquifeg€

I OO0O2 NRAY 3 {2 Wida SacH unRid dali¢dS ohding wiltibe installed and

grouted in place to isolate the Red River Carbonate\Witthipeg Sandstone aquifers

from one another and thereby preventing vertical mixing of waters.0 9! t mX LJd @A A
OAfter sand extraction is complete at a well, the extraction piping is removed. The well is

then sealed in accordance with The Groundwater araté/Well Act using a grout plug

with layers mimicking that of the formation using materials such as pea gravel, native

material and/or bentonite on top to prevent any vertical movement between aquéers

(EAP1, p. 20).

This does not eliminate thgotential for intrusion during drilling and casing
manipulation imperfectsealng, carelessneser accidentsmore so given the thousands
of wells involved. It is almost certain that a number of them will be flawed, and even
more certainly over time thentegrity of somémany of the casingand sealswill be
compromisedor degraded Somewellsalready drillechave no casings remainitogit
were otherwise seale@n decommissionin/VDR).

The regional project area contains a number of surface watercoursksling

the Brokenhead River and Fish Creek (AppAl, Fig8)evthich are likely to be

impacted over the 24 year duration of the project. The Brokenhead River is a
watercourse of particular and unique ecological importance, and indeed is highlighted
with a nice picture in Sl@dvertising materia{SIOp. 19).

Water quality and contaminants in the Sandstone aquifer prepet¢ntial

impacts beyond the Municipality of SpringfieldAccording to Wang et al. (2008),
G5A&0KFNBS TN Ysaidstéhe dquifer is likely b glofEdepageRnhrough
GKS dzLJLISNJ O2y FAYAY3I f @SN YSIENI 2N 6SyStHaK
drainage from the eastern portion of the project area discharges to the Brokenhead

River, which also subsequentlgwils to Lake Winnipeg. Surface water from other

portions of the project area eventually drain to the Red River (EAP2, p. 37).

It must be borne in mind that the current proposal is bugiaceof a much larger and
Y2NB SEG Sy aABiSenFodaiirdzNgGlicatidh ililyAadbresges the first 4 to 5 years
of extraction. Any change in potential environmental impact that could result from relocating operations
in subsequent years will be addressed through the Notice of Alteration process set outiamsketbf
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Act, and as described in the regulatory framework section of the EAP (Section 1.7). Each future Notice of
Alteration for proposed extraction activities beyond 2025 will project a block of proposed annual
extraction areas, describe in detail thgigtingenvironment in that block and include a thorough
environmental assessment using monitoring data collectedng extraction operations and the follew

up activities proposed in the EAP (Sectio€ SRRICR63, #73 #185 #213 #22Q #280.

Thereforethe current initial proposal is a bellwetherits approval must be
exceptionallycarefully considered, as it will open the door for a sequence of future
iterations thatare planned taeexpand into additionategions andpotential additional
municipalities with the concomitantmultiplicity ofimpacts and concerns that may
ensue.

In their fulkpage ad in The Clipper (February 22, 2022, p. 5), the proponents boast that

their project will affectgenerationg ¢ A (i Kwltiigkr@ratiNdalgob creatich | y R
amulti-generational planning perhaps 200 years (see p. 558herefore thiss not just

a transitory and ephemeraindertaking but one that will impact significant numbers of
Manitobans for a long timdn the January 5, 2023 ad in The Clipper (p. 2), the company

A &haiing the impacts and benefits Sio Silica will have on Vfeuarid on future

generationst Yes, these impacts will certainly perdistus butwS OF y Qi KSt LJ | a
how much of the profits wilfemain to benefit Manitoba?

Boreholesand wells

T Some boreholes have alrealigen drilledand extraction has occurreghder the
latitude of Mineral ExplorationAccording to AppA(p. 58)aCanWhite drilled over 40
boreholes between 2017 and 202Drilling records can be fourid WDR Injection has

also occurredPermits for injectionwells arePermits #/W2019.02.1 HD Minerals; #\W
2019.01.1 HD Minerals; #”A2020.01.1 HD Minerals; #2021.01.1 CanWhite Sands Corp

The estimated 7800well number(from new amendment in SUPPL1, pigsumably

relates only to producing wellse.non-producingboreholesandl 6  YR2Y SR d RdzRa
FNE y28 AyOfdzZRSR® {2YS gStta |fNBFR& RNACTf
LJdzN1J2 4Sa¢é> a2YS 02NBK2fSa OF@SR Ay FFGSNI R
while yet others turned out to bassociatd with flowing conditionge.g. Well PID

200824, 200861)Thesenon-producingextra wellswill alsoposepotential

environmental risks

d Fy2KAGS {FyRa [/ 2NlJd O6W/ I y2KAGSQU A& LINERLR
sand from the Winnipe®andstone aquifer (approximately 61 m, or 200 ft below

groundg 0 9! tXm RnNipsboximaie depth of 51 m to 76émApPA1l, p. 19)Some

test wells already drilled have been in excess of 300 f@etore than 90 nge.g. Well
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PID 19786WDR).The envionmental impacts of such exceptionally deep boreholes
have not been studied.

Each of the thousands of invasive penetrations will present the riskiémement of
surface contaminants to the groundwater strata bel@gure 25p. 122). It is
important to place this number of penetrations in the context that:

a) they will all involve drilling througboth aquifer strata

b) they will be in addition taexisting water wells that penetrate both strata,
which arealreadyassociatedvith documented adverse effects (Betcher and
Ferguson, 2003)

c) they will substantiallyoutnumber existing wells

I OO2NRAY3I (2 [/ KSNNE SiG Ff ® OprewentvéllE AG A& 2
designs that cross connect or breeelquitards 6 S O I vidieabiltyTo &

contaminatioré¢ ®hereforeindiscriminate drilling into theSandstone aquiferwill

aggravate already existing issueand create new ones

A report on groundwater statusommissioned bpringfield (FD, 2019) unequaably
recommends thagxistinginterconnecting wells be decommissioiYethé following
specific recommendations are provided for the RM of Springfi#ells that
interconnect both the sandstone and carbonate aquifers should be targeted for
proper sealingand abandonmentt Emphasis is mingln other words, existing
interconnecting wells should be abated.

Thedrilling of vast numbers of new interconnecting wells outlined byghesent
proposal is entirelyand egregiouslgontrary to thisrecommendation as is thalrilling
work that has already been carried out

Locaizedperched water tablegFigure5) have received almost no attention in the EAP.
Qay layersof variable extent and thickness ocaraticallyat various stratigraphic

levekin the overburden(Figuress and7), andmayfunction asaquicludes The well logs

in WDR for wells already drilled demonstrate the occurrence of clay in several instances
at inconsistent depths above the limestone; indeed, there may be severdhgis, for
example Well PID 2008Zdcreenshobelow)(Markers are mine)
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WELL LOG (Imperial units)
From To(ft.) Log

0.0 2 ORGANICS

2.0 10 BROWN SAND
2 10.0 22 GREY CLAY

22.0 64 GREY SAND
> 4.0 74 GREY CLAY

74.0 90 GREY SAND
2 0.0 110 GREY CLAY

110.0 131 GREY TILL

131.0 140 GREY TILL

140.0 176 LIMESTONE

176.0 199 RED/ GREEN SHALE

199.0 239 SANDSTONE

Note thateach of theseabovelayersis of more than ampleéhicknesso meet
impermeability criteria (if intact)andrestrict verticalwater flow. For comparison, the
requirement for a compacted clay liner for earthen liquid manure storage lagoons in
Manitoba is onIy 1 metelhl(ps://www.gov.mb.ca/sd/ece/programs/pdf/clay_liner_febOO?.pdb.

Figure5. Schematic diagram @erchedwater table showingtypical mounding Source:
https://i.pinimg.com/originals/5b/5e/5¢c/5b5e5c4e51c15df46¢cf04a8562dfeldf.gif

46


https://www.gov.mb.ca/sd/ece/programs/pdf/clay_liner_feb-2007.pdf

Photo: E. Pip

Figure6. Overburden ooss section showinigterbeddedgreyclay layer(arrow)in a
Springfieldgravel pit Note extreme variability in size of the materiéil®. poorly sorted)
in somestrata, ranging from boulders to fine clay.
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Photo: E. Pip

Figure?7. Overburden cross section showing cktyatum (arrow)comprised otwo distinct (mainy
iniron content)contiguoudayers(brown and gey) in aSpringfieldgravel pit The fan shaped
blowouts in the sand strata below are points of preferred vertical water percolation.
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Table 1 (above) identifies a numbeneéllsind a I yR Yy R I {lé @ithie | ljdZA FS
overburden)in Springfield.Thesize of thesenini-aquifersora f Sy aSaé¢ Aa KAIKE
(FD, 2019)as is their water qualitysurficial deposits where these lenssm occur are

present throughout Springfield and areas to the east and south (F&julels important

to be aware othe occurrence othese lenses in the project areand to avoid them,

becausehey may introduce a additional potential source of inermixing

Ly ! LIIDO! LN c0 YydzYSNRBdza aNBIA2y Il ¢ aKlftfz2g
Quaternary sedimentssome are only a few meters deehelproponent notes that

Grive wells are completed in the overburden aquéfer g A G KAy G KS LINB 2SO
(RMSHRO001), thus there is no doubt regardititge need to identify and avoid these

areas.

LENSES OF SAND AND GRAVEL the aquifers occur in till and other surficial deposits, depth to the aquifers
ranges from a taw 1o more than 100 m; the size of the aguilers varies over a wide range - they can be from less
than a hectars to several square kilometras in area, in some areas the aquifers arg vary common and in others

they are scarce. Well yield ranges from less than0 1 L/s to more than 10 L/s; water quality ranges from very
poor 1o excellent
Figure8. Potential occurrence of watdrearing lenses Springfieldindicated in green)
Extracted from FD (2019).

Percolating contaminantsiayaccumulate in thé f ka@icer®and are released when

the aquiclude igunctured in this case with multiple holdsr one or more extraction
wellclustersb 2GS (GKIFIG SEA&GAY3I dalyR | yRId®NI gS¢t ¢
not pierce the aquicluddnterconnections of suclsolatedpoolswith the major aquifers
beneathpresent potential concernfor the reasons that:

1. Thelensesarerelativelycloser to the surface, anare morereadily contaminated.
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2. Their water chemistry is differentvariable andrespectivelyunique andunlike that of
either the Carbonate or Sandstone aqug@Pip, unpublished data)

3. The clay aquicludes provide local protection for the aquifers belowteycepting
anddetainingpollutants

4. Domestic wellsvhichdraw from a perched pockehaybecomepermanently
compromised if the aquiclude is damaged.

5. Even if the casings aaelequatelysealedtheir integrity is not eternalthey will
eventually corrode andegradeandseals may fail.

The EARidestepgheseissues.

In some cases, clay layers Wil needlessly punctured with r@andstone layer available
to exploit in the end, a wasted borehole, for example Well PID 199971
(WDRjscreenshot)

WELL LOG (Imperial units)

From To(ft.) Log

0.0 28 FINE SAND

28.0 61 GREY CLAY

61.0 102 GREY SANDY TILL

102.0 121 GREY CLAY

121.0 218 GREY SANDY TILL

218.0 295 GREY SANDY TILL WITH CLAY LAYERS
0.0 295 BLUE SHALE

Note that there is no limestone either, only till.

Not acknowledged in the EAP is tbemmon occurrencef organic soildn the project
area.Of the 42 wellglocumented inWDR, well logs report organic stratzot further
characterizedpt the top of the coreWell PID 200818,203688,203699,199976, 200899978,
199984,199881, 1999, 201054, 199968, 200864nother case is 205642 in additional wells in
WeII%ZOInformation%ZOReportsQuarriesNearVivian%ZO@).ﬁn additional five wellf WDRreported
1.5¢ 2.5 m of peat mosgwell PID 201401, 201400, 289, 201159, 201398).

This is aisturbing concern because:

1. Peat mosss associated wittsaturateddystrophicsurface conditionswhere the
water contains high loadings of diverse refractory and mefractory organic
compounds The wateris alsoacidicdue tocation exchangdy Sphagnunmoss
(Clymo, 1963)and other biological activitiesyith a typical pH range of 334.5
(Clymo,1964)
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2. Boreholes willacilitate direct contamination of aquifers with particulate and
dissolved organic mattemicroorganismsandwill introduce acid water

3. Highly acidic water will aggravate other potential acidification issues in the aquifer, for
example carbonate leaching and pyrite oxidatisadp. 2744).

4. Organic matter provides substratéor bacterial and fungal growth, and results in
carcinogenidoyproducts in the eventhis water istreated at some pointy
chlorinaion (see p.3294).

5. Dissolved organic carbon is already present in the aquifers, accordirapte 48
(AppA4, in somecases in significant amountdemonstrating existingollution, from
sources such as septic fields and livestock productidrusion oforganicrich water
would add to these levels.

These are highlynsuitableconditionsfor boreholes, and iis unfortunate that a
number of them have already been drilled.

dDrainage ditching will be constructed along Project access trails and at disturbed areas,
as required, to assist in directing runoff flow from rain and snow and maintaining
natural drainag pathways through low areds 6 & SO U A 2 Yseecp®yt PMZI 9! t HO

As pointed out above hiere are swampy/boggy areas in the project zone. The EAP
(section 4.3.1, EAP2, p. 37) minimizes/dismisses consideratamystirface water
within the project area, @l K 2 dz3 K  Adiicheb & lawidéainage argas || NB LINB a Sy

RPCR | mcy 0 TReiebrd ®&¥ns @ install wells in swampy a@és | 26 | NB
Gswampy areas R S TRArfié ke, if there are no plans for such wells, why have
numerouswells with logs reporting significant peat moss accumulations (V¢B&

above alreadybeen drilled?Peat moss is easy to spot, without digging or elaborate
fancyreconnoiteringand testng.

Is there the same assurance for areas which may be subject to overland flooding in
spring or in wet seasons?

owater well rigs that are the typical size used to install domestic water wells will
be used to install the sand extraction wedls. 6 9! )M~ LIP M

This is misdirectiorof coursethe rigsmay be standard, buhe holes will be much
larger, with diametes of 20.3- 40.6 cm(EAP1, pp. iv, 1j. LIS OA TEacOWdIB & = &
' YGAOALI GSR G2 0S mMcé RAFYSGSNI GKNRdzZAK GKS
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OKNRdzZAK GKS wWSR WAGSNI /IINB2YlIGS YR 2AYYAL
Winnipeg Sandstone (production casifig) 6 ! LILJ) mMmXZ LIJ® HoOUL @

The largest boreis a thirdgreater than the 30 cn{12 in)size of many town water supply
wells(e.g. BeausejourdiThe Anola water supply receives groundwater from a single 8
inch[20 cm]diameter well completed into the sandstone aquifer 6 C 5 2All thrgem 0 @
boresfor the proposedorojectare larger than typical domestic well&r whichthe
Canadian standard 5 cm(6 in), although many wells in Manitoba are smaller
example my owrRed RiveCarbonatewell, drilled in 1979is 10 cm (4 in)The potential
for contaminationand future issuess proportionately increasedwith larger bores

| 26 SOSNJ (0 KS LINRTIR By tilizNSsgarid? /dRd@erer Well pipe
available to all well drilling contractors. Well dimensions are of simiarte wells used
to source water fotarger use community and industrial supgyRPCR176)Emphasis
is mine)

Therefore these project welboreholeswill be the staggeringsizeequivalents of

0 K2 dza I yaRex us2 dmraunity and industrialupphé ¢ Lrarhnded ino the

limited operationalareaY Rafional Project Areais comprised of an area up to 10 km
beyond the Project Site which is intended to account for the maximum spatial extent of
potential effects of the Projeét 6 9 ! 20)M\Rd of.ddurse, there are the future
additionalaspirations to consider (see Figure @) even the200 yeartimeline (p. 554.

I O0O2NRAY3 (G2 21y3 Si Fftd oHnnyoI GOSNIAOLf
the Sandstoneaquifer isbecomingan increasingly important component of the total
NEOKIFNHBHSZ YR Fa RSYFYR 2y GKS I|1jdzA FSNJ INP
NB f S¢ & verical MiBvergeNtdf associated contaminants from upper stratail
becomemore significantover time. This emphasizes the importance of minimizing

potential opportunities for contaminandources andransport, andrestricting activities

and development which may present risk.

¢ KS LINR LI2 Y S yiitk po@rfial ok c¥h@mingitida Froth suace to reach the Winnipeg
Sandstone aquifer would remairery low due to the presence of relatively low permeability overburden
materials from ground surface to a depth of approximately 25 m, and the presence wélammore
permeable aquifer overlying the Winnipeg Shale aquitard, which will act to convey any contaminants
laterally rather than vertically downward toward the sandstone at a depth of approximately 75m below

ANE dzy R {SSCRIRD2 #GHED12)(Emphasis mine).

Thus, although the virtues of protective overburden are haitédhst sites that have
been selected for Project activities are on previously disturbed sites such as gravel
quarries or operfields¢ 0 ¢ ! (Emplasispsinine)The protection obverburden has
been removedr diminished in gravel quarries, and the water tabieay beexposedn
the pit ponds.dThe degree of aquifer vulnerability is dependgsit]largely upon the
thickness and properties of materiaverlying the aquifer and the properties of the
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pollutanté ¥ dAgaiRers that are exposed at or near to the surface have an increased
vulnerabilityto quality degradation from surface activities. 6 C 5 2Thesessiteshared
at the greatest risk of direcontamination and the grmeablenature of the aggregate
matrix facilitatespollutant travel to surrounding wellsvhich attract contaminant
plumes(Figure 25p. 122). Open fields, on the other hand, are at great future risk when
the abandoned decommigmed boreholes/casings provide eventual conduits for
manure, chemical fertilizers and pesticides.

While sand extraction will occur primarily in April to November, well drilling will occur
yearround (EAPL, pp. 2, 11, 14). Therefore extraction will inyr@ses not commence
immediately on drillingL Yy { | t t [Wells thatddre capped amd not active
resemble a domestic water well withd ft of white PVC casing coming from the ground
and a locked cap on ta.

In RPCR (#169) Vierther learnli K I vileNcasidys will be secured (capped and locked) at all times
when no active work is occurring at the well. Wélls will be installed with a lockable cap and will be
identified with a tag and flagging to mark their locationgtevent accidentatiamage from vehicles. Caps

will be secured so that only authorized personnel will haveess to then

In the interim, the protruding plasticasingseem vulnerable twandalism or damage

(e.g. farm machinery, recreational and other vehicles, pteps andl tad and

flagging A€t € I LI NBYy(fe LINGedW Beo okakdadrigrs @ LINE U
warning sign®r enclosures. Will thanactivesites be monitored for casing damage and
condition? Whatremedialprocedures will be in place in tlevent casings are breached

or destroye® How will possible contamination be assessadd what, if anything, will

be done about it?

There is no mention of moundingilthe casings be mounded to safeguard them from
spring runoffor storm floodin@ Wellsdrilled in winter may experience spring overland
flooding(e.g. Figur®)>z S & LIS OA I f flow drainAge BrkaS($e®ian 413.¢, EAPQ,
p. 37) Locations which did not flood previous years may flood in otheM/hat are the
protocols andplans to pevent contamination?
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Photo: E. Plp

Figure9. Incursion of contaminated spring meltwatertorrecently winterinstalled (2020)
wellhead (in foreground) for Beausejour town water suplien dry, the ditch is a popular town
dog nuisance groundn summer, manure is applied to the figlsee Figure87 and88, pp. 341342). (item to
the right ofwellhead is a discarded beer can).

T ' O02NRAY 3T (2 PUKSoretelNE 4hiy i8ny ibiXeasé of handling, and
cost. PVC casing also will notrest. 6 { { / w-lR@02).Hobvb illtsoil expansion and
contraction associated with freezbaw cycles affect thepperembeddedportions of
the PVC casingg®hd how will the protruding and exposed portions fare in prolonged

freezing conditions (Figurkd)?
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Because CPVC pipe is brittle, it will crack if it endures freezing
temperatures for too long.

Figurel0. CPV@ipe cracking due to brittleness at prolonged freezing temperatures.

Sourcehttps://www.1tomplumber.com/bestpipesfreezingconditions/. Note: CPVC pipe (shown here)
is more robust and durable thahe plannedPVClittps://www.astralpipes.com/blog/knowthe-major-
differencesbetweencpvcpipesandpvcpipes27).

1 Section 20(1) of The Groundwater and Water Well Act (C.C.S.M. c.Gg110) Well
Standards Reguian mandates aninimum casing stickip: éa person constructing a
well must ensure that the well casing extends not less than 30 cm (1 ft) above any
finished surface or the established ground surface when the well is compgeted.

Furthermore, according teection 20(2), théandownerA & NXB & Logef@ach 0 f SY «a&
completion of constructionthe owner of the land on which the well is locateid

responsible for ensuring that the requirements of subsection (1) remain satified
(Emphasis is mine)lhis presents an awkward enforcement situation, since the well does
not belong to the landowneit seems that it is time to freshen up the legislation.

Extraction process

1 The schematic in Figure2(EAPL1), also Figure®2(AppAl) shoimg the components
and configuration of the sand welpparatusK I & G KS Rxadp@OhBAdY S NJ d
Therefore the actual situation witlossiblyd S ay 2 (i  [TRered dedgaishét
disclosedn the EAPdAT he design is proprietary to CanWhite (pateendingg RRCR
#165).IN SSCRIR2 #DIRN n M0 X G KS LINRthd@msiSoyl tias heyrRA O (1 S &
patented by Sié iBdicatingthe patent isgranted; however theelevantsite does not
show that the patent is issued
(https:/iwww.ic.gc.cal/opiccipo/cpd/eng/patent/3080017/summary.html?query=CanWhite+sands+corp&t
ype=basic_seargh
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Air lifting has already been conducted at a number of WeN®R also Permits #1W

2019.02.1 HD Minerals; #M2019.01.1 HD Minerals; #/2020.011 HD Minerals; #2021.01.1 CanWhite

Sands Cotp The proponentdeclaresa A Yy Ay 3 2dzié¢ 2F (GKS | 1j dzA FSNJ
an Environment Act Licence (EAL) is issued. In the absence of an EAL, no mining activity

has occurredto da® ¢ 0 { {SSGRIR1 KNIBEN/AQR®21). Thuswe learn thatthe

sand piles in Figurgl and other placesvere not mining activity.

Photo used with permissiofOLS)
Figurell. Not mined not coveredsilicasand pileextracted fromasand weliin
Springfield

Fom the informationsolelyin the EAPno evaluationis possible eitheof the designor
of theriskposed fromair escajnginto the surrounding aquifer from the apparatud/e
learn iNRPCR#Mc p 0 G K| (0  inKcS ik INBiyS@EbBles M & cugwéater.é

However, design of the air lift apparatus that will presumablydmel likely has been)
used is found ithe Patent Applicatiof{CPA)whichlatter is notincludedor referenced
in the EAPbut has been provided in SUPPLARPCR#24, alsoRPCR #153
&CanWhite's drilling and extraction method utilizes an air lift method that is routinely
used in water well drilling throughout the world, including in Manitoba and the local
area where thousands of these wells have historically been dél\afthy, then, is there
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a patent application by the proponent for th6S i K2 R~ A Froukiriely isédin I £ NB I R ¢
water well drilling hroughout the world K

Perhaps an attempt at a partial answer is giveRRCR | M pToelleYign ié proprietary to
CanWhie (patent pending), but a diagram of the extraction method and descripsiguovided in the
EAP Section 2.2.1 and Figur2.2Vhile the exact activity of extracting sand from the grotimdugh a
water well drill hole using an airlifhethod does not exist anywhere else that CanWhite is awarthef,

use of airlift drilling methods is a common practice and can be applied to extracifsand

G Andethdd thét is routinely usegl E Yy B a dommon practice But at the same time

0 K Sethind does not exist anywhere eéfsee also p472). While thepurposeof lifting
water AND sand is touted as a difference frissnapplication irplain water wells, & lift
isalreadyused to clean out sandiebrisand drilling fluidsn the course ofleveloping
drilled water wells although the duration of the procedure is much shorfEne

absence of a well screen is another distinctiGhie key difference is that normally once
a water well is drilled a screenirsstalled in the sandstone to prevent sand from
entering the welE RRCR153).

Indeed, in SSCRIR2 (#MS8ACL6(a)), the proponent uses the commonness of these

LINE OSRdzNBa +a |y SEOdzAS G2 SoBRSBiy@ANRYYS
and rotary drilling are, individually, relatively common practices, and these

methodologies have been subject to prior environmental assessment on other prbjdrts

cdzii = 0 K S urligheRnQréuat Zomkides the air lifting and dual rotary drilling

methodobgiegs ® {2 A& Al dizwécdprdae ta\cbndrdithrR)s/ does

the combination become rarePhe conundrum can be compared to viewMdC.

9aO0KSNDa Tl Y2 dza gebahRdd&iendever HetidehinXhs éns.

0Since April of 2019, many successful tests have occurred demonstrating the feasibility and repeatability
of the method. The results and data collected have been thoroughly studied by engineers, scientists,
geotechnical engineers and hydrogeologists. Adddi studies have been conducted and results modeled
and analyzed: (geotechnical report [Stantec 2022]; and Hydrogeology and Geochemistry Assessment
Report [EAP, Appendix]). Thus, the extraction method is well understood and has been successfully

demonstraed € RRCR153 also #158

- Thedmanysuccessfulests have presumably occurraghder theaegisof the few
exploration andnjection well permitgbut not all exploration wells were alifted
(WDR).
- Since there seems to be so munftresulisanddaté = F Yy R &2 Yl yeé LIS2LJ
allegedlyseenandadmired them, why are theefindings or at least a statistical
summary, excluded from the EAP?
- Where are all of these studieand the evaluations hiyne crowd oféengineers,
scientists, geotechnical engineers and hydrogeologists
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- Where is the Stantec 2022 report? It has not been posted on the Registry site.

1 The EAP omits mention tife Pulsed pressurized air burs@hat aredescribed in the
patent application (CPAthe purpose of which is to loosen the sand. The GTTR similarly
does not refer to this aspect of thetendedair lift process. Since this feature is
included in CPA, presumabityhas been tested: was this done at the injection wells for
which permits have already been issu@érmits #/W2019.02.1 HD Minerals; #h2019.01.1 HD
Minerals; #IW2020.01.1 HD Minerals; #2021.01.1 CanWhite Sands)2dipese permits nmie no
mention of air injection into the aquifer.

Yet Figure 2 in SUPPL1 shows the production pipe extending beyond the compressed air
conduit, implying no air escapeto the aquifer This incongruity requires clarification
because of its importance in the consequences of oxygen introduction into the anoxic
aquifer.

1 My RPCHRuestion (#193) rquesing moreinformation regarding theompressors
elicited the following\NB & LJ2Af @iSs¥agecofipplication for the Environment Act
Licence, detailed design information (e.g., pumping capacityhorsepower) is not yet
available. Such proprietary information would be provided only to regulatory
authorities€ Ergq none of our business.

Yet Table 8in EAP2 seemperhaps inadvertenthyj 2 € S| { 0§ K&S50a8r@NBGY
Final Oil Free Rotary Screw Air Compresde look up this Sullair produourselves

(Figurel?) and seethe following information shamelessly and openly displayedngat

125 psi (75150 psi range), 1550 cubic feet per minute, 500 hp (373 kW)
(https://america.sullair.com/sites/default/files/202:1

02/LIT%20Sullair%200FD1550%20Tier%204%20Final %a0BrdeAP15500FDT4F202Z0EN. pdy.

It is mystifyinghat the compressor was identified in thegiginalEAP2 document, then
in the muchlater RPCRve have suddenly clammed up. Has the magnificent OFD1550
beensidelned?

Much lateragain,we see that 0, apparently not, as it (only one) reappears in SSCRIR1
(#MBEN/OL$R-016) and has, at least for the time beingeen declassified anestored
to glory.

Regardingperating extractiorpressurewe have to refer to th&CPAwhich provides the
F2fft26Ay3 SEI YLXSY daLy @& shoomBaatsufacs EI YLX S
may be used to inject air with a positive pressure and high volume flow rate, such as at a
pressure within the range of abo@30 psi to 90 psi with a flow rate of about 300 cubic

FSSG LISN YAydziS (2 | 0 2Tese metrios ar® dadeks@od¥oS S & LIS
refer to one operating well.
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https://america.sullair.com/sites/default/files/2021-02/LIT%20Sullair%20OFD1550%20Tier%204%20Final%20Brochure_PAP1550OFDT4F202102-7_EN.pdf
https://america.sullair.com/sites/default/files/2021-02/LIT%20Sullair%20OFD1550%20Tier%204%20Final%20Brochure_PAP1550OFDT4F202102-7_EN.pdf

Will onecompressoservice multiple wells® KS I y a ¢ SINJels dom@iSa 3 o
‘cluster' will be serviced by one rotary screw;fodle compress@ RRCR193).

But what about two adjacent clusterhe EAP1 (18) unequivocably states that up &

maximum of sevenwell© I y 2 LISNI (S | ditholigk Sp taiskverS G A YSY &
extraction wells may be operating simultaneously in one well cluster at any given time,

this maximum number of well®perating simultaneously maylsic]spread across two

adjacent well clusters (e.g. four operating wells in one cluatel three in an adjacent

well clusteré (Emphasis is mine)his target numbeof sevenre-emerges in several

placesin the documentation. Howeverable 63 in EAP2 specifid® operating

extraction rigs The discrepancy is not explain&thich is corret? Couldten wells

potentially operate at the same timelf so, all of the EAP models need to be adjusted.

But then, INSUPPL1, Figulel (alsoGTTRp. 5), there areow FIVE wells per cluster. If
THIS version is the correct one, will a maximureesen wells still operate at the same
time, as this latter number has not been amen@eBut with 10 extraction rigs, this
would mean thatll wells intwo 5-well clusterscould/might operate simultaneously.
The reader starts to get dizzy.

But wait. Inthe still later RMSHRn n neach ell cluster will consist of seven wells
again Furthermore, the Avell arrangement is also reproduced in the figure in RMBF
006.Here is a summary:

Date Source Page Number of wellg
per cluster
Originalproposal | EAP1 Figure 23 7
a AppHApPpPAG) entire 7
June, 2022 SUPPL1 2 (Figure 11) 5
September, 2024 GTTR 5 5
November, 2022| RMSHR -004and-006 7
November, 2022| SSCRIR1 #MSSIR] 009 secret
RMSHR 006
January, 2023 | NREP 1/8 Any number <6

Note: AppH is located in AppA6

But thenwe learn thatthere isa speciatt O 2 y ¥ A R S y itithe doigfide@tiSl Nfishr2 y
wasalso filed to the Approvals Branch and the EEESCRIR1 #MSSWD09, also

RMSHRO06) Andil KSy Ay (GKS WI y'dzlNEsters arSalseiradsced b w9t
from seven wells to a variable number of wells, but less than six, depending upon cap

rock thickness in the extraction area. For example, some clusters are now as few as one
single well while others may be as high as five vé2@ne would think that something

as acutely basic as this would have been established long before the appliwason
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contemplated Wegiveug I YR R2y Qi ¢ lay i Silzov tidsdhdiofy & Y 2 NX
the pile-up and push on.

