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BACKGROUND AND HISTORY

In the last twenty-five years, the Government of Alberta and more specifically,

the Geophysical Inspections Branch of Energy and Natural Resources (formerly
Department of Mines and Minerals), have been receiving complaints concerning
alledged damage to domestic water wells by seismic detonations associated with
petroleum exploration. The number of these complaints has generally increased
and in the past few years the Geophysical Inspections Branch has literally been
inundated with damage claims. For example, in 1977 and 1978, respectively, a
total of 144 and 220 claims concerned with water well damage were received and

processed.

For the past ten years the Groundwater Division of the Alberta Research Council
has acted as an impromptu advisor and consultant to the Geophysical Inspections
Branch concerning these well damage claims. This liaison has included site
inspections, aquifer and well testing, teaching basic methods of hydrogeological
evaluation and outlining procedures for scientifically evaluating the claims.

As a result of this consultation, a logical and scientific procedure to investi-
gate these claims, presented in February 1978 by G. M. Gabert (pers. comm.),

will be issued as a procedural directive by Energy and Natural Resources (E&NR).

Unfortunately, in spite of a good general knowledge of domestic water wells

and aquifers in Alberta, most of the claims have to be processed with little

or no specific information concerning the original hydraulic parameters, con-
struction and efficiency of a particular well. |In light of this, settling such
claims can be a frustrating and formidable task. In the summer and fall of 1978,
therefore, a number of projects concerned with determining the effects, if any,
of seismic activity on water wells were initiated by EENR. This report describes
the project completed by the Alberta Research Council, Groundwater Division,

near New Norway, Alberta in October, November and December, 1978.



SCOPE AND OBJECTIVES

The scope and objectives for the New Norway seismic project were formulated in

various correspondence between Energy and Natural Resources and the Groundwater
Division, Alberta Research Council but are probably best outlined in a memoran-
dum by Gordon Gabert dated May 17, 1978 (App. A).

The main objective of the project was to attempt to scientifically evaluate the
effects of seismic detonations on water wells and thus aid EENR in evaluating
claims of well damage. According to complaints received, the most common para-
meters affected were water levels, groundwater chemistry, well hydraulics, well
depths, groundwater appearance or smell and well yield. A secondary objective
of the project was to establish how far from water wells seismic detonations
should take place in order to minimize or eliminate possible damaging effects.
This objective would therefore attempt to verify the present legal distance

of 183 m.

In establishing the scope of the project, it was important to operate under
conditions that were as typical of Alberta as possible. The project was to be
located in a plains environment typical of Alberta. A line of four wells were
to be completed; two in a typical bedrock aquifer such as a bentonitic sandstone,
and two in a typical drift aquifer such as sand or sand and gravel. Well con-
struction was to be either slotted casing or open hole as is common in most
domestic water wells in Alberta. Three or four shotholes, 18 m deep, were to

be drilled in a line at right angles to the line of water wells and loaded with
4.5 kg of explosive. Well and aquifer conditions were to be evaluated by aquifer
and well performance tests prior to detonation. After each detonation, well
conditions were to be re-evaluated using the same sequence of aquifer and well
performance tests. A down-the-hole camera, supplied by Alberta Environment,

would be used to inspect wells after every detonation.



NEW NORWAY SEISMIC PROJECT

The 4.6 m shothole detonation. Continuous water
level recorder shown in background. This photo
was taken a few seconds after the cover photo.



EXPLORATION AND FINAL SITE SELECTION

After receiving bids from five water well drilling contractors, Schmidt Drilling

Ltd. of Tees, Alberta was selected to complete the drilling portion of the

project.

As mentioned previously, one of the basic requirements of the project site was
that it be typical of Alberta conditions and be underlain by bedrock and drift
aquifers suitable for hydrogeological testing. This requirement of two typical
aquifers at one site proved rather stringent and the first two weeks of the
field portion of the project consisted of exploring for a suitable location.
The search area had been narrowed somewhat in that the suitable bedrock was
thought to be Horseshoe Canyon Formation at a location within 160 km of Edﬁonton.
The requirement that a drift aquifer of sufficient size be present generally
indicated that a buried valley of some description should also be present at
the site. On this basis, an area southwest of Camrose, which was underlain by
Horseshoe Canyon Formation and traversed by the Red Deer buried valley, was
selected for exploration. Pertinent details of the exploration sites are in

appendix A.

The first site, located at Nw-17-44-21 WiM (Fig. 1), or about 12 km southwest
of New Norway, was drilled on October 17, 1978. Wells in bedrock and drift
were completed the same day. Drift consists of 15 m of till and clay which
yielded approximately 10 cubic meters per day (m3/d) during airlifting. Bed-
rock consists of a sandstone and shale sequence which yielded 80 to 130 m3/day
during airlifting. Because of the lack of a suitable drift aquifer the site

was abandoned.

The second and third sites (Fig. 1) were located about 6 km southeast of New
Norway at NW-25-44-21 WiM and SE-25-44-21 WM., The second site was located in
the northern portion of a meltwater channel in order to locate a suitable drift
aquifer. The drift, however, consists of 11 m of till and clay which yielded
no groundwater. Bedrock, on the other hand, consists of sandstone and shale,

and yielded approximately 70 m3/day. This site was also abandoned.
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The third site was located on the south side of the same meltwater channel.
Here, three wells were drilled to depths of 39, 43 and 79 m. The drift, approx-
imately 40 m thick, consists of till, clay, sand and gravel and contained two
excellent gravel aquifers between 30 m and 40 m below surface. Using a com-
pletion of slotted casing, the top gravel aquifer yielded 200 m3/day during
airlifting. After completion of the drift wells, a bedrock well was drilled

to a depth of 79 m in a sequence of shale and sandstone which only yielded

10 m3/day during airlifting. Because of this, the site was abandoned.

The final exploration site, which ultimately became the project site (Fig. 1)
was located 10 km west of New Norway at 11-14-45-22 WiM. A total of four wells
were drilled; two to 25 m and two to 73 m. Approximately 25 m of drift is
present and consists of till, clay, and a basal, 3.3 m thick, sand and gravel
aquifer. During airlifting the gravel aquifer produced approximately 45 m3/day.
Bedrock encountered during drilling consisted of sandstone, siltstone, shale and
coal seams which produced approximately 15 m3/day during airlifting. Although
the yield of the bedrock was low, it was considered to be adequate and this

location was therefore selected as the project site.

PROJECT SITE DESCRIPTION

Drilling and Well Details

Exploration drilling of the project site commenced on October 30, 1978. The
initial pilot holes which were sampled every 1.5 m and electrically logged,
were reamed, cased and airlifted to complete the project wells. The resulting
four wells were located in a north-south line 15 m apart (Fig. 2). The drift
wells were the northern two wells and were identified as DS (drift south) and
DN (drift north). Well completion in both cases consisted of 140 mm diameter
casing slotted between 22 m and 25 m below ground surface (Figs. 3 & 4). The
driller was instructed to cut a typical slot pattern in this 3 m interval,

but on inspection the number of slots was increased. In this regard the com-
pletion of the drift wells was not, strictly speaking, typical. The bedrock

wells were the southern pair and were identified as BOH (bedrock open hole) and
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BSC (bedrock slotted casing).
73 m (Figs. 3 & 4).

depth of 27 m and open hole completion to the bottom of the well.

wWell layout

Both bedrock wells were drilled to a depth of

Well BOH was completed using 140 mm diameter casing to a

Well BSC was

completed using 140 mm diameter casing from surface to 30 m and a 114 mm diameter

slotted liner from 28 m to the bottom of the well.

In the case of BSC the driller

was instructed to slot the liner in a typical pattern which was not subsequently

.modified.

In order to be compatable with domestic water wells no cementing was

done during well construction, rather casing seals were attempted by driving

casing into the appropriate shale beds.
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Problems occurred during development of the drift aquifer. During airlifting
large amounts of sand entered wells DS and DN and between 6 and 8 hours were
required to complete development of each well. .This is probably atypical when
compared to domestic water wells. In spite of development, sand continued to

enter well DS during pumping and its total depth was therefore decreasing slightly
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during testing. Development of the bedrock wells consisted of washing and air-
lifting each well for approximately two to three hours. Well BOH, probably
because of the open hole completion, bridged at 59 m a few days before detonation
began.

Shotholes were drilled in an east-west line at distances of 183, 61, 15, and
4.6 m away from the line of wells (Fig. 2). Shotholes were drilled to a depth
of 18 m and loaded with 4.5 kg of explosive. The completion of shotholes in the

drift was atypical of seismic exploration procedures in Alberta.

General Geology

The project site occurs in an area underlain by the preglacial Red Deer River
valley and Cretaceous Horseshoe Canyon Formation bedrock. The site was approxi-
mately 3 km north of the center line of this preglagial valley and is shown by
Stalker (1960) to be underlain by a total drift thickness of between 23 and 28 m.
The succession of drift underlying the site (Figs. 3 & 4) consists of lake clays,
tills, intertill sands and gravels, and preglacial sands and gravels. It is
assumed that the basal sand and gravel aquifer, tested during the project, is
preglacial in spite of granitic fragements being present in drill cuttings.
Contamination from overlying intertill sands and gravels, during drilling, is
suspected. The sand and gravel aquifer is composed of medium to coarse dark
gray sand in a matrix of well rounded pebbles of chert and limestone up to 75 mm

in diameter.

The bedrock consists of fine to medium grained bentonitic sandstones, dark
colored shales, minor siltstone and the occasional coal seam (Figs. 3 & 4).
The down-the-hole camera showed that in the open hole (BOH), sandstone and

siltstone layers preferentially cave compared to shales and coals.

General Hydrogeology

The main aquifers tested during the project were the basal sand and gravel in
the drift and a collection of small, indistinct aquifers in the bedrock (Figs. 3
& b). The sand and gravel aquifer is confined, having a potentiometric surface
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approximately 8.3 m below ground surface. The bedrock "aquifer' is composed of
several thin low yielding zones which include a sandstone at 38 m, a shale at
L4 m, a sandstone at 54 m and a coal seam at 70 m. The combined potentiometric
surface for these aquifers is 8.6 m below ground surface. Pre-testing water
level fluctuations (Fig. 5) indicated that both bedrock and drift aquifers were

responsive to changes in barometric pressure.
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Assuming wells BOH and DS are at the same elevation a small downward hydraulic
gradient exists under the project site. |In addition, regional groundwater move-
ment is probably towards the south into the topographic low which coincides with
the thickest portion of the preglacial valley.

Both aquifers have total dissolved solids concentrations in the range 1400 to
1700 mg/1. The drift aquifer groundwater is of poor quality because of high
concentrations of iron, sulfate, hardness, and alkalinity. Bedrock groundwaters
are of slightly better quality but have high concentrations of sodium, sulfate,
iron, and alkalinity.

TESTING METHODS AND SEQUENCES

As previously mentioned, the basic purpose of this project was to evaluate the

effects (if any) of seismic detonations on water wells. It was felt that any
such effects could best be measured by calculating aquifer characteristics and

well characteristics prior to any detonations and after each individual detonation.

Aquifer characteristics were calculated by means of constant rate, twelve hour
aquifer performance tests conducted in both the drift and bedrock wells. Tests
of the bedrock aquifer were completed using well BOH as the pumping location

and well BSC as the observation well. Tests of the drift aquifer were completed
using well DS as the pumping location and well DN as the observation well.

During aquifer performance tests all wells were monitored to evaluate interaction
between drift and bedrock aquifers. Recovery measurements were taken after all

aquifer performance tests and, in some cases, analyzed (App. B & C).

Well characteristics were calculated by means of variable rate, well performance
(step-drawdown) tests consisting of five 100-minute pumping intervals at succes-
. sively higher pumping rates. For well DS these steps were completed at 10.9,
21.8, 32.7, 43.6, and 54.5 m3/day and for wells BSC and BOH the appropriate
pumping rates were 2.725, 5.45, 8.175, 10.9, and 13.625 m3/day. Water levels
were measured in all wells during all well performance tests. Time-drawdown
blots are shown in appendices B and C.
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Aquifer and well performance tests were completed in a set sequence as shown

in table 1. These testing sequences were numbered according to whether they
were pre-detonation (all tests ending with number one) or post-detonation (all
tests ending with numbers two through five). Appropriate examples are BOHAT |
(bedrock open hole aquifer test 1) or DSWT 4 (drift south well test 4). Table |
shows the testing sequence adopted, as well as dates and test numbers in relation

to the particular shothole detonations.

Table 1. Well Testing Sequence = New Norway Seismic Project

Pre-detonation
BSCWT 1 DSWT | BOHWT 1 DSAT 1 BOHAT 1
Nov 14-20, 1978

-~ 183 metre shothole detonation, November 21, 1978 --

Post 183 metre
detonation BSCWT 2 DSWT 2 BOHWT 2 DSAT 2 BOHAT 2
Nov 21-27, 1978

-~ 61 metre shothole detonation, November 28, 1978 --

Post 61 metre
detonation BSCWT 3 DSWT 3 BOHWT 3 DSAT 3 BOHAT 3
Nov 28-Dec 4,1978

-- 15 metre shothole detonation, December 5, 1978 --

Post 15 metre
detonation BSCWT & DSWT 4 BOHWT & DSAT 4 BOHAT &4
Dec 5-11, 1978

- 4.6 metre shothole detonation, December 12, 1978 --

Post 4.6 metre
detonation BSCWT 5 DSWT § BOHWT 5 DSAT 5§ BOHAT §
Dec 12-18, 1978

BSC = Bedrock slotted casing, BOH = Bedrock openhole,

DS = Drift south, DN = Drift north

WT = Step-drawdown well test, 5§ steps, 100 minutes per step
AT = Aquifer test, constant flowrate, 12 hours duration
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Groundwater samples were collected thirty minutes after the start of each test
and a few minutes before the end of each test. Well depths were measured after
each weekly set of tests. Detonation of the appropriate shothole then occurred,
well depths were remeasured, and wells were logged with the down-the-hole camera.
During shothole detonation, continuous water level recorders were operating in

order to measure the effects of detonation on the water levels in the wells.

Aquifer performance tests were analyzed using the type curve method (Theis, 1935)
and the modified non-equilibrium method (straight 1ine) of Cooper and Jacob (1950).
Well performance tests were analyzed using a type curve method (Sheahan, 1971),

a graphical procedure (Bierschenk and Wilson, 1961) and a computer method

(Labadie and Helweg, 1975).

PRE-DETONATION HYDROGEOLOGICAL CHARACTERISTICS

Aquifer Characteristics

Pre-detonation aquifer characteristics were evaluated by analyzing drawdown
(and occasionally recovery) data from aquifer performance tests DSAT 1 and
BOHAT 1 (App. B). Time-drawdown plots of these tests, inter alia, are also

shown in figures 6a to 6h.

Table 2 shows at the top, drift aquifer parameters obtained from the analysis
of DSAT 1. Using the data from the observation well (well DN), the sand and

Table 2. Results of Drift Aquifer Performance Tests - New Norway Seismic Project

Pumping Well (Well DS) Observation Well (Well DN)
Straight Type Straight . Type
Line Curve Line Curve
_ T S T S T S T S
DSAT 1 21.45 === 13,99 =-- 17.35 1.52 x 1075 17.70 1.28 x 10-5

DSAT 2 19.18 === 13.55 ~--- 15.35 1.75 x 105  16.18 1.17 x 10-5
DSAT 3 | 16.62 =-- 12,76 --- 14,46 2.19 x 10°5  16.06 1.16 x 10°5
DSAT &4 | 18.82 --- 13,14 --- 15.11  1.73 x 10°5  16.06 1.16 x 105
DSAT 5 | 14.05 <~=- 12,68 --- 13.85 2,75 x 1075  16.06 1.16 x 1075

T = Transmissivity (m2/day)
S = Storativity
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Fig. 6f Composite drawdown plots for BOHAT observation well
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gravel aquifer had an average transmissivity of 17.7 square meters per day (mZ/day)
and a storativity of about 1.4 x 1075, In addition time-drawdown plots for both
the pumping and observation wells showed effects (beginning approximately at

200 minutes) which suggest either leakage or the presence of a recharge boundary.
Leakage is the more probable explanation because during DSAT 1 water levels

in the bedrock wells also responded to pumping. There are three possible causes
for this leakage; (1) poor casing seals, (2) the fact that the two drift wells
were drilled 0.3 m into the bedrock, or (3) that interformational leakage was
occurring. The presence of this leakage, however, did not complicate the

analysis of the data as aquifer parameters were calculated before leakage

occurred.

The analysis of data from observation well BSC during aquifer performance test
BOHAT 1 indicated that the bedrock ''aquifer' had an average transmissivity of
0.78 m2/day and a storativity of about 5 x 10”5 (Table 3). During this test,
leakage effects were evident in the pumping well after.IOO minutes but were
seemingly not present in the observation well data. This would indicate that
the leakage was occurring only in the vicinity of the pumping well and not
areally into the bedrock aquifer. Another interesting feature of this leakage

Table 3. Results of Bedrock Aquifer Performance Tests - New Norway Seismic Project

Pumping Well (Well BOH) Observation Well (Well BSC)
Straight Type Straighf Type
Line Curve Line Curve

T s T s T s T s
BOHAT 1 | 0.189 === 0.191 --- | 0.838 4.30 x 10°% 0.711 5.88 x 10-b
BOHAT 2 | 0.204 =--- 0.185 --- 0.849 4.28 x 10°% 0.652 6.06 x 10-4
BOHAT 3 | 0.210 --- 0.207 --- 0.928 3.15 x 104 0.850 4.01 x 1074
BOHAT 4 | 0.211  --- 0.211 --- 0.875 4.49 x 10°% 0.667 6.66 x 1074
BOHAT § | 0.215 --- 0,212 === 0.946 4.49 x 10°% 0.717 6.3 x 10°%

T = Transmissivity {m2/day)
S = Storativity
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was that it began when the water level in the pumping well was approximately

24 m below ground surface or at bedrock-drift contact. Leakage along the casing
or conversion from conf}ned to unconfined conditions are possible explanations.
As with the drift test, however, analysis of aquifer parameters of the bedrock
was not complicated by this effect.

Well Characteristics

Pre-detonation well characteristics were evaluated using well performance tests,
BSCWT 1, BOHWT 1, and DSWT 1. No well performance tests were completed using
well DN. Basically, the purpose of the well performance tests was to calculate
the aquifer loss constant, B, and well loss constant, C, in the equation:
s = BQ + cqP
Where
s = drawdown in the weéll (m);

B = aquifer or formation loss constant (head loss due to laminar flow);
usually assumed to be caused by the aquifer; this term also includes
laminar well losses which are not usually separable from the aquifer
losses (meters per m3/day);

C = well loss constant (head loss occurring due to turbulent flow),
usually caused by well construction (meters per m6/day2)

P = exponent which indicates the severity of the turbulence;
Q = discharge of the well (m3/day).

The metric units used for these parameters in this report are shown in parentheses.
In addition to evaluating the above parameters by the three methods mentioned,
well efficiencies at the end of each well performance test were also calculated

using the formula:

B

Well efficiency = —m=—u0
BQ + CQ

Because of the testing sequence required there was usually not enough time
between well performance tests to allow complete recovery of water levels.
This meant, especially for the BSC well tests, that water levels were recov-

~ering steeply at the start of the testing. Because it was felt that ghis

recovery may have a significant effect on the calculatgd parameters, an attempt



24

was made to correct drawdown readings. Ultimately this was not necessary as
the increase in drawdown which could be attributed to the recovering water

level trend was less than one percent of the total drawdown caused.

Table 4 shows, inter alia, pre-detonation values of B, C, P, and well effi-
ciencies. Figures 7a to 7f show the methods of calculation of these parameters
for the first and last well performance test of each well. Poor data from
BSCWT 1 dﬁring the first and last steps necessitated using data from the middle
three steps of this test. As expected, efficiencies for well DS were slightly
lower than the bedrock wells indicating a higher turbulent - «~ component due
to the slotted casing completion at the high pumping rates. irect comparisons
of B and C calculated from BSCWT 1 and BOHWT 1 indicate tha _hese parameters
were similar for both wells. The slotted casing completion in well BSC, probably
because of the very low pumping rates, did not, therefore, markedly affect
turbulent flow components. Well DS, on the other hand, had well effects (cQ?)
which caused a higher percentage of the total drawdown thereby lowering well

efficiency.

