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PREFACE 

The rapid industrial and residential expansion of suburban Montreal along the 
o uth shore of the St. Lawre nce R iver has c reated a de ma nd fo r increased water 

suppli es. Jn o rder to sa ti sfy thi s demand many municipa lities a nd industries a re 
turning to groundwa ter. 

The author of this bulletin has compiled and interpreted the well inventory data 
co llected by the Geological Survey of Canada for the region concerned , and cor related 
this with geo logica l information and the ava il a ble hyd rologic records. The result is a 
practical description of the principal aquifer , outlining the quantity a nd q uality of 
water avai lable fr om each; an estimate of the annua l recharge and basin-wide safe 
yield; and a more theoretica l trea tment of the reasons for artesian flow in the region . 
As a result , therefore, thi s va luable resource may be properly and economica lly 
deve loped. 

J . M. HARRI SO , 

Director, Geological Survey of Canada 

OTTAWA , April 12, 1962 



Bulletin 112 - Die Grundwasse rvo rrate des Kartenge­
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Unmittelbar si.id li ch der Jnsel Montreal ist 
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GROUNDWATER RESOURCES OF THE 

LACHINE-SAINT-JEAN AREA , QUEBEC 

(SOUTH OF ST. LAWRENCE RIVER) 

Abstract 

Sufficient groundwater or suitable quality exists th rougho ut the Lachine­
Saint-Jean a rea to supply the do mes ti c, ag ricultu ra l, and industrial needs of the 
present populat ion . There is approxi mately 5 inches o f groundwater recharge each 
yea r, giving rise lo a basi n-wide safe yield 0 1· 140 ga llons per mi nu te per square mile. 
Salt , hydrogen sulphide, and excess ive iron occu r in the wa ter in loca lized areas, but 
fo r the most pa rt water qua lity is good. Ha rdness, to ta l di sso lved so lids, a nd the 
nature o f the major chemica l constit uents can be correla ted wi th the source aq ui fe r. 

Allu via l, glacio- f1u vial , a nd buried va lley deposi ts constitute excellent sa nd and 
gravel aqu ife rs, which a re too often overlooked in the locat ion of high-capacity 
wells. The bedrock ca n be cliv iclecl in to th ree aqu ifers, which in o rder of decreasi ng 
transmiss ibility are: (a) Sandstone, (b) Ca rbonate, and (c) Sha le aq uifer. 

The groundwater occurs under a rtes ian head and is probably part of a n uncon­
fined a rtes ia n sys tem. Groundwa ter flow is toward and in to the St. Lawrence Ri ver 
and its tri buta r ies. 

R esume 
II ex iste suffisamment cl 'ea ux so uterraines de qual ite convenable cla ns !a region 

de Lachine- Saint-Jean pour les besoins clo mestiq ues. agri coles et inclustriels de la 
population actuelle. Les bass ins d 'ea ux so uterraines se rechargent chaque annee 
a ra iso n d 'environ ci nq po uces , ce qu i permet de tirer en toute secur ite et en tout 
point de la region 140 gallons cl 'ea u par minute par mille ca rre. En certa ins endroits, 
l'eau contient du se l, de l'hyclrogene sul fure et une quan tile excess ive de fer, mais, 
clans l'ensemble, l'ea u es t de bonne q ua lite. La clu rete, la qua ntile totale des mat ieres 
so li cles en soluti o n et la nature des pr incipaux constitu a nts chimiques peuvent etre 
rattachees a la nappe aquifere. 

Les gisements a lluvia ux et glacio-fluvia ux, de meme que les depo ts cl 'a nciennes 
va llees constituent cl 'excel lentes nappes aq uiferes a base de sab le et de gravier clont 
on ne ti ent pas suffi sa mmenl compte lorsque l'on cherche des pu its a gros renclement. 
La roc he de fond peut se subcl iviser en tro is nappes aq ui feres, qui sont , sui vant 
l'orclre de t ra nsmi ssibilite clec ro issa nte: a) du gres, b) de la roche ca rbonatee et 
c) du schi ste a rgileux. 

Les eaux souterraines sont sous pression a rtesienne et fo nt probablement partie 
cl' un reseau ar tesien non ca pti f. Les ea ux souterraines cou lent ve rs le f1e uve St­
laurent e t ses affiuen ts OLI e lles se cl eversent. 



INTRODUCTION 

Location of Area 

This report is a stud y of the groundwater resources of an a rea of abou t 400 sq uare 
miles on the soutl1 shore of the St. Lawrence Ri ver near the Island of Montreal. The 
area is bounded by latitudes 45° I S'N a nd 45°30'N and lon gitudes 73° I S'W and 
74°00'W, and consists of the west ha lf of Saint-Jean area (31 H /6) and tha t pa rt of 
Lachine area (31 H /5) south of St. Lawrence River. The who le of Laprairie county is 
included as we ll as parts of Beauharnois, C hateauguay, Napiervil le, Chambly, and 
Saint-Jean counties. No informati on was collected o n the Caughnawaga Indian 
Reserve, which is also located within the boundaries. 

Purpose and Method of Investigation 

As thi s region is undergoing a period of rapid industri a l a nd residential expansion 
a report outlin ing the major aq uifers together with the quality a nd quantity of water 
available should be valuable in the selection of well sites for industrial and muni­
cipal use. 

This report, prepared in the autumn of 1961 , is a n interpreta ti on of the well 
inventory data collected by E . I. K. Pollitt of the Geological Survey in the summers 
of 1955, 1956, and 1958. The bedrock geo logy of the region is based on the work of 
C lar k (1952, 1955) and the surficial geology has been adapted from Quebec Depart­
ment of Agriculture soi ls maps. 

