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Abstract

A graphical analysimethod is applied ovéhe province of Alberta, Canadaing
publicly availablewater leveldata from standard monitoring wettsevaluate and categorize
aquiferrecovery Agriculture in the province relies heavily upon surface water for irrigation,
which is increasingly weliabledue to climate change and increasing climate variability. Due to
an expected future reliance on groundwater, it is necessary to better undgrstertvater
flow and aquifer characteristiesross Alberta tprevent ovefallocation of groundwater
resourcesWater level datérom provincial monitoring well hydrograplaseexamined and
graphically analyzed tbroadlycharacterizeecoveryin agriculturally significant regions of the
province ofAlberta, Canadarhrough this analysjghe presence @recharge boundarwithin a
recovery curve can be ascertain®fthe 292monitoringwells originally screenedgecovery
curve analysigs conducted od9 monitoring wells Using graphical analysis oécovery curves
within monitoring well hydrographs, the presence or absence @fescor aquifer
replenishmenin an areammediatelysurroundingnonitoringwell screens is determinedd5
recovery curves frothe4 9 moni toring wells are enhimsedquent |
recovery , rmahrecovergp , or A i nwitlocontinuingsdiscussion and analysis
focudng on results from 36 wellwcated in three significant aquifers within the provindeese
aquifers include the Paskapoo aquitequifers within the irrigation districts of southern Alberta,
and surficial aquifers within agriculturally rich regions of the provifesultsdemonstrate the
presence oé potentialrecharge signaleviating from standard Theiscoverycurvein 97.22%
of the 36 monitoringvells studiedIn individual wells, ecovery curve classificatigivary over
time,withsome ecovery curves being classified as finc
classified as fenhanc epmbssibleechagdoundaryThiss howi ng si
classificationdepend on thecharacterizatioof latetime recovery curve behaviais pumping
signalstransitionto regional aquifesignals over timeAnalyzed hydrographshow the influence
and effectof changes igroundwater pumpingn surrounding water levelmcludingthrough
change irwaterpolicy. This method provideinformation abouthe presencer absencef
rechargeoveralarge areain contrast to traditional methods of determining recharge which
coversmaller areas in comparisadowever,a comprehensive databasfemonitoringwell data
are required to facilitate analyses48.76% of recovery curve analygedwereclassifiedas
A i nc o n cltisuesdmmended that results from this method are puiitbddata such as
climateindicesor agriculturalusage to helpdeterminepossible correlationsetween results and
climatic, geographicor agriculturalfactors



Acknowledgments

This thesis is as much a scientific endeavor ssaipersonalock that has helped keep
me grounded during difficult times in my life. Many individuals have played a great role in
helping me complete this project and prepare for the next, some academically and some
personally, antheydeserve to be thanked propeifyrstly, | would like toprofuselythank my
supervisor, Dr. Randy Stotler, for the overwhelming kindnessenceadvice,and guidancée
has shown m#éroughouthis projectFor every question or concern | had, big or small, he was
thereto help to which | am immensely gratefuk paragraph cannot capture the full extent of
how amazing a supervisor e even during difficult times in my life, Randy was there to help
and give guidance.consider myself lucky and amazingly fortunate to have himyas
supervisor anéagerlylook forward to working with him in the futuuring my PhD

Thank you tany fellow academic colleagues and friends for providing a helping hand
duringmy MSc degreenotably Yoni Ryuh and Dr. Lamine Boumaiiéany a puzzling
guestion have been answereith their help whether the answer was an angle | had not
considered previously, or the situation simply required a cup of tea and @lcdatyou toDr.
Shaun Frape for his continugdidance andupportin my abilities as a hydrogeologist.

| would like to thank my committee members for providing guidance and support
throughout this thesi®r. Andrea Brookfield, DrDavid Rudolph,and Dr. Grant Ferguson.

Their input on my thesis during meetingssgme invaluablensightthat were of great use when
conducting researdior, and writing this paper.

| have been blessed with good friends who hgiven me advice and help as | worked on
this project and it is no small matter to say that this thesis would not be what it is without the
myriad supportl would like to thank Dr. Daniel Guianto, Dr. Kasia RejznerDr. Jolanta
Komornicka,Dr. Jacob Barnett, Kayla Head, Rachel Hdatka MiessnerDianaVelasco
Bailleres,andChantal Langloignd her familyfor theirkindness, supporaid, and friendship.

| would like to thank my family for their suppotirbughout this project; there to offer
comfortandhelpwhen it was neededl'hank youto Michele Brunet, Mandi BruneandRey
Brunet

Funding for this project was provided by the Natural Sciences and Engineering Research
Council of Canada (NSERC) and Global WatetuFes

Researclior this thesigs conducted on traditional territory of the Neutral, Anishinaabeg
and Haudenosaunee peoples and situated on the Haldimand Tract, land which was psomised
the Six NationpeoplesThe study sit@analyzed in this thesiss located on land from Treaties 4,
6,7,8,and 10, as well as Métis settlements.

Finally, thank youo the government of Alberta for providing accessible monitoring well
data for the public to peruse, without which this project would have been much more difficult.



Table of Contents

Aut hor 6s De.cloar.a b b0 e i
Y 0111 - Vo PP i
Nt T 1V1 =T o g = PRSP Y
LIST Of FIQUIES. ...t eeens s e e e e e e e e e e eeas Viii
S o B 1= o] =TSP U PPPPPPPPPPPPPRR xliv
Chapter 1: INrOAUCTION ........uiiiiiiiiiiiei ettt e e e e et e e e e e e e e e e e e e e mnne e e e e 1
(@ gF=T o) (=T g2l = = Tod (| {0 U o SRR 3
P ] (0 [0 | Y == U PP PP PPPPPPPPRPPRRR 3
2.1.1: Agriculture and Irrigation iN AIDEITA. .........ccoiiiiiiiii e reeee e eeee D
2.1.2: Water Scarcity in SOUthern AIDEIA...........c.uuiiiiiiiiee e 10
2.1.3: Hydrogeology Of AIDEITAL........c.uueiiiiei et eeene e e e e e 10
2.1.3.1: The PasKaPO0 AQUITEL.......coiuiiiiiiei ittt ret ettt e st eeenss e e e e e s s nnnneeeeas 12
2.1.3.2: Southern AlDerta AQUITEES..........uiiiiei e e e 14
2.1.3.3: Surficial and Buried Valley AQUITEIS........c.ooiiiiiiiii e 15

(@ g F=T o (=T g S Y/ =Y i o o £ URRRPP 16
3.1: MONIEONNG WEII DALA .......eveeiiiieiieieiseeee ettt e e e e e e e e e e e s enenassn e e e e e eees 16
3.2: Identifying and Plotting RECOVENY CUIVES........uiiiieieiiei e i ee s ecmeeeeeeeeeeeeeeeeeeeesraeseres e e aeeeaaeeas 17
3.3: Graphical AnalysiS Of RECOVETNY CUIVES.........cciiiiiiiiiiiiirieeeiiie et eeeser e e e e 18
Chapter 4: RESUITS.........uuiiiiiiiiiiiii et 22
o R w1 = 10 Lo T I Ao [ 11 = PP 26
4.2: SOUthErn AlDErta AQUITEIS.....ccoi ittt ettt rmmee e e e e e e e e e smeee e 27
4.3: SUITICIAI AQUITETS ..ttt eree et e e e e e et e e e eeer et e e e e e e e e e nnnneees 28
Chapter 5: DISCUSSION.......cciiiiiiiieeiieieiiemme et et e e e e e e e e e e e eesamanaseaaaaaaaaes 30
5.1 MEtNOU VAITILY ...eeeeeiiiiiiteie ettt e e e s e e e e e eeeeees 30
WA \V =1 g Lo o AN o] o] 0% L1 To] o TP 33
5.3: Opportunities, Challenges and Potential SOIUtIONS..........cccccooiiiiiii i e 36
Chapter 6: Summary and CONCIUSIONS...........ooiiiiiiiiii e eeeee bbb 39
Chapter 7: Recommendations for Future Work and Research................ccoovvveeriiiinnn. 41
] (=] €= = SRRER 43
Y o 01T T Lo =SSP 52
Appendix A: Supplemental Maps and Information on Alberta, Canada...........cccccccoevviiiivieennnns 52
Appendix B: GOWN Monitoring Well Aquifer Classification Tables .............ccoccciviiiiiiiceennnn. 57
Appendix C: GOWN Monitoring Well Recovery Curve Classification Tables.......................... 61
Appendix C1: Recovery Curve Classification of Paskapoo Aquifer Monitoring Wells......................... 61
Appendix C2: Recovery Curve Classification of Horseshoe Canyon Aquifer Monitoring Wells.........73
Appendix C3: Recovery Curve Classification of Southern Alberta Aquifers Monitoring Wells............ 17



Appendix C4:

Recovery Curve Classification of Peace River Valley Region Aquifers Monitoring We#i8

Appendix C5: Recovery Curve Classification of Calgary Valley Aquifer Monitoring Wells.................. 92
Appendix C6: Recovery Curve Classification of Surficial Aquifers Monitoring Wells...............cc....id 98
Appendix C7: Recovery Curve Classification of Miscellaneous Alberta Aquifers Monitoring Wells..122
Appendix D: GOWN Monitoring Well Recovery Curve Plots for Paskapoo Aquifer Wells......125
Appendix D1: GOWN Monitoring Well Recovery Curve Plots for Cynthia Shallow_0992 Well........ 125
Appendix D2: GOWN Monitoring Well Recovery Curve Plots for Crestomere Lake Obsl_0291. WdP7
Appendix D3: GOWN Monitoring Well Recovery Curve Plots for Rocky Mountain House Shallow_0980
L= SRR PRPP 131
Appendix D4: GOWN Monitoring Well Recovery Curve Plots for Sundre South Shallow_0983 .Well33
Appendix D5: GOWN Monitoring Well Recovery Curve Plots for Elnora #7_0127 Well.................. 135
Appendix D6: GOWN Monitoring Well Recovery Curve Plots for Irricana 2376E_0217 Well........... 142
Appendix D7: GOWN Monitoring Well Recovery Curve Plots for Okotoks Land Fill 2378E_0217 \WWidlL
Appendix D8: GOWN Monitoring Well Recovery Curve Plots for Paddle Riverl8a 0345 Well......... 154
Appendix D9: GOWN Monitoring Well Recovery Curve Plots for Ravern180384 Well...................... 159

Appendix D10: GOWN Monitoring Well Recovery Curve Plots for Warburg 2185E_0315 Well....... 166

Appendix E: GOWN Monitoring Well Recovery Curve Plots for Horseshoe Canyon Aquifer

LAY P PP UPPPPEPPPR 171
Appendix E1: GOWN Monitoring Well Recovery Curve Plots for Barons 615E_0117 Well.............. 171
Appendix E2: GOWN Monitoring Well Recovery Curve Plots for Camrose Regional Landfilll88149
L= | RPN 180
Appendix E3: GOWN Monitoring Well Recovery Curve Plots for Leduc_0153 Well...........ccccceenen... 187

Appendix F: GOWN Monitoring Well Recovery Curve Plots for Southern Alberta Aquifers

LAY P PP UPPPPEPPPR 190
Appendix F1: GOWN Monitoring Well Recovery Curve Plots for Foremost Town_0221 Well......... 190
Appendix F2: GOWN Monitoring Well Recovery Curve Plots for Del Bonita300101 Well............... 191
Appendix F3: GOWN Monitoring Well Recovery Curve Plots for Orton 1514E_0114 Well.............. 198
Appendix F4: GOWN Monitoring Well Recovery Curve Plots for McNally_0110 Well...................... 208
Appendix F5: GOWN Monitoring Well Recovery Curve Plots for Viking 2600E_0298 Well.............. 209
Appendix F6: GOWN Monitoring Well Recovery Curve Plots for Mud Lake 1537E_0112 Well........ 216
Appendix F7: GOWN Monitoring Well Recovery Curve Plots for Okotoks DSouth_0786 Well......... 228

Appendix G: GOWN Monitoring Well Recovery Curve Plots for Peace River Valley Region

o 18 LT A= 1 PR 231
Appendix G1: GOWN Monitoring Well Recovery Curve Plots for Fairview/8_ 0340 Well.................. 231

Appendix G2: GOWN Monitoring Well Recovery Curve Plots for Grimshaw Kerndale 0339 Well...237
Appendix G3: GOWN Monitoring Well Recovery Curve Plots for Grimshaw Mercier_0338 Well.....240
Appendix G4: GOWN Monitoring Well Recovery Curve Plots for Grimshaw Nissafl66379 Well....241

Appendix H: GOWN Monitoring Well Recovery Curve Plots for Calgary Valley Aquifer Wells

............................................................................................................................................... 249
Appendix H1: GOWN Monitoring Well Recovery Curve Plots for Canmore Tourist Info_0760 Well 249
Appendix H2: GOWN Monitoring Well Recovery Curve Plots for Carseland8$220 Well................ 256
Appendix H3: GOWN Monitoring Well Recovery Curve Plots for Cluny-8%outh_0219 Well............ 257
Appendix H4: GOWN Monitoring Well Recovery Curve Plots for Exshaw_0759 Well..................... 267

Appendix I: GOWN Monitoring Well Recovery Curve Plots for Surficial Aquifers Wells ........ 276
Appendix I11: GOWN Monitoring Well Recovery Curve Plots for Milk River-86 0103 Well................. 276
Appendix 12: GOWN Monitoring Well Recovery Curve Plots for Hays East_3053 Well................... 280
Appendix 13: GOWN Monitoring Well Recovery Curve Plots for Hays 2523E_0279 Well................. 280
Appendix 14: GOWN Monitoring Well Recovery Curve Plots for High River 2523E_0279 Well........ 281
Appendix 15: GOWN Monitoring Well Recovery Curve Plots for Kirkpatrick Lake-8@ast_0230 WelP85
Appendix 16: GOWN Monitoring Well Recovery Curve Plots for Many Springs_0364 Well.............. 292
Appendix 17: GOWN Monitoring Well Recovery Curve Plots for Medicine Hat North_3050 Well.....300
Appendix 18: GOWN Monitoring Well Recovery Curve Plots for Rockyford_3026 Well................... 301

Vi



Appendix 19: GOWN Monitoring Well Recovery Curve Plots for Waterton Dam #5_0105 Well........ 303
Appendix 110: GOWN Monitoring Well Recovery Curve Plots for Watino 2353E_0369 Well........... 307
Appendix 111: GOWN Monitoring Well Recovery Curve Plots for La Crete 2447E_0380.Well........ 316
Appendix 112: GOWN Monitoring Well Recovery Curve Plots for Innisfree 2403E_0235 Well........ 322
Appendix 113: GOWN Monitoring Well Recovery Curve Plots for Leedale Shallow_3022 Well........ 337
Appendix 114: GOWN Monitoring Well Recovery Curve Plots for Bruderheim 2343E #1 North_0178 Well

Appendix 115: GOWN Monitoring Well Recovery Curve Plots for Bruderheim North_3069 Well......345
Appendix 116: GOWN Monitoring Well Recovery Curve Plots for Cooking Lake 1348E North_0157 Well

Appendix 117: GOWN Monitoring Well Recovery Curve Plots for Devon #2 North_0159 Well........ 357
Appendix 118: GOWN Monitoring Well Recovery Curve Plots for Carmangay West_3010 Well......373
Appendix 119: GOWN Monitoring Well Recovery Curve Plots for Cypress Hills 2293E_0107 Well.375

Appendix J: GOWN Monitoring Well Recovery Curve Plots for Miscellaneous Alberta Aquifers

Appendix J1: GOWN Monitoring Well Recovery Curve Plots for Dewberry 2410E_0237 Well........379
Appendix J2: GOWN Monitoring Well Recovery Curve Plots for Ross Creek 2286E_0114 Well.....383

vii



List of Figures

Figure 1: Map of location of private irrigation licenses for surface water diversions in Alberta
(from Government OAIDEITA 2022)..........cooeiiiiiieeeeeieeee e 4
Figure 2: Map showing the distribution of studied Groundwater Observation Well Network
(GOWN) monitoring wells in the study site. Each point represents an analyzed monitoring well,
organized by colour and shape. Triangles indicate wells in the southern Albeféasagujuares
represent wells in Paskapoo aquifer, circles represent wells in surficial aquifers, and all other
wells are indicated by diamonds. Data quality, as described in the methods, is organized by
colour from Excellent to Unusable. The area of SeuttAlberta is delineated by a grey

rectangle in the bottom right corner of the map. Surficial aquifer map data from Hartman et al.
(2023). Paskapoo aquifer map data from Alberta Government (2024).............ccoovvveeeeenn.. 6
Figure 3: Map of irrigation districts in southern Alberta, (from Government of Alberta, 2022).
These irrigation districts are designed to manage surface water for their irrigation needs?
Figure 4: Groundwater use for irrigation c. 2007 (from Lemay and Guha 2009)............... 3
Figure 5: Daily water requirements for common Alberta crops, (from McKenzie and Woods
2011). Gray areas represent variability in water requirements due to crop cultivar, growing
conditions and environmental conditions. Values in the top right corners represent the
approximate amount of water required for a given species during an entire growing.seaon.
Figure 6: Map of aquifer types in Alberta based on geological sediment data (from Lemay and
Guha 2009). Map was constructed by combining information from raster images of relevant
geographical maps and GIS information to produce designated vector polygons. kitholog
related to surface deposits are | abelled as i
bedrock sediments are | abelled as fABedrock?o.
surficial, drift, and/or bedrock sediment data are labelled A Mi..x..e.d.0.c..ovvvvrrieennnns 11
Figure 7: Map of hydrogeologically significant buried valley aquifers, bedrock valley aquifers,
and drift aquifers, from Lemay and Guha (2009)...........cccooiiiiiiiieeei e 12
Figure 8: Map of hydrogeologically significant bedrock sediments in the Paskapoo and Scollard
Formations (from Lemay and Guha 2009). The Scollard Formation underlies the Paskapoo

0 0 = [ TP 13
Figure 9: Stratigraphic lithology of regions in southern Alberta (adapted from Mumpy &
Catuneanu 2019; Hamdi and Goita, 2023), showing how many of the southern Alberta
formations overlie each other. Stratigraphic formations of note are the Cypress Hills, Paskapoo,

Bearpaw, Oldman, Foremost, Milk River, and Lea Park Formations..............c.cccvueeeen... 14
Figure 10: Examples of recovery curves and their classifications. a) Examples of recovery
curves where recovery, i nfl ow, or replenishm

of recovery curves where no recovérygecionfelr gw)
c) Examples of recovery curves where the presence or absence of recovery, inflow, or
replenishment iS INCONCIUSIVE. ........coooiiiiii e eeen s 21

Figure 11: Linear recovery curve comparison between examples from the dataset (on left) and

the idealized graphs (on right). a) Paskapoo aquifer Rocky Mountain House Shallow_0980 well

and an idealized fnenhanced recover 4E0014ur ve. b
wel | and an idealized Anor mal recoveryo curve
and an idealized AinconclusiveoO curve. d) Sur
idealized Ainconcl usi veo c a)ytheé&eydiffelericdhiothegh s i mi
curvedbds behavior | ate time, where rather than

viii



a short amount of time before ending. This period of stagnation is too short to definitively
classify the curve as Anormal recoveryo but s
Thus, it is cl ass..f.i.ed..as..fii.n.co.ncl.us.i.v.25 .

Figure 12 Recovery curve plots for Irricana 2376E_0217 well, 1992/08/16 to 1992/12/15.

Recovery curve classified as "enhanced reCovery...........ccccoriiiiiee e 27

Figure 13: Recovery curve plots for Irricana 2376E_0217 well, 1996/08/26 to 1997/03/18.

Classified as "NOIMal FECOVEIY. ... ...ccce e eeeee et eeee ettt e e aman 27

Figure 14: Recovery curve plots for Oldman aquifer Viking 2600E_0298 well, 2013/10/28 to
2014/06/27. Results show evidence that normal recovery is present during this.time....28

Figure 15: Annotated graphs showing the decline and subsequent rise in water level over time in

the Irricana 2376E_0223 monitoring well. The well is screened at 60.67 m in the Haynes

member of the Paskapoo aquifer, a confined portion of the aquifer comprisedecdirsthal

sandstone units that are relatively deep compared to surficial aquifers (Alberta Government,

2024). An analyzed recovery curve, shown in the red circle of the main plot, is graphed on linear,
semtlog, and loglog scales. This hydrograph demonstrétes longterm hydrograph trends in
conjunction with recovery curve analysis resu

giving more information together than if examined separately...............cccccvvceevvvveinnnnns 36
Figure 16: Total annual precipitation (mm/year) in Alberta from 12000, from Alberta
Agriculture, Food and Rural Development (2005).........ccccoooiiiiiiiieei e 52
Figure 17: Map of Alberta’'s major river basins, from Lemay and Guha (2009)............... 53
Figure 18: Map of the age of Alberta aquifers, from Lemay and Guha (2009)................ 54
Figure 19: Water well yields in Alberta in imperial gallons per minute, c. 2009, from Lemay and
(0] = 240101 ) PO TP 55
Figure 20: Non-saline groundwater availability in Alberta, c.2020, from Alberta Geological
YU V= VA 240 17 ) PP OPUPPT 56
Figure 21: Recovery curve plots for Cynthia Shallow_0992 well, 2014/04/12 to 2014/05/17.
PasKapO0 AQUITEEL..........ccoiiiiieeeiieeeee e ee e e e e e e e e e e e smamraa e e e e e e e e aaaaaees 125
Figure 22: Recovery curve plots for Cynthia Shallow_0992 well, 2015/03/16 to 2015/05/12.
PasKapO0 AQUITEEL..........cooiiiiieeeii e e e e e e e e e e e e emenran e e e e e e e e eaaaaees 125
Figure 23: Recovery curve plots for Cynthia Shallow_0992 well, 2016/05/19 to 2016/06/14.
PasKapO0 AQUITEEL..........cooiiiiiieiieeee e e e e e e e e e e e e smenra e e e e e e e e aaaaaes 125
Figure 24: Recovery curve plots for Cynthia Shallow_0992 well, 2016/08/23 to 2016/09/13.
PasKapO0 AQUITEEL..........ccoiiiiieeiieeee e e e s e e e e e e e e e ememra e e e e e e e e aaaaaas 126
Figure 25: Recovery curve plots for Cynthia Shallow_0992 well, 2018/04/22 to 2018/05/20.
PasKapO0 AQUITEEL..........ccooiiiieeiiieeee e e e e e e e e e e e emae e a e e e e e e e e aaaaaes 126
Figure 26: Recovery curve plots for Cynthia Shallow_0992 well, 2019/05/03 to 2019/07/24.
PasKapO0 AQUITEEL..........ccooiiiieeiiieeee e e e e e e e e e e e emae e a e e e e e e e e aaaaaes 126
Figure 27: Recovery curve plots for Cynthia Shallow_0992 well, 2022/06/15 to 2022/07/12.
PaskapO0 AQUITEE.......cccciiiiii et eeme e e e et e e e e e enene e e e aa e eaaane 127
Figure 28: Recovery curve plots for Crestomere Lake Obs1_ 0291 well, 1992/03/07 to
1992/06/16. PaskapO0 aQUITEE..........ccoiiiiiiii e eceees e cere e e e e e e 127
Figure 29: Recovery curve plots for Crestomere Lake Obs1_0291 well, 1996/04/28 to
1996/12/05. PaskapO0 aQUITEE.........cccoiiiiiiiie e ceeer e e e e e 127
Figure 30: Recovery curve plots for Crestomere Lake Obs1_0291 well, 1997/05/18 to
1997/08/27. PAskapO0 aQUITEL..........cooiiiiiiiie e ceeer e eere et e e e 128



Figure 31: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 1998/04/02 to
1998/11/21. PasSkapO0O QQUITEL. .........uuuuiiiiiiiiii ettt 128
Figure 32: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 2000/06/03 to

Figure 33: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 2001/11/17 to
2002/06/15. PaskapO0 AQUITEL. .........ccccuueiiiiiiiieeeiiiie s eeer e e e e e e e e e e e e e e eems 129
Figure 34: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 2002/12/02 to
2003/06/30. Paskap00 AQUITEL. .........ccccuuiiiiiiiiieeeeii e e e e e e e e e e e e e e e 129
Figure 35: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 2004/05/19 to
2005/03/28. Paskap00 AQUITEL. .........ccccuueiiiiiiiieeeeiiiie e eeer e e e e e e e e e e e e e e e e 129
Figure 36: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 2013/07/08 to
2014/01/09. Paskap00 AQUITEL. .........ccccuuuiiiiiiiemeaiiiitie e s eeers e e e e e e e e e e e e e e e e 130
Figure 37: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 2016/08/18 to

Figure 38: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 2018/08/20 to
2019/01/06. PaskapO0 AQUITEL. .........ccccuueiiiiiiiiemesiiiiie e eeers e e e e e e e e e e e e e e e e eemms 130
Figure 39: Recovery curve plots for Rocky Mountain House Shallow 0980 well, 2013/05/21 to
2013/07/02. PaskapO0 AQUITEL. .........cccuieiiiieiiiemesiiieiie et eeer s e e e e e e e e e e e e e e e e emns 131
Figure 40: Recovery curve plots for Rocky Mountain House Shallow 0980 well, 2014/06/07 to
2014/06/23. PaskapO0 AQUITEL. .........cccuieiiiiiiiieeesiiiiiiee e eeer e e e e e e e e e e e e e e e e eams 131
Figure 41: Recovery curve plots for Rocky Mountain House Shallow 0980 well, 2015/06/08 to
2016/06/23. Paskap00 AQUITEL. .........ccccuieiiiiiiiieeesii s e e e e e e e e e e e e e s eens 131
Figure 42: Recovery curve plots for Rocky Mountain House Shallow 0980 well, 2016/08/21 to
2016/10/14. PaskapO0 AQUITEL..........cccuiiiiiiiitieeesaii et eeers e e e e e e e e e e e e e e e e e eeans 132
Figure 43: Recovery curve plots for Rocky Mountain House Shallow 0980 well, 2017/05/23 to
2017/06/20. PaskapO0 AQUITEL. .........ccccuuiiiiiiiiieeesiii it eeer s e e e e e e e e e e e e e e e eams 132
Figure 44: Recovery curve plots for Rocky Mountain House Shallow 0980 well, 2018/06/10 to
2018/07/05. PaskapO0 AQUITEL. ........ccccuueiiiiiieieeeiiii e eeer e e e e e e e e e e e e e e e 132
Figure 45: Recovery curve plots for Rocky Mountain House Shallow 0980 well, 2019/06/02 to
2019/07/07. PaskapO0 AQUITEL. .........cccuueiiiiiiiieeesiit et eeer e e e e e e e e e e e e e e e 133
Figure 46: Recovery curve plots for Sundre South Shallow 0983 well, 2014/04/06 to
2014/06/27. PaskapO0 AQUITEL. .........cccueiiiiiieieeesiiite et eeer s e e e e e e e e e e e e e e e eams 133
Figure 47: Recovery curve plots for Sundre South Shallow 0983 well, 2016/07/14 to
2016/11/05. PaskapO0 AQUITEL..........cccuieiiiiiiiieeesiii it eeer e e e e e e e e e e e e e e e eeams 133
Figure 48: Recovery curve plots for Sundre South Shallow 0983 well, 2017/03/16 to
2017/06/26. PaskapO0 AQUITEL. .........ccccuuiiiiiiiiieeeriiii et eeer e e e e e e e e e e e e e e e e eeans 134
Figure 49: Recovery curve plots for Sundre South Shallow 0983 well, 2018/04/11 to
2018/05/20. PaskapO0 AQUITEL. .........cccuuiiiiiiiiieeeiiiiiei et erer b e e e e e e e e e e e e e e s eans 134
Figure 50: Recovery curve plots for Sundre South Shallow 0983 well, 2019/03/21 to

Figure 51: Recovery curve plots for Sundre South Shallow 0983 well, 2020/04/15 to
2020/08/06. PaskapO0 AQUITEL. .........cccuuiiiiiiiiieeeriiiii et ener b e e e e e e e e e e e e e e eans 135
Figure 52: Recovery curve plots for Sundre South Shallow 0983 well, 2022/03/16 to
2022/03/13. PaskapO0 AQUITEL. .........ccouiiiiiiiiiieeeriii et erer e e e e e e e e e e e e s e 135
Figure 53: Recovery curve plots for Elnora #7_0127 well, 1965/03/22 to 1965/08/05. Paskapoo
= 0 [0 P 135



Figure 54:

Recovery curve plots for Elnora #7_0127 well, 1966/03/10 to 1966/08/09.

Paskapoo

=T U1 = S ST T PP PPPPPPPPRRN 136

Figure 55:

=T U1 = SO TPPPPPPPPPPRRN 136

Figure 56:

=T U1 = ST PPPPPPPPPPRRN 136

Figure 57:

=T U1 = S PSSP PP PPPPPPPPRRN 137

Figure 58:

=T U1 = SO TPPPPPPPPPPRRN 137

Figure 59:

=T U1 = SO TP PP PPPPPPPRRN 137

Figure 60:

=T U1 = SO TP PPPPPPPPPRRN 138

Figure 61:

=T U1 = OO TPPPPPPPPPPRRN 138

Figure 62:

=0 [T P 138

Figure 63:

=0 [T P 139

Figure 64:

=0 [T P 139

Figure 65:

=T U1 = SO TPPPPPPPPPPRRN 139

Figure 66:

=0 {5 {T EP 140

Figure 67:

=0 5] P 140

Figure 68:

=0 5] P 140

Figure 69:

=0 [T P 141

Figure 70:

=0 {5 {T EP 141

Figure 71:

=0 5] P 141

Figure 72:

=0 [0 P 142

Figure 73:

=T D11 = PP PPPPPPPPPRIN 142
Figure 74: Recovery curve plots for Irricana 2376E_0217 well, 1992/08/16 to 1992/12/15.
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Figure 75: Recovery curve plots for Irricana 2376E_0217 well, 1993/08/11 to 1993/12/07.
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Figure 76: Recovery curve plots for Irricana 2376E_0217 well, 1995/08/25 to 1996/04/29.
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Figure 77: Recovery curve plots for Irricana 2376E_0217 well, 1996/05/25 to 1996/07/31.
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Figure 78: Recovery curve plots for Irricana 2376E_0217 well, 1996/08/26 to 1997/03/18.

Figure 79: Recovery curve plots for Irricana 2376E_0217 well, 1997/08/12 to 1998/01/11.
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Figure 80: Recovery curve plots for Irricana 2376E_0217 well, 1998/08/15 to 1999/02/04.
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Figure 81: Recovery curve plots for Irricana 2376E_0217 well, 1999/08/11 to 1999/10/15.
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Figure 82: Recovery curve plots for Irricana 2376E_0217 well, 1999/10/21 to 1999/12/09.
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Figure 83: Recovery curve plots for Irricana 2376E_0217 well, 2001/09/04 to 2001/12/10.

Figure 84: Recovery curve plots for Irricana 2376E_0217 well, 2002/08/13 to 2003/05/12.
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Figure 85. Recovery curve plots for Irricana 2376E_0217 well, 2003/08/18 to 2003/12/10.
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Figure 86: Recovery curve plots for Irricana 2376E_0217 well, 2004/08/11 to 2005/01/19.
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Figure 87: Recovery curve plots for Irricana 2376E_0217 well, 2005/08/09 to 2005/12/09.
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Figure 88: Recovery curve plots for Irricana 2376E_0217 well, 2006/06/09 to 2006/07/14.

Figure 89: Recovery curve plots for Irricana 2376E_0217 well, 2007/08/15 to 2008/07/23.
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Figure 90: Recovery curve plots for Irricana 2376E_0217 well, 2008/08/13 to 2009/05/08.
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Figure 91: Recovery curve plots for Irricana 2376E_0217 well, 2009/08/12 to 2010/06/29.

Figure 92: Recovery curve plots for Irricana 2376E_0217 well, 2010/08/11 to 2011/07/26.
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Figure 93: Recovery curve plots for Irricana 2376E_0217 well, 2014/08/13 to 2015/03/18.
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Figure 94: Recovery curve plots for Irricana 2376E_0217 well, 2016/08/11 to 2017/04/29.
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Figure 95: Recovery curve plots for Irricana 2376E_0217 well, 2018/08/14 to 2018/12/19.
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Figure 96: Recovery curve plots for Irricana 2376E_0217 well, 2019/08/12 to 2020/04/02.

Figure 97: Recovery curve plots for Irricana 2376E_0217 well, 2020/05/19 to 2020/07/18.
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Figure 98: Recovery curve plots for Irricana 2376E_0217 well, 2021/08/13 to 2022/03/31.
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Figure 99: Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2005/06/20 to

2005/12/31. PaskapO0 AQUITEL. .........ccouieiiiiiiiieeer e eeerb e e e e e e e e e e e e e e e eeams 151
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Figure 100: Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2006/06/24 to
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Figure 101:Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2008/06/27 to
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Figure 102:Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2010/06/11 to
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Figure 103:Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2011/05/13 to
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Figure 104:Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2012/07/15 to
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Figure 105:Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2013/06/28 to
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Figure 106: Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2014/04/29 to
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Figure 107:Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2018/04/23 to
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Figure 108: Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2020/05/08 to
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Figure 109: Recovery curve plots for Okotoks Land Fill 2378E_0217 well, 2022/06/25 to
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Figure 113:Recovery curve plots for Paddle River81A 0345 well, 2014/05/26 to
2014/07/06. PaskapO0 AQUITEL. .........ccccuuiiiiiiitieeeiiiiiie et e s e e e e e e e e e e e e e e s eeams 155
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Figure 123:Recovery curve plots for Paddle River81A 0345 well, 2022/09/12 to
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Figure 124:Recovery curve plots for Raven-870384 well, 1989/03/31 to 1989/04/16.

Figure 125:Recovery curve plots for Raven-870384 well, 1992/02/23 to 1992/03/05.
Paskap00 AQUITEL........cooiiii e e e e e s emen e e et e e e e e e e ns 159
Figure 126:Recovery curve plots for Raven-870384 well, 1992/05/24 to 1992/06/28.
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Figure 127:Recovery curve plots for Raven-870384 well, 1993/02/28 to 1993/04/17.
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Figure 128:Recovery curve plots for Raven-870384 well, 1994/01/01 to 1994/04/14.
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Figure 129:Recovery curve plots for Raven-87 0384 well, 1995/04/18 to 1995/08/30.

Figure 130:Recovery curve plots for Raven-870384 well, 1997/03/18 to 1997/04/29.
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Figure 131:Recovery curve plots for Raven-870384 well, 1998/03/20 to 1989/04/10.
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Figure 132:Recovery curve plots for Raven-870384 well, 1999/03/16 to 1999/03/26.
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Figure 133:Recovery curve plots for Raven-870384 well, 2001/03/10 to 2001/04/27.
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Figure 134:Recovery curve plots for Raven-870384 well, 2002/04/09 to 2002/04/23.

Figure 135:Recovery curve plots for Raven-870384 well, 2003/03/18 to 2003/05/15.
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Figure 136:Recovery curve plots for Raven-870384 well, 2004/03/08 to 2004/04/05.
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Figure 137:Recovery curve plots for Raven-870384 well, 2005/03/03 to 2005/09/30.

Figure 138:Recovery curve plots for Raven-870384 well, 2007/03/09 to 2007/07/29.
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Figure 139:Recovery curve plots for Raven-870384 well, 2011/03/29 to 2011/06/30.
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Figure 140:Recovery curve plots for Raven-870384 well, 2012/03/14 to 2012/07/01.
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Figure 141:Recovery curve plots for Raven-870384 well, 2013/03/25 to 2013/07/11.
PasKap00 AQUITEL........cooiiiii it reea bbbttt e e et e e e et r e et e e e e e e e e as 165
Figure 142:Recovery curve plots for Raven-87 0384 well, 2014/04/06 to 2014/05/09.

Figure 143:Recovery curve plots for Raven-870384 well, 2016/07/12 to 2016/11/24.
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Figure 144:Recovery curve plots for Raven-870384 well, 2017/05/15 to 2017/05/03.
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Figure 145:Recovery curve plots for Raven-87 0384 well, 2020/04/12 to 2020/08/01.
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Figure 146:Recovery curve plots for Warburg 2185E_0315 well, 1985/03/13 to 1985/03/13.
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Figure 147:Recovery curve plots for Warburg 2185E_0315 well, 1985/09/08 to 1985/10/22.

Figure 148:Recovery curve plots for Warburg 2185E_0315 well, 1986/03/06 to 1986/06/01.
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Figure 149:Recovery curve plots for Warburg 2185E_0315 well, 1986/09/25 to 1986/10/12.
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Figure 150: Recovery curve plots for Warburg 2185E_0315 well, 1989/08/20 to 1989/08/20.
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Figure 151:Recovery curve plots for Warburg 2185E_0315 well, 1990/02/25 to 1990/07/07.
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Figure 152:Recovery curve plots for Warburg 2185E_0315 well, 1991/02/04 to 1991/07/08.

Figure 153: Recovery curve plots for Warburg 2185E_0315 well, 1993/03/10 to 1993/05/30.
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Figure 154:Recovery curve plots for Warburg 2185E_0315 well, 1994/03/05 to 1994/07/17.
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Figure 155:Recovery curve plots for Warburg 2185E_0315 well, 1995/03/25 to 1995/06/11.
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Figure 156: Recovery curve plots for Warburg 2185E_0315 well, 1995/07/28 to 1995/09/02.
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Figure 157:Recovery curve plots for Barons 615E_0117 well, 1971/09/09 to 1971/12/09.
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Figure 158: Recovery curve plots for Barons 615E_0117 well, 1972/03/12 to 1972/04/26.
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Figure 159: Recovery curve plots for Barons 615E_0117 well, 1973/02/17 to 1973/04/12.
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Figure 160: Recovery curve plots for Barons 615E_0117 well, 1974/02/24 to 1974/06/17.
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Figure 161:Recovery curve plots for Barons 615E_0117 well, 1977/02/15 to 1977/05/04.
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Figure 162: Recovery curve plots for Barons 615E_0117 well, 1979/02/01 to 1979/03/10.
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Figure 163:Recovery curve plots for Barons 615E_0117 well, 1979/08/11 to 1979/09/27.
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Figure 164:Recovery curve plots for Barons 615E_0117 well, 1981/02/22 to 1981/06/17.
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Figure 165: Recovery curve plots for Barons 615E_0117 well, 1982/12/27 to 1983/06/02.
HoOrseshoe Canyon AQUITEI.........oooii oot e et e e e e eeese e 173
Figure 166: Recovery curve plots for Barons 615E_0117 well, 1985/08/26 to 1985/10/22.
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Figure 167:Recovery curve plots for Barons 615E_0117 well, 1986/03/06 to 1986/06/14.
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Figure 168: Recovery curve plots for Barons 615E_0117 well, 1986/09/28 to 1986/12/23.
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Figure 169: Recovery curve plots for Barons 615E_0117 well, 1990/02/23 to 1990/08/22.
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Figure 170:Recovery curve plots for Barons 615E_0117 well, 1991/02/03 to 1991/07/14.
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Figure 171:Recovery curve plots for Barons 615E_0117 well, 1992/04/24 to 1992/08/06.
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Figure 172:Recovery curve plots for Barons 615E_0117 well, 1995/02/26 to 1995/05/14.
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Figure 173:Recovery curve plots for Barons 615E_0117 well, 1998/03/10 to 1998/07/05.
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Figure 174:Recovery curve plots for Barons 615E_0117 well, 2001/03/22 to 2001/05/14.
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Figure 175:Recovery curve plots for Barons 615E_0117 well, 2002/03/06 to 2002/06/23.
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Figure 176:Recovery curve plots for Barons 615E_0117 well, 2005/01/21 to 2005/07/01.
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Figure 177:Recovery curve plots for Barons 615E_0117 well, 2008/02/09 to 2008/06/15.
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Figure 178:Recovery curve plots for Barons 615E_0117 well, 2009/02/27 to 2009/02/11.
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Figure 179:Recovery curve plots for Barons 615E_0117 well, 2010/01/06 to 2010/06/19.
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Figure 180: Recovery curve plots for Barons 615E_0117 well, 2011/03/11 to 2011/06/08.
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Figure 181:Recovery curve plots for Barons 615E_0117 well, 2012/10/03 to 2012/11/29.
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Figure 182:Recovery curve plots for Barons 615E_0117 well, 2013/02/14 to 2013/06/23.
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Figure 183:Recovery curve plots for Barons 615E_0117 well, 2014/03/11 to 2014/06/20.
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Figure 184:Recovery curve plots for Barons 615E_0117 well, 2017/02/13 to 2017/05/12.
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Figure 185: Recovery curve plots for Barons 615E_0117 well, 2018/03/30 to 2018/05/16.
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Figure 200: Recovery curve plots for Camrose Regional Landfif189149 well, 2015/06/29 to
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Figure 201:Recovery curve plots for Camrose Regional Landfif189149 well, 2017/09/04 to
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Figure 202: Recovery curve plots for Camrose Regional Landfif189149 well, 2018/08/20 to
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Figure 203: Recovery curve plots for Camrose Regional Landfif189149 well, 2019/10/10 to
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Figure 206: Recovery curve plots for Leduc_0153 well, 1973/04/03 to 1973/08/16. Horseshoe
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Figure 208: Recovery curve plots for Leduc_0153 well, 1982/06/18 to 1982/08/01. Horseshoe
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Figure 213:Recovery curve plots for Foremost Town_0221 well, 1957/04/10 to 1957/04/22.
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Figure 214:Recovery curve plots for Foremost Town_0221 well, 1957/06/01 to 1957/06/29.
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Figure 215:Recovery curve plots for Foremost Town_0221 well, 1957/07/29 to 1957/12/19.
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Figure 216:Recovery curve plots for Foremost Town_0221 well, 1958/08/20 to 1958/10/14.
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Figure 217:Recovery curve plots for Foremost Town_0221 well, 1959/03/09 to 1959/05/06.
MIlK RIVET @QQUITEI ...t e e 191
Figure 218:Recovery curve plots for Del Bonita-80 0101 well, 1987/03/05 to 1987/05/03.
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Figure 219:Recovery curve plots for Del Bonita-80 0101 well, 1988/03/25 to 1988/05/25.
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Figure 220:Recovery curve plots for Del Bonita-80 0101 well, 1989/03/08 to 1989/05/14.
Bearpaw formation aqUITEI. ... eee e e e e 192
Figure 221:Recovery curve plots for Del Bonita-80 0101 well, 1989/08/04 to 1990/01/18.

Figure 222:Recovery curve plots for Del Bonita-80 0101 well, 1990/03/19 to 1990/06/10.
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Figure 223:Recovery curve plots for Del Bonita-80 0101 well, 1991/02/05 to 1991/08/24.
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Figure 224:Recovery curve plots for Del Bonita-80 0101 well, 1992/02/11 to 1993/05/16.
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Figure 225: Recovery curve plots for Del Bonita-80 0101 well, 1993/06/22 to 1993/11/16.
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Figure 226: Recovery curve plots for Del Bonita-80 0101 well, 1994/03/25 to 1994/07/01.

Figure 227:Recovery curve plots for Del Bonita-80 0101 well, 1995/03/26 to 1995/08/08.
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Figure 228: Recovery curve plots for Del Bonita-80 0101 well, 1996/04/24 to 1996/06/24.
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Figure 229: Recovery curve plots for Del Bonita-80 0101 well, 1997/02/06 to 1997/06/15.

