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, - ABSTRACT . T,

€31c1ne Lake,,located near dasper Alberta is an _‘}:Tf

V‘_*lntermtttent Karst lake There are two sets of S1nks 1n the W
’]aké wh1ch feed the large 1naccess1ble Mallgne Cave system

'-hDye tests completed on Medlc1ne Lake 1nd1cate that both sets f

» .

‘:'of s1nks have good connecttons at: all lake>levels W1th the‘:“
”’Ma1n R1s1ngs and the Hatchery Pools down(ialley fnom Maltgne:j
}5Canyon The flow through t1mes for the ma1n s1nks have beﬁp

}T‘h'establ1shed to range between ll hours at hlgh lake levels‘
'r_h(Jusi 4 hours longer than surface flow) to 80 hours at l.f‘fh
Tﬁhf;lake levels The s1de s1nks have flow through ttmes of |
"ﬂtgreater than 120 hours at low lake level These relat1vely
l*‘ﬁafquast flow through ttmes 1nd1cate that Maltgne Cave TS a v?ry
vbfﬁiwell developed system A hypothet1cal cross sect1onal model g
i'haof the Mal1gne Cave 1s presented L | T"J:TT'T

The lake bottom spr1ngs of Lac Beauvert have been

"""" ;o.s.proven as outputs from Mal1gne Cave Th1s d1scovery g1ves: gf?
“lrft:credence to the: hypothests that the eave is pregla01al inﬁh:;3
:h:lhénag The preglac1al,»well developed r1s1ngs may have been"v

'_destroyed by the proto Athabascaagla01er and covered w1thi:;3*‘
;f?-f’ffglac1al sed1ments The Lac Beauvert spr1ngs may represent a.;*g
‘~:._remnant of the bur1ed pre Ple1stocene output __’ _‘ 1} |
| AnaTYSlS of the Mal1gne R1ver dlscharge hydrographsv»
,“]zreveals the presence of a class1c plateau at 42 5 m3s
.‘jdur1ng the summer months Thls plateau 1s representat1ve of
':;1mpeded flow Flow may become 1mpeded when the capac1ty of

the s1nk open1ngs themselves 1s reached when the cave S

iv: o
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channels become water f111ed ‘or. when Whe r1suhga are L

dlscharg1ng‘a% ful] capac1ty f~““7;3> ;fﬁ;'
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”f7bg;other cave systems such as dye tP&CTng geochemTcal

JuthTver Tn the Tower Ma]Tgne BaSTn dasper NatTonaT Park

"Alberta is. an TnaccesSTble system PreVTous—research

‘uffcave system Ts belTeved to be one of the Targest

o

. CHAPTER ONE THE GEO@RAPHICAL SETTING
1. 1 THE PROBLEM - ﬂ SR \

P
.

There are many unanswered questTons about the behaVTor'Q;.

'of water Tn a Tlmestone aqUTfer desthe cons;derabﬂe

\

fwhen the aqUTfer Ts TnacceSSTbTe for expToratTon One area

,of concern for wnTch data are scanty, TS the determlnatTon -
'fjof the nature TocatTon,band Tevel of STnks by reTTabTe yet

'“‘;TnexpenSTve methods The underground portTon of the MaTTgne |

1.}5;accompTTshed in thTs regTon has revealed much TnformatTon

’ ”TnacceSSTble cave forms Gin the world The prev10us research

”55‘(Brown 1970,.see aTso‘Brown 1972) was accomplTshed us1ng

h_f}ftconnectTon between the STnKS of MedTCTne Lake and the

”umﬁiﬁsprTngs aTong the Mangne RTver has been estabITshed A ?TQ?FHH

iﬂgh;water budget of the system has been comp]eted and a- cavé}

v mode] presented (Bpown,' 1972)

h

qj aThe present study was deSTgned as a contTnuatTon oF

“"fpast work and had four maTn objectTves

'%hfb-t to trace the two separate areas of sTnks of MedTCTne

/A‘_. ‘

{research Tn Karst hydro]ogy These questTons are. compchatede

ﬂffabout the nature of the reTated Targe condUTts, and thTs b\§,577“

-ﬁTﬂrmethods that may be eaSle appTTed to TnvestTgatTons of T*ﬂ;;f

R - R

mtﬁifianalysTs, and stathtTcaT anaTySTs of hydrbgraphs The baSTc Coa



¥,

Lake in order tq,estabtishwﬁlew-through‘times'to the
- springs’ at various“lake levels, =

to determlne the p0551ble connecttonslof three sprfng (
e_fed lakes to the Mallgne cave system " ‘A o

ito analyze d1scharge hydrographs of the Ma])gne Rlver as ~
| etcompared to the hydrographs of the Mtette R1ver, 't:f

.f‘to,present an updated model of the Ma11gne Cave



1.2 beaniptionJof the Field Area' |
1. 2 7 Topography and Geology v )
The Mal1gne R1ver Ba51n is located in dasper Nattonal’
Park West Central Alberta (F1gure 1l The Mal1gne R1ver
vtdra1ns an area of 880 sz (340 m12) Altttudes 1n the bas1n
:l'range from 1000 m. a. s 1. to 3300 m.a.s.l. and there is
cons1derable ( OOOm) local rel1ef from the valley floor to

)the adJacent rldge tops The Maltgne R1ver heads in the

. Brazeau Icefleld and flows 1nto Mallgne Lake the largest :

- lake 1n the Canadtan Rocktes The r1ver then flows out of o

.7Maltgne Lake and eventually 1nto Med1c1ne Lake where ;f;
- fdrafhage usually s1nks underground for a downvalley d1stance
- L*of lSKm-(lO m1) The Mal1gne R1v@t resurges near the |

Thdownstream end- of a spectacular canyon and then flows 1nto

.uthe Athabasca R1ver, as one of: 1ts largest tr1butar1es :Thelg“‘”

hent1re Mal1gne Valley has been glac1ated and hangs 90m above

“‘..

;l: the Athabasca Valley.. | B |
The Maligne Bas1n con51sts of three valleys the ma1nv
_Mal1gne R1Ver valley, a parallel valley named Surpr1se, and
.Beaver Valley The behav1or of dra1nage throughout the ba51n
1s under the 1nfluence of both flUV1al and Karst processes
"Surpr1se Talley'd}alns underground through two 51nK1ng lakesl
vyand other smaller sinks. Mal1gne Valley has karst features
. as well as normal dra1nage throughout Spr1ngs recently
found - at the north end of Maltgne Lake . Todgham pers

f‘comm l979) the s1nks of Medicine Lake, the‘matn.cave

-
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R _ B , o \ . ¢
- system, and springs downvalley, all indicate extensive Karst
development'in the,main Valley 'Normal drainage is‘well'

)developed in. Beaver Valley. a trlbutary to the. Mallgne

well as. 1n large portlons of the Mallgne Valley A ser1es of ST

:lakes Annette* Beauvert Dead Man'’ s Hole (one of. the Tw1n
Lakesl.-and Edlth 'lS located along the Athabasca R1ver Just
south of 1ts Junct1on w1th the Mal1gne R1ver All of these

| lakes are spr1ng fed although Beauvert seems to have the ,‘

"szest development of these spr1ngs

' \Glac1at1on has altered the valley cons1derably.
.however* the rocks and structure of the bas1n pre date the

:Ple1stocene glac1atlons The geology of the bas1n has been 2

”:-(Mrecently mapped (maps not ava1lable 1n f1nlshed form at thls

’tlme) and descrlbed by MountJoy (l964 P974 GSC open f]le

s report) and Roed (l964) (Flgure 2) The/oldest rocks are l

;_fPrecambrlan 1n age These are the Mlette Group strata wh1ch

:7»conslst of s1lty shales, pebbly sandstones and quartz1tes?.~

'(;T (Table 1) Rocks of th1s group are exposed on much of the~ R

'fMal1gne Range along the southwest to northwest r1m of theﬁ-]

‘v'fba51n The M1ette Group rocks have‘been eroded and assume a

lower more rounded,_secondary rel1ef relat1ve to the range

‘Ncomposed oF younger rocks on the opp051te (southeast to ,:.t;'

""f‘northeast) s1de of . the valley 0verly1ng the . M1ette Group

- are the Cambrlan rocks The oldest Cambr1an un1t 1s the Gog

"[’Format1on (approx1mately 1220m (4000’) thwck) wh1ch 1s also

,,exposed along the Mal1gne Range The remalnlng Cambr1an ! e

f ;rocks con51st of shales and l1mestones wh1ch have been
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TABLE 1

" Gaclogic Formiacions

* PERIOD OR"ZPOCH

'GROUP OR FORMATION

Lxmowc:'(
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| -eroded 1nto a serTes of c11ffs and benches aTong the south:f9
end of Mallgne Lake (Roed 1964) Overly1ng the. Ordov1c1an ‘o
‘Ttmestone is the Devon1an Fa1rho]m Group made up of '

"_T1mestones and shales The Fa1rholm Group 1s exposed on

.’t,MaT1gne Mountatn on the north s1de of Maltgne Lake (Roed

r'1964) OverTytng the Fa1rholm Group 1s the Sassenach f

: Format1on wh1ch 1s composed of sandstones,iﬂwmestones and

"jishales The most 1mportant formatton in. the context of th1s[fp

fj~study 1s the Pall1ser Th1s upper Devon1an T1mestone seems

T;to wholly conta1n the underground cave system of th1s bas1n 4“
'f:*Th1s i borne out by the fact that the water S1nks and rtsesbga
"T.near the top of the format1on (Brown 1972) It 1s a thtcklyngl~
;Ebedded (213 to 274m) ma551ve dense and mottTed T1mestone -

:HgThe Palltser Format1on outcrops on much of the Tength of the'?"

7QfﬂCo]1n Range wh1ch runs aTong the northwest 51de of Medtcwne -

'“7Vthe r1ver valley,from Medtc1ne Lake to MaT1gne Canyon and ong

*T_,Lake to the Athabasca VaTley,\fs.f.

The over1y1ng M1ss1551pp1an rocks are composed of the

:z*Banff Formatvon (dark shales) and the Rundle Group 7-[?,-"
R S
"itcarbonates These beds are exposed on the southwest 31de of o

Tpfbthe rldge between Med1c1ne Lake and Roche Bonhomme (Rged :

Tfl”1964) The maJor1ty of the sprlngs in- the valley 1ssue“fr0m_i:5 -

<

’%;dthe contact between the Banff and Pa111ser Formattons QQIT_

| The Rocky Mounta1n Formatton over11es the Mtssasst;p1anf;?;f
'Tcarbonates Th1s 1s a chert and dolomtttc sandstone bed of - “

ﬂfj’Perm1an and/or Pennsy]van1an age The Trxass1c Sulphurj:°T”'

‘g.,Mounta1n Formatton s1ltstones and sandstones cover the Rockygfg;”



J'Mountain ChertS' The Laramlde Orogeny of the Cretaceous e
'f'perlod created the maJor structural features of the re 1on

‘f'(Roed l964) The local fold and thrust fault patterns,

resultlng from reg1onal tectonlsm, eventually determlned the

NW SE trend or str1ke of the valleys The Colln and Chetamon -

;o

‘thrusts (F1gure 2) formed the steeply SW d1pp1ng r1dges of

Do the Queen Ellzabeth Range on the NE s1de of“the bastn

"TAnother maJor thrust sheet the Pyramld follows ‘the west

“h_.s1de of the r1ver valley Th1s is related to a’ low angle

”fyfthe water would gradually w1den,;through solut1on and

'hfhfabras1on 1nto cave channels The Pyram1d thrust overlaps

| j:thrust fault along Wthh the older Precambrlan and Cambrlan
hhjfstrata were pushed onto younger M1551531pp1an carbonates It
nls qu1te l1kely that thls«thrust fault d1srupted the rocks‘fyf”
sﬁto contr1bute to the formatlon of the cave system (D L

"::[Cruden pers ,comm = 1973) Fault1ng produce§ cracks whlch

w}[canother unnamed maJor thrust wh1ch passes under Mal1gne o

:‘;ﬂLake There 1s con51derable foldlng 1n the mountalns around R

'3-35Mal1gne Lake and west of Medchne Lake

‘9'1 2 2 Surf:czal Deposrts and Drarnage
. The retreat of the Plelstocene gla01ers left many

”‘7glac1al depos1ts throughout Mal1gne Valley A m1nor

T'%ireadvance after the ma1n 1ce dlsappeared depos1ted the 7;ft°fh

';f?mora1ne whlch dams the north end of Mallgne Lake The

ffﬁjremnants of a lateral moralne are present up valley from F&of“?

*:ffMal1gne Canyon Thls mora1ne d1verted the path of the

vp‘_._
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:;Maltgne R1ver erm its. preglac1al vaTTey and 1s respon51b1e

'lfjfor 1ts present course over Pa]]1ser lxmestone (MountJoy,,

'_1974) -Some-ice- stagnatton features are. present in the
'avaTTey,‘1nclud1ng hummocky moratne kettles deltas ;and,‘;”
moUTin’kames TRoed 1964) Large amounts of meltwater and

glactofTUV1aT sedtments formed a. valley traln downval]ey ,'.

