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THE GROUNDWATER REGIME NEAR RED
DEER (DETERMINED FROM MAPPING
NATURALLY OCCURING SURFICTIAL
PHENOMENA)

by: R. Clissold, June 1968



- T o
) ‘

“ < - .
o . . s 2 . . ‘ !
1 ' . - - - .
cx S .-, & CONTENTS
% > 5
» , 3 . . |
5"7? N e N
q 3y "
hE . ] Ab’fmcf 8 & & o 0.8 -8 6 0 s 2 06 s 0 0 0 s B e ¢ o

: : 'n"“uct’m--o.vot-a.:-tooooocc.oa-oo

= - | Pupose & o ¢ ..{;». R
o S
ri scq,, and hghn‘qg:e' et e v e e
Work done and’ acknowlodgmcnh Ceeeee e

_ DescrlPﬂon of' ;hoafarea ", .. .- o :ﬁ S . . .
‘ .. Locqﬂon R .. " .
o ) Dmlnage cnd fapography BRI

-l . = Cl!mato and vogotcﬂon .. . « o e

‘ ; | Chom!stryof grcundwafor o e a e .-_--“-
‘, .“ - I M"‘MO’MPP'“G 00 e o o‘ 00 ::0 .» ‘o o': - ¢ s

S Mapmu......r.a-...:...,.

. . - .. e ,P"Pﬂmwphw .;:..':"*'- o o o .. . 0'
“ 'R.cmm,‘”ﬂc‘ P'm ~0"‘: o & o o o o

N " Derailed Investigation = + + o+ + o

Interpretation and presentation of resultsx

/

e,

/// Céa,_ %
@ et

¥ IR T S * TSN

e

N o o

10
13
16
16
17
18
19
22



%

r. TR T ’ % B

S ‘. Reconnalsance phase P
Pl nE R L ‘
Lt - Detalled mapping phase

Summary of results _

.

o &

T




% ~ 4 3 . ¥
. . - ‘:‘ . . : " =
s i - R ' i s
4 v 5, h"lpﬂuﬂm, & e 0 & LI A .-‘w ¢ B o e o o e ® = e
o ; “ ' I ) H ; b g _ ;' ¢_‘::;; r = . S N ) --\:li ) M
b} b _._q_“: ) o hmﬂm & & 9 Jc- . w_,; o o e e a-.-:. e 8 & a @

' : TR LA TR
5 £ #h L
: Grquudgvnter movement
Y L= ‘@n'.-. .;,". .".\!
A r‘

B

R-mmmduﬂom and mclulm

¥

4"; "‘d

Towns aml lndlutflulwl!h

i

. A .‘“?‘




@ -- ®

' Iv

Uses of mup_plng method In hydrogeology and other disciplines . -85

&

— Mapping results in hydrogodle;gy R
Mapping results in other disclplines . . ..... 8
Evaluation OfMPPtns m.!'hOd € & ¢ 0 0 0 0 8 0 6 0 4 s we 87

I ! | Ref.mce' t"'@o.--‘..to".;é;.'.?'......'..., 89

4 P
. -

Appendix A. List of Chemical analyzes & ‘water sauples . 92
. i . . . .‘ . \ . % . -, ) . ) ) )

5 _ Appendix B. Le_a_o.l -deacr?h.am 8 -sbserva¥ion points and
| . tovases CQ.C—COM.PC!%M'S: wm.p A Poc&a{-). L. . 98

4

" F
e B
* o =
) N e C
1+ B ) i :
Co, i " H ®
# L AN -
VX N [T w7
§ we Pt T
. anr
i L : i
S
& v 4 . r "
ey ¢
i o :
ot - e
3. -y < ¥
" . #* oL
. LA s 2
i, e = “ ¥ .
e . . g - Y-
. . : *
WL e Heioa ’ M e
. e . . s 1'}7;-
X . Yotz
. R @ .
. - & i
. - Lo B
> ! 5
" o, o
Sy .
. &
) o et
g p 11y -
A .
) i
. < - «
i . . <
- & N - ey
: A oo 2
. v 3 - r. s
. e 5w e : : o |
3 N . s
ik - A oan . A
z - =
. * -
= o i
i + * NI H ter @ >
_ W
- h
; A “
e By - ."
‘g < Ny
P k
i g : f 5
» . -
= Fa-
1 g
snd E
3 e " E
Ay -1
- 'S‘
-:3

el



Figure 1.
Figure 2.
Figure 3.

Figure 4.
Figure 5.

Figure 6.
Figure 7.
Figure 8a.
Figure 8b.

Figure 9.
Figure 10,

Figure 11,

Figure 12,

v

ILLUSTRATIONS

Page
Location of the Red Deer area 4a
Distribution of recharge and discharge areas with respect
to the hingeline (midline) (modified after Toth, 1962,
Fig. 3) 8a
Theoretical flow pattern and boundaries between different
flow systems (after Toth, 1963, Fig. 3) %
Flow pattern resulting from the presence of a higher per-
meabillty lens on a uniform slope (after Freeze, 1966,
Fig. 20L) 10a
Diagramma;ié representation of the fluid potential dis-
tribution associated with a small high permeability lens
in a general discharge area 1a
Increase in groundwater flow rate per unit area in plan
views, as a result of the water table configuration 11b
Increase In groundwater flow rate per unit area in cross-
sectional view, as a result of the water table configuration 124
Position of the water table in a hypothetical basin with
a horizontal land surface 2%
Position of the water table in a hypothetical basin
with an inclined land surface 2%
Distributicn of major tepographic land forms 24a
Location and extent of settings in pocket

Locations with groundwater outflowing onto or observed within
two meters of the land surface in pocket

A stereo pair showing a large mound-type soap hole at
E-1(c-10b) with a broad cone shape. Material being
discharged is a viscous liquid (an admixture of sand . silt,
clay and water)

3la



iX

minus 150 meters (500 feet) occurs as if the flow medium is homogeneous.

Distribution of the chemical quality of groundwater Is systematic on the
highlands. From the distributlon of the three main water quality types of groundwater
in the highlands, the best quality (500 _« mho/cm) generally is associated with the
west ridge and the poorest general quality (1,000 ) <. mho/cm) is associated with
the east and southeast ridges. Possibilities for groundwater are most favorable in
association with the west ridge and are least favorable in extensive low-sloping

areas,

Individual supplies (few 10's of liters/min.) are available over the whole
© ;J{C ' &e iz~
area; large supplies (few 1,000’ of liters/min .) may possibly be obtaingd ’f'fmll\r—t:u'eaes~
celee-pd aocas.

—outlinedfor test~drit ITng projects 1o devetop targe grovndwater-supplies,
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THE GROUNDWATER REGIME NEAR RED DEER, ALBERTA
Determined from Mapping Naturally Occurring Surficial Phenomena

' ‘ Intreduction

Purpose

Groundwater mapping can be defined as the sy:temaﬂc examination of a
v reglon for groundwater lnfonmﬂon. Tha information may bo obtained from two

v _ sources: first, from man-made feotures uud fo obhln or control groundwater;
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second, from natumlly occurr!ng surﬂclal phouomenu cmoclatod wlth the presence

n-'it
4—

of gmundwatar on or lmmod!mly benocth the Imd wrface wlthln a dralnago basin.

. Sk SEC
,t:. _kyﬁir

s ﬂm go"acﬂon of data from ﬂ\ls second source, M h, cnﬂrely fm ﬂeld obsor-

a.-(ﬁ.ﬁa

able for !nterpmﬂng tha gaology of tho area.
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'I’he present pro]ect as q

ﬂm, to assess tho value of

.R: ca
.

‘ both asa method of gromndwahr oxp?om %

% “?'?. g,
‘éu ha ﬁx""“’\* P& " .
fhe developmont ofa publ!c groundwator npply from thc areu studlod

) ?h‘3 er Sh‘é_i
»

Toth (19665) eonc.ludod fnm Ms !nvesﬂgcﬂcm over g 90 :qucre kllomohr

4‘,. * ‘v-.—f -

(35 square mtle) area . ghct "A correlal jon Lotwmvp'lmlogmphlc foetum and the

s ."3'

dlueﬁon of the mml ant of gmundwaﬁ dou exist,” Therofore, thc mep-

f‘i"“’ fa

plng of neturally occunlnc surﬂctal phonomonc fs one possible mcthod fo study the
groundmter reglmo. The mothod muld be mut useful for areas in which liftle or

- no l\ydrogeologtenl Information mlm. or Is avallable from man-made features for
- %
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3
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‘ obl'u!ning or m!rolllny gmmlmfer. " }'-i - -
i W n on!;r that a full amummt of the method of mapping cmld be obtained,
gy F _ the area stuclled m eomldaml to. be vlrgln hnd. Thh mmﬂhut no spcc!ﬂ’c exlsi-

. - lng hydtolog!aal and gooleglwl lnfonmﬂon was md Tho wor!d | maps showing the
d‘lm!buﬂon uf elﬁmm and vagemton m raferrnd !o, as lh!s gonoml tnfomcﬂon y

--';Lt-

| " would bemllablo !erstudlu r.urrlod out ln eny puﬂofrhoworld = s T T s

| K e I | Slnca ono of the main purpotes of thls mdy ll h Hoformino the grwnd-
7, water Mfmh only cunory cfhnﬂun wus glm to guology md mther Geologlcﬂl

} Inveulgnﬂom wero mfrlcted o noﬂna mlog!c outcfopz cnd fbetr lmﬂonl. Duy-

. b-duymthor was neordodonly ln hrmoftbc numborofduy:wiﬂmn mln and the
- eould be uﬂl!ud In tho fomeeable Fuhm h_cwluute fully the emclmlons of this™
3-”“.“:!;_. ""_-. ) TR ?,r. '. o e e e
’ m’dy. Tho exhnﬂva lul-ckllllng pmgmin plnnned for the lhd Bcer area fo tupplo-

Bi%, R o E P g e B __,-_, ;
mt the pment wrfuca mhr wpply far Hu efly of Rod Dnr wlll prov!de an Idaal
nppormmy for a full aﬁiwﬂm - o | .
mtdof flva pbqu ofmny,.wblch cr: & !ollmz ¥ T S

Yoy e "l‘he eol leeﬂm of duta peml!;ling h notmlly murr!ng mrﬂclc A o
) Tk ;_:phanomenc rhroughout tbc _m_of sh:dy; Ta. s * o £ J -'f":‘%“ '_ o

- A da!uﬂcd imsﬂgaﬂun o!’ porﬂnonl' phmm; EST
LA afudy of the qr:ul dlstrlbuﬂou of the dmmm a.....w typesf

. water ag d-hmnlncd fm water mnplu colloclnd on or lumdfntaly
T below the land surface;
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S % s e 4 ) ) i
- - . m dlstrlbuﬂon of areas of mdm.f moving toward the land wrface
| . o ' and smrud\vutn mcwlng owcy from the lcnd surfau;
| il - The pupanﬂm of hydruul!e cross sectlons.
I ) lnfomﬂm was eelloc!ad in the ﬂold while on tmvonu The raverses )
'1' S were made In one of two vm;m ftm, na whtclc and on foot; nnd mond by ho"cop- |

| | ,:,_._";m. Water wmplu were ullechd from locoﬁm where groundwahr outﬂomd
¥ ow naturally onto the land mrl'nce, and fram fow—untlmhr (11/2 !nchu) dlameter
H . auger holes to dcpth mtnl,_r less than lhm meters (10 foet),

- Chﬁnlulzanulym of water uupfu was mulnly by ﬂeld mlhodl Condue-

tMty mmremenbof iln wcters were mado \.n;ith a lcchmun Rla-por!ublo lolubtidgo
wlth a manval unpmm eompomutor. Tbm m:;uumonu m uud to appm!-—
mh the toial cﬂmlnfl nﬂdl 'Huld-nm, tofcl allulln?ly, ehlorldc, cnd pH of

tln wuter; were dohmlnod wlth Huch kﬂs. Su!rlwlu wag dommlnod by a.micro-_

‘.1,;._*‘*{‘

Hh'atlon mtbod (Erl!s eud Ymmum, 1956) ) ‘I'ho hBomtocy cmclyus were done

o= E "%Jm ‘_;._ l?m o 34 . 7'%-: i & B i 3 .
'.-blll"l'lﬂ !hc wfnhr of 1966-67 Ihc pmim wmmnr': wk was wrlmn up as an M. Sc.

. o P O G T WS s

;"m..s-. T,,. ;_..mnm ohhh repmwmdolcyod by four meriths boeauu of other

s g

Thn wrlhr Is vnr_y gmteﬁ:l Io Dr. J. Torh for hls mc!atlon wilh the

» J oo

| & pmt pnolcel'. Hl;onl'hui;n und mcouneomnt haw done much to Improve the
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quality of the results. Mr. D. Walker assisted with the processing of information
In the offlce; Miss €. Shandro provided fleld assistance during the summer of 1967,

My wife ably provided both fleld and office assistance during many times of need.

Description of the Area
Location , o
& The area which has been mappad 1: wltb!n 52'05' to 52°20° norfh longl-
T tude ‘and 113°40' ond ll4‘20'wosf [onglmdc (F!g. 1). In terms of the legal descrlp-
tion of land In. Albom, thh Is ranges 25, 27, end 28 wesf of the 4th merld?un and 1,
£

~2, and 3 west of thc Sth morldlan in fawmhlps 36 37 38, and 39. The fotal area

‘ mcpped Is appm!mctely 820 squure kl lomehrs (340 square miles). The elevatien ln

¥

the area mngos from 840 moters (2, 750 feef) to l 060 meten (3,450 feet) above mean

t..
e B L ‘
.’2' o """ +

- sea lovel.

© * "~ Dralnage and mwphv ,
" The only mc]or dm!mge ehonnel !s;;:upwd by the Red Deer Rlvor. The
presenf-doy valley of tho rlver fs cpproodmately 30 meten ('IOO feet) deep and
malnly im than two k!lometeu (l m} Ie) wlde. Thc vclley passes obl lquely through
’ tho area mepped Tha wemm\ boundury of ﬂn area Is tho Modlclnc Rlver. lt Isa

;low order pmnnlcl stream, occupylng a :llghﬂy tnchod wlloy within a bmd

b ..
e -

""va"oy wlth gently sloplng ﬂcnks Four fnhrmment ttroams are present in broad
\ -bonom‘d valleys with on!y sllght Iongltud!nal grad!ent. -
i Sltuchd east of tﬁe foothills and wesf of tho flat prairies, tha area has
moderate nllcf The Mghlands are In the form of dIglfated ridges; the lowlands are -

broad wlth very lmla hvanmm or Ionglmdlnal gradient,
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ﬂm llu ln tho ch ¢ﬂmﬂe m (enld cllmﬁh,

@ @
¢ ' 5 .
The rellaf bdwoen tho hioblm& and the bottom of ﬂu Red Deer River -‘
valley Is In fhc arder of 125-150 meters (400-500 fut) over dlslunm of 10-15
kilometers (ﬂx to ten mllu) ‘ﬂnnforo _reglonal gmdlonls are In the order of
0.013 meters/meter (feet/foot), The rol lof bolwun hlghlcncb and cd[acenf fove
lands west of fhe Rod Deer ler Is 45 ro mmm (150-300 feot) over distances of
thmo to six kllomhn (lwo to four mﬂu), mulﬂna In gradients of dpprou!mhly '
0.015 mohn/mehr (fcot/fooi); Wof the r!wr, nllcf Is 90-150 met«m (300~

- 500 feet) over dlshncu of ﬂw to n!no ldlomam (thfn Io shx miles), giving gmdi‘-
. enfs of around 0.018 mml/mhr (f«t/foof). _ A -

\ n..J‘ﬂ—" o

Suncf Jum: mpnunt I tho aouthwqt moroﬂh- drea and also north,

". i

louth and wm:ln tho elty cf Rod Dur. l'ho dunu ln some cases mch hoights of lo
o r_,moters (35 ful) wh R

T

" Climate and ,.,.,,,,m

’ Aeeordlna lo ﬂn Kq:pon cloalﬂeuﬂm (l'mnh i954), ll-ue Rad Daar
o dy m, lboﬂ cool wommers
L ¥z _,_ -5 :. -4 4

_:‘.--_,- H'-" t.r - ;' ke

i

"vmh humld wlnfm) clou lo lbo BSkw el!mﬂe m (mld-laﬂmdo mppe) Th- mean

i g iR e S ,»m. B

‘_ ln Hn bounduty vmh !ho 'Pnfrlo Gmslund" wyomlnn unc, cecorcﬁng to mops of
TRk lbo wld d!steron d mlcﬂon ('l‘nwarﬁu, 1954). Hownr, I'bo mt commen- |
ly obumd m. wg-tqﬂon ln unfamed cmu !o the Apen vorlﬂy, wﬂh m!fom B .

. frees bo!ng uconchry lbowh mm!mlubly pml'.



g L v P e Pl g o - i
4 % ;o  The bedrock oxpmd In whmp s mcluly umdmne and nhulu. Tho dlf-
= fennf rock types are Imtlwlcr, havlng Inen d.pulhd In @ continental env!m- o
mt. At uvml locctlom the rocks upond both sandstones and shales, are
neﬂmbly fmcmd Overlylng bedrock. preghclcl mls are oxpoud ut two _
lmﬂons along Hn Ihd ﬁer R!\gar wlley. anmm, aver th; m[orlry of the area
“there is.a venesr of glachl uml poa!gluelcl deposm. On tho hlghhnds the vanuer o
. da thin and mostly smund mim « “The low!an& lmrc a rc[uﬂvcly thlck acemulo- .
§ = 'Princlplu dud Meﬁlod af qulng
- ﬁmundwuhf_ng!m Is l:cmlo;l vurlmmr undlﬂom u:lstfng: m;ln land an;am. b
"5 Basides thelr lt I‘s clm nce:mq thut thf ;lffount wctor ;ondmom aun
; ‘ doﬂfioneyor pwwfplus of wulor nﬁlﬂw .
’fi'e ”ﬂu wm Mllcbio'fmm wr&amu hrTi;‘gd;t;dlon cnd Iuhrpumlm wl II g s
. fs. pou!ble u ﬂm k‘u_._ﬂmpgo of mrm wm on or near, :h. lcnd lurfucl dww |
_ pu-l' of thc fml-ﬁu months. l'lowovcf; the dnhcﬂon of rolcﬂ"wfu‘nmu of watr ¥
mld ¢gfzgnlwbly be poulbl:under othor eondmom, h' c;n;lo ’ !;: lwmld
. oru wlih pf;:ow rcl!cf. ln llﬂtﬁeuh wrhuwm wwld run oﬂ', ond ut ™
Jlmt nlaﬂ; uirpluau of mr wwld bc d;hehhio. : L e "’ o =
. ¥ Tho doheﬂﬁﬂ;; ;o!cﬂvu water mdmom h used to interpret tln cﬂue- ;
" Hon of mdmht ﬂ&r. A doﬂctcney of water ts lnhrprohd as lndlccﬂva of .



mdwl‘er. pehnﬂah w!th lncnuad deéth belt;w l!le lancl mface .) A wrplut of

!n-most emui;“: pouirtw pohn!lal qm (l'&th, I966u,

5.. .
..,95_ “: 7 F

A 2

g The ﬂutd .potcnﬂol, whlcll lt the n

4 ;un"h oblalmd.by l‘ﬁl capuulon

z ‘Iv‘_& E B L

g -'*wlnro .h = clowtlon to which lhc ‘-ﬂuld rlm abm mmdurd datum ("h" !s oﬂon re-
fcmd to as.the hycﬁuultc lnud) 'I'his mms fhcf the polonﬂal ata polnt Inthe -

wm is !nlmpnhd as Belng Indl’éﬁﬂvc of gtwndwufa mﬁvlng lmvurd tho lcnd —

,:'Juullyofﬂuld Thomm-

i




gk

' dtmr'mmr w!th the ammphm’"‘nm the mi}mnm duo o gmvtly,,”??}' E

Gl ar

“ Tln pohnﬂcl flald mmtng ammdmm ﬂw ina rfgid, porous,
R RPN S0 TR

:-._ conﬂmd modlum undar mlwa mdﬂom l: a conumﬂn _ﬂeld of force Thfs |

< mm fhut I'boro Is no claqmge In ﬂ\ 'Imoq of a unlt volumo wtth ﬂmc. Tlmo&n,

low_cr pohnﬂals along !fna of mxlmmn:pot;ntl:li

{"«-a;; & % e gD

%

t...

p«mnbimy of lhopom 'mo&fum h lsotroplc.

