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ABSTRACT . |

The~.Mi|k River A'quifer |s the on!y ma[or Arteqian aquufer for |
N domestlc and mumcnpal watef supp(y in southern Alberta whlle the Mitk

River is a ,malo.r lnternatlonal rlver lrrmatnon haq been- proposed for a’

' portion of the Milk River basin. . This has “raised the need to dotermme

+

the potentna! lmpact of subs,urface |rr|qa}|on return flow on tho- aquor )

s

~ - . N ~ -

and the rlt/er

The !ower. members of the M:lk RIVGI" Formatlon which form the.

_-'maln unlts of the Milk. Rlver Aquufer subcrop over the mainrity--of the-

‘area. The. Colorado Group underlays the enttre -area and formq the

ﬁower aqwtard to the flow
| prlmarlly w1th|n the aquufer " Rec
wrth flow downward through the
Flow is then northward wnth dlschar,e mto the Mitk Rlver

: Groundwater W|th|n the rec (rqe areca is hlqh in Totnl Dlsqmvod

Sohds (TDS) whlle the ma]or long are Calcmm and Sulphate " The

stable ISO.tOtpeS' of O and H are depleted ' Wlth\_’fh(‘ dlSChar(]C area, |

. TDS- are low the ma;or ions are Sodlum and Blcarhonate and the stabte

lsotopes are “enriched. It would‘ appear that an’older posmbly

*

‘ p_re—glacta_l groundwater is bemq replaced by a younqer poqt qlacl.’-ll o

 recharge water.

. _\A‘V‘ R
~— AN
.

.Resultsfro’f"'i’!”r'igation% Isirﬁulatio'n'»ﬁind-icate that the: water tablo wiu
'reac'h';_a quasi-steady,state 'con'dit-ion after approxxmately 400 ymrs

Discharge of subsurface lrrlgatlon return - flow " to the rnver s rmt

expected to have a: major lmpact on the rtver quahty nor wul! nrrxqatmnf

have a major |mpact on the Mllk aner Aqwfer to the north

stem. The water table s contmned

rqe is occurrlnq toward tho qmlth-

Jrflcml depoquts mto the nq_urfer,,

)
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crop? AONSIMPTIVE?  THRESHOLD® LR =-FCiw®
USE_(mm) _EC (dS/m) ECaw

y R(®) WRm) .
ALFALFA 648 2.0 9 36"
GRASS 599 7.5 2 7
SUGAR BEETS 516 7.0 2 6
FOTATOES  ~ 505 1.7, 9 23
SOFT WHEAT 493 6.0 3 7
HAD WHEAT 162 6.0 2 4
BARLEY _ 409 8.0 2 - 3
FLAX 386 1.7 7 .10
CANNING CORN 3856 1.7 7 10
FIELD QORN 373 1.8 7 9

TOMATOES 366 2.5 5 6 -
CANNING PEAS ~ 340 2.5 I .
X 459 4.0 5 10
S 100 2.6 3 10

a - from Sormor. (1963)

{y - from Bresler et al (1982)

¢ - from USDA gaP54)

IR - Leaching 2qui rement ,

[Ciw - EC of irrigation water plus precupltatlon

ECaw - EC of soil extract at threshold of crop
alt tolerance .

-

T:ihl(;. 5. Calculated leaching requirements



6.

bModeng of Subsurface Return Flow %

LR(mm) of 3 mm. The mean LR(mm] value |‘S10 mm.. l't'isa-f’tm'li%lu:ly

,l‘ at

a

h’ -

Pump lrrlgatlon systems, elther cu1tre pivot or wheel movc, will be:
- used to irrigate the land in the stu'dy',"area. These systems allow for

.good contro! of the water ‘applied. T.}'we centre pivot has proven to bhe

. ’

" popular in most areas ‘,in_so,uther*n Alberta. As farmers are morc likely

‘to under irrigate (Pohjdkas, 198&)} than over irr‘igate the LR(mm) vatue

of 10 mm will likel_y represent a maximum rechargje'v:xftxe. -

} The impact of_,subsurface irri’gation return flow on” the aquifer and.

the river from a portion of the propose‘d‘irri(‘_ynted area (~Fiqure 21) was

because it represented the largest portion of the.etu(ly aren ;w‘hi'ch was

not bisected by natural drainage courses and is reprre'senta‘tivc of the

-
’

~ areas proposcd for irrigation. , ' -

The simulation of the irrigation problem - involved transient

oy

L8
that a|falfa or barley would hc planted over thé%l}&g wrnqgged m‘m q&?

s

.
o

‘evaluated with the help of the simulation model. . The area was s;nl(-.ctm!'h'_ )

SImulatlons mt‘n the qroundwater flow mode! used »previous‘ly This .

, smaHer study area was discretized wrth a grid consnstmql nf 17 columns,

DU

12 rows and 3 layers. The grld-blocks are squares, 500 m on a J%ld_e.
Layer 1 of the grid coincides with the Deadhorse Coulee Member plus

the till, layer 2 with the Vergille Member and layer 3 with the

. Felegraph Creek Member. - The uppermost p'ar?of.the Colorado Group.

was considered to be the lower boundary to flow. The qrid Was

orzented approxqmately north - south The east and west boundaries of

the ‘irrigated area were, estabhshed parallel to the vqroundw;ztr:r' flow

E

A more hkely case would be an even dlstrlbutmn of al% ot %m(;yuf tho ‘m
P at
crops resultlng in a LR(mm) value clo@ to the mean (10 mm) "‘zv

N
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No Flow Boundary : tern _ :

" Figure 21. Map showing the area used for the simulation of

irrigation and the superimposed grid and
boundary conditions used for simulation

J
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d.irection. Because no flow Imes Cross thcse houndarlos under steady

r

state condltlons and n*ruqatuon will take p|ace on either side, condltmng

wm remain - constant anéap& such these bOLIﬂdﬂFIE% are set as no HOW’

Nboundarles The-wrnjy\er, along. the north houndary was representnd with

constant head nodes using the "river package" from the model, Tl'w'

south boundary'wés established far enough south of the irrigation area

as not to be affected by recharge from. irrigation and was ;'us‘;iqnod
. ) . ’ . . '

constant head values from the steady-state simulation. A storativity for

the aquifer of 3.5x107", which is the mean value for the Milk.River

aquifer calculated by Meyboom (1960), was used in all runs.

The amount of irrigation recharge applied to cach qrid was

calculated using information from thé study by Osborte (1980). Each
grid; which contained an area’ completely -classified for irrigation, was

given a value of 1. . F0{ grids, which contained a1 areh-classified as

nonirrigable, this number was ‘sutjseq‘thlen't‘l‘yvr(?cuiCé;d"._b'y tllwﬁ'.;'.)"of‘cc’nt;x'qu

of land thus 'classedi These values wera;’ thon .rm.ﬂnpl*m'd t)y LR{mm]).
. . LI - v

The resu|ts from the trans1ent si‘mmatsons provm(-d fdam necessiary

to calculate the increased roratrlbutlon nfnqrou'n(;w(ptor alonq the entire

“ |3

reach of the Mllk River "within the, study aroa A’ssummq a rmxed crop

k)
«

type and a recharqe rate from |pr|qat|0n of 10 mm/yr thc mean rise in

the water table after 1000 yegrs would be 9 7 m (s=5, 2) Discharge to

the river would increase from 9. 0>g10 .3 to 2 0x10 "2 mjls". Discharge to

AU ~

the river reaches a quasn steady—’s.tate conditio_n after approximately 400

el

[

[y

years (Figure 22a). )

During. the summer montns, the flow in the river usually exceeds
. @ £ i ) . ) 3 . .
16 m3/s. .The. increased gr\g&mdwater discharge during this season is

calculated to contribute less that 0.1% of river flow. During the winter



g

Groundwater Discharge to Milk River

Figure 22.

B | ; _ !
\“
R . ) .¢'..‘<’-'
8 LN T T T T T l@‘ T .
o 200 400 600 800 1000
Years
Increase in River Discharge at Minimum Flow
12 : : #
o9
1.0 -7
e
~ 3 &
e 08
o i
a (.)..6 7]
o .
(@) .
S 0.4 o
0.2
0 ¢ T T T - T T T T T T
0] 200. 400 - 800 00 1000
. Years .
Plots showing the amount of groundwater dischafge

to the Milk River and the perCTent increase .in.
river discharge at minimum flow as a result of .
irrigationbreturm flow with time

61
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o

‘months, flow drops to as low as 1 rh3/s with the simutlated increased
river flow, due.to the qroundwater contrlbutlon rising to 1.1% (Figure

W

- 22b). }t

of the 3050 hectares within . the)lrrlgated area, waterloqqmq of. the
so:l could occur on approxumate!y 180 hectares. or 6% of the area. The
water table |s not expected to reach the’ qround qurfncv'durmq the
flrst 300 years. |

Perched wate’h—tables exist in areas where indurated sahdétonv'
.. beds immediately .underlay the vt‘;»ll‘. A sted'yv of the drill logs indicate
that these ’_indurated' beds dn not underlie the fill in t-hé «;i'mulation
area. Therefore, perched conditions are unhko!y to occur duc-to the
prropos"ed irrigation exp’ansnon. ThIS is not to say that theqe conditions -

" . ) < o

may not occur at cther sites. If irrigation is to be expanded to.the
south where perched conditions are known to occur, it whu!_d" be.
advisable to study the area in_'furth'er; detail. “

‘Water Quallty lmpacts

To evaluate the lmpact’otl’ szsurface irr‘igatic’)n rethn flow on the

geochemistry of the Milk River é.duifer‘ and any subsequent dischnr'qe’to
: )

the river, it -was assumed that any recharge water 'ehferl*inq the aquifer

would first pass through the tiH debosi;cs., Aea result the w‘z_xtf-,r wy;)uldl

develop a chemistry similar to that of rechh.é'r;.__r‘;'e. .we_ters in other pa‘hts of

the study area that are recharging thrbt;tgh the till. These areas can

. soa

be 'approkimat»ed by the chemistry in the aquifer at sites 3u5-C .'.md
5075-M. . The current c?emistry' of the qroundwater‘, in the irr;i\qated','
area, can be rgapresented by fh‘at at sites 343-C ;md 342-C. * The
process :of,ehemical evolution would"proceed frorh ;one‘ of mixih‘g‘ of

irrigation return flow with - formation water to one of: eventual
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replac(:ment_ by return flow.

- The use of equation (3) would allow the tr‘avel ‘times frorn* the :

irriqated areas to the river lto be estimated. " The, value of i (gradlent)

was nd]usted tay represent an mcrease in the water level W|th tlme for a ,

recharge rate of 10 mm/yr In this. way the changes to the chemlstry

r ®

-of the aquufer and. the time frame requrred could be estlmated ' ‘Usmg kS -'-

- l

0.‘ (\ F a;
the centre of the area as the centre of the return flow plum% the
¥

'travel time. from the irri ated area to the . rlver w.oult‘i belggreatfr &har;

PO

1000 years.

Wlth the current dlschar e to the river and a- c{\emlstry slmllar to, »

A

g

."

.

~ chemistry similar to 345~ C after complete flushlnq 06/ the aqwfer the'

total dlscharge of salts to the rlver w1ll be l 38)(105 mg/s N Durlnq_

minimum river flow the lncrease salt loading W|ll represent an mcrease

in river TDS of approx1mately 140 mg/1.

Yoo

River TDS values lncrease from 100 to 600 mg/l ln wmter The'

mcreased salt loadmg ‘as’ a result of proposed lrrlgatlon could result ml

river TDS wvalues -of 740 mg/l for ~m|~n|mum ‘river flow. Because a

'recharge rate of 10 mm/yr is estlmated to represent a worst case

scenario it 'is unlikely that these canditions will be_ reached even_after

1000 vears.

0{% 3u2- C the total dlscharge of salts to- the river: is 1 llelo mq/s ,

‘35 recharqe rate from |rr|gat|on of 10 mm/yr and a chamc‘;e to the A



C.ONCLUSIO'NS
Reeharge is occurring at the.soothern end of the study ‘»area.' The
primary areas of ‘recharge are along the'--f,lanks' of the \)aHeyé where the .
Deadhorse Coulee‘ member  has. .been eroded | and  south " of the
: international boundary where a small dendritic valley funnels water into
- deposits along the ’ftoor of Clarinda ‘Creek. Recharqo'ocrurs through -
: ‘the tlll deposits and contmues downward lnto the' aquifer. Grt)t,urwciw;xt(§r'

flow in the Mitk Rlver aqwfer is " to the north and northwest,
Groundwateg?;%Yentually.v_discharges into 'the Milk - River. Clirrent‘.
‘ f-groundwa“ter -dis-charge from t”he 1study-arca to the river is"r.nlhuhﬂed to
'he:: approxirnately 9.0x10f3 m3/s (1% of ntinimurn river flow).
“The water table for the-'majori-ty of the n.roa»is found in the
"‘hedrock units. W'ithin'.“ the Deadhorse Coulee member and .tiH deposits,

'water' tables are perched. Due to the vadose zone above the water

,.'t-abte, the 'area.s' of perched 'water table are not estimated  to be
. “c'ontrtbdting a si‘qnificantv c}uarttity of inflow tolthe Milk River aquifer.
| Geochemlcal and lSOtOplC batterns wnthln the aqunfer mdlcatn that
) there are t‘w\o_separate water .bodies. The wator at the south end of
- ,th‘e‘» stod’y,’.are‘a;i\”s _the result. of recent recharge throuqh the '(‘;laci‘a‘l
'v'.dep‘o.si_‘té'fand :aS' su‘ch reflects. a. chemi's.try‘that‘is related to the unique
;Chem'iclalv processesb Operating within theee deposits . The total discohzed
v,‘SO|ldS content in water nfrom tﬁese units is eonsaderably hlqher for aH
'_ylons than the old% water R) the north Thc calculated age of the
groundwater at thei north end of the study area wou!d indicate th~:t !

’ may have entered the flow system prlor to the !ast glacial advance “and

as such not recharqed throuqh the 't||l

e
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/\ssummq a mixed crop dlstrlbutlon throughout the |rr|qated area':_"_;'f

- and wrvgatnon management practlses such that the leaching requlrements_'
Y-
'oﬁthe crOps grown are met but not exceeded a maximum recharqe rate.

) ‘W

vto -the, _qroundwater of 10 mm/yr can be expected. Under these
: . _ .

conditions'the'water table will stil.l belocated“ well be!ow the . ground

surface for the majorlty of the area after 1000 years ' Dlscharge to the

river wnll reach a quasi steady state after 400 years and will mcrease

minimum river flow by approxnmately 1. 1% ' The maxumum increase in-
TDS to the river at- mifimum flow should be around 140 mg/l This

increase will _:not'occur however unttl after’:ab.out 1000 years. Under

these conditions the 'propO‘sed lrrlgatlon\ is ex‘-pecte‘d ‘to have a minor
¥ iy : ‘
lmpdct on: tt)e Mitk Puver or the |rr|gated area.

The geochemlstry of the ground;vater : south of the rlver will
'evolve/to that of the aquer at the south end of. the study area.
Chemistry will shift from Na‘HCO toward‘-«' Ca+Mg,SOu whllle_ TDS will
increase’ from about 1000 to >5000 mg/l 4Irriga'tion south of the river
'vwm have little lf any lmpact on, the Mllk River aquifer to the north.

Due “to the hmlted scope of thns study it.is not possnble to extend
".these results to other areas prOposed for |rr|g‘at|on in sou{hern Alberta
The prlmary area of concern was that subcropped by the Milk Rlver
Formatl.on. As the study area covers, Qhe ma]orlty of the Mitk River
Formation ri'n Albert_a _t_he |mpact of lrrlga‘tuon over other geologic untts is

not known.
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- INTRODUCTION

(‘(mccrn has been expressed that irrigation along the Milk River in"
southern Alh(rta'may \have 'adverse effects on the hydrologlc and
hydrodeolnqnc envu‘onment of the reqlon __"The area _'is part of the
re(:lmrqe zone fqr the Milk Rl\/er aqun‘erf the major "sonr'ce of do_rnestic
water’v(or n‘wvnumher of communities, "'far.m_s “and ‘ranches in southern
'/\lvl')_c‘rta. The ‘Mil'k Pivor which ié an’ internationai ri\)er flowé throunh -
‘the urea :'mdv is u%ed for lrrlgatlon and domeauc water supphes
'downstr(f:.nn.m in" the United States The quahty of these resources may

be ':1(Jver5ely.e,|ffected by irrig‘ation. Also, .lrrlgaUQn in the region may

impact the aqgricultural community by causing the Wa-tertogg'in(j and

. L&

sal'irxizafion of.soi.!s". : - W :
| thern 1as heen. no ma]or detrumental |mpact from irrigation" return,
flow in‘ ec)utlwern ,Alberta to date‘ " Minor effects have re%ulted from .~
“canal seepage énd ifri_cjati(')n. These effects have pr:marlly been in the
~_form of waterloqqmq and sahmz—mon of sonls Studues by Sommerfeld
”‘zm,(l' Chanq.(198(_)), Chang and’ Oosterve!d (1981} and others have shown
tﬁg)t' with_ ..cnnal rehablhtatl'on and .proper. , lrrlgatlon management"'
'technihnec. - the hajofity of th-ese p‘robvle'r.ns ".have been "ov"ercmne.
/\Ithouqh no ‘major . impact has' ‘oce‘urred, to other é’quiferé or .river
'systems in the area_, thie 'is'the first time thet irrigation na's been
proposed over the recharge zone of a major aqﬁifer system. Studies |n
't.he:United States have 'demonst‘r;_ated‘ adver -e impact on the Colorédo :
and .other river systemé. >‘With the introduction of ‘irri‘gaﬂtion in t’hivs:
area tne concern has b'een rfaised that irrigation return flow may res.Ulf
in tne (ieterioration of the water qua!ity.i.n the Milk River Aquifer and'

“that the irrigation return flow into the Milk River may reduce the river



water quality.

\
" '!r}‘igation f e.xpansion in _the__‘past' has been control!ed by tlbm‘
'appli.vcavtion éf' cléssiification.techniq‘ues' to determine the suitability of the
land fgr-‘irrigati . 'vTh’is system whichvﬂis‘ou.f!inod |n the Alberta
- Standards f(;rf '. igated Land Classificdti0n<,' _(1969) “was  designed to
:prevent Wéterlogging an.fd' s'alihizatiqn.v . Thi§ system does not h(\wevér
take .into. consvideratvi_bn ,ir;riqéti‘oh‘ return flow and its p'm_o.ntinl impact
.on the Vg.jroun‘dwa'ter regime or the discharge of subsequent irrigation
return flow i‘nto adjacent’»w_‘at‘er cou‘rses. | |
‘The objectives of this study are to determine the hydrogeologic.
- anq geochemical character of; grodndwia‘ter in _the- nrévnjar_\d t(')‘det‘ermirio .
the. irh_padt of subsur:facélﬂir'figation ’retuvrni flo‘;/v‘ on the Milk River and
- Milk River Aquifer. | The approach . followed here will be to first
.me‘asure the. exis‘ting‘cond'itio‘ns within the groundwater regime }md use
Lompgter simulation to. evaluate the impéct ofiirrifjatiOtx return flo'w. n
this way the simulated ‘imp‘act“ca‘ﬁ be relaté‘d .bac_k to existin\q »ycondit‘ion«; .
and o,ut‘lin‘e the po,ssi-ble impact of irrigation..