Figure 230: Recovery curve plots for Del Bonita-80 0101 well, 1998/03/14 to 1998/05/19.
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Figure 231:Recovery curve plots for Del Bonita-80 0101 well, 1999/02/26 to 1999/05/23.
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Figure 232:Recovery curve plots for Del Bonita-B80 0101 well, 2000/02/26 to 2000/05/01.
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Figure 233:Recovery curve plots for Del Bonita-80 0101 well, 2001/03/03 to 2001/05/13.
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Figure 234:Recovery curve plots for Del Bonita-B0 0101 well, 2005/05/29 to 2005/11/08.

Figure 235:Recovery curve plots for Del Bonita-B0 0101 well, 2010/03/14 to 2010/07/22.
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Figure 236: Recovery curve plots for Del Bonita-B0 0101 well, 2014/06/26 to 2014/08/26.
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Figure 237:Recovery curve plots for Del Bonita-B0 0101 well, 2018/03/19 to 2018/05/29.
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Figure 238:Recovery curve plots for Orton 1514E_ 0114 well, 1985/08/03 to 1986/02/26.
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Figure 239:Recovery curve plots for Orton 1514E_ 0114 well, 1986/08/29 to 1986/11/15.
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Figure 240:Recovery curve plots for Orton 1514E_ 0114 well, 1990/08/16 to 1991/03/09.
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Figure 241:Recovery curve plots for Orton 1514E_ 0114 well, 1991/09/03 to 1992/01/16.
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Figure 242:Recovery curve plots for Orton 1514E_ 0114 well, 1992/08/19 to 1993/03/01.
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Figure 243:Recovery curve plots for Orton 1514E_ 0114 well, 1993/11/02 to 1994/01/18.
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Figure 244:Recovery curve plots for Orton 1514E_ 0114 well, 1995/09/04 to 1995/04/15.
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Figure 245:Recovery curve plots for Orton 1514E_ 0114 well, 1998/09/12 to 1999/01/28.
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Figure 246: Recovery curve plots for Orton 1514E_ 0114 well, 1999/08/27 to 1999/08/16.
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Figure 247:Recovery curve plots for Orton 1514E_0114 well, 2000/09/16 to 2001/04/11.
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Figure 248: Recovery curve plots for Orton 1514E_ 0114 well, 2001/09/26 to 2002/05/19.
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Figure 249:Recovery curve plots for Orton 1514E_ 0114 well, 2002/07/09 to 2003/09/06.
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Figure 250: Recovery curve plots for Orton 1514E_0114 well, 2003/09/06 to 2004/03/12.
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Figure 251:Recovery curve plots for Orton 1514E_0114 well, 2005/08/06 to 2006/03/05.
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Figure 252: Recovery curve plots for Orton 1514E_0114 well, 2006/09/09 to 2007/03/08.
Lethbridge Valley aqUITEL..........uuuiiiiiiiii e 203
Figure 253: Recovery curve plots for Orton 1514E_0114 well, 2007/07/30 to 2008/06/15.
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Figure 254:Recovery curve plots for Orton 1514E_0114 well, 2008/08/15 to 2009/05/15.
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Figure 255: Recovery curve plots for Orton 1514E_0114 well, 2009/09/2®1®/05/08.
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Figure 256: Recovery curve plots for Orton 1514E_0114 well, 2010/08/27 to 2010/10/31.
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Figure 257:Recovery curve plots for Orton 1514E_0114 well, 2011/08/29 to 2012/02/20.
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Figure 258: Recovery curve plots for Orton 1514E_0114 well, 2012/09/27 to 2013/02/27.
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Figure 259: Recovery curve plots for Orton 1514E_0114 well, 2013/09/17 to 2014/04/27.
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Figure 260: Recovery curve plots for Orton 1514E_0114 well, 2014/08/14 to 2015/04/12.
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Figure 261:Recovery curve plots for Orton 1514E_ 0114 well, 2015/08/05 to 2016/02/15.
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Figure 262: Recovery curve plots for Orton 1514E_ 0114 well, 2016/06/23 to 2017/02/23.
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Figure 263: Recovery curve plots for Orton 1514E_ 0114 well, 2017/09/08 to 2018/04/22.
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Figure 264:Recovery curve plots for Orton 1514E_ 0114 well, 2018/08/23 to 2019/03/31.
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Figure 265: Recovery curve plots for Orton 1514E_0114 well, 2019/08/09 to 2020/04/13.
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Figure 266: Recovery curve plots for Orton 1514E_ 0114 well, 2021/07/30 to 2022/03/12.
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Figure 267:Recovery curve plots for Orton 1514E_ 0114 well, 2022/08/18 to 2023/04/23.
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Figure 268: Recovery curve plots for McNally 0110 well, 1971/05/28 to 1971/12/20.
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Figure 269: Recovery curve plots for McNally 0110 well, 1972/10/19 to 1973/02/19.
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Figure 270: Recovery curve plots for McNally 0110 well, 2013/09/18 to 2013/11/16.
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Figure 271:Recovery curve plots for McNally 0110 well, 2019/08/19 to 2020/04/20.
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Figure 272:Recovery curve plots for Viking 2600E_0298 well, 1992/10/06 to 1993/05/08.
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Figure 273:Recovery curve plots for Viking 2600E_0298 well, 1994/09/21 to 1995/03/22.
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Figure 274:Recovery curve plots for Viking 2600E_0298 well, 1996/09/11 to 1997/04/21.
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Figure 275:Recovery curve plots for Viking 2600E_0298 well, 1997/10/20 to 1998/03/26.
(O] (0|1 aF=TaF=To (U1 =) PP PP PPPPPPPPPPR 210
Figure 276:Recovery curve plots for Viking 2600E_0298 well, 1998/09/17 to 1999/05/18.
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Figure 277:Recovery curve plots for Viking 2600E_0298 well, 2001/11/26 to 2002/04/22.
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Figure 278:Recovery curve plots for Viking 2600E_0298 well, 2002/09/22 to 2003/05/07.
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Figure 279: Recovery curve plots for Viking 2600E_0298 well, 2004/08/18 to 2005/03/29.
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Figure 280: Recovery curve plots for Viking 2600E_0298 well, 2008/11/20 to 2009/04/22.
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Figure 281:Recovery curve plots for Viking 2600E_0298 well, 2009/10/10 to 2010/07/13.
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Figure 282:Recovery curve plots for Viking 2600E_0298 well, 2010/11/03 to 2010/04/20.
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Figure 283:Recovery curve plots for Viking 2600E_0298 well, 2012/10/04 to 2013/04/27.
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Figure 284:Recovery curve plots for Viking 2600E_0298 well, 2013/10/28 to 2014/06/27.
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Figure 285: Recovery curve plots for Viking 2600E_0298 well, 2014/11/11 to 2015/04/01.
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Figure 286: Recovery curve plots for Viking 2600E_0298 well, 2015/09/05 to 2016/07/11.
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Figure 287:Recovery curve plots for Viking 2600E_0298 well, 2017/09/15 to 2018/04/22.
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Figure 288: Recovery curve plots for Viking 2600E_0298 well, 2018/09/06 to 2018/03/27.
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Figure 289: Recovery curve plots for Viking 2600E_0298 well, 2019/09/06 to 2020/04/21.
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Figure 290: Recovery curve plots for Viking 2600E_0298 well, 2021/11/01 to 2022/05/07.
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Figure 291:Recovery curve plots for Mud Lake 1537E_0112 well, 1980/03/17 to 1980/06/11.
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Figure 292:Recovery curve plots for Mud Lake 1537E_0112 well, 1981/01/05 to 1981/03/09.
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Figure 293: Recovery curve plots for Mud Lake 1537E_0112 well, 1981/05/04 to 1981/06/29.
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Figure 294:Recovery curve plots for Mud Lake 1537E_0112 well, 1982/02/20 to 1982/04/06.
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Figure 295: Recovery curve plots for Mud Lake 1537E_0112 well, 1982/05/16 to 1982/07/05.
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Figure 296: Recovery curve plots for Mud Lake 1537E_0112 well, 1986/04/25 to 1986/06/08.
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Figure 297:Recovery curve plots for Mud Lake 1537E_0112 well, 1986/08/08 to 1986/11/11.
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Figure 298: Recovery curve plots for Mud Lake 1537E_0112 well, 1987/07/16 to 1987/09/11.
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Figure 299: Recovery curve plots for Mud Lake 1537E_0112 well, 1988/09/03 to 1988/06/30.
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Figure 300: Recovery curve plots for Mud Lake 1537E_0112 well, 1989/08/22 to 1990/06/16.
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Figure 301:Recovery curve plots for Mud Lake 1537E_0112 well, 1991/06/16 to 1991/07/08.
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Figure 302: Recovery curve plots for Mud Lake 1537E_0112 well, 1992/06/12 to 1992/09/15.
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Figure 303: Recovery curve plots for Mud Lake 1537E_0112 well, 1993/05/30 to 1993/10/15.
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Figure 304:Recovery curve plots for Mud Lake 1537E_0112 well, 1996/08/25 to 1997/01/26.
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Figure 305: Recovery curve plots for Mud Lake 1537E_0112 well, 1997/05/16 to 1997/05/27.
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Figure 306: Recovery curve plots for Mud Lake 1537E_0112 well, 1997/08/05 to 1998/01/13.
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Figure 307:Recovery curve plots for Mud Lake 1537E_0112 well, 1998/05/13 to 1998/07/05.
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Figure 308: Recovery curve plots for Mud Lake 1537E_0112 well, 1998/09/04 to 1999/02/28.
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Figure 309: Recovery curve plots for Mud Lake 1537E_0112 well, 2000/07/19 to 2001/04/10.
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Figure 310:Recovery curve plots for Mud Lake 1537E_0112 well, 2001/08/13 to 2002/06/14.
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Figure 311:Recovery curve plots for Mud Lake 1537E_0112 well, 2002/07/14 to 2003/02/09.
MU VallEY BIQUITET ... errr ettt e e e e e e e e e e e e rmmme e e e e e e e e 222
Figure 312:Recovery curve plots for Mud Lake 1537E_0112 well, 2003/07/23 to 2004/01/31.
MU VallEY BQUITET ... erer ettt e e e e e e e e e e e e e e rmmme e e e e e e e e e e 223
Figure 313:Recovery curve plots for Mud Lake 1537E_0112 well, 2004/08/01 to 2005/01/16.
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Figure 314:Recovery curve plots for Mud Lake 1537E_0112 well, 2005/05/30 to 2005/06/13.
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Figure 315:Recovery curve plots for Mud Lake 1537E_0112 well, 2005/08/06 to 2005/12/07.
MU VallEY GQUITET..... .ttt eeer ettt e e e e e e e e e e e e e e e rmmne e e e e e e e e e 224
Figure 316:Recovery curve plots for Mud Lake 1537E_0112 well, 2006/09/04 to 2007/04/20.
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Figure 317:Recovery curve plots for Mud Lake 1537E_0112 well, 2007/07/30 to 2008/02/03.
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Figure 318:Recovery curve plots for Mud Lake 1537E_0112 well, 2008/03/22 to 2008/06/12.
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Figure 319:Recovery curve plots for Mud Lake 1537E_0112 well, 2012/09/21 to 2013/01/13.
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Figure 320: Recovery curve plots for Mud Lake 1537E_0112 well, 2013/09/04 to 2013/11/03.
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Figure 321:Recovery curve plots for Mud Lake 1537E_0112 well, 2014/08/12 to 2014/12/01.
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Figure 322:Recovery curve plots for Mud Lake 1537E_0112 well, 2016/07/10 to 2017/03/13.
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Figure 323:Recovery curve plots for Mud Lake 1537E_0112 well, 2017/07/30 to 2017/11/03.
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Figure 324:Recovery curve plots for Mud Lake 1537E_0112 well, 2018/08/10 to 2018/11/20.
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Figure 325:Recovery curve plots for Mud Lake 1537E_0112 well, 2019/08/08 to 2019/11/28.
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Figure 326:Recovery curve plots for Mud Lake 1537E_0112 well, 2020/08/18 to 2020/11/13.
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Figure 327:Recovery curve plots for Mud Lake 1537E_0112 well, 2021/08/03 to 2022/01/07.
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Figure 328: Recovery curve plots for Okotoks-15 0786 South well, 2008/04/11 to 2008/07/20.
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Figure 329:Recovery curve plots for Okotoks-15 0786 South well, 2009/03/17 to 2009/06/13.
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Figure 330:Recovery curve plots for Okotoks-15 0786 South well, 2010/03/19 to 2010/07/12.
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Figure 331:Recovery curve plots for Okotoks-15 0786 South well, 2011/01/22 to 2011/07/14.
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Figure 468: Recovery curve plots for Milk River 56 0103 well, 1964/02/20 to 1964/05/09.
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Figure 474:Recovery curve plots for Milk River 56 0103 well, 1986/02/24 to 1986/05/21.
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Figure 475:Recovery curve plots for Milk River 56 0103 well, 1986/09/13 to 1986/10/30.
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Figure 476:Recovery curve plots for Milk River 56 0103 well, 1995/03/27 to 1995/06/19.
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Figure 477:Recovery curve plots for Milk River 56 0103 well, 1996/02/11 to 1996/04/16.
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Figure 478:Recovery curve plots for Hays East 3053 well, 2020/01/25 to 2020/07/28. Surficial
=T U1 = PSP PP PPPPPPPPRRN 280
Figure 479:Recovery curve plots for Hays 2523E_0279 well, 1990/08/08 to 1990/10/12.
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Figure 480: Recovery curve plots for Hays 2523E_0279 well, 1991/05/04 to 1991/10/06.
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Figure 481:Recovery curve plots for High River 2523E_0279 well, 1994/04/06 to 1994/06/07.
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Figure 482:Recovery curve plots for High River 2523E_0279 well, 2006/04/19 to 2006/06/17.
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Figure 483:Recovery curve plots for High River 2523E_0279 well, 2007/04/04 to 2007/06/07.
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Figure 484:Recovery curve plots for High River 2523E_0279 well, 2008/04/26 to 2008/05/26.
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Figure 485: Recovery curve plots for High River 2523E_0279 well, 2011/05/02 to 2011/05/28.
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Figure 486: Recovery curve plots for High River 2523E_0279 well, 2017/05/03 to 2017/06/03.
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Figure 487:Recovery curve plots for High River 2523E_0279 well, 2018/03/11 to 2018/06/01.
SUIMICTAL AQUITET ...ttt ettt ettt e e e e e e e e e e e e e e s rmme e e e e e e e e e e e e s e nans 283
Figure 488: Recovery curve plots for High River 2523E_0279 well, 2019/05/12 to 2019/07/08.
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Figure 489: Recovery curve plots for High River 2523E_0279 well, 2020/04/09 to 2020/06/03.
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Figure 490: Recovery curve plots for High River 2523E_0279 well, 2021/05/05 to 2021/06/07.
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Figure 491:Recovery curve plots for High River 2523E_0279 well, 2022/05/04 to 2022/06/20.
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Figure 492:Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 1991/03/16 to

Figure 493:Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 1992/02/22 to
1992/05/26. SurfiCial aQUITEI.........ooi e e e e e 285
Figure 494:Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 1993/03/16 to
1993/08/06. SurfiCial BQUITEI.........ooi e e e e e e 285
Figure 495: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 1994/03/07 to
1994/06/12. SurfiCial AQUITEI.........ooi it eeeee e e e 286
Figure 496: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 1995/03/13 to
1995/06/05. SurfiCial aQUITEI.........ooi i eeee e e e e e 286
Figure 497:Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 1997/03/23 to

Figure 498: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 1999/03/28 to
1999/09/05. SurfiCial BQUITEI.........oii it e e e e e 287
Figure 499: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 2000/04/23 to
2000/05/21. SUIICIAl BQUITEI........ce i e e e e 287
Figure 500: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 2003/03/23 to
2003/07/12. SUIICIAl BQUITEI.......cci e e e e e 287
Figure 501: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 2005/03/08 to
2005/12/21. SUIICIAl BQUITEI.......ci i e e e 288
Figure 502: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 2010/04/09 to

Figure 503: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 2011/04/03 to
2011/06/29. SUIfICIAl BQUITEI........co e e e e 288
Figure 504:Recovery curve plots for Kirkpatrick Lake -86East 0230 well, 2012/03/07 to
2012/07/03. SUIICIAl BQUITEI.......coi i e e e e e 289
Figure 505: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 2013/04/08 to

Figure 506: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 2014/03/20 to
2014/07/03. SUIICIAl BQUITEI.......coi e e e e e 289
Figure 507:Recovery curve plots for Kirkpatrick Lake -8East_0230 well, 2016/02/20 to
2016/07/19. SUIICIAl BQUITEI.......cci e e e e 290
Figure 508: Recovery curve plots for Kirkpatrick Lake -8East_0230 well, 2017/02/11 to
2017/06/09. SUIICIAl BQUITEI.......cci i e e e e 290
Figure 509: Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 2018/04/18 to
2018/06/21. SUIfICIAl BQUITEIA......cee e e e e e 290
Figure 510: Recovery curve plots for Kirkpatrick Lake -86East 0230 well, 2019/03/13 to

Figure 511:Recovery curve plots for Kirkpatrick Lake -86East 0230 well, 2020/03/31 to
2020/08/06. SUIfICIAl BQUITEI......ccii e e e e e e e 291
Figure 512:Recovery curve plots for Kirkpatrick Lake -86East 0230 well, 2021/03/16 to
2021/06/22. SUIfICIAl BQUITEI......cei e e e e e e e 291
Figure 513:Recovery curve plots for Kirkpatrick Lake -86East 0230 well, 2022/03/16 to
2022/08/01. SUIICIAl BQUITEIA.....coe i e e e e e 292
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Figure 514:Recovery curve plots for Kirkpatrick Lake -86East_0230 well, 2023/04/06 to

2023/05/27. SUIfICIal BQUITEI........coe e eens 292
Figure 515: Recovery curve plots for Many Springs_0364 well, 1995/04/15 to 1995/06/10.
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Figure 516: Recovery curve plots for Many Springs_0364 well, 1997/02/24 to 1997/06/01.
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Figure 517:Recovery curve plots for Many Springs_0364 well, 1998/04/19 to 1998/06/23.
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Figure 518:Recovery curve plots for Many Springs_0364 well, 2001/04/11 to 2001/06/08.
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Figure 519: Recovery curve plots for Many Springs_0364 well, 2002/04/05 to 2002/06/17.
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Figure 520: Recovery curve plots for Many Springs_0364 well, 2003/03/23 to 2003/05/17.
SUIMICTAL AQUITET ...ttt e e e e e e e e e e e e e e s rmmme e e e e e e e e e e e e e e 294
Figure 521:Recovery curve plots for Many Springs_0364 well, 2003/08/31 to 2004/01/09.
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Figure 522:Recovery curve plots for Many Springs_0364 well, 2004/05/05 to 2004/08/27.
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Figure 523: Recovery curve plots for Many Springs_0364 well, 2005/03/11 to 2005/06/22.
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Figure 524:Recovery curve plots for Many Springs_0364 well, 2007/03/04 to 2007/06/22.
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Figure 525: Recovery curve plots for Many Springs_0364 well, 2008/03/02 to 2008/05/28.
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Figure 526: Recovery curve plots for Many Springs_0364 well, 2009/03/19 to 2009/08/16.
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Figure 527:Recovery curve plots for Many Springs_0364 well, 2010/03/13 to 2010/06/20.
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Figure 528: Recovery curve plots for Many Springs_0364 well, 2011/03/27 to 2011/05/29.
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Figure 529: Recovery curve plots for Many Springs_0364 well, 2012/03/30 to 2012/06/28.
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Figure 530: Recovery curve plots for Many Springs_0364 well, 2013/03/24 to 2013/07/03.
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Figure 531:Recovery curve plots for Many Springs_0364 well, 2014/03/12 to 2014/05/25.
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Figure 532: Recovery curve plots for Many Springs_0364 well, 2017/04/08 to 2017/06/11.
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Figure 533: Recovery curve plots for Many Springs_0364 well, 2018/04/03 to 2018/06/26.
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Figure 534:Recovery curve plots for Many Springs_0364 well, 2019/05/02 to 2019/07/09.
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Figure 535: Recovery curve plots for Many Springs_0364 well, 2020/03/22 to 2020/06/02.
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Figure 536: Recovery curve plots for Many Springs_0364 well, 2021/04/10 to 2021/06/06.
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Figure 537:Recovery curve plots for Many Springs_0364 well, 2022/03/13 to 2022/06/18.
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Figure 538: Recovery curve plots for Many Springs_0364 well, 2023/03/17 to 2023/06/18.
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Figure 539: Recovery curve plots for Medicine Hat North_3050 well, 2020/01/14 to 2020/05/29.
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Figure 540:Recovery curve plots for Medicine Hat North_3050 well, 2020/12/30 to 2021/01/16.
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Figure 541:Recovery curve plots for Medicine Hat North_3050 well, 2022/03/02 to 2022/03/18.
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Figure 542:Recovery curve plots for Rockyford 3026 well, 2019/03/24 to 2019/06/13. Surficial
=T U1 = SO TP PP PPPPPPPRRN 301
Figure 543:Recovery curve plots for Rockyford 3026 well, 2020/03/21 to 2020/07/23. Surficial
=T U1 = SO TP PPPPPPPPPRRN 302
Figure 544:Recovery curve plots for Rockyford 3026 well, 2021/04/10 to 2021/06/06. Surficial
=T U1 = OO TPPPPPPPPPPRRN 302
Figure 545: Recovery curve plots for Rockyford 3026 well, 2021/06/07 to 2021/07/17. Surficial
=T U1 = OO TPPPPPPPPPPRRN 302
Figure 546: Recovery curve plots for Waterton Dam #5 0105 well, 1970/03/09 to 1970/05/05.
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Figure 547:Recovery curve plots for Waterton Dam #5 0105 well, 1972/03/02 to 1972/05/28.
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Figure 548:Recovery curve plots for Waterton Dam #5 0105 well, 1977/01/25 to 1977/08/27.
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Figure 549: Recovery curve plots for Waterton Dam #5_0105 well, 1985/02/20 to 1985/10/16.
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Figure 550: Recovery curve plots for Waterton Dam #5_0105 well, 2007/03/02 to 2007/10/06.
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Figure 551: Recovery curve plots for Waterton Dam #5_0105 well, 2008/02/21 to 2008/10/12.
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Figure 552: Recovery curve plots for Waterton Dam #5_0105 well, 2009/02/28 to 2009/07/14.
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Figure 553: Recovery curve plots for Waterton Dam #5 0105 well, 2010/01/10 to 2010/06/18.
SUIMICTAL AQUITET ...ttt e e e e e e e e e e e e e e s rmme e e e e e e e e e e e e e e 305
Figure 554:Recovery curve plots for Waterton Dam #5_0105 well, 2011/01/25 to 2011/06/09.
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Figure 555: Recovery curve plots for Waterton Dam #5 0105 well, 2013/02/28 to 2013/06/23.
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Figure 556: Recovery curve plots for Waterton Dam #5_0105 well, 2018/03/07 to 2018/04/21.
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Figure 557:Recovery curve plots for Waterton Dam #5_0105 well, 2021/02/28 to 2021/05/27.
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Figure 558: Recovery curve plots for Waterton Dam #5_0105 well, 2022/02/03 to 2022/03/28.
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Figure 559: Recovery curve plots for Watino 2353E_0369 well, 1989/04/14 to 1989/06/10.
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Figure 560: Recovery curve plots for Watino 2353E_0369 well, 1990/03/19 to 1990/07/06.
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Figure 561:Recovery curve plots for Watino 2353E_0369 well, 1991/03/29 to 1991/05/23.
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Figure 562: Recovery curve plots for Watino 2353E_0369 well, 1992/02/24 to 1992/06/10.
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Figure 563: Recovery curve plots for Watino 2353E_0369 well, 1993/03/23 to 1993/05/29.
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Figure 564:Recovery curve plots for Watino 2353E_0369 well, 1993/06/23 to 1993/07/28.
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Figure 565: Recovery curve plots for Watino 2353E_0369 well, 1994/04/01 to 1994/06/02.
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Figure 566: Recovery curve plots for Watino 2353E_0369 well, 1995/04/05 to 1995/05/24.
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Figure 567:Recovery curve plots for Watino 2353E_0369 well, 1997/07/05 to 1997/07/29.
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Figure 568: Recovery curve plots for Watino 2353E_0369 well, 2002/04/19 to 2002/06/07.
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Figure 569: Recovery curve plots for Watino 2353E_0369 well, 2003/04/10 to 2003/07/06.
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Figure 570: Recovery curve plots for Watino 2353E_0369 well, 2004/04/03 to 2004/06/12.
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Figure 571:Recovery curve plots for Watino 2353E_0369 well, 2007/04/13 to 2007/06/29.
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Figure 572:Recovery curve plots for Watino 2353E_0369 well, 2008/04/15 to 2008/06/02.
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Figure 573:Recovery curve plots for Watino 2353E_0369 well, 2009/04/10 to 2009/06/06.
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Figure 574:Recovery curve plots for Watino 2353E_0369 well, 2011/04/18 to 2011/08/19.
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Figure 575:Recovery curve plots for Watino 2353E_0369 well, 2012/04/05 to 2012/07/23.
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Figure 576:Recovery curve plots for Watino 2353E_0369 well, 2013/04/17 to 2013/08/13.
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Figure 577:Recovery curve plots for Watino 2353E_0369 well, 2014/04/11 to 2014/05/26.
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Figure 578:Recovery curve plots for Watino 2353E_0369 well, 2015/03/21 to 2015/05/31.
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Figure 579: Recovery curve plots for Watino 2353E_0369 well, 2016/03/28 to 2017/06/20.
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Figure 580: Recovery curve plots for Watino 2353E_0369 well, 2018/04/22 to 2018/06/13.
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Figure 581:Recovery curve plots for Watino 2353E_0369 well, 2018/07/19 to 2018/08/06.
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Figure 582:Recovery curve plots for Watino 2353E_0369 well, 2019/03/23 to 2019/06/09.
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Figure 583: Recovery curve plots for Watino 2353E_0369 well, 2019/07/27 to 2019/08/18.
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Figure 584:Recovery curve plots for Watino 2353E_0369 well, 2020/04/15 to 2020/07/22.
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Figure 585: Recovery curve plots for Watino 2353E_0369 well, 2021/04/12 to 2021/06/02.
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Figure 586: Recovery curve plots for Watino 2353E_0369 well, 2022/04/06 to 2022/06/28.
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Figure 587:Recovery curve plots for La Crete 2447E_0380 well, 1999/03/28 to 1999/06/08.
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Figure 588: Recovery curve plots for La Crete 2447E_0380 well, 2000/03/29 to 2000/06/15.
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Figure 589: Recovery curve plots for La Crete 2447E_0380 well, 2001/04/07 to 2001/06/23.
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Figure 590: Recovery curve plots for La Crete 2447E_0380 well, 2002/04/17 to 2002/06/17.
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Figure 591:Recovery curve plots for La Crete 2447E_0380 well, 2003/04/12 to 2003/07/19.
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Figure 592: Recovery curve plots for La Crete 2447E_0380 well, 2004/04/06 to 2004/06/20.
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Figure 593: Recovery curve plots for La Crete 2447E_0380 well, 2005/04/05 to 2005/07/08.
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Figure 594:Recovery curve plots for La Crete 2447E_0380 well, 2007/04/03 to 2007/07/01.
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Figure 595: Recovery curve plots for La Crete 2447E_0380 well, 2008/04/11 to 2008/06/23.
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Figure 596: Recovery curve plots for La Crete 2447E_0380 well, 2009/04/03 to 2009/06/07.
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Figure 597:Recovery curve plots for La Crete 2447E_0380 well, 2010/03/23 to 2010/06/14.
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Figure 598: Recovery curve plots for La Crete 2447E_0380 well, 2011/04/06 to 2011/05/26.
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Figure 599: Recovery curve plots for La Crete 2447E_0380 well, 2012/04/04 to 2012/05/24.
SUIMICTAL AQUITET ...ttt e e e e e e e e e e e e e e s rmme e e e e e e e e e e e e e e 320
Figure 600: Recovery curve plots for La Crete 2447E_0380 well, 2013/04/14 to 2013/06/22.
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Figure 601: Recovery curve plots for La Crete 2447E_0380 well, 2015/04/01 to 2015/05/18.
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Figure 602: Recovery curve plots for La Crete 2447E_0380 well, 2016/04/07 to 2016/05/28.
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Figure 603: Recovery curve plots for La Crete 2447E_0380 well, 2021/04/12 to 2021/06/19.
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Figure 604:Recovery curve plots for La Crete 2447E_0380 well, 2022/04/06 to 2022/06/20.
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Figure 605: Recovery curve plots for Innisfree 2403E_0235 well, 1988/02/22 to 1988/04/29.
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Figure 606: Recovery curve plots for Innisfree 2403E_0235 well, 1988/08/17 to 1988/12/18.
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Figure 607:Recovery curve plots for Innisfree 2403E_0235 well, 1990/09/27 to 1990/12/14.
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Figure 608: Recovery curve plots for Innisfree 2403E_0235 well, 1991/09/17 to 1991/05/26.
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Figure 609: Recovery curve plots for Innisfree 2403E_0235 well, 1992/09/03 to 1992/11/10.
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Figure 610: Recovery curve plots for Innisfree 2403E_0235 well, 1993/09/09 to 1994/04/14.
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Figure 611:Recovery curve plots for Innisfree 2403E_0235 well, 1994/09/24 to 1995/05/11.
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Figure 612:Recovery curve plots for Innisfree 2403E_0235 well, 1996/09/04 to 1997/04/23.
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Figure 613:Recovery curve plots for Innisfree 2403E_0235 well, 1997/08/31 to 1998/04/11.
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Figure 614:Recovery curve plots for Innisfree 2403E_0235 well, 1998/09/17 to 1999/05/21.
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Figure 615:Recovery curve plots for Innisfree 2403E_0235 well, 1999/09/26 to 2000/01/09.
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Figure 616:Recovery curve plots for Innisfree 2403E_0235 well, 2000/02/25 to 2000/05/21.
SUIMICTAL AQUITET ...ttt et e e e e e e e e e e e s rmmme e e e e e e e e e e e e e e 326
Figure 617:Recovery curve plots for Innisfree 2403E_0235 well, 2001/03/06 to 2001/06/03.
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Figure 618:Recovery curve plots for Innisfree 2403E_0235 well, 2001/09/17 to 2001/12/14.
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Figure 619: Recovery curve plots for Innisfree 2403E_0235 well, 2002/04/09 to 2002/06/05.
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Figure 620: Recovery curve plots for Innisfree 2403E_0235 well, 2002/10/09 to 2002/12/15.
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Figure 621:Recovery curve plots for Innisfree 2403E_0235 well, 2001/03/17 to 2003/06/08.
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Figure 622:Recovery curve plots for Innisfree 2403E_0235 well, 2003/09/08 to 2003/10/28.
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Figure 623: Recovery curve plots for Innisfree 2403E_0235 well, 2004/02/11 to 2004/06/14.
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Figure 624:Recovery curve plots for Innisfree 2403E_0235 well, 2004/08/21 to 2005/04/17.
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Figure 625: Recovery curve plots for Innisfree 2403E_0235 well, 2005/08/15 to 2005/10/07.
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Figure 626: Recovery curve plots for Innisfree 2403E_0235 well, 2006/03/02 to 2006/05/06.
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Figure 627:Recovery curve plots for Innisfree 2403E_0235 well, 2006/09/11 to 2007/04/20.
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Figure 628: Recovery curve plots for Innisfree 2403E_0235 well, 2007/08/18 to 2008/01/05.
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Figure 629: Recovery curve plots for Innisfree 2403E_0235 well, 2008/02/09 to 2008/04/10.
SUIICIAL AQUITET ... e 330
Figure 630: Recovery curve plots for Innisfree 2403E_0235 well, 2009/03/18 to 2009/05/11.
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Figure 631:Recovery curve plots for Innisfree 2403E_0235 well, 2009/09/27 to 2009/11/12.
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Figure 632:Recovery curve plots for Innisfree 2403E_0235 well, 2010/09/06 to 2011/02/12.
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Figure 633:Recovery curve plots for Innisfree 2403E_0235 well, 2011/03/11 to 2011/04/25.
SUIICIAL AQUITET ... e 332
Figure 634:Recovery curve plots for Innisfree 2403E_0235 well, 2012/03/08 to 2012/05/27.
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Figure 635:Recovery curve plots for Innisfree 2403E_0235 well, 2013/09/25 to 2014/01/09.
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Figure 636: Recovery curve plots for Innisfree 2403E_0235 well, 2014/03/11 to 2014/06/29.
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Figure 637:Recovery curve plots for Innisfree 2403E_0235 well, 2014/09/08 to 2015/04/01.
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Figure 638:Recovery curve plots for Innisfree 2403E_0235 well, 2015/09/04 to 2015/12/21.
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Figure 639: Recovery curve plots for Innisfree 2403E_0235 well, 2016/01/20 to 2016/04/09.
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Figure 640: Recovery curve plots for Innisfree 2403E_0235 well, 2016/09/12 to 2017/05/16.
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Figure 641:Recovery curve plots for Innisfree 2403E_0235 well, 2017/09/12 to 2017/12/15.
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Figure 642:Recovery curve plots for Innisfree 2403E_0235 well, 2018/03/11 to 2018/05/01.
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Figure 643:Recovery curve plots for Innisfree 2403E_0235 well, 2018/09/09 to 2019/01/03.
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Figure 644:Recovery curve plots for Innisfree 2403E_0235 well, 2019/03/14 to 2019/04/06.
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Figure 645:Recovery curve plots for Innisfree 2403E_0235 well, 2019/06/19 to 2019/07/20.
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Figure 646: Recovery curve plots for Innisfree 2403E_0235 well, 2019/09/06 to 2019/03/28.
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Figure 647:Recovery curve plots for Innisfree 2403E_0235 well, 2021/09/23 to 2022/05/07.
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Figure 648:Recovery curve plots for Leedale Shallow_ 3022 well, 2013/05/23 to 2013/06/13.
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Figure 649: Recovery curve plots for Leedale Shallow_3022 well, 2014/03/13 to 2014/06/07.
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Figure 650: Recovery curve plots for Leedale Shallow_ 3022 well, 2015/03/06 to 2015/04/11.
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Figure 651: Recovery curve plots for Leedale Shallow_ 3022 well, 2017/03/19 to 2017/10/19.
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Figure 652: Recovery curve plots for Leedale Shallow_3022 well, 2018/04/18 to 2018/05/14.
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Figure 653: Recovery curve plots for Leedale Shallow_3022 well, 2020/04/14 to 2020/11/24.
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Figure 654:Recovery curve plots for Leedale Shallow_3022 well, 2022/06/13 to 2022/08/09.
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Figure 655: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 1999/03/22 to
1999/05/31. SurfiCial AQUITEI.........oii e e e e 339
Figure 656: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2000/03/22 to
2000/07/22. SUIICIAl BQUITEI........coi e e e e 339
Figure 657:Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2001/04/23 to
2001/08/12. SUIfICIAl BQUITEI........ce i e e e e 340
Figure 658: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2002/04/10 to

Figure 659: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2003/04/03 to
2003/07/27. SUIICIAl BQUITEI........ce e e e 340
Figure 660: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2004/03/27 to
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Figure 661:Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2006/03/31 to
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Figure 662: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2007/03/21 to
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Figure 663: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2008/03/20 to

Figure 664:Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2010/03/15 to
2010/07/23. SUIICIAl BQUITEI.......coi e e e e 342
Figure 665: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2011/03/30 to
2011/08/21. SUIICIAl BQUITEI.......coi i e e e e 342
Figure 666: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2012/03/22 to

Figure 667:Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2013/03/28 to
2013/07/09. SUIICIAl BQUITEI......ccii et e e e e 343
Figure 668: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2014/03/10 to
2014/08/04. SUIfICIAl BQUITEI.......coi i e e e 343
Figure 669: Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2016/03/07 to
2016/07/17. SUIfICIAl BQUITEI.......cce e e e e 344
Figure 670:Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2018/04/13 to
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Figure 671:Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2019/03/16 to

Figure 672:Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2020/04/07 to
2020/07/27. SUIICIAl BQUITEIA......cci e e e e e 345
Figure 673:Recovery curve plots for Bruderheim 2343E #1 North_0178 well, 2021/03/12 to
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Figure 674:Recovery curve plots for Bruderheim North_3069 well, 2011/03/11 to 2011/06/08.
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Figure 675:Recovery curve plots for Bruderheim North_3069 well, 2012/03/08 to 2012/07/24.
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Figure 676:Recovery curve plots for Bruderheim North_3069 well, 2013/03/23 to 2013/05/05.
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Figure 677:Recovery curve plots for Bruderheim North_3069 well, 2014/03/09 to 2014/06/07.
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Figure 678:Recovery curve plots for Bruderheim North_3069 well, 2015/03/06 to 2015/04/10.
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Figure 679:Recovery curve plots for Bruderheim North_3069 well, 2016/03/07 to 2016/07/12.
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Figure 680: Recovery curve plots for Bruderheim North_3069 well, 2017/03/16 to 2017/06/21.
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Figure 681:Recovery curve plots for Bruderheim North_3069 well, 2018/04/08 to 2018/06/13.
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Figure 682:Recovery curve plots for Bruderheim North_3069 well, 2019/03/13 to 2019/07/30.
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Figure 683: Recovery curve plots for Bruderheim North_3069 well, 2020/04/07 to 2020/07/10.
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Figure 684:Recovery curve plots for Bruderheim North_3069 well, 2021/03/12 to 2021/05/20.
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Figure 685: Recovery curve plots for Bruderheim North_3069 well, 2022/03/17 to 2022/05/05.
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Figure 686: Recovery curve plots for Cooking Lake 1348E North_0157 well, 1977/09/02 to

Figure 687:Recovery curve plots for Cooking Lake 1348E North_0157 well, 1983/09/02 to
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Figure 688: Recovery curve plots for Cooking Lake 1348E North_0157 well, 1984/09/03 to
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Figure 689: Recovery curve plots for Cooking Lake 1348E North_0157 well, 1985/08/09 to
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Figure 691:Recovery curve plots for Cooking Lake 1348E North_0157 well, 1992/09/17 to
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Figure 692: Recovery curve plots for Cooking Lake 1348E North_0157 well, 1994/01/02 to
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Figure 693: Recovery curve plots for Cooking Lake 1348E North_0157 well, 2000/08/28 to
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Figure 694:Recovery curve plots for Cooking Lake 1348E North_0157 well, 2001/09/11 to

Figure 695: Recovery curve plots for Cooking Lake 1348E North_0157 well, 2003/09/27 to
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Figure 696: Recovery curve plots for Cooking Lake 1348E North_0157 well, 2004/08/17 to
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Figure 697:Recovery curve plots for Cooking Lake 1348E North_0157 well, 2005/07/17 to
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Figure 698: Recovery curve plots for Cooking Lake 1348E North_0157 well, 2006/09/11 to
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Figure 699: Recovery curve plots for Cooking Lake 1348E North_0157 well, 2007/08/09 to

Figure 700: Recovery curve plots for Cooking Lake 1348E North_0157 well, 2010/11/03 to
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Figure 701:Recovery curve plots for Cooking Lake 1348E North_0157 well, 2012/10/03 to
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Figure 702:Recovery curve plots for Cooking Lake 1348E North_0157 well, 2013/10/03 to
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Figure 703:Recovery curve plots for Cooking Lake 1348E North_0157 well, 2014/09/06 to
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Figure 704:Recovery curve plots for Cooking Lake 1348E North_0157 well, 2015/09/04 to

Figure 705:Recovery curve plots for Cooking Lake 1348E North_0157 well, 2017/09/12 to
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Figure 706: Recovery curve plots for Cooking Lake 1348E North_0157 well, 2018/09/04 to
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Figure 707:Recovery curve plots for Cooking Lake 1348E North_0157 well, 2019/05/14 to
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Figure 708: Recovery curve plots for Cooking Lake 1348E North_0157 well, 2021/08/18 to
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Figure 709: Recovery curve plots for Cooking Lake 1348E North_0157 well, 2022/10/05 to