- 1 #_' & N "yu

:lolntj;m of tln l.mluee cquuﬂon,’“do

o e T
*"'A&}r_

cburgo mr ﬂn lomf luif of tho !min rmlh tn mly a mll porﬂm :
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b) Tln l_nlt of plmullc ﬂuemﬁon ls Iew a3 ﬂm dlsluaee up fha valhy

.,{—‘,

Inﬁémogonelﬂu In Iho ﬂow rcglmg; T

_—’VJ

E,(_..--.r e ; ,l';,_

wwl Iey ﬂank me tlu l'uuhs of thia :ludy Hu fo"ow!na pert!nont cmclustom were

e IF"'

:S "5? < z"""ﬁgu— ' -»

eﬂfculuﬂ’on of ﬂm pumrm mdor a wr‘lely'o? mdlﬂom néf fensiblo




; 1
i ; F;
. -t + s . e
. . - ; . | .“
- g
b € A% . 7.
3
.

- L v a
i T . o . lg
T X B e T e
4 e Ty

i

: The ﬂexlbmly of the numnr!cnl meﬂwd of cmclys!s enablod Freeze ta
¥ e calculate mthomuﬂeally the pohnﬁal dlatrllmﬂon in the ﬂcw reglon caused by

]

" permeabllity Inhomogmitm. ‘The effect on rhe potential of a higher pormeabillly
' T lens, as shown on figure 4 (Frem, 19;66, p.. !49), ls the same as a local topagraphic
i+ high; that is, on a Il‘ncar wtfccc /@ rachurge and a d!schcrga area are present as @

£ =5l aa
g I > : X3
EEN et

mult of & d peﬂmcbtlt!y var!atlon. Rk

e .. E '-— L L3 &

In wmmury, In urm ln whlch tbe water table Isa subdued replica of the
land wrfuca ‘ gopagrcphic ralfof omblhhu the potmt!al dlstr!buﬂon of groundwufer.

The potenﬂat dhtlbutim l's mdiﬂed l:y geologlc eondmons (lnreln the refmnca to

geology -h. to _them hunge in pwmubmty of !'ho roeh mﬂm than to ehunges In acml

'.‘.
-
‘ia{

xmmd by groundwuhr mﬁvlng faward lho Iand wrfceo ut a rafc whtch ucuds fhc —_—

.. mta oF cvaﬁohump!mion, Slnce groumf;uto ; =1limlmgo 'lsgnot oburved at wery

R : ‘.._, ﬁ,. * ‘_7-'-7‘ ‘__E:-v‘- ‘.

x s P
'-_PO"“ 'ﬂ fb' Mml Jisclm’ge am, thm are corluin mdlﬂom whlch mult In ihe

ovér mﬂ!cfod am "The high rcfu

| __ﬂenclﬂas ml'bc : tlm- vqﬂgﬂm In tho pcmoubil!ly of, or thn conﬁgumtlon of,

the ﬂow med!um. ngh rum of groundwuhr flow in molt m: are amtuted wlth
oE Tk T

”tdocmm in tbo mct!onal areu of smm tulm* __ sy
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¢ o icm'ocnm tube - ajﬁoluina of Flwlng ﬂufd bound.d by a group of streamlines
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higher permcob!lhy lens v m to m«nm ﬂ& .tlhrwah tho lens (Flg. 4) Slnu"

~ the physical laws gmmlny gmndmtor ﬂw are flu same for all mlcmcopic*
1) » variations In pormmbilllyr

tha ume channol!ng eﬁoct of groundwam muin

ke

urea and mnmntr&h lt oyer c mll arcu (Flg ."'

= i
_J

'l'he am above the Ians,

g g s

peﬁmeblc ’icm, h ul!od u "mlcmchcrgo om" _-

'}é“'h

-4;' .\ i

':_ ‘_!ﬁuf-my ﬂ;w._ln thc wphr-luble

’_imfc = refers to ﬂ'n scale in which a ﬂuid clomcnt is

Iarne enough that
Irregularities of flow due to the medium need not ba considarad. anlv tha ttatietienl
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and hence concentrate groundwater flow (Fig. 7). Because of the concentration of
groundwater flow caused by the water table configuration in this case, it is possible
to develop a line of concentrated discharge along a steep slope in a homogeneous
and isotropic medium. If,superimposed upon this condition, small flexures in the con-
tours are present it would be possible to have a line of points of concentrated discharge
along the slope at approximately the same elevation. If the points of discharge were
springs, and if they were observed in the field, the springs would immediately be
classified as contact springs, yet they could conceivably be formed in a homogene-
ous and isotropic situation.

Because individual features indicative of groundwater discharge on the land
surface are finite in areal extent, and because their size is not large in comparison
to the size of the basin, the features are believed to result fro&n inhomogeneities in
the flow medium which are small compared to the size of the basin. Therefore, the
appearance of discrete occurrences of groundwater discharge in fhe.field is not con-
sistent with the solutions given by the mathematical model. This is becauss the
small inhomogeneities giving rise to the discrete occurrences of groundwater on the
land surface are too small to be consideredon the scale of the models.

In summary, the movement of groundwater toward the land surface is
continuous when studied &+ a small scale, HoWever, when the scale is large, as in
the case of field observations, movement toward the land surface is along preferred
paths caused by inhomogeneities in the flow medium. The inhomogeneities can result
from variations in permeability in the flow medium, or from the configuration of the

flow medium.
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The chom!ecl compoﬂﬂon of gmndi‘valor 1s In a state of comlunt chang.
In the words of H. Schooller (1%2, Pe 372): *l.c co;;umon ehem!qua d'uno eaux

g souterraine est quolqw chou de tres. vtmt. w Clmgu ln‘-ﬂw chomleul compocmon e
’ % i _ nf groundwater rewlr _frorn nn lnllmeﬂon bclwun fho groundwuhr und l'ho med!um T R
i tbmugh which It ﬂm. ' | , ~
S equilibrium with ln{wnwnd ne:}dnd cmqucntly Is ln a slure of comrant chanq-. ¥ s
S, " {environment] - . v ol o
cat R - The rate af chﬂmtd lhc chom!eul comiﬂnn of gfotmdwuter ls a . ‘:,

Ll L 3

3 Mll be' amma. thoughjh% ebanabnny, um.; d

mﬂm (buu uchangc), thougl'l ﬂnion Mh@lﬂ“ eil °|’° °°

Sulplnh n&cﬂon mndlﬂu thc Jn;nlall eamitlon of gmndmhr by
4 : 5 y

g

"'""' i the '5'““"” of hydrm'wiplilde oo ml m{_(s 4+ IOH 3T g
4"20 *HS ). Tﬁ. hyd'ogtn Is obtained from ofgantc mmd, or through B



onvlmmcnt, syslemuﬂc studln huvo lhown thci H'm clunyes In gmndmter chomh-
A #

; ' tly cun bo u;lllud'b_sfudy b_o_ﬂ'l tho ﬂow of gmmdwuhr cnd !ho mdlum through

fo

‘l‘ho 'ml'hods of Seho-llerj,ﬁ Chobomw md lcck cro wuys !n'whlch

-rnnuput;d'_ﬁm rhe aﬁ:«t"qmllty of

#’ -"" i_t

"; eul dlmibuﬂon 0 w...a fm ;aahr mlplu obtalnd from :h. ond of ﬂow pafhn

i
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?r 1nalcutu cmcannuﬂon ln cpm s
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. through the anulyah of wahr sumplu obluinod from wll'hln tho groondwuhr qmnn
: n by means of wells, ﬁu same techn!ques for lnhrpnlu;lon of ebangm !n the wufer B ; &
i ,, quality can be uud when gmu:fsguhr wmplu cu obhfmd from o? or near the o £
~ land surface.. Thl{ ts bocuuu ﬂu flow !onath of wecm!ve flow Ilﬁu Incu:.ms as “ 3
L Ltha d!stance duwnsiopo from the hingellm fncm Tho rncraau In f lw ltl:ﬂﬂ; e _
F | should !'hcml_leully, msult In a eornploh l;l'lﬂ of chemfcal changos balng pment si
B at the land mrﬁ:u botwun tl'n hingalina und tho‘ thulwou. o A £
| ‘* ' . relutlv-ly short flow puth lf m tﬁc olhor"hand, q d;v!uﬂon From fho c:peeud _
| rasuln occm, ar; lmlght into tbc medlum of'ﬂovlar might bo“ol?tu!md TE ;“ e
'- ) I toms o th qucllily of gr_ul.!ngwuhr f& d:ff;um purpoul, gmmdvqm

e

’cnd of tha ﬂow fubo repruent ﬂw pooruf gmndwutor quullly to ba oxpocm! bo!wun ; '
S ‘:: hf -, s . {

ﬂn lcnd wrfaco ond tho 'm_ stroem h.lbo ut dopth.
d!uu;sion of I'bo clnmicul el\cngu ln groundwuter Is vcry

N 5 1’ “x“-: :3 ’5"" *__ "{-"; ' ,.: £ \ﬂn :’ * A ;.%,‘..
ltmlrod l-iowovor, In mou cases il' is. wﬁiclont to pmlt two types of lnfomm]ou
. & g W ¥ 14," _,_@u Rt N A ?«

“b h. glounod From un orenl dlstrlbuﬂon of chomlcal quuﬁry, cpcrt from tbe uclual

ie A

?'f
-

e : 4.‘”\- e

. _}fdlmlbuﬂon i’mlf The ﬂm ennq'ml ﬂ10 W"" mnt ‘# 'md‘“"" 'b'

£ “

'\.‘+

+ - sacond concems. tln modim through \yhleh ﬂn bﬁmdmtu lm flmd. Aluo, ;- A

_..ng -- ] = e

_ it has b«n shown ihut gwtmdwahr lﬂmpllt co!lectcd from or nour the land wrfaca

are uuful in stud!u pf Ihe grouadwutor roblmo .
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” * ~ Tobe ablo to use mturclly occurrlng surficial phenomena to study the
) groundwater regime, lt is ntclmry tlm a wtpius or doﬂc!ancy of water, relative
i to that which can be aﬂribumi lo aurfacu ;ourcu, bo dehctubloon thu land surface.
g Therefore, this mthod of rmpplng should th;alvo only fhou flow systems in which
_. : ~ the volume of mtm, or tl;o mo of flaw, or laolh, are such that the mqulrad rela-
’ "..tive surplus and dcﬂclam:y which dwa!ops are datacluble. For the most purt, thc
M B flow systams whlcli ;lmil#r:wl; I: dnh;ulublc nl;;!;o water condltlom are Iha ones
f s * % --‘_-:c'Irculut!ng the muioflty of tlu ‘groundmhr dchﬁnge. 5 "
"“ g ! | For ony mapplng*-.: o th 3
wlth tl'na detcilcdrieu of tho !ﬁmﬁgut!m; the ; m dofu!lad the lmpor the amle.
o $Incc in gtoundwutcr mupplnn tho most ln;oﬁrjia\:t ﬂow systoms are thou elrculutlng
? | .‘ )
£ L3 I 'Iho wam' lublo ls a subduad r?l!mof tho lund rufucc ln thc um lo be
} . ;tudlod the dﬂullcdlmof tl'n lludy M;i Jl;; zhmlm fr;m tho lupography For .

3 | mmple, the dalull nudod to sh:dy tha gmndwuhr uglm on a long unlnhmphd

TR N R
t!opo would nof ba c__s great as on tho_ Igamc slopo w!th promunud !ml h!ghs proscnt.
ol : !n summury, t!'m mlo of fféld rmpping should be to focus attenﬂon on

-
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Lln-or‘eos'”?or which Wﬂﬁphlo maps oro oﬁﬂoblo, the. initial stogo of | |

: investigation Is the use of topogmphie mops In the office. At the onset, a small-
scale fopogrophlc map ls noodod On fho map, note should be made of reglmol
- “and mcuor topogmphic highs, as well as mo[or stream chonnols both within the area
. -of study and in tho surround!ng oroos. 'I‘ho rogi‘onol slopo ond any major trends in

vy

tho topogrophy wlthin tho oroo of study should olso bo nofod On lorger-soulo

_. topogroph!c‘ mops, tho oroo of invosﬂgoﬂon shog bo dividod up !nto sogmonfs

P ~4v.

’whoroin stm!lor onv?ronmenn of groundwotor ﬂow are prosonf. (Envtronment is

X

;- quanﬂfoﬂvo!y deﬂnoblo by topography, igoology, ond ollmoto.) Inc a porﬂculor .
- T o, ¥' - “ : . : R TLS
onvlronmont, climofo ’ bpogmphy and goology ooch mu;t be unlform N o

B '- A unlfonh olstrlbuﬂ'on of cllmoto oon bo viwollzod by oithet an lndl-

.r

L -
. a i
Ji " eay? g

'yidual area of study belng smoll , of by dtv!dfng a lorgor area into smoller areas. If "

ihon tho lcmor oondlﬂon !s nﬂsﬁed if tho-'dlstribuﬂon ond orool oxtont of corres~ -

= 2 Q.r-.. . . B wpﬁ' '
> e -~ j... .
VRS < ¥ s R {L - o

P°"d‘"9 ’°P°9'°PM° GXPWNOM of fho wmo rolotlvo mognltudo oro moro or Ioss con-

“ ?-w.f

slunt ond tho oorruponding fonm oceur In tho same roloﬂvo posmon wlthin tho

e
1. s
- W

.g,
°t

.\-.dmlnoge bosln. - ; ' : _
If rho geology I: not uniform throughout, it ls sﬂll pou!blo to onolyzo i+

the onvironmont of groundwater ﬂow on tho bosis of topography alone. This condl-

ton prosupposos thot while the over-all geology Is not uniform, the relative position
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R of the rocks pf s!mﬂcr ponmublllty Is tl-n ssme ln all pum of the area of similar
p ' lopogruphy and tbo mclu have approulmanly thc same aml extent and rhlcknm.

Gaomorphle princ!plu lndleah a lirong rnlatlonshlp between the per-
.moublmy of rock Iypu and lubuquent land fonm ﬂnrefofe the latter set of

mdmons wlll lumea In mny elrcumttanm. s R ;
R Dellnenﬂon of different mus !n whleh thc onvimnmmf of groundwafar
’ i;. flow Is slmﬂar shou!d bo fal lmd by a sfudy of tlu dm.mr typu of Ioeul topo-

o be studled wlib rupect l'o lh poamon ln Hn dmlnugc hustn cmd Ih um! nxfont.

’7’@' :'e,‘,

"1 ¥
sam "
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fn tha cbunco of topogmph!e mups ur!al plwofogmphs muy be uud to

.

» h 5 h _ _‘ ) ‘ w ,ﬁ

-oxpected to mmenca or
m.,'

.Th!s mﬂhod of outl_!nlng simllcr envtronmann

LAzt

' jerminch wlrhtn my;porﬂct.ﬂar

‘ ,,* gh.fu S

s & ;m.dwum flow can be Ilkomd for ihe purpos of msogy, »";h. inttal

'\, ‘_\

| Y —

A = s ) A ; 7 'V&‘.("é T';'.“ RS LI s
slugu of a goologleuf atudy ln Ihlt ase, tl_n aoologht, by oxaminlng the: lopo-
5 13;‘ T L

RN
"
‘?I‘I

n

| cntlro area unr.l cho to ehock to 580 _!_f tho m  of slmllur mvfronmenls of ground-

\vcmr flow, as ouﬂlntd In thl ofﬂca, are mllltﬂc. ~

T

@ ,Tgmph!c exproulons pteunt wlthin oucb uraa. Tho laccl &opogmphy sl-aould then L-

e
e

el Tho Tlnt porl' of tho ﬂold work should bc a clmocy travom over the L
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The second part of the reconnalssance survey should consist of a second,
fairly rapid traverse across the whole area but, this time, each similar environment
of groundwater flow should be considered separately. On this traverse, an Idea of
the more obvious features assoclated with re;horge and discharge areas should be
obtained. This includes both. their distribution and density. |

To obtaln the bu.t lndlc‘ctfq_‘rp; o% the distribution of features on the recon~
nalssance survey, it is desirable to traverse ;l;ng a |ine essentially parallel to the
flow lines. A m;reng pt‘:mllel to the flow lines can most closely be appr;xlmated
by fol lowingtc.: line along ﬂ?o mgxlinum chic gradient. The traverse should
elther commence on th; topographic high cgd terminate In the valley bottom, or
vice versa. T

The resdhnalmnce survay should provide an outline by which the de-
tailed lnvaﬂgaﬂo.n.l‘s to be canled out. *'I’ho o;tllno sl:otild include ﬂthe order In
which individual onvlmnmonn of gmundwater ﬂaw are fo be mapped + when only
the natural movement of groundwuter is comldorcd. e |

‘f.‘:x:“-: N
Dolulled lnmﬂgcﬂcn

The purpose ofa dehlled !nvosﬂgctlon Is to obtain groundwater Informa-
Hon from flow systems lnvolvlng the mc]or port of groundwter exchange. The in-
formation collecfed from nahm:lly occurrlng mrﬂclcl phenomenc Is related fo
whother or not there lsﬂq surplus or deﬂclency of water at a point, relative to ﬂpt
which could be a"ribu#d to 'u;fuca sourcos. The possibilities are the following:
a deflnite surplus; a deﬂn[te.dofiélency; a b;nlble surplusj a possible d;ﬁcloncy;
or no indication of eithera ;rplus ora deficiency.

A definite surplus of water is indicated In three possible ways: a dis-
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charge of groundwater upon the surface of the: lithosphere, as In the case of a spring
ora uq;age; the development of phenomena rrlar?d hf}surfac-ward movtrag grr:und-
water within the saturated zone, wlrﬁout the water actually being observed (for
example, the presence of salt precfplhm); or the bbsor\ruflon of quasi-stable
water levels either on or immediately be-low tﬁe land surface.

A deﬂni te doﬂciency of water is d!fﬂculr to. oburve However, one
Indication of a doﬂciency is obtained from "d'y depn:slons" (Téth, 1966!:) These
depressions lack the characterlstic feutures assoclated wlth depressions which con=
taln water for a duruﬁon wfﬂc!enrly fong onough fo dovclop features chamcferlsﬂc
of wet condmom. Tho two facfon bol!evad to be ruponslble for this cendition are
the quick infiltration of colloctod surfaee wchn and the lack of groundwater belng
discharged into a depreulon. Tharofore, rhm doprmion: are lnrerpreted as being
locatlons ofa doﬂ‘nlte doﬂcloncy of water, vi % T

_ If there Is an abuncc of featum rolctod to J reloﬂve surplur or dcﬂci-

“encyata Ioeoﬂon,tho point can bo omlmd Tho rovem ccu Is nor true; thar ls,

when the lnterpmurlon could Indlcuto oltber e wrplus ora def!cleney. In rhls -

‘case then, If tl\are 1 no !nd!cuflon aftor all poalbmtlcs cro comldorcd the Imt

procedure is to roeord the loeaﬂon as quosﬂonabh ; and see how i3 Is releted o -

g
L
Rt 4 I

phenomena In ﬂn udlocenr um . = b g Y ;' o . "

An axample of rhls loﬂor condmon mighr be gtven by a deprm!on whlch
contalns water. 'l’here are: rhree poalbl | m.. for the wafcr bolng in the depression:
ﬂm, the surface water is prevonfod from Infiltrating by cn !mpermeoble bottom;
second, the water cannot !nmrmre bocauu ‘the armmdwafer poronrlcl below the

land surface Increases with daprh due to the deprou!on being In a discharge areq;

-
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third, there is a slowdischgn"ge of gmmdwghr maintaining water In the depression. -
."Adding to the mlahceﬂulnﬂes of .t_h'o interpretation of relative water condi-

tions, there are locations which, bocous;.of fhélr p&lﬂon in the basin, are local po!n;s :
ofa surplu;;l‘of water for part of the year and points of a deficiency of water for the
remainder of the year. “This type of situation was onAcounhnd by Meyboom (1966)

in the Allen Hills, Saskqtchqm;un. .

At any abservation poln', 1t is necessary to collect Information of two
bosic types, namely, descriptive and meawred The descriptive data refer to the
presence, "absence, 'ypo, and lnterrolcﬂcn cf Ind!vlducl phenomenc present at an
observation pclnt. This wlll include the pnmco or absence of water, type and
distribution of pcrﬂculcr vegoluﬁon or solls, and land forms, both local and reglonal ,

" The measured data cemm of !nformaﬂon fo chh a vuluo Is usslgned rates of ground-

- water discharge, chomleal and physleal proporﬂu of wuhr, depth fo water below the

1S

gl g
lcmd surface and elevation of the olmrvaﬂon polnt. . - e ‘
The data are obta!ned from ﬂeid l'mwmu, bpogmphlc maps and aerlal

pbotogmphs F!cld huvem: pmvldo most of the moawnd and de:crlpﬂw data,
Both topogmphlc maps and aer!cl photographs ppvtdc a smo" cmounf oF descriptive o

“data. Aerlal pl\obgmplu buldu be!ng used to obfcin bcs!c duta « are also vulu-
able in the dotomlmﬁon of variations in fho physlogrophy of ﬂ\e area. Thls varl-
atlon holps to doferm!no the route of ﬂold frcvones AT .