E 'ifrom Mal1gne LaKe '“T1n~;»ﬁj_,' q:ivuinu”hs,,ft

An outstandlng feature of the vaTTey s the Tandsltde _jfﬁ

f[at the Nw end of Med1c1ne LaKe 1t 1s composed of Targe R

‘ngocKs of Pa111ser 11mestone wh1ch feTT from the steepTy

3 fdlpptng (40 )rtdge face to the north thure 3 is an a1r

z‘-,photo and thure 4 1s a geologtg cross sectlon of the -

”fa}Medtc1ne Lakedsltde The crown of the sl1de is cTose to the

"“'htnge of an ant1cltne and Cruden (1976 p 15) suggests thatn

"';the scarp or1g1naTTy fol]owed the str1ke set of JOTntS wh1chh'_‘

. formed perpendtcu]ar to beddtng and the scarp has s1nce v
7T;retreated o B T e

Present dratnage down the Tands]1de scar surface

ﬂ?fffcollects 1n two small poTJes at the foot of the sl1de These,d;f

wvitmay s1nK 1nto bedrock and Jo1n the cave system from Med1c1neji2f

"fiLake

There has been some controversy as to the or1g1n of thefe}f

ﬂ{ixlandsl1de and 1ts Fe]atTOnShlp(to Med1c1ne Lake and the 9[

::f{s1nks The Tandsltde 1s post g]ac1a1 1n age (Cruden 976)

S v
inand 1s belteved to have been tr1ggered by glac1a1

*\?fundercutttng (Roed 1964) or perhaps by s1nk sapp1ng at the f,ff“

ff;fbase of the cltff (Ford 1968) It hadA~Fen suggested that fﬁfﬁ;



Figure 3' gfﬂ v.i ’??
Air Photo Stereopair of’ the

Medicine Lake Landslide

Alberta Goverr@ent Photo AS=160-5220%-1472-16, 17-
Scale 1: 40 000 ' :
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“,Med1c1ne LaKe was dammed by these avalanche boulders and - the}'
_ s1nksrwere generated through this debr1s (Edmonton

Geologlcal Soc1ety, 1964) There is l1ttle ev1dence that the

sllde debrls would have been 1mpermeable to dra1nage from
Medlc1ne LaKe At present the water sinks through the debr1s
ﬁmjand an overflow chdnnel has been cut through the debr1s and
! 71nto bedrock to dra1n the lake at flood tlmes For these
reasons it 1s concluded that the landsllde did not generate

-"%the stnKs of the Take where none ex1sted before (Brown

2} :1972): but in fact ‘the cave and 51nks are probably

5t;%6reglac1al and pre landsl]de 1n age.
Another outstandlng feature of the bas1n is Malwgne -

1 Canyon (Flgure 5) It s a spectacular, pot holed gorge cut

by SO]Uthﬂ and abra51on 1nto the. Pall1ser l]mestone' It is y_rl

,entrenched 90m 1nto ‘the hanglng threshold of the Malwgne ﬂ-,‘
~Valley - above the Athabasca Valley It descends th1s E

1elevat1on over less ‘than 2 ka in d1stance The upper two o

th1rds of the canyon extends in an E- W dlrect1on follow1ng a -

. reg1onal joint: pattern From 1st Brldge to 2nd Br1dge,'the'-
canyon drops nearly 50m in elevat1on over 100m in d1stance f;
Approx1mately 30m of th1s vert1cal drOp is in a series of

‘tspectacular falls. In the m1ddle sectlon (2nd Br1dge to 3rd‘ '
Br1dge)$the stream gradlent becomes gentler The lower
portlon of the canyon (3rd Br1dge to 4tuﬂﬁﬁ§dge) sw1ngs
»southward to follow an 1ntersect1ng 301nt pattern It is

- along th1s sect1on that a serles of small tr1butary streams

flow out of‘the gast wall of the valley 1nto the canyon

L
\ w, t
TN e T
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<IUivVersity of Alberta

- gorge. These flow out ot'surtace deposits‘aT

- year. In-winter'they'fOPm spectaCuTar:iCe fa

16

w .

DownvaTTey from 4th Br]dge the canyon returns to the .

_ generaT E W trend and here the matn spr1ngs enter the r1ver
The Targest spr1ngs fTow from the south waTT ‘1ssu1ng from
~smaTT caves generaTTy 1naccess1bTe for exp]oratlon There
':are two except1ons (Flgure 5). One ( smaTT ). whtch extends
for approx1mate1y 100 meters end1ng 1n an 1mpass1bTe wall.
'(The second termed the MaT1gne Canyon Cave (Thompson 1975
1976) is entered through a t1ght sqeeze of approx1mateTy 30 o
?meters of wide bedd1ng pTane Th1s opens 1nto “The- B1g Room L
~ which is 5m h1gh 2m w1de and developed aTong a Jo1nt L
”;(APassages Teave th1s Chamber on three TeveTs One leads to a o
_ Stalact1te Grotto deveTOped in the Banff shaTe at the roof?f'?
T,'of the chamber The other two passages connect and Tead
“through breakdown to a 30m descendlng passage of w1def
jTtbedd1ng pTane wh1ch eventualTy narrows The cave was - o
' ,surveyed and mapped (Thompson 1976) and found to be 373m 'M}t'ii
| “Tong and extendtng down vaTTey from the r1s1ng at the T~7":
-tsurface ExpTorat1on of th1s cave demonstrated the. water fd:v

"'~:r1ses from great depth but d1d not glve access to the ma1n

SN

(cave It 1s poss1bTe the whoTe system 1s a serles of W1de er’T‘

'.(vbeddlng pTanes and no master cave ex1sts

The smaTTer spr1ngs fTow out of ftssures and Jo1nts

fThere is. another set of sprtngs to the north of the r1ver T

'5;}(F1gure 5) caTTed the Hatchery PooTs (Brown 1972) These t""

seasons of the



University ol Atberta -~ -

‘Mal1gne Ri

f’same perJod

1T

S

are appromeateTy 18 meters Tower 1n eTevat1on than the

er sprtngs

: 7-2{3‘C]Tmafé'b' ," o 7['*- | 7,"' o ) ';"‘~¢"

Some prec1p1tat1on and temperature data are ava11ab1e

- for the basin for the years 1969 to present (W Pftesterer

pers ~comm, 1979) A meteorologtcal statton is. 51tuated at

y'the Maltgne Lake Warden Stat1on and manned by the year roundv

TTMaT1gne Lake Warden The mean-: monthTy temperatures range

from -15° Cin danuary to 13 C in duly The mean annua]

temperature is. -1 C. The mean max1mum monthTy temperature L

h;ranges from 18° C in August to -10 ¢ in danuary and averages :

5, L C The mean m1n1mum monthTy temperature ranges from

‘-30 C 1n danuary to 3 4° C 1n August and averages -7 C T&&ié;.fu'

2 presents bas1c cT1mate data for the ba31n

Brown (1972) states that prec1p1tatton 1n the bas1n

t(seems to be Targely a funct1on of aTtttude The mean |

iratnfall for s1x temporary stattons at vartous Tocatuons Lo
'r'f(F1gure 6) demontrates th1s conclus1on The mean ralnfaTT it'f
;flfor aTT 31x stattons for the per1od May 17 to August 30,

lf?1968 was 176mm wh1Te dasper Towns1te rece1ved 163mm over thejf“;ﬁ'

The Ma]1gne Lake prec1p1tat1on data (for the years 1969;Qg“

Thfto 1979) show the reg1on to be sem1 ar1d W1th preC‘Dttatton,QT'"”

K L

t:;7vary1ng from 68mm 1n dune to 15mm 1n October The mean totanV'”
”‘r'pre01p1tatton is: 442mm per year Depth of snow on the gpound.igj :f

e data are ava1TabTe for the years 1969 to 1972 The Snow.



TABLE 2
Climate "’Statist:ibcs,l9‘69‘t9 1979

A . s

_.Méan_Uanuary'Témperafuféz ??IS,Qfﬁ
 Mean Aptf} Témberaturef»ﬂ-f =.0.5°C
‘T~;M¢an:JUJy Temperature  ‘:',if:l3.0°C

‘Mean October Temperature ~ 3.5°C.

Mean Sprinngrgﬁfpitétfon ' ~l:26:31mm‘=~~

: Méan'SUmméf PfEc7pitétion: :  49,b_mm‘.

" Mean Autumn Precipitation . 28.3mm

* Mean Annual Snowfall . 76.0m

~ Total Annual Precipitation - 441.6 mm

n L
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.idepth 1ncreases from an average of 40mm in October to 760mm o
]‘1n March Prec1p1tatton data on 1nd1v1dua1 storms w1TT be -
'd1scussed along w1th hydrograph data in Chapter 3.

1.2.4 Medicine Lake S ;*~uetﬁ-"*v |
Medtctne Lake is the ma1n s1nk into the underground

_fcave system There are two areas of s1nks (F1gure 7) Thef'

‘Ma1n 51n,s are at the northwestern end of the lake. Here thefiff'fj

&

'nks through Tandsl1de rubbTe at many Tocat1ons 'A

"-‘small tr1butary stream 31nks here also Another area of

“;51nks is Tocated approxtmately halfway up the lake on the

7unorthern s1de These stnks are onTy v1s1b1e when the Take |

f*f'level is Tow but are acttve at hlgh Tevels as: weTT d_i*i"'

B .Todgham (pers comm 1979) reported that flow can be =

'*fiobserved and feTt wh11e scuba d1v1ng over the 51de sxnks atv_- e

b

"“thtgher Take Tevels Med1c1ne Lake Tevels fluctuate 5'7

4 T'”,throughout the year The Take when fuTT 1s 7Km Tong,,up to o

"*'f‘O 8Km w1de and 18m deep at 1ts overf]ow TeveT In earTy

.lhspr1ng, dtscharge of the Mal1gne Rtver 1s Tow, approx1matelyfﬁ:~ N

"”f'ﬁt 5 m34 ; and the Take 1s v1rtuaTTy non eX1stent The ma1n s"'”

e river meanders thﬁbugh a mud fTat to the 51nks at the

: xgvfnorthwestern end wh1Te a dTStPTbutlve stream f]ows to the’[‘f

HLT_tS]de 31nks (F1gure 8a)

As dtscharge 1ncreases durtng the spr1ng meTt per1od fg_f?fi%ﬁ'

"tv*mthe s1nks do not have the capa01ty to dra1n the water and“f'dt”YTTbt

'"-'3f17the Take f]]]s It rematns a Take throughout mOST 0f the

ﬁsummer (F1gure 8b) As a combtnatton of snow melt g]acjals!?;ffgggp

g ,,' .



Flgure 7
Medlcme Loke

l bmcll Trnbutcry sfream smk
-2 Mom sinks '
: 3 Side sinks

" :4 Cold sprmg

11440 meters ct overﬂow leve| v
C 1426 me‘ters‘when emply . |




Medicine Lake at lowvlevel
(by J Todgham)

wi“w'

Medicine Lake ‘at nearly high level
- (by D Huddlestone)

”*,Eigﬁfe‘Sngf
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" :ice»ablation and'ratntaTT~deCTines dtscharge of the Ma11gne
R1ver decreases and the Take TeveT drOps as- 1t dra1ns
'-through the s1nks By Tate faTT the Take has emptled and the';
river meanders through the Take bottom mud fT\ts unt1T the
;cycTe beg1ns to repeat 1tseTf the foTTow1ng spr1ng

LaKe TeveT data are now recorded weekly by the MaT1gne

. Lake Wardens These data are read from the road w1th ’

‘"i b1nocuTars off poles 1nstaTTed in 1975 The Take Teve] may

u”_become h1gh enough to overfTow Sketchy data are ava1TabTe S

'on h1gh Take TeveTs, beg1nn1ng in 1947 (Append1x 1) Dur1ng

' the years 1947 to: 1979 Med1c1ne Lake overfTowed n1ne t1mes

‘.fThe date of h1ghest Take Tevel each year ranges from June 14f

- ,pto August 10 The Take has aTso overflowed tw1ce 1h the same:5

o Year (1948) It has been concluded (Brown 1972) that h1gh

”f7fde1ayed unt

ff;ConverseT

zlake TeveT can_be modeTTed or pred1cted by prev1ous

In other words the hwgh TaKe TeveT
! _ ate at WhTCh the snow meTts,_not totaT
“f:prectpﬁtatl f{FOP examp]e dur1ng a partlcularly cooT

”[spr1ng,‘t_? ch May temperatures are Tow,»snow meTt 1s

;5~;w111 T]Ke r be an overflow pertod for Med1c1ne Lake

iiyfgradual]y through sprlng and summer there w1TT be no

*}foverflow Th1s 1s obv1ousTy dependent to some extent on

tif}amounts of prec1p1tat1on Dur1ng the 1979 f1eld research

fj;per1od there were low May temperatures, but the preced1ng

tures, spec1f1cale, average da1Ty max1mums"'

,Tate dune or duly and the result of rap1d meth,{-yf

Tf:May temperatures are warm and/the snow meTts;;fn“‘
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winter eXper1enced Tow snowfal] amounts Thus the lake rose N
to Just over ha}f 1ts norma 1 ”fu]]' capac1ty fo]low1ng the'

' re]at1ve1y meagre snowfa]] recharge

':1 3 Prev:ous Studles of the Mal igne Baszn

- Attempts to understand the d1sappearance of the ]
Med1c1ne Lake waters and to d1scover thelr dest1nat1on date
to the 19305 The f1rst 1nterested 1nvest1gator Mr M

': McGu1re dumped two tnuckloads of used magaz1nes 1n Med1c1ne

“Lake 1n an unsuccessfu] attempt to f1nd the dest1nat1on of -t

jthe d1sappear1ng water or to stop the flow a]togethep ;n 7,,"

::,]956 Corbel, a French geomorphologlst br1ef1y v151ted the :. f*"

.,ba51n and observed that water s1nks in the mounta1?s above =
-_Ma11gne Canyon and resurges in the canyon below apparent]y .
‘thr0ugh short 1naccess1b]e caves. He 1ncorrectly cons1dered ;

e,the reg1on to be youthful ,underdeveloped karst and made no

:connect1on W1th Med1c1ne Lake (Corbel 1958 from Brown,;ﬁiy Sl

1'1972) The 1964 fleld trlp gu1debook of the Edmonton

ffGeo]og1cal Soc1ety presents an 1naccurate 1nterpretat1on oqu;f*'“

,.the dest1nat1on of the water 1n Med1c1ne Lake Underground

ircaves of any magn1tude were not suspected and the gu1debook df,r__t

5rstates that the water travels under the 1andsl1de debris forsﬂf"

ffJust 0 8Km (0 5m1) before resurglng Roed (1964),vstudy1ng

ffthe geology and P]elstocene h1story of the Ma11gne area was;f¥f7;gff

;Jthe f1r t to correctly exp1a1n the source of the Ma]1gne
1;Canyon springs as being "at. Teast in part" water from