Figure 710:Recovery curve plots for Devon #2 North_0159 well, 1968/02/20 to 1968/05/08.
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Figure 711:Recovery curve plots for Devon #2 North_0159 well, 1969/03/20 to 1969/05/08.
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Figure 712:Recovery curve plots for Devon #2 North_0159 well, 1970/03/18 to 1970/04/30.
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Figure 713:Recovery curve plots for Devon #2 North_0159 well, 1971/03/02 to 1971/04/22.
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Figure 714:Recovery curve plots for Devon #2 North_0159 well, 1972/03/11 to 1972/05/20.
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Figure 715:Recovery curve plots for Devon #2 North_0159 well, 1973/03/02 to 1973/05/08.
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Figure 716:Recovery curve plots for Devon #2 North_0159 well, 1975/04/10 to 1975/05/17.
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Figure 717:Recovery curve plots for Devon #2 North_0159 well, 1978/03/02 to 1978/06/01.
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Figure 718:Recovery curve plots for Devon #2 North_0159 well, 1979/03/07 to 1979/05/19.
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Figure 719:Recovery curve plots for Devon #2 North_0159 well, 1980/03/13 to 1980/04/26.
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Figure 720:Recovery curve plots for Devon #2 North_0159 well, 1980/08/23 to 1980/09/18.
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Figure 721:Recovery curve plots for Devon #2 North_0159 well, 1981/02/17 to 1981/04/24.
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Figure 722:Recovery curve plots for Devon #2 North_0159 well, 1981/09/18 to 1981/10/11.
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Figure 723:Recovery curve plots for Devon #2 North_0159 well, 1983/02/18 to 1983/05/08.
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Figure 724:Recovery curve plots for Devon #2 North_0159 well, 1983/06/19 to 1983/07/06.
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Figure 725:Recovery curve plots for Devon #2 North_0159 well, 1983/09/02 to 1983/10/30.
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Figure 726:Recovery curve plots for Devon #2 North_0159 well, 1984/03/19 to 1984/06/08.
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Figure 727:Recovery curve plots for Devon #2 North_0159 well, 1986/09/09 to 1986/10/05.
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Figure 728:Recovery curve plots for Devon #2 North_0159 well, 1987/03/16 to 1987/05/22.
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Figure 729:Recovery curve plots for Devon #2 North_0159 well, 1989/03/20 to 1989/05/20.
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Figure 730: Recovery curve plots for Devon #2 North_0159 well, 1991/01/16 to 1991/06/26.
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Figure 731:Recovery curve plots for Devon #2 North_0159 well, 1992/02/20 to 1992/04/16.
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Figure 732:Recovery curve plots for Devon #2 North_0159 well, 1994/03/30 to 1994/06/16.
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Figure 733:Recovery curve plots for Devon #2 North_0159 well, 1995/03/13 to 1995/05/20.
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Figure 734:Recovery curve plots for Devon #2 North_0159 well, 1997/03/13 to 1997/06/26.
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Figure 735:Recovery curve plots for Devon #2 North_0159 well, 1999/03/11 to 1999/05/24.
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Figure 736:Recovery curve plots for Devon #2 North_0159 well, 2000/03/16 to 2000/06/20.
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Figure 737:Recovery curve plots for Devon #2 North_0159 well, 2002/04/02 to 2002/05/27.
SUIMICTAL AQUITET ...ttt e e e e e e e e e e e e e e s rmme e e e e e e e e e e e e e e 366
Figure 738:Recovery curve plots for Devon #2 North_0159 well, 2003/03/16 to 2003/05/16.
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Figure 739:Recovery curve plots for Devon #2 North_0159 well, 2004/01/06 to 2004/07/18.
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Figure 740:Recovery curve plots for Devon #2 North_0159 well, 2005/02/28 to 2005/04/18.
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Figure 741:Recovery curve plots for Devon #2 North_0159 well, 2006/03/24 to 2004/05/29.
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Figure 742:Recovery curve plots for Devon #2 North_0159 well, 2007/03/10 to 2007/05/12.
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Figure 743:Recovery curve plots for Devon #2 North_0159 well, 2008/03/05 to 2008/05/26.
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Figure 744:Recovery curve plots for Devon #2 North_0159 well, 2009/03/23 to 2009/05/18.
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Figure 745:Recovery curve plots for Devon #2 North_0159 well, 2011/03/26 to 2011/08/01.
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Figure 746:Recovery curve plots for Devon #2 North_0159 well, 2012/03/10 to 2012/05/24.
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Figure 747:Recovery curve plots for Devon #2 North_0159 well, 2013/03/24 to 2013/05/07.
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Figure 748:Recovery curve plots for Devon #2 North_0159 well, 2014/03/06 to 2014/04/28.
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Figure 749:Recovery curve plots for Devon #2 North_0159 well, 2015/03/01 to 2015/04/19.
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Figure 750: Recovery curve plots for Devon #2 North_0159 well, 2017/03/13 to 2017/06/03.
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Figure 751:Recovery curve plots for Devon #2 North_0159 well, 2018/04/06 to 2018/05/11.
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Figure 752:Recovery curve plots for Devon #2 North_0159 well, 2019/03/12 to 2019/05/16.
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Figure 753: Recovery curve plots for Devon #2 North_0159 well, 2020/04/04 to 2020/08/09.
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Figure 754:Recovery curve plots for Devon #2 North_0159 well, 2021/03/05 to 2021/05/25.
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Figure 755: Recovery curve plots for Devon #2 North_0159 well, 2022/03/11 to 2022/05/14.
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Figure 756: Recovery curve plots for Devon #2 North_0159 well, 2023/03/19 to 2023/05/04.
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Figure 757:Recovery curve plots for Carmangay West_3010 well, 2019/03/01 to 2019/05/26.
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Figure 758: Recovery curve plots for Carmangay West_3010 well, 2020/08/26 to 2021/01/06.
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Figure 759: Recovery curve plots for Carmangay West_3010 well, 2021/02/17 to 2021/05/24.
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Figure 760: Recovery curve plots for Carmangay West_3010 well, 2022/03/10 to 2022/05/05.
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Figure 761:Recovery curve plots for Carmangay West_3010 well, 2022/06/03 to 2022/06/15.
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Figure 762:Recovery curve plots for Cypress Hills 2293E_0107 well, 1986/03/02 to
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Figure 767:Recovery curve plots for Cypress Hills 2293E_0107 well, 1993/06/15 to
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Figure 768: Recovery curve plots for Cypress Hills 2293E_0107 well, 1994/03/02 to
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Figure 772:Recovery curve plots for Dewberry 2410E_0237 well, 1987/02/07 to 1987/05/30.
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Figure 773:Recovery curve plots for Dewberry 2410E_0237 well, 1988/04/08 to 1988/09/07.
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Figure 774:Recovery curve plots for Dewberry 2410E_0237 well, 1989/04/07 to 1989/03/03.
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Figure 775:Recovery curve plots for Dewberry 2410E_0237 well, 1991/04/11 to 1991/07/14.
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Figure 776:Recovery curve plots for Dewberry 2410E_0237 well, 1992/03/07 to 1992/06/02.
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Figure 777:Recovery curve plots for Dewberry 2410E_0237 well, 1993/03/02 to 1993/05/11.
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Figure 778:Recovery curve plots for Dewberry 2410E_0237 well, 1993/09/09 to 1994/04/14.
SUIMICTAL AQUITET ...ttt e e e e e e e e e e e e e s s rmmme e e e e e e e e e e e e e e 381
Figure 779:Recovery curve plots for Dewberry 2410E_0237 well, 1995/03/26 to 1995/07/02.
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Figure 780:Recovery curve plots for Dewberry 2410E_0237 well, 1996/04/10 to 1996/07/16.
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Figure 781:Recovery curve plots for Dewberry 2410E_0237 well, 2009/04/04 to 2009/07/14.
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Figure 782:Recovery curve plots for Dewberry 2410E_0237 well, 2020/04/15 to 2020/07/12.
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Figure 783:Recovery curve plots for Dewberry 2410E_0237 well, 2021/03/23 to 2021/06/15.
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Figure 784:Recovery curve plots for Dewberry 2410E_0237 well, 2022/03/22 to 2022/07/01.
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Figure 785:Recovery curve plots for Ross Creek 2286E_0114 well, 1992/07/29 to 1992/10/20.
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Figure 786: Recovery curve plots for Ross Creek 2286E_0114 well, 1993/03/11 to 1993/05/06.
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Figure 787:Recovery curve plots for Ross Creek 2286E_0114 well, 1996/02/01 to 1996/02/18.
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Figure 788:Recovery curve plots for Ross Creek 2286E_0114 well, 1996/07/29 to 1996/11/03.
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Figure 789:Recovery curve plots for Ross Creek 2286E_0114 well, 1996/12/17 to 1997/02/25.
SUIMICTAL AOUITET ...ttt e e e e e e e e e e e e e s s rmmme e e e e e e e e e e e e e e aans 384

xlii



Figure 790: Recovery curve plots for Ross Creek 2286E_0114 well, 1997/07/28 to 1997/10/29.
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Figure 791:Recovery curve plots for Ross Creek 2286E_0114 well, 1998/06/19 to 1998/07/09.
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Figure 792:Recovery curve plots for Ross Creek 2286E_0114 well, 1998/09/05 to 1998/11/20.
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Figure 793:Recovery curve plots for Ross Creek 2286E_0114 well, 2000/08/02 to 2000/09/08.
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Figure 794:Recovery curve plots for Ross Creek 2286E_0114 well, 2002/08/08 to 2002/11/08.
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Figure 795:Recovery curve plots for Ross Creek 2286E_0114 well, 2003/03/07 to 2003/05/15.
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Figure 796: Recovery curve plots for Ross Creek 2286E_0114 well, 2003/06/10 to 2003/08/01.
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Figure 797:Recovery curve plots for Ross Creek 2286E_0114 well, 2004/07/31 to 2004/10/16.
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Figure 798: Recovery curve plots for Ross Creek 2286E_0114 well, 2005/05/25 to 2005/06/21.
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Figure 799: Recovery curve plots for Ross Creek 2286E_0114 well, 2007/07/18 to 2008/01/04.
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Figure 800: Recovery curve plots for Ross Creek 2286E_0114 well, 2008/08/03 to 2009/03/21.
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Figure 801:Recovery curve plots for Ross Creek 2286E_0114 well, 2009/09/26 to 2010/08/18.
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Figure 802: Recovery curve plots for Ross Creek 2286E_0114 well, 2011/03/04 to 2011/06/07.
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Figure 803: Recovery curve plots for Ross Creek 2286E_0114 well, 2012/03/24 to 2012/05/09.
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Figure 804:Recovery curve plots for Ross Creek 2286E_0114 well, 2014/03/07 to 2014/04/27.
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Figure 805: Recovery curve plots for Ross Creek 2286E_0114 well, 2016/09/02 to 2017/03/19.
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Figure 806: Recovery curve plots for Ross Creek 2286E_0114 well, 2020/09/06 to 2021/05/24.
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Eventually, all things merge into one, and a river runs through it. The river was cut by the
wor | dos g rrans bverfrocke footh tha msement of time. On some of the rocks are
timeless raindrops. Under the rocks are the words, and some of the words are theirs.

| am haunted by waters.

0 NormanMaclean A River Runs Through It and Other Stories
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Chapter 1: Introduction

Typically, groundwaterecharge on a larger scaledistermined througtvater balance
calculationsgroundwater modelling, abservingchanges in groundwatstorageusingremote
sensing data such as from the GRACE satellBesdkfield et al, 2018;Wu et al., 2019;
Senthilkumatet al.,2019; Doll and Fiedler, 2008). These methods are not alidags It is
expensive and time consumit@constructmodels anddata of sufficient qualityare needetb
output good quality result®ata obtained frof6RACE sadllites arebetter suited for studies
where generalizedonclusions can be drawdue tolow spatialresolutionandlimited precigson
(Jiang et al., 2014 astellazzi et al., 2016ldentifying groundwater recharge on a large scale is
thus not an easily solvable problem.

To considersmaller landscape featuressto provide results on precise locations, another
approactthatconsiders rechargen a local scales required Pumping testsommonly provide
informationon aquifer boundary conditiondydrogeologic parametemndmaximumwell
yield. Theycan obtairinformation over docal to regionabrea, especially wheepeated tests
are conducted in multiple wellSeveral analytical solutions have been developed to analyze
water level response to pumping based on differing physical conditions and assumptions
(Kruseman and de Ridder, 199The solutions areommonly solved by plotting aquifer
drawdown versus time in response to a pumping event or other stressorm dogemilog
space, providing estimates for various hydrogeologic paran{etgrshydraulic conductivity.
However, solving for these parameters requires precise information, including pumping rate,
distance to the pumping well, and the time pumping started and stégpadesult, pmping
tests are expensiand time consumintp properly conductYet, even without that precise
information, key insights about boundary conditions and other aquifer dynamics can be
determined from londgerm hydrograph datiat arequalitativelyevaluated in a mannsmilar
to apump tes{Butler et al., 2013)By analysinghe behavioof residual drawdown (or recovery
curves) over timafter the cessation of a pumping signlaé presence dfoundaryconditionsin
the area surrounding the monitoring wsllich as rechardmundariescan be ascertainethis
approach was used previously osnaall scale to analyzsonditions neathree wells (Butler et
al., 2013) andit should bepossibleto apply this method across a larger regisingroutinely
collected groundwatetata fromstandardnonitoring well databasedT his qualitative assessment
of long-term recoveryould then providanformation on aquifer dynamics, including processes
such as recharge, inflow, and aquifer minimghe area surrounding the wells

The goal of this research is to determimevhat extenexisting publicly available
groundwater level monitoring data che used t@valuate patterns of recovdrythe absence of
information onsurroundingoumping wellsAgricultural areas of Alberta, Canada dre focus
of this study due to its agricultural importance anelvalence opublicly available and readily
accessible groundwater monitoring well dataing routinely collectedroundvater level
monitoring data collected and stored in an online database, the potential to identify areas of
recharge is evaluated by graphically analyzing water level resporeggutaragricultural



pumping. The method is a cesffective way of broadly assessiaguifer dynamicsas
analyzing previouslgollectedhydrograph data is much less expensive than installing new wells
and sensors to collect additional dat@onductingmultiple pumping tests across a large region.



Chapter 2: Background

2.1: Study Area

The provinceof Alberta, Canada, is tHecus of thisstudy due tats agricultural
importance in Canada atite extensive available groundwatevel data.The study area is
limited toareaswithin the provincevhere land use igredominantlyagricultual and there is
currently intensiverrigation and/orgroundwater pumpingpr agriculture While groundwater
pumping and irrigation both occur throughout the province, their zones of intensity vary
Irrigation from surface waters the most commosource of irrigation watewithin Alberta with
mostsurface wateirrigation licenses issued in the southeast due to the-agchclimate and
fertile soil (Figure 1) (Alberta GovernmentAgriculture and Irrigation2023)

This studyfocusesonthe Paskapoo aquifesputhern Albertaaquifers and surficial
aquifersacross the provinggigure 2), but considers groundwater level data from monitoring
wells from aquifers across the province of Albefitae Paskapoo aquifes selected for study
due to the large number ofonitoringwells with availabledata, as well as its location below a
rapidly growingurban areaf the provincgAlberta Government, Treasury Board and Finance,
2023) Situated underneath theban corridor connecting tloities of Calgary and Red Deer
(Figure 1), more wells pump from this aquifer than any other aquifer ilCdreadian prairies
(Groundwater Information Network, 2028everal smaller aquifers and buried valley aquifers
are present isouthern Albertaln this agriculturally important regioagriculturerelies on
surface watefor irrigation. Surface water supplies in this seamid region are likely to become
unreliable with climate changas dminishing snowpack in the winter months has reduced the
amount of surface watéhis region receive(Government of Alberta, 2024)hus,these smaller
aquifers and surficial aquifers arere likely tobe relied upono fulfil irrigation requrements
assurface water sourcégcomes unreliablever time.Finally, theextensivesurficial aquifers
are studieds they provide an important source of groundwater to the province and will be
exploited first as groundwater use increases.

Studies have been previously conducted on groundwater recha@enalAlberta
aquifers (Huang et al., 2016; Bhamejaal.,2018; Bhanja and Wang, 2021; Berthetdal, 2004)
however research on mapping recharge zones in the province are laekawipusstudies
focusedon identifying recharge locations imdividual watersheds or single aquifers rather than
on alarger, provincial scale (Niagt al.,2017; Ophori and Téth, 1989; Hayashi and Farrow,
2014; Poschmann, 2007; Hendry, 1988né#ty, 1988; Grasby et al., 2008). These studies
employedmethods typically used when identifying recharge, such as modelling, geophysical
mapping, baseflow analysis, chloride mass balance, asitlimeasurements. Research
guantifying recharge zones on a national soatstatistical analysief Canadian baseflow and
groundwater data (Rivard et al., 2009)
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2.1.1: Agriculture and Irrigation in Alberta

The province of Alberta is importatd agricultural production in Canada, hosting ~32% of
Canadads tot al agr i c wroplandraerdagand?2rid 9 %2 ©.f 6 % h@f ciotu
total number of farms (Statistics Canada, 202%)yicultural activity is concentratedh the

southeastern corner of the provins®uth of EdmontonHjgure 1) andeast of the Rocky

Mountains(Figure 2), as well asn thenorthwestin the Grande Prairie regiofFigure 1).

Cropland acreage is growing in the provinoetween 2016 and 202@yerall cropland increased

by 1.6%,with land devoted to growing canaad barleyincreasng by 8.4%and15.7%,
respectively(Statistics Canada, 2022). Overall harvests have risen as well; the 31 million tonnes



of crops harvested in 2022 is a 10.3% increase compatiee average over the previous ten
years (Government of Alberta, 2023).

Irrigation systems have been used in Alberta since the beginning of the 20th century, with
the industry growing and adapting to new technologies and the changing climate over time
(Government of Alberta, 2023; Klassen and Gilpin, 1988Jiculture in ®uthern Alberta relies
onirrigation due td h e r seqiard clidnate, withyearly precipitation averaging 450mm
Irrigation in Alberta consists mainly of surface water irrigation systems that divert water from
rivers and reservoirs, infrastructureteh i ch i s concentrated in Al ber
(Figure 3). Although concentrated in the southern portion of Alberta, surface water irrigation
licenses are registered throughout much of the agriculturally viable lands of the p(&ujure
1) (Alberta Government, Agriculture and Irrigation, 2028)2021, a total of 9.7Billion m3 of
freshwater was allocated for use across all industries in the province, with over 96% sourced
from surface waters, compared with 1.6 billioA@hfreshwater allocated for irrigation in 2022
(Alberta Energy Regulator, 2023tatistics Canada, 2028)ata is sparse on how much
groundwater isllocatedfor irrigation in Alberta; in 2009 this parameter was graphically
representeth a comparative manner from most to lg@&stjure 4).

Water requirements for various popular Alberta crops vary depending on the plant
speciesandstage of growtlfFigure 5). Optimal irrigationrequirement$or popular crops in
southern Albertaliffers greatly depending on the loaatigrown ands linked togrowing season
precipitation andhe potential evapotranspiration for each spe¢Bennet and Harms, 2Q1
Bennet et al., 20)4For instance, the@otentialwater required to grow alfalfa water intensive
crop, differsby ~60mm across the regior-or most cropgptal andpeakwater usagamounts
vary, with peak usageccuring in July. Water use for barley requires an average df887/ mm
of water per year, which peaks in July at ~6.5 mm/day (Bennet and Harris B2@ihet et al.,
20149). In contrastalfalfarequires an average 687-747 mm of water per year for proper
growthand has variable amountsp#akwater use across multiple harvests in a single year,
declining from~8.5 mm/day during the first ctd ~7 mm/day befor¢he last cut (Bennet and
Harms, 201; Bennet et al., 2034 Thus, crop selection and locatiaffectwater requirements
influencing the irrigation deman@srosshe province.
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@  Unusable (68) ¢ Unusable (27)

(=)

%
i/‘ :

Figure 2: Map showing the distribution of studi&@toundwater Observation Well Netwoi@Q@WN monitoring

wells in the study sité&cach point represents an analyzed monitoring well, organized by colour and Jhipeles
indicate wells in the southern Alberta aquifers, squares represent wells in Paskapoo aquifer, circles represent wells
in surficial aquifers, and all other wells are indicated by diamonds. Data quality, as described in the methods, is
organizedby colour from Excellent to UnusablEhe area of Soudrn Alberta is delineated by a grey rectangle in

the bottom right corner of the map. Surficial aquifer map data from Hartman @0&3).Paskapoo aquifer map

data from Alberta Governme(2024).



RGN RGY RGN A2 "
MOM ROD MGZ AGH RGXN MG RO MG RGW G MG W MG RO U AGH RG.10 RG9 RO RG7 RGE RGOS RG4 RGI RG2 RG.1

0510 2 0 40
o

@ Mountain View Irrigation District Lethbridge Northern Irrigation District ~ Hydroelectric Plants Associated

@B Leavitt Irrigation District 8  St. Mary River Irrigation District with Water Distribution Works
@D Aetna Irrigation District @ED Ross Creek Irrigation District Headworks Owned and Operated
United Irrigation District 10 Bow River Irrigation District by the Government of Alberta
Magrath Irrigation District (5 Eastern Irrigation District Major Canals (District Owned
Raymond Irrigation District §Z) Western Irrigation District and Operated)

Figure 3: Map of irrigation districts in southern Albertéfrom Government of Alberta, 2022). These irrigation
districts are designed to manage surface water for their irrigation needs.
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2.1.2: Water Scarcity irsouthernAlberta

Since rrigation in southern Alberta is reliant oarface water flowswhich are heavily
reliant uponwinter precipitation irrigationis influenced byclimatevariability. Melting
snowpackdgrom the prairiexcontribute to river flowsn April, whilst melting snowpack in the
Rocky Mountaingrovides flowfrom mid-April to June(Government of Alberta2018)
Meteorological droughtcharacterized blgelow average precipitationan severely limithese
surface water flowsSuch conditions have existed in Alksestnce 2022with below average
snowfallin the ongoing droughesuling in reducediver water levelsand reservoir ater
storagethroughout the provincé&or exampleby April 15", 2024 the average amount of water
stored in Al bertabds r es ecomparédrtoghbetmeasbo%and 4 % of t
76.8%o0f capacitythat is typical in midApril (Government of Alberta, 2024). Palaeoecological
evidencandicatesdrought is common in southern Alberéadhistoricallymore frequent
compared to instances of drougiricecolonisationand cultivationof the area%auchyn and
Skinner, 2001Schindler and Donahue, 2008pday, nuchof Albertareceivesl4-24% less
precipitation tlan it did during thdate 19" andearly 28" century and nountainsnowpack
which contribute to surface water flowsas also decreasdd thicknessandlongevity due to
warme temperatures (Schindler and Donahue, 20@§glaciers retreat and mountain
snowpacks declinghere is a risk that surface water irrigation in southern Alberiat
sustainablgea situation that will be compoundediagjation requirements increase to sustain
crops as climate change increases the summer tempeiatdresiucegprecipitation Eum et
al., 2023Jiang et al., 2017)Vith increasing drought and warmer winter temperatures, the
reliability of surface water sources will become strained, and groundwater will become more
important for armers looking to maximize harvests (Famiglietti, 2014). Over pumpitigeof
p r o v iaguifees@sring drought may lead to groundwater depletion, which has previously
occurred in aquifers |l ocated in the Colorado
(Famiglietti et al., 2011; Castle et al., 20IR9.continue the current intensity of agricultural
operations in the aress well as supply water for planniedgation expansiongGovernment of
Alberta, 2020)groundwater supplies will necessatigincreasingly relied upon to fulfill
irrigation requirements, supplementing surface water deficie(ieasiglietti, 2014)

2.1.3: Hydrogeology of Alberta

Aquifersin Alberta can be separated into three broad categories based on their lithology
surficial aquifers, buried valley aquifeend bedrock aquifer@igure 6). Surficial aquifers,
composegrimarily of permeable tillare found throughout the provin@&gure 2). Buried
valley aquifersn the Canadian prairies formed\asleys that eroded into the underlying
bedrock andverethenburied by poorly sorted terrigenous {@Gummingset al, 2012).These
aquifers cover most of the studyea featuring prominently over major agricultural zonesd
areimportantto the Canadian prairies as a whasupplying water for urban, agricultural, and
industrial usegFigure 2; Figure 7) (Cummings et al, 2012).Bedrock aquifers are typicalthe
deepest of the three aquifer typasdare composed of sandstone, siltstone, mudstone, and shale.
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Bedrock aquifersepresentnany of the major aquifers pumped in Alberta, including the
Paskapo@quifer and Bearpaw Formation (Barker et al., 2013). Although data are available from
many bedrock aquiferthis study focusesnthe Paskapoequiferand seven smaller aquifers in
southern Albertain addition to the many surficial and buried valley aquiéer®ss the province,

all of which are described further below
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Figure 6: Map ofaquifertypes in Albertdbasedon geologial sedimentlata(from Lemay and Guh2009).Map

was constructed by combiniingformation fromrasterimages ofelevant geographicahaps and GIS information
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Figure 7: Map ofhydrogeologically significant buried valley aquifers, bedrock valley aquifers, and drift aquifers
from Lemay and Guh&009).

2.1.3.1: The Paskapoo Aquifer
The Paskapoo aquiferiis an extensivéaleoceaformationspanning a large portion of

Alberta(Figure 2). The Paskapoo Formatiancomposed primarily afiltstone and mudstone

units withfine to coarse grainefdacturedsandstone units between thehme thickness of these
sandstone units variesjth an average thickness of 6.5m and a maximum thickness of 50m
(Grasby et al., 2008T.his large, heterogenous aquifer is divided into three sections: the Haynes
Member, the Lacombe Member, and the Dalehurst Member. The ratio of sandstone to siltstone
and mudstone varies between these three units, with the productive Haynes member being
comprised of 7690% sandstone and-BD% mudstone (Grasby et al., 2008). Borehole data was
used to determine the thickness of coaysened sediment layers in the Paskapoo Fm., mapping
out potentially productive areas for well construction (Lemay and G@@®)2The borehole
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compositional data illustrate the productive nature of the aquifer; layers of transmissible coarse
grained material are found throughout the Paskapoo Forn{&igure 8).

Pumping in the Paskapoo aquifer is common; it contains the largest number of wells
compared to other Alberta aquifessipporing a growing population in a region where no new
surface water allocations will be licensed (Grasby et al., 28@3he major citiesverlying the
aquifergrow, the Paskapoo aquifer wibe under increasingressure to supply watd?rojections
suggest that the population of Alberta will grow to 7.1 million people by 2051, with 81% of
expected to live within the CalgaBdmonton orridor, much of whiclovelies the Paskapoo
aquifer (Government of Alberta, 2023hus,demand for groundwater from this aquifer is likely
to increase over time.
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Figure 8: Map of hydrogeologically significant bedrock sedimenth&éPaskapoo and Scollafbrmations(from
Lemay and Guh2009).The Scollard Formation underlies the Paskapoo Formation.
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2.1.32: Southern Alberta Aquifers
Various aquiferand permeable formatio@sesituated in the southern area of Alberta,

underlying thesemtarid agriculturalregion Here the Milk River aquiferthe Bearpaw
Formation, the Lethbridge Valley aquifer, the Oldman aquifer formation, the Mud Valley
aquifer, the Lea Parkquifer,and the Porcupine Valley aquifare consideredn descending
stratigraphic orderhe BearpawQldman,Lea Park, an#ilk River Formations overlyone
arother, although they are not connected hydraulically, with other formations being present
between themThese confirdand semiconfinedformationsare composedf bothpermeable
units such as sandstonadasiltstone, and impermeable units saskhale(Figure 9). Of these,
the Milk River aquifer is the mostell-knownand iscomposed mostly of sandstoaguiferand
shaleaquitarddeposits (Meyboom, 195%revious gidiesindicatedgroundwater pumpinn
confined sections of thdilk River aquiferis unsustainabl@étréet al., 2019Pétré et al.,

2016) If pumpingincreass due tochanges iprecipitation antbr temperature (Famiglietti,
2014),depletioncould acceleratélhe Porcupine Vallegnd Lethbridge Valley aquifeese not
included orFigure 9, with information on these aquifesparseWells currentlydrilled into
seeminglyimpermeable formationsuch as the Bearpaw or Lea Park Formatiores/ be
pumping from small sandstone aquifesandbetween shale bed§hey are thus worth studying
as it is possible that they are susceptible to being depleted more quickly compasaalyo
permeable sandstone formations such as the Milk River aquifer. Their depletion could also
accelerate the depletion of nearby permeable stratiow from leaky aquitardenters into the
systemas a response to pumping

Age Lithology Group and Formation| Member Designation Aquifers

Quaternary Sand, Gravel, Clay, Silt Surficial Deposits Upperand Lower Permeable Aquifer

Miocene Conglomerate, Sandstone Cypress Hills Formation Permeable Aquifer

Tertiary Sand, Silt, Shale, Coal, Sandstone, . Dalehurst Member Permeable Aquer
Paleocene Mudstone Paskapoo Formation Lacombe Member Impermeable Aquitard

Haynes Member Permeable Aquifer

Sandstone, Shale Scollard Formation Permeable Aquifer

Shale, Coal Horseshoe Canyon Formation Permeable Aquifer
Sandstone, Shale, Siltstone Bearpaw Formation Impermeable Aquitard

Dinosaur Member Permeable Aquifer

Sandstone, Shale, Coal, Siltstone | Oldman Formation |Upper Siltstone Member Permeable Aquifer

Upper : Comrey Member Permeable Aquifer

. Campanian - :

Cretacious Birch Lake Member Impermeable Aquitard
Sandstone, Siltstone, Shale Foremost Formation Rlet?ne (}reek Member| Impermeable Aql..utard

Victoria Member Permeable Aquifer

Brosseau Member Permeable Aquifer
Santonian- Shale, Siltstone, Mudstone Lea Park Formation Impermeable Aquitard

Campanian | Sandstone, Siltstone, Shale, Coal Milk River Formation Permeable Aquifer

Figure 9: Stratigraphic lithology of regions in southeAiberta (adaptedfrom Mumpy & Catuneanu 2018iamdi
and Goita, 2028 showing how many of the southern Albdaianations overlie each othestratigraphic
formations of note are th@ypress Hills, Paskapo®&earpaw, Oldmarnk-oremostMilk River, and Lea Park
Formations.
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2.1.3.3: Surficial and Buried Valley Aquifers
Surficial and buried valley aquifers ardatively shallow silt, sandor gravel aquifers

that are closer to the surface compared to bedrock aqBiaisd valley aquifeformations are
alluvial river valleyswhich had previouslgarved through the bedrock surfak&ing the
Tertiary Periogdnow overlaid with coarsgrained materialsuch as sand and gravel in deeper
strata, ananud-rich till in layers closer to the surfafeemay& Guha, 2009Cummings et al.,
2012. These river valleys were filled in with till during tiiguaternary Period following
glaciation periods ithe provincethe exact composition of which vesdepending on location.
For example, buried valley formations closer to the western side of the province are rich in
gravel till from the Rocky Mountainsvhile those on the eastern smntaina higher percentage
of mud and san@Cummings et al., 2012Although the size and shape of buried valley
formations vary, thesrmations were much larger than modern day alluvial riveits, widths
spanning tens of kilometeamddepths reachingp to 160m deep (Cummings et al., 2012).
Theseformations like surficial aquifer formationgre found across the province of Alberta
(Figure 2; Figure 7).

Surficial aquifers and buried valley aquifers are important to study as thdistiteuted
across Alberta andommon across much of the agricultural lawneklls drilled into surficial
aquifers are less costly to drill and operate than those in deeper baduiieks due tobeing
relatively shalloweand thus easier to construct. Thus, surficial aquészdikely to be more
intenselyexploredas solutions tduturewater shortagesShallower surficial wells are more
likely to rundry compared to deeper wells duritiges ofdrought due to declining water tables,
overpumping, or both (Jasechko & Perrone, 20@acAllister et al. 2020;Calow et al., 2010
Thereforejt is important to studyeooveryin surficial aquiferdo prevent the risk of future
depletion. Additionally, many wells tapping surficial aquifers are located directly on tayhadr
aquiers(Figure 2). As such, the surficial aquifers mbg hydraulically connectetd the deeper
aquifers and depletion to one may affect wdtarels and recharge in another
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Chapter 3: Methods

3.1: Monitoring Well Data

Several provincial and federal databases comalmlicly availablemonitoring well water
level data for analysis, bone ofthe besandmost complete databasen Canad# maintained
by the government of Albertahis database, known #s Groundwater Observation Netwprk
or GOWN, currentlycontains the water level data tbl59wells, 3@ of which areactivdy
monitoring water level§Government of Alberta, 2024The database algwovidesimportant
information,such as thaquiferin whichthe well isscreenepwell elevationwell depth,basic
lithology, geographical coordinatesndaquifer type (confinedr unconfined) Additional
informationon theaquifers such as aquifer lithology, depth, and tyweregatheredas
necessaryrom the Groundwater Information Network (GIN) datab@Ssoundwater
Information Network, 2024)This databaseontainsinformationsuch agpublished studies,
aquifer fact sheetsnaps,and datasetsom the Canadiafederal government, vario@anadian
provincialgovernmets, as well as the USGS

Thelarge numbeof monitoring wells ithe GOWN databasarescreenedor further
study consideringhe following criteriaMonitoring wells in agricultural areas are identified
based on geography; thus, wells outsidmajor agricultural areas are not considek&@lls not
considered thumcludes those locatetbrth of Edmonton, and the Rocky Mountains on the
western border of the provinc&reas with a large number ofonitoring welk in a small area
are notconsideredo provide as broad an overview as possibldis stage of studyrhe
resulting dataset consists of 282lls which were considered for further analySike selected
wells arethenorganized based omeverafactors,includinglocation,aquifer,presence and
guality of water level dataandagricultural significance

Data qualityis determined by examining the hydrograph of each well overaide
classiing it into one of six categorig3able 1). The factors contributing to this determination
includethe n nés® of the hydrograph datéhe presence and length of data gaps, the number
of pumpingsignalsand the length and quality of water level recovery data following those
inferred pumpingeventsFor instance, ydrographawith continuous data arrécording
numerous pumping episodes resultingnmooth recovery and drawdown curaes labelled as

AExcel l ent 0. | rdiscentnoouswates level datee filldd with waisé dfod with
no discernable recovery or drawdown cursese | a b e | |cerd falsro.bseBadiebled
wells with data considered AExcellento or

interpretation of water level response to pumpirte tabulated classification for each well is
provided in Appendix B.

T h egriculéural significance o f isadefineglereas the proximityof a given well
to agriculturalands, such as cropland or grazing fielalssed on several criter@® assessed
using satellite imagery provided by Google Ea@oggle,2022. Wells located on or within
approximately50 meters of an agricultural field were deemedcagiurally significant as are
thoselocated inrural agricultural tows (e.g.a small towrof approximately 34 km2,surrounded
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by agriculturalfields). In contrast, wlls where agricultural fieldare notpresent within
approximately200meters (such as in wooded areas, hills, or large towns and afges)

classifiedas not agriculturally significanAn advantage of usingater level data frorwells in

agricultural areas is that if the major use of groundwater in the area is for irrigation, there will be

a strong seasonal pumping signal, such as increased pumping in the summer monthgrand little
pumping during winter month3his increases the chance for wells to have longer, uninterrupted

recovery curves with which to studgased orthesecriterialisted 12 wells labelled as
AExce,Jand&’we d |l s | abell ed as AGoodo are analyzed

Table 1: Data qualityrubric for screeningsOWN monitoring wells.

Category

Criteria

Excellent

Good

Nearly Good

Fair

Poor

Unusable

Multiple smoothrecovery curves present. Data is mostly continuot
throughout, with little to no noise.

One or two smooth recovery curves present. Some are smooth w
others are noisy or choppy. Most other curves are of good enougl
quality for analysis.

One or two smooth recovery curves present. Most other curves ai
good enough quality for analysis. Contains either excessive noise
patches with no data, or both.

One or two good or fair quality recovery curves aexdessively
noisy or choppy data. Little to lots of noise present. Good years
usually span a couple of decades, with other decades having poo
unusable data.

Little to no recovery curves present, if at all. Shows some potentie
certain areas but no hofi easy data analysis.

Data cannot be used for analysis. Either too noisy, too fragmente:
water level dat#s notpresent at all.

3.2: Identifying and Plotting Recovery Curves

Hydrographdort he r emai ning AGoodo and AExcel
identifying, normalizing, and anaiyng water level response to pumping and other stressors for
individual pumping eventdany of theGOWN wells were drilled between the 1960s d@80s

ent i

andhad monitoring equipment installed between the 1980s and 1990s; thus, several decades of
water level data are commonly availab¢hile the monitoring wells havearying years of

water leveldataacross their operating lifetimés examine pumping datde.g, distance to the
pumping well or exact timing of pumpipthatcould beused to determinénydraulic parameters
(e.g.,hydraulic conductivity are not availableHowever,otheraquifercharacteristicssuch as
the presence or absence e¢lmargeboundariescanbeidentified usinghe methods describedaly
Butler et al.(2013),includinginterpreting loglog and semlog graphs ohormalizedrecovery
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data This is accomplished by consideritige entirewell hydrographo identify likely pumping
eventsandtheassociated drawdown anecovery curvesvith continuous datd.ikely pumping
eventsn water level data are identified as a pronounced periadtHr level declingtypically

in spring or summer monthsnmediately following a period of relatilyestableor risingwater

level measurementi a sermiarid province such as Albertaaovery curves due taigation
pumping offseasons are easy to identiiypminently rising within the hydrograptear by year
Thisismor e easily i dentifiable in curves | abell ec
cl assi f i e dalsacentaimdasily idegtifiable recbvery curves. If applying this method

in a wetter region, or during wetter periodprecipitation events magicrease the difficulty of
identifying recovery curvesadding additional noise to the hydrograph. Despite ithigation
pumping seasons are identifiable in a hydrograptvithin a given monitoring wellhese events
generally occur at consistetithesyear by yearwhether in a wet or dry yedn regions where
pumping signals are more frequent, or only last for short amounts of time, recovery curves will
still be identifiable, as these pumping signals will still occur with regular frequency relative to
the overalhydrograph andouldbe discernable from noise caused from irregular events such as
changes in barometric pressuPeimping signals may be difficult to detect if the monitoring well
is farther away from thpumpedwell; in this case, the pumping signal would get lost in the
surrounding noise, and no recovery curves worth analysing would be present within the
hydrograph.

Recovery curves are identified by a dramatic rise in water level following either a period
of pronounced decline, or stagnation in water level following a pronounced dideirfead been
identified as a pumping eveliitor each recovery curythe precise datgime, and depth of the
lowestwater levelbefore the water level rises identifiedand recordedlhe end of the recovery
curveis likewiseidentified as the highestater level before water levels either begin to decline
again or stagnate. The foempftenoccursif not enough timeslapsedor the water level téully
recoverbefore pumping resurseEachrecovery curves thenisolatedandnormalizd, with the
time and water level for the start of tteeoveryset to0 daysand 0 m, respectivelfeach
normalizedrecovery curve is plottetthree timesusinglinear, sentogarithmic and loglog
axes as is typical when analysing pumping test results and residual drawdown curves (Kruseman
and de Ridder, 1990)0g-log plotsareoftenusedfor evaluatingrecovery but oftensemilog
plotsaremoreuseful; as such, both seihog and loglog graphs are plotted for each linear
recovery curve to aid in analysis (Kruseman and de Ridde).1®fre is taken to make sure
that for a given well, each @k recovery curvelotsdisplay the samaxs scalesothat recovery
curves can be superimposed onto each other if desired.

3.3: Graphical Analysis of Recovery Curves

Thelatetime behavioof recovery curves for each welle subsequently anagd for
changes in signalsrecoverysignalsbecomeweaker which is used tadentify indications of
rechargeinflow, or groundwater miningrhe plotted ecovery curvesre similar to plotted
pumping testshutwe assume imaginary recharge is occurange the pumping ceases.
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Recharge subsequently occurs quite rapidly and overslimaes downthe behavioresembling
aresponseimilar to a Theis curvélhe superposition of water injection into the system is
assumedwith the subsequent response of the recovery curve and changetiméabehavior
analysed taleterminesvidenceof boundary conditions such as a recharge boun&agharge

refers towater infiltrating from the subsurface to replenish groundwater stores, such as through
precipitation.ldentifying areas where theaneasily or frequentlypccur (zones of recharge) is of
main focusHere, nflow refers to groundwater replenishment from other sources in the
subsurface, such as lateral inflow from adja@emtconnectedquifers or formations, or inflow
from adjacenandconnectedeaky aquitards.

The method useith this researcto evaluate andlassify recovery curvplotsis based on
themethods outlined by Butler et #2013 andButler et al.(2021), where recovery curves are
analysedin a qualitative fashioby analysingthe response of drawdown versus time in linear,
semtlog, and loglog spacePlotting recovery (oresidual drawdownfollowing a pumping test
is commonly dongoften in semilog or loglog space, to glean information about aquifer
conditionssuch as transmissivity, storativity, efKruseman and de Ridder, 19%0geze and
Cherry,1979;Hall, 1996;Weightand Sonderegger, 200Ihequalitative graphical analysis
method useth Butler et al.(2013 andButler et al.(2021) are based on thfactice using
recovery curve data from monitoring well hydrografihgain insight on boundary conditions
affecting well response to pumping signals, notably recharge bound&riasalysing the
patterns displayed hyonitoring well recovery curvammediately following the cessation of a
pumping signalit is possible to determine whethtee behavior of a recovery curve is displaying
signsof a nearby recharge boundafhus, evenn the absence afnformation onnearby
pumping wellsthe presence of recharge in an area surrounding a monitoring well can be
determind by graphically analysing recovery curve hydrografainghe signs ofvater level
recoverybeingmore tharexpectedas described below}his methods employed unchanged in
this research, differing only by the choice of application, doingese withhundreds of
monitoring wellhydrographs ovedilarge, provincial area

The type of response displayed by & c o v e r y -tine behagidr detetmasétse
classification asthe Theisrecoverysignal fadescompared witlothersignak. A recovery curve
indicatingrechargeor other inflows( i e n h acoverg gvouldeiselinearly throughouthis
time after the Theisecoverysignal endsintil the next pumpingnduced drawdowriThis change
in slope is distinct compared to the Theis curve, rendering it easy to idgmgfye 10a). If it is
not continuous at the same slope throughtwdtuations in water levedould bedue toother
naturalor anthropogeniprocesses occurring in the region

Recovery curves that flattexs theregional signal takes overdicate full recovery and
systemin equilibrium and ar e c¢nhabreceverd (Figure 10@). S hisitypeoof
recovery curveodos | ate time behavior response
response compared to cur veSomewellssnaynbthavaeltheas @ en
recovery signal completely flatten, but rather appear to have progressed far enough that other,
stronger signals should have taken ovdaia time A monitoring well with a majority of
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recovery cur v emsalrecdverg sii i d ie dhe taensmimedmtely around the
well is notlikely a recharge zone, althoughdoes nonhecessarilyndicatethat the aquifeis in
danger of depletion in the long terAlthough beyond the scope of this paper, further research
can be conducted on wellhere amajority oftherecovery curvesrec | assi fi ed as fino
r e ¢ o Yoeassgse thesk of aquifer mining. By comparing water levels at the beginning of
pumping with water levels at the end of recovéng, risk of groundwater mining and lotgrm
depletion can be ascertained.
Results arénconclusive ifrecovery curveso not follow either othe abovepatterns,
rather appearing tchange its behavipeven if only for a short period of tinfEigure 10c). For
example, fiarecoverycurve flatteis out for only a relatively short amount of tirbefore
continuingtorecover it wo ul & choen cll. &ubsenari@bid thigwhere the
recovery curve flattens out before rising agamay not represent the actual full recovery of a
system due to external events such as pumping from a distant well. Ag sacmotbe
accurately discesdwhatis occurringin this curvewithout further informationRecovery
curves are also considered inconclusive if they only span a short amount of time of 20 days or
less as this is typically not enough time to idengdyher the full normal recovery oecharge
signals When examining the ldyographs, it was clear that at least 20 days were required to
successfullycharacterize recovery curvésnally, if a recovery curve in a giveanonitoringwell
spans a shorter amount of time compared toa t aveeafaledd\erytime, then it islikely to
becl assiimé¢ edclassiiveo, depending on how | arge t
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Figure 10: Examples of recovery curves and their classificatiahg&xamples of recovery curves whegeovery,
inflow, or replenishmenis presen{ fi e n h a n c e d b) Examples & regovedy curves whergexovery

inflow, or replenishmenis preseh
absencef recovery, inflow, or replenishmenis inconclusive.
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Chapter 4: Results

Water level data fro@92wells areclassifed with data from74 (25.34%) meeting study
criteria andsuitable for graphical analysigxcellent, Good, or Nearly Goodable 2). Recovery
curves, 785 in total, are then analyzed for the 49 wells with the most suitable data within the
AExcell entd and f Go o dl Ofchese dpwells,i3@veellsivitkimthe ndi ces
Paskapoo aquifer, southern Alberta aquifers and surfigiafex categories areonsidered for
furtheranalysis with ten @7.78%), seven (19.44%) and 19 (61.11&t)nitoringwells analyzed
in each section, respectivelyhe surficial aquifer category contains the nmasnitoring wells
compared to the other tvamuifercategoriesa total of 11@vells, compared tet3 and 31 wells
in the Paskapoo aquifer and southern Alberta aquifers, respectiasigver,only 18.97% of
the surficial aquifer welhydrograpk are classified @& E x c e | | e n t tbe lowest aim@o o d 0
the three selected study site sectidngontrast25.58% of the totaPaskapoo aquifer section
wellsarel abel | ed as i E xwith&2.26%onthe®outharn Afbéta aqditer,
sectionin those categorigg able 2).

Table 2: Distribution of GOWN monitoring wellghat meet study criteriand their data quality
classifications.