Topography and Drainage 

The area is in the St. Lawrence Lowland , a narrow band of land ex hibiting 
relatively low relief and underl ain by flat -l ying sedimenta ry rocks. A flat clay pla in 
slopes gentl y toward the St. Lawrence Ri ver disturbed o nly by iso lated till knobs and 
bedrock outcrops. Elevations ran ge from 30 feet above sea- level (just below Lachine 
Rapids) to 225 feet (at the south of the area near St-Remi). The plain is c ut by severa l 
shallow river valleys , which Jead to the St. Lawrence River. These a re the St. Louis. 
Chateauguay, La Tortue. St. Lambert, and St. Regis-St. Pierre Ri ver systems. Richelieu 
River at the extreme east edge of the area accepts the waters of L' Acadie River before 
it continues toward the St. Lawrence River. Run-off records of C hatea uguay River 
a re presented la ter in this repo rt under Hydrology. 



GENERAL GEOLOGY 

An understa ndi ng of the geo logy of the region is necessary before an intelligent 
a ppra isa l of the gro undwater resources ca n be made. The geology controls the dis­
tribution of wa ter in the surfi cia l deposits and the q uality of the water in both the 
d rif t and the bed roc k. The fo ll owing tab le of format ions is designed to acquaint the 
reader with the geo logica l termin ology and with the age rela ti ons of the various 
fo rmations. 

Era Peri od 

----------
Cenozoic Pleis toccne 

and recent 

Mesozoic 

I 
C retaceous 

I 

Palaeozoic Ordov ician 

Cambrian 

Preca m bri an I 

Table I 

Table of Formations! 

Rock unit 

Montcrcg ian 

I intrusions 

Lorrai ne Group 

Uti ca Group 

Trenton Group 

Black Ri ver Group 

Chazy Group 

Beekman town 
Group 

Potsdam 
Formation 

Lit hology 

A ll uvial sa nd and gravel 

Charnplain Sea clay 

G lac io-fl u via l sand and 
grave l 

Glacial till and sandy till 

U nconformit y 

Esscxitc, nephelinc sycnitc I 
dykes, brcccia 

Intrusive Con tac t 

Shale; rnin o r sanely sha le 

Sh ale 

Limestone ; s haly partings 

Limestone; minor sha le 
a nd dolornite at base 

Lirncstonc; minor shale 

Dol om ite; do lornitic 
limestone at top, dolo-
miti c sa nd s ton e a t base 

Sands tone; conglomera te 
at base 

Uncon f0rmit y 

Igneous and met amorphic 
rocks 

1 After Clark (1952) with modifi ca ti ons. 

2 

I 
Aquifer Thickness 1 

(feet) 

1 

( Excel lent 

Poor 

fo - 100 Excellent 

Fair 

1,000 + Fracture flow-
fair to good 

300 + aq uifer 

800 + 

60 ± 

280 + 

1,060 + 

0 -
1,700 



General Geology 

Bedrock Geology 
The area is entirely underlain by fl at-l ying Ca mbrian and Ordov ician sed imentary 

roc k with the exception of the Monteregia n intrusive rocks, which are of Cretaceous 
age. Preca mbrian igneous and metamorphic roc k do not outcrop, but form the 
basement upon which all the later sediments have been depos ited . They are not close 
enough to the surface to be tapped as an aquifer. 

The Potscl am F ormati on, which covers abou t I 0 per cent of the a rea, is the lowest 
member of the Palaeozoic success ion , and consists of conglomerate at the base grading 
upward to a pure quartz sandstone. The sa ndstone is ve ry hard , but is eas il y fractured 
and extremely susceptible to weathering, which has led to the development of numer­
ous fracture zones th rough out the rock, especia lly near the surface. 

The Beekmantown Group, which covers about 20 per cent of the area , is a thick 
series of beds consisting of dolomitic sandstone a t the base, pure dolomite in the 
middle, a nd dolomitic limestone at the top, with minor amounts of limes tone, shale 
and sa ndstone throughout. The Chazy Group, a succession of fossiliferous lime tone 
beds interbedclecl with shale, over lies the Beek mantown Group and is in turn overlain 
by the Black River Group, some 60 feet of predominately limestone. The Tren ton 
Group is a thick, well-bedded , fossiliferous limestone characterized by abundant 
shaly partin gs. Together, the Chazy, Bl ack River, and Trenton Groups have a thick­
nes of over 1, I 00 feet consisting alm ost entirely of limes tone. Both the dolomite of 
the Beekman town Group and the overlying limestones exhibit abundant bedding 
planes and a well-developed fracture pattern. Near the bedrock surface the joints 
have become larger owing to processes of weathering. Groundwater is thus afforded 
excellent passage through these rocks. 

A thick secti on of shale overli es the carbonate rocks, the lowest unit of which is 
the black shale of the Utica Group, 300 feet thick. This is overlain by the Lorraine 
Group, grey to fawn shales with some interbed cl ecl sa nel y shales and shaly sa ndstones, 
and minor amounts of pure limestone and sa ndstone. The thick ness of the Lorra ine 
Group in the a rea is unkn own , but is 2,500 feet a long the Nico let River, 100 miles to 
the northeast. Shales of the Utica and Lorraine Groups underlie about 40 per cent of 
the map-area. Bedding planes and joints a re not well developed, but they are sufficient 
to allow groundwater fl ow. 

Jn Cretaceous time, plug-like intrusions forced their way up through the Palaeozoic 
sed iments and fo rmed what a re now the Monteregian Hill , of which Mount R oya l is 
the most well known. They a lso occur as sills in the sed imentary roc ks. One such sill, 
which is compo ed of nepheline syenite, outcrop nea r St-Luc. It does not seem to 
have affected the distributi on of groundwater nearby. 

The Trenton, Black River, Chazy, and Beekmantown Groups and the Potsdam 
Formation li e conformably on one a nother with a regional dip of l degree to 2 degrees 
to the east. These formations are separated from the overlyi ng shales of the Utica 
and Lorraine Groups by the Delson fault. There is no evidence of a fracture zone 
associated with this fa ul t. Several fo ld axes trend in a northeasterly d irecti on across 
the area, but have no effect on the gro undwater characteris ti cs of the bedrock. 

It should be remembered that a deep well drilled nea r the up-dip boundary of a 
formation may go through that formation and enter the under lyin g one. 