'7Med1c1ne Lake Ba1rd (1966) restated the same general
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1conclusion | |
h In 1966. Fdrd and other researchers from McMaster

~_Un1vers1ty conducted the ftrst successful tracer test on

13

'g«Med1c1ne Lake and proved the prev1ously hypothestzed ,.-'J S

’/

WConnect1on Thls trace ustng Rhodam1ne B dye; prov1ded the e

A if1rst 1nd1cat1ons about the magn1tude and complex1ty of the :'””

rsystem A large fleld party returned 1n l967 w1th the

purpose of f1nd1ng cave open1ngs to allow phys1cal access B

' :to the system Thts 1ntens1ve and systemat125explorattonyh..

proved fru1tless (Brown l972) Geologtc mapp1ng was':fw

:i completed and solut1on measurements were taken A second .
“trace of Med1c1ne LaKe us1ng fluoresce1n was unsuccessful

"Th1s was probably because fluoresce1n 1s less detectable

5§f than Rhodamlne (as 1t decays qu1ckly in sunl1ght) and the

v‘l*lake was: at a- h1gh level, wh1ch would cause greater d1lut1on‘3('

B'”tof the dye Tests 1n Surpr1se Valley (Ford 1968)

“7f_establ1shed what was thgught to be a connect1on between

"'“Surpr1se and Opal Lake S- s1nks and sprlngs along the Mal1gne5;i’iff

3:;1R1ver at the B1g Bend (F1gure 6) Ford suggested a:

"cgflow through ttme of 3 5 days \Mowever th1s test was not

}'v:conclus1ve (Brown pers comm l980),and further research

‘:p%‘s requ1red to locate the Surpr1se Valley r151ngs

Brown (l972) studwed the bas1n for two f1eld seasons 1nii}f“%f

f7551967 and l968 Two successful traces us1ng Rhodamine WT
'f*ﬁwere completed and w1ll be dtscussed along w1th recent '
.t;results in Chapter 3 Brown (l972) also used detavled

fi*}statlsttcal analys1s to study the 1nput output hydrographs
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| w1th the followlng calculat1ons
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of the cave. On the basis of analysis of the. cave 'pulses’

he concluded that two types of 1nputs exist. One Known 1nput

’(Med1c1ne LaKe) contr1butes from 30% to 100% of the 1nput

and has a pulse- through time of 70 124 hours durlng May’s

low flow volumes Many smaller tr1butar1es contribute from

' % to 70% of. the output and have a very fast flow through
‘.t1me This lag t1me 1nd1cates that the cave: 1s vadose ie.
partially water fllled because if it were totally water
‘f1lled the pulses would travel almost 1nstantaneously '
through the -cave. Thls is because water is 1ncompress1ble

'therefore, 1nput in a water f1lled caV1ty produces shock

waves wh1ch travel apprOXTmately the speed of sound
Brown (1972) also 1nvest1gated the theory of Karst flow_‘

networks 1n relatlon to the Mal1gne Medjc1ne LaKe system

'h‘and stated that all Karst hydrolog1cfSystems that have .
: dlscrete 1nputs and d1screte outputs fall 1nto one of f1ve

| a types (Flgure 9). By comb1n1ng this 1nformatlon w1th ufa«7

trac1ng, it is poss1ble to calculate the budget of a*(

0 Input flow rate
q Output flow rate
D= InJected tracer mass

A ’d-Recovered tracer m&ss
N . : N SRR
, . — N | L &
- - -With A DB reading : If A, then B; o

and ‘A * B reading ¢ Both A and B

0> s



1§ = "Known Inpui Ty -

Urknown Ingut

‘O = KnownOulpst - QO = Unknown Output

b

R F"igufe.' 9

Karst Flo'wjl\_letvofks"

. Source: ﬁrown, 1972
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:[§d=n)? (Q=Q£] :)_Typell |

[(d(D) (9—3 )) 2 Type? . 7
,:“D)'(uf/l)—(ﬂ D Type &

. When'phys1Cal exploration had failed to-find“anél |
ytentrance into'the caVe'two other methods-were attempted ‘In -
‘ hope . of f1nd1ng a subsurface chamber close enough to the

".surface to be excavated .a res1st1v1ty survey was" completed ‘_'

wh1ch revealed an anomaly that was expected to be an a1r |

ftlled cav1ty w1th1n 45m of the surface’. A dr1ll1ng program

- was undertaken in May 1971 to locate th1s p0351ble chamber

'Seven holes were dr1lled crosscutttng thts res1st1v1ty

'}anomaly but unfortunately no caV1ty in the ltmestone bedrock

was revealed The nature of the anomaly remains a mystery ;Z

’.(Ford 1971). o | | |

The second method used to f1nd a cave entrance was’ thatj 5

: 1of thermal 1magery Because cave temperatures are relat1velyt

':istable all year, air vents may show up as warmer than the

l‘surroundtngs 1n w1nter on the 1magery No such a1r vents
,ywere detected dur1ng thls study (Brown 1972) However, a_il
prev1ously unknown cold spr1ng that enters Med1c1ne Lake was

dlscovered (F]gure 7) To date no entrances to the ma1n '

»system have been found so Mallgne cave must be 1nvest1gated .'3’:
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by remote methods such as tracing and hydrograph analysis.
The present study is the result of field work and

research comp]eted by the author in the ‘summer - and fall of
1979. Dye trac1ng was completed on Med1c1ne Lake at var1ous‘
1evels, testtng the two 51nk areas both together and |
"separately, w1th the purpose of estab11sh1ng flow through
t1mes and determ1n1ng any new outputs to the system The
_results and 1nterpretat1ons of these tests are conta1ned 1n‘e
Chapter 2. Chapter 3 presents an analys1s of d1scharge |
hydrographs of the Mal1gne R1ver ;wh1ch 1s under the
"rbwnfluence of the cave, as compared to the non Karstlc M1ette :

'fR1ver



. 2..CHAPTER-TWO, TRACERVTESTS'OFtKARST HYDROLOGIC SYSTEMS

;2 1 Revzew of Tracers in Karst Groundwater Studles

Trac1ng has become " an extens1ve1y used method of
1nvestigat1ng harst groundwater systems. It 1nvolves
a]abe111ng the water w1th a tractng substance SO that it may
" be 1dent1f1ed 1ater 1n t1me and at a. dtfferent p]ace 1n the

system.

2 1.1 ”Ideal” Tracer Quallt/es
H Brown and Ford (1971),. as well as Back and Z&ett
'(1975) 11st the qua11t1es of tracers as an did in choos1ng -
;the tracer best su1ted for a. study. An'"ldeal" tracer is onete
which w1]1 not be adsorbed any more or less than the host
b:water by mater1a1 with Wthh 1t comes in- contact"It should e
'rtnot d1s1ntegrate in water and 1ts dens1ty should equal the
dens1ty of water Also, it should not be filtered by g .7
'umaber1a1 present 1n the host water These qua11t1es are
'termed pr1mary, as they relate to the physxcal and chem1cal
5ipropert1es of the tracer relat1ve to the host water |
- - Secondary qua11t1es are those of pragmat1c and :

env1ronmenta1 concern An_ 1dea]" tracer should be non tox1cv‘

and 1noffen51ve It shou]d be ea51]y recoverable 1n 1ow_bn~7*"'

concentrat1ons and be s1mp1e to ana]yze Add1twona]1y, ﬁb:f;gﬁt’;

°Hlshou1d be prec1se1y 1dent1f1ab1e (11tt1e natural background t

bf‘mask1ng the tracer) and at the same t1me sub cla551f1able so _"'

bﬁthat many tracers may be used s1mu1taneously F1na]ly, an
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ideal’tracer is‘lnexpensive

- No avatlable tracer possesses all these qual1t1es

THere are many tracers used and each has 1ts own set of

| advantages and d1sadvantages Tnese must be evaluated 1nf |
.relat1onsh1p to. the charactertst1os of the study area and

;the best tracer chosen | L

' There are many comprehens1ve rev1ews of tracers d

’:lava1lable in the l1terature Back ‘and Zoetl (l975) present
‘one of. the most recent and thorough rev1ews ava1lable They'-
,‘summar1ze the applwcat1on of geochem1stry.“1sot0p1c |
‘methodology and art1f1c1al tracers to the 1nvest1gat1on of
iikarst hydrology Brown and Ford (1971) present a useful

'table for qu1ck compartson of the maJor tracers 1n use
)

e (Table 3. Dpew and Sm1th (l968) Drew (l968) and Elrvck and

“Lawson (1969), also present bas1c rev1ews of the ava1lable -

'ctracers for use 1n karst hydrology

2. 1 2 Dyes

Fluorescent dyes are some of the most common tracers 1n,r~“

5

- use today thson (l968a) and Smart and La1dlaw-(1975)
: outltne descr1ptlons of these dyes as’ well as methods for
.the1r use and analy51s There are four maln fluorescent

"_dyes, Rhodam1ne WT Rhodam1ne B Pontacyl P1nK and ‘if;;;._*{f

| ‘fFluoresce1n (W1lson l968a) These are good tracers because .

v/”

Lfthey are water soluble htghly detectable harmless 1n low ;s[fbff

Uconcentrattons and 1neXpens1ve They are also reasonably

‘1’iﬁdstable in use and relat1vely uncompl1cated to analyze ‘mffj
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Howeyer there are ser1ous d1sadvaptages to these dyes
Rhodam1ne B has the strong dtsadvantage of betng |
carcwnogentc It also has- strong adsorpt1ve tendenc1es
trScOtt Norman and F1eld’.‘(1969) work revea]ed sorpt1ve toss:

;caused by f1ne sedtment 1n the banks and bed and a]so

A;b'suspended sedtment 1n the water system Thls serious N

'd1sadvantage, as we]t as opt1cal quench1ng (scatter1ng of

':lellght by suspended sed1ment)(Feuerste1n and. Selleck 1963)

:Acan be m1n1m12ed by allow1ng natura] sed1mentat1on or by '
‘centr1fug1ng F11ter1ng should never be trled because ftlter
‘matertals may adsorb the dye caus1ng further 1oss |

Fluoresce1n can not be used effecttvely for surface

3 water trac1ng because 1t 1s qu1cK1y destroyed by sunllght

e (50% in- three hours, Feuerste1n and Se]leck 1963) although1

1t 1s effect1ve 1n underground streams There may a]so be

: ?@tbackground prob]ems present w1th F]uoresce1n as the bacter1a .]

‘"f'Chlorella ftuoresces near its frequency (Brown, 1972)

ttdthe dyes avatlable for trac1ng, 1t appears Rhodamtne WT has ‘1.~n

bsgithe best ba]ance of h1gh detectab1]1ty,slow sorptlve
‘fﬁbtendenc1es, good d]fos1v1ty and ]ow cost :

W1lson (1968a) and Feuerste1n and Selleoﬁ~k\963)

}‘:f}dtscuss ftve maJor factors wh1ch affect fluorescence These ﬂfV

"tmust be taken 1nto account when data are. ana]yzed F1P3t
i;df]uorescence var1es dtrectly w1th dye concentrat1ons o

ffSecond the sample temperature 1s atso a factor

”";,Fluorescence 1ncreases as. temperature decreases Th1rd h e

75;va value of the sample affects f]uorescence 1ntens1ty For
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JDH range of 5-10, but decreases

3

§ example the fluorescence of Rh damlne WT is. stable 1n the

A

uts1de those l1m1ts

" Fourth, fluorescence 1ntens1ty can also be quenched by-\

chemicals, ‘such as. chlor1ne present in“the host water.u

t;F1nally, a permanent reductlon in fluorescence may be caused
l:_ by photochem1cal decay through br1ght sunllght and |

r‘blologlcal degradat1on

In contrast to these dyes wh1ch may produce v131ble

-vcoloratton of the rlslngs, are the opt1cal brlghteners
| (Glover 1972) These were developed to bleach or br1ghten
- :cotton fabPlCS and although colorless in dayllght they
adsorb ultra v1olet l1ght and fluoresce at the blue end of
"the v1s1ble spectrum They have a strong attractlon to ;’
‘cellulose, therefore cotton wool may be used as a. detector
They are non tox1c,,and eas1ly decompose in sunllght when dine .