The number of wells operating at the same time appeanetoainunchangedSince

presumablyup to seven (?)or perhapsmore,wells will operatesimultaneously

possibly/likelyin different adjacent clusters (EAP1, p. 3), will waéant, solitary

OFD1550 be able to generate enough oomph for this many wells, at the pressure and

flow rate required for each? Furthermorsyperpogion of drawdown cones may

require more pressure (see §3+4). Andhoses would need to be snaked between

different operating clusterérom the one machingadding to the pressurattrition

headache! YR (KSy (GKSNB | NB (KS Fribedcrktiie/lCPANe f & LINE
R2y Qi gtyid AG G2 odzad | dezigtlikelg deddsa G ¢ KI
partner. (However, see Noise B63).

In the latest cluster revision in NREP, some clusters may have very few wells. In areas
where such clusters occur, witlorethan two clustersave to operate at the same time

in order to maintain the necessary window of flow rates in the systelo® wouldthis
translate in terms of logistics?

Ly ¢!/ ol pt0Z K ShehBuged S #tSNIadatyt Wn&iyré ugt

be free of lubricants, hydrocarbons or other chemidal& | &G Yl & AYLI OG oI (S
¢ KS LINE LR Yy S ganWmiSareagydRsicyntractors will use ditee

compressor® tihe pluralhere suggests thaindeedmore than one compressor will

operate(seepp. 363364). More uncomfortably, does the future tense suggest that oil

free compressors have not been used in the Permitesd wellswhichhave been

extracted already?or a possible answer, shtps://www.winnipegfreepress.com/thearillon/local/FormesCanWhite

employeealleges-well-contaminatiorlaxsite-safety
575758671.html?fbclid=IwARO_3_MXoo3we8hCYt2g_tHrzXI2tG_tl1rxWPOsKX8guTaHCFAmM4jse7uM

The continuously operating compresgs)will generate a great amount of heat

especially in hot weathedk A Y ONB I aAy 3 (GKS FFYOASYd GSYLISNI
GSYLISNI (dzNE 2 F  (hefsSmw dindstadticdd@mechaNdpait & 2 NI €
compressors/what%EZ%SO%qsisssiblewhen-operatingrotary—screwair-compressorehot-ambientc). In addition, dusty
environments can aggravate the situation; the manufacture2rdcY Sy RayY aeé2dz R?2
want to install an industrial air compressor in an area with a high amount of particulate.

CKFEG OFy 0Oft23 I 02 2 f(hpNanehcayuidrcoflmoithedipyod S NK S (0 A
industriakair-compressomithstandsummerheat). There are two cooling options for these typesodf

free compressors: air or watéiquid coolant While air cooling is more common in

avyl t f SN Whateddodled Sompressors become more common in larger

machines, between 126 n n  (Rullidr£€2019).
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https://www.winnipegfreepress.com/the-carillon/local/Former-CanWhite-employee-alleges--well-contamination-lax-site-safety-575758671.html?fbclid=IwAR0_3_MXoo3we8hCYt2g_tHrzXI2tG_tI1rxWPOsKX8guTaHCFAm4jsE7uM
https://www.winnipegfreepress.com/the-carillon/local/Former-CanWhite-employee-alleges--well-contamination-lax-site-safety-575758671.html?fbclid=IwAR0_3_MXoo3we8hCYt2g_tHrzXI2tG_tI1rxWPOsKX8guTaHCFAm4jsE7uM
https://www.airbestpractices.com/technology/air-compressors/what%E2%80%99s-possible-when-operating-rotary-screw-air-compressors-hot-ambient-c
https://www.airbestpractices.com/technology/air-compressors/what%E2%80%99s-possible-when-operating-rotary-screw-air-compressors-hot-ambient-c
https://america.sullair.com/en/blog/tips-help-your-industrial-air-compressor-withstand-summer-heat
https://america.sullair.com/en/blog/tips-help-your-industrial-air-compressor-withstand-summer-heat

T

2 KATS GKS KLI AY T 2Nieiark2 RPERELI3Y) thd GFB1S50 th&t R

is lusted after in EAP2 (Tablepis a 500 hp machine (sabovesourcd. It has darge
110 L radiatorAccording to the manufacturer, thequid coolant in this machine is
standard antifreeze, whilehe engine side coolant sgsn is air over liquid cooledvhich
therefore must be kept clear of duand obstructions

A safety concerrhererelates to thestrict prevention of antifreeze spilidue to
carelessness or negligenaden servicing, operating, or transporting the maeshiand
to proper disposal of the used fluiltthylene glycol is toxic nimals and plants, and

animals are attracted to spills because of the sweet taste, with lethal consequénces.

completely dissolves in water, whicénders it highly transportable. While it eventually
degrades, this process is much slower in groundwater (up to one month) than at the
surface due tdactors such asold temperatures and absence of photoly&$aples et
al., 2001)In use, atifreezebecomes progressivelycontaminated with leacind other
heavy metalsas well agoxic hydrocarbon#cludingcarcinogenibenzeneto the point
where it must be managed &mzardous waste
(https://www.enr.gov.nt.ca/sites/enr/files/guidelines/antifreezeguidek.pdf). Thehydrocarbon
contaminants are much more persistent in groundwétsan the glycaland metals
never degrade.

These concerns algxtendto any systems that will be winterized usiethylene glycal
or vehicles and equipment that utilize anggze

Oil-Free Rotate Set . L
Cutaway schematic standardliquid-

cooledoil-free screw compressashowing
innards
Sourcenhttps://www.gascompressors.co.uk/wpontent/uploads/sites/11/2021/03/OiFree ScrewCompressor.jpg
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OFD1550

Figurel2. TheOFD1550 Tier 4 Final Oil Free Rotary Screw Air Compressor

Source https://america.sullair.com/sites/default/files/202:1
02/LIT%20Sullair%200FD1550%20Tier%204%20Final%420BrévtAP15500FDT4F2024I0ZEN. pdf

The EAP contasralmost no information regarding the onsite dewatering process

GThe water portionof the sand and groundwater slurry that will be brought to surface

through extraction wells will be separated from the sand at the extractiongsited 9! t mZ  LJe
11). 8 KS &l yR |yR 3ANRdzyRgl GSNI af dzNNE oAt f X
extraction sitewhere the sand will be separated from the groundwader. 6 9! t mX LJO
also see p. 18

GThe dewatering equipment is designed to handle large volumes of water and has been
sized appropriately to handle fluctuations in water volumes to avoid overflows6 9 ! t m X
p.23).l g At f dzad S ltlis eXpéciked tBafthe ldBvat&iNg¥andépump station

will require 1460 connected hpto operage. 6 9! t mX LJ® Hc U D

In response to questioning, the proponent provides&i 0 S NA 2 NjrigaxyS g 2 F | @
dewatering screeé (Sio Silica Corporation (SSC) Responses to Information Requests (IRs) Round No. 2
Appendix A which shows a laughably uninformative rendering of something that dosild

anything, a piece of commercial bakery equipment perhaps, attached to a ladder with
greenrungs (Figurg30 ® ¢ KS 2y f & KE&EMEE ozl of { @S totKA ya B gAY
it will likely be different anyway.
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Example of Primary
Dewatering Screen

Figurel3® t NR LR y Sy i
rendering of an allegedxample

Gt NAYIFENE 5S4 4GS
b2GS GKIFIG Aéyhra
From:sio silica Corporation (SSC) Respon

to Information Requests (IRs) Round No. 2
Appendix A

Example only

It cannot be overemphasized how criticaktbewateringstage isn risk managemengs
it will be onsite, and the manipulated water will beery vulnerable b contamination
during this process

However it also might not always be on sife)Y Thé design of the dewatering and

pumping station provides fat to berelocated only once peryead o wt / w
#122YEmphasis is minepo where will itbe?In TAC (#9i is clearly statel that

RS & (SN Y tthe el ClusrGigédshdiladly in SSCRIR2 (#BDRX n o ThE  d
sand and groundwater slurry will then move taewatering station at the extraction

site where the sand will be separatdtbm the groundwatet 6 9 YLIKI 4Sa | NB
There is no explanatioof this veryseverediscrepancyHuh.

TAC gquery (#9licited a little more informatiomabout theactualprocess

aThe dewatering process is as follows: The sand and water extracted from wells will first
pass through &ycloneat the well cluster siteto remove some water. Then the sand

and water at 65% sand will pass over a dewatering screen. A dewatering scresTeis a
layer inclined screen. The screen catches the sand, and allows the water to pass
through. The wet sand then travels off the inclined screen into a sump, and the water
that flows out the bottom of the screen feeds into the UV light treatment systemrieefo
reinjection (by gravity flow) back to the sandstone aquifer. When the wet sand enters
the sump it is mixed with recycled water from the Processing Facility and is then
transported (pumped) as a sand and recycled water slurry through a slurry line to the
Processing Facilig/(alsoRPCR191)Emphasis is mine)
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The following questions arise:

1. What is the desigrcapacity, flow ratand centrifugal force exerted by the
cyclongs)?

2. 6Except for a residual amount of moisture that remains withshad as it transfers
to the slurry line, the entirety of the groundwater (once separated from the sand) will
be returned to the aquifee RRCR32).

The percentage of sand in threaw extracted mixture will greatly vargEarly in the
extractionprocess for each well, the slurry will consist primarily of solids (est. 70%) and
will slowly reduce to approximately 280% near the end of well productign. o ! LJL) m X
22).Inthe9 ! t t C 6! LIBISY fok Ehe well &¢sid]as high as 90% safi@nd

in SSCRIR1 #DIRN007,dThe sand water ratios can be as high as 90% sand, 10%évater.

The LINE LJ2 v S y#4) @scriptionimplies thatthe targetresultfrom the centrifuge
will be a constanf 65% sandThis is puzzling. In order to maintains content, water
would haveto be addedto reduce the sand content frortihe 90 or even70%that
occursearlier in the extraction of the welDbviously(or hopefully)water additionwill
not be happening.

Therefore where initial sand contenalreadyexceeds 65%, will the cyclaofs¢be
bypasse@ How?n(i K S a S cagdR, dreSvillBe lesseinjection waterfrom the
dewatering screenwith implicationsfor well interferenceissues

Or, mightthe mixture proceed through the cyclone and screen regardldss?, is there
a maximum sand content limit (above 65%) beyond which the equipment clog&/ap?
are stuck: weneed a critical piece of informatiolVhat is the sandvater content after
the entire dewatering processbefore it enters the slurry traim

3. Where the initial sand content is less than 6%#,ambiguous initial amount ofater
will be removedby centrifugingWhere will this supernatant waterfrom the cyclon€s)
go? According to the abovEACdescription,apparentlyonly the 65% sand/water
centrifugedmixture will proceed to the inclined screen and only this water will be
captured for subsequent reinjectiohlow much total volumém?®) of water will the

LJ

supernatant represent i KS R S & O NA daliichvatgé 2RF2 S\El  ylieiay Ga dzF F A O 8

be substantiaht the lower sand percentagan the latter stages of well production
2 KFEG gAff 0S5 soRgwase thak apgarentlyKdbes not proceed to the
dewatering screen?

4. To add to the confusion, the later description in SSCRIR2 (RDIOS) makes no
mention of cyclones:
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OExtracted sand passes over a dewatering screen where the water is separated from the
sand. The water drops below to a differenvé of the screen and the sand remains on

top. The sand travels off the dewatering screen into a sump which is fed by the recycled
slurry line water and feeds into the slurry loop. The water that comes off the dewatering
screen, comes out of the screenardifferent location where it flows into the water

filtration and then UV system. It is not mechanically possible to mix the two.

The sand and groundwater slurry brought to surface will pass through vibrating screens
installed over a sump pit at the extraon site which will capture overs such as
concretions (calcified sand) which are commonly encountered.

The sand and groundwater slurry will then move to a dewatering station at the
extraction site where the sand will be separated from the groundwater.

Comparing, in TAC (#9), the cyclone was the first step, but absent here. Next in TAC
were the dewatering screen, sump for the sand, and the water diverted for treatment.
Then the sandrom the sump enters the slurry lines. In the SSCRIR2 version, wa have
dewatering screen, then vibrating screens and sump. Sand then travels to the
dewatering statiorg is this where the cyclones are? Is it correct that now the cyclones
are at the end of the process rather than at the beginning?

It would beimmensely helpful if the actual design could be finalized and the operations
RSOARSR dzZLl2y @ . dzli Sdraled de®dn ivith Prycisd cnfiRi@nsdsS R dza
etc., are still being finalized and those details are not required to understand anslsasse

the potential environmental effects from the proposal. 6 { { / W-IRBOB). Acthdllyb

the design details are important in order to understand how and where the water will

be routed and processethecause there will be a lot of it, and people will enlling it.

LG A& GNHzS GKIFG a0KS R Slatariversorichangy thaiakose RS G | A
65% sand content value that was specified in TAC (#9)?

5. RPCR#32)contendsil K lthi endirety of the groundwater(once separated from the
sand) vill be returned to the aquife® gEmphasis is mine).

F'3FAY Ay | fedlitw allggiownewatZr exécept for residual moisture content in
the sand will be renjected into the sandstone aquifer.

I 3 Oyhzthe @mall volume of residual moisture haldhe sand (~10 US gpm) is not
reinjectedé (RMSHR004).

INRMSARN np = NB T SNBy 08@anrdedB% YelnjRe8on dcgnaigo @
(Emphasis is minegimilarly in a September 11, 2020 letter to the IAAC, a top CanWhite
2 T T A OA lAhet zeidBolutlory CWhas proverthe ability to not remove aquifer
water while harvesting the sand, therefore there is no anticipated water draw from the
aquifer or need for water disposal or discharge at surface
(https://wvww.ernstversusencana.calviviasilicasandsextractionwellsmanitoba/)(Emphaseare

mine).

65


https://www.ernstversusencana.ca/vivian-silica-sands-extraction-wells-manitoba/)(Emphases

These statementslo not reconcile with TAC (#8hd RPCR (#32)heycannot be true,
as,aside fromthe water in the massive volumes of wet samdt all of the waterfrom
the cyclones ok 2 @ WilNG 2turned (see p64), among other losse¥Vhat about
losses in theladge drying fields (SUPPL4Y Rk 2 NikripksE @ wRq0Z?And,
where is this vauntegroof?

oPilot testing has demonstrated that reinjectionegsentially allgroundwater extracted
with the sand slurry is feasib&.6 { { / (@mphasis i® mine)Vhere are these data?
Apparently, from these remarks, the dewatering station has already been teAtade
from screening, what about the other stages in the convoluted concatenafisteps

And evaporation from the future massive sludge dryfietgs (if used) and the

mountains of moist sludge destined for disposal afterwards (SUPPL4)? At what points
were water volumes measurdd allow fortheseclaims to be made And where did
thewatS NJ F NIivt tastk gogdsince it could not be digiectedaccording to the
proposed protocd Was it reinjected regardless (see chlorination 0829)?

6. In SSCRIR1 (BLRN n Hlbigassémed that there will be some water loss in the
system from evaporation from the stockpiles. Stockpiled sand is siggubat

approximately 15% moisture content and will drain or evaporate down to approximately
7% or less moisture contefit

In RMSHR-009,6An estimatedwater loss of 54 m3/day (10 US gpm) was initially
estimatedby Sio Silica staff based on flow monitoring and laboratory testing conducted
during field trial¢ 6 9 Y LIK | & S\ile abshids th¥ ks Yh&daith loss for one well.

Further,6A loss of 10 U§pm equates to a residual moistucentent[in the sandjof
approximately 3.6% which was judged to be reasonable ircéimeext of literature
valuesb ¢ = {1 KtBeN&BUE af B&m3filay (10 US gpms adopted as the volume of
water that was retained by #1sand, and hencenavailable for reinjectios.

2 KSNBE I NB (KS NBanzhitiriag agdfabdretofy te@tifgKi K & & y &
data points contributed to this final estimate?

Could we please explain the 3.6% residual moisture content loss versosittie
greater15% and themrainedto 7% moisture content in the stockpiled santi8eems
that all of that 15% is lost¥Where does the excegabove 3.6%in the stockpiled sand
come from? If it comes from the slurry line fluiok, another source, including the
processing facility well, it must be replenished, involving draw. Wherever it is coming
from (excluding rain), would not this amend the 54 value to 22pen day?
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Since the proportion of sand will vary enormously at different stages of a well extraction
cycle(AppAl, p.22), in some cases up to 90% sand (e.g. SSCRIRR-80R)Nobviously

the water loss due to residual moisture will also vary-tiaglay. But onlythe one daily

@t dZ¥% m2/@Fa¢ & provided: how was it obtained? Is it amerageover the 47
production days for a well? Or is it a minimulvhat were therangesof values over

the production life cycle of a welW¥e expect thesand proportiongo have been front
loaded, and to decline in the latter phases of extractisee also p. 90)

In any case, this is the daily valgigenfor one well.Using this value,even wells will
amount to 378 mper day. Over a total production cycle e74lays, this will amount to
1512¢ 2646 ntof lossper cluster equivalent, a not insubstantahount.

Theprojections are complicated by the uncertainty surrounding the number of days an
individual well willbperate, and likely will depend on the sand suppgtpur days is
specified in AppH(AppAG6); Bdays inTACGMemo 1)(see discussion on p9). Might
different wells in thesame clustehave different durations of production?

What daily records will be képegarding pumping rates for each well, total volume
extractedper well and cluster, and volume of water returned? Since presumably these
RFEGF Attt 0SS otuNEndip@ndeitlowBighBonimithisi

information?

Ly 9!'twm 6L mn0O owdterdhstS refuiedl toNlds FabdstBdydD S (2 @
There is much confusion surrounding the exact configuration of the air lift apparatus,

and darification is badly required regarding concerns raised in
https://www.ernstversusencana.ca/viviasilicasandsextractionwellsmanitoba/, regarding where

exactly the water will be returneddccording to the latter sourceiree water returned

to the sandstonewill likely be sucked into the air lift apparatus again, there has been

some interpretation of the vague documentation available tHs6§ EOSa 48 Q F SNI G SR
returned water mght be injected to the Carbonate above the shale aquitavtich

would reducecontinuows recyclingand treating)of the same water. If true, this would

be a gross violation of mixing water from different aquifers, especially given the vast

volumes involvedC dzNIi KSNIY 2 NBES GKSNB ¢2dzf R 0SS | WLlza K
from the reinjectedwé SNE O2YOAYSR gA0K | WLldzZ t Q FTNRY
extraction underneath, imperilling the shaléurther inquiry is indicated.

How will the 65% sand proportidnom the cyclonés)be maintaned/monitored? Or is
thisjust a value witHittle practical significance or meaning?
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- 2KFEG AAa GKS v &mferinclihdd ScreRhigiwkl Sictate the size of
the largest suspended patrticles that proceed to disinfectidowever in SUPPL4 (p.
7), there are now apparently two screery&s: 140 and 200 mesh.

- How idare the screerfs)decloggedMechanically only, or are arghemical assists
used (e.g.adium hexametaphosphaj@

- What material ifare the screeifs)made of? Metal, which can shed abraded metal
nanoparticles? Or synthetic material, which deay anddegrade

- Arethe dewateringscreer{s)and collection tanlopen to the airi.e. subject to
unrestricted contamination)or are theycompletely enclosed?

- How does the water from theollection tankfeed in to thedisinfectionsysten?
- How are sediments in the tank cleaned?

GThe construction method of the extraction well will prevent water that is
returned to the sandstone from contacting any potential source of contamination.
(EAR, p. 14).

Existing injection well permit®ermits #/W2019.02.1 HD Minerals; #12019.01.1 HD

Minerals; #IW2020.01.1 HD Minerals; #2021.01.1 CanWhite S@uwig & 0 A LJdzf FhieS G KIF G €
injection water will not contain any substances that will degrade the quality of the water

in the receiving zone.

The permit stipulationis ambiguous andominat there are thousands of possible

substances that may degrade wataut there is no hint regarding how monitoring is to

be conductedpor for what, nor by whom,nor how often, norarethere anyexceedance

or spillreporting requirementsnor arethere any punitive consequence®/as anything

monitored at all?Should not there be minimum standards for the returned water?

Should not there be oversigh®ubstances introduced into the aquifer cannot be

retrieved. According to TAC (#100formation on the return water is lacking

Therefore how can we know whether any such substances may have been present?

Why include such a statement in the permits when fisittle account?erhaps the

appearanceof the water looked okay. dziT S@SYy AF Al RARYQIXXXDdD

X X Kow was the alleged oil spill into thest well cleaned upfor examplé&
(https://www.winnipegfreepress.com/the:arilIon/locaI/FormeFCanWhiteemponeeaIIeges—weII-contamination
Iax-sitesafety575758671.htmI‘?fbclid=IwARO_3_MXoo3we8hCYt29_tHerI2tG_tI1erPOsKX89uTaHCFA)n4jsE7uM

In TAC (#10)ve read thatdThe water will be contained anchder continuous flow
during extraction and treatment, and therefore will not have been exposed to organic
materials, chemicals or contaminants through the extracaoil treatment process.
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CanWhite will develop and implement a program for regular samyplirige

groundwater extracted from the wells and as it is returned to the Winnipeg Sandstone
aquifer following UV treatment. The program will be supervised by a qualified
professional. All laboratory testing of samples will be carried out by a certified
laboratory. The water sampling program plan will be submitted to the Director before
operations commencé.Similar iterations ofhis responseccurin RPCR#3, #11, #24
#217).

The watemwill have contactedat the very leastcompressed air from a compresstre
air ling the production pipeand its joinsvibrating screens to remowveracyclone,
a dewatering screera catch tank for the screen wateanother possible pumgnother
pipe,a disinfectionattempt stationtank and subsequent pipingnd a pipe to return it
to the aquiferafter disinfection(EAP1, Figure-2). Contamination can occur at any of
these pointsGeneral dust at the surface (presumably tivibrating screens installed
overasumppé& 6 9! t mnd delwerimgstation will be exposéal air), lubricants,
various machine fluidandoils, diesel fums andparticulates, machinery metal wear
particles, rubberlnd synthetigarticles paint particlessomebody sneezigX ome
of the sane water may have been brought to the surface multiple times, since
extraction and injection are simultaneoughen there is the sludge drainage water
NBGdzZNYSR FNRBY (GKS WRNEAY3I FASERAQ YR RdzYL)
(SUPPL4)f used) or maye a filter pressit is anunrealisticand naiveoverreach to
claim no potential source of contaminatioAnd where is thiglusivedwater sampling
program plag K

With respect to microbial contaminatiom TAC (#42)e are astonished toead

(RevieweD Yt is dlso not apparent how bacteria could be introduced during separation
and if it[sicJwould present in the return watet

(Proponent):aCanWhite agrees with the reviewer that introduction of bacteria or other
microbial contaminants into the water is unlikely during separation of the water and

al yR®E

In RPCR#25)(proponent):&here is no potential for bacteria or other microbial
contamirants to be introduced into the watéE | l/SRouldibe noted that the use of

UV is purely precautionary, as contamination is not expected during the sand extraction
proces€ O0{weC9Ow | TUOO®

Given the abovelescribedconvolutedprocessingand handling of the water, it is
emphasizedereinthat opportunities for microbial contamination arénigh to the
point of certainty, since the system isaither sealednor aseptig it is outdoors, it is
vulnerable to carelessness and accidene workers @ not wearingsanitaryPPEthe
machines and tools are not steril@nd large volumes of water are expogedhe airat
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dusty and tumultuous work siteSee pp126+for further discussios of microbial
aquifer contamination.

1 dAwWhen a well is no longer producing sand, the production piping will be
removed, the slurry line connection will be disconnected, and the well will be capped.
All equipment will then be moved to the next well in the ckrsand reconnected.
While this is occurring, the other wells (up to seven) will continue to operate so that the
slurry loop system continues to supply sand to the facility for procesgB&P1, ppl4-
15.)

This cannot be occurringhile sevenother wells continue to operatethese plughe

just disconnected webr the just reconnected welhake too many wells when

oVlaximum of up to seven extraction wellgill be] operating simultaneousfy 69! t mX LJ®
iv). We can simplify: éher all, ormaybesome,wellsin a clustemwill be operatingat any

given time

1 Atthe end of all of the above, we cite a statement from a top CanWhite official in a
September 11, 2020 lettef 2 (i K SNo trdditiohaY miniing activiéis take place and
therefore there are no open pits amb underground operation® ¢
(https://www.ernstversusencana.calviviasilicasandsextractionwells-manitoba/)(Emphasiss
mine). The only thing missing from underground operatibese are actual
undergroundpersonnel, but thgphysicaimpacts and consequence$ underground
miningare copiouslythere. The resource is underground, it?

Ly { L h Wé hlih todaveiop theéarea using andergroundextraction

techniquéé @ 6 9 Y LIK I Bo RMSHAR/EM cY2A yBHSP LINPSudRay S gtied & G | 4 ¢
conventional underground miningprojects, it is not possible to directly measure the

magnitude of any change in aquifer properties prior to completion of miging

(Emphasis is mineo why the doublspeak?But we do learn from tis last quote that

they will be able toassesshe effects on aquiferafter the mining operation has left.
CKSNBEF2NB 6S KI@S (G2 SG GKS YAYyAy3a KIFLWLSyY

Aquifer mixing

1 dThe Regional Project Area (Figur)lcontains approximately 1,505 domestic water
wells(AppALl (p. 81)Some additional wells are used forestock watering (54),
industrial use, irrigation, air conditioning, municipal water supplies and miscellaneous
(AppAl, p. 16)The majority are completed within th€arbonate aquifer (AppAl, Figure
1-3) and do not penetrate the shale aquitafanast groundwater wells and boreholes
terminate before they intersect the shale ¢! LILJ mMZ LIP cno @
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https://www.ernstversusencana.ca/vivian-silica-sands-extraction-wells-manitoba/)(Emphasis

0A summary of groundwater users is provided in Appendix G afigftzogeology and
Geochemistry Assessment Report, and lists the well ID, nortbasging, water use, well depth and the
assignedithology (aquifer). Ownership of wells has not been included to avoid sharing of personal

information of domestic welbwners in public documen®. 0 ¢! / £ I nyo® | OO0O2 NRA Y :
Registry Hfttps:/iwvww.gov.mb.ca/sd/eal/registries/6119/index.hty both parts of Appendix G

pertain to Heritage Resourceso we are out of luck ther8ut wait, weaccidenally

discoveranother Appendix GinsideAppA®6: this turns out to be the correct one. No

statistical analyses or summaries are provideddioy ofthese data.

f Accordingto FD (201K,8 RNJ dzf AO 3INI RASYy(ia AYRAOIGS GKI I
aquifers in the east of the RNSpringfieldjwould result incarbonate groundwater
mixing down into the sandstone aquif& gEmphasis is mine).

Although pumping will occur from th&ndstone aquifer, both the pumping

tests and the drawdown modelling indicate th@drawdown will occur in both the
Sandstone and theCarbonate aquifers(AppAl, section 7.2; Figures @ - 6-13,

AppA9. Oneconcern withthis interconnection is the potential for contaminants to be
drawnfrom upperto lower strataas pumping proceeds.

Despite ther own AppAlprojections the proponerts take adifferent stance irRPCR
(#46):dThe CanWhite extraction method does nistermix aquifers. It does not draw or
return water from any aquifer other than the Winnipeg Sandstone aquifer.

dA2Qa T OUADGAGASEA NB az2tSte Ay GKS 2AyyALS
of the more popular Red River Carbonate (limestam)iferé o6{ LhXZ LI my 0 ®
While waterfrom the Carbonate aquifemightnot be extracted directly, & intrusion

into the Sandstonevould be acceleratethrough shale fractures and failuseas well as

breaches around annular seasdopenboreholes promoted bydifferential hydraulic

head conditionsln other words, both aquifers must perforce be involved.

This involvement extends texistingdomesticwellscompletedin the Sandstone

aquifer. where shalehas been breached or degradestcordingtai KS LINP L2y Sy (i Qa
report (AppAl, p. 79)xextracted water would be derived from both aquifenather

than being derived almost entirely from the Winnipeg Sandstone if the Winnipeg Shale
remained intaci(Emphasis is mineFurther in SSCR (#7) the ppog’ Sy G Buiibgl Say a
the pumping test, pumping in the Winnipeg Sandstone aquifer initiated a response in

the overlying Red River Carbonate agéfavhile in SSCR (#16) the reviewer notes

oDrawdown data suggesisic]a leaky connection between the two nmeaquiferg ki
SSCRIRZ#MBHENA HY 0 X (G KS LINE LRuyng§ gpératibrnR Yidwivdardid K1 4 &
vertical gradients can be expected to incre&skhis would bainavoidablyreflected in

water chemistryfor affected users
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T Ly (KICIHOU2Z2{BNREBZANDOECKS / f ALIISNE CSo6 Nz NB ™
assers:d NI SaAly O2yRAGAZ2Y A NB y2i LINBaSyid ogAl
little to no driving force for the exchange of water between aquifers

This stéement ndvely supposes that highmydraulichead islargely/solely responsible
for interaquifer mixinglt fails to recognize thdbcaldownward transfer may

be promoted by the extraction activitiess a result of the volume deficit created from
the removal of sand (and sommreturnedwater) when a well is not flowing
Furthermoresuch movement magntrain contaminants from uppestratainto the
Winnipeg Sandstone.

The proponent dismisses the imgpt y OS 2 T @S iNdipkr@é¢abilityioNdey & T S N
shale is much less important in the study area than previously thought. The relatively

small vertical gradients indicate groundwater flow is primarily horizontal through the

Project Site Area. 6 { {)/ Yes, buivhow will extraction activitiester andaffect this

flow? Of course flow is mainly horizontal if an aquitard impedes vertical exchange. But if

GKS I ljdza G NR AsmalRériyd GRR6OYRAXKE 20 GKSy o685

Drawdownand well interference

1 Drawdown in surrounding wells is a major concern. Heavy pumping creates a cone of
depression in the water table whiaxtends laterally to other wells (Figw#4 and 15).
¢tKS O2ySa 2F RSLINBaaiAzy YlIe y204 0SS deyAT2NY
O2yRAGAZ2Yyaé¢ YI & NBadzZ G Ay aRA dhiszonBsBy O2y S A
be asymmetric andome wells may be disproportionately affectedmpared to
predicted levels.