Well GOWN Wells Paskapoo Southern Alberta  Surficial

Category Amount (%) Amount (%) Amount (%) Amount (%)
Excellent 12 (4.12) 0(0.00) 1(3.23 7(6.03
Good 51 (17.47) 11(25.59 9(29.03 15(12.93
Nearly Good 11 (3.77) 6 (13.95 0(0.00) 2(1.79
Fair | 66 (22.60) 8(18.60 6(19.39 15(12.93
Poor| 41 (14.04) 7(16.28 10(32.29 9(7.76
Unusable 111 (38.01) 11(25.59 5(16.13 68(58.62
TOTAL | 292(100) 43(14.73) 31(10.62) 116 39.73)

Normalized recovery curves are compared with the idealized classification recovery
curves (e.g.Figure 11). Generally, recovery periods in each well occurred outside of irrigation
pumping seasons, although recovery periods within pumping seasons didroigation
pumping seasons in the province tend to start during spring or early summer, and end in the fall
or early winter (Appendix C). These are difficult to identify in the analyzed monitoring wells
because pumping was not consistent from well to @refear to year. For one, relatively lower
amount of groundwater is used for irrigation compared to surface water irrigation. Secondly,
indications of seasonal irrigation pumping in surficial well hydrographs are muffled by the
influence of surface watétigation on surficial aquifer water levels. Finally, singular, regular
pumping seasons are infrequent in Alberta due to the varying agricultural uses for water, such as
the many different crop types grown in the province. Below, highlights from thésrésuthe
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three study areas are described, broadly noting patterns of recovery, and monitoring wells with
prominent hydrographs and/or recovery curves. The length of time and magnitude of recovery of
prominent recovery curves are compared with other recovery duoveshe same well, to
determine inconsistencies or patterns.

Recovery curves showing evidenceeohanced recoveryre found in wells across the
three chosen study sites and are discussed bEladence folincreasing water levels beyond
normalrecoveryis present irat least oneecovery curve foeach well analzed, except for the
Medicine Hat North_3050 monitoring well, whichdeachof its threerecovery curves classified
a sin ¢ o n c | (Table 4% ia Appendix C6). Two of these are classified as sagthey span
less than 20 days in lengthor most wellsevidenceof enhanced recoveig presentin only a
small percentage @écovery curves anatgd althoughfor some wellsevidencdor enhanced
recoveryis present in nearly every recovery curve aredyTable 3).

Table 3: Percentage of recovery curve category results for each monitoring weltehaly
Category with highest value per welliisbold lettering

Section/Well  Rechargeor No evidence Inconclusive

Inflow Present  for recharge results
(%) or inflow (%) (%)
PASKAPOO 50.72 10.87 38.41
Cynthia Shallow_099: 57.14 14.29 28.57
Crestomere Lake Obsl 02 54.55 0.00 45.45
Rocky Mountain House Shallow_09¢ 28.57 14.29 57.14
Sundre South Shallow_09¢ 57.14 28.57 14.29
Elnora#7_0127 36.36 13.64 50.00
Irricana 2376E_022: 46.15 11.54 42.31
OkotoksLand Fill 2378E_0217 54.55 45.45 0.00
Paddle River 811-A_0345 57.14 0.00 42.86
Raven 871_0384 68.18 0.00 31.82
Warburg 2185E_031! 45.45 0.00 54.55
SOUTHERN ALBERTA 48.33 10.83 40.83
Foremost Town_022 40.00 0.00 60.00
Del Bonita 763_0101 57.89 0.00 42.11
Orton 1514E_011: 23.33 23.33 53.33
McNally_0110 25.00 0.00 75.00
Viking 2600E_0298 78.95 5.26 15.79
Mud Lake 1537E_011: 51.35 13.51 35.14
Okotoks 051 South_078¢€ 50.00 0.00 50.00
SURFICIAL 37.54 8.09 54.37
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Milk River 56-1_0103

Hays East_305!

Hays 2523E_027!

High River 2580E_027!
Kirkpatrick Lake 863 East_023(
Many Springs_036-

Medicine Hat North_305(
Rockyford 3026

Waterton Dam #5_010

Watino 2353E_036¢

La Crete 2447E_038
Innisfree2403E_023E

Leedale Shallow_302
Bruderheim 2343E #1 North_01
Bruderheim North_306¢
Cooking Lake 1348E North_ 01t
Devon #2 North_301(
Carmangay West_301

Cypress Hills 2293E_010

AVERAGE

38.46
50.00
100.00
18.18
47.83
50.00
0.00
25.00
15.38
35.71
5.56
52.27
57.14
57.89
16.67
45.83
35.42
20.00
10.00

42.03

23.08
0.00
0.00

18.18
0.00
0.00
0.00
0.00

23.08

10.71

11.11
6.82
0.00
5.26
0.00

12.50
4.17

40.00

10.00

9.30

38.46
50.00
0.00
63.64
52.17
50.00
100.00
75.00
61.54
53.57
83.33
40.91
42.86
36.84
83.33
41.67
60.42
40.00
80.00

48.67

24



Rocky Mountain House Shallow Well, 2019/06/02 to 2019/07/07

Recovery Curve, Time (normalized) V.5. Water Level (normalized). Linear Plot Recﬂvel'y or Inflow Present
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Figure 11: Linear recovery curveamparison between exampfeom the dataseion left) and the idealized graphs
(on right). a) Paskapoo aquifeRocky Mountain House Shallow_0980 well and an ideafieedhanced recovedy
curve. b)Southern Alberta aquife®r t on 1514E_ 0114 werhdlirecaverd anrSudickbh t) zed n
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aquifersinnisfree 2403 _0235wedind an i deal i zed ®urficial agnifersRockyford 3026 well r v e . d |

and an ideali zedAlficvughs omcl asi veot hberf¥iegure in a), the ki
behavior late time, where rathéman continuing to rise, the recovery curve stagnates for a short amount of time

before ending. This period of stagnatitmalrecovesp tbouot short
spoil s the ehhansediedovetyat Tlows a¢fliattiiscdbhebduasvao.

4.1.: Paskapoo Aquifer
Indications ofaquiferreplenishmentvorth further investigatioare observed in each of

thetenPaskapo@quiferwells analyed (Table 3), butrecovery curves showing evidence of
A nmoalrecoverp are found in 60. 00% o®verdllhesdenaegfari f er 6 s
enhanced recoveiyg observed in 50.72%ndi nrmal recovergin 10.87% ofall recovery
curvesanalyzed from the Paskapoo aquifesur Paskapoo aquifer wells consistently recorded
only periods ofienhanced recovedyr have data that are inconclusive, never recording
recoveries classified @&n o r ma | 0 MTaple 3). Thesewvells are: Crestomere Lake
Obsl1l 029XTable 11in Appendix C), Paddle River 81-A 0345 {Table 18in Appendix C},
Raven 871_0384 Table 19in Appendix C)}, and Warburg 2185E_031%4dble 20in Appendix
C1). Monitoring wells with consistent results such as these are the exception, however.
Forexample data from thérricana 2376E0223well (Table 16in Appendix Q1)
indicatesinormal recovergy during 19951996 19961997 and 19981999(Figure 76, Figure
78, andFigure 80in Appendix D6).Prior to2004,instance®f enhanced recovetgvelswere
seldom, interpreted in only 23% of the recovery curves analyaddinstances ohormal
recoveryinterpreted in the same amouvitithin this period, two recovery curves from the
moni toring well are classié¢liassiabi @eénhanicedr m;
and six are c¢l as $aoréxangs twaracovéry carees fnrom this period,ere.
from 1992 and one from 199097 demonstrate the differeree e en b et ween f@Anor ma
recoveryo and A e nddaringctlasdimegFgued Eigung 18). Thesatwo e
recovery curvesliffer in late time responseesulting in different classificationélthough the
recoveryperioddiffersin length of time (spanning21days and®04days, respectively)t is
evident byl00 dayghat their behaviors are differentith the formerecovery curveshowing
signs of enhanced recoveiyigure 12), and the lattecurvedemonstrating normal recovery
(Figure 13). After 100 daysthe recovery curve ih992(Figure 12) continues to riséo a
maximum recovery of 0.30 ndeviating from the standard Theis curesponsgwhilst in 1996
1997 Figure 13), it starts to plateaundicating a normal recovery resporagter a maximum
recovery of 0.53 mAfter 2004, thereare en r ecovery ceanhancedsecavddya S s i f i ¢
zero cl asmmdlrecovergp , aganidnd ouffi rcd ;arscBefdra2@ddetha.s
average recovery curve lengdhl40days, and maverageecoveryof 0.40m. Additionally,
water levels during this time decline froecovery curve peak to peakan average @¢50m
per yearjndicaive of groundwater mining in the regiom 1992 Figure 12), water level at peak
recovery in this monitoring well was 9.94 m below ground surface, while in F9§6ré 13),
the water level at the top of the respective recovery curve was only 11.90 m below ground
surface After 2004, the average recovery curve length 2#sdays, andheaverage recovery
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seen in recovery curvéscreased t®.83metersCompaed to thel40-dayaverage seen prior to
2004,therecoveryobservedn recovery curveat 140 days after 2004 @s71m, on average
Water levelsafter 2004also rose an average @E9 m per yeafin respect to surface level) the
end of each recovery curve peakowing yearly nglenishmenbf theoverallsystemover time
Another example i©kotoks Land Fill 2378E217(Table 17in Appendix CJ, where
five recoverycurves arelassified asinormal recoverg. These five recovery curvémvean
average length of time d#6 days, and an average recovenl@8meters.This isintermixed
with six recovery curves classified as showing evideri@hanced recoveryhich span an
average ofL77days anchave an average recoverylo83meters While thewell itself islocated

adjacent to &andfill, theremainingsurrounding area imainly agricultural

Recovery Curve, Time (normalized) V.S. Water Level (normalized). Linear Plot.

14

Irricana 2376E Well, 1992/08/16 to 1992/12/15.

Irricana 2376E Well, 1992/08/16 to 1992/12/15.
Recovery Curve, Time (normalized) V.S. Water Level (normalized). Semi-Log Plot.

Irricana 2376€ Well, 1992/08/16 to 1992/12/15.
Recovery Curve, Time (normalized) V.S. Water Level (normalized). Log-Log Plot.
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Figure 12: Recovery curve plots for Irricana 2376E_0217 well, 1992/08/16 to 1992/12/15. Recovery curve
classified as &nhancedecovery.

Irricana 2376E Well, 1996/08/26 to 1997/03/18. Irricana 2376E Well, 1996/08/26 to 1997/03/18. Irricana 2376E Well, 1996/08/26 to 1997/03/18.

Recovery Curve, Time (normalized) V.S. Water Level (normalized). Linear Plot.
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Recovery Curve, Time (normalized) V.S. Water Level (normalized). Semi-Log Plot.

Recovery Curve, Time (normalized) V.S. Water Level (normalized). Log-Log Plot.
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Figure 13: Recovery curve plots for Irricana 2376E_0217 well, 1996/08/26 to 1997/03/18. Classifiedrasl'no
recovery.

4.2: Southern Alberta Aquifers
All monitoringwells in Southern Alberta aquiferadicateinflow, recharge, or an
otherwise upward trending water level beyorwdmal recoveryalthough the frequency vasje



with48.33%0 f r ecovery c wemhanees recovewyiNgrma recevery a s i
conditions are observed iaaovery lydrographs fronhree of the sevewells. (Table 3). The
otherfour wellsareForemost Town_022(Table 24 in Appendix C3) Del Bonita 763_0101
(Table 25in Appendix C3) McNally_0110(Table 27 in Appendix C3) andOkotoks 051
South_078Table 30in Appendix C3) Most recovery curves fdforemost Town_0221 and
McNally 0110ar e cl assi fi ed acontdinmangrecovery curses thad gpanas t h e
20 days or lesdt was not possible tdetermire the presence or abseraferecveryor recharge
in these shontecovery curves.
One monitoring well screened in the Oldman aquifer in this region, Viking 2600E_0298
(Table 28in Appendix C3, is somewhat unusual due to a single recovery cuithen its
results This well has 78.95%f its recovery curves classified@se n han c e d(Table3),over y o
butrecordsonly oneinstancenvherenormal recoverys presentduring the winter of 2012014
(Figure14).Thi s recovery curveodos | ength afhet iwed,l 6X42
datasetthe average recovery length for the Viking 2600E_0298 well recovery der2es
days. It also falls within the minimum and maximum spans of timeiseen t he moni t or i n
recovery curve datasett41 and 310 days, respectivelyerecoverymagnitude i9.11meters,
below theaverage recovery @.14metersforthismoni t ori ng wel | 6s dataset
Another well of note ishe Orton 1514E_011inonitoring well located in the Lethbridge
Valley aquifer Table 26 in Appendix C3. This wellhasan equal amount of recovery curves
c | as s iehharced reaavedyfi a modnalfiecovery, at 23.33% eachr@ble 3). Normal
recovery curveappeatboth early at the start of data recording in 1985, and later imitlée
hydrographhoweverthe frequency o€ ur v e s c leaharcddfecoeetly dsc ieases af
2011 This contrasts withthelrricana2376E_0223 monitoring weith the Paskapoo aquifer,
wherer ecovery cur erancedileawtyi & ri e dmarafeerd@04 mmo n

Viking 2600E Well, 2013/10/28 to 2014/06/27. Viking 2600E Well, 2013/10/28 to 2014/06/27. Viking 2600E Well, 2013/10/28 to 2014/06/27.
Recovery Curve, Time (normalized) V.S. Water Level (normalized). Linear Plot. Recovery Curve, Time (normalized) V.S. Water Level (normalized). Semi-Log Plot. Recovery Curve, Time (normalized) V.S. Water Level (normalized). Log-Log Plot.
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Figure 14: Recovery curve plots f@ldman aquifeViking 2600E_0298 well, 2013/10/28 to 2014/06/27. Results
show evidencthat normal recovenys presentduring ths time

4.3: Surficial Aquifers
In generalmostrecovery curves anatgd forsurficial aquifethydrographs are either
c |l as s iehhamced regavedyii o r A i n cTabte 8)] au33.54% e 54.37%,
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respectivelyHydrographs foreveral of the surficial wells analyzage worth highlightingdue

to outliers withn theirrecovery curve result patterns thereirf-or instance, th€ooking Lake

1348E North_015"onitoring well(Table 54 in Appendix C§ hydrograph haa period of

sevenyears, betweeB001 and 2008yhereno signs okenhancedeveryareidentified,

althoughthreeare classified as inconclusifieetween 200£2007) Recovery curves occurring

during 20012004 Figure 694; Figure 695in; Appendix 11§ and 20072008 Figure 699in;

Appendi x | 16) ,norma recovery ahe iedovely eudvebetvgeen2001 and 2008

have an average length of time2¥6days and an average recovern@df7 meters. In contrast,
theaverage length of timefalr ecovery curves in thlé6daggni torin
and the average recoveryd0metersPrior to 2001 and after 2008 coveryperiodsare

cl assi f i enthaneedreoevetly hcerr fii nconcl usi veo, rmawi t hout
recovery. A similar trend isobseredin the data fromhe High River 2580E_028Monitoring

well (Table 42in Appendix C§. The firstanalyzedrecovery curven 1994is classified as

fienhanced recovenyFigure 481in; Appendix 19. Following twelve-yeargapin recovery data
thereisalongstretckf r ecovery curves c| abegnniigin@eras ei t |
A nrrmoal recoverp beginninginkZ006 Recovery cur vermalrecoverg siaf eed as
observed i2017and2018(Figure 486 Figure 487in; Appendix |14. The final recovery curve
observed in the dateanh a nnc e2d0 (Egered8hiseAmytodisi4.i f i e d
The two recovery curves | a s s i frina récowerg, ong m @017 and one in 201shan31

daysand82 days and have recovasof 0.79 and0.73meters, respectively. In contrast,

recovery curve$or High River 2580E_028%pan an average length of times@fdays,with an

average recoveryf 1.16 meters.
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Chapter 5: Discussion

5.1: Method Validity
The method introduced here is useful for identifying ate@svestigate more closely for

groundwaterechargereplenishmentr inflow across a large region. For example, standard
monitoring well water level data from Raven-870384 Table 19in Appendix C1) in the
Paskapoo aquifer, Viking 2600E_029&ble 28in Appendix C3) in a Southern Alberta aquifer,
and Innisfree 2403E_023%4ble 50in Appendix C6) in a surficial aquifer eaphovidegood
examples othe insights possible on the presence or absence of rectepigmishment, or
inflow in the area near a monitoring welitivlong-term,good qualityhydrographdata Water
level data from these wells are available for around thirty years, with an average ofeigainty
recovery curves suitable for analysis. Recovery curves are analyzed for the presence of
deviations from normal recovery, with water level increases above those expected potentially
indicatingrechargeor inflow to the aquifersResults shw thata signal that could indicate
enhanced recoveryg present and noticeable for most of the recovery periods observed for each
well. This signal isevident in 68.18%, 78.95%, and 52.27% of the recovery curves for Raven 87
1 0384, Viking 2600E_0298, and Innisfree 2403E_0235, respectivabg 3). Thissuggests
that information on the presence oftramgein a given area around a monitoring well can be
obtained using this approach. Older monitoring wells with water level data spanning decades
have a higheprobability of recording recovery curves that are suitable for anallasl
characteristics includeontinuougecoverycurvesthatspanseveraimonths While this study
focuses on individual wells spread across the landscape, multiple wells inestaélished
monitoring site could improve insights inteetbccurrence of recharge.

With longer term dataemporalpatterns in recovergurve classificatioman be
identified such ashe patterns seen monitoring well results discussed in ChapteFdom
there, additionalesearch can b@nductedlepending on the hypothesized reasons for these
patternsin the Paskapoo aquifer, for example, the Okotoks Lan@BN8E_0217Table 17in
AppendixC1) monitoring wellrecovery curvefiuctuate between showing evidencesohanced
recovery andnormal recoveryThese banges in remverycould be due to shifts in demand for
water over time in thaearbylandfill, or local or regionathangesn the water levetiriven by
precipitation from year to yeaor changes in crop type or agricultural practicethe
surrounding landdn thesouthern Alberta aquifers sectiorg.9%% of the Viking 2600E 0298
(Table 28in AppendixC3) monitoring weld s  aed eetoyery curveareclassified as
fienhanced recovedyThewell6 secovery curves display sign§enhanced recovethroughout
the hydrographwith strongindicationsof arechargéboundaryin thearea around the Viking
2600E_0298 well. Tis pattern is not observelliring 20132 0 1 4 6 s wi ncureer r ecover
possiblydue toexcessive pumping aveather factors preventingglenishmentTherecovery
curves for theOrton1514E_011Inonitoring well(Table 26in Appendix C3 areclassified as
fienhanced recovedy, but t he frequency odynormarecevenss over t
observedrom 2011 tothe present daylhis couldbedue to excessive pumping during this time,
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modifying the reoverytrends of that section of Lethbridge aquifEnereverse situatiors
observedn the Irricana2376E_0223nonitoring well in Paskapoo aquiféFable 161in
Appendix CJ, where recharger replenishmenis sparse before 2004, and more frequent
afterwardsThe Irricana2376E_0223nonitoring well results are discussed furthahin this
section Similar observations are matte the Cooking Lakel348E North_0157Table 54in
Appendix C6)andHigh River2580E_0287{Table 42in AppendixC6) surficial aquifer
monitoring wells Within the recovery curve results for these welksriodswhere the recovery
curves are | a s s i norma kkcovzey ardamidst periods of time where recovery curves are
c | a s s i ehhareceld removedyirurther research would be required to determine whether this
is the result of normal annual fluctuations, or actual rechamggent within the system.

Hydrographs, and the recovery curves within them, can have cdragcteristicsvhich
make thenuseful for detecting the presence, or absenceabiargeThese characteristics are
based on observations from thlberta GOWN monitoring well database; as such, they may
vary slightly depending ottheregion or databader which this method is usett.is preferable if
themonitoring well hydrographspanat least a decade identify yearly pumping patterns and
changes tohte system over time, such as changes in yearly pursgnglsor normal annual
fluctuations in water levePumpingand recovery events are preferably reg@anual cycles
fully continuousand pronounced comparamthe overall water level over time. THiglpsto
distinguish recovery events from naqises well agor identification oftheir start and end points
within the hydrographRecovery curves should span at least 20 days, and prefbestlyeast
60 days long. Thiaidsin classifying recovery curveshorterintervals tend to be inconclusive,
as changes to water level within a small amount of time could be due to noise, rather than due to
recovery in the systerAs discussed in the methods, a minimum of 20 days were required in
order tosuccessfullyclassify recovery curve3here is no maximum lengtf time for a
recoverycurve where, past that, classification becomes difficult. The longer a recovery curve
spans, the easier it is to determiogresence adrechargedboundarywithin it. Therelative
magnitude of a recovery cureempared to the normal water level of the examined monitoring
well, from its beginning to itpeakbeforethe nextdrawdown occursshould be prominent
compared to normaloisefluctuations in water level seenits corresponding hydrograpfihe
recovery curve should have a sustained rise or latency periogrefedablynot end sharply or
suddenlywhich allows one t@roperlydeterming he recovery curveods devi
to the Theis solution curvelydrographs and recovery curves with these characteristics have a
higher chance of providing excellent monitoring well data @inefit for analysis, and a lower
chanceofrecoer y curves being classified as fiinconcl

Certain characteristics can increase the <c
(Table2)or fAi n c dTalle3)urecoveryecarved-or example,lsould dawdown begin
too suddenhafter a recoverypegins it becomes difficult to determineliéchargeds present, as
waterlevel changes driven by recharge are weaker than those driven by either early pumping or
early recoveryDiscontinuous sections within a hydrograph or recovery curve render it unusable
for analysis, as temoves crucial information necesséoy classification. Depending on the
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| ocation of the discontinuous section,t it cou
or end pointsthefull magnitude of recovengr distinguishrechargérom normal water level

fluctuations A hydrograph thais filled with noise( f or exampl e, as a result
barometric efficiency and response to barometric pressure chafigesjvhich recovery and

drawdown events are impossible to distinguistcomes difficult to use for analys&milarly,

if a recovery c wvey s e smalagative to otltereeveat$ withiretioe

hydrograph, the curve blends into the noise and become impossible to piRpmmthese, a

minimal amount of recovery curves canitéentifiedfor analysis.

Usingmultiple recovery curvefrom either a single well or multiple welils combination
with each other, it is possible to piece togethmaporalpicture of the presence or absence of
rechargewithin a large areshowever, the results ametegrations over time and space ane
not able to provideecoveryclassificationgor a precise location or tim&ecovery curve
analysigs applied for the entire length of time that the recovery curve spans. Assgych of
recoveryon a smaller scale, such as withwo weeksor less cannot be precisely determined.
Likewise,as applied hereecoverycurveresults are for monitoring wells that are located an
unknown distance away from an unknomumberof pumping wellsvith unknown pumping
schedulesWhen a recovery curve is classified as showing signs of recliacga,be assumed
that recharge is occurring relatively close to the nooimgy well, butthe precise location relative
to the monitoring well cannot be ascertain@dsults are only produced from monitoring wells
with suitable recovery curve data for analy&8sps are present iocationswheremonitoring
well data are notClassification of a given recovery curve can also be subject tocgrb@come
subjectivef the curve is difficult to anale. This is due tdhe noise and ambiguity of certain
hydrographs, the uncertainty surrounding the cessaticlassificatiorof punping signals as
well as the unknown timing or presence of additional pumping esanmsunding the anatgd
monitoring wells As such, aecovery curve classified as inconclusbyeoneindividual, may
show theindicationsof recharge to anotherhis is nottypically a significant issuehowever
whenarecovery curve is difficult to classifihe uncertainty lies in whether itétassified as
Ai nconcl ué#iswmpodtantaa nota that difficulty in classifying a recovery curve is
proportional to how much noise is presenthe dataThe smoother a hydrogragind its
subsequentecovery curveare the higher thg@robabilitytheywill be classified as either
fienhancedecovery  aarmafirecovery .

The overall validityand accuracgf this method of identifyinghe possiblepresence of
rechargéboundariesn an aquifercan be evaluatettirough a comparisonith the literatureThis
study indicate evidenceor recovery or replenishmertin be observed in at least a portion of all
wells screened in the Paskapoo aquifer. This finding is supportegrieyiousstudyin which
resultsfound that recharge for the aquifer occurs awest ofits projected surface argeather
than as focused recharge in select locat{@rasby et al., 2008 significant downwards
hydraulic gradient is present in the aquifer, suggesting much of the inflows to the Paskapoo
aquifer originate from the surface (Grasby et al., 2008 is further supportelly resultsfrom
a previous studindicatingthatrecharge irthe Paskapo@quiferis driven largely by winter
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snowpack melt, as well as infiltration in topographic depressions (Hayashi and Farrow, 2014).
Recharge in topographic depressiarmild indicatefocusedrechargeo the Paskapoo aquifer,
rather than over a large ar@dthough results indicate theahhanced recoveiy Paskapoo was
present throughout the aquifer in eatlthemonitoring wels examined, this study does not
compare results with topographic features, anal@mclusionon the correlation between them
is not possibleSurficial aquifer monitoing wells overlaying the Paskapoo aquséould have
quicker responses fwecipitationdriven rechargevents compared to the Paskapoo aquifer
wells, which are in deeper, confined sandstone layi¢ris would beguicker than recharge
mechanisms typically seen recharging confined aquifers, suofiags fromleaky aquitards
and other connected aquifer unitsigation-driven pjumping and @charge evenire obvious
within a longterm hydrograph despite irregular events sudarge scaleprecipitationevents,
drops in barometric pressure, €lbis isdue to their regular nature aptbnounced curve
relative to the ones produced by irregular events, which in comparison appears @sigumise
15).

However,in some locations, shorter than ideal recovery periods, resuitingonclusive
classificationsresultsin less definitiveconclusionghanfound inthe literatureAmong the
surficial wells analyged, Cypress Hills 2293E_0107T4#ble 57in Appendix C§ has recovery
curves spanning from 19r@élretoeerpl 9 W7ejni9Béftireda per
(Figure 762in Appendixl19),anda p e r enbahcedrecovitgoy i dent i fi ed dur i ng
(Figure 769in AppendixI19). The remaining recovery curvé0.00%)identified within the
monitoring walrlebs | aydrn d g re@®pclavery ciirvesforehiswédllu si veo.
have an average spafitime of 35 days, and an average magnitude of recovef/8meters.
The inconclusiveecovery curves span aneadge of37 days with an average recovery 083
metersAt 18 days,lhiere c o v er y ¢ ur vesharmcdd acsoseby$ sharter thanghe i
recommended lengthf 20 daysandhas aelow averageecovery of0.65meters. The recovery
cur ve c | asmlirecdavergds alacsbeldwrawerage terms of length of time and
magnitude of recoveryndspars 31 days anchas arecoveryof 0.52meters.This is in contrast
with results from a previous study, which indicate that recharge occurred in the region
surrounding the monitoring wel/l during this t
groundwaterecharge in the local watershed (Ophori and Téth, 198@)likely that the short
recovery periods are affecting the classification of the recovery clmisshighlights the need
for hydrographs with recovery curves of suitable quality and length when performing this
method of analysis. Should this method be applied to a database with unsuitable data, the risk of
obtaining discrepancies in results increases

5.2: Method Applications
This method is suited for providing an initial overview of the presafi@hanced

recoveryor rechargen an agricultural regigraspumpingsignalsrelated to irrigation are more
easilyseem n a monitori ng wel fedularfrequerty aodysizea frdm trksee t o
agricultural monitoring well hydrographs, recovery curves can be easily isolated and analyzed
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for the presence of recharijeundariesThese results caubsequentlype used to pinpoint areas
for further research~or examplemonitoring wells in a aquifer or watersheate analyged with
this method to determine the presence of recHamgadariesand results indicate that mery
or replenishmentould beoccurringin a portionof the region studiedrurther research can then
be conducted on that smaller region usmgthods that are commonly uded identifying the
presence of rechardgmundarie®n a smaller scal@dditionally, this methoctaninexpensively
determine the presenceretcharge boundariewer a large areasit can be performed as part of
a desk study. Equipmergupplies and travel expensesquired forfield methodssuch as
pumping testsare notecessarwvith this method, whiclsimply requires tim#abor,acomputer,
and availake existingmonitoring welldata.As such, this method can be fully completedoors
andwithout anyextrafield work. This methodutilising recovery curves preferabldor analysis
compared taonstant discharge results obtained dugagping tests as it assumes a constant
recovery, which iglifficult to maintainand recordn drawdown curvesompared to sustained
recovery curvegkruseman and de Ridder, 1990).

By detecingchangesim s ur r o u n cpumpigg habésgonionng well
hydrographs and the analysis of their recovery curvepatmtially detect chang@s surface
recharge tgroundwaterln agricultural regionggroundwater recharge is potentially affected by
the presence of surface water irrigatiyndiverting surface water flowgotentially modifying
existing recharge patterribhis is likely to be significant with surficial aquifers, which are closer
to the surface compared to bedrock aquifers, and so are more likely to be sensitive to changes in
recharge from surface infiltratiorThe extensive and wedlstablished irrigation infrastructure
found within the regiorcould also affect both recharge and recovery cuiviggire 3). Recharge
in southern Alberta surficial aquifers was foundeé enhanced by the presence of fractures in
the overlying till formations (Hendry, 1983}hanges to this till layer, such as with the
construction of irrigation infrastructure or tilling the land for crop growth, may influence the rate
of recharge of surficial asther relatively shallow aquifers southern AlbertaDifferent surface
water irrigation scheduleand flow through canals and lateraleuld be reflected in the
recovery curve analysis resulfhe presence of agricultuceuld alsanfluence rechargdo
Southern Alberta aquifers; areas cleared out for croplanthagesee anverallincrease in
recovery cur veanlsancedrdce/edypue ® theidflueace of Agricultural practices
on surface water infiltratiorScanlon et al2008; Scanlon et al., 20LBy comparing
monitoring wellrecovery curve analysis results within iatgdareaswith thelocationand
operationof nearby irrigation infrastructuréye effect of surface water irrigation on groundwater
recharge could be identful

The effects of changes in groundwater management on groundwater recharge and inflows
can be identified using thimethod as theyare recorded imonitoring wellhydrographsFor
examplewaterpolicy change# the nearby town of Irricanaearthe Irricana 2376E_0223
monitoringwelll r ef erred t o subsequent,taysedansticedlller r i c an a
change within the hydrogra@nd the recovery curveghe Irricana monitoring welhydrograph
is characterized by a clear pattern of annual pumping and recovery cycles, with two distinct long
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term trends: initially, from 1981 until 2005, groundwater levels decline, followed by an increase
that slows and perhaps stabilizes after 2Figure 15). Prior to 2004the water level in the well
declined an average of b per year. Afterwards, the water leviskes an average of 0.59 per
year.Recovery curves between theég® periods differin average length of time and magnitude
of recovery, a seen in the result§he larger than expected lobgrm groundwater decline
resulted from a misunderstanding of safe yield amounts estimated during pumping tests
conducted in the | at eToaléwgdodnsiwaleMNevaetmrrezaer,et al
Irricana made the choice switch its water supply to surface water, ceasing pumpiatj sit
pumping wells in the town in 2005 (Munroe, 201B)e Irricana monitoring well is located
approximately km northwest of Irricana and its pumping wells, which are located within an
area approximately 1 kmz2 inside the town (Munroe, 2088&asonal pumping is stdbserved in
the Irricana monitoring well hydrograpindicatingcontinueduseof groundwater for irrigation
in the area

A likely explanation for the observed recovery is lateral inflow from other parts of the
Paskapoo aquifer, from leaky aquitards, or from other, smaller connected units. Recent
meteorological recharge is most likely ndaeye contributing factodueto the depth of the
Haynes member and its position underndéla¢hLacombe member, a formation consisting
mainly of impermeable units such asidstone andhale(Hughes et al., 2017)
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Irricana 2376E Well, Time V.S. Water Level Below Ground Level. Linear Plot.

4
6 i

’E\ Decrease of groundwater level

— 8 due to excessive pumping.

T>J " 4

> |

= ' |

© Ly 'y

: V)

310

G

_3 ; Aquifer recovery after

o} . 7

S V1A 2005, parflally due to

T>’ v | N recharge/inflow.

]

)

- Y

]

o

©

s

iy
H
‘

-
16 \ ‘l:- WA MY
! \J
"
18
2/18/82 8/11/87 1/31/93 7/24/98 1/14/04 7/6/09 12/27/14 6/18/20 12/9/25
Time (Days)
Irricana 2376€ Well, 2007/08/15 to 2008/07/23. Irricana 2376E Well, 2007/08/15tw0 2008/07/23. lrricana 2376E Well, 2007/08/15 to 2008/07/23.
Recharge Curve, Time (normalized) V.S. Water Level (normalized). Linear Plot. Recharge Curve, Time (normalized) V.5, Water Level (normalized). Semi-Log Plot Recharge Curve, Time (normalized) V.5. Water Level (normalized). Log-Log Plot
14 1a 1
Changing rates of 1 Consistent recovery rate at

recovery present late time, indicative of

groundwater recharge/inflow Recharge boundary likely as

steady state is not observed

ecovery (m, Normalized)
covery (m, Normalized)

Recovery (m, Normalized)

Re:

Summer months

R

Winter months

40 0 4 80 120 160 200 240 280 320 360 01 100 1000 00 1000

10 10 1
Time (Days, Normalized) Time (Days, Normalized) Time (Days, Normalized)

Figure 15: Annotated graphs showing the decline antsequentise in water level over time in the Irricana

2376E_0223 monitoring wellhe wellis screenedt 60.67 m in the Haynes member of the Paskapoo aquifer, a

confined portion of the aquifer comprised of shale and sandstone units that are relatively deep compared to surficial
aquifers (Alberta Government, 2024n analyzed recovery curve, shown in the red circle of the main plot, is

graphedon linear, semiog, and loglog scales This hydrograph demonstrateewlong-term hydrograph trends in

conjunction with recovery curve analysisresultsoah f er i nsi ght on a well 6s overall
information together than if examined separately.

5.3: Opportunities, Challenges and PotentiaBolutions
While recovery curvesre the focus of this studg similar approachould be usetb

evaluate drawdown curves from these hydrographs for boundary conditframglown curve
analysistarges the periodin monitoring well hydrographehen pumpingstarts,and water level
subsequentlgtart to declinelt follows a similar process as recovery cuaraalysis anavas
previously utilised in a study to identify and arrgydifferent boundary conditions a section of
the High Plains Aquife(Butler et al., 2013Butler et al., 2021)The latterstudy analyzed
drawdown curvelastingup tothree years, which is longer than the majority of drawdown
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curvesfound in GOWN wells considered in this stuthowever, given the successidéntifying
the presence of rechargeundariesvith theshortemrecovery curves produced from the azaly
monitoring wells, it is reasonable to assume ihsights would be possible frosiorter
drawdown curveaswell. Drawdown analysisouldalsoprovide information omecharge
boundariesas well as information on other boundary conditicugh ashe presence of
confined,unconfinedor semiconfined aquiferg¢Butleret al., 203B; Butler et al., 2021)
Utilising acombination oboth drawdown and recovery cuniasa studycould increase the
confidence in interpretatiorabtained morethansolely usingdrawdowncurve data, due to
possible changes in pumping rate, and difficulty in knowing when nearby pumpingeasks
pumping.

There are challenges withethpproachapplied hereFrst, a large amount of well data
needs to be considered to increaseptiobability of obtainingsuitable recovery or drawdown
curvesfor analysis Of theinitial pool of 292 monitoringwells, only 74 hae suitable data for
analysis ranked as fAExcellent ai thGomndy e fiMedrhley
A Goodo c with enfy@6fronettse three study stdreagTable 2). While adatabassuch
as the GOWN database provides a large quanttityonitoring well datagepending on project
goals,this abundance of data takes a considerable amount of time to screen and \Woibess
future projects could streamline the process by automating some steps, the process will likely
remain timeconsumingFinally, it waschallenging tdind recovery curvesuitablefor analysis
within the database, #éisey were limited by short recovery periods and incomplete water level
recordsNearlyhalf of the recovery curves anagd 48.67%we r e ¢ | aiscsoi nfcileuds iavse oA,
and were thus unfit for analygi$able 3), whichfurtherindicateshatthis method could be
challenging to apply wheonly a limited number of wells or recovery cunage availableMany
recovery curvesre classifiedsinconclusive as the data are noisy or imperfége to factors
such as short recovery timdshis method is thus limited to an area where there is sufficient
suitable monitoring well data. Should monitoring well data be unavailable, or if the water level
dataaretoo noisy or discontinuous, then large areas of land or periods of time cannot be assessed
for the presence of recharge or groundwater infl@anbined with the previous drawbacks, it
can be difficult to get sufficient suitable data for analyBsmitigate these issuasmight be
possible to identify additional monitoring well data not accessible in publicly available
databases. For instangmvernmental and acadenmstitutions may have monitoring well data
thatarenotreadilyavailable onlineNew monitoring welinstallatiors arealso possible, but at
considerable expense awduld not initially provide significant temporal information

This method functions best in regions with strong pumpimdjrecovengignals which
generate long, sustainezhd uninterrupted recovery perigds such, agricultural regions where
mostgroundwatepumpingoccursseasonallyor irrigation purposes is ideal for analysis.
However,recovery curves agricultural regionsnay not alway®ccur dudo the cessation of
pumpingfor growing season irrigatio®ther water usesiay cause shorter pumping and
recoveryeventswhich would generate shortendincomplde recovery Reasons for pumping
that may interrupt larger recovery curves includes pumping water for oil and gas production,
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supplying watefor livestock,pumping groundwater from a nearby municipal well, €rtain
crops are also harvested multiple timesgrexving seasonather thann one harvestsuch as
alfalfa or hay recoveryin nearby monitoring wellgvould thus commengest beforethe crop is
cut andonce again cease mggation pumping resumegd his isevidentin Alberta, wheranany
different types of crops are growfigure 5). Surface water irrigation systems, such as canals,
can also affect recovery curves water from the canasd lateralseeps into the earth through
leaks, or through surface irrigation by farmeks.suchrecovery curves present in agricultural
regions may noalwaysbelong enough forsuitableanalysis Additionally, trying to pinpoint
specific agricultural events to signals seen in hydrographs is often difficult. This variance in
recovery eventsanma ke pi npointing pumping seasons with
hydrograph history difficult. Some monitoring wells, suctiPasidle River 811-A 0345 (Table
18in Appendix CJ, Milk River 56-1_0103 Table 39in Appendix C§, Viking 2600E_0298
(Table 28in Appendix G3), and High River 2580E_028T4dble 42in Appendix C3, have
regular pumping seasons that commence in the spring or summer. Others, however, such as
Crestomere Lake Obs1 029laple 11in Appendix C}, Warburg 2185E_0313 able 20in
Appendix CJ}, and Foremost Town_022Tdble 24 in Appendix C3, have pumping seasons
that vay throughout the year, and findirgliscernable pumping season pattern within their
hydrographss difficult. Additionally, certain locations have natural water level variations
greater than the variatiambservedrom regular pumping signalé&\pplying this methodn these
locationswith wetter climesvould thus bechallengingaspumping and recovery signals are too
small to overcome these variations to be properly obsemweédlassified
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Chapter 6: Summary and Conclusions

This study evaluates the use of routinely collected groundwater level data ffaare,
publicly availablemonitoring welldatabasérom the provincial Government of Alberés a
resource for identifying the presence of rechdogendariesn aquifers. Previously installed
monitoring wells angbublicly availablearchived datareutilised, demonstrating the valuable
information thatareavailablein such databases. This study includes wells drilled in shallower
overburden aquifers as well as deepecky, confined aquifersBy using previously recorded
hydrographs from available monitoring well data, an overvieth@presence otcharg
boundariesn aquifers across the province of Albedadentifiedby graphically analging
recovery curves present within the hydrograptosusing on agriculturally significant portions
of the province, the study broadly deternsimaeeas for further studpr possiblerechargeover
large areas in a cesffective manner compared to commemaller scalenethods of
determining rechargeoundariesvithin a region.This method requiea comprehensive
database aionitoring well hydrographs to increase the chance of obtaining recovery curves that
are suitable for analysias not all monitoring wells will record data that is foé@oise,contain
continuous dateor both Of the 292 monitoring wells originally sorted for this study, ofdy
have hydrographs suitable for recovery curve analysic | assi fi ed as HAExcel | e
ANear | ywittd®@taed 6 | ed as 0 Exc el zedimthiststudy©f thésGaaiad 6 an a
from 36 wellsarefocused on for further analysis and discussioa to theitocations in
important aquifes within the province: the Paskapoo aquifer, southern Alberta aquifers, and
surficial aquifersThe method is successful at identifying the presence oVeeg, inflow or
replenishmenivithin the aquifers studied, wigtnhancedecveryidentified in97.22%of the 36
analyzed monitoringwellRe cover y c ur vmencusivedare anfoftunaeety as A
commonwithin the datasetrepresenting 48.67% of all recovery curves arelyThis is due to
factors such asxcessivenoise,or insufficientrecoverytime or magnitudejn themonitoring
well hydrographs that a@vailable for this study

With thismethod, it is possible to gain a general understanding of the presence or
absence of recharge over a large area westigging monitoring wellvater level data, whether
from deeper or shallower weils overburden aquiferdhe influence of changes in groundwater
pumping in a region, such as due to policy changes, can also be identified within the hydrograph
and recovery curve analysiEheseresults can be used to determine where further efforts and
research is necessary on a smaller séasuts from this methodanbe compared with climate
data, agriculturatnanagement practiceand irrigation data to determine if any correlations exist
between these and recovery curve classification reglitmugh acomprehensive datasait
monitoringwell hydrographsrerequired to get a worthwhile understanding givena r e a 6 s
hydrology, it does provide a use for continuously logging monitoring well data that may
previouslyhave had littleanalysis performedf using this method elsewhere, such dtedent
provinces, it is important to have a large, complete set of monitoring well data available to
increase the chance of obtaining suitable recovery curves ta@engys method would not
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work well in areas where monitoring well datieesparseor hydrographs include significant
discontiruities Userswould also struggléo appl it in regions where the aquifers within are not
well studied asaquifer parametersuch as spatial extent, hydraulic conductivity, lithology, etc.,
provide important context for further interpreting classified recovery curve results.
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Chapter 7. Recommendations for FutureWork and Research

A smallpercentag€16.78% of the292 GOWN database monitoring weléereened for
studyt hose categori zed as,asanahedinthifiskudyduetotinent 06 or
constraintsFuture workrelated to this study coultbnsider weldataratedi Near | y Goodo o
A F &, which would increase the percentage of wells studidd 85% Within the study
further analysigind discussiowas conductedn the 36 wells from the Paskapoo aquifer,
southern Alberta aquifers, and surficial aguafezctiors. Additional analysisand discussion
could be performed on the other aquif@feserecovery curves were anabd for recharge
such as the Horseshoe Canyon aqudethe Peace River Valley section aquiféfeke GOWN
database also includescal areasvith numerous monitoring wellghich areomittedfrom
analysishere furtheranalysiscouldbe conducted tmspectall the data from thesmonitoring
well fields. Additionally, only the recovery curves of monitoring well hydrographs were utilised
for analysis drawdown curves within the hydrographs were not aealyHowever,a similar
methodcan be applied to drawdown curtesdetermine the presence of rechdrgandaries
withinamo ni t o r ihypdgograpehdlothesboundary conditions such as ghesence of
confined, unconfingdbr semiconfined aquifersFuture researcbould utilie this method on the
drawdown curves of thetudiedwellsto compare theefindings with the results produced from
the recovery curve datthereby increasing the confidence of subsequent interpretations and
conclusions
Future research can be conducted to determirerélationsexistbetweerremvery
classificationsdentified within this studyandpotentially influencing factorsuch as
environmental or geographicadtors These includelimatevariability, agricultural practices
such as surface water irrigation infrastructyaicy changesor geographical featuresuch as
topographic depressions surface water sourceSomparing recovery cuniaterpretations
with the influence of common agricultural practices on rechargédberta is also recommended.
Research has beereviouslyconducted on the effects of irrigation practices on groundwater
recharge (Arumi et al., 2009; Katz et al., 2016; Liu et al., 2011; Porhemmat et al;, 2018)
conducting hese types of studie@th data from this method is recommended.
Researching@ential orrelationsbetweendentifiedareas of recovergnd external
influencescan help infornstudiesor guidesfor aquifer sustainabilityn Alberta For example,
determiningthe amount ofgroundvater which can be safely extracted per aquifer per growing
cycle, warning signs to look for in hydrograph and recovery data, and how to respond should an
aquifer become overdraw@®nce correlations or lack thereof are identified, this information
could be usedly the provincial governmet improve vulnerability estimates and develop
resource management plangeduce th@robability of groundwater depletion in Albertevith
climate change rendering surface water quantities uncertain and increasingribesoof
drought,it is likely that regions such as southern Alberta will use more groundwater as surface
water irrigationsourcesleplete It would thus be worthwhile to compare well recovery curve
analysis results with available climatataandor droughtindicesto determinevhether there is a
correlation between #m Additional research on the links between analysis results and aquifer
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vulnerability is also recommended; information obtained from deeper analysis of the recovery
data can be used as part of an aquifer vulnerability asses&wramtiningshorterscalerecovery
curve classification results in conjunction with largeale hydrographend their longterm
trendscould help farmers and agricultural practitioners determine whether they can extract more
or less groundwater over time for their fieldfe level of analysis required to examine this is,
however, beyond the scope oistpaper, andouldbe conducted in future research projects.
Similar researclfor the other two Canadian prairie provinces, Saskatchewan, and
Manitoba,would be informativegiventheir similar hydrolithology and agricultural challenges
due to climate changelowever,obtainingpublicly available monitoring well data for these
provinces is challengindn addition to water level data availabilifyirtherbasicresearch on the
aquifers in the three Canadian praprevincess needegwith currentinsufficientinformation
beingavailableon theirhydrogeologiqarameterssuch as transmissivityydraulic
conductivity, spatialextent,groundvater production rates, efthe methodpresented in this
studybenefits whermydrogeologianformation such as these aforementioned hydrogeologic
parametersare availabldor reference and analysihis aids in tk furtheranalysis of results;
for exampleanalyzing obtained rewery curveresults for the Paskapoo aquifeeasier
comparedo lesser studied aquifers, due to the breadth of research havingreegmusly
performed on the aquifeSuggestions include fully mapping aquifershe Canadian prairies
and making this dataublicly available for further researcaswell as increasing the amount of
monitoring wells presemwithin these regions
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Appendices
Appendix A: SupplementalMaps and Information on Alberta, Canada

Annual Total
Precipitation
of Alberta,
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Figure 16: Total annual precipitation (mm/yeair) Alberta from 19712000, from Alberta Agriculture, Food and
Rural Developmen005).
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Appendix B: GOWN Monitoring Well Aquifer Classification Tables

Table 4: Classification of analyzed Paskap&quifer monitoring wells.