3 



Groundwater Resources, Lachine - Saint-Jean Area 

Surficial Geology 

Most of tbe a rea is mantled with unconsolida ted d rift , commo nl y 50 to 100 feet 
thic k. The fo ll owin g four major types of surfi cia l depo it a re recogni zed, each o ne 
representing a d ifferent phase in the glac ia l and post-glacia l hi sto ry of the region. 

G lacial till (commo nl y referred to as ' ha rdpa n') is a n unstra tified , unso rted 
mi xture of boulders , pebb les, sa nd. silt , a nd clay, which was la id down benea th the 
continental ice-sheet. The va riety in the area is a fa irly massive clay till with sca ttered 
lenses of coa rse sa nd a nd fin e gravel. The sa nd a nd grave l lenses fo rm a netwo rk of 
water-bea rin g zo nes thro ugho ut the till. The surface of the ti ll shows considera ble 
re li ef, as ev idenced by the numerous 't ill knobs' ex posed in the a rea . 

G lacio-ftuvia l deposits o r o utwash were depos ited by streams flowin g fr om a 
me ltin g ice-sheet. a nd th us represen t a period of reced ing glac ia ti o n. Outwash consists 
o f irregularly stra tified sa nd s a nd gravels. It common ly ove rli es glac ia l till , but where 
the till is abse nt it occurs direc tl y a bove the bedrock. I nterbedded glacia l till and 
glacio-ftuvia l sa nds may result from a lterna tin g adva nces a nd re treats o f the ice-sheet 
duri ng Pleistocene time . 

The Pleistocene epoch of glacia l activity was fo ll owed by a period o f submergence 
which led to the depositi on of a thick layer of marine (Cha mpla in Sea) clay. This clay 
now covers more th a n 95 per cen t of the a rea, in places ex te nding ri ght to bedrock. 
but mo re comm o nly concea lin g till o r glac io-ftu vial depos its be nea th it. 

Recent a lluvia l silt , sa nd , a nd grave l are being la id down by a lmost a ll the rivers 
in the a rea, but only along the St. Lawre nce River have the deposits reached aquifer 
dimensions. 

The surfi cia l geology has been interpreted fr o m so il s map s a nd not from an 
actual fi e ld survey. Other types of deposits such as marine sa nds, dune sa nds, a nd 
a ncie nt beaches a re undo ubted ly present, but these smaller deposi ts a re pro ba bl y of 
min or impo rta nce in terms of gro undwa ter recovery. 



HYDROLOGY 
The basic hyd rol ogica l eq uati on is 

P = R + E + ,t,.S 
where 

P = precipitati on 
R = run-off 
E = eva potra nspira ti on 

,t,.S = cha nge in storage (soil moisture, groundwate r and surface 
water). 

Precipitati on is a measure of the tota l amount of water deposited on the ea rth ·s 
sur face in any form. Run-off is the total outflow from a dra inage bas in by way of 
groundwater discharge a nd strea m-fl ow. Evapotra nspiratio n is the loss of water to 
the atm os phere by the combined ac ti ons of eva porati on and plant t ra nspirati on. 
F or sufficiently long peri ods, ,t,.S becomes insigni ficantly small. 

Records of precipitati on and strea m run-off a re a va i la ble and a suitable method 
ex ists by which the amount of potentia l eva potranspirati on can be calculated. With 
this informati on it is possible to outline the effect of hyd rologic conditi ons on the 
groundwater storage in a given region. The bas ic assumpti on is that the surface and 
underground watersheds a re identical. Throughout the followin g analysis, records 
fo r the 10-yea r period fro m 1947 to 1957 are used . 

Precipitation 

Precipitati on record s from the Dorva l Meteorologica l Stati on indica te a mea n 
annual precipitati on of 37 .42 inches (see Table l!). 

Table II 

A nnunl Predpitation 

Yea r Precipi tation 

1948 
1949 
1950 
195 1 
1952 
1953 
1954 
1955 
1956 
1957 

(inches) 

33.64 
34.06 
39.47 
42.49 
46. 19 
33.55 
47.65 
29.56 
33.43 
34. 15 

Stat io n : M ontrea l 
airport, D o rva l, Que. 

Note: I 0 inches snow equa l 
1 inch rai n 

Mea n annual p recipita tion 
over I 0-yea r period is 37.42 
inches 
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Groundwater Resources, Lachine - Saint-Jean Area 

Run-Off 
The Chateauguay River has a dra inage a rea of 920 sq ua re miles, most of which 

lies to the south a nd west of the a rea. H owever , similarities in topography, vegetation, 
and soil cover, together with the ava ila bili ty of stream-fl ow data make th is basin 
suitable for study in connect ion with the Lachine- Saint-Jean area. The stream gauge 
is located at Ste-Marti ne. The monthly d ischarge record for the year 1953- 54 is 
shown in Table III as a representative record from the 10-year period under study. 

Month 

Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 

Mean 

Tota l I 

Table III 
Monthly Discharge for the C hateaiiguay River 

at Ste-M artine, 1953-54 

Discharge in cu. ft. per sec. 

Per 
Maximum Minimum Mean square 

mi le 

674 l70 339 0.37 
4 12 130 302 0.33 

2,120 296 566 0.62 
633 196 342 0.37 

7,470 308 1,6 10 1.75 
17 ,700 220 4,890 5.32 
12,500 1,350 5, 130 5.58 
7,780 747 2,240 2.43 
4,280 478 l ,270 1.38 

992 300 492 0.53 
395 259 32 1 0.35 

2,500 373 1, 170 1.27 

4,788 402 1,550 1.68 

---

--

Run-off 

Depth in 
inches on 

drai nage a rea 

0.43 
0.37 
0.71 
0.43 
1.82 
6.13 
6.23 
2.80 
1.54 
0.6 1 
0.40 
1.42 

22 .89 

The water flowing in a stream may have a rri ved there by o ne of three differe nt 
routes: 

I ) Direct prec ipitation onto the surface of the stream (negligib le). 