’



.

PHYSICAL SETTING

AY
v

The study site is located in- southern Alberta and northern Montana
appro><|mately 3 km east of the twm commumtles of Coutts ‘Alberta and
.Sweetgrass, Montana and approxnmately IQS km southeast,of »Lethb‘ridge,
All>erta (Figu"re 1). lt'.c.overs _an a‘reé of approxlmately-zso kmz' within
the Milk:' River drain'aoe basin. ‘ |

. A’ccording to ‘the" Koeppen, .cla"ssiflcation,’ th‘«e.."clivmate of southern
Alberta is designated as B'wk (Strahler, 1969), a cool temperate zone
‘ ‘v'With ‘long_ cool summe“rs;- | | |
| l’he mean d'a'ily temperature hased on records from the community
‘of Mllk Rlvor (1951- 1980] is .5 2°C The coldest month is January w1th

a mean dally temperature of -10.8°C and the warmest month is July wnth
a mean daily temperature of 18.9°C ('?:ble l)‘. Durlng the ~wlnter
Chinooks often produce -, sngnific_ant c variability in temperature.
Temperatures can"increase from well_belowﬁzero to 10 to 15°C in a short
‘timo period. ’Fhlese‘"warm’ temperatures last from.a few hours to several
days. (Fletcher, 1972). As a result of these temperature increases’,
water stored in the snow pack l\svfrequently lost durlnq winter through
. “sublimation (McKay, 196ll) or by melting and- subsequent ‘evaporation
| (Gray, 1968) . | | e |

The meanvan’nual precipitation is. 316 ‘mm.. .: Of the t'otal;
appr.oximatelfv' 77 mm falls as snow from November to April. Much ofi
vthe remainder‘ occurs as :raihfall' from April to June (Table 1].‘- Fall and
summer are typicalh/ dry with only".»6‘3' mm and_ 42 mm of precipitation
occurrmg during these perlods

As expected in thls arld area, evapotranspiration is significantly in

o
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Figure 1. Maps showing the genera] location of the' study darea on
‘ “the Alberta Montana border - '
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-

‘excess of prec1p‘itat|on ‘ Showh in Fiqure 2 is’ a compnrlson of the

calculated mean monthly potentlal evaporatlon W|th the maxlmum posslhle

evapotransplratlon. ‘ The potentlal vapotransplratmn '.“ npproxmatelv’

[

560. mm. Looking closely at quure 2, you will notice that for -ﬁll'v-.”i_.

- . months from April to October. the potentl‘al evabntra’nsp‘iratlon s

significantly ,greater than the preclpitation.

The Mllk Rlver flows throuqh the northern part- of the study arca.
w1th|n a narrow steep snded alley more than 50 m deep (quuro 3)
In the northeast corner - of the area, Verdlqus Coulee joins the-rlver._
. This broad flat- bottomed meltwater rhannel is aboutv 800 m wide and

forms the valley of the Mulk River east of the |unctxon

"~ South of the Mllk Rlver, the study area centains [)ort_lons of three

drainage' basins (Fiqure 3), Clarinda Creek' rises in the southwest

corner of the study area "in an area of gently rollmq topoqranhy "

>

then flows north- northeast .and occuples a broad flat valley 2 km wulo g

The ldramaqe divides parallel the valley and thev rise from 20 to lll) m
abovF the valley floor N '

West of Clarmda Creek IS the Red 'Creok husm This basin hns.

gentler slopes than the Clarmda Creek bdsm Red Creck hns (ul a

deep steep sided canyon where it flows mto the Milk PlVCr‘
o .

j The remalmng dramage basm " found in the southoast corner - of
the area, is part of the Van Cleeve dramaqe basm that drams into Van

Cleeve Coulee to the northeast and oventually into the Mitk- River.

;‘Soils

The ma]or soH type in the study area is a DBrown Chernozem

“(KJearsgaard et al. 1984). In the upland areas, the soils have a heavy.
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lo'am' tex'ture and are develooed mamly on qlac1al sedlments or resorted
g«laclal sedi.ments., Along the coulees and valleys the soils are
_de‘yeloped- mainly. on alluvium.’ The occurrence of a Dark Brown
Chernozem in the extreme southeast corner. of the siteis assocuated wnth-
_ th.e'f'c)t)thllls'of the Sweetgrass’ hillé.' ‘ |
l:qr_\d_ sU‘_s\e _an_d Natural Vegetatlon '

The study area lueq ‘within the boundar1es of the short gr’lss.
pralrue and under natural Condltlons supports a sermarld pralrle flora

.

':'(Wyﬁ,t et al ' 1941) The domlnant land use |s dryland farmmg wnth

about '80% of. the area under cultlvatnon The prlmary cropq are cereal o

qralns.'such as wheat, barley "and oats. The remalmnq land is used as
.pasture for livestock. |

Two studies haye been under_taken to _deterrntne the irrig_ation
potential of.v the region. The first was a js‘,c"‘)il.,irrigability studyb b‘y_
Osborne1(1980] vand included: 't the portion of the 'study-narea i.n-
townships 1 anfz ranqes 14 and 15 (quure Ll) Of the approxmately
‘10,0_00 hectares. included in the study, about 7,000 were classified as -
Trrlqable The primary limitation to the |rr|gab|l|ty of these areas is
ste(’p topography, located along the Mllk R|ver valley, Clarmda Creek,
Red .Creek«and Verdlgrls Coulee. A second s0il |rr|gab|l|ty_ study
v‘(KarkaniS- et al., 1983} was.' less detaul_ed and encombassed the. entire
study' site. . “This. study concurred w1th Osbornes findings and

'Yclassn’wd the remamder of- the area with - the exceptuon of the tand

along the bottom of Clarmda and Red Creeks, as |rr|gable
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GEOLOGY

The interpretation of geologic conditions is based on published
|nformat|on for the. study area and field and laboratory mvesthatlons
carrled out as .part of_ this study. Test holes', ranqmq in depth from
less - than 10 to'more_than 91 m, were drilled' and llthojlogg_ed at 63
' sntes (quure 5) - Results of litho—logging "are' presented'i'n Appendix
Resusttvnty and Spontaneous Potential loqs were completed at elqht"'
test. holes.:to comp_llment _the lltho—logglng.‘ These resul_ts are .presvented L

vin Appendix B. | R | | |
Almost the entlre study area is mantled by till (Fugure 6) varqu
in' thlckness from 1 to 200 m.  The. t|ll ranqes in colour from Ve”OWlSh
hrown to dark qreylsh brown, and as elsewhere in southern Alberta is
N '|ndlcat|ve_ of oxic condltlons ln a few locatlons tills are non weathered
and qrey to d'ar.k‘ c]rey’ .(5117—M) in colour Texturally the tlll varles
from sandy clay loam to clay l.()am. Dlscontlnuous lenses of.snl_t and
sand occur locally However these units are not continuous over the.
study arca. As descrlbed by Westgate"(l968)',,“the till was deposited

during the Wildhorse glacial advance. | | | AR
The othe’r‘su‘rficial “deposit of signifl.c'ance is a post glacial sand
that ranges in texture from sandy ‘clay loam to. sand Th\is deposit is .
.‘found at the south ‘end of the study area as mducated on anJre 6.
'Westqate ‘(1968) |nd|cates 'these materlals may be eollan ‘lh orlgln._,
: Colour is usually yellownsh to dark brown | |
Locally, mterqlacnal sands and gravels underlle the tllls .' 'l'hey_
' haye a lhaxumum thickness of from 15 to 23 ‘m. These materials were
vdeposned near th’e "end - of .the-« earller ,Elkwa't_er -~glacial‘" adva‘nce

..

11
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_(Westgate 196:8‘.) | Cravel deposuts _were detected at  the 'ex'treme

" northern end of" the study area and are belleved to represent'the

, preglacral depo_sﬁrts.; z.n-‘,t_.he Whlskey- R;ver;” valley:  Modern sands and ”
: ‘grave!‘s are"“f"'ound. yaIan the'Va!‘ley:'of the Mtlk Ri\;er' | ;

To tllustrate the distrlbut|on and thlckness of the surficial deposlts

xln detan! an lsopach map. (quure 7) and fence dnaqram (Fuqure 8) have B

» been constructed From Figure 7 vlt is apparent'that-dmft' is thickest

in the s’Outh—cen‘tral part of the area blanketing the Clarinda Channel.”

Along the drainage divides and in- the Milk. Ri\)er vaHe-y',_ t-he drift s, _—

typlcally less than 5 m thick. iFrom F|gure 8 , |t ns apparent that thef'v"
aHuv:um is. primarily found -the valteys whﬂe 'i blankets the
' _r:emaivn‘inq'are'a's'."

Bedrock" Geoloqy

‘Three near—surface be'd'rock units- o‘t’- ‘Cretaceous aqe‘:"are"oif-'in'terest
,.in.t'hts study The younqest is the Pakowkl Formatlon (Kpa) Wthh‘ ‘
_subcrops in’ the extreme northwest corner of the drea (quure 9) -lt‘
lconsnsts mamly of lnterbedded qrey and ‘dark qrey nrme shales wnth'
-minor sandstone -umtc in the mlddle of the sequence (Tovo" 1958)

The Pakowkl Formation is underlmn by the Mllk Rlver Fornmtmn (Kmr)

which is divided mtof’ﬂne Deadhorse Coulee (ch) Vnrqme (-Kv)-and‘;;’

.Teleqraph Cre/k/(Ktc_ lembers (Meuer~Drees-and Myhr 1981).

The Deadhorse Co ee Member consists of hqht hrowmsh qrcy t0.
"(] . ..v' .
dark qrey sth shale shale, claystone and sandstone E lt rnntams

‘ varlously coloured bands of carbonaceous and calcareous materml wﬁ‘rch :

are indurated at some |0cation's. --_This u‘nit’ h_as. ] c‘ontinental origin,
. . T : . a :

having formed a_long the shore ~of the Colorado sea as deltaic and

tagoonal! deposits." Thicknesses of up to 28 m were encountered during ’

. .o s o
it . ) A‘\. . 3
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drilling. ~ The base of this member is usually marked by the tast

‘(v)cclurrence of é carb;)néceous-shale layer. ‘

- K © The 'Ver'gille Membe‘r is hainiy a sandstone  varving .in thickness
\bom 13 tvo 35 m. It is usually capped by an indurated cross~ho¥éklod
sandstone. layer approximately 15 m - in  thickness. lTh?x_nm:;sii/Q
sandstdhe occurring beneath th_i"S | bed is .soft and 'yoll(;wiqll brown.
‘.Reddish brown ironétOne C(I)ncretionsv arc common in  some |(\(:iiti0n;;

The Vergille Member.“bevccv)rr;e.s' mo.re argillaceous with depsth. Tl\e
bot_tbm of this unit is marked by .an. increase  in cl;ay _C(ln;te’nt‘- or ‘the
occurreﬁce of cfays’ton_e 'beds;z' .Cha‘n_qés_in lithology can be dcteétnd_ onR
-the electric-logs as a d,ecrjeas.e in both 'r(rsigtiv7ty and qp‘ontnn(:nusv

. potential " (Appendix B).l The Vergille Member subcrops over mn.qt 0( '-
the a‘re‘a;»(Fiqur_é.’ 9). Toward fhe' extreme. southerh paH m" the area it

- ha_svb been eroded. .Vl/sfﬁis memiber> is o_f sh‘almw ‘marine koriqi‘n .and

'-repreéehtsf thc.'seaward rﬁarg’in of a littoral envir.onmen‘t ‘(Meyl‘mnm,‘
1960). . o B

The Teleg'raph Creek. Member consists -mainly  of ar.'r;ilvl'nciou's

" sandstone with m.inora c_léy‘stone 'and shale. beds. »I't vnr_ji(:s from 13 t(.) 26
m_in t.hickness and is mainly gréy to dark qréy in vcolour. Thé contact
with the OVérlying Vefgi”e_':mém'bcr i's' often indistinet nblndﬂ is genl:nlly
taken as theée first 0‘ccurrer_i¢e'of a claystone or shale bed.. ‘Where the
élaystohe or shale bed is absevnf, t‘he'cont;mt ls taken wh‘cf(:- there is- a
de\finite. _décrease in s‘pon.tzme(.)us ‘potential .and.’ r?.S.sistivify on th_o_‘
eléctric-logs. .Thé bottorﬁ of the membe‘r' 19 marked by the r_x:curfchco _
0% the continuous shale of the Colorado Group. This rﬁemtmr'underﬁes

v

the majority of the area and subcrops in a small arca in the south
. < 2 :

central purtion (Figure 9).



19

v

The oldest subcropping beds are the upper units Qf the Colorado .

Group (Kc). They underlie the entire study area and subcrop in a

small area at the south end of the study aréa. They consist of over .-

500 m of dark grey shale aridv mudstone. Minor sandstone lenses, which
are lenticular in nature, were observed durfng driHing‘; fhe Colorado
Group is interpr'eted. to be of marine o‘rigin and. deposited in deep
'w;'xt_er.f o | -

"S_tr;uctural‘ly’ the study area lies on the east flank of Red Coulee

.anticli:ne, and west of the Skiff syncline. Bedrock beds within -the -

study arca strike ‘at 290° to 295° and dip to the north east at 0.5° or

P

"~ 9m/km. Clnrinda Creék flows roughly parallel to the direction lof'the

dip.



YGRO‘UNDWATER» FLOW
An essen’;ial part of this study involves chnra::teriﬂ,nq the
hydrogeology . 'mor¢ specifi(;a!ly the patterns. of flow, h'\/d,raulic
~ parameters ‘ar'wd groundwater geqchemistry.. “ Seventy-three pi(sﬁrometers
ahd 25 water—table wéll's were emplaced af 26 of the test drilling sites.
Each nest consists ‘of from one to Six p|o7ometer< rompletod at different
depths. Most nests also contamcd a water -table well. This arrnnqement-.‘
a"owed for the measurement of the'hvdrauhc- heads irfth(! Vnrious
éeologic‘ units . the' collection .of 'wa‘ter'samples for chen.yical a:n(-i‘isoto;v)ivc}
analysis and thé in situ méaéuremeht of’ hvdf‘aﬁlié conductivity . '
| Each piezometer was p|aced in- a separate borchold and constru:tcd
<from 50 mm I.D. PVC plpe The intakes were 0.5 m .lond and made of
. u8 mm,-l.D, p|aStIC wound well s"creen‘._ The piezdmetérs 'ro c6mplet(:(l
| with a sand pack around the scrcen_-and' bentonite seal: typica!ly} 2 m-
!ongv,"' Above tHe seal, the"'_hovleé were .backfil'l'ed ‘v‘vith drill cuttinqs.
Water-table we.lls are constrﬁcted of 50 mm 1.D. PV‘C. pip'e',
perforate‘d ‘with 3 mm holes at 50 mm intervals. Once the water-table
wells were pléced in the bore. holes,- the holes ;Ner,e backfilled with drill
..cuttingé. Completion details of the 'groundw(ja‘t'er ins‘trl,xménta'tion. 'n’re
contained ‘in Appendix C. | |
‘ﬂYS’!.a}{‘E_@S’E‘.‘i‘{C,E'YJ ty o
.Slngle well response tests were berf(‘)rmed on 40 pi(immmers' to
determine the in- situ ‘h‘orizc_).,rthal hydraulic’ conductivity (KX) of the‘
various 'gedlogic: units. The«probedﬁré used {n th.e’so te‘vétsfisw.)imirfc_d_
by Hvorslev ( 195’1). It involves baili_ﬁg va k’n_bwh v;)lurﬁe' of water from
a piezometer in w‘hich 'water ,levelé: are stabilized and measuring the rate

'at, 'which the water - level(returns to equilibrium. These obscrved

20
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responses .of, thé water levels in the pie'zométers provide the basic data
_necessary .to‘ cayculate}. the K)< of thve_ geologic material surrounding the
,pi'czomete.r intake. For four piezometers installed in the shale of the
Colorado Group and oné for the Deadhorse Co“ulée Membe.r,'_which did.
_ not completely return to static equilibrium after- feéting; the plotted
c(Jrve of the response was br(.)je.ct.ed to an assumed eqguilibrium .I.evel,.
The. '.piezomcgers selected for testing 'we.re chOSeh to pr__ovjd}e_ a
representative set. of v'aluies for un}ts in the study érea. The ‘re'sults
‘of the hydraulic conductivity tests are preéented in AppendixAD.-', ’
Fi-gure 10 hfe_sénts ‘the,.distri‘bution :o'f the'-caICU!a'_.ted hydraulic

conductivities. »V'alues'ofv K>< range ‘from 3.4 x 10—6 —10

to 5.6 x 10
m/s. . The geologic unit with thé high_eét-georhetric mean K)< is the pbst
glacial s:vir‘\ds/ at 1.8 x 10_7 m/s.  The unit with the lowest geometric
mean K_ is the Colorado Group at 3.8V x 10h9 m/s. | -
T-hé . VergiHe.v and Telegraph C»reék Members contain - massive
.san&iétone, .in.duvra't"ed 'sandstone and shale bgds all of Wthh ar:e close t»lo
- isotrobic.' .H.owever the pattern of layering will create ahisotroby on -thé_
scale of__thé» ihd_i"vidué! membcrs with the Kx>> Kz. : Bec.:‘_ause the
indi\/idgial bed_s ‘are re‘lati.vely - thick, it v‘,is‘ ‘d'i_fficu‘l"c to dé\’/e‘lop a
reasonable estimafé”o'f K, for these mer.nb:e.rs‘. ' 'Ano.ther ,propiem is that
p‘iczome{er"s‘ were typic‘alily not emplaced in the low"p'ermeébilrity beds.
For example five 6f the six tests co'nducted’ in the Ve_rgillé Member
LWere_ Witbh pi'ezometers instal'led within tHe massivé sandstone uhft. Only
one t"evst .was performed on 'a'>piez.om.ete‘r .in‘stalle'd vyjt,hin one't_ﬁf the
indUr’ated. sandstone " beds. " The sandstone ,uniti has  a géometric ‘m;’a‘an
K, of 23 x 1077 .mfé. _v.vher'_e‘as the. indUrja.te.di.bed ha; a .Kx. of 1.9” X

1077 mis. 1t is possible ‘to estimate an effective value of KZ for each
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' m(:mb(:r a‘;'suming that the ynits are layered, and that the mean values.
apply. to all oi the massive and indurated sandstones in the section.

