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~lEASUREMENTS OF WATER PRESSURE 11\ MOUL1~S AS 

PART OF A MOVEMENT STUDY OF THE WHITE 

GLACIER, AXEL HEIBERG ISLAND , NORTHWEST 

TERRITORIES, CANADA 

By ALMuT IKEN ':' 

(Axe! H eiberg Expedition, M cGill University, Montreal , Quebec, Canada) 

A BSTRACT . I n ' 9 7 0 water pressure was measured in severa l moulins on the VVhite G lacier. Pressure 
,·ar ia tions in some moulin channels ex tenclecl over the full m easuring range of the instruments ( 0 - 1 a ncl 0 - 2 

bar a bove a tmospheric pressure), e,·en a t cl epths of less than 50 m below the urface. M easurements a t 

cl ifferent depths showecl that tota l pressure va ria tions were sometime greater than this. The pressure data 

are compa recl with valiat ions in the surface velocity of the glacier. 

R ESUME. A1esures de la /Jression de l'eall dalls les mOlllills glaciaires realisees all cours d'ulle etude sur les mOllvemenlJ 
rill While Glacier, Axe! Heiberg i sland, T erritoire rill X ord-Ouest, Canada . En 1970, la pression cle l'ea u a e te 
mesuree d ans plusieurs moulins du vVhite G lacier. Les vari a tions de pression dans quelq ues chena ux sous
g laciai res ont couve rt la lOta lite cl e I'echelle d e mesure des instruments ( 0 - 1 e t 0 - 2 bars a u-dessus de la 
p ression a tmospherique), memc it des profo ndeurs inferi eures it 50 m en-clessous de la surface. D es mesures 
it differentes profondeurs ont montrc que les va ri a ti ons tota les de pressions e ta ient quelquefois superi eurcs it 

ces li mites. Les pressions mesurces sont com parecs it la vitesse superfi ciell e clu g lacier. 

ZUSAMMENFASSUNG. M esswzgen des Wasserdruckes ill GlelschermiihLell im <lIsanllllellhang mil eiller Untersuc/llIl1g der 
Bewegullg des White GLacier, AxeL Heiberg IsLand, Northwest T erritories, Canada. 1970 wurde in ve rschieclenen 
Glc tschermOhlen cles White Glacier der Wasserdruck gemessen. In Ticfcn von z.T. \Ven iger a ls 50 m 
unter der G le tscherobnAache wurden in den Mohlen Druckschwankungen bis zur G rosse des gesam tcn 
~1 essbe r e i c h s ( 0 - 1 und 0-2 ba r Uberdruck) registriert. Aus M cssungcn in verschicdcnen Tief"en ergibt sich, 
class in einigen Fa llen die Druckschwankungen insgesa mt noch g rosse r wa ren . Die gemessenen Druckc 
,,"e rcl en mit clen Schwankungen cler OberAachengeschwindigkeit cles Gle tschcrs ve rg li chen. 

l 1\TR ODUCTION 

The movement of \Vhite Glacier has been observed since 1960. J n 1969 the work wa. 

concentrated on measuring daily flu ctuations of the glacier surface velocity. Velocity flu ctua

ti ons a ppeared to co rrelate with flu ctuations in the disch arge of a su rface a nd an englacial 

stl-eam. This suggested tha t ve locity flu ctuations might be caused by variations in the water 

pressure a t the bed of the g lacier (MUller and Iken, in press ) . In 1970 a ttempts were made to 

measure variations of water pressure in moulins while observing g lacier mOvement. From the 

pressure meas rements it was a lso hoped to learn som ething of the slope of the moulin 

channels. The loca tion of the moulins studied can be seen in Figul-e I . Moulins I and 3- 5 

deve lop ed in 1970 in new crevasses; the smalles t ( I) was approximate ly 0.60 m in diameter. 

the la rges t (4) over I m by the end of the season. They penetra ted cold ice : the m ean annual 

air temperature at the lo",·er end of\Vhite Glacier is approx ima tely - 20 0 C. It is however 

pro bab le that the bed of the glacier is at the pressure m elti ng J=: oin t (Muller, 1963 ). Inexpen

sive remote-reading BOUl-don pre sure gauges were used. The measuring ranges were 0- 1 

and 0- 2 bar above atmospheric pressure with error limits of 3% to 8% . The gauges wcrc 

encl03ed in waterproof cy lindrica l conta iners 88 mm in diameter and 11 0 mm in leng th 

a ttached to 300 m lengths of 2-concluctor cable. This type of equipment was chosen for 

reasons of economy, since occasiona l losses were considered inevita ble. 

PRESSURE OBSER VATIO NS 

Significant run-off from the g lacier did not start until 9 July. In the period 9 to 17 Jul y 

the drainage channels on the g lacier were developing and some new moulins form ed. NIeasure

m ents in the m oulins were begun on ' 5 July. In the upper parts o f the moulins there were 

* Present aclclress: Geographisches lnstitut cler Eidgenossischen T echnischen H ochschule ZLi ri ch, 8006 
ZU rich, Switzerl a ncl. 
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.. 