 The dem!ty of fleld nuvenes Is determlned by the fepogmphy, as was

noted earlier. On each traverse, polnn or areas are visited which are elther out-

lined from the aerial photogmphi or are encounfered In a fleld traverse. Af each

observation point visited, both describable and measurable data should be collected.
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. only by the gclm and losses thmugh fho lcnd surface but will also be lnfluanced by

e the flow of groundwafer. The flow will result In ‘the water table belng farther from
J tbe lcmd surface (thm In tho horlzontal m) on the hlghcr land, and clmr to the
¥ lcmd surface In tho fowu lund (Flg. Bbz & _ .
w o : The water fable belng fcrﬂ'm from tho land surface !ndlcates that thoro
“. Isa deﬂclency of wuter reluﬁve to that 'whl’eh can be dm!boted to surfaco sources., T
e In fhese areus, 7'the ‘water in the zone of séturaﬂon Is mov!ng away from tbe land sur-
, ' face. 'l'hm areas are fermed “hydmullc ;ec;mge" or "nchargo” c;;s Convamly,
| ln fhe areas wlth tbc water !able closer ta thc l‘cnd surfaeo, llme wlll be a wrplus

of water mlatlve to tﬁut wh!eh ean be cﬂﬂbuted to surfaeo sourca ln thou areas

»‘1

mter In the xone of saturaﬂm is movlng bmrd the Icnd surfuco. Thae areas are

- Fhe atmrbwen of ﬂuld pm;mcn wuh'd.pth' Is uppmlmahd by .mm -

mthomﬂeal M! or m:amloc;iﬁblutl&: syshm Thuo mcﬂ\odl prov!do a solu-

I-P‘ry\ - w

valded by the w mhr tobl m mnp p and ﬂufd pmnﬂd with dept, P'°""°" "" the

o R
kR . .
L

"Y"raulle erouucﬂom. ) "-: A :*' | : ' St
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e From fho natural movemmtof groundwuter, areas of a ulatlvc doﬂc!ency
' of warer are present uptlope from tha hinée!lno; downsiopc. a rolatlve surplus of o
' i 8
" wuter exlsi:. Rolaﬂve surplum of water uro obumblo on lho 1und surface In thc i t,_
S .
> .7 gena!ties in the ﬂow med!um. Tho ehemfcal amlysfs of water mpln co!lected from 3
- Ty et g 7 > AT
g poinh In which gromdwuter outﬂow: nctm'ully onto the !and surface or fs awllobla -
A wlfhln three meton of thﬁ Iund wfface provtde: the ?ollow!ng- an aml dtstrlbuﬂm
=, " of gmundwuter chemlstry; relaﬂve ﬂow ttmu for_ dlffaront groundwahm and w:rf- e
- ““”;:l g, : o ’ o v ”ﬁ“'

w0y ¢

n'\- P

tha unalysls of thc auta, tha mul dlsrrlbuﬂon of ﬂuld ponnﬂal ll glven by ﬂ'n

o l’rlpcmlory wrk m s!uﬂg_d on ;h?!zzso,ooo mlo Ncﬂm

o thrn mclor topogmph!eclly hfah arocs aro ohvtous.
A3 é— R . F ’
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Durlng lwo day:, 870 squm kﬂmhn'_é;lo aquure mllos) were

| at the- ﬂme ﬂ'oat tlu qunl!ty of wahr n th 3
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Thc doepl9 !nclud Red Dnr Rivar I: a rogioncl low. Tho pmmf-day
river follows a bmd NNE=SSW tundlng I!nour dapras!on. Thc Modlclne Rtvor,
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which forms tha weslom bounchry, clso accq:les a bmud linear. dcproa!an. This

depreaion Is nof a rogloncl low; hewcver, In hn'nl of groundwutu' ﬂow it serves as

i

a mcior boundury.
| : Tho 1350 000 scala Nutlonal Topogfaphlc Syltem mapc with a contour

lnteml of 15 meters (50 feet) were uud to outllne 12 settings (setting refers to an

_area in which Hu .environments of gfoundwutor l"lcw Is s!milar) (Fig !0) 'l'he out=

s

“und geology wers reasoned not fo ba slgnmeantly wrlablo over the area, Tho ouf-

o I!ne of each purﬂcular utﬂng was mudc l’n an o&oﬂ to dcl!neato the axtent of the

ﬂ-

---ﬂw systcmu clrculaifng fho gmur perconfage of thc Igromdwatar axchunge.
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- Ilu ﬂnf nt of travem: tn tha Red Dnr urda was mudn tn Juna. 1966
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mly, tbera"wm vuy few obv!am occ_ymncu of ulr pnc!pltam

é‘. ““““

,,;ar 9' 7 ""' 4\.

T &, 2 gc‘\.
'-*ﬁé’&‘..-,-_:‘ = = ‘_,_., i «, .

lO'VOd sol idl.‘ l'hfs conclwfan was Ium boma oufby rln chemiccl cnclysls gf

B et

I

o

‘ Dming tln md ut of luwnms, tach utﬂng wus %iuumd npcmhly.
In each u!ﬂng om mwam ‘was mado fmm tln hpoarwhluilsr‘iiah um lo tha low

area ulong a l!no as clm to tho mulor fopogmphlcul grudlcnt cu ;oulblc. Faulum
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ngﬂmllaufﬁ must bc low ln lotul d!n- Y

5 llning of utﬂngs took fnfo account only ﬂu dllh'lbuﬂon of topogrophy. Tho cl!mule |
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. highlcnds was fhoughf to reach fhe Red Dcer Rlver. Smclll~ local flow :ystems were :
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“related to a relative surplus or doﬂcloncy were not numorous Fcatum rclutod te @ a

relcﬁve surplus were as fo"ows-' l) three sprlngs, 2) two socp-hole arecs, and . * m
' 3) a sparse scattering of salt Pfedpfhm. Doﬂnife feammitndtcuﬂnq a reluﬁve
deficiency were not observed. : s s T o RO

On the basis of the pre"mlnary work molor gnundwafer flow systems -~

were expected to star on the Mghlands termlnuﬂng on the fower parf of ad]acenf ‘
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cates, tho road notwork was wch that urtrcvem by vehlclo eould be mado areund Tl &

the pcnmehr of cn creo 5 l square kjlomotou_ (2 aquum mll,s) '[l-,. 'ﬂ'mcnlng -
area wag then mwoned on ?oot. Tho routes of tmvoms _modo on,féot.we.re dater- -. :

mtnod by fwo factom 'l) oburvaﬂom mcdo.w‘i\ﬂo drMng on the roads; and 2) pohm
of interest dotormlnod from aerlal photogmplu W """ n o polnt: of Intorost were ’
dofechd eifher on tho mvom or wlth tho aeflcl photogmphs fwo noﬂh-south |

fruvonos were made ucm l'ho area approx!mately ono-half ldlomefcr (1/3 mllo)

apart,
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Table 1. Comparison of rates and costs of groundwater mapping
between traverses by helicopter and traverses on foot

and in a vehicle

Average rates
of mapping

Costs of
mapping

*does not include fer

t/t:_——“—’ié— rxle S~
/mid,

AT

cosEs

ry t‘lme/,--:

4 c . -
Aolre :—7-; -

Traverses on foot
and in vehicle

4.6km>(1.8 mi?)
day

$6.50 (sw.oo)

Traverses in
helicopter

82 km2 (32mi2-)
day

$5.00* (5]3.00*)

km2 mi2
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Figure 14, Flat-type, thick-crusted soap hole at E-1(c-8).
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The division is arbitrary but corresponds closely with the thickness of crust required
to withstand the weight of a man walking across the surface .

Flat-type soap-holes do not actively discharge mud or water. However,
the surface of most of these features Is usually either damp or wet. At E~1(c~8)
water was observed standing on the surface of the feature on several occasions (one
occasion was after 22 days without rain dprfngw the summer of 1956). Even though
the surface remained wet, water was never seen flowing away from the feature. The
only Indication of dftch‘urée associated with some thick~crusted soap-holes was salt
preciplitates. | |

Core-type soapholes resemble flaf-type, thick crusted soap-holes with
a mound of damp} “fedium brown silt to very fine sand present in the central region
(Fig. 15). The 'area! extent of the cores observed varled from a few square centi-
meters to a few aquare meters, The helght of the cores was never more than 15 centi-
meters above the surroundlng land. As In the case of the flat-type soap=holes, the
features do not actively discharge either mud or water. However, the cores were
never observed dry, and an auger hole In cne core had o water level eight centi-
meters below the top of the core. Around the periphery of the damp material of the
core there was a slight accumulation of salt precipitates.

A detailed investigation of four different accurrences of soap-holes in
the E-1 area was carried out by augering several small-dlameter holes. The Investi-
gations indicated that similar arrangements of three types of material can be found
associated with the scap~holes, Figure 16 shows a diagrammatic cross section of
one Investigation from E-1(c~10b) east through c-10a and c~10 to c~10c.

The characteristic material of soap-holes is the viscous liquid (type A
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material) being discharged at c~10b and d-5. A determination of the water content
and particle size distribution of this material was provided by Dr. S. Thompson
(written communication, 1966), Department of Civil Engineering, University of
Alberta, The analysis was done on samples from c¢~10b and d-5. These analyses
show that type A material has an average water content (weight of water/weight of
solids) of 67.7 per cent and a particle size distribution (Fig. 17) with 21 per cent
of total weight greater than 1/16 millimeter in diameter, 41 per cent between 1/16
millimeter and 1/254 mlllAlmeter and 38 per cent less than 1/256 of a millimeter.

The distribution of type A material In the vicinity of a soap~hole Is shown
in figure 16. From the diagram it can be seen that type A material is continuous
between c~10b and a location immediately east of c=10. At locations c-10b,
¢=10a, and c=10, the viscous llquid Is covered by little or no crust, while the
Intervening regions have a crust up to 25 centimeters thick. Dr. Thomson (personal
communication) has suggested that this material represents a condition wherein
neutral stresses caused by upward-flowing water are In excess of the tofal stress
caused by the weight of the particles making up the solid material. When the stress
én individual particles due to upward-moving water is in excess of the weight of
the Individual particles, there is no longer any stress transmitted from particle to
particle and the admixture behaves like a liquid. When it Is considered that
groundwater Issued from c=10a and c-10c, this interpretation Is very plausible.

Dr. S. Polluck, Department of Soll Seience, University of Alberta, has
suggested that a high sodium fon content in the water would cause dispersion of
particles in the medium, especially since there is a high montmorilionite content

in the clay fraction of the type A material. Dispersion of the medium would cause
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mfucowurd-mwlng wtor o uorf a fomo on Indlvlduul purﬂclu, gMng tln
% i .viscous liquid whleh Ox'th I mur wm. Abuneo of tln todtum lon or monhner"-
i  lonite might allow the md!um ® romuln In mlloldl and ‘water would hove an open
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ward Is needed. e
Therefore, mp-h#lu are a feature which Is indicative of an oxh'a Qr-
plus of water. This Is indicated by the follbwmg: @ spring at E~1(c-10b); a flowing
auger hole 3 meters deep ct E-l(c-lOc); the quick condlﬂon; the high sodlum content
of dkchargtng wahr whlch wgguts groundwuter dtschurge; and the presence et' a
spring at E-1 (9-4). o )

li) swemps -"Swamps” are the second qulck ground foawre. ln this

report, a "swamp refers to that part of tho icnd surface cbaracterlzod by o local
weakness of llmihd exfonf, covered by a vogohﬂon mat, The surface of a swamp
when walked across depnaes and rebound: In much tho some way as the mat ofa
.frampoline when h Is wulked acm. Undorlying the molaﬂon mat at observation
polnt E-él there fs a smelly blccklsh—eolored, sl!ghtly viscous mud. (This momlal

4

reseimbles what the soll u:lenﬂm call "muck" )
+ She swampc were vls!ted on tho slopos of highlonds; four of them ware on

ﬂ\a west ridge (Fig. ll). In all cuses, a rolctlvo wrplm af wcter was roodlly doter~

mhad. The four swamps on tho wost rldae all hud ocemlvoly wet conditions over

| 0 change !n olevaﬂon of et Imt one mofor. Tho swamp on  the east rldgo had a

seepage cmclahd with 1t wh!lo fho swump cn !ho south ridge occurtod leu than
50 meters (155 foef) from a sprlng and w!fhin 10 meters (35 foof) ofa soup-holo.
* in the area behveon the sand dunes by the Modlclno River, slough bottoms
were described by Gurmon as bo!ng ﬂodblo In vcrfous years. A farmer described
the slough bomm af W-97 as a "ﬂocﬂng " boﬂom A ueond fcrmar lold the story
of th it hud beén necessary to e fwo plecu of window screen to cross the

extremely flexible bottom of o slough In order that he could retrleve his fallen gooc'c.



el W ® 3O I

. muck; "hanging" lndlcaMsa slope). e .
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Though no deﬂnﬂe avldcnee of seepages could be obhlmd from thm sloughs. the

association of salt pncip!hfes, "ght grey so", and th. pmenco cf a ﬂowlng shot
hole ot W~87 tends fo-Indicate ﬂnt thesa fleg;lblq—bqtfom sloughs.have somo relation

fo swamps. _ w e ' '
q Deiu!lod lumﬂgcﬂom of swamps were not ccrrled out. The thickness
of peat Is not kncvm, Buf mmps on :lopu boar d sirong mamblance fo the feature

known to soll sc!enﬂm asa “hcnglng bog“ ( "bog" re!'ars to pec'y soll undorlbln by

. &
Bt

The arou cf loeal weuknm ln a swamp !ndteetes a qulck condlﬂcn . The
cuocluﬂon of sprlngs, seopuges, cmd mp-holos lndlenm the pmenco of surfaca-

‘\wrd-m&vlng groundwcm cnd thenfore sulmunﬂam tho !nterpretaﬂon of a qulck

The dlfferenee in wrﬁchl oxpras!on beiwun soap-holu and ‘$wamps may

T

result from elther local !nhomogenoma in tba wrfaec mctcr!c”l or lhe cmounl' of

o s a,% i .“'3 i U “ '7,-:.‘ *-,_;’g.

wuhr which is d!sehutgod (befng moro br mmps !n ordet thul' c vego _‘_‘.ﬂon mat can

.
P ol

L dovelop) Hmver, rhe reason for dlﬁ'oronea s nof a mclor polnf. *'The cause for

the dfferonee dou nof lﬁeef the, eo:icluslon that both foc!um lndlcah wrfuceward- R

Dampsoll tn rhls roport ufm foosotl wh!ch nmc;lns damp, whllo soll

in cdiamnt arens undcr slmllar eonditlom Is drlod Dump sol I !s found as a serles of

dtsemo patehes, oc asa conl'fnuous patch qver an am of l!mmd extent. It lm been

obsuvad in cloud depmslom, on sfopes, cnd on relatively flat ground (Fig. laa)

Obsemﬂons of damp wll were mudc In numerous cleared depressions over

T
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the area. This damp soil eondmou was. uwully dohchblo bouun of !ncomplete g

vegetation cover In the dcpmlon cQ rmlt cf culﬂwﬂon ln drler years. - R R

Iaml ot TS

Dump soll potchu were observed at uvonl loeatlons on mlat!vely unl-

form slopes lacking any percopﬂblo cioud dcpnalons. Four wch locatlom are

St

5-127, W39, W-136, and é62. At theu lo«ﬂom, !ho aoll was more molsf at tho

' swfaco than In the wrroundlng arec. Loecﬂons__E-lﬂ cnd W-39 were both obmved

at least two duyu after tho lcm raln and both croas eownd cppmxtmchly 2 x 0w

L]

“square meters ( ). .W-l36 Is appmlmofely 1.5 x IO aqunro mehn

( ).in areol extcnt. Thc gmund a _t_hls loccf’lonA (on a slope of cpprox!-

. — ,, :zu;'- 4 .{!g& ,::-.“ : !ﬂ b .15
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The oécurrence of dcmp soll In patclm Is fbought to b;tho muit of lnhomogenomes
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Figure 19. Damp soil on even slope at #82. In light grey areas the
soll Is dry on the surface and partially covered with
funny salts (see Fig. 22).
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In the surface or near-surface materials.

Damp sol! observed In thg di‘tch at observation point number 316 (Fig. 20)
and on a slope at' W=11 suppert the “lnterp‘refaﬂon of a saturated zone close to the
land surface. In both cases, an auge;' h&lo fo a depth of less than 1.5 meters encoun-
tered a saturated zone. The water level In tho holes rose to less than one meter
below the land surface. The chemical anolysts of oach wuter encounfered showed
conclusively that these waters were conﬂnuous with groundwater system.

Damp soll is lndlccﬂve of a saturated zono clou to the land surface. |
When damp sofl occurs éna slope, the assoclated aaturutod zone, Is conﬂnuous with
the groundwater system . However, damp soil on flat ground or !n a elosed depres~-
sfon requ!res addltlonul Infomaﬂon such as water quality lu conclude thaf the
assoclated saturated zone Is eonﬂnuous with the groundwater symm. Theroforc,
darnp soll ean be \md 1o indleate a relut!ve wrplus of water, *

»

Hummocky Ql'ound ol 7,‘ e -

Hummoclty ground In this report nfcn to o location where smal| mounds

of soil oceur on the lcnd surface. Tho mounds are 15-20 ;c;t;menn high and up to
25 cenﬂmohrs !n dlcmefer. lf tho porlphery of the mound !s del!neoml by steep sides
a vegetation mcf !s pusenf only on bp of tho mound; a mound whlch graduam Into .
the adjacent area lm a ccmpleto vagotatlon eovor (Flg. 21) " The m:nbor of mounds
at a location may be « a fow or many and fhey mcy bo clustered fogetbor or spread

out. The forﬁ “hummock* Is usod for thc mound because of tho slmilarlty between l
this feature and what Washbum (1958) calls “earth hummoclo " “Eorth hummock "

has not bee used since the term s In part genetic ("Although earth hummocks are

almost certainly related to frost action,...", p. 831, Washbum (1956)), and the
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Figure 20. Damp soil in ditch at #316,
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Figure 20a. Hummocky ground at #308a .



I b or!lln of hummockl was not soughf. lmhcd ’ lnmﬂguﬂom near Rod Daor G"!IIIPfed

-

to establish any poslble rolctlonsh!ps boMen thc prounco of hummocks and the nature

” o

of molsture condmcns on or near the fand wrfaco. .
S Anan eor"er report (Clluold, 1967), hummocky ground was reported to
o be amltmd w!th nwmfed zones. wlthln iwo meton of the land surface on slopes
~ N and at the Imo of shop tlopu !n ltnear dopm!m. Tho quasi-stable water levels
“ 7 Inavger holes cnd the chemlcul anolysls of wuton ftom the ﬁolu showed conclu-
- slvely that the sumruted zones were conﬂnuou: \vlﬂ\ tlu groundwofer system, Be-

oS ; f‘:.

eause the hummoeky ground tnmﬂgated ond repoﬂed !n 1967 was on a slcpo . It

appeured tlm' hummocky ground was cmoclated wlth soppagos which did not Invo

o et “
N.‘ T ,91 .wtf* -

wfﬂcienf beadto oufﬂow on fo tho land wrface. Thercfore hummocky ground was

o [E o
.h.r,

grouped under the lleadlng of "hlddeu uepcga“ Wt ‘%.' e w
. F!old work !n 1967 hos slmm thutlwnvnocky gromd can. occur ln numer-

b 5. ,,,- kS

4;-.9,_?. . ., oy,

hl&dc; nepago sltuatlcn. Yot in eam

of the 'cnd Qrfce‘ . .ﬂm'ofon % lwmmacky ground

I 3,
Sy o S IS

Of thc 54 occumncu, a nctwc! outﬂow of groundwam was pment at seven

} ’-{- iy

In wnd.

Hﬁnmocky grmmd lm beon dcﬂnttely related to o wtumted zone ata
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~ shallow depth; genoru"y, the closer the nmmhd zone Is to the land surface, the

more pronounced and numerous are the hummocks. Investigations of this featura ’
and its association with definite points of groundwutar discharge, Indicate that
hummocky ground s associated with a relative surplus of water.