2) Surface run-off ; or precipitation that reache the stream chan nel without 
infiltrating the soil. 

3) Groundwater: or precipitation that percolates through the soil to the 
water-tab le and travels slowly toward the stream as groundwater. 

lt is poss ible to a rrive at some idea of what percentage of a stream's discharge is 
the res ult of surface run-off and what percentage is groundwater inflow by calculatin g 
the base-fl ow of the stream. This is the quantity of water that remains in the stream 
throughout periods of no ra in fa ll and is therefore assumed to be the amount of water 
suppli ed to the strea m by groundwater. The mean minimum d ischarge gives a good 
approx imat ion of the base-flow (Wundt , 1958). For the yea r 1953- 54 it was 402 cubic 
feet per seco nd (cfs) (Table Ill ). The average mean mi nimum di charge for the 10-year 
period 1947- 57 was 344 cfs (Table IV). 
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Table IV 

Nlean Minimum D ischarge 

Yea r Mea n minimum 

1947- 48 
1948- 49 
1949- 50 
1950- 51 
195 1- 52 
1952- 53 
1953- 54 
1954- 55 
1955- 56 
1956- 57 

discharge (cfs) 

274 
357 
300 
479 
282 
318 
402 
510 
255 
286 

Measuring station: 
Chatea uguay River at 
Ste-Martine 

Average mean minimum dis­
charge is 344 cfs or 5.07 
inches on the drainage area 
per year 

Hydrology 

'Cubic feet per seco nd ' may be converted into 'inches depth on the d raina ge area 
per year ' by the following fo rmula: 

where 

Di =(3 .15 X l07)( 12) Q 
(5 ,280)2 A 

Di = depth in inches on the d rai nage a rea per yea r. 
Q = discharge in cfs. 
A = dra inage area in sq. miles. 

3.15 X 107 = number of seconds in a yea r. 
5,280 = number of feet in a mile. 

12 = number of inches in a foo t. 

By means of the above equati on, the average mea n minimum discharge during 
the period 1947- 57 is ca lculated to be 5.07 inches on the drainage area per year. The 
total run-off can also be calculated in these units, and for the sa me I 0-year period 
averaged 16.74 inches (see Table V). 

Table V 
Run-Off 

Year Run-off 

1947- 48 
1948- 49 
1949- 50 
1950- 51 
195 1- 52 
1952- 53 
1953- 54 
1954- 55 
1955- 56 
1956- 57 

(i nches depth on 
drainage area) 

12.07 
13.63 
14.48 
21.88 
16.26 
18.34 
22.89 
25.25 
13. 16 
9.39 

Measuring station : 
Chateauguay River a l 
Ste-Martine 

Average run-off over 10-yea r 
period is 16. 74 inches on 
dra in age area per year 
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Ground\\ atcr Resources, Lachinc - aint-Jcan Area 

The run-off ( 16.74 inches) has now been d ivided into its two components: 
base-flow (5.07 inches) and surface run-off ( 11.67 inches). The base-fl ow is thus seen 
to be 30 per cent of the total run-off. 

As the base-ft ow represents the amount of water that is discharged into the stream 
from groundwater storage (and assuming there is no cha nge in groundwater storage), 
a n amount of water equal to the base- ft ow must be recharged into the area each year. 
The recharge is therefore 5.07 inches a yea r over the drainage a rea . As the annual pre­
cipitati on in the region is 37.42 inches, it ca n be stated that 13.5 per cent of the total 
precipitation becomes groundwa ter. 

The recharge of 5.07 inches a yea r equals 200,000 ga ll ons per clay per square mile , 
or 140 ga llons a minute per sq uare mile (gpm /sq. mi. ). Thi s represents an approxima­
tion of the basin-wide safe yield , i.e., the am ount of water that ca n be withdrawn 
without depleting the groundwater reservoir. This amount of water is am ple to supply 
the rura l, urban , and ind ustr ia l needs of the area . 

Although the Chatea uguay River basin (upon wl1ich th is stud y is based) is 
located in the west encl of the a rea, the results a re cons idered indica ti ve of the whole 
region. The method used in the analysis is based on severa l assumpti ons and must be 
regarded as an approximation, but it has been fo und to be ex tremely accurate in 
humid climates such as this. 

Evapotransp iration 

Jf 16.74 inches of the annua l precipitation of 37.42 inches becomes run-off, then 
from the basic hydro logica l equation eva potranspirati on should eq ual 20.68 inches 
a year. 

Kn owing the mean monthly temperatu res and precipitati ons, and the latitude 
of the measuring sta tion , it is possib le to ca lculate the 'potentia l evapotranspiration· 
and the 'water surplus' (which eq uals run-off) by using tl1e Thornthwaite climato logi­
ca l equation (Thornthwaite, 1948). From Dorval data the poten tial evapotranspirati on 
comes to 24.60 inches a nd the run-off to 15 .07 inches. These figures are of the same 
order of magnitude as those ob ta ined from the stream fl ow analysis. 



GROUNDWATER 

Basic Concepts 

A quifer. ' ·A rock formati on or ma teri a l which will yield signifi ca nt qua ntities of 
wa ter has been defin ed as a n aquifer ." (T odd, 1959) An impermea ble layer tha t will 
not yield wa ter is ca lled a n aquiclude. A true aq uiclude, however, probably d oes not 
ex ist , a nd a ll fo rmati ons ca n be c lass ifi ed as excellent , good, fa ir , o r poor aquifers. The 
c lass ifi ca tion depends on the suppl y-a nd-dema nd rela ti onship of the groundwater, for 
a poor aquifer in Onta ri o may be considered excellent in Saska tchewan . 