Using, as example, the results of the Sheahan type curve method gives the
following equations for pre-detonation well characteristics after 500 minutes
of pumping:
Well BSC: s
Well BOH: s
Well DS : s

1.15Q + (4.6 x 10°2) @2
0.96Q + (3.3 x 10-2) Q2
0.054Q + (5.4 x 10-4) @2

Groundwater Quality

Water samples were collected at the beginning and near the end of the pre-
detonation aquifer and well performance tests (App. D and Figs. 8a to 8e).
Both the drift and bedrock groundwaters were of poor quality with total
dissolved solids concentrations of 1400 to 1700 mg/1. The drift groundwater
~was a calcium-sodium-sulfate-bicarbonate type and had high concentrations of

alkalinity, hardness, sulfate, bicarbonate, and iron. The bedrock groundwater

was similar, being a sodium bicarbonate-sulfate type of slightly better quality



Table 4. Results of Well Performance Tests - New Norway Seismic Project

Bierschenk & Labadie & Well Efficiency
Sheahan (1971) Wilson (1961) Helweg (1975) after 500 Mins. (%)
Test Bierschenk Labadie
_|Number 8 c P B C P* B c 4 Sheahan Wilson Helweg
BSCWT 1 1.15 0.046 2.0 |1.23 0.036 2.0 | 0.600 0.601 i.20 77 82 40
BSCWT 2 | 1.20 0.03 2.0 | 1.26 0.024 2.0 | 1.33 0.004 2.66 79 82 87
BSCWT 3 | 1.16 0.026 2.0 {1.22 0.024 2.0 ] 1.176 0.047 1.79 75 79 76
BSCWT & | 1.175 0.027 2.0 | 1.15 0.031 2.0 | 1.123 0.061 1.74 76 75 73
B8SCWT 5 | 1.16 0.026 2.0 | 1.8 0.027 2.0 | 1.289 0.0018 2.91 75 76 83
DSwT | O.dSh 0.00054 2.0 | 0.055 0.00046 2.0 | 0.0534 0.0004 2.04 68 69 67
pSwT 2 0.050 0.00052 2.0 | 0.052 0.00043 2.0 | 0.0426 0.0032 1.59 67 69 57
DSWT .3 0.047 0.00053 2.0 | 0.0k7 0.00051 2.0 | 0.0239 0.0l 1.41 63 63 32
DSWT 4 0.043 0.00057 2.0 | 0.044 0.00056 2.0 | 0.0376 0.002 1.72 59 60 51
DSWT 5 0.043 0.00054 2.0 | 0.051 0.0005 2.0 | 0.0489 0.0003 2.13 62 65 62
BOHWT 1 | 0.96 0.033 . 2.0 1.055 0.026 2.0 | 1.0284 0.0525 1.76 68 75 73
BOHHT 2] 0.99 0.032 2.0 | 1,06 0.026 2.0 | 1.07 0.017 2.16 70 75 72
BOHWT 3 | 0.99 0.b27 2,0 | 1.005 0.025 2.0 | 0.8321 o0.1101 1.59 7h 75 62
BOHWT & | 1.065 0.023 2.0 | 1.05 0.027 2.0 | 1.1152 0.0179 2.04 77 76 8o
BOHWT S | 0.81 0.0L0k 2.0 | 0.80 0.04 2.0 | 0.77 0.0715 1.78 62 61 58

* P is assumed as 2.0 in this method

T4
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Fig. 7a Analysis of well performance test DSWT 1
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Fig. 7b Analysis of well performance test DSWT 5
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Fig. 7c¢ Analysis of well performance test BOHWT 1
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Fig 7f Analysis of well performance test BSCWT 5
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with high concentrations of alkalinity, hardness, sulfate, bicarbonate, and

_iron. Groundwater temperatures for both aquifers were in the range 5°C to 7°C.

Water Level fluctuations

Figure 5 shows water level fluctuations for all wells at the project site. All
aquifers were responsive to changes in atmospheric pressure because of the con-
fined groundwater conditions. Static water level fluctuations genérally occurred
between 8 and 9 m below ground surface for both aquifers, with the bedrock

aquifers exhibiting the largest fluctuations during the pre-detonation period.

POST-DETONATION HYDROGEOLOGICAL CHARACTERISTICS

Aquifer Characteristics

Post-detonation aquifer characteristics were evaluated by means of aquifer per-
formance tests BOHAT 2 to BOHAT 5 and DSAT 2 to DSAT 5 (App. C, Tables 2 and 3).
In addition, composite time drawdown plots of all (including pre-detonation)
aquifer performance tests are shown in figures 6a to 6h.

For the drift aquifer, analysis of the time-drawdown data for the observation
well indicates that for post-detonation conditions, the transmissivity ranges
between 13.85 and 16.18 m2/day and the storativity between 1.16 x 10°5 and
2.75 x 10°5, These values are in excellent agreement with pre-detonation
values (Table 2) and indicate that, within the limits of experimental error,
the transmissivity and storativity of the drift aquifer were not changed by
shothole detonations. This can be seen graphically in figures 6a to 6d, the
composite time-~drawdown plots, where data from all DSAT tests are extremely
similar. One could argue that since the pre-detonation transmissivity average
for DSAT | observation well is 17.53 mZ/day and the post-detonation values of
transmissivity average 15.4 m2/day, transmissivity -has been decreased by

12 percent because of the shothole detonation. This variation, however, is
probably due to experimental error, especially since there were four post-
detonation tests compared to one pre-detonation test. Besides, a variation



in transmissivity of this magnitude would not really form the basis of a

claim for a damaged water well due to aquifer damage. The effects of leakage,
mentioned under pre-detonation drift aquifer testing, were also present during
all post-detonation drift aquifer testing. As previously mentioned, the effects

of this leakage did not complicate the calculation of aquifer parameters.

Bedrock aquifer performance tests basically substantiate the above findings.
Analysis of time-drawdown data for the observation well (well BSC) indicated
that post-detonation aquifer transmissivities ranged from 13.85 to 16.18 m2/day
and the storativity from 3.15 x 10-4 to 6.66 x 10-%.  once again, these values
were in excellent agreement with pre-detonation values and table 3 summarizes
the results of BOHAT 2 to BOHAT 5. Composite plots of the observation well
data (Figs. 6a-6h) indicate the relatively constant transmissivity and stora-
tivity values of the bedrock aquifer before, during and after the shothole
detonations. In this case, however, the aquifer transmissivity, strictly in-
terpreted, shows a five percent increase during post-detonation testing. This
variation in transmissivity is certainly possible considering the analytical
methods employed and therefore should not be construed as an indicator of well
development or an effect caused by shothole detonation. The leakage or con-
version effect, mentioned under pre-detonation testing, was consistently obvious

during post-detonation testing.

Well Characteristics

Post-detonation well characteristics were evaluated using tests BSCWT 2 to 5,
BOHWT 2 to 5, and DSWT 2 to 5. Semi-log plots of these tests are shown in
appendix C, typical analyses are shown in figures 7a to 7f and table L sum-
marizes the results obtained.

During the post-detonation period, the values of B and C, for individual wells,
remained relatively constant using the three methods of analysis. There is no
evidence which suggests that shothole detonation has effected Iamiﬁar or turbulent
flow components of drawdown in any particular well. A slow decline in the effi-

ciency of well DS can be attributed to a gradual loss in total depth because of
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sand entering the well. As during the pre-detonation period, the efficiency of
well DS is slightly lower than the bedrock wells because the turbulent component
of flow forms a larger component of drawdown. In comparing B and C values of

the two bedrock wells, turbulent flow components (CQ2) for each well are similar,
suggesting that the slotted casing completion did not affect efficiency because
of the low pumping rates. The aquifer loss constant, however, averages 20 percent
higher for well BSC. This is a result of the drawdown in well BSC being greater
than that in well BOH during well performance tests. As the aquifer loss con-
stant affects the drawdown caused by laminar flow (both from the aquifer and

the well) this higher value may indicate that the slotted casing completion

affected laminar rather than turbulent flow components at low pumping rates.

Examination of wells after each detonation, using the down-the-hole camera, did

not indicate any visual damage to wells or aquifers.

Groundwater Quality

Groundwater samples were collected during all post-detonation aquifer and well
performance tests and analyzed for standard cations and anions (App. D). The
variations in groundwater quality (Figs. 8a to 8e) can basically be examined in
two ways: vertically, which shows the relationship between water quality at the
start and end of a test; and horizontally, which shows any chemical trends

during the post-detonation testing sequences.

Examining figures 8a to 8e, in a vertical sense, indicates that there was a
definite interaction, in the form of leakage, between the drift and the bedrock
aquifers. Because of the large differences in transmissivity, however, the
chemical effects of this vertical movement of groundwater can be more easily
recognized during the bedrock tests because the leakage formed a much larger
component of total flow to the well and thus affected the groundwater chemistry

of the bedrock aquifer to a greater degree. For example, most bedrock groundwaters
increased in Ca+Mg concentration during testing which probably indicated movement
of drift groundwaters (which are higher in Ca+Mg) into the bedrock via poor casing

.seals or interformational leakage. Accompanying this increase in Ca+Mg was a
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decrease in Na+K, and a slight increase in sulfate. Reversals (especially in
BOHAT — figure 8b) in CatMg and CO3+HCO3, between the beginning and the end of

a particular test are due to the precipitation of CaC03 in the groundwater sample.
The groundwater chemistry of the drift aquifer was also affected, to a lesser
degree, by this leakage. Although the changes in concentrations were not as
large as for the bedrock, Ca+Mg concentrations generally decreased while Na+K

and CO3+HCO3 generally increased.

Over the period of post-detonation testing (Figs. 8a to 8e) it is difficult to
ascertain any striking trends in water quality caused by shothole detonation.
Both the drift and bedrock groundwater showed the favorable trend of a gradual
decrease in total dissolved solids. For the bedrock groundwater, most other
constituents, although varying considerably over the post-detonation period,
had final concentrations which were very similar to the initial pre-detonation
values. Drift groundwaters showed a gradual increase in concentration of
numerous constituents during the post-detonation period, viz. Ca+Mg, Na+K, and
S04. Although it is possible that these increases were caused by detonations
it is more likely that increases in Ca+Mg and SO; were caused by overlying drift
(i.e. intertill sands and gravels) groundwaters and that the increase in Na+K

was caused by contributions from the bedrock.

Water Level Fluctuations

The response of water levels during shothole detonations and well depths, taken
after each detonation, are shown in figure 9. During shothole detonations wells
were equipped with mechanical water level recorders which gave an insensitive
but adequate record of the water level fluctuations caused by the detonations.
As expected, the magnitude of water level response increased the closer the
detonations were to the wells. The largest measured response, approximately
2.5 cm, occurred in well BOH during the final (4.6 m) shothole detonation. The
. water level fluctuation caused by the shothole detonation at 183 m was barely

measurable with mechanical equipment (Fig. 9).
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4.6m shot 15m shot 61m shot 183m shot
Well Dec 12,1978 Dec 5,1978 Nov 28, 1978 Nov 21,1978
(Original 10:50 AM 10:27 AM 10:32 AM 10:45 AM
well
depth, m) (Well depth,m,after shot) (Well depth,m,after shot) [(Well depth,m,after shot)|(Well depth,m,after shot)
10:40 AN 11:10 AM 10:15 AM 10:45 AM 10:15 AM 10:45 AM 10:30 AM 11:00 AM
8.825 J\\ 8.8 - 882 - w8
ON 8.8y - 8.835 8.835 - v 8.85 ~——
(26.2m)
8.855 -~ 8.85 = 8.85 — 8.865 ~
(26.30m) (26 .305m) (Not taken) (26.30m)
8.835 - 9.57 - 9.96 -
BOH 8.85 - No chart 9.975 -
(73.15m) 9.585 -
8.865/ - 9.60 - 9.99 -
(58.77m) (58.80m) (Not taken) (58.84m)
08:57 AM 11:
.87 - 7 57 AM o 955 =
9.91 =
9.915~
BSC 0.88
.885 - -
(73.1 - 9.97
3.15m) 9.925 9.93 -
9.90 - ’ 9.985 -
(72.87m) 9-9% = (72.86m) 9.945~  (Not taken) {(72.90m)
DS No chart No chart No chart No chart
(25.30m)
(23.48m) (23.765m) {Not taken) (24.21m)
Fig. 9 Water level fluctuations during detonations

Figure 5 shows the water level fluctuations before, during, and after aquifer

and well performance tests.
drawdowns, the bedrock aquifers showed the greatest range in fluctuations during

testing.

Because smaller transmissivities caused greater

Figure 5 also indicates that during the post-testing period, potentio-

metric surfaces returned to pre-testing levels, indicating that shothole detona-

tions had not significantly altered static water levels in the wells.

A plot of
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barometric pressure versus post-testing water levels (Fig. 10) indicates the
bedrock and drift aquifers maintained their responsiveness to barometric pressure

fluctuations.

The shapes of the water level response curves shown in figure 9 indicate the
qualitative transmissivity of each aquifer type. The drift aquifer responded
and recovered much more quickly than the bedrock, indicating the effect of its
larger transmissivity. Although it was expected that detonation would cause

an initial compression of the aquifer, and thereby induce a rise in water level,
this is not consistently obvious (Fig. 9). In most cases, the initial (and
sometimes only) response is downward indicating a dilation of the aquifer.
Although the mechanics of the observed response are not fully understood, it

is probable that the recording equipment employed was not sensitive enough

to record the complete response sequence. For example, when comparing responses
for well DN, it is clear that they differ for the 4.6 m and 15 m detonations.
During the 15 m detonation the initial reaction of the aquifer is one of dilation
followed by a recovery of water level. During the 4.6 m detonation, however, the
aquifer seemed to be solely in compression and it is possible that the initial
dilation was not detected by the recording equipment. Another interesting
observation is that the slotted casing completion of well BSC seemed to dampen
the magnitude of water level response to detonation when compared with well

BOH. Admittedly, well BOH was closer to the detonations but this is really
only a factor for the last detonation. During the 15 m detonation, for example,
actual radial distance from detonation to well BOH was 17 m and to well BSC was
27 m, yet water levels in well BOH responded with a magnitude 3 to 4 times that
of well BSC. |If this is generally the case, the effects of seismic detonations
may cause significantly less water level responses in wells completed with

slotted casing.

As mentioned, the mechanics of the water level responses during detonations are
not fully understood. Overall, however, the fact that the detonations did not

have large effects on water levels in the wells was the more important result.
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CONCLUS I1ONS

Conclusions from the present study are stated with recognition that the set of
aquifer and well conditions encountered and tested at the project site are
unique to certain geologic and hydrogeologic areas of the province. In this
respect, the results of the study are limited in their applicability and it
would be dangerous to apply the results of this project to all areas of the
province and make broad generalizations about the effects of seismic detonations
on water wells. It is felt, however, that in areas of similar geologic and
hydrogeologic conditions, the results of this study will prove useful in evalu-
ating future claims. The fact that the well drilling and construction methods
used were very similar to standard methods of constructing domestic water wells
in Alberta adds validity to the results. Hopefully, a continuation of similar

projects will allow a complete coverage of the aquifer and well types in Alberta.

Some readers may be tempted to criticise the validity of the results of this
study because the shotholes were not completed in the bedrock as is normal in
petroleum exploration techniques. This may have caused the low velocity drift
aquifer to act as a sponge and dampen the effect of the detonations on the
bedrock wells. It should be remembered, however, that the objective of this
project was to determine any effects of shothole detonations on both the drift
and bedrock wells. Considering the well and shothole configuration at New
Norway, well DS was the closest well, both horizontally and vertically, to the
detonations. Therefore a detonation less than 6 m away, would have had maximum
effect on this well and lesser effects on more distant wells. Since well DS
remained unaffected by shothole detonations, it would seem that the results of

this project are valid.

It would seem timely and practical to concentrate on those parameters which are
commonly in question or need evaluation in seismic detonation-water well claims.
These are understood to include:

1. Well and aquifer characteristics - e.g. increased drawdowns, no water in
well, higher pumping lifts.

2. Well yield and depth - e.g. well doesn't pump as much increased sand,
well caved, loss of depth.
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3. Water quality - e.g. bad taste, bad smell, water cloudy.

L, 4, Water levels - e.g. drastic fall or rise in water level.

Well and Aquifer Characteristics

Extensive testing (of the aquifers and wells) at the New Norway site indicate
that the seismic detonations had little or no effect on the aquifer and well
characteristics. Pre-detonation and post-detonation values of transmissivity,
storativity, aquifer losses, well Iossesland well efficiency were basically in
excellent agreement. Minor changes, in these parameters, did occur but in a
fashion suggestive of experimental error rather than detonation induced changes.
The down-the-hole camera did not indicate any specific damage to any water well
at the site. Based on the results of this study it would be difficult, in areas
of similar conditions, to entertain the suggestion that seismic detonations had
increased drawdowns in wells. Composite time-drawdown plots confirm these

findings.

Well Yield and Depth

Seismic detonations, because they did not affect aquifer or well characteristics,

did not affect the yield of any well at the site. Aquifer and well performance
tests were conducted at exactly the same pumping rates, before and after detona-
tions, with similar pumping water levels. The two wells which showed a signifi-
cant loss of depth were wells BOH and DS. Well BOH bridged at 59 m before
detonations took place, presumably because of unstable hole conditions. Because
of the slotted casing completion of well DS, fine sénd_was continuously entering
the well during testing which caused a gradual loss in depth. Loss of depth,

well caving or loss of production did not occur in any wells during detonations.

Water Quality

Variations in groundwater quality during testing were mainly attributable to
the aquifer conditions encountered. Although many chemical constituents varied

during the post-detonation period, the final post-detonation values were similar
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to pre-detonation values. Most trends observed during the post-detonation period
were due to groundwater leaking vertically between aquifers. The down-the-hole
camera indicated that groundwater in the wells was slightly turbid immediately
after a detonation, but this condition disappeared after one or two minutes at
the beginning of the subsequent pumping test. No chemical changes in ground-

water chemistry at the site can be directly attributed to detonations.

Water Level Fluctuations

Observation of water level records show that from a distance of five meters a
shothole detonation caused a maximum measured water level fluctuation in well
BOH of approximately 2.5 cms. Generally, the water level response recorded
during the detonation did not conform to the theory that the first effect of

a detonation on an aquifer should be compression thereby causing a rise in
water levels. This is attributable to the lack of sensitivity of the measuring
devices used. The effects of the detonation 183 m from the wells was barely
measurable and in general the shothole detonations had only minor effects on
the water levels in the wells. There is an indication that slotted casing com-

pletion tends to dampen water level fluctuations caused by detonations.

RECOMMENDAT { ONS

1. It is strongly recommended that these seismic detonation-water well evaluations

be continued in different geologic and hydrogeologic areas of Alberta using
the same scientific methodology as the New Norway project. In this way, a
set of studies can be produced which will ultimately be applicable for all
areas of Alber .. It is suggested that the next site be located in an area

where-fractur=d coal seams are important domestic aquifers.

2. A number of scientific improvements and changes could be recommended for
the next project. A more sensitive water level measuring device using a
pressure transducer, for instance, should be used during detonations. Such
a unit is presently being built by the Groundwater Division, Alberta Research

Council. Monitoring of pre-detonation groundwater chemistry should take
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place over a longer time before testing begins. This would allow a more
accurate evaluation of the natural variations in the concentrations of the
main chemical constituents. For the sake of completeness, the next project

should have one well completed with a well screen.

3. It would be instructive at the New Norway site to deepen existing shotholes
and repeat the project. It is possible that the occurrence of a highly
transmissive drift aquifer vertically between the detonation and the bed-
rock may have had a buffering effect. It has to be decided whether this

procedure would have priority over a new project site.
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Appendix A

ORIGINAL PROJECT PROPOSAL
EXPLORATION AND PROJECT SITE DRILLING

This appendix has been transcribed from field notes. Units
are therefore in feet or gallons except where shown.



NEW NORWAY SEISMIC PROJECT

The 4.6 m shothole detonation. Continuous water
level recorder shown in background. This photo
was taken a few seconds after the cover photo.