Well Location Data well Qizfi?y
Llstegé\(j\merln Identification PAlqugrl Depth Elevation River Basin Drill Date Category Ag_r 'Cl#l.tura",g
Name aceain Longitude Latitude (m) (m) (See ignificant?
Table 1)
Paskapoo
Cynthia Aquifer (due
None Listed Y to location, | -115.5908735| 53.36302932| 34.75 | 960.1481 Unlisted 201303-16 Good Yes
Shallow_0992
- sandstone
lithology)
Crestomere Paskanoo
Paskapoo Lake ap -113.9724026 | 52.74520015| 134.8 924.626 Battle River 198910-30 Good Yes
Aquifer
Obs1 0291
Paskapoo
Mzzﬁlgin Aquifer (due
None Listed House to location, -114.9247474 | 52.27333882| 28.96 1003.964 Unlisted 201301-07 Good Yes
sandstone
Shallow_0980 ;
lithology)
Paskapoo
Aquifer (due
’ Sundre South | to location, .
None Listed Shallow_0983 sandstone -114.5609521 | 51.9194477 | 28.04 1090.717 Unlisted 201212-20 Good Yes
and shale
lithology)
Paskapoo/Lacombg Elnora Paskapoo Red Deer
Member #7 0127 Aquifer -113.6424342 | 51.93813164| 45.7 1025.167 River 19620523 Good Yes
Paskapoo/Haynes Irricana Paskapoo Red Deer
Member 2376E 0223 Aquifer -113.6141024 | 51.33197541| 60.67 922.015 River 198511-17 Good Yes
) Okotoks Land
PaskapooWillow Fill Paskapoo | 1139767346 | 50.65048110| 427 | 1163345 | BowRiver | 19851121 | Good Yes
2378E_0217 q
Paddle River Paskapoo Athabasca
Paskapoo 81L1-A 0345 Aquifer -115.1226687 | 53.86222039 73 727.4149 River 1981-07-30 Good Yes
Paskapoo Raven87 | Paskapoo | -114.6837494 | 5205720766 36.6 | 1065.086 | “oaD°" | 10871002 | Good Yes
W;rbur North
Paskapoo g Paskapoo -114.23472 53.11728 17.7 850.95 Saskatchewar] 198306-30 Good Yes
2185E 0315 River
Table 5: Classification of analyzed Horseshoe Canyon Aquifer monitoring wells.
. Data
. Location Data )
Listed Well . Well . Quality .
o e Aquifer Elevation . . . Agriculturally
Aquifer in Identification Placed In Depth (m) River Basin | Drill Date Category Significant?
GOWN Name Longitude Latitude (m) (See Table g ’
1)
Horseshoe Barons Horseshoe| ;13076509 | 49.99204816 | 19.81 | 964.897 | Oldman River| 19710301 Good Yes
Canyon 615E_0117 Canyon
Camrose
Horseshoe Regional | Horseshoe| ;1) gs47445 | 5296838572 | 78 739.439 | Battle River | 198501-30 Good No
Canyon Landfill 85 Canyon
1 0149
North Yes (in an
Horseshoe || ¢ o153 | HOrseshoel 1435498333 53.256 22.1 737.61 | Saskatchewar 195601-01 Good agricultural
Canyon Canyon River town)
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Table 6: Classification of analyzesbuthernAlberta aquifer monitoring wells.

Well Location Data well QDathl
. I e . e . . uality .
Llstegéwll\}‘er N | dentification PAIqUIfng Depth Elevation River Basin B”" Category Ag_rlcgfl_turall})l
Name aced In Longitude Latitude (m) (m) ate (See ignificant?
Table 1)
South Yes (in the
Milk River Aquifer Foremost | Milk River | ;14 4436616 | 49.47771417| 228.6 888 Saskatchewar] 198711 Good middle of an
Town_0221 Aquifer River 01 agricultural
town)
Blood DelBonita70 | Bearpaw | ;15 g5g4106| 49.02731089] 732 | 1313237 | MikRiver | 197%%% | Good Yes
Reserve/Bearpaw 3 0101 Formation 01
Lethbridge
. Orton Oldman 199008
Lethbridge Valley 1514E 0111 Vall_ey -113.2987759 | 49.72788347 50.3 947.661 River 22 Good Yes
— Aquifer
Lethbridge
Lethbridge Valley | McNally_0110 Valley -112.732713 | 49.64014196 76.2 917.981 OFL?\?;?n 19%%_05' Good Yes
Aquifer
Viking Oldman . 199008
Oldman 2600E 0298 Aquifer -111.7898466 | 53.16117303 103.6 699.009 Battle River 20 Good Yes
Mud Lake Mud Valley Oldman 197008
Mud Valley 1537E_0112 Aquifer -113.5106857 | 49.75703806 36.58 971.031 River 20 Good Yes
. Okotoks 051 Porcupine . 200503
Porcupine Valley South_0786 Valley -113.8822442 | 50.77233916| 60.35 1073.748 Bow River 07 Excellent Yes

Table 7: Classification of

analyzed Peace River Valley region aquifer monitoring wells.
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Well Location Data well QDa}'etly
. . e . e . . uali .
Listed Aquifer in e Aquifer Elevation River ) Agriculturally
Identification Depth : Drill Date Category A
GOWN Name Placed In Longitude Latitude m) (m) Basin (See Significant?
Table 1)
Fairview 8 Grimshaw Peace
Grimshaw Gravels Gravels -117.9997805 | 56.18924458 375 673.13 - 197402-04 Excellent Yes
730340 . River
- Aquifer
Grimshaw Grimshaw Peace
Grimshaw Gravels Gravels -117.82111111| 56.18916667 37 662.034 - 196507-30 Excellent Yes
Kerndale_0339 - River
- Aquifer
Grimshaw Grimshaw Peace
Grimshaw Gravels ) Gravels -117.61 56.22611111 19.2 645.4 : 196501-01 | Excellent Yes
Mercier_0338 Aquifer River
Grimshaw Grimshaw Peace
Grimshaw Gravels Nissan 66 Gravels -117.6366667 | 56.24666667 21 650 Ri 196601-01 | Excellent Yes
. iver
10379 Aquifer



Table 8: Classification analyzed Calgary Valley aquifer monitoring wells.

Well Location Data well QDaf,";‘
. o e . e . . uality .
Llstegéwll\}‘er N | dentification PAI qugrl Depth Elevation glve_r Drill Date Category Ag_r 'Cl#l.tura"g/
Name aced In Longitude Latitude (m) (m) asin (See ignificant?
Table 1)
Canmore Calgary Bow
Calgary Valley Tourist Valley -115.3664401 | 51.107313 85.3 1315.463 Ri 200007-23 Good No
) iver
Info_0760 Aquifer
Calgary
Calgary Valley | Carseland8s |y oy -113.4668574 | 50.844665 65 960.574 Bow 198510-31 Good Yes
1_0220 ) River
— Aquifer
Calgary
Cluny 852 Bow
Calgary Valley South_0219 Vall_ey -112.8428626 | 50.854361 14.3 954.43 River 198511-08 Good Yes
Aquifer
Calgary Bow
Calgary Valley Exshaw_0759 Valley -115.1541928 | 51.058938 219.5 1291.795 River 200007-25 Good Yes
Aquifer
Table 9: Classification of analyzed Surficial aquifer monitoring wells.
well Aquifer Location Data well Qiifﬁ‘y
ngtegé\?\lljll\fer Identification Placed Depth Elevation River Basin B”" Category Ag_r |cgfl_turall}>/
In Name In Longitude Latitude (m) (m) ate (See Igni icant?
Table 1)
- Milk River 56- - oo 1956
Surficial 10103 Surficial -111.89 49.1438 7.6 991.46 Milk River 01-01 Good Yes
Surficial Hays East_3053| Surficial -111.687866802 | 49.9923535926667 10.06 744.251 Bow River (:;Z%E;. Excellent Yes
. Hays - Oldman 1988
Surficial 2523E_0279 Surficial -111.9175175 50.135247 29.26 775.146 River 1001 Good Yes
. High River - . 1990
Surficial 2580E_0287 Surficial -113.8599574 50.638372 7.92 1031.461 Bow River 0621 Excellent Yes
Kirkpatrick .
Surficial Lake 863 | Surficial |  -111.44527 51.95366 11 775468 | Sounding | 1986 | o, Yes
Creek 07-07
East_0230
) Many .- : 1981
Buried Valley Springs_0364 Surficial -115.11535 51.07367 33.8 1284.61 Bow River 0311 Good No
Surficial Medicine Hat |, fijo) | _110.67452 50.19841 6.1 70451 | saskmtaewa] 1% | Excelient Yes
North_3050 : ' ' ' River 0318
Surficial Rockyford_3026| Surficial |  -113.24593 51.18592 625 | 888.361 R;ﬁ‘vgfer éiii Good Yes
- ) Waterton Dam - Oldman 1964
Surficial/Interfill #5 0105 Surficial -113.63367 49.31964 12.2 1175.131 River 1023 Excellent Yes
- Watino - . 1985
Surficial 2353E 0369 Surficial -117.72317 55.71764 8.8 562.123 Peace River 0813 Excellent Yes
- La Crete - . 1987
Surficial 2447E 0380 Surficial -116.02278 58.22278 15.2 290.566 Peace River 07-26 Excellent Yes
Innisfree North 1986
Surficial 2403E_0235 Surficial -111.4474082 53.341765 17 650.638 Saslé?\t/(;r:ewar 0628 Good Yes
- Leedale - Red Deer 1990
Surficial Shallow 3022 Surficial -114.57716 52.53724 10.06 987.89 River 0502 Excellent Yes
Bruderheim North 1085
Surficial 2343E #1 Surficial -112.9750875 53.875871 10 619.574 Saskatchewar| Good Yes
. 0327
North_0178 River
Surficial Bruderheim | o, ficial | -112.9254166 53.862854 7.01 619.918 Sastl;)tr;ﬂewar 1991 Good Yes
North_3069 ’ ’ ’ ’ River 09-24
Cooking Lake North 1974
Surficial 1348E Surficial -112.8290187 53.38762 34 753.7785 Saskatchewar| Good No
. 10-30
North_0157 River
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Devon #2 North 1965
Surficial Surficial -113.6917627 53.388434 7.62 695.5 Saskatchewar Good Yes
North_0159 River 01-01
- Carmangay - Oldman 1989
Surficial West 3010 Surficial -113.2149306 50.097191 4.75 950.368 River 0928 Good Yes
Surficial Cypress Hills | g, ficia | -110.2517004 49.633894 144 | 1436.888 Sasﬁg':::tr?ewar 1984 Good Yes
2293E_0107 ’ ’ ’ ’ River 09-27
Table 10: Classification of miscellaneous Alberta aquifer monitoring wells.
Well Location Data well Da}_a
Listed Aquifer in denti el Aquifer € Elevation . . . Quality Agriculturally
GOWN Identification Placed In ) ) Depth (m) River Basin | Drill Date | Category Significant?
Name Longitude Latitude (m) (See 9 :
Table 1)
Dewberry Lea Park North
Lea Park - -110.5460871| 53.517606 12.2 603.474 | Saskatchewar] 1986:08-09 Good Yes
2410E_0237 Aquifer River
Ross Creek Irvine South
Irvine Valley Valley -110.4612253 | 49.988373 73.7 728.835 | Saskatchewar] 198409-13 Good Yes
2286E_0114 Aquifer River
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Appendix C: GOWN Monitoring Well Recovery Curve Classification Tables
Appendix C1: Recovery Curve Classification of Paskapoo Aquiemitoring Wells

Table 11: Recoverycurve classification of Crestomere Lake Ob&P91well, Paskapoaquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Well Recovery | giant | End Length Level Recovery | Apparent | pring . Start
Aquifer Curve Recovery from Recovery, Consistent? End Date
Name Date | Date | (Days) Recovery Date
Type from Surface m
Surface Level, m Season?
Level, m
Crestomere 1992 | 1992
Paskapoo Lake Inconclusive | 03-07 | 06-16 101 70.383 70.114 0.269
Obs1 0291 0:00 | 0:00
Crestomere Recharge 1996 | 1996
Paskapoo Lake Present 04-28 | 12-05 221 71.349 70.951 0.398
Obs1 0291 0:00 | 0:00
Crestomere, Recharge 1997 | 1997
Paskapoo Lake Present 0518 | 0827 101 71.122 70.686 0.436
Obs1 0291 0:00 | 0:00
Crestomere, Recharge 1998 | 1998
Paskapoo Lake Present 0402 | 11-21 233 71.301 70.707 0.594
Obs1 0291 0:00 | 0:00
Crestomere Recharge 2000 | 2001
Paskapoo Lake Present 06-03 | 01-05 216 70.386 70.087 0.299
Obs1 0291 0:00 | 0:00 January March
Crestomere 2001 | 2002 March May,
Paskapoo Lake Inconclusive | 11-17 | 06-05 200 70.399 70.177 0.222 Yes No and August,
Obs1 0291 0:00 | 0:00 June November
Crestomere Recharge 2002 2003 August December
Paskapoo Lake Present 12-02 | 06-30 210 70.453 69.905 0.548
Obs1 0291 0:00 | 0:00
Crestomere Recharge 2004 | 2005
Paskapoo Lake Present 0519 | 0328 313 70.212 69.774 0.438
Obs1 0291 0:00 | 0:00
Crestomere 2013 | 2014
Paskapoo Lake Inconclusive | 07-08 | 01-09 185 69.937 69.665 0.272
Obs1 0291 0:00 | 0:00
Crestomere 2016 | 2017
Paskapoo Lake Inconclusive | 08-18 | 06-09 295 70.136 69.76 0.376
Obs1 0291 0:00 | 0:00
Crestomere 2018 | 2019
Paskapoo Lake Inconclusive | 0820 | 01-06 139 70.197 70.005 0.192
Obs1 0291 0:00 0:00
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Table 122 Recoverycurve classification of Cynthia Shallov®992well, Paskapoaquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
R Water Observed Pumping
ecover :
. Y | start | End | Length Level Recovery | Apparent | ping ) Start End
Aquifer | Well Name Curve Recovery from Recovery, Consistent?
Date | Date | (Days) Recovery Date Date
Type from Surface m y
Surface Level, m Season?
Level, m
. 2014 2014
Paskapoo shcuymh&gz n Nr? 0412 | 0517 | 35 19.433 18.395 1.038
allow. echarge | v.00 | 0:00
. 2015 2015
Paskapoo Sh;ﬁf’h&gz R;r‘;zaeﬁe 0316 | 0512 | 57 19.42 18.98 0.44
- 0:00 0:00
. 2016 | 2016
paskapoo| __ CYnthia Recharge | o 19| 0614 | 26 19.431 18.998 0.433
Shallow 0992 Present
= 0:00 0:00
Cynthia Recharge 2016 | 2016 M March
Paskapoo 0823 | 0913 21 19.213 18.409 0.804 Yes Yes ay- arc
Shallow 0992 Present 0:00 0:00 July May
. 2018 | 2018
Cynthia .
Paskapoo Inconclusive | 0422 | 0520 28 19.224 18.587 0.637
Shallow 0992 ) ]
0:00 0:00
. 2019 | 2019
Cynthia .
Paskapoo Inconclusive | 0503 | 07-24 82 19.082 16.913 2.169
Shallow 0992 ] .
0:00 0:00
. 2022 2022
paskapoo| . CYnthia Recharge | oo15 | 0712 | 27 19.169 17.475 1.694
Shallow 0992 Present 0:00 0:00
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Table 13: Recoverycurve classification of Rocky Mountain House Shallow 0%,

Paskapo@quifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
R Water Observed Pumping
ecover ;
. Y | start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer | Well Name Curve Recovery from Recovery, Consistent?
Date | Date | (Days) surf Recovery Date Date
Type from urface m y
Surface | Level, m Season*
Level, m
Rocky
. 2013 2013
Paskapoo| Mountain | Recharge | o o7 oo | 4 11.11 10.291 0.819
House Present 0:00 0:00
Shallow 0980 ) )
Mlzﬁﬁlgin 2014 | 2014
Paskapoo Inconclusive | 06-07 | 06-23 16 10.442 10.173 0.269
House 0:00 | 0:00
Shallow 0980 ' '
Paskapoo Inconclusive | 06-08 | 06-23 15 10.942 10.587 0.355
House 0:00 | 0:00
Shallow 0980 ' '
Rocky 2016 | 2016
Mountain . June May-
Paskapoo Inconclusive | 0821 | 1014 54 10.728 10.418 0.31 Yes Yes Y
House 0:00 | 0:00 July | June
Shallow 0980
Paskapoo Inconclusive | 0523 | 06-20 28 10.889 10.215 0.674
House 0:00 | 0:00
Shallow 0980 ' '
vontan | no | 2018 | 2018
Paskapoo 06-10 | 07-05 25 11.198 10.635 0.563
House Recharge 0:00 0:00
Shallow 0980 ' '
Miﬁﬁlt(;/in Recharge 2019 | 2019
Paskapoo 9 | 0602 | 07-07 35 11.409 10173 1.236
House Present 0:00 0:00
Shallow 0980 ' '
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Table 14: Recovery curve classification of Sundre South Shallow_0983 well, Paskapoo aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
R Water Observed Pumping
ecover .
. Y | start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer | Well Name Curve Recovery from Recovery, Consistent?
Date | Date | (Days) Recovery Date Date
Type from Surface m y
Surface Level, m Season?
Level, m
2014 | 2014
Paskapoo| Sundre South|  Recharge | o) n ol 6 o0 | 5p 16.627 15.951 0.676
Shallow_0983 Present ) )
- 0:00 | 0:00
2016 | 2016
Paskapoo| Sundre South Recharge | 70 | 4105 | 114 17.372 16.821 0.551
Shallow_0983 Present
- 0:00 | 0:00
2017 | 2017
Paskapoo| Sundre South Recharge | o 0| heo5 | 102 16.98 16.617 0.363
Shallow_0983| Present ) ]
0:00 | 0:00 Late
2018 | 2018 Consistent Sprin
Sundre South No PrNg | \varch
Paskapool (0 0083| Recharge | 0411 | 0520 | 39 17.477 16.601 0.876 Yes ending summer, | %
0:00 | 0:00 season November
2019 | 2019 December
Paskapoo gﬁ;fgf\l%‘gg Rez‘:ar o | 0321|1202 | 256 17.553 16.7 0.853
- %€ | 0:00 | 0:00
2020 | 2020
paskapoo| Sundre Southi o clusive| 0415 | 0806 | 113 16.99 15.735 1.255
Shallow_0983
8 0:00 | 0:00
2022 | 2022
Paskapoo| Sundre South Recharge | o 0| 5e 15| 150 17.272 16.267 1.005
Shallow_0983 Present 000 | 0:00
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Table 15: Recovery curve classification of Elnora #227well, Paskapoo Aquifer

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Well Recovery Start End | Length Level Recovery | Apparent | ping . Start End
Aquifer N c T Dat. Dat D Recovery from Recovery, | o Consistent? Dat Dat
ame urve Type ate ate (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
1965 1965
Paskapoo| Enora Recharge 0322 | 0805 | 136 40539 38.343 2.196
#7 0127 Present . .
- 0:00 0:00
Elnora 1966 1966
Paskapoo Inconclusive 0310 08-09 152 40.449 36.965 3.484
#7 0127
- 0:00 0:00
Elnora 1967 1967
Paskapoo #7 0127 Inconclusive 04-08 07-03 86 38.233 36.186 2.047
- 0:00 0:00
Elnora 1969 1969
Paskapoo #7 0127 Inconclusive 0319 04-17 29 38.613 37.787 0.826
- 0:00 0:00
Elnora Recharge 1970 1970
Paskapoo #7 0127 Preser?t 0322 04-12 21 38.525 37.862 0.663
- 0:00 0:00
Elnora 1971 1971
Paskapoo #7 0127 Inconclusive 0315 0512 58 37.716 36.761 0.955
- 0:00 0:00
Elnora Recharge 1972 1972
Paskapoo #7 0127 Preser?t 03-09 04-13 35 38.275 37.558 0.717
- 0:00 0:00
Elnora Recharge 1974 1974
Paskapoo #7 0127 Preser?t 04-05 06-03 59 38.264 36.065 2.199
- 0:00 0:00 .
Elnora 1978 | 1978 Consistent /:/Iprll- March
Paskapoo #7 0127 Inconclusive 04-02 11-21 233 38.795 38.329 0.466 Yes ending ay, April,
- 0:00 0:00 season | o July- ber| Ul
Einora 1990 | 1990 eptember
Paskapoo No Recharge 03-09 0910 185 40.866 39.533 1.333
#7 0127
- 0:00 0:00
Elnora 1995 1995
Paskapoo Inconclusive 02-22 12-13 294 40.399 39.741 0.658
#7_0127
- 0:00 0:00
Elnora 2003 2003
Paskapoo Inconclusive 03-23 07-27 126 39.634 38.09 1.544
#7_0127
- 0:00 0:00
Elnora 2004 2004
Paskapoo No Recharge 07-03 1014 103 39.228 38.98 0.248
#7_0127
- 0:00 0:00
Elnora Recharge 2007 2007
Paskapoo| ' Preser?t 0322 | 0710 | 110 38.765 31.285 7.48
- 0:00 0:00
Elnora 2008 2008
Paskapoo Inconclusive 07-30 10-16 78 37.858 37.549 0.309
#7 0127
- 0:00 0:00
Elnora Recharge 2010 2010
Paskapoo 9 0308 | 0721 | 135 38.488 34.315 4173
#7_0127 Present
- 0:00 0:00
Elnora 201 2011
Paskapoo Inconclusive 04-03 07-15 103 37.731 34.029 3.702
#7_0127 0:00 0:00
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Elnora 2013 2013
Paskapoo Inconclusive 03-30 0802 125 38.195 36.377 1.818
#7_0127
- 0:00 0:00
Elnora 2014 2014
Paskapoo No Recharge 0311 0813 155 37.884 35.812 2.072
#7_0127
- 0:00 0:00
Elnora 2017 2017
Paskapoo Inconclusive 06-05 09-02 89 38.171 36.594 1.577
#7_0127
- 0:00 0:00
Elnora Recharge 2018 2018
Paskapoo 47 0127 Preser?t 04-17 05-08 21 38.04 37.863 0.177
- 0:00 0:00
Elnora Recharge 2020 2020
Paskapoo 9 04-15 09-02 140 38.736 37.553 1.183
#7_0127 Present 0-00 0-00
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Table 16: Recovery curve classification for Irricana 2378223well, Paskapoo Aquifer

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Well Recovery Start End | Length Level Recovery | Apparent | ping ) Start
Aquifer N c T Date Date Davs) | Recovery from Recovery, | pocover Consistent? Date End Date
ame urve type (Days) from Surface m y
Surface Level, m Season?
Level, m
. 1992 1992
Paskapoo 'gé%”; R;‘;Zaeﬁe 0816 | 1215 | 121 10.243 9.943 03
0:00 0:00
Irricana 1993 1993
Paskapoo 2376E Inconclusive 0811 12-07 118 10.75 10.445 0.305
0:00 0:00
Irricana 1995 1996
Paskapoo No Recharge 08-25 04-29 248 11.959 11571 0.388
2376E
0:00 0:00
) 1996 1996
Irricana .
Paskapoo 2376E Inconclusive 0525 07-31 67 12.199 12.003 0.196
0:00 0:00
Irricana 1996 1997
Paskapoo No Recharge 08-26 0318 204 12.433 11.903 0.53
2376E
0:00 0:00
Irricana 1997 1998
Paskapoo 2376E Inconclusive 0812 01-11 152 12.83 12.363 0.467
0:00 0:00
Irricana 1998 1999
Paskapoo No Recharge 0815 02-04 173 13.295 13.04 0.255
2376E
0:00 0:00
Irricana 1999 1999
Paskapoo Inconclusive 0811 10-15 65 13.986 13.597 0.389
2376E
0:00 0:00 Early
; 1999 1999 Consistent | toLate
Paskapoo| 'Mcana Recharge 1021 | 1209 49 13.738 13.503 0.145 Yes ending | Winter, | August
2376E Present . . '
0:00 0:00 season June
. 2001 2001 July
Irricana .
Paskapoo 2376E Inconclusive 09-04 12-10 97 15.547 15.128 0.419
0:00 0:00
Irricana 2002 2003
Paskapoo Inconclusive 0813 0512 272 16.237 15.509 0.728
2376E
0:00 0:00
Irricana 2003 2003
Paskapoo Inconclusive 08-18 12-10 114 16.494 15.812 0.682
2376E
0:00 0:00
Irricana Recharge 2004 2005
Paskapoo 2376E Preser?t 0811 01-19 161 16.558 15.897 0.661
0:00 0:00
Irricana Recharge 2005 2005
Paskapoo| o Preser?t 0809 | 1200 | 122 16.841 15.86 0.981
0:00 0:00
Irricana 2006 2006
Paskapoo 2376E Inconclusive 06-09 07-14 35 15.994 15.868 0.126
0:00 0:00
Irricana Recharge 2007 2008
Paskapoo 2376E Preser?t 0815 07-23 343 15.459 14.365 1.094
0:00 0:00
Irricana Recharge 2008 2009
Paskapoo g 0813 | 0508 | 268 14.776 13.727 1.049
2376E Present 0:00 0:00
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i Rech 2009 2010
Paskapoo g;‘;aané‘ P‘i‘;:eﬁe 0812 | 0629 | 321 14.178 13.194 0.984
0:00 0:00
. 2010 2011
Irricana .
Paskapoo 2376E Inconclusive 0811 07-26 349 13.625 12.273 1.352
0:00 0:00
- Rech 2011 2012
Paskapoo ;”367&6”; Per‘;s"’;rngte 0814 | 0714 | 335 12.757 11.913 0.844
0:00 0:00
Irricana Recharge 2014 2015
Paskapoo 2376E Present 0813 0318 217 10.525 9.702 0.823
0:00 0:00
Irricana Recharge 2016 2017
Paskapoo 2376E Present 0811 04-29 261 9.749 9.062 0.687
0:00 0:00
Irricana Recharge 2018 2018
Paskapoo 2376E Present 0814 12-19 127 9.338 8.526 0.812
0:00 0:00
Irricana . 2019 2020
Paskapoo 2376E Inconclusive 0812 04-02 234 9.044 8.31 0.734
0:00 0:00
Irricana Recharge 2020 2020
Paskapoo 2376E Present 0519 07-18 60 8.596 8.353 0.243
0:00 0:00
. 2021 2022
Irricana .
Paskapoo Inconclusive 0813 0331 230 9.54 8.253 1.287
2376E 0:00 0:00
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Table 17: Recovery curve classification of Okotoks Land Fill 2378E_0217 well, Paskapoo

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Well Recovery | Start End | Length Level Recovery | Apparent | ping . Start End
Aquifer N c T D Recovery from Recovery, Consistent?
ame urve Type ate Date (Days) from Surface m Recovery Date Date
Surface | Level, m Season?
Level, m
Okotoks 2005 2005
Paskapoo| Land Fill R;r(;r;zrr?te 0620 | 1231 | 194 30.534 26.695 3.839
2378E 0:00 0:00
Okotoks 2006 2006
Paskapoo| Land Fill No Recharge| 06-24 10-15 113 27.973 27.323 0.65
2378E 0:00 0:00
Okotoks Recharge 2008 2008
Paskapoo| Land Fill Present 06-27 11-12 138 29.731 28.971 0.76
2378E 0:00 0:00
Okotoks Recharge 2010 2010
Paskapoo| Land Fill Present 06-11 11-07 149 29.938 28.267 1.671
2378E 0:00 0:00
Okotoks 2011 2011
Paskapoo| Land Fill No Recharge| 0513 09-25 135 29.12 25.682 3.438
2378E 0:00 0:00
Okotoks 2012 2012
Paskapoo| Land Fill | No Recharge| 07-06 10-15 101 28.236 27.644 0.592 Yes Yes October | May-
2378E 0:00 0:00 December| June
Okotoks 2013 2014
Paskapoo| Land Fill No Recharge| 06-28 01-09 195 29.137 28.139 0.998
2378E 0:00 0:00
Okotoks Recharge 2014 2014
Paskapoo| Land Fill Present 04-29 10-20 174 28.859 26.052 2.807
2378E 0:00 0:00
Okotoks Recharge 2018 2018
Paskapoo| Land Fill Present 04-23 11-27 218 29.675 28.973 0.702
2378E 0:00 0:00
Okotoks Recharge 2020 2020
Paskapoo| Land Fill Present 05-08 11-13 189 29.538 28.333 1.205
2378E 0:00 0:00
Okotoks 2022 2022
Paskapoo| Land Fill No Recharge| 06-25 12-27 185 29.915 29.196 0.719
2378E 0:00 0:00
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Table 18 Recovery curve classification of Paddle Riverl8A 0345 well, Paskapoo aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Well Recovery Start End | Length Level Recovery | Apparent | ping . Start
Aquifer Name Curve Type Date Date (Days) Recovery from Recovery, Recovery Consistent? Date End Date
from Surface m
Surface Level, m Season?
Level, m
Paddle 2012 | 2012
Paskapoo| River 8% Inconclusive 06-09 09-07 90 19.292 19.095 0.197
1-A 0:00 0:00
Paddle Recharge 2012 2013
Paskapoo| River 8% Present 10-31 0515 196 19.364 19.04 0.324
1-A 0:00 0:00
Paddle 2013 2014
Paskapoo| River 8% Inconclusive 11-09 05-09 181 19.488 19.061 0.427
1-A 0:00 0:00
Paddle Recharge 2014 2014
Paskapoo| River 8% Present 05-26 07-06 41 19.256 19.146 0.11
1-A 0:00 0:00
Paddle Recharge 2014 2015
Paskapoo| River 8% Present 11-06 04-28 173 19.363 19.022 0.341
1-A 0:00 0:00
Paddle 2015 2016
Paskapoo| River 8% Inconclusive 09-28 04-11 196 19.659 19.167 0.492
1-A 0:00 0:00
Paddle 2016 2016
Paskapoo| River 8% Inconclusive 05-16 06-21 36 19.211 19.135 0.076
1A 0:00 0:00 May- | September
Paddle Recharde 2016 | 2017 Yes Yes July | November
Paskapoo| River 8% Preser?t 0819 0515 269 19.204 18.816 0.388
1-A 0:00 0:00
Paddle Recharge 2018 2019
Paskapoo| River 8% Present 10-19 0312 144 19.101 18.836 0.265
1-A 0:00 0:00
Paddle Recharge 2019 2020
Paskapoo| River 8% Present 09-25 05-22 240 18.887 18.543 0.344
1-A 0:00 0:00
Paddle 2020 2021
Paskapoo| River 8% Inconclusive 10-15 0524 221 18.97 18.765 0.205
1-A 0:00 0:00
Paddle 2021 2022
Paskapoo| River 8% Inconclusive 10-22 05-26 216 19.074 18.805 0.269
1-A 0:00 0:00
Paddle Recharge 2022 2022
Paskapoo| River 8% Present 06-14 07-15 31 18.888 18.83 0.058
1-A 0:00 0:00
Paddle Recharge 2022 2023
Paskapoo| River 8% Present 09-12 04-15 215 19.245 18.887 0.358
1-A 0:00 0:00
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Table 19 Recovery curve classification of RavenB870384well, Paskapoo Aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Well Recovery Curve | Start End Length Level Recovery | Apparent | ping . Start | End
Aquifer N T Dat. Dat D Recovery from Recovery, R Consistent? Dat Dat
ame ype ate ate (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
Raven 1989 1989
Paskapoo Recharge Present| 03-31 04-16 16 28.138 27.867 0.271
87-1 . i
0:00 0:00
Raven 1992 1992
Paskapoo 87.1 Recharge Present| 02-23 03-05 11 27.897 27.697 0.2
0:00 0:00
Raven 1992 1992
Paskapoo 87.1 Inconclusive 05-24 06-28 35 27.881 27.757 0.124
0:00 0:00
Raven 1993 1993
Paskapoo Recharge Present| 02-28 04-17 48 27.999 27.572 0.427
87-1
0:00 0:00
Raven 1994 1994
Paskapoo Recharge Present| 03-01 04-14 44 27.99 27.798 0.192
87-1
0:00 0:00
Raven 1995 1995
Paskapoo 87.1 Inconclusive 04-18 08-30 134 27.975 27.523 0.452
0:00 0:00
Raven 1997 1997
Paskapoo Recharge Present| 03-18 04-29 42 27.94 27.154 0.786
87-1
0:00 0:00
Raven 1998 1998
Paskapoo Recharge Present| 03-20 04-10 21 27.871 27.602 0.269
87-1
0:00 0:00
Raven 1999 1999 March
Paskapoo 87.1 Inconclusive 03-16 03-26 10 27.832 27.719 0.113 Yes Yes May, | March
0:00 0:00 July
Raven 200%- 2001+
Paskapoo 87.1 Inconclusive 0310 04-27 48 27.936 27.708 0.228
0:00 0:00
Raven 2002 2002
Paskapoo 87.1 Inconclusive 04-09 04-23 14 28.058 27.912 0.146
0:00 0:00
Raven 2003 2003
Paskapoo Recharge Present| 0318 05-15 58 28.113 27.328 0.785
87-1
0:00 0:00
Raven 2004 2004
Paskapoo 87.1 Inconclusive 03-08 04-05 28 28.056 27.917 0.139
0:00 0:00
Raven 2005 2005
Paskapoo Recharge Present| 03-03 09-30 211 28.138 27.232 0.906
87-1
0:00 0:00
Raven 2007 2007
Paskapoo Recharge Present| 03-09 07-29 142 27.815 26.555 1.26
87-1
0:00 0:00
Raven 2011 2011
Paskapoo Recharge Present| 03-29 06-30 93 28.057 27.301 0.756
87-1
0:00 0:00
Raven 2012 2012
Paskapoo Recharge Present| 0314 07-01 109 27.826 27.435 0.391
871 0:00 0:00
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Raven 2013 2013
Paskapoo Recharge Present| 0325 07-11 108 27.849 27.194 0.655
87-1
0:00 0:00
Raven 2014 2014
Paskapoo Recharge Present| 04-06 05-09 33 27.775 27.095 0.68
87-1
0:00 0:00
Raven 2016 2016
Paskapoo Recharge Present| 07-12 11-24 135 28.024 27.732 0.292
87-1
0:00 0:00
Raven 2017 2017
Paskapoo 871 Inconclusive 0315 05-03 49 27.796 27.498 0.298
0:00 0:00
Raven 2020 2020
Paskapoo Recharge Present| 04-12 0801 111 27.96 26.701 1.259
8r1 0:00 0:00

Table 20: Recovery curve classification of Warburg 2185E_0315 well, Paskapoo aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Well Recovery Start End | Length Level Recovery | Apparent | pring . Start End
Aquifer c Recovery from Recovery, Consistent?
Name urve Type Date Date (Days) from Surface m Recovery Date Date
Surface | Level,m Season?
Level, m
1985 1985
Paskapoo W;{ggrg Inconclusive | 0313 | 0527 75 9.196 8.263 0.933
0:00 0:00
1985 1985
Paskapoo W;iggrg R:g;zﬁe 0908 | 1022 44 9.441 8.949 0.492
0:00 0:00
Warburg ' 1986 1986
Paskapoo 2185 Inconclusive 03-06 06-01 87 9.784 8.453 1.331
0:00 0:00
Warburg ' 1986 1986
Paskapoo 2185 Inconclusive 09-25 10-12 17 8.981 8.346 0.635
0:00 0:00
1989 1989
Paskapoo W;;g‘;rg lerzzaeﬁe 0401 | 0820 | 141 10.009 8.332 1677
0:00 0:00
1990 1990
Paskapoo| VarUg Recharge 0225 | 0707 | 132 9.634 7.389 2.245 Yes No June F,?g::j,r_y
2185 Present . . October
0:00 0:00 September
1991 1991
Paskapoo W;;g‘;rg R;rizzﬁe 0204 | 0708 | 154 9.808 7.809 1.999
0:00 0:00
Warburg _ 1993 1993
Paskapoo 2185 Inconclusive 0310 05-30 81 10.351 9.825 0.526
0:00 0:00
1994 1994
Paskapoo W;{g‘;rg R;rcehsaeﬁe 0305 | 0717 | 134 10.429 9.633 0.796
0:00 0:00
Warburg _ 1995 1995
Paskapoo 2185 Inconclusive 0325 06-11 78 10.576 10.217 0.359
0:00 0:00
Warburg _ 1995 1995
Paskapoo 2185 Inconclusive 07-28 09-02 36 10.372 10.12 0.252
0:00 0:00
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Appendix C2:Recovery Curve Classification ¢forseshoe Canyon Aquifer Monitoring Wells