Seepage . "The m ovement of wa ter between groundwater aquifers a nd surface 
sources is termed seepage. It is further class ifi ed as inAuent seepage, which is recha rge 
fr om rn rface bodies of water, a nd effluent seepage, which is discha rge to surface bodies 
of wa ter. Thus sur face strea ms a re inft uent stream s if the strea m contributes water to 
the ground water rese rvoir a nd efflu ent strea ms if wa ter is received fr om the water 
table. " (Ferri s. 1949) 

Artesian water. " A rtesian wa ter is groundwater tha t is under sufficient pressure 
to ri se above the zone of satura ti on." (Meinze r. 1923) 

Artesian system. Figure I illustra tes the two princi pa l types of a rtesia n system. 
The c lass ic exa mple (Fi g. IA) is tha t of a n aq uifer wh ose groundwater is co nfined 

under press ure by ove rl ying, relati ve ly impermea ble stra ta. Water enters the aquifer 
in the recha rge a rea , perco lates downward into the fo rmation, a nd fl ows la terally 
through it. The water in the aquifer thus has a head that defines the piezometric 
surface. The slope of the piezometri c surface away fr om the recha rge a rea is ca used by 
fri cti ona l losses in the aquifer. If permea ble materi a l ove rli es the confining layer, 
wa ter-ta ble conditi ons will preva il in tha t zone. 

An a rtesia n system may a lso occur in an unco nfined aquifer, i.e., where no con­
finin g aquiclude is present . In F igure IB the wa ter-tab le close ly fo llows the co nfi gura­
ti on of the topography so that wa ter entering the groundwater rese rvoir in the 
recha rge a rea wi II tend to A ow toward the va ll ey a nd if the strea m is effi uen t, cl ischa rge 
into the strea m. This movement of wa ter may be vi sua li zed in the fo rm of Aow lines , 
which foll ow a pa th at right a ngles to equipotenti a l lines. Equipotenti a ls a re Jines of 
equal pressure, which sta rt a nd fini sh n orma l to the wa ter-table. If a t a ny point of 
equipotenti a l a cased well is sun k into the aqui fe r, wate r will ri se in the well to a level 
determined by the intersecti on of the equipotenti a l line with the water-table. 

Tf one accepts the theory that the re is no such thing as a true aquiclude then the 
unconfined a rtesia n system takes on more importance a nd may be considered to be 
the m ajo r cause of artesian conditions rega rdless of the geological setting. The effect 
of a poor aqui fe r overlyin g a good one will be on the rate of groundwater fl ow rather 
than on the head . 

Piezometric s111jace. " The piezometric surface of a confined aquifer (Figure 1 A) 
is a n imagina ry surface co incid ing with the hydrostatic press ure level of the water in 
the aqui fe r. T he wa ter level in a well penetra tin g a confined aquifer defines the e le­
va ti on of the piezometric surface at that p oint. Should the piezometri c surface l ie 
above g round surface, a ft owing well results." (Todd , 1959) 
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Groundwater 

With the growing acceptance of the co ncept of a n unco nfined artesian flow 
system (Figure I B), the concept of a piezometric urface is necessa rily in a state of 
flu x. The unconfined system concept holds that gro undwater moves according to a 
three dimensional flow net contro lled by equipotentia l lines (or in three d imensions, 
equipotential surfaces). Adjacent well s d rill ed to d iffere nt depths will therefore 
exhibit different water levels, and as the piezometric surface is defined by the water 
level, it, too, will vary with depth. The piezometric surface map of the Lachine­
Saint-Jean area (F ig. 2) is represen ta tive of a n average well depth of 40 feet and has 
been constructed using on ly water levels from a limited range of well depths. 

The unconfined system concept a lso holds that vertica l groundwater movement 
is at ]east equa lly as importan t as la teral movement. The piezomet ric surface, howeve r, 
reflects only the latera l component of flow and consequently cannot be used for any 
quantitative calcul ations. 

Jn thi s report , the piezometric surface is retained because, if the limita tions are 
reali zed, it st ill serves the very fundamental purpose of outlining the direction of 
groundwater flow. The highest elevatio ns represent recharge a reas , the lowest eleva­
tions represent d ischarge areas , and groundwa ter flow is from areas of recharge to 
a reas of discharge. 

Piezometric Surface of the Lachine-Saint-Jean Area 
The groundwater of the Lach ine-Saint-Jean a rea occ urs under ar tes ian pressure. 

but neither regional geo logy nor physiography indicates which of the two type~ of 
a rtesia n system is responsible. On the one hand , a clay layer covers more than 95 per 
cent of the area a nd confines the water-bearing formations beneath it, leadi ng o ne to 
beli eve that this is a n exa mple of the classic confined aqu ifer system. On the other 
hand , the whole region can be compared to one-half of Figure I B in which the St. 
Lawrence River is the eITT uent stream and the upland recharge area occurs to the 
south. The following ev idence leads o ne to the conclus io n that the region basica ll y 
acts as a n unconfined artesia n aquifer : 

I) The elevation of the water level in deep we ll s is genera lly lower than that 
in adjacent shallower wells. 

2) Well s in d rift conform to the same piezometric sur face as those in bed­
rock for the plotted well-depth range ; i. e., there is no evidence of a con­
fined aq uifer exhibiting a unique piezometric surface. 

3) The clay is not a n aquic lude but actually upplies enough groundwater 
flow to sustain sha llow ]ow-capac ity well s. 

4) The piezometric surface closely fo llows the topography a nd does not 
appear to be affec ted by outcrop areas or changes in geo logy. 

In Figure 2 contours of the piezometric surface, I repared from a well water-level 
inventory, outline the pattern of groundwater flow in the area. 

R echarge occurs throughout the region, but is concentrated in the areas of highe r 
elevation. The major recharge area is in the south-centra l part of the area near St­
R em i. Other smaller piezometric highs such as those at St-Luc and St-Isidore 
conform to the topography . 
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Groundwater Resources, Lachinc - Saint-Jean Area 

G ro undwa ter now is toward a nd into the St. Law re nce Ri ve r a nd its tr ibutar ies. 
F o r example, if a d rop of wa ter were to enter the groundwa ter reservoir a t the town 
of St-R emi it would fl ow a t ri ght a ngles to the piezometri c contour a nd e nter the 
Chateauguay Ri ver near Ste-Ma rtine. The strea ms therefore obta in pa rt of their fl ow 
from groundwa te r a nd may be termed efflu ent. Thi s is a n importa nt p o int, as the bas ic 
a sumption in the hydrologic ana lysis of the C ha tea uguay Ri ver basin was the efflu ent 
character o f the strea m. 