Salt precipitates

" The ferm “salt precipitates” refers to an accumulation of salt (compound
formed from the cation of a base and the anfon of an acid) on the land surface
having preclpntatod from the evnporatlon of mtnerallzed wator. Toth (1966b) had
elght samples chemi’colly anafyzed from tho Trochu area, Tho maln salt eomponents
of the samples were N02$O4 (sodlum wlphuh), whh wrylng amounts of CaSO 4
(calcium wlphah), MgS()4 (magnes!um wlphal‘e) and NaHCO (sodlum btcarbonch).
When the maln salt eomponanf ls N02504, tho salt preclpltate fonm a

_ white coating on the soll for example, hear Thm Hllls (Flg. 21) Tho pmonce of

these salt preclpltatas Is str"dng ond dcﬂn!te. However, ln tha Rod Deor aru, the

predominantly Nozso 4 dnposﬂs are not m extensi’vc or as. Intenu cs illustrated in

ﬁ',» - “

. -.'~: 2 W " ,~.-.< .
- : - © Jd- AR IS
% TR
i3

figure 21,

= 4

A second Iypo of salt puciplfch occurrod ct mny loeatlom in the Red |
Deer area, Thls salt accumulaﬂon from a dlnanca has @ ltght groy ﬂnge (Flg. 19)
rather than white as in ﬂ\o case of N¢2$O4 proclpnahs; tho form of preciplmlon
Is also d!fferent from N02504. Tho occumulctlcn of this salt is not !n the form of
a complete coaﬂng, but instead cu a mottled accumulaﬂon (Flg. 22) Thesc salt
precipitates were not analyzed chemlcally but because they hnvc no faste when
licked and would not effervose in cold dilute hydrochloric acld, ﬂley were con-
cluded to be either CaSO 4°F MgSO4. However, the mineralized water from which
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Figure 21. Salt precipitate deposit near Three Hills, Alberta.
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Figure 22, Mottled appearance of “funny salt" accumulation at #82,
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- these uir? could ba dorlvod wggem tlm they un NaHCO . Thls ucond typo of

ultzpuclpfhte htn bun ufomd lo a: “funny ulh" to dlﬁomtluh it ffom tho Mli
“normal Nazso4 proetpilum. B ﬂ ‘ ) ; }*:, | g f" b * |
The two lypubf salt prccfpthm have been dfffonnr!ated on the map
(th. 18b). The sult rnciplium compeud mu!n\i; :f NazSO }ln found pradom!— >
. nantly in extemhn lw ams. went of the Iie:! E‘aar mvg:;nd northmt of * N
Penbold SR .I» common on the slope_?f;;;!a fﬂﬂtbo:n hzghlmgi mdthe
cd}acanl lowlund fo tho non‘h Tho funny saﬁs urc preunt on fl; glope; of Hn ;

se'.: %* A
Rl

li'lhnslly af ] mlt uccunuhtian lt a funcﬂ

'&.@%‘M .‘!

T wuter bolng wuporu d cnd tlu nmount of dlnolwd mlnml 2

. oA "___. +’ ':.:.\__ #'
cwpmlad ‘l'hfa h ohomblo chn salt pree

9,

v_iv Sy ¥ :.:_. ,,u?-\ﬁ%lh*}"

T

cwporuﬂon of gmmdmhr.; lf lho muf ﬂlmlwd nllds of Hn gmmdwum fs hlgh

;

-vldont _(Fla. lsb;}ml

!"-ﬁ. .

Imimulely 3Q0ppm) .3 *
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of salt prucip!lum doos not indleah neemrlb' ﬂ'ﬂ' groundwater is being eth.
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Yet a relatfonship boMeen salt precipltates and groundwater d!scfmgo does exist.

In recharge oreas the majority of salts dissolved by waters are moved
downward away from the land surface, Therefore, the evaporation of surface water
will not result in salt deposits. On the other hand, in the discharge area the
surfaceward-moving groundwaters d!:;rlbyte-suln to the land surface. Surfave
water In the discharge area have a confinuous supply of ﬁlh whlch can be dis-
solved. When tl\m waters are evaporated from impounded areas salts will be
precipitated. ‘ |

Theref’ore, the presence of salt precipitates Is !ndlcatlve of wtfaeomrd-
moving groundwaters. Tho salt preelplhm can be derlved dlrectly from the evapo-
ration of groundwater or from the ewpomﬂon of surface wuterﬂwhlch has first dis-
solved and concentrated salts deposited by gmundwuton. 3 ,

"!.C“-flﬂ"‘ ”" L -

- It Is generally rocllzod that gmundwatof eondlﬂons play an lmportant
role In aoll development. Unfortunchly, boeuuse of tho lack of mfning In soll

sclenco, tho auther was umblo to uso the d!sMbutlon of lO" typos h ald in the

.....

spccldl caus l'nvc bun tennod “lm—forﬂlc soll." o e ” :

""'i'

In this report "leu-forﬂlo soll "lIs doﬂnod as regollll\ !n whlch the growth

'of natural or cultivated vogehtlon cover Is impeded relative to 'hat found on the

'4.

adjacent frlablo sofl, _The cml oxhnt of any one patch of leu-forﬂle soll or ad-
lccent group of patcl'm moy rungo ftom ‘a few square moton (o fow square yards)
to a few square kilometers (few square mijes).

Three sq‘l:ls__;p‘f differing appearance satisfy the above conditions. The
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flest type of materlal Is locally referred to as "gumbo," This soll, where wet, Is
similar to type B material assoclated with soap holes and, where dry, Is similar
to type C material. The “gumbo" from E-llZc has high pH (9 4), a high free lime
and sodlum content, and an olecmc conducﬂvlty of 0.9 millimhos per centimeter.*
Water samples were obtulned fmm auger holes less than two meters deep In gumbo
patches W-60 ond_)N-é?. The analyses (Appendix :A) show that the waters have high
total dissolved sollds, sodium plus potassium greater thon\'BO perccent of the total
cations, and sulphates B;Meeq_ 50 pol; cc;\t and 80 per cont of total anions.

fhe second type of less-fertile ;oll is characterized by surface solils in
which the structure s that of hard dense lumps a fow eentimeters In cross secﬂon.
A hole augered ln a patch of this type of sofl at W-67q pcued through fypc B
material from four fo 46 centimeters below the surfacc. A water wmple was ob-
tained from the cuger hole at a depth ef 140 conﬂmom'; Amlysh of the water
(Appendix A) shovn the wuter to have a Mgh lotal dlmlvod sollds contcnt, sodlum
plus potassium oqual teo 90 per cent, and wlphan eonhnt equal to 72 pcr cent.
The presence of fype B muterlol tho slmﬂarlty of wutor quullty, and tho geo-
graphic pmlmﬂy of tMs po!nf to tho gumbc ao!la at W-60 suggom ﬂ\ct thcu two
oils are different oxpressions of the samo phonomemn A

To dehrmlne the dlmlbuﬂm of gumbo some lndlvlducl occurrenceas
were noted, but not every one spaclﬂcol ly. lnmad a map oufl!nlng the several

areas In which gumbo was obsemd was mcde. This ls bcecuu gumbo patches

¥Andlyzed by Agricultural SolT and Feed Testing Labomory, Unlvensity of Alberta.



usvally oceur lndlscrlmfnéntly over small areas. The map showing the ﬂtstrlbuﬂon
Is given on figure 18¢. | - - «

Gumbe Is to some degree associated with all the broad low areas, The
most co@m occurrence Is In the lower slope of the h!dher land and toward the
perimeter of the lleqnd. Determination of the presence or abm'_“" of gumbo in
the central rcglon: of the lowlands was not possible because of the accumulation of
non-cultivated vegefation. Apart from the beoad lowlands, gumbo Is also present
in the area of NNE-SSW trending lineations west of the Red Deer River.

There Isa noﬁmblo absence of cumbo on top of the hlghlcmds the
upper slopes of the hlghlands and the md duno areas, Gumbo Is also noticeably
absent in the noﬂhcm part of tho area west of the Red D«r River. .

The presonec of wafer levels close to tho Iand surface at E-58 E-l25b
W-54, w-40, W-67 W-67a, and W-68, cnd the nlatlvo stabimy of the water

-level at W=67a, meanmd from Sophmhr 13, 1966 to Octobor é, 1966 and implled
by the preunce of the hund-dug wells at E-125b W-54, and W-68, suggom that

these forms of Qecumnec of lcu-fertllo aolls are related to wuhr lovcls clou to

the land surfnec. The h!gh teal dlsotvod sol!cb can:.nf of the rater at W-40,
W=67, and W‘-67a tmpl!es that tho wafor hm beon In contact wlth tho ground for o
a relatively Iong tlme lnteml . Thc presence of salt pnclplma on the land sur-
face at several Iocatlom lndleum that water [s movlng tovmrd the land surface.

An addmonol faet worth conslderlng ls that according fo loeal repom, lt is POI-
sible to tompororlly l’ncrecsc the ferﬂ"fy of these less-fertlle sofls by tho addition

of excessive amounts of bamyard manure. However, fertility decreases with time
and after one or two years of increased fertility, the soll again becomes as unpro-

ductive as before the addition of the manure. This had been recognized by
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'ﬂw d‘lskfbuflon of momlon lu a bcsln h largaly dotermtned by the
quall!y ‘and quantity of water uwﬂab!c. lf @ hydmgoologftt Is &mum w!th plant

) ooelosy, Itis peuibla h dﬂem!m rha d!racﬂm of smundmhr movement with

s o _. relpaet io iho Land wrfaco and Hm ehmi&l'équullty d wffceomrd-movlng

5 5
I N
T £
@
et " g

p g uﬂ‘ ".ﬂu within __a.hsln' - tho!r lmcrprehtion ts noi paulblo. |

s vk dtﬁ!;;lsh unon;alm wefer  conditions wlt_h_l: - basln w leth a knowledgc ofa s
! } ¥ f”g‘fo::);c!u of élmh and cn Mumof chmgu tn-plcnf cmmonf ‘
l_"‘:'-' v A & faw, or?n some en:es nma,f;mc piunblh;_-_lﬁe emmm"y i L P
: L rh. fndlvldwl spoelu_of Baltic rish M bulﬂem) end'.pm. m
(l_'lcu gliweu. &Efl;érlﬁm) were e;!rmou;'andl o oy 5 |
1__) and rd ;;napmxrg (Sfalleor;h?mbnm) ‘are of | nmu-d uu‘ in tho m Doer
em slnce fmdull __I'cnds foi:g;:ulm und e ¥
"' irns hovo’nof B«n éulﬂhhd thau !s a cloul e;;c_l:;ﬂen bohv:on m'lmotst soll
B 5 kR plmtmﬂmih —r af
Y nhm:ﬁon nllhur dlnctly otjlwugh the’ cuplllury rlu." (hhlnur, 1923, p.35) i._



. lprueo lrees, upocldl Iy: in -lcrgo numbon, ls c good.-lndlmlon _of tho mod for a

h'ns wlll not 9mw. (Thts tmll llluﬂmhd I:y tho mp at obumtlon polnt 110,

&
-”. - -Cg\ ‘.‘._-_ Al'

Sprucn trcu are clt ﬂround iho wet area; al' fbl ueml polnh of dlschume no trou

A R A

w an growlng (l’lgr 23)). lowun tpruee m« pufer molst eondltlom bot do not

& llkc oxmlvo_momm, thoy ero frequonlly miahd wllh wutor in m In which

"a i e "‘\*t.

e
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Exenpt for ono or m plunn,,mem!on ln tﬁc pmmf aludy was used

fo dmw aﬂenﬂon e cnmlom moinun eondlﬂom. Places '!n whlch c!mgos in

#

: The mup dlshlbuﬂon of boﬂt luch nnh &d spmec qu ls glm on e
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stribution to concentrated
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Relationship of spruce trees

Figure 23

ischarge .

groundwater d
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mollfure condltlom dra lllght aun only be doteefod Iu !ho ﬁeld. However, when

- major chunges occur, such as at olmmﬁ‘on point number 110 (Flg. 23), tbe

.?

anomalies can be dctected !n aerial photogmphs and can then ba used to plun fleld

2 s
l'r__u\famu_. £, -‘% Lol my ey : |
l) clqggd _daprea!ons 5 - T,,_I R
cloud depren!on Is one of the most qommonly oceurrlng phys!ogmphic
features In tb; R:I Deer area. thommately, lt ls ufso one of the mmt difficult
fo ini'erpret. leﬁr;uhy In tha Intorpre?uﬂm” ‘;fathase foatureo rewlts from eifher
rha mulklng ;ffect cuused by ﬂ'le uccuuiu;uﬁon of wutar on the surface or by a de-

) —p 4 w-

pre:sfen belngf: pofnlr of d!scharge durlng pcrr of the yeur and a. polnt of rachurge

r

8,
during the remulnder of the your.

_ Wt; ter ln a?clmd’ depreulqn mcy origlmta from the follow!ng: a) mrf.uce
sources only; Jb) ;r;ithr cmd surfuce“ soﬁrcu; and e) ftom groundwhr onl;q |
lf;he wam h of t;;ﬁ;ce orlgtn ' fhere am ih_rm poalhle reusons for the w;ter not
!r:;‘l!tmﬂng; ﬁmg ﬁic 'Boﬂom o_f the do;:us;?n !g_ Imp‘enneablo; and secol;cl the
ground bene::;l ;he dopr;sl;:l !.:;Iued; suluru!ed wlth groundwufar movlng toward

;htprpfotnﬂon of the prewll!ng v;m; pondlﬂc;n Fut a clmd doprealon “

aud phenomem ;nuyl:e sult preclp!iam or m focium !ndicuﬂng a ulaﬂvoly

-n- ﬁflt‘=

g

a4

-




o entlre summer, d..pu. the broud, .aulm nature of the q-pm.zon and ths Tah *‘ |
growth of hydrcphytu over the mﬂn .doprmton. ;bo un of mctatod ph.m- .
 mena to deduce a surplus of wctar In cloud &.p-iatm{ In lo::nl lows In tho dune

“area ddlﬁmt to the Madlclno R!var wr.u ouillnod unJcr lm—faﬂllo woils, * 7 -

i q_uamy of wrfuce mm can be vety )

et il

d!:chnrgc, yot wwrfu« mhr_eduld be’ impounded ln tltls m, smfaee waun

T

mlghf be mquefed to bo low ln tolul d’hwlwd anh. Hemwr, the pautblmy of -

.
it

wrlruly impmintublo ” 'gmundw!um wooid not cctlvaly



raglomlly higb crao, Allan Hllln, Scslwtchnwun. Ho found; using lemohn, by

ﬂm the lowl lm In H\u humocky om um s dlnehurnc arecs forpurroﬂho
o yoar and o ret:lmgo amu for the. mafu&l"_?f thc  yoar. A physlogmphlc
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LRER. T A i
dml Ilamy cxfm befwmen tho depmslom ducrib«l by Mcybomn ond thou oburvod
¢t oluemﬂon pofnt: E~114d, W-20 ond on. trworm W-27 and W-43 ‘l'hts wg-
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mh l'l'lut tbou deprm!m nro of tho lype whlch are dllchum loeﬁgﬂm for pcrt |
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by fthe obum!lm_ﬁut m lmd deprmlcm m "
w'a ulutfw dcﬂehncy o!mter. ;
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whleh deﬂnthly h:d!-

Zife mnn. angwer ‘s .i‘.q.'.:,.a for
_“EE . s ‘- ﬁw1§§ca i

_ ﬁ__luvuﬂqaﬂ:n of tlnt doprculon should
{‘*,53 d H\l'*‘—“ r
*";"“'_"ﬁ fwgonot_ul mupplno _the inter
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W but d.'ﬁn.d tnmtgamh should

' ““P "OP“ thﬂtply dclfnoatod at ﬂnlr uppor llmhs, one fo uvaml meters in depth

TR dth a stmilar wldth befw«n the'pper "°P' ity ¥iFo. 2. Momgilliean
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25, Gully at E-1(a~9) from the ground.
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Vll_'y pmmud In H'u lmldwurd nglon,

e cnd ﬂna!ly mtng h u!st. Tho gumu obmwd are uwully ut Ihe meut a fm

el

:"“‘*‘d ""“" "' ""th (F!g. 26) Thl ierm "moam ;u;cnder" refm ro a Iocuﬂon

Ry,

; n a strwm dwldm !rom ublﬁnfcht eouru. ’ . {._T-;i o ‘“, el o

Gulllu ;'md moundm are smodaud

at mmul Imﬂom___wﬂh natuml t e
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Figure 25, Gully at E-1(a~9) from the alr.
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the ﬂm of gmundmur outﬂowlns, eny oxcuslvo overland ﬂow occurs, a gully

could start fo form helng amoclated w!lhllw point of discharge. In the case of

e moum meander, If the excess of aromdwuhr occurs at the time of aprlns floods,
| - ’;croulon of thc !:ank would eccur In thc m mhmd by gmndwuhr dlschurne.
| lf an Indonfatbn in tho stream bank were lo muit fmm orin!on, e mll mdor
_' mny dovelop ‘lf the lndonfcﬂon were 1o pmm once thc dwr lml recaded In
? 'olﬂw of !heu m, once the "summer oqullibrlum" Is mehod, pmonce d the

spr!ng or uopogc wwld ro longer be widmt md the only Indications of ground-

- ﬂ-‘*.n'

An mh of gully fomaﬂon undor thh comlltlon was nom! during

wfar dlaclumc mtghf be nmo feuhsros aaoehtd wl!h o rolaﬂ‘n un-plus of water.

TR tlw :prlno of 1967 at _ohemtlon polnt rmmber 62. Tln cully fomd in u cu!ﬂ-
Wik - 'md ﬂcld ]n ;Ma ﬂold lhoro lml b«n no !ndlmﬂon of c'gu’lly when !he !hld )

:‘m rea iy 2 ‘- :';r- 2 4 ﬂ# _--

m mdod in late Mayp Aﬂ'or an. umlwly mt .lun- . cﬁ lnhnninent sprlng ;

"?‘;Ik ag "

‘"’mmhfodylthauullylmﬂnﬁcmmbcp@lg.ﬂ) 'l’buprlnghad |

‘5{ ‘{. i T T

- coosed iaﬂowby late Julyhmﬁnmn In thomuﬁlwmsﬂll damp and
| salt pnc!plfciu mn pmmton lhe Iand mrl'uu wq Imno cru.