Table 21: Recovery curve classification of Barons 615E_0117 well, Horseshoe Canyon aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Well Recovery Start End | Length Level Recovery | Apparent | pring . Start End
Aquifer N c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
ame urve Type ate ate | (Days) trom Surface e ecovery ate ate
Surface | Level, m Season?
Level, m
197t | 197%
ngsesme 61‘?55‘[5'08:17 Inconclusive | 0921 | 1209 79 2218 1.832 0.386
anyon — 0:00 0:00
1972 | 1972
Hgfneihnoe 6185?03;17 R:rceiiﬁe 0311 | 0426 46 2.328 1318 1.01
Y - 0:00 | 0:00
1973 | 1973
Hg:;nesohnoe 61%‘203;17 R:r‘;hsaerr?te 0217 | 0412 54 2.318 1.849 0.469
Y - 0:00 | 0:00
1974 | 1974
Hcogsnesohnoe 61%‘2"8:17 R;r‘;hsirr?te 0224 | o617 | 113 2.893 1.953 0.94
Y - 0:00 | 0:00
1977 | 1977
Hg;sneihnoe 61%‘208:17 R;r‘;hsirr?te 0215 | 0504 78 2.763 2.235 0.528
Y - 0:00 | 0:00
1979 | 1979
Hg:nesohnoe 6 135‘2085 . R;r‘;zaege 0201 | 0310 37 2.504 1.653 0.851
4 — 0:00 | 0:00
Horseshoe Barons 1979 1979
Canvon 615E 0117 Inconclusive 0811 09-27 47 2.8 1.985 0.815
Y — 0:00 | 0:00
Horseshoe Barons 1981 198T
Inconclusive 02-22 06-17 115 2.6 1.897 0.703
Canyon 615E_0117 ) ) May-
0:00 0:00 Yes No Jul January
Horseshoe Barons 1982 1983 I March
coron | 615e 0117| Inconclusive | 1227 | 0602 | 157 2.936 2.341 0.595
Y — 0:00 | 0:00
1985 | 1985
Hg:neihnoe 61%203;7 R;r‘;zaeﬁe 0826 | 1022 57 3.183 2.764 0.419
Y — 0:00 | 0:00
1986 | 1986
Hg:neihnoe 61%203;7 R;r‘;zaeﬁe 0306 | 0614 | 100 3.028 2.731 0.297
Y — 0:00 | 0:00
Horseshoe Barons 1986 1986
o % | 1o 117| Inconclusive | 0928 | 1223 86 3.141 2.902 0.239
Y — 0:00 | 0:00
1990 | 1990
Y — 0:00 | 0:00
1991 | 199%
Hg:nesohnoe 61%208;7 R:g:;rngte 0203 | 0714 | 161 3.745 3.186 0.559
Y — 0:00 | 0:00
Horseshoe Barons 1992 1992
oo ¢ | e oa1y| Inconclusive | 0424 | 0806 | 104 3.558 2.854 0.704
Y - 0:00 | 0:00
1995 | 1995
Horseshoe Barons Recharge 02-26 0514 77 2642 1936 0.706
Canyon 615E_0117 Present 0:00 0:00
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Horseshoe Barons . 1998 1998
Canyon 615E 0117 Inconclusive 0310 07-05 117 2.937 1.919 1.018
- 0:00 0:00
2002 2001
ngasneysohnoe . f;gogi . R::;Zaerngte 0322 | 0514 53 3.017 2.565 0.452
- 0:00 0:00
2002 2002
ngasneysohnoe . f;gogi . R::;Zaerngte 0306 | 0623 | 109 3.468 2.049 1.419
- 0:00 0:00
Horseshoe Barons . 2005 2005
Canyon 615E 0117 Inconclusive 01-21 07-01 161 2.774 1.337 1.437
- 0:00 0:00
Horseshoe Barons . 2008 2008
Canyon 615E 0117 Inconclusive 02-09 06-15 127 2.303 1.261 1.042
- 0:00 0:00
Horseshoe Barons . 2009 2008
Canyon 615E 0117 Inconclusive 02-27 0511 73 2.613 1.891 0.722
- 0:00 0:00
2010 2010
Hg:n‘ifohnoe . 185?;08; . R:rcehsirr?te 01:06 | 0619 | 164 2.547 0.93 1617
— 0:00 0:00
2011 2011
Hg:n‘ifohnoe . 1BsaEr°gf . R:rcehsirr?te 0311 | 0608 | 89 2.087 0.776 1311
— 0:00 0:00
2012 2012
Hg:n‘ifohnoe . 185?;08; . R:rcehsirr?te 1003 | 11-29 57 2.332 1.863 0.469
— 0:00 0:00
Horseshoe Barons . 2013 2013
Canyon 615E 0117 Inconclusive 02-14 06-23 129 2.634 1.748 0.886
- 0:00 0:00
Horseshoe Barons . 2014 2014
Canyon 615E 0117 Inconclusive 0311 06-20 101 2917 1.813 1.104
- 0:00 0:00
2017 2017
Hg;sn‘ifohnoe . 1BSaEr°g'j . R;r‘;hsirr?te 0213 | 0512 88 3.335 2.877 0.458
- 0:00 0:00
2018 2018
Horseshoe | Barons Recharge | 330 | o516 | 47 3.82 3.141 0.679
Canyon 615E_0117 Present 0:00 0:00
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Table 22 Recovery curve classification of Camrose Regional Landfil 88149 well,
Horseshoe Canyon aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Well Recovery Start End | Length Level Recovery | Apparent | pring . Start End
Aquifer N c T Dat Dat D Recovery from Recovery, | o Consistent? Dat Dat
ame urve Type ate ate (Days) from Surface m ecovery ate ate
Surface | Level,m Season?
Level, m
Camrose
. 1993 1994
Horseshoe Reg"”_‘a' Recharge 0909 0318 190 39,691 39501 01
Canyon Landfill Present 0:00 0:00
851 0149 ) )
Horseshoe E:T;%ZT Recharge 1994 1994
glor 9 0804 | 1201 | 119 39.672 39.592 0.08
Canyon Landfill Present 0:00 0:00
851 0149 ' '
Horseshoe (RI:TT;;(::IP Recharge 1996 1997
glor 9 0910 | 0323 | 194 39.666 39.519 0.147
Canyon Landfill Present 0:00 0:00
851 0149 ’ ’
Horseshoe gzni];?; Recharge 1998 1999
glor 9 0917 | 0325 | 189 39.707 39.579 0.128
Canyon Landfill Present 0:00 0:00
85-1_0149 ' '
Horseshoe (RI:TT;;(::IP Recharge 200k 2002
glor 9 0914 | 0415 | 213 39.691 39.605 0.086
Canyon Landfill Present 0:00 0:00
851 0149 ’ ’
Horseshoe g:ﬂi\:r);? Recharge 2003 2003
glor 9 0115 | 0507 | 112 39.695 39.582 0.113
Canyon Landfill Present 0:00 0:00
851_0149 : :
Horseshoe (R::ni]gr)sj Recharge 2003 2005
gror 9 0928 | 0408 | 558 | 39.709 | 39509 0.2 Yes No March | July-
Canyon Landfill Present 0:00 0:00 April October
851_0149 : :
Horseshoe (R::ni](r)?: Recharge 2005 2005
glor 9 0812 | 11-10 90 39.668 39.52 0.148
Canyon Landfill Present 0:00 0:00
851 0149 ’ ’
Horseshoe gzrri];(r);el Recharge 2006 2007
glor 9 0721 | 0505 | 288 39.702 39.523 0.179
Canyon Landfill Present 0:00 0:00
851_0149 : :
Horseshoe (R::ni]gr)sj Recharge 2008 2009
glor 9 1203 | 0315 | 102 39.707 39.622 0.085
Canyon Landfill Present 0-00 0:00
851 0149 ’ ’
Horseshoe g:n:;?;el Recharge 2009 201k
glor 9 1010 | 0401 | 538 39.752 39.544 0.208
Canyon Landfill Present 0:00 0:00
851_0149 : :
Horseshoe g:n?(;cr)ilel Recharge 2012 2013
glor 9 1005 | 0413 | 190 39.758 39.639 0.119
Canyon Landfill Present 0:00 0:00
851_0149 : :
Horseshoe (R::n?g?;el Recharge 2013 2014
glor 9 1014 | 0404 | 172 39.736 39.597 0.139
Canyon Landfill Present 0:00 0:00
851 0149 ’ ’
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Horseshoe ;Zmig;j Recharge 2014 2015
oo 9 08-23 03-09 198 39.681 39.574 0.107
Canyon Landfill Present 0:00 0:00
85-1_0149 : :
Horseshoe g:ni];?: 2015 | 2017
glor Inconclusive 06-29 04-14 655 39.673 39.476 0.197
Canyon Landfill 000 .00
85-1_0149 : :
Horseshoe EZT;?]ZT 2017 | 2018
g ' Inconclusive 09-04 04-28 236 39.652 39.508 0.144
Canyon Landfill 500 e
85-1_0149 : :
Horseshoe ;Zmig;j Recharge 2018 2019
ol 9 08-20 0312 204 39.667 39.542 0.125
Canyon Landfill Present 0:00 000
85-1_0149 : :
Horseshoe g:T::: Recharge 2019 2020
J ; 9 1010 07-09 273 39.608 39.487 0.121
Canyon Landfill Present 0:00 000
85-1_0149 : :
Horseshoe gzni];?; Recharge 2020 202%
o 9 09-30 03-02 153 39.624 39.543 0.081
Canyon Landfill Present 0:00 0:00
851 0149 : :
Horseshoe g:n;;?msaT Recharge 2021 2022
o 9 08-18 03-20 214 39.647 39.551 0.096
Canyon Landfill Present 0:00 0:00
85-1_0149 : :

Table 23: Recovery curve classification of Leduc_0153 well, Horseshoe Canyon aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Well Recovery Start | End | Length Level Recovery | Apparent | pyring . Start End
Aquifer N T D D D Recovery from Recovery, R Consistent? D D
ame Curve Type ate ate (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
1973 1973
Hg:ni/sohnoe Leduc_0153 R;rzzzrr?te 0403 | 0816 | 135 5.225 4.489 0.736
0:00 0:00
H h Rech 1980 1980
gfn‘;sonoe Leduc_0153 lfr‘;saerr?te 0423 | 0918 | 148 6.561 5.705 0.856
0:00 0:00
Horseshoe Recharge 1982 1982
Canyon Leduc_0153 Present 06-18 0801 44 6.441 5.961 0.48
0:00 0:00
Horseshoe Recharge 1983 1983 il-
Leduc_0153 0528 | 07-26 59 6.448 5918 0.53 Yes Yes August | April
Canyon Present ] . October June
0:00 0:00
Horseshoe Recharge 1985 1985
Canyon Leduc_0153 Present 04-06 1002 179 6.65 5.963 0.687
0:00 0:00
Horseshoe ) 1993 1993
Canyon Leduc_0153| Inconclusive 04-29 0824 117 6.301 5.876 0.425
0:00 0:00
Horseshoe ) 1994 1994
Leduc_0153| Inconclusive 05-04 10-20 169 6.24 5.704 0.536
Canyon 0:00 | 0:00
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Appendix C3: Recovery Curve Classification of Southern Alberta Aquifers Monitoring Wells

Table 24: Recovery curve classification of Foremost Town_0221 well, Milk River aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
) Well Recovery Start | End | Length Level Recovery | Apparent | ping . Start
Aquifer Name Curve Type Date Date (Days) Recovery from Recovery, Recovery Consistent? Date End Date
from Surface m
Surface Level, m Season?
Level, m
Inconclusive | 1957 1957
Milk River T(F)Svrr‘ffgozsztl (too short 0410 | 0422 12 47.524 46.674 0.85
- time) 0:00 0:00
S Foremost Recharge 1957 1957
Milk River Town 0221 Present 06-01 06-29 28 49.885 48.984 0.901
- 0:00 0:00 January March
R Foremost . 1957 1957 March May,
Milk River Inconclusive 07-29 12-19 143 51.142 48.919 2.223 Yes No ’ August,
Town_0221 June
- 0:00 0:00 August November
Foremost Recharge 1958 1958 December
Milk River Town 0221 Present 08-20 10-14 55 54.007 49.157 4.85
- 0:00 0:00
S Foremost . 1959 1959
Milk River Town 0221 Inconclusive 03-09 05-06 58 52.71 49.01 3.7
- 0:00 0:00
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Table 25: Recovery curve classification of Del Bonita-300101 well, Bearpaw formation

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Well Recovery Start End | Length Level Recovery | Apparent | pring . Start End
Aquifer N c T Dat Dat D Recovery from Recovery, | o Consistent? Dat Dat
ame urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level,m Season?
Level, m
. 1987 1987F
Bearpaw | Del Bonita | | conclusive | 0305 | 0503 59 18.772 17.872 0.9
Formation 70-3 0101 i i
— 0:00 0:00
Bearpaw Del Bonita 1989 1989
p R Inconclusive 03-08 0514 67 20.176 18.57 1.606
Formation 70-3_0101
- 0:00 0:00
. 1989 199G
Bearpaw | Del Bonita | Recharge | o) | 5199 | 167 18.603 17.294 1.309
Formation 70-3_0101 Present
- 0:00 0:00
. 1990 199G
Bearpaw | Del Bonita | Recharge | 019 | gg10 | g3 17.975 16.797 1178
Formation 70-3_0101 Present
- 0:00 0:00
. 1991 1991
Bearpaw | Del Bonita | Recharge | ) oo | gg54 | 209 18.688 15.136 3.552
Formation 70-3_0101 Present
- 0:00 0:00
. 1993 1993
Bearpaw | Del Bonita | Recharge |, | (51g 94 18.993 17.564 1.429
Formation 70-3_0101 Present
- 0:00 0:00
. 1993 1993
Bearpaw | DelBonita | Recharge | 0., | 1956 | 147 17.761 15.047 2.714
Formation 70-3_0101 Present
- 0:00 0:00
. 1994 1994
Fi?;r;’;‘g’ﬁ 5’3'3882'33 R;r‘;hsirr?te 0325 | 0701 98 16.301 15.38 0.921
- 0:00 0:00
. 1995 1995
FBearpE.‘W 35388:3? R;Charge 0326 | 0808 | 135 17.524 11.034 6.49 Yes No May- | February
ormation X resent 0:00 0:00 June April
Bearpaw Del Bonita 1996 1996
Form;’tion 703 0101 | Inconclusive | 0424 | 0624 61 15.867 15.267 0.6
- 0:00 0:00
. 1997 1997
Fif;r;’;‘(‘)"; 33'3882'82 R;r‘;zaeﬁe 0206 | 0615 | 129 17.147 15.787 1.36
- 0:00 0:00
Bearpaw Del Bonita 1998 1998
P i Inconclusive 0314 0519 66 18.175 17.509 0.666
Formation | 70-3_0101
- 0:00 0:00
Bearpaw Del Bonita 1999 1999
P i Inconclusive 02-26 05-23 86 18.128 17.583 0.545
Formation | 70-3_0101
- 0:00 0:00
Bearpaw Del Bonita 2000 2000
P . Inconclusive 02-26 05-01 65 19.448 18.591 0.857
Formation | 70-3_0101
- 0:00 0:00
Bearpaw Del Bonita 200% 200
P . Inconclusive 03-03 0513 71 20.184 19.331 0.853
Formation | 70-3_0101
- 0:00 0:00
. 2005 2005
Bearpaw | Del Bonita | - Recharge | o0 | 1108 | 163 20.72 13.014 7.706
Formation | 70-3_0101 Present
0:00 0:00
. 2010 2010
Bearpaw | DelBonita | - Recharge | 5, | 705 | 139 21.436 9.567 11.869
Formation | 70-3_0101 Present 0:00 0:00
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Bearpaw Del Bonita Recharge 2014 2014
Pe 9 0626 | 0826 61 18.969 13.797 5.172
Formation 70-3_0101 Present
- 0:00 0:00
Bearpaw Del Bonita 2018 2018
P - Inconclusive 0319 05-29 71 20.369 16.226 4.143
Formation 70-3_0101 0:00 0-00
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Table 26: Recovery curve classification of Orton 1514E_0111 well, Lethbridge Valley aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
- 1985 | 1986
Le\t/';’lgdge 151%0'(‘)1 11| NoRecharge| 0803 | 0226 | 207 21.27 19.22 2.05
Y — 3:00 | 2:00
) 1986 | 1986
"e\t/';’lgdge 5 gEtog 111| Inconclusive | 0829 | 1115 78 20.64 19.39 1.25
y - 3:00 | 2:00
) 1990 | 199t
Le\t/t;ﬁzdge 1513202111 R;r‘:;:gte 0816 | 0309 | 205 21.87 19.51 2.36
Y - 3:00 | 2:00
: 199% | 1992
Le\t/t;ﬁzdge 1513202111 R;r‘:;:gte 0903 | 0116 | 135 2151 19.73 178
Y - 3:00 | 2:00
: 1992 | 1993
Le\t/r;tl’lzdge 151?1;02111 R:rg;zge 0819 | 0301 | 194 20.92 19.37 155
Y - 3:00 | 2:00
: 1993 | 1994
Le\t/r;tl’lzdge 151?1;02111 R:rg;zge 1102 | o118 | 77 20.04 19.48 0.56
Y - 2:00 | 2:00
. 1995 | 1996
Le\t/r;tl’lzdge 151?1;02111 Inconclusive | 0904 | 0415 | 224 20.98 195 1.48
Y - 3.00 | 3:00
. 1998 | 1999
Le\t/r:l’lgdge 5 13202 111| NoRecharge| 0812 | 0128 | 138 2261 19.59 3.02
Y - 3.00 | 2:00
; 1999 | 2000 Consistent
Le\t/';f’lzdge 1513202111 Inconclusive | 0827 | 0316 | 202 22.89 19.81 3.08 No ending | Teoruary | August
y ! 3:00 2:00 season May September
) 2000 | 200%
Le\t/';f’lzdge 5 13202 1 R;rzzaeﬁe 0916 | 0411 | 207 22.16 20.19 1.97
Y - 300 | 3:00
) 200L | 2002
Le\t/':l’lzdge 1513202111 Inconclusive | 0926 | 0519 | 235 23.16 20.13 3.03
Y - 300 | 3:00
) 2002 | 2003
Le\t/';f’lzdge 5 13202 111| Inconclusive | 07-24 | 0323 | 242 22.69 19.79 29
Y - 3.00 | 2:00
) 2003 | 2004
Leth
e\t/atl’lzdge 1513202111 No Recharge| 0906 | 0312 | 188 23.46 19.99 3.47
Y - 3.00 | 2:00
. 2005 | 2006
"e\t/r:l’lzdge 1513202111 Inconclusive | 0806 | 0305 | 211 2277 19.64 3.13
Y - 300 | 2:00
. 2006 | 2007
"e\t/r:l’lzdge 1513202111 R:r(:;aerngte 0909 | 0308 | 180 22.81 19.82 2.99
Y - 300 | 2:00
. 2007 | 2008
"e\t/r:l’lzdge 1513202111 Inconclusive | 07-30 | 0615 | 321 25.04 20.39 4.65
Y - 300 | 3:00
. 2008 | 2009
Lethbridge | Orton Inconclusive | 0815 | 0515 | 273 23.33 19.92 3.41
Valley | 1514E_0111 200 | 200

8C




Lethbridge Orton 2009 | 2010
Valle ° 1514E 0114| 'neonclusive | 0918 | 0508 232 22.27 19.67 26

/ ~ 3:00 3:00

i 2010 2010
Le\t/rlatljlgdge 151?1:;0?)111 R:r(;zz;gte 0827 | 1031 | 65 217 19.85 1.85

/ ~ 3:00 3:00

i 2011 2012
Le\t/r;lﬂzdge 151?1;02111 Inconclusive | 0829 02-20 175 22.89 20.49 24

/ ~ 3:00 2:00

i 2012 2013
Le\t/r;lﬂzdge 151?1;02111 Inconclusive | 09-25 02-27 155 23.36 20.74 262

/ ~ 3:00 2:00

i 2013 2014
Le\t/r;l?lzdge 1512202111 Inconclusive | 0917 | 04-27 222 23.16 20.88 2.28

/ _ 3:00 3:00

i 2014 2015
Le\t/r;l?lzdge 1512202111 No Recharge| 0814 | 0412 241 23.73 20.7 3.03

/ _ 3:00 3:00

i 2015 2016
Le\t/r:lledge 151?1202111 No Recharge | 0805 | 0215 | 194 24.45 20.93 352

/ _ 3:00 2:00

i 2016 2017
Le\t/r;ﬂzdge 151?1202111 Inconclusive | 0623 | 0223 | 245 24.48 20.8 3.68

/ _ 3:00 2:00

i 2017 2018
Le\t/r:lledge 151?1:02111 Inconclusive | 09-08 | 0422 | 226 247 20.85 3.85

/ _ 3:00 3:00

i 2018 2019
Le\t/f;tljlzdge 1513202111 No Recharge| 0823 | 03-31 220 24.6 21.03 357

’ ~ 3:00 3:00

i 2019 2020
Le\t,r:ﬂzdge 1513202111 No Recharge| 0809 | 0413 | 248 25.49 21.25 424

’ ~ 3:00 3:00

i 2021 2022
Le\t/:mlljlzeldge 151?120?)111 Inconclusive | 07-30 | 0312 | 225 2659 21.26 5.33

’ ~ 3:00 2:00

i 2022 2023
Lethbridge Orton Inconclusive | 0818 | 04-23 248 25.89 21.35 4.54

Valley | 1514E_0111 el s
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Table 27: Recovery curve classification of McNally 0110 well, Lethbridge Valley aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
) Recovery | Start | End | Length Level Recovery | Apparent | ping ) Start End
Aquifer well Name Curve Type | Date | Date | (Days) Recovery from Recovery, Recover Consistent? Date Date
from Surface m Yy
Surface | Level,m Season?
Level, m
; 1971 1971
Le\t/f:ﬁggge McNally 0110 Rper‘;iaerr?te 0528 | 1220 | 206 49.327 48.436 0.891
0:00 0:00
Lethbridge . 1972 ) 1973
McNally_0110 | Inconclusive | 10-19 | 0219 123 49.088 48.732 0.356
Valley ) )
0:00 0:00 v N November | August
Lethbridge . 2013 | 2013 es ° February | October
Valley McNally_0110 | Inconclusive | 09-18 | 11-16 59 49.801 49.468 0.333
0:00 0:00
Lethbridge . 2019 | 2020
McNally_0110 | Inconclusive | 0819 | 04-20 245 49.788 49.041 0.747
Valley 0:00 | 0:00
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Table 28 Recovery curve classification of Viking 2600E_0298 well, Oldman aquifer.

Recovery Season Water Levels Pumping Season
Minimum Maximum
Water Observed Pumping
) Recover Start End | Length Level Recovery | Apparent | pin ) Start
Aquifer Well Name c T Y Dat Dat D 9 Recovery from Recovery, R 9 Consistent? Dat End Date
urve Type ate ate | (Days) from Surface m ecovery ate
Surface Level, m Season?
Level, m
- 1992 | 1993
(A)ldur;:rn 26(\)/(')'75'”%298 R;g;iﬁe 1006 | 0508 214 12.635 12.488 0.147
q — 0:00 | 0:00
- 1994 | 1995
(AD'dU';:r” 26(\)/(')‘;"%298 R:rzzaeﬁe 0921 | 0322 | 182 12,597 12.468 0.129
q - 0:00 | 0:00
- 1996 | 1997
2”&;2‘? 26;’3;'"%298 R;r‘:;:gte 0911 | 0421 | 222 12598 12.387 0.211
q - 0:00 | 0:00
- 1997 | 1998
2”&;2‘? 26;’3;'"%298 R;r‘:;:gte 1020 | 0326 | 157 1259 12511 0.079
q - 0:00 | 0:00
- 1998 | 1999
2"’:};:: 26(\)/(')':5'"%298 Inconclusive | 0917 | 0518 | 243 12678 12541 0.137
q - 0:00 | 0:00
- 200L | 2002
2"’:};:: 26(\)/(')':5'"%298 R:rg;zge 1126 | 0422 | 147 12.693 12591 0.102
q - 0:00 | 0:00
- 2002 | 2003
2"’:};:: 26(\)/(')':5'"%298 R:rg;zge 0922 | 0507 | 227 12717 12574 0.143
q - 0:00 | 0:00
- 2004 | 2005
2"’:;2? 26(\)/(')':5'"%298 R;rzzaeﬁe 0818 | 0329 | 223 12.706 12514 0.192
q - 0:00 | 0:00
- 2008 | 2009
Oldman Viking Recharge March- | September
. 1120 | 0422 | 153 12.696 12584 0.112 P
Aquifer | 2600E_0298|  Present 000 | 000 Yes Yes May | November
- 2009 | 2010
ildurir;zr” 26(\)/(')'2”%298 R;rzzaeﬁe 1010 | 0713 | 276 12.747 12581 0.166
q - 0:00 | 0:00
- 2010 | 201t
ildurir;zr” 26(\)/(')'2”%298 R;rzzaeﬁe 11-03 | 0420 | 168 12.667 12.504 0.163
q - 0:00 | 0:00
- 2012 | 2013
ildurir;zr” 26(\)/(')'2”%298 R;rzzaeﬁe 1004 | 0427 | 205 12.684 1255 0.134
q - 0:00 | 0:00
- 2013 | 2014
ildurir;:? ) 6(\)/(')';”%298 No Recharge | 1028 | 0627 | 242 12.729 12.616 0.113
q - 0:00 | 0:00
- 2014 | 2015
2'1”;:? 26(\)/(')';"%298 R;rzr;zge 1111 | 0401 | 141 12.753 12.605 0.148
q - 0:00 | 0:00
- 2015 | 2016
2"’&;2‘? 26(\)/(')';'”%298 Inconclusive | 0905 | 07-11 | 310 12.767 12,615 0.152
q - 0:00 | 0:00
- 2017 | 2018
2'1”;:? 26(\)/(')';"%298 R;rzr;zge 0915 | 0422 | 219 12.692 12,538 0.154
q - 0:00 | 0:00
- 2018 | 2019
Oldman Viking Recharge | 906 | 0327 | 202 12.751 12,579 0.172
Aquifer 2600E_0298 Present 0:00 0:00
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- 2019 | 2020
2”:;;” ) 6(\)/(')@"%298 R;rzzzﬁe 0906 | 0421 | 228 12.65 12507 0.143
q - 0:00 | 0:00
- 202L | 2022
Oldman Viking Inconclusive | 1101 | 0507 | 187 1274 126 0.14
Aquifer 2600E_0298 0:00 0:00
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Table 29: Recovery curve classification of Mud Lake 1537E1Pwell, Mud Valley aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
) Recovery | Start | End | Length Level Recovery | Apparent | ping ) Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
1980 | 1980
v’\gﬁg 1"5A§‘7"EL?1"f2 Rper Zzaeﬁe 0317 | 0611 86 12.255 11.689 0.566
Y — 0:00 | 0:00
1981 | 198%
v’\gﬁg 1'\5";7"'5"%':;2 Inconclusive | 01-05 | 0319 73 12.128 11.838 0.29
y - 0:00 | 0:00
198 | 198%
v’\gﬁ: 1'\5";7(’;%‘(1“’12 Rper‘;zaeﬁe 0504 | 0629 | 56 12.228 11589 0.639
Y — 0:00 | 0:00
1982 | 19082
v’\gﬁ: 1'\5";7(’;%‘(1“’12 Inconclusive | 0220 | 0406 | 45 12212 11.999 0.213
Y — 0:00 | 0:00
1982 | 19082
v’\:ﬁ: 1'\5/';;1;2"1612 Inconclusive | 0516 | 0705 | 50 12.139 11.88 0.259
Y — 0:00 | 0:00
1986 | 1986
v’\:ﬁ: 1'\5/';;1;2"1612 Inconclusive | 0425 | 0608 | 44 12.166 11.915 0.251
Y — 0:00 | 0:00
1986 | 1986
v’\:ﬁs l'\s/';;jEL%klelz No Recharge | 0808 | 1111 | 95 12273 12.049 0.224
Y — 0:00 | 0:00
1987 | 1987
v’\:ﬁ: 1'\5/|3u;jELe(1)k1612 No Recharge | 07-16 | 0911 | 57 12.408 12.258 0.15
Y - 0:00 | 0:00
1988 | 1989 November
Mud Mud Lake Recharge July-
valey | 1537E 0112|  Present 0903 | 0630 | 300 12588 11.948 0.64 Yes No February, |
0:00 | 0:00 Juneduly
1989 | 1990
v'\::fg l'\s";;jEL%kﬁz R;}ng 0822 | 0616 | 298 12.251 11.757 0.494
Y - 0:00 | 0:00
1991 | 199%
v'\::f: l';";;jEL%kﬁz R;}‘;fo 0616 | 0708 | 22 12.461 11.957 0.504
Y - 0:00 | 0:00
1992 | 1992
M Mud Lak
Vall:: 15;;15 "’(‘) 16'12 No Recharge | 0612 | 0915 | 95 12.399 11.819 0.58
Y - 0:00 | 0:00
1993 | 1993
M Mud Lak .
Vall:: 15;;15 "’(‘) 16'12 Inconclusive | 0530 | 1015 | 138 12.14 11557 0.583
Y - 0:00 | 0:00
1996 | 1997
v’\:\ﬁg 1'\5A;$EL%I(1612 Rpercer;irr?te 0825 | 0126 | 154 12.798 12.241 0.557
Y - 0:00 | 0:00
Inconclusive 1997 1997
V'\;LI’: 1'\5A;$EL%I(1612 (tooshort | 0516 | 0527 | 11 12.729 12.25 0.479
Y — time) 0:00 | 0:00
1997 | 1998
V'\;LI’: 1'\5A;$EL%I(1612 Rpercer;irr?te 0805 | 0113 | 161 12.88 12176 0.704
Y - 0:00 | 0:00
1998 | 1998
Mud Mudlake | Recharge | oo | (705 | 53 12.752 11.902 0.85
Valley | 1537E_0112|  Present 000 | 000
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1998 | 1999

Mud Mud Lake Recharge 0904 | 02-28 177 12.981 12.217 0.764
Valley 1537E_0112 Present 0:00 0:00
2000 | 2001

Mud Mud Lake Recharge | -.0 | oa10 | 265 13.987 12.775 1212
Valley 1537E_0112 Present 0:00 0:00
2001 | 2002

Mud MudLake |\ onciusive | 0813 | 0614 | 305 14.293 12.784 1.509
Valley | 1537E_0112 0:00 | 000
2002 | 2003

Mud Mud Lake Recharge 07-14 | 02-09 210 13.794 12.636 1.158
Valley 1537E_0112 Present 0:00 0:00
2003 | 2004

Mud MudLake |\, Recharge| 0723 | 0131 | 192 | 14057 12.787 1.27
Valley | 1537E_0112 0:00 | 000
2004 | 2005

Mud Mud Lake Recharge 0801 | 0116 168 13.752 12,57 1.182
Valley 1537E_0112 Present 0:00 0:00
Inconclusive | 2005 2005

M Mud Lak

Vaﬁg 15;;5 %1912 (too short 0530 | 06-13 14 13.607 12.546 1.061
Yy - time) 0:00 0:00
2005 | 2005

Mud Mud Lake | Recharge | oo | o0 | o0 13.619 11.96 1.659
Valley 1537E_0112 Present 0:00 0:00
2006 | 2007

Mud Mud Lake Recharge 0904 | 0420 228 13.23 12.364 0.866
Valley 1537E_0112 Present 0:00 0:00
2007 | 2008

Mud Mud Lake Recharge 07-30 | 02:03 188 13.907 12.778 1129
Valley 1537E_0112 Present 0:00 0:00
2008 | 2008

Mud Mud Lake Recharge 0322 | 0612 82 13.177 11.079 2.098
Valley 1537E_0112 Present 0:00 0:00
2012 | 2013

Mud Mud Lake | Recharge | 0921 | 01-13 114 13.373 12.696 0.677
Valley | 1537E_0112 0:00 | 000
2013 | 2013

Mud Mud Lake Inconclusive | 0904 | 11-03 60 13.152 12.481 0671
Valley | 1537E_0112 0:00 | 000
2014 | 2014

Mud MudLake |\ conclusive | 0812 | 1201 | 111 | 13258 | 12141 1117
Valley | 1537E_0112 0:00 | 000
2016 | 2017

Mud Mud Lake Recharge 07-10 | 0313 246 13.302 12.401 0.901
Valley 1537E_0112 Present 0:00 0:00
2017 | 2017

Mud Mudlake | . onclusive | 07-30 | 11.03 | 96 13.36 12.664 0.696
Valley | 1537E_0112 0:00 | 000
2018 | 2018

Mud Mud Lake Inconclusive 08-10 11-20 102 13.561 12.791 0.77
Valley | 1537E_0112 0:00 | 000
2019 | 2019

Mud Mud Lake Recharge 0808 | 11-28 112 13.679 12.616 1.063
Valley | 1537E_0112|  Present 000 | 000
2020 | 2020

Mud Mudlake |\ conclusive | 0818 | 1113 | 87 13.688 1259 1.098
Valley | 1537E_0112 0:00 | 0:00
2021 | 2022

Mud Mud Lake Recharge 08:03 | 01-07 157 13.794 12.776 1.018
Valley 1537E_0112 Present 0:00 0:00
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Table 30: Recovery curve classification of Okotoks-D%outh_0786 well, Porcupine Valley

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
: 2008 | 2008
P‘\)/rclfp'"e %kOt:’hkso(;z% Inconclusive | 0401 | 0720 | 110 33.818 33.411 0.407
aley outh_ 0:00 | 0:00
. 2009 | 2009
P‘\)/r:l:’:'"e C;';‘ﬁfhksogzt R:r(;hsaerr?te 0317 | 0613 88 33.622 33.352 0.27
y = 0:00 | 0:00
. 2010 | 2010
Porcupine | Okotoks 081 |\ cive | 0319 | o712 | 115 33.973 33.483 0.49
Valley South_0786 ) .
0:00 0:00 Yes Yes June March
Pi’/r;fg'”e C;';‘):fhksogzt Inconclusive | 0322 | 0714 | 114 33.792 33.061 0.731
y = 0:00 | 0:00
. 2012 | 2012
Pi)/r:ﬁgme C;I:)olfhksogi R:rcehsirr?te 0408 | 07-03 86 33.569 33.166 0.403
y = 0:00 | 0:00
. 2014 | 2014
Porcupine | Okotoks 051 Recharge | 511 | 0518 68 33.273 32.911 0.362
Valley South_0786 Present 0:00 0:00
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Appendix C4: Recovery Curve Classification®éace River Valley Region Aquifers
Monitoring Wells

Table 31: Recovery curve classification of Fairview78 0340 well, Grimshaw Gravels aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Well Recovery Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer N c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
ame urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level, m Season?
Level, m
; L 1986 1986
Grimshaw | Fairview |\ Recharge | 0404 | 0822 | 140 25.987 25.798 0.189
Gravels 8-73 0340 i .
— 0:00 0:00
. L 1990 1990
Gggjgiw 8'?;1;”(')93":0 R;ZZirrie 0319 | 0723 | 126 26.086 25.893 0.193
- 0:00 0:00
Grimshaw Fairview 1992 1992
Gravels 8-73 0340 Inconclusive 02-23 07-12 140 26.021 25.879 0.142
- 0:00 0:00
. L 1994 1994
Gggjgiw 8'?;1;”(')93":0 R;ZZirrie 0328 | 07-26 | 120 26.087 25.929 0.158
- 0:00 0:00
Grimshaw Fairview 1996 1996
No Recharge | 04-03 08-30 149 26.071 25.92 0.151
Gravels 8-73_0340
- 0:00 0:00
Grimshaw Fairview 1997 1997
Inconclusive | 04-03 10-26 206 26.009 25.631 0.378
Gravels 8-73_0340
- 0:00 0:00
Grimshaw Fairview 2003 2003
Inconclusive | 0424 | 0906 135 26.102 25.804 0.298
Gravels 8-73_0340
- 0:00 0:00
Grimshaw Fairview 2005 2005
No Recharge | 03-07 0819 165 25.965 25.719 0.246
Gravels | 8-73_0340 . . Consistent
0:00 0:00 Yes ending July- February
: . 2007 | 2007 September|  April
Grimshaw | Fairview |0 isive | 0418 | 0804 | 108 25.924 25.677 0.247 season
Gravels 8-73_0340
- 0:00 0:00
Grimshaw Fairview 201% 201L
Inconclusive 04-27 06-09 43 25.994 25.918 0.076
Gravels 8-73_0340
- 0:00 0:00
. L 2012 2012
Gggigf}sw ;%Wgzo R;‘;Zaege 0404 | 0612 | 69 26023 | 25897 0.126
- 0:00 0:00
Grimshaw Fairview 2013 2013
Gravels 8-73 0340 Inconclusive 04-27 09-20 146 26.042 25.832 0.21
- 0:00 0:00
Grimshaw Fairview 2015 2015
Inconclusive | 0304 | 06-18 106 26.097 25.889 0.208
Gravels 8-73_0340
- 0:00 0:00
Grimshaw Fairview 2017 2017
Inconclusive 03-30 0812 135 26.077 25.885 0.192
Gravels 8-73_0340
- 0:00 0:00
Grimshaw Fairview 2018 2018
No Recharge | 04-22 1014 175 25.986 25.791 0.195
Gravels 8-73_0340
- 0:00 0:00
Grimshaw Fairview 2020 2020
Inconclusive 04-14 08-26 134 25.631 25.48 0.151
Gravels 8-73_0340 0:00 0:00
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Grimshaw Fairview 202% 2021
Inconclusive 04-07 07-20 104 25.549 25.427 0.122
Gravels 8-73_0340
- 0:00 0:00
Grimshaw Fairview 2022 2022
No Recharge | 04-06 09-02 149 25,511 25.356 0.155
Gravels 8-73_0340 0:00 0:00

Table 32 Recovery curve classification of Grimshaw Kerndale 0339 well, Grimshaw Gravels

aquifer.
RecoverySeason Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | g . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level, m Season?
Level, m
’ ) 1978 | 1978
Grimshaw | Grimshaw | Recharge | o5 | (75 | gs 17484 | 17.378 0.106
Gravels Kerndale_0339 Present . .
0:00 0:00
) ) 1979 | 1979
Grimshaw |~ Grimshaw Recharge | 126 | 0922 | 149 17.549 17.381 0.168
Gravels Kerndale_0339 Present
0:00 0:00
Grimshaw Grimshaw 1985 1985
No Recharge| 04-06 07-20 105 17.859 17.634 0.225
Gravels Kerndale_0339
0:00 0:00
. . 1994 1994
Grimshaw | -~ Grimshaw Recharge | 117 | 0g20 | 125 17.923 17.712 0.211
Gravels Kerndale_0339 Present
0:00 0:00
Grimshaw Grimshaw 1996 1996
No Recharge| 04-13 10-18 188 17.903 17.657 0.246
Gravels Kerndale_0339
- 0:00 0:00
. . 1997 1998 Consistent
Grimshaw | Grimshaw |\ pocharge | 0424 | 0112 | 263 17.757 17.338 0.419 Yes ending July- April
Gravels | Kerndale_0339 . . September
0:00 0:00 season
Grimshaw Grimshaw 2003 2003
Inconclusive | 04-24 | 09-09 138 17.94 17.616 0.324
Gravels Kerndale_0339
- 0:00 0:00
. . 2007 2007
Grimshaw | -~ Grimshaw Recharge | 117 | 1015 | 181 17.675 17.364 0.311
Gravels Kerndale_0339 Present
- 0:00 0:00
. . 2011 2011
Grimshaw | -~ Grimshaw Recharge | 0115 | og22 | 132 17.772 17.593 0.179
Gravels Kerndale_0339 Present
0:00 0:00
Grimshaw Grimshaw 2012 2012
Inconclusive | 04-04 | 09-08 157 17.748 17.57 0.178
Gravels Kerndale_0339
0:00 0:00
. . 2013 2013
Grimshaw | Grimshaw Recharge | 157 | 0915 | 141 17.76 17.46 0.3
Gravels | Kerndale_0339 Present 0:00 0:00
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Table 33 Recovery curve classification of Grimshaw Mercier_0338 well, Grimshaw Gravels

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T D D D Recovery from Recovery, R Consistent? D D
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
Grimshaw | Grimshaw Recharge 339176 18%71 229 5.255 4.467 0.788 Yes N/A October | March
Gravels Mercier_0338 Present i i
0:00 0:00
Table 34: Recovery curve classification of Grimshaw Nissarl66379 well, Grimshaw
Gravelsaquifer
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length | _Level Recovery | Apparent | ping _ Start End
Aquifer Wwell Name Curve Type Date Date | (Days) Recovery from Recovery, Recover Consistent? Date Date
from Surface m Yy
Surface Level, m Season?
Level, m
; Grimshaw 1992 1992
CIMSNAN | Nissan66 | woraoe | 0225 | 0622 | 118 | 13301 | 13212 | 0479
1 0379 0:00 0:00
Grimshaw G.rimshaw 1994 1994
Gravels Nissan 66 No Recharge | 04-12 07-22 101 13.407 13.323 0.084
1_0379 0:00 0:00
Grimshaw Glrimshaw Recharge 1995 1995
Gravels Nissan66- Present 04-14 0514 30 13.421 13.402 0.019
1_0379 0:00 0:00
Grimshaw Glrimshaw . 1996 1996
Gravels Nissan 66 Inconclusive 04-06 0816 132 13.488 13.373 0.115
1 0379 0:00 0:00
Grimshaw Glrimshaw 1997 1998
Gravels Nissan 66 No Recharge | 04-21 01-21 275 13.43 12.916 0.514
10379 0:00 0:00
. Grimshaw 2003 2003 Consistent
Gggig:” Nissan 66 | Inconclusive | 0423 | 0911 | 141 13525 13.39 0.135 Yes ending June | February
1.0379 0:00 | 0:00 season | January|  April
Grimshaw G.rimshaw . 2004 2004
Gravels Nissan 66 Inconclusive 04-05 06-11 67 13.425 13.389 0.036
10379 0:00 0:00
Grimshaw G.rimshaw . 2005 2005
Gravels Nissan 66 Inconclusive 0312 11-10 243 13.416 13.149 0.267
10379 0:00 0:00
Grimshaw G.rimshaw Recharge 2007 2007
Gravels Nissan 66 Present 04-15 10-04 172 13.316 13.002 0.314
10379 0:00 0:00
Grimshaw G.rimshaw Recharge 2008 2008
Gravels Nissan 66 Present 04-15 07-10 86 13.069 12.929 0.14
10379 0:00 0:00
Grimshaw G.rimshaw _ 2009 2009
Gravels Nissan 66 Inconclusive | 0413 | 06-16 64 13.014 12.926 0.088
10379 0:00 0:00
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Grimshaw G.rimshaw Recharge 201% 201%
Gravels Nissan 66 Present 04-21 08-20 121 13.233 13.091 0.142

1_0379 0:00 0:00

Grimshaw G.rimshaw _ 2012 2012
Gravels Nissan 66 Inconclusive 04-07 07-17 101 13.177 13.079 0.098

1_0379 0:00 0:00

Grimshaw G.rimshaw Recharge 2013 2013
Gravels Nissan 66 Present 04-27 11-14 201 13.183 12.881 0.302

1_0379 0:00 0:00

Grimshaw G.rimshaw _ 2014 2014
Gravels Nissan 66 Inconclusive 05-26 07-18 53 13.332 13.302 0.03

1_0379 0:00 0:00

Grimshaw G.rimshaw Recharge 2015 2015
Gravels Nissan 66 Present 0314 06-11 89 13.41 13.288 0.122

1_0379 0:00 0:00

Grimshaw G.rimshaw 2016 2017
Gravels Nissan 66 No Recharge | 03-30 11-23 603 13.444 12.99 0.454

1_0379 0:00 0:00

Grimshaw G.rimshaw Recharge 2018 2018
Gravels Nissan 66 Present 04-22 06-25 64 13.055 12.931 0.124

1_0379 0:00 0:00

Grimshaw G.rimshaw . 2019 2019
Gravels Nissan 66 Inconclusive | 0327 05-28 62 13.058 12.998 0.06

1_0379 0:00 0:00

Grimshaw G.rimshaw Recharge 2020 2020
Gravels Nissan 66 Present 04-15 1010 178 12.618 12.47 0.148

1_0379 0:00 0:00

Grimshaw G.rimshaw Recharge 2021 2021
Gravels Nissan 66 Present 04-10 06-05 56 12.542 12.467 0.075

1_0379 0:00 0:00

Grimshaw G.rimshaw . 2022 2022
Gravels Nissan 66 Inconclusive | 04-06 07-18 103 12.623 12.507 0.116

1_0379 0:00 0:00
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Appendix C5:Recovery Curve Classification of Calgary Valley Aquifer Monitoring Wells

Table 35. Recovery curve classification of Canmore Tourist Info_0760 well, Calgary Valley

aquifer
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name Curve Type Date Date (Days) Recovery from Recovery, Recover Consistent? Date Date
from Surface m y
Surface Level, m Season?
Level, m
Canmore 2002 2002
(\:Zﬁ’:;y Tourist R;:;Zirr?te 0512 | 0629 | 48 5.425 1.982 3.443
Info_0760 0:00 0:00
Canmore 2003 2003
Calgary . .
Valley Tourist Inconclusive 04-07 06-21 75 5.002 2.573 2.429
Info_0760 0:00 0:00
Calgary Canmpre Recharge 2004 2004
Valley Tourist Present 03-22 07-04 104 5.397 2.669 2.728
Info_0760 0:00 0:00
Calgary Canm_ore Recharge 2005 2005
Valley Tourist Present 04-04 06-24 81 5.307 2.342 2.965
Info_0760 0:00 0:00
Calgary Canm_ore Recharge 2006 2006
Valley Tourist Present 03-20 06-17 89 5.454 2.612 2.842
Info_0760 0:00 0:00
Calgary Canm_ore Recharge 2007 2007
Valley Tourist Present 0321 06-08 79 5.767 1.747 4.02
Info_0760 0:00 0:00
Calgary Canmpre Recharge 2008 2008
Valley Tourist Present 04-28 07-05 68 4.643 2.437 2.206
Info_0760 0:00 0:00
Calgary Canmpre Recharge 2009 2009
Valley Tourist Present 04-06 06-18 73 4.735 2.786 1.949
Info_0760 0:00 | 0:00 ves Ves June | March
Canmore 2011 2011 Jul Ma
?/"’;:ﬁ:;y Tourist R;r‘;zaeﬁe 0423 | 0624 | 62 4571 2.226 2.345 g /
Info_0760 0:00 0:00
Calgary Canmpre Recharge 2012 2012
Valley Tourist Present 04-01 06-26 86 5.425 1.87 3.555
Info_0760 0:00 0:00
Calgary Canmpre Recharge 2013 2013
Valley Tourist Present 05-02 06-22 51 4.587 1.452 3.135
Info_0760 0:00 0:00
Calgary Canmpre Recharge 2014 2014
Valley Tourist Present 04-18 06-26 69 4.402 2.672 1.73
Info_0760 0:00 0:00
Canmore 2015 2015
Calgary . .
Valley Tourist Inconclusive 04-15 06-10 56 4.964 2.763 2.201
Info_0760 0:00 0:00
Calgary Canmpre Recharge 2016 2016
Valley Tourist Present 02-29 07-18 140 5.043 2.968 2.075
Info_0760 0:00 0:00
Calgary Canmpre Recharge 2017 2017
Valley Tourist Present 04-10 06-03 54 4.86 2.136 2.724
Info_0760 0:00 0:00
Calgary Canmore Recharge 2018 2018
Valley Tourist Present 03-31 0528 58 4.365 2.379 1.986
Info_0760 0:00 0:00
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Caloa Canmore Recharge 2019 2019