The sp acing of the piezometric co nto urs delinea tes the groundwa ter gradient a nd 
consequently the ra te offl ow. The rate offl ow is, in turn , controlled by the permea bility 
of the geologica l formati o ns. Therefore the uni fo rmity of spac ing of the co ntours 
throughout the a rea indica tes an aquifer homogeneity. This is, however, a Ja rge­
sca le homogeneity, which is the overall result of a mi xture of component aquifers, a ny 
one of which may co ntro l the occurrence of wa ter at a ny one place. 

Recent Alluvium 

Aquifers 

Surficial Deposits 

The a lluvia l sa nd a nd grave l dep os its a long the St. Lawrence River between 
Bea uharnois and C hateau guay constitute a n exce ll ent aquifer. Sma ll d iameter shallow 
we lls yield suffi cient suppli es for domestic u se a nd the poss ibility o f developing thi s 
aquifer for high-capacity industri al well s should be investi ga ted . The majo r drawback 
to the aquifer is the high iron conte nt o f the water, but thi s pro blem is a lso present in 
the underl ying bed rock. Another alluvial dep osit near La Pra irie does not atta in 
suffi cient thic kness to be of major importa nce. 

Glacio-flu vial Deposits 

GJaci o-fluvial sa nd a nd gravel dep os its represent a nother excelle nt aquifer, which 
is virtua lly untapped by high-capacity we ll s. The aquifer has been utili zed with great 
success for fa rm supplies a nd appea rs to underlie much of the region. The ~ a n d a nd 
gravel occurs in a 4- to 8-foo t layer directl y beneath the c lay a nd overlying the till or 
bedrock. Its area l extent ca n best be approx imated by encirc ling a ll the surface 
ex posures outlined o n Fi gure 2. These exp osures represent underlying bed rock kn obs 
that have been covered by glac io-fluvial materi a l but not by C hampla in Sea clay. 
Bedrock is therefore nea r the surface a nd the thin sa nd layer will genera ll y be a bove 
the water-ta ble. However, in the a rea between ex posures where the sa nd is overl a in by 
clay, it is a t sufficie nt depth to be sa tura ted a nd ca n thus be co nside red a n aquifer . 
Aquifer tests (pumping tests) are till needed to determine if thi s form a tion ca n suppl y 
enough water to support la rger demands. Unfortuna tely ma ny well s have been drill ed 
into bedrock a t grea t expense a nd with medi oc re results in lieu of full y investi ga ting 
the water potenti a l of the surfic ial deposits. 

Glacial Till 

The glacial til l of the region is a relati vely impermea ble boulder c lay conta ining a 
permeable network of sa nd a nd gravel lenses. Sufficient wa ter fo r d omestic or fa rm 
use is avail a ble fr om these lenses , but beca use of their ra nd om loca tio n a nd va riable 
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Groundwater 

size the water supply is unsure and genera lly insuffic ient to 111 eet the de111ands of 
hi gh -capacity well s. 

Champlain Sea Clay 

The extens ive mantle of clay that covers the region is the on ly deposit that 111ust 
be ter111ed a poor aquifer. Wells in clay genera lly produce inadequate supplies of water 
of a cloudy, sa lty, or sulphu ro us quality . 

Buried Volleys 

The possibility of having a well in dr ift is controll ed in pa rt by the depth to bed­
rock. The configu ration of the bedrock surface in the area is shown on Figure 2, which 
a lso indica tes the presence of two buried river va lleys or pre-glacia l channels. The 
loca ti ons of the two channels and their elevat ions (60 feet at Chatea uguay, 10 feet at 
Chambly) suggest that they formed part of a single ri ver sys tem. Buried va lleys a re of 
great econo111ic i111por tance in terms of groundwater because they are usua lly fi lled 
with a considerab le thickness of sa nd and gravel a nd therefore co nstitute sizea ble 
aqu ifers. 

The westernmost secti on of the buried valley has been outlined by seirn1ic 
111ethods (Hobson and Collett, 1960) fro111 Caughnawaga to Chatea uguay and in ter­
preted from well invento ry data between Chatea uguay and Bea uharn ois. M ore 
infor111 ation is needed between these last na111ed points, however, to confir111 the 
continuat ion of the val ley in tha t direct ion. Several wells along Chatea uguay Ri ver 
provide water from the sa nd and gravel in the buried channel with great success. 
There is roo111 for furthe r development of the aq uifer. 

The eastern section of the pre-glacial channel is not rea lJy a buried val ley, in that 
it lies under on ly a few feet of drift along a present topographic low. The presence of 
sa nd and gravel has not been reported so there is little poss ibility that this section of 
the channel rep resents a n aq uifer. 

Bedrock 

None of the rock fo r111 ati ons underlying the area is porous enough to a ll ow 
in te rstitial flow ; groundwater therefore moves through the bedrock by frac ture ft ow, 
i.e., th ro ugh the open joints a nd along bedding planes . The con trolling factor in the 
assess111ent of a for111at ion as an aq uifer is the degree of fracture of the rocks. An 
insight into the behaviour of the various fo rmat ions is given by Peckover and Tustin 
( 1958) who studied th e soi I and foundation pro blems during the construction of the 
St. Lawrence Seaway, and reported as follows: 

The chief source of wa ter in a ll excavations was the sedi rnenlary bedrock. Sha le, found 
be tween Montrea l H arbour and Cote Ste. Ca theri ne was genera lly rnass ive in strucwre a nd 
yielded little wa ter. Lirnestone underly ing the c hannel between Cote Ste. Ca ther ine and Lake 
St. Louis was wea thered in the top few feel a nd contai ned occasiona l fau lts. ll gave little wa ter 
in rnost a reas, but prod uced as rnuch as 15,000 g.p. rn . in a pa rti cula r 3,000-ft. length of channel. 