1 The minimum setback of operationsasly 100 m from a neighboring wglEAP1, p.4).
In response to a question by a reviewer regarding drawdown (SSCR #23), the proponent
NB & LJ2 Thdrsktackddistances were established primarily to minimize noise and
interruptions to private landowners. 0! Y F2 Nlidzy I (G St & ¢&ineffekti8ed S RA & i
for those purposes as well (see Noisp, P49+)). Therefore, well interference issuese
not a priority.

¢ KS LINE LR Y Sy Th#F @eNBdkSeNdcitoiing &é Mitigation Plan will

establish acceptable levels of drawdoévn 6 #43). w

M® 2 KladceptalNdS RBRNJ 6 R2 gy f S @ SangwEll intesfelRence Bed & K 2 dzf |
Gacceptablé K | 2 ¢ aécepoiléR S OSt a4 0 S whatcht&iNdvollgieR | Y R
used? Further, acceptable to the homeowner, or the company?

2. Therestill is nofinalizeddGroundwater Monitoring and Mitigation Plan®
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Formation of a cone of
depression in the water table

Figurel4. Drawdown cone in the water table as a result of heavy pumping. Neighboring

wells are compromised. Souraetps:/courses.lumenlearning.com/suaAyonroe-
environmentalbiology/chapter/7?2-water-supplyproblemsand-solutions/

Landsurface -

Depth to water
Static water level ¥

|
I
Cone of / :
depression |
Drawdown I
} I
Pumping level ———----- - :
| = Radius of —
— influence

Figurel5. Schematic diagram obae ofdepression and drawdowifrrom
https://lwww.google.com/url?sa=i&url=https%3A%2F%2Fwww.kgs.ku.edu%2FGeneral%2FGeology%2FKingman%2F05_gw2.html&psig=AO
vVaw2Z6ZL_PhdsgoMSDgRZkt1H&ust=1647984907127000&source=images&cd=vfe&ved=0CAgQjRxgFwoTCMig5LOU2PYCFQAAAAAJAAA
AABAW
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1 According to simulation modellingt 50% reinjection of extracted watgr
0Although the spatial extent of the drawdown is anticipated to be laterally extensive,
the magnitude of drawdown impacts is anticipated to be between 1 m and 5 m for the
majority of the licensed water supply wells. Because most pumps are installed at depths
of 30 m or more, impacts of this magnitude will not likely require any mitigation.
(AppAl, p. 5).

This statementleceives and misleadl.reassures the public that-15 m issmall
comparedto 30 m implying there is 30 m of water above the punye, the water level
is at or near the surfacélowever i matters not, how deeply the pump is situatper se
below the surfacebuthow deep it is relative to the water tabléFigures 16 and 17). If
the staticwater level is at 10 rbelow the ground surfageand the pump at 30 g 1-5
m drawdown will not imperil the well. But if the wat&bleis 25 or 30 m below the
surface, yes, therawdown will create a problem. The pump is at 30 m in botesa
and the drawdown is-5 m in both cases, but the outcomes are not the same.

Ccund s Figurel6. Schematic diagram of
rer relationship of water table to unsaturated
vadose zone and saturatedjuiferzone

Source:
https://www.google.com/url?sa=i&url=https%3A%2F%2
ink.springer.com%2Fchapter%2F10.1007%2f3038%
733838_4&psig=A0vVaw0GIDyot2J14737MTOb&RRBD
¥ : =1673804667867000&source=images&cd=vfe&ved=0C|
pRESeE R QjRxgFWOTCLj4mgTQx_WCFQAAAAAJAAAAABAQ

e SR -
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Figurel?7. Schemat diagram ofvater supplywell configuration. Source:
https://mbmggwic.mtech.edu/sqlserver/v11l/help/welldesign.asp

1 Further to the abovedBecause most pumps are installed at depths of 30 m or more,
impacts of this magnitude will not likely require anytigation £ (AppAl, p. 5).
The TAG#36)NB G A S 6 S NI dpare@ariygSnfainey A& KA Y /| Yo KAGSQa
Project area wells completed in the sandstone in which well drillers have provided a
LdzY L) Aydl 1S RSLIIK GKS @I ftdzSa NIy3dS FTNBY wmy
RSLIGK FT2N) GKS OF Nb 2y | (i SNolrejoddadfteksdleptiis are SG 6 SSy
30 m or greater.The Consultant should reassess this statera€Bmphasis is mine).

We notefor examplethat data forwell (not pump) depth iPAppG(AppA63howwell
depths of <30 m for considerably in excess of 100 users (some are <5 m), therefore

pump depths for such wells of >30 m are physically impossible. Such users are at
greatest risk of drawdown.

[According to Section 19 dhe Groundwater and Water Well A&.C.S.M. ¢.Gg110) Well Standards

Regulation casings must extend at least 6 m below the ground surfaome of the wells listed do not
meet this standard.

C2NJ 6KS NBIFIRSNRa O2y @Sy A Sy OSforin&adbovepampNES a LI2 v
intake depttswithin the local project areare:
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Actual 5.5¢18 m
Recommended &24 m
t NP L2y Sy (G3D&m C

¢ KS LINE L¥ohsay thi© gaffelNISC #36)ecitesallitany of grievancedamenting
the data(paraphrasings mine)

- The well driller&ata are old
- Data quality and reliability are questionable
- The reported well locationgarewrong.

[The proponent wells are nantirely sinlesshemselves: forwWell L5 mMdTycns ¢St RoNdifaessanda 02 YYSy i

legal oNB L2 NIi R2 y2id YIGOKé 625w08
- Cheap, ignorant homeowners might haneptly installed pumps themselveas save
costs

[But how wouldso muchwrongdata becomeensconcedh y G KS ¢St f  RpdsdnfayNBE Q R G|

GKS ¢Sttt RNFEEtSNE FNByQli R2ft(a

- Lazy nogooddeadbeatsvanted to avoid theeffort and costof installing deeper
wells. [ditto]

- Nincompoopghought they could increase available drawdown and yield by
installingshallower wells[Implication as wordef

- Nobody knowslte status of themajority of the pumps anyway

For theincredubusor doubtful, the relevant section of TAC (#36) is reproducerbatimK S NISi¥AEGOM's
experience that well driller reports span several tens of decades, and the quality and completeness of the
information in the well database is variable. Firstly, the \\aations are plotted at the centre of each section or
quarter section, rather than ahe exact location of the well. This will have a very important influence on the
magnitude and duration of drawdown impacts. Secondly, homeowners and pump installetsaveageparted

from the recommendations of drillers by installing pumps themselves or installing wells at shallower depths to
minimize costs and effort associated with pump installation and servicing, or to increase the Total Available
Drawdown and overallvell yield.Given the unknown status of the majority of pumps, it is prudent to conduct a
physical surveye

The proponents haveith thisreplyd O2 NE R | Yy  ¥@buslyirdaidatedheir y R

own modelslf, by their own admission, their data are lsopelesslyflawed, why did

they use them?here is no reconciling of the chasm betweéeiK S BrashaSsértion

of $hostLJdzY' LJA | ( o and¥ K8 NX Y 2 NBBe@Ho ©doifddRases of

onY 2 NJThér2theR @ dhe contradiction difie claim forhostLJdzY LJA Q | Y R
c

subsequenbacktrack &he unknown status of the majority of pumgs 6 ¢ ! .Me | oc U
come away from thiknowing about most of themyet at the same timeR 2 y Qi |y 2 &
about most of themperd- LJ& | LINBPO6f SY F2NJ YASNJIG@3IlI I NRQa
dogmata.
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1 According to TAC (#37), the outdated Groundwater Information Network (GIN) was used
Ay G K San@/hite indedstands that the locations of the existing wells and newly
constructed/deommissioned wells are not present in the GIN database, but the
physical well survey described above will remedy that information gap in advance of
CanWhite's operations.

Surely thisdinformation gag 2 dza K (i the fifstthihG to be&iGrgssed in the
proposa) before erecting a superstructure on ititisoryconclusions and purported
fact. The proponens admit they knew abouthe data deficienciesas pellist of
grievances itthe preceding bullebove andthusaboutthe resultantdubious
modeling, on which a large part of the decision to approve the project rests

1 dn these[provincial monitoringvells, recorded groundwater elevations in the carbonate and sandstone
aquifers ranged fron256-261 masl between 2007 and 2021. The base of the carbonate aquifer is at an
elevation of 20220 masl across #Project Site, indicating thatells completed in the carbonate aquifer
have 36 m to 61 m of total availableawdown if the pump is installed near the bottom of the well.

(RPCR49).

1. There is a realitglisconnect in thiportrayal In order to have thisatal available
drawdown, Carbonate wells must be complet&tthe baseof the Carbonatenext to
the shale since that where the 20@20 masl reference elevationsged. Actual
Carbonate wells areften, indeedmostly, completed somewherabove the basef
the Carbonate, therefore thavailabledrawdown values provided are overinflated
The range o&ctual well depthsmust be considered to give a more realistic
assesment of thetrue ranges of possibilities, not just the bgsissiblecase for how
representatives it?

2. A similar reasoning flaextendsfor pump depth: even when installed near the
bottom of the well, that bottom will not typically be at the base of the Carbonate
near the shale

3. Given the 24/ear projected timeline for the projectlimate change must be
factored into the discussiongsat will affect groundwater elevations.

{ A Y A fThe bh¥e &f e sadstone aquifer is at an elevation of2@Dmas| over the majority of the
Project Site, indicating wells completed in the sandstone aquifer have 56 m to 81 m of total available
drawdown if the pump is installed near the bottom of the well. For wells in the sandstone aquifer, drilling
and well completion methods may limit pump installation depths to near the base of the carbonate

aquifere RRCR49).
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Sincetiis hereadmitted that realistically, Sandstoreompleted wells are unlikely to
extend significantly below the top of that Formation, how relevant is the total
hypothetical drawdown in these caseshen it is unavailable in practical terms?

Thuswe can conclude thadvailable dawdown will depend on the pump depttand
groundwater elevations and well completion depthwill be irrelevantif the pump is

not at the bottom. The point here is that theoretical besase drawdown projections
are of little value when maximal, optimal wethnditions are not present, and will not be
present in the majority of caseBideed, each case wiktpresent a situation unique unto
itself.

Ly ¢! / Ata disvancé & 100 fi.e. residential setbackfhe drawdown in the
sandstone aquifer is estimated to be between 5 m and 10 m, and drawdown in the
carbonate aquifer is estimated to be 1 to 2&ithese drawdowns could be
incapacitating for some well users.

GThe Project is forecast to temporarily lower water leveld lig 5 metres but only

within 1.5 km from the active well cluster, and with the amount of drawdown

decreasing with distance from the active extraction wellRRCR32)YEnphasis is

mine). This will be a 3 km diameter zone, which will advance as the actisters

changeLy {{/w 061l HoU X ( Bsedb@leEond Ndyddg Sa GKIFGY
formula, this drawdown would be about 12 m after 72 hours. This amount, if realized,

exceeds the stated the magnitude of the groundwater impacts of between 1 m and 5

m for the majority of the water supply well€ (Emphasis is mine)Ve need to add here

that the drawdown timeline will be somewhat elastic because porosity and hydraulic
conductivity,andtherefore speed of drawdown, will vary in different places.

Ly WRBOGA{ GNREZADAY ¢KS [/ f ALILIS Naimhdve NHzlk NB 1
mellowed even more 6A well located in the Sandstone within close proximity (1.5

kilometres) or in the @bonate (within 800 metres) may experience a skertn

drawdown effect (lowering of the groundwater level) to one metreg, i.e. less than 1

m (Emphasisis mine). RA & I y O Sclogefproamdip Kds the rhadlel dnanged?

There is no allusion teeally close,6close proximitg &uch asnaybel00 m we politely

look away here.

Obviouslytheseversionsdo notagree and we cannot know which, if any, is corrabte
can say, though, that the projected drawdoweems to havelecreagd as time wears
on.

However, i must be further pointed out thaeven thesegenericdrawdown projections
will not be uniformly applicable Thedsecondary joints, bedding planes, fraes, and

78



karstic features characteristic of these Carbonate strata (FD, 2019) introduce a great
deal of unpredictability and uncertaintpccording to Betcher et al. (1995),
oGroundwater movement occurs principally througheadensive networlof
discontinuities consisting of jointbedding planes, and solution featurdhe density

and interconnection of discontinuities exhibits considerable spatial variability, both
laterally and vertically 6 9 Y LIK | & ThéuppedporiohsydRhe Garbotesare

LJ- NI A Odzf | NX & & qWanel al. 2d08Hutfractulitl i© otimsRidied to
particular stratigraphic units (Chen et al., 2004)

oDue to variability in the number, size, type and interconnected nature of the permeable
features,well yields can vary substantially over relatively short distanagspending on

the fractures encountered while drillingthew®lE o0 C5%X HAamM@pL dBLYLIKI aAa
AaadzS Yl @& 0SS FdzNIi KSN O2 inkexiedsivaiagglacdoyse. (0 K G A
shale]units act as interor intra-formational aquitardé ¢ A 1 KAy  (i(Mc&abe, ND 2 y |
1971in Chen et al., 2004 Therefore anomalies can lamticipatd which do not

conform to theoretical expectationsnd projections

¢2 0S FNIY1Z 6S R2yQl 1Y2¢ 6Klinipedimérdss NSI f R
such ascantines®f actual dataandfactors such athe number ofsand extraction

wells operating at the same time (see belpa$ well as local geologicakgularities

and spatial inconsistencies in water levels (e.g. FD, 2019)

Groundwater elevations in reference to sea level varlgoth aquiferd AppAl, p.

64). Superimposed on this variability are variations in surface topograptyherefore
thickness of the vad@szone above the water tahl&roundwater elevations aralso
dynamic and fluctuate depending on recharge and discharge conditions in different
yearsas well as seasonallgnd on the vagaries of demaniéor a given pump located
nearthe zone of natural variation, a givamdustrialdrawdown may be inconsequential
one year, but problematic the next.

With undeniable climate changdready evidenthydraulic regimes will chang€hen et

al., 2004) Depending orglobalcarbonemissions, temperatures in the CoelRgvils
Creek watershed are expected to rise dramaticalphe3):
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Table3. Projected temperature and precipitation in the Coddsvils Creek watershed

under mid and highcarbon emission levels. Source:
https://www.northeastred.ca/images/Cooks_Devil_Creek_IWMP_FINAL_LR).1.pdf

1981-2010

Projected Annual e 2021-2050 projections 2051-2080 projections
Climate Variables in the |
Watershed Mid carbon  High carbon  Mid carbon  High carbon

emissions

3 Mean temperature 2.7°C 4.5°C - 5.7°C

. Precipitation | _5_232 .mm. 555,8.;1.n.’|m 553.6 mm . 554.3 mm 566.9 mm
Days = 30 °C 8.9 days 18.2 days _ 27.5 days
Days = -30°C 10.6 days 5.5 days 4.6 days 2.9 days 1.5 days
Frost-free period iéb.? days i42 rda\rfs 148.6 days

emissions emissions emissions

Theseprojections, combined with increaseldnd use andievelopment andwater
demand(including for agriculture angreatercoolingneedg will render good quality

water a premium resourceC dzNJi K S NJY 2 NB
sandstone aquifer presently occupied by fresh groundwater is expectedangeb &

G4 SN)¥Z
6C53

2 @ thedortiok & thé 2 y 3

2019).The advisability of embarking at this time on projetds which the long term
effects are uknown, is thus questionable andsky.

Further, according to thebovesimulation modellingéWith the planned re
injection of groundwater, wells beyond 1.5 km from active extraction wells are not likely

to be affectedd(AppAl, p. 5).

¢ K dErawdown effects are largely restricted to the Project Site boundary, but minor
effects are anticipated to extend beyond it during and immediately following operation

of extraction wells close to the boundagy. 6 9! t).m X

LI DA

C dzNIi W&INdmpéeted in the Red River Carbonate aquifer range from 13 m to 60 m
in depth, with groundwater levels generally within 15 m of ground surface6 ! LJL) mX LI
57).Clearly shallower welismust be especially protected from drawdown

¢ K $landed reinjection of groundwated

4 K2dzZ R NBihjéttioddfomeg/of SR NB

0 KS 3 NP dzsRake wilbrétain with the wet sarttie dispositionof the cyclone
water is not clear (TAC #3nd there may be other incidental lossésr exampé with
sludgedryingpressing Drawdown created by extraction of the saitself will not be

replaced.
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Yetin RPCEK | m thé dtawdown createdy the extractioncan be replaced by the

water being returned to the aquifér (Emphasis is mine)'l { { / w It ié imporiaintY &

to recognize that the project activities will not be consuming large quantities of water

and will reinjectessentially allof the groundwater back into the aquifértEmphasis is

mine).2 KI 0 LIS N S gGsehtidl$ af R NEAING & Sy ((kal)furalgeds dza (G KS

¢ KS LISSNJ NB ZAinSé@ SNawAthe Rui@i tast®id Séctian is the most

challenging aspect of threport.é o6 ! LJLJ. =8).1 CwL9{ 9b

INnTAC (#34) KS NB OA §HEINI2 I acladiYo Goo! t 6 adl iSa GKFG a2
network declined by up to 8.5 m(Winnipeg Sandstone) and 1.5 m (Red River Carbonate) at a distance of

89.3 m from the pumpingvell.{ S ol 01 a o{ Oly® mdndm0 Ay Of dzZRS mnnyY FN
drinking water well. Extraction wells will be operating simultaneously (Sctn. 1.1). What will be the effect

on a domestic well water level this separation distance with multgextraction wells operating and

what plans will be in place to mitigate negative effects for the water user? Will the 100 m separation
distance be adequate&?

ThecircuitousNJ LIfFh&Nbventber 2020 pumping test utilized a pumping ratepgiroximately

26.6 L/s (372 US GPM) for a period of 72 hours. However, the proposed pumping rate during operations
was evaluated at 2,998 m3 /day (550 US GPM) and 1,526 m3 /day (280 US GPM) within the numerical
groundwater model to evaluate various operatal pumping scenarios and better align with CanWhite's
proposed operations. The results of the pumping test and numerical modelling are relatively consistent.
Based on numerical modelling, the anticipated drawdown in the carbonate and sandstone aguifers i
shown on Figures-8 to 6-13 of AECOM's Hydrogeology and Geochemistry Assessment Report. At a
distance of 100 m, the drawdown in the sandstone aquifer is estimated to be between 5 m and 10 m, and

drawdown in the carbonate aquifer is estimated to be 2tm £

This is a noranswer.According toAppAL(p. 22) ¢Each well will operate for four (4)

days and will produce from 262 m3/day (40 gpm) to a maximum of approximately 654
m3/day (120 US gpm) of water and sand. Several wells at a given well clukter wil
operate at any one time, with a combined production rate of approximately 2,943
m3/day (540 US gpm) per well cluster.

In the above TAC (#34) response,gaé\ppAJproductionnumbers havdoeen amended
0 22,968 m3 /day (550 US GR(also RMSIR004) The proposed550 GPMluster
value greatly exceeds the 372 GRbtualtest pumping ratea 550 GPM pumping rate
was not tested.

Thedailyminimum for 7 wells (4GPMx 7wells= 280 GPM) remains the sanmeboth
the EAP and TABowever he maiimum of 120 GPM x 7 wellould equal840 GPM

The provenance of the value of 550 GPM used in the model#3A¢zrsion) is not

given: perhaps it is close to the median between the minimum and maximum (280 + 840
=1120, and 1126 2 = 560 GPM. Ondulging in mathematical arcanejaybe it is the
median between the 56&nd the 54Qriginallygiven in AppAl abov&Vhy was the
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maximum of 840 GPM, i.e. worstase, not evaluated by the modeM/hat would be
the drawdown in that scenario?

Table 63 in EAP2 idicates10 extraction rigswhat would the drawdown be for 10 wells
operating simultaneously, in adjacent clusters, at a maximum capacity of 1200 GPM?

OPumping rates implemented during the 2020 figldestigation (372 GPM; 26.56 L/s) were higher than
the effective pumping rates that would result frooperations (approximately 270 GPM; 17.03 L/s), and
field testing therefore conservatively measured aquifesponse to pumping at ratélkat are equivalent

or higher than those proposed during operatich{RPCR42).

1. The minimum pumping rate has unaccountably dropped to 270 GPM (&SR
#39)from the 280 in the TAG#34)comments.

2. Why is only the minimum value of 270 GPdlentified, but no mention is made of
the maximum(840)or even the mediarf5507?) both of which are higher than the
pump test rateof 372 GPM

The 372 GPMumptest@ | £ dzS A & K S NBnpibddzNdidz NIt &R | &4«
equivalentor higherthan those proposed during operatiog{RPCR42) i.e. the

minimum 270 GPM dzihe piioposed pumping rateluring operationswas evaluated

at 2,998 m3 /day350US GPM) anil,526 m3 /day (280 US GR(TAC #3XEmphasis

is mine) Yet this model islescribed: acongervative and relevano the proposed

sand extraction activitieé (RPCR42).t SNK I LJa dbricSvativ&§ NVa ¢ YS I y
onlyYA YA Ydzy O fdzSa 6SNBE dzaSReé o

3

¢tKS NBOBASGHESNI AY {{/w Ol oplpen&Sd wiNBazied S& & A YA

analysis on all parameters has not been perforraed.

3. How representative is a pump test of a single well at a constant rate, and how
appropriate is its extrapolation to large numbers of wallshe same circumscribed
area?

4. The greater the distance from operations, the greater the lag time in development of
drawdown.

5. Table5 06! LILJ wm X Vdridal GrapliéntstBandedrnsRediRiver Carbonate and
Winnipeg Sandstoree T 2 NJ T dlzdiyatialh wielsBHoeV¥er Figured 8 to 5
14 (AppA3) show hydrographs only for three pairs. Why was one pair omitted?

How were the planned production rates in Ap{ppA6)determined for the individual
wellsthat are liste®
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w Several (5 or 8r sane other number <pwells will operate simultaneously in close
proximity, therefore he phenomenon o$uperpositionof drawdown conesnust be
consideredn estimating the drawdown projection zonesa multiple well systerfe.g.
Reilly et al., 1987TheWSTFSOG A @S Q N Rddiggnc@a whicly Ff dzZSy OS
drawdown becomes zeralerives from the combined effects of smaller loci whose
individual radii overlap (Yihdego, 2017), represented schematically in Rifure

Fluivalent Radius of Influence (Re)

Figurel8. Schematic represeation of effective radius of drawdown influence resulting from
overlapping zones of individual drawdown areas. From Yihdego (2017).

As a result, the impact from multiple wells pumpiaigthe same timecreates a greater
and more complex drawdowpattern (Figurel9). As the number of wells increases, the
drawdown effects become greatesaind pumping liftrequiredin each affected well
becomes higher (Kumara, 2028).a late document, the proponent statésat
oDrawdown was simulated to be greatest when multiple wells are operating in close
proximity¢ 6 & S S (p.[14 ih this$ Submission Addendum, p. 52R)the latter
document, it is admitted that modelling of zones of concern was associated with
dimited groundwaterdatd ¥ | Yy R { K I (adjdsted/aed init@lAmbriitoridgS &
data are received and may require expansion over time.¢ K dz& { Kz8nedddP 2SO0 S|
likely underestimated | igftial manitoring datg | NB I dnyCchsk, yha shme
model will not apply in different locations.
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wells. Effecmultiplieswith

increasing nmbers of wells.
é Source: Kumara (2023).
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In the present situationthe wells in a cluster are only 18 m apart, acldsters are only

60 m apart. Thus the drawdown cone for a previous Agklkter willcertainlynot have
recovered before pumping in the newtell/cluster starts, i.e. when pumping staitsa

well, there will already be an existing drawdovwrawdowns from individual wells will
combine into drawdowns of clusters, which will combine into overlappiragvdowns of
different clustersCommonly used equations such as the Sichardt formula do not apply
in these situationgYihdego, 2017)

The problem is complicated by a number of considerations:

1. Pumpingand recovery arsequential in the different ingidualwell/clusterzones.
Therefore drawdown attenuatidnecoveryhas started in the previous cluster, when the
next cluster startsPumping in that next cluster will retard recovery in the previous
cluster.The rate of recovery will depend on a numbémon-uniform local aquifer
conditions such as hydraulic conductivitgnd will not be a universal constaio
equilibrium, and therefore recoverywill be reacheduntil extraction has moved beyond
the effective radius of influence.

2. Radius of inflence for individual clusters is likely to be some other shape (not
circulal), dependingfor exampleon transmissivity heterogeneities in the limestone

3. Radius of influence will be modified by variations in pumping rates and volumes,

which will certaiy occur as individual wells are completed and new ones are brought
into production or interruptions, etc
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4. The contributory role of thevater storativity of the previous cavity towards the
replenishment of the new cavitiesnd thereforedrawdown intensityjs an unknown
guantity, andwill depend on hydraulic conductivity of the intervening walls between
clusters. Depending on degree of consolidation ofshadstonewalls,the hydraulic
forces maypromotetheir (i.e. wall§p erosion and ptential eventual collapse.

5. We can conclude that the system at any location will be dynamic and unpredictable.

6. The effective radius of influence will impinge, in many cases unpredictably, on
surrounding domestic wells. Thus thetualdrawdownin a given domestic well may
exceed the projected value.

We note in Figurd9that the greatest depression occurs in ¢hcentral wellof the

group; we can interpret this diagram as a cross section of an extraction well cluster. Will
reinjection of a well cluster need to be adjusted so trelativelymore water is returned

to the central well than to the peripheral one® bffset somewhat the greater

differential forces at the center?

I OO2 NRAY 3 (2 Nutetvat adihe niimberiofomells in the group increases,
the mutual interferenceébetween wells becomes more, which results in the reduction of
productioncapaciy of individual wellg&. > ' yR a¢KS STFAOASyOe 27F

Has this reduced production capacity been consideasad will air-lifting psihave to be
adjusted to compensate for this reduction?

Figures @ (2x), 611, 612 and 613 in AppA4 (note there are two Figs96but no 610)
indicate drawdown projection zonas the initial project area over four yeafsr the
two reinjection scenarios (0 and 50%) in the Sandstone and Carbonate agjawers!d
have been more useful if the respective reinjection scenarios were grouped into
separate sequences.

It is evident from these figures that even with 50% reinjectmmgoingfocal extraction

will create drawdowrsthat will plague the area for yars. In the Sandstone aquifer, in

SN o KS  ReMindsRygpmymaielg 3,580 fdius]from the active

production wellg =  kpprRximately 800 nfradius]X ¥ 2 NJ LINE R dzO (0A A.9I mMSI| N,
p. 77) in the Carbonatén light of the above discussiaegarding superposition:

-How exactly was superpositi@nd mutual interferencénandled in the model?
-How was theravelling nature of the extractiomaccounted for in the model?
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-Since theextraction location will not be static but will progress from cluster to cluster,
why are the projected zones of influensaid to becircular, and not elongated or
distorted, in keeping with the extraction pattern® the termasymmetricallyconcentric
perhaps more accurate?

-How realistic were the boundary conditions used in the model? Was this treated as a
linear system?

-The projected zonesnay be aggravated in seasons of low recharge ragssumptions
of constant recharge rates are not realistic

-An actual clusteias well asadjacent clusters have not been tested to ascertain actual
exampledrawdown impacts

A very material question intrudes here: what will be the drawdown impacts of the
superpositionedanultiple well system on a domestic wall the setback 0100 m i.e.
only 1.67 cluster diameters aw&y

¢ KS Y grRufaited géoundwater levels at observatipoints return to static water
levelconditions approximately 20 days after production ceases each year. Removal of
solids will change the aquifer properties within the void created by sand removal and
complete recovery may take up to four times longeproximity to sand extraction

wellse o0! LI M3 LI TTO0OX ADPSd dzLd 2 ySENIe o
longer, since some assumptions may not reflect operating conditions. Production ceases
at the end of November and resumes in AGRPCR166). Thereforehe allotted
recoveryperiod will not coincide with time of rechargeAccording to the projection

above, recovery is expected b® completed by the end of February, but if it takes

longer, it will start to approach the time eitractionresumption in Aprijlwhen

recharge commencesn any case, there will hardly be a time during the year where

static levels are normal, if extraction continues within the same area or cluster block.

It should also be noted that creation of the large subterranean voids resulting from
removal of thesand will create reservoirs. Their large numbers in an extraction area may
affect water levels, and thus may influence magnitude of drawddwas this been
considered in the modelling?

In AppB (#FERGUSQ)\in relation to the pump tests, the proponent sti S4s Yoted

by Dr. Ferguson, the resultant estimates of aquifer properties are remarkably
consistentt ¥ 0 d&IS GWASYWR W2ldgiu 9%¥ Kasignorédin favor of matching
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the observation wells as the pumping well waterpreted to suffer from &in effects,
turbulent head loss, etc. imparting excess drawdown in theévM@mphases are mine).
If this well did not conform, why wasdtlled for that reasor? Since so few wells were
tested, is an outlienot all the moreimportant? Are there not ligly to be more non
conforming(and nonrconfirming)wells in the project? Could this please be clarified?

Il OO2NRAY3I (2 adzOKlF FyR tldzZ A1208F O6mpyciOLI &
test (and recovery) imfluenced by diamete?2 ¥ LINBP RdzOG A2y YR 20 aSNX
O9YLIKIFAAE A& YAYSO0U® ¢KSaS | dziK2NBR F2dzyR (K|
AY FljdzAFSNE 6KSNB Stl aidA0 adladkhwadvndoyeR € S 1 |
YIed 0SS | F7FS NdgScing thicdnNdadkiGaddneods interpretation of

pumping tests Was this factoconsideed in the present modeling of drawdown and

recovery?

We must mention here the well monitoring network that providessure transducer

data.In RMSHRO011, the proponenttes: d/Vater levels in Unknown Well Obs S1

(screened in Winnipeg Sandstone) were monitored using both manual methods and a

pressure transduceg. The subsequent description of water level measurements

LINE ANK&aasSa ¢Sttt dzyAihbdghné Sesdridbin tibeKdxtQleS/&l ¢ A (1 K
Is operated as geoexchange welihat utilizes groundwater as a source of heat and/or

cooling for the associated residendehis is evident based on the cyclic low amplitude

increases and decreases in water levels thghwout over the duration of monitoringe

(Emphasis is mine).

