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The Red Dzer sond:tene aquifer is found in the subsurface in an arcan

of the City of Red Deer. The meppeble areal extent of the cavifer (Fin. 1) cover
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35 square miles. The equifer ranges from 10 to 40 feet in thicknass and oce

f 134 feet in the Red Deer River valley areu and up 10 809 feet below surfa
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major tepographic divide east of the city. The cquifer inaterial consists mainly of

medivn-grained, uniformly sized quariz groins, Permeability oFt quife

deiermiined at points vithin o five square mile erea north of Red Dezr, Tho

hycraulic condustivity vaiue for the aquifer cutside the river valley arca is

2 2
apd/&“ but a higher velue of 561 opd/ft™

vatley crec, A represeniciive cosfficient of sierege for tha aguifer is 1.6 % 10
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The rxlative permzcbilities of the aquifer in the river valley area end outside the

H . X S By e o ta o ~rs o oo, . 4 P P
river velloy araa are 45 and 23, repectively, if the lowest permesbility value ©
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of @ verticnl two-dimensional quentitative {low nat represzating regional groundwater
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Tlow, the oppiication of Darey's Low, cid conside

basin yield" o3 definad by Freeze (1959). A sulteb!s hydrogeclogizal mode
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zontal impcrmeable basement, an upper surfuce defined by the waier table, and

imaginary, veriical, impemecble boundaries representing mojor groundwater divides,

Each three~dimensicnal closed hydrologic unit bounded on oll sides by such boundaries

is a groundwater bosin, Freeze and Witherspoon (1967) ciate that a two-dimensional

section through a groundwater busin is representative of the three~dimensional basin

L] . . ' . Ac.r\;f

if it is token parcllel to the dircciion of dip of the water~table slope. North of Red  woess
Woo

Deer whare the aquifer is present in the subsurface a 12-mile long hydrogeolegical cross

scction was drewn parallel to the direction of dip of the topographic slope through the

area of test hole conirol (Fig, 2). The lower imperinecble boundary was token as the  Topscr

lower boundary of the Paskepoo Formation cnd the upper surfece of the cross section

was considered to be the topography because the water table closely approximates the

land susface. The Imaginory, verfical bouadaries were assumed to be coincident with

the topogrephic divides and positions of the Red Deer River valley and canyon. A

bl
refinement in the cross section was attained by the introduction of geologic defail based
2® - - " b.'- . . . » [ .
essentially on consideration of permecbiiity contrasts and their vertical and lateral
distribution. An elactiic analogue mods] wos constructed from the hydrogeclogical
cross szclion and ma potential p’:!fem representing regional groundwater flow was
NEUTEY
W
rawn. A guuatitotive flow net was drawn frem the potentiol poticern (Fig. 3). Flie-n

The discharge in cach flew channal can be calculated by Darcy's Laws
Cahe AN

N ]
= o PN . e 73
@ =K- R T omew e
where Q = discharge through a segment of the flow net;

K = pemmachility;
& = drop in hydieulic head between equipotential surfaces;

lengih of flow poth in the segment of the flow net;
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Am = width of the segment of the flow net perpendicular to direction of flow;

w = thickness of the flow systein perpendicular to the planc of the diogrem,

For the square portion of the flow net (where K =1) &s = &m and consider-
ing o unit thicknass of the system (w =1):

Q=K-af,

The discharge in each flow chennel remains consiant throughout its length
and the discharge in all flow chonnels is equal. The total quantity of groundwater flow
through en equifer is equal to the number of flow channels entering the aquifer times

'

the discharge through a segment of the flow net.