The qovcrnmq CQUdthn is:

K ? '
Zn ' - o m
> di/Ki o .
1 =1 ‘ : -
where d = total thickness of unit, di = thickness of layers and Ki =

hydraulic ronduttWit’y of layers (Freeze and Cherry, 1979). By using

Mholoqu: logs for drill holes Wthh fully penetrated the Vergille member‘

'.“(J22()_~M,' 343-C and 2068-M) (Appendlx A) mean values for d and d'
WCr;e calcu(ated. In these three cases, the calculations - were based oh-
an estbima.ted" 5 to 10‘s'e'par.ate U_'nits. In general, the range of values

~were all quite sinlilar.. The mearr value of K»z iS'_8.7 X 10_9 m/s and

shows,. the importancc of the low permeability beds in controllin‘g vertica.l'
f'l;)w'., | |

Whero flow Qccurs paratlel .to beddihg, the mean. vélue of hydraulic
_c()r\(iuctiviw is calculated with a .'différe'nt .fo'rm of the averaging

cequation as follows:

n' ;

n 4
o Q

T"hu mean h'ydrnulicb coﬁdgdivity in “ the x-direction for- ‘the v\/ergiuc.
Member is 1.8 x 1077 m/s. |

~ Within. t}‘u'i ‘Tele(jrnph Creek Member, much the same conditioﬁ of
layering exists. In  this case: however,  its origin is ‘due to

interbedded mudstone and shale beds.  The sandstone beds within the
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Telegfaph_ Creek.hé-ve a 'geometric'r'ne‘ah hydrautic conductivity of 3.3 x

1077 ‘m/s while the. clay layers have a mean of 3.1 x-10°° m/s.

'Assumiﬁg _anisbtropy in the clay layers 'tb be 10:1 and using the same

calculation ‘as before,  K_ -is estimated to be. 2.4 x 1_0—9 m/s ‘usingj

-7

equation (1). Simitarly K is estimated with (2) to be 2.9 x 10 " m/s,

Estimated hydraulic conductivities are presented on Table 2.

Hydraulic Heads

Monitoring of the water levels in the piezometers and water-table

" wells was carried out frorh. De’cémber’1981 or from the time "-_that the

instr_umentation was installed until Septerﬁber, 1985. A hattery‘oherntcd ,

.Sporetm ‘tape,' which has an acdrracy of th mm, _‘wa‘s used fnr

-measurements Water !eve! elevatmns for the wells and  piezometers are

presented -in Appendlx E and in hydroqraph form in Appendix F. In
all cases elevations were measured with sea level as datum.

The highest elevations of the watér table were measured in the

‘southwest, west of 'C-larind'a Cneek"’ and in . the southeast between

Clamnda and Van Cleeve Creeks (quure 11) ‘.From"' these arecas th.e
gradlent of the water table is about 9 m/km to the northcact ‘parallel to
Clarlnda creek. There‘ is a!so a gradier(t (12 m/k»m), :betweenvihe«sc
areas, toward the centre of .thevC!arinda chahnel. ..At. the south end of

the Clarinda channel, along the international boundary, the water-table

" gradient is toward the south and Van Cleeve Creek. A qroun\dwnter

divide occurs between this area and the remainder of the Clarinda

basin. The divide extends to the east and southwest and separates

‘groundwater flow between the north and south. North of the Milk

"River the water—table gradient is south toward the Milk River and east

toward Verdigris Coulee (Figure 11).
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GEOLOGIC - - HYDRAULIC COMDUCTIVITY
~ UUNIT - _HORIZONTAL VERTICAL .
........ S Y S
T , =7 ‘ 27
Postqglacial Sand 1.79%10 1.79x10
Tin 7.00x107° 7.00x1078
Interglacial Sand 8.28x107 ¢ 8.2v8'x10-8
Preglacial Gravel ~ 6.78x10°° 6.78x107°
" Deadhorse Coulee  6.19x10 8 1ox10710 2
Vergille C1.81x107] 8.7ux10 "
 Telegraph Creek 2“.85x_10_‘7 ‘ 2.4tx10™°
‘Colorado - 3.76x107° o 10"10—10‘”"3-

1) Assuming ahisdtfbpy of 10:1
From Hendry et al . (1988)

Table 2. Estimated hydraulic conductix)ity (m/s)
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' 'Througr‘\outnf‘he' majority ofﬁ the study area the‘ wyater ta'b‘le occurs
within bedrc')ck'. Ocgasionally hdwever the water table can be found in
‘surficial materials such as along the thélwag of the Clarinda channel
énd north of the Milk’Riiver. The situation in t‘he‘Clarinda channel has

the water table located in the thick post glacial and interglacial sands
and till deposits at the south end of the wvalley. North of the Milk
River : the water ’table .is located in the ‘preglacial Whiékey Valley

deposits. . B —

A pckched‘ water table is- 6bs_eFved in the central portion of the
StvL‘ldvy area _”(Figu;"e 51).’ In ,qenerali a Vpéréhed _water »tab:_le. is -l'o'_catjed in
the till or .Deadhorse, Coulee Membér while the perfnanent.water table‘ is'.
féljnd in the~und_érlying Vergiile Mémbér.

The wét“eri levels in five piezomet"er_s did not reach equi‘l’ibri_um
dﬁring the stUdy period. With one excepti\on‘, fhé'ﬁi’ezqméters éré all -
cdmb!eted" in the Co.lorado Groub. Tt“»ele'x'cepti_o.n is iocated in fhe
Deadhorse Coulee Member. 'Fbrty ‘fi've pi‘eéoméfers and ‘wat_er-table
wells ra\nging’in‘ depth from 2.1 to 41.4 m, remained dry. These wells -
and .'piezor:%ters are completed predominantly’ in the till ’anvd‘ Vergille -
units and reflect the tendency ‘for'_the' shal-!‘owes't depo'sitsb fo be
;Llnsaturat.ed. : |

Excluding an initial period during- which the wells and bpiez'ometers
~ were developed "and water levels re—equilibrated, fhree fype‘s of water-
level - fluctuations were mea'sured‘ during the monitoring period.
Rél:a‘ti\./'ely small fluctuations “of less.thé_t 0.3 m were measured inu2§
piezometérs,.‘the ‘r'najority of which are q9mpleted in the Vergil!e a‘nd

Telegraph Creek Members at the north ‘end of the study area.
. R » . o T .

4

5
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Much (arQer f|UCtUatIOI}S with a seasonal nagtffe 'Wer_o. obschod_ .in
18 pnezometers and water-table weHs ‘The gener:H pattern of rosponsu
is for wat_er levels to ’rlse abru‘ptly during the ‘spring’ snowmo‘l.t', and
late spring: rains 4and‘fa||- graduzjlly th’rough surnrne'r, f‘nllu and . winter.
These- seas.onal ‘fluctuétions can be obhserved in all units “with the
e'xceptionbof thc Colorado. Wells and piezometers (‘)\hlbltln(‘) this kmd

of behawor are located pr‘edomlnantly, at the south end of the ‘\tu(ly‘
area.

The third .t-ype -of water level ﬂu\cfuation is n"qon(’:ral_d‘ecl.in'o of
between__b.3 to 5..0' ‘m_‘overﬁthe 38 month 'pe_r.iod of m,on'i't(')r'ind.<' This
rés‘ponse was observed in 19 wells ’and .pi..ezometers’,. ) They‘n_re-r:mnlnced
at*or- ne(r the water table at the soL.end 'ofkthci study area. Thi‘c,
genéra! ‘deciine IS: attributed to drouqht conditions, Whioh have been
oc:c'urring in southern Alberta during the’ first, hn!f‘ of this decade
(Grace and Hobbs 1986] | |

Vertlcal hydrauhc qradlents w‘e.ré. “calculated at i of tho 26
_piezométe'rr n.ests; Their&d'istribution ‘is’ pfesented in quuro 12. Wlt.h
the exceptlon of small areas at the south end of the Clarmda vnllcy
near the m’_ternatlonal bo_undary.anvd near th.o mouth of Vﬂerdiqris
Coulee the verti'cal gradients in the s.outh- ‘portivon of the ";t‘udy aren
and north of the Milk River are elther downward or app nrcntly zero.
These downward grad1ents are contirruous from tho water tuhlc through
the Milk River *Aqu:fer, into the Colorado AGrour,. Sltes.with no
apparent vertical grddtents occur alonq the floor of Uarlndn C{eek ;

The northern portlon of the study area south of fh(* M:lk Puvt
the small _area at the south end of Clarlnda Creek, and the a_‘rca near.

the mouth of Verdigribs Coulee have upward hydraulic gradients ‘from
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the Colorado Group toward the water table:

The pattern ofi hydraulic gradients when coupled. with the
» ‘ N N . . . . ] o -

Wa,ter—'tab'!e gradient‘ indicatetbthat" recharqe to the flow svstem tnkns::

pléce a't the 'southe.rn end. of the study area. . This area corresponds

well wnth that showmg seasonal fluctuailon of the. wat(*r table. ~ Along.

1

‘the helghts of land between the valleys, -recharge enters the system

through the uns-atUratedv tills.  Where these tiH.s overly an "indur’m?d
sandstone bed or the Deadhorse Cou!ee Member is the q:bcroppmq umt
a perched water table vié, llkely to be found |t iql assumed tl‘};n
recharge to “the re}maining.ﬂow system from‘.-the‘ ‘porehed arcas is taking

place at a very slow rate.

The water table is generally found in the bedrock where there is o

~downward component of flow throuqh the Vorqme and Telcqrnph (,rcn

Members. to the Colorddo Group The low hydrnullc condurhvtry of the

shales in the .upper Colorado Group would lndICdfC that this unut is a 3

lower boundary' to,ﬂow. The horlzontal component of flow is f()W«H"d th(V

" north ahd east -and west into the valleys

Along the vaHey floors recharge |s occurrunq to the p()stq‘d(ml

san‘ds and till.. Flow is downward th‘rouqh the lnterq!ncn.zl qundq tn thn.

~Colorado 'Groqp ‘and northwar_d into the Telegraph Creck and Vnrqlllc

Members.
At the north end of the study area, south of the river, flow' BTN
‘ubward from the Colorado Group toward the Wwater table and toward the

-north. Discharge is occurring from the aquifer into the Milk;River.

North of the river and west of Verdigris Coulee there i recharge

to the water table with ‘flow downward into the aquifer and southward

‘ , ' : ' ‘ . i~
to the river. . . :




Along the intern’atidngl houhda'ry' within‘the Clarinda va!le‘y is
located & ‘sn:éll 'areé .of groundwatér discharge. .-Bécat‘jf;e ‘the Colorado
(_]roub “is’ the subcropping dnif at’ this' site it is assumed’ th,a‘t' the
- upward f!ovx is the result 'o'flthe thihninq of the 'surface depdsits from
thé southy Upward gradlents and perched condltlons near the mouth of

VCY‘(JI(]FIS Coulee would suqqest the possnbnhty of recharge from the Milk

Plver to the Milk Rlver Aquer to the north _



.  GROUNDWATER FLOW MODELING

The q‘rdundWater flow modeling  was deqiq'ned to assist in
mterpretlnq the hydrogeoloqy of the studv area, and provnde a. wayr of
,predlctlve!y evaluatmg the - potentlal impact of irrigation. . %mulntmnq
"were carrled out usnnq the modular three- dnmensmnal fir‘ﬁo%iifference,
A‘groundw-ater flow model (MODFLOW), developed hy Mchnn!d et al,
(1984).  This model -was selected becausc of (j) its ‘proven hlstnry of
»‘_reliabi[ity in many different studies, (2) . its capabilit'v‘»‘in simutating

SN

. complex 3-D system‘S‘.of the type ‘ present ‘here, and (3) -its

user-friendly- design based on a modular format and comprchensive

user's guide. This code in addition is particularty flexible in simutating

relatively complex patterns ‘qvf recharge and,; discharqge to the aquifer:

and river. This latter featuré is particularly important because the

model is to use the rechdrgé from the propos_edv irrigation.

The site was divided. into 8 columns and 9 rows on i gr o 1600 ™ -

square that was oriented approximately north south. This orientation

was’ chosen because it best fit the entire study area and allowed for the

least number of cells. Geologic layerin'q" was represented by four mode!

layers‘, -_Tne three memb_ers 6f‘ the Milk River For_mnfio'n w'crr{- :rr,iqnéd
to' the first three fayers (Figure 13). Where these members have been

‘eroded, the surficial deposits. were used ’ro'-pfoduce three complete

layers. The.'fourth and-~ lowermost layer of the mode! represents the

|ent|cular sandstone layérs in the upper’ 10 m of the Colorado Croyp.

The shale in the remamder of the - Colorado Croup has such & low:

permeablhty that It can be_ treated effcotlvely as’ no—flow houfndury.

Fluctuatlons of the water table represent a smal' p"‘r‘Cf’ﬂtd(](’ of th(x

overall head dlstrnbutlon and would 1ppear to be cyc!u r.nher th.m

N ) . L

. - 32 . “,..

an
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Figure 13. Schematic map showing distribution of bedrock units
within the. three dimensional computer grid '
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linear. It can therefore be assurned thavt the groundwater flow within
-the geologic“.units'is at stead.y—state.v | |

‘For the purpose of steady-state simulations, values were rcguirod'
for layer thvickness, K);_ and K . Thicknessv‘Of units ‘Wa_s; calcutated
from measured values from’drlll logs while the estimated pean Kx and
K2 values were used (Table 2). To account for dlschurqe into the Milk
River, the River Package of the model was implentented (M‘cDonald ot al,
1984} . Constantv head: values’ were . assigned for - each 'rivo.r stage in
nodes throuqh wh!ch it traversed. Because Red Creek is a perennial .
 stream, constant head values were also assmned for the portion of |tq_
COUrse within the study area.

A no flow boundary was‘assiQned' to the southern boundary of the -

A's‘tudy area while-a constant flux boundary was assigned to the north”

botind‘arv.‘ ‘ BecaUse' the d'irect.ionA of qroundwater flow only
approxumately paralleled that of the grld it was also nccessary to sot

' :'cojns_ta,nt_ flux boundarles along the east and w_est boundaries. Fluxv was.
. set using the General Head 'Boundary pa(:kage of the computer mo(lel.
The Ge'neral Head Boundary packaqe consists of a source of water
'outSIde the modeled area which supplles water to a cell in the modeted
area at a rate proportlonal to the head dlfferenre between the snurce’

and the cell (McDonald et al., 1984),

»

Recharqe ‘was applled to ‘the " model hy 'implementln\q the Model -

Recharge package (McDonald et al., 19814)..' Recharqge was i'nilially‘
" applied at a rate representmq ;5%‘ o’f' annual orecipitalion (Rehm et"::l.,
1982) to the areas where seasonal fluctuations to the water table and

downward hydraulic gradients are occurring.
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The mo'del was calibrated by adjusti.ng" the model vparameters inba
_trial and error _method until ‘the results of -the simulationv were ‘in_
general ‘agreement (¥ 3 m) Vwith.the observed field results. -’AI ‘?total'of;
‘ll‘3' runs were requir.ed* -to‘br’ing the simulation’ within agreement. of
obs,erv‘ed. values. A comparlson of the simulated and observed values is
.Aprcsented in Table 3. The stmulated equ1poten|al dlstrlbutlon and flow
blin'es lwithin”the _various -layers is presented in Figure 14. It is noted- "
that althouqh the measured and SImulated head values match closely, theb
res,ults of this sumulatlon do not represent a umque solutlon Also the'
simulation of vpe_rched conditions was not achieved using this ‘model.

To verify" the simulation a sensitivity analysis‘ was conducted’ to
: determme the effect on head values of chanqes in the mean hydraullc
conductlvlty' of the geologlc units, in the conductlwty of the river bed
and in r'echarge‘rates. In vthis analysis the value of afl of these
arlables -was flxed but one. -The valu'e~-of each variable of interest 'was.‘
adjusted upward and downward by up to one order of magnltude in a
vserles of model trials. The most sensntlve parameter was K For
example a change in K of one order of magmtude in. each of. the units

: %

‘pr,od‘ucedﬂ head changes of from. 14 to 81 m. 'Recharge rates proved to

_be -a less :sensitive variable- with 'an order of magnitude change

- B

producing a 2 to 4 m chanqe i-in head; Changes'in_ Kz‘of one o_rder"of
kmagnitu‘de nly produced h-e‘a'd» changes ~of . from 0.8 to. 5 m.
Conductnvntv to th‘e river bed proved to be the least sens’itive
parameter. | | |

: Recharge. rates varied from 0.0 to- 2.3 mm/yr. ' Values in this
ranqe ‘are less than one percent of the total annual precipltation.'

These estlmated values are also lower than: those found in other studles
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O-ORDINATES -~ T LIYDRAULIC HEAD (m)

LAYER . QOUMN  ROW SIMILATED MEASLRID
1 1 5 1027.90 1027.30
8 5 1008 ko 1009.10
6 6 1004.20 , 1001.00
2 4 1 960.43 © - 957.88
7 3 965,64 ¢ 963,87
© 7 5 ©985.43 . 988.59"
5 6 1007.00 . 1004.60
5 7 ©1920.50  1019.10
6 9 1017.80 - 1014.60
3 4. 1 960.37 - 957.87
’ T 2 931.80 - 929.77
6 3 - 966.78 968 .62
7 3 1968.39" ©969.01
7. 5 . 985 . 44 986.41
6 6 . 1000.10 . 999.82
5 7 ©1015.50 . 1017:80
¢ 6 7 1013.30 1011.40
2 8 1036.70 - 1038.10
6 8 1021.60 - 1023.90
b 9 1020.40 - 102240
6 9 1010.80 - 1012.60
YT 4 1 7 967.37. 967.10.
: 7 2 . 951.80 . 954 iy
6 3 '956.78 956.55
7 3 973.39 © 970,21
7 5 . 985.u44 986 .42
5 6 1006.90 1003.90
6. 8 11015.60 1014.70
4 9

1025.40 - 1026.10

Tabhte 3. Corparison of the measured. and simnnt(xf_hyrlrnul ic _
“head data- ' ' '
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on the prairies of North Amerlca (2 to 9% of annual precupntatmn)(Rchm

et al 1982). . Rehm et al. (1982) determmed jthat a significant ,amount

of recharge occurs ‘from major permanent depressions and. - from

ephemera! standing water bodies resu!ting-ﬁrom snow-melt. ‘The

extremely hlgh evapotransplratlon and loss of snhow cover due  to

' rhmook COndIthﬂS -eliminates most recharqe from these sources and mav

[

therefore *accouht for the lower values. Another i_mportavnt‘fzictor that
may  control recharge rates is the relatively low hydraulic conductivity
Of‘the near-surface units. Under. normal hydrauhr qradmnts lt is very

'dlfflcult to move sxqmﬂcant quantltles of water 1hrouqh thcse materials.

Calculated .dlscharge of groundwater to the river is approximately

9.0 x 1,0—3 m3/si. ‘Recharge from. the river to the Vergille Member,

“north of the river, is approximately 4.5 x 10°° m>/s. Thus, there is

an overall net gain of groundwater bv.the Milk River as is flows

through the study area. L .

