
INLAND WATERS BRANCH 

DEPARTMENT OF ENERGY, MINES A N D RESOURCES 

Hydrochemical Interpretation of Groundwater 
Movement in the Red River Valley, 
Manitoba 

J. E. CHARRON 

SCIENTIFIC SERIES N0.2 



HYDROCHEMICAL INTERPRETATION OF GROUNDWATER 
MOVEMENT IN THE RED RIVER VALLEY, MANITOBA 



C A N A D A 

SCIENTIFIC SERIES N0.2 

Hydrochemical Interpretation of Groundwater 
Movement in the Red River Valley^ Manitoba 

J. E. CHARRON 

INLAND WATERS BRANCH 

DEPARTMENT OF ENERGY, MINES AND RESOURCES 

O H A W A , CANADA 



© 
The Queen's Printer 

Ottawa, 1969 

Cat. No.: M26-502/2 



Contents 
Page 

ABSTRACT vi 

RESUME vi 

1. INTRODUCTION 1 

Location 1 

Physiography and geology , 1 
Water infiltration 2 

Climate 2 

Groundwater sampling 3 

2. THE PRESENTATION OF CHEMICAL ANALYSES OF GROUNDWATER SAMPLES 4 

Schoeller's semi-logarithmic diagram 4 
Graph construction 5 
The saturation point of CaCOs 5 
The saturation point of CaS04 5 

3. INTERPRETATION OF GROUNDWATER ANALYSES 7 

A general classification of the semi-logarithmic graphic patterns 7 
The graphic pattern of groundwater from unconfined aquifers: Category I, Groups 1, 

2, 3 and 4 7 

The graphic pattern of groundwater from confined aquifers in till, limestone, dolomite 
and sandstone: Category II, Units A and B 8 

The graphic pattern of groundwater from confined aquifers in shale: Category III, 
Groups 1, 2 and 3 8 

Groundwater mixture 9 

4. A DETAILED HYDROCHEMICAL INTERPRETATION OF THE ANALYSES OF 
CATEGORY II 10 

Unit A (Groups 1 to 11) 10 

Unit B (Groups 1 to 3) 15 

5. EXPLANATION OF ANALYTICAL DATA, TABLE 1 16 

6. ABSOLUTE VALUES 17 

rHCOj'-bicarbonate 17 
rS04^-sulphate 17 
rCr-chloride 17 
rCa, rMg, rNa 17 

7. RELATIVE VALUES 18 

rS04/rCl 18 
rMg/rCa 18 
rNa/rMg 18 
Base exchange index 18 
Solubility value of CaS04 18 
Kr of equilibrium 19 
pH of equilibrium 19 

i i i 



Contents (cont'd) 

8. THREE MODIFYING PHENOMENA 21 

Reduction (sulphate) 21 

Ion exchange (base exchange) 22 

Concentration 23 

9. A HYDROCHEMICAL INTERPRETATION OF THE DIRECTION OF GROUNDWATER 
MOVEMENT, AS SHOWN BY FIGURE 3 25 

Zonation 25 

10. A TOPOGRAPHICAL, GEOLOGICAL, AND RECHARGE-DISCHARGE 
INTERPRETATION OF DIRECTION OF GROUNDWATER MOVEMENT, 

AS SHOWN BY FIGURE 4 28 

11. SUMMARY 30 

Conclusion 30 

REFERENCES 31 

iv 



Illustrations 
(In pocket) 

Figure 1. Infiltration map. 

Figure 2. Bedrock geology map. 

Figure 3. A hydrochemical interpretation of direction of groundwater movement. 

Figure 4. A topographical, geological and recharge-discharge interpretation of groundwater 
movement. 

Figure 5. A hydrogeological fence diagram of the Red River Valley. 

Figure 6. A hydrochemical fence diagram of the Red River Valley. 

Figure 7. Schoeller diagram illustrating semi-logarithmic graph construction. 

Figure 8. A. SolubiUty scale of the pH of equilibrium. 
B. Solubility scale of CaS04, 2 H 2 O . 

Figures 9-12. Semi-logarithmic diagrams. Category I, Groups 1 to 4. 

Figures 13-15. Semi-logarithmic diagrams. Category III, Groups 1 to 3. 

Figures 16-34. Semi-logarithmic diagrams. Category II, Unit A, Groups 1 to 11. 

Figures 35-37. Semi-logarithmic diagrams, Category II, Unit B, Groups 1 to 3. 

Figure 38. Location of analyses with low sulphate values due to the sulphate 
reduction phenomenon. 