For the regional flow net A @ = 25 feet and a K value of 0.25 gpd/i’i'2 was  URlL L

iS
. . ., . 3
assumcd a representative value for the meterial of fowest parmeabiliiy since the lowest
’ 1 L'°2 P . H K]
K valve calculated, 0.6 gpd/fi~ was for a 7-foot thick, slightly more permeable zone
4 i) I b+
in o 145-foot interval of lower permeahility meierial, This gives a flow channel
discharga of:
Q =K.of '
= 0,25+ 25
= 6,25 gpd/ft (foot of thickness | to the two~-dimensicnal flow nel),
. e . . . A (U
It is necessary now fo explain the concept of "natural basin yield" defined 2.1
' et

by Freeze (1969) as the quaniity of flow threugh an undeveloped basin with a given

water-tcble configuration and geologic configuration. The natural basin yield is

therefors a consoquence of the existing potential field. It is a unique property of a

grounc:'v.'o%‘er basin that can be considered cs a measure of the quantity of water which
i

a given basin con accept, ¢nd is therefore a measure of the groundwater recharge to

the basin. Assuming a steady-siate water table, the neturel basin yield will represent



constant discharge which does not change with time and is relatively independent
of rainfall conditions, That portion of tha ratural basin yield or quantity of flow

enfering the aquifer is cqual to the natuizl yield of the aquifer.
N T
initial Daveiopment Yield for the Aquifer DENES

iz
AR

Development yields are often stated in respuct of a definite time period but
if yields are related to the natural basin yield the period of withdrawal is of lifile
importence because naiural busin yield is a near-constant quentity, Considering the
three groundwater basins défined in the flow net and the distribution of the aquifer in
the subsurface, an initial development yield equal to the nafurdl yield of the aquifer

can be calculated for a sirip of land two miles wide centered on end the length of the

cross section. The resulis of these calculations are chown below:

Number of Flovw Channels nitial Develepment Yield of

Croundwater Busin Enfering Z.quifer Aguifer in gpd

A 6.2
B 7.6
C 20.5

409,200
501,600
1,353,053

Totals 34.3 2,253,853

ield of the aquiler is equel to 13.8 per cent of
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the aveilcble precipitaiion caleulated from a mean ennual precipitation of 18 inchss
over the area considerzd.
. . . FAVZRN PRINE
Maximum Devzlepment Yields LA

‘{ts ~<

A further modification of the hydregeolcgical model wes necessary to
brovide a means of estinmuiing the yield of moximum ressurce deveionment of a
.

groundvater busin or of ain aquifer. This could be accormplished s Freeze (1969
2 q

suggestad by progressively calculating rew maximum develepment yiclds for a ground-
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water basin for new positions of the water table cousad by the lowering of water levels
during pumping. This approach requires that some initial development of a grouadwater
basin take place prior to estimating the magnituds of the maximum development yield,
To calculste an early, predevelopment estimate of ultimate groundwater yield from g
groundwater basin or aquifer some other technique must be used. The main effect of
pumping on a confined aquifer is the lowering of fluid potentials around that portion
of a well open to the aquifer. This increases the total volume discharge of groundwater
in a basin, or applied more specifically, in an cquifer. The lowering of potertial
around a well can be simulated in on electric analogue model by introducing a low
potential ccross the cquifer. The lowest elevetion on the upper surface (water table)
of the modal is the minimum potential value that can be used, providing it occurs above
the top of the oquifer. For the hydrogeolegicel modal of the study area, this would
represent an elevation of 2685 feet (that is, the elevation of the bottom of the Red Deer
Conyon). This elevation is 28 feet chove the tep of the cquifer at the location of the
Red Deer Packers well. The pumping leve! in the Red Deer Packers well is known- to
be greater than 50 feet balow surface, a level corresponding to an elevation of 2741+
feet, Therefore the peint of lowest elevation on the surfuce of the model represents
a probable future pumping level for wells completed in the sandstone aquifer at the
Red Deer Puckers location, The position end cenfiguration of the wetor table remains
fixed and, clthough it is realized this may not be strictly correct mathematically,

-

the method outlined is the only means of objectively determining, by use of the electric

analogue model, an early estimate of the maximum peciential yield of o groundwater

busin or on aquifer undar pumping cenditions. Furthzrmore, the following points lend
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9
some justification to igroring any change in the water-table configum.‘?o-n, pariicu-
lorly in the vicinity of the pumping well of the present case,

1. On a regional scale the change in water levels dus to pumping are
not significant considering the dimensions of the groundwater basins.

2. Five or six yaars of nearly~continuous pumping from the Red Deer
Packers well at an approximate rate of 250,000 gallons per day has resulted in a
relatively siable pumping level and has opparently caused no drastic change in the
position of the water tehle in the vicinity of the pumping well.