.srsolut1on They ar? detectable in Htlut1ons of less than

1106 and aré cheaper than the commonly used dyes Glover

' l'ji(l972) outllnes the methodology for use and analy51s of

"“’jfopt1ca] br1ghteners

’f-2 1 3 Spores

Lycopodtum spores are another tracer 1n common use

'“f'"rc’Lyccpod’um clavatum 1s the spore of a club moss They are
l'ftnearly sphertcal have a cellulose structure, and are about
'“:“30 m1crons 1n d1ameter They are fa1rly 1ndestructable and .
“';?have a dens1ty close to that of waten_(AtK1nson, l968)

'fthrac1ng, the spores are trapped 1n contcal plankton nets at
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the r151ngs and f11tered out of the water for ana1y51s Th1s -
.method 1s advantageous because stmu(taneous testlng of many
Sinks is p0551b1e by dy1ng spores d1fferent co]ors

"Successful colors are Malach1te Green B1smark Brown

Magenta Saffran1ne A(pha, ‘and Methy] Vtolet (Drew 1968)

.': Spore trac1ng is also free from background because dyed

'd:spores do not occur natural]y

Spores have the dlsadvantage of be1ng eas11y f]ltered

'v_They also have been shown to travel faster than mean water

[.veloc1ty due to a denstty s]lghtly 1ess than normal stream |

water (Brown and Ford 1971) Also,'analys1s.1s t1me pc-

fconsumtng Gther dlsadvantages are that the p]ankton nets :

may become clogged w1th sedlment or ‘torn by fast flow1ng

;1the naked eye they may be transported by personne]

dra1nage systems

o .;?;2 1. 4 Radtozsotopes Trltlum jdih**_lﬁ o
Tr1t1um (a rad1o1sotope of hydrogen), as an examp]e of
'l(fyrad1o1sotopes, is another maJor k1nd of tracer used 1n Karst

%{?;1nvest1gat1ons It possesses many Of the qua11t1es Of an

l

R

j35'

*_waters Contam1nat1on is also poss1ble as Just one spore can

e

”demonstrate a p051t1ve test but as they are not v1s1b1e t0'='
'.]h‘Atk1nson (1968) demonstrates that the 1ycopod1um method 1s..; o

i connect1ons and may contr1bute to bu1ld1ng models of" ”[¢fi,*z

i 1dea] ftracer (Brown and Ford 1971) It behaves exactly asj(j_hw

successfu( 1n prov1d1ng 1nformat1on about underground stream s

S

.'Vv_,fthe water 1nto whtch 1t 1s 1nJected 1t 1s eas11y detectab]e R
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' and 1nexpenstve However 1t is not always’ the best tracer

to choose because nuclear testlng has created background

.1nterference Also analy51s is complex and tlme consum1ng,

xrequ1r1ng compl1cated and expens1ve equ1pment Perhaps the

most 1mportant d1sadvantage 1s the health hazard 1nvolved 1f

'the labelled water gets 1nto the pub]1c drlnklng system

‘ Ault and Hardaway (l965) expla1n the methodology of

sub- surface trac1ng with radtolsotopes Carlston (l964l

rev1ews some of 1ts problems and l1m1tatlons

Burden demonstrates the successful use of tr1t1um for

tra01ng ground water 1n Greece for dtstances up to 30Km A |

”‘,study of Lake McM1llan 1n New Mex1co (Reeder l963) reveals e
the d1sastrous results posslble w1th tr1t1um trac1ng Afterl-

Jyralslng the level of the laKe from 40 50 tr1t1um units to
Hu:aabout 2, 200 trltéum untts,vnot more than 100 tr1t1um un1ts
“r‘were sampled at any of the suspected rts1ngs The test ‘y
Ihjjhrfalled in 1ts 1ntended purpose of show1ng tr1t1um to be an‘ S
"h.?effect1ve groundwater tracer and as well much of the |
'tttr1t1um labelled water a dangerous substance was lost 1n_-?u?7”
;t'flthe Karst system j, | S | | ;" h" .‘
. Dther radlo 1sotopes 1n use in add1t1on to tr1t1um are dg_f;:
'rfifcarbon 14 uran1um and 51l1con 32 Stable 1sotopes 1n use -
2f@itare deutertum oxygen 18 sulfur and hellum Back and Zoetl ]Qf?ﬂ’

‘?ifh"(1973) revwew successfgé stud1es u51ng all of these i ;(ﬁbf hy

'*Qif;;jlg 1 5 Hydpologrc Applicatlons

There are numerous hydrolog1c appl1cat1ons of trac1ng
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leson and=Forrestﬂl1964)vand:Wilson (1968b) examine the use

Of»fluoreSQenlfdyeS»ln “time-of-travel“ studies, or thé‘7

descr1ptgon ofﬁ ”3anstream movement of water w1th t1me

: ) L
‘They find that? ping reveals accurate estlmates of .

; mean trav'l?tlﬁ; i{nformat1on about'the longttud1na] 2

_spread ar§ Fin concentration as dye in solution

,travelst . flscher‘ll968)'alstwrttes-aboutfthis 5"

"'dtspersionf ln—natural streams

A stud;‘ jReplogle Myers et al’ (l966) outl1nes a

f,method of usi }1tracers to measure: d1scharge Th1s is’

V»eff1c1ent a ccurate and parttcularly useful in areas

‘where other g4 z1ng methods are not ava1lable For’examplé,-°

. 4l
"trac1ng worKs

y well in mounta1n env1ronments where the
convent1onal area/veloc1ty method 1s 1nappropr1ate due to

»1ce cover or 1rr ular channels obstructed by boulders

(Elrtck and La l969) Atk1nson and Sm1th (l973) alSQ-n

- had successful sults 1n determ1n1ng flow rates w1th
'”sllycopod1um spores and fluorescent dye 1n a more recent
;study | | ) . |

A study by Brown, Ford and W1gley (1969) shows that

".;rtracers can be used to determ1ne the water budget of a karst E

bt; system The fract1on of 51nK1ng water that r1ses at a spr1ng

/.fcan be calculated by Know1ng the quant1ty of dye that was T'{

'infthected and measurlng 1ts concentrat1on at a spr1ng If 1ff"t'w

V‘fs}1nput and output flow rates and percentage of dye recovered

'igdata are ava1lable, then the water budget of the system may

"’*7T‘fbe determ1ned
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Tractng tests are also used to. determtne bas1n d1v1des'

and catchment areas of spr1ngs in- Karst areas’ (Btdovec

‘1965 Whtte and Séhmtdt 1966) Dyes show the d1rectton of

' runoff Chem1ca1 ana1y51s of water samples may so-be of,
: a551stance in estab11sh1ng the or1g1ns an

of karst waters as well as' prov1d1ng 1nd1'at:0hs.about'the

J -
rtype of strata the water trave]s through

(th ardson 19685ﬁ7
"1§ rLP1lgram (1966) used rad1oact1ve tracers 1n measurement of
| h[*travel ttmes of storm runoff in a small catchment He was ;
i dab]e to convert act1v1ty records at the bas1n s outlet 1nto ;f*
' 'hydrograph data of the storm runoff It was then p0551b1e tot
'relate the: dtscharge data to a parttcular 1nstant and | |
locatton of the bas1n Th]S method allows the 1dent1f1catton_j'

of the contrtbutton of d1fferent parts of the ba51n to the

ftotal f]ood hydrograph

v University _(»[-Albcr‘l;l )

& 2 1 6 Addltlonal Methods .

{a

There are several other methods of 1nvest1gat1on of

, 1nacces51b1e cave systems 1n add1t1on to trac1ng One such
: i

vdmethod 1s m1crograv1metry or we1gh1ng the sub surface

-jthts to be an effecttve and usefu] techn1que 1n the 1n1t1a1 Sl

e
R

v-ftdetectton of cav1t1es, espec1a11y when comblned w1th
- exploratory drllhngr | i B . AV B
| Res1st1v1ty measurement 1s¢a usefu] techn1que 1n

f”f:dftndtng air- ftlled or parttally water ftlled caves and

“fﬁRecent pub]tcatlons (Ar21, 1977 Omnes, 1977) demonstrate f'5;f”

ﬁtde11neat1ng thetr out11ne (Man]ey and Garton, 1977)_ spmgs,jjjf"

T L L e e R e
T e s
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(methods are sens1t1ve enough to r%spond to fractures and v

twater fttled cav1t1es Th1s has an app]tcatton in land use

p]ann1ng in Karst areas (K1rk and Rauch 1977) However
these methods are only capabte of 1ocat1ng cav1t1es to .

shatlow depths (tens of meters), are ttme consum1ng,., nd

‘there 1s controversy as to. thetr prec1se 1nterpretatton
"-Res1st1v1ty surveys were attempted 1n Ma11gne Ba51n (Brown
'11972) w1th pos1t1ve results wh1ch warranted dr1]11ng The |

: dr1111ng was unsuccessfu] 1n Iocatxng a cav1ty

Se1sm1c techntques const1tute a’ further method of

1n1t1a] 1nvest1gatton of 1naccess1b]e cave systems

: Reflect1on se1smology overcomes some of the prob]ems of
f‘.grav1metry and re51st1v1ty (K1rk and Snyder 1977) and can
‘1ocate cav1t1es to great depths (500m) Recently devetoped

compact equ1pment W1th s1mpler analyt1cal techn1ques make 1t_.~o

an attractlve a]ternat1Ve for pre11m1nary 1nvest1gattons

| f'VIBROSEIS (a trademark of the Cont1nental 0i1 Company)
z{aﬁse1sm1c techntque wh1ch uses a: cont1nuous hammer source and“i?:‘

'conttnuous measurement to obta1n the reflect1on and ’ o
’hs(refract1on patterns of waves on a gr1d of surface geophones o
t(((Barb1er ‘and Po]e]eau (1970) suggest a method oﬁacomb1n1ng
('"(33VIBROSEIS w1th opt1cal f1lter1ng of the data to ggoduce a

H;ii;hologram (three d1ment1ons) of the subsurface ;fi;nfgﬁpj'ff”'ii
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2.2 Tracer Tests of MedICIne Lake Early and Recent
2.2.1 Rhodam/ne wr

Rhodam1ne WT was chosen as ‘the most 1deal tracer type

for the Mal1gne Bas1n It is a Xanthene dye of the rhodamine

sub-group and is a zwitterion but anionic (aC1d) in

_character It 15 avallable from DuPont de Nemours & Co . who

1ntroduced 1t in 1964 (U S. Pateﬁt 3367946 (l968))(3mart;

1972,

Lycopod1um spores are not pract1cal for the Mallgne

'system It is clogged at both the 51nks ‘and risings and this
‘would f1lter spores Large volumes of spores would be |

"necessary and large silt concentrat1ons present in the

water would clog the plankton nets while da1ly flood cycles

'could tear these recovery nets

Tr1t1um was rejected because of the requ1red complex

~and expens1ve analys1s procedure and equ1pment Furthermore.;

o

it could be d1ff1cult to obta1n perm1ss1on for 1ts use in a

Nat1onal Park
Df the fluorescent dyes, Rhodam1ne B was reJected

because of its carc1nogen1c propert1es Fluoresce1n had been

Vtr1ed on the system with no results (Ford 1968, Brown,

1972) whtle Rhodamine. WT has been used in Mal1gne with good :

results (Brown, l972) The relat1vely fast f low- through t1me

~of the system minimizes the posswble photochemlcal decay dye

loss in ‘the Maligne River after resurgence but belore

samples are taKen Sorpt1ve loss is m1n1m1zed by torlng the

!
Y
|

-water samples for reanalys1s after natural sed1meTtat1on has
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'the samples Eye w1tnesses reported the river was pink the
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- taken place. For these reasons -Rhodamine WT (in a 20%

g solution) was usedjfor all the 1979 tests.

2. 2 2 Early Tests update

A .

Table 4 summar1zes the early tests on the Med1c1ne Lake

) s1nks - The f1rst test was 1nJected by D C Ford in. 1966

-'ﬂsampled by E. Stone and the staff at the dJasper Fish

Ha¢chery and analyzed by M C Brown. Th1s test estab11shed

; the 51mple connect1on between the s1nk and sprlngs 'The

}44'52 hour flow through time. (Ford 1969 Brown, 1970 1971}

1972) is now reduced by 24 hours due to a m1stake 1n
1dent1f1cat1on of the date of 1n3ect1on (M. C Brown pers;

comm., 1979). The lake level of this first. test was s

l.determ1ned in October 1979 A photo of that 1nJect1on

showed the 1ake he1ght The exact he1ght was determ1ned
us1ng an Abney leVel to s1ght on the recently 1nstalled ]ake ‘

1evel poles

‘Tests 2 4 (Table 4) were. comp]eted by Brown and Ford

.Test 2, u51ng fluoresce1n ‘was unsuccessful probably due to s

'cthe fact that fluoresce1n decays quxck]y 1n sun11pht and the_ff“[-~

|

lake was at a very h1gh level ("nearly full") wh1ch would

‘cause great d11ut1on of the dye Test 3 Was a spr1ng 1ow ]d,
level test (1425, 3m) of the main. s1nks and establ1shed 280 ff':'
"'houn flow- through time.- Test 4 was a late ‘summer medium 1ake3

f level test (1427, 9m ) of the main STnKS Sampl1ng began 44

hours after 1nJect1on and 1nd1cated dye already present in

1
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previous afternoon and a 20 hour flow- through t1me was
establ1shed The 1nterpretatlons of these tests will be o
’dlscussed axong w1th recent resuTts 1n Chapter 4

further 1nformat1on on methodo]ogy_or analys1s of therearTy f

 tests see Brown t1972). , ‘,ti;u

t2 2 3 7979 Tests Methodology
INTRODUCTION
Tests 5- 8 were compTeted by the author and M. C Brown.
durtng the 1979 f]eld 'season. The purpose was to test the_
two sets of S1nKs together and separately at d1fferent Take‘
Tevels, to estathsh fTow through t1mes and poss1ble ‘[ N
connect1ons with the spr1ng fed Takes Tocated at the mouth
~ of, the basln These spr1ngs were dlscovered by scuba d1vers;g
b_l1n the Tate 1960’s and brought to. the attentlon of the |
- author and M. C Brown by J. Todgham Sen1or Park 7
;Interpreter who had thorough]y 1nvestlgated these spr1ngs
,'Test 9- was compTeted by the author. and d Todgham w1th the
'fnpurpose of estab]1sh1ng the posstble connectlon of the s%all
(tr1butary streams wh1ch f)ow out of surface depos1ts 1nto ,;T

Cla

the MaT1gne Canyon gorge/
Water samples were taken from the Ma11gne R1ver at the
Warden Stat1on (F1gure 1) For Test 5 samples were hand
_coTTected approx1mate]y every three hours and anaTyzed onsﬁ
"ns1te SO that the sampl1ng 1nterva1 could be 1ncreased when f

the dye was first detected. For Tests 6 8 a Borden Automat1c i
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_L1qu1d Sampler was used to take hourly samples from the
river (see Appendtx 2 for an explanatton of the sampler)

The samples were analyzed on 51te, then stored 1n .
quartz glass sample Jars Wthh had been r1nsed with
distilled water in order ‘to be reanalyzed at a later t1me 'A
Turner. III Fluorometer was kept in cont1nuous Operatton in o
‘T‘the f1eld It was equ1pped w1th a prtmary sandw1ch f1lter of_