Swanick  (1982) calculated - th,at groundwater ‘ f|‘owihq. from the

international boundary' to the river w1th|n the study area, should také
from 30,000 to 140,(_)00 years. To compdre Swamck' ‘results with those
of this study, th‘e resdlts of the _simu!ati'on were used to‘calculate trayel
times for the same ‘distance ' Actual. estumates are based oh the

foHowmq 5|mp|e form of the Darcy Equation:

t = dn/Ki (3)

: ThlS calculation assumes a porosity of 10 - 15% based on dut.a present( d

-7

by Meyboom (1960); a mean hydraulic conductnvnty of 2 3 x 10° m/s;v'

-and gradient and dlstance Jmeasured for this study. A travel! time of



between 28,000 ahd-u1,000‘years was calculated from the internaﬁonal
boundary to the river. These Iravef times . coincide well vﬂth‘thoée'
calculated tn/'Swanick:(1982)‘ahd help to verify the ‘accuracy of the

N~

model,
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~and sup'plem.er-\ted by Alberta

S .

GEOCHEMISTRY \
’ . ) : . ) J ) ‘ \ ] k ' .-
A significant part of this study involves ‘the detailed.

- characterization of the ‘groundwater 'c-h.emistry.v The water -'q‘(mlity

aspects of the irrigation return flov{i to tiye Milk River are an important

factor in assessing the suitability .of irrigation.

WVater samples were collected from all piezometers on at Teast two

,occasions-ysing either "a bailer or compressed nitrogen (Ulmer, 1988).

2+

Samples were analysed for pH, electrical conductivity,'(EC‘), Ca
2+ + 4 : 2 e 2 ' '

Mg“", Na', K', HCO,T, €0,%", s0,%", and . C. Methods used for
“sampling- and the  ion ' determinations  arc detai!}ed in Appendfx G.

Results of water analyses arc presented in Appendix H. With minor

exceptions, little change in.ionic composition was apparent over the two
‘ _ _ T . ,

sampling periods..

Water samples for chemical analysis- were not collected from the

Milk "River during this Stlvld‘y.; - A comprehensive study hy Noton (1980)
_ Y. ‘
characterized the chemistry of the Milk River.
Twénty—seven‘ water. samples were collected for stable isotope
. ~ N N k& . N 5

an.al'yfksbis in January 1984 with a repeat

September 1985, Ox'y_q‘en—18' (180) and Deuterium (2_H) ratios  of

‘groundwater samples were determined by the  Isotope Laboratory, .

'Departmént of Earth Sciences, University of Waie\;loo.. Isotope ratios

-are expressed in delta units (&) as per mille (parts per thousand or %)

differences relative to sta_ndard mean ocean water {SMOW}):

»

e

$ %= LR ~ Rotandard) / Rstandarg! ¥ 1000 = =7 7 (4)

40

Environment (1986) has adequately

e

At

sampling involving 45 samples in-



o
where R abnd R “are the isotepe ratios,' .2H/]‘H or 180/160,. of ~
v standard ‘ S : s
the sa_m‘ple ahd the standarv(‘i,' respectively (F,reeze‘ and Cherry, 197.9)'.
- 'Thé accuracy of measurement is better than * 0.2 and #2% for 6.1:80 and
&ZH», respectively. ~ The analysis results arel contained in Anpendix l.
lon_Geochemistry. . |
There are major varlatlons in ‘water chemlstry from the recharge’
‘area along the flow system. As was mentnonecl’ prevuously, groundwater
rechnrge is occurring priamarily in tv;/o ereas.‘ T.h’e first is a' v 7 the
surface,divides:' between the Clarindavbas'i.n ‘and. the adjoining Red and’
Van Cleeve basins; Recharde is moving. ver‘ticatty downward thro.ugh
the ové.r_lyin_g tilljl and then northward into the TeIegraph Creek and‘
Vergille Members. At the northern end b'of the study area, south of the
-‘rl‘\_/er, dlscharqe is occurrmg to the water tab|e and subsecuent!v into .
the Milk River. |
The second area of recharqe is_along the floor of C|ar|nda Creek
Recharqe moves dow9nward through post glacual sands and tllt and lnto

the-underlymg mterglacnal deposits. Flow is then northward until the

mterqlacual ‘deposits pinch out ‘and water enters the Teleqraph Creek '

and Vergllle Members From this ponnt the flow combines with that from

the other recharge areas.

Tota! Dissd!ved- Solids (TDS) in the recharge area varies from 1480
to 15,114 mq/l “ The lower value |s associated with the valley deposits
where a mean. TDS of 1872 mg/! occurs. Th-e hlgher values are
;ssoctated wuth the surface divtdes. Downi'the flo‘v:\,a, systern i‘n'.the"Milk ‘
River aqunfer‘ TDS steadlly decreases unt|| at the discharge area TDS'
ranges from 1123 to 1287 mq/l __TDS dnstrlbutlon within the aqwfer is

presented on F;lgure 15..

- . L]
: ’ 1
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The major cations in groundwater from ithe rec_har-gé area albng _thj’e"
/valley floor arc-Ca2+ .and Mgz,+. For the rlemainder of the rechlarge
“area the ‘major species is Na'. The major anion is SO'AZ—. For the
discharge afe’a the rnta]orf. ions are Na' and HCO3_.

A statistical summary of . the ion data by‘ li{hologic unit is
" presented on Tab‘lle'ls.' l.hspectio'n of this tat)lale indicates th:at there is a.
significant difference in the chemistry of water from the t.i‘l_ls',and thé‘
Colorado Grbup. Water f{rom the‘De‘adhorse Coulfee "Mémber has ‘a
- chemistry s»imila.r to 't‘hat of .the Coldrado G_ron. i.Th'e.otherg_“,un’its
’however do not ‘iaemonstrate ény ‘svi_gnific'an,t patterns. “

Figure‘s. 16 and 17 present the ’ar'ga! distribution of the individual
ion s:.pecies.c As 'can be sleén from Figure 16 a'll; vof the ,catiohs,‘ d,ecreasé
invr.:()nc'en,tratior': from the recharge areas, along the flow system to _the
discharge area. .T-he recharge 'arear along the valley floor hés. lower
' cori&entra.t'ions"than the area along theA,interv'eningvrivdgves. Areas where
the water tab’le. ié perched ’iwa\(e the hvighest concentratio’nv‘ in all cat_ions
,‘for the till_sland in Né+ fof the;“Deac;I:orse _C'oulee Me:mber‘. Groundwater
from the Colorado GFGup is high_eis't in Na@ especially within 'thel
' discharge area. The recharge area nofth vorf‘ the Arvi.ver is' low in all
-cation sp‘ec:ies. ' | ‘ |
) T ‘ 2- . :

A close e.xammanon: of Figure 17 siows that SOu .concentrat@ns
follow ‘the same tYpe of distt ‘hut.iovh as the cations. SOHZ_ vélges are
highest in the recharge arc and decline toward the discharge area.
HCQ3- also declines from the ridges along the south .end.of the :stud_y
areé toward the rnorth‘_.' There is however a slight increase in HCO‘3‘_'

from: the vlkley floor .at the south end vtow'ard the discharge area.

There is an over all decline in the mean values from the recharge to

-
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~Colorado Group mainly contains HCO3

u7

discharge areas indicatih(_',"that.HCO{ ‘bec"omes the donﬂin'ant anion in
the discharge ':;rea due to a decline-in ‘S.Ou2_ rather than"ah ihcrease"-ir)
HCO3_. C!” generally declines in éoncentrati_on, however, there
nppeérs-to‘ be minor reversals along the flow paths. Within  the péréhedI
areas, both SOL‘Z_ and‘f HCOf3, are af)undant while water frorﬁr the
.~ especially in the rech.argezarea.

The PHREEQE'computer program, developed by Parkhurst et al.
f1€)80)' was-' used to calculate the saturation: indicieé (S1) of calcit.'e,‘

: L ’ . -

dolomite and gypsum and thg partial pbeSsure of carbon dioxidé '(PCOZ').'
Th,e'calc'ulatidns are carried out using the ,concéntrations of rﬁaiorﬂand‘

minor constituents and pH. The resultingfcahulations’_"_are presented in

Appendix  J with histograms of the distribution of S! values and PCOZ

presented on Figures 18 and 19. The yalue of the calcium: magnesium

fatio‘ f(ir each sz;mple was also calculated and is presentéd in Figure.w.’

Withi’n the entire rechargé -area both‘ calcite. and dolomite are
super saturated while gypsum is un‘dersaturat'ed. As caﬁ be seen from
Figuré 18 these conditions persist in the discharge area however ther'e
is an apparent decline in the SI valges of'4 dolQmife“éng,\gypSum. A“P‘CO.Z
exhibits  no apparent pattern  of dist.r,ib_ution_ atong the flow path.
However, the Pcod appears: to bé higher for the bedrock units than ‘fo'r
the surffcial depoéité in the recharge a;'ea. . The Ca2+:M92+' ratio for
the bedrock units in_ihé recharge ar.ea‘are below unity’ while for the
surficial. deposits. it is greater than unity. For the discharge area the
rativo‘ is greater_ thaﬁ un’ity (Figdre 19). |

In genefal,. the processes involved vin the chemical evo:lution, of

groundwater along a flow system can be e->'<p|ained by a_ series of

chemical and biological reactions. The most common chemical processes
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within shallow aquifers .include the dissotution- of the porous medium, .

precipitation of mineral phases, ion exchange between the pore fluid

and the porous medium and osmosis or keverse osmosis  (Schwartz,
1974).  Biologica! processes that add or remove CO2 and reduce SOQ2'

‘are also important in control!_{ng water cheuétry. ‘ T 'j

. Water infiltratin'g‘in‘ton the 'C(’)r;2 rich soils will rapidly ac’quir.e‘

. . ' ‘ 2 - o -
relative‘!y high concentrations of Ca_2+, Mg‘+,' HCO3 rnd,SOd2 . from

-

the dissolution of calcite, dolomite and qgypsum. Because all samples,

o

even those near the water table were saturgted with calcite and. dolomite

and ' near saturation with respect to gypsum these reactions would

_ap'pear to be imporfant in this. area.

The dissolution r‘e“actions, @ﬁcularly those in‘yolx)inq the hiqgh

2-

concentrations of gypsum in the tilt would explain. the high 4Ca2+‘, SO”

within the recharge area. The high Na' content of 'some of the water

in the recharge area, especially in the ‘areas of perched water table,

' and within the Colorado Group‘in' the disch,arge area, can be explained

by cafion exchange of Caz+ and Mgz+ for Na'. This process require#,u

high proportion of c'!ay minerals to supply the exchange sites for the

ions. ‘Nearly all the drift and bedrock units contain a'proportinnnny,

£ :

high percentage of clay minerals with Na® available for exchange.
Following along the flow paths there is a decline. in S()u_2~. The

biological process of sulfate reduction could account for this decrease.

: C
A by-product of sulfate reduction, however is HZS which “was not

detected during this study. This situation implies that perhaps other
processes could be controlling SOQZ— concentrations. Along with VSOuz. ,
a

there is a general decline in all ion species in the direction of flow.

\ . . +
The precipitation of calcite would account for the decline in Ca2 and
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HCO - however it cannot account for the decline&in M'92+, Na+, SOuz_.

and esperialiy Cl é‘i’he'!oss of Ca2+. and SQ 2= to the.precipritation of

qypsum is not; ijely l&%auseﬁb jat . cases "*suml is undersaturated.
. GN_W

In fact,' no c;ornblnatlon of. chemica

& sl.’ .';' -L'i;

e -

ke i‘:;qu'l ‘realistically bring
. ? .’ ] A

S

Schwartz (1974) discussed the p055|b|l|ty of membrane fiitration in

the reduction of ion spemes wnthm a shallow aqwfer system Philllps et

NN

al. (1986) discussed the possnbMy of this mechanism for cohcentratlhg
Cl" in the Milk River aquifer north of the study S|te However, the .
pattern of decline in the dlrectlon of flow is opposite to. what ‘might be .

L
expected from a membrane type system of the type env1snoned by

: Phillips et al, (1986). Further, the system is so shaHow that it is

difficult to beiieve that the units above the Milk River ’aquifer‘would‘
operate as a memb’ran‘e.‘

Another mechanism for reduction “of ion species could be the mixing
of two waters or the replaeement of one vgater' tybe with another.
There is'no. .apparent source of grv‘oundwater other than‘ that ‘which"

.. - :
recharqcs at the south end of the study area. Conductivities in the
'Coiorado.Group are too lm:y to account 'forv.a second source of water

from below. Therefore, if this process is ocurr:ing, the older water at’

the north end is being replaced by younger water from the south. To

account for the. changes in chemistry there must hav'e' been a change in
the recharge conditions at some time in the past; ’ '

Travél times from the north end of the recharge area to the river,
using /) are calculated using hydraullc arguments to be between‘
18,000 and 27,000 years. This time coincides with the estimated

advance and retreat of the last glacial advance into the area (Westgate,



.1968). If ‘the water in'the discharge area entered the flowvsyqten‘q
recharge prior to the |ast glacml advance it is likely that it did not
.recharqe through till and as such would. have a dlfferent chemlcal
vsignature. Thls hypothesis is favoured in this study. The comhinntion
of a chzla'nging gLimaté with the addition o‘f reactive,materinls near #ic
sﬁrfacé gjould explain thig tendency for yo'unge.r waters ‘_to be more
Séline. | .

Oxyqen 18 and Deuterlum

The environmental isotopes 18O and 2H have"also proved usceful in

exp!aininq'”chemical patterns within the study area. The standard plot

of O verses 6 H (Figure 20) mdlcates that thg analyan results fall

' along the stralqht ll& 8 H = 6. 318 O—_32.71%~ (r2 = 0. 97) The' -plono.d

line falls below the meteoric water line as described by Craiqg (1961)

18

with an mtercept at 8'°0 = -24.8 and §°H = -188.7. In qeneral there

is a progressive enrlchment in both 18O and 2H in the direction of
4 . - L

flow. On Figure 20 samples from the recharge areas generally fall close

to the meteoric water line, while those farther along the flow system are

isotopically heavier and deviate from the Créig (1961) linc.  With the

exception of one area, all of the enriched samples were collected at the

‘northern end of the flow system. The exception is located along the

international boundary where a small area of artesian pressure is found

along ‘the valley floor. This latter area/is one with a shallow water
table and . seasonél ponding. The likelihood of enrichment by
évaporation is probably responsible for this anomalous result.. For the

remainder of the area however the flow is at depth and evaporation is

an unlikely cause for enrichment.

When combined with the flow and geochemical data, the isotope -
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LI . . C *

data corroborates the findings that there are two sepa.,};h.'tc‘.w;xters.

Recent rechérge water s depletedb i‘n-8180 and SZH' ':whi,l? thé\»' older

water is more enriched. The reasons why the older groundwater is

enriched with respect'tc_)'li18~0 and ‘H is a subject requiring further

_im'/estigatioh and beyond the scope of this study.



SUBSURFACE IRRIGATION RETURN FLOW

Potential Recharge
To preve’nt salt accumulation w,itﬁin the reet zone of tHe‘ soil -
profile as a result Qf irrigation,,v if‘ is 'necessiary ‘t‘b .epply s'gffic'ient
water to leach these ‘salts thugh‘ the 'profi‘le'.. - The calculated .fra_ction
of applied water ti—.mt rﬁust be passed thu:‘(‘)ugh‘ the plant root zone rto"
fnain't'ain‘l the EC at or below a specified value is defined as the"Lleaching
Requirement (LR(%)) (Bresler et ‘al:, 1982). Water that passes thr)ough'
the rootbzone.can effectively be cpnsid.er'edv a»s' incdorpefated into the -
groundwater. A'.ssuming"that ’the LR(%) is ‘not exceeded, - it can
therefore beeqﬁated as the maximum recharge rate to ‘the gro@pdwater}

from irrigation.

'y The USDA. (1954), Rhoades (1974), Hoffman (1983), Smith and’

,‘.}) and others have;,de'scribed m_efchod's to calculate ‘CR(%).
l¢ debate has been gene.rafed as to which method is the most

accurate (Hoffman, 1983). The ‘USDA (1954) calculations produce the
'v%%rqest Lé(%j values. .Because .vthis .method" would represent a worst
e” ?ée sc;venar‘lo of. maximum recharqe to the groundwater ‘regime - this

”'-"," f method was used to’ calculate recharge rates to the aquifer.

- o}) LR(%) was: ccﬂculated using the equatlon

LR(%) : ECif.;;lecdw N (4)

~where ECiw is the electrica) conductivify of the irrigation water and

7

Ede is the electr:ical _céﬁﬁuctivity of the drainage water. Luthin
{1973) indicatetﬁ _chat"»f ECiW shog&ld be a weighted avérage of the
conductivity of.the, rain water E'Crw "(0.05_ mS/cm) and irrigation. water

-~
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ECM and is calculated using the fo(fmula:' ' i )

1 -

EC =D EC_+D. EC. /D - +D. J(5)
rw HFW‘ 1w 1w rw

{rw+iw) iw.