Fig. 1. Map of White Glacier with location of mOlllins alld surveyed stakes. 

no measurable deviations from atmospheric pressure. Below a certain depth the pressure 

increased rapidly as more cable was lowered into the moulin . The pressures measured at 

different depths in moulin 2 are given in Table 1. Figure 2 shows the slope of the channel as 

inferred from these pressure readings . The calculation of vertical distances was based on the 

assumption that a pressure of 0.og8 bar corresponded with [ ill of water above the gauge. 

This assumption is correct for the data of [6 July when the channel had stopped fl owing. 

On 15 July when the moulin was still active, fri ctional energy dissipation (and p ossibly a 

change of kinetic head with distance) was to be expected. Accordingly this pa' t of the plo tted 

TABLE I. "VATER PRESSU RE AT DIFFERENT LENGT HS OF CABLE BELOW 

TH E GLACIER SURFACE I N MOULIN 2 

Time 

15 July 17.15 h 

15 Jul y 20.20 h 

16JulY 07·50h 

16July 17.ooh 

L ength of cable 
m 

43 
44 
49 
54 
59 
64 
69 

72 

59 
64 
69 

79 
83 

70 

78.5 

Pressure 

(above atmospheric pressure ) 
bar 

0.00 
0.09 
0.5 1 

0.7 1 

1.06 

1.48 
1.87 

2.09 

1. 29 

1.75 
2. 10 

0. 18 

0·37 

0.29 
1.1 0 
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channel is probably less steep than the actual slope. M easurements yielded the sam e data, 

within the limits of error, when repeated after a few minutes. After periods of the order of an 

hour, however, the observed pressures differed considerably . The pressure readings obtained 

at different times at a fixed depth in moulin 4 are plotted in Figure 3. In this and o ther 

moulins, pressure reached a maximum in the a fternoon or evening. 
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Fig . 2 . AjJproximate slope of the channel of mOlllin 2 inferred from pressure readings. The Ilumbers all the slope indicale the 
length of cable below the glacier suiface in metres. The axes show the scale of the drawing and do Ilot rifer to distance f rom 

Ihe origin on the ice suiface. 

Following the opening of a large transverse crevasse 650 m up the glacier , and the develop

ment of new moulins (3, 4, and 5), pressure variations of more than 2 bar from one day to the 

next were observed in moulin 2 although it had been abandoned and all major streams had 

ceased draining into an adjacent crevasse sys tem . From m easurements at different d epths in 

this moulin it can be inferred that the difference in pressure between 18 July and 17.00 h 

on 3 I July at 78'5 m length of cable below the surface was at leas t 3.7 bar. It is likely , however, 

that even diurnal variations were occasionally greater. On 3 [ July, a day of strong m elt, a 

very I-apid pressure increase was observed. Pressure at 49 m of cable below the surface rose 

from atmospheric pressure to over I bar within an hour. 

DISCCSSION 

In general a measured pressure consists of the m ean pressure head with superimposed 

fluctuations and the pressure which results from the interaction of water flowing over the 

pressure gauge housing. It is likely that in turbulent water a gauge adopts many different 

orientations during a series of measurements. The regularity of the pressure readings suggests 
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that the gauges were recording the undisturbed mean pressure head. In any case it is safe to 

assume that the steady increase of pressure with depth or time represented an increase in the 

mean pressure head. Considerable pressure variations in the abandoned moulin 2 suggest a 

largely interconnected englacial or subglacial drainage system. There must have been a ploe

existing connec tion between the abandoned moulin 2 and the new moulins 650 m up glacier, 

since the water pressure rose in moulin 2 on the same day that the surface stream ceased to feed 

it. Since 1968 there had been no moulins above moulin 2 except moulin 6 and another one, 

close to the eastern margin, which was blocked and water-filled at the beginning of the melt 

season of 1970. Unless the new crevasse with moulins 3- 5 met a sub-surface channel of mou lin 

6, we are inclined to follow Lliboutry ( 1968) in the assumption of a pre-ex isting network of 

subglacial cavities. Another sign of partly subglacial drainage of White Glacier is the extreme 

turbidity of water emerging from the ice tunnel at " Between" lake and also from a crack at the 

glacier margin at " Ermine" lake. The latter outlet flowed only at times of relatively strong 

melt. No other outlets of moulin water were found in 1968, J 969, or 1970, with the exception 

of a few short lived streams. This also points to the interconnec tion of all m oulin channel . 
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Fig. 3 . J-ValeT pTess"re ill mOlllin 4 al 48 m. oJ cable below Ihe surface. P ressures are in baTS above almosj)heric pressure. 

Immediate subglacial drainage of water when thermal bore holes reached bedrock was 

observed in a temperate glacier by R eynaud (unpublished) . On the other hand it took over a 

year until a connection was es tablished between the drainage system of South Leduc Glacier 

and an artificial shaft reaching the glacier bed from the rock below (Mathews, 1964) . The 

temperature close to the ice- rock interface was in this case well below the pressure m elting 

point. 