'two Corntng 5 46 (see Appendlx 3) The secondary sandw1ch
| ftlter was composed of two Corntng 590 The lapp used was |
the: general purpose u-v’ lamp (G E. F4T4/BL) Cuvettes used
_ for samples were the Pyrex 12X72 mm culture tubes These VV
‘were rtnsed and tested w1th dtsttlled water before and after |
g each sample Append1x 3 expla1ns the optlcal system of the '
| fluorometer Rhodamlne WT is v151ble 1n concentrat1ons of .
, (approx1mately 1: 106 and is: detectable W1th the fluorometer‘r
~at dilutions up. to £:2X109. | ‘ |
Actlvated carbon detectors were placed at selected

Tflocat1ons w1th1n the system (Table 5) The carbon was tled

,f1n nylon mesh bags and placed in the flOW1ng water Analy51s‘y ;

,,rof the detectors took place 1n the lab at. the Un1vers1ty of E

PtAlberta If dye is present 1n the water the carbon surface

v*'thll adsorb it gElut1on 1n the lab w1th a solut1on of 10%

: (f ammonlum hydrox1de 1n 50% aqueous I propanol wwll replace

"gl1s then tested 1n the fluorometer

‘ithe adsorbed dye molecules w1th alcohol molecules The

""(released dye molecules w1ll return to solutton The solut1on'f’if

sy

| Smart (l972) and Smart and Brown (l973) demonstrate (1.
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\through laboratory expertments how dye loadtng, 1n1t1al
.solutton concentratton ‘and ttme since adsorpt1on occurred
all 1nfluence max1mum fluorescence upon elut1on Greater dye,
:loadtng on the carbon w1ll lead to htgher max imum |
fluorescence on elut1on Furthermore, hlgh 1n1t1al dye
‘fconcentratlons are necessary in order to opt1m1se carbon
"elut1on These effects are due to the adsorpt1on of more
largerﬁdye m1celles at htgh concentrattons than at low ones.
| F1nally, desorptton and red1str1but1on of the dye occurs in
open flow systems over- ttme Even in relattvely clean |
e waters, exposure for over one week w1ll drasttcally reduce
nthe amount of dye adsorbed ’ |
- For Tests 6- 8 (Table 5) detectors were'placed;in £He“5;'

l]vlake bottom spr1ngs two Sltes 1n Lac Beauvert one in Ed1thtv
"téﬁd one 1n Dead Man s Hole (one of the Tw1n Lakes) (F1gure
) The spr1ngs 1n Lac Beauvert are at a depth of 18m (60’)

‘ﬂjbelow the surface and both the Ed1th and Dead Man S Hole

:E\LSprtngs are at a depth of 9m (30’l A styrofoam float was '

| --Jtted to a rocK and the detector t1ed halfway up the str1ng

fﬂ_from float to rock (F1gure 10) Th1s apparatus was necessaryll

7d1n order to locate the detector for recovery,-as the rock

7=7would sxnk 1nto the lake bottom sedtments All underwater.*ﬂ“'"'

T"detectors Were labelled W1th the date of placement and an sﬂf

tffexplanatton that 1ts p051t1on was part of a research prOJectQ“?“

bdu'so that other dlvers would not remove 1t In add1t1onv

"ytfsltghtly subsurface floats were placed above the spr1ng

f;flocat1ons so they could be ea51ly located from a canoe



- Float

5 3'-:*-:»-;;Céﬁn*fi,rh’éftfes- L

Flgure 10

Loke boﬂom Defector

| Styrofoam

Y



sl
.hd; Todgham Sen1or Park Interpreter set up the
jprocedures for the scuba d1v1ng vo]unteer programs He also o
d1d the d1v1ng w1th ass1stance from Natural1st C LaMarre v
and Warden d Woodrowvrfor the du1y, 1979 test B. Glover and
i R. Wong of the Un1vers1ty of Atperta ass1sted w1th the

| d1v1ng

', 2.2. 4 Test 5, May 14, 979 ,w;\‘ o — f‘ 

‘ '_ Table 5 is a summary of the 1979 1980 tests Fg;'the' |
rﬁf1rst of the recent’ tests on May 14 1979 at 1600 hours, 3tght

'4'kg of dye were 1nJected 1nto the s1de s1nks of Med1c1ne Lake"‘”
,i(F1gure 11) (See F1gure 7 for the 1ocat1on of the side ngf-T

| s1nks of Flgure 11 ) The Iake was at a very low stage of ‘_,wh'

o 1426.7m (4679 5 ) It had not- yet begun to f1]1 and

"u;cons1sted of a few sma]l pools at the northern end Ma11gne
. R1ver was also at a 1ow flow stage Table 6 1s a. chart of

},:the mean da1ly d1scharge of the Malwgne R1ver on the day of .

S f}1n3e0t1on for each of the 1979 tests

For Test 5 d1screte water samp]1ng took place for f1ve “_pjhﬁ

“*h“hﬂdays No dye was detected 1n the water sam9185 even after

folpeana1y51s 1n the lab to al]ow for natural sed1mentat1on

"‘1:,5The longest flow through tlme measured prevtous to th1$ testf,vii>

'h*fdfwas 80 hours (1968) so samp11ng was dlscont1nued after 120

."ff};hours No dye was present 1n any carbon detectors that were ;e}*ﬁ

f‘p1n place for the f1rst f1ve days after 1nJect1on However

AV'Y;f'all the detectors p]aced in May 19 (5 days after 1nJect1on)

"~ff'and removed May 28 (14 days after 1nJect1on) were pos1t1ve
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' -_'7“Dischar"'ge of _th‘e_‘ Ma'lgne River

| TABLE 6

© . during the 1979 Dye Tests

———

r
Te

sf;#

Date R

—o—

7
e (cms)

| ’_77__f; ‘A'
e

;ﬁay'l# s
AR
~June 18

‘“JquvZQﬂ

. October 5 |

4,36

39.20 |

|   Guagé[l§¢éted at?the’Wéfden sp5tibﬁ_"

' Source:Water Survey of Canada =~

ey
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- A, Young. who was. scuba d1v1ng 1n Lac Beauvert May 28,

51

14 days after 1n3ectton reported see1ng a p1nk1sh tint to

the water above the sprlngs at the lake's bottom (J. |

Todgham pers comm., l979) Unfortunately no water sample
(j,f was taken of this "dye cloud"

INTERPRETATION
[

‘lf.<‘ Th1s test of the side s1nks establtshed the longest
R

‘ flow through tlme of the system to date At a low lake level_ -

¢
P ‘

.;‘of l426m‘ the dye took a. m1n1mum of 120 hours to appear ‘The ;-
s1de s1nks are located approx1mately 2Km (1.6 mi) up
Med1c1ne Lake from the main s1nks and th1s fact alone would -

| \ contrtbute to a longer fTow through t1me in compar1son to
’ the 1968 test of the ma1n s1nks at a stm1lar lake level. |
;l%k.f Th1s test reveals 1nformat1on that updates the model of -
the system proposed by Brown (1972) He postulated that the B

cave was.a serles of channels o? vary1ng elevatlons The‘

'f".connectlon was relatlvely ftxed between the matn s1nks of
'llgMed1c1ne Lake and the lower Hatchery Pools Furthermore,.the

'l k‘

P

ﬁnputs between Med1c1ne Lake and the Ma1n R1s1ngs flowed to ‘ 'fik

e

v’the htgher (1n elevatlon) Maln R151ngs along ‘the Mal1gne
?»"Rﬁver (F]gure 12) Th1s was based on the large dye loss of

: b the tests The: May,.l979 test shows the Slde s1nks to have:~3

Qgh good‘connect1ons w1th both sets of r151ngs The system must
J'bave m1x1ng at all lake levels, not*Just h1gh lake levels fe;tfll
Jhese channels may have tr1butar1es as well as tvr'd:'vbuﬁv. |
djstrlbutarles (see Test 8) As well the m1x1ng may occur;¢

fﬁby the com1ng tnﬂether of vert1cally separate channels as’ T
Gl . S l.,,~ o




— Medicine Lake ’

A: WINTER

" C:SUMMER

. vReprosenfs water- hlled

P | Figure 12 : :
1972 Model .of Maligne Cave
‘ Source 3rown,' 13 72

. cave possogo T
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‘tVWe]lgasAhorigontally'separate channels.

2.2.5 Test 6, June 18, 1979

| | Test‘6 was‘begun on‘dune t8 1979 Med101ne Lake had
v,_r1sen to an 1ntermed1ate level of 1428m_¢9686 5’) an
1ncrease of 2 1m above the May, 1979 1eve1 A]l r1s1ngsvwere
'fIQW1ng. At 2000 hours June 18, 5 Kg of dye were jnjected
into the'nain‘Sinks Expected flow through txme was E
‘est1mated to be no shorter ‘than- 24 hours based on thev

S
prev1ous tests and cons1der1ng the st111 relat1vely low - lake'

’tzkleve] Table 5 llsts the detector s1tes

Water sampltng was cont1nued for 182 hours after |

: 1nJect1qn and no dye was’ detected 1n the f1e1d However,_va
reanalys1s 1n fhe 1ab 1n Edmonton showed a: pos1t1ve test,;
. Natural sed1mentat1on had occurred in the sample bottles;and‘bff

";low magnttude fluorescence was detected F1gure 13 1s a y“ H

”’igraph of the flow through t1me of th1s test Fluorometer;}“i"

"'[read1ngs were converted to true dye concentrat1ons us1ng; B

'ﬂffresh]y prepared standards and the caltbratton curve of
hF1gure 14 R | .

| Th1s test 1s con31dered posut1ve desptte the ]ow dye

“')

1}concentrattons for the follow1ngsreasons The }}'
'

"17t1me concentratlon curve 1s of the form expected for Karst

'“af1nvestlgat1ons Th]s 1s a qu1ck rlse fo]lowed by a long

"t”tatl As welt the concentratIOns beg1n at 0 and return to O

7ff‘after the dye has passed

| ‘“_: F1gure 13 shows that the dye arrtved 46 hours after

Ty I S N - ) ] S



(True Dye.'Concgntratidn (X 167)

y
\\
o Figure 13
+ Test 6 Flow-Though Time
injection June 18, _'ZOCX,) hours '

_———— Sampler. éregkdown e
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'injection-and was detectable»fOr another 36 hours. Fourteen

hours of the curve had to be estimated due to sampler

¢

breakdown The f low- through time for. this lake level was

grossly'over-estimated so the detectors were put in place

during the final portion of the dye s appearande,wAll the
fdetectors were negative,

: INTERPRETATION .

| Test 6 demonstrates that the Maligne system has.a very
fast flow- through time for its distance, relativevto-many

Karst systems of the world Thi5~is indicative of'a'very

'“efficient cave. Brown (l966) investigated a system of 19. 3km

(12 miles) With a vertical drOp of 381m (1250') in damaica

and established a flow- through time of 14- 17 days Here in

Maligne, \a system of Similar length the flow- through time

- can be less than 1. day. (See‘also‘Bidovec, 1965, Trombe,
1952, and Burden, 1963. ) | ' -

This test demonstrates the large amount of dye loss in

| the Maligne system Dnly low magnitude fluorescence was"

detected With 5 kg of dye inJected The large maJority of

_the dye was either finding other outlets being adsorbed on

.sediments or diluted beyond detection It. is qUite likely '

ithat all three processes are active. Dye was only detectable”:

after natUral sedimentation had occurred in the sample Jars

 Test 8 (see bflow) adds one new output to the system, the
‘Lac Beauvert Tprings In addition, the large amounts of

water presentlin the system at High f low Will certainly

+

“’“dilute the dye to low concentrations
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- 2.2.6 Test 7, July 29, 1979

‘Test 7 was an attempt to test'both‘Sets of‘sinhs of
MediCine Lake simultaneously to'have‘resulting double peaks
on the time concentratlon curve. Even though the s1de sinks
sink d1rectly 1nto bedrock and the ma1n sinks sink through

the landsltde debris, it was expected that the side sinks

~ would have a‘longervflow4through time than the main sinks;

‘This‘was based on“the 80.hour9flow-through time of the 1968
test of the main 51nKs compared to the 120+ flow through
time of the May, 1979 test of the side s1nks at a s1m1lar

-

lake level. The lake level for, Test 7 had risen to Just over -

“V,the,hiif full:mark.-ﬂ436;9m (4713.2_), which was the highest

level t reached dur ing the 1979 tests. |
, At 1730‘hours,‘duly'29 " Kg of dye were 1n3ected 1nto
the main S1nKs and at 1930 a 51m1lar amount was 1nJected

into the s1de stnks in an underwater 1nJect1on (Table '5)

: (see Appendlx 4 for an explanat1on of the underwater

700 For Test 7 water samples were not - analyzed in the f1eld‘
because of fluorometer breakdown Saupl1ng was conttnued for'

6 days after injection ‘and all detectors were changed every

2 days tw1ce after the 1n1t1al placement

o thure 15 shows the flow through tlme for Test 7. he*'

dye arr1ved 11 hours after 1nJect1on and was detectable for |
'7._an add1t1onal 15 hours Unfortunately the ant1ctpated double'\

| peak 1s not ev1dent on thls graph

Analys1s of the charcoal detectors conf1rms th1s to be

of



True Dye Concentration (X 10)

_ : ~ Figure 15., .
1 Test 7 Flow-Through Time

_ injection Jqu 26,1730 main sinks 1930 side sinks

10 20 0 30 7 o400

Time ( hours after injection)
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the.fasteSt flow-through'time measured for ihe'system to

| date The detectors in place the first two days. after

1nJectton in the spr1ngs a]ong the Maltgne R1ver 5th and

- Bth Br1dges and the Hatchery Pools had very p051t1ve 9]

values(3X-sca1e of 40 for example)(see appendtx 3).

were less p051t1ve (30X scale of 40) and from that t1me on

the detectors were negat1ve The detectors from the Sprlng

“fed lakes and the ones p]aced in the smaﬂ] trtbutary streams

‘showed very low amounts of f]uorescence{ not enough to -

conf1rm these as part of the system at that ttme

Test 7 was 51gn1f1cant in’ thgt 1t was the f1rst
successful test at such a h1gh//ake lTevel when dllut1on of
the tracer beyond detectab111ty 1s very ]1ke1y Even more'

1mportant is the fast flow through t1me for th1s test

- Flow through t1me for the over- sp111 water follow1ng the

_ surface channel from Med1c1ne Lake to Ma]tgne Canyon was

wﬁsystem is Constrtcted at both 1ts 51nks and the r151ngs yet
the flow through tlme at htgh lake ]eve4~appeap$ to be {qu e
> approx1mate1y four hours longer than surface flow Aga1n

53~th1s suggests a very eff1c1ent and well deve]oped cave

| 2.2.7 Test 8, October 5, 1979

Another low level test was completed in October 1979

fﬁMedtc1ne Lake had almost dlsappeared be1ng at a level of

j.t

_ detectors in place in these locat1ons the follow1ng two days“

/ .