. ’ .

where Drw. and“'DiW are the dnepths of pr*ecipftation 'an‘d irﬁqation water
- that enter the soil. EC'd;v is the EC of the soil ‘ext.ract ;'n theWhnld
of crép salt _td!erance. |

Salt .to-|e_r~ance varies withithie c‘er type and a variety of crlbpq are.
_grown -in souther‘n Alberta. To ca!cl’,ﬂ'até{ the LR(%) values-b for cach
crop type ECdv'v values are taken'fromvBresl‘er ct al (1982). 'Becmvxse'
the Milk River is the lik’ely source ;;Aof the irrigation water the value of
ECi"N IVWas caléulated from the mean concentration of the Milk.‘Rivof
during the growing season (i.e., 100 mg’/l')(Not}(‘)n, 19805 using the

formula: . B | |

A

TDS = 765.1 EC' 0% . (6)
from Chang et al (1983). )
To calculate the LR (depth of waer) the formula:
- LR(mm) = W x LR(%) - o

2

was used wHere wiw is the consumptive use of the crop minus th{e mean
growing seaso:n precipitation (248 mm). Values for consumptive use are
from .Sonmer. (1963). ' - °

As can be seen from Table 5, the maximuh calculated LR(mm) .

value is for alfalfa (36 mm). The minimum value is for barley with an

o
[
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CE ‘ /4
L S S SOV ) b :
Depth {m) Lithology Colour Moisture Cace, Other
- - | | —— ' - ‘» !
Hole Numbar 507!-M (SE 7-2-14-u4)
0 - 1.5 Aliuvium (SCLY » o
i.5- 9.1 Alluvium ('GS) §]
: 1+ -
——— ———— e . - »‘. r—
Hole Number 5072-M (NE 6-2-14-4)
0 =3.0°  Alluvium (GSCL) "+ .
3.0~ 7.6 Till (C) ' ) !
7.6-!2;2 Qutwash (S)
12.2-1b.8 Till (GSL)
16,8-21.3 Sandstone 1 Shetl Fragments
21.3-29.9 Sindstone .
‘Hole N\umbcr S073-M (SE 6-2-14-u) . ‘
0 -7.6 Till (CL.)
7. Silty Shale A ‘ .
'~S.£’nds,f°"(‘. . N Shi ) U{--nl«nnl‘u
14 one ‘ . BN : Stroneg ] .
1 one v Shell fragments,
15 ; . o lone ) Carbonaceas,
16,0185 7 Nl shate )
’ 18.-3—19.8__ >S‘ilu./' Sandstone ‘ ('.uv:l)uu.nu-nnn'.
|9.8-23.§ Sitty Sandstdhe '
21.5-27.4 Siltstone SR
22.4-29.0 Sifty Shale S A )
_ - ‘ : TR PSR R
. . i :-c?"‘ R ) . Coae it .. ' . .
Hole Number 5074-p ENY 7-1-14-1) S e ' R
“ 0 =300 U aTii(CL) - S " sm . I
. o e300 9. Til tCL) ‘L “Light Qlive Brown - sae T ’
: T -10.7 Tl (C1-C) % Lignt Olive Brown ~ * M UE - e
10.7-16.8 Till (C) Light Brownish Gray -~ M y S '
g ‘16.8-18:3  + _ THI'(C) Olive Brown AT ' ; tN
. 3-20.4 Sandstone . Light Olive Br‘(}wn : -
R L W Shale - Lignt Otive Uruwr ‘_“ Stroneg ' .
22.2N2,.8 Sandstonc ‘_Lighl Gray . Koderate 5.0 Very Haid .
— . e '-T_ L - . y .
Hole. Numbers 5075-M" (MW -1-1-1524) ! . ' N R Ty
R 1 T (L) T Brown L. Tl o o : Lo
W st 30t Tin s Yellowish Browrd . , T S ' -
: 3.0-7.6 Till (L] Olive Brown.. ' i :
7.6 9.1 Till (CL) Light Olive Brown .o % B
: 9.1-10.7 . Sandstone Light Olive Brown, o .+ anderate Lt
10.743.7 Sandstone Olive L L Hrogerate - . ,
13.7-15.2 Sandstone - Otive : ) c vy :
¢ .15 EN16.8 ‘Sandstenc Brownish Yéllov . 4
1()3,8 18.3 Silty Shale ’ Dark Gray farhanac gy
18 3-01. 3“ Sandstone Lmhl Otive Brown : - Vitan
W21 '3 24,8 Sandstone Olnvc » : é\ﬁﬁwl [.‘.9:1:1.;31; * )
.2 6 Sandstone | Dork’ Gray S Veav N
; _L__._.,_.___, e e s e
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Lepathi fn) Litholuegy. Colour Moisture Cn(f()3 Other
_ Y (S : -

flede Humbieg ',U‘/_}' RU(SW 2-1154) ) .
v Tih (CL) . % Brown , S
2.1 4L Sandstone o Litght Yellowish Browe S Strong - ‘

' ; .
[T | Setudutone Dark Yellowish Brown SM Moderate
o7 Sandutone Dark Cellowish Brown St Weak
LTI C Sanchhtone " Light Yellowish Brown s M Weak
ol o1h g Sandstane Light Olive Brown M . .Weak , : .
TR T Gandstone Light Gray. " Do Strong . o

¢
Holie thumbeer S0/E M (SV 50 1 10-n) o . : .
”‘ ;)Tl o Top Sl (1) Brown ’ S ‘ )
LA | T T I T (el Light (..myl D“" 5trong - .
SN T st d) Light Ofive Brown SM Veak _ . ,
. (AR Silty. Shale Light Brownisn C:rny SIR ) : o \."cr~y Hare . P
%o Silty” Shate Olive Brown SAT . Very Hard
LU Silty Shale Otive Brown VAL "%' Carbonuacéous Chips
Ty o9 Claystone Dark Brown SM ) '
e * o Cliaystone Light Olive Brown SM o ,
LRI I ] .‘;:!v\li‘,l()‘lll" Ii.:rk Yellowish Arown. - VM Moderate
T ERLK Sandstone Olivc: Bro‘;yn . g VM ‘
' _v- l e 16, Shale _ Gray ) « Mo - Carbonaceous
PRI TR 183, © Shale . Dark Cray A ‘Cdrbonaccuus
» SR T Shale . Gray - . SM ) Carbonaceous
‘I'l‘.ﬂ Tk vSImlu . Dark Gray » L SM " , - ' -
REREALERL Y Shale .~ . Gray - o o SM o
B -
Cole Number 50798 (S tB-2vaen) o '
L 0 ;0.3 Top-Seil (CL) , D . o
' 0.3 0.¢ AAttuviam (SL) irown . D Modergte !
0.6- 1.7 Alluvium (SL) Yellowish Brown” . D ¥ Moderate | . - '
1.2 18 . Alluvium (S} Light Olive Brown D Moderate
) 1.5 .},.0‘ Alluvium (SL) Dark Yellowish Bfown , SM Mod‘érato
foowe TTinsod) Olive B.’%n Co i M. - Moderate  Mottled
s Till (SCL) © ¥ Otive Brobn VM ‘ Mottied
Ll L g sen YeHowish Brown ' SAT Veak ‘ ‘
T LR TN Tl scL) v Gray S \SATv Strong o Lok
&","A G LT T (SCL) S L‘;ighl Olive Browp | . T M(;)dcr';;ie" SRS o ' : .' <
f LTS et R ey, o, Grays o . GVMLL e , a
@ e T ey .. Dapk Grayish Brown, e - S e LT
T 182 , T (L . 'V‘vr"y"q Dark 'Gr'{;y;' . M. fO e et
BTN Altuvivm (G) Black 0 ey S R C
R JREN TN v:;:i' A {\Ih.n\'itiu':; (G) T Dark ‘Cr.lyish Brown y ’ o . ’ R
. 4 .Ju,;u.l.; S.m".i:;lum- : Light Bfownish ‘Grd\/ oo ' - - . v .
.’“.‘1}45‘.“) R Sandstone - Gray o L ‘e N
9 a7 Sandstone . ) Gray v Ledge . ’ ‘
R REI B Sandstone Cray ‘ . ) '
W3 30,% TS ' " Cray 3 Ledge .
Ww.s ug.p A S n‘s‘dsh\m: . Gray : ..
ARy ")3:.‘1 ) Sondye Mudstong Gray ) ’
° ERPREEL Mudstone . Gray . ’ , :
r ]
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. : “Depth . (m) 'Lilhol&zgy Colour - . Foisture Cacoy Other
Hole Number 5106-M (SW 36-1-15-4)
0 -0.25 “Top Soil (L Dark Yellowish”Brown A ’ '
0.25- 0.50 Top Soil (L) Yellowish Brown N
0.50% 1775 Till (CL) Yellowish Brown | 0 Sait S cakes
1.75- 225, Tilt (CL) Dark Brown . SA TRl Steaks
2.25- 4,25 Til (CL) Vark Brown Y : I
4.25- 6.00 ‘Till (CL) Very Dark. Brown ) [E S o ] ' g
) 6.00- 7.75 . Till (CL) _ Dark Grayish Brown M _ ’
7.75-10.25 Till (CL—C)ﬁ o0 Dark Grayish_ll‘rn'\vn- SN v Dets e ’
. .10.2'5--10.50 Sandstone ; Gray . ' v fy o ’ ) Arvgillaceous, )
e e B R RSB SRy g s ST B S . . .
. R “ Y
(% . . .
) . ; * S N . ;
Hole Number 51078 (NE 30-1-14-4) Co : .
N . Y v . . | ’ I B
"0'4 - 0,25 Top Soil- (CL} Grayish. Brown ’ ’ SM
0.25- 1.50 Tin (8L . Dark_Brown A
Y y,50- 4,28 Till (CL) . . Dark Grayish Heown A
R : o . §
g w255 4isp - TN (CL) - w@rk (3r;1y|s!1‘B‘ VAl /
g% u.50- 750 Till (Cli *0ark M - ’
" 7.50- 8.25 Til Very M ST
) . . . B -
8.25- 8.5¢.  Shale - T every 3
© 8,50~ 9,00 Shale . - Gray S
e T ; ,
. - . o
Hole Number ST0B-M (SW 4-2-$0h) . o ‘s , )
' - - ; " .
0 -0.25 Top Soil (L) = ,Brown, D ) . ‘
s 0.2% 0.75 . Drift (FSL) Very Pale Hrown , D - o ‘ T )
. 0.75 1,00 ©  Till (CL) . .* Brown .07 Yo SM oo P '
e 1.00-3.25 Tilb (CLY. . Dark Grayish Browy . =~ M 75 T
L 3.25- 3.50 . . Sandstone , . Very Pale Brown - e . L '
” . . c : - ' i toa N . .
.3.50- 3.75 . Sandstone Yelow* RN R Moo . v .
3.95- 475" Sandggone ©  White - LM ‘ . ‘ '
: W75 6.25 - Sangﬁs_tone ,Yi:lluwc - Cm i N
. 6.25- 7.25 Sandstone “Browiy ) o N .' ’ ' R
7.25- 7.75 Sandstone Light Gray ™ - M N
7.75- 8,50 Sandstone . Olive Yellow : ML -
§.50~ 9.25 Sandstone . Yellow . st . ,
9.25-16.50 _  Sandstonc " Brownish Yellaw. Sk T S Do
£10,50-10.75 ~ Sandstone Light Ycllowish, Brown M ‘. ) _ )
o= . 0™5-11.00- " 'Sandstone. ' L Olive Yaliow T J BT o l'.m‘n'n:m;'cl.r((lv,uvﬂ;n o
i L~ 11.00-31.50 -7 sandstone ", Brownish Yelloy 7 woe s . R S
) 3 2 R : S . N ~ T ) . -
' ,11.50-13.504 Sandstone . Yellow ®o. 4 . .
LI - " * .
- - - e . 3 . K -
r t - \ N
. . . o
‘ v
- .
; .
, s - >
. . . &R ; -
- Al a. «4 ’ .,
- . he — <
. \
. . . . . , .
LA . 5 -
- - » ' g
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. -t S mmmeeme e e “;—“"-’ X - ,»
l{:-plh (m})‘ "Lithalogy Colour A\gisturcv. CaCO3 . vOlher :
e T ;'.'—Q"A
Hote Hoamber 5109-8 (NI 9-2-14-4)
] - 050 Top Soil (SilL) Yellowish Brown D
0L 1.2 Tilt (CL) Grayish Erown D~ . P
e o1Ln, il (CL) Lark Grayish Brown SM i ,
Lo 4,00 ri (C1.-C) Dark Grayish Brown M Salts
$.00 0 4.2% Til (SL1) Dark Grayish Brown Shi
8.7 050 Tl (S1) . DarkiBrown SMoo %
W50 600 Outwash (LFS) Wark Brown o M.,
Ho00 5,50 Outwash (G) " M
6.500 7,50 Outwash (LFS) Olive Brown . VM
7.50 8.5 Til (CL) Very Dark Grayish Urown M
.50 950 Outwash (LFS) Light Olive Hrown R )
450 10,50 Tin (€L Lark Grayish Brown f
10,50 1150 Shale Gray : M
11,50 1224 Shale Gray SA
Hole Humber, 5110 M (SE 35-1-10" 1) ’ i
0 .50 Top Soil (1) Brown . ’ »]
0.50 1,79 Tl (SiICL) Dark Cr"uyis.hv H.rmvn M
1% 2500 Tip(CL) Very Dark Grayish Brown 4 ‘ . - T
' .’.‘-‘!) 279 Qé_h{:ln s Gray SM \f.’«rnthcrr)d
Do 1000 Shale . -Gray . D
e e : -y
ol Humbér S11T-M (SW 36-1-14-4) :‘ , ' .
0 ‘0_.50 S "Top Soit (L) Uruwv) ) D . ﬁé V
500 1,25 Tl (SiCL): Light Brownish Tray Do : ’ ,
L 1sn T (GL) Dark. Grayish Brown S Salt Sireaks
1500 3,50 Tt (CU) .. Dark Grayish #gbdwn Mo . '
1,50 4,00 - Shale S " Olive Gray ’ R\ ’ galt' Crystals, )
i - . . Layered (10YR 5/6).
. .
Hote ‘Ngumber 51128 (NL27-1- 14-1) X : o
W 0L Top Soil (L} ‘Light Brownish Gray ‘ ) ' "
0.2 200 Tilt (SiCL) * Vlight Brownish Gray ¢ . .
e 2 a0 Tilt (CL)- “Dark Brownish Gray |
L5071, 00 Cugwash (LFS) . Pale B.r_own ” “ - ’
Teo L6, 00 v“lll,I"(Cl,')W . “Dark Grayish Qrown' . T .
L0000 T (cn) Dark Grayish Brown '
R 0L f Sandstone .« D.\:rk"(‘.rnyi,&h [‘)rovﬂ; N . A
, . R S NP
B L . - e \\
Hote Number, STU3-A (SE52681-1400) a7 - ' .
[\l - 0Ls0 “Top Sail (LY 't afight Yellowish Brown . D ' b ‘ . .
poae 12 T (€L '\'L||'L:w'n;1} Brown | . n,o - f
Lrvorad Shae Clight Gy o } '
: @ - } - ) ’
Hofe Nambier 510 30 (SET BT ek ,
(¢ IR ‘ T.m" Sen .i\'A-| Cl(}}.\li Uyn'\\m\p Corany R & “ :
CrooveE T eck) DDk Browe oo : -
poe oo T ) }u.,.\)- B ‘ Y <!
T 'lc‘ T G Cras ‘ :
. s, .-
_,J- - -y RSO, R J i SO U R Dmra o —
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N “ v [l
Depth (m) “Lithology .+ Catour.*
. . . L L ) . P

Hole Numlier 5115-A1 (SW 12-1-Ta-uy
: 1 R

om0 , Top S_.oi'l'(lg) Li(_;ht Gray . b
©0.25- 1.50. Tilk (CL) Light Gray ¢ 0
C.1.50- 1.7S. 'Sha‘yc,'g ) - Otive Gray D
"*"*T'—*-"-" ““"T_"“.“-‘-‘ T e
Hole Nuniber 5116-M [NE 2-1-16-1) ;
0- 0.50 " Top Soil (L) Grayish Brown o
T0.50- 1,75 7 - Titt (CL) " Grayish Brown L2
T.75-.2.25 - Sandstone Pinkish White D
" Hole Numbers5117-M “(NE 3-1-14-4) "
0.2 0,25 Top Zoil (L) Dark Brown - o
0,252 1,75 “Til (SiCL) Dark Drown ‘ A
1.75- 2,50% & Till (FSL) Dark Brown v
2,50- 3:00 Tilt (SCL) Dark Brown - 1
'3..00--_. 375 Out.y\'nsh {LFS) Dark Brown ‘\/.*..'v
3.7527h.007 - Till (C) Brown A
4007 6050 TN (CL) Dark Brown 4
4.50-'5.00. " Qutwash (SL) Dark Brown M
5.00- 5..5’(') - Qutwash (C] Dark Brown . ' Vi
5.5b- 7.50 . Tin (€LY ] Dark Rrown X
7s0-i7s  T(C) L Dﬁ’kfd&&';" : M
12.75-13.00 Tin (CU) Tody r
"93.00-13.25 Outwash (VFSL) c'r‘ay .- SAT
flole Number 5118-M (SE 10-1-14-4) .
0 - 0.25 . Top Soil (L) - Light YeHowioh Brown D
0.25- 1. CTH(CLY, Very Dark Grayish Browii  SA .
.1.00- DTN (cu) _-Dark Grayish Brown N
©1.75- 2.00 - Shale _ " Bark "'C;'ray'v o Sm;c,,
2.00- 2.25 Sandstone Brownich Yellow S0
B . . ’ \‘
Hole f\{urrxbcr 5T19-AY (SE 4-1-14-4) .
Q '_ < 0.25 Top SmXN(‘L) Light Glrny : ) )
Totss 15 T (cL) ouaht Gray - -~
1.75-1.50 v Outiwash (FSL) .Y/ lowish Brovn . ST
17,50-2.00 Till (SiéL) Ove ‘ Y
2.00- 3,25 Tu tCL) T Dark Grayish Brows o
B.25- 375 Tal (SCL) Dk Grdyist Erdw, iy
31.75¢11.50 T (cu] T Durk Grayish Brown “
11.50-12.00 THLCL) Dock Brown ’ o
12001250 Bhaic Lk Gray
13400 Sanity Shite sty Yelinw
GO0 Sty Shale £ o

Peduged
Reclut gt

|".(~]1H(,l!“

Orschized,

Oxidized

’
! v
B
vt
[ICERS
v



A
Diepath ()

\
Hole Humber 5120 M (SE ]

0 0,25
0029 1.0
v 3.00
06 w7y
O DR I
7% H.50

L850 56

“Hovs00 12,00
Nzlen-11.29

“Hate Nmnl.)l.'r
G . 1.00
V.00 5.50
5.950 10250
16,50 0,75
10,79 12,25
12,25 15.50
A5.50-16,29
.25 18,25
16, 29-18.50
14,50 18.75
18, 75-21.25
21,25%-24,50
24.50-25.75

1%075-29.00

29,00-33.00

17,00-33.50
11.50-35.50
155034, 05
16.25-3H.50

Lithology

\

Top Soil TL)
y >i.ufrc]) \
TilLA(SCL)
Tl (SCL)
Outwish (l_l'S]
Till (5C1)
Outpmsh (FSL)
ST (5CL)

Shale

. ZColaur -7
v .

SAh-u)

G121 A {SW T 1 15-4)

T (cLy
Tl (CL)
Sandatone

Silty Shale

Moisture CaCO3 O'l'hcr:
SR , G
Dark Grayish Brown SM P
-D.‘trk .Crayish Buro'wn-. SM
~ Dark Grd‘yish Brown M Sandy
Dork Grayish Brown M
Darle Grayish Brown SAT
} D;nfk.(;rayish Brown VM Sandy \
".Dark Grayish Brown SAT ] o
Yellowish Brown’ A ' Sandy <
Yellowich Brown ) : '
Yellowish Brown D
Dark Grayish Brown Xy
’ M. ‘

" Brown

Light Yellowish Brown ' .