,,:»(

- nlatod n gmmdwcm dlsehamn wﬂhout arueiual wlﬂw of oroundwum hlng
ohnwod wwld ln ff ql foaluu mluml wllh a ulatln mrplus of water is re=

vloted toeu lncmm lnpomnbllhrofwrfuu murhl loeuuu of Imwpw- |
. “meablitty, 1t Ia pmlble ﬁut tho forcs boldlng ﬂu um pmiclu rodjﬂhr are

lm than tn the od[umf Iomr permeoblllty areas. Ccnaquontly, in ﬂum of
umlw runoff, crm of hlglw pumubllltlu may be more ou!ly eroded

M This process could also be operative at points of gmmdwcm outﬂow.
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Assoclation of a newly-formed gully with an Intermittent spring at 761

Figure 27,

-
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, ln eam of excmfvoly lcrge dl:c!mge mu, lt may bo poalble for
gullles fo form asa msult of gnundwuter dlschumc clone. Howevor, in the Rcd

- Deer area » rates of dlschurge are roloﬂvoly mﬂ Tlmefore tho association of
i | gullles with evidence of 9mundwafer dkchargo wggesh that gully formﬂon Is

: causod by an interaeﬂomry rolaﬂomhtp bohwen suface wters and groundwahn.
§ - i Tho effech of an lntemcﬂonary relaﬂomhip are bost shown af estub-
. lIshod stream memders wlth eﬂab"shed gmundwutor dhchurgc. -At such loeuﬂons
. o gmundwater euum mass mﬂng of the sIOpe (soﬂ crecp, slumplng, ofc. ) The
D ' material: wh!ch moves dowuslopo Is ccrrled cway by the sfrecm. chco, by the
in: : ccﬂon of both umts, cmlon of the sfream bank Is mulnlalnod at a rate greater

than If only ono wefe eroding by lhelf e

Tho amtcﬂon of gull les ond smam mmdon may also bo related to
ipolnts of groundwam dhchamo for anothcr recscn Boecm both focturu mult
‘ln a reductlon of tha olevaﬂon of the fand surfcca, I'horo muy bea chango !n the
""-emﬂgumﬁon cf the gmndwafor sysfem. Any ghungcs whteh would toko placo

Ry

.....

lltyl‘nr a raluﬂv- wrphu af wutor lo bo deuchd. e :- f l

Even thomh culllu and tlroan mundm do Mnltely fonn tn ﬁn :
L ﬂ!mm of groundwum dhchcrga ihoy are tlll | vseful foutum fn mdwufer
...""'PP'HB for two m; u) the fnquency of mumm of wlllu and stream
h-mmdou wlfb a n]c!!w surplus of water Is hlgh mugh fo wrranl a close Investi-
gotion of each foam and b) both mm feahmu are ually detectable on aerial

| pholugraph and can therefore be uud to pltm fleld traverses. _

<
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Gmmdwuurqwmy s

.The dkfrlbutlon of gmmdwuhr quullry ls Inud on ﬂn mqush of 125
‘water mpln eollccfed from loeuﬂens In whleh groundwater outflowed miurclly
-ento !ho lmd wrfuec, o was avallable at shallow daptls Thh represents a den-
ity of one mnplo Fpr mry swcn square. E!lomaten (2.7 squarn miles). The

) dkrribuﬂon of Hw m:p!u Is diown ln ﬂgure H Thcn sa noﬁcnble uhum:e

~of water wmplu in the bmd low uracs and on bp of fhe hlghlmds |
Tho grwndwuter mnplum col!ccml from 26 nprlnm, 38 supaga,
- seven mmps, 47 nm-ﬂwlng und saven ﬂowlng cuccr holes or shal!ow hund—

Ei:g wel!s. Fleld methods were rhalnly vsed to malyzo l‘ho water mp'ﬂ (APPO"" »

,'r"

dix A, Hg. n) ,,,,, A fow Jupnem sm'nples were ‘aollected and one of om:h m was
cnalyzod by labomfory mthodl Ib chock tho eumetnou of tho ﬂald cnalyxh
A eompor!m of mulls ls glm !n hblc 4; fw tho mou purt, the rewlh are com-

!'.n:

) Tohl d!mlvcd ao!!d: huvc bun demmlmd mclnly by a lo!ubrldga.
Tho wlubﬂdgo mdlng‘ tn mlmhos pcr mﬂmmr ( nﬁmo/cm) at 25" mﬁgmde

P TE

mlw/em (Flg. ll) |

3!0 & u,oso

2 =f

- West of tho Red Daer Rlvar, the quallly ofgmdwuhr Is boﬂcr on ﬂn cwrdge, |
. with B.Sp« eontchlmwhn botmm 350@16 850 ml\o]cm, whereas ecst

of the rlvorBSpor untof!hcwufeum bﬂwun SSOcnd 1350 mho/em, __
Howovef, In ubaolute tcma, the | gmthn In both arecs are very good by

ls mumpllod by 0.7 ko demmlm tho cppmlmh hhl Jluolwd sel!ds In parts. ’

gy
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The cnlon radieals carbomu (CO3 ; bleurbomh (HC )cmd sulphate

1

(SO ) were determined for most samples. The chlorldc lon (CI .) was not deter~

mined In many cases, since the amounf of chlorlde ln wahn In the Red Deer area

PP
LN

Is very low. L \' ot e
Of the w/uten onulyzed, 90 per cent bave HCOs plus C03 groam
than or equal to 50 per «M of the total mlom. Tho IO par cent of the ground-

waters with 504 plus cl grecter fhcm 50 por cent of tho Mﬂl an!om cro found in

*. the broad low area east of tho Medlelno Rlvor cnd tho bnoud low creas north and

‘east of Panhol‘d - K ¥ . _:' P _:if' ,

Fl

* The totul calclum plus magnestum (Ca +Mg ) was detorm!nod frem )
analysis. The sodlum plus pofasium (Nc +K ) comenf was dohmlned by dlffen- : :

w‘

ence.. (The sum of the equ!velonts* per mlmon of the aniom m!nus fhe oqu!va— _

* lents per million’ (tf ealclum plus magnestum is equul h ﬂn Qqu!vulenb por million

‘of sodlum plus poumlum.) T

"._l_.#»\.," @,

Tho mnga of :odtum plm poltmlum in per cmt of tofal eutfom ranges

fmm 0'per cent Io 100 por cont.’ Tho Mghor poreonhgo vulues fot Na +K are -
associated with tho slopu of Il\e ea:t ond mﬂumt Mghlcnds; oceostoml Ioeatlom ;'-'f",

| clong the Rod Deer River valley; along parf of ﬂn gcntlc slopo wut of the Red
| Dur River nonh cnd south of Sylvan Creak; tbo law area \vut and mth of the west

rldgep and In the. pmnouneed lineur depression west of tho mth cnd of Sylvan Lake.

The analyzod gmundwuhn have been divided Into dlﬂmnt water types

‘'on a scatter dlagram (Flg. 28) The division of analyses Is Imod on the percentage

fon confent in ppm

*equivalents per million (epm) = equivalent wt, of jon

e
S

B

T
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g of sodium plus pohalum of the Mul caﬂons md ﬂm pcrmhcc of blourbmch_ |

l".\ ¥ - R . .
™ '] i -
i e - . - .
.

.plus carbonate of the. Iohl mlcm. The wutm' dlagmm has been divided into
I L six areas, even l'hnugh anly ﬂw of fho six areas are appllcabla. The mm of

s £ mhnmas!’ollmz 3 g met B f — T
B & o Typoultoa HCO -rt:c:a -'monml_ anlons . EE
l A _ ‘ Typo I ﬁmnplas . 1
s . 0% = Na*+k* aaeé.of mul cations
% ‘ - Awmua anducﬂv(ly 629 mhc/cm e

g e s 34% Na +K 67%@! mul eutlom C
I | = Avomcl mduelivhy 677 th/cm Yo "t o oE ¥ a

" C s Nt .-!ob%ofmul awita o
Avom mducﬂvny 1,064 lnhe/em

Tk Typulmdé. Hk

I i " Heo: +CC>3

5 W‘s _T-. zm'“ . - .w_,‘

A © 0% < et - 3% of otal catlons
Iy Avomgo ennducﬂvlly 1,755 mho/em "

Type 8 am'plu Ee TR T o
7% = Na*HK* = 100% of total catlons - i
e Avmgo eonducﬁvhy ?,210 mho/em :

Flguu 28 ls a pnthm dlccm It dlaamumlwlly ropnmm ﬂu dumi-
‘cal eomposlﬂa\ of oaeh  type of \vuhh The rq:nnnh!lon lt In the form of the .

) i" range and average mducﬂ;mu for ull fh- vnhn i ueh type, md tho range

A ~ and woraga of equiwlenu p-r mimon values for each group of olmnn within
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each type of water,

One of the most Importont aspects of gmundwatc;r chemistry Is lis re-
lation to groundwater movement. However, this aspect will be dealt with after
the movement of groundwater has been Interpreted. At this point, the chemistry
can be used to detect relative water conditions. |

When a water sample Is obtained, It Is necessary fo establish Its re-
lationship with the groundwater system. If the water is assoclated with the ground-
water system, then at fh; location of sampling thers Is a relative surplui of water.
If the water sampled Is not continuous with fho gmmdwpter, then a relative sur-
plus does not exist, The best method to determine :whefher or not the water sample
Is from a groundwater source Is to compare the chemlstry of the water umple& with
the chemistry of groundwater actively outflowing onto the land surface at some
nearby location, | |

From the comparison of the chemical eun;eslﬂon of waters sampled,
the samples reported are belleved to represent only those wh!ch are continuous
with the gmundwater system. Therefore, oll lﬁenforo, all the polnts for wh!ch chemi-
cal analyses are mllcble (Flg. n) ropronnt a relative wrplus of water.

Groundwahr fempomtum :

The temperature of glﬁundmhr was measured ot locations with ground-
water outﬂﬁwlné onto the land surface. At locations with low discharge rates, or
diffuse discharge, femperatures were generally greater than 10° centigrade. Thess

values were faken as unrepresentative of actual groundwater temperatures.
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The temperatures believed to be indicative of groundwater temperatures
range from 4°C to 9°C, lr;cluslvely. Cf the 31 temperature readings, 6°C was
recorded on eight oceasions, 8°C on six occasions, and 9°C on five occasions. The .
remaining temperatures (4:(: » 3°C, 7°C, and 9°C) were recorded at three locations
each. The average value for the readings is 7°C,

Groundwater temperatures are also most useful for the intarpretation of
groundwater movement, | However, In a few instances they can be used to establish
a definite relative surplus, Or;e oxamplfms mentloned under “seepages.” At
the location 387, the water in @ puddle was Interpreted as being 'of groundwater
origin because of its low temperature compared fo the nlcflvoly high temperatures
of waters In stmﬂcr puddlu nearby . -

From the office phase of the study, fwo'w settings were outlined on the
basis of topography alene. lnmal ﬂold%.tmvom: indlcmd that the groundwater
quality of the general area was good; th!s was later conﬂmcd by chemical unalysls
of groundwater samples. i e '

Relative surpluses of groundwahr are Indlcated by springs, seepages,
and quick groun&. Damp soll- and "liumm-ocky ground on slopes are definite Indi-
cations of relative surplus but in flat areas and closed depressions shc?l_d be cor-
roborated by water quality from an auger hole. Salt precipltates and less-fortile
soils are directly or Indirectly related .to surfaceward-moving groundwater.
Vegetation, by an inexperienced observer can be used to determine a relative
surplus of water only at a fow locatlons; most often, vegetation only Indicates

anomalous water conditions. Closed depressions by themselves are not too helpful,
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though usually with some mlated pl\m«nenon, an lnmpmgﬂm can be made. 1
Gullles and stream meanders are worthwhlla focmre: ) lnvcsﬂgato since they can 3
be related to groundwahr discharge, Lmﬂy, gmundwahr qunllfy and sroundwuter 2,
temperature can be used Indirectly to Indlccm a nlaﬂve surplus of wafer. o e
Featum !ndlcnﬂve of, or suggesting, a relcﬂvo “”'Plus of watir are » i

common. The converse s not tve. Fea;ures !ndlcat!ve of ] reluﬂvo deficlency

PR,

are not common. 'l'he best lndiccﬂon of groundwuter movlng away from the land s

surface Is the cbsenco of dhcl'mge features. Howovor, once fho rochcrge-dhchargo ﬁ

4
Gl w
L

map was prepcred (to be discussed In tha mxf ncﬂon), tho map wcs comporod wm\

[ Y

the d!str!buﬂon of surface water conducﬂvmu. 'ﬂ'ao eomporlson (Flg. 29) shows

that the greuter pofcenicbo of. conducﬂv"y vuluu Im thun 250 mho/cm areln - N
the recharge arod. Tho value of 250 ' mho/cm !s only appltcablo to the Red’ D«r -
area, but undoubtodly from smdylng tho d!strlbuﬂon of wffaco waur conductlvhy l

ln other areas, a value for rechurgo arm e.ould bo obtclnod for cach area.. -

‘will be reported scpcratoly. “The dlmlbuﬂon is from fleld work clono; movemcnt 'R

In this secﬂon, ﬂ\o collecﬂon cnd lnhtpntutlon o!' lnd!vtdual types of
Ay
data have been eom(dmd. In thc noxt ucﬁcn, an lnmproluﬂon of the ground-
lntorprotaﬂon ,, 5 Ry
introductton - R AT N
Tho grothtor roglmo" rofeu o tho eombtnod procoues of dlmlbu- Lo

tion, movement, and chomhtry of gmundmter. lnterpnhﬂon of ouch paramotor A

* from the combination of ﬂold work and lcborototy worlq and chomlmy comblines =

fleld work with the results of groundwutor movemcnt.
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An lnferpretaﬂm of the avallabllity of grou\dmhr Is based on field work
and the interpretation of gromdwuter movement,

Distribution ci_grraundwaht

1) Water table - Groundwater {s tnhmmal wotef ln the zone of satura~
tion. The upper lImit of this Zone in dmunconﬂned sysfem is the wufef table.
Physlcul ly, the wuter fable is rhe surface along which thc absoluta pressure is equal
to atmospheric pressure. In areas of unconﬂned groundwafer flow In which the
water fable Is @ aubdued repllea of the fapogmphy, the water table can be approxi-
mated by the land wrface. . oo . ;

In fhe ﬂeld, tho water table is commonly demmlned from water levels
in holes !n the smnd open to the ctmospherc and ponetmﬂng only a short distance
Into the zone of nfuraﬂon. In addition b holos in the ground, tho wator table can
be Inferred from the ouiflow of groundwuter onto. thc land surface at polints of notural “
discharge (for o:cmplc, spr!ngs). In this ccse, the wator table Is an non-exlmnt
wrfoee which ’ lf pmsonf, would be above tho land wrfueo. _

it

n the pment study, stnce man-made foatum were not.md natural
definite pocmonlng of Iho water table was poalblo. l.oeaﬂom wlth foamm indlca-
tive of tho nearness oF groundwum to the land surfau pmvldod cddlﬂonal control
points.for the water fablc. , |

The numbcr of control po!nts and thelr distribution Is not sufﬂc!ent to
draw a precise water hble mq:. Howovor, the distribution of polnfs !ndlcaﬁvc of
groundwater near fhc lcnd wrfece Is such that the water table can be assumed to be

a subdued replica of the topography. Therefore, It is possible to prepare a water
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or southeosf r!dges. 'ﬂ\l: undoubhdly resulfs from the dlfforences Ih the sfeepneu

@
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table map by a combination of hposmphfc contours wlfh locatlons in which the
position of the water tabla can be observed or lnfemd A' lecat!ons with ground-
water outflowing naturally, the water table con'oun wlll be dcwmlope from the
corresponding topogmph!c contours; If the. wator fablo Ic near tbe land surface, the

two contours will be mora-or-les suporlmposed; and whon the water table Is below

~ the land surface, the water tcble contour will be upslqn from the cormpondlng

‘topographie contour,

o

The water table map (F!g. 30) lllusfmhs thc nearness of the water hble
fo the land surface throughout most of rhe Rod Daor crec. On tho wost hlghlunds,

the water luble gancmlly fends b be closer to the lcnd surface than on thc east

RS

L

of thc slopes bordorlng the Mghlonds o - . .
Asldo from do"neuﬂng the upper llm" of l-ho groundwater sy:fem, the.

‘water table map can bo usad fo !nferpret fho goneral dlroctlon of groundwutar ﬂcw |

& 1,_,. B

(Fig. 30).. Th!s can be dotormlnod dtrecﬂy slnco ﬂow wﬂl be porallol to tho max!- :

5

sum gradlent of the wuhr lubh. chever, thc acml path of groundwafor ean-

-y

not be dehmlned d!neﬂy fm ll\o water bblo map ax 3 ST o
D!sfrlbuﬂon of reehcrgo-dhelmao arecs - L

L

As was nohd ecrller, aroas charcchrlzed by fbo water tablo close o

“" land surface repmnt a surplus of wnm ulcﬂvc to tlm which can  be amlbuted . T

a lo surface sources. ‘I‘lme dreas are roeelvlng wahr from groundwufer sources. In i

other words, gromdwam Is movlng foward rhe land wrfaco In the zone of wmmﬂon,
commonly referred to as the bydmullc dtschurge or dlseharge cm. Gormersely,

areas with a relative dcﬂc!on_gy of water correspond fo areas with groundwater moving °
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away from the water tnb_la;l'n the zone ofﬁtumﬁon, referred to as liydmul_l'c_ re-
.charge arecs. ) | :

The map outlining recharge and discharge areas (Fig.. 3!) has b«n pre-
pared from the Informaﬂon c¢ollected durlng the pmom study. The maiority of the
Information collected was Indicative of a relattve mrplus of wator. Thls Is because
the existence of a relative deficlency of water !n ﬂ\e Red Deer am will usually -
only be of short duruﬂon. Therefore, Hn detecﬂcn of e deﬂcleney would require
detailed and ftequent vmn to Ioccﬂom ot whlch a rolcﬂvo deﬂclcncy of water Is
suspected. Since thls form of mapplng !s comldmd a neonm!scnce tool, detailed
and frequent visits h purﬂculor polinis are e not [usﬂﬂed )

" After thc compleﬂon of the recharge-dlachomo map, the mult was
compared with the map of the dlsfrlbutlon of wrfaco water conductlvmes. The
comparison (as was noted eerlier) (Fig.. 29) shows Hm in thc ma[orlfy of cases,
surface waters wifh an olectric eonductlvity less than 250 mho/cm occur In the “’*
recharge area. While this situation Is nof lnfalllble, because oxcepﬂom do oceur,
it adds supporf to the interpretation that non-discharglng areas are reehamo cms.

The demmincﬂon of reehurge and dlscl\orge areas was done by con- e
sldering only the lnfemuﬂon collcctcd In the ﬂold The final boundarles bohveen
recharge and dlschorge areas were flrst dmwn on aerlal photogruplu. This wos
done for two reasons. First, PM' changes in the photograph often prov!de‘q,rpeém M
for lntotpolf'lﬂng Boh_veen l'wo points of )control'. T!w tenol;éhungu bythemnlvos,

In most cai;s, ate meaningless but when combined with Information ob;alned in.
the field the tonal contrasts are very helpful. Second the contour fnterval on

the fopogrophic map available Is not fine enough fo permit the consideration of all
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topographic features whleh are Important In outlining the rechcme—dlschurge areas,

Once the final oufl!na was completed on the photogmphs it wa: mmsferred te tln :“_""

e " i . g

fopographlcmupfor lllusmﬂon. R i

In general, fho rechcrgo areas occupy the. mglonul and Iocal highs, lee
dischargo arecs are fouqd In regloncl und Iecal lows. The eulstenco of local disg=
chargo areas on fhe wesfem blghlcnd holps to Iudfeat; bow clearly the wafor fable
follows tbe land surface. ln thls area the loecl Iows are ot doop enough to be

lndleated by a eonfour lntorvul of 15 3 mohrs (50 feet), yet the eonﬂgumﬁon of

RE

the water Is such that a lml dlschurge dcvelops ln fhm lm. ‘l'he pmence of :,

.n

XA

thls "M”"" h"P‘ fo '"’“’)’ ""‘ °"*' Wﬂs of local hlghs as rechul'ae areas g

broad dlscharge arac, busod solely on rho obunu of featuros nlelad to groundwater

L P e B B

A . £ 3 -‘4;( "
- L AL > w - »
dlschal‘ge. SR g -":'“ - -

dreas !s dlfﬂcult to ouf"ne on thc map Tha highs of dunes m ncharge areas and o

,El

»

the Inferduno lows are dlsclmgo crecs ln tho dune crca southwosf of tho clty of

5,
w ..... L

outllned asa pcrﬂculur croa cl\uncterlzed by wr!acawurd-movlng groundwuter In

.....

u 3
a -.o o T‘\."‘.** e :

the Interdune oreas cnd downv@rd-moving gmundwahr on fho dtmes. -

“i 5 by t' b ¢
v

'l'he rechorge aréa cdlacent to !ho shop buﬁks of tbo Rod Doer Rlver vulley

......

Is also based on the &honce af features tnd!caﬂvo ofa rolaﬂvc surplus of water. *

,_. P

However, the dufgmﬂon of l'h!s area as roc‘nrga ls consldeﬁd to be conslstonf

.:." B

with the solutlan gtven by Freeze and erhenpoon (1967, p. 625 Flg. IA) for o ”

the flow distribution In a basin with @ ma[or valley present..

"»y
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The dlmlb_uﬂon of groundwater indicates fhat: the water table Is a close
replica of the land surface. A .rough estimate of the distribution of recharge and
discharge areas indlcates that approximately 40 per cent of the Red Deer area Is

recharge and 60 per cent is discharge.

Groundwater movement

1) Boundary eonditions - Groundwater moves from higher fluid potentials
o lower fluid ﬁoten’ﬂuls along the line of maximum gradient In a homogeneous and
isotropic medium. In the -dlscharge area the groundwater moves toward the land
surface; therefore, as the distance below the ‘lcnﬂ mrfac; In;roqm, the fluid
potential increases. Similarly, in the recharge-area, an Increase In th; distance
below the land surface corruponds witha doerom !n the ﬂu!d potential,

The distribution of ﬂuld potenﬂol ln the groundwater region iIs ducribod
by the Laplace oquctlon =0, For a m—dlmomloml solution of a particular
set of conditions,. four boundary condlﬂom m nudod 'l’ho distribution of electri-
cal potential in an electric fleld Is elso solvabh by t‘ho l.uplcco oquoﬂon with four
boundary eondmom glven for the hvo-dlmonslom' case. Therefore, an amlogy
exists between the solution of the pohnt!ol d!smbutlon ln the electric ﬂald and
the groundwater roglon ¢ Providing bofh hcve the same boundury ccndmom.