Figure 39. Soft-water analyses in the vicinity of St. Pierre, Manitoba. 

Figure 40. The "undermining" of a flowing artesian zone, 1965. 

Tables 
Page 

I Chemical analyses of groundwater (with guide to Table I and Figures 9 to 37) In pocket 

II Comparison of analyses 16 

III Values to be added to the pH of equilibrium 19 



A b s t r a c t 

A hydrogeological study of the Red River Valley has 
been in progress for five years. The hydrochemical ap
proach used in this report is based on the field data 
accumulated during the study. This is primarily a study of 
groundwater movement. It demonstrates that the chemistry 
of the groundwater (hydrochemistry or geochemistry), 
when applied in conjunction wdth the geology is an 
important tool for the hydrogeologist seeking the direction 
of groundwater movement on a local and regional basis or 
within an entire drainage basin. Groundwater flow is 
illustrated by means of semi-logarithmic diagrams, cross-sec
tions, maps, figures, and tables. 

The report emphasizes many points that are charac
teristic of any groundwater body: 

1) Most groundwater is saturated or near saturated in 
CaCOj. 

2) Most groundwater is not saturated in CaS04. 
3) The absolute chloride value is the most important 

indicator of the degree of sluggishness of a body 
of groundwater. 

4) From recharge to discharge the groundwater tends 

to become more acidic. 
5) In a continuous groundwater flow, a change from 

a positive base exchange index to a negative base 
exchange index can indicate a reversal of ground
water flow. 

6) In unconfined aquifers, groundwater movement is 
controlled mainly by topography. 

7) In confined aquifers, the direction of groundwater 
movement can be determined from the hydro
chemistry of the groundwater. 

8) The recharge area for a body of groundwater is 
often nearby. 

9) A flowing artesian zone undermines itself. 
10) A salt-water zone may advance at the expense of a 

fresh-water zone until a new equilibrium is 
reached. 

11) Time is the most important factor in bringing 
about the hydrochemical changes. 

Finally, in a study of this kind there is always the 
possibility that an understanding of groundwater movement 
may lead to interesting new mineral discoveries. 

Resume 

Une etude hydro-geologique de la vallee de la riviere 
Rouge, au Manitoba est en marche depuis deja cinq ans. La 
methode hydrochimique dont on preconise I'usage, dans ce 
rapport, provient des donnees accumulees au cours des cinq 
annees d'etude. Ce rapport etablit tout particulierement la 
direction d'ecoulement des eaux souterraines. Le rapport 
demontre que si Ton applique la chimie des eaux souter
raines (hydrochimie ou geochimie) en conjonction avec la 
geologic, ceci ouvre de nouveaux horizons tres importants 
pour I'hydrogeologue qui cherche a etablir la direction 
d'ecoulement des eaux souterraines dans les differentes 
nappes aquiferes, soient-elles locales, regionales ou sur toute 
I'etendue d'un grand bassin fluvial. La direction d'ecoule
ment des eaux souterraines de la vallee de la riviere Rouge 
est bel et bien illustree par des diagrammes semi-logarith
miques, des coupes transversales, cartes, figures et par des 
tables. 

Ce rapport denote plusieurs caracteristiques que Ton 
pourrait dire etre communes a la generaUte des bassins 
aquiferes. 

1) Dans la majorite des cas I'eau est saturee de 
CaCOj. 

2) Dans la majorite des cas I'eau est non-saturee de 
CaS04. 

3) La teneur absolue en Cl est le plus important 
indicateur de la lenteur d'ecoulement d'une nappe 
d'eaux souterraines. 

4) D'amont en aval I'eau souterraine tend a devenir 
acide. 

5) Lorsque l'ecoulement continu d'une nappe est 
etabli, un indice d'echange de base positif pour un 
indice d'echange de base negatif peut signifier un 
renversement de la direction d'ecoulement. 

6) Dans les nappes aquiferes libres le mouvement des 
eaux souterraines est dirige par la topographie. 

7) Dans les nappes aquiferes captives la direction 
d'ecoulement des eaux souterraines peut etre 
demontree par I'hydrochimie de ces eaux. 

8) La zone d'alimentation d'une nappe aquifere est 
generalement plus pres que Ton pense. 

9) Une zone artesie.-ne se fouille d'elle-meme. 
10) n existe entre une nappe d'eau douce et une nappe 

d'eau salee une relation qui entraine un nouvel 
equilibre, dii a I'avance du front sale. 