We infer that this geothermal system may have been open loop (as opposed to closed
loop), snce the water level measurements in this well wepgparentlycomplicated by
geoexchange pumpin@ttps:/portal.ct.gov/-media/Departmentsand-
Agencies/DPH/dph/environmental_health/pdf/31GeothermalWellspdf)pdfow valid are the
necessary finermeasuredny G4 2F (GKS &dzLISNAYLIRZ2ASR LINBLRY S
would a well that has simultaneous othactivity even be considered asandicatorfor
aprecisionwater level pumping te&The instrument manufacturer of the VW2100
modeltransducer used in the mdtoring (AppA5)alsoO | dzii At 2 nbtaedbmniended that
vibrating wire piezometers be installed in wellsstandpipes where an electrical pump and/or a power
supply cable is present mearby. Electrical interference from these sources can cause Uestadings
(https://rstinstruments.com/wpcontent/uploads/ELM0005VW2106VibratingWire-Piezometer
InstructionManual.pd). At the very leastwhy wasthe pump not shut off for the duration

of the monitoring?

An inquiryin RMSHR-012 about the reliability of the vibrating wire piezometers elicited
the followingproponentNJB LJt &  Khy¢insidimdis ¥re féctory calibrated near
Maple Ridge, British ColumdiappA5] and were shipped overland in boxes with the
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instruments protected in foam and bubble wrap. Upon arrival, the instruments were
inspected by trained personnel and confirmed toibejood conditioré

Unless thadelicateinstruments were transportedn cloudsby feather-soft downy

angelsg oh wait, it was land transportationfoam and bubble wrap themselves do

not fully protect against themomentumof bumping trucks hitting potbles, screeching

stops at traffic lights, sudden brake applicati@fter spying speeding enforcemeat

parcelstopple in the back and overenthusiastic workers at loading dopkactising

penalty kickgjudging from sometime appearance3hat theyarrived A ygood

conditioré gt & | LI NByidte I NBfASTFI GKSNBE 6SNB

Because of pential internal disarrayafield calibration check is required before each
AyaalrttrdAz2y aitdl igadihgslvdremakean with maland apmied
immediately before installation. These initial readings were used to apply correction
factors to the postinstallation reading £ (Also RMSHR012).1t is not clear from this
description whether tis refers to just the initial zero reading with no applied load, or
whether theentire field calibration procedurevith calculation of the instrument
calibration factor (CF)descriled by the manufactureof the relevantVW2100 model
wasalsofollowed, as no mention is made of the latteerificationor its result
(https://rstinstruments.com/wpcontent/uploads/ELM0005VW2106VibratingWire-Piezometer
InstructionManual.pd). According to the manufacturedThe two values should agree
within + 0.5% > bathiti&@ctory and field calibratiofactors Otherwise the

Ay aidNUzySy d Ol ignorécommndatizio $:8all thépiezometer if the
calibration record sheet GRlue cannot be confirmed by the field calibration tésthe
point of this query is that dails of the inspection, zeroing and subsequent installation
procedures as specified by the manufacturer are duly chroniclégppAl and RMSR
012 but there is no allusiom either documento essentiafkield calibration and CF
concordance percentageare not reported

It is important to recall that while the plan is to reinject some of the extracted wéhter,
volume and massccupied by the sand will not be replaced

Inthis regard RPCR o g0 | OA G A Th8 yumOe et @yt aght saiy
somecitizen's wells dry up. If CanWhite doesn't plan to replace the equal volume of
sandbeing extracted, our water table will drop significargly.

¢ KS LINE L2 Y S yhélrepNBnantid2ny sRn& M¥s alteady been considered in the
assessrant. Except for a residual amount wiisture that remains with the sand as it transfers to the
slurry line, the entirety of the groundwater (onseparated from the sand) will be returned to the aquifer.
Overall, the extraction of sand and water will résSn an effective pumping rate of approximately 270 US
GPM. The effective pumping rate was calculated and applitiie assessment to account for the volume
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2F ANRdzyRgl (10 SNI NBEI dzA NER (2 aoniBrEfalsoa similakreplyain y R NB Y 2 ¢
RPCRA45).

The following observations intrude:

LLY {{/w 61 mno3z {KSTheiNRLI2phE yaie will EHikitgdta G G Sa
the volume of groundwater required teplace the volume of solidsemoved from
the sandstoneaquifer£ The pumping ratén the above RPCR (#45) quodéersto
the total volume of water and sandJbeitit isthe minimumvalue, andepresents
the total volume removed, buhe fact remains that the volume occupied by the
sand will not be replaced and only some ofthe water will be returnedTo replace
the entirevolume,A y Of dzR %olirBe ofiskli8& &supplementary source of water
would be requiredIt would also be a moving target, as the relative volume of sand in
the extracted mixture will greatlgnd constantlywary (AppAl, p. 22).

2. Whywas the minimum cluster pumping rate of 270 US GPM u¥éad&t happened to
the 550 US GPM value.g. TAC #34), to say nothing about even higher possibilities?

3. InNRPCR | n dherE wilibe excess capacity in the aquifer following sand
extractioné¢ =k wilRhotde possible to reinject 100% of the volume of materials
(sand andgroundwater) that are removed during extract&©RRCR58)(Emphasis is
mine).a / | LI OA ( & éthakitSsKdpty Sp&de wilkfill with water.

4. FromRPCR#39)above:do account for the volume of groundwater required to
GNB LI I OSé GKS al v R éNSB Aappamntlyateanbthat ini K S | |j dzA T
calculation of drawdownthe model accounted for the volumaf sand that will not
be replaced However, if this is true, how was the great variability in sand/water
content handledAppAl (p. 22) estimates 200+ % sand contengéven90%at
initial stageEAPPF Agtt; SSCRIR1 #DARI007).

RPCR | py 0 TOd shrl Wiliacabunt for approximately 50% of the volume of

material that is remove®.The valueof 50% wasised inthed A Ydzf G A &1/ Y2 RS
maximum reinjection rate will be equivalent to 50% of glerry extractiorrate,

which was simulatedl’he remaining 50% that was not simulated to be reinjected

represents the volumefasand that is extracted and therefore removed from the

systeng RRCR58).The equation does not balanges, regardless of the reinjéch
AO0SYINA2Z | YIFEAYdzY WLISNFSOGQ NBQe@SNE |y
there is 50% sandhere will never be a 50%ater reinjection rate, and it is pointless

to simulate its results.
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- On what basis was the vawf 50% choserand how representative is it of the
entire extraction cycl®

- Why was thel5%(or other, see p66) water content of the (stockpiled) sand
(SSCRIR1 (DiRIO02)Nnot included in the 50% reinjection modellinB@sides the
volume of the sand, some water wallsobe retainedor otherwise dispesedin the
course of other steps in the procedy@nd not reinjectedWas this volumelso
accounted for in the modell3 there any estimate of what this value might be?

- Worst-case would be 70+ % sa(merhaps90%, during the first daysvhereless
than a third of the volume would be water, and not all of that water would be
returned.5 NI g R2gy 0O2dzt R 20 RER Q0 § yRE NGNS &
Thetemporalcumulative effect of several wells in a cluster would depenthaw
many are operatingat what pumping ratesandthe degree to which they are
staggered in their operational cycle other words, how many wells in a cluster will
start up at the same timeand to what degree will they be synchroni2ed

w»
&\
w»
Z
&

- RPCR | p @0 N FnStdNEemfio2ary Gone of influence of extraction
activities¢ Effects will not be evident immediatelWhat is thelag timebetween
extraction pumping and initiation of drawdown in surrounding wells at various
distances, i.e. what is thiemeline for formation of the drawdown conefor a given
set of porosity and hydraulic conductivity values gmuinping rates?

In other words it may be too late to modify/mitigate operations that caused a
problem by the time a well owner notices it, as the operatrati havemoved on.

0An exact replica of site conditions and extraction activities is not required to produce
meaningbll results€ RRCR58).0f coursean exact replica is not possihland nobody

IS expecting oneThe point is thaevery effort should be marshalled to pursaed

obtain as manyeal factsas possible, rather tharely on assumptionsThatis what will
give the much strivedor dmeaningfulresuli€, and even these will not be infallible, as
no model carbe completely accurate, because all of the contributory factors can never
be fully accounted forEach site will be unique.

Cutting through the tangle, the bottom line is: we aaxpect that, gven the large
numbers of extraction wells, and their comprehensiistribution throughout the
project areamanyprivate wellsmay be affectedy drawdown tosomeextentat some
point in the proceedingsThe buffer from homes and private wells is only 10Gme
closest wells will experience the greatestects soonestand for a period after
operation If superimposed on a drought yeampads will be more apparent and
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numerous and recovery longeAs the project creeps along, new wells will be engaged
along its path

oGroundwater levels in the sandstone and carbonate aquifers are expected to recover
shortly after operations cease in eaektraction well and well clustér RRCR32).

M® 2 KF G ASnortvESK yEIl &R ag TBetedsho uviigeysal &nawer.

H® h LIS NI ek yidactyelkigction well and well clutez 6 dzi G KS y SEI
isedza i cn Y |-8 EAP®FQardldzRRI2YHRecoveryn an area
maythus be staggered over some times we see in théd-yearmodel projections in
Figures @ ¢ 6-13 in AppA4there is noFig.6-10).

oGroundwater levels arerdicipated to return to static water level conditions

approximately 2680 days after production ceases at each well cluster. These results

account for other existing draws on the aquifer, and therefore account for cumulative

effects with existing water wid and other industrial activities in the regién. 6 { { / wL wH
#CEGQRN M n 0 @ otheKdxidtingddrans F NB NBEFSNNBR G2 KSNBK [/
while the volumes of industrial draws can be inferred from their licenses, how were

draws for all of the domeg wells calculated? How were they integrated into the

simulation?

How will aquifer recharge conditions affect recovery rates? Apparently recharge rates
were not investigatedaf. TAC #50), yet this is the most basic of relevant data for such a
project.

Ly {{/w Ol 003X {KhS cehdhBrLI2pyirSoyidioved fimtek nMdtis wés
simulated to allow groundwater elevations to recover each gear

It should be noted that for shallow aquifers, much of the recharge occurs in spring when

the snowpack meltsplus spring precipitatio 6 dzi & { St a2yt t Ff dzOd dzF
INBE y20 GNIYaAaYAUGGSR R2gy (2 DekpSquiRetsShaw | Ij dza T
a different cycleaccording to the latter authorgannual fluctuation in those dge

confined aquifershow a gradual rise in head from October to May/Jand a rapid

drop from May/June to OctobeHowever few quantitative datais[sic]publicly

available with respedb recharge rates and relative contributions from ttveo

different recharge sources for the fresh waterthre Upper Carbonate aquifér.

(Emphasis is mine).

Severatomments can be made here
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1. During the spring recharge periad the Carbonate aquifeextraction is already
proceeding (RPCR #168he aquifer has ndully recharged.

2¢KS G NJ LIAR RNELJ T NIhthe Sandstene/dayifvill dothcide O 2 6 S NE
with the additional drawdowns due to extraction.

3.In SSCR (##he proponentcontendsi K Ithé ac@ifer systems are well understab®
contradicting Chen et al., (2004).

40 ¢ KS LINRBLRYSY( NBEkShdodiipdectidrégBiadga G KI 0 0
SSRC #3jloweverthe reviewer in SSRC (#4) states thiat project area is crudely
estimated at 168,000 hectarés 06 { {, although théactual extent is not clear (see p.

27).

dMeasures will be developed to avoid and/or mitigate any well interference issues as
required by The Water Rights Act of Manitaba. 6 9 ! t H&ppragddate ynitigatidns
may include conducting survey in advance of operations to determine the location,
depth, use and configuration of each well, lowering of pumps in advance of sand
extraction or providing treated makeup water during periods of time when drawdown
impacts mayoccug. 6! LI mMX LIJP ymMO®

Similarly in SSGRI oRbo¥cols will be established to survey existing domestic wells in
advance of operations, monitor groundwater quantity and quality during and following
project operations, and respond if there are any well owner complaints.

INT / 61 oc 0 Gi¢eStheNBkhdiYstaéus of the majority of pumps, it is prudent

to conduct a physical survey of water supply wells in advance of operations in each area
to document the well location, well condition, water level, pump installation depth

water use and water quality, followed by monitoring during and following operations.
CanWhite will conduct a detailed poevelopment well survey to obtain accurate well
coordinates and document well construction and operational use to establish
appropriate mitigation measures which may include setbacks, modified operations or
adjustments to pump installation depth at CanWhite's cost. The details of this survey

will be provided for in thé&Groundwater Monitoring Mitigation PIafEAP, Section 8.4).

A numbe of observations arise:

M® 2 KSNBE LINRE 2DbRS &% W

2. Since the status of the majority well pumps is unknown, how could this proposal
have proceded this farwithout such extremely vital and basic data?

3. Who willactuallydo thisphysical survey
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The proponent wilbsurvey existing domestic wegl@above quote); alsdPrior to any
activity, nearby landowner wells will be surveyed Bygarty hydrogeologists and
experts¢ W@ C I O Zpubticlad darBpiipkhe Clipper, 8 Decdmer 2022, p. 9)

-2 K2 | NB3fakySidSgealogists and expeétsConsultants employed and
paid by the proponent? The proponent will own and control all of the data. This is not
impartial 3" party. Anindependentwatchdog is needed to oversee and intervene when
necessaryHowever air legislationand administrative systa do not seem to provide

for such a protection for citizens.

- The data to be collected are intrusive and invasiMaat if homeowners do not wish to
participate in the surveyWhat if those'Hearby landowner@who may not even be
directly involved with lhe operation nor have landowner agreements, rou wish or
trust for a private miningcompany to meddle with their wells, which are technically
theiro A ®S & { Iprdpgedydny Sesi@ibility under the Manitoba Groundwater
and Water Well A@What are their rights to chooseefuse? What if their rights to
refuse are not respected?

If they decline, Wl they be later shunned or blacklisted from resporsepunishmentf
they develop a problem™Phey just want to live their liveS8Vhat other recairse will be
available to then?

(See the Appendix at the end of this document, gds@90+ in thaNater quality
analysis section

-Will homeowners have transparent access to their unredacted results, or will the

NBadzZ 6a 0SS Of I &ad&sRalohgihe ganddlhesditie @lusN® ¢ a SONJ

Wl 2YS26ySNI 2 (SN 2 S tAbide frarNalis$ ghpaymdug NJ SEI Y LI S
groundwater users and well depths in AppG(AppA6), other informatiordescted.(Note

GKFG GKSNB FNB ¢2h | LILISWNRB OBSH DNE dokKBg IFTR NG 2EEQ OX &
Theother Appendix G, located after Appendix F, relatesiénitage Resources.)

To illustrate,Section 3.2 of Appl deals wifhresumably already existingbmeowner

water well surveysThe proponent demursiHomeowner well surveys have not been
included in this report due to privacy and confidentidflic] reasong (Appl, p.24).

There is a multitude of ways in which data could have been compébdlated and
interpreted without violaing individual privacyA whole learned field is dedicated to
GKAA | NIY A{ Whydoed thd EAB it ¥i§ itnpoitantaniomaxdr? @hy

was this work even conducted, if the results are secret? Was an impartial outside agency
hired to do his work?Private homeowner wells are not company property.

How were the results of these confidential surveytizedin the EAPWhat sorts of
information did they provide?
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1

In SSCRIR1 (#CGIRDO03), monitoring wells are now introduced between the mining
aAGSa FyR LISR Wl StRay mkraziaSadvantty and most water
quality parameters surrounding its operations 24/7. Additional water quality
measurements will be taken regulabdgfore, during and after the extraction activities.
Thesemonitoring locations will always be between the operations and any landowner
wells.€

Similarly,mtheW C I O & LJazd €1 & S NI RSicOnlill ¥l&dlinktahyrvtoridg wells

0 S 6 S S gperhtibrd &nd private residenceso that water levels can be monitored
at a distance. Monitoring wells will be used to monitor water quality 24/7 and water
quality[sic] before during and after extraction in the sandstone and limestone aquiférs
(The Cpper, 8 December 2022, p. 9).(Empésare mine).

INSSCRIR2 #MBEN1o MU X (G KS ydzYoSNJI 2F Y2yTkei 2 NR Yy 3

configuration of the monitoring well network will focus on the perimeter of Bigear
operational footprint.Wells will be inglled inproximity to early-stage extraction wells

to monitor system performance andalidate previous assumptions and the results of
groundwater modelling assessmengss part of routine operations, additional

monitoring wells will be established betweentraction wells and any nearby private
wells to monitor aquifer response to extraction activities. 6 9 YLIKF 8 Sa | NB

Similarlyn SSCRIR2 (#GIRI1 M Mm3peXific dttions taken to monitor groundwater levels include
establishment of a monitoring watletwork that is able to monitor groundwater leveds a range of
distances between sand extraction wells and adjacent wells. It will include wells proximal to operations,
upgradient of operations and downgradient of operation$hese wells will bdoth inside the project

area and outside the project areaNells will be completed in both of the primary aquifers including the

Red River Carbonate and Winnipeg Sandstone aqéf¢Emphasis is mine).
A number ofquestions arise:

1. We now learn that thee will be many more boreholes) addition tojust the sand

wells. HOW MANY OF THESE ADDITIONAL BOREHOLES WILL THiEREGABE
production well numbers in themselves are unimaginably enormous, but we learn that
another large but unspecified contingentiliinot even be for mining, bunhanywill still
span both the Carbonate and Sandstone aquifers nonetheldssese extra boreholes

will perforate the areas that are not already ravaged by the sand widiksy will even

S E i SoyitRde éne project areg ®

H® { A y\WBalwiayk & &etween the operations and any landowner @aithat

if the setbackfrom domestic wellss only 100 m?Will the private well become the
monitoring well?6Actions may also include direct monitoring of existing water supply
wells with the permission of well ownegs. 6 { { / wIR0L14).But wael quality will
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be monitored24/7, this will be intrusive and disruptiv@r maybe the homeowner will
be tasked with collecting the samples, 24/7?

3. There will be dag timefor measuable changes to be expressed? ¢ fagiey'tHe &
extraction activiies aKIF € f Y2y AUG2NAYy 3 O2y GAYydzsSK

Ad mast water quality parametegs g A f £ 0 Shepdpdiedt hdidatBsdhat
0KS&a$S ¢ Adnibns,ojalOrfetdil @ssalved metatsjtrients, microbes and other
regulated constituents. Field parameters including pH, temperature, electrical

conductivity, oxidatiorreduction potential and dissolved oxygen will be monitored

using a calibrated handheld water quality monitoring probe amdifefield water quality

kits¢ o { { / wirR014). Total @ssolved solids, total alkalinitgtions and organic
parameters are excluded, evérydrocarbonswhich should be testefl 2 K | dthel NS &
regulated constituents K 2 Af f &2 Y S0 2 Piate the/poblesa@dd this 2 O £ A
every time(see p257)? Water quality kits that rely on addition of chemicals and eyeball
comparisons of resulting color changes are not adeqif@t¢he level of scrutiny
required.Furthermore, these kits create chemical weg where will this be disposed

of?

In SSCRIR2 (#DLBRn n o A rangedof possible constituents of concern will be
monitored before, during and after operatios. 2 K G | chidStituénks8fa S @
concerre K

The samples will need to be delivered to the pgbmptly and continuouslyNormally it

may take days to weeks for a certified lab to analyze samples. How will the process be
speeded up here, so thaesults are promptly available What use is it, if a change is
detected a weelor moreafter it has firs occurred? Will a contract be drawn up with

the lab for this long term undertaking?

5. &While it is not expected, if there is a concern with water quantity or water quality,
Sio would likely see this on one of the monitoring wells beforelangowner wells due
to the proximitye 0 { X#CEREARQO3).

2 KI G A& fpréxditg O 8z 1 K& Y2y AG2NAYy3 6SEfK tNBRE.
the landowner well’According toaCowlishaw (2014), the utility of observation wells for

measuring drawdwon requirest Y dzZYd SNJ 2 F O2y RAUGA2y dhe s KA OK
smallest possible diameter involves the leasttiméldy f 2y ASNJ a @NBSya ol
I NE NBIljdzANBRZ GKS ¢Sttt OFyy244 6S G22 0O0t2aSs
bestrong & Ay FfdzSYOSR o6& FyAaz2GdNRLIRE 6adGNI GATFAOI
unconfined) nh(t) increases with time so a longer test is requicdabundary and other

effects can swamp aquifer resporgs@hus it may not be possible for all of these

conditions to be met.
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Furthermore, & discussed above, joints and fractures in the limestone may channel

water in unpredictable ways between the operations and the housespzangdnot be in

a directline, therefore themonitoring well may not intersect with the atual path that

the groundwater follows It is conceivable that in some, or many, situations, the
Y2YAG2NRY 33 gStta YlIe y2i NBFESOG 6KFdG Aa K
companycani KSy &l &Y LGQ& y20 dzaH b2 &AANNBS® / 2)

6. WhyA & (0 Ke§ddBopekatiodal footpring = ¢ KSy GKS OdzNNBy (i Aya
application claims to be for 4 years?

Frustrating confusioand doublespeaksurround the samplingffort. What is the
sampling frequencyR seems to be a simplguestion.

&Sio will actively monitor water quantity andost water quality parameters
surrounding its operation24/7.€ o6 { { / wIRG0Q). | / w/

aVionitoring wells will be used to monitavater quality 24/7¢ (The Clipper, 8 December
2022, p. 9)

Andi K SadditiGnal water quality measurements will be takeregularlybefore,

during and after the extraction activiti€&sSSCRIR1 (#GERD03)

GAdditionaé G2 g KI G K | r2galariiBededytfaw Ndums, orficédaily, weekly,
what?

oGroundwater quality sampling will be conducted quarterlfor perimeter monitoring
wells,and monthlyfor wells in proximity to extraction welduring operations Samples

will be collected directly from private water wells in advance of any extractaivities,

and again during and after operations. Sampling activities will continue at a quarterly
frequency following operations for at least five years. Monitored parameters will include
field parameters, physical parameters, anions, dissolved andnwggdls, pathogens

and isotopeg (SSCRIR2 #MBHRNO031).In the later Draft Monitoring Plan,

microbiological parameters have disappeared (p. 535).

oGroundwater in proximity t@ngoing operationsand private wells will be monitored
and evaluatednonthly.€ (SSCRIR2 #MBHRI031). (All emphases are mine).

1. The 24/7 promise means that at least two samples will be collected every 24 hours.

How many samples per dayowldactuallyd S 02t f SOUSRK LFE AL Aa 2y
should not be promise 2dzad GKS arTé

2. If 24/7 sampling is promiseds it also has been in the public mediaw does this
I £ A 3 ymosttlyifdk wetis in proximity to extraction wellduring operationg K
Monthly/quarterly are in a completely differemallpark from 24/7, are they not?

3.2 KId Aa p&EimigdK o6& a

96



4. Who willconduct the samplingWill companyemployeescollect and select/cull the
samples, and how will proper independent chailicustody be mantained?

5 Sadnples will be collected directly from private water weel¥ G KS LINR LR Yy Sy ( &
thus far encountered difficulties in obtaining direct water samples in two out of three

attempted wells due to obstructing wiring and equipméAppALl, p. 46)How will this

obstacle be resolved¥lore water softener samples (88547 Yes ¢eep. 528).

6. What if homeowners do not wish for compapgrsonnelto interfere with their

gStfaK ¢KAA YI& 06S LI NIoroOidgfopeNdods fo? af I8aNtR dza | Y
fiveyears ® 2 Aff | F2NXNIf 3INBSYSyid o6S NBI dzi NEBR
homeowner to compensation for time (see Appendix). Wih#te home changes

ownership?

7. The chemical and pathogen parameters to be monitored are not spe@ifdogens

have now disappeared (p. 535))Jonitoring only anions and metals excludes a very

large and important sector of chemical parameters. No aigparameters are

mentioned 2 K | physital parameteéss At 0S8 SEFYAYSRK 2 KFG A
envisioned here: radon(Or deuterium etc.?YWhat about other toxic gases (hydrogen

sulphide)?

8®d Thé program will be supervised by a qualified professiéndP&CR #3, #11, #24,

#211).¢ K X@alifiéd professiongl g Af f 2y f & &adzZLISNIBAES (KS LIN
2 KFEG Aa XEhige KO K&a OFy NIy3dS FTNRY RSaAIyA
sampling program onsite, to glancing at the data every few morithswill be a multt

year commitmentWho will be thendependentiqualified professiongl g K2 @A f
oversee and enforce monitoring responsible for the prograiéhope these are not

the same personnel who collected samples from water softenerdqp+).

oQuarterly evaluation of water quality by qualified hydrogeologist and/or geochemist,
with results shared publicly; and others. Private Well Owners notified in the event there
are deemed to be risks to water quantity and quality in private wé&ells 6 { {#CEERwW H
011). If there are risks to water quality in private wedlguarterly evaluation will mean
that people may have been drinking tainted water for monthShould there not be a
more immediate alert?

9. Whatlong-range commitmentis there to ensurany aftermath will continue to be
addressed after the company has left, or after it has dissolved or transmogrified (many

times) under a new name, ownership and structure?

This leads to the primary issue of concern. Even with the best sampling/monitoring
program, what happens when the results indicate trouble?
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- How soon can response occur? At least days, possibly weekselaggedby the
time data are returned from the lab and are reviewed.

- The troubled water is alreadgng gone back into the aquifeand cannot be
retrieved. What sort of response is even possible at this point, when any
meaningful action needs to happdreforeti KS 41 G SNJ KAGa GKSXX®

-GData will be evaluated on a regular bagignimumannually)é I Gréundivater

In proximity to ongoing operations and private wells will be monitored and
evaluatedmonthly.€ (SSCRIR2 (#MBHNO31)Emphases are minéjvhich data

will only meritperusalannually? If there is an issue, this not late to discover

it? How do theseannual datadiffer from the din proximityé émonthlyé 2 L &/ KQ U

WY 2 v adaibrater lax, especially if there is a problem? A monthly sample may
conceivably be collected when an issue has existed for nearly a month, and then
thereisthelabturds N2 dzy R GAYS>EX yR (KSy &a2vYSo2Reé K
somebody has to decide whai do. Then so much time has passed, that it is all

Wgl GSNIJ dzy RSNJ 6 KS ONARRISQ> a2 (2 aLISI|1o 2
would have happened already.

1 For the Permitted injection weH) that have already operated, there are evidently
no data for the water returned to the aquifer (TAC #10). Wisythis not critically
important?

1 Why is the detailed sampling program plan not available for evaluation NOW@
Draft (p. 527+) is not adequatéurely a project anponent as fundamental as this
could have been formulated alreadypproval is sought without workingplan, which
may or may not be submitted lateand which will disperse within the mists of the
Gf AGAYy 3 R20dzySyda¢ 2y0kathappiaddthe planysileemddS dzy R
inadequateAVill anybody checkWill approval be revoked? Sadly, we can predict the
answes.

1 dThe results of monitoringiill be used tovalidate the existing numerical groundwater
model. Anymaterial differencesbetween simulated changes and measured data during
operations will be rectified by refining the conceptual model, recalibrating the numerical
groundwater model or ddressing any residual datagaps. 0 { { / wHRyv | a. 9 b
031)(Emphasis is mine).

It looks like the conclusions are foregohed y Qi (0 KA{&AK HdzfOR Yy O NREKS NI 2
used toobjectivelyascertainand construct a modelwithout favoring a particular
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A ¥ s A x

outcomeK 2 Aff y2yO2yF2NX¥AY I RI (Walida&heNBE 2S O0lG SR ¢
narrative?? K| ( ntatN@®l difference$ K K2 dzf Ry Qi GKSNB | €t NI R@
data to inform the modelwhich is already being applieglspecially if there may be

amaterial differenceé £ 2 Zrathenfhdrzsampling in its wake, on the,fweeping up

the debri® Is this not a reckless ammach to such a huge undertaking?

As for mitigationgwell yield can typically be restored by lowering the pumps in the
affected wells€ RRCR32)T sotne pumps may become too shallow to access the
ground water. In these instances, the pumps wonked to be lowered to allow for
pumping of water from the aquifeg (RPCR49) Many pumps are alreadpstalledat
the bottom of the well and cannot be lowerexthy further.According to the peer
NB A S g SNk aBEMHy oRNIAE BSNIactd
gngo! LILJ. -ID)CwL9{ 9b
(Emphasis is mine)

oCanWhite will assume the cost of lowering the pug[RRCR214). Wherd/if

adjustments can be made, will the homeowner have the option to engage the services
of a trusted plumbernd to submit the bill to the company foeimbursement in lieu of

a company representativeontractor making any alterations tprivate infrastructure?

This is especially important since presumably the alterations will be permaaedt
liability issues may arise

z

2Aft /Fy2KAGS Ffaz2 aadzyS GKS subieisible2F |y S

pump burns ouis a result of pumping &r

As a realife illustration, a gravel pit operator in Brokenhead Municipality wished to dewater hisopidl

by pumping the water out into the municipal ditch. He went to the municipal office, where the CAO gave

his blessing to proceed. The high speed pumping caused éwghimoring domestic wells to go dry. One of

the pumps burned out while the homeowner was away at work. The installation of a new pump cost more

than $1000 in addition to the inconvenience of being without water until a plumber could do the work

Thehomed y SNJ O2dzf R y2i &adzS (KS 3INI @&lhal)pednidsiooldSthed (G 2 NE | &
pumpingt KS wSS@S (2fR (KS K2YS246y SN (2 & Y&&ddand KS NBOSA
deliberation.Now, more than 20 years later, the homeowneagisi A £ f & 1 S S LI iyflethenioko§ NB OSA L
the family album perhaps.

The moral of this story is that an operator can hide behindalted permission or approval, and evade

liability, while the unfortunate homeowner is left with the biBivilservants are not liable for their

decisionsNot fair?9c \ita est.

dowering pumps in water wells that may experience a temporary water supply issue is
one potential mitigation strategy that can be used to maintain water supply, if needed
(RPCR64).What are other mitigation strategie®r corrective measureshat will be
available?
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I OAGAT SYRPER ©2 V¥ Y 3 ¥ G NELNS/@ite Fads KsSUNS doncérned
citizens that the aquifer will not be disrupted in any way by their business. This is

confdlza Ay3d Ay GUKS &aSyaS GKIFIG /Fy2KAGS {IyRa
water declineg solution, in their own wordsluring their August 24th open house will be

to truck in water!"

Ly GKS NBLX &2 GESVhiONRdgrefiSnokiat @nidndia8ay a
situations that could require mitigation and all practicable mitigation measures that
could address such situations, even if they are highly unlikely to occur. The reference to
trucking in water is one such exami@gle ¢oily®ther exanple suggesteds lowering of

well pumps Howeverin the case of water quality issues, the options reduselelyto
trucking. (See pp. 53637).