The four boundary conditions for the solution of the potential dlstrlbuﬂon
in the groundwater region eonslsn of three Impormoablo boundarles and one boun~
dary of variable potent!al-. The wrlablc potential bounduty forms the upper limit
of the reélon. Of tho three Impermeable Bouﬁddr!es, two are vertical and one Is
horizontal. The wrlablg-pountlél boundary coincldes Wi th the water table. -

The two vertical impermeable boundaries are located along lino; across which there
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. ' Is no horizontal eomponenf of flow. Beeuuso tho water tublo lm bnon shown to bo-

a subdued repllea of the land surfacs, thuo boundarls can be plccod to colneldc

with the wrfaee water divides {ridge fops cmd valley boftoms) of the bmln. The | : } )
4 placing of the horlzontal boundury Is more wblectlvc. Howevor, lf thc vurlable- I
, potential boundary cnd tbe two verﬂcally !mpermooblc boundarlos are flxed and Jh
the d!mtbuﬂon ef roehargo and d!schargu areas is known, lt should bo poalble to do- :
: % termine the pesi non of tho lmr lmpormocble boundury. 'l’hls would require the  ~ 3
_— : solution of sevoral dlffereut sltuaﬂom eorro:pondlng to tiifferent posmonlngs of the & ?"';;?,
-' ‘ lower boundury. Altﬁough lh!s upprocch would huve beon deslrablo for thls study, oA
ot , it was not omploycd boeom it was not wftbln thc leopo of the ropoﬂ ‘l’heteforo ; u
~ o . the lowor boundury lus been plaeod ata depth elouly eorro:pondlng h fhe l.oa v

Park Formation . “"‘ Lea P"k Formoﬂon, dceordlm to Toth (pcnoncl commun!cu- f :
T@.;_‘-. " 7 tlen, 1968), Is the ﬂm farmaﬂon ln l'hg_Rad Doer cm wl\lch has a formaﬂon P.r_:.;;

1"-“’"’&.

S w meability whlch I "“' mﬂ’l to bc eomlderod lmPOrmocblo In temu of ceﬂvc,
" . nesr-wrface flow systems, RIS

LM ne C e s
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The boundmy eondl!lom for thc amlysls of ﬂcw tystems. ln the Rod Dcor 3

)‘r : m‘nﬁ

T
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area have now beon doﬂncd ~The water fable lt ﬂn wpor boundary cnd values

44\

for it can be obmmd from the wt;r hblc map ‘I‘hc m vorﬂecl lmpemeoble

boundaries coincide with surfueo wator dlvidu md tbo lcwer boundary Is the Lea

Park Formation at an elewﬂm of oppmlmnly mlnus 150 meters (500 f«t) oo s

.3&“
s ‘:. Feo
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o 2) Hydic;ul lc eross sections - A.solhflon éf"gm.'mdw«:ter flow has bne;'a

‘L carried out along three hydraulic cross sections.. 'l'wo of the cross ucﬂons utond
out of the area of study. The water hble In l'hese areas has been approxlmafad by
T the land surface. . -

Groundwater ﬂow along the hydrau"c crou ucﬂom has been dotermlncd
wlth the:ald of an olectr!c analog. The condueflng medium I Teledeltos paper. |
The water table conﬂguruﬂon is polnted on tho papar wlfhﬁ co;:ducﬂ\'c'o siiver pc!nt
and the fleld ls cvt out to eomspond to the shapo of the groundwnfer sysfem being
Investigated, ‘l‘he electrical potentlal dlstrtbuﬂon clong tho sﬂver-pclnnd surfcce .
Is determined by inpumnu prodctenn!nod ohctrle potonﬂals at specmc polnh along

‘ the surface. The electrlc potenﬂals correspond dincﬂy fo fluid potenﬂcls at oqul-

tentlal lines can be uueed on the Tolodeltos pcper. Thuo elcctrlc oqulpohnﬂal
lines correspond to the hydrau"c equlpotonﬂalllnes ln fho groundwator systom.

The hydraul!c cm ucliom show ehuf loeal lnhrmodlch, cnd regloml

. 1 4 '..p,

flow systems are poa!blo In thc Rod Deer am. Tho loeal symms ure numorom and

‘vary considcrubly In lengih, deptl\ cnd lntemlty of ﬂow. lnmmodlate ﬂcw symms
iro not lmportunf I terms of the umount of mm whlch thoy elrculctc but are Im-
ﬁ portant in terms of cacplaln!ng foatum ulﬁted to the gmundwnter rog!mc. (Om
4~ & _ exception Is the Intermediate systom on the mth flank of tl'n Bllndmau River valley
«: but this Is outside the area of study, ) Only one reglonal symm Is present and ll' Is

from the eastern ridge fo the Red Deer River..

The most important local systems, In terms of the quantities of water

pry

valent points on the water hble. Onco tho oicclrleal dls&lbuﬂon clong the sllvor N ,

paint surface corresponds to the ﬂuid potontlal d!slrlbuﬂon on tho wcter table " oquipo-

+
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circulated, are the c;nes oﬂgino'ﬂng on the: hlfghlmds and discharging In the adfacent
broad low area. These sysfoms extend almost to, or reach, the horlzonfal bcundorlu.
The systems on fhe west side of the west ridge (cress section 3), east side of the west
ridge (cross section 1), and the west side of the east ridge (cross section 2) are 5.5
kilometers (3.8 miles), 5.5 kilomaters, and 6.7 kilometers (4.8, miles) In length,
respectively, and have a total change In olovuﬂon of the water table over these
distances of 92 meters (300 feet), 61 meters (200 feet), cnd 110 meters (360 feet),
respectively. ©ther local systems of Imporfance tend to be shortor and not quite
as Intense.. These systems still originate on the- Mghlends wIth fho exceptlon of ono.

The exception orfglnofes on the NN E-SWV mndlng ridges west of tho Red Deor
River (cross sectlon l) | . e

" Smaller local systems are also prennf. In torms of qucntmes of wufer -
bolng circulated, mest of the systm are un!mpotfcnn howovef, thelr effoct onthe

P

mr-ull pofenﬂal d!strlbuﬂon can bo qulte slgnmeunt. For oxdmpl;, on hydmu"c

em section ‘2, a loeul system eodcnd!ng down Io a depth of 215 moms (700 fut) ,-: s

E_“ [ S A

muln from a Iocal rellef only 4.6 mefen (!5 fcot) In rho water lublo.

% 3 ~,:4,.V
e T

.....

3{. aeon

of aflows; cssoclctod wlth e relot!voiy sfnp sloplng iﬂghlcnd cd[accnt toa .- ,
bmd low s_plng lcwlund The ﬂrst polnt is tlm the ﬂow nm !mmedlately down- .
slcpo from the Mngo"ne are large.. Thm Mqh tutos of flow are cmdu:lvo fo tbo “
dwelopment of polnts of concentrated d!schorgc (uo d!seullon under "mannor of
groundwuhr dlsehargo') Therefore, the presence ef lprlnm clong tho steep slqm
of the highlands [ust below the recharge-discharge boundary can be oxplalnod by
@ homogeneous situation. The fact that the springs in the Red Deer area commonly

oceur along the steep slopes of the highlands at approximately the same elevation
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The ucond pelnr douls wlfh favorable focaﬂom for drllllng ﬂowtng we"s

at depths less thon 150 moten (490 foet) tn a homogonoous onv!mmont. lf polnt A
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would measure a ﬂuld pol‘enﬂﬂl wb!cb I’; equlwlonf to a hydrdullc hoad of 61 cenﬁ- .
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.84 mcfen_(6 feat)
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A and C. even. fhovah thc Qmundwuterg' ‘fpotnt C ls mw!ne':urfacmrd almost ” : "f~

 most _" !ous !nfo"
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, I;lall pcrﬂ"el to‘ﬂ'ue fcnd surfaco.

lnterpretaﬂon of:.groundwum movemen t fmm pfezomofcn :hould lokcf!nto o;oml- s
deration the configumﬂon ef ﬂ;w tubos as mll us clnngu tn rbo ﬂvld POMﬂGI- S

In thls pcrtlculor examplo i tho mall lncmw ln ﬂutd pohnﬁal usult fmm diver-
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gencs of flow [ines and hence enlargement of flow fubcé.

3) Summary of groundwater movement - From the configuration of the
equipotential lines, recharge and discharge portions of the hydrﬁu"c cross sections ean
be outlined. Reéhame are&: correspond to the portions of the crou sections with an
acute angle between the equipotential line 'd;ld the line of the water table on the
upslope side of the equipotential line. | When this angle Is obtuse, flow Is surface~
ward (discharge) and wl'u_m: the angle ls a '(lght angle, flow Is paralle! to the land
surface. . B | :

A general compcﬂsoﬁ of :;he re;horge' and dlscllarge areds outlined from
field mapping with the areas outlined ftom fhe hydraullc cross sections shows that
the three cross socﬂom poa through a totol of 2} fleld-mapped rechurge areas.
Along the hydraulle eross sections, 21 rocburga areas are presenf. chevcr, In
detall the eomparlson [ nof o closs buf the results are cunpamble.

Before cemparlng tho actual boundurles In dolull fhe m ma[or shorr- :

_ eomings of the elecfrtcal cross secﬂon shculd be. menﬂonod Flnf, the analog is

solving a three-dlmemlcml pofont!al problem In only fwo clmcnslons. Therefore,
the cross secﬂcm eannof take fnto aecounl' the cffoch of potentlal dtstrlbuﬂons,
not present on the cross secﬂon.‘ Thi: pmb'em boconu slgnmeant when the

gradient of the water hblo ls graahr ot some cngle to the l!no of tho cross sectlon

than along the line of Iho crou ncﬂon. The problem Is m!nfmized by preparing

cross sectlons pamllsl to the mux!mum water table gmdlonn. However, in areos
of low gradients, slight vaﬂaﬂom In tha water hble conﬂgurutlon can result In
rochargo or dlicharge areas developing along the line of the cross section which,

If the three~dImensional plcture were considered, would not develop ot all.
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1) The natural movement of groundwuur ln ﬂ\o Red Docr area ls mainly _“«s: :

s as If the medium were homogonoous; and - { : .

E_r ’ 2) The homogcneﬂy extends to a depth of cppmlmfcly I 100 meters ,

z (3,600 feet) in the Red Deer area (top of the Lea Park Formation).
q Groundwater eﬁomlstry S A

E‘ 2 ' The qvamy of gtoundwater was d!scmd under ' Sunmcry cf ruulb.

| At that point, the maln lnmm was fo dotermlnc rolaﬂvo water eondltlons. ‘Now, ;

i ) ’ with a knowledge of groundwater movoment ln tho Rad Dnr oroa, an !nterpmnﬂon

S » ) of the distribution of the five dlfferont water Qypu as woll as an oxplanctlon for B

i ’,‘ ~+ thelr dlstrlbuﬂon, k pmlblo. e Rt ' S i - %:‘. :

S . . Type 1 watm,w!th thelr Iow total dtaolvod sollds, Iow sodlum plus 4_

potoslum poreanfage, cnd htgh onrboneh plm b!earbomh, er- lndlccﬂvo of

Ty

"young wahm. Thou mms have boon !n eontaef whh the ground for cnly o v X

Al

short time and hcvo hud little opportunny te dluolvo mhrlcl mmf. Ihls seems L :‘s”._-?;":
to be a plausiblo 7nterpnmlon s!mn fypo l »mhn wen umplod molnly clou to "

. .\.‘i'.

the top of the wut Mghland or cf Ioccﬂons tn whlch !ho wcten snmpled wore cuocl- =

A - o LIRS
i & e s FA

ated with loeal ly".'ﬂlo

Tho dlsttibuflon of fypo T waters clem ls mtrlchd b tln upper pcm ¥

D3

of the Mghlands, wﬂ'h only one otcepﬂon (F!m 33) Thc oxcepﬂo_p ls quoclatod

wlth a sI\orf lml sy:hm n tho wesi-factng slopo of tln wat Mghlond

o .
h54 vo-

Type 2 mhrs hvo, on tho cvemgo, sllghtly h!gher toiul d!ssolvod

e ) ., solids and Mghor sedlum plus pomslum per cenhou than lypo 1 waten. The main
change from !ypo l wufm Is-only in the: cmomf of sodlum plus pohulum . However,

the fact that scdlum plus potassium and tohl dmolwd solids are higher suggests

@ larger flow time for type 2 than for type 1 waters. This becomes more evident
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£: . - when the pmmon nf typo 2mm on lho hlghlandu Is mldc.d A

,i gk L . r A

These mhu au common on lha slopu of all tln h!ghicnds 'lbcy hcvo

[ : -
= G = B i
_g;\.’ ;.:llt. ;.:. ) "f‘ ﬁ"'- . d
gt A

been outlined as oecurrlng on ﬂ'le Mghland: ond tbotr mlatlon with type I mm

Bl ; .. ~ has bun wgsufod on the Mgh mc Immod!auly eat ef tho Red Dm Rlver from tho
~ ,\.» .s mth boﬂ.hl' l'o bwmhip 38. {:'?’-‘ R Mg :_ i 3 '; d , ¥
< N | : Typ. 3 wutau have lﬁgh sodtum plus po!uulum pcrconlugu cnd noﬁco- ¢

ably hlgher mmgo hlul dluolvod nlld: thnn type 2 wtm. This suggests longer
ﬁwpcﬁu for Iypo Swutm Hum fw Iypea 1 and!wcmn, end lswblhnﬂu!udby

o

" their dmrlbuﬂon mthn dopu. P L :""*‘x Brad B8 *
T At u\nml loulfonc whora Iypo 3 waters wo umplod, the wfou m

1.

dfscimy!ng from lbclc. 'Therofou. tho dl'mlbuﬂm d' I'lxls typc of water muy bo a
roflectlon of lhulo kyeu at dopth Thls Is fwthor ennobomhd by lho extent of thc
lypo 3 mtoron tlni;mh alop-, ﬂnmamd wﬂn thlamccxpmdamﬂon 17

m ‘ mtou h!gh of whlch only 50 m mm&m,% mnulndor bolng muinly dulo.

| Typl 3 vmtm hwe bun outlimd cl lln lmo d moct of the hluhlundn, w_en

: —»

though In nma m rio mm e} typo 3 mm m ueordad "The bomdurlu

et
=“1*~.:§' 1"" y "i"'r'ﬁ Al vy _"‘Mz £ e '-‘a'_‘_‘ = i "f:.-?

2 .' o h 4{; icf e . 5
Tm 4 cnd é wnhu} *obumd ot two end lhru Ioenﬂom, rupectlvely,
R

mcllnnq;lumthhdulnhudkwm ﬂupmmofmu

-*a \,' il ‘ ]

nxv

huvo sulphate plul“ chl&ldc gmm Lhm 50 pw eon? of tohl cnlom, wh!ch upumm
s EL 9. e‘.d g '-f;‘-' "S i

!hm&omfhﬂypoll;swuu !ucdd!ﬂon latpoclﬂcolmnls, _thcmgohhl

".‘i- - L ‘5_\. -

dluolvad lb"dl m also hlsh cnd cll huvc m&ctlvl!y mdlnp gmtor l'l'nn 1, 250
mbo/cm. Thh all wggunqthct Ibm .wm Inva a Iang« flow Hme ﬂun the *

oﬂur waters. 'I’l\olr posltlon lu th. bmtn cho mom I'Ms. The high sodium plus



,‘and the Iow denslty of anmples. ]‘hereforo

io- , Area l Aaoﬂan depoguis cast 'of the Medlc!no Rtver B

. . Y
potassium percenfage of fype"é‘waters also Indlcates that the flow path is long. How-
ever, the high percentage of calcium plus magnesium of the type 4 waters appearns to

be an exception. The reason for the high perce'ntage'of'colclum plus magnesium

may result from lon exchunge which could have taken pluco In the belt of phreatic

fluctuation. If it were not for the other polnts whlch suggest a long groundwater
flow path, then type 4 waters would not-be considered groundwuters.

Type 4 cmd [ waters were scmpled in tho broad low areas southoast of

¥

the city of Red Deer und eust of the Medlclne Rlver. All the other malor low areas
huve been outlined as posslble sources for ehher or both of Yype 4 and typé 6 waters.

,.—

The woter types assoc!afed wIth tho hlghlunds ean be outl Ined by a few

scattered points beauuse the d!strlbut!on ls regufar, bolng more or less consistent
23 e

: w!th the major fopogmphlc ¥orm However, !n four ¢ cucs , the dlmlbutlon of water

AR iy
o 'k‘ .;;m,.

types is difficult to dehnecfe because of tho lnfemctldﬁ of two or three facton,

.‘_/

ﬂme croos (F!g. 33) wm ‘be'dealt

The maior feature ln ﬂ;ls areq: ls tho Iocul topogrcphle Mghswvldeh result

‘..,.,( B e V‘SL < oo

In local ﬂow mtemst For the mot! part, mms auoclctod wlth these systams are

of type However, bcccuse of the pmen::e of c ﬂow syshm ortgincﬂng on the
A oo

vrest rldgo o waters- fn deep wells or ln more pronounced topogmphlc lfows may Inter-

sact waters of type 3, 4, or 6. e BRI g
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gi Area 2, NNE-SSW trending ﬂr'ldges am;.! 000"01"! deposits west of the
wrw ‘ . _ Red Deer River .
8 In this drea the main ﬁow sysfé;s cr; local. Consequently, most of tfe
[,, N ' waters sampled are either fype Tor2. Type 2 waters dovclop because tho flow
r ‘* -. systems in-the linear rldge area are not as short as those cuoclated with thc sand
5’5 & dunes. In some cases, oven rype 3 wuters are presenf. l.ocatlons where these were
[ : ' encountered or can be expecfed have been outl Ined Because of the absence of
r , broad fow areas and of ﬂ;: systems origlncﬂng on the hlghkmds type 4 and 6
ET#; : waters are not oxpecfed to occur in this area.
r,,— % .. Area 3. Steep valley walls of the Red Deer River valley and associated
[ L ® short Unear dopreulom

The n:ost lmporfanf ﬂow systems assoclated wtth the valley banks of the

Red Deer Rlvor are local :ystems. 'l’hou sysfems are of sufﬂclent length for types

l 2 and 3 waters to be pruont. The most common water fypo Is 2. Any flow
originating on the reglonal hlgh would not be detocted In the valley because of the
small quantity of wahr belng clrculafed by any rogloml systems which are present.

5o\ Arec 4 Aecllcn dopos!h east of Red Deer River
Thls aroa ls Very siintlar to area 1. The common flow :ystems are short

and the assoc!eud waten would be expocnd to be malnly type 1. Howover,

because of the presence of lntormedlcte sysfcms from the highlands to the east and

southeusf, deep wells and ma[or lows can be cxpochd fo hcvo type 4 or 6 waters

é present,

N The distribution -of water: types based on the number and locations of the

water samples available for this report Is not as clear-cut as the boundaries dividing
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them may suggest. In some places, especially when boundarles are assumed or

_— s
{ - L5
.

suggested, there may be considerable error. Howeveﬂr, the distribution of different

e
.'." |

' water types does give a good idea of the distrlbution of water quallify in the whole

area.