A Proposed Study

EVALUATION OF THE EFFECTS OF SEISMIC EXPLOSIONS
IN SHOTHOLES ON WATER WELLS AND AQUIFERS

OBJECTIVES

The primary objective of the program is to evaluate the effects of
seismic explosions in shotholes on water wells and aquifers typically
found in Alberta. A secondary objective is to establish distances at
which seismic explosions in shotholes should be conducted away from

water wells in order to minimize or eliminate damaging effects.
SCOPE

The study will be limited initially to one site which will be selected
on the basis of being a typical Alberta Plains environment in respect
of aquifer occurrence and geology. A minimum of four water wells will
be completed at the site and the aquifer and well conditions evaluated.
Explosive charges will be detonated at separate times in each of three
shotholes located at specified distances from the wells. Well and

aquifer conditions will be reevaluated after each particular explosion.
METHODS

Four water wells will be completed at the site; two shallow wells in

an aquifer in surficial deposits (sand or gravel) and two deeper wells in
a bedrock aquifer (sandstone). Water wells will be completed by the
slotted casing and open holelmethods which are commonly used in Alberta.
Two wells will be completed with slotted casing in the aquifer in sur-
ficial deposits and two wells will be completed in the aquifer in
bedrock; one well with slotted casing and the other open hole.

Maximum depths of wells in bedrock are planned to be ﬁot greater than

200 ft. The minimum distance between wells at the site will be 100 ft.



10.

11.

12.

13.

15.

Complete two wells in the bedrock (sandstone); one with. slotted

casing and one open hole.

Measure ''static'' water levels.

Conduct an aquifer test in the surficial aquifer and the bedrock -

aquifer.

Obtain groundwater samples and water temperatures.

Conduct well tests in one well completed in the surficial aquifer

and-each of the two wells completed in bedrock deposits.

Drill three shotholes to 60 ft in depth; at distances of 600, 200

and 50 ft from the nearest water well.

Detonate a 10-1b explosive charge in the shothole 600 ft from the

nearest water well.

Repeat ''static' water level measurements, aquifer tests, sampling

of groundwater, measurement of water temperature and well tests.

Detonate 10-1b explosive charge in the shothole 200 ft from the

nearest water well.

Repeat step 10 above.

Detonate an explosive charge in the shothole 50 ft from the

nearest well.

Repeat step 10 above.



Information on the sequence and composition of rock types (stratigraphy)
and observation of permeable intervals will be recorded during drilling
of the wells. Lithologic samples and an electric log of each well will
also be obtained. Upon completion of the wells an aquifer test will be
conducted on the shallow wells using one as the production well and one
as an observation well. Similarly, an aquifer test will also be conducted
on the deeper bedrock wells using the open hole well as the production
well and the one completed with slotted casing as the observation well.
The aquifer tests will be of 12-hour duration. A well test will be
conducted on one of the wells in surficial deposits and each of the two
wells in bedrock deposits. The test will consist of 5 steps, each at

a different pumping rate and continuing for a period of 100 minutes.
Aquifer coefficients of transmissivity and storativity will be calculated
from aquifer test data and well efficiencies will be calculated from well

test data.

A 10 pound explosive charge will be detonated in a 60-foot shothole

at distances of 600, 200 and 50 ft from the nearest water well. Following
each seismic explosion; aquifer tests, well tests, measurement of 'static'
water levels and water sampling will be repeated. This procedure will

result in eight aquifer tests and twelve well tests.
An explosive charge will be detonated in a shothole while one of the
aquifer tests is in progress (probably the one following the 200-foot

explosion). Water wells will be observed for any immediate effect

resulting from the explosion.
SUMMARY OF PROCEDURE
1. Select site

2. Complete two wells with slotted casing in an aquifer in the surficial

deposits (sand or gravel aquifer).



COST ESTIMATES

1.

Completion of water wells: 600 ft @ $15.00/ft

(Private Contracter)

Electric logging: 600 ft @ $0.25/ft

Aquifer tests: 96 hours @ $25.00/hr

Well tests: 75 hours @ $25.00/hr
{9-500 minute tests)

Drilling of shotholes 3 hours @ $25.00/hr
(3 holes 60 ft in depth)

Basic salaries (2 man-months @ $18,725.00/annum)

Overhead on basic salaries (60%)

Miscellaneous items

Total estimated cost

9,000.

150

2,400

1,875

75

3,120.

1,872

1,000.

$19,492

.00

.00

.00

.00

00

.00

00

.00



NEW NORWAY SEISMIC PROJECT
PROJECT SITE

WELL BSC (Bedrock, Slotted Casing)

Location: NW 14-45-22-WhkM Date: Nov. 1, 1978

Owner: Norman Newsted Water Level: 9.63m (Nov. 3/78)

Driller: Schmidt Drilling Est. rate of Production: 2-3 igpm
(Airlift)

Drift
- 2
- 25
25 - 70
70 - 84
Bedrock
84 - 135
135 = 160
160 - 170
170 - 187
187 - 195
195 - 205
205 - 215
215 ® 225
225 - 230
230 - 232
232 - 235

235 - 240

M.P. (Measuring Point): 0.50m agl

Top soil, black, organic

Till, clay silty brown (tan) soft with some occasional
pebbles and trace of coal chips

Lake clay, silty and sandy, grey, plastic, sticky,
soft, impervious with some coal chips
At 51-52' 12" coal seam with pebbles
At 59-60' 12'' sand and gravel layer

Gravel size up to 3-4'" mostly chert granite, quartz

(water)

Sandstone, slightly, bentonitic, light grey-beige
soft very fine grained alternating with shale layers
multiple thin coal seams at 115-125' and hard spot

at 124-125"

Shale dark grey, dark brown, brittle alternating with
sandstone layers and coal carbonaceous at places

Sandstone (as previously described)
Shale (as above)

Sandstone with shale and siltstone light grey, medium
grained

Shale greenish grey

Shale, dark grey carbonaceous dark brown
Sandstone (as above) at 2T8-2|3' coal
Siltstone with coal seams

2 ft coal seam

Shale (as above)

Sandstone



NEW NORWAY SEISMIC PROJECT
PROJECT SITE
WELL BSC (Bedrock, Slotted Casing)

Complete E-log

97 ft 5 1/2" Casing and 147 ft slotted casing
installed in the hole

It is a bedrock slotted casing hole (BSC)
Est. 2-3 igpm production (airlift)

Water Level Measurements

Date . Time Water Level (m)
Nov. 3/78 8.45 9.63
Nov. 7/78 8.45 9.38

Nov. 7/78 12.00 9.57



Location:
Owner:

Dritller:

n -

Bedrock

83 -

85 -

s -
120 =~
136 -

145 -
152 -
158 -
166 -
170 -
176 -
177 -

2215 -
230 -
231 =

NEW NORWAY SEISMIC PROJECT
PROJECT SITE
WELL BOH (Bedrock Open Hole)

NW 14-45-22-W4M Date: Oct. 30, 1978
Norman Newsted Water Level: 8.94m (Oct. 31)
Schmidt Drilling Est. rate of Production: 3-4 igpm
(Airlift)
5 Clay till brown to tan, some coal (top soil at
0-2 ft)
26 Till, tan to brown clay with some sand and pebbles
71 Lake clay, dark grey till, plastic minor coal with
occasional sand and pebbles, sandy layer at 46'
83 Gravel size up to 3-4" mostly consists of chert
quartzite granite
85 Shale + salt and pepper sandstone grey, very fine
grained
115 Sandstone light grey, salt and pepper slightly
bentonitic hard at 86-95' alternating with shale
layers and some coal
120 Shale with sandstone, carbonaceous brownish beige
sticky sandstone mostly light grey bentonitic
136 Sandstone, light to medium grey, slightly bentonitic,
very fine grained with some shale layers
145 Shale, brown to brown grey, relatively hard brittle
(at 144' lost some water, sandstone)
152 Shale greenish grey
158 Sandstone light grey, very fine grained bentonitic
166 Carbonaceous shale, dark grey to brown
170 Sandstone (as previously described)
176 Shale (as previously described)
177 Sandstone hard, lost some water
215 Shale - sandstone interbedded, light grey - dark grey
variegated, at 190-195 bentonitic layer, at 205-215
dark brown shale
230 Carbonaceous shale + coal greenish grey to grey, brittle
231 12" coal seam
240 Shale brown, beige to dark brown, brittle
240 Bottom of Hole



Location:

Owner:

Driller:

Drift

0] - 20

20 - 73

73 - 85
Bedrock

8 - 86

86

Norman Newsted
Schmidt Drilling

NEW NORWAY SEISMIC PROJECT
PROJECT SITE
WELL DN (Drift North)

NW 14-45-22-W4M Date: November 2, 1978

Water Level: 8.90m (Nov. 7/78)

Est. rate of production: 5-6 igpm
(Airlift)

M.P. (Measuring Point): 0.40m agl

Till, silty clay, tan to brown, soft, sticky with
occasional pebbles and trace of coal chips (top soil
at 0-2 ft) .

Lake Clay, grey, plastic, sticky, impervious occasional
sand, pebbles and gravels and coal chips hard spot at
66 ft, boulder?

Gravel sizes up to 3-4" mostly consists of chert,
quartz, granite fragments (Water)

Sandstone - shale light grey to dark grey, slightly
bentonitic

Bottom of Hole

E-logged
Totally 87 1/2 (5 1/2" size) casing installed in the hole

0 - 74 blank casing
74 - 84 slotted casing
84 - 85 1/2 blank casing

Water Level Measurements

Date Time Water Level (m)

Nov. 7/78 8.40 8.90
Nov. 8/78 12.00 8.81



Location:

Owner:

Driller:

20

72

Drift

Bedrock

82

NEW NORWAY SEISMIC PROJECT

PROJECT SITE

WELL DS (Drift South)

NW 14-45-22-WhkM
Norman Newsted
Schmidt Drilling

20

72

82

83

83

Till - tan to brown silty clay, soft sticky with

Date: Oct. 31, 1978
Water Level: 8.70m

Est. rate of Production:
(Airlift)

M.P. (Measuring Point):

occasional pebbles and trace of coal chips

(Top soil at 0-2 ft)

5-6 igpm

0.40m agl

Lake Clay sand, pebbles, gravels, and coal chips,
sandy layer at 55-60 ft, more gravels at 65-72 ft

Gravel sizes up to 3-4'" mostly chert, quartz and

granite fragments

Shale - sandstone, grey salt and pepper slightly

bentonitic

Bottom of Hole

E-logged the hole

(Water)

Totally 85 1/2 ft (5 1/2" size) casing installed in
the hole (0-72' blank, 72-82 slotted and 82-84

blank casing)

Water sample taken

Water Level Measurements

Date

Nov. 2/78
Nov. 3/78
Nov. 7/78

Time Water Level (m)
8.45 8.68
8.45 8.70

8.70



NEW NORWAY SEISMIC PROJECT
EXPLORATION SITE 1
PILOT WELL #1 (Bedrock)

Location: NW 17-44-21-WhM Date: Oct. 17, 1978
Owner: Eldon Graff
Driller: Schmidt Drilling

Drift
0 - 10 Till - silty clay, brown grey mixture of silt, clay,

sand boulders and coal chips

10 - 15 Silty clay grey, sandy, hard spot at 14' boulder

15 - 20 Silty clay grey, sandy, hard spot at 19' boulder
some coal chips

20 - 25 Clay, grey

25 - 4s Clay, dark grey clayey, silty

45 - 52 Clay, dark grey clayey, silty at 45' hard spot aquifer

edrock

52 - 60 Weathered sandstone, rusty buff colour at 52', very
fine grain

60 - 70 Weathered sandtone, more sandy material, very fine
grain

70 - 75 Weathered sandstone, more clayey material, very fine
grain

75 - 80 Weathered sandstone, greyish brown, very fine grain

80 - 90 Sandstone - siltstone greenish grey to buff, very
fine grain, layered, variegated

90 - 95 Sandstone-bluish grey very fine grain, shaley

95 - 105 Sandstone bentonltlc, light grey-ash coloured

105 - 110 ‘Shale, greenish grey with sandstone layers

110 - 115 . Shale-sandstone, grey shale’ domlnant with sandstone
layers

115 - 120 Sandstone, bentonitic, very fine grained light grey,
hard spots at 115 and 117!

120 - 150 Sandstone medium grey very fine grained

150 Bottom of Hole



NEW NORWAY SEISMIC PROJECT
EXPLORATION SITE 1
PILOT WELL #1 (Bedrock)

Hole E-logged

Water Level Measurements

Time Water Level (m)
13.30 10.00
-13.36 10.00
-13.40 10.00
-13.50 9.96
-14.00 9.91
-14.10 9.88
-14.20 9.86
-14.30 9.84
-14.30 9.81
=14 4o 9.81
-15.03 9.81

Estimated rate of Production Bedrock = 15.20 igpm
(Airlift)



NEW NORWAY SEISMIC PROJECT
EXPLORATION SITE 3

PILOT WELL #3 BOH (Bedrock Open Hole)

Location: SE 25-44-21-WiM Date: Oct. 20, 1978
(100 ft south of Well-DN)
Owner: Noah Toews Est. rate of Production: 1-2 igpm?
. X s (Airlift) :
Driller: Schmidt Drilling
Bit Size: 6 3/4" 0-140.5 ft
L 1/2v 142-260 ft
Drift
0o - 15 Till, silt, brown sandy and clayey with occasional
) boulders
15 - 20 Till, silt, brown, sandy and clayey trace of coal
chips, with occasional boulders
20 - 50 Silty clay, grey, very fine grain with sand and gravel,
trace of coal chips
50 - 55 Silty clay, grey with coal seams
55 - 85 Sand, clayey and silty, medium to coarse grain with
multiple coal seams
8 - 110 Gravel starts at 87' pebbles quartz, chert, chunks of
boulders up to 1-4" size with coal chips
1o - 115 Silty clay, grey, very fine grain (end of gravel zone
at 111"')
115 - 118 Silty clay, (as piece of sandstone starts at 118°
light grey bentonitic
Bedrock
118 - 126 Sandstone light, grey, bentonitic with plenty of
coal chips
126 - 131. Gravel coarse size up to 2'" coal chips
131.5 - 140 Sandstone with shale layers, light grey to dark grey
very fine grain bentonitic with coal seams
140 - 165 Shale with sandstone and siltstone hard spot at 142’
siltstone, grey carbonaceous with coal seams
165 - 170 Shale with sandstone and siltstone (12" coal seam at
165 - 166') siltstone grey carbonaceous with coal seams
170 - 180 Shale greenish grey-beige, banded with siltstone
- 190 Sandstone light grey, fine grain-argillaceous,

180

190 - 195

bentonitic hard at 183 - 185' coal

Shale dark brown



NEW NORWAY SEISMIC PROJECT
EXPLORATION SITE 2

PILOT WELL #1
Location: NW 25-44-21-Wi4M Date: Oct. 17, 1978
Owner: Noah Toews Static Water Level: 2.22m
Driller: Schmidt Drilling Est. rate of Production: 10 igpm
(Airlife) '
Drift

o - 10 Till silt, brown sandy, clayey with occasional boulders
10 - 15 Silty clay, grey with sand and boulders, coal chips

15 - 20 Silty clay, grey with sand and 2'"' boulders, coal chips
20 - 25 Silty clay, grey with sand and with boulders, coal chips
25 - 35 Silty clay, grey with boulders

Bedrock

35 - Lo Sandstone-siltstone, hardspot at 36"

4o - 50 Brown, grey very fine grain hard, brittle with coal chips
50 - 55 Brown, coal seam at 52-53 1/2 feet

55 - 60 Brown grey

60 - 80 Brown grey medium grey

80 - 85 Sandstone, bentonitic with coal seams light grey

very fine grain

85 - 95 Sandstone, bentonitic with coal seams medium hard

95 - 100 Sandstone, bentonitic more coal
100 - 115 Shale brown, dark grey with sandstone layers
115 - 120 Sandstone medium grey very fine grain
120 - 125 Coal seam and sandstoné light grey, bentonitic

very fine grain

125 - 135 Sandstone with multiple coal seams grey medium grain
135 - 140 Sandstone with multiple coal seams light grey bentonitic
10 - 145 Sandstone with multiple coal seams
145 - 150 Sandstone hard sandstone at 147-149 feet

150 Bottom of Hole

= Hole E-logged



Location:
Owner:

Driller:

15 -
25 -
45 -
50 -
60 -
65 -

NEW NORWAY SEISMIC PROJECT
EXPLORATION SITE 1
PILOT WELL #2 (Drift)

NW 17-44-21-WhM Date: Oct. 17, 1978
Eldon Graff Est. rate of Production: 1.2 igpm
(Airlift)

Schmidt Drilling

15 Till, greyish brown mixture of sand, silt clay
with some boulders and coal chips, very fine grained
25 Clay brown grey with some silt and sand
4sg Clay brown dark grey very fine grain
50 Clay more sandy layers hard spot at 48' aquifer?
60 Weathered sandstone, rusty-buff very fine grain
65 Weathered sandstone, buff coloured
73 Weathered sandstone, buff coloured

73 Bottom of Hole



NEW NORWAY SEISMIC PROJECT
EXPLORATION SITE 3
PILOT WELL #3 BOH (Bedrock Open Hole)

195 - 200 Shale brown

200 - 205 Sandstone medium hard fine grain light grey
argillaceous, bentonitic

205 - 220 Sandstone medium hard fine grain with brown
siltstone layers

220 - 225 Shale dark brown grey, with brown siltstone layers

225 - 260 Shale dark brown with sandstone layer at 250-252',
light grey, bentonitic, some coal

260 Total Depth of Hole

- 4 1/2" casing installed to 140.5' and then driven to
142 ft, 1 1/2 ft into the shale

- (Oct. 23, 1978)
Hole first drilled to 230 ft after E-logging reaming,
casing installation and airlift tests (at 40' intervals
decided to go deeper to 260' Estimated rate of
production not more than 1-2 igpm (Airlift)



NEW NORWAY SEISMIC PROJECT
EXPLORAT N SITE 3
PILOT 5ITE #3

Location:  SE-25-44-21-W4M Date: Oct. 18, 1978
Owner: Noah Toews Drilling Started: 15.40
Driller: Schmidt Drilling Drilling Finished: 18.00

Drift

0 - 20
20 - 25
25 - 4o
40 - 65
65 - 80
80 - 90
90 - 95
99 - 116
116 - 130
130 - 134

Bedrock

134 - 140

Water Level: 1.71m  (Oct. 23/78)

Till, brown silt, clayey and sandy rock chips
Sandy silty clay, grey, with pebbles

Sandy silty clay, grey, with pebhbles, trace of coal
chips

Sandy clay, to medium grained grey, clayey with coal
chips

Sandy clay (more sand) to medium grained grey,
clayey with coal chips

Sandy with clayey layers and coal chips

Sandy (more sandy layers) with clayey layers and
coal chips

Gravel Starts at 99 feet

Gravel quartz, felds, witﬁ trace of coal chips loosely
cemented cobbles up to 2-3"

Sandstone, light grey, ash very fine grained
argillaceous with occasional pebbles

Gravel (as of 99-116) very fine grained argillaceous
Sandstone grey, very fine grained, bentonitic

This well intended to be a bedrock slotted casing hole
(BSC), reaming the hole from 4 1/2" to 6 3/4" to 120"
5 1/2" blank casing installed, drilling from 122' to
140" 5 1/8'" RB. Because of 4 ft thick gravel found
below the sandstone, casing removed hole abandoned.

E~logged



NEW NORWAY SEISMIC PROJECT
EXPLORATION SITE 3
PILOT WELL #3 DN (Drift North)

Location:  SE 25-44-21-W4M Date: Oct. 18, 1978

Owner: Noah Toews
Driller: Schmidt Drilling Est. rate of Production: 25-30 igpm
(Airlift)
Drift
0 - 5 Till, silt, brown, sandy and clayey, pebbles
- 10 Till, silt, brown, sandy and clayey, pebbles, some
coal chips
10 - 20 Till, silt, greyish brown, sandy and more clayey,
) pebbles, some coal chips
25 - Lo Clay, brownish grey to grey silty and sandy with some
pebbles and coal chips
Lo - 90 Sandy s}lty clay, grey with plenty of sand medium to
course grain, pebbles and coal chips
90 - 100 Sandstone (as a piece of bedrock greenish grey, very
fine grain, hard)
100 - 105 Coarse sand
105 - 126 Gravel, very coarse gravel 1-3" size, loose, chert,
quartz felds with coal chips
Bedrock
126 - 128 Sandstone - Bedrock: 1light grey, fine to medium grain
argillaceous bentonitic
128 Bottom of Hole

- Hole E-logged
- Reamed the hole from & 1/2" to 6 3/4"
- Drilling mud additive ''magcogel' used during the drilling

- 126 ft of 5 1/2" casing installed (12 ft slotted casing
at the bottom included)

- Drilling started at 10:30, finished at 15:30
- ' Airlift production rate 25-30 igpm
- Measured depth of well = 125.60 ft (38.28m)

- Water sample taken for chemical analyses



NEW NORWAY SEISMIC PROJECT
EXPLORATION SITE 3
PILOT WELL #3 DN (Drift North)

Water Level Measurements

Date Time Water Level (m)
Oct. 18/78 3.55 9.63
Oct. 19/78  8.35 6.41
Oct. 19/78  9.35 6.23
Oct. 19778 10.35 6.08
Oct. 19/78 11.40 6.08
Oct. 19/78 13.50 5.62
Oct. 19/78 14.50 5.65
Oct. 19/78 16.05 5.63
Oct. 20/78  8.30 5.74
Oct. 23/78  9.20 5.63
Oct. 24/78 11.15 5.58



Appendix B

PRE-DETONATION AQUIFER AND WELL PERFORMANCE TESTS
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DRAWDOWN OR RECOVERY M.