3, The amounts of water cvailable for maintaining a high water toble in
the river valley arca are great because of the presence of partially saturated or
saturated, high permeability material at or close to the surface, .

Estimates of the maximum development yields for the aquifer in groundwater
basins A and B can be calculated by consideration of the new quantitative flow nef
resulting from the change in potential distribution due fo pumping (Fig. 4). Giound-
water basin C is not influenced by the effect of the- pumping well. Calculated values
of maximuin development yields for the aquifer are shown below.

Number of Flow Channcls Faximum Development Yield
P

Groundwiater Rusin Entering Acuifer cf Aquifer in gpd
A : 23,0 1,848,000
B 26.0 1,716,000
Totals 54.0 3,564,000

Undar pumping conditions the yield of the Red Deer sandstene aquifer in
groundwater basins A and B has increused by 291 per cent. This yield is equal to
21.7 per cent of the evailable precipiisiion caleulated frem on average annual pre~
cipitaiion of 18 inches over the cred outlined previously, wherzas the initial develop-

03 H Ll . . N [}
raent yicid for the cquifer in groundwaeter brsins A and B was 5.6 per cent of the

Vol
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Conclusions
1/ '!'he study of the hydrcgeology of major aquifers in a regional context rather
than a local one provides a meaningful method to calculate estimates of initial and
maximum development yields of on aquifer,
2/ Under pﬁmping conditions the total volume discharée of groundwater in
extensive, high permeability aquifers can be increased by several orders of magnitude,
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Talle Vo Water Aaclysis 0o arp

Fem
Tofal diszolved salids 600
Total hordasis as Ca COL 7.4
S °
Total alkalisity (ToQL) 412
Rzsiduz en evaporaticn i
1 .
F( [] . .\Z{‘:‘

0.23
{: ""'rz-']" 3:) 4-]
Calcivm (Ca™) 1.8

g
Megaesium (A !.) 0.7

-

Cartonate (20, 22 (Cat
Bicarkonate (MCC) S50 (CaCi
Sulfusts GG,) 19
Chierids (C1) 21
Nitraie (ND, ) 1.%



Tha Latehod vreas in Figuie 1 represeat areas over vhich the transmiseivity en sierepe
ceef.icinit of tie cquifar have been datorninad fram anulysis of zuinp fest data,
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Trenz sissivity is

thz rate of flow in gallans per day cf veoter through a vartical sitip of the cguifer one

~ l

foob viids and extonding the euturated thic iness of thie cquifer vader a hydrayl

ie
1%
gradizat ¢f ona fest por oot of Has seevailing waler lesneraivrs, Tha sfcrn s coof~
ficicar is the volume of weicor tha aquifer fakes info or relcases from storogs per unit
] . . . L .
change in hydroulic hzad perpenzizular to that curfosa. Trencmiesivity of the aguifs
is ubout 9,000 gnd/ft cxcent for an craa ia tha river valley whers the traasmicsiviiy is
]

about 20,000 gpd/fr. Contintity of the sendsione between the two areas whare puip
e
fw

testing hizs Leen carrizd out is assumad baeause Fusping of velle at tha Red Doer

s A~ r-r\ R

Poeckors loantion in Lsd, 1422200 A7 eavses drowdown Ta a wel) cenploted in

the equifor In Led, 12-25-33-27-\Y4. This chove no inducad infiitration is chivined

from iho river, Fost of Red Door the o iquifer is na! found south of a line Hreading weehe
-

soutirvast (Fig. 1), It is toate tively cssumed that the topograpldc tow procoathy

cecupied by the Rad Door River may have existed fhroush

vel 4 PP o S R B P N LI R LN - -~

waza £ ad was depaciiod and laier concelidated ta om0 suncsbone that now come-
| L3 -t 2l - Yom Dy e o $ e e

Friscs fao equifer) ur o the procont, Ay vatloy ea ihs bodrock serfaea s delinitely
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prezoat ia this croa and