Very Fine Argillaceous

i

Sandstone White D Strong ledge

) 'S‘;v\<1§lbllc Ligin Yellowish Brown N ,“ VWeal - .
Sandstune White . ) D. 5 trong Ledge
Sandstone Light Yellowish Brown S ’ Léminaled Sandstone/
Shale ‘ Gray - Dy trong Shale .(G"aV?
Sandstone Gray D/ Strong Ledge
Sandstong Gray . Shy Strong Laminated Shale
Sandstone - Gray r M- Strong ) R
Sandstone, Gray M Strong Laminétcd Shale
shwie ; T ‘Gray SM Strong Laminated Sandstone

: ‘ . R Gray SM Strong :

’ [ s Gray D Strong Hard

“Shite - .+ Gray. - D Strong _ SN
Shate” Gray - D Stro::g Hard )
Shale "Gray " D v Sli—ohg )

v v

79



Depth (m) Lithology

Hole Number S122-A. (SW 2-1-15-4)

0 - 1.25- _ Till (SL)
1.25- 2.50 Tint (SCL)
2,50- 2.75 ‘Sandstone
2.75~ 3.25 Sandstone
3.25+ 3.50 Sandstone
3.50- 3,75 Sandstone
3.75- 5.25 Sandstone
5.25-.5.50 Sandstone
5.50¢f 7.00 Sandst‘one
. 7.00-7.25 ' Sandstone
7.25- 9,00 Sandstone
9.00-12.00 Sandstone
12.00-13.50 Sandstone
13.50-17.50 “.Sandstone
17.50-18.00 Sandstone
18.00-24.50 Sandstone |

2,50-25.75 Sandstone

Sandstone

26,75-27.25
27,2?—27.,75 " Sandstooe
' 27.75-28;00 Sandstone
28.0(:)—29.2 ‘ Sandstone
‘29.25-30‘75 Sandstone
30.75-31.25 Shale”
31.25-32.50 Sandstone -
32.50-33.50 Sandstone
33.50-34.,25 Sandstone -
3u,25-3u',‘75 Sandstone
L 34.75-38.50°  Mudstone
18.50-38,75 . Sondstonc '
38.75-39.50 Sandstone
,39.50-42,00°  Shale .
42.00-43 89 Shale
63.50-44.25 " Shale
. - N -
ot o e
. “\
o

Colour Maisture
Brown SM-
Brown . - ”t. .d‘ P At
Light Brownish Ggay “;SM
Light Gray o _‘ i ,'i,. )
Light Gray 2 S R
Light Gray ’ ‘ D
- Pale Brown ]
Ligq Gray -~
Light Gray | D
Light Gray ' 0
Light Gray . n -
" Light Gray L
Very Pale Brown (s
Light Yehowish lirown - _l')'v
Light Gray RN
Light Yellowish Brown’ HM
Light Yeltovish Brown® GA
“Light Gr‘.’ly . . kY
Cray’ SM
Cray T
Cray, - . . D
Light Gray =~ ¢ 5]
Dark Gray ,;’ » . "
C'r:‘n‘/. . SM
Cray . ‘ : M
Gray L SM
Cray o ’ ) o L
Cr"ay . ‘ . Lz
Gray : .. b
Gray v M
Dark Gray D
Gray - - D
Gray : : ’ . (S|
[P A
N AN

Strong .
Strong

S l.’!:‘\nv‘\'\_)

Wealk

Slrong -~

Moderate

Moderate

- Srang,

Strong |
Strong
Eilr;mq
Strong
Strong
Strong
Strang
St rong
Strang
5‘! roneg
Strong
Strong
. Slr;;r\()

Slr()lxr;

80

R

Other

Satidy

Sandy
Ledge
Ledge -
Ledage Car b naceous

Leduge Carbotiacemns

T baminategd € at Ul

1 4‘11{‘1-

lmh);'
Laminated Shpte

l.(-«l.()v

Arqguttacenns

Ledge o ’ N
ll'zlq(!

/\u-u.n;ft-uuu

Ledqge

Al(_]lllu( e

Laminated Shale
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e e —— e e ! —_
Liepth (m) Lithology Colour ) r.\oisiu;-c ' ‘ CaC03 Other,
Hote Momber 5173-A (SE 3-1-15-1) ,
4 - 100 Tt (CL) Brown SM )
Ve 2,00 Sandstone Light Gray D : Moderate Ledge ]
.00 250 Sundstone Light Gray v D Moderate ledge, Very tlard
2,50 3,24 Sandstone Olive Gray D . ' :
1025 050 ':;.md",(mu; Light Gray D ‘Strong Ledge
w50 7,00 S.yﬁdslouc Light Yellowish Brown i D Moderate
7.00 7.50 Sandstone Lifiht Gray ) D Strong Ledge
L0 8 ,.25 Sandstone Liéhl Yetlowish Brown D Modecrate L ’
B2 9.00 fandstong Light Gray D Strong‘;' Ledge
9.00 11,25 Sundstone. “Light Yellowish Brown D Moderate’ Argillaceous
11,25 18,00 Sandstone Light Yellowish Brown D Argillaceous
1800 18, 7Y ‘.:.ﬂ:i;islom: Yellowish Brown M . Argillaceous
1H.7579.25 -+ Sondstone éray M’ _Strong Argillaceous »
19252045 Sandstone Brown M :Stron Argillaceous
20.25:22.79 Sandstone Gray ) » N Argillaccous
22,10 03,74 Sandstone -Light Gray D Strong Ledge
18752529 S.uuislonc vLighl Yellowish Brown SM Maderate
2579 76050 7 Sandstone Brown 3M
J6.50-08.00 Sandstonge tight Gray SM
J0.00-28.50 Sandstone Brown SM- Interbedded (Light Gr:
8,50 29.0€ Sandstone Light Griiy D * Strong Ledge
29.00-29.75 Sandstone: Brown SM - Interbedded (Light Gr.
29,75 3000 Sandstone Gray } D _Strong Ledge
10.00-31.00 Sandstone Gray. SM: Strong Argillaceous
31.ou-31.50 ' Sandstone Gray SM Interbedded, Shale
31.50-32.25 - Shale Dar‘k Gray D Moderate
32.25-33.00 Sandstone Gray SM Strong “Argillaceous
'J‘S.OO»}]:SO Sandstone v Light Gray o D Strong Lcdgé )
33.50-34,25 Sandstone ,Gmy SM Strong ArgillascpuS‘ .
3.25-36.15 Sandstone Gray SM Strong Argillaceous
36.75-37.00 Shale Dark Gray D * .Strong Interbedded Shale
. 37.00-37.50 Sandstone ~ Light Gray D * Strong - Ledge.
) 37.50-38.50 Shale = Cray M Arinaceous
v
’_(nl\- Numbher Sl‘il)%\\ {(NW 30 1-14-4) R . ’
',‘n I Top Sotl (L) (_)Iivc Gray & ’.
) 0.5 50,50 Tl (CL) Otive Cray S
ORI Tl (SULY - : onvév_cr‘;y “ M -
’ e Seo f,ni'(('l) . Olive Gray X} % ) l .
RN USEAIAR pLNEITE *oDark Yellowish Brown SM ' )
g Dol rne Sani " Light Olive Brown X 9, _
AU Sanustioe Dark Brown ; it -Carbenaceous and
’ AN Ry Set oo Qlive Cray M Siltstone L,‘!\,'.ers
HhoTe St PRSI R R Ny
, N Dork Cron ot oo, X
1 Y T raric Yellowish Broogao S
- o 1 ;".1’ Ve e o ’ A
l’_‘ o ! e b : el (1"\‘-“-" K . Larnivggairs oy
- ‘ N
S,
v . )
\ “ ‘ &
. a A : ’ '
. s » ; Bd
Lo i , !




.
87
3 Depth (m) Lithology S Cotour: . - \ Moisture ('..1(?(“ Other
/*' S P ‘_ P S )
Hole Number S142-AY (NW 12-1-15-4) N : ]
6 -~0.25 . Top Soil> (CL) Very Dark Grayish Brown M
0.25‘— 1.50 Till' ({CL) Light Yellowish Brown SAL
1.50- 2.75 . Fluvial (Sil.) Brown ' ) COM
2.75.- 6.20 Sandstone Light Ycll(fv_vish Drown D . .
. .- )
Hole Number 5143-AM° (NW 11-1-15-4) . . " .
0 - 0.35 | Top Soil (CL} " Very Dark Grayish Lrown AL
0.25-1.25 Til (CL) Light Yellowish. Brown - D ,
1.5~ 1.50 Till (HC) . Olive Gray SMo :
1‘230 2000 - Tilt (HC) ~* Dark Olive Gray . A B
Ziiq{- 2.25 ‘ Till (sCL) : Ligh(_YeII()wish Brown D .
2~25- 2.50 Qutwash (LFSi Light Yellowish Brown S '
Tiil (C) " Light Yellowish Brown D
Shale . Brown : ‘ D)
Sandstone Light Gray- ) . LD .
) 9.00- 950  Sandstonc ight Gray SRR (R ~ CLedge .
ey _ .
.‘ oy - : [ e — PO PR
Hole Numbaer 51uu:;\1. '('sw ‘1‘3—'1—111-5) o ‘ ‘“1\3)’ _
Q - 0:25‘ "Top Soil (L) " Very “‘Da‘nzk_ Hg_owu ’ M
0,25- 0.80 Till (CL) . § Very Diee (Fdown M L P o
0.50- 125 T (CL) Light Griy D o
B.25- 1075 TN (CL) - ~. Olive . ed, i M - Salts
1.75- 4.00 Tilt (C) Yellowish Brown SM RN
4.00- 4.50 Tilt (SC) Light Yellowish Brown D
4,50~ 5,50 Till (SC) - ! ‘ Light Yellowish Brown SM .
5.50- 6.50  Till (SC)  ~  Yellowish Brown . osm - .
6.50- 6.75  Till (C) Brown o smo L Gravelly
6.75- 7.00  Till (C); . Brown it ‘ em ' -
7.00- 750 Till (C) . Dark Grayish Brown Mo
" .7.50-12.25 Alluvium (G) ~Yellowish Brown - M
© 12.25-14.00  Sandstone “Light' Yellowish Brown 5
Hole Number 5179‘—M (N[‘Ea 16-1-14-4) -
0 - 2:00 Fill (GL) © Very Dark’ Geayish Hrowe - M
3.00- 7.60. - Till (SCL) Olive Brown A ‘
7.60-10.70 Till (SCL) Dark Grayish lrown, r - B
10.70:16.80 Till (SCL), ri;;rk Gray , o .
16.60-18.30. . Sandstonc Dark Gray' e
18.30-19.20 N Sandstone Light Olive Brown [ .
_-19_.80-21.3'0 ‘ Sandstone Light-Olive Brown BEX Mt .,,,.1,;,,,'51}_,.,1,;..,
4 21.20-22.90 Sandstone Cray o rM -
Hgle Nurber 5180-00 (HE l21'1—|-'; 4} .
- otsn T (CH) : : G
1.50-16. 0t T ey T Lark Gy G o i
- 10_06‘??,3'.' Sandstune ‘ Taght O B " -
T8
.
. .



b

§h .
/’ 1\ : ) ‘ ‘.‘
Lepth (1;\) (:ilhulnqy Colour N r.joisluru _CaCO3 " Other
Hole Hum.l)tfr H5181-M (SE S5-1-1u4-4) ) N
0 - 1.00 ~ Alluviurn (FSCL) - Darl: llfown M ..
1.06 11,20 Alluvium (SCL) Dark Grayisth Brown SAT -
PE200 15,90 Alluvium . Dark Gray‘ VM
1 N0 18,0 Ghole ‘Dark Gray M
o Mol Humber 5162 1 (SE 4-1-10-4) )
1 1.0 :/\llbluvium'f.(f)(:l.) . Uli;ve Brown M
.90 10,00 < Alfyviudi (LS) Dark Grayish Brown V.
10,00 10.70 Al}g;;’ithrlx (Ct) Light Oljve Brown M
10.7012.20 T (CL) Light Olive Brown M _
17,20 31,10 it (e Dark Gray Mo Cravel Layers
110 3730 Sandstone ‘-Very Dark Gray b Ledge = '
o .
Hole Mumber'5183-M (SE-22-1-14-4)
0 10 Yl (CL) . Dark Brown SM
1.50 7.00 Tl (CL) Olive Brown M
7..00: _’J.H) Sandstone e Yc.iIAowibh irown SM toderage
R R et il .- - - 3 N
||(l|‘l! Number .522(l'ﬂd {SL 1]-2'—1‘%‘4)‘ . )
0 - 5.e0 Qutwash (LI$) Olive D Moderate Poorly Saturated
5.80- 7,607 Gutwash (LFS) . Olive ) D L '
7.60-10.70 Till (Sil) Otive Gray D
110.70-10.90 Altuvium (Gr) ' )
10,90-13,10  Sandstone "Light Gray ShoL
13,10 15,20 Siltstone Dark Gray M
15,70 m.u‘u ) Silty Claystone Dark Gray oM
19,80-20.60 - Silty -Cl.nysl;mc' Dark Gray A M SS Lamina
Jo,u0 23 Ko . Silty Cl.‘:ys((;nf Dark Gray A ' »
23.80-26.80 Mudstone Gray M-Vt ‘ VF Sands
2080 2740 - Mudstone Gray M-VAL . High % Sand
206003010 “Sandy Mudstone  Gray M-V . ) ‘ : ’
0,10 30,80 Sandstone Groy SM-R Ledge’
10,80 36,60 Sulty S‘u)dsgunu- Gray Shi Moderate VE Sand
W60 47,20 Sandste. e - Gray M Steong | 'Leyd(_xl‘
P70 W70 Sandstone Gray B Moderate
.20 39,90 Sandstone Gray S l.cdgbe -
Y0 G LS0 Sandétone Gray S
CR0LR0 62,70 Silty: Sandstone  Gray S
R T Siltstane Gray SAL-L .
RN RTINS Sty S.md",.tnnc Cirany W g
a0 4R E0 Silty Sondstane Gray L Shale, Loyere
AU VRSV Sandy S:H*.(.(,n\v L)m'y L\ .
TN K80 _' “tudntone Uray (8] . - \
;~1 AL SR Clay stone Dars (‘.r;r, N \
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Depth (m) Lithology Colour . Moisture ' (‘"u)l Other
ke Hole Number 2066-E (SW 2-1-15-4] g, ‘ o : ‘ ’ ‘
0 - .50 Top Soit {CL} . ‘ o )
0.50-"2.10 Til (CL-C) o } SAL
2.10 3,00 ° Sandstone , T Lddon, Very o
3.00- 9.70 Sandgtone SM Argiliaccous
'9.70-2'0.10 Sandstone ) SM Argiltac éous
h 20.10-21.60 Sandstone ) ' D tedage
21.60-38.10. Sitty Shale : : : - uM
Ol : ©38.10-91.40 Shale - : . SAY Sandatone Vavers
. D e 'A"T_‘—'f"—__’f”" T T et ) »
Hole Number 2067-€ (NE 23-1-T4-1) & ‘ ) o ; _ SR
, 0 -9.70 Till (CL-C) v . s ‘
- 9.70-16.60 Silty Shale SAY Sandatone Layer s,
16.60-3%.50 _ Shala ' SM-
'3350-38.10 R, Silty Shale _ ‘ : T sM
38.10-59.10 Silty Sandstone D
59.10-6€1 .00. Sandstone . ls, Ledee
61.00-86.90 Silty Sandstone : Sk . CATQIac e, .
86.90-91.40  Shalc ' 0 S
, . .
- . - I :
Hole Number. T068-E (SW 28-1-14-4) - - R
b -weu Till (CL-C) . M
' l 4.60-10.70 Silty Shale *Light Gray ’ SM )
©.10.70-16.80  Silty Shale Light Gray - SM
16.80-16.30  Shale . - Gray : SM .
18.90-19.80 Shale - Gray ' SM T Sandatoue ayers
19:80-21.30 Shale Gray B 5M
121,30-22.90 . Sandy Shate Gray - SM
22.90-23.20 ° Shale Gray ‘\ SM
123.20-36.60 Sandstone Gray , ‘ St Argilta e,
36.,60-45.70 Silty. Sandstone Gray SM - -
45.70-47.,20 ' Sandstone Light Gray , . StA : . ) U
47.20-56.40 . Sandstone Light Gray - g ,
56.60-62.50 Sandstonc Light Gray ’ o1 o ' : -
- 62.50-64.00 CSilty Sandstone  Light Gray 0’ - -
64.00-64.90 . Silty Shale Light Gray b - .
64.90+65.50 Sandstone Light Gray ) D T L edge
. " » 65.50-67.10 Silty Shate”© Gray ) P L e . o
67.10-67.30 Sandstane Light Gray oo Loegege
67.30-79.20 Sitty Shale Gray ) g
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APPENDIX 1

RESULTS OF OXYGEN-18 AND DEUTERIUM ANALYSIS
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RESULTS FROM PHREEQE
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5179-M=
6-C-83-
5074-M-
5074-M
5074 -M
5074-M

M

2
3
2
2
5
3
4
5179-M-2

W <t

</

Kdc , n=4
5078-M-1
5078-M-2 .
2067-E-1v
2067-E-2

7
X.

Kv n=6
7 5079-M-2
344-C-2
7-C-83-1
3-C-83-1
"5179-M-1
342-C-3

X
S

CooOo—o0OoC—
DO ODD LD~

— OO0 0
e}
~

0.38
1.06
0.64
1.06
0.95
0.89
0.63

0.43 .

0,68

0.75

0.26

=
s
‘N
w S

OO0 O
O
[0}

—_—O
[94]
s o]

R O O - O
y o
w

O 00O~ WL NN

- . . - . . -
N
~d

—
s
w

p—
N
o

GYPSUM - RATIO
-1.49 2,36 . 2.39
-0.98 . -7.45 "1.90
-0.13 1.25
-0.80 2.40
-0.52 1.83
~1.09 2.07
-1.03 1.33
~1.51 1.02.
-0.43 * . 0.57
-0.89 . 1.64 .
0.47 0.63 -
0.05" 4.79 ©0.97
-0.13: 2.04 1.41
-0.82. 7.24 .1.98
-0.44 1.95 1.41
0.12 186 "~ 3.47
-0.10 2.88. - 0.63
-0.12 3.39 0.70-
-0.07 3.72 0.75.
-1.15- ;sxzs 1.74 7
-0.30 - '3.68 1.45>
0.43 1.81 0.89
-0.97 -~ .1.23 1.70- -
-0.04 " 5.89 2.13
-1.99 2.09 ©1.26
-2.11 1.02 ¢ 1.16
-1.28 2.56 1.56
0.97 2.27 0.45
-1.62 6.61 1.21-
-1.30 3.63 1.23
-0.31 3.02 0.35
0.04 8.13 0.49 .
T-1:17 5.89 1.55
-2.77 15.85 & 2.81
-1.19 7.19 1.27
1.00 4.65 0.88

pC02x10-3  Ca:Mg,’
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SITﬁgﬁéf, SATURATION INDICIES pC02x10-3  Ca:Mg.
PR CALCITE DOLOMITE  GYPSUM RATIO
Ktg,. ¥ n=7 : _ S
5075tM-Dx, 2.31 -0.21 6.17 0.61
,345-G-3 2.24 -0.10 11.75 . 0.52
5226 H-2.; -0.01 -1.78 1.91 1.33
341-C-Z 1.63  -1.22 - 3.80 1.35
341-C-3: ¥ 1.61 -0.58 5.25 1.73
342-C-2 % 1.13 -1.05 - 3.24 1.27
343-C-2 0.55 -1.28 3.39 1.36
X 0. 1.35 -0.89 5.07 1.17
. S 37" 0.86 0.61 3.26 0.44
Kc Z . _
5079-M-1  © N1 %6 2.31 -1.25 0.20 0.43
2066-E-1 0.61 0:79 ~1.33 2.09 2.05
345-C-2 - 0.86 1.60 -2.24 2.95 0.86
344-C-1 0.67 1.16 -0.89 5.25 1.00
343-C-1 0.26 0.30 -1.56 4.07 1.08
342-C-1 0.76 1.34 -1.65 4.37 0.97
341-C-1 1.02 1.92 -1.95 5.89 0.89
5226-M-1 0.03 -0.22 -1.84 2.34 1.23
5181-M-1 0.08 0.15 -2.26 0.95 - 0.67
345-C-1 0.51 0.53 -1.46.  5.62 2.03
X 0.59 0.99 -1.64 3.37 1.12
S 1 0.37 0.82 0.44 1.98 "0.53
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EQ\_H"! [ T((_‘N» (M AtLs f UROUNDWATER IRNVTRUSE ST AT