Availability of groundwater

P P - .
| s 1 B
RN '

1) Natural outflows of groundwcfer onto the land surface

The most obivious locotion for the avallability of groundwater is one wlth

%

groundwater Wfﬂovﬁng ncturally onto the land surface. In the Red Deer area,

groundwater cutflows naturally at 89 |ocaﬂons. In many Instances only Insignifi-

!

g (— v
- 2

%
e
ES-

cant qucmﬂﬂufof water are dlsc:hm'g'ed~ Howevor, if the areas In the vicinity of -~ ‘

L Lo the actual dlscharge poinis are cleaned up, rates of dlschdrgo at some locatlons can }‘
- be increased signlﬂcanﬂy. An example of this possibllity wul domonstrated near
Fox Creek, Albem. The sprlng had dlschorgo rate of 240 lltou por mlnufe h

(60 gal ./min.) befora and 400 lihu per mingte (100 gal /min ) ofter tho plant

materlal and debrls was remmd from around the point of dlschurgo. Tho dlschargo N TN

b ‘ RY

rate six monfhs ofter cleaning vp the area wes sﬂll 400 liters per mlnuh . There-

fore, the Increase In ﬂcw rate can be eomldeted to bo permanent. - R N

" ' Based on thls lxpertenco, suggested pessible ylelds for sprrings, mpogo;,
' and swamps in the Red Doer area have been dlv!dod into two groups. For the first
group, d!scharue rates In the order of 4 llten per minute (I gal./min.) should be
possible aftgr developing the area of discharge. Theucond group should be able
to yleld in the order of 40 liters per mlnuto; The locations of the 35 possibilities

[ in the first group and the 18 possibilities In the second group are shown on figure 33,
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Type 'I garea k on lop of hlahland areas w!th nlaﬂvcly ltoep bordorlng »
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slopes. Wells ln !bls auu eun l:o axpechd to ba doep gmmlly and mtar lmls o

con be cxpeclad Io dtop stgn!ﬂcantly w!rh fncromd d-pth. Hmver, lneum of
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Type 3 areas are locuud on tho map slopas of the hlghlands. Conditions -

% i

i

.In these areas shwld ba qulﬂ! similar fo tho lypo 1 m. txcapt thnf ylelds of a
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few tens of lifers per mlmm should be awllubla at shal lower dcpths, approxlm tely -
40 fo 70 m"'u (‘3&”0 hc’) ‘:’; -;. S i .“-_-;_-; " e b

-
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Type 4‘ areas Gccupy fhe gcnﬂo slbpu of tln hlghlands “These arsas are

-

churccterlnd by puml]al or wrfaccwurd-ﬂowlng gmmdwtar. Gtoundwum flow
mhs are not as h!gh as ln crsa i and are’ hlghor tlm In area 2 Well: on fest bohs

3 =w“' ge g

In this area should anflcipuh ﬂowirlé md!liom; Groundwntor tuppl!as of a fcw
“tons of nm por ‘minute thould be cvullablo wnmn 2 m so meters (80-160 fm)
I_. . DI of the land’ surfuea. Largor wpplios would bo peu!ble wfth test ho!e dopthg as gmt

as 300 metm (l ,000 fut) ln mo m Hmvor, for lurgo wpp!!cs of ground-
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» ._r:‘_:_;‘ ;: ; ’_, s o .9“’ ;‘ hs .;._?CJ \‘_ b

i T ?iﬁ

- ;,; '?__,5 o Type 5 amu are tho ones wlfh Iw:foPoumPhtc cmdtenu, 'I'hm areas E: -
| hm a lcrge eorrlpomn;of wrfu:o:vﬂ:;! ﬂowbuf strm tubu a;e_s&%i; dilwrg!ng. |
ln thou areas, éM!liw amlbuiubla Io th- ﬂow of ground:n}er f\m:lé_lbo ﬂulto i
Iow. Tmr& lh;t .boundaty of I}'pe 5 wﬁh typo Aamu. ﬁowlng emdltrommy -y

_' S kn* . -"-‘—. L_-; Y s

¢ .\Jr'a?'a{\

,furflnr from l'ho htghlund dnp wcllt would bo needed

E

tend to be th!cl;;t !n the: los;rands cnd,ln tho m muppod, Hnu Jopoain are

o I
o ~ n

mmtly ﬂnc-gn:lned cmd thus do no! pm!do won qucmﬂﬂa of a fow Iluu per minute

T !n most areas; neond Incmms tn ﬂuld polenl'fal are mll wlth dopfh and assoclated

o "
)“. -
v A



- flow rates are lotv. Comoquontly, largo thlcknossos of wctor-ptoduclng zones
| would be needod fora fow tens of lltors por mtnute. ". t" ’
o _ Typo é areas are osxocuotod wlth oeollon deposits. ln thoso areas per-
e moner;t supplies of groundwater In rot;; of a fo:r ‘toni of lltors. por minute should
o be available !n wolls to dopths of IO to 30 motor: (35-100 foot). Wolls which are
&y completed at too great a depth wﬂl encountor vory sloﬁiy.::;roulotlng groundwater 2
.‘;_;. ) with a result slmilur to thut which oxlsts !n am':S ‘ Whon posslble, \vells sbo_old |
- \ be completed orf the s;o;u of locol hl‘fghs.i Development of lorgo suppllos !s not o "
SR T ik e g e i X "
Iw 1 Tho type 7orea lt g?oclqtod .wlth the T?w va_NE-SSWLtrendlng ridges. i,
ﬁ‘ ' Locol flow systoms are mociat;d )wlth th; bighs but thop:s!tlon of thoso rld;;s
ts In a gonerol mhotge oreo.h Thoreforo, woll dopttu‘obogld .probably bo in the .

g g ,b__.\,,_'i. T
Wal ls oonsturctod !n the valley bottom to obtoln olrculottng groundwotor o
T ER T AR
W .. rather than: lnmtmtod r!vor wcto_ s hould probobly be no doepor than obout 150
meters (490 ioet) Bo!ow this Jopth tho oqu!potentlal l!nu are spacod farther

o apart and ﬂow rates will be lowor. The- dopth of 150 meters refars to tho optimum



conditions. In ﬂm m:, ylclds muy be moml hm of llhn por m!nuh. On tho
whole, the poulbllltlu fn rbo ﬂwr wlloy are not as fdvomble as some’ locut!om
on the highland beeauaa of the m!l amount of clmla!lng gmndwutor mchtng the

<, i

river valley. g i ThE gy
pmnent" gromdwuhr nuppllu from dug wolls auocland with lml Im ln areas
2, 4, 5, 6, and 7. in crca 4, 7, und 8 lt should ln pmlble to dcvolop ﬂow!ng
dug wnlls at dcplha of s fcw mhn On fome Hlln cnd Lﬂnk slopu. Hmwr, !n

= Tho gmdwhr nglmo l'm bun lntmhd fmm the mapplng of narumlly

1‘“‘}“"! ol X,

accurrtng wrﬂdal fouturu Tln wﬁr rublo ls a wbducd rapl!eu of l!w land wrfaeo

‘.»-?

but lm b«n ﬂ!ﬂlnculshod from !t mr thc area modlcd Rochargo areas dolnrmlneJ

-&.‘ § o N --‘,-_,.. A L '., T \.__
‘ppmq}mnly 40 per, co;tqf tl'n area and dls‘chcrgo areas
it e A g G E v A e

o

“are pn:nntmrthomlnd-r o!'tho ann. K é ;; < a-';a L,

Vo 4 h i
\,.1-_- ..,. ST .
u\'

‘,u

thnt lln nmt acﬂn ﬁgw o m' 'ﬂn' [oeui mum orlglnetlna on tln hlgb-
: : w : 4&1 %

hnd: md mlnu*rlnc_“ m tl-n odfam!bmd Mcndl Alao shewn by Hu emu ;
ucﬂom !s that tn a homogonm m!ronmnf mf% ean bc oxp-cml lplow thc

-—tﬂa_..r_m— ,- Lo _,M‘ i ;.3*- YT,

hlnaclim cmd llmllaw ﬂwlnu mllo aun !mt dmlep nocr ﬂn buu of tho mop

ri.a’

dopu Tl'n good cmlnﬂon Bnlwun ruu!n fmm fl'cld mupplng ﬂnd hydrcullc

. hie i 4| '-

m mtlons lndlccm tlm a dluet nlaﬂomhlp ﬂtlsu !mwnn th- I.oc Park Forme-

tlon bclng tbc hw!m?ai boundury for lho more actlvo ﬂw mhm in lbc area and
" the natural mmmont of glwndwum being as If the mdlum were lnmogmm



Fron; thc é@ndwchr movemapt; un Intllprt‘tgffm g{gréundwmr types q ‘
has been made. 1‘I’!_m dlmlbutlon on hfgh;mds ‘htghland slopu:n‘;! adiaconl' Iow %
areas Is regufar; ’ln four specfal areas It is compgox. Flﬂn-'hrn springs, nepagcs

o and swamps were dutgmhd o pou!b!o nctuml sourm cf groundwaur. Depths of ¥ J

F ' - wells range from l? :o 100 mefon (35-350 fcgl) fot supp"u of a few tom of llfon _ .

T " | i pof minute and up MSOO meten for }am:i wpp"e: {': " g “ : &

- Ru% T In sl;on, the groundwter dfstr}ia:;lon, mbwmen;cnd chom.!sfr'y'huvo

1 | lmm !n?erprcted Also, an Inforpnhﬂon of tﬁc avﬁllcblli. : I.;rou:\dwurar lm ~
RO D ity

Jnd an ovaluaﬁ‘on of_ tln mupplng mothod wﬂl bo gl
Recommenduflom und Conehnlo‘ g : 5

5 T
g
e

commnly_und'to ebfaln groundwuhr |

o 8
BTy

cppmlmaul] 5 gglﬁlomipor mlnuh wlll m :
wfflefc ¥

[

S 3 x L E g e # S
" lons per mlmm), moro fnwrab!o lgeatlm for d well ccmploﬂon are noodod Also,
for these slfuc!_{om, a lmowlodqo of pwlble mll dcpths md groundwuur qual!ty ! }
Is needed. . . Sty N
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Towns, cities, and indusf(ies require water supplies In the order of a few
thousands of liters per minute (appreximately 500 gallons per mlnute) and therefore
need to know areas wb!ch are more favorable for the development of large quantities
of groundwatet. n thm areas, detailed tesﬁ-dr!ll!ng programs need to be carrfed
out fo establish acfuc_l groundwater qtiulmes ‘and quagﬂﬂes avallable. However, In
outlining the areas to be testad, knowledge of ;oss!b(le well depths and groundwater
quality are !mporfanf'cmsidemﬁons. |

2) lndlvlduul gmundwater supplies _

Groundwcter suppl!es for this purposc can bc obtained throughout the
entire area studfed. At some foa:ﬂcm‘ deep wolls will be needed and, in some
cases, only poor quullty vmter wm be ava!lcble. Flgun 351isa mcp which has been
prepared by the combfnotlon of the groundwahr quamy type mop (Fig. 33) wlth the
groundwater ovui!ubll!fy mcp (Flg. 34) From I'hls map (Flg. 35) possible well depths -
and groundwater qualhy !ypes tan be determinod For examp]o ’ point A (Fig. 35)
on the west ridge 1s locuted In the zono dalgnatod as 4-!; this means tbct the
cxpectod depth of a well io produce a fow tcns of llten por minute would be 25 to
50 meters (80-!60 feer) ond the ocpechd groundwator quallty Is type 1, whlch is

characterized by low toml disolved scl!ds anJ a pudomlncntly calcium, magnostum ¢

bicarbonate water. = o Tei®e " s B

Therofcre ’ frem ﬂgun 35 pou!blo wcll dopl'hs and rmoclutod groundwam
qualities can bc determlned for the area mappod Also, Tibe natural outﬂows of '
groundwater and thelr quality typc are shown to Indlcate locations at which definite

and readily avallable groundwater supplies exist.
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i1 - 3) To%s and Industrles wlfh-smﬁll ground\;uter requirements |

"¥1* L | The flm consideration for a grouhdi.mte; supply for a town or Industry

x5 Fa should be a:_nafﬁral' oufﬂow of groun;lwufer'. if .a'h:wn'dr Industry Is In the planning
o stage, Its locaﬂon near a natural dlschurge could be a substcntlal asset. For example,

If the need was 200 men per mlnufo . the spring af W-12 would be more than ade-

ST o quate. If, on tfwe cther hand fhe fown or !ndustry !s establlshed natural outflows
1 T of groundwuter should be eonstdered. 1h some cases ¢ lf might be more advantageous
L _ »~ .Qo develop a natum! outﬂow lwo kilometers (one mile) from fhe need than to drill

t:“%;# e a well one- kﬂomerer (ona ﬁalf n:ﬂe) away. For axamplo ‘ Benalto ‘might find It an

% advantage to develophme of the swamps at elther #204 or '206 rafher than drlll a

“wall ot.mlde !'he hwn llmlfs. S ‘_ w co - g

e 3

- : Howevor, if fhere are no poslbmﬂes to use natuml outflows of gro;nd-
water, the best laéaticm to &rlll a well would bc !n the 4-1, 4-2 or 4-3 areas.
These areas shoufd ba;’ characterlzod by modorufe well depflu and good quamy

- -wuters. lf wells m comploted In other’ auus, a we" fleld may be neemry. In
- areas with the posslblllﬂes of type 4 and 6 waters, groundwater quollty will be
. relatlvely poor. 2
* 4) Tovms, ehles and Industrles requiring large quantities of groundwoter

For largo qucmﬂﬂes of groundwater, detailed test drilling projects are

needed. These projects are carrled out to establish specific information about the

*_groundwater regime and the distribution In space of more permaable beds. I the
E3h. development of large supplies of groundwater, geologic permeabilities are very
J significant. However, rather than test drilling over a large area, figure 35 can

j ' be used to restrict areas wherein test drilling conditions are more promising in terms
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L | of fluid pofenﬂais, quantmes and qualltles. e E

e ’ In hrm: of the ncfuru! groundwator mcvemenr, type 4 areas (Fig . 34)
— %
T

o would be most wltabh for the develt.':pmenf of large quunﬂﬂes of groundwafer. h

Only smd" parﬂona. of fhese areas are expected to have a poor groundwafer quallty.

) For the most purt,
1, 2 and 3, wh!ch are' relaﬂvely goocl qual!fx waters.

v "(‘l‘(

2o < e -

| The other 9spect“ In. cm:lderlng Iarge groundwater suppllas la the recharge

o

orea. Stncé roundwater enfers the gmuudwatcr system through the ncharge

ab el

large recharge rea Aparf from qlqrgo mcherg aroaybelng pmenf on the high- '

- “a
:':\f’ by e &

lands (as in the cuse bf the Qust ﬂdnk of the ‘Medl‘cl'hé Rlver, hydrau"c cross secﬂon

PLESs
-.p?:.rj.

RS

.

ora favorahle_ioeaﬂom !n wh!ch to

test-drﬂ nng programs‘ ur ldrge pr"es.of groundwater. _Tha most suﬂuble locutlons

q_; P -y
e

ln thh area ) groundwotor qual!ty !s very

s w\-.'

G ,aood in fhe type 4 crm.. ?ihe rechurgeg creas are largo, cnd tho presence of lorge

"‘; e,
4

'l'he Gentral rldge ﬂow system does nor hcve large flow rates (hydraul!c cross

section #2, Fia. 32), ihe recharge area l: lmall and there s an absence of Icrge

o Tec T
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discharging springs. However, the éraundwular quality Is almost as good _ganorally

[}

as the west area,

The proposed test-drilling areas on the aasf and sautheast ridges have the
poorest general groundwarer quallry of the maln ridges. Also, the rochargo areas
are the smallesf; howevar, the large dawnward flow rates In the rachargo area

" probably campemafe for lhe small aroal exfonr of lbo racharga area. Even fl\augh
conditions are nof as goocl on the oast and soufheast rlduo , @ systematic test-
drilling pro[ect ln lhe areas autllned should sﬂll pravldo a groundwafar supply In
the order of at leasr a few lhausand lltar: per mlnu!a from a well fleld

Uses of Mapplng Meihocl ln l'lydrogealogy and ther Dlsclgl Ines

W

st

Mapplng resulls ln hydrogealogy T e e

s e

3
.‘,‘-

Hydrogeolagy can Be aonsldered as the sclmcaé tl\e physlcal and cheml-

cal processes and Ihe phenamena whlch mult fram tha lntaractlan batwaen rocks and

.,, .\. a2 (- gz" & =
wa’er durlng fhe watar's antranca lma, prascnco ln ’ movement in, and axlt from

::13,_'_ \ ; -

.’a;”

the formatlons. From the sludy af naturally accurrlng wrﬂclal phenomena ) Tt is

4.- ,at.

possible to smdy only l'hallnal candltlm . ll\at whlch muln once tln water has

h.
e

>gone through all the pracmes and l'm loft tho farmatlans. Changas “which take

place before the graundwater dlschargu on ta tl\o land surface can only be inferred

from variations ln fhe groundwater reeharge and dlscharge on tha land surface.

therthelass . hydragealoglc smdles daallng wllh almasf any aspecr of the ground-

’warer regime: can be carrlad out, pravldlng a dlfferentlatlan can be made balwaan

+ features Indicative of groundwator and thase Indlcative of s urfaco waters

A
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Mapplng Eesults In other dlealpllnes

A
7

S

', - e
e

A lmowledge of the groundwater reglme can Be ueed by many dlralpllnes.
In many cases though, o knowledge of only a partlaular part af the reglme ls needed

For example, a soil sclentlst alaulfylng a sall needs only to lmow that an area [s

NN

" one of saline groundwater dlsaharge, rather than belng aware of the complete

groundwater reglme. ifa foreeter needs. to know the groundwater quallty over a .. i

R -
~;l'\?'f 1, -

certain area, again it ls not necessary to be aware of the aomplete groundwater N

"

‘regime . Therefore, in many dlsalpllnes, it would be eu}fflc_lent to recognlze naturally
4ix - L

occurrlng surﬂclal phenomena related to groundwater reoharge and dlraharge. ;A
i 'l’s. e O '.1.\:"- _'5"

recognltlon of pertlnent t'eatures would gl;/e a qulok lnterpretatlon al‘ the role

o f K 50 A
T ,—..- &

groundwater ln the fleld of study of ¢ an englneer or sclentlst.

v »%

,s

- Ifa ltnowledge of the groundwater reglme ls needed by another dlrclpllne, N

-'. SF

4"

> H‘ "'.':, -

it is.better to sollalt the ald of e hydrogeolaglst tadgter'mlne the graundwater reglme PRI

¥, S .. SENCYES .. = e T | EE
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than fora pereon Tn another_dlsclpllne ‘to attempt to determlne“ the reglme.nw

.=~J"~s i

+
o
-
?
"x
®

;-\riv X ‘- vy

example, in thls study, vegetatlon wae .red to‘ lndlaate anomalous water condltlons. e

.'!:Lﬁr-u o . ~.-"".‘ A

. By the eame token, a hotanlst studylng the plan acology o

'ecalagy of an area‘should Use

N kS :,e. - :'f - -'-"-“-‘
~ Y 3

r\

.wr.a L ¥

*’ i . naturally oceurrlng eurﬂclal phenomena to determlne the dlrectlon ef groundwater *w

e T motlon and lf surfaceward tl\e quall')' o? the water, but lhould not become l’n-— LT e

T volved ln determlnlng the groundiwater reglme.

o5 7 From thls latter polnt at’ vlew, an awareness of naturally ocourrlng surfl-

. A
1" S a'lA - =

P ciai phenomena related to the groundwater reglme weuld l:e helpful in many dlscl-

l" :’ oyt - K

" plines. associated wlth the llthosphere, elther on or near the surface

‘u- o

ks g
b
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‘ co ‘ Evaluation of mopplng mothod A

1 W

The mopplng of noturolly occurring surﬂelol phonomono hos bes'! wed to

determine the groundwofer regimo over on ofoo of 820 squoro kllometon (@m square

T O Gy S [
:
.
g ¢

TR

miles). The followlng rosuhs were obiuined olther durlng, or lnterpr.f.d frém, the

mapping, 1.t

' :‘.
a s
*

'

A gonoral knowledge of groundwafor quollty ovor a lorgo an? Ina.

o L ) rolotlvoly short time lnforvol (820 squcro kﬂomotors ln two iHy/ o) -
| - 2) Distrlbuﬂon of groundwater quollfy- ovor tho wholo oroo;
= i 3) D!strlbuﬂon of porticulor foaturos ouoclofod w!fh tho proslﬂ"'

°h“"°° °f Omndwufor near thol,lond wrfoco. For_oi:o hl ""‘"9"

"‘b—i’.

Py aw ‘,’_’?d'P]'lQﬂm_‘no-rolotot‘ | porface 5
"wotor; occm to tho mo[orfiy of thoﬂoreo inmt bo poulblo), thls mothod of mq)ping
R .L % . ,'..\r :2»

somﬂos tho need for an Tnforprol'oﬂon of tho groundwotor roglmo. Mopph!ﬂ In this
manner can be °""‘°d °“' bY a hydwgoologlsf oxporlonood in this focof of 'wdylng

_ the_groundwater roglmo ina hollcoptor at a cost of about $5.00 per squard Iullomotor
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L ' ($13.00 per square mile, Table 1).

In terms of what Is known at the p:resent time, this form of mapping appears

I

to be most useful In groundwater hydrology stud!es for areas in which no hydrogeologic
information is avallable. Presumably, in areas with some e:;!sﬂn“g hydrogeologic in-
formation, this method of mapptng could ba used to supp lomont the available Informa-
tion. However, for areas w!th an abundunce of lnformaﬂon, a study such as the

present one will not slgnlﬂcantly add to the Interprotutlon of the groundwater regime.