COMPARISON OF WATER PRESSUR E AND GLACIER MOVEMENT DATA 

No pressures above atmospheric pressure were recorded at the greatest depths reached on 

17 and 18 July and between 25 and 30 July. On these days the glacier surface velocity 

m easured near " Ermine" lake was also low except on 30 July (Table I1 ) . 30 July was the 

first day with significant run-off after a period of snowfall and fog and low glacier flow (25- 29 

July) . On the other hand on 23 July after a period of high g lacier velocity the movement was 

relatively slow. If a causal relationship were assumed between water pressure in moulins and 

glacier velocity, the different response on 30 July might be expla ined by recovery from an 

unusual longitudinal stress gradient that had built up during the period of accelerated move

ment of the lower part of the glacier only. On a short time scale there was no good correlation 

between glacier surface velocity at "Ermine" lake and water pressure in the moulins 2.3 km 

up glacier from "Ermine" lake. The times of maximum pressure often did not coincide with 

the times of maximum velocity and differed by up to 8 hours. This difference may in part be 
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WATER PRESSURE IN MOULINS 

TABLE II . GLACIER SURFACE VELOCITY NEAR "ERMINE " LAKE DURING T il E 

P E RIOD OF WATER PRESSURE MEASU REMENTS 

Time interval 

'5 July 09.30 h to 16 July 09.30 h 
16 July 09 .30 h to ' 7 July 09.30 h 
'7 July 09.30 h to IS July oS.30 h 
IS July OS·30 h to ' 9 July 10 .00 h 
' 9 July 10 .00 h to 20 July 07 .00 h 
20 July 07 .00 h to 2 1 July OS.30 h 

2 I July oB.30 h to 22 July oB.30 h 
22 July oB.30 h to 23 July 12.00 h 

23 July 12.00 h to 24 July 09.30 h 
24 July 09.30 h to 25 July 10.00 h 
25 Jul y 10 .00 h to 26 July ' 3.00 h 
26 Jul y ' 3.00 h to 27 July 11.00 h 
27 Jul y 11 .00 h to 2S July 09 .30 h 
28 July 09.30 h to 29 July 09.00 h 
29 July 09.00 h to 30 July oB.30 h 
30 July oB .30 h to 3 ' July 10.00 h 
3 1 Jul y 10 .00 h to I Aug.oB.30 h 

Velocity 
m m /day 

J stake 
100111 

from the margin 

1I1 ± 1 

94 ± 0 
SO ± I 
S6 ± 1 

96 ± 1 
129 ± I 

109 ± 1 
II B± I 

B9 ± 2 
B9 ± 2 
7B±0 
67 ± 1 
63 ± 1 
75 ± 1 
77 ± 2 

95 ± 1 

Average of 2 

Slakes 200 III 

from lhe margin 

200 ± 1 
163 ± 1 
142 ± ! 
14B± ! 
'75 ± 2 
234 ± I 

' 90 ± 1 
2 12 ± 2 

148± 3 
!5

'
± 5 

'4B± 2 
' 3 ' ± ! 
122 ± 2 

!39 ± 3 

'42 ± 3 
180 ± 1 

220 ± 5* 

I t is expected that the actual errors a re in 55 % of the cases not greater 
than the error limi ts shown. 

* Only I stake was surveyed. 
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Fig. 4. Waler pressure in moutin 2, glacier smface velocities, and discharge of a lurbid slream from a crevasse al "Ermine" 
lake, 3I July I970' Pressures are in bars above almospheric pressure. 
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due to the distance between the two observation sites. A new surveying site was therefore 

prepared in the vicinity of the moulins. Unfortunately there was only one more day (3 1 July) 

when the glacier velocity rose to a sharp maximum and when the melt was sufficientl y strong 

so that readings could be obtained from the gauges. On this day the time of maximum 

pressu re in the abandoned moulin 2 agrees well with the time of maximum glacier velocity 

in the vicinity of the moulins, while the glacier velocity near " Ermine" lake reached the maxi

mum 3- 4 hours later and approximately 2- 3 hours before the time of maximum discharge of 

turbid water from the nearby crevasse (Fig. 4) . 

CONCL USIONS 

The observations are too few to draw definite conclusions about the relationship between 

water pressure in moulins and glacier velocity. A relationship seems to exist between measure

ments made a t different places when periods of one or more days are considered. T he 

simultaneous movement observations on 31 July suggest that the time of daily maximum 

velocity varies over the glacier d epending on the local water pressure. No perfect correlation 

is expected since the velocity pattern presumably depends also on other variables such as the 

size of areas of high water pressure and changes of the longitudinal stress gradient in the 

g lacier. The work showed that considerable pressure variations occur even in abandoned 

moulins, and that some information about the slope of moulin channels can be obtained with 

relatively simple equipment. It would be better to use gauges with a higher range than 0 - 2 

bar above a tmospheric pressure. It would then be possible to cover a longer section of a 

moulin channel with one set of measurements and also to leave the gauge at the deepest 

point reached without the danger of damaging the instrument. 
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