Where will thetruckeddtreated makeup wateg (AppA1l, p. 81¢gome from? How will it
bestoredat theK 2 Y'S 2 ¢ y S NWiliithe watér tuSkibe parked at the house, or
will the homeowner have to buy a tank or cistemtransfer and store the wateror will
the company supply or&Sincethe émakeup wate€ will not be connected to the
plumbing in the housgit will have to be transorted/carried manually for the various
needs It will be required forronsumption cooking, washing foodnd disheslaundry,
flushing toilets, washing handsd surfacesbathing If the home is not a bungalowhé
bathtubs are upstairsThere may be animals and a garden to waill hot water be
providedfor washing dishes, laundry, bathtubs and showerswill it have to be heated
on the stove? What if there are childre&?senioiiving alonemay not be abldo
manage Will the company provide he®Will compensation be available? What about
farmers with livestock?

Given that not all wells in the cluster and/or clusbdockon a parcebr in the vicinity
will be operating at the same time, possiblyeven the same yearesulting in an
extended period within the zone of influendepw long/often would the property
house affected families during this tribulation perio8fsimals will requiremmediate
arrangements.

At the CanWhite virtual open house on August 24, 2021, a company official was quoted

Kl

Ay (0KS YBRALDKGKBzZXadaly AaadzsS gA0K GKSANI gl

ensure they have watewyhether we bring in potablewate&y 62 SQf f 0 OSI &S

i K
YSIEFNB& yR RSGSNXYAYS OSNEB ljdadOlfte AF AGQa

NBadz G 2F 2dzNJ I QG ABGAGASad LT A0Qa €2 daNIKSOG A

Clipper, 8ptember 2, 2021, p. 5).
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Ly GKS LdzmtAO R OF YLI A3IYy A yWecenksStest wiatkrLILIS NJ 0
again and again and must quickly pause operations to solve any issues related to that,
no matter how minor¢ (Emphasis is mine.)

OCanWhite will have a stringent mitigation and monitoring program that will monitor aquifer conditions

before, during and after extraction activities. A ptevelopment assessment (like what was completed

for the hydrogeological and gehemical field investigation) will be completed for wells near the

proposed extraction activities in the area. Groundwater elevations will be monitored in real time so that

operations can be stopped if water levels approach intolerable rangkésiny intderable levels are

20aSNIBSRE /Iy2KAGS Attt Ay@SadaAaAardisS G2 RSGSN¥YAYyS AT
activities. Should Project activities impact the availability of water to nearby residents, including during

drought conditions, CanWhitewf f A YYSRALFGSt& G 1S FOGAz2ya (2 SyadzNE
cost€¢ RRCR32)(Emphasis is mine).

There is conciliatory talk of mitigatipbut there idittle information regarding this

ostringent mitigation and monitoring prograénWhere is thedetailedprotocol for this
0Saiwatgragaidandagain G2 0SS ¥ 2 dzy RK exadparanfeters, hovS NE ¢ K
often? As discussed above, lab results may take a week or more.

AF I K2YS26ySNRa | 00Saa (2 o6FGSNI A& yS3laa
will be provided with potable water available fonmediate usel &/ | y2 K& 1 SQa O2
(RPCR60) (Emphasis is ming)

In actual life terms, there is a glaring reality discortriere: the homeowner will

require water immediately, but assistance will not be forthcoming in any timely (Z\)ay

the one hand, the water wiupposediyd Savailable for immediate uge> & S G KS
problem must first be detectedfter it has occurredthen the homeowner has to report

it someplace

I OO2NRAY 3 {2 LanoSnesIN®IUIayeSoyednmct o 6 { { / wLwH | 5]
IR002).

oCanWhite will provide local residents with contact information to file any complaint or
concerné¢ RRCR H m Landowrers nearby will be notified of activities nearby and

expected timelines. They will also be provided with a 24 hour phone line and email that

can be reached in the event that they believe there is a probletin their well.€ RRCR

#253, #254Emphas is mine)! f aShauld & concern arise, a-ddur contact number

will be availabldoé WWCI OGa al 0GSNRQ LWzt AO R OF YLI A3
9).

&Sio will make efforts to resolve any complaints that are received in a timely manner,

and ingood faith. Complaints will be managed in order of urgehicy.0 { { CBARW M |

003).

Theresidentscannot report the problem directlin person at the mobile office for
SEFYLX SY a GKSe& | NB ygyhutohizédddaSiRel 2l G KS 62
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permitted on the active worksités RRCR137, #256). Will they have teave messages

or wait until next morningor after the (long)weekendwhen somebodyeturns their

call thenK 2 LIS @a&/hile wil investigage A (REBCGR#HI} K | (atihdly &

manneé NVill somebody monitor the emailsy R NBALJR2YR Hn K2dzZNE | F
hour phone lineandem&l YSIFy GKF G O2 YhMokemgibhgtim@buy 06S f ¢
response will be whenevel?y R T dzNIIl KSNE G NBALR yperSe YSIEya |
response, not just a returned phone call2 ¢  @rief dfurgencg 0S RSGSNNAYSF

We note that the 24 hour contact seemsgpecify well problemsWill this line also
handle response tother problems, such as noise, especially at night?

2 KFG | NB O KSoleONNaENGAKX | L F 2 Ad 8 NFtiiethd@nedivBeN ¢ K2 Y
or the company? (i K S NBerdbNBnges 2060 a SNIWSR (KNRdzZK (GKS
problem has already affectetie homeownerthe data must be transmitted and

evaluated someplacé dzi G KSy (GKS OfedidhayEdseltandicdn$ult K- a G 2
and deliberateln any case, evidence will first be needed that the operations are causing

the problem, accompanied bygmificant delayWho will conduct the investigation?

What is the standard protocol that will be followed, and how long will it take? Will

reportsthen have tobe awaited?The complaint must then be referred to somebody in

the companypantheonto make a final decisiofhe company will understandably not

be excessively eager tanbraceresponsibilityliability and mayengage in evasive
measuresThere may be wrangling and recriminatigind then, in the event that/if the

company shouldinally admit culpability,how much time has passed¥ill the water

truck only be dispatchedt this pointto get fresh water, then bring it to the homf?& he

family has been without water this entire tim&hey have had to fend for themselves

and purchase and bringpeir own water.It is small comfort that when the water truck

does arrivethe waterwill at lastdo Savailable for immediate ugethe family will be

scanning the road with binoculars and anxigugaiting with theiremptyjugs andoails.

And they wilbe extraordinarily grateful that thigenerous favor would bbestowed

S @ S ydrohgyit canditiong think of that,when presumably the company really

g 2 dzf Ry Q @ondescén@o sichcharitablelengths.

Thus, timely stoppage of operations and swift relief for the homeowner will be unlikely.
It seems that poor Joe Blankowsky and his six unwashed children are out of luck.

Time will grind on, and if theventualcompany decision is unfavorable, there will
possibly be no redress in the end. By then the operation will have moveadam.
will/can mitigation occur &er the fact?

6Should the landowner and Sio disagree on the cause of the issue or appropriate
mitigation measures, Sio would contact a 3rd party water well drilling company and/or
hydrogeologist to provide their expert opinion on the majfsic]. This would determine
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iKS O02dz2NBES 2F | OlA2yd LT {A2Q& SELIGNI & 2NJ
0SAYy3 ySIALGA@Ste AYLI OGSR o0& {A2Qa I OUAGDAI
appropriate solution is determineél. 0 { { [CBARA0B). |

1. The 3rd party well drilling company is employed by the company, and will be

investigating itself and itsven work. The hydrogeologist will also be paid by the

company A real 3 party could be, to use a silly example, fPevince.But wait, the

PNE OAYOS | LILINEPYGSR (KS GKAY3a YR R2Sa y20 ¢l
area, or theprovince maybe?Unlikely, you say?

H® Ly GKS Y22adte AYLINROIOES S@Syid GKIFG A
(with undesirable liability iss®> G KS 02 Y Llceyse opgratibrs unXy &£ & y & i

drop operations altogether. The homeowners will endure various manipulations of their

wells, or have to settle for thaidiousW i NHzO1 SR ¢ 4 SNR @

But, since all of this consultation and opinion segkamd rumination will take more

GKFY | FS¢ Kz2dzNB 2N S@GSy | O2dz2L)X S F RI &a
on weekends and holidays, unless he/she is paid to be oy tteloperation will have

moved anyway. If the next clusters are now cagsarproblem, we need a new
FaasSaaySyidxx

3. Through all of this, the most glaring and conspicuous omission is the absence of any
provincial oversight, involvement, intervention, interest, assistance whatsoever. The

homeowner is left to deal on his own, withsituation that has been forced upon him
through no fault of his own.

4.1n a just world, he company should not be investigating itsétfr obvious reasonsAn

impartial, objectivethird party isrequired, but who?Nobody wants to get involvedhe

regulators will not be overlgealougo handle the consequences of their permissive and
ill-considered decisions: their mandate is to help and justify the indulttlyere is a

dispute, wil litigation be the only recourseBut another obstacle pops up: will the

crucial evidentianR I G I 6 S & LINR LINR S (The Ndn€owheywRll havg'tb OO S & & 7
prove her/his case and incur the expense of hiring an engineer and lawyer, and pursue

years ofthankless struggleMost will be umble to undertake this.

In a utopianjust, and humanevorld, unattainable as it seems, the following would
happen.The homeowner would be immediately provided with watewithout

dithering anddelay, regardless of whether the company is subsequently desti@ated

to be at fault or not this is the least they could do, given the other nuisances that they
are creatingThispresumptiveapproachwould be bolstered by:

A) thetiming of the complaint relative to active operatioffise. after commencement
of operations evenmore than a week aftgr
B) thenature of the complaintdeprivation ordiminished quantity of water, or
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discolored stinky,or otherwise taintedvater.

These factors would make it unlikely that some other cause exists. Further investigation
canthen be conductedf warranted but human beingshould not be without water,
which is @&Fundamental Human Right

The length of time during which water is suppl&tbuld extend until the problem has

been rectified. If it persists for more than two days, the family should be offered

compensation for hotel accommodations and meal expenses, until they can return

home to a restorecind safe water supplyas demonstratd by a lab result.

Arrangements for their domestic animals should also be covered.

I O0O2NRAY 3 (2 (GKS LIPSNIsMBMGEENKag St RNAf TS
widespread area of impact typically also include a groundwater interference plan, or

some meansn which a resident can have a private well complaint assessed.

Groundwater interference plans are mandatory on projects such as thigona& ! LJLJ. X
#FRIESEND).

The proponent reiterates thail he Groundwater Monitoring and Impact Mitigation
Plan will inclde a robust procedure for responding to unforeseen issues in a timely
manner. CanWhite has demonstrated its commitment in responding to compdaibts
(RPCRG0).

- Where is thidinalizedGroundwater Monitoring and Impact MitigatidPlan?

- 2 KFG Aa vSdt yfatedor® K d

- 2 K@ | NB (kKSBesced KdzSa a

- What are the protocols for responding to complaints?

- | 26 Kdmé&itméent in responding to complaids 0 SSYy RSY2y aiNI (§SRK
See Public@nments in Registry
(https://www.gov.mb.ca/sd/eal/registries/6119/public_comments_2.pdbage 6.)

- Will an option for a thireparty, I NJ¥&hgth, non-companycontact be available?
- 12¢g az22y gAtft NBaL2yd &Pledaso otdeNddt seedlbd ¢ KI G A
andY S| yAy3ftSaa ala az2z2y a FSIFHaaofsSe &Sd |
- Will the Province maintain records of complaints, and their outcqroewill
S @S NE (i KA ghdamiNdss ko spgaR W
- Where can appeals be directe@ther thanhaving to resort to the cumbersome
legal proceedings under Part 3 of the Manitoba Mines and Minerals Act).
- Will the Province participate in resolution and enforcamtf?

In any casepeopleshould notbe forcedto deal with the companyon their own,
without any independent oversighaccountabilityor support The Province, which
issuesthe license, must be involved and take responsibility tpuire, andrequirea
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solution. Thereshouldbe a provincial office where people can report their isswesl
expect properttention andaction. They should not have to resort to thiblicmedia
out of desperation.

Under a previously issued provincial exploration permit (Wadiekmber 5, 202@ April 30,
2021 O2 Y RA (i A 2iY Mihedpls Btdi ik iiespeEndbledo correct any water supply
problems or provide temporarywater supply to anyone wdse well(s) are negatively
impacted as a result of pumpirgg. 0! LILI n0 @

We note thatwater qualitycomplaints brought forward by citizemgthin this period
were not resolved to the lattefsatisfaction According to lhe reviewer in SSCRIR2

(#DLNIR002), 6A complaint of brown water in a domestic well near the Sio Silica Centre line Road

extraction site that occurred only during Sio Silica sand extraction was documented in the response to

public comments key issue 204 of the Vivian Procedsngity EAP. Several well owners documented

Feb. 5, 2021 in a Report of Suspected Violation of the Groundwater and Water Well Act occurrence of
RAaAO2f 2dz2NBR 6 GSNI YR AYONBIFIASR ANRY aillAyAy3a F2ff2
area€ The proponent asserts thaitSio is not aware of any impacts to local water supplies
associated with its testingtoda®@® I YR (0 KI 0 (deSnedINRl@el ®Y ¢ a a
{ A2Qa | Onoke@keliaAr@idtenangeRssi#é SSCRIRADLNIR002) (Emphasiss

mine). More likehé K 2SS R2y Qi I Oldzrtte 1y26K

5dzNRA Yy 3 (KS nddegaiMeyéfiectim@rd feorted by wellownérs 6 9! t mX  LJ
vi). Were well owners alerted prior to the test, and provided with contact information

where any well issues could be reportedirtually all well owners do not know where

to report issues with their wellsin my own personal experience, even provincial civ
servantsseldomknow, andl can attest thait has takermore than 6 monthdor a

complaint to wendts way to the appropriate persomalso personally know of a recent
SEFYLX S Ay (KS adzyAOALIfAGE 2F . NRPrig8§yKSI R
pumping test of thenew drilled Beausejouwater supplyg St £ 4~ &S GKS RNAf
a0 GSR GKFG y2 O2YLXIFAyda 6SNBE NBEOSAOSR:I ¢
O2YLX FAy(iaQ R2Sa y2G ySOSaal NAf éothéSIy Wy 2
conducted without the courtesy of letting people knoMuch helpful information can

be gained that way.

I Y2YAG2NAY 3 y Saestabhsh corddiond IN@duigldaSRleveésd
groundwater quality in advance of operations, and tradlow for realtime monitoring

of water levels between extraction activities and existing water supply wells during and
following extraction activities.(TAC #35)(alsRPCR253).

oGroundwater elevations will be monitored in real tin&®RRCR32, #253.

dMonitoring will continue for at least five years after operations end in each area, or
until groundwater levels and groundwater quality have stabilized atrpr@ng
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levels/concentratione o0 ¢!/ | op 0O ®

OGroundwatemmonitoring will continue for at least five years following completion of sand extraction
and well decommissioning activities. Thresholds for cessation of monitoring will include groundwater
levels that have recovered to baseline conditions and are in dymaguilibrium with the surrounding

aquifer, and groundwater quality that is similar to baseline conditéns. 6 { { / wL-@31)l a. 9 b

Ogroundwater quality samples will be collected in advance of development and following development
for a period of two 2) to five (5) years under the direction of a qualified professional with experience in
the interpretation of geochemistry and groundwater quality. The monitoring program will continue until

groundwater quality is stable and similar to background (predgweient) concentrations(SSCRIR2

#CEGQRO011).

-1 2 gsiméar to backgrounél At f O2y OSYGN) GA2ya KIF @GS G2
d0Fof SK LOSdY gAIGKAY prI w3 2NXX aAffAaNd
criteria thanmicrogram or nanogram @l parameters.

What assurance is there that monitoring fatrleastfive years after operations enth
each area will occur (in SSCRIR2 #8BC1 this has been whittled down the
possibility ofas few aswo)?

The program wilpresumablyutilize its own and/or provinciamonitoring wells to alert

for water level changes. However local geologic features may result in discontinuities
and irregularitieghat affectindividual privatewell response. According to FD (2019),

& 5 dzS aridbfity i@the number, size, type and interconnected nature of the
permeable features, well yields can vary substantialigr relatively short distances
(Emphasis is mine)lhus the monitoring wells may not necessarily concurremtly
accuratelyreflect conditions at private wells, which may experience a problem that is
less obviousn the local monitoring wellOther considerations may also intrude:

In my own case, a provincial monitoring well is located 1 km from my well. It doexoatatelyreflect
water level(or water quality)changes in my well. | respectfully submit that locatohmonitoring wel§
may be & important contributing factor:are theylocated hydraulically upstream or downstredire.
upgradient or downgradien®f the private well, antbr of the pumping activity that is generating the
drawdown or perhapghey arelocatedin a separate lateral flow channet crossgradiert entirely?

Therefore, vinere will the proposednonitoring wells be locatecandhow many are
feasible, given the scope of the proj@¢Seepp. 527+).

Ly 2NRSNJ (2 LINRY 2 dzy@&stibikzediat pfeSi@§t a | y R |j dzl f

levels/concentration§ = | &SNASa 2F YSI apeNdd ¢ ®gliledla 2 S NI |
AAYy3AES st RFSIS d2Ayida R2 y2aG ljdzof ATFey adil
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a0FoAt AT FOA2Y (grenirSg|8v@d drazniiafoRPmusiibg tnawd d
in order to compareThe baseline preoperation stability nmust inherently be assessed
over asuitableperiod of time.

Intheeventi K G LINRPOf SYa | NB 7T 2gdzynRaterke2ess arld! b A & & dz
groundwater qualitg everbe fixed? No Plan is possible for those outcomes.

How will thesteepness of thelrawdown conebe assessed?

dCanWhite is exploring wireless telemetry systems that are capable of

transmitting water levels to extraction well operators so that impacts can be detected
and rapidly mitigated by reducing pumping rates, lowering pump elematiincreasing
setback distances or stopping operations in extreme situations6 ¢! / | op 0 ®

- Monitoring systems are only being exploredih no assurance of implementation,
eventhough operations are imminent

- What are the monitoring strategies in the @atime?

- Increasing setback distances would require a new site to be cleared and set up, with
more damage, and new well clusters to be drilled, and mainline power to be
installed with no guarantee that the problem will not reoccWhat is the likelihood
of all ofthis happenin@

- As discussed above, madgmesticpoumps cannot be lowered any further.

- It cannot be overemphasized thahanges in water levels wellsare not
instantaneous Depending on distance and geologyete may be a lag of several
days or more for the drawdown cone to reach the impacted well. By then the
problem cannot bemmediately reversed

0A Waste Characterization and Management Plan, Groundwater Monitoring and Impact
Mitigation Plan, Progressive Well Abandonment Plan,\&iader Management Plan will

be developed and implemented to protect groundwater quality and guide responses to
any potentialimpact&. 09! t HX LI yno o

Oa Water Management Plan will be developediaubmitted to regulators prior to operations. It will

include a refined water and material balance for teetraction, reinjection and treatment of groundwater
and sand. This information will be presented in a seriggofess flow diagrams (PFDs), plan maps, tables
and graphs to illustrate afjroundwater and sand inputs amiitputs over the life of the project. The
location of flow monitoring instruments and water quality monitorilegations throughout the system

will be shown. The frequency of measurements and sampling will alspdmsfied.It will also describe

how various streams of water and solids will be managed to ensure groundamdesurface water

resources are protected. (RPCR44).

Ly I O02NRIYyOS 6AGK [/ Fy2KAGSQE DNRdzyRg Il (G SNIthe2 y A (0 2 NA
sandstone and carbonate aquifers will be monitored before, during and following operations to confirm
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that water quantity and quality is preserved in both aquiférke results will be evaluated by a
professional hydrogeologist or geochemist with esipace evaluating water quality, with results provided
to regulatory agencies for review. In summary, the Project will not contaminate the sandstone or

carbonate aquifers, and water quality is not anticipated tonbeterially affectedby Project operationg

(RPCR30, #36 #43 (Emphasis is mine)

1. Where are thesdinalizedPlans’AWe only haveskeletalDrafts (see Addendum 1).

2. We are promised a lot of information which should have been available NOW and
which ismaterial to the EAPWhy is this information not available/withheld at such a
late stage in the applicationDoes it even exist?/hat if there are issueshich need
to be adjustedand addresse®d What, if any, opportunities will exist for outside
(including public) input once the project has been approvadsuld scrutiny after the
license has been issued have anganing

3. The monitoringg A toffim&d K & y2 LINRO6f SY Saikchaesd 6 SOI d
dThe Groundwater Monitoring and Impact Mitigation Plan will include a robust

monitoring plan toconfirm that water quality is not impacteéd RRCR43)(Emphasis
is mine)

-La y20 GKA&A O0AlFAaSR FNRY (GKS adGIFNIK w28 | ¢
O 2 y T A NJGuréiyka snwrétgectiveand unbiasegrocess is needed.

- Given the dearth of current datayhat happens when no such confirmation is
forthcoming?How willcan water quality be fixed if ihasbeen impacted?

4p 2 K2 gAfft O2y RdzOfiofedski@l hYigyehldp2iNA Yy IK ¢ KS d
geochemit @gAff 2yfte WSGlIidzZad SQ GKS Sy R LINE R dz
employee?

5dwatier quality is not anticipated to be materially affecke®y ¢ K | rdateRay\S & G
mean in this contextBignificatly, sverely, intolerably? Is it acceptable if it is
affectedonly somewhatVhy should there be any effects at all?

2 Aff GKS LINPLISNI & 26ySNR KIFI@gS | 00Saa 2 (0K
2 y tp®vidéd to regulatory agenciesrfreviené = F £ 2y 3 GKS &l YS a0 NRL
0KS 20KSNJ dzyl @Attt ofS ffS3aISR wSLR2NIa | |
I a &8 vasios alaTable 2, Attachment A, RPCR), with the awkward bits

redacted?

oFindings will be reported to the community onaregularb@gs o { {/ w | o0 ®
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déAnnual reporting will be available to the public. These reports are prepared 8y a 3
party with qualifications in hydrogeology and geochemistoy WWCIF O a al GG SNNQ
campaign, The Clipper, 8 December 2022, p. 9)

How complete or how selective will this be? What form(s) will this take: a dedicated
openaccess website, a closed vaite available only t& | LILINGRrgchah @

6 Wa dzo a,@ BdetibrSoNFneéiiblic municipal website, documentation that can be

viewed at the municipal office for those witholrtternet, or just a dressedp public ad

series along the lines of the awkk NR WCI OGa al 0GSNID OF YLI A3yK

Ly { { / We Grougdivater Monitoring and Impact Mitigation Plan intends to

establish a program for monitoring of groundwater levels and qualigotafirm the

results of the Hydrogeology and Geochemistry Assessmeneasure that operations

do not negatively affect the quantity or quality of water in the aquifér. 6 9 YLIKI 4 Sa I
mine).

¢ KS Y2y A (gRidFmgragementdécisions to avoid and/or mitigate any impacts
to groundwater users 6 wS & LJ2y a S (nkal AdRsory Gommifde {TA®) S O K
Comments) | duide2responses to any potential impa®ts 69! t HZ LI ynod

Again, 32Ay 3 RFGF O2f f @@inmkh2 esugsbfiftne madSlidgza SR 0 2
2 KFG AF FRRAGAZ2YyLFE RIGF R2ymQlationdddeling NY K 2 K|
results are not vindicated? Will data become selective?

TheLIJNE LJ2 yRé&spoirs@ to Additional Technical Advisory Committee (TAC) Comments

& G I (MBdelY araitools that should be periodically updated as new information

becomes availabl® inform management of the groundwater resource. It is agreed that
FAdzZNIKSNJ NBFAYSYSyiGa G2 GKE OFfAONIGAZ2Y O2dz

Additional data will continually altemnd modifythe model, thereforeby definition,
earlier versionsre no longersuitableor usefu] yetthey have alreadyguided previous
omanagement decisiolds @

When monitoring reveals what NOT to dat that point, impacts have already

occurred2 KAt S HIRNEVRY W2 YSy (a K2LISFdz & YAIKIG KSH
they cannot etirely correct, future operations, the people and properties already

affected in the experimental exercise have become expendable collateral damage if

there is no available resolution. But, what resolution can there be? If adverse impacts

are evidenthow can they possibly be revers@\What possibleneaningfulresponses

can there be?

Models are only as good as the data and assumptions that feed them. Presently, there
are serious concerns with the adequacy of both. An irreversible decision to proceed with
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such a momentous project must be based on a solid foundation of irrefutable and
NEBLINERdzOAGES RIGES y20 a6S oAttt GNB G2 FAE

There is no Groundwater Monitoring and Impact Mitigation Plamthe EAP.

In the Response t@dditional Technical Advisory Committee (TAC) Comments
(https://www.gov.mb.ca/sd/eal/registries/6119/response_to_groundwater.ptthe proponent

a G I (ASabust goundwater monitoring and mitigation will be developed to monitor

the aquifer,confirm modelling results, and guide management decisions to avoid

and/or mitigate any impacts to groundwater uséréEmphasis is mine).

INRPCR(0H O (KS LINE LRy SWidatidn Ehdéaiuyes WA deSMEAIRS A Y  a
the Groundwater Monitoring and Impact Mitigation Plan that will be

prepared in advance of commencing operations which will include monitoring of

groundwater elevations in reainhe so that operations can be modified to avoid

unacceptable lowering of water levels and impacts on well ieldCdzNIi KSNE Ay { {
again there is still néinal Plan The late draft document (see pp. 527+) is disappointing.

1. This Plan is a critibaimportant keystone in the management and design of the

project, yet it isstill mostlya dza LISY RSR Ay (KS R MNBubEY &l (DL [dANES Xp
therefore surely there arenore thanembryonic stirrings about hoexactlythis plan

shall proceed: why is it only a tantalizingdlimentary sketclat this point(pp. 527+)

and there is no way to evaluate tluetailed design, proposed methodology, relevance

and recommendations/guidelines/mandates in order to gauge whether thidybe

appropriate or useful?

2. Since in the real corporate world, budget, costs and profit are a core consideration,
who willindependentlyoversee what the Plan contains, how it is altered, how it is
administered and implemented, what the monitoringsults are, how the results are
interpreted, how they are transformed into management decisions, how they are
adhered to, and what are mitigation Plans B, C and D when Plan A fails? Or will this be a
completely internal and private loop, with no public anatability or transparency?

3. The only mitigations in the late Draft Plan (p. 537) consist of alerting the homeowner,
trucking water, and maybén extremis eventually shutting dowone well

49 Thé simulated impacts of Project operations suggestictgto surrounding wells
can be avoided or effectively mitigated through implementation of a robust
Groundwater Monitoring and Impact Mitigation Plen. o wt / w | n 0 @

ly { { / wGradindwabelYelevations and pumping rates will be monitored prior to,
duringand following operations as defined by the Groundwater Monitoring and Impact
Mitigation Planto confirm the results of the modellingssessment. Results will be
utilized to support future updates to the modél.
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T

Ly { { / We Hadloggoldgy andiGeochistry Assessment recommended a Groundwater
Monitoring and Impact Mitigation Plan be developed and implemented prior to, during and following
operations to establish eobust monitoring programthat is able to detect changes in response to
operations and guide mitigation measurdsis not a study but rather an operational monitoring and

management plan that will guide implementation of mitigation measures in the event they are redliired
(Emphases are mine)lhus the Plan still needs data to inform, guide, and change it.

LY Iy IR Ay ¢KS /[ f A LIWSINhddassrwiidatoNBringn > H A H O I
operations are active yeaound 24 /76 ¢ KA & Aa GKS FTANRG GAYS ¢
monitoringdreservoiré Y ¢ KIF G SEIFOdGte& INB (iKDad& | yR 6K
refer to the cavities? If so, how exactly will they be monitoiédyearroundé = | y R

oR4/7¢ which data, andhow many times per day withesedata be collected?

Completely leffout of the picture are wells which utilize water pockets in the

overburden and depend on aquicludes to maintain the perched water table absaee (

p. 46). Damage to aquicludes may result in permanent compromise of such wells. There
seems to be no Plan to assess locatiamplement avoidance gorovide permanent
alternatives, and compensate homeowners that may be affected.

Drawdown may also affect dugoutacponds, if these are unlined and depend on the
water table.This may affect livestogckiarden irrigation, and recreation .

In RPCR#32),the proponent contends thatiT he thick and relatively low permeability
glacial sediments overlying thienestone aquifer will prevent measurable drawdown in
any shallow glacial sediment aquifers or dugcéThis statement contradicts FD
(2019)(Figure7, p. 123.

The glacial and posglacial depositare heterogeneous and extremely variable; no
blanket stdaement can be made attributing low permeability to these materials, when in
fact in Springfield the entirydraulicconductivity spectrum may be found within very
avyYlFfttf RAAGEFYOSa®d ! 002 NRydadic dhadtact€iSticsoitiesedpv > A
materialsvary widely, from the highly porous sand and gravel to the very fine grained,
low permeability clays. In the context of vulnerability, matewaich transmits more
water at higher rates presents an increaseskrior negatively impacted aquifers from
surface activitieg.(Emphasis is mine). The reverse is also true: aquifer disruption may
transmit effects to surface water featurels) permeable circumstances,geessiorof an
unconfinedwater table which is expeed in gpond mayresult in drawdowrof the pond

for examplein perched aquifersThusthis remains a potentidbcalconcern.

A completely different type of well interference is also possibta. most of the
extraction season, except possibly the begny and end, surface temperatures will be
higher, often considerably higher, than those of the emerging groundwater. We have no
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information regarding the amount of time the water will have spent at the surface
before it is reinjectedbut it will be sufitient to raise the water temperature.

Reinjection of large volumes of warmer water may modify the local temperature such
that it may interfere with adjacentesidentialgeothermalcoolingsystems (Abesser,
2007).Warmer temperatures may also accelerate oheal reactions in the aquifer.