11) Le role du temps en hydrochimie est considerable. 
Dans une etude de ce genre il y a aussi toujours la 

possibiUte que le fait de connaitre la direction d'ecoulement 
des eaux souterraines, peut conduire vers de nouvelles 
decouvertes minieres tres interessantes. 
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CHAPTER 1 

Introduction 

This report of groundwater movement in the Red River 
Valley, Manitoba, is based on the writer's hydrogeological 
studies during the period 1959 to 1963. Much of the data 
collected during this five-year period, together with pre
liminary conclusions and interpretations, has already been 
published (Charron, 1961, 1962, 1964 a, b, 1965 a, b). 

In the report, the writer has collected the main data in 
the form of semi-logarithmic diagrams, cross-sections, maps, 
and tables, and discusses their significance in terms of the 
groundwater movement in the Red River Valley. He has 
also endeavoured to show the applicability of hydro
chemistry in following the flow of groundwater in aquifers, 
and to demonstrate that the chemistry of groundwater 
(hydrochemistry or geochemistry) is an important tool for 
the hydrogeologist seeking to discern the direction of 
groundwater movement on a local and regional basis or 
within an entire drainage basin. It is hoped that the report 
will create more interest in the use of hydrochemistry in 
hydrogeology. 

L O C A T I O N 

The area is part of the Red River basin in southem 
Manitoba and is approximately 6,900 square miles in 
extent, covering the entire map-area 62 H of the NTS 
system. The limits of the area studied are: in the west, 
range 5 W (inclusive); in the east, range 11 E (inclusive); in 
the north, township 12 (inclusive); and the International 
Boundary to the south (Map 1). 

P H Y S I O G R A P H Y A N D G E O L O G Y 

The Red River Valley, Manitoba, is situated at the 
extreme southeastem end of the westem plains, where it 
lies below what is commonly known as the first prairie step. 
It is characterized by a broad, flat expanse of terrain 
consisting mostly of lacustrine clay and till (Fig. 1). The 
clay is a homogeneous deposit that contains very few 
pebbles and it can vary in thickness from a few feet to more 
than 150 feet The till was deposited principally as ground 
moraine and, like the clay, it can vary in thickness from a 
few feet to more than 240 feet. Underneath these uncon-
soHdated surficial deposits are found the shales, dolomites, 
limestones and sandstones that make up the westem plains 
sedimentary rocks (Fig. 2). The average 12°' dip of these 
rocks is generally southwestward. In turn they lie uncon
formably on the Precambrian basement (Fig. 2). 

At its lowest elevation, about 715 feet above mean 
sea-level. The Red River VaUey is the lowest area of that 
part of the western plains. Therefore theoretically, it should 
be an area of discharge for waters of the western plains; 
such is indeed the case for the surficial water, but not for 
all groundwater. This study of groundwater movement can 
be better understood if a picture of the entire area can be 
visuaUzed emphasizing the following three points. 

First, the area studied is only part of a large hydro-
logical basin (Red River drainage basin). As a matter of fact 
the area studied is only part of a large valley. It is a slice of 
the Red River Valley, 96 miles from east to west and 72 
miles from north to south, but this is beUeved to be 
sufficiently large to show a true cross-section of the entire 
valley. Actually the only part of the area studied that is not 
completely known from north to south is the west side, 
where the westem limits of the valley are mostly out of the 
area studied except in the extreme southwestern corner. 
Therefore the understanding of the west side of the valley 
in the area studied should not be as clear or complete as in 
the remainder of the area described in this report. 

Secondly, the area studied should be seen as a broad 
and flat valley with a maximum rehef of 650 feet between 
the highest and lowest points. Of great importance espe
cially is the west-central part, comprising more than 3,400 
square miles of extremely flat, thick lacustrine clay which, 
for purposes of this study, is considered uniformly im
permeable throughout its entire extent. This means that 
groundwater recharge within this map-area has to occur in 
the east and north and on the westem margin of the area 
(Fig. 1). 

Thirdly, this area covers a part of the eastern margin of 
the sedimentary rocks of the western plains, uncon
formably overlying the Precambrian rocks of the Cambrian 
Shield. This is extremely important because various geĉ  
logical zones and lithological units will affect the chemical 
composition of the groundwater flowing through them. The 
fact that the area is located at the beginning of these rock 
formations should simpUfy the chemical composition of the 
groundwater, as the mixture and chemical changes of the 
groundwater should be at a minimum. Also, the fact that 
the structural geology of these sedimentary rocks (Fig. 2) is 
fairly simple means that the chemical composition of the 
groundwater should be truly a reflection of the sediments 
or rocks through which the groundwater flows. 
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