_determ1ned to be 6 hours,r45 m1nutes (Ford 1979) The cave ::-,
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1426.2m (4678’l.:lhis was 0.5m Tower than the May,"lé7é test
o Qf-therstde sinks. At 0900 hours,'ls kg of dye were injeCted |
i'into the main sinKs Sampling continued for Sldays.after |
”1n3ect1on w1th no dye detected in the field. The detectors

were changed every two days at all locatlons except for '

‘those in the spr1ng fed lakes

‘Figure 16 shows the t1me concentratton curve: for Test 8
after reanaly51s 1n the lab. The dye arrtved 35 hours after

1n3ect1on and ‘was detectable for another 60 hours Analy51s

-of the detectors at 5th and 6th Brtdges and those of the

: Hatchery Pools conftrmed the results of the water samples

Aga1n the detectors in the tr1butary streams on- the south

wall of Mal1gne Canyon were marg1nally p031t1ve The

:Jdetectors in Lake Edlth and Dead ‘Man’ s Hole were negattvel"
- However,_the detectors in. ‘Lac Beauvert 1n two locattons;11
lwefé p051t1ve These detectors were. removed 14 days after‘T-yl {
'TfnjeCtiOn’dd" ' e 2 o

e INTERPRETATION

Th1s test was s1gn1flcant because 1t establ1shed an‘

"3add1t1onal output to’ the system Ford (1969 p 14 17) hadf'}
“”t'h1nted at th1s p0851b1l1ty 1n one of the Parks ReDOPtslifid

-

| *f all”s1nk 1n the bottom of the (Med1c1ne) LaKe and‘7ff7
f;g;move as proper karst flow to sprlngs in lower o
T;;Ma]1gne Canyon or adJacent p01nts along the man1n’ftri'
.xdtof the Athabasca Rtver floodpla1n | ?thedft o

"»7d1sperston of sprtngs over a w1de frontage and the5-
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‘ T1m1ted hydrostattc head suggest an exit buried at
some: depth by the Athabasca River graveTs Th1s is
now dtscharg1ng upward through an initial f1ssure
system that ‘has been substant1a]]y shortened by the
v1ndependent er051on of Maltgne Canyon down 1nto 1t " |
Test 8. conftrms that the cave water flows to the- Athabasca

.R1ver floodeatn and 1nto at Teast Lac Beauvert as Spr1ngs

'»2.2'8 TestIQA Mapch‘15 1980 ?Hhtf-t R

Test 8 was comp]eted w1th the 1ntent of connecttng the
sma]l trtbutary streams that flow off the valley 31de 1nto
Ma]1gne Canyon to the system On March 15, 1980, 5 kg of dye\

ulwere 1nJected Tnto the main s1nks of’ Med1c1ne Lake It was

;necessary to cut a hoTe through 76cm of 1ce to reach fTow1ngj -

' water for thTS TnJeCtTon Detectors were in pTace before f5
- 1nJectton in four ]ocattons (thure 5)(Tab1e 5), and ]eft
for 1 month OnTy two of the four detectors were recovered

and analySIS showed no dye presznt in these detectors e

..'"INTERPRETATION

- v

These streams fTow aTT seasons of the year and the

':water remalns at a- constant temperature They flow out of

'v,dh;surface dep051ts but 1t 1s ltkely that the contact between»

‘-tijalllser llmestone and Banff shale 1s underneath these

N

“'vif’depOSIts at the start of these smaTT streams For these

a,freasons 1t was suggested that these streams represent m1nor vvl

' 71u‘;spr1ngs 1ssu1ng from the cave,,The negattve results may

‘:t1ndlcate one of three th1ngs These streams may be who]]y Tlfff7?‘

. Vi



63

 fed by,v surface r,r';un‘off and d'o not repreSén_t water from the

cave.. These"_,str;éams. ‘may be ysprin.gs firom the cave but the dye‘

w“asA d1luted bveyond»detec'tiori'. Finally, 'tﬁ‘es’e s“tre,am‘s_ may be - “

>'ca.ve stbeams but the_dye w'as desor".bed from ‘vt‘.he,‘ dvetecl.o,r‘s in
the t1me le'ft' in plj'ac‘e.:. Further?' i_nve~s’t‘ig’atio'n‘ of fh:eSé

streams is recommended.



" 3 CHAPTER THREE, HYDROGRAPH ANALYSIS OF THE MALIGNE RIVER

3.1 General Review of Hydrograph Analysis'
Analysis. of a‘stream’s hydrOgraphs'has proven to‘be an

effective tool in the 1nvest1gatlon of its dra1nage ba51n

',‘ Most of the techn1ques of analysis have been appl1ed to

storm hydrographs but these may be expanded for use on
yearly hydrographs' The hydrograph w1ll reflect -
charactertstlcs~such as slze,_shapeltand slope,of_the'bastn
from which”the water drains. ‘Geology; and'soil types,
vegetat1on (F1gure 17) and p0551ble glacial cover all;“
1nfluence the shape of a hydrograph Eor example, the‘risﬁngvpv
~limb of a hydrograph 1s-generally‘concave upwardland it |
t.partly reflects'the infiltrationbcapactty.of soils in'the
basin A sudden steeply PlSlng l1mb on a hydrograph reflects,‘
1mmed1ate surface runoff and ltttle absorptton If the ba51nb
‘ has a large storage capac1ty and absorpttve surface, the
o hydrograph will reflect this w1th a lower peak compared to a |
hydrograph of a ba51n w1th llttle storage capac1ty Th
recess10n curve represents outflow from bas1n storage 1ts~'
'slope w1ll largely reflect the phys1cal charactertsttcs of
the ba51n related to storage propert1es (Mortsawa, l968)
- The shape of a hydrograph reflects watershed S

charactertst1cs as" well as the twme and space d1str1button

"! of prectp1tat1on or melt 1nputs Deta1l on the prec1se shape?tf ¥

and recess1on curve form can be descrtbed by several 1nd1ces’~”“

(F1gure 18)(Gregory and Walllng, l973) Lag tlme s the_r"qif7;f;j°'
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*interval between the center of grav1ty of the graph of |
effecttve 1nput and the hydrograph peak.- Tlme of Plse is the o
1nterval between the beg1nn1ng of the rise and the
assoc1ated hydrograph peak Base tlme is the°basa1 w1dth of
the hydrograph and depends on the techn1que empToyed Peak
to mean ratlo is a measure of the hydrégraph peakedness
where the mean s the average Tength of storm runoff for the
base tlme of the hydrograph Runoff percentage 1s the
proport1on of the ralnfall occurrlng as - runoff Effectlve

Rainfall 1s the depth of ra1nfaTT equtvalent to the voTume

»
A
&

of storm runoff o o
Sherman (1932) presented a method of standardwz1ng H'V-g o
hydrograph form in order to 1soTate the character1st1c shape l?v
of the catchment under study Th1s 1smaccompl1shed by - )
apply1ng the Un1t Hydrograph concept thCh was updated by
| Gregory and WaTTtng (1973) A Un1t Hydrograph of durat1on T
was or1g1nally def1ned (Sherman, 1932) as the hydrograph of
d1rect runoff resultvng from 1 cm of #%1nfa]1 generateda}:
| unlformly 1n space and t1me over the watershed in un1t ttme t A
| T Gregory and Walllng (1973) update th1s£%ef1n1tton so that fhf:~
the term un1t app;t s to ralnfaTT amount (1 cm) rather than )

| ratnfall durat1on As a result T ma»fbe_varted to f1t the?iég;ggft

] study (F1gure 19)

Reltef undoubtedly 1nf1uences runoff wn a ba51n Th1s

1nfluence 1s based on the fact that steeper s]opes prov1de

\I

f more ava1lable energy than Tess steep slopes The tlme of _5a53?

hydrograph rlse and lag t1me w1lT be shorter and peak

-
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discharge rate may be- higher in th?_ba31ns with the hlghest
relief rat1o (F1gure 20)(Gregory and Walling, 1973). |

Hypsometric analysis has been applledv1n the study of
relief. The percent hypsometric curve was deve loped by
Lapgbein et al.,(1947) as a method of expre551ng the |
area/altitude d1strlbht1on of a basin. Strahler (l952)
: explalned the procedures for calculat1ng the d1mens1onless
“hparameters so that curves may be compared reoardless of the
_‘bas1ns scale.

Two rat1os are necessary for construct1on of the curve.
The first is a ratio of relative helght or the ratio of
he1ght of selected contours above the basln mouth elevat1on
to the maximum height of the bas1n The second ratio 1s of
relative area and is the ratlo of area between ‘the contours'
‘selected and the upper per1meter of the bas1n to the total‘ s
basin area (Ralns,.1969 p.~88). The ratios range between 0.0
and 1.0 and are plotted to construct the curve. The . |
‘Hypsometr1o Integral may then be calculated as the ratlo‘of _
.the area under the curve to the total area (F1gure 21)

Bas1n shape partly determ1nes lag time, the t1me of |
rise and peak height on a hydrograph (F\gure 22). Bas1n
_~shape is related to the dra1nage network pattern Where‘
there is an eff1c1ent network (ngure 22e) there will be a
‘slower rise but a hlgher peak Where the network 1s
llengthened (Flgure/32d) there w1ll be a qu1cK r1se but a
‘lower and less sharp peak. |

There have been numerous measures of basin shape
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presented in the“literature._lhe early measures usedithe.
circle'as a standard for basin shape'(Miller 1953, Maxwell
‘l961).'Chorley,‘Malm and Pogorzelsk1 (l957) proposed that

-'few bas1ns are of a c1rcular form and a better standard of 5”

| "ideal shape would be the lemn1scate Toop (Flgure 23). They fyp
S presented two measures of shape based on the lemn1scate |

| loop The first value is K, and is an 1nd1catlon of the
relatlonsh1p between max1mum length and maX1mum w1dth of the‘v

. basin. When k= Un1ty, the bas1n is c1rcular . K may be

‘calculated w1th the follow1ng equatton

I W

L= nax length of ba51n from the mouth to some potnt.on the:-dﬁ;;
o : d1v1de | |
1‘ =3. 1416
& | | ; A Bas1n Area.‘\ o |
‘u:The second measure of shape presented g1ves an 1nd1cat1on of N
'how closely the actual dra]nage baSIn shape approa\hes*the
: f,1deal lemn1scate loop and 1s called the Lemn1$cate Ratto
fItS calculatlon is qu1te compl1cated | }:&:. "‘ ’
;r Hydrograph analysts lS not at present a w1dely used ::fll;
A'r tool " 1n\the 1nvesttgat10n of - Karst systems Aley (l963) e
"suggests four ba51c model hydrographs for subsurface flow
F1gure 24 shows hlghly generaltzed hydrographswfor four such

»flow reglmes Hydrograph (a) 1ndtcates a free flow1ng cave e

s




. Figure 23

. Lemniscate Loops

K
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“»stream not delayed or 1mpeded and is typlcal of a mature
Karst area Often. the tall w1ll be greatly elongated by a »
carry over from prev1ous storms Hydrograph (b) is. an
'example of a free flow1ng cave stream with'a delayed y1eld
.vsuggesttve of the Jo1n1ng of two streams, each with |
.d1fferent peaks Th1s is caused by the arr1val of a volume
of water that was delayed or perhaps traveled a greater

, d1stance than the water creat1ng the first peak. A s1ngle

: stream fed by water Wlth a long and short, lag t1me between.

;f?;prec1p1tat10n and arrtval would also cause thls shape of

,,

& curve. For example,:1f a. watershed had a port1on covered

:“Wlth 'bare llmestone whlle another port1on‘%ad a glac1al till
o mantlet thts curve would be. typlcal of 1ts d1scharge :
o Hydrograph (c) shows 1mpeded flow where the volume :
'fycarrytng capac1ty of the underground stream has been . B
reached It 1s typlcal of sprlngs wh1ch dratn 1nundated

3caves Hydrograph (d) 1s a spec1al case of type (c)

5reserv01r may ex1st upstream of the constr1ctlon and the :

Ef;water rtses htgh enough to f1nd aaother opentng through

i;fthe secondary plateau super1mposed on the pr1mary plateau of
‘“tde1gure 24(c) ,,ﬂ,&n'_.f | ,'”_‘, _’ - ““”:,_ }_ L
| | These four hydrégraph models may be used to pred1ct the f
’dtdf rate and durat1on of flow A untt hydrograph may be £l

."constructed and adJusted to the calculated storm value of

f‘f[vtlme may then be taken d1rectly from the adJusted storm 15'; e

RN

—

':vc,wh1ch to draln Th1s htgher level cave 1nundat1on produces“;f'”'-

"j_fsubsurface flow Durat1on of flow and flow volume at a gtven L
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hydrograph (Aley, 1963). L R

3. 2 Mal igne Hydrology | |

The. MaTTQne R1ver rtses in the Brazeau TcefTer at an

"*eTevat1on of 2591 m.a. s. 1. (8500’ )~ It traveTs a totaT of
B7.6Km (42 mi) to 301n the Athabasca R1ver The mean u

~'_jgrad1ent is 23m Km v (116 6 ft/m1 The steepest gradtent 15:r‘

near the mouth of - the river in MaTlgne Canyon As the : n

MaTTgne R1ver cuts 1nto the hang1ng port1on of the baSTn |

above the Athabasca VaTTey, it drops TSOm Km- 1‘~TabTe 7

| presents a comparTSon ofﬁseTected data characterTZTng the

-b MaTTQne and M1ette R1ver BaSTns (see thure 25) .