1 Thegeneral impression of thEARs that itseems to beafflicted with a discouraging

tone of disregard and disrespect for the people whose wells may be affected. They seem
to be a disposable collateral annoyance. Even the peer reviewers (AppB, p. 8) noticed

GKAAY G¢KNRdAzZIK2 dzi U K S teMBteddeldipivaté ater weINS | § Y Sy |

NEBaARSYy(d O2yOSNya GKNRdAAK2dzi G§KS O2dzNES

Artesian wells

1 Thesubjectof artesian wellsis associated witlanother set of challenges and risk$he
EAP is silent on this topic, andrre of the well decommissioning protocols (spe240+)
addresses it.

f Accordingto FD (2019),2 AUKAY (GKS wa W{LINAYIFTAStREZ

aquifers are largely confined and, consequently, are considered to be artesian

throughout the area. The distinction of flowing artesian wells is made when a well flows

freely at the ground surfaceittout pumping. In these cases, the elevation of the

potentiometric surface of the aquifer is higher than the ground surface elevation at the

alYS t20lF0A2y d¢

Flowing atesian wellgdischarge at the surfaaender hydraulic pressur@=igure20).
Extracted vater cannot be returned to the welhccording to WDR, two of the24
already drilledwvellsdescribedthereinwere capped to preverftowing conditiongWell
PID 200824, 200861\Vill the purpose of some of thdrainage ditchesnentioned in
EAP1(p. viii)be to divert waterto keep the site from floodingefore/until the wellcan
be stoppered or if it starts flowing subsequenfly

91 This matter raises some conceriisthe course of this projecthere isstronglikelihood
that artesian wellswill be encounteredThis is heartbreaking, d®wingconditions in
many other parts of Springfield have declined or disappearéé.very name of Spring
Field reflects tis history.Figure21 shows extent ohighstatic groundwateareas(at or
less than 3 nbbelow the surfacein Springfield whileareas offlowing wells and springs

are shown in Figurg2. If water regimes change, for example in wet seasons, some wells

that are not flowing at the time of drilling and decommissioning may later erupt
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1 Section 4 of The Groundwater and Water Well Act (C.C.S.M. ¢.Gg110) Well Standards
wS 3dzt | A Bejore ddpihninGtaeYcondtruction or sealing of a well or test hole,
the person performing the workiust determine if the area has a history of flowing
artesian conditions and whether it is likely or reasonably possible that flowing artesian
conditions willoccurf 6 SYLIKF aA &4 A& YAYySO0o®

In TAC (#55), thimchnicalreviewerpoints out thaty Thé claims area may include high
static and flowing weltonditions. The driller and operator must peepared to handle
flowing well conditions during drilling, operation and sealing. Wells that havevwadgér
levels may become flowing in the future and should be sealed as if flowing conditions
are present K& LINE LJ2 y S yOan\WNER adkiswldrigey andiwill comply with
this requirementg

Flowingartesianwells require sealing using specialized and expensive techniques, with
possibility of breakthrough hydraulic fractures (BCGWA, 2@¥bannular space &k
around an artesian wethay also develop at any timsgendngwater to the surface

around the wellhead (IAP, 202Dver time, the flow will erode adjacent geology and
soils.Infiltration and saturation of upper strata with water may also significantly
increase the risk of slumping.

91 Despite acknowledging the artesian issue in TAC (#55) above, in response to my concern
iNRPCR#47, #21@ (1 KS LINE LIZhES gfdino ardak thaSaieYexpécted to be
artesian for the majority of the 2¢ear mine lifeHowever, if flowing artesian wells are
encountered, they will not be allowed to flood the site and will be contained. In many
cases, if a well is artesian it is only artesian at a certain time of year (usually spring). In
these casesxtraction activities can take place when water levels are seasonally .ow
(RPCR47)(Emphasis is mine).

My rebuttal follows:
1. Both the TAC and thRPCRuotes identify artesian conditions as a potential issue.

2. Existing dta are insufficientArtesian condibnscannot always be predictedlVe
often do not know until we havalreadypunctured the aquitardHowever Section 4
of The Well Standards Regulation (see above) explicitly reqhieesperator to
obtain at least thehistory beforehand and adjust accordingly. less well populated
areas, history may not be obtainable.

od va YIye OlasSaxid Aia 2y & o MWySatlyg 2 KISND €
alsoactive yeafround, as can be attestday many well owners with this type of well.
On the other hand, it may not be active at the time of puncture, but may become
active later even several years lateSince many wells will be drilled during the
winter, before spring recharge has occurrettijs increases the chances that flowing
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conditions may not be evident at étime of drilling

Note that with climate change, projected levels of precipitation in the region are
expected to increase (see Taldep.80), and affect future hydraulic head conditions.

4. Clearly, theaboveRPCR#47)response indicates thaixtraction is intended at these
wells when/if they are not flowinglf they are flowing at the time of construction,
they will presumablybe monitoredin the interimto determinewhether flowing
conditions arantermittent or continuous Water will be wastedhow will it be
managed?ver what time periodwill these wellsbe monitoredprior to extraction
andremainnot permanentlysealed® In other words, how much time will be required
to decide whetheror when a well will be usableefore it issealed ancabandone®
What criteria will be used to determine when extractioanoccur?Thelogistics of
extractionsite setup and hgro servicing needo be scheduledome timein advance
of operations What will be the policy on how these situations will beandled?
There is not even a reference in the EAP to any missingd’&ddress these issues.

| 26 SOSNI MCIOMA{ ENR EBANDO ¢ KS / f ALIISNE CSo6 Nz |

LINR L2 YSY G OF G SHNIANKQAH fyf &2y RAGS2Y da I NB y2i
area What is ttfS fodus areé K Figure22, flowing wellsand springs are shown in the
Anola and Vivian aredhe project is planned to expand over its 24 year lifespan, perhaps
even infiltratenumerousadjacent municipalitiesthrough endless Notices of Alteration
(RPCR63,#73, #185, #213, #22@nd artesian conditions will be unavoidab¥es, facts

do matter. Where are they?

Thusthis issue has sequentially mutateflom omissiorand disregardn the EAP

to acknowledgement and agreement in response to Téern, tosemidenial in

responseo my commets inRPCR (12 2dzi NA3IKG RSYyAlLf Ay GKS
campaignlt isplain that there is nalesire to deal with this conceriv.et, somebody will

have to.

1 The Manitoba Groundwater and Well Act C.C.S.M. c. GBddion 39(3¥tates:
&An owner of land on which a flowing artesian well or a flowing artesian test hole is
located must ensureexcept during construction and any period after construction
necessary for the person who performed the construction to bring the flow of water
under control - that water does not flow from the well or test hole in an uncontrolled
mannerg (https://web2.gov.mb.ca/laws/statutes/ccsm/g110e.php

Accordinglywhile drillers are responsibl® controlthe initial flow from the puncture,
landowners are responsibléhereafter for rectifyinguncontrolledflowing conditions
should such happen at a future time.
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Aside from being against the law ailowed to flowunrestricted,artesianwells will
significantly decrease head and unnecessarily waste valuable water, spilling the
lifegiving blood of Mother Earth. Thsa treasure that ought to be protected and
conserved. Riddling it wittnasses oboreholes is not the way to dso. It would amount
to environmental vandalism

Figure20. Freshly drilledlowing
artesian well. Source:
https://www.bcgwa.org/flowingartesian
water-well-control-methods/
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Shaleaquitard and contaminant travel

1 The proposed projedtas the potential to promoteontaminant travel in two major
ways:

A. horizontal travelof contaminant plumesvithin the same aquifer in response to
hydraulic gradients created tlyddzY LAy 3 Wa dzOUA 2y QX | yR
B. vertical travel between aquifers via breaches in their separating aquitard

1 Concernsabound regarding the integrity of the shale layeneTWinnipeg shale is
GFENRAFOES Ay GKAOlYySaa | y RWithinythedAaal Sojdclt | OS a
Area, the thickness of this shale was found to be on the order of 3 m thick, but the
literature reports the thickness may vary from 1 m to 2¢ m 0A1,|3L60). Indeed,
there mayno longerbe shale remaining2 y f @ R dzQhe sHal&is v@ariabhy® Y &
weathered and has been reduced to high plasticity clay minerals in some&reas.

(AppA1l, p. 60). This shale (or clay) acts as an aquitard between then@selimestone
and WinnipedSandstoneaquifers (Wang et al., 2008).

Besides thiprimaryaquitard, multiple secondaryshale layers have been foundthe
Sndstonein a number ofthe test wells(WDR)Furthermore secondaryshale layersn
the limestonehave also been observed (WDR)turn, many of these

117



shaldmudstoné/siltstone layersmay contain various interbeddings thiin carbonate
strata, often abruptly discontinuouyglistorted or bioturbedin various ways (FiguZ3).

Photo: E. Pip

Figure23. Views ofboth sides ofvater-worn siltstoneinterbedded with carbonate
lamellae(Spingfield). Note abrupt discontinuiesin the carbonatdayers andevidence
of bioturbation (tunnels) Dr. E. Pip Collection.
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Multilayering in aquifer systems has been pointed out by the reviewer in SSCR (#26) in
relation to suggestednvestigation ofeakage properties of shale and analysis of pump
tests. ThLINR L2 WEE LR ¥ 4 S 4 & thipiSwiddcrded Aekelshrk @Y @
reasonable at this time

Shale is not homogeneous, and its integrity cannot be predicted without actual
examinationandevaluation In SSCR 38), the reviewer points out that in the

LINE LJ2 ¥y Sy U Ohe heteoieSebus Yatude of these aquifers is ignored. The shale
layer that separates the two aquifers is viewed as being homogenous but anisotropic;
unfortunately, there $[sic]no field data to support this conjecture.

Sutton et al. (2004) studied Cretaceous (ieichyounger) shale in Colorado and
NELR2NISR GKAIKEe& GFNARIFIofS aSFHtAy3a OF LI OAde
latter workers found that numerous ¢al factors influenced shale competency, including

textural sorting characteristics, total organic carbon content, degree of (ancient)

bioturbation, and orientation of matrix clays with respect to bedding plahethe

present instancethe shale is itsdlstratified with fine layers of varying compositicas

well as evidence dadssorted locabioturbation. The laminationgonfer fissile

properties, i.e. the material tends to split along the laminationkich render it brittle

and sensitive testress(Figure24).

. W
PO %

L osCN al p -

Photo used with permissiofOLS)

Figure24. Shale reposing on extracted silica sand at a sastdvell in Springfield. Note
extreme fissility, and blue color associated with reduaabxidized)ron indicative of

anoxic conditions.
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I OO2NRAY 3 (2 dukiSstingNRhehsieSnadiligniEeddde test but
visual observation®f a core sugegst it isgenerallya low permeability unit that restricts
flow between the Winnipeg Sandstone and Red River Carbonate acgifere.{ { / w
#16)Emphases are mine)

Thus NB Yisuél observatiors A &oréd 6S SEG NI LRt | gBerdiykal i
low permeability unig¢ @ 9 & & sampldHcondudeW 3 S y SE@ballingy @eple
with a bioniclasereyelconcludeWf 2 ¢ LIS NS dzd A dididideXndTtestr
From this, we draw a whole plethora of conclusions prmhouncements

A perusal of WDR well logs indicates a veritable rainbow of visually different shales,
including red, green, brown, pink, purple, blue, whiteef PID 197863, 201400, 2014cand
WY dzf G A @reser#bhtBiARYQ i KS & LINJokobninat the tppdeh tiiel NR
Sandstoneandalsointerbedded in layers within the Sandstorveith different typesof
shale occasionaliy discrete but stratigraphicallgontiguoudayers.We hypothesize
that these variationgnayreflect not onlyoxidation comlitions, but chemical
compositionas well Superimposed on these are the additional physical attributes of
fluidity, particle sizefissility,degree of degradatioretc. Given this undeniable
macroscopic diversitjjow can one single slug tegiossiblyrepresent the entire

region? In the numerous boreholes in WDR with multiple shale layers in the Sandstone,
a single test would not even represent the variety in one borehole.

Shale aquitards are prone to fractures, which in turn facilitate accelerate

contaminant transport between overlying aquifeGherry et al., 2004According to
AppAl (p. 37)the shale material encountered within the Project Area is characterized
as finegrained, moderate to highly fracturéd I FhdWirnipeg Shakncountered
during the 2020 drilling campaign was friable and deeply weathered to clay minerals in
some boreholes.(AppAl, p. 66{friable = crumbly)We can see the dilapidatezhd
degradedstate of the shale in the fe\ii.e.three) core samples shown idpp46 (C3),

also Figur4 above We must keep in mind that this shale in particular is very lbld.
would be instructive to see the other core sampie®rder to obtain a wider
representation what was the rationale for selecting these thréa2rethey the best

ones, perhaps?

Figure25illustrates the pathway of contaminants originating at the surface into aquifers
below. The areaordering immediately wesbf Vivianis already deemetly FD (2019)

to beat high risk of ulnerability to contamination (Figur26), andpotentially hazardous
activities are incompatibléor this region The high risk zone highlighted in g 26
corresponds with highly permeable overburden of sand and gravel deposits Qi 1

m thick (Fig27)(FD, 2019), which provides minimal protection of the Carbonate aquifer
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from surface seepagé\ccording to John and Rose (2@D®Peacolation through the
vadoseunsaturated]zone has been showo be a significant factor in removing
possiblecontaminantsbefore ground water reaches the saturated zone of an aqdiferT
thus where overburden is thin and permeable, contaminantslessefficiently
intercepted.According to FD (2019), high risk areasidentified in Figure26 cwhere
impacts from surface activities have an increadsk of entering theaquifer systemsé
andhighrisk endeavors andheavy industry should not béocated within groundwater
sensitive areasvithout suitable protections put in placg(FD, 2019Emphasis is mine).

Quarries carry a particularly high risk of groundwater contamination because protective
overburden has been removed. Here is pollutioonfroil and mechanical fluids from
machinery and recreational vehicles, dumping of garbagaorical lead shot
accumulations from target shootingartying without portapottiesand other

unrestricted activities. Boreholes may channel this material diyanto the aquifers
beneath.Furthermore, many quarries are already riddled with exploratory investigative
coring, often with multiple sets of cores, as each prospective owner seeks to obtain his
own assessment of the value of the deposits.

In disregardor perhaps unawarenessf the aboverecommendations irFD (2019)
unfortunately the sangrocessing facility (Public Registry 6057.00) has already been
approved for thisarea By its invasive naturéhe present proposd projectshall inflict

an even more direct and comprehensingpact, which cannot latebe rectified.

While the aquifes closest to the surfacare at greatest rislof contamination
underlyingaquifers may alsbe impactedL y (1 KS | wellstdéveldpétlinto the &
sandstoneaquifer are still considered to be somewhat vulnerable to surface impacts
0 SOl dza 8is é&@ebid that at least 50 wellsterconnect the carbonate and
sandstone agiferst (FD, 2019).

Obviously, aincrease in the number of interconnecting wells will greatly amplify ¢hes

O2y OSSNy ad LyRSSRZ effors showdrbentgkéen theBgetha Sa G KI 0 &
number of wells that connect botlaquifers in the area (Emphasis is mine)lhus the

current proposal i€ontrary towhat is required to protect thguality of theSandstone

aquifer from deteriorating further.
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Figure25. Pathway of contaminants originating at the surface stacked
aquifer/aquitard systemHolesand fracturesn the aquitardwill greatly accelerate
vertical movement of contaminants to the underlying aquiferomCherry et al. (2004)
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Figure26. Aquifervulnerabilityto contamination from surface activities. Note that the
Vivianareaborderdintersectsa highriskzone(Arrow highlightis mine). Source: FD,
20109.
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ALLUVIAL SEDIMENTS: sand and gravel, sand, sit, clay. MARGINAL GLACIOLACUSTRINE SEDIMENTS: sand and
crganic detus: 1-20 m thick: channel and Oerbank B SRVl 1-20 m thick; beach dgee; spits, bars, Ikomal sénd snd
sediments; reworked by existing rivers and deposited primarily gravel; formed by waves at the margin of glacial Lake Agassiz
as bars

PROXIMAL GLACIOFLUVIAL SEDIMENTS: sand and gravel;

G 1-20 m thick; complex deposits, belts with single or multiple esker
ridges and kames, as well as thin, low-relief deposits; deposited in
contact with glacial ice by meltwater

Calcareous silt diamicton, predominantly derived from Paleozoic
dolomite and imestone

OFFSHCRE GLACIOLACUSTRINE SEDIMENTS: clay, sift. minor

sand; 1-20 m thick; very low relief ive and P
deposited from suspension in offshore, deep water of glacial Lake
Agassz: commenly scoured and homogenized by icebergs

Figure27. Surficial deposits in Springfield. Note that the highk zone in the Vivian area
in Figure26 corresponds to highly permeable thin overburdearpw highlight is mine).
Source: FD, 2019.

Within aquifers, horizontal @wngradecontaminantconcentrations are heterogeneous
and unpredictabldecause ofravelwhere hydraulicconductivity is greatests well as
channelingandvariable and anisotropic aquifer conditions (Keely, 198¢)re28).
Contaminants tend to travel in aquifers as plumigfols and Roth (2006).

Domestic well mmping may disproportionately attract contaminants originating some
distance away(Figure28).

Furthermore, the vast volumes that will be pumped at the extraction well clustens

draw contaminants (from both aquifers) towards thetive extractiorclusters, and may
thus impactiocaldomestic wells that are in the patbr vicinityof the plumes.

124



‘ Recharge

Leaking water main

Mounding and
induced

C=}> REGIONAL FLOW

downward flow

\I]S,'--------.~ X

Supply
well
pumping

-~ \
e \
Additional dive o
due 1o proximily
o deeper

supply well pumping

Figure28. A: Contaminant plume travels wherBydraulicconductivity is greatest.
B: Contaminant plume is attracted to pumping wéliser of well receives a
disproportionatdy higherconcentration.(Dashed lines represent water tabl&rom

Nichols and Roth (2006).

Nonetheless, the proponent does not think much of the hydrological concept of plumes:

0Over large distances, longitudinal and transverse dispersion would spread the

contaminants across the thickness of the aquifers and typically act to reduce
concentrations associated with instantaneous point source relegseso { { / wL-wH
IR028).The message seems to be that in the event of a spill, contaminant
concentrations wileventuallydrop in the aquifer due to dilution and become

distributed throughout not to worry. It ignores the fact that pumping weltsay attract

the contaminant by advection before it may or may not disperse, the latter depending

on hydraulic flow rates, direction and geological paramet@éfater quality within an

aquifer also inhezntly varies: horizontally and vertically, therefates NOT

homogeneous.
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Plumes of organic substances such as hydrocarbons do not readily disgerge
Cozzarelli et al., 2001Different organic components may be transported at different
rates Gl may also float on the water table (Baedecker et al., 1988) in drawdown
conditions may bedvectedand drawn into domestic well$n the spill ino the
Carbonateaquiferof Rockwood Municipality for example, the organic contaminant
plumeshave not dispersedmuchafter three decadegsee p. 393-394).

Fractures and openings the aquitardvastly increase the rate of downward passage of
contaminantsbecause they provide portals into the aquifer beldnterconnections

from boreholes, fded sealgsee p245), and subsidence amplify the contamination
potential.

The proponent claimgilhere is limited to no potential for changes in physical and/or
geochemical conditions in the aquifer due to Project operations that would result in
contamination of groundwater. Any changes that do occur will be minimal, localized,
and/or temporaryé RRCR#26).Since ALL ohe thousandsof proposed boreholes will
piercethe aquitard, low can such a statement be true?

Besides chemicalsathogens may also travel aguifers instances of fecal bacterial

groundwater contamination have been documented at distaraegreat as 900 meters

from the source (see Pedley and Howard, 198¢fording toCherry et al. (2004),

Gt I NI A Odzt | G &ery endalinl dizey; Aught-agvirdses, have the next largest
propensity[after certain chemicals] to travel quicklyK N2 dz3 K F NJ O.0 dzZNBR I |j d
Virusesnay remain viable foextended periods of time (Tab#), due tofactors such as

the lower temperatures of groundwater (John and Rose, 2005J.R S/uBes dre

considered to be the most criticahthogens for groundater contamination, because of

their ability to travel through the subsurface and their high infectigity ¢ { OKA 23Sy S
2010).
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Table4. Human pathogens found as contaminants in groundwater. Reterry et al.
(2004)

Characteristics of biological contaminants in groundwater

Frequency in Survival
Biological Typical Metabolic state in unconfined time in
contaminant’ size groundwater aquifers groundwater
Viruses 27-75nm Infectious, but cannot 5-30% of 1 -2 years
replicate without host wells in USA
Bacteria 0.5-2pm Infectious, potentially Less frequent Months
replicating in water than viruses
Protozoa 4-30um Infectious, environmentally Rare, unless  Unknown
resistant cyst, cannot surface water
replicate without host influence

'Refers to human pathogenic forms

More comprehensivelyquoting from John and Rose (2006)¢ KS Y Ay LI G K2 3Sy
microorganisms of concern may be grouped into enteric viruses, bacteria, and protozoa.
Waterborne viruses include enteroviruses, coxsackievirus, echovirus, rotavirus,

norovirus, and hepatitis A and E. Bacteria of concern are chiefly enteropathdgenic

coli, Salmonelland Shigellaspp.,Campylobacter jejunandAeromonas hydrophila

among othes. The main protozoa that have been transmitted by groundwater are
Cryptosporidiunparvumand Giardialamblia® ¥/e can add here that eggs of helminthic

parasites have also been documented in groundwatéth a high resistance to

disinfection (Bandala etla2012).(For example, | observeiscariseggs in water from a well south

of Brandon in the 1990s).

{ OKA2@SYy Si It® onunmt0O y20S 0 Kftacturedrodkl f RA &
aquifers, crossonnecting well bores, or leaking welses in sandstone arsthale

aquifers = GKSNB O2y iUl YAYIlI GA2Yy &a2dz2NDOSa &adzOK | &
present.We note here that these sources also host pathogenic bacteria, particularly

fecal bacteria (Pip, 2015b), as well as protozoan anchinghic parasitesTherefore

proper well management and restriction of numbers of crosanecting boreholes is

important in vulnerable geological areas where risks of contamination exist.

oPrior to drilling, the area will be visuaic]inspected to detemine if the ground may be
contaminated. If the inspection indicates signs of potential contamination, samples will

be collected and analyzed for contaminants suspected based on observation (pathogens,
hydrocarbons, metals, nutrients, pesticides). If ladory testing confirms the presence

of contaminants remedial action (removal of contaminated material and contaminants
source) will be undertaken prior to the initiation of drilling operations. This may involve
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relocation of boreholes to establish a safistdnce from agricultural waste pil&s.

(SSCRIR2 #MSSIRD19, SSCRIR2 #MBHRN032).

- xAadz2t AyaLlsSoiArAzy OFy RSGSOG O2y il YAYIl GA?2
LIS a (i A Byebalfng gathogens? ExtraordinaByen metals that are highly toxic
at nanogram levels, e.g. mercury, cadmium, lead, ZRerhaps what is meant here
AdY ao6S oAttt 0S02YS adzaLIAOA2dza 0ST2NB ¢S
gas stationfeed lot,or hazardous waste storagites @

- danalyzed for contaminantsuspected based on observatbrY ¢ K 2 rodigy 0 KA & LI
who can sniff ouanddistinguishall of these various contaminantsith his magic
lasereyeball®

- LT fFO02NXG2NRE (GSadAy3da O2yFANXYA GKS LINBaS
contaminated material and coaminants sourcX ¢ wSY2 @It 2F YI §SNAI
sourcesis not sufficient if the soil is contaminatedecause contamination will still
be presentBut if these materials and sources are already SkENxample old
jalopy collection, maybe we should not dtilere.

- 2 KI O safé@dislancafrom agricultural waste pge 2 KF G A F G60S YI y dz
more elevated ground than the borehole?

I O0O2 NRAY 3 (2 TieR& RMNEBADBRNE ghid \Winngpeg Sandstone
aquifers are deeply buried, so ithgghly unlikely that anthropogenic activities will
release contaminants to those aquife¢SSCRIR2 #MBHRNO028).

We must strongly disagre@his statement contradicts the wealth globalliterature

which documents deep aquifer contaminatidvzidenceof ammonia andlissolved
organiccarbonin both the Carbonate and Sandstone aquifasspresented in the

LINE LR YSYGQa 26y o-B lGDNI)AcobrdifigdosSandi et 4l.(20@6Y, S n
oShallow aquifers can crosentaminate deepeaquifers through pnetration of an
intervening aquitar& along well casingsicross long well screens, or around aquitard
pinchoutse (Figure29). Indeed contamination has been demonstrated in wells deeper
than 250 maccording to Jasechko et al. (201&ontemporary contaminants may be

able to reach deep wells that tap fossil aquiters
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Figure29. Routes of contamination from surfaderbugh overburden toupper anddeep
aquifers. From Santi et al. (2006).

In Table 48 (AppA4) we note the significant concentrations of ammonia and
nitrate/nitrite in one sample of the shale of BRU-95while the other two samples (pre
test and posttest) from the same well were below detection limits. The est value
for ammonia has also been corrupted and not fixed. We question the validity of the
sampling of this well.

The voidg(conical and otherwisejreatedunder each weltlue to the extraction of sand
are expected to span théhickness of the sandstone stratum.e.dextending from the
bottom of the Carman Sand Member to the base of the Winnipeg SkabpAl, p.81).
Lack of underlying support due the voids as well aglrilling vibration may promote
and exacerbatdractures in the shalewhich according to AppAl (p. 37) is already
characterized as moderately to highly fractured.

Furthermore the CPAndicatesthat pressurized injected air may beulsedto loosen
the sandr in some examples, the gas injection IMmay be used tdurther inject gas
beyond the conduit.. to generate apressure vibration or pulsed aiio agitate

the sandin the sandstondormation from time to time¢ FurtheragairY theigas
injection lineX may also be lowered beyond the lower end of tenduit andinto the
sandstone formationX to generate a pressure vibratioor inject a pulse of air to
agitate thesandfrom time totime.€ (Highlights are minehus:
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1. The pressure pulses/vibrations wouldtther riskpromote shale fracture.

2. Air wouldbe injecteddirectly into the aquifeT I A NJ (0 K I ( thie@iiey QG S & (
boreholewould create air pocketslodgedagainst the shale ceilingespecially since
angling and horizontal manipulation of the apparatus is possible underground
(CPA)and would thereforen such caseextend beyond the well axi3he cavity
may also be elongated and itppersurfaces irregular (SSCRIR2 #EEAppPA).

3. The injected air has not been filteredpgoeventmicrobialcontamination.Gaseous
and particulate contamination from dust and engine emissions have also not been
addressed.

w Furthermore againquoting from/ t ! waterdnay be added to the well from an
external sourceo establish the water lev at a sufficient heighto increase the
water pressure within the sandstone formatioX (2 FF OAf A Gl GS GKS SE
alkyRal2yS aft dNNER®E o601 AIKEAIKEG Aa YAYySOood ¢K

1. Pressure within the sandstone may in¢éentionally boosted further threatening
shalestability.

22 KSNB ¢2dzZ R (i KS injacedwatBritdfrie from@VZharbi®if ¢
water chemistry, contaminants, microbiology?hat treatment would it receive?
How much of it would be injected?

3. How would pressure be monitored, and what criteria would be used to determine
maximum pressure that is sustainable for the shale at the particular location?

4. Whatareal extent surrounding the well would be impacted by this pressure
boosting and potentially stressed shale?

5. Since this addition a#xternal sourcevater is detailed in CPA, we conclude that it
has already been testedVhat external water was used? Was it analyzefditv
was this allowed? What oversight did it receiw&®ere are the resultant data?

w Existing injection well pernst{Permits#IW-2019.02.1 HD Minergl#IW-2019.01.1 HD
Minerals #IW-2020.01.1 HD Mineral#2021.01.1CanWhite Sands Cqrptipulate that
df possible measurement of the water pressure in the carbonate aquifer be conducted
through the entire injection test and during any recovery to monitor the isolation
between the Winnipeg sandstone aquifer and the overlying carbonate aquifer. The test
must cease if leakthroughis evident in the monitoring.Further,£The injection well
will be continuously monitored to ensure the injection formatiomat overpressurede
(Emphasis is mine).
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1. Has such monitoring in fact occurred?

2. How was this monitoring conducted and who oversawMitly are the results
not availablé&

3. How was ovepressuringdetermined, whenthe threshold pressure value is not
given/known?

4. Why are these permits not included referencedin the EAP documentation?

1 Inthe present proposal, the configuration of the well cluster layout indictitat
wells are spaced 18 apart (Figure 23, EAPlalso SUPPL1, p.although22 mhas
been cited inAppAL(p. 22. They are arrangeith a circle (+ one in the center), with each
cluster spanning a diameter of &0 m (Figure 3, EAP1)or maybe 6670 m (AppAl, p.
22). The EAP and AppAl text do not agree, and the text on p. 22 of AppAl does not
agree with Figure-Bon the same pagd-igure 2B (AppAl) also indicates a 9 m wide
zone around the circle of peripheral wells. The clusteesspracedrom each otherat
the same distances that are equivalent to the cluster diametdrs; 310 document (p.
HMO &AL WELE CLUGESIEJARE SEPARATED BB®DI IN ALL DIRECTIONS.
EACH CLUSTER CAN PRODUCE APPROX, 21,00QSi€]DMNESND

A subsequent amendment in SUPPL1 (p.1) indicateslls per clustefreduced from 7,)
with a cluster diameter of 60 nbut retains arunchangedl8 m spacing between wells
Thecalculated diameter including the well spacings plus the outer zone givtal f

54 m: since the well spacing has remained the same, presumably the outer peripheral
zone has been wideng®). Howeverin RMSHR004 and 006 the arrangement has
reverted back to 7 wellper cluster the latest seems to be <6 (NREP)

Despite thecookiecutter configuration and size of the well clusters that is everywhere
replicatedfor the public moclup version in SSCRIR1 (#DIRD08) we discover that
dhere is no requirement for a cluster design to be universal across all &Wasid this
mean that clusters and/or numbers of wells could be laygerthe distances between
wells or clusters small@r

C dzNJi Rh§ NUster @onfiguration will be redesigréed 6 wiBG06J.And then, in
SSCRIR1 (#MSSIRD09, also RMSHR006), we learn that there is a secret version of
gStt Of dzardeSonfidentiad @ rdiin Wasdlso filed to the Approvals Branch and
the CEG. { 2ake likklfivasting our time here running after soap bubblemwever

we cannot escape the gnawing feeling tia¢ proponent would beam with pride to
disclose the new design if it were more environmentally considerate, but since it is
something that must be kept from us, it cannot be good (for the environment and
landowners, not the company).
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1 According to EAP2 (deémn 6.2.1),
¢the preliminary analysis indicated that:
w The diameter of extraction voids (areas where sand is extracted at each drill hole
site) should not extend beyond 60 m in any circumstance, and should be reduced to 50
m as the overlyingjmestone layer thins to 15 m.
w ¢KS RA&GIYOS FTNRY (KS SR3IS 2F 2yS SEGNI O
void should not be less than 60 m in directifBmphasis is mine).

It is heresuppo$ R (iekidh drill ldole sitt NS F Slusir, addzhe Bbove wording
appears to reference a cluster as one vdile diameter of the void for an individual
well is notidentified, and willikelyvary, especially given the versatilapd reachof the
air lift apparatusanddifferences irsard consolidationas well as thickness of the
sandstone layer.Austhesevoids may conneciespecially sincthey may expand over
time (see below)

A number of observations arise:

M® ¢KS&S yon&WEBE 2 NB TG GKSe oA Withinkré NS ¥ 2 NB
trial and error. How much trial and error, and can a reliable number be achieved, given

the large number of confounding factors and their great variability?