.00

BOHAT 1

PUMPING TIME OR TOTAL TIME/RECOVERY TIME (MIN)

OBSERVATION WELL
R=15.239 m
20.11.1978  10.9 m3/day
/‘»/
1.00 }’yjy?’
4
/]
4/
) /1o
b 4 1‘ u
Z ! W(u) = 0.1
3 / s = 0.122m
+ .
E 0.10 -/ t =69 min -
g 0 = (0.048 day)
T = L N(U)
+ 47s
= 0.711 mZ/day
. S = 4Tut
r2 -“
= 5,88 x 10
0.0}
10.0 100.0 1000.0
TIME (MIN)
20.11.1978  10.9 m3/day
- ‘*..“ . t°= 76 min
., = (0.053 day)
As = 2,38m
As = 2.72m
;o 2.30 A 1
4nAs \\
= 0.838 n? day \
\, -
\&
‘eeﬂe Q9 [ ® RN
s - 2:25Tto \\;
= 0.733 m2/day - k.3 x 10°k
.0 10.0 100.0 1000.0



DRAWDOWN M.

.00

.50

.00

.50

.00

.50

.00

.50

.00

.50

.00

15.11,1978

Q= 10.

DSWT 1

9, 21.8, 32.7, 43.6, 54.5 m3/day

A I IR I RPN

A R R R R XY

B ™
8 c P
(day/m3) {day2/m5) +
| Sheahan ...... 0.054 .... 0.00054 .. 2.00 : -
B. and W. ...... 0.055 .... 0.00046 .. 2.00 \
L. and H. ...... 0.053 .... 0.00040 .. 2.04
- -t
1.0 10.0 100.0 1000.

TIME (MIN)



DRAWDOWN M.

20.00

25.00

30.00

BOHWT 1

16.11.1978 Q = 2:725, 5.450, 8.175, 10.900, 13.625 m3/day
T “*muw#*o‘
\\ |
‘ -y
B C P sk -~
(day/m3) {day2/m5)
Sheahan ...... 0.960 ... 0.033 .. 2.00
B. and W. ...... 1.055 0.026 .... 2.00 -
L. and H. ...... 1.028 0.053 .... 1.76
1 |
10.0 100.0 1000.0

TIME (MIN)



DRAWDOWN M.

BSCWT 1

14.11.1978 Q= 2.725, 5.450, 8.175, 10.900, 13.625 m3/day _
0

* MRS 2 o, t e,
. tres ++q
5.00 + \. m
\m\
10.00 + 7
15.00 7]
20.00 b B ¢ N -
(day/m3)  (day2/m5)
Sheahan ...... 1.15 ..., 0.046 .... 2.00
25.00 |- B. and W. ...... 1.23 .... 0.036 .... 2.00 n
L. and H. v..... 0.60 .... 0.601 .... 1.20
30.00 L L
1o 10.0 100.0 1000.

TIME (MIN)



Appendix C

POST-DETONATION AQUIFER AND WELL PERFORMANCE TESTS
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PUMPING TIME OR TOTAL TIME/RECOVERY TIME (MIN)



DRAWDOWN M.

1.

22.11.1978

DSWT 2

Q = 10.9, 21.8, 32.7, 43.6, 54.5 m3/day

+* > s + &

AR R A

A

[‘-0 +

f“& +

TIME (MIN)

B c p *
(day/m3) (day2/m5) .
- Sheahan ...... 0.050 0.00052 . 2.00 \‘ =
B. and wW. ...... 0.052 0.00043 .. 2.00
L. and H. ...... 0.043 0.00320 .. 1,59 .
0 10.0 100.0 1000.0



DRAWDOWN M.

BOHWT 2

23.11.1978 Q= 2.725, 5.450, 8.175, 10.900, 13.625 m3/day

+ +

A R ..

*
+ o«
ttries ‘e

5.00 p \\ -
.,

10.00

15.00 |- \ -
B c P LY

20.00 (day/m3)  (day2/m5) -
Sheahan ...... 0.99 .... 0.032 .... 2,00
. “ reeen . .026 ... .

25.00 B. and W 1.06 0.026 2.00 B
L. and H. ...... 1.07 .... 0.017 .... 2.16

30.00 l

1.0 10.0 100.0 1000.0

TIME (MIN)



DRAWDOWN M.

20.

25.

30.

.00

.00

.00

00

00

00

BSCWT 2

21.11.1978 Q = 2.725, 5.450, 8.175, 10.900, 13.625 m3/day

+ +

AR I PPN O

+
+ o+
0009‘.‘ ey

\

*

.

N\
\
\%.

10.0
TIME (MIN)

B C P
- (day/m3)  (day2/m5) 7]
Sheahan ...... 1.20 .... 0.030 .... 2.00
= B. and W, ...... 1.26 .... 0.024 .... 2.00 _
L. and H, ...... 1.33 .... 0.004 .... 2.66
| |
.0 100.0 1000.



DRAWDOWN M.

DSWT 3

29.11.1978 Q = 10.9, 21.8, 32.7, 43.6, 54.5 m3/day

TIME (MIN)

0.00
0.50 hd AR A R R D T T T Y IrON 7
1.00 | . -
1.50 L 4
2.00 ‘\~s i
2.50 -
3.00 |- i\. -
3.50 | _
B c P .
4.00 (day/m3) (day2/m5) ¢
"1 sheahan ...... 0.047 .... 0.00053 .. 2.00 i"
B. and W. ...... 0.047 .... 0.00051 .. 2.00

4,50 - L. and H. ...... 0.024 .... 0.01 .... 1.4 .
5.00 l

1.0 10.0 100.0 1000.0



DRAWDOWN M.

0.00

5.00

10.00

15.00

20.00

25.00

30.00

BSCWT 3

28.11.1978 Q = 2.725, 5.450, 8.175, 10.900, 13.625 m3/day

+ "000.4‘“

+
“‘0 .
LA S S P

B C P
B (day/m3)  (day2/m5) T
Sheahan ...... 1.160 .... 0.026 .... 2.00
| B.and W. ...... 1.220 .... 0.024 .... 2.00 -
L. and H. ...... 1.176 .... 0.047 .... 1.79
|
.0 ' 10.0 100.0 1000.0

TIME (MIN)



DRAWDOWN M.

10.

20.

25.

30.

.00

00

.00

00

00

BOHWT 3

TIME (MIN)

30.11.1978 Q= 2.725, 5.450, 8.175, 10.900, 13.625 m3/day -
T v e . ;.“* . .
+ o+ . MR L P
N,
- B C 4 ~
(day/m3)  (day2/m5)
Sheahan ...... 0.99 0.027 .... 2.00
— B. and W. ...... 1.005 .... 0.025 ..,.. 2.00 7
L. and H. ...... 0.832 .... 0.110 .... 1.59
1 -t
.0 10.0 100.0 1000.0



DRAWDOWN M.

.50

.00

.50

.00

.50

.00

.50

.00

.50

.00

DSWT 4

6.12.1978 @ = 10.9, 21.8, 32.7, 43.6, 54.5 m3/day
¢
L i\..w _
B c P &
L (day/m3) (day2/m5) .
Sheahan  ...... 0.043 .... 0.00057 .. 2.00
B. and W. ...... 0.044 0.00056 .. 2.00
L. and H. ...... 0.038 0.002 .... 1.72 ]
0 10.0 100.0 1000.0

TIME (MIN)



DRAWDOWN M.

BOHWT 4

7.12.1978  q = 2.725, 5.450, 8.175, 10.900, 13.625 m3/day

* + + 4 +*ree .
+ & #0#0‘,‘.¢"
5.00 | \\ -
10.00 | _
15.00 | _
20.00 | B c N
(day/m3)  (day2/m5)
Sheahan ...... 1.065 .... 0.023 .... 2.00
25.00 - B, and W, ...... 1.050 .... 0.027 .... 2.00 _
L. and H. ...... 1.115 .... 0.018 .... 2.04
30.00 l '
1.0 10.0 100.0 1000.

TIME (MIN)



DRAWDOWN M.

BOHWT 5

14.12.1978 Q = 2.725, 5.450, 8.17s5, 10.900, 13.625 m3/day

+ AR R SO

o,
L 0#4.‘,““’

5.00 | \\ —

10.00 \ -
15.00 | \ _
20.00 B c e
(day/m3)  (day2/m5)
Sheahan ...... 0.8 .... 0.040.... 2.00
25.00 B and . ...... 0.80 .... 0.040 .... 2.00 7
L. and H. ...... 0.77 «... 0.072 .... 1.78
30.00 L !
1.0 10.0 100.0 1000.

TIME (MIN)



DRAWDOWN M.

0.00

5.00

10.00

15.00

20.00

25.00 +

30.00

1.

BSCWT 5

12.12.1978 Q = 2.725, 5.450, 8.175, 10.900, 13.625 m3/day
o “#d e .,
+ AR PPN ..
\‘
B C P

(day/m3) (day2/md) T
Sheahan ...... 1.160 0.0260 ... 2.00
B. and W. ...... 1.180 0.0270 ... 2.00 _
L. and H. ...... 1.289 0.0018 ... 2.91

10.0 100.0 1000.0

TIME (MIN)



Appendix D

HYDROCHEMICAL DATA - SUMMARIES AND ANALYSES



DSAT

DSAT-5

DSAT-1 DSAT-2 DSAT-3 DSAT-4

30 Mins End 30 Mins End 30 Mins End 30 Mins End 30 Mins End

ppm ppm ppm ppm ppm ppm ppm ppm ppm pPM

DS 1732 1738 1662 1694 1758 1826 1046 1636 1628 1646
Alk. | 504.0 | 515.2 | 443.2 17.6 | 544.8 | 566.4 562.4 | 520.8 | 4Sh.4 | 509.6
Hard. | 846.7 836.8 807.6 794.0 888.4 916.5 939.0 899.1 838.3 885.7
pH 7.6 7.8 7.7 7.8 7.8 7.6 7.4 7.6 7.6 7.5
Na 179.0 | 178.0 | 184.0 | 183.0 | 184.0 | 185.0 | 190.0 | 189.0 | 186.0 | 186.0
K 7.1 6.7 7.9 7.1 7.9 7.9 6.7 6.7 5.4 5.4
Ca 214.0 | 215.0 | 200.0 193.0 234.0 | 242.0 | 251.0 | 235.0 | 209.0 | 228.0
Mg 76.0 73.0 75.0 76.0 74.0 76.0 76.0 76.0 77.0 77.0
ci 4.0 6.0 h.o 2.0 20.0 h.o h.o 4.0 h.o h.o
30, 643.0 | 600.0 | 688.0 | 687.0 | 698.0 | 679.0 | 723.0 | 673.0 | 758.0 | 742.0
NO4 1.5 0.2 1.6 0.0 0.8 0.0 0.3 0.1 2.8 0.0
“223 630.0 | 644.0 | 554.0 | 522.0 | 681.0 | 708.0 | 703.0 | 651.0 | 568.0 | 637.0

3 .




DSWT

DSWT-1 DSWT-2 DSWT-3 DSWT-4 DSWT-5
30 Mins End 30 Mins End 30 Mins End 30 Mins End 30 Mins End
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
08 1560 1604 1800 1792 1682 1598 1720 1602 1598 1726
Alk. | 332.0 | 396.0 | 566.4 | 550.4 | 394.4 | 340.0 | 544.8 | 468.8 | 513.6 | 569.6
Hard. | 766.7 | 823.2 | 901.6 | 880.0 | 801.6 | 745.9 | 875.3 | 798.7 | 883.4 | 952.2
) |
pH 7.5 7.6 7.6 7.5 7.9 7.7 7.8 7.8 7.8 7.5
Na 174.0 | 179.0 | 178.0 | 179.0 | 184.0 | 185.0 | 188.0 | 188.0 | 188.0 | 188.0
!
]
K 6.7 7.5 7.5 7.5 7.1 7.1 6.7 6.3 6.7 5.8 |
Ca 177.0 | 198.0 | 236.0 | 229.0 | 191.0 | 167.0 | 237.0 | 203.0 | 232.0 | 253.0 |
Mg 79.0 80.0 76.0 75.0 79.0 80.0 69.0 71.0 74.0 78.0
cl k.0 4.0 6.0 4.0 2.0 2.0 6.0 8.0 4.0 4.0
50, 668.0 | 692.0 | 613.0 | 699.0 | 778.0 | 778.0 | 748.0 | 778.0 | 728.0 | 743.0
NO 4.5 2.8 0.0 3.0 0.3 2.6 0.1 0.3 0.2 0.3
O3 | 5.0 | 495.0 | 708.0 | 688.0 | 493.0 | 425.0 | 681.0 | 586.0 | 642.0 | 712.0
co
3




BSCWT

BSCWT-1

BSCWT-2 BSCWT-3 BSCWT-4 BSCWT-5

30 Mins End 30 Mins End 30 Mins End 30 Mins End 30 Mins End

ppm ppm ppm ppm ppm pom ppm ppM ppm ppm

Tos | 1456 1394 | 1474 1308 | 1586 1308 | 1704 | 1282 W7 | 1262
Alk. | 587.2 | 611.2 | 616.8° | 599.2 | 572.0 | 528.8 | 584.0 482.0 628.8 | 624.8
Hard. | 134.9 | 289.1 | 203.4 | 317.3 | 251.5 | 229.3 | 218.0 | 175.2 | 228.0 | 313.2
oH 8.1 7.7 7.0 7.2 7.2 7.8 7.6 8.5 7.7 7.5
Na 470.0 | 365.0 | 475.0 | 365.0 | 453.0 | 371.0 | 476.0 | 381.0 | 465.0 | 390.0
K 2.5 2.9 2.9 2.9 1.7 2.1 4.2 3.3 2.9 2.5
Ca 30.0 | 73.0 | 53.0 | 81.0 | 66.0 | 49.0 | 61.0 | 29.0 | 65.0 | 81.0
Mg 1.6 | 26.0 17.3 | 28.0 | 21 26.0 | 16.0 | 25.0 | 16.0 | 27.0
ci 10.0 | 10.0 4.0 8.0 8.0 8.0 [ 10.0 | 10.0 | 140 | 10.0
O | w48.0 | 391.0 | 520.0 | 428.0 | 512.0 | 502.0 | 564.0 | 450.0 | 363.0 | 437.0
NO, 1.8 2.0 0.0 2.5 0.0 0.1 0.1 0.0 0.1 0.1

HCO

Eo; 734.0 | 764.0 | 771.0 | 749.0 | 715.0 | 661.0 | 730.0 | 587.4 | 786.0 | 781.0




BOHWT

BOHWT-1 BOHWT-2 BOHWT-3 BOHWT-4 BOHWT-5
30 Mins End 30 Mins End 30 Mins End 30 Mins End 30 Mins End
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
DS 1512 1302 1234 1242 1422 1262 1338 1258 1260 1206
Alk. | 636.0 | 607.2 | 630.4 | 507.9 | 615.2 | 630.4 | 601.6 | 628.8 | 634.4 | 628.8
Hard. | 80.9 | 203.7 | 136.7 | 144.7 | 187.3 | 256.1 | 170.3 | 277.7 | 193.1 | 269.0
PH 7.8 7.9 7.8 8.4 8.1 8.1 7.4 7.7 7.6 7.7
Na 520.0 | 379.0 | 430.0 | 381.0 | 436.0 | 381.0 | 439.0 | 385.0 | 429.0 | 379.0
K 2.5 2.9 1.7 3.3 3.8 2.9 1.7 2.9 1.7 2.5
ca 24.0 49.0 36.0 25.0 49.0 68.0 45.0 75.0 51.0 60.0
Mg 5.1 19.8 1.4 20.0 15.8 21.0 141 22.0 16.0 29.0
il 14.0 14.0 36.0 6.0 20.0 16.0 22.0 14.0 24.0 14.0
04 | s500.0 | 311.0 | 383.0 | 383.0 | 398.0 | 334.0 | 375.0 | 348.0 | 368.0 | 362.0
NO, 0.0 2.4 0.1 1.4 0.0 0.0 0.2 0.2 0.3 0.0
HEO,
ot 795.0 | 759.0 | 788.0 | 622.0 | 769.0 | 788.0 | 752.0 | 786.0 | 793.0 | 786.0
3




BOHAT

BOHAT-1 BOHAT-2 BOHAT-3 BOHAT-4 BOHAT-S

30 Mins End 30 Mins End 30 Mins End 30 Mins End 30 Mins End

ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

TDS 1414 1256 1472 1181.3 1370 1270 1378 1212 1258 1258
Alk. | 630.4 | 626.4 | 638.% | 558.4 | 566.3 | 628.8 | 636.0 | 634.4 | 63u.k | 626.4
Hard. 157.9 226.6 228.7 161.3 139.4 233.8 229.6 247.0 250.2 262.6
oH 7.9 7.9 8.1 8.3 8.4 7.8 7.7 7.7 7.8 8.0
Na 443.0 373.0 454.0 384.0 454.0 384.0 449.0 390.0 443.0 384.0
K 2.5 2.9 2.9 2.5 2.5 4.2 2.5 2.1 2.1 1.3
Ca 42.0 56.0 60.0 30.0 29.0 | 64.0 64.0 66.0 64.0 64.0
Mg 12.9 21.1 19.2 21.0 16.3 18.0 17.0 20.0 22.0 25.0
Cl 18.0 18.0 12.0 12.0 12.0 20.0 14.0 16.0 14.0 4.0
04 | 408.0 | 322.0 | 469.0 | 379.0 | 463.0 | 360.0 | 464.0 | 331.0 | 484.0 | 339.0
NO,, 0.5 0.0 0.0 0.0 0.0 0.4 | 0.2 0.2 0.0 0.0
“%Z3 793.0 | 783.0 | 798.0 | 698.0 | 695.0 | 786.0 | 795.0 | 793.0 | 793.0 | 783.0

3




ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 To 45 Rge 22
Lab no, 781829
Index noe DSAT 1
well depth(ft) 83,4
Water level (ft) 2845
Top oren interval(fe) 7240

Bottom open fnterval(ft) 82,1
Altitude(ft)

Bedrock elevation(ft)
TDS(ma/z1) 1738,2
Field Cond(micromhos/cm)

Field pH

Sec 14 Lsd {1

D M v
Date sampled 17 11 78
Date supmitted 23 11 78
Date analysed(major) J 1 79
Date analysed(minor)
Sampled by R VOGwILL
Sample Source JOAGMEIN
Dwners name NEWRSTED
Hardness(as CaC03) 836,8
Alkalinity(as CaC03) 516,2
Comd(migromhos/cme25C) 205u
Lab pH 7.8

MAJOR CONSTITUENTS

X of total anion

meag/ |
10.73
6,01
7.74
Q.17
P.01
10,50
12,49
Bel?
V01

Total anions(epm)
Total cations(epm)
Ion balance error(¥%)
TDS balance error(X%)

MINDR CONSTITUENTS

ma/l
Calctum(Ca) 215,82
Magnesium(Mg) 73,0
Sodium(Ma) 178,0
Potassium(K) 6a7
Carbonate(Cn3) B.0
Bicarbonate(HCDJ3) 644,49
Sulphate(S504) 60
Chloride(C!) 672
Nitrate(NDJ3) Be2
Hydrox{de (0OH)
Silica(8i02) 9,8
Calcium(Acid) 235,92
Magnesium(Agid) 7540
Calculated TDS 1425,4
Iron 7.6 ppm

OTHER MEASUREMENTS

Field Temp(() 5,50

Fluoride(F)

or cation
43,5
24,4
31.4
@,7
@,
45,5
53,8
De/
)

234224
24,651
3e
'19.