The Mangne Rtver dra1ns aﬁ area of 880Km2 (332 m12)

=y 7and has S maJor tr1butar1es These are ExceTs10r Creek

L ‘ Beaver Rtver Coronet Creek, and two unnamed creeks “that

- Contp]bute to reTattveTy Tower peaKs on the runoff

o ;;as reserv01rs, stortng rug ff JTh@é c

';;:;runoff wh1ch shoqu dampen fToodfﬁeaks%

) enter on the south STde of MaT1gne R1ver between Med1c1ne

S

and MaTtgne Lakes The MaTTQne Ba51n 1s Tong and narrow,‘,g

'ﬂ.;7be1ng 65Km Tong and 20km w1de (F1gure 25) ThTS shgge shoqu'ﬁf

Thydrograph In add1t1°n the Mallgne vaer fTows 1nto and fﬁfﬂiﬁ

0‘

- out of two Takes Med1c1ne and MaTTgne"LaKes,{and both act

o Jtes a Tag ttme for o
LR A o
n a hydrograph

“”fHowever Brown (T970) suggests that smaTT shock wave fTood ;“ﬂff

”;;qulses can be 1dent1f1ed on a hydrograph of water com1ng

‘?ﬂlifrom MaT1gne LaKe The effect of Med101ne LaKe on the shape,fl'“

':ltgof the MaTTQne R1ver hydrograph WTT] be dtscussed beTow



TABLE 7

Maligne

I

i

Comparison of thg'Maligne and Mﬁette Basins | Co

‘Miette

area

)

2 )

880 km® (332 mi.

663km (256 mi 2

) |

>

lengfhfof river |

iy

67. 6km (b2 mi.)

¥‘>u9.3km”

G1 i

elevatlon of
source o

(8500')

1982n - (6500!)

- S
" lelevation of

: 1036m :<'3_1+o_o.';)= |

’: jd36m'

(3400")

mouth

: §}adienf" 

NP

23m (3 16.6'/mi.) v. |

i
i

‘(100 /ml ),

'”.Iakés:"

-] Maligne 177lm (51480‘)
ol Medicine lhh9 m (h750')

 ; M?etfeTTSBZQ '

(6500')

.,\‘

_ -Eastern A L
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*»,{Athabésca R(vqrvi,“

 ”western RN

ii*Trlbutary to the .

.| Athabasca River
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‘ Discharge.data are available for the Maligne River fnom
:Water Survey of Canada for»the'years 1973 to present., |
'Llncomplete recordslare available‘for’theVyears 1916 to 1920."
Table 8 presents ba31c d1scharge data for- the Mal1gne R1ver
| 'Las compared to the Miette. ‘The gauge for the Maligne Rlver
‘r1s a graphlc gas purge pneumometer located 1mmed1ately down
vrlver from the Warden Statlon and below the cave spr1ngs
The Mal1gne R1ver s mean dtscharge for the years 1973~ 1979
'1s 16. 09m3s ! (560 cfs) Max1mum dally d1scharge occurs

',between early duly and early August dur1ng summer storms

)

which, comb1ned w1th h1gher temperatures, produ:e 1ncreased

tsnowmelt It ranges between 44. 2m3s ! and 72 8m3s\J for i
“these seven years M1n1mum dally dtscharge occurs ddr1ng the .

‘3Qw1nter between late March and early Apr1l and averages |

1. 8m3s ¥ >:.d-; ‘:m.__:k;/-i ‘ 4’ -,";_]ah“* .

'3 3 Mrette Hydrology o
The M1ette R1ver was chosen as an analog to the Mallgne? -
5f-R1ver Its behav1or 1s not altered by an underground |

| 7fdra1nage system as is the Mal1gne R1ver s behav1or Its'tjttf"

”fofd1men51ons (Table 7) and d1scharge data (Table 8) are

"A;‘comparable to the Mallgne Bas1n It 1s relat1vely close to

""srffthe Mallgne Basin, located Nw of tﬁe Mallgne Bas1n across

"“}the Athabasca R1ver Valley Theﬁmouths of. the two rlvers arehf

'Wdlokm apart along the Athabasca whereas the heads are 100km

%

T

‘”"“;fpfapart (Flgure 25) :~7]ﬂ}ﬁﬂng_ﬂ15lfffyf"Vﬂif"7“°’
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RTINS § S 1S proposed\thatﬁthe Mjette\ﬁiver is typjcat'ofta,’

t“mounta1n flow reg1me It~headS»in4Miette Lake “a small

'(BOOXTOO‘T“ﬂaKe at the- conttnental divide. near’ M1ette Pass

"-f.The Mtette Rﬂver flows south to \éllowhead Péss where 1t

"SW1ngs east to flow 1nto the’ Athabasca Rtver It dra1ns av

'bas1n of 663km2 (256 m12Q and ‘has f1ve maJor tr1butar1es

| sThese are’ Rink. Brook Deer Créik Mlnaga Creek, and twol: o

‘unnamed creeks wh1ch enter from the SE port1on of the ba51n

The Mtette R1ver fTows a totaT of 50Km (31 m1) in the vaTTey 3'jf

between the Cont1nenta1 Ranges on the north and the Park

- Range of the Rocky Mounta1ns on the south Its average

A.grad1ent is 19m Km 1 (100 ft/nn)

Hypsometr1c ana]y51s was app]ted to the two bas1ns to

obtain- a measure of rel1ef (Strahler 1952) F1gun 26 1s a

o plot of the percentage hypsometrlc curves for the two

-

:-bas1ns These curves 1nd1cate that the two bas1ns are t"

| s1m1]ar 1n the1r re11ef to area dlstr1but1on The f

"Hypsometrtc Integrals of the two ba51ns further support thts B

Js1m1lar1ty The" Mtette Integral is 56. 3% and the Mal1gne

Integra] isg55 ax. The m1nor dlfferences in the hypsometr1c

} ‘u:curves may be attrlbuted to the fact that LhﬁkMaT1gne Valley

: 1s a hang1ng valTey wh1]e the M1ette 1s not Th1s gtves the
Targer port1on of the drop in eTevat1on for the M1ette Ba51n
tﬂear the head waters rather than near. the mouth as is the

case for the Ma11gne Bas1n The hypsometr1c relief measure

'f_*supports the compartson of the two basins, hold1ng rel1ef

,relat1ve]y constant
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‘*.T"approx1mate1y 0. 5m s (17 cfs) The maX1mum daTTy dlscharge

'for the years 1973 to présent The record1ng gauge is-

D1scharge data are also ava1]ab1e for the M1ette R1ver

'Tocated near to the Junct1on offthe M1ette and Athabasca

; r1vers The mean d1scharge for 1973 to 1979 is 11 2m3S"}

in W1nter between m1d danuary ang early Apr11 and 1s -’;j -

’joccurs 1n dune dur1ng ra1n storm pertods wh1ch accelerate‘f‘

melt of snow. to max1mtze sprlng surface runoff Iable 8

'.TM1ette Rtver bﬁt totaT d1scharge and mean d1scharge are -

SN

f'&h1gher for the MaT1gne R1ver If prec1pitat1on was edua]

\y.

. ;ha measure of bas1n shape (ChorTey, MaTm and Pogorzelsk1

k‘“.1957) the reTat1onship between bas1n Tength and baswn W1dth ft

:»tAW1th 2,94 for the M1ette Bas1n Th1s measure clearly -

‘demonstrates that the M1ette Bas1n 1s more rounded than the

Mal1gne Ba51n wh1ch woqu cause storm runoff to peak

h 1mportant 1nfluence 1s the MaT1gne cave system wh1ch w111

“,fdetawl below

P

B4’

,:«(370 cfs) The Mtette R1ver s m1n1mum dally d1scharge occursf

J f}shows max1mum dally d1scharge 1s cons1stent1y h1gher for thef.w~

'Tbetween the two bas1ns, the M1ette Bas1n s shape could be;df7"‘

3 :ppart1aTTy respon51ble for thlsV U31ng the lemntscate loop as*f'T

' fjmay be def1ned as ‘the vaTUe K. For the Mal1gne Bas1n K= 4.07, ae"_j.ff

~'reTat1ve1y qu1ckTy compared to the Ma11gne Pos51bTy a more':f

Tact to dampen runoff peaks Thts aspect w1ll be d1scussed in

\
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‘7‘ﬁd dtscharges of the two r1vers closely match the maJor summeri.“.-‘

8 . v A - . oL .
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3 4 Hydrograph Presentatlon Interpretatlons

3 4 1 Phesentatlon

LS

Plates 1- 7 are hydrographs of the Mtette and Mallgne

‘_levers for th% years l973 to 1979 The Mal1gne d1scharge is

’Trepresented by the blue curve and the M1ette 15 represented S

‘the two bas1ns are under s1mllar general pPeClpltathn and

ﬁhtl,'

:'f ftemperature reg1mes thure 27 1s a plot of cltmattc data

'rﬁ.by the red curye The M1ette R1ver dlscharge data have béenh'
- altered so that thexmean d1scharge equals that of the

I \

| :td* Mallgne for each yaar Table 9 s%g:s the amount altered
L A

There are very 1nterest1ng

iabout the compar1sonﬁpf the two curves for correspondtng

"anyears Both are- s1m1lar\ﬂn that they show the expected r1se p'"f

1n d1scharge dur1ng the spr1ng melt of May and dune It 1s

:-thteresttng tQ note that most of the mtnor peaks correlate ‘ _'
i f1n both curves. although the M1ette peaks are somewhat jA ‘_h
.'psharper r1stng to a h1gher peak and falltng qu1ckly It 1s

»f_:proposed that the correlat1on of the peaks demonstrates that frf

Y

'ffor da5per Towns1te, located. m1d way between the two ba81nsff- e

"'“fItzls acknowledged that local cltmates of moun§a1n ba51ns ;*'

“(even those of close prox1m1ty) may vary s1gn1f1cantly

v‘°AHowever thure 27 demoﬁstrates that the spr1ng peak

rtra1nstorms recorded at dasper Town51te plus htgh

o :temperature cycles The lsunmer early fall dtscharge

"_peaks may be attr1buted~to prec1p1tatton alone because,snowﬁl'

\‘»melt has been largely completed by that t1me

ervatlons to be made .j-ﬂ;';
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‘ff thTS pertod the Mal1gne Rtver dtscharge reaches a fatrly

,17?. (varytng year to year from Tate August to early October)

>

PTates 1 7 reveal a str1k1ng contrast between the two

curves durtng the summer months of dune to August Dur1ng

constant plateau of 42 5m3s 1 (1500 cfs) W1th the exceptton_

of anOP 1solated peaks At the end of th1s pTateau phase

there 1s a sharp drop of the Mallgne R1ver dlscharge For .

most years the dtscharge drops w1th1n one week to values it“mé

comparable to those of the Mlette Rtver ln contrast to the ‘

MaTtgne plateau the peak dtscharge of the M1ette R1ver
the thTPd week of dune ‘

occurs approx1mate1y durtn

(averagtng 77mas 1) and very gradually drops through the T;f}

IR ‘88

B

next four months -

o

The dtfference curve at the top of each hydrograph

demonstrates the d1st1nct separat1on between the two fTow t5f?fﬁ’f

regtmes There 1s a Targe d1fference (>15m3s ', 530 cfs)

between the two curves dur1ng the months of Tate May to late

Ll

August The M1ette Rtver d1scharge 1s greater than the fr*'5°’

MaT1gne R1ver d1scharge from Tate May to Tate duly At thls'é:?f

t1me the MaT1gne R1ver dtscharge becomes greater than for

the M1ette R1ver unt11 they equaT1ze aga1n 1n Tate August

or September fh

/

3 4 2 Interpretation

-] The Mallgne R1ver hydrographslare cTass1c examples of

1mpeded flow The dtscharge plateau of 42 5m3s 1 (1500 cfs)

approx1mates the fuTT voTume carrytng capac1ty of the J?faf‘
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cMaltgne cave‘(e1ther max1mum capac1ty of the‘stnks,‘cave 5*f-h7?

rpg,channels or PlSlngS) plus the add1tton of mtnor surface Jh'?