2. Snce the clusters will be 560 m apart presumably including the outer zoil€igure
1-1, SUPPL1), and their extraction voids may each extend up to 60 m, there is not much
WFNB S0 2 NRQ, espéeinlly Srf8e/thelvdidS afe expected to enlarge over.time

Ly {{/w 01 002X {BeSvecnIM® oi2syti® Eandstormiter ivinot a

be disturbed by mining and will remain inta&But dsewhere, he proponents have

themselves admitted that theoids will enlarge afterwardg @ble 9, in Table 2,

Attachment A, RPQRThis can only occur at the expense of the g2 ArRacta

portions of the sandstone, and will be promoted by changes in hydraulic flows

associated with decreadgdlow resistance in the void#ccording to Longoni et al.

0 H n vealarged wbids induce a state of instability in the systediie are further

coY T 2 NIi SR KdvhEr, thie Kdalé of e project isregichdl &2 ¢S 2yfé y.
write off that area of the aquiferRefer to Figuré (p. 29) for a partial glimpseegarding

g K INIS 244 willeventaally mean.

3. Testing thus far has apparentlydrelimited to single wells, whose impact is very

different from that of a cluster. In SSCRIR1 #MIBAQU MO = (G KS NBWA SgSNJI |
gayQi alyR SEGNIOGAZY G | FdzZt 6Stt Of dza
drastically improved youcontingency planning and ability to address geotechnical

risk&
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¢ KS NF a IOangri tBsting & Wndaistood to bepresentative of most likely case

full scale extraction performancand the conservatism built into the Stantec madleb
(Emphasis is me). How carsuch a response be accepted, when the impact of a full well
clustercould/will be (at least) 5 x greate{th RMSHR004 and 006, we have reverted
back to 7 wells per clustethen <6 in NREPThe Stantec model if courseunavailable.
Anywa 3t is @otexpectedthat the results of the multivell testing will vary markedly
from previous assumptiogs 0 { { / w L aR001)(EmpHadis/is mine)

The absence of testing of a full well cluster was an isdneadydiscussedhereinin
relation todrawdowncone superposition (B3+). Superposition due to the pumping of
several wells simultaneously in a cluster will result indheatest depression at the
central well(Figurel9, p.84). This will in turn exert thgreatest stress on thehale at
the center of the clusterand this is where shale failure may be initiated

Thequestionnext arises:since in some areas the shale may be thin,reduced to

clay, willclusteling this many boreholes so close togethiera geometrical pattern

create the potential for the entire shale platevithin the cluster to &il? In other words,

will the tight perforation patterninduce weakening (in the manner déchirez iciand

cause theshale toimplode when the sandand water areremoved from underneath

(Figure30)? Where there is clay, the clayould sagand fallinto the void beneathRecall

OKFG GKS LildzyOlGdzNBa |NB faz2 whREUIESN dKFy (K
diameter through the Red River Carbonate and Winnipeg halé ! LIJILJ mMmXZ LIJPHO O @

This would create a huge openi(86+ m) between the aquifers that would relegate
conceans with individual boreholes into comparatiwgsignificanceThis hole would of
course be impossible to seaConsider the possibilities of even some such failures in
relation to the vast number of well clusters thate planned

Typical Well Cluster Typical Well Cluster

/ T

/ / ' \/\9‘“

Figure30. Implosion of centrathale core alongoreholeperforations due to removal of
sand and wateundemeath. Well schematianodified by the presentauthor from Figure

2-B (AppAl)in SUPPL1 (p.1) the number of wells per cluster has been amédrated’to 5,in a
guincunx arrangementout in RMSHR004/006, and NREP the numbers are 7 and <6 respectively.
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Note that heretofore our simple minds imagined that the void underneath a cluster will
be approximately round. However this may not necessarily be the case, and the
geometry may be vastly different, as shown in the sonograms in SSCRIRRAPER).
Thusthe shape of the area afllapsel shale willikely varyas well

TKS 9!t wm 0 lalthoughiip t@iséverieSt@ction dvells may be operating
simultaneously in one well cluster at any given tjriies maximum number of wells
operating simultaneouslynaybe[sic]spread across two adjacent well clusterd

keeping with the constantly changipgoposal the number of wells per cluster has

been subsequently altered to five, with four on the circumference and one in the center
(SUPPLIpp. 1 + 5, Figurg-1), i.e. arranged in a quincunthen subsequently reverted
back to seven (RMSR004, -006), andthen any number <6 (NREP)).

While the above EAP1 quote suggests that all wells in the same cluster may operate at

GKS al YS GAYSZzAlwefs withinta tvdll Mustérlal® nompla@nedito be

operating at the same timé. Nonethelessthe total number of wells producing at the

alYS GAYS NBYlIAYya dzy OKFy3aISR FTNBYsaheS 2 NR I A
extraction wells may be operating sittaneously in the Project area at any given time,

this maximum number of wells operating simultaneously may be spread across two

adjacent well clusters (e.g., four operating wells in one cluster and three in an adjacent

well cluster)é

Thus therisk of ollapse could be aggravated by the magnitwdéhe volume of
simultaneoussuddensandand waterremovalfrom severalwells withinthe same

clustery Eagh well will operate for four (4) days and will produce from 262 m3/day (40
gpm) to a maximum of appraxiately 654 m3/day (120 US gpm) of water and sand.
Several wells at a given well cluster will operate at any one time, with a combined
production rate of approximately 2,943 m3/day (540 US gpm) per well clagfgopAl,

p. 22).These values give a combined range of 2840 US GPM for seven wells.

Themetricvolumenumbers are daily valuek.y { | t t [hese wellddv beX &
producing for five to seven dagsinstead offour. This latter amendmenimplies a
material chagein the total volume that will be removed per weal/er the increased
production period assuming that rates of extraction per day will remain the same as in
the aboveAppAlquote; in any case, thesaaily volumesio not appear to have been
amended

 TheRPw 01 MU0 LINR YA &&udl nd &datd a risiOinke@dorindc®ds o
between aquifers undergrourgd iy order for new connections between
aquifers to occur, the shale aquitard must be compromisddhe limestone
competence model iTable 9 (RPCR) deals with supporting limestone caprocKsady
discussion below)The shale is non supporting and fragiEven if no subsidence is
evident at the surface, and the limestone caprock remains intamt; will shale
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breaches be detected Therefore how can such a promise be made?

The end response to this is contradictoéoythe above RPC&1)assurance, and is brutal
and horrific: it is baldly admitted in GTTR (p. 16) that:

G{A2 {AfAOFrQa 3IS2GSOKYyAOItf Sy3aAySSNER o{lly
limestone carbonate cap rock may collapseitite void that is left after sand

extraction. The geotechnical design concepntsiders this collapse to be acceptable

provided that some of the limestone carbonate layers remain intact to support the

overlying quaternary deposits, thereby preventingBur OS & dzaHighliglig OS ¢

mine).

Several observations arise:

1 LIMESTONE COLLAPSE MEANS PERFORCE THAT THE SHALE AQUITARD IS GONE, /
A LARGE INTERCONNECTION BETWEEN AQUIFERS HAS BEEN FORMED.

- Itis openly admitted that collapse is possible, AND, shockiagtgptable
Acceptable by whomng the property owner, for example? The people who will
depend on this water? All future generations of residents?

- Aslong as the damage is not evidentatthezNF | OS> A G aSSyvya GKI G
aboutit.] 2Ay RS& &S8SdzEX f2AYy Rdz OdzdzNJ

Acceptable? Indeed, GTTRIp) notesat 1 KS F I Af dzNBE Y2 RS&a S@I t dz 0
do not assess the geotechnical fate of the shale aquitard between the limestone

OFNb 2y (dS | yR alk tfiknotia gigastic and idekctsablies(@ndbperhaps
deliberate) omission?

GTTR (p. 17) adtsithata 0 KS &Kl f S FljdzAdF NR KlFa GKS L}20GS
extraction void if: a) the overlying limestone carbonate layers collapse; and/or b) the
AaKIFES O2ftflLJAaSa AYRSLISYRSY (FuthefF GTTR.Q7)f A YSa il 2
GThe geotehnical failure of the shale aquitard has potentially significant

hydrogeological implications. Specifically, givendhécipated diameter of the void at

each well cluster (i.e., up to 40 Jnsignificant breaches in the shale aquitard will occur

when theshale collapses into the underlying void. Conceptually, this will create a

hydraulic connection between the Red River Carbonate Aquifer (i.e., limestone

carbonate) and the Winnipeg Sandstone Aquééighlight is mine).

In areas where the shale is regkd to clay, sagging and falling are guaranteed.
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We can only concur with the reviewer in GTTR (p. 17peencludesthat 0 KS 02t f | LJA
of the shale aquitard represents a potentially significant failure mode for the Project. In

this regard, the ProjectPtd2 a I f Qa aAf Sy O0S 2y GKS YIF G34G§SN N
in the Project Proposé&lYes, that it does.

Ly (GKS &adzaSldzsSyid {{/ agaidrdisgdiithe \fioksSasdNsBoaild S 6 S ND
be defined as the collapse of the shale barrieAny impacts related to groundwater

quality are not investigated¢ KS LINR LRy Sy i Qa NBLIX & &af ARSa 2
NE2YQZX APSd GKS fFNBS AYyGSNO2yySOuAy3d K2t S
the porewater within the shale itselfiThe eféct of release of shale porewater (collapse

of shale aquitard) into sandstone was not considered in the PHREEQGméodedtHe y R

volume of water stored within shale aquitard is small or negligible6 { { Buvwhbhty 0 ®

about the interconnection?

The propmentdoes not understand GSNE 2y SQa 206aSaidaiee/ 6AGK &
scenario of shale collapse, or shale not being present was consideregl in th

Hydrogeology and Geochemistry Assessmentamidered to not be a concern

should this occug¢ 6 { { / VENNRG29)(Emphasis is mine).

In SSCRIR1 (#CIRD09), theinterconnectionconcernregarding potential salinity issues
isalsORSSYSR (2 085S L2IT Aya2 {IAGO2dzyiiy\R SENR G vy RA Y I (i
regulations that prohibit interaquifer mixing ame place due to saline and freshwater
RATFSNBYyOSa Ay INBFa FFENLKSNI G2 (GKS ¢gSad 2
proposed to operate, both aquifers contain fresh water of a similar quéalltigerefore,

the proponent does not feel that interaquifenixing prohibitions apply to the current

proposal

A number of comments can be made:

Md | OO2NRAY3 (2 CSNHdza2y S ftd O6HANncoOI AY
parts of the area is not in a state of equilibrium and saline waterewndioach on areas

currently occupied by freshwater in some areas, while in other areas, freshwater will

NBLX I OS &altAyS 61 0SNWeg ¢KSaAS g2NJSNR y2aS
In short, what we see now may not be what we see later.

2. Ifthe regulations only applied to part of the aquifer, maybe they would say so. Does
the proponenthave the authority to modify théconvenient bits of the regulatiof?s

3. Areas to the west of theurrent proposed operatiorare already earmarked for future
extraction as wellgee Figure 1p. 29). A footin-the-door with the present proposal will

dzy F2f R GKS NBald 2F GKS O2dzNES GKNRdAzZAK &S| dz
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ned Ly GKS bOldzadNGs/contaln N&SH veaterdof a similar quaditg
Simlar I identical. The best water quality resides in the eastern portion (FD, 2019; Pip,
unpublished data), which unfortunately is also the present area of concern.

pd® LY GKS LINRPLRYSY(iQa @OASg> (GK2dzal yRa Y2NB

¢ drhe@asing installed during well construction will be cemented into the limestone so
that the wellbore remains continuows. 6 { { / w-lRQO®). | [/ 9/

What if:

- The casing and/or annular seals become comprontised

- Drilling through the limestone hasitiated new fractures around the borehole
outside of the cemented zorre

- The limestone in the area subsequently fractures and/or m@ves

- Areas of decrepit and disturbed shale adjacent to the borehole coltapse

The above promise in RCPR (#1) of no new connections between aquifers was made
when the Stantec 2022 conclusionwsre already known to the proponenindeed, the
proponent makes multiple references (RPCR #7, #153, #179) to this report at the same
time theassurance in #1 is made. What does this say about disclosure, transparency,
forthrightness, truth, DECENCY?

Perhaps we are trusting and naive enough to believe lfRtite few simplistic, generic
Stantec recommendations (as relayed secondhand in GTTRjegiculously followed,

there will be no risk of shale collapse or subsidence. Has Stantec guaranteed this, when
the shale was allegedly (asrGTTR, p. 17) not even studied, nor included in the

models? Yet it is thprincipal issue of concernAs we carsee from the well logs in

WDR, NO TWO WELLS EXHIBIT IDENTICAL LITHOLOGY AND STRATIGRAPHY.
Furthermore, the shale itself is highly variable in thickness, condition, cross bedding, and
consistency, indeed reduced only to clay in some places. Yet the igtagdtstability of

the aquitard constitutes, or eventhe, primary factor in determining longterm and
irreversible consequences of punching through it many thousands of times. We can
expect with virtual certainty that despite the skeletal and geteeconmendations, of

the thousands of wells that are planned, there will be a number, possibly many,
outcomes2 ¥ G h2LJAYX K2 (yYSé6K 2SS Olanymsticée R2 yeidKA

{dz0aSljdSydtes Ay {we¢9ow otheshal uniikasideniNRRIRY Sy i

as typically not competent material. Therefore, the shale was considered to provide zero
stability as caprock and was not included in the model or assessment as a result. In other
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words, from a geotechnical perspective, thesessment was conducteassumingthat
the shale aquitard could collapsé 0 9 YLIKI &A &4 A& YAYySO® ¢Kdzax .
longer. There is no concern for the appalling consequences of shale collapse.

In RMSHR017, dAfter the sand is mined from the Winnipeg Sandstdbegnarios 4 and

5 [of the model]lassumed that the overlying Winnipeg Shale will degrade, and the

hydraulic properties will beermanentlyOK I vy 3 S RA®E F2 NJ G Ki&a S LINR 2S
model simulates th@rogressive expansion of the area of shale degradatioE NXB & dzf G A Y
A yan @stimated area of 188 ha (Year 0) to 691 ha (Years 1 through 4) with the potential

for degradation of the Winnipeg Shale based on the simplified assumptions taken during
groundwater modellind gEmphases are miné)Vhat aboutby Year 22 What about by
émulti-generationag & ST NINJ -0-K-SK LINR L2y Sy (G4 Qa 9@ nn &SI NJ o

The radial extent of the shale degradation zone has been estimated at 200 m

surrounding an extraction wglRMSHR018):dExtraction well clusters argpaced less

than 200 mapart, and the result is an assumarka of shale degradation that extends

across the footprint of extraction activitiegach year, and beyond th&otprint a

radial distance of 200, 09 YLIKI A& A& YAYSNMSE QS NB®E0 {i&S ¢
degraded shale zone is assumed to progressively expand oveg timé. IPéténtiip U

water quality changes over such a scale seem to be pushed aside.

How was the 200 m radius calculated?

What will be the permeabilitycharacteristics of the degraded shale?

In SSCRIR2CEGRnN m Hahale dégradation would increase the magnitude and extent
of drawdown in the overlying Red River Carbonate aquifer and decrease the magnitude
and extent of drawdown in the Winnipeg Sandstawife>  oWéztical @radients

may diminish over timeas they have elsewhere in the aquifer where there are multiple
interconnections associated with open boreholes extending across both the Red River
Carbonate and the Winnipeg Sandstched 1 Yy R f (BK Ny KSBoNBingd K G &
shows that groundwater flow directions and the quantity of groundwater moving
through the aquifer systemwill be similar with and without the project, even if the
Winnipeg Shale is degrad@lé 0 9 Y LIK | & S dzNJi KSNIaRgE 670 ®
groundwater between the aquifers is anticipated to be similar to that observed
presenth¢ o { { / wL-w8&28)I a. 9b

We have to ask the questiohow will flows be similar to the existing state with
thousands of additional boreholeand large aras of direct aquifer communicatiop
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AVertical gradients may diminish over time as they have elsewhere in the aquifer where

there are multiple interconnections associated with open borehblds . 2 NEB K2t S&a | N
thing, and they are important, but what about gigantic 36 m+ blowouts? Howthey
RAYAYA&EAK 2@0SNJ GAYS a WikSe KI @S St aSsKSNB:

Then it is admitted thatéi_ocal scale exchangeay occur through any areas where the
Winnipeg Shale has degraded or collapsed and where there is also a hydraulic gradient
driving exchange of groundwater between the two aquifere.{ { / wLwiR 61 a. 9b
028)(Emphasis is mine). It would be local if it ordppened in one or two places, but

when we consider the vast scope of the eventual project, andéa&potential for
catastrophiccollapseX @

The 200 m radial shale degradation zone raises a vital concern: the setback of well
clusters from a private wetlr residence is only 100 m. Therefore this setback will place
the domestic well indubitably within the shale degradation zone. According to the
information gleaned from RM8R017,we contend thateven a 200 mesidential

setback would beinacceptable. There is no acknowledgement of this predicanment

the documentation available to us.

How will the presence ai domestic well affect thehsle degradation zone? Further, if a
domestic well or residence is present, a septic field is ineMatas few, if any,

residences in the area would have holding tanks. Animal enclosures or barns may also be
present at the yard site. What is the envisioned outcome when leaching from above
arrives at the degraded shale?

[For those who thinkertical trawel is unlikely) have personallglocumenteda Carbonate well near the

northeast corner of the intersection of Highways 15 and 302 which showed significantly elevated nitrate
concentrations as a result of the arsarroundingthe well head being used asdtyearround nuisance

INRdzyR F2NJ 0KS 2¢6ySNRa R23ad Ly &adzOK I OFrasSsz I 0O02YL
contamination of the Sandstone aquifer as well.]

InGTTR (2022)(p. B¥the reviewerconcurs that risk of shale failure is an ovemngli

O 2 y O §meiostnatable technical conclusion deals with the potential geotechnical

failure of the Winnipeg Shate¢bK S { { / w &6 | v n ONorNBI@E &SN a G 0 S
investigated groundwater quality changes due to the miropgrations. The worstase

should be defined as at the collapse of the Winnipeg Shale. Any impacts related to
groundwater quality are not investigated. The goal with regard to water qaidjwas

also somehow unclear, as the report recommends a waitrlity study which should

have been finalized at this poigt L0 A & R A duthlalnddjdr gandprglaabled K |

risk has been pushed off the page without due and serious consideration.
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In SSCRIR2 (#MBH®D30), water quality concernarising from agifer intermixingare
raised

wS A SF}ﬁeSGN;Mify [dbw mitigative water quality measures can be reversible and sustainable, if
inter-aquifer mixing conditions are the root cause of cross contamination between aquifers?

t NB LJ2 )ﬂ@rg’ate ¥eraliphysical and chemical processes that may act to reverse water quality
impacts or otherwise attenuate constituent concentrations. The relevance, magnitude, importance and
reversibility of each mechanism is different for each constituent. Notable ar@sms that affect
contaminant fate and migration include: dispersion, dilution, sorption, chemical precipitation/dissolution,
decay and volatilization, among others. Many of the relevant geochemical reactions are equilibrium
reactions that are reversibleissolution/precipitation reactions. Others rely on reagents (e.g. oxygen) that
are finite in their abundance, and once depleted, prevailing geochemical conditions in advance of
disturbance are anticipated to be restored. Further, tteundwater flow pathways are very longvhich

will encourage dispersion and therefore dilution of constituents emanating from a point source into the

over/underlying aquife¢ (Emphasis is mine).

The proponent has identified some of the multitudinous effects on wakemistry that
may be encountered in the course of this project. We are assured thagirtht@demswill
disperse, dilute, and go away. We can comment:

- Groundwater flow pathways can indeed be very long. Therefore contaminants can
easily travel considerabldistances from their origin and impact distant domestic
wells.

- Some contaminants, such as metals, never degrade.

- Some contaminants, such as certain pesticides and/or their adjuvants, may be
converted through degradation into more toxic substances thanattginal.

- Contaminants may react with other substances in the aquifer to create more potent
toxic materials (e.g. nitrate or organic matter + chlorine or chloramine =
nitrosamines which are highly carcinogenic in very small quantities). Note: this is one
reason why we should never put chlorine into an aquifer (se&a2p4.

- The aquifers are already not pristine aoffen contain measurable levels of various
contaminants, whose concentrations differ in different locatipasd in different
vertical strata 6the same aquifer at the same location

- Any new contaminant inputs will add to the cumulative contaminant pool that is
already present.

- We would expect dispersion and dilution to semewhathelpful onlywhere there
is no ongoing source of contaminatiohe proposed project will extend over many
years and will operate within the same aquifers throughoutetgythylifespan with
potential forchronicongoing impacts

- Point source contamination does not always disperseith no additional ongoing
contributions, even after many years, for examplgdrocarbons such asn the
Carbonate aquifer in Rockwood Municipality (s¢e 393-394).
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- Microbial contamination does natniformly disperse and can be notoriously patchy
(Pip, unpublished datalrurthermore, Smith et al. (1991) demonstrated that both
chemical and microbial contaminant plumes may also show sharp variation vertically
gAGKAY | The éxistemieToliiede gradients argues for the need for closely
spaced vertical sampling in gnodrwater studies because small differences in the
vertical placement of a well screen can lead to incorrect conclusions about the
chemical and microbiological processes within an aquéifEnereforea contaminant
plume may occupy a very narrow spatial zonghich may not be captured by an
intervening monitoring well

{ The proponensremain undeterred. In a public fyllage adhey i NHzY LIS G (WMeS Of | A
are running out of international and local experts to assess the prgjbetause all of
them have factOK SOl SR GKI 0 AdGQa alr¥S FT2NIGKS 4 GSN
Clipper, January 12, 2023, p. 10; also Winnipeg Free Press, January 1{E&(#8)sis
istheirs). Apparently the abovdocumented and citedeviewersin the CEC process
(GTTR etcagre notexpertsand their professional opinions are of no accaudtt where
are all of these INR LJ2 VilSefméat@réal and local experdsk 2 KSNB -NB G KSAN
OKSRBdAKRY Qi G KS LINRLIRYSY(d 0 Sedlofibgh 2 dza F2 NJ
endorsementsand the supposed vindicatiaof the projec?! NB (G KS@& & LIN2 LINA S i
maybe?

We are comforted, though, bgnother ofi K S LINE LJ2 v Ssybtlo@ do yhdeed £ A O | R
we] KNOW oufnotyour]g I 1 SNJ g A it NS SOHNRYKE (1 K Srtof |j dzA T S NJ
everything we dc ( The Clipper, December 8, 2022, p. 9)(Emphasis is theigs). A ( Q &
WGiKSANR 41 0SNE y260

Limestonecompetencyand subsidence

1 EAP2 (p. 83)ontainsthe following description ofhow the drill locations will be
of the results of preliminary geotechnical modeling used to predict thresholds of
extraction amounts to mitigate adverse effects relat® the potential for underground
and surface subsidenée@mphasiss mine).

Potential for subsidence is a big concelVhy are the adverse potential effects of

subsidence noexamired in the EAP3urely this would be of interest to landowners

and espeially homeowners? 2 6 NBf Al 6t S | ypRlimind@dzNF 6§ S GAf f
geotechnical modeling 6 ®mMsureihat subsidence does not occur, both at the time,

and in the future? Wilthe modellingcontain unverified assumptions? Will it be an
indefinitelyongoing learning experience?
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1 d&Removal of the sand will form a void in the shape of a cone extending from the
bottom of the Carman Sand Member to the base of the Winnipeg Shale. The pattern of
extraction cones is planned to extend laterally by successively extracting from new
boreholes across the extractionaka o ! LI mX LI po o

According to the air lift apparatus patent applicati@PAY G 6 KS ¢St YI & Ay (
K2NAT 2y dF f L2 NI A gekt@nd atd aiigie $ thd andefgdadnd X Y I
reservoir as a void is formed from the removakahdto removesandfrom the sides of

the void€ Thus the void for each well may babstantiallylaterallyenlarged and

horizontal extraction is possible.

w In any casegxtensive arrays of voidsdvitieg will be created under the shale as
the scope of the extraction area expantdsOO2 NRAY 3 (G2 (GKS LINRLRYSY
extracted silica sand will not be replaced; therefarepacts to the geology will be
irreversible/permanent¢ Further,dthe removal of sand wifermanentlyincrease the
effective porosityand storativity of the Winnipeg Sandstone aquifer within Br@ject
Site through the annual extraction of material and resulting creation of void gpace
0! LILY M3 LIP Eytrmction of QdzaNTaddd¥¢souice will result jeamanent
change to the underground geologwy the form of horizontal arrays of rooms and
pillars in the sandstone geological layer (between 52 m to 76 m), in the Winnipeg
Formation aquifer within the Project Siged 9 ! t H X &) EndphakeLast mioeR H O M

Note the changes will b@ermanent Whatimpacts will these voids have on

topographical stability? There will be thousands of them, ovesraprehensivarea.

I O0O2NRAY3A (2 2 | fligkouny voifdiconistitute elémentsopwieakness
withinarockmass ® ¢ KA & ¢St 1y S &he massis doofly dorfsdidattdrasg K S y
in the case of the Sandstone.

In TAC (#51the proponent statesopressure changes alter the effective stress
O2YyRAUOAZ2Y & FYR Yl & ONAYy3 | o62dzi OKFy3aSa Ay
water will not be injectedlzy RS NJ LINB A a4 dzNBEX GKS YIF3IyAGdzRS 27
be relatively minog 2 KAt S (1 KS (netBlivditig/ré&irned) Wi toSe)

injected under pressure, the volunad mechanicapropertiesattributable to the sand

will not bereplaced

Furthermore what effects orhydraulic conductivity and porosityight the injection of
air under pressure havg.e. thedair burstg described in CPAR)his aspect of the
extraction process is completeiynoredin the EAP.

In TAC (#53), théSrd A S ¢ S Nid isfw@rthBté cvnddct a sensitivity test on Sandstone
porosity to understand its impact to the wdiead and model robustness in the
prediction scenarics ® proohenQ BB LI & Tadiinpad & Yorodity was
evaluated during modelaibration. Any changes in bulk porosity of the aquifer in
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response to pumping or injection aemticipated to bereversible and shorived.€
(Emphasis is mine).

In SSCRIR2 (#CGIR&1 m MmTh& pordsity and hydraulic conductivity will increagéhin
the water filled voidsestablished in the Winnipeg Sandstone aqujemphasigheirs.
However, the changes are nanticipatedto produce measurable differences in

regional scale aquifer propertiés® 60 9 YLKl 8A & Aad YAYyS0o®

OGAnticipated ¢ does this mean assumetioped fof So porosity will either be
permanently increased (EARd CEC versiopyor changes will be reversible, short

lived, and minor (TAC version). The contradictions between EAP2 and TAC responses
appearirreconcilable

INn{ {/w 61l op0uX (KS LINE LI S&hiidrogeblbgicsd gropaitkéd G | Fa
(e.g., hydraulic conductivity and storativity) will be quite variable depending on whether
measurements are collected within a watiied void or within the intact aquer

between the voids. However, the scale of the projectisregiégal ! & y20GSR Sf &8
the eventual scope of the project may encompasgast 85,000 ha (see p9). It seems

not to be a problem if it is only regional.

The increased hydraulic conductividf/the voids will increase the rate of transport of

contaminants which enter the Sandstone aquifer (Figkie they will be distributed
faster and farther

Consumption

Landfill

l-»-»-f

Figure31l. Increased flow of contaminants woid spaceSource:
https://study.com/learn/lesson/caverssinkholeformation.html
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1 The postextraction stability of the ground above the voids depepdsnarilyon the
strength and support of the overlying capro&ay factors which can lead to subsidence
and/or collapse must be carefully considered before embarking on a project of the
present proposed scope. OO2 NRAY 3 G2 2Keldd IyR I NISe 6
extraction mining is possible only througtanagement of rock mass failuge.

{ Limestone stabilitpvervoidsdt A & | Fdzy Ot A2y 27F Asirdctumdty & dzLIJLI2 N
AYGSINRGeE 2(Waltham at aINZO@SE Wed@rOalsebadd here the additional
load imposed by overburdeccording taSinclain(1982),weakening of support
underneath overburdermnd/or caprockmay lead to collapse and sinkhole formation
(Figures32-36). @ ¢ K A ©4dng cdliesiveness of overburden control, to a large degree,
GKS &aKFILIS yR aial 8§ 2F O2 tsippoitlSAaftaldidiyn | G € |
large sinkhole will probably form abruptl €Sinclair, 1982)This event isinpredictable
(https:/ivww.msha.gov/sites/default/files/events/PillaCollapseRiskAnalysis2021-.pdf). In instances
where a subsidencealepressiommay first form at the surface, the final collapse may
occur at any time; however there may be little visible advance itidicat the surface
that failure is imminent.

Depending on the size of the sinkhole and the madalbigmaterial,it may involve
sudden displacement of air and water, potentialydangeimg nearby workers/public
(Figure32) (see . 189-190). For patial extractions involving cavities where supports,
ddzOK | & LI f f ThéldmplitugeRf tHéBudstlente isipfoporti@nal to the
volume of the cavities in underground workingls. ¥ 2 NJ aThe/dpfthdoftea > G
crater mainly depends on the ddptind dimensionsf the underground workings.
(ICMC, 2008).
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Figure32. Moment of sudden collaps@mplosion)of caprock and overburderesulting

in formation ofa sinkhole This can present a dangerwwrkers andbystanders. Source:
https://www.msha.gov/sites/default/files/events/PillaCollapseRiskAnalysis2021-. pdf

Thepredilection for gravel pits in site selectio(e.g. SSCRIRCEAR002) creates

additional risks: sincpresumablythe pitsmaycontinue to operate after the wells are
decommissioned, couldibration from heavy earthmoving equipment, rock crushers,
conveyorsyibratingscreens cranesand otherrobustmachineryaffect limestone

integrity anddestabilize the weakened shalespedi f f @ aAy O0S GKS WwWOdza KA
(somewhat)shockabsorbingoverburden will haveliminished?

Gravel pits are also places where blasting ocdWvif.gravel pits associated with sand
extraction be permanently banned fronfuture blasting operations?