Vaﬁ’ery Tourist Preser?t 0507 | 0604 | 28 4.159 2.463 1.696
Y Info_0760 0:00 | 0:00
Canmore 2020 2020

?/aa'ﬁ:ry Tourist R:r(;iirngte 0321 | 0628 | 99 4.762 2.175 2,587
Y Info_0760 0:00 | 0:00
Canmore 2021 2021

?/aa'ﬁ:ry Tourist R:r(;iirngte 0301 | 0606 | 97 4815 2218 2,597
Y Info_0760 0:00 | 0:00
Canmore 2022 2022

?/aa'ﬁ:ry Tourist R:r(;iirngte 0424 | 0624 | 61 4673 2.435 2.238
Y Info_0760 0:00 | 0:00
Canmore 2023 2023

%‘Z{ﬁ:ry Tourist R:rcehszrr?te 0402 | 0522 50 2.674 2.674 2.174
Y Info_0760 0:00 | 0:00

Table 36: Recovery curve classification of Carseland18®220 well, Calgary Valley aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent During _ Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
1986 1987
Calgary | carseland 85 Recharge
0823 04-03 223 36.979 34.621 2.358
Valley 1_0220 Present 0:00 0:00
1990 1991
(\:/25’33’ Carlse(';;‘é% R;r‘;iaege 0818 | 0401 | 226 39.099 36.785 2.314
y = 0:00 | 0:00
2000 2001
Calgary Carseland 85 Recharge Jul
07-15 | 0419 278 42.43 41.095 1.335 i i ¥
Valley 10220 Present 0:00 0:00 Inconclusive Yes April August
2001 2002
?/a;ﬁ’:ry Carlseézg‘é% R;r‘;zaeﬁe 0829 | 0617 | 292 42.244 41.037 1.207
y = 0:00 | 0:00
2004 2018
Calgary | Carseland 86 | - Recharge | o/ o0 | (400 | 5110 | 41122 31531 9.591
Valley 1_0220 Present 0:00 0:00
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Table 37: Recovery curve classification of Cluny-825South_0219 well, Calgary Valley aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping ) Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
1986 | 1986
(\:/a;ﬁ:ry g(';[‘:t‘r{ gg’lzg Inconclusive | 0927 | 1221 | 85 1271 12.629 0.081
y L 0:00 | 0:00
1990 | 1990
(\:/a:ﬁ:ry ;')‘:’:z (?25129 Inconclusive | 0606 | 0826 | 81 13.041 13.002 0.039
y L 0:00 | 0:00
1991 | 199t
(i/e;ﬁ:w ;';:Tg 525129 Inconclusive | 0514 | 0910 | 119 13.093 12.958 0.135
y L 0:00 | 0:00
1992 | 1992
(i/e;ﬁ:w ;';:Tg 525129 No Recharge | 0614 | 1119 | 158 13.092 12.938 0.154
y L 0:00 | 0:00
1994 | 1994
?Z'ﬁ:ry ;';?}' gglzg Inconclusive | 0316 | 0429 | 44 12.966 12.906 0.06
y L 0:00 | 0:00
1994 | 1994
?Z'ﬁ:ry ;';?}' gglzg Inconclusive | 0520 | 1211 | 205 12.917 12.698 0.219
y L 0:00 | 0:00
1995 | 1995
?Z'ﬁ:ry ;';?}' gglzg Inconclusive | 0605 | 1008 | 125 12.84 12.663 0.177
y L 0:00 | 0:00
1996 | 1996
?/Z'ﬁ:ry ;')LL’JT?Z gg 129 R;ZZirrie 0316 | 1202 | 261 12747 12519 0.228
y L 0:00 | 0:00
1997 | 1997
Calgary | Cluny 852 Recharge | 163 | 0515 | 42 12576 11.781 0.795 Yes No July- March
Valley South 0219 Present 0:00 0:00 December| August
1998 | 1998
f;'ﬁ:ry gcl)l:rt]ril gg’ 129 R;}ng 0406 | 0512 | 36 12.126 12.074 0.052
y L 0:00 | 0:00
1998 | 1998
?f;'ﬁ:ry ;‘:Tg gg’ 129 Inconclusive | 0702 | 0821 | 50 12121 11.95 0171
y L 0:00 | 0:00
1999 | 1999
ff;'ﬁsry ;ﬂ?ﬁ gg’ 129 R;}‘;fo 0515 | 0920 | 128 12.226 11.87 0.356
y L 0:00 | 0:00
2002 | 2002
ff;'ﬁsry ;ﬂ?ﬁ gg’ 129 No Recharge| 0606 | 0818 | 73 12522 12.433 0.089
y L 0:00 | 0:00
2004 | 2004
f/z:ﬁ’:ry SC(')T;‘]’ g;’ 129 Inconclusive | 0616 | 1020 | 126 12331 12.277 0.054
y L 0:00 | 0:00
2007 | 2007
f/z:ﬁ’:ry SC(')T;‘]’ g;’ 129 No Recharge | 0419 | 1016 | 180 11.95 1.452 10.498
y L 0:00 | 0:00
2008 | 2008
iﬂﬁ’:w SC(')‘::K g;’ 129 No Recharge | 0523 | 07-19 | 57 11.626 11.502 0.124
y L 0:00 | 0:00
2009 | 2009
Calgary | Cluny852 |\ pocharge| 0314 | 0331 | 17 11.702 11.614 0.088
Valley South 0219 0:00 0:00
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Calga Cluny 852 2009 2009

Vaﬁe Y oL ta’ oo | mconclusive | 0803 | 0918 | 46 11.761 11.635 0.126
y L 0:00 | 0:00
2010 | 2010

?/Z'ﬁ’:ry ;')ﬂi’ (?3129 No Recharge | 0423 | 0818 | 117 11.864 11.204 0.66
y L 0:00 | 0:00
201t | 201k

?/Z'ﬁ’:ry ;')ﬂi’ (?3129 R;‘;Zirngte 0316 | 0526 | 71 11516 10.977 0.539
y L 0:00 | 0:00
Inconclusive 2012 2012

?/Z'ﬁ’:ry ;')ﬂi’ gg’ 129 (tooshort | 0624 | 0724 | 30 11.437 11.287 0.15
y v time) 0:00 | 0:00
2013 | 2013

?/Z'ﬁ’:ry gc'mf gg’ 129 Inconclusive | 0327 | 07-26 | 121 11581 11.351 0.23
y v 0:00 | 0:00
2014 | 2014

?/Z'ﬁ’:ry gc'mf gg’ 129 R;‘;Z"’;rngte 0403 | 0815 | 134 11.684 11.438 0.246
y L 0:00 | 0:00
2015 | 2015

?f:ﬁ’:ry ;')LL’:K g:’ 129 R;ZZirrie 0822 | 1010 | 49 11.765 11.712 0.053
y L 0:00 | 0:00
2016 | 2016

%ﬂﬁ’:ry ;')LL‘JK g:’ 129 No Recharge| 07.05 | 0913 | 70 11.931 11.718 0.213
y L 0:00 | 0:00
2017 | 2017

%ﬂﬁ’:ry ;')LL‘JK g:’ 129 Inconclusive | 0616 | 0809 | 54 12.006 11.963 0.043
y L 0:00 | 0:00
2018 | 2018

ff:ﬁ:w ;I;:,?K (?25 129 R;‘;Zf;r?te 0409 | 0600 | 61 12.098 11.793 0.305
y L 0:00 | 0:00
2020 | 2020

f;‘ﬁ:w g(')‘:’:g 5325 129 Inconclusive | 0526 | 0922 | 119 12.214 11.989 0.225
y L 0:00 | 0:00
2022 | 2022

ff’:ﬁ:w scétrt]%’ gg’ 129 Inconclusive | 0605 | 0919 | 106 12.403 11.968 0.435
y L 0:00 | 0:00
2023 | 2023

Calgary | Cluny852 |\ usive | 0320 | 0504 | 45 12.16 11.964 0.196
Valley South 0219 0:00 0:00
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Table 38 Recovery curve classification of Exshaw_0759 well, Calgary Valley aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
Calgary 2002 | 2002
Exshaw_0759| Inconclusive | 04-06 06-13 68 3.245 0.061 3.184
Valley B 0:00 | 0:00
Caloa 2003 2003
gary Exshaw_0759| Inconclusive | 04-06 | 0531 55 2.972 0.881 2.091
Valiey 0:00 | 0:00
Caloa 2004 2004
gary Exshaw_0759| Inconclusive | 09-07 10-22 45 2.188 1.595 0.593
Valley 0:00 | 0:00
Caloa 2005 2005
gary Exshaw_0759| No Recharge | 04-18 07-17 90 2.662 -0.032 2.694
Valley 0:00 | 0:00
Calga 2006 2006
gary Exshaw_0759| Inconclusive | 04-25 | 06-18 54 2.182 0.024 2.158
Valley 0:00 | 0:00
Calga 2006 2006
gary Exshaw_0759| Inconclusive | 0911 | 09-28 17 2.009 1.564 0.445
valley 0:00 | 0:00
Calga 2007 2007
gary Exshaw_0759| No Recharge | 04-03 06-27 85 2.591 -0.01 2.601
Valley 0:00 | 0:00
Caloa 2008 2008
gary Exshaw_0759| No Recharge | 04-24 07-03 70 2.697 -0.015 2.712
Valley 0:00 | 0:00
Caloa 2009 2009
92y | Exshaw_0759| Inconclusive | 0404 | 0619 76 257 1.027 1.543 Yes Yes May-July March-
Valley 0:00 | 0:00 April
Calgal Recharge 2010 2010
9aly | Exshaw_0759 g 0414 | 0618 | 65 4.167 0.795 3.372
Valley Present 0:00 0:00
Caloa 2010 2010
92y | Exshaw_0759| Inconclusive | 0911 | 1001 | 20 3.133 2.696 0.437
Valley 0:00 | 0:00
Calgal Recharge 201% 201%
92y | Exshaw_0759 9 0420 | 0529 | 39 4.234 -0.032 4.266
Valley Present 0:00 0:00
Calgal Recharge 2012 2012
92y | Exshaw_0759 9 0409 | 0630 | 82 4.274 0.388 3.886
Valley Present 0:00 0:00
Calgal Recharge 2013 2013
9aly | Exshaw_0759 9 0411 | 0622 | 72 4151 -0.049 4.2
Valley - Present 0:00 0:00
Calgal Recharge 2014 2014
9aly | Exshaw_0759 9 0407 | 0524 | 47 3.558 0.398 3.16
Valley Present 0:00 0:00
Caloa 2015 2015
98y | Exshaw_0759| No Recharge| 0415 | 0611 | 57 3.644 2.65 0.994
Valley - 0:00 | 0:00
Calga 2016 2016
9aly | Exshaw_0759| Inconclusive | 0330 | 0529 | 60 3.967 275 1.217
valley - 0:00 | 0:00
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Calua 2017 | 2017

gary Exshaw_0759| Inconclusive | 03-31 | 06-02 63 4.027 1.598 2.429
Valley 0:00 | 0:00
calom 2018 | 2018

gary Exshaw_0759| Inconclusive | 04-10 | 06-25 76 4.145 0.828 3.317
Valley 0:00 | 0:00
calom 2019 | 2019

gary Exshaw_0759| Inconclusive | 0504 | 07-08 65 3.887 1.578 2.309
Valley 0:00 | 0:00
Calga Recharge 2020 2020

9aly | Exshaw_0759 g 0407 | 0523 | 46 3.811 0.615 3.196
Valley Present 0:00 0:00
Calgal Recharge 202k 202%

9aly | Exshaw_0759 g 0414 | 0527 | 43 3.953 1.662 2.201
Valley Present 0:00 0:00
Calga Recharge 2022 2022

9aly | Exshaw_0759 g 0418 | 0617 | 60 4175 1.269 2.906
Valley Present 0:00 0:00
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Appendix C6: Recovery Curve Classification of Surficial Aquifers Monitoring Wells

Table 39: Recovery curve classification of Milk River 86 0103 wellunlistedsurficial aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T D D D Recovery from Recovery, R Consistent? D D
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level, m Season?
Level, m
| Wik River 1957 | 1957
Surficial 561 0103 No Recharge| 02-15 | 04-06 50 2.979 1.46 1.519
— 0:00 0:00
- Milk River . 1962 1962
Surficial 561 0103 Inconclusive | 01-30 0331 60 3.435 2.645 0.79
— 0:00 0:00
- Milk River . 1963 1963
Surficial 561 0103 Inconclusive | 02-01 0310 37 3.556 2.558 0.998
— 0:00 0:00
. . 1964 1964
Surficial ';';kl RS‘;%; R:rceiirrie 0220 | 0500 | 79 3.657 1.205 2.452
— 0:00 0:00
- Milk River 1965 1965
Surficial 561 0103 No Recharge| 02-13 04-19 65 3.062 1.137 1.925
— 0:00 0:00
- Milk River . 1966 1966
Surficial 561 0103 Inconclusive | 0312 0521 70 2.628 1.975 0.653
— 0:00 0:00
- Milk River . 1967 1967 March Februar
Surficial 561 0103 | 'nconclusive | 0220 | 0611 111 2.97 0.548 2422 Yes Yes JC ebruary
- 0:00 | 0:00 ay March
. . 1971 1971
Surficial ':_)"gkl R(')‘ff); Inconclusive | 0209 | 0509 | 89 3.248 2127 1121
— 0:00 0:00
. . 1972 1972
Surficial ?—,”2"1 R(')‘fg; R;g;irr?te 0304 | 0406 | 33 3.701 1.792 1.909
— 0:00 0:00
- Milk River 1986 1986
Surficial 561 0103 No Recharge | 02-24 0521 86 2.732 1.645 1.087
- 0:00 0:00
. . 1986 1986
Surficial 'g"gi R(')‘i‘é; R;r‘;hsirr?te 0913 | 1030 | 47 2.679 2.263 0.416
- 0:00 0:00
. . 1995 1995
Surficial 'g"g‘i R(')‘i‘f); R;r‘;hsirr?te 0327 | 0619 | 84 2.803 1.499 1.304
- 0:00 0:00
. . 1996 1996
surficial | Milk River Recharge |, 11 | o416 | 65 2.552 1.085 1.467
56-1_0103 Present 0:00 0:00
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Table 40: Recovery curve classification of Hays East 3053 well, unlisted surficial aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, | o Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
1990 1990
Surficial Hays Recharge | oo | 1012 | 65 2.603 2.219 0.384 .
East_3053 Present 0:00 0:00 Consistent May
s 1991 1991 Yes starting October Augu’st
Surficial ¥ Inconclusive | 0504 | 1006 155 2592 2.196 0.396 season
East_3053
0:00 0:00
Table 41 Recovery curve classification of Hays 2523E_0279 well, unlisted surficial aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | pring . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, | o Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level,m Season?
Level, m
B Rech 2020 | 2020
Surficial Hays eeharge | o125 | o728 | 185 3.865 3615 0.25 Yes N/A Jy | January
2523E_0279 Present 0:00 0:00
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Table 42 Recovery curve classification of High River 2580E_0287 well, unlisted surficial

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level,m Season?
Level, m
. . 1994 1994
Suricial | HighRiver R;Chargte 0406 | 0607 | 62 2.848 1.753 1.095
— resen 0:00 | 0:00
High River 2006 2006
Surficial 25§0E 0287 Inconclusive | 04-19 06-17 59 2.784 1.244 1.54
— 0:00 0:00
High River 2007 2007
Surficial g Inconclusive | 04-04 06-07 64 2.884 1.931 0.953
2580E_0287
0:00 0:00
High River 2008 2008
Surficial g Inconclusive | 04-26 05-26 30 3.017 0.564 2.453
2580E_0287
0:00 0:00
High River 2011 2011
Surficial g Inconclusive 05-02 0528 26 3.776 1.547 2.229
2580E_0287
— 0:00 0:00
High River 2007 ) 2017 i
Surficial 25305 0257 | NoRecharge| 0503 | 0603 31 3.956 3.168 0.788 Yes Yes May-June April -
— 0:00 | 0:00 May
High River 2018 2018
Surficial 9 No Recharge | 0311 | 06-01 82 3.997 3.265 0.732
2580E_0287
- 0:00 0:00
High River 2019 2019
Surficial 25890E 0287 Inconclusive | 0512 | 07-08 57 3.976 3.457 0.519
- 0:00 0:00
High River 2020 2020
Surficial g Inconclusive | 0409 | 06-03 55 3.834 2.888 0.946
2580E_0287 ’ )
0:00 0:00
High River 202 2021
Surficial g Inconclusive | 0505 | 06-07 33 3.941 3.402 0.539
2580E_0287 > )
0:00 0:00
. . 2022 2022
Surficial | IGNRwver | Recharge | o0 geo0 | a7 3.993 3.002 0.991
2580E_0287 Present 0:00 0:00
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Table 43. Recovery curve classification of Kirkpatrick Lake-8@ast 0230 well, unlisted
surficial aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T D D D Recovery from Recovery, R Consistent? D D
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
Kirkpatrick 1991 1991
Surficial Lake 863 Inconclusive | 03-16 | 0827 164 4231 3.743 0.488
East_0230 0:00 0:00
Kirkpatrick Recharge 1992 1992
Surficial Lake 863 Present 02-22 05-26 94 4.027 3.674 0.353
East_0230 0:00 0:00
Kirkpatrick 1993 1993
Surficial Lake 863 Inconclusive | 03-16 | 0806 143 4.116 3.44 0.676
East_0230 0:00 0:00
Kirkpatrick Recharge 1994 1994
Surficial Lake 863 Present 0307 | 0612 97 3.742 3.238 0.504
East_0230 0:00 0:00
Kirkpatrick Recharge 1995 1995
Surficial Lake 863 Present 0313 | 06-05 84 3.847 3.689 0.158
East_0230 0:00 0:00
Kirkpatrick 1997 1997
Surficial Lake 863 Inconclusive | 03-23 | 07-06 105 4.199 3.695 0.504
East_0230 0:00 0:00
Kirkpatrick 1999 1999
Surficial Lake 863 Inconclusive | 03-28 | 09-05 161 4522 3.901 0.621
East_0230 0:00 0:00
Kirkpatrick Recharge 2000 2000
Surficial Lake 863 Present 04-23 0521 28 4.19 4.03 0.16
East_0230 0:00 0:00
Kirkpatrick Recharge 2003 2003 ; Feb
Surficial Lake 863 Present 0323 | 07-12 111 4914 4.424 0.49 Yes Yes une ebruary
East 0230 ese 0:00 | 0:00 August | April
Kirkpatrick 2005 2005
Surficial Lake 863 Inconclusive | 03-08 | 12-21 288 4.907 4.169 0.738
East_0230 0:00 0:00
Kirkpatrick Recharge 2010 2010
Surficial Lake 863 Present 04-09 08-26 139 4.881 3.769 1.112
East_0230 0:00 0:00
Kirkpatrick Recharge 2011 2011
Surficial Lake 863 Present 04-03 06-29 87 3.981 3.278 0.703
East_0230 0:00 0:00
Kirkpatrick Recharge 2012 2012
Surficial Lake 863 Present 03-07 07-03 118 3.925 3.349 0.576
East_0230 0:00 0:00
Kirkpatrick 2013 2013
Surficial Lake 863 Inconclusive | 04-08 | 07-05 88 3.918 3.24 0.678
East_0230 0:00 0:00
Kirkpatrick 2014 2014
Surficial Lake 863 Inconclusive | 03-20 | 07-03 105 3.876 3.412 0.464
East_0230 0:00 0:00
Kirkpatrick 2016 2016
Surficial Lake 863 Inconclusive | 02-20 | 07-19 150 3.981 3.513 0.468
East_0230 0:00 0:00
Kirkpatrick Recharge 2017 2017
Surficial Lake 863 Present 02-11 06-09 118 3.853 3.49 0.363
East_0230 0:00 0:00
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Kirkpatrick Recharge 2018 2018

Surficial Lake 863 Present 04-18 | 0621 64 4.102 3.659 0.443
East_0230 0:00 0:00
Kirkpatrick 2019 2019

Surficial Lake 863 Inconclusive | 03-13 | 06-13 92 4.129 3.869 0.26
East_0230 0:00 0:00
Kirkpatrick 2020 2020

Surficial Lake 863 Inconclusive | 03-31 | 08-06 128 4.269 3.68 0.589
East_0230 0:00 0:00
Kirkpatrick 2021 2021

Surficial Lake 863 Inconclusive | 03-16 | 06-22 98 4.051 3.932 0.119
East_0230 0:00 0:00
Kirkpatrick Recharge 2022 2022

Surficial Lake 863 Present 0316 | 0801 138 4.372 3.985 0.387
East_0230 0:00 0:00
Kirkpatrick 2023 2023

Surficial Lake 863 Inconclusive | 04-06 | 0527 51 4.334 4.102 0.232
East_0230 0:00 0:00
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Table 44: Recovery curve classification of Many Springs_0364 well, unlisted surficial aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Wwell Name Curve Type Date Date | (Days) Recovery from Recovery, Recover Consistent? Date Date
from Surface m y
Surface | Level,m Season?
Level, m
B Many _ 1995 | 1995
Surficial Springs_ 0364 Inconclusive | 04-15 06-10 56 1.397 0.841 0.556
— 0:00 0:00
- Many Recharge 1997 1997
Surficial Springs_ 0364 Present 02-24 06-01 97 1.23 0.75 0.48
- 0:00 0:00
N Many . 1998 1998
Surficial Springs_ 0364 Inconclusive | 04-19 06-23 65 1.335 0.739 0.596
- 0:00 0:00
N Many . 2001 200%:
Surficial Springs_ 0364 Inconclusive | 04-11 06-08 58 1.492 1.172 0.32
- 0:00 0:00
N Many . 2002 2002
Surficial Springs_ 0364 Inconclusive | 04-05 06-17 73 1511 0.908 0.603
- 0:00 0:00
N Many . 2003 2003
Surficial Springs_ 0364 Inconclusive | 03-23 0517 55 1.386 1.017 0.369
— 0:00 0:00
N Many . 2003 2004
Surficial Springs_ 0364 Inconclusive | 0831 01-09 131 1.276 1.131 0.145
— 0:00 0:00
- Many Recharge 2004 2004
Surficial Springs 0364 Present 0505 08-27 114 1.359 0.818 0.541
— 0:00 0:00
N Many . 2005 2005 March
Surficial Springs_ 0364 Inconclusive | 0311 | 06-22 103 1.133 0.182 0.951 Yes Yes May-July y
- 0:00 | 0:00 ay
- Many Recharge 2007 2007
Surficial Springs_ 0364 Present 03-04 06-22 110 1.084 0.419 0.665
— 0:00 0:00
N Many ‘ 2008 2008
Surficial Springs_ 0364 Inconclusive | 03-02 05-28 87 1.181 0.5 0.681
— 0:00 0:00
- Many Recharge 2009 2009
Surficial Springs_ 0364 Present 0319 | 0816 150 1.119 0.938 0.181
— 0:00 0:00
N Many ‘ 2010 2010
Surficial Springs_ 0364 Inconclusive | 0313 | 06-20 99 1.225 0.77 0.455
— 0:00 0:00
- Many Recharge 201% 201%
Surficial Springs. 0364 Present 0327 | 0529 63 1.17 0.511 0.659
- 0:00 0:00
- Many Recharge 2012 2012
Surficial Springs. 0364 Present 0330 | 0628 90 1.204 0.726 0.478
- 0:00 0:00
- Many Recharge 2013 2013
Surficial Springs_0364 Present 0324 | 07-03 101 1.056 0.373 0.683
- 0:00 0:00
- Many Recharge 2014 2014
Surficial . 0312 0525 74 1.14 0.619 0.521
Springs_0364 Present 0:00 0:00
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- Many Recharge 2017 2017
Surficial Springs. 0364 Present 04-08 | 06-11 64 1.314 0.946 0.368

- 0:00 0:00

N Many _ 2018 2018
Surficial Springs_ 0364 Inconclusive | 04-03 06-26 84 1.325 0.912 0.413

- 0:00 0:00

N Many _ 2019 2019
Surficial Springs_0364 Inconclusive | 05-02 07-09 68 1.274 1.024 0.25

- 0:00 0:00

- Many Recharge 2020 2020
Surficial Springs. 0364 Present 0322 | 06-02 72 1.289 0.809 0.48

- 0:00 0:00

- Many Recharge 202% 202k
Surficial Springs. 0364 Present 04-10 | 06-06 57 1.27 0.877 0.393

- 0:00 0:00

- Many Recharge 2022 2022
Surficial Springs. 0364 Present 0313 | 06-18 97 1.16 0.776 0.384

— 0:00 0:00

N Many . 2023 2023
Surficial . Inconclusive | 0317 | 06-18 93 1.188 0.942 0.246

Springs_0364 0:00 0:00

Table 45. Recovery curve classification of

Medicine Hat North_3050 well, unlisted surficial

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Watelr gbserved Pumping
. Recover Start | End | Length Leve ecovery | Apparent | pyip . Start
Aquifer Well Name c T Y Dat Dat D 9 Recovery from Recovery, | o 9 | consistent? Dat End Date
urve Type ate ate | (Days) from Surface m ecovery ate
Surface | Level,m Season?
Level, m
- Medicine Hat . 2020 2020
Surficial Inconclusive | 01-14 | 0529 136 4.455 4.36 0.095
North_3050 . i
— 0:00 0:00
. Inconclusive | 2020 | 2021
Surficial “ﬁl%‘j;ﬁ'”seoggt (tooshort | 1230 | 0116 | 17 4508 4.478 0.03 Yes No January | December
- time) 0:00 0:00 May March
. Inconclusive | 2022 | 2022
surficial “{'\E‘:{ﬁ'”seo';gt (tooshort | 0302 | 0318 | 16 4.601 4519 0.082
- time) 0:00 0:00

104




Table 46. Recovery curve classification of Rockyford 3026 well, unlisted surficial aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
) Recovery | Start | End | Length Level Recovery | Apparent During . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
2019 2019
Surficial | Rockyford_3026| Inconclusive | 0324 | 0613 81 5.697 5.461 0.236
0:00 0:00
2020 2020
Surficial | Rockyford_3026| Inconclusive | 0321 | 07-23 124 5.761 5.605 0.156
0:00 0:00
202k 202k Yes Yes Juneduly | March
Surficial | Rockyford 3026| Inconclusve | 03-13 | 03-24 11 5.81 5.755 0.055
0:00 0:00
2021 2021
Surficial | Rockyford_3026] Cor¥'%® | 0g%67 | 0717 | 40 5.801 5.668 0.133
- Present 0:00 0:00
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Table 47. Recovery curve classification of Waterton #5 Dam_0105 well, unlisted surficial

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level,m Season?
Level, m
1970 | 1970
surficial V;ate"g?:: R;Chargte 0309 | 0505 | 57 4.292 2121 2171
am_ resen 0:00 | 0:00
1972 | 1972
Surficial V;Zﬁ“ng No Recharge | 0302 | 0528 | 87 4.544 2.072 2.472
_ 0:00 | 0:00
1977 | 1977
surficial | WACTON#S | o Recharge | 0125 | 0827 | 214 4.874 2.041 2.833
Dam_0105
_ 0:00 | 0:00
1985 | 1985
surficial V;Zﬁ“g:gf R;ZZirrie 0220 | 1016 | 238 4.666 1.707 2.959
_ 0:00 | 0:00
2007 | 2007
Surficial V;Zi“g:éf Inconclusive | 0302 | 1006 | 218 4.043 1.707 2.336
_ 0:00 | 0:00
2008 | 2008
surficial V;Zﬁ”g%f Inconclusive | 0221 | 1012 | 234 4237 1.214 3.023
= 0:00 | 0:00
2008 | 2009 Consistent
surficial | WAETONHES 1 onclusive | 0228 | 0714 | 136 3621 1.683 1.938 Yes ending May- | January
Dam_0105 ] . October March
0:00 | 0:00 season
2010 | 2010
surficial V;Zﬁ“g;‘:ss Inconclusive | 01-10 | 0618 | 159 4.169 1.082 3.087
= 0:00 | 0:00
201 | 201t
surficial V;Zi”g;‘és Inconclusive | 0125 | 0609 | 135 4111 1.32 2.791
= 0:00 | 0:00
2013 | 2013
Surficial V;Zi”g;‘gf No Recharge | 0228 | 0623 | 115 4.942 2.329 2.613
= 0:00 | 0:00
2018 | 2018
Surficial V;Zi”g;‘és Inconclusive | 0307 | 0421 | 45 4.422 2.158 2.264
= 0:00 | 0:00
2021 | 202%
Surficial V;Zi”g;‘és Inconclusive | 0228 | 0527 | 88 3.685 2.289 1.396
= 0:00 | 0:00
2002 | 2022
Surficial | WAMON#S | onclusive | 0203 | 0328 | 53 5.139 2.786 2.353
Dam_0105 0-00 0:00
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Table 48. Recovery curve classification of Watino 2353E_0369 well, unlisted surficial aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
) Recovery Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat. Dat D Recovery from Recovery, | o Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
. 1989 1989
Surficial 232‘;5’;'”8369 R;rg;aerngte 0414 | 0610 | 57 3535 3.202 0.243
— 0:00 0:00
. 1990 1990
surficial 232’3?;'”;369 R:rg;aeﬁe 0319 | 0706 | 109 3.462 321 0.252
- 0:00 0:00
) 1991 1991
- Watino .
Surficial 2353E 0369 Inconclusive 0329 05-23 55 3.597 3.407 0.19
- 0:00 0:00
) 1992 1992
- Watino .
Surficial 2353E 0369 Inconclusive 02-24 06-10 107 3.599 3.236 0.363
- 0:00 0:00
) 1993 1993
Surficial 23:\/3?;”;369 R:rzzaeﬁe 0323 | 0529 | 67 3.659 3514 0.145
- 0:00 0:00
) 1993 1993
- Watino .
Surficial 2353E 0369 Inconclusive 06-23 07-28 35 3.667 3.492 0.175
- 0:00 0:00
) 1994 1994
- Watino .
Surficial 2353E 0369 Inconclusive 04-01 06-02 62 3.613 3.321 0.292
- 0:00 0:00
. 1995 1995
- Watino .
Surficial 2353E 0369 Inconclusive 04-05 05-24 49 3.681 3.516 0.165
- 0:00 0:00
Watino Recharge 1997 1997 M March-
Surficial 07-05 | 07-29 24 3.479 3.347 0.132 Yes Yes ay- arc
2353E_0369 Present 0:00 0:00 August April
. 2002 2002
Surficial 23\2’33;'”5369 R;Z';irr?te 0419 | 0607 | 49 4323 4.127 0.196
- 0:00 0:00
. 2003 2003
- Watino
Surficial No Recharge | 04-10 07-06 87 4.402 4.079 0.323
2353E_0369
- 0:00 0:00
. 2004 2004
- Watino
Surficial No Recharge | 04-03 | 0612 70 4.352 4.192 0.16
2353E_0369
- 0:00 0:00
. 2007 2007
. Watino )
Surficial 2353E 0369 Inconclusive 04-13 06-29 77 4.372 3.72 0.652
- 0:00 0:00
. 2008 2008
- Watino .
Surficial Inconclusive 04-15 06-02 48 4.044 3.832 0.212
2353E_0369
- 0:00 0:00
. 2009 2009
- Watino .
Surficial 2353E 0369 Inconclusive 04-10 06-06 57 4.316 4.141 0.175
- 0:00 0:00
. 2011 2012
Surficial zs\é\;aé'”g%g R:rcer;aerr?te 0418 | 0819 | 123 4.715 4.432 0.283
- 0:00 0:00
. 2012 2012
Surficial \Watino Recharge | )05 | o723 | 109 4.484 4.216 0.268
2353E_0369 Present 0:00 0:00




Watino 2013 2013
Surficial Inconclusive 04-17 0813 118 4.444 3.886 0.558
2353E_0369
- 0:00 0:00
. 2014 2014
Surficial 23!’3?;'”;369 R:r(;iirngte 0411 | 0526 | 45 4017 3.777 0.24
- 0:00 0:00
. 2015 2015
- Watino .
Surficial 2353E 0369 Inconclusive 0321 0531 71 4.645 4.447 0.198
- 0:00 0:00
. 2016 2017
- Watino .
Surficial 2353E 0369 Inconclusive 0328 06-20 449 4.73 4.043 0.687
- 0:00 0:00
. 2018 2018
Surficial 23\2/36;'”5’369 R:rcehszrr?te 0422 | 0613 | 52 4.366 4.036 0.33
- 0:00 0:00
. 2018 2018
- Watino .
Surficial 2353E 0369 Inconclusive 07-19 08-06 18 4.123 4.007 0.116
- 0:00 0:00
. 2019 2019
- Watino .
Surficial 2353E 0369 Inconclusive | 03-23 06-09 78 4.026 3.876 0.15
— 0:00 0:00
. 2019 2019
- Watino
Surficial No Recharge | 07-27 0818 22 4.012 3,511 0.501
2353E_0369
— 0:00 0:00
. 2020 2020
Surficial 23\5’\’3"’2'”3369 R:rcehsirr?te 0415 | 0722 | 98 3576 3.007 0.569
— 0:00 0:00
. 2021 2021
- Watino .
Surficial 2353E 0369 Inconclusive 04-12 06-02 51 3.334 3.13 0.204
- 0:00 0:00
. 2022 2022
- Watino .
Surficial Inconclusive | 04-06 06-28 83 3.511 2.981 0.53
2353E_0369 0:00 0:00
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Table 49: Recovery curve classification of La Crete 2447E_0380 well, unlisted surficial aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
) Recovery Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat. Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface Level, m Season?
Level, m
La Cret 1999 1999
Surficial atrete Inconclusive | 0328 | 0608 72 3.281 2.84 0.441
2447E 0380 . i
—= 0:00 0:00
La Crete 2000 2000
Surficial 2447E 0380 Inconclusive 0329 06-15 78 3.42 3.034 0.386
- 0:00 0:00
La Crete 2001 2001
Surficial 2447E 0380 Inconclusive 04-07 06-23 77 3.612 3.324 0.288
- 0:00 0:00
La Crete 2002 2002
Surficial 2447E 0380 Inconclusive 04-17 06-17 61 3.73 3.614 0.116
- 0:00 0:00
La Crete 2003 2003
Surficial 2447E 0380 Inconclusive 04-12 07-19 98 3.886 3.745 0.141
- 0:00 0:00
2004 2004
- La Crete
Surficial No Recharge | 04-06 06-20 75 3.952 3.674 0.278
2447E_0380
- 0:00 0:00
La Crete 2005 2005
Surficial No Recharge | 04-05 07-08 94 3.962 3.32 0.642
2447E_0380
- 0:00 0:00
La Crete 2007 2007
Surficial 2447E 0380 Inconclusive 04-03 07-01 89 3.685 3.278 0.407
— 0:00 0:00
La Crete 2008 2008
Surficial | 0" e | Inconclusive | 0411 | 0623 73 3.46 3.046 0.414 Yes Yes May- | March
_ 0:00 0:00 July April
2009 2009
surficial | 4L4a7(é'%t3680 R;Z';irr?te 0403 | 0607 | 65 3.452 2.926 0.526
— 0:00 0:00
La Crete 2010 2010
Surficial Inconclusive | 0323 | 0614 83 3.494 3.029 0.465
2447E_0380
— 0:00 0:00
La Crete 2011 2011
Surficial Inconclusive | 04-06 05-26 50 3.574 3.293 0.281
2447E_0380
— 0:00 0:00
La Crete 2012 2012
Surficial Inconclusive | 04-04 | 0524 50 3.808 3.685 0.123
2447E_0380
— 0:00 0:00
La Crete 2013 2013
Surficial Inconclusive 04-14 06-22 69 4.084 3.559 0.525
2447E_0380
- 0:00 0:00
La Crete 2015 2015
Surficial Inconclusive 04-01 0518 47 4.663 4.499 0.164
2447E_0380
- 0:00 0:00
La Crete 2016 2016
Surficial Inconclusive 04-07 05-28 51 4.852 4.709 0.143
2447E_0380
- 0:00 0:00
La Crete 2021 2021
Surficial Inconclusive 04-12 06-19 68 4.238 3.899 0.339
2447E_0380 0:00 0:00




La Crete 2022 2022

Surficial Inconclusive 04-06 06-20 75 4.159 3.709 0.45
2447E_0380 0:00 0:00
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Table 50: Recovery curve classification of Innisfree 2403E_0235 well, unlisted surficial aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer well Name Curve Type | Date Date | (Days) Recovery from Recovery, Recover Consistent? Date Date
from Surface m Yy
Surface Level, m Season?
Level, m
. 1988 1988
Surficial 24182;”8;35 Rper ‘;Zaeﬁe 0222 | 0429 | 67 5.452 5.246 0.206
— 0:00 0:00
. 1988 1988
- Innisfree
Surficial 2403E 0235 No Recharge| 0817 | 12-18 123 5.71 5.384 0.326
- 0:00 0:00
Surficial Innisfree Recharge 3392(; 1291?1 78 5.668 5.489 0.179
2403E_0235 Present 0:00 0:00
Innisfree 199% 1992
Surficial 2403E 0235 Inconclusive | 0917 | 0526 252 5.888 5.37 0.518
- 0:00 0:00
Surficial Innisfree Recharge 33%23 12912(1) 68 6.084 5.876 0.208
2403E_0235 Present 0:00 0:00
- Innisfree . 1993 1993
Surficial 2403E 0235 Inconclusive | 03-02 | 0511 70 5.927 5.38 0.547
- 0:00 0:00
Surficial Innisfree Recharge 33%3; é?lt 217 5.627 5.28 0.347
2403E_0235 Present 0:00 0:00
Surficial Innisfree Recharge 3392441 c1>g-9151 229 5.501 5.216 0.285
2403E_0235 Present 0:00 0:00 . .
- Innisfree Recharge 1996 1 1997 \i{r(:‘tzlt\sl\?cl)lt ':/‘I):I Fil\mflafy
Surficial 0904 | 0423 231 5.542 4,961 0.581 Yes Ys pril,
2403E_0235 Present 0:00 0:00 pumping October August
- isfree . 1997 1998 seasons January | September
Surficial Inconclusive | 0831 | 0411 223 5.332 5.103 0.229
2403E_0235
- 0:00 0:00
Surficial Innisfree Recharge égﬁ c1>?>9291 246 5.828 5.233 0.595
2403E_0235 Present 0:00 0:00
. 1999 2000
- Innisfree .
Surficial Inconclusive | 0926 | 01-09 105 5.695 5.486 0.209
2403E_0235
- 0:00 0:00
Surficial Innisfree Recharge 5(2)02(; 3201(; 80 5557 5.353 0.204
2403E_0235 Present 0:00 0:00
Surficial Innisfree Recharge é(?)r%lé gg%lé, 89 5.372 5.206 0.166
2403E_0235 Present 0:00 0:00
- Innisfree . 200% 200%
Surficial 2403E 0235 Inconclusive | 09-17 12-14 88 5.708 5.522 0.186
- 0:00 0:00
Surficial Innisfree Recharge 33,%2; 32%25 57 5.808 5.47 0.338
2403E_0235 Present 0:00 0:00
) 2002 | 2002
- Innisfree
Surficial No Recharge | 1009 | 12-15 67 6.05 5.868 0.182
2403E_0235 0:00 0:00
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Innisfree Recharge 2003 2003
Surficial 0317 | 0608 83 6.009 5.419 0.59
2403E_0235 Present 0:00 0:00
Innisfree Recharge 2003 2003
Surficial 0908 | 1028 50 5.949 5.675 0.274
2403E_0235 Present 0:00 0-00
) 2004 2004
- Innisfree .
Surficial Inconclusive | 02-11 | 06-14 124 5.848 5.484 0.364
2403E_0235
- 0:00 0:00
Innisfree Recharge 2004 ) 2005
Surficial 0821 | 0417 239 5.82 5.219 0.601
2403E_0235 Present 0-00 0:00
Innisfree Recharge 2005 ) 2005
Surficial 0815 | 1007 53 5.612 5.313 0.299
2403E_0235 Present 0-00 0:00
) 2006 2006
- Innisfree .
Surficial 2403E 0235 Inconclusive | 03-02 | 0506 65 5.433 5.196 0.237
- 0:00 0:00
) 2006 2007
- Innisfree .
Surficial Inconclusive | 0911 | 04-20 221 5.744 5.127 0.617
2403E_0235
- 0:00 0:00
) 2007 2008
- Innisfree .
Surficial Inconclusive | 0818 | 01-05 140 5.561 5.327 0.234
2403E_0235
- 0:00 0:00
Innisfree Recharge 2008 | 2008
Surficial 0209 | 0410 61 5.422 5.259 0.163
2403E_0235 Present 0:00 0:00
Innisfree 2009 2009
Surficial 2403E 0235 Inconclusive | 0318 | 0511 54 5.53 5.309 0.221
- 0:00 0:00
) 2009 2009
- Innisfree .
Surficial 2403E 0235 Inconclusive | 09-27 11-12 46 6.009 5.763 0.246
- 0:00 0:00
Innisfree Recharge 2010 201%
Surficial 0906 | 0212 159 5.592 5.363 0.229
2403E_0235 Present 0:00 0:00
Innisfree Recharge 201L 201%
Surficial 0311 04-25 45 5.424 5.161 0.263
2403E_0235 Present 0:00 0:00
Innisfree Recharge 2012 2012
Surficial 0308 | 0527 80 5.557 5.247 0.31
2403E_0235 Present 0:00 0:00
) 2013 2014
- Innisfree .
Surficial 2403E 0235 Inconclusive | 0925 | 01-09 106 5.525 5.377 0.148
- 0:00 0:00
) 2014 2014
- Innisfree .
Surficial 2403E 0235 Inconclusive | 03-11 | 06-29 110 5.509 5.137 0.372
- 0:00 0:00
Innisfree Recharge 2014 2015
Surficial 0908 | 0401 205 5.412 5.02 0.392
2403E_0235 Present 0:00 0:00
Innisfree Recharge 2015 2015
Surficial 0904 | 1221 108 5.699 5.384 0.315
2403E_0235 Present 0:00 0:00
) 2016 2016
- Innisfree .
Surficial 2403E 0235 Inconclusive | 01-20 | 04-09 80 5.438 5.224 0.214
- 0:00 0:00
Innisfree 2016 2017
Surficial 2403E 0235 Inconclusive | 0912 | 0516 246 5.488 5.038 0.45
- 0:00 0:00
Innisfree Recharge 2017 2017
Surficial 2403E 0235 Present %9;02 1020105 94 5.561 5.328 0.233
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Innisfree 2018 2018
Surficial 2403E 0235 Inconclusive | 03-11 | 0501 51 5.457 5.129 0.328
- 0:00 0:00
Innisfree Recharge 2018 2019
Surficial 0909 | 01-31 144 5.584 5.282 0.302
2403E_0235 Present 0:00 0-00
) 2019 2019
- Innisfree .
Surficial 2403E 0235 Inconclusive | 03-14 | 04-06 23 5.315 5.123 0.192
- 0:00 0:00
. 2019 2019
- Innisfree
Surficial No Recharge | 06-19 | 07-20 31 5.328 5.133 0.195
2403E_0235
- 0:00 0:00
Innisfree Recharge 2019 ) 2020
Surficial 0906 | 0328 204 5.273 5.085 0.188
2403E_0235 Present 0-00 0-00
. 2021 2022
- Innisfree .
Surficial Inconclusive | 0923 | 0507 226 5.532 5.124 0.408
2403E_0235 0:00 0:00