H the chave hypotharis is coreect, the quifer may extond soutlvesstard aleng the
present ivpegraphic fovr, A tost well will bo detll=d In Felrvary of the Brorloiae
focstion i the MW 1/4-15-80-27-\7 (Jat ehould jrovida aditiunal evidoce
regurcing ihe areal ciiunt of the cqutier, Availalls dravedon venich is {hz
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is cboui 85 fact, Approximately 250,000 cailoas per Cay for @ 5-dav wezk hove
s / ¢

een pumped at the Red Daer Packers location over fhie fact four yerrs. Based on

preseat knowledze of th2 equifer the maximum r.'".uouﬂ of viater ihat can ke willihow

with somae goorantee of dependability over ¢ 20-year pericd is obout one millien

galione per duy,

\‘.:!' :r‘:" D r)--p

(e 3 L84 1

-

The foacibility of pro w!ucm* cns million gulflons por day over o parjod of

20 youes requires that informaticon regarding the nurber of walls, wall soacing, well

lecations, and production rates be dziorminzd vsing roelis obtained from anclysis

of vz2li and squifsr tests. The tachaiqua wead fo dosi dr

= a well field to withdraw cna

-~
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million gallons per day (about 700 gpm) fron the couifer ot Red Deer has rocen atly
boen prepored for use in Califoria (ffouat, J. Russa!l, 1959), The fochnique
roguires that wells be pleced in a "square ™ arroy of rows ond coluzns atb rezular
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atermines the drovedown for the wells ncerest 3

e
—

a well field, in this cace afier 20 years of continvo us puiping. This drawdown,
vchich includes interlzrence betveon vealls, conmot exceed the tolal gvailatle ¢
dovm. Brawdowa for several crrangements of wlls preducing at verious purping rates

.

orc listed in Table 2. The best arrangements for withdrawal of viater frem tha aquifer

are kicls 2and 5. Sxzcing of 1,000 foet has Facn vead becausz it cen bz dimon-

stratzd that increasing this sazing by ¢ factar of 2 of 3 doss not reselt in a sionifisant
o ] - <

decreass in interfercace between wells which would jutily tha expanse of greaier

ested location for the wells are chove in n Figure 1. This constifutas

spacing . The su
two well fields, cnz ¢ row of 2 walls puicping ab 100 gailons per minut? exch near

the river, and g szcand block of 8 wells Fuinping af U0 eom each ab a location enst

stin CIRIQT M svr Ty
VWELL GO STRUCTION

Wells chauld he coastructed with casing nct fess than 5 fnches in diamctor,
fhe casing should be st to ths top of ihe aquiier ond comentad In place. The aaulfe
raterial is rather corpaizat and wells ean ke cumpleted cnen bole, However, if
cpen hele completion proves fapossitle, then confinunnoorlot carezas will Kosvs fo be
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o a numler of vhoontre!ichle
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bost well (ihe one neorcst the river), if taken over by the city, ceuld be vsed as

one of the group of three wells ia vrell ficld No. 1 (Fig. 1).

2) The existence of presently unknown hydrogeclogic Larrier hounderies.

These boundarics are usuzlly marked changes in permechkility in the oquifer. Ths

line showing the southern exteat of the aquifor exst of Red Deocr is in cssence a

barricr boundary. The effzct of this boundary was nnt contiderad in the ezleulations

of dravedown in c'm'x gning the well ficld, Compencation for thesa e

re
410

cis fs, however,
worked into the well ficld design by cllewing for uza of only about 75 per cant of

the total evailable dravidown of 63 fact, The accuracy of predicted future woter
levels in the aquifer es o result of we ter vithdrawal at st retes can only be judged

by snalysis of actual detailed produciion records end data on the chiznge of v

percalation of ralawator to the

A.\-.

saiurated zone hos not been considored over the 20-year poriod,

The presence of naivral ¢us in the acuifsr at some losations crozfes o

! . 1 ' ~& Y o= s, -~ > - I H .1 PR 3 4 “y v
problem in fhat it epperently reducns the permeability in the vicinity of the pumping
well, Tois means welis o locations whare gos f2 prasent e ! > pumzad af fower
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duciioa foi's in the erea supgost the gos is mast proveleant in the area of tha river
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A Location of proposed
production wells

FIGURE 1, Map showing known areal extent of “
sandstone aquifer, ™
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