B.xg opm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Te 45 Rge 22 Se¢ 14 Led
b M Y
Leb no, 781054 Date sampled 24 11 78
Index no, 404522 Date submitted , 8y 12 78
Well depth(fe) 83,0 Date snalysed(major) S 179
Water level(ft) 28,5 Deate analysed(minor)
Tor opan lnterval(ft)_ 72,0 Sampled by R VOGWILL
Bottom open |nterve)(tt) 83,0 Sample Source DSAYT2
Altitude(ft) Owners name 30 MIN
Bedrock elevation(fe) Haprdness(as CaCO03) 807,6
T08(mg/ 1) 1662,0 Alkalinity(as CeCO3) 443,2
Field Cond(micromhos/cm) Cond{migromhos/cme25¢C) 1850
Field pH Lab pH 7.7
MAJOR CONSTITUENTS
X of tota! .nion

mg/ meq/| or ecat on
Calcium(Ca) 200,0 9,98 4i,0
Magnes{ium(Mg)- 75,0 6o17 25,3
Sodiym(Na) $84,0 8,00 32,9
Potassium(K) 7.9 P,20 2,8
Carbonate(C03) 2.2 0,00 0,0
Bicarbonate(HMCO3) 554,0 9,08 38,6
Sulphate(804) 688,0 14,32 62,8
Chioride(Cl) 4,0 P, 2,5
Nitrate(NOY) 146 2,03 |
Hydprox{de(OH)
Sil{ga(8i02) 14,7 Tota! anfons(epm) 23,543
Coalcfum(Agid) 230,0 Tota! cations(epm) 24,358
Magnesium(Agid) 73,0 Ion balance erronr(¥) 2,
Calgulated TDS 1447,6 TD8 balance errop(X) {3,

MINOR CONSTITUENTS
Iron 8,6 ppm
. OTHER MEASUREMENTS g

Flc}d Temp(C) 6.50 Fluoride(F) - 2,19 ppm



AL
Mep 4 Tp 4
Lab NOy
Index nos
Well depth(¢t)
natepr level (ft)

Top open interval(fe)
Bottom open interval(ft
Altitude(ft)

Bedrock elevation(ft)
10S(ma/)

Field Cond{micromhos/cm
Field pH

Colcium(Ca)
Magnesium(Mg)
Sodium(Na)
Potassium(K)
Carbonate(CD3)
Bicarbonate(HCODS)
Sulphate(S04)
Crloride(Cl)
Nitrate(nNO3)
Hydrox{de (0i4)
Silica(s8102)
Calcium(Acid)
Magnesium(Acid)
Calgulated TDS

Iron 5.6 ppm

BERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT
5 Rge 22 Sec 14 Lsd 11
D ~ ¥
781055 Date samoled 24 11 78
404522 Date submitted 21 12 78
83,9 Date analysed(major) S 1 79
28,5 Date aralysed(mimor)
72,0 Sampled by R VOGWILL
) 82,2 Sample Source DSAt2
Owners name END
Hardness(as CaC03) 794,3
1694,0 Alkalinitylas CaC03) 417,6
) Cond(migcromhos/cme25() 1851
Lab pH 7.8
MAJOR CONSTITUENTS
Z of tota! anion
mg/ | mea/ | or cation
193,4 5,63 44,1
76,3 6426 26,4
183,92 7,96 33.1
7! 2,18 D,8
P2 n,a0 B.0
§22.9 8,56 37,43
687, 14,30 62,4
29 A,06 b2
B,92 d.00 A,
14,6 Tota! anfons(epm) 22,916
231.0 Total cations(epm) 24,827
68,8 Ion balance error(¥%) 2
1419,4 TDS balance error(%) »10,
MINOR CONSTITUENTS
OTHER MEASUREMENTS
Fluoride(F) 2,28 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSJ]S REPORT

Mer 4 To 45 Rge 22 Sec 14 Led 1t

( | D M Y
Lab no. 781060 Dete sampled 1 12 78
Index nos 404522 Date submitted 8 12 78
Well depth(ft) 84,0 Dete snalysed(major) S 179
Weter Jlevel(ft) 30,0 Date analysed(mineop)

Top open {interval(ft) 72,0 Sempled by VOGW]LL
Bottom open intervel(ft) 82,0 Sample Source DSAT3
Alt{tude(ft) Owners name 30 MINS
Bedrogk elevation(fe) Hardness(as CeCO03) 888,4
TDS(mg/ 1) 1758,9 Alkalinfty(as CaCOJ) 544,86
Field Cond(migromhos/cm) Cond(micremhos/cme25C) 2020
Field pH Lab pH 7.8

MAJOR CONSTIYUENTYS
X of total anfon

mog/ . meq/! or cation

Calcium(Ca) 234,0 11,68 45,2
Magnes{um(Mg) 74,0 6.09 23,4
Sodium(Na) 184,90 8,00 32,8
Potassium(K) 749 P,20 2,8
Carbonate(CO3) 8,0 0,00 0,0
Bicarbonate(HCOI) 681,0 11,16 42,5
Sulphate(S04) 698,0 14,53 55,3
Chloride(Cl) 20,0 .56 2,1
Nitrate(NODJ) 0.8 0,01 2,0
Hydroxjde(OH)
S$iliga(8i02) 14,5 Tota! snions(epm) R6.272
Colcium(Agid) 245,0 Total cations(epm) 25,973
Magnes{um(Agid) 75,0 Ion balance error(X) e
Calgculated TDS 1568409 TD8 balance erronr(X) ®ii,

MINOR CONSTITUENTS
Iron 7.6 ppm

OTHER MEASUREMENTS .,
Field Temp(C) 5,90 Fluoride(F) 2,10 ppm

Y
3



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mepr 4 Tp 45 Rge 22 Sec 14 Lsd 11

. D M v
Lab no, 781061 Date sampled {1 12 78
Index noy 404522 Date aubmitted 8 12 78
Wel| depth(ft) 84,0 Date snalysed(major) $ {79
Watenr level (ft) 30,0 Date analysed(minor)
Top open interval(fe) 72,0 Sampled by VOGWILL
Bottom open {nterval(ft) 82,0 Sample Source DSATS
Altitude(ft) Owners name END
Bedragk elevation(ft) Hardnesa(as CaC03) 916,5
T08(mg/ 1) 1826,0 Alkal{nity(as CaCO3) 566,4
Field Cond(micromhosscm) Cond(migromhos/cme25¢C) 1000
Field pH Leb pH 746

MAJOR CONSTITUENTS .
X of total anion

mg/) meq/ or cation

Calcium(Ca) 242,0 12,08 45,4
Magnes{um(Mg) 76,0 6,26 23,5
Sodium(Na) 185,90 8,08 30,3
Potassium(K) 7¢9 2,20 2,8
Carbonate(C03) 0.0 p.00 0,0
Bicarbonate(HCO3) 708,90 11,60 44,9
Sulphate(804) 679,80 14,14 54,7
Chior{de(C1) 4,0 el 2,4
Nitrate(NO3) B2 2,00 0,0
Hydrox{de (OH)
8{lica(8io2) 14,5 Tota! enions(epm) 25,884
Calefum(Agid) 235,0 Tota! cationa(epm) 26,580
Magnesium(Agid) 72,0 Ien balance error(%) 1o
Calculated TDS 155645 TDS balance error(X) {5,

MINOR CONSTITUENTS
Iron 5.6 ppm

OTHER MEASUREMENTS g s

Field Temp(C) 8,99 Fluoride(F) = e 2,19 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS RFPURT

Mepr 4 Tp 45 Rge 22 Sec 14 Lao 11

D M Y
Lab noa. 781270 Date gsampled 8 12 78
Index no, 404522 Date suomitted 13 12 78
kel) depth(ft) 83,4 Date analysed(major) 9 179
Nater level (ft) 30.0 Date analysed(minor)
Top open interval(ft) 72,0 Sampled by VOGWILL
Bottom open interval(ft) 82,2 Sample Source DSAT4
Altitude(ft) Owners name JEMINS
Bedrock elevation(ft) Hapdness(as CaC03) 939,0
TDS(mg/1) 1046, Alkalinity(as CaC03) - 562,4
Field Cond(micpomhos/cm) Cond(migromhos/cmaz2hC) 2079
Field pH Lab pH 7,4

MAJOR.CONSTITUENTS
% of total anijonm

mg/ mea/ or cation
Calcjum(Ca) 251,0 12,52 46,0
Magnesiym(Mg) 76,9 6.26 23,02
Sodium(Na) 192,12 8,26 34,4
Potassium(K) 67 Be17 2.6
Carbonate(C03) 2.0 P00 2,2
Bicarbonate(HC03) 703,09 11,52 43,2
Sulphate(S04) 723,9 15,25 56,4
Chioride(C1) 4,2 P11 0,4
Nitrate(nN(03) Be3 2,00 2,0
Hydrox{de(0OH)
Silica(siga2) 15461 Total anfons(epm) 26,693
CalciumlAcid) 234,90 Total cations(epm) 27.216
Magnesium(Acid) 77.@ Ion balance error(X) 1.
Calculated TDS 1611,.8 TDS balance error(%) 54,

MINOR CONSTITUENTS

Iron 18 ppnm

OTHER MEASUREMENTS
Field Temp(C) 6,00 Fluoride(F) 2,19 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPOURT

Mer 4 Te 45 Rge 22

Lab no, 781071
Index noe 404522
Well depth(ft) 83,4
Nater level (ft) 33,92
Top open interval(ft) 723

Bottom open jnterval(ft) B82.6
Altitude(ft)

Bedrock elevation(ftr)
TDS(ma/1) 1636,0
Field Cond(mjcromhos/em)

Field pH

Sec 14 Lsd 11

D M vy
Date sampled 8 12 78
Date submitteda 13 12 78
Late analysed(major) 9 179
Date analysed(minor)
Sampled by VOGwILL
Sample Source DSAT4
Owners name END
Rardness(as Cal03) 899,1
Alkalin{ty(as CalC03) 52¢,8
Cond(micromhos/cme25(C) 242u
l.ab pH 7,6

MAJOR CONSTITULNTS

%X of total anion

meq/|
11473
6426
8,22
Q.17
12,67
14,01
2,11
.00

Total anfons{(epm)
Total! catfons(epm)
Ion balance error(%)
TDS batance error(%)

MINOR CONSTITUENTS

OTHER MEASUREMENTS

ma/)
Calciumn(Ca) 235,2
Magnesium(Mg) 76,9
Sodtum(Na) 189.0
Potassium(K) 6e7
Cartonate(Cn3) 242
Bicarbonate(HCOJ4) 651,92
Sulphate(S04) 673,49
Chloride(Cl) 4,0
Nitrate(N0O3) Dol
Hydrox{ide(QH)
Silica(8i02) 17.2
Calcium(Acid) 239,90
Magnesium(Acijd) 73,0
Calcutated TDS 1522,9
Iron 6.9 ppm
Field Temp(() 6,60

Fluorfde(F)

oFr cation

0.1@ pem
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ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORTY

Mepr 4 Te. 45 Rge 22 Sec 14 Led 11}
D M Y
Lab no, 781091 Date sampled 19 {2 78
Index noe ) 4043822 Date submfitted P4 21 79
Well depth(ft) 83,0 Date analysed(major) 12 1 79
Waten level(ft) 28,5 Date analysed(minor)
Top open {nterval(fe) 72,0 Sampled by R VOGWILL
Bottom open iInterval(ft) 82,0 Sample Source DSAT 5
Alt{tude(ft) Owners neme 30 MIN
Bedrogk elevation(ft) Hardness(as CeCO3) 838,3 -
TDS(mg/ 1) 1628,0 Alkalinity(es CaC03) 454,4
Field Cond(migromhossem) Cond(migromhos/cme2scC) 1940
Flield pH Lab pH 7.6
MAJOR CONSTITUENTS
. X of tota] enfon
’ mg/) mea/) or cation
Caleium(Ca) 209,90 10,43 41,7
Magnesium(Mg) 77,0 6,34 25,4
Sodium(Na) 186,0 8,09 32,4
Potassjum(K) 5,4 P.14 0,6
Carbomate(C0J) 2.0 2,00 0,0
Bigarbonate(HCOY) 568,0 9,314 36,9
Sulphate(804) 758,0 15,78 62,5
Chioride(C)) 4,0 Betl 0,4
Ni{tprate(NO3) 2.8 0,085 6,2
Mydpax{de(OH)
8ilice(8i02) 13,4 Total snions(epnm) 25,250
Calcium(Agid) 45,0 Total cations(epm) 24,995
Magnesium(Agi{d) 78,0 Ion balance error(X) e
Calgulated TDS 1534,9 Y08 balance error(X) o8,
MINOR CONSTITUENTS
Iron 12 penm
© OTHER MEASUREMENTS
Fleld Temp(C) 6,00 Fluoride(F) 2,20 ppm
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ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Tp 45 Rge 22 Sec 14 Lsd 1}

0O M v
Lab no, 781092 Date sampled 15 12 78
Index noy 404522 Date submitted 24 B3 79
Well depth(f¢) 8340 Date analysed(major) 12 § 79
Water Jevel(ft) 28,5 Date analysedi(minor)
Tor opan {nterval(fe) 72,0 Sampled by R VOGWILL
Bottom open {ntervai(ft) 82,0 .8ample Source DSAT §
Altitude(ft) Owners name END
Bedrock elevation(ft) Hardness(as CaC03) 885,7
TDS(ma/ ) 1646,0 Alkelinity(es CaCo03) 509,6

Field Cond(migromhoasem)

Field pNM

Lab pH
MAJOR CONSTITUENTS

Cond(micromhos/gme25C) 1990

7,8

X of total anion

mg/ ) mea/| or cation

Calcium(Ca) 228,90 11,38 43,9
Magnesium(Mg) 77,9 6,34 24,4
Sodium(Na) 186,0 8,09 31,2
Potess{uym(K) Sed 8,14 0,3
Cerbonate(COY) 2,02 2,80 2,0
BgcarbonatQCHcosi 637,0 18,44 40,2
Bulphate(504) 742,80 15,45 59,4
Chiopide(C!) 4,0 Bel1 0,4
Nitrate(NO3) 2,0 2,00 8,0
Mydrox{de (OH)
8ilfca(8102) 14,8 Total anfons(epm) 26,002
Calgium(Agid) 225,09 Total catfons(epnm) 25,943
Magnesjum(Acid) 68,0 lon belance error(y) 2,
Calculated TDS 1570,4 TDS balance erronr(X) 5,

MINOR CONSTITUENTS
Iron 7,1 ppm

OTHER MEASUREMENTS
Fleld Temp(C) 5,60 Fluor{de(F) 2,19 ppnm



Mep 4 e

Lab no,

Index noy
Well depth(ft)
Water level(ft)

ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

45 Rge 22

Top open {nterval(fe)

Bottom open {ntenrval(ft)

Altitude(tt)

Bedrock elevation(fe)

T108(mg/ 1)

7810822

82,92

1418,0

Field Cond(migromhos/em)

Field pH

Calcium(Ca)
Magnes{um(Mg)
Sodfum(Na)
Potassium(K)
Carbonate(C03)
Bicarbonate(HCO3)
Suiphate(804)
Chloride(C))
Nitrate(NDJ)
Hydroxide(OH)
S1lica(8i02)
Calcium(Agid)
Magnesium(Agid)
Calculated TDS

Iron 38

Ppm

Sec 14 Lsd 11
Date
Date
Date
Date
Sampled by

Sample Source

Owners name
Hardness(as CeC03)
Alkelinfty(as CeC03)

sampled
submitted

Cond(micromhos/eme25¢C)

Lab pH

MAJOR CONSTITUENTS

mg/)
123,80
80,0
184,0
8.3
0.0
237,90
752,08
6.0
3,5

6,5
301,0
185,80

1279,8

analysed(major)
analysed(minop)

R VOGWILL
PILOT
NEWSTED
636,14
189,6
{708
7,8

X of totea) anjon

meq/)
6e14
6,58
8,00
p,21
0,020
3,88
15,66
0,17
9,06

Tota! anfons(epm)
Total catfons(epm)
Ion balance erronr(y)
TDS balance error(X)

MINOR CONSTITUENTS

OTHER MEASUREMENTS

Fluoride(F)

or catfon
29,3

31,4

38,2

1.0

0,9

19,7

79,2

2,9

0,3

19,767
20,938
Je
=13,

0.02 ppm
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ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mepr 4 Tp 45 Rge 22 Sec 14 Led 1§

D M v
Lab no, 781028 Date sampled 16 11 78
Index no, . DSKWT | Date submitted 20 1y 78
Well depth(ft) 83,0 Date anelysedimajor) I3 179
Water |evel(ft) 28,5 Date analysed(minmonr)
Top open {nterval(te) 72,0 Sampled by R VOGWILL
Bottom open intervel(ft) 82,0 Sample Source 38 MIN
Altleude(re) Cwners neme NEWSTED
Bedrogk elevation(fe) Hardness(as CeCO3) 766,7
T08¢mg/1) 1560,0 Alkslinity(as CaC03) 332,0

Fleld Cond(micromhos/em)

Field pH

lLab pH
MAJOR CONSTITUENTS

Cond(micromhos/eme25¢C) 1860

7.5

X of total anion

mg/ meq/| or catien
Colgium(Ca) 177,20 8,83 38,3
Magnesfum(Mg) 79,0 6,59 28,2
Sodium(Na) 174,90 7¢57 32,8
Potassium(K) 6¢7 P17 0,7
Carbonate(C03) 0.0 2,00 0,0
Bicarbonato(HCOS) 415,0 6,80 32,6
SUlPthQ(304, 668,0 13,91 66.5
Chloride(C}) 4,0 0,11 2,8
Nitrate(NO3) 4,5 0,07 P,3
Hydrox|de(OH)
8i{l{ca(sin2) 9.9 Tote! anions(epm) 20,896
Colcium(Acgid) 255,09 Total cations(epm) 23,074
Magnesium(Agid) 74,0 Ion balance error(X) 5
Calculated TDS 1327,2 TDS balance error(X) w15,

MINOR CONSTITUENTS
Iron 1747 ppm
A OTHER MEASUREMENTS .