The sandstone. and particular ly that unde rly ing the Upper Beauharnois Lock site, pro­
duced the greates t quantity of seepage. This rock is weathered to a depth of a few feet and 
contains zones of shattered rock. In sorne locat io ns the shatteri ng has been ex trerne and has 
left a pulverized rnaterial that acts as a barrier to the wa ter circulating through the general 
join t pattern. More comrnonly, however, the rock is broken to such a degree that it channels 
the wa ter in la rge qu<intit ies. 
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Groundwater Resources, Lachine - Saint-Jean Area 

Jt is c lea r then, that the bedrock may be d ivided into three aqui fe rs which, 1n 
o rder of decreas ing yield , a re: 

I) Sa ndstone aquifer- Potsdam Formati on . 

2) Ca rbona te aquifer- Beekma ntown , C hazy, Black Ri ver, a nd T re nton 
G ro ups. 

3) Sha le aquifer - U tica a nd Lorra ine Groups. 

The cha nces of obta inin g wa te r fr om the bed rock depend on intercepting a 
suita bly frac tu red zone. These zones a re well develo ped nea r the bed rock surface, but 
decrease in a bunda nce and size with dep th. It is therefore unli kely tha t signifi ca nt 
qua ntities of wa ter will be encountered by indisc rimina nt deep d rilling. 

Quantitative D ata 

The specifi c ca pac ity of a we ll is the di scha rge in ga llons per mi nute, per foo t of 
drawd own of the well. It is obtai ned by pumpin g a we ll a t a fixed ra te until the wa ter 
level in the well becomes nea rly sta ble. This fi gure has been a rrived a t fo r severa l 
industria l a nd municipal wells in the a rea. It ca n be used to obta in the o rder of 
magnitude of the coefficient of tra nsmissibility of the fo rmatio n fro m which the water 
i coming. " The coefficient of tra nsmiss ibility is defi ned as the ra te of fl ow of water in 
gall ons per day through a verti ca l strip of the aquifer one foo t wide a nd extending the 
full sa turated height, unde r a hyd ra ulic gradient of 1003 a t a tempera ture of 60°F ." 
(Ferri s, 1949) 

The ra nge of t ra nsmiss ibility fo r the bedrock aq uifer , as ca lcul a ted fr om the 
specifi c ca paci ties, is as foll ows: 

I) Sandstone aquifer (6 test well )- I ,OOO to 20,000 gpd / foot. 

2) Ca rbo na te aqui fe r (9 test well s) - 500 to 7.000 gpd /foo t. 

3) Shale aquifer (2 test wells)- 300 to 400 gpd / foot. 

The a bove fi gures show the wide ra nge of possible values a nd ind ica te the 
imposs ibility of predi cting the yield of a bed rock well. N o fi gures a re ava il able fr om 
we ll s in the surfic ia l depos its of the a rea, but a good sa nd a nd grave l aquifer will 
genera ll y have tra nsmiss ibility va lues in the ra nge of 20,000 to 200.000 gpd /foot. 

Quality of Groundwater 

Groundwater qua lity must sa ti sfy the requirements of do mestic, agricultu ra l, a nd 
industri al needs. Although some industri es a nd agricultura l p rocesses require the 
presence o r a bsence of a certa in ra re element, t he q ua lity of wate r ca n genera ll y be 
expressed in terms of a feiv chemical properties. These inc lude colour, odour , tas te, 
ha rdness, to tal d issolved solids , a nd the na ture of the major chemica l constituents. 
The fi rst three of these can be related to certai n offensive co nstituents, tha t may be 
present in the water, na mely iron (Fe), sa lt ( aC l ), a nd hydrogen sulphide (H 2S). 
The second three can be d irectl y co rrela ted with the source aquifer. 
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Groundwater 

Occurrence of Iron, Salt, and H ydrogen Sulphide 

/run 

Figure 2 hows a few sma ll regions in the a rea where excess ive iro n occurs in the 
water. Jt can be seen tha t iron does not constitute a majo r pro blem in a ny aqui fe r 
except the a lluvia l deposit ~ along the St. Lawrence Ri ver. T he upper limi t for dome tic 
use is li sted by H em ( 1959) as 0.3 parts per millio n (ppm) iron p lus ma nga nese. 

Salt 

A reas in which sa lt is present in the wa ter in suffic ient qua ntities to ca use a n 
offensive tas te a re also shown o n Figure 2. They a re ass umed to represent connate 
zones where the movement of groundwater is extremely slow or non-ex istent. In some 
places freshwater may ex ist at lesser depths, a nd thi s possibility should be ex pl ored 
when salty water is encountered . 

Hydrogen Sulphide 

H 2S impa rts a n unpleasa nt odour to water. Its presence ca n be part ly co rrela ted 
with the bed roc k aquifer , because most well s in sha le are plagued with the prob lem, 
some well s in sandstone, and few wells in the ca rbonate aquifer. 

The Piper Diagram 

A trilinea r d iagra m, first developed by Piper (1 944), is used to show the chemica l 
composition of the di ssolved ions in the groundwater of the Lac hine- Saint-Jean a rea 
(see Fig. 2). One hundred a nd twenty sa mple fro m wells in bedrock were a nalyzed in 
parts per milli on, converted to percentage equi va lents per milli o n (Hem, 1959) and 
pl otted. N o sa mples fr om surfi cia l depos its were a nalyzed. 

Each a na lys is is pl otted on a ll three fi elds; first in terms of the ca ti ons ea++, 
M g++, a nd Na+ + K + ; then in terms of the an io ns S0 ,1=, c 1- , a nd Co 3= + HC0 3-; 

a nd fin a lly in ion pa irs so4= +C l-, ea++ + M g++, Co 3= + HCO :i- , a nd 
N a+ + K + . The plot o n the dia mond-shaped fi eld is a rri ved a t as shown under ' use 
of diagra m' . The d iamond-sha ped fi eld ca n be di vided into secti ons, each rep resenting 
a di ffe rent fi eld of chemical compos iti on. F or exa mple sa lty water (hi gh in N a+ and 
C 1- ) would pl ot on the extreme ri ght-hand corners of the two t riangles a nd thus in 
zo ne C when projected onto the di amond-s ha ped fi eld . 