From thisstandpoint, as well as contamination and other concerns, gravel pits are
amongthe worst venues for the proposed projeattivities

The voids will offer little resistance to water flow compared to the undisturbed
sandstone Subterranearflows, especiallyn wet seasongnay enlarge the cavities
through spallingand redepositioncausng sudden collapsérigures32-36). TheRPCR
(Table 9 Notes, in Table 2, Attachmerit A | R Yoksibla lorgferm cavity expansicé
over time Thereforesubsidence risksvill not only continue afterthe project has
moved on,but are likely to increase
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Once subsidence has occurrdige surfacecircumferenceof the crater will expand as

the lip andsides erodever time In lowlying locations the depression may fill with

water (Figure36), which will percolate downwards into the loose material and soil at

the bottom, and into the aquiferdJohn and Rose (2005) identified sinkholes as a
AAAYATFTAOLIYG SyYyOGNB LRNIFE (2 3ANRdzyRglF SN T2
The decommissionedell casings in the sinkholeay be brokenn the force of the

collapse In any case, they will provide conduits for direlsemical and microbial

contamination of the aquifer€ven if casings remain intact, the annular seals around

them will becompromised2 S | NBE NBI 4 &8 dZNBRZabfercs SOSNE G KL
subsidence, well seal failure would not be expecteRRCR162).But, our worry is:

what about in thepresenceof subsidg” O S X X ®

Figure 33. Model illustration of formation of Quaternary deposits
an underground void space by interior
removal of sand. Modified from Carbonate
https://www.youtube.com/watch?v=e-DVIQPgSSE. Shale
Not to scale.
Sandstone
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Cover-subsidence sinkhole

" | i

Figure34. Qollapse of void spacassisted byvater flowin aquifer. Source:
https://www.meteomedia.com/tj/nouvelles/article/sciencef-sinkholeshow-do-they-form-and-why

Sinkhole

Figure35. Formation of a sinkhole by failure of caprock. Source
https://www.weathernationtv.com/news/sinkholesvhole-lot-danger/
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Figure36. Sinkhole caused by subsidence from excesmixgferpumping analogous to
interior removal of supportFrom Perkins (203.

1 While thesubterranearvoids will be filled with watempooling asnflux from
surroundingmatrix, support of the cavity roofs will be significantly compromisasl
buoyant support of rock by water alone is inadequ@téaltham et al., 2005)and
former support from the sandstone will be gonghe pool will also concentrate
contaminants that will percolate to the aquifers below.

1 The EAP2 (section 6.2.1) stateébe"overlying carbonate (limestone) geological layer
needs to be at least 15 m thick to minimize the possibility of surface subsidence during
sand extraction activitigs ®imilarly Table 2, Attachment A (p. 2RRCR (i | 1.&a Y &
extraction to areas with competent limestone thicker thanm® ¢ ¢ Kfér Taple @ S
of thesame reporexcerpin RPCR Ay ¢ 6t S wX | EldhckKYSYd !0 &
areas of only 10 m of competent limestone is discouraged due to competency
dzy OSNI F Ay G ASadé

- So what do we do whethicknesss between 1Gnd 15 m?This is dull one-third
latitude.

148



- Is thisdifferencethe amount of uncertaintynherent inthe model, just for
competentlimestone?

- 126 gAft tAYSalG2yS O02YLISGSydpeteac§ RSGSNINAY
uncertaintes 06 S A RSY (A F M3 RBamefding didodrihdekimagingl( S K
technology be utilizedsee p181)? If sojmaging is limited to the immediate
vicinity of the borehole wall(https://wiki.aapg.org/Borehole_imaging_devidesT hus
fractures, discontinuities, and weaknesses in @8ean cluster diameter can easily be
overlooked.

- How will the results of competency tests (if aing) used to modify operations/ill
some reduced extraction still proceedve are frightened by extraction only being
discouragednot forbidden) where only 10 m of competent limestone exist! Who
will check and oversee what actually happens?

- Competency does not just depend on thickness @iseussiorbelow). What
additional criteria will beapplied?Or isgenericthickness the only determinant?

Gonsiderablesite-specificdata regarding the Carbonate stratum are neededore
comprehensive sahextraction can be undertaken, as subsidence is irreversible.
oAdditional testing will be conducted to further assess and confirm the limestone and
overburden thickness and structure as the Project progresses geographically.9 ! t H X
section 6.2.1)Thereare no details in the EAP regardithg plan forthis testing

including distribution and number of anticipated tesind how they will relatéo the

well clusterlocations How will the necessary advance data be obtaigdbm test

boreholes, from reatime drilling ofextractionwells?Of particular concern is the

LINE LJ2 v Sy U Q aqudrriésifeMy] TAG #2RBCR148, #150, where significant
amounts ofmaterialshavealready been removed

The EABeems not to notice thataccording to the well logs in WDRnumber oftest
wellsdid not meet the 15 m minimum limestone thickness criterida.g. Well PID
200824 with a limestone thickness of 11 m)(WIBRit Note: Table A in the Waste
Characterization and Management Plan (Februa®023) cites an assumed limestone
thickness ofL3 m(see p. 525526 below).How does this align with the 15 model?

LY wt/ wkSlSmwiz22NbioAz2y | yR SY@ANRYYSydrt LXFyyaiy3a L
studying the geology and geotechnical conditions to ensure that the method of extraction would not

cause surface subsidence (including shifting, sinking, collapsing or slumping at the surface) and would not

create a isk of new connections between aquifers undergrouimd2021, the extraction method was

tested atthreed S& G0 K2t S 20l GA2ya oKSNB aada2NFIFOS aSiidt SySy
extraction was complete&.(Emphasis is mine).

CdzNJ KSINE SG0a 3520 SOKYAOIf WY2RSEQ 41 & sBoShath Iy SR 2
adverse impacts on surface and ssilrface geology are eliminateil y IR anWhite will conduct
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physical subsidence monitoring and assessment before, during, and after extraptcation<i(RPCR

#1). C dzNJi #&idthEnatiah used to develop the geotechnical model was drawn from field
investigations completed by CanWhite and others (Stantec, AECOM, Friesen Drilling) including borehole
drilling (lithology, structure and other properties) and downholeaiging and testing, assessment of
limestone material properties, laboratory strength testing, standard penetration tests (SPT), geotechnical

modeling, and subsidence monitoring before, during, and after exploratory test délliRBCR #1).
The following observations can be made:

1. The twoCanWhitestudies referenced are not provided in the EA8Y, are the Stantec
reports of 2019, 2020 and 202f@or are there any links to theritheRPCRiso
references &tantec 2022 repomnultiple times (#7, #153, #179Which has not
been posted to the Registr@nly atiny heavilyredacted excerpt is showwithout
contextin RPCRTable 2, Attachment AVe do not know how faithfuthe paraphrased
snippetsin the aboveRPCRjuote areto the original reporf which isunavailable.
Readers are unable tassess thenodelsand the extent, qualityand limitations of the
data, nor the validity of assumptionsor the fitness of conclusiorier themselves.

¢ KS LINE L2 Y RPCRO#0 NE=p@iRK/Ihiidb contain trade secrets,
scientific or technical business information, or other information pf@prietary
nature are shared with the regulator on a confidential b&siand thereforeare not

for the rude gazeof the indiscreet gawkingandinterfering public.Surely the
entirereportscannot corsist ofconfidential informatior? This excessive secrecy only
fuelssuspiciorand distrustby the publicof both regulator and proponent.

&Sio is willing to share its modeling results with the CEC experts, yes. However, these
results contain confidential information and will only be shared with those CEC
technical experts who have signad NDA ¢ 6 { { / wEmR0O@1).l a{ { ! /

Since the crux of the project is centred on these very models and their credibility, and
sincecriticalapproval decisions witlepend on thisnformation and its validity and
soundnessthis pla@s scrutiny, evaluation, and due diligence in the hands of a

very limited select,and restricted few.

A project of this immense magnitude and potential impact surely ought to be

examined by as wide an array of intete as possible in order to ensure that a broader
consensus and range of expertise are engaged. Surely there is very little truly
WLINBLINRSGIFNBEQ AYF2NNIFGAZY GKIFIG ySSRa 2 0
limestone and shale those are not being mined and solare they Are people

drinking secret water from their wells?

More extracts, however, from the elusive Stantec 2022 reportsaitgsequently
relayed in GTTR, where we learn that the Stantec report dealtfivtpotential
limestone failure modedpcusing on one (i.doending in particular:
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Oanalysis concluded that the lowest limestone layer was at risk of fdilegbreaking) and collapsing into
0KS @2AR AT GKS RAIFYSGSNI 2F (GKS @2AR 0SOIYS (22
collapse of the lowest limestone layer, the overlying layer would no longer be supported from below and
would alsobe at risk of collapsing into the void. This failure mode would continue in an upward direction
until a limestone layer has sufficient strength to span the underlying void. In the event that all of the
limestone layers failed, the overlying quaternary dsjts would no longer be supported, and they would

also be at risk of collapsing into the void. Such a collapse would have the potential to result in subsidence

at surface (e.g., sink hole{GTTR, pp. 134).

This is well known information. For exampéccording to Waltham et al. (2005)¢ids
progressivelyropagate upwards in overlyingnestone failurgFigure37Aand B. The
duration of thisfailure is variable, but may occur over a prolonged period of time:
0Although the development of aexpansbn dome is very slow and may take several
years or decadefput] The appearance of a sinkhole on th&face is very sudden,

which makes it potentially dangerous to people and property in the viéinityo L / a/ X
2008).

Waltham et al. (2005)roposed that, irsimplified fashion, bending failuraay be
described thusi.e. ¢to treat the beds as beams failing under their own wegght

For an unsupported beam of span length L, of unit width, of depth d. of unit
weight ~ and of weight W (= Ld~y). the bending moment M = WL/12 =
L2d~/12, and the section modulus Z = d° /6.

Assuming elastic behaviour of the rock, failure occurs when the tensile strength
T is reached at M /¥ in the outer surface of the deforming beam.
Consequently the stable beam depth {or bed thickness) d = L7+ /27".

This assumes that the beam is constrained at its ends, which is the normal
situation in a rock mass. If the beam is unconstrained, due to the presence of
open fissures, the bending moment is WL/R and the stable beam depth
d = 6L%/8T.

For limestone, the unit weight v may be taken as 26 kN/m>.

[kN = kiloNewton]Theseauthors notel, and we can see from the abovie K IThe &
critical factor is therefore the tensile strengfiof the limestoné ® ¢ KA a Y2 RS
that the limestonespan or beanis homogeneous and intackn the present situation,
however, the latter assumptions may not hokbr example, unit weighand stength of
limestone may vary both horizontally and vertically in the project area.
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Figure37A. Progressive limestoneof failure above subterranean cavijtyith detachment and

collapse occurringequentiallyalongsuccessiv@lanes ofweaker interbedded layerd-rom
Waltham et al. (2005).

L

Figure37B. Progressive limestone roof failure. Sequential detachment along bedding plesdss in a
smooth flat ceiling. The cavity gradually increases in height. Note fractures in thiayexthat will fall.
Source:

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.lyellcollection.org%2Fdoi%2F10.1144%2Fsp279.3&psig=AOvVawly84viUiBP65x
FtZFrjLfc&ust=1673801813864000&source=images&cd=vfe&ved=0CA0QjRxqFwoTCNik06bEx_wCFQAAAAAJAAAAABAQ
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OStantec estimates that the limestone beddings will behave asuéti beam supporting system for the
combined load from overburden and limestone. Althouga lower beams can be unsupported and
damaged (and potentially collapse into the cavityg portion of the beam will remain stable and act as a
cantilever beam to support the upper stratigraphy. This will resudt progressively smaller unsupported

beam span upwar€ 0 { { / w L aR@09) (Brfpkiakes are mine).

- Evaluationwould be requiredor each site, as caprock and overburden conditions
are site-specific
&Sio will be drilling and coring wells regularly in areas of extraction prior to drilling
the extraction wells taonfirm overburden and limestone thickness. Core samples
will be takenand analyzed t@onfirm limestone competencg o0 { { / wLaRm | a { { !

7

nnogpoodimaz y2i FaOSNIFAYK 2SS fNBIFIRe (y2e¢

l @ 2 K| BeqguRBS aY R yK b2G Fd SFOK &aaidsSk
® ¢ KS NBilling arfd toring Selésbeforeextraction wellsare drilled.How

many boreholesof the various descriptions will there actually be®ill someall of

these preliminary wells become extraction well&/Pat is the protocol for

abandoning the inutile, presumably narregyauge, coring wells?

C. How muchime will be required for the samples to be analyzed before extraction

drilling proceeds?

- 0a portion of the beam will remain statfeX LINER GARSR (KI G0 GKS L32N
with incipient or actual fractures, discontinuities, irregularities or inclusibtmsy
will this beevaluated from a smaitliameter core sample and borehoke
GThe zones of carbonate limestone with vertical joints are excluded from the beam
system evaluatic® 6 { { / w L WR009(f)aWhét About horizontal weaknesses
within the beans?

- I prégressively smaller unsupported beam span upwaah be expected when
the limestone is competenhomogeneousand intact.But it maybe riddled with
joints and fractures, in which case the unsupported beam span may not decrease as
the lower layrs fall awaylt will have been perforated by & 7 boreholes(or an
unknown numberc see p.59). One of the boreholes will be in the centeaf the
beam The spamwill have sustainedibration from multiple drilling.

- In Figure37, we see that théimestonewalls of the collapsed area have remained
reasonably vertical and roof spéwas notsubstantialy decreasedThe issue is
confounded by the fact thatavity shapes will be irregulaiSSCRIR2 #CECAppA).
How will widestwidth spanin oblong cavitiegperpendiculato the long axis of the
cavity) be calculated or measured?
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- Over time, as supporting caprock thins, it offers less resistance to vertical flow of
water from above, and¢arsticsolution of the carbonatemay accelerate anturther
weaken the caprock, and consequently its ability to support the same overburden
mass.

In practice, and certainly in the instance of Red River Carbonate, the simplified model is
02 y T 2 dyaBi@sRhdt raduce stabilityclude rock jointing that weakens or

destroys the beam, any overburden load thetars on the beam, dipping geological
structures that complicate the roof pfde andtime that allows strength decrease
(Waltham et al., 2005)Ve can add here any anthropogenic activities that may
destabilize or place added load on the span.

The age of the Ordovician Red River Carbondtefisi 2 | ROEKst@nigt? dkkreades
with time due to fracture propagation from stress pointsgafin boundaries on critical

surfaces, and it is realistic to cite a letegm decreasef tensile strength to about 3086

(Tharpe, 199%n Waltham etal., 2005).

We are not vouchsafed thé LINE LIN@etdil§ of thé& Stantec modaind exactly which

FYR K2g LI NIYSGSNE 6SNBE dzaSR (2 | NNRGS
Hnnpv KFE@S 61 NYSR GKIFIG a2YS YasedSHear OSNB A 2 Y
strength in place of tensile strength for failure atidtrefore achieved an unrealistically

large stability envelope by | Y &She@rlstieBgih isdmmensely variable for a rock

mass, as it depends dhe immediate disposition of fractures afigsures; a very
approximatefigure may bdaken as aboubnetenth of the shear strength of the intact

rockk o021 fUKIY SO fdX HANPOLO9YLIKIFAAE A& YAy

2. Besides the unknown exteahd qualityof the data in thesuppressedtantec reports,
someother datawere sourced from AECOMs well a¥WDR which contains
descriptivelithologyfor 426 2 NEK2f Sa® W{ dzo AARSYOS Y2y Ai2NJ
conducted abnly three locations(presumablya propossome of theinjection well
permits)

Given the informatiomeeded, is this enough to generateraliable and accurate

model, particularly in light of thejuestionsbelow? Is confidence in theobustness

and dependability of theinrefinedY2 RSt 2dza 0 AFTASR gKSY a2 YdzO
guide the location, arrangement, and depth okthnnual extraction wells. The rules

for operation willdetermine locations for well clusters, how far apart #eraction

wellsare from each other, and how much sand can be extracted from any ongwell

(RPCR1).
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In other words, theproposedEARdescriptions for well cluster locations, well
arrangementsandother detailslaid outin the EAP may bgas® and actual
configurationsand practicesnay depart from those in the proposa&ho will oversee
whether these departures are acceptable or allow&tl theseroutine and ongoing
deviationsbe obscured within theosyseulemertentre-nousconfines of theso-called
Gt AGAYy3 R20dzyYSydaéKk

3. 6Stantec developed the basis of geotechnical design to meet the-slmitlongterm
stability requirements fothe extraction cavity and caproék RRCR#1).
dThe cavity opening sizelimited such that the expected damaged caprock does not
reach the upper layers of the caprock and the undisturbed caprock layers are thick
enough to support the overburden loa&d. o { { / w L aRW09) Amdin{ thid is for
homogeneous, undamagéduinestone how representative is such limestone
throughout the area?

What does the model show where tloenter of the caprock, where stresses are
greatest, igpierced by a boreholgi.e. the central well of the cluster

Table 9n RPCRrovides extraction disturbance zone dimensions and limestone
thicknesses which appear to have been generated by the model, the modus and
assumptions of which are mostly not known/provid@kcept for someselected
additionalparameters in SSCRIR1 (#MSHAW9)), neither are the data whicfeed

the model The notes below the table suggest the many severe limitations and
theoretical natureof the exerciseWill this be the one-sizefits-all protocol for

decisions orextraction conditions and operations@-roactive modelling before

annual extraction activitiewill be used to restrict extraction activities to the
Witt2glo0tS 9EGNI OGA2Y GRPCRLYIISthisrestriotion 42 ' S
WISy SoMdhdareEQ 2 NJ WNBaALISOUA GBSt eQ FT2N S| OK

On what data willi K hraactée modelling 6 S  @hakaSsRriptions will continue
to be madeAWhat happens when reality turns out to be different, because
confounding factors were not included or foreseeff¥eproponent indicates that
additional parallel data collection will be ongoimghich isa concernbecausesurely it
would beappropriateto embark on the work with anore robustand reliabledata

set already in placeAnd, we have to wondewhat of the lucklessabandoned sites
that identified the need for corrections and adjustments in the first plag#fat istheir
fate?

According taRPCR#179),the proponent indicates thadthe modelling described in
both the geotechnical studyStantec 2022) and the Hyalyeology and Geochemistry
Assessment Report (EAP, Appendix A) will be periodically updated and improved over
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time as more data continues to be collected in accordance with hydrogeological and
geotechnical monitoring plar&[Note: datum = singular, dataptural]

Theuncomfortablemessagénere is that application of earlier versions of the model will
identify shortcomings in that model, which will kentinuallyadjusted as time and
experience dictate the necessity to do #@ain, vihat will happen taall ofthose

A Y G S NR-a&yodoSvellsdhd will there be liability for mistak@s

4b a2y AUZ2NAY3I F2NJ adzo a A RSYI@Sre gntl &terlsdadldr NBy (0 f @
extraction was completesZ I FhidcRmasimum measured change in ground elevation
at any of the extraction sites was only =0.002 m (2 é&am)

dStantec assumes that the results of settlement monitoring to date, which indicade
apparent earlyterm settlement, is representative of probable settlement during-full
scale mining and the long ternihere remains someotential for changes in local
support conditions to generate settlement in the short or long teré{SSCRIR1
#MSSAQR009).

Unless some very drastic disturbance transpieih as an underground explosion,
or unless the cavity was very large and near the surfswdacesubsidence would not
occurimmediately, since the void is someonsiderablalistance below, and stresses
from interior collapsevould propagaten the unsupported weightver a period of

time beforefailure would beevidentat the surfaceQuoting fom Waltham et al.

0 H n nTpenatura consequence pfogressive roof failure isipward void

migration, which may reach the surface where it causes instantaneous major
subsidence in the form of a collapse sinklible 0 9 Y LIK | AckoddingtdtheY A y S0 ®
latter author, it isnot possible to predict when final collapse will ocat may be
months, years, or centuries. 2 §  @drlyternde O 2 Y R A répkeeyitétivéd S2 H
future situations?

Therefore monitoring would be more usefully done overonths, years decades+
ratherthandays:  2aNy-takmé.

- What is the time period for th&" 2 vy A (i 2fNdeytiEctiahn operations LINR YA & SR
above (RPCR #2)s monitoring oeach clusteibeing promised? For the length of
time (years)that would be required, surely this is an impossitask? Therefore, in
realistic terms, subsidence coud@silyoccurat unmonitored sitest any time

- What were the thicknesseand other characteristicsf the overlyingstrata at the
three test sites?Howsimilar ordissimilar were thealetailedlithology and
stratigraphyincluding overburdemmong the three sites?
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- In order forsurfacesubsidence to occur, the cavity roof misst sag and failEven
if this couldbe the best place to monitor imminent collapsé would not be
technicallypractical or even possible, given the overwhelming number of sites.
However, even with appropriate monitoring there is little that could be done about
it other than to warn the landowner/public and fence off the area.

5. Furthermore the reported monitoring involvedsingle wells rather than clusters
Would not risk osubsidence beoncomitantlygreaterwhen severalvellsare
operating in mutual proximityWhile seversimultaneously operating welkre
mentionedthroughout, Teble 21 (EAP1) andlable 63 (EAP2identify 10 extraction
rigs(thus potentially two entire Svell clusters could be operating at the same time
unless there are 7 well clustgr¥ etevenwith multiple operationsimmediate
subsidencevould not be expected unlesle strataoverlying the cavitieare
exceptionally thin or loose.

6. How will the modetake into account thevariationin amounts of reinjected water?

7dsodhat adverse impactsnosurface and suburface geology are eliminatdt@erhaps
G NB R&RONS Ry | (0 (vdyldaknio Redlistiodl Ky & S f, whichig’d (0 SR ¢
categoricaind impossiblguarantee TheaboveNS LIS I (i S Rould @oNRsd &
promise and guarantee. Whoowld independently monitoyenforceand underwrite
this guarantee, well into thenistyfuture? And then, should the guarantee fail, how
could the damage possibly higed?

8. Besidessimplethicknesshorizontal and verticallifferences in mechanical attributes
of the limestone may alsaffect its stability, for example it may vary substantially in
porosity (Manger, 1963)chemical and physical composition
(https://geology.com/rocks/limestone.sht)j and density (a generalrange of1.55- 2.75 g/cn¥)
(https://chem.libreteas.org/AnciIIary_Materials/ExempIars_and_Case_Studies/ExempIars/GeoIogy/Density_of_Rock
s_and_Soils Porosity in turn is not absolute, but may vary in response to stressors such as
pressure(cf. TAC #51)It isnot known what values for limestone propertieere used
in the Stantecmodel, and whether they reflectedr were representative athe ranges
of valuesfound in the project area

INRPCR | M0 I LidkeNsBigniiof i@nestone materfaloperties, laboratory

strength testing, standard penetration tests (S9T) g SNBE O2 Yy RdzOGSR® | 2 ¢
sampleswere analyzed, and how did they relate to the project aaed local

stratigraphy? Where are the statistical analyseshat variability was found, and &re
theserangesincorporated into the model parameterd®here arethese data, for
surelylimestone material propertieare not proprietary?
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9. W[ A Y S &dnsuya® @ noda uniform material. At the broades f S@St = Wi AYSa
and calcite consist of calcium carbonate, dolomite also contains magnesium. In practice,
these materials present as a spectrum depending on relative composition, hence
classification is sonvehat arbitrary, for example

¢ Calcite limestone - more than 90% calcite and 10 % dolomite
¢ Dolomitic Limestone - calcite 50-20% with dolomite 10-50%
» Calcite dolomite - calcite 10-50% and dolomite 50-90%

* Dolomite - calcite less than 10% with dolomite more than 20%

(https://spectralevolution.com/applications/mining/identifyingalcite dolomite-and-claysin-

limestone)).

In the field,limestones, dolomitesnd clay can be broadly differentiated by their

reflectance spectra using a field spectrometer (Fid28¢(Ibid.). However intergrading

is common, resulting ifurther overlappingoetrologcalterms such as argillaceous

dolomite, dolomitic shale, et@ further level of complexity is the incorporation of other
elements, such asilica,iron and manganese, that may affect mechanical properties.

The point here is that virtually all of thesernbinations can occur in Red River

I F N2yl GS® ¢KSNBETF2NBE (KS LINRLRYSyiQa ONRGS
substantialfurther refinement, as competency will be site speciia complex

Pt 3 Tractae) MR gle Messserrenes

Plot 3. Multiple Measurements

Reflectance %

400 [Ze ] 800 1,000 1,200 1400 L1600 1800 2,000 2,200 2,400
Wavelength, nM

Figure38. Reflectance spectra for dolomitealcite and kaolinitei.g. clay). Source:
https://spectralevolution.com/applications/mining/identifyingalcitedolomite-and-claysin-limestone/
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Limestone containkyers of varying hardness and tensile strengtlihich materially
affect its ability to spport load (Figure&9):

Figure39. Limestonepillar showing banding of stronger and weaker strata. Weaker
cementingbandsmay be quite thin, and the layers below theare more likely tdall

away. (Highlight is theirs)Source https://iwww.msha.gov/sies/default/files/events/Pillas
CollapseRiskAnalysis2021-.pdf

Unless it has been subject to extensive early reworking and turba®ed,River
Carbonate, due to its sedimentary natuaad lengthy period of depositigns
composed ofayers of varying hardness, thickness and composit{btaidl, 1992),
with attendantvariablematerial properties angusceptibility tofracture, dissolution
anderosion which manifest as rib slabbirigigures 4641). On close examination, we
canalsosee this layering in the three drill corssown in Apa5 (C3). The question
arises:how will/can competency be assigned for thentire thicknessof
heterogeneoudimestoneat any given sit@
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Photo:E. Pip
Figure40. Groundwaterworn Red River carbonate specimépringfield)
demonstrating rib slabbing, due tmequalattrition of closely spacedtrata of varying
hardnessThe harderidges have a melted appearancesadter interbeddedlayers
have beerdifferentiallydissoled by water Under stress, e layers will tend to
separate along thevealker bedding planer. E. Pip Collection

Figure4l. Weathered Red River
Carbonate dornick showing
superficialmacroscopic layering of
strata. There are actually many

fine layerg(lamination) Dr. E. Pip
Collection

Photo: E. Pip

9. Layers can also be erratically folded in a myriad of ways, illustrating the tremendous
variability that can occur even within a very small distance (FigRxeThus a coreample
may not accurately represent geologiconditions even a meter away.
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Photo: E. Pip
Figured42. Weathered Red Rivé&arbonate boulder showing erratic folding of layers.
Arrows indicateincipientfracture zonegi.e. secondary porosityhote: they arehere

perpendiculato bedding planesCavity on left is biogenientire structure may be a stromatolite
(comparesimila https://www.dreamstime.com/stockphoto-fossitstromatolite-wyomingimageshowscollectedbig-horn-

mountainsstromatoliteswere-formed-blue-greenalgaeimage5432653p Dr. E. Pip Collection

10. The Red River Carbonatentainsdiverseadditionallithological constituents, which
influence overalmechanical and hydraulic conductivity propertigariouslutites (shale,
claystone, mudstone, siltstone) are comm@tigure43).
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Photo: E. Pip
Figure43. Laminatedtlaystone(Springfield) showing fine stratftion. Also note pitting
and tunnels from ancient bioturbatiomr. E. Pip Collection.

Nodular chertis frequentlyfound (Figure44 A and B)and here varies through the entire
chert color spectrum: pre white to yellow, reddarkgreen, brownlight to dark gay, and
black(personal observationFigure44 Q. Its disposition and occurrence isighlyvariable,
as we see on magnification of the Chip Tray Photo Logs in A@Q@ABretions may also
occur (Figuréb), as well as pyrite (see Figufé, pp . 275-276). The presence of such
materials and structuresnd their unpredictabilitymust be considereth the stress
responseof the limestone althoughthey are likely to be missed by the borehole core
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Figure44 A-B. Chert nodules from Red River Carbonate (Springfieldyypgica® 1 y 20 0 e Q
morphologywithin highlyporoussoft limestone matrix B:Waxydistressedchert nodule

stainedg A 1 K ANRY S AK2gAY Ithat idldaBaated to Ay bedding pladeQ Of St
Photos: E. Pip, Dr. E. Pip Collection.

Photo: E. Pip
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Figured4C. | I NI S |j dzkblz & grag) béown and whitevaxychert (Springfield),

gAGK | yOASY (G SEOSLI A 2apgakerityemadedy an anididlS & S NI S R
approximately450 million years agwhile the layers were still fictilgheir exact original

texture isreproduced Underside contains burrows and vugs lined with calcite crystals.

Dr. E. Pip Collection.

Photo: EPip

Figure45. Bandedargillaceousoncretion(Springfield) Note fissility into thin layers
acrossaccretionary planes this examplebr. E. Pip Collection.

10. Geochemistry of the limestone is heterogenetigure 47 A=) In Red River
Carbonate, fiequentpockets ofoxidizedprecipitated ironoccur as stainingpr brittle
concretions resulting from ancient bacterial iranetabolism (e.g. Figu6 C), or
ancientshifts inenvironmentalanoxic/oxic balanceThesemaysubstantially
compromise mechanicatrength.

11. Extensivepersonal observation has shown that addition to the wel
knownmottled dolomiticOrdovicianTyndall limestoneSelkirk Member oRed River
Carbonatg(e.g.https://www.manitoba.ca/iem/geo/stratmaps/pdfs/orl.pdf), numeroushighly
fossiliferous beds occur sporadically, which are structurally very porous and brittle
(Figure46 AF) The Red River Carbonate is a treasure trove of the remains of a diverse,
lively and abundanancientmarine ecosystem of the Williston Basin, andidglled with
numerous vacant burrows, molds, vugs, and abundant stromatolites, corals,
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brachiopods, crinoids, trilobites, molluscs, and mystery organisms which represent
body-organization types that no longexist (It is estimated that 61% of marine genera
were extinguishedt the end of the Ordovician periad thisfirst of five Phanerozoic

mass extinctiog, andoccurreddue to climate cooling andssociatechabitat loss
(Finnegan et al., 201 )Sincetaphonomic conditions are such that softer parts undergo
greater shrinkage and attrition than harder structures in bottom sediments (Pip, 1988),
disappearance of the former may leave cavities and porosity in the lithified mitrix.
Red River Carbonatbedding planes tend to separate and crumble in these zones of
weakness. Such strata cannot be considered competent limestone.

LG akKz2dzZ R 0SS y2GSR GKIF{ 2 Ayy ALadgdghstrppods,Ra G2y S
receptaculitids and ichnofossils are commiorthe sandstoné. 6 [ | LISY a1 ASS Hnawm

165



166



167



168



Figure46 A-F. (above) Red River Carbonat@ll from Springfield)None of these can be
considered competent limestone.

A: Secimen showing a high degree of heterogeneity and porosity due to fossitows and
debris.

B:Boulder (vicinity of proposed projecshowing heterogeneity and embedded fossils.

C Boulder showing severe distortion, with cavities and burrows. Arrow indicaias
precipitate resulting from ancient bacterial natolism: such areas are extremely brittle, and
are common in Red River Carbonate.

D: Patchwork limestonanddolomite, arows indicate holes and burrows.

E Limestone slab with gastropods and brachiopods.

F Very loosely consolidatexpecimendispayinga longitudinal section of a rugose car&hese
kinds offriable deposits may be many meters thick

All photosby E. Pip fronDr. E. Pip Collection
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