Table 51: Recovery curve

classification of Leedale Shallow 3022 well, unlisted surficial

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name Recovery from Recovery, Consistent?
Curve Type | Date Date | (Days) from Surface m Recovery Date Date
Surface | Level,m Season?
Level, m
2013 2013
Suficial |  Leedale R;éiaerr?te 0523 | 0613 | 21 6.666 6.494 0172
= 0:00 0:00
. Leedale . 2014 2014
Surficial Shallow 3022 Inconclusive | 03-13 | 06-07 86 6.964 6.599 0.365
= 0:00 0:00
2015 2015
Surficial Sh:;c?v?/a!’,eOZZ R;g;irr?te 0306 | 0411 | 36 6.992 6.818 0.174
- 0:00 0:00 May
2017 | 2017 Consistent A
Surficial Leedale |\ onclusive | 0319 | 1019 | 214 7.074 5578 1.496 Yes ending June, | March-
Shallow_3022 0:00 0:00 October May
: : season ber
- Leedale Recharge 2018 2018 Novem
Surficial Shallow 3022 Present 0418 | 0514 26 6.169 5.993 0.176
= 0:00 0:00
- Leedale . 2020 2020
Surficial Shallow 3022 Inconclusive | 04-14 11-24 224 7.245 5.243 2.002
- 0:00 0:00
- Leedale Recharge 2022 2022
Surficial 06-13 | 0809 57 6.878 6.476 0.402
Shallow_3022 Present 0:00 0:00
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Table 52 Recovery curve classification of Bruderheim 2343E #1 North_0178 well, unlisted

surficial aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T D D Recovery from Recovery, Consistent?
urve Type ate ate | (Days) from Surface m Recovery Date Date
Surface | Level, m Season?
Level, m
Bruderheim 1999 1999
Surficial 2343E #1 Inconclusive | 03-22 05-31 70 6.126 5.827 0.299
North_0178 0:00 0:00
Bruderheim 2000 2000
Surficial 2343E #1 No Recharge | 03-22 07-22 122 6.44 6.224 0.216
North_0178 0:00 0:00
Bruderheim Recharge 2001 2002
Surficial 2343E #1 Present 04-23 0812 111 6.626 6.389 0.237
North_0178 0:00 0:00
Bruderheim 2002 2002
Surficial 2343E #1 Inconclusive | 0410 06-19 70 6.779 6.638 0.141
North_0178 0:00 0:00
Bruderheim 2003 2003
Surficial 2343E #1 Inconclusive | 04-03 07-27 115 7.018 6.436 0.582
North_0178 0:00 0:00
Bruderheim Recharge 2004 2004
Surficial 2343E #1 Present 03-27 07-28 123 6.75 6.123 0.627
North_0178 0:00 0:00
Bruderheim Recharge 2006 2006
Surficial 2343E #1 Present 0331 | 0620 81 6.553 6.237 0.316
North_0178 0:00 0:00
Bruderheim 2007 2007
Surficial 2343E #1 Inconclusive | 03-21 06-30 101 6.696 6.122 0.574
North_0178 0:00 0:00
Bruderheim 2008 2008
Surficial 2343E#1 | Inconclusive | 0320 | 0610 82 6.719 6.373 0.346 Yes Yes June March
North_0178 0:00 0:00 August April
Bruderheim Recharge 2010 2010
Surficial 2343E #1 Present 0315 | 07-23 130 7.041 6.683 0.358
North_0178 0:00 0:00
Bruderheim Recharge 2011 2011
Surficial 2343E #1 Present 03-30 0821 144 6.872 6.078 0.794
North_0178 0:00 0:00
Bruderheim Recharge 2012 2012
Surficial 2343E #1 Present 03-22 09-01 163 6.469 6.031 0.438
North_0178 0:00 0:00
Bruderheim 2013 2013
Surficial 2343E #1 Inconclusive | 03-28 07-09 103 6.289 5.774 0.515
North_0178 0:00 0:00
Bruderheim Recharge 2014 2014
Surficial 2343E #1 Present 0310 08-04 147 6.166 5.64 0.526
North_0178 0:00 0:00
Bruderheim Recharge 2016 2016
Surficial 2343E #1 Present 03-07 07-17 132 6.214 5.85 0.364
North_0178 0:00 0:00
Bruderheim Recharge 2018 2018
Surficial 2343E #1 Present 04-13 06-23 71 6.138 5.764 0.374
North_0178 0:00 0:00
Bruderheim Recharge 2019 2019
Surficial 2343E #1 Present 0316 0814 151 6.083 5531 0.552
North_0178 0:00 0:00
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Bruderheim 2020 2020

Surficial 2343E #1 Inconclusive | 04-07 07-27 111 5.819 5.321 0.498
North_0178 0:00 0:00
Bruderheim Recharge 2021 2021

Surficial 2343E #1 Present 0312 | 0523 72 5.729 5.556 0.173
North_0178 0:00 0:00

Table 53: Recovery curve classification of Bruderheim North_3069 well, unlisted surficial

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | pring . Start End
Aquifer Well Name c Recovery from Recovery, Consistent?
urve Type | Date Date | (Days) from Surface m Recovery Date Date
Surface Level, m Season?
Level, m
Surficial | Bruderheim | 00 clusive 3031310 39—1216 118 3.377 2.338 1.039
North_3069 . .
0:00 0:00
- Bruderheim . 2012 2012
Surficial North 3069 Inconclusive | 03-08 07-24 138 2.92 2.282 0.638
- 0:00 0:00
) 2013 2013
Surficial 32;?:2323 R;}‘;Zzﬁe 0323 | 0505 | 43 2.662 2.127 0.535
- 0:00 0:00
- Bruderheim . 2014 2014
Surficial North 3069 Inconclusive | 03-09 06-07 20 2.676 2.157 0.519
- 0:00 0:00
- Bruderheim . 2015 2015
Surficial North 3069 Inconclusive | 03-06 04-10 35 2.515 2.13 0.385
- 0:00 0:00
- Bruderheim . 2016 2016
Surficial North 3069 Inconclusive | 03-07 07-12 127 2.852 2.267 0.585
- 0:00 0:00
B Bruderheim ‘ 2017 2017 Yes Yes May-July March
Surficial North 3069 Inconclusive | 0316 | 0621 97 2.628 2.088 0.54
- 0:00 0:00
- Bruderheim . 2018 2018
Surficial North 3069 Inconclusive | 0408 | 06-13 66 2.677 2.177 0.5
- 0:00 0:00
- Bruderheim . 2019 2015
Surficial North 3069 Inconclusive | 0313 | 07-30 139 2.716 1.904 0.812
- 0:00 0:00
- Bruderheim . 2020 2020
Surficial North 3069 Inconclusive | 04-07 07-10 94 2.512 1.814 0.698
- 0:00 0:00
- Bruderheim . 202k 2021
Surficial North 3069 Inconclusive | 0312 0520 69 2.527 2.175 0.352
- 0:00 0:00
. 2022 2022
Surficial | Bruderheim | Recharge | o0, | 0505 | 49 2.976 2.319 0.657
North_3069 Present 0:00 0:00
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Table 54: Recovery curve classification of Cooking Lake 1348E North_0157 well, unlisted

surficial aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T D D Recovery from Recovery, Consistent?
urve Type ate ate | (Days) from Surface m Recovery Date Date
Surface | Level, m Season?
Level, m
Cooking Lake 1977 1978
Surficial 1348E R;rzzz;gte 0902 | 0206 | 157 8.937 8.862 0.075
North_057 0:00 0:00
Cooking Lake Recharge 1983 1984
Surficial 1348E Present 09-02 02-18 169 9.664 9.573 0.091
North_057 0:00 0:00
Cooking Lake Recharge 1984 1985
Surficial 1348E Present 09-03 02-21 171 9.791 9.61 0.181
North_057 0:00 0:00
Cooking Lake 1985 1986
Surficial 1348E Inconclusive | 0809 | 01-03 147 9.98 9.825 0.155
North_057 0:00 0:00
Cooking Lake Recharge 1992 1992
Surficial 1348E Present 01-14 06-12 150 9.064 8.951 0.113
North_057 0:00 0:00
Cooking Lake 1992 1993
Surficial 1348E Inconclusive | 0917 | 0510 235 9.058 8.955 0.103
North_057 0:00 0:00
Cooking Lake Recharge 1994 1994
Surficial 1348E Present 01-02 0314 71 9.205 9.13 0.075
North_057 0:00 0:00
Cooking Lake 2000 2001
Surficial 1348E Inconclusive | 0828 | 0302 186 8.575 8.509 0.066
North_057 0:00 0:00
Cooking Lake 2001 | 2002 Consistent
Surficial 1348E No Recharge | 0911 | 0415 | 216 8.764 8.69 0.074 Yes ending | ebruary | August
North_057 0:00 | 0:00 season May | October
Cooking Lake 2003 2004
Surficial 1348E No Recharge | 0927 | 02-03 129 9.295 9.216 0.079
North_057 0:00 0:00
Cooking Lake 2004 2005
Surficial 1348E Inconclusive | 0817 04-16 242 9.379 9.179 0.2
North_057 0:00 0:00
Cooking Lake 2005 2006
Surficial 1348E Inconclusive | 07-17 04-15 272 9.256 9.066 0.19
North_057 0:00 0:00
Cooking Lake 2006 2007
Surficial 1348E Inconclusive | 0911 | 06-30 292 9.314 9.026 0.288
North_057 0:00 0:00
Cooking Lake 2007 2008
Surficial 1348E No Recharge | 08-09 05-02 267 9.111 8.939 0.172
North_057 0:00 0:00
Cooking Lake 2010 201
Surficial 1348E Inconclusive | 11-03 | 02-27 116 9.731 9.646 0.085
North_057 0:00 0:00
Cooking Lake Recharge 2012 2013
Surficial 1348E Present 10-03 06-26 266 9.667 9.458 0.209
North_057 0:00 0:00
Cooking Lake Recharge 2013 2014
Surficial 1348E Present 10-03 01-12 101 9.577 9.437 0.14
North_057 0:00 0:00
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Cooking Lake Recharge 2014 2015

Surficial 1348E Present 0906 | 0411 217 9.539 9.313 0.226
North_057 0:00 0:00
Cooking Lake Recharge 2015 2015

Surficial 1348E Present 0904 | 12-21 108 9.514 9.416 0.098
North_057 0:00 0:00
Cooking Lake 2017 2018

Surficial 1348E Inconclusive | 09-12 04-17 217 9.831 9.698 0.133
North_057 0:00 0:00
Cooking Lake Recharge 2018 2019

Surficial 1348E Present 0904 | 01-03 121 9.974 9.841 0.133
North_057 0:00 0:00
Cooking Lake Recharge 2019 2020

Surficial 1348E Present 0514 | 0813 457 9.958 8.242 1.716
North_057 0:00 0:00
Cooking Lake 2021 2022

Surficial 1348E Inconclusive | 0818 | 0507 262 9.116 8.907 0.209
North_057 0:00 0:00
Cooking Lake 2022 2023

Surficial 1348E Inconclusive | 10-05 | 02-13 131 9.071 8.963 0.108
North_057 0:00 0:00




Table 55. Recovery curve classification of Devon #2 North_0159 well, unlisted surficial aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
) Recovery | Start | End | Length Level Recovery | Apparent | ping ) Start End
Aquifer Wwell Name Curve Type Date Date | (Days) Recovery from Recovery, Recover Consistent? Date Date
from Surface m Yy
Surface Level, m Season?
Level, m
1968 1968
Surficial N'?)ft‘;]o%fgg R;‘;Zaeﬁe 0220 | 0508 | 78 26 2.115 0.485
— 0:00 0:00
1969 1969
surficial szx]ogfsg R;‘;Zaeﬁe 0320 | 0508 | 49 2.779 2.179 06
- 0:00 0:00
19706 1970
Surficial N?th\;,o%ﬁg Rper‘;zaeﬁe 0318 | 0430 | 43 2.819 2.38 0.439
- 0:00 0:00
1971 1971
Surficial N?th\;,o%ﬁg Rper‘;zaeﬁe 0302 | 0422 | 51 2.849 2.234 0.615
- 0:00 0:00
. Devon #2 . 1972 1972
Surficial North 0159 Inconclusive 0311 05-20 70 2.794 1.989 0.805
- 0:00 0:00
1973 1973
Surficial N?th\ll‘lor:)fsg R;}‘;Zzﬁe 0302 | 0508 | 67 2.632 2.121 0511
- 0:00 0:00
. Devon #2 . 1975 1975
Surficial North 0159 Inconclusive 04-10 0517 37 2.115 1.468 0.647
- 0:00 0:00
. Devon #2 . 1978 1978
Surficial North 0159 Inconclusive 03-02 06-01 91 2.529 2.064 0.465
- 0:00 0:00
- Devon #2 Recharge 1979 1979 April- | Februar
Surficial North 0159 Present 03-07 0519 73 2.479 1.678 0.801 Yes Yes Jp ) y
- 0:00 | 0:00 une | April
1980 1980
Surficial NZ?;;]O%TSQ R;}ng 0313 | 0426 | 44 2.505 1.881 0.624
- 0:00 0:00
. Devon #2 ) 1980 1980
Surficial North 0159 Inconclusive | 0823 09-18 26 2.131 1.673 0.458
- 0:00 0:00
. Devon #2 ) 198% 198%
Surficial North 0159 Inconclusive 02-17 04-24 66 2.151 1.611 0.54
- 0:00 0:00
. Devon #2 ) 1981 198%
Surficial North 0159 Inconclusive 0918 1011 23 2.18 1.974 0.206
- 0:00 0:00
- Devon #2 . 1983 1983
Surficial North 0159 Inconclusive 02-18 05-08 79 2.212 1.683 0.529
- 0:00 0:00
- Devon #2 . 1983 1983
Surficial North 0159 Inconclusive 06-19 07-06 17 2.048 1.119 0.929
- 0:00 0:00
- Devon #2 . 1983 1983
Surficial North 0159 Inconclusive 09-02 10-30 58 1.89 1.782 0.108
- 0:00 0:00
- Devon #2 . 1984 1984
Surficial Inconclusive 0319 06-08 81 2.048 1.553 0.495
North_0159 0:00 0:00
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- Devon #2 Recharge 1986 1986
Surficial North 0159 Present 02-25 0514 78 2.436 1.489 0.947
- 0:00 0:00
- Devon #2 . 1986 1986
Surficial North 0159 Inconclusive 09-09 10-05 26 2.245 1.835 0.41
- 0:00 0:00
- Devon #2 . 1987 1987
Surficial North 0159 Inconclusive 0316 05-22 67 2.322 1.629 0.693
- 0:00 0:00
1989 1989
Surficial N?)?:;]O%fgg R;‘;Zirngte 0320 | 0520 | 61 2.439 155 0.889
- 0:00 0:00
- Devon #2 . 199% 199%
Surficial North 0159 Inconclusive 0316 06-26 102 2.12 1.067 1.053
- 0:00 0:00
- Devon #2 . 1992 1992
Surficial North 0159 Inconclusive 02-20 04-16 56 2.095 1.458 0.637
- 0:00 0:00
- Devon #2 . 1994 1994
Surficial North 0159 Inconclusive | 03-03 06-16 105 2.451 1.711 0.74
- 0:00 0:00
1995 1995
Surficial N?,::]O%fég R;}‘;Zaerrie 0313 | 0520 | 68 2.455 1.948 0.507
- 0:00 0:00
- Devon #2 . 1997 1997
Surficial Inconclusive | 0313 | 06-26 105 2.065 1.186 0.879
North_0159
- 0:00 0:00
- Devon #2 . 1999 1999
Surficial North 0159 Inconclusive 0311 0524 74 2.092 1.43 0.662
- 0:00 0:00
- Devon #2 . 2000 2000
Surficial North 0159 Inconclusive | 0316 06-20 96 2.332 1.843 0.489
- 0:00 0:00
2002 2002
Surficial N'ift‘:]or(‘)fgg Rp‘i‘;grﬂe 0402 | 0527 | 55 2.863 2.405 0.458
- 0:00 0:00
2003 2003
Surficial N'?Jxoréfgg Rper‘;zaern‘-’te 0316 | 0516 | 61 3.118 2.256 0.862
- 0:00 0:00
- Devon #2 . 2004 2004
Surficial North 0159 Inconclusive 03-06 07-18 134 3.123 2.767 0.356
- 0:00 0:00
- Devon #2 . 2005 2005
Surficial North 0159 Inconclusive 02-28 04-18 49 3.104 2.281 0.823
- 0:00 0:00
Devon #2 2006 2006
Surficial North 0159 Inconclusive 0324 05-29 66 3.154 2.852 0.302
- 0:00 0:00
2007 2007
Surficial N'ﬂ‘f;o%ﬁg Rpi‘;zaern‘-’te 0310 | 0512 | 63 3.223 2.247 0.976
- 0:00 0:00
Devon 42 2008 2008
Surficial North 0159 Inconclusive 03-05 05-26 82 2.997 2.681 0.316
- 0:00 0:00
- Devon #2 2009 2009
Surficial North 0159 No Recharge | 03-23 05-18 56 3.38 3.138 0.242
- 0:00 0:00
- Devon #2 . 201% 2011
Surficial North 0159 Inconclusive 03-26 0801 128 3.675 2.83 0.845
- 0:00 0:00
2012 2012
Surficial Devon #2 Recharge | 015 | o524 | 75 3.148 2.826 0.322
North_0159 Present 0:00 0:00




- Devon #2 Recharge 2013 2013
Surficial North 0159 Present 03-24 05-07 44 3.013 2.553 0.46

- 0:00 0:00

- Devon #2 . 2014 2014
Surficial North 0159 Inconclusive 03-06 04-28 53 3.076 2.583 0.493

- 0:00 0:00

- Devon #2 . 2015 2015
Surficial North 0159 Inconclusive 0301 04-19 49 3.194 2.8 0.394

- 0:00 0:00

- Devon #2 . 2017 201~
Surficial North 0159 Inconclusive 0313 06-03 82 3.554 2.985 0.569

- 0:00 0:00

2018 2018
Surficial N'?)ft‘;:’%f:g R;‘;Z"’;rr?te 0406 | 0511 | 35 3.241 2.758 0.483

- 0:00 0:00

- Devon #2 2019 2019
Surficial North 0159 No Recharge | 0312 05-16 65 3.354 2.876 0.478

- 0:00 0:00

- Devon #2 . 2020 2020
Surficial Inconclusive | 04-04 08-09 127 3.273 2.371 0.902

North_0159

- 0:00 0:00

. Devon #2 . 2021 202k
Surficial North 0159 Inconclusive | 03-05 05-25 81 2.719 2.442 0.277

- 0:00 0:00

. Devon #2 . 2022 2022
Surficial North 0159 Inconclusive 0311 0514 64 3.201 2.686 0.515

- 0:00 0:00

2023 2023
Surficial Devon #2 Recharge | 319 | 0504 | 46 3.388 3.26 0.128

North_0159 Present 0:00 0:00

Table 56: Recovery curve classification of Carmangay West_3010 well, unlisted surficial
aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | pring . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level, m Season?
Level, m
2019 2019
Surficial | Carmangay | Recharge oo | o o8 | ge 2529 2253 0.276
West 3010 Present X i
— 0:00 0:00
Carmanaa 2020 2021
Surficial 98 | No Recharge| 0826 | 01-06 | 133 2.741 2.483 0.258
West_3010
0:00 0:00
2021 | 2021k Consistent
Surficial | SAMaNGAY | yoconclusive | 0217 | 0524 | 96 2.663 2391 0.272 Yes starting May- | February
West_3010 ) . June March
0:00 | 0:00 season
Carmanaa 2022 2022
Surficial 981 No Recharge| 0310 | 0505 | 56 2.646 2507 0.139
West_3010
0:00 0:00
Carmanaa 2022 2022
Surficial 98 1 nconclusive | 0603 | 0615 | 12 261 2.294 0.316
West_3010 0:00 0:00
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Table 57: Recovery curve classification of Cypress Hills 2293E_0107 well, unlisted surficial

aquifer.
Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, | o Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level,m Season?
Level, m
c Hil 1986 1986
Surficial YPress FlS | No Recharge | 03-02 | 04-02 31 13.115 12595 0.52
2293E_0107 i .
— 0:00 0:00
Cypress Hills 1986 1986
Surficial yp Inconclusive | 0527 | 07-10 | 44 12.893 12,533 0.36
2293E_0107
— 0:00 0:00
Cypress Hills 1987 1987
Surficial yp Inconclusive | 03-05 04-11 37 12.863 12.207 0.656
2293E_0107
0:00 0:00
Cypress Hills 199% 199%
Surficial yp Inconclusive 0319 0522 64 13.03 12.211 0.819
2293E_0107
0:00 0:00
Cypress Hills 1993 1993
Surficial yp Inconclusive 03-06 04-11 36 13.22 11.737 1.483
2293E_0107 i i
0:00 0:00 Yes Yes March March
- Cypress Hills . 1993 1993 May May
Surficial Inconclusive | 06-15 08-02 48 12.678 11.68 0.998
2293E_0107
0:00 0:00
Cypress Hills 1994 1994
Surficial yp Inconclusive | 0302 | 0318 | 16 12.657 11.983 0.674
2293E_0107
0:00 0:00
. 1995 1995
Surficial | SyPressHills | Recharge |, ) | 0400 | 18 12.887 12.234 0.653
2293E_0107 Present
- 0:00 0:00
Cypress Hills 1996 1996
Surficial yp Inconclusive | 0312 | 0422 | 41 12.982 12.351 0.631
2293E_0107
- 0:00 0:00
Cvpress Hills Inconclusive | 1997 1997
Surficial 22235 05| (coshort | 0319 | 0331 | 12 13.059 12.062 0.997
- time) 0:00 0:00
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Appendix C7: Recovery Curve Classification iscellaneous Alberta Aquifers Monitoring

Wells

Table 58: Recovery curve classification of Dewberry 2410E_0237 well, Lea Park aquifer.

Recovery Season Water Levels Pumping Season
Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping . Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level,m Season?
Level, m
1987 1987
LeaPark | Dewbery Recharge | > 07 | o530 | 112 8.532 8.054 0.478
2410E 0237 Present X i
0:00 0:00
Dewberr 1988 1988
Lea Park y Inconclusive 04-08 09-07 152 8.691 8.338 0.353
2410E_0237
0:00 0:00
Dewberr Recharge 1989 1989
Lea Park y 9 04-07 08-03 118 8.889 8.238 0.651
2410E_0237 Present
0:00 0:00
Dewberr 1991 1991
Lea Park y No Recharge | 04-11 07-14 94 8.841 8.336 0.505
2410E_0237
0:00 0:00
Dewberr 1992 1992
Lea Park y Inconclusive | 03-07 06-02 87 9.057 8.332 0.725
2410E_0237
0:00 0:00
Dewberr 1993 1993
Lea Park y Inconclusive 03-26 07-21 117 9.235 8.781 0.454
2410E_0237
— 0:00 0:00
Dewberry Recharge 1994 1994 J March:
Lea Park 0401 | 0822 143 9.257 8.594 0.663 Yes Yes une arc
2410E_0237 Present 0:00 0:00 July April
Dewber 1995 1995
Lea Park v Inconclusive | 03-26 07-02 98 9.136 8.723 0.413
2410E_0237
- 0:00 0:00
Dewber Recharge 1996 1996
LeaPark | .o 02’37 Preser?t 0410 | 0716 | 97 9.119 8.183 0.936
- 0:00 0:00
Dewber Recharge 2009 2009
Lea Park i 9 0404 | 0714 | 101 8.759 8.007 0.752
2410E_0237 Present
- 0:00 0:00
Dewber Recharge 2020 2020
LeaPark | . or 0%7 Preser?t 0415 | 0712 88 8.187 6.711 1.476
- 0:00 0:00
Dewber Recharge 202% 202k
LeaPark | =0 0%7 Preser?t 0323 | 0615 | 84 8.341 7.36 0.981
- 0:00 0:00
Dewber Recharge 2022 2022
Lea Park v 9 0322 | 0701 | 101 8.67 7.359 1311
2410E_0237 Present 000 | 000
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Table 59: Recovery curve classification of Ross Creek 2286E_0114 well, Irvine Valley aquifer.

Recovery Season

Water Levels

Pumping Season

Minimum | Maximum
Water Observed Pumping
. Recovery | Start | End | Length Level Recovery | Apparent | ping ) Start End
Aquifer Well Name c T Dat Dat D Recovery from Recovery, R Consistent? Dat Dat
urve Type ate ate | (Days) from Surface m ecovery ate ate
Surface | Level, m Season?
Level, m
- 1092 | 1992
\'/r;;lr;e 22%561%163,( No Recharge| 07-29 | 1020 | 83 5.155 5.004 0.061
Y = 0:00 | 0:00
. 1993 1993
\'/r;;lr;e ZFZZZSI‘EC(;‘;TZ R:rg;aeﬁe 0311 | 0506 | 56 5.191 5.084 0.107
Y — 0:00 | 0:00
Irvine Ross Creek Inconclusive | 1996 | 1996
Valle 2286E 0114 (too short 02-01 02-18 17 4.8 4.671 0.129
Y — time) 0:00 | 0:00
Irvine Ross Creek 1996 1996
Inconclusive | 07-29 | 11-03 97 4.782 4.682 0.1
Valley | 2286E_0114 ooo | 600
X 1996 1997
\'/r;;lr;e ZF;‘;ZSI‘ECBT';'Z R:rzzaeﬁe 1217 | 0225 | 70 4732 461 0.122
Y — 0:00 | 0:00
. 1997 1997
\'/r;;lr;e ZF;‘;ZSI‘ECBT';'Z R:rzzaeﬁe 07-28 | 1020 | 93 4.65 4568 0.082
y - 0:00 | 0:00
. 1998 1998
\'/r;;lr;e ZF;‘;ZSI‘ECBT';'Z R:rzzaeﬁe 0619 | 0709 | 20 4711 4514 0.197
y - 0:00 | 0:00
X 1998 1998
\'/r;;lr;e ZF;‘;ZSI‘ECSTZ R:giﬁe 0905 | 1120 | 76 4.652 4579 0.073
¥ — 0:00 | 0:00 N
Marc
. 2000 | 2000 March
Irvine Ross Creek . May, '
Valley 2286E_0114 Inconclusive OE.}-OZ 05.}08 37 4.958 4.911 0.047 Yes No October July-
0:00 | 0:00 November| SePtember
Irvine Ross Creek Recharge 2002 ) 2002 ovember
valle 2286E 0114 Preser?t 08-08 11-08 92 5.255 5.16 0.095
¥ — 0:00 | 0:00
Irvine Ross Creek 2003 | 2003
Inconclusive | 03-07 | 0515 69 5.213 5.101 0.112
Valley 2286E_0114 0:00 0:00
Irvine Ross Creek 2003 | 2003
Inconclusive | 06-10 | 0801 52 5.182 5.062 0.12
Valley 2286E_0114 0:00 0:00
X 2004 2004
\'/r;;lr;e ZF;%sezcgeﬁ'Z R;rce';irr?te 07-31 | 1016 | 77 5.105 4.972 0.133
¥ — 0:00 | 0:00
i 2005 2005
\'/r;;lr;e ;ZSGSECS;TZ R:rcehsiﬁe 0525 | 0621 | 27 5.071 4.983 0.088
Y — 0:00 | 0:00
Irvine Ross Creek 2007 2008
No Recharge| 07-18 | 01-04 170 4.943 4.857 0.086
Valley 2286E_0114 0:00 0:00
Irvine Ross Creek 2008 2009
Inconclusive | 0803 0321 230 5.035 4.905 0.13
Valley 2286E_0114 0:00 0:00
Irvine Ross Creek 2009 2010
Valley 2286E_0114 No Recharge OOE.}OZOG Oog—olg 326 5.107 4177 0.93
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Irvine Ross Creek 201k | 201F
Inconclusive | 03-04 | 06-07 95 4.303 3.804 0.499
Valley 2286E_0114 0:00 .00
i 2012 | 2012
Vo | ek | Foowae | o324 | o509 | 45 | 4207 | 421 | oosr
Y _ 0:00 0:00
i 2014 | 2014
Vol | soome orns| eroase | o307 | 0s27 | st | s | aass | 000
Y _ 0:00 0:00
i 2016 | 2017
Y _ 0:00 0:00
Irvine Ross Creek 2020 | 202k
Valley 2286E_0114 No Recharge 009(%3 005()251 260 4.977 4.876 0.101
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Appendix D: GOWN Monitoring Well Recovery Curve Plotsfor Paskapoo Aquifer Wells
Appendix D1:GOWN Monitoring Well Recovery Curve Plots f@ynthia Shallow_0992VNell

Cynthia Shallow Well, 2014/04/12 to 2014/05/17. Cynthia Shallow Well, 2014/04/12 to 2014/05/17. Cynthia Shallow Well, 2014/04/12 to 2014/05/17.
Recovery Curve, Time (normalized) V.5. Water Level (normalized). Linear Plot. Recovery Curve, Time (normalized) V.5. Water Level (normalized). Semi-Log Plot Recovery Curve, Time {normalized) V.. Water Level (normalized). Log-Log Plot
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Figure 21: Recovery curve plots for Cynthia Shalldd®@92well, 2014/04/12 to 2014/05/17. Paskapoo aquifer.

Cynthia Shallow Well, 2015/03/16 to 2015/05/12. Cynthia Shallow Well, 2015/03/16 to 2015/05/12. Cynthia Shallow Well, 2015/03/16 to 2015/05/12.
Recavery Curve, Time {normalized) V.5, Water Level {normalized). Linear Plot. Recovery Curve, Time (normalized) V.. Water Level (normalized). Semi-Log Plot. Recavery Curve, Time [normalized) V.S. Water Level (narmalized). Log-Log Plot.
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Figure 22. Recovery curve plots for Cynthia Shallow_0992 well, 2015/03/16 to 2015/05/12. Paskapoo aquifer.
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Cynthia Shallow Well, 2016/05/19 to 2016/06/14. Cynthia Shallow Well, 2016/05/19 to 2016/06/14 Cynthia Shallow Well, 2016/05/12 to 2016/06/14.
Recavery Curve, Time {normalized) V.S, Water Level [normalized). Linear Plot Recovery Curve, Time (normalized) V.S. Water Level (normalized). Semi-Log Plot. Recovery Curve, Time (normalized) V.S, Water Level {normalized), Log-Log Plot
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Figure 23: Recovery curve plots for Cynthia Shallow_0992 well, 2016/05/19 to 2016/06/14. Paskapoo aquifer.
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Cynthia Shallow Well, 2016/08/23 to 2016/09/13.

Cynthia Shallow Well, 2016/08/23 to 2016/09/13. Cynthia Shallow Well, 2016/08/23 to 2016/09/13.
Recovery Curve, Time (normalized) V.S. Water Level (normalized). Linear Plot
4

Recovery Curve, Time (normalized) V.5. Water Level (normalized). Semi-Log Plot Recovery Curve, Time {normalized) V.. Water Level (normalized). Log-Log Plot
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Figure 24: Recovery curve plots for Cynthia Shallow_0992 well, 2016/08/23 to 2016/09/13. Paskapoo aquifer.

Cynthia Shallow Well, 2018/04/22 to 2018/05/20. Cynthia Shallow wWell, 2018/04/22 to 2018/05/20. Cynthia Shallow Well, 2018/04/22 to 2018/05/20,
Recovery Curve, Time (normalized) V.S, Water Level {normalized). Linear Plot. Recovery Curve, Time (nermalized) V.S, Water Level (normalized). Semi-Log Plot. Recovery Curve, Time (normalized) V.S. Water Level (normalized). Log-Log Plot.
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Figure 25: Recovery curve plots for Cynthia Shallow_0992 well, 2018/04/22 to 2018/05/20. Paskapoo aquifer.

Cynthia Shallow Well, 2019/05/03 to 2019/07/24.

Cynthia Shallow Well, 20159/05/03 to 2019/07/24. Cynthia Shallow Well, 2019/05/03 to 2019/07/24.
Recovery Curve, Time (normalized) V.S. Water Level (normalized). Linear Plot.  Recovery Curve, Time {normalized) V.. Water Level (normalized). Semi-Log Plot.  Recovery Curve, Time (normalized) V.S. Water Level (normalized). Log-Log Plot
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Figure 26: Recovery curve plots for Cynthia Shallow_0992 well, 2019/05/03 to 2019/07/24. Paskapoo aquifer.
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Cynthia Shallow Well, 2022/06/15 to 2022/07/12.

Cynthia Shallow Well, 2022/06/15 to 2022/07/12.
Recovery Curve, Time {normalized) V.S. Water Level (normalized). Linear Plot.

Cynthia Shallow Well, 2022/06/15 to 2022/07/12.
Recovery Curve, Time (normalized) V.S. Water Level {normalized). Semi-Log Plot.

Recovery Curve, Time (normalized) V.S. Water Level {normalized). Log-Log Plot.
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Figure 27: Recovery curve plots for Cynthia Shallow_0992 well, 2022/06/15 to 2022/07/12. Paskapoo aquifer.
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Appendix D2: GOWN Monitoring Well Recovery Curve Plots for Crestomere Lake Obs1l 0291
Well

Crestomere Lake Obs1 Well, 1932/03/07 to 1992/06/16. Crestomere Lake Obs1 Well, 1992/03/07 to 1392/06/16. Crestomere Lake Obs1 Well, 1932/03/07 to 1992/06/16.

Recovery Curve, Time (normalized) V.S. Water Level (normalized). Linear Plot.  Recovery Curve, Time (normalized) V.S, Water Level (normalized). Semi-Log Plot.  Recovery Curve, Time (normalized) V.5. Water Level {normalized). Log-Log Plot.
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Figure 28 Recovery curve plots for Crestomere Lake QB2B1well, 1992/03/07 to 1992/06/16. Paskapoo
aquifer.

Crestomere Lake Obsl Well, 1996/04/28 to 1996/12/05.
Recovery Curve, Time (normalized) V.5, Water Level {normalized). Linear Plot.
a6

Crestomere Lake Obs1 Well, 1996/04/28 to 1996/12/05. Crestomere Lake Obs1 Well, 1996/04/28 to 1996/12/05.
Recavery Curve, Time {normalized) V5. Water Level (normalized). Semi-Log Flot. Recovery Curve, Time (normalized) V.5. Water Level [normalized). Log-Log Plot

e 1

s 0s
Toa Toa Fl
H 3 H ik
3 £ £ 4
5 5 5 1
Za3 Zos <o i
£ E E !
= = =
g H g
g g g
2 2 g
& a2 So2 &

a1 il 01

ol 0 0.01
[} W B0 10 160 200 200 280 320 1 10 100 1000 1 10 100 1000
Time (Days, Normalized)

Time (Days, Normalized) Time (Days, Normalized)

Figure 29: Recovery curve plots for Crestomere Lake Obs1_0291 well, 1996/04/28 to 1996/12/05. Paskapoo
aquifer.



Crestomere Lake Obs1 Well, 1997/05/18 to 1997/08/27. Crestomere Lake Obs1 Well, 1997/05/18 to 1997/08/27. Crestomere Lake Obs1 Well, 1997/05/18 ta 1997/08/27.

Recovery Curve, Time (normalized) V5. Water Level {normalized). Linear Plot. Recovery Curve, Time {normalized) V.S. Water Level (normalized). Semi-Log Plot Recovery Curve, Time {normalized) V.S. Water Level {normalized). Log-Log Plot
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Figure 30: Recovery curve plots for Crestomere Lake Obs1_0291 well, 1997/05/18 to 1997/08/27. Paskapoo
aquifer.

Crestomere Lake Obs1 Well, 1998/04/02 to 1998/11/21. Crestomere Lake Obsl Well, 1998/04/02 to 1998/11/21.

Crestomere Lake Obs1 Well, 1998/04/02 to 1998/11/21.
Recovery Curve, Time (normalized) \.S. Water Level (normalized). Linear Plot.  Recovery Curve , Time (normalized) V.S. Water Leve| {normalized). Semi-Log Plot
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Figure 31: Recovery curve plots for Crestomere Lake Obs1_0291 well, 1998/04/02 to 1998/11/21. Paskapoo
aquifer.

Time (Days, Normalized)

Crestomere Lake Obs1 Well, 2000/06/03 to 2000/01/05. Crestomere Lake Obs1 well, 2000/06/03 to 2000/01/05. Crestomere Lake Obs1 Well, 2000/06/03 to 2000/01/05.
Recovery Curve, Time (narmalized) V.5. Water Level (narmalized). Linear Plot.  Recovery Curve, Time (normalized) V5. Water Level (normalized). Semi-Log Plot.  Recovery Curve, Time (narmalized) V.5. Water Level (narmalized). Log-Log Plot.
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Figure 32 Recovery curve plots for Crestomere Lake Obs1_0291 well, 2000/06/03 to 2001/06/05. Paskapoo
aquifer.
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Crestomere Lake Obs1 Well, 2001/11/17 to 2002/06/15. Crestomere Lake Obs1 Well, 2001/11/17 to 2002/06/15. Crestomere Lake Obs1 Well, 2001/11/17 to 2002/06/15.
Recovery Curve, Time (normalized) V.S. Water Level (normalized). Linear Plot.  Recovery Curve, Time (normalized) V.S. Water Level (normalized). Semi-Log Plot.  Recharge Curve, Time (normalized) V.S. Water Level (normalized). Log-Log Plot
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Figure 33: Recovery curve plots for Crestomere Lake Obs1l_ 0291 well, 2001/11/17 to 2002/06/15. Paskapoo

aquifer.

Crestomere Lake Obs1 Well, 2002/12/02 to 2003/06/30. Crestomere Lake Obsl Well, 2002/12/02 to 2003/06/30. Crestomere Lake Obs1 Well, 2002/12/02 to 2003/06/30.
Recavery Curve, Time (normalized) V.5. Water Level {normalized). Linear Plot. Recovery Curve, Time [normalized} V.. Water Level {normalized). Semi-Log Plot. Recovery Curve, Time (narmalized) V.S. Water Level (normalized). Log-Log Plot.
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Figure 34: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 2002/12/02 to 2003/06/30. Paskapoo

aquifer.

Crestomere Lake Obs1 Well, 2004/05/19 to 2005/03/28. Crestomere Lake Obs1 Well, 2004/05/19 to 2005/03/28, Crestomere Lake Obs1 Well, 2004/05/19 to 2005/03/28.
Recavery Curve, Time (normalized) V5. Water Level (narmalized). Linear Plot. Recovery Curve, Time (normalized) V.. Water Level (normalized). Semi-Log Plat. Recovery Curve, Time (normalized) V.5, Water Level (narmalized). Log-Log Plot.
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Figure 35: Recovery curve plots for Crestomere Lake Obs1_0291 well, 2004/05/19 to 2005/03/28. Paskapoo

aquifer.



Crestomere Lzke Obs1 Well, 2013/07/08 to 2014/01/08. Crestomere Lake Obs1 Well, 2013/07/08 to 2014/01/CS.

Crestomere Lake Obs1 Well, 2013/07/08 to 2014/01/08.
Recovery Curve, Time (normalized) V.S, Water Level (normalized). Linear Plot.  Recowery Curve, Time (normalized) V.S. Water Level (normalized). Semi-Log Plot.

Recavery Curve, Time (normalized) V.S. Water Level (normalized). Log-Log Plot.
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Figure 36: Recovery curve plots for Crestomere Lake Obsl 0291 well, 2013/072084(01/09. Paskapoo
aquifer.

Crestomere Lake Obs1 Well, 2016/08/18 to 2017/06/09. Crestomere Lake Obs1 Well, 2016/08/18 to 2017/06/09. Crestomere Lake Obs1 Well, 2016/08/18 to 2017/06/09

Recovery Curve, Time (narmalized) V.5, Water Level (normalized). Linear Plot. Recovery Curve, Time (normalized) \.5. Water Level {normalized). Semi-Log Plot. Recavery Curve, Time (normalized) V.5, Water Level (normalized). Log-Log Plot.
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Figure 37: Recovery curve plots for Crestomere Lake Obs1l 0291 well, 2016/08/18 to 2017/06/09. Paskapoo
aquifer.

Crestomere Lake Obs1 Well, 2018/08/20 to 2015/01/06. Crestomere Lake Obs1 Well, 2018/08/20 to 2019/01/06. Crestomere Lake Obs1 ‘Well, 2018/08/20 to 2019/01/06.
Recovery Curve, Time (normalized) V.S. Water Level ([normalized). Linear Plot. Recovery Curve, Time (normalized) V.S. Water Level (normalized). Semi-Log Plot. Recovery Curve, Time (normalized) V.S. Water Level (normalized). Log-Log Plot.
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Figure 38 Recovery curve plots for Crestomere Lake Obs1_0291 well, 2018/08/20 to 2019/01/06. Paskapoo
aquifer.
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Appendix D3: GOWN Monitoring Well Recovery Curve Plots for Rocky Mountain House
Shallow_0980Well

Rocky Mountain House Shallow Well, 2013/05/21 to 2013/07/02. Rocky Mountain House Shallow Well, 2013/05/21 to 2013/07/02. Rocky Mountain House Shallow Well, 2013/05/21 to 2013/07/02.
Recovery Curve, Time (normalized) V.S. Water Level {normalized). Linear Plot.  Recovery Curve, Time (normalized) V.S. Water Level (normalized). Semi-Log Plot.  Recovery Curve, Time (normalized) V.S, Water Level (normalized). Log-Log Plot.
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Figure 39: Recovery curve plots for Rocky Mountain House Shal@&0well, 201305/21 to 201307/02.
Paskapoo aquifer.

Rocky Mountain House Shallow Well, 2014/06/07 to 2014/06/23. Rocky Mountain House Shallow Well, 2014/06/07 to 2014/06/23. Rocky Mountain House Shallow Well, 2014/06/07 to 2014/06/23.
Recavery Curve, Time (normalized) V.5. Water Level (normalized). Linear Plot. Recovery Curve, Time (normalized) V.5. Water Level (normalized). Semi-Log Plot. Recovery Curve, Time (normalized) V.5. Water Level {normalized). Log-Log Plot.
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Figure 40: Recovery curve plots for Rocky Mountain House Shallow_0980 well/(17 to 2014/06/23.
Paskapoo aquifer.

Figure 41: Recovery curve plots for Rocky Mountain House Shallow 0980 well/(B018 to 2016/06/23.
Paskapoo aquifer.
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