Fleld Temp(C) 8,50 Fluoride(F) 0,10 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mepr 4 1p 45 Rge 27

l.ab no, 781227
Index no, DSWTY 1
del) depth(¢t) 83,2
Aater Jevel(ft) 28,5

Top open Iinterval (f¢) 7240
Bottom open Interval(ft) 82,0
Altitude(ft)

Bedrock elevation(ft)

TDS(mg/1) 1624,

Field Cond(micromhos/cm)

Fleld pH

Calcium(Ca)
lagnesium(Mq)
Sodium(hg)
Potassium(K)
Carbonate(Cn3)
Bicarbonate(HCD3)
Sulphate(S04)
Chloride(C1)
Nitrate (NQ3)
Hydprox{ide (OH)
Silica(8in2)
Calcfum(Acid)
Magnesium(Agiq)
Colculated TDS

Iron B8el ppm

Field Temp(()

MAJOR CONSTITUENTS

mg/
198,90
8240
179.0
7.5
He?
495,9
692,90
4,2
2.8

9.9
227,49
74,9
1416,6

Sec |4 Lsa 11

b M ¥y
Date sampled 15 11 78
Date submittey 29 11 78
Date analysed(major) 3 179

Date analysed(minor)
Sampled by R VOGWILL
Sample Source SAAMIN
Owners name NEWSTED
Hardness(as CaC03) 823,2
Alkalinity(as CaC03) 396,0
Cond(micr0mhos/cm92bC) 1920
Lab pH 7.6

A of tota)

meq/) or cation
9.88 49 4,4
6458 26,9
7479 31,9
d,19 Vo8
B0 0,9
A,11 35,8
14,41 63,5
2,11 V.5
B.25 A,.2
Total anions(epm) 22.679
Tota)l cations(epm) 24,442

Ion balance error(X) 4,
TDS balance error(X)

MINOR CONSTITUENTS

OTHER MEASUREMENYS

6,50

Fluoride(F)

anfon

@.12 ppm
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ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Tp 45 Rge 22

Lab no, 781032

Index noe . 404822
Wel| depth(it) 83,0
Water level(ft) 30,0

Top apen {nterval(fe)

Bottom open {ntenrvel(tt)
Alt{tude(ft)

Bedrogk elevation(fe)

TDS8(mg/ 1) 1800,0
Fleld Cond(migpremhossgm)

Fileld pH

Sec 14 Lsd 11

Date sempled

Date submitted

Date analysed(major)
Date analysed(minor)
Sampled by

Sample Source

Owners name
Haprdness(as CeCO3)
AlkalinityCas CaCO3)

D M vy
22 11 78
27 1y 78

3 179

VOGWILL
DSWT2
SBMINS
566,4

Cond(miqromhol/cm025CJ 2110

Lab pH

MAJOR CONSTITUENTS

7.6

X of total anion

meq/)
11,78
6,26
7¢74
2,19
0,00
11,60
12,76
0,17
B,00

Tota)l anfons(epm)
Tota) cations(epm)
Ion balance error(y)
TDS balance erropr(X)

MINOR CONSTITUENTS

mg/ )
Calgium(Ca) 236,0
Magneas|um(Mg) 76,9
S8od{um(Na) 178,0
Potass{um(K) 7.5
Carbonate(CO3) 3,0
Bicarbonate (HCO3) 708,0
Sulphate(S04) 613,0
Chloride(Cl) 6,0
Nitrata(NO3) 2,0
Hydpox{de(0H)
S1l4ca(si02) 10,2
Calcium(Agid) 227.0
Magnesiuym(Agid) 72,0
Calculated TDS 1474,8
Iron 1§,4 ppm

OTHER MEASUREMENTS

Fleld Temp(() 6,00

Fluoride(F)

or cation

9412 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mepr 4 Te 4% Rge 22 -

Lab no, 781033
Index no, 404522
Well daepth(ft) 83,0

Watenr level(ft) 30,0
Tor open interval(ft)

Bottom open {ntenrval(ft)
Altitude(ft)

Bedrock elevation(fe)
T08(mg/)) 1792,0
Fleld Cond(migromhos/cm)

Field pH

Sec 4 Lsd {4

Date samp|led

Date submitted

Date analysed(major)
Date analysed(mimor)
Sampleéd by

Sample Source

Owners name
Hardness(as CaC03)
Alkalinfty(es Cel03)

D M Y
22 11 78
27 11 78

3 179

VOGWILL
DSWT2
END
880,90
550,4

Cond(micromhos/cme25C) 2080

Lab pH

MAJOR CONSTITUENTS

7.5

X of total anfon

meq/|
11,43
6,17
7.79
219
p,00
11,28
14,55
B,11
2,05

Tota! anfens(epm)
Totel cations(epm)
Ion balance error(X)
TDS balance error(X)

MINOR CONSTITUENTS

' mg/ )

Calcium(Ca) 229,0
Magnes{um(Mg) 75,0
Sodium(Na) 179,.0
Potassjum(K) 7.5
Carbonate(C03) 0.0
Bicarbonate(HCO3) 688,0
Sulphate(S04) 699,0
Chioride(Cl) 4.9
Nitrate(NOJ) 3.0
Hydrox{de(OH)
S8ilica(sio2) 19,4
Calcium(Agid) 235,0
Magnesium(Agid) 74,0
Calgulated TODS 1545,2
Iron 7.7 ppm

OTHER MEASUREMENTS

Fleld Temp(cC) 5.70

Fluorfde(F)

or cati{on
44,7
24,1

Rel? ppnm



ALBERTA RESEARCH COUNCIL
WAYER ANALYSIS REPORT

Mepr 4 T 45 Rge 22 Sec 14 Led 11

D M vy
Lab no, 781059 Date sampled 29 {1 78
Index noy 404522 Date submitted 81 12 78
Well depth(ft) 8J.0 Date analysed(majopr) 5 1 79
Water level(tt) 28.5 Date analysed(minor)
Top open !ntervql(ft)‘ 72,2 Sampled by R VOGWILL
Bottom open intervaj(st) 82,0 Sample Source DSWT3
Altitude(re) Owners name 3@ MIN
Bedrogk elevation(ft) Hardness(es CaCO03) 801,6
T08(mg/)) . 1682,0 Alkalinity(es CaCO3) 394,4
Fleld Cond(micromhos/em) Cond(migromhos/cme26C) {800
Field pH Lab pH 7.9

MAJOR CONSTITUENTS
X of total anfon

ma/) meq/| or cation

Calcfum(Ca) 191,0 9,53 39,4
Magnes{um(Mg) 79,0 6,50 26,8
Sodium(Ng) 184,0 8,00 33,8
Potassium(K) 7.1 2,18 0,7
Carbonate(C03) 2.2 0,00 2,0
Bicarbonate(HCO3) 493,0 8,08 33,2
8ulphate(S04) 778,0 16,20 66,5
Nitrete(NOS) 0.3 8.06 0.9
Hydprox{de(0H)
S11iga(8i02) 13,2 Total anfons(epm) 24,340
Colgfum(Agid) 231,0 Tota! cations(epm) 24,218
Magnesium(Acid) 69,0 lon balance error(y) 0,
Calculated TDS 1497,0 TDS balance error(X) =11,

MINOR CONSTITUENTS
Iron 18,2 ppm

OTHER MEASUREMENTS ,
Fleld Temp(C) 7,80 Fluoride(F) 2,02 ppm

U



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Te 45 Rge 22 Sec 14 - Lsd 1}

D M vy
Leb no, 781052 Date sampled 29 {1 78
Index noy 404522 Date submitted 21 12 70
Well depth(ft) 83,0 Date analysed(major) 5 § 79
Water level(ft) 28,5 Date analysed(minor)
ToP open intervael(fe) 720 Sampled by R VOGWILL
Bottom open {ntepval(ft) 82,0 Sample Source DSWTY
Altitude(rt) Owners name END
Bedrock elevation(ft) Hardness(as CaC03) 745,9
TDS(mg/)) 1598,0 Alkalinity(as CaC03) . 340,90
Field Cond(micromhoarsem) Cond(micromhos/cme25C)  (75e

Fleld pH

Leb pH
MAJOR_CONSTITUENTS

7.7

X of tote! anien

mg/ | meq/| or catfon

Calgium(Ca) 167,0 : 8,33 36,0
Magnesjum(Mg) 80,0 6,58 28,4
Sodium(Na) 185,80 8,85 34,8
Potassium(K) 7o 0,18 2,8
Carbonate(C03) 2,92 2,00 2,0
Bicerbonate(HCO3) 425,0 6.97 29,9
Sulphate(S04) 778,90 16,290 69,6
Chloride(C)) 2,0 0,86 2,2
Nitrate(ND3) 2.6 0,04 8,2
Hydroxide(0H)
8{lica(8i02) 14,2 Tota! enfons(epm) 23,263
Calcium(Agid) 228,0 Tote) cations(epm) 23,146
Magnesjum(Acid) 68,0 lon balance errer(y) @,
Calculated TDS 1444,9 TD8 balance erron(y) {0,

MINOR CONSTITUENTS
Iron 6,6 ppm

OTHER MEASUREMENTS
Fleld Temp(C) 6,30 Fluoride(F) 2,00 ppm

T NPT e c———



AL

Mer 4 To 4
Leb no,

Index no, .

Wel) depth(ft)

Water level(ft)

Top open {ntenrval(fe)
Bottom open fntenva)(fe
Altitude(ft)

Bedrock elevation(ft)
TD8(mg/ )

Fleld Cond(micromhos/cm
Field pH

Calcium(Ca)
Magnesium(Mg)
Sodium(Na)
Potassjum(K)
Carbonate(C03)
Bicarbonate(HCO3)
Sulphate(804)
Chlorigde(Cl)
Nitrate(NO3)
Hydrox{de(0H)
81)fca(8102)
Calcium(Acid)
Maaneaium(Aqid)
Calculated TD8

Iron 11 ppm

Fleld Temp(()

T ey, WIS

BERTA RES
WATER

5

EARCH
ANALYSIS

Rge 22

7810866
404522
84,0
Jd,0
72,0
) 82,0

1728,0
)

MAJOR CONSTITUY

mg/l
237,09
69,0
188,0
6.7
0.0
681,0
748,90
6.0
Be1
17.4
216,0
72.0
1607,0

MINOR CONSTITU

OTHER MEASUREM
6,58

COUNCIL
REPORY
Sec 14 Lad 41

Date
Date

sampled
submitted

Date analysed(major)
Date snalysed(minop)
S8ampled by

Sample Source

Owners name
Hardness(as CeCO03)
Alkalinity(as CaCO3) .
Cond(mlcromhon/cm025c
Lab pH

ENTS
X of

mea/ |
11,83
5,68
8,18
0.7
8,00
11.16
15,67
B,17
2,00

Total snions(epm)
Tota! cations(epm)
lom balance error(x)
TDS balance error(%)

ENTS

ENTS
Fluoride(F)

0O M vy
6 12 78
8 12 78
S 1 79

VOGWILL
DSWT4
3@ MINS
875,3
544,8
2070
7.8

)

total anion
oOr cation
45,7
22,0
31,6
0,7
0,9
41,5
57.9
0,6
8,0

26,907
25,854
s

®7,

2,12 ppm
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ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 T 45 Rge 22

Lab no, 781067
Index nose 404522
Well depth(¢¢) 84,0
Water Jevel(ft) 30,90
Tor oPen interval(fe) 7240

Bottom open {ntenrvel(ft) 82,0
Alt'tuda(ft) )

Bedrock elevation(te)
T08(mg/1) 1602,0
Field Cond(migromhosscm)

Field pH

Sec 14 Led 1}

Date sampled

Date submitted

Date enalysed(major)
Date analysed(minor)
Sampled by

Sample Source

Owners name
Hardness(as CaC03)
Alkslinity(as CaCOY)

Lab

MAJOR CONSTITUENTS

Cond(miqramhos/cmoaﬁc) 1970
pH

0 M v
6 12 78
8 12 78
9 179

VOGWILL
D8WT4
END
798,7
468,8

7.8

X of total anfen

meq/|
10,13
5,84
8,18
8,16
8,00
9,60
16,29
0,23
0,20

Tota! anfons(epm)
Total cations(epm)
Ion belance error(X)
TDS bealance error(X)

MINOR CONSTITUENTS

mo/ )
Calcium(Ca) 03,0
Magnasfum(Mg) 71,0
Sod{um(Na) 188,0
Potassium(K) 6e3
Carbonate(C03) 0.0
Bicanrbonate (HCO3) 586,90
Sulphgte(804) - 778,.0
Chloride(C)) 8.0
Nitrate(NO3) 0.3
Hydrox{de (0H)
Si{ticalsipn2) 13.9
Colcium(Anid) 244,09
Magnes{um(Ag{d) 78,0
Celculated TDS 1656,6
Iron 6,4 ppm

OTHER MEASURE

Field Temp(C) : 6,40

MENTS
‘Fluoride(F)

or cation
41,7
24,0
33,6
0,7
2,0
36,9
62,2
0,9
8,9

26,034
24,312
Je

.3.

0,12 ppnm



ALBERTA RESBEARCH COUNCIL
WATER ANALYSIS REPORT

Mop 4 Tp 45 Rge 22

Leb no, . 781077
Index ng, 404522
Well depth(f¢) 83,0
Water Jevel(ft) 30,0
Top open Interval(fe) 72,0

Bottom open {nterval(ft) 82,0
Altitude(ft)

Bedrogk elevation(fe)
TDS(MOI}J 1598,0
Field Cond(mienromhos/em)

Field pH

Sec 14 Led 11}

Date sampled

Date submitted

Date analysed(mejonr)
Date analysed(minor)
Sampled by

Sample Source .
Owners neme
Herdness(es CaC03)
Alkalinity(ss CaCO3)

D M vy
13 12 78
15 12 78

9 179

VOGWILL
DSWTH
JOMINS
883,4
§513,6

Cond(m!oromhoa/cmozsc) 1980

Lab pH

MAJOR CONSTITUENTS

7.8

X of total anjon

meqa/|
§1,58
6,09
8,18
0,17
o.00
10,52
’soi'e
Bet1}
2,09

Tota! anfona(epnm)
Tote! catfonsCepm)
Ion balance erronr(y)
TDS balance error(X)

MINOR CONSTITUENTS

OTHER MEASUREMENTS

mg/
Calcium(Ca) 232,0
Maghes{um(Mg) 74,0
Sodium(Na) 188,0
Potassium(K) 6e7
Carbonate(CO3) 0.0
Bicerbonate(HCO3) 642,90
Sulphate(804) 728,0
Chlonride(C)) 4,0
Nitrate(NO3) Pe2
Hydroxide (OH)
S8fliga(sin2) 14,0
Calgium(Agid) 228,0
Magnasium(Ag|d) 76,0
Celgulated TDS 1862,6
Iron 1147 ppm
Fleld Temp(C) 7.70

‘Fluoride(r)

or cation
44,5
23,4
31,4
2,7
2,0
40,8
58,8
0,4
8,0

25,796
26,016
8,

"2,

’." epm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mopr 4 Te 48 Rge 22 Se¢ 14 Lsd 11

D M vy
Lab no, 781878 Date sempled 13 12 78
Index no,. 404522 Date submitted 15 12 78
Well depth(fe) 83,0 Date anelysed(mejor) 9 1 79
Watepr |evel(ft) 30,0 Date analysed(minor)
Top opan interval(fe) 72,0 Sampled by VOGWILL
Bottom open interval(ft) 82,2 Semple Source DSWTS
Altityde(ft) Owners name END
Bedrock elevation(fe) Hardness(as CaC03) §852,2
TD8(mg/1) 1726,0 Alkalinfty(as CaC03) 569,6
Fleld Cond(micromhos/gm) Cond(micromhos/¢me25¢C) 2080
Field pH Leb pH 7¢5

MAJOR CONSTITUENTS

X of total anjon

mg/ | meq/|
Calgium(Ca) 253,09 12,62
Magnes{um(Mg) 78,0 6,42
Sodium(Na) 188,0 8,18
Potass{um(k) 5,8 D15
Carbonate(C03) 9,0 P,00
Bicerbonate (HCO3) 712,0 11,67
SBulphate(804) 743,0 15,47
Chloride(Ct) 4,0 2,11
Nitrate(NO3) 2.3 p,00
Hydrox{de(OH)
Stlica(sion2) 14,0 Total anfons(epm)
Coalcium(Acgid) 236,0 Total cations(epm)
Magnes{um(Agid) 75,0 lon balance error(%)
Celgulated TDS 1636,2 TDS balance error(%)

MINOR CONSTITUENTS

Iron 8,3 ppnm

OTHER MEASUREMENTS )
Fﬁold Temp(C) 6,40 Fluoride(F)

oPr cation
46,1
23,5
29,9
2,5
0,0
42,8
56,8
0,4
9,0

27,257
27,378
2,

o5,

0,19 ppm
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""ALBERTA RESEARCH COUNCIL
 WATER ANALYSIS REPORT

Mep 4 Te 45 Roe 22 Sec 14 Led 1}

D M vy
Leb no. 781030 Date sampled 14 11 78
Index no. - 4045822 Date submitted 27 11 78
Well depth(ft) 240,90 Date enalysed(major) 3 1 79
Water level(ft) 30,0 Date analysed(minor)
Top open interval(fe) , Sampled by - VOGWILL
Bottom oren {nterval(ft) Sample Source BSCWTY
Altieude(ft) Owners name ISMINS
Bedrock elevation(te) Hardness(as CeC03) 134,9
108(mg/1) _ 1456,08 Alkalinfty(es CoCO3) 587,2
Field Cond(micromhoasem) Cond(micromhos/eme25C) 2040
Fleld pH Lab pH 8,14

MAJOR CONSTITUENTS
X of tota! anifon

mg/ meq/) or cation
Calgfum(Ca) 30,0 1,50 6.5
Magnes{um(Mg) 14,6 1,20 5,2
Sod{um(Na) 470,09 20,44 88,1
Potassium(K) 2,5 8,06 2,3
Carbonate(C03) 2,0 2,00 2,0
Bigarbonate(HCO3) 734,90 12,03 85,5
Sulphate(804) 448,80 9,33 43,9
Cblon de(Ct) 19,0 0,28 1,3
Nitrate(NDJ) 1,8 0,03 8.1
Hydrox{de (OH)
811{ca(8102) 6,4 Total anions(epm) 21,669
Calcium(Agid) 50,0 Total cations(epm) 23,206
Magnesium(Agid) 15,3 Ion balance error(X) 3,
Colculated TDS 1344,2 TDS balance error(X) *f,

MINOR CONSTITUENTS
Iron 9:1 ppnm
- OTHER MEASUREMENTS o gt

Fleld Temp(c) T 6,80 FluorfdetF) . " 0,50 ppm

¢




-

“ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Te - 45 Rge 22 Sec 14 Led 11
s D M ¥
Leb no, 78103¢ Date sampled 14 11 78
Index noe 424522 Date submitted 27 11 78
Well depth(ft) 240,0 Date analysed(major) 1 79
Kater level(ft) 30,0 Date analysed(minor)
Top open {nterval (fe) Sampled by VOGWILL
Bottom open interval(ft) S8ample Source BSCWTY
Altitude(fe) _ Owners name 430MINS
8edrogk elevation(ft) Hardness(es CaC03) 289,1
T08(mg/)) 1394,0 Alkalinity(as CaC03) 611,2
Fleld Cond(migromhoeZem) Cond(migcromhos/ome28C) 1870
Field pH Lab pH 747
MAJOR CONSTITUENTS
X of total anjon
mg/) meq/| or cation
Calgium(Ca) 73,0 3,64 16,8
Magnes{um(Mg). 26,0 2,14 9,8
Sodfum(Na) 365,02 15,88 73,4
POCOII’UM(K) 2.9 0.07 0.3
Corbonate(CO3) ‘Be@ 8,00 0,0
Bigerbonate (HCO3I) 764,90 12,32 59,7
Sulphate(804) 391.9 8,14 38,8
Ch'OF‘dQ(C‘) 10,0 0,28 1.3
Hydrox{de(OH) -
8111ce(8102) 7,8 Tote!l anions(epm) 20,978
Calgfum(Agid) 71,0 Total cations(epm) 21,733
Magnesjum(Agid) 25,0 Ion balance errop(X) 2.
Calgulated TDS 1253,4 TDS balance error(X) =10,
MINOR CONSTITUENTS
Iron Se¢i ppm
OTHER MEASUREMENTS g

Field Temn(C)

g

Fluoride(r) -

. o850

2,59 ppm



r)

Mep 4

Lab NQa
Index nos
Well depth(ft¢)

Water level(ft) .
Tor open interval(f¢)
Bottom open interval (ft)

Altieude(ft)

Bedrock elevation(fe)

TDS(mg/1)

Fleld Cond(migcpromhoasZem)

Field pH

Calcium(Ca)
Magnasium(Mg)
Sodiym(Na)
Potass{um(K)
Carbonate(C0J3)

Bicarbonate (HCO3)

Suliphate(804)
Chlor{de(Cl)
Nitrate(NO3)
Hydrox{de (OH)
311{ca(s8i02)
Calcium(Agid)

Magnesium(Agid)
Calgulated TDS

Iron

Fleld Temp(C)

Te

ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

45 Rge 22 Sec 14 Lsd 11}

D M y
781837 Date sampled 21 {3y 78
404522 Dete submitted 27 11 78
240,0 Date snalysed(majop) 3 179

32,0 Date anslysed m{no
Sampled by VOGWILL
Sample Source BSCw12
Owners name SOMINS
Hardness(as CaC03) 203,4
1474,0 Alkalin{fty(as CaCO3) 616,8

l.ab pH
MAJOR CONSTITUENTS

8o7 ppnm

Cond(micromhos/cme25C) 2080

7,0

X of total anfon

ma/l meq/) or cati{oen
53.0 2,64 10,7
173 1,42 S5e¢7
2.9 0,07 0,3
B,0 0,00 0,0
778,0 12,64 §3,6
520,0 18,83 45,9
4,0 @e11 B.5
0,2 2,20 2,0
10,3 Tota! anions(epm) 23.577
57.0 Total cations(epm) 24,804
17,9 Ion balance error(¥) 3,
1461,6 T0S balance error(X) oy,
MINOR CONSTITUENTS
OTHER MEASUREMENTS
8.28 ‘Fluor{de(F) 8,592 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mer 4 o 45
Lab no, 781¢38
Index no. 404522
vell depth(ft) 24049