Borchole Installation CInstaliation s taliod ’ Leath Coevataen
Huimt ity R b s '
wuimber Number Ty e Lty o s ol et
} - R— -— - ) v ) .
[ . 8 ) BRIl NEF
. .2 P ADA [
3 P AlYA $ N3

El R i CH ) Lo . B
4 /'“l’ Ciy s e . S
¢ . P ! AbA Hohe !
: v ) Ot o

1 . b ADRA Co s k ) R
: / P CH .o

-y " i DRRTL I Y ¢

3 I [T Yo e .
4 . W : SO . Lo Tt
5077 1 " ADA ST ) o
2 ¥ ADA Tty IRER AR At

" ADA Do EEITEE
P ADA .
P . ADA oo : o kgt
W e [ ) ol

EOVIR

’ P . ADA [RIBEIN ’ R -

- 1 "
2 1N OADA Wb AR T
3 P ADA - LU KT
e I ADA : 21 o : IEEET
, B

W AliA . woy ' ERFNTE

ERE b ' e . CHI T iy
N W . ADA vt 'y

"

5143 0 4 . p ' NI :
2 - W ADA . b B T

. 1 ) o P cHi o ot
) 2 P ADA 7,81 o T
3 W : CHi . £.51 RS

P ADL S22
s . i . 5.
P L cie T2 :
W - CHI Y, 40 . i

oy —

V ADA BRI
P T T 70 S S
v CHi T

[P

e

S ) P : ADA : e EER
. ¥ It cin :
3

. P ) CHil Yog ;
u H CHI L ’on '
B 5 : W Cilt ' [ ot .
FREIE 1 i ALK PR O
? i [SITIN LovEy
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~ APPENDIX D

]

HYDRAULIC ‘CONDUCTIVITY AS DETERMINED
BY SINGLE WELL RESPONSE TESTS

B
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5075

3078-%

5679w
S1700 0

Sigt-ny

£276-0
3-1-C
367 C
3.3-C
EELEI S
5-C
2-C-53
£-Cr=
1-C-23

o,

e

s -

o=

li\:jD__R.f\p_l_lt. C_OVND}!(:_TJ_\. 1y, »f\.\‘- DETERVANLD B

SINGLE WEL L RESPONSE TESTS

Hy et
s tatlation Condac sty
- leviition T tmfsed) Tentine
1037 .1 ).Js\m': CClay
L1043, 65 8.51X10 . Clay’
1044.20° 4.t2x10 Clay .
1047, 48 G, TINGD Clay boam
103178 9.29x00, Saotutone
g I N R
100865 547810 Sandy Mudatgne
1039.47 3.808107 Sandy Muibstone®
.y . .
926,92 LHOXIU_) Lo Mudstone
291.92 Jouinig] Sandstane
906,38 6.78N13 Lvave!
Y
980, SN0 Landutone
94, 5.768%00 Sandy Ulay Loan
9y 4 1N Sandy Ulay Loam
. N Sy
103,39 Joexao o Clay Loam
S 1015.81 26107 CClay Loam
1017,54 - VLUK 10 Clay Lo
990,60 . Ve b Sandetune,
1009, 81 6. BAX0 Clay Loam
1013.99 5.40%10 Caamy Sard
~ . :
. VR [ .
. 912.42 6.97X10 Clay=tone
950,72 859X 10 Sty Uliyatane
950.7% a,nuno'f} Sitty Rudbtone
987,05 1.98X10 0, . [T XIED
469.02 ° S15UXT0 Sardutone
98,27 1.56%20 C Sandstone
934, 14 .J.(.IX{IOiz o Laniy Budstone
LTI 191X e T oy stone
960.10 2.61X10° Sty Sarudstone
913,97 $asxio’d Shate
929,54 3.xae Sandstone (1odge)
548,47 s.62x1000 Claystane
996,16 1.85X10 Sandsione {Ledged
-1
985,04 Vouxio’, Clapey Mudstone
999,26 1.53%10 Clayey Mudstone
1022.61 165510 Sitty Saragsline
1036, 7¢ 676310 Sandstone
454,30 FRLTII Sand and Grave
1011.29 Jaex ) Clag. Lodin
1017 .82 RPN Lo and Grawel
1024 17 RIS Gt
S .

101

Vet

Vst
Hll
[
3

Tetonga 0 i

b NI

[T

AR

Aluvine

CNerglie

Tat
T

Ay nou
Allusonn
Albos o

Fatted
Tabe

Al

Cotnrado

Comanthor e Uondes

Color o
Telegraph el
Telegtaph Cares
Vergite

COloradn eme o e -

Te Irgfapt Ly
Vergitte

ubaradi

Teteqgrapm Crees

ol {
Verqite

Lotarado
Cotaeaty
Tetegrapt, ek

Leadbir s e

Ere sl
T

Fraaal
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GROUNDWATER ELEVATIONS
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Borchole
Number

5077-M

5078-M

2066-E

2067-C

341-C

342-C

343-C

356-C

345-C

L I N

Wy =

PN NN = G e by —

L N

Installation Dec. 186
" 1981

21U Type  Depth

P97 041,81
P57 "’
P .50 - .
Vo588
P 14.85. . ‘DRY
PooLul63 -
P 10,57
P 29.26 - 1018.80
P g.66  10un 1)
W 6.10 - :
P 91,44
W 2.09
P 14,35 .
Poo15.45  1021.93
p 8.50 :
W 5.78
P 53,03
P 47.85
P 34,75 -
P 1639
P 6.50
W 5037
P 61.26
P 41,50
P 25.70
P 10.90
P 6.83
w .72
P 71,63
P 56.08
P 26.82
p 8.80
v 4,55
P i57.61 -
P 129,87
P 115.57
Wl 5.85
P ! 57.61".
P ou3sg o
Po20.42 :
P | 10.60
\V/ 3.64
/
/
!”“
/
i

GROUNDWATER [LEVATION:

Jan. 25
1982

1041.87

DRY

CFeb. 12

1019, 01 -

1043.83

1021.92

1982

1042 .08

DRY

1019.73
1043,75

1021.86

March 2 /’\pni 3}
1982 tag)

10482.07 1042 08

DRY DRY

102026 102120
TOu3.63 rgndLu?

' g

1021.85 1o,

986,90

986,74

986,20

.

965.70

978.42
973.00

9837
974 .32
DRY

REAEIE

1005.82

TU28 00
103688
104,89

Aoy 2

oy

160 0!

(R

10220

AR RO

121,91

986, N0

BIHA

GBGL M0

RIS}
aly .47
aGu .02

981,499

G473.00

by

i 54
1005 .36

1‘))".,i’.
151ty
RSP

June 10

1952

Vo) 0

ey

SO Y,

1044 kY

020,80

aut 8o
b6, /Y
YHG, 20

LT

974 .41
RUTRRTR

LEE A
CRARRIN
[riey

1084 u)
PoOsy . v

(YA
T {1
1) /n

BT

103

Tuive 2
jarr

VRN

(RN

100006
Thut v,

o

RIS
o,
GHG 0

RN BRI
0y vy

TR

witlyy
falee

s 49
tony 6O}

O N D TP

Vo0 2

voezn
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GEOURODWATER TLEVATIONS - Continucd

ficirehinle Ingtablation Aurg. 9 Sept.28 Oct, 27 Dec. 14 Jan., 10 Feb. 9 Mar.23 May. 25
tHomber : 1982 1982 1982 1962 © 1983 . .1983 1983 1983
tio.  Type Depth
RS £ 29,87 1042.22  1042.29  1042,48  1042.47  1042,37  1042.40  1042.34 - 1042.16
o L P 11.57 - ' :
3 o 4.50
S " v 5.88 )
v . o . . }
LnlTM 1 P Th. 85 DRY . DRY  ORY DRY DRY DRY - DRY .DRY
. ? P 14,63 : ’ ) ’
] Po10:57
o ° ) ‘ . - ‘ .
SOTE M [ 29.26 102410 . 1024.58  1025.30 102110 1022.11  1023.25 - 1024.4) - 1024.8
7 f 8.66 1043.88  .1043.79  1043.88  1043.69 .1043.61  1043.50 ° 1043.32  1043.37
3 w 6,10 B - . )
it 1 P9 e 1027 000
) 2 w209 -
20671 1 I’ 24,35 e o ] - . : :
. 2 P 15,45 1021.76  1021.78  1021.81  1021.86  1021.87 - 1021.93 .1021.89  1021.81
3 P 8,50 - . ) . ) : -
uooW 5078 . ’ o . - K :
jur-C 1 B 53.03 986.01 986.77 986,94 983.83° 985,80 986,30 986.54 986.36 -
r. Poo47.85 986.71 986.74 - 986.81 986.78 . 986.80 986.85 986.84  986.81
3 P 3475 966.55 986.52 . 986.66 ., 986.62 986.64 986.75  986.68  986.63 .
4 P 16,39 : : i N
5 P 6.50
[ w 5.17
12 C 1 P61,26, . 969.51 - 969.51 969.43 - 963.09 966.41 | 968,97 969.44 969.65
2 P w150 - 977.95 977.93 977,51 968.52 969,06 - 969.12 969.12 969.0%
3 P 25.70 964,13 964,00  964.05 . 964,12 964,09 964,19 964,13 963.4
4 - P 10,90 : . C .
4 P 6.83
‘l'ff 6 W 4,72 .
3 1 I 71.63 983,17 982.85 982.83 | '943.67 944,39 - 946,74 -
? P 56,08 970,52 969.81 969.54 965.60 966.33 966.89 ' 967.47 967,04
3 P 26,82 DRY DRY DRY DRY DRY DRY DRY = DRY
’ h P 8,80 : ‘ o
5 W 455
tan (. 1 8 57,61 1014.15 - 1013,85  1013.85 © 1003.88 1003.70 1003.81  1003.92 1002.98
2 p 29,87 1004.91  1004.81  1004.77  1002,72 1004.02 1004.20 - 1004.29 1004.17
3 P 15.57 . . ’ ‘ :
G W 9 5.85 . ) . o °
Vi L ! 7 57.61-.1020.57 1019,12  1018.60  1012.5C 1012.71  1013.15 1013.56 1013.42
K & 43.59  1030.51 ° 1024.50 1024.45  1110.33  1010.93 - 1012.39  1012.7¢
i P 20,42, 1024.67 . - - S71024.48 1024.42  1024.38  1024.24  1024.10
U P 10,00 S :

5 W 3.64



CROUNDWATER. ELEVATIONS - Continued

Juoe

Borehole Installation
Numbher - o 1683
No. " Type Depth
5075 -A! 1 P29.57  1042.10
2 p 1157 v
3 P 8.50
u W S.848-
5077-M 1 P 14.85 DRY
y - Po14.63 :
3. P 10.57 *
5078-A1 0 1 b 29260 1025.19
: 2 P B.66 1043.38.
3 W 6.10
2066-E 1 Posl.un. 1027.00
’ 2 . 2.09
2067-E 1 pooo2u3s :
> P15.45 T 1021.78
3 P 8.50 -
4 .o 578
W1-C 1P 53,03 086,63
: 2 P 47,85 986,80
3 3475 7. 986,58
y - P 16.39
5 P 6.50
6 v 5.17
342-C 1 P 61,26 969.83
. 2 SPooms0 969,04
3. P - 25.70  963.32
y P 10,90
5 P 6.83
6 Woe72
343-C B P 71,63
2 P 56.08 967,21
3 P 26.82 DRY
u P 8.80
5 v 4.55
3uL-C I P 57.61° 1003.05°
2 P 29.87  1004.2)
3 Booo15.57
w W 5.85%
345-C 1 PLS7.61 1013.62
2 Poo43.59  1013.03
3 Poo20.82 106,080
& P . 10.60 .
5 v 3.64

July 14
1983

100218

bRy

1025
1043,

217

98654
986.60
986.66"

969.76
969.03
963,24

967,42
DRY

1003.15
1061.36

1013.¢€3
1013.722

02428

63,
39"

Aug. 17

“1ag3

104126

DRY,

1026 .03
1043, 36

1021.70

986,58
S86, 78
4B, 6N

669,71
969.03
96406

950,07
967.62
DRY

1003.72Y
1004, 64

IR RN

1014.93
1024.63

Sept. 2y
1983

1041 08

DRy

1026 .20
1043 14

21064

986 01
986,77
98650

T

969,00
903,49

9%, 1Y
97.77
D2y

1603, 367

004 ny

014
1910 0t

R FLIA]

Nov. 18

1983

1040 8o

DY .

1o 22
104118

YO

GHL. 63
Gu6 ., 80
REI It

369,70
969, 6%
G4, 02

ENR RN
SOG7.99
1RY,

00,4

whu, o

VAT A

TO15. 08
To2u ., 0h

Dec. o

Turd

REETVRT

[RERR]

LI U]
Toa e

[ R

BRI
B N0
LG 6L -

ahy L en
TN

64 (7

290000
9470
{10

106 L0

Tona 64

INIARTIR nYy

T 2h

T4 4

Jan,
1984

tono,

AR

Tt

b))

el

OHt,
D86
8.

th
NI
HITE

9454

1604,
Thuh,

Thig

LR
Tt

Q

Y

Al

14
ay

At

Wi

i

He -

K}
L'
el

19

A
Y4

feb,
1Ry

Slono g
TRY
[RIBA]
DRy

vy

forh, '.l.’
Tgat, o

A0

LR AT
G, 6
MG
QKR

DY
{1y

NUR YN
a6p
N4 HL

e
Dy

ahd N
“hi ko

i1

Torafry b

|ACLIE
e
fobe

1oty oor o
tor )
thyn o
(K1
IR



CROUEDWATIE ELEVATIONS - Continued

fearehiole
Humber:

TN

PLIE A
GOTH M

2066 |

L0612

IEERR¢

ng-C

[ENES

Ha .

- -

-

::><g,,

Tnstallation

Type

P

P

P

W

.[,'
P

P

P
g
Vi

.:',
W

P

I
P

W

N
P
i
S
p

W

P
P

"

P
P
W

P
I3l
P

L

W

(A

P
I
W

P
P

P
W

Depth

29 .
11

4.

.
14
Th,
10.
9.

H

G

91.

57"
L97

50
B8

59,

673
97

20

66
S0

an

2.09

7.

56.

357

ul

.63
.82
. B0
.55

.01

-

.57

5. 85

57.
43,
0.
10.

61

60
L0h

tarch 22

. Sept. 11

April 9 May 2 June 14 Dec, 4
1984 1984 1984 1984 1984 1984
1040.16 1039,73 103957 1039.30 1038.64 1038.06
DRY DRY DRY DRY DRY’ DRY
DEY DRY _ DRY © DRY DRY DRY
DRY DRY [5123% T DRY DRY DRY
S DRY DRY DRY DRY DRY - DRY .
DRY DRY DRY DRY DRY DRY
DRY DRY DRY DRY DRY. DRY.
101966 1019.91 1020.19 . 1020.71 10271.52 1022.08
1047, 74 104275 1042.67 102,67 1042.67 1082.59
1047267 1047,82 1042.9Y- ° 1043,73 DRY DRY
: . 1027.00 : o
DRY DRY DRY DRY DRY DRY
1007.60 1007.69 . - 1008,02 - ~.1008.48 1008.97  1009.11
1021.86°  1021.86. . 1021.85.- -1021.75 102172 1021.75
DRY DRY DRY" DRY DRY DRY
DRY DRY . DRY DRY DRY DRY
986.33 986,32 986.32 986.47 986. 49 986,47
986.68 < 986.68 - - 986.66 '986.62 - 986.59 986.57
986, 47 986, 48 986,47 986,47 . 986,44 986, 4
988,54 988,52 988.59 . DESTRQYED ‘
DRY DRY. DRY DRY DRY DRY
DRY. DRY" DRY- - " DRY : "DRY DRY:
1]
969.71 969,69 969,80 969,84 969.84 970.21
968,93 968,99 969.04 969.05 969,07 969.01
963.82 963.85 963.96 963.82 963.87. - DESTROY
DRY. " DRY " DRY. 975.56 . 975.57 DESTROY
"DRY” DRY DRY -~ DRY DRY DRY
: . DRY DRY DRY
952,75 952,60 952.94 954,42 955.71 956,55
968.01 968.16 968.25°  968.40  96B.54 968.62
DRY DRY DRY DRY . " DRY DRY
DRY DRY DRY DRY DRY DRY
DRY DRY DRY DRY DRY DRY
1003.37 1003,32 1003.38 1003.48 1003.72 1003.90
100435 1004, 4t 1004 .48 1004.53 1004,57 1004.59 -
DRY DRY DRY DRY DRY DRY
DRY “DRY DRY DRY " DRY DRY
1014,19 1014,26 1014,35 101447 101465 1014.7
1015.30 1015, 44 1015.59 1014.87 1016.26°  1016.52
1024.07 1024.22 . 1024.16 1024,10 1023,98  1023.91
‘DRY DRY DRY DRY DRY DRY
DRY DRY DRY DRY DRY

DRY

ED
ED
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'CROUNDWATER ELEVATIONS - Continued

Borehole Installation / Jan. 28 May 9
Number o o 1985 1985
No Type Depth
5075-M 1 P 29.57 1037.83 1038.02
2 P 11.57 DRY DRY
3 P 2.50 DRY DRY
4 V4 5.88 DRY DRY
L el
5077-M 1 P 14,89 DRY DRY
2 P 14,63 DRY = "< DRY
3 P 10,57 DRY DRY
5078~M 1 p 29.26 1019 8¢ 1020. 86
2 P 8.66 1042,28 1041,96
3 W 6.10 DRY " DRY’
2066-E 1 P 91,44
2 W 2,09 DRY DRY
2067-E 1 . P 24,35 1008 .52 1008.,79
. 2 P - 15.45  "1021.78 1021.89
3 P 8.50 DRY - DRY
4 W 5,78 DRY DRY
341-C v “P . 53,03 985.39 986.29
: 2 P 47.85 986.49 986. 49
3 P. 34,75 986.37 946.29
40 P 16,39 '
5 P 6.50 DRY DRY
6 w 5.17 DRY DRY
342-C 1 P 61.26 963.49 968. 47
- 2 P 41,50 968.02 968.07
3 P 25,70 963.85". 964,02
4 P 10.90 : 975.88
5 P 6.83 DRY DRY
6 W 4,72 DRY. DRY ~
343-C 1 P 71.63 941, 40 uu . 80 -
T2 P 56.08 968,21 968.73
3 P 26.82 DRY DRY
4 R 8.80 DRY DRY
5 W 4,55 DRY DRY
344-C 1 p 57.61 .992.63 993,61
2 P 29,87 100447 1004.57
3 P 15,57 DRY .DRY.
Sy v 5.85 DRY . - DRy
345-€C 1 P 52.61 - 1010.07 1013.92-
2 P 43,59 1010.77 1012.95
3 P 20.42 1023.79  1023.61
u P 10.60 DRY DRY
5 0 3.64 DRY DRY

Sept, 237
1985

1037.24
DRY
DRY
DRY

DRY
DRY
DRY

1021.83
1042.09
DRY

DRY"

1008.33

1021.59°

~+"DRY . . .
. DRY _ .