'?runoff down valley from Med1c1ﬁe Lake Storm and runoff
'Vfipeaks are dampened on thls plateau_because the maJornty of
"gllsurface runoff in the baS1n w1ll be temporartly stored 1n
?“ﬁthed1c1ne b;ke, leav1ng only runoff downaﬂalley from the 'je 5
'w”:'¥f51nhs to contr1bute to a peak on the hydrograph The plateau{fhfﬁ
vfa;cont1nues 1nto late duly whennthe M1ette R1ver dtcharge | i
'afjﬁ}?starts to drop because the cave conttnues to dtscharge at
“*dfitts full capac1ty as 1t dra1ns Med1c1ne Lake Dtscharge
“A?idrops qu1ckly (w1th1n one week) 1n the late fall when }?_hfg;pﬁﬁq
”~i.T;Med1c1ne Lake 1s almost empty Th1s drop ts much sharper hiffflﬂhi
;V-,;L;than is characterlst1c of the MJétte R1ver | .
oo Water level graphs of Med1c1ne Lake for the years l976
v;ﬁitiil978 1979 (thures 28 30) support the above observat1ons
ip;\_ﬁfMed1c1ne Lake beglns to flll at the same t1me the plateau L
”‘hfbbeg1ns on, the correspondtng hydrograph The h1gh lake levels

“.rcorrespond to peaks on the hydrograph Ftnally the sharp

'%‘f}drop of the d1scharge hydrograph corresponds to the t1me
3If[;fMed1c1ne Lake becomes nearly empty o

»y Flgure 31 1s a dasper cl1mate and Maltgne R1verv
lh; dtscharge plot for 1974 It demonstrates d1scharge of up to
'h'ig330m3s t (100 cfs) above the plateau throughout duly Thts 1s fiﬂ-’
j_fh'an example of d1scharge dur1ng an overflow pertod of ,‘ | ;
=”',."'._,.Med1c1ne LaKe Runoff flowed 1nto and out of Med1c1ne Lake i

'*THV1a the overflow channel from dune 29 to August 13 The htgh

"f;jtemperatures of dune accelerate snow melt and the ratnstorm ”;dff§~
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: f[;dur1ng the end of dune, and part1cdﬁarly the storm 1n the

..i'“second week of du1y (ngure 31) DPOdUCEd th‘s overflow when';'

‘d,hfespec1a11y as app11ed to dasper Natwonal Park plann1ng Mr

- . SRl
e SRR o
93 AL
R g
. LRs [ v
e -

DR )
3 b

: "the storage capac1ty of the cave had been exceeded

"“aj It 15 1mpoptqnt to note the magn1tude of th1s overflow:t‘

‘.JAC Wh1tton made avallable a photOgraph of an overflow 1n 19654#; l

vyf?i(Brown 1972) wh1ch shows a flood from the overflow channel-:“”

‘7*ﬂ°f Med1c1ne Lake of 1 8m 1n depth These flood events must'm

X

/

1rbe taken 1nto cons1derat1on 1n the development of the ba51n'

the bu1ld1ng of bu11d1ngs and br1dges
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4 CHAPTER FOUR DISCUSSION AND CONCLUSIONS :('x
'The Mal1gne Cave is one of the Tangest 1naccess1U1e caves 1n
the wor 1d. The present research comb1ned trac1ng w1th |
TfThydrograph analys1s in order to obtaln data to present an

’updated model of this vast cave system ,' R

| The f1ve dye tests comb1ned with the results from
tprev1ous dye tests. demonstrate that water enter1ng Med1c1ne
vaaKe s1nks in two ma1n p]aces,,around the northern end of |
the lake and halfway up the TaKe on the northern S1de The
1 dye tests have shown that both s1nR areas’haveféood R
'connectlons“ at aTl Take levels, to the ma1n spr1ngs below
vMaT1gne Canyon and the Hatchery PooTs at even lower
'elevatlons It has a]so been conftrmed w1th dye test 8
‘that the spr1ngs in the bottom oﬁxLac Beauvert represent a.
prev1ousTy unrecogn;zed output from Mallgne Cave The
“‘d1scover of these spr1ngs add ev1dence to support the
,hypothes1s that durvng the. PTetstocene the proto Athabasca :
g]ac1er destroyed well developed sprxngs near the on
Athabasca River floodp]a1n and covered the open1ng w1fh
_fluv1al sed1ments (Ford 1964) . This resuTtedv1n the w1de
lesperston of the present day‘spr1ngs The Lac Beauvert
springs could represent/azremnant of the bur1ed

pre Plelstocene output ‘. Y

-

The,small tr1butary stréams wh1ch flow off the val ley

<

. side 1nto Mal1gne Canyon were not successfully T1nked to

‘ Med1c1ne Lake Further research is necessary to determ1ne 1f ,

these streams do reflect only surface runoff and .not cave

1

o



springs desplte the fact that they flow out of surface
depos1ts year round and at a constant temperature |

Two new research metho;s w;re‘successfully applled 1n
‘.the present research Both 1nvolved the co- operat1on of
scuba d1vers The f1rst was an underwater injection of
;Rhodamlne WT 1nto the s1de sinks. of Med1c1ne LaKe Thi's p
| method allows 1nJect1on dlrectly Anto the s1nks in order/to

.tavo1d serlous dllutton of the tracer before 1t enters the

' rcave The second method 1nvolved the placement of detectors

gln the Lac Beauvert laKe bottom spr1ngs to detect dye before A

'fpthe traced water entered the lake and-became furthér

“-dlluted These 1nexpens1ve methods proved parttcularly

‘-.useful 1n Mal1gne and may bgpapplled anywhere where large
’L' amounts of water may ea51ly d1lute the tracer beyond .

: detectlon

%

The m1n1mum length of the Mallgne Cave from s1de s1nks ;'r,-

..oﬁ Med1c1ne Lahe to the Lac Beauvert spr1ngs,‘is~“' ”
approx1mately 18. 5km The drop 1n elevat1on from the 51de
1,81nks to the Lac Beauvért spr1ngs is 430m The cave is B
' probably contatned w1th1n Palllser Format1on l1mestone and‘
follows the strlke of the valley ‘ _
/The flow through t1mes, 1nd1cated by the four .f\

'successful dye tests completed for the present study, have -

I been comb1ned w1th the results of earl1er tests and plotted -

aga1nst Med1c1ne Lake level in Flgure 32, The curve clearly

1nd1cates that flow through time decreases’w1th hlgher lake o

’

~stages The 51de sinks have flow through tlmes of greater
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~ than 120 hours at Tow lake levels The flow through tlme for‘.t"

Athe’main stnKs has been establtshed to range between 11
‘i.hours.at hlgh lake level to 80 hours at low lake level
There/is a dlfference in flow through t1mes between the May,'
l968land the October~ l979 tests of the ma1n's1nks even
rthough the tests were at a s1mtlar lake level The 1979 test
was a fall test wh1le the 1968 test was a sprtng test The' .
: dtfference 1n flow through t1mes may be accounted for by “
sedtment psesent in the sprtng that is flushed out durtng
| “the summer and absent 1n early fall Th1s sedtment could act‘;
i to adsorb dye or 1mpede flowv/o result 1n the slower -

a flow through t1me 1n the spr1ng The 11 hours to 120+ hours
' AN

B are extremely fast flow through ttmes relat1ve to many karst o:‘

Tsystems of the world (see Btdovec l965 Tr T" l952

;ﬂBurden, l963) The cave water has been shown to travel Just

:"?fgﬁfour hours slower than surface flow at h1gh lake stages

| fTh1s startltng f1nd suggests a very eff1c1ent cave system

| The relattvely faster flow through t1me at htgher lake
}_levels may be the result of 1ncreased hydrostat1c head |
a;Another pOSSlblllty, Wh]Ch may act s1multaneously w1th

-f1ncreased head s that the flow could be more: d1ffuse at

lower lake levels At low levels there 1s less water 1n the‘va, B

system for chem1cal and phys1cal erosxon on: the condu1ts As
the lake level 1ncreases,,the amount of water in- the cave f
1ncreases At hlgher lake levels\the water could flow in-

: ~more elevated and more eff1c1ent condu1ts resulttng 1n a =

B faster flow through time. Thts concept is supported by



‘rsmartts lunpubltshed) research 1n Mendlp (Brown pers
. :‘ cOmm 1980) Smart has d1scovered the cons1stent presence
ﬁ:;of a small peaK before the maln surge of tracer on |
h:flow through curves He attr1butes th1s mlnor peak to the :
'}arr1val of water wh1ch flows through a more eff1c1ent |
vcondu1t ‘to appear f1rst The flPSt minor- peak present on. the
:Test 8 (F1gure 16) flow through curve may reflecb the .
"f.arr1val of flow through thls type of more eff1c1ent cave fi
gpassage An explanatwon of the presence and s1gn1f1cance of
one m1nor peak on a flow through can not be proven w1thout

o further research but could be acerta1ned upon entrance 1nto 3771;

h» the Cave Sys tem ~_~_ " | | + " _N | R ‘ ) | S

The relat1vely fast flow through t1me 1md1cates that \”;:T
i:f"the water 1s travel1ng through one or more large condu1ts e
':”fﬁcfrather than travel1ng w1th dtffuse flow through many ‘7lfﬂ;f

nfff1ssures and JOlntS Past statlst1cal research comblned w1th,1:c7

'l-tracer tests on: the bas1n lead to the conclus1on that durtngfj;7?

- early spr1ng anq late fall the cave 1s largely a1r f1lled gf‘i"
-h'br(Br‘Own. 1972) ’v p : ,. : : | |

| T. A th1rd explanat1on of the faster flow through t1mes atl

:_htgher lake levels may l1e 1n an exam1nat1on of the Med1c1nef,au
;lv‘ Lake s1nks Hydrograph analys1s revealed a plateau of

‘}l42 5m3s R whtch represents 1mpeded flow throughout most of

:“h;“ the summer Thls flow occurs when one part of the cave 1s |

w—;lﬁlled to 1ts carry1ng capac1ty Thls may be that the ;h,"

k capa01tc of the s1nk open1ngs 1s reached or the caye R

channels become water f1lled or the r1s1ngs d1scharge at



- ﬁ:100

"_".

E full.CapaCtty In the case of Med1c1ne Lake 1t is most

11Kely that the s1nK open1ngs are 1mpeded by the 1andsl1de

o +
debrts

AN
s

"f Data does not eX1st on f]ow through t1mes ofwh1gh 1ake :‘
T .

levels The 11 hour flow through tlme was for a 1ake level

\

the f]ow through t1me cou]d be even 1ess Dn the other hand |

1f 1n fact the capac1ty of the s1nks has been reached when'5»77

l

d1scharge reaches 42 5m3“‘;‘and no more s1nks ex1st at

_l_v

hlgher elevat1ons,_the flow through t1me could not be much

shorter ',.g*}fs‘~fff,Ag~;pf;f1{[1?;,;7;;f;,?’b74.13";t-
thure 33 1s a cross sect1ona] model of Ma11gne Cave

It demonstrates the connect1ons betwé%n all Known s1nks and 557f'

hortzontally separate condu1ts may converge to produce the
m1x1ng The cave model of Frgure 33 1s not drawn to scale ff'w' :

and all be]ow ground elevat1 ns. are hypothesxzed

Just over ha]f full At a ]aKe 1evel of Just under overftow [

r1s1ngs There are add1t1ona1 1nputs 1n the r1ver va]]ey “5}2?53
between Med1cwne Lake and the spr1ngs but these have not yetq;:uf“
been prec1sely located M1ang w111 occur between the s1nks }dtf'

and r1s1ngs at a]l lake levels Both vert1cally separate andt;pd»w
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APPENDIX 2

Automatic Sampler Serial #267 Type #48

’

‘E This samélef has.24 sample bottles which cénnect to*24

. :individua1 tubes the~endsvof thgp wére placéd in_#pe”rijgf;}
:Ihe.bottlgsiare.evéépaﬁéd of;air:ana:g‘Q;cﬁum:is Eﬁégtéa;. iﬁe..:ﬁ '

-  §imeF'o2&;ﬁ¢fé§§§1é£ hésfé;;gf@iﬁﬁiéﬁ.sw%ﬁgs ;rouﬁd‘éna'bﬁéﬁ82“ f.} ‘ﬁkff“f\

‘ gates\to the‘botﬁlés One sgmple is taken every'hour This -

T

if;method is much more efficient than continuous hand samples as f

'?;he-Sample;vneeds;toﬁbe~manged on%zﬂbnceg@erfday;_totgmpéy and-.

' Zf;}qlééquthe{bpttlésf¢ndi¢f¢§ﬁé»the“v§Cﬁﬁm;fﬁowever;5the”lineéia:éﬂﬁi"

onar Anroad ‘ae with ‘e~ama samnlava’
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" APPENDIX 3

3 Optica1‘System7offthe Turner Eluorometer-

Figure 34 demonstrates the optical system of a Turner III
-Fluorometer Maximum fluorescence intensity occurs at a longer
o wave length than maximum absorbance for each sample 50 that the

u‘intensity of the emmitted fluorescence can be separated from the B

.excitation spectra by the two color systems The prumary fllter

-on. the external light source side gf the sample passes only that

S . : : o _ : v
_spectra shorter than the fluorescent %engths The secondary

o filter on the direction side of the sample passes only the desired
1’f1uorescence spectra (Feuerstein and Selleck 1963) h{_ ‘

;sf_HFour.different sized,apperturés (1X 3X lOX 30X) shelter thefa

“ - relative

. More light is needed for lower dye concentrations

Blank 4
Shutter N

.jlnterrupterf" 'llpilcer*;jliff}ﬁ

unts of 1ight entering the sample, the relative fluores-‘

> f:%‘r.aightzsau'raé e
lﬂfﬁ;‘+l:luRange Selecter (4)}:'ﬂft

o : i P Primary Filter .-

- : ple R O
- _\\_ _ 7'fff;'¢. e

Fiéﬁré 34‘ wtill;%f?_;;ri';:lﬂ i}hgédh;ff;lffV;.

Optical SYBtem of a Fluorometer':.f'

Source Feuerstein and Selleck 1963
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'Apést:x 4
Underwater InJection Procedures'
| At hiéh Lake levels theISLde sinks are not v131ble fromlthe
surface Using photos taken during the May; 15%9 test of the Slde
-'?sinks the approximate‘location of the sinks‘was determinedv d;h
’k,:Todgham’then dove to.examine the iake bottomuand locate the.sinks
":-fsTheibest.defined sink was located under 7 mHof water ihe‘traceri:::
"hiwas‘poured into‘abdouble-layered plastic éarbage bag.. Thiswwask5
hdragged h& a line’to the location above thewsink | The outer bag was _; d
.i7¥¥punctured by a knife tled to‘the end of a 2 m (6'5 pole., This re-:f.%;tff
:e7leased the trapped air and the bag was iowered to the 31nk -Then the j -
bujf *;1nner bag was”punctured and.the dye releaséé‘ The flow carri%d the
h‘kdye‘down intovthe sink ' It did notbdilute.out into- the 1ake nor d1d fh u:
| _?it become wisibie-froh the surface | The.piastic bagsvwere picked up
v,hrnonthsrlater when.the lake lewel.had falien and\the sinks‘were exposedi;ffff7

The danger of contamination during the inJection was high there-f’fn7':h

J”ﬂ”fifore the following steps were taken to av01d it The'div1ng‘suit WaS?i .

| :ﬂjcsoaked and the water tested for fluorescence | In addition the diving7)f?£i:5

”oﬂi{gloves were soaked separately and the water tested The results of thef}f'~““

’»5J:f]precautlonary tests were negative and we ‘were confident that there would

L a S

“'dvbe no contamination with further diving
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