Nater jevel(ft) 30.0
Top open fnterval(ft)
Hottom open interval(ft)
Altitude(ft)

Bedrock elevation(ft)
TDS(mg/1)

Field Cond(mjecpromhos/Zcm)
Field pH

134840

Rge 22

Sec |4 Led 1
ate sampled

lfate submitted

Date analysed(major)
Date analysed(minmor)
Sampled by

Sample Source

Owners name
Haprdness(as Cal0J)
Alkalinity(as CaC03)
Cond(micromhos/cme25C)
Lab pH

MAJOR CONSTITUENTS

mg/
Calcium(Ca) 81,90
Magnesium(Mg) 28,9
Sodfum(nag) 365,92
Potassium(K) 249
Carbtonate(Cn3) e ?
Bicardonate(HCD3) 749,
Sulnhate(504) 428,72
Chlorige(Cl) Be@
Nitrate(nND3) 24D
Hydroxijde(0I{)
Silica(sing) Yo7
Calcium(Acia) 7947
Magnesium(Acid) 279
Calculated T1DS 1293.4

X of
meaq/ |
4.”4
2030
15,88
B,07
g
12.28
Be91
PNe23
Be04

Total anions(epm)
Total cations(epm)
Ion batance error(%)
TOoS balance error(%)

MINOR CONSTITUENTS

Iron 2,2 pom

OTHER MEASUREMENTS

Figld Temp(C) 5,50

Fluoride(F)

b oMy
21 11 /8
27 11 73

4 179

VOGWILL
BSCaT2
E~D
J17,.3
599,2
1860
7,2

total an{on

or cation

18,1
19,3
71,2
3,3
0t
57.2
41,5
1.1
De2

21,454
22,297
2

-d,

0.50 Ppm
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ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORY

Mep 4 fp 4% Rge 22

Lab no, 781049
Index noe 404522
Wel) depth({¢) 240,0
Netepr level(ft) 31.6
Top open {ntervel(fe) 97.0

Bottom open {nterval(ft) 240,0
Altitude(ft)

Bedrock elevation(fe)
TDS(mg/)) 1586,0
Field Cond(micromhoa/em)

Fielid pH

Sec 14 Led 11

Date sampled

Date submitted

Date analysed(major)
Date analysed(minor)
Sampled by

Sample Source

Owners name
Hardness(as CaCO3)
Alkalinity(as CaCO3)

0O M Y
28 11 78
21 12 78

4 179

R VOGWILL
BSCHTJ

38 MIN
261,56

: $72,0

Cond(migromhos/gme25¢C) 2120

Lab pH

MAJOR CONSTITUENTS

mg/ 1
Calcium(Ca) 66,0
Magnesium(Mg) 21,1
S$odium(Na) 453,0
Potassjum(K) 17
Carbonate(CO3) 2,0
Bicarbonate (HCO3) 715,0
Sulphate(904) 512,0
Chioride(C)) 840
Nitprate(NO3) 2.0
Hydrox{de (OH)
. $11ice(8102) 8.3
Calcfum(Acid: 63,0
Magnesium(Agid) 21,1
Calgulated 70S 1421,9

7.2

X of total anfon

mea/|
3,29
{1474
19,70
0,04
2,00
11,72
10,66
2,23
2,00

Total anfons(epm)
Tota] cations(epm)
Ion balance error(X)
TDS balance error(X)

MINOR CONSTITUENTS

Iron 8,8 ppm

a::n"ﬁ

<
-

g

.f-f.}l

'l " OTYHER MEASUREMENTS
field Temp(() 5,60

ki
o]

Fluoride(F) lgg‘yj

or cation
13,3
7.0
79,5
0,2

S
4

(X I R ]
* ® o e
SAND

22,605
24,778

»10,

0,42 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Menr 4 Tp 45 Rge 22 Sec 14 Lsd {1

0 My
Lab no, 7810502 Date sampled 28 11 78
Index noe 404522 Date submitted 1 12 78
Aell depth(ft) 242,9 Date amalysed(major) 4 {79
Adoter level (ft) 31,6 Nate analysed(minop)
Too open Interval(ft) - 97,2 Sampled by R VOGWILL
Bottom open interval(ft) 240,92 Sample Source BRSCWT3
Altitude(ft) Owners name END
dedrock elevation(ft) Hardness(as Calny) 229,3
IDS(mas1) 132840 Alkalinity(as CaC03) . 528,8
Fiecld Cond(micromhos/cm) Cond(micromhos/cme25¢C) 1824
Field oH Lab pH 7.8

MAJOR CONSTITUENTS
% of total anrion

mg/) mea/| or cation
Calcium(Ca) 49,0 2+45 11,8
Magnesium(Mg) 2640 2,14 18,3
Sodium(ina) 371,92 16,14 77.7
Potassium(K) 2el Bed 2,3
Carbonate(Cn3) @9 @,00 d,¢
Bicarbonate(HC03) 66142 12,83 50,4
Sulpnate(504) 542,92 10,45 48,6
Cnloridge(C)) 8,2 8,23 1,0
Nitrate(403) @l 2,00 2,0
Hydrox{ide(0H)
Stlica(sin2) Be6 Total anfons(epm) 21,513
Calciumn(Acidg) 78,2 Total cations(epm) 28,776
Aagnesium(Acid) 25,0 Ion balance error(¥%) 2
Calculated DS 1291,8 TD8 balance errop(%) =),

MINOR CONSTITUENTS

Iron 3.4 ppm

OTHER MEASUREMENTS
Field Temp((C) 6,40 Fluoride(F) | P52 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Te 45

Lab no, 781064
Index noe 404522
Well depth(fte) 42,0
Waten Jevel(ft) 30,0
Top open interval(fe) 92,0
Bottom open {nterval(ft) 240,0
Altitude(ft)

Bedrogk elevation(ft)

TDS(mo/ 1) 1704,0

Field Cond(micromhas/cm)
Field pH

Rge 22

Sec 14 Led 1}
Date sempled

Date submitted

Date analysed(major)
Date enalysed(minor)
Sampled by

Sample Source

Owners name
Hardness(as CeC03)
Alkalinity(as CaC03)
Cond(micromhos/ecme25C)
Lab pH

MAJOR CONSTITUENTS

2060
7,6

X of total anjon

mg/ | mea/) or eation
Calcium(Ca) 61,0 J.04 12,1
Magnesiuym(Mg) 16,2 1032 5,2
Sodfum(Na) 476,80 20,790 82,2
Potessium(K) 4,2 0,11 8,4
Carbonate(C03) P.0 0,00 9,0
Bicarbonate(HCO3) 730,0 11,97 49,9
Sulphate(804) 564,0 11,74 48,9
Chloride(C1) 10,9 0,28 1,2
Nitrate(NO3) 01 2,00 0,0
Hydrox{de(OH)
8{11ga(si02) 9,5 Total ani{ons(epm) 23,992
CelciumCAcid) 61,0 Total catfons(epm) 25,173
Magnesium(Agid) 16,0 Ion belance error(X) 3
Calculated TDS 1499,7 TD§ balance error(X) w2,

: MINGR CONSTITUENTS
Iron 7¢3 ppm
OTHER MEASUREMENTS ¥ .8
Flvor{de(F) ' 2,52 ppm

Fleld Temp(C) . 6,20



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mop 4 Tp 45 Rge 22 Sec 14 Lsd {1

{ D M Y
Lab no, 781065 Date sampled 5 12 78
Index noy 404522 Date submitted 8 12 78
Well depth(f¢) 240,90 Date analysed(major) S5 1 79
Water lavel(ft) 38,9 Date analysed(mingr)

Top oPen intervallfe) 30,0 Sampled by VOGWILL
Botyom opan {ntenrval(ft) 240,0 Sample Source BSCWT4
Altitude(ft) Owners name END
Bedrogk elevation(ft) Herdness(as CaCO03) §175,2
TD3¢{mg/ ) 1282,2 Alkalinity(ss CaC03) 482,3
Fleld Cond(m{gpromhos/cm) Cond(mi{cromhas/cme25C) 1718
Fleld pH Lab pH 8,5

MAJOR CONSTITUENTS .
i X of totel anion

mg/ meq/ | or catien
CD'G'UM(CQJ 29,0 1,45 7.2
Magnesium(Mg) 25,0 2,06 12,2
Sodfum(Na) 381,0 16,57 82,2
Potassium(K) 3,3 0,08 2.4
Carbonate(C03) 14,4 2,48 2,56
Bicarbonate (HCO3) §73.0 9,39 48,1
Sulphate(904) 450,90 9,37 48,0
Chiopride(C)) 10,0 .28 $.4
Nitrate(NO3) 2,0 8,00 2,0
Hydrox{de(0H)
$114ga(8j02) 9.0 Total anions(epm) 19,523
Calcium(Acid) 79,0 Total catfons(epm) 20,162
Magnesjum(Agid) 25,0 Ion belance error(X) 2,
Calculated TD§ 1223,4 TDS balance erron(X) *6,

MINOR CONSTITUENTS

Inron 2,3 pom
FEE. OTHER MEASUREMENTS
Fledd Temp(() 6,29 Fluoride(F) 8,52 ppm

C
o’

W



ALBERTA RESEARCH CCUNCIL
WATER ANALYSIS REPORT

Mepr 4 Tp 45 Rge 22
Leb no. 781274
Index noe 404522
Wel]l depth(ft) 240,0
water level(ft) 32,2
Top open interval(ft) 90,2

Bottom open {interval(ft) 241,90
Altitude(ft)

Bedrock elevation(tr)
TDS(mg/1t) 1474,09
Field Cond(micromhos/cm)

Fietd pH

Sec 14 Lsd 11

P M Y
Date sampled 12 12 78
Date suyhmitted 13 12 78
Date analysed(major) 9 179
Date analysed{(minor)
Sampled by VOGHILL
Sample Source RSCwT5
Qwners name JUMINS
Hardness(as CaC03) 228,08
Alkalinity(as CaC03) 628,8
Cond(micremhos/cme25€C) 2R9a
lLab pH 7.7

MAJOR CONSTITUENTS

m

Calcium(Ca) 6C
Magnesium(Mg) 1€
Sod{ium(Na) 465 o
Potassium(K) 2.9
Carbonate(C03) B0
Bicarbonate(HCOD3) 786.2
Sulphate(S04) 563,09
Chloride(Cl) 14,0
Nitrate(NO3) 2el
Hydroxide (OH)

S1lica(si02) 12.4
Calcium(Acid) 6640
Magnesfum(Acid) 21,9
Calcuylated 71DS 1522,9

%X of total anion

rea/l
3.74
1. 2
20. 3
Pes7
V.00
12,88
11,72
¥,39
P.8Y

Tota) an{ons(epm)
Total cations(epm)
Ion batance error(%)
TDS8S batance error(¥%)

MINOR CONSTITUENTS

Iron 8,6 ppm

OTHER MEASUREMENTS

Field Temp(C) 5,20

Fluoride(F)

or cation
13,9

5,3

81,4

Byl

0,0

51,5

46,9

1a6

v,0

25,701
24,861
B
3

2,42 ppm



Mop 4

Lob no,

Index no,

Well dopthf!’)
Water lavel(ft)

Toe oPan nttrva|(ft)
,!

Bottom open
Altieude(fe

Tep 45

ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

781076

404522

40,0
30,0
92,0

Nterval(ft) 240,09

Bedrack elevation(fe)

;TS(mo/J)
Fleld

Cololum(Ca)
Magnea{um(Mg)
SQdium:Nq)
Potess{um(K)
C?nbon.te(COJJ
Bicarbonate(HCO3)
Sulphate(804)
Chlorfde(Cl)
Nitrate(NOY)
Hydrox{de(OH)
811{ga(sioR)
Colc'um(AnQd‘
Mogneafum(Ag|d)
Coalculated TDS

Iron KPS |

1262,0

eld c:nCGm‘cnomhoa/emJ
1d p

Rge 22

Sec 14

Date sampled
Date submitted

Date analysed(major) 9

Lsd 11

D M y
12 12 78
15 12 78
1 79

Date analysed(minor)

Sampled by
Sample Source
Owners name

Hardness(es CaCO3)
Alkalinity(as CaCO3)
Cond(micromh00/cm025C)

Lab pH

MAJOR CONSTITUENTS

mg/ )
81,9
27,0
390,0
2.5
2,0
784,80
437,09
18,0
Bl

10,9
79,0
26,0
1342,1

MINOR CONSTITUENTS

Ppm

OTHER MEASUREMENTS
6

VOGWILL
BSCWTS
END
313,2
624,8
§920
7,5

¥ of total anion

meq/! or eatfon

4.34 17.‘

2,22 9,5

16,96 72,8

0,06 0,3

o.,00 2,0

12,80 57,7

9,10 41,0

8,28 $163

9,00 8,9

Total anfons(epm) 22,183

Tota! catfons(epm) 23,292

Ion balance error(X) 20

T08 balance error(X) 8,
Fluoride(F) 2,32 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORY

Mep 4 Tp 45 Rge 22 Sec 14 Ledg 1

D M vy
Led no, 781023 Date sempled 3§ 10 78
Index no, BOH Date subm{tted 20 13y 78
Well depth(f¢) 240,0 Date analysed(msjor) 3 179
Noton Iav’!('t) 29,3 Date analysed(minop)
Top open Interval(fe) 90,0 Sampled by R VOGWILL
Bottom open {ntenrve)(ft) 240,0 Sample Source PILOT
Altitude(ft) Owners name NEWSTED
Bedrogk elevation(fe) Hardness(as CaCO3) 22,2
T08¢mg/ 1) 1214,0 Alkalinity(as CaCO¥) 490,3

:1¢|d Cond(m{crthonlem)

feld p

Leb pH
MAJOR CONSTITUENTS

Cond(micnomhoaIQm025C)

172¢@
8,6

X of total anion

mg/i meqg/| or cetion
Colcium(Ca) 6a1 0,30 1.6
Magnesiuym(Mg). 1,7 0,14 8,7
Sodium(Na) 419,90 18,23 97.4
Potessium(K) 4,2 P11 0,6
c;ﬂbon.tc(COS) 19,2 2,64 3,6
Bigerbonate(HCO03) 573,89 .39 $3.2
Sulphate(804) 337.0 7.02 39,7
Chloride(Cl) 16,0 0,45 2,6
Nitrate (NDS) 10,14 .16 0,9
Hydprox{de (OH)
smcomoza 2,4 Tote! anions(epm) 17,662
Colefum(Agid) S314,0 Total cations(epnm) 18,777
Megnesi{um(Agid) 99,0 lon balance erropr(X) 3,
Calgcylated TDS 1897 ,.,4 TD8 batance erropr(X) i@,
MINOR CONSTITUENTS
Iron 59 ppm
OTHER MEASUREMENTS i
Fluoride(F) - e 2,80 ppm



Map 4

Lab no,

Index no.

Well depth(fet)
Water level(ft)

Top open {nterval(ft)

Bottom open
Alt{tyde(ft)

Bedragk elevation(fe)

TD8(mg/1)

Field Cond(mjeromhos/em)

Fleld pH

ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

MAJOR CONSTITUENTS

Tp 48 Rge 22 Sec 14 Lsd 11

0 M vy
781021 Date sampled 1 11 78
BOH Date subm{tted 20 {1 78
40,0 Date enalysed(major) 3 179

29,43 Date analysed(minor)
92,0 Sampled by R VOGWJLL
{nterva)(tt) 248,90 S8ample Source 90 MIN
Owners name NEWSTED
Hardness(as CaC0O3) 186,.8
1256,0 Alkalinity(es CaCO3) 458,4
Cond(micromhos/cme25C) 1800
Lab pH 8,¢

X of total anion

mg/ meqg/| or cation

Calcfum(Ca) 32,0 1,60 7.7
Magnesium(Mg) 26,0 2,14 18,3
80(“”'" Na) 388.0 16058 8‘.5
Potesajum(K) 3.8 .10 2,5
Carbonate(CO3) 2.0 p.00 0,09
B?ccnbonate(HCOl) 6573,0 9,39 50,0
Sulphgte(804) 438,0 9.12 48,5
Chloride(CI) 8,0 2,23 §o2
Nitrate(NOJ) . 3¢9 2,06 0,3
Hydpoxide (OH)
8il{ca(8i02) 5.9 Total anfons(epm) 18,800
ColciumCAgig) 83,9 Total cations(epm) 28,711}
Magnesjum(Ag{id) 30,0 Ion balance erronr(X) 5,
Calculated TDS 1187,.3 TD8 balance error(X) =5,

MINOR CONSTITUENTS
Iron 9,3 ppm

OTHER MEASUREMENTS

Fluoride(F) - 2,590 ppm

AT
= ‘a ‘;;‘



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Sec 14 Led 1§

Mep & Tp 45  Rge 22

Lab no, 781024
Index noy BOHWTS .
Well demth(fe) 240,0
Water |evel(ft) 20,3
Top open {interval(ft) 92,0

Bottom open interval(ft) 240,0
Altitude(ft)

Bedrogk elevation(te)
T08{mg/1) 1512,0
Field Cond(micoromhoa/cm)

Field pH

Date sampled

Date submitted
Date analysed(mejor)
Date snalysed(minge)

Sampled by

Sample Source

Owners neme

Herdness(as CaCO03)

Alkalinfty(as CaCo03)

0D M ¥
16 11 78
20 {1 78
3 179

R VOGWILL
30 MIN
NEWSTED
88,9
636,0

Cond(micromhos/cme25C) 150

Lab pH

MAJOR CONSTITUENTS

mea/|
1,20
P.d2
22,62
0,06
0,00
13,03
10,4}
0,39
0,00

Tota! anfons(epm)
Tota! cations(epm)

Ion balanece error(X)
708 balance error(X%)

MINOR CONSTITUENTS

OTHER MEASUREMENTS

mg/ |
Calcium(Ca) 24,0
Magnesium(Mg) 561
Sod{um(Na) 520,09
Potassjum(K) 2,5
Carbonate(CO3) 0,0
Bicarbonate (MCO3) 795,90
Sulphate(804) $500,0
Chionride(C!) 14,0
Nitrate(NO3) 2,0
Hydprox{de(OH) '
S1ligca(8i02) 6e7
Calgium(Agid) ' 25,0
Magnesium(Ag{d) 640
Calculated TDS 1463,2
Iron 2,6 ppm
Fleld Tempt(C) 6,30

Fluoride(F)

s .
3 .
I

S

7.8

X of total anifon

‘.31’:& =
-

A
NG LT
R

=t

or cation
4,9

1,7

93,4

2,3

2,0

84,7

43,7

1.7

2,0

23,836
24,300
1o

o3,

0,60 ppnm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORTY

Mar 4 Tp 45 Rge 22

Lab ne, 781023
Index no. BOHWTY
Wel) depth(¢t) 240,0
Watepr Jevel(ft) 29,3
Top opan {nterval (ft) 90,0

Bottom onen {nterval(tt) 240,08
AMtteyde(ft)

Bedrogk elevation(fe)
TDS(mg/1) 1302,0
Field Cond(m|gromhos/em)

Fleld pH

Sec 14 Led 1

Date sampled
Date submitted

Date analysed(mejor)
Date analysed(minor)

Sampled by

Sample Source
Owners name
Hardness(es CaC03)

Alkalinity(es CaCO3)
Cond(migromhos/ome25C) 18400

Leb pH

MAJOR CONSTITUENTS

D M Y
16 11 78
28 11 78

3 179

R VOGWILL
END
NEWSTED
203,7
687,2

7.9

X of total anion

meq/|
.45
1,63
16,49
0,07
g,00
12,44
6,48
0,39
0,04

Tota! antons(epnm)
Tota! cations(epm)

Jon balance error(X)
TD8 balence error(X)

MINOR CONSTITUENTS

mg/ )
Colciym(Ca) 49,9
Magnesium(Mg) 1948
Sodium(Na) 379,0
Potassium(K) 2,9
Carbonate(CO3) 2,0
Bicerbonate(HCO3) 759,0
Sulphate(804) 311,90
Chloride(Cl) 14,0
Nitrate(NOY) 244
Hydrox{de(OH) '
Si1ica(8102) 8.8
ColgfumlAgid) 58,9
Magnes{um(Ag|d) 21,6
Calgulated TDS 1187,
Iron 6,8 ppm

OTHER MEASUREMENTS

Fleld Temp(() 5,50

Fluoride(F)

g

-

or cation

WO ~ L
VANWHLE SO e
® ®» o » » » ®» 0o @
NETUDSLrOO®

19,349
20,634
Se
eli,

0.70 -1-1,}



Mepr 4

Lab no.