T he ana lyses a re pl otted in terms of their source aquifer so that a co rrela ti o n 
between water qua lity a nd aquifer is possible. 

Correlation of Water Quality with A quifer 

The na ture of di ssolved solid in groundwater is contro lled by the soluble prod­
ucts of the roc ks (or soils) with which the wate r has been in contact. The Piper di agra m 
graphically illustrates the chemica l simila rities and d iffe rences in the wate r fro m the 
va ri ous bedrock aquifers. 

Shale Aquifer 

Alm ost a ll well s in shale prod uce soft sod ium bica rbonate ( a HC0 3) wa ter , 
which fall s in zone D on the Piper di agram . H a rd nes va ries fr om 10 to 150 ppm . 
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Groundwater Resource , Lachine - Saint-Jean Area 

Shallow wells (less than 30 feet) , h oweve r, present a n entire ly different water ; o ne that 
is high in Ca++ a nd M g++ with a ha rd ness between 200 a nd 500 ppm (zo ne A) . This 
c hange in the chemica l cha racter o f gro un dwa ter with a n increase in depth is brought 
a bo ut by base exchange. 

Groundwa ter, o ri ginating as prec ipita ti o n, derives a high concentra ti on of 
d isso lved ea++ a nd M g++ sa lts fr om the upperm ost few feet o f gro und through which 
it percola tes. Upon penetra ti o n of a sha le fo rma tion , however, the ea++ a nd M g++ 
io ns a re removed in exchan ge fo r the N a+ io ns present in the hydrated aluminum 
sili cate minera ls that ma ke up the shale. These minera ls a re kn own as base excha nge 
sili cates; exa mples a re feldspa r, mica, kao lin. a nd certa in other c lay mineral s. The 
hypothetical reacti o n is : 

_...Ca (H CO a) 2 
2 N a (base excha nge silica te) + 

--Mg (HCO a) 2 

_...Ca (base excha nge silicate) 
~ +2 aH CO a 

..._M g (base exchange sili ca te) 

T he result is a na tu ra lly softened water high in d issolved N a HC0 3• Jt is not suggested 
t ha t the gro undwater i softened by direct d o wnwa rd percolati o n, for most of the 
deeper soft water has m oved la terall y through many feet (o r miles) o f form a tion . 
" But ... the conclusio n seems j ustifi ed that gro undwa te r will have its calcium a nd 
mag nesium essenti all y removed by percola ting through rela ti vely few feet of rock 
co nta inin g base excha nge sili ca tes." ( Renic k. 1924) 

M ost water fr o m the sha le aquife r in the a rea a lso conta ins a hi gh concent ra tion 
of HzS. This is pro ba bly a byprod uct of the sulpha te reducti o n that o ften acco mpa nies 
base excha nge. 

Carbonate Aquifer 

T he waters of the ca rbonate aquifer a re highly minera li zed fo r the total di sso lved 
solids ra nge from 300 to 1,000 ppm a nd the ha rd ness ra nges from 350 to 500 ppm. As 
expected, the wa ter is high in ea++ a nd M g++ a nd therefo re plots in zo ne A of 
F igure 3. A few sa mples pl ot in zo nes E a nd D , but with o ut excepti o n these a re fr om 
well s loca ted near the D elson fault , whic h is the li mestone-shale bounda ry, where 
some mi xing of the two types of water must be occurring. 

Except for a few loca li zed regions where salty water is encountered , the gro und­
wa ter of the carbo na te zone ca n be described as ha rd but good . 

Sandstone Aquifer 

Sa mples ta ken fro m well s in sa nd sto ne do n ot show a characteri stic grouping o n 
the Piper d iagra m. H a rdness ra nges fr o m 100 to 600 ppm a nd total dissolved solids 
fro m 300 to I ,OOO ppm . This va ri a ti o n ca n be a tt ributed to the inso lubility of pure 
q ua rtz sa ndstone a nd to wa ter deri ving its c hemica l pro perties fr o m the overl ying 
dep osits a nd fr o m the m ix ing of wa ters fro m adjacent aquifers. 
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Groundwater 

Surfic ial Deposits 

Alth ough no sa mples fr om wells in drift have been a na lyzed, wa te r fr om surfi cial 
deposits is subject to the sa me quality contro l as tha t from the pa rent mate ri a ls. Thus, 
calcareous sa nds a nd till s a re compa ra ble to limes tone, qua rtzose sa nds a nd till s to 
sandsto ne, a nd c lay to shale. 
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PRACTICAL USE OF FIGURES 

The uitability of prospective wel l sites can be establi shed in terms of possi ble 
aq uifers, depth to bedrock, expected qua li ty of water, a nd type of pump needed, by a 
short study of the fig ures accompanyi ng thi s report. The followi ng proced ure is 
uggested: 

18 

I) Find the position of the well site on Figure 2. 

2) ote the type of surfi cia l deposit exposed a nd consult the text to see if 
there is a possibility of a n under lying surficial aquifer. 

3) Note the for mati on and type of bed rock a t the well site. 

4) Check the bedrock topography map (Fig. 2). Obtain the depth to bed­
rock by subt ract in g the bedrock e leva ti on as outlined by the heavy 
contours from the topographic eleva ti o n, which is co nto ured on this map. 

5) The eleva tion of the piezometric surface (Fig. 2) may be subtracted from 
the topographic elevation to obta in the expected depth to water. This 
together with a n esti ma te of the desired water supply will determine the 
type of pump needed . 

6) Check the possibility of gett in g water with a high iro n or sa lt con tent , as 
outlined on Figure 2. The chemica l characteri stics of the water can be 
predicted by referr ing to the chemica l a nalys is diagram (Fig. 3) and to 
the text. 
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