\

e . i A
. ’ N g5 ’

In other hydrogeolog!c sfudles, and !n ofhor discup"nes ‘ tho present

g

method of mapping. may be of c:OnsIderoblo we, whothor hydrogeolog!c Information

Is avallable or not. For oxample, I‘n the Red D«r area Hw wel | survey in 1965

H
EX3

encountered two sprlngl over 820 squaro kﬂomotcm " a hydrogeologlc study in the

Red Deer area was concemed wltﬁ :prlngs, thc two gprfngs on ﬂle would not be

m.. ,»f A

representative of tha 29 sprlngs encounferad durlng the pmont study

g Sy

,,,,,

I

-
., ' 5
A e u
P A ot
0
2.l ;". "

w o,

the mopplng of natum"y occurrlng -s.urﬂclal phonomonc to d’é;hrmtno the groundwutor

wf‘, _regime hos I!mlted use ln groundwaror uplomﬂon pro]ccts and asa mothod in other
7 . cspacn of sclence. ln groundwater oxplowﬂon pro(ects, ﬂw llrﬁlt Is govomod by

e -r!.‘t.

Y e -

,.ﬁ"/

the amount of exlsﬂng lnformcﬂon and thc abunco of a Imowledgo of permeability

L
b v ]

n“ o vcr!aﬂons with depﬂ'n The llmhs fn other aspech of selonco are govcmed mafnly

& 7 . bythe natura of the study nthor l*hcm by shortc_omlngs of _}ho method or the amount

of existing Informuﬂon.
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APPENDIX A

LIST OF CHEMICAL ANALYSES OF WATER SAMPLES
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HCO3

SO4

Nat+kt

+O3

HCOZ
+COq
(epm)

+

PH Type Remarks

% of
total

% of
total
anions

SO4

o

{

% of
total
cations

Q

C
Mgt Natek?

TDS
(ppm)

TDS
mhos/cm

@ 25°C

Obs. pt.

anions

epm) (epm)

(epm)

(epm)

No.

Auger hole

1

17

76

3.4
4.8

24
37
22
14
34
34
61

1.1

2,2

217 3.9
3.8
6.5
8.2

310

la

Auger hole

2

8.7
8.0
8.0

3.5 8.0
17.5 8.2

14,1

14

80
82
97
96
90
8¢9

280
441

400

Auger hole
Seepage
Seepage
Spring

1.2

6.8

1.9
1.3
4.9
4.7
10.2

630

1
2

L'e)

9.2
14.0

9.6

472.5
822.5
630

675
1175

29
50

2

2.4
1.7
1.5

11.3

15.0

8.9
6.5
6.8

900
1100

62
68

2 Auger hole

10.0 8.1
15

770
490
340

Auger hole
Spring

8.0 2

8.0
8.0

79
4.8 8.0

‘07

8.2
6.2

34
12
24
19
2]

700 3.6
0.8

86
101

92

5.9
8.6

490
700

Swamp

88

9.9
10.6

2.7
2.2
2.0

490

129

Seepage

95

8.9
7.5
6.2
6.5

750 525

650
S10

138

Seepage

1
1

96 3.4 8.0

89

9.2
6.8

455 .,
357
399
518

139

Seepage

4.2 8.0

19
14
12

45

1.5

1.1

140

Seepage

6.7 8.0

94
95

7.2
9.6

4.1

570

141

Seepage
Auger hole
Seepage
Swamp

1
2
2

1.6 8.0
8.0

20

73

2

1.1

1.2
2.5

8.9
3.1

238

340
520
5%0
700
530
640

740

146
153a
184

8.0 8.0

88
85

6.8

34
27

2,7
2.3

5.1

364
378
490
371

8.0

7.2

7.9

204a
206

246

Swamp

N

Seepage
Swamp

2

8.0
8.0
8.0

85
78

8.6
6.8
6.5

4.8

49

4.9

5.1

448

259

1
2
2

18
23

1.5
7 2.1

.7

25
45

6.5 2,2
4.2

5.1

420

600
525
420
420

276

Auger hole

70

367.5
294
294

308a
313

Auger hole

16.7 8.6

73

71

1.1

2.8 42

3.8

Auger hole

2
3

17.6 8.6

16.1

19

1.0

35 4.1

76

2.0
13.5

@
™

315

Auger hole

8.6

82
76
66
74

4

14,7

v
v

316

Auger hole

3

8.8

1.6
2.0

1.1

6.5
5.1

76

6.5
3.6
2.1

2.1
3.8

4.8

420
350
301

600

321b
335

Auger hole
2 Auger hole

26.4 8.7
16

48

500
430

Auger hole

1

8.7

5.1

31

342



|

HCO

total PH Type Remarks

SO
% of

o

total

+C
% of

HCOé
*O; ¢
(epm) (epm) (epm)

Na++K+
% of
total

cations

Cu'H
Mg T Natik

TDS

DS
mhos/cm

@ 25°C

Obs.pt.

anions anions

(epm)  (epm)

(ppm)

No.

Seepage
Spring

1

21.3 8.0
14

76

10.2 0.4 2.9

24
44
47

3.2
5.5
7.0

6.2
6.8

560

800

2
2

1

3

8.0
8.0

83
74

73

1.7
67

3.2

10.3 0.4

525
672

750

Spring

21.1

1.3 0.7

8.2
3.8

4.4

960

Seepage

21.2 8.6
30
15
49

1.2
6.0

0.4
0.7
0.7

4.1
13.3

1.8 32
15.6 78
40

380
1225

Seepage
Seepage

8.0
8.0
8.8
8.0

857.5
560
378

2

79

21

1.8
4

1.8

9.6

4.9

7.2

800

Seepage
Spring

2
2

1

3

7.9 0.4
6.2 0.4

56
42
4.4 0.4

4.8
3.5

11.8

3.8
4.8

540

87
90

22

74
79
61

322
252
455

460

14.5 8.6 Auger hole

.8
4.0

33

3.8
3.4

360
650
500
675

93c

Auger hole

35.6 8.7

6.8 0.4
6.8 0.4
9.6 0.4
9.2 0.7

5.1

69

7.8
5.2
3.7

96
99
02

Auger hole
Seepage

2
2
2

8.8

6.0 8.0
8.2

87
1

7
.6
.9
1.2

2.1

65
35

2.7
6.8
6.5

9.1

350
472.5
469

8.0

85
77
82
87
N

40

4.3

670

03

Seepage

2
2
2
2

17.7 8.6

0.4
0.4

34
38

2.6

266

380

Flowing auger hole
Flowing auger hole

Seepage

15.4 8.0
10

11.3

5.2
5.6

612.5 8.6

476

875

12

8.0

9.6 0.4 1.

50
7.9 0.4
5.1

45

5.5
4.8

Seepage

4.6 8.0
20.6 8.6

A4
1.5

4.2

3.9
1.9
8.9
3.4

13.2

392
336

Auger hole
Seepage

1

3

69

0.7
0.4

26
93
45

5.5

43.3 8.7

52

5.1

525
336

750

23a
27¢
31

2
3
3

21.6 8.6

59

1.6
3.2
1.3

20]

1.4

4.4
12.3

4.1

490
1100

Auger hole
Seepage

19.8 8.0

76

81

3.1

770

18.0 9.0

76
75

5.5
10.3

96
65
73

6.9

560

800

33
34
35
36
37
13
4
16

b}

Auger hole
Spring

2
3

15.5 8.0

8.9
10.0

595 4.8

637

850

17.9 8.0

2.5 77
2.6 79

7

10.6

3.8

910
1050
1020
1500

Flowing auger hole

Spring

3
3

16.7 8.0

12.3

98

14,9

735

20.7 8.0

77

3.2
5.6
3.2

4.4 1.1 71 12.0

714
1050

Seepage

Auger hole

74

22,2 93 17.6

1.7

Seepage

80
84

16.8 13.7

840

1200
1175

3  Flowing auger hole

14.2 8.4

2.6

15.0

17.6 98

.3

822.5



APPENDIX B

LEGAL DESCRIPTION OF OBSERVATION POINTS AND TRAVERSES



. ; Obs. Pt. Location
TR et | No.. V. dth Mer.
/4 Sec. Tp. R. I/4 Sec. Tp.
E24° NE 20 37  24°
E-1 NE-19; NWw-20; E-25 NE 20 37 26
SW-29; SE-30 : E-26 NE 20 37 26
37 26 Trav. NE 29 37 26 -
(a=1) E-3 S1/4 32 37 26 :
(a-4) E-27 SE 32 37 26
(a~7) E-28  SE 29 37 26
E-29  sw 11 37 26
(a-9) Trav. Nw 29 37 26
(c-1) E-4
(c-8) E-31 SW 29 37 26
(c-10) E-32 NW 29 37 26
(c-10q) E-33 Nw 29 37 26
(c-10b) E-34 NE 29 37 26
(c-10c - E-35 NE 29 37 26
(d-1) E-36 NE 29 37 26
(d-3) E-37 NE 29 37 26
(d-4) E-38 SE 29 37 26
(d-5) E-39 SE 29 37 26
(d-6) E-3%a SE 29 37 26
fe=1) E-40 SE 29 37 26
(e-3) E-41 SE 29 37 26
(e-6) E-2 SE 29 37 26
(e-8) E-43 SE 29 37 26
E-44 SE 29 37 26
(F-1) E-45 NE 29 37 26
,(5954) NE 1o 27 26 E-4 SE 31 37 26
- E-47a NE 31 37 26
E-5 NE 19 37 26 E-47b NE 31 37 26
E-6 NE 19 37 26 E-47¢ NE 31 37 . 2%
-47d 1 37 26
E-7 NE 19 37 26 5—48 'I:J‘E gl 37 26
E-8 NE 19 37 26 Trav. NE 31 37 26
E-9 NE 19 37 2 E-49 NW 32 37 26
- - E-50 32 7 26
E-10 Nw 19 37 26 E-51 m\\//vv 32 27 26
E-11 NwW 19 37 26 E-52 NW 32 37 26
: E-53 32 37 26
E-12 Nw 19 37 26 E-54 m 32 37 26
- E-55 SW 31 37 26
E-13 Nw 19 37 26 E-36 SW 31 37 26
' E-57 SW 31 37 26
E-14 Nw 19 37 26 E-58 SW 31 37 26
E-15 NwW 20 37 26 E-59 Sw 31 37 26
E-17  SE 20 37 26 E-60 Nw 31 37 26
E-18 NE 20 37 26 .
E-19 NE 20 37 26
E-20 NwW 20 37 26
E 22 NE 20 37 26
E-23 NE 20 37 26



E-77

E-93b

biéﬂm

NE
NE
SE

SW

27

27

é:93c

E-93d
E-93e
E-93f
E-93g
E-%94a
E-%5a
E-95b
E-95¢
E-95d
E-95e
E-95f
Trav.

E-95

Trav.

E-96

E-97a

E-98a

E-9%9a -

E-99b
E-9%9¢c
E-99d
Trav.
E-100
E-101
Trav.
E-102
E-102a
E-103a
—E-103b
E-103c
E-104a

E-104b
E-104c
E-105
E-106a
E-106b
E-106¢
E-106d
E-106e
E-106f
E-106g
Trav.
E-107
E-108a
E-108¢c
E-108d
E-108e

E-108f

E-109
E-110a
E-110b

wW

- —— -

. Trav.

E-111
E-112a
E-112b

- E-112c¢

E-112d

E-112e
E-112f
E-112g
E-112h
E-112i
E-112j
E-112k
E-113a
E-113b
E-113c
E-113d
E-113e
E-114a
E-114b

. E-114c

E-114d
Trav.
E-115
Trav.
E-116
E-117a

CE-N17b

E-117¢

E-117d
E-118a

* E-119a

E-119b
E-119¢
E-119d

.E-120a

E-120b

E-121a
E-121b
E-122
Trav.
E-123
Trav.
E-124
E-125a
E-125b
E-126

CSE 12

NE 1
NE 1
NW 1
SW 1
SE 1
SWo 1
SE 1
NW 1
SE 1
SE 1
SWo 1
SWo1
SE 2
SE 2.
SE 2
SE 2
SE 17
SW 17
SW 17
SE 17
NW 17
SW 17
SE 18
NE 18
NE 18
NE 18
NE 18
SE 13
SE 13
SE 13
SE 13
NE 13
NE 13
NwW 13
SW 13
SW 20
S1/2 19
W1/2 19
NE 24
NE 24

Sw 30

NNRNNRNONRNRNNON N N o

L)

NN

ThNN N dRNNN N



E-127a
E-127b

Trav.
E-128
Trav.
E-129
Trav.
E-130
Trav.
-E-131
E-132a
E-132b

E-132c
E-132d
E-132e
E-132f
Trav.
E-133
Trav.
E-134
E-135
E-136a
E-136b
E-1374q
E-137b
E-137c¢
E-137d
-E-137e
E-137f
E-138a
E-138b

E-139
Trav.
E-140
E-140qa

E-140b

E-140c
E-140d
E-140e
E-141qa

E-141b
E-141¢
E-141d
E-141e
E-142

E-142¢
E-143

~ E-144a

NW 24
SW 24
SW 30
NW 30
SE 30

El/2 30

SE 26
SE 26
SE 26
NW 26
NW 26
NE 26

SW 35

E-144b
E-144c
E-145

- E-146

E-147a
E-147b
E-147c
E-147d
E-147e
E-148

E-14%a
E-149b
E-150

E-151a
E-151b
E-151¢
E-152

E-153a
E-153b
E-153c
E-153d

E-153e

E-153f
E-154

E-155a
E-155b
E-155¢
E-155d

-E-15%a

E-155b
E-157a
E-157b
E-157¢
E-158a
E-158b
E-158¢
Trav.
E-15¢9
E-15%k
E-159i
E-15%9q
E-150a

E-150b
E-160c
E-161a
E-162a

E-162b

il

. E-164i NW

:rnr'n mx

Trav. Ni1/2 2
E-162
E-162e SW 11

E-162h&iNE
E-162k SW
E-1621 SW
E-163a SW

E-163b SW
E-163¢c SW
E-163d SE
E-163e SE
E-163f SE

E-163g SE
E-163h SW ,
E-164a NW
E-164b NW
E-164c SW
E-164 SW

E-164g SW
E-164h SW

W w w w WWOWNN NN N NN N

E-164] NW
E-164k SW 10
E-1641 SW 10
E-164m, W1/2 10

E-165a SE 26
E-165b " SE 26

" E-165¢ SE 26

E-165 NE 26

-165f, NE 26
’gi NE 26
NE 26

m
!
O~
O
=

~165m NE 26

Sn SE 26
6 SW 35

37
37
37
37
37
37
37
37

37
37

Ay hn

NY Ny Ny Ny

N

LV CRE NEE ST X



E-167a SE

E-167b SE
E-167¢ SwW
Trav. Nw
E-168
E-16%9¢ SE
E-169b SE
E-169¢c SE
E-169d NE
E-170a Sw
E-170b SE
E-170c
E-171 NE
E-172a SE
Trav. NW
E-173

E-174 Sw
E 175 Sw
E-175 Sw
E-177 SW
E-178 SE
E-179 SE
E-180 NE
E-18la NE

E-181b SE
E-181c NWwW
. E-181d Nw
E-182a NE
E-182b SE
E-182¢ SwW
E-182d Nw
-E-183a  NW
E-183b NE

E-183¢ NE

E-183d NE
E-183e SE
E-184 SE
E-185a Sw
E-185b SW

E-185¢ Sw
E-186a SW
E-186b SW
E-186b NWwW
E-187a NW
E-187b Nw
E-188 Nw
E-188Aa NW
E-189a NW

28

33
28

E-18%b

E-189c¢
E-190a
E-190b

E-191a
E-1291b
Trav.
E-192
E-193

Trav.
E-195
E-196a
E-196b

E-1%96¢
E-197a
E-197b
E-198a
E-198b
E-19%a
E-19%9
E-199¢
Trav.
E-200
E-201
E-202

Trav.

E-203
E-204
E-205a
E-205b
E-205¢
E-206
E-207
E-208
E-209
E-210
E-211

Nw 28
SW 28
NE 4
SE 4
SE - 4
SE 4
Wi/2 4
SE 5
N1/2 5
SWo 7
SW 6
SW 6
SE 12
SE 12
NwW 1
NwW 1
SE 12
SE 12
SE 12
SE 1
SW 1
SW 1
SE 26
SE 26
SE 35
NE 35
NE 25
NE 35
NE 35
NW 9
NE 4
SW 17
SW 18



Location
Obs. Pt. W. 5th Mer.

No. 1/4 Sec. Tp. R.
w-1 SW 25 37 2
-W=2 NE 26 37 2
w-3 NE 26 37 2
Ww-4 NE 26 37 2
W-5 NE 26 37 2
W-6 NE 26 37 2
w-7 Nw 35 37 2
-W-8 NE 35 37 2

~W-9 NE 35 37 2
-W-10a SW 26 37 2
W-10b SW 26 37 2
W-1lc NW 26 37 2
W-12 SE 34 37 2
W-13 SE 34 37 2
‘W-14 NW 26 37 2 .
W-15 NE 36 37 2

W-16  SW 36 37 2
W-17 SwW 36 37 2
W-18 Sw 25 37 2
W-19 Sw 30 37 1
W-20 Sw 30 37 1
W-21 NwW 30 37 1
W-22 NE 25 37 2
-W-23 NE 25 37 2
W-24 NE 25 37 2-
W-25 NE 25 37 2
W-26 NE 25 36 2.
W-27 SE 36 37 2
W-28 NE 25 37 2
W-30 NwW 35 37 2
-W-31 NwW 24 37 2
W-32 SW 24 37 2
W-33 SE 24 37 2
W-34 NE 14 37 2
W-35 SE 13 37 2
W-36 NE 13 37 2
Trav. Wi/219 37 1
w-37
Ww-38 Sw 18 37 1
w-39 SE 18 37 1
W-40 NE 18 37 1
W-41 SW 18 37 1
-W-42 SW 18 37 1
Trav. El/2 19 37 1
W-43 :

W-44a NW 17 37 1

/0

Location
Obs. Pt. W. 5th Mer.

No. 1/4 Sec. Tp. R.
W-44b NW 17 37 ]
W-44c NW 17 37 ]
Trav. SW 17 37 1

- W=46
-W-47 SE 17 37 1.
W-48 SE 17 37 1
W-49 SE 17 37 ]
W-50 SwW 16 37 ]
W-51 SE 20 37 1
Trav. N1/220 37 1
W-52 ,
W-52a NW 20 37 1
W-52b NE 20 37 1
W-53 Sw 16 37 1
W-54 SE 16 37 1
W-55 NE 16 37 1
W-56 NE 21 37 1
W-57 NE 21 37 1
W-58 NE 21 37 ]
W-59 NE 21 37 1
W-60 Sw 9 37 ]
W-61 Nw 9 37 ]
W-62 Sw 4 37 1
Trav. NE 9 37 1
W-63
W-64 NE 9 37 1
W-65 NW 8 37 1
W-66a SW 8 37 ]
W-66b SW 8 37 ]
W-66c SW 8 37 1
W-67 SE 7 37 ]
W-67a SE 7 37 ]
W-68  SE 8 37 1
W-69a SE 8 37 ]
W-69b NE 5 37 1
Trav. NE 5 37 1
W-70 NE 6 37 1

' W12 6 37 1
W-71 NwW 12 32 2
Trav. N1/2 1 32 2
W-72
W-72a NW 1 32 2
W-72b NW 1 32 2
W-73 37 1



Trav.
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W-74a
W-75a

W-75b
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Ww-77
W-78a
W-78b
W-78¢
W-78d
W-79
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- W-82

Trav.
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-W-88
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W-100

W-101
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Trav.
W-103a
Trav.
W-103b
W-104
W-105
W-106
Trav,
w-107

W-107a
W-108q,
b,c, &d
W-108e
W-108f
W-109a
W-10%9b
W 10%9¢
W=110a

W-110b
W-111

Ww-112
Ww-113
W 114
W-115
W-116
W-117
Trav.

W-118
W-118a
W-118b
Ww-119
W-120
W-121

W-122
W-123
W-124a
W-124b
W 124c
W-125
W-126

Trav.
W-127
W-1274q
Trav.
Ww-128
wW-129
W-12%a
W-130
W-131
W-131a
W-132
W-133
W-133a
W-134
W-135
W-136
W-137
Ww-138
Ww-139

SE
E1/2

NE
SW
NE
NE
Nw
NE

NW
SE

NE
NE
SwW
SW
SW
Nw
S1/2

33
27

27
34
27

N1/2 31

NwW
NW

31
30

30
29
29
29
29
29
29
29
32
32
32
32
32
32

AV E I SRR IRTRIRIT NN NON NN LVILV SN NN CENY NN

—-—a-—a—a—u—a—a—a—a-—a—a—.-—a—l

W-140
W-141
W-142a
W-142b
W-142c¢
W-142d
W-143
W-144

W-145 |,

W-146
W-147

Ww-148
Trav.
W-149
W-150
W-150a
W-151
W-152
W-153
W-154

W-155 -

W-156
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