988 .46
986,59
985.60 |

DRY
DRY

. 970.20
968:63 .
963.60
974.99°

DRY
DRY

948,28
968.67
DRY
DRY
DRY

994:75

1004:67

»DRY .
NRY

101475

101480

1023.97 "
DRY
DRY
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Hordhuie
Mumtier

S070 M

t
W

[
7

v
f

142 M
Thi- 4

144 -M

CoH3

MR

Ho,

[otalfation

Type ..

P
0
P
S
0
1
w

P

v

P
\/

o
' k]
Y

p
l)
1z

‘)
o
YA

')
')
W
[

P
i

Depth

.39
.25
.25
.30
0o
50 .
.50

L83
.56

.39
.00

:51
.81

41

: QgégugyATLRlHLVATIONS'

Jan, 10 Feb, 9

Aug. 17 Sept.25

DRY

DRY

tMarch 23 May 2 June 14 July 14
1983 1983 1983 1983 1983 1983 1983 1983
1039.91  1039.88  105Y.7¢  1039.37 1039.36 1038.94 1039.02 1039.07
1068 .20 1048 .32 1048.15 ‘]0‘47.97 1047.86 1047. 85 1047.80 1047.69 .
DRY DRY DRY DRY DRY .. DRY DRY DRY
RY DRY 105232 1052.53 | 1052.43 1052014 DRY
. DRY LY DRY ‘DRY  DRY DRY “DRY
DRY DRY  "DRY DRY DRY DRY DRY DRY
‘ . DRY DRY DRY.  DRY DRY DRY DRY
DRY NRY DRY DRY DRY, DRY . - DRY DRY.
DRY DRY .. .DRY. DRY DRY DRY ORY DRY
DRY DRY DRY DRY DRY DRY . 1015.42 101542
CT031.21 103117 1031.55 1031.58  1031.54  1031.41  1031.18
DRY DRY DRY  -DRY DRY. DRY DRY
nRY DRY . DRY DRY, DRY DRY DRY
T DRY DAY DRY DRY DRY . DRY  DRY
- BRY DRY DRY DRY . “DRY DRY DRY
: . "~ 1018.8B7 1018.84  1018.75
1018:57  10V8.64 101850 1010.74 ° 1018.68  1018.50 ° 101842
1019.49  1019.50  1019.50 1019.85  1019.G3 - 1019.31  1019.29
DRY DRY DRY DRY. . - DRY  DRY DRY
DRY DRY DRY DRY DRY DRY DRY
DRY DRY DRY DRY DRY DRY ORY
DRY DRY DRY DRY,

DRY



.
. ™
GROUNDWATER ELEVATIONS - Continued -
— - : —_
Borehole Installation . Nov. 18 Dec. 6 Jan. 10 eb, 3 Macch ‘ A'prnl 9 My 2
s Number o . 1983 . 1983 1984 1984 1984 Yy togd
No. Type Depth " .
N T - = N )
5074-M 1 poo20.35 DRY. - pDRY . DRY DRY, DY
: 2 p 18,25 1639.03 " 1039.04 . 1038.93  1036.9%1  103R8.54  1038.5%) 108054
3 P 1225 C1047.74  1047.74: TO47.66  1047.54 - 1047.49  1047.50 104744
4 Poo12.30 ) TOST.54° 1051 .45 1051 63 105167 - 1051, % B .
5 P 9.00 ) TOST.64  1651.49 105148 TOST.4Y 0 1041, 4, N \
6 P 5.50 DRY DRY . DRY DRY DRY DBRY DRY :
7 v 4,50 DRY  “DRY DRY DRY DRY DRY RY
5142-M 1 P 4.83 DRY = . DRY DRY LRY DRY DRY DRY
2 W 3.56 DRY " - DRY DRY pey - DRY DRY DRy
STu3-M 1 P 9.39 : DRY DRY ORY DRY
. 2 v 6,00 DRY, DRY DRY DRY DRY TDRY L DRY
ST44-1 LI SN LA § -3 DRY DRY- DRY DRY DRY LRY DRY ,
2 P 7.81 - DRY DRY - DRY . BRY CDRY DRY DRY
3 Y 3.51 DRY DRY 101544 1015 . 46 10014 4t 1015, 04 tory uny
i-C-83 1 P 5.15 7 1031.03 . 1631.05  1030.90  1030.90  1040.91 1040:91 104094
: 2 -op 4.09 DRY . DRY - DRY DEY T DRY IR S S DIRY
3 W 3.52 DRY‘ DRY DRY DRY CDRY S BRY T DRY
3-C-83 1P T19.76 ¢ : W0IT.60 101160 101160 101147
2. P 4.65 . DRY. - DRY DRY DIRY DRY. Ry DEY
) : 3 AT 2.85 DRY DRY DRY bRY DRY- 7 DRY DRY
6-C-83 . ! P22,50 1017.93  1017.92 - 1017.88 . 1017.83  1017.8% 117, ek 017 4
2 P 11,90 . 1018.43  1018.45°  1018.40 1016.37° 010,39 Q018,40 1014, 48
3 P - 5090 1019.28 . 1019.28 . 1019.33  1019.31  1019.34  tole.ny 101947
4 W 3,36 DRY. -~ DRY DRY DIty bRY DRY DIRY
7-C-83, 1 P 29.03 C 030,48 103088 103044 103048
2 p 13.33 DRY URY DRY hRY DY DRY - DRy’
3 P 6.25 DRY DRY nRY DRY © DRY LRy HRY
4 w 4,54 DRY DRY DRY bR LRY LY. DRy



GROVKDWATHIZ L LEVATIONS ontinsed

tarehole tnataliation : June 14 Sept, 1 Ccc_. 3 - Jim._28' May 9 Sept. 33
Humbser: : 19540 AT 1584 1985 1585 i 1285
Mo, Type  Oepth
o 1 P20.35. DRY CRY DRY DRY © BRY - DRY
, v J ey 103654 1038, 48 103801 1038, 20 DRY DRY
oLl 12,2% 0 108736 104734 1047.10 . 1047.23 .. 104704 104686
. % P 4230 . 1051,58 1051.53  1051.18- 105115 1051.00 ©  1051.36
' Y ' 906 1051,87  1081.52 . 1051.16 1051, 16 1050.8% . 1051736
b P 5.50 °  DRY nry ‘DRY DRY DRy DRY
/ W asn DRY CDRY. DRY DRY " DRY DRY
T I CR P 0,43 LRY  DRY DRY T DRY DRY,
2 P 3.5 DRY. . DRY DRY DRY L DRY
- 3
9103 M ! _t 9,19 DRY. - pRY BRY _ DRY- DRY
. S W 600 DRY  DRY DRY LRY .. DRY
ERTTHY I TR T DRY - DRY DRY.  DRY, ‘DRY.
T 7.8 . DRY  DRY DRY. DRY DRY
3 W 3.5 YOUS. 64 1015.45 115,84 - 115,46 1015, 45
- S o L ‘
PINO S 1 " 5.15 1030.99 DRY DRY DEY DRY - ORY
/ P .09 DRY - DRY DRY DRY DRY DRY
i y 3.52 ORY DRY DRY DRY - " DRY . DRY
RS ", P 19,76 - 1611.5%  1011.47.  10T1.41  1011.3% . 1011.25  1011.10
. } Pooues DRY LRY - DRY  DRY DRY DRY
W . 2.8  DRY DRY DRY . DRY DRY®  1018.97
6 C-H3 1 Po- 22,40 1017.89- 1017.82 - 1017.79 1017.63  1017.62 1017. 74
) Poo11.90 0 1016.39  1018.24 101817 1018.14  1018,21 1018.23
3 P5.90 101946 1019018 1019:12  1019.15  1019.29 - 1019.19
B v 3.36 ° DRY DRY DRY DRY DRY - DRY
-8 1 29,03 1030.33  1030.25  1030.7 1030.08 1029.93  1025.70
? P33T DRY " DRY _ DRY DRY DRY - DRY
8} P 6.25 .0 DRY DRY * © ° DRY DRY DRY . DRY

i wW.ooa.sh DRY DRY DRY DRY . DRY DRY
/



CROUNDWATER ELEVATIONS - Continted ' .
Borelole ) Installation Sept’s 11 Oct. 20 Nov. 9 © Nov.o T3 Nov..2d - gan, @ s
Number, o B £ 12 £ T S T VI 1984 s
No, “Typc Depth. .ot o ) ' . v
’__—““""._"""-_r‘"."——'_l"'"" v'"’.'_““ .= .‘ lananah » '_' | - N . T - N
50790 L) P 60.90 L 970.24 - 969,977 7 969,90 967,750 967,10 RN . <
Lo s 2P 38,30 958.70° " 957,92 957,872 " 957.90 957 BT - 067 g e,
3 P 30.24 958.73 957.90 .- 957,87 957,87 957,68 JDRY
5 P 21,00 985,31 10832 08279 979,85 ar8 98, - DRY
5 W 9.10 98315, 983.01 982,96 S83.00. 982,96 o8 ur,
1 5226-1 1 P 65,20 957.70 955.25 © 95507 asa_un T 9u0 .y
2 P w50.80 937,54 . . . 92975 929,75 - 929,77 a7y
3 Pooo41.80 . 9500817 . DRY CBRY PRY - DRY
4 Po21.01 974.59 974,22 969,80 FIL RS I IS Y
5 v 8.85 969,29 966,85 968, 66 908, /0 DRY ¢ -
. - . v N ‘




112

AT LB ATTONYS ~ Continucd

X

Bl o I tellation Jan. 26 Fcb. 20 March 20 Mey 9 Sept. 16 Mov. i6
Pue s 1985 195 1985 1985 - 1985 1985

to, Ty Digpith

155 07 955,14 955.27 955.32

Sl b i TP 6690 955,01
’ 35,30 957,66 15752 957,98 954,17 958,08
) 3 I 30,24 9%7.83 | L 957.99 958.08 - 958.06
oo 4 Pooo2ien L 967,58 v 1.53 $67.45 967,40 967.38
ST v S0 982.88 982,80 982.85 . 982,77 082,77
DIYTINY 1 A L I L T Y] 40 iy . 940, 44 971,11
/ b os0.80 929.75° 927.72 929,76 929,77
; Pooowren, DEY DRY TR DRY
u m 940,70 560,62 o © 960,42 976,27
4 v [ DRRY DRY 0 DRY DRY
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v
GROUNOWATER |LEVATIONS
Borehole 7 Installation CJuly tH AUR. 17 Septl2e Nov 18 Ded. 6 Jan, 10 beb 3 Mar 2
Number s e 1963 1943 1983} RN tae s R 1964 JIGRI
. = B T e /
No. Type Depth
S179-M | [N 22.958 1006, 13 1005.82 - 1005 61 BULR IS AN B aan g 9ea Ry Ga
: ? p 15,01 - : e ) BT T TTIRREN
3 P 10,23 : Coe Co B TUURE S B TR
y - VY 5.90 : RIN CDRY
1
©5180-M 1 P 13,15 1008.77 - 100840 100821 Gua vy 499 NG R T Y U DT
P 7.69 PR TDRY kY
3 W 5.90 : o Ry Dy’
5181 -A% 1 P 18.74 1026.15 -~ - - FLOVING \Vl-l [ . PO 1
) : ? P 71.82 . - . o a
3 P 9.33. . . ) . 100090
1 P 7.67 ' ' - Tora on 1600
5 b 3.80 ° ) : KTV Yory un
5182-44 1 . P 33.15 101329 1012.7¢ 1012, 63 1GE1 9 1ory 1a TorI e Ty ey Ty uwn
C2 P 13.93 : . ' ook ot
3 P 10.10 . ’ OTNLET T otu s w
oW 465 : : LRy (VIR
5183-A1 1 Poanas 999.93 999.57 GuL 1y aas Gt 02 NG e A
7 B L A N . : SOy Dl
3 vt 4.28 ‘ . ) Dy Dy
2069 -t 1 i 22.63 . ) :
2 Po15.32 : Co : . ) 4
3 W 5.47 ’ |
| | . \ ‘
3
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CPOUNEEAT I CLEVATIONS  Contyned
o ohgle Sl tallatin oo hpniboy My 2 Junc 14 Sept, 11 Kov. 306 Jan. 28 May 9
Pocintyaer : 1904 C 19484 1984 1984 1984 1965 1985
te. Uype Lepth .
. . S e O
FRNAIN A ! P 22090 947.4/ 999,85 999846 999,84 999.¢: 999.70 L9999,
/! [ R ] | 100016 100017 1000 .08 1000.19 1000.12 10CG0.07 999.94
) P 10,24 160106 1001.02 100095 106G1.00 1000.96 , 1000.85 1000.73
5 W 590 DIy DRY DR - DRY: DRY NRY oYy
FARHII 1 N 14,15 9y 0n7 999.55 499.90 999,41 _DRY T DRY DRY
h i P 1LY Dy LRy DR DRY DRY ORY nDRY
3 Y %90 DYy 100473 004, 7% DEY DRY DRY DRY
')IMIY N ! L7y FLOWING 102614 1026.19 FLOVING FLOWIMNG FLOWING FLOWING
! [ B N 1023.07 1023.08 1022.77 1622,20 1022.32 1022.23 1022.54
4 4 9.33 1023.01 © 1023.03 1022.7¢ 1022.20 1022,35 1022.24 1022.54
4 " .67 0 102308 0 1023.06 1022.79 1022.22 1022.35 1022.2% 1022.61
Y oW 3,86 1022.9f 1022.94% 1622.79 1022.22 1022.35 "1022.25 1022.58
GBS N i I 33,19 1012.62 1012.69 1012.80 1012,93 1013.00 1012.36 1012.60
K " 13.93 TG, 74 1014 74 1014 .69 1014.63 101455 1014.5z2 101443
o [RE KV X'} 10140 101482 1014 .78 S 1014,71 1014.64 1014.60 1014.51
i W 4.6l i DRY ‘DRY DRY DRY DRY DRY
SlEs M P 10.19 KU 995.52 DRY, - DRY DRY . DRY DRY
Co P 6.51 DY DRY DRY DRY DRY ORY DRY
R L,28 DRY - DRY DRY DRY DRY ory DRY
b T K 2183 CRY DRY DRY © . DRY DRY - DRY . DRY
. J P 15, 32 . ’ ST1027.28 - 1027.16 1027.29 1027.30 1027.24 1027.11
| W 5.47 DRY DRY DRY CRY. ony DRY
’ . s
-
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In pvrcparation_ for sampling, all standina water .‘was removed. from
the piezometers  and watcr‘étable walis.  This a_llowé;j _fr;ésh %ormation
water t(;;‘(:rftt:r the pipe.  After water removal, the well was allowed. to
«re<_:‘ovar l‘)éf(ihg: water samplés were collected.” - Initially water removal and
sampling was done. with a'bailer.: This was found to b.e too time c.onsuming.
As %n result, the introduction'bf Eom’press‘ed nitrogen was used to remove
s.tnndin(; .w'nt‘er' and to collect the water'samp.les. This method, which is
detailed by ‘U‘lmér (}988), dld notﬂ.'pro‘v!e éucceésf’ul in afll cases‘_ |4n_
piczometers 'com[‘)‘leted in permcable.znnésg thé standing Wateg‘ was forced
back into the fornw:xtion§ ‘when the piezometer was preséurizec‘i'Jwith gas.
o these cases, a bailer was used for removal and sampling of water.
Because (:)f the low permeability of some units itvwas necessarv to sample .
’;nn’ra th.ﬁ‘n‘- once in ovr(tier to 'co'llect enough sample for anélysi's. it w‘as -
not ;jossiblc in- these cases to do field measurementilolf pH and elgctricél
Cod‘duétivity. fherforé for consistance no other field meaéurem'ents were
conducted.

- Water samples weré collected in sterilized '250 m! polypropelene
s;’unp_lke l)éttl(zs. The »bot’tles Werc' washed three 'timé_s with formation
- water _l)chré' the sample was collected. The bottle was then filled with
‘-fhi‘m;]tion water. Samples, if turbid,‘_werev'tryuen filtered to remove any
suspended  sediment, capﬁcd tightl-y‘ .and refrigerated. Samples were

shipped in insm;vted.pac‘l\.rging *o the analytical laboratories.

Water samples were analysed for all major anions and cations as well
“ais for plt clectricat ‘conductivity (EC) and for sodium absorption ratio
(SARY. © Major ion analysis were conducted on water samiples by Chemex

Ttd. and by Norwest Labs  (Atberta) Ltd. both of Caflq-ary._ A full

“analysis included  total ionic  concentration, determination. fog calcium



(Caz'+),‘ maqgnesium (A4QZ+), sodium . (Nn“, potassium (K'), cnr!mrmt(.\:.r
(CO32_) L. bicarbonqte (HCO_3~) . ;:lwlk)ri(i(s (Cry, #ulph;xté (S()uiz Y oand .
ni_tra.te—nivtrog;'ex'w (NOB——N) ' i;)_ns. In ‘sAnmc casgs iron (Fe), manaanese '
(Mn) and vammonmm‘ (NHq+) c:oncéntrationg .wom also determined.

Metﬁodé uSéd to analyse the samples for ions  are desceribed” by

~

L2+ 2+ . N . .
a”, Mg andFe were determined using

Atberta Environment (1981). - C
automated atgmic‘abéoz_’__l“ation;. Na® and’K‘v+ by automated f'l.'m)é _;)l\()t()rzxt'ztr'y,;,
‘CO32_‘V and HCO3— by titration; Cl~ by bnutomat?:d mcthvltﬁymnl l’)‘ll(‘
‘ r'nethod..;-‘ N03—~N by zni'tométed cadmium reduction ‘m(rt_hod;- .'ma_‘NHv” by
a'qtoma.ted colorimetric phenate methiod.- |
Iéotd.pic analysis - for ’180 waé done llésing an  automated  mass

Sp’ect\mmet’er (Fritz et al, 1986): Mac‘hiv.nn repr()giucil)il.itv ('Im indlividual”
runs is ﬁetter than t.0.0SZ;» with 0v¢rall re;ﬁrnducihilit-{of 15, For 2|I
anélysis a - semiautomatic deuterium mzis/g_——’gpcct‘rome!(sr was  used, ﬁn‘
. analysis water ﬂows'ov.er a gold bplated hot plate whuré it forms o \_/‘ujn')ur
film which is samp_levd continuously by a high temperaturn prf)‘b!‘. This
v.apod‘r passesl_ over hot urér)ium__d.irt‘:ctly into the :fx;n;q— qprncl,.t'rm’n‘mre.r'.'
Isotopic differences between gisti”ed and undistilled ‘-);”n[-”m‘”w within
’overaH analytical error ft2%~) if the sé!"i'nity does not :~;<(:<;<:rf ;1'[)k)ru).’ill‘|.1((.-‘

seawater values (Fritz et al, 1986).
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