Index noa
Neltl depth(ft)
Water level(ft)
Top open

Altitude(ft)

Bedrock elevation(tt)

T0S5(mg/ 1)

Field Cond(mijcromhos/cm)

Field pH

Calcium(Ca)
Magnesjum(Mg)
Sodium(Na)
Potassium(K)
Carbonate(CnN3)
Bicarbonate(HC03)
Sulphate(S04)
Chioride(C1)
Nitraote(NO3)
Hydroxide(OH)
Silica(s8iQ2)
CalciumlAcid)
Magnes{um(Ac{id)
Calculated TDS

Iron

Field Temp(C)

Tp

interval (f¢t)
Bottom oren fnterval(ft) 242,¢

6,6 ppm

ALBERTA RESEARCH COUNCIL

WATER ANALYSIS REPORY

45 Roe 22 Sec 14 Lsd 11
D ™M ¥
781236 Date sampleod 23 1y 78
424522 Date submitteq 27 11 78
248,09 Date amalysed(major) 3 179
3.0 Date analysed(minor)
97,0 Sampled by VOGWILL
Sampte Source BOkwT2
Owners name JUOMINS
Hardness(as CaC03) 136,7
1234,0 Alkalinity(as CaCn3d)y . 6302,4
Cond(micromhos/cma?25C) 183¢
Lab pH 7.8
MAJOR. CONSTITUENTS
%X of total anion
ma/) mea/ ] or cation
36,0 1.89 8,4
11,4 ©.94 4,4
430,02 18,7¢ 87,1
1¢7 2,04 a2
De? n,24 Mo
788,40 12.92 9,9
383,49 7.97 36,4
36,9 1,02 4,6
Ael V00 U QT
9.6 Total! anfons(epm) 21,907
38,2 Total cations(epm) 21,482
12,3 Ion balance error(%) 1e
1295,3 TDS balance error(%) 5
MINOR CONSTITUELNIS
OTHER MEASUREMENTS
6,00 Fluori{de(F) W80 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Tp 45 Rge 22

Lab no, 781258
Index noe 404522
We'll depth(ft) 240,90
Water level(ft) 29,3
Top open Interval(fe) 90,0

Bottom open {nterval(ft) 240,0
Altftude(ft)

Bedrock eleyation(fe)

TDS(mg/ 1) 1242,0
Field Cond(migpomhas/Zem)

Field pH

8ec 14 Lsa 1}

Dete sampled

Date submitted

Date analysed(major)
Date analysed(minor)
Sampled by

Sample Source

Owners name
Hardness(as CaC03)
Alkalinity(es CaCO3)

D M Y
23 11 78
g1 12 78

5 179

R VOGWILL
BOHAT2
END

144,7
$507,9

Cond(micromhos/cme25C) 1630

Lab pH

MAJOR CONSTITUENTS

8.4

X of total anifon

meq/|
1,28
§1.69
16,57
9,08
2,40
18,00
7,97
0,17
0,02

Total anions(epm)
Total cetfons(epm)
Ion balance error(%X)
TD8 belance erronr(X)

MINOR CONSTITUENTS

OTHER MEASUREMENTS

mg/|
Celcium(Ca) 25,2
Magnesjum(Mg) 20,0
Sodfum(Na) 381,0
Potassium(K) 3,3
Carbonate(C03) 12,0
Bicarbonate(HCO3) 610,90
Sulphata(804) 383,0
Chioride(C)) 6.0
Nitrate(ND3) 1,4
Hydrox{de(OH)
St1ica(s8i02) 9e1
Calcium(Acgid) 63.0
Megnes{um(Agid) 19,0
Calculated TDS 1140,7
Iron 2.7 ppm
Fleld Tems(() 7.90

Fluor{de(F)

or catien
6,4

a o
VBB UWOE® L&D

=~ OWVWMONN LN

18,564
19,550

=8,

0'60 ppm



-

ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mer 4 Tp 45 Rge 22

Lab no, 781053
Index nos 494522
Well depth(ft) 240,0
Water level(ft) 29,3
Top open {ntarval(ft) 92,0

Bottom open {ntenrval(ft) 240,0
Alt{tude(ft)

Bedrock elevatfon(fe)
TDS(mg/1) 1422,0
Field Cond(migromhoa/cm)

Fleld pH

MAJOR CONSTITUENTS

Sec 14 Led 1}

Date sampled

Date submitted

Date analysed(major)
Date analysed(miner)
Sampled by

Sample Source

Owners name
Herdness(as CaCO3)
Alkalinity(as CaCO03)

O M ¥
30 11 78
8] 12 78

5 {79

R VOGWILL

BOHWT3

30 MIN
187,3

615,2

Cond(micromhos/cme25C) 1810

Leab pH

meq/|
2.45
1,30
18,96
.10
0,00
12,60
8,29
0,56
0,00

Tote] anions(epm)
Total coetions(epm)
Ion balance erpor(X)
TD8 balance error(X)

MINOR CONSTITUENTS

OTHER MEASUREZMENTS

mg/
Calcfum(Ca) 49,0
Magnesium(Mg) 15,8
Sodium(Ng) 436,0
Potassfym(K) Je8
Carbonate(C03) 0,2
Bicarbonate(HCOJ) 769,02
Sulphate(804) 398,0
Chlori{de(C)) 20,0
Nitrate (NOJ) a,8
Hydroxide(OH)
Silica(8i02) 9.3
Calcium(Acid) 77.0
Magnesium(Acid) 15,0
Calgulated TDS 1310,0
Iron 6.5 ppm
Fleld Temp(C) 5,30

Fluoride(F)

8,1

X of total anion

or cation
10,7
5e7
83,2
P.4
0,0
§8,7
38,6
246
.0

21,455
22,808
3

-8.

2,70 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Tp 48 Roge 22 Sec 14 Lsd 1}

D M vy
Lab no, 781859 Date sampled Jo 11 78
Index nose 404522 Date submitted 8 12 78
Wel) depth(ft) 40,0 Date analysed(major) 5 §79
Water level(ft) 32,0 Dete analysed(minmop)
Tor opPen interval(fe) 90,0 Sampled by VOGWILL
Bottom oren {nterval(ft) 240,80 Sample Source BOHWT3
Altitude(ft) Owners name END
Bedrogk elevation(fe) Hardness(as CaCo03) 256,1
108(mg/) 1262,9 Alkalinfty(es CaCO3) 632,4
Field Cond(micpromhos/em) Cond(migromhos/cme25¢C) 1760
Field pH Lab pH 8,1

MAJOR CONSTYITUENTS
. X of tota! anf{on

' mg/ meq/) or cation
Calcium(Ca) 68,0 3,439 15,6
Magnesium(Mg) 21,0 173 7,9
Sod{um(Ng) 381,0 16,57 76,1
Potasasium(K) 2,9 2,07 2,3
Carbonate(CO3) 2.9 2,00 0,0
Bicerbomate(HCO3) 788,0 12,92 63,6
Sulphate(804) 334,0 6,96 34,2
Chloride(C1) 16,2 0,45 2,2
Nitrate(ND3) 2,0 0,00 2,0
Hydprox{de (0OH) ‘

Silica(8402)y - 8,9 Total sntions(epm) 20,321

Celcium(Agid) 65,9 Total cations(epm) 21,768

Magnes{um(Agid) 20,9 Ion balance erren(y) 3,

Celguleted TDS 1219,3 TD8 balance error(X) -3,
MINOR CONSTITUENTS

Iron 1.7 ppnm

DTHER NEASUR;HENTS )
Fleld Temp(C) 6,50 Fiuoridelr) 2,60 ppnm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Menr 4 Tp 46 Roge 22 Sec 14 Lsd {1

D M ¥
Lab no, 781068 Date samp)ed 7 12 78
Index noe 404522 Date submitted 8 12 78
Hell depth(ft) 40,0 Date analysed(major) 9 179
Watenr jevel(ft) 30,0 Date analysed(minor)
Tor open {nterval(fe) 90,0 Sampted by VOGWILL
Bottom open interval(ft) 240,0 Sample Sourge BOHWT4
Altitude(ft) Owners name 3@ MINS
Bedrock elevati{on(ft) Hardness(as CaC03) 178,3
YDS(mglj) 1338,0 A|ka|1n1tv(9- CaC03) 681,6
Field Cond(micromhos/em) Cond(migromhos/cme25¢C) 1840
Field pH Lab pH 7.4

MAJOR CONSTITUENTS
X of tota! anfon

mg/ ) meq/ or catioen
Calgefum(Ca) 45,0 24,25 10,0
Magnes{um(Mg) 14,14 1,16 Sal
Jodium(Na) 439,0 19,14 84,7
Potassium(K) 147 0,04 9,2
Carbonate(C03) 2,9 0,20 2,0
Bicarbonate(HCO03) 752,09 12,33 59,4
Sulphate(804) 375,80 7,81 37.6
Chlonr{dat(Cl) 22,0 2,62 3.0
Nitprate(NO3) 82 2,00 2,0
Hydrox{de (0H) _
Silica(8102) 12,0 Total sni{ens(epm) 20,757
Calcium(Agid) 45,9 Total cations(epm) 22,545
Megnesjum(Acid) 14,0 Ion balance error(X) 4,
Calgulated TDS 1276,.8 TD8 batance error(%) «b,

MINOR CONSTITUENTS

Iron 3.4 ppm

OTHER MEABUREMENTS
Fleld Temp(C) 5,50 Fiuor{de(F) .70 ppnm

Ay



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mepr 4 Tep 48 Rge 22

Lab na, 781069
Index no. 4084522
Well depth(ft) 240,90
Nater level(ft) 30,90
Top open interval(fe) 90,0

Bottom open {nterval(ft) 242,0
Altitude(ft)

Bedrock elavation(fe)
TDS(mg/1) 1258,0
Field Cond(micromhos/cm)

Field pH

Sec 14 Led 13

Date sampled

Date submitted

Date enalysed(major)
Date analysed(minpor)
Sampled by

Sample Source

Owners name
Hardness(as CaC03)
Alkalinfty(as CaC03)

D M ¥
7 12 78
13 12 78
9 179

VOGWILL
BOHWWT4
END
77,7
628,8

Cond(micromhos/cme25C) {790

Lab pH

MAJOR CONSTITUENTS

7¢7

X of tots! anion

meq/|
3,74
i.81
16,75
.07
8,00
12,88
7425
2,39
8,00

Tota! anfons(epm)
Total cations(epm)
Ion balance error(X)
TOS batance error(X)

MINOR CONSTITUENTS

mg/ |
Calgcium(Ca) 75,0
Magnes{um(Mg) 22,0
Sodium(Na) 385,0
Potassium(K) 2.9
Carbonate(C03) 2,0
Bicerbonate(HCD3) 786,82
Sulphate(S04) 348,0
Chioride(Cl) 14,0
Nitrate(ND3) G2
Hydrox{de (OH)
Si{lica(sioR) 9.8
Celcium(Agid) 67,0
Magnesium(Agid) 22,0
Calculated TDS §243,4
Iron 2.7 ppnm

OTHER MEASUREMENTS

Field Temp(e) 6,98

Fluortide(F)

or cation
16,7

8,1

74,8

2,3

0.

62,8

35,3

1.9

2,0

20,527
22,374
4,y

i,

2,68 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mer 4 Tp 45 Rge 22

Lab no, 781879
Index no, . 4048522
Well depth(ft) 42,0
Wotenr jevel(ft) 30,0
Top open interval(fe) 90,0

Bottom open {ntervai(ft) 240,08
Altitude(ft)

Bedrogk elevation(fe)
YDS(mg/1) 1260,0
Flield Cond(micromhos/Zem)

Field pH

Sec 14 Lsd 11

Date sampled

Date submi{tted

Date analysed(major)
Date analysed(minor)
Sempled by

Sample Source

Owners name
Hapdness(as CaCO03)
Alkalinjty(es CeCO3)

D M Y
i14 12 78
15 §2 78

9 179

VOGWILL
BOHKWTS
JOMINS

193,1
634,4

Cond(migromhos/cme25¢C) 1880

Leab pH

MAJOR CONSTITUENTS

7.6

X of total anfon

meq/|
2,54
1,32
18,66
B,04
0,00
13,00
7.66
B,68
@,00

Total anfons(epm)
Tota! cations(epm)
Ion balance erropr(X)
T08 balance erropr(X)

MINOR CONSTITUENTS

mg/
Calcium(Ca) 51.0
Magneasjum(Mg). 16,0
Sedium(Na) 429,90
Potass{um(K) 1.7
Carbonate(CO3) 2,9
Bicerbonate(HCO3) 793,0
Sulphate(804) 368,0
Chioride(Cl) 24,0
Nitrate(NO3) Be3
Hydrox{de (OH)
Siltige(8i02) - 18,1
Calcium(Acid) S52,0
Magnesium(Agid) 173
Celculated TDS 1290,0
Iron 4,7 ppm

OTHER MEASUREMENTS

Field Temp(C) 5,30

Fluoride(F)

or cation
11,3

Wl O o
VDNV ONVW
® ® » » ® o o ®
BNOOBNNND

2,72 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT
Mer 4 Tp 48 Roe 22 Sec 14 Lsd 11
D M Y
Lab no, 781088 Date sempled 14 12 78
Index noe 4048522 Date submitted 04 21 79
Wel) depth(ft) 240,09 Date analysed(major) 0 1§ 79
Water Jevel(ft) 29,3 Date anelysed(minor)
Top open interval(fe) 92,8 Sempled by R VOGWILL
Bottom open {nterval(tt) 248,90 8ample Source BOHNWTS
Alti{tude(ft) Owners name END
Bedrock elevation(fe) Hardness(as CeCO3) 269,0
T08(mg/ ) §206,0 AlkalinityCes CaCO3) 628,8
Field Cond(micpomhos/em) Cond(micromhos/cme25C) 1770
Field pH Lab pH 7.7
MAJOR CONSTITUENTS
X of tota) anfjon
mg/\ meq/| or catien
Calcium(Ca) 60,80 2499 13,7
Magnesjum(Mg) 29,0 2439 18,9
Sodfum(Na) 379,0 16,49 75,2
Potassium(K) 2,5 8,06 9,3
Carbonate(C03) Be0 8,00 0,0
Bicarbonate (HCO3) 786,0 12,88 65,9
Sulphate(804) 362,0 7,54 36,2
Ch'OMdG(ClJ 14,0 6,39 1.9
N'tPQtQ(NOS, 9.0 G.OB G.O
Hydrox{de(OH)
Silica(8i02) Pol Total snions(epnm) 20,815
Calcium(Acid) 66,0 Tota) cetions(epm) 21,930
Magnesium(Agid) 25,0 Ion balance error(%) 3
Coalculated TDS 1242,1 TDS balance error(X) 3
MINOR CONSTITUENTS
Iron 2.2 ppm
. OTHER MEASUREMENTS
Fleld Temp(C) 7.10 Fluoride(PF). 0,60 ppnm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mer 4 Te 45 Rge 22

Lab-no, 761035
Index no, 484522
Well depth(ft) 240,0
Watenr level (ft) 30,0
Top open {nterval(fe) 97,0

Bottom open {nterval(ft) R42,0
Altitude(ft)

Bedrogk elevation(fe)
108(mg/1) ) 1414,0
Field Cond(micromhos/cm)

Field pH

Sec 14 Led 1}

Date sempled

Date submitted

Date analysed(major)
Date analysed(minor)
Sempled by

S8ample Source

Owners name
Hardness(as CeCO03)
Alkalinity(as CaCO3)

O M Y
20 11 78
27 11 78

3 179

VOGWILL
BOHATY
3BMINS

157,9
634,4

Cond(micromhos/cme25C) 1980

Lab pH

MAJOR CONSTITUENTS

7,9

X of tota! anien

meq/|
2.10
1,06
19,27
2,06
B,00
13,00
8,49
2,51
2,01

Tote! anfons(epm)
Total cetions(epm)
lon balance erronr(%)
TD0S balance erropr(%)

MINOR CONSTITUENTS

mg/ )
Calgium(Cal 42,0
Magnesium(Mg) 12,9
Sod{um(Na) 443,90
Potaes{um(K) 2,5
Carbonate(C03) 2,0
Bicerbonate(HCO3) 793,.,0
Sulphatae(804) 408,90
Chioride(C)) 18,0
Nitrate(NOJ) 0.5
Hydrox{de (0H)
Silica(8102) 648
Calcfum(Acid) 40,0
Magnes{um(Agid) 1244
Calgutated TDS §1323,.6
Iron 3.2 ppnm

OTHER MEASUREMENTS

Field Temp(() | 7.18

Plvoride(r) “REE

or cation

i R [ ]
SN OCESSRLO
DU QLW

22,008
22,491

-6.

0,68 ppnm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORTY

Mer 4 To 45 Rge 22

Leb no, 781834
Index noe 404822
Well depth(ft) 240,0
Wotenr level(ft) 30,0
Top open {nterval(fe) 97.9

Bottom open {nterval(ft) 240,0
Alt{tude(ft)

Bedrogk elevation(ft)
TD8(ma/y) _ 1286,0
Field Cond(micromhoa/em)

Field pH

Sec 14 Led 11

D M vy
Date sampled 20 1y 78
Date submitted 27 11 78
Date analysed(major) 3 {729
Date analysed(minor)
Sampled by VOGWILL
Sample Source BOHATY
Owners name END
Hardness(as CaC03) 226,6
Alkalinity(as CeCO3) 626,4
Cond(micromhos/cme25C) 1820
Lab pH 7.9

MAJOR CONSTITUENTS

meaq/)
2,79
1.74
16,22
2,087
2,00
12,83
6,79
2,51
9,00

Yote! snfons(epm)
Total cations(epm
Ion balance error
TDS belance error

MINOR CONSTITUENTS

mg/ |
Calgium(Ca) 86,0
Magnesium(Mg) 2161
Sodium(Na) 373,90
Potassjum(K) 2,9
Carbonate(C03) 2.2
Bicarbonate(HCO3) 783,0
Suiphate(804) 322,90
Chionride(Ct) 18,0
Nitrate(NOJ) 2.0
Hydrox{de (OH)
Stlice(8§02) 8,1
Calgium(Agid) 55,0
Magneesjum(Agid) 20,4
Calgulated TDS 1186,1
Iron o6 ppm

OTHER MEASUREMENTS

Fleld Temp(C) , 7,80

Fluoride(F)

%X of tota! anfon
or cation
13,4

~
BN LDLHLOW

“ O
BNV LBDEONOD®

20,046
) 20,830
(%) ey
(%) ol,

2,72 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Tp 45 Rge 22

Lab no, 781056
Index noy 404522
Well depth(ft) 240,90
Wotepr level(ft) 29,3
Top open interval(fe) 90,0

Bottom open {ntenrval(ft) 242,09
Altitude(ft)

Bedrogk elevation(ft)

108(mg/ ) 1472,0
Field Cond(mieromhos/em)

Field pH

MAJOR CONSTITUENTS

Sec {4 bLed 1

Date sampleod

Date submitted

Date anelysed(major)
Date analysed(m{mop)
S8ampled by

Semple Source

Owners name
Haprdness(as CaC03)
Alkalinity(as CaCD3)

D M v
27 13 78
@y 12 78

5 179

R VOGWILL
BOHAT2
328 MIN
228,7
638,4

Cond(micromhos/gme25C) 1960

Leb pH

mea/|
2'. 99
1.58
19,78
P,07
0,00
13,08
9.76
B.34
B,00

Tota! enfons(epm)
Tota! tations(epnm)
Ion balance error(%)
TDS balsnce erropr(X)

MINOR CONSTITUENTS

mo/|
Calcium(Ca) 60,0
Magnesium(Mg) 19,2
Sodium(Na) 454,0
Potass{um(K) 2,9
Cerbonate(C03) 2,2
Bicarbonate(HCO3) 798,09
Sulphate(504) 469,90
Chloride(C)) 12,9
Nitrate(NO3) 2,0
Hydprox{de (OH)
8i14ce(84i02) 8¢5
Calgium(Acid) 5740
Magnesium(Agid) 12,0
Calgulated 108 1418,9
Iron 4,6 ppm

OTHER MEASUREMENTS

Field Temp(C) 6,70

Fluoride(P)

8,1

X of total anfon

or cation

23,183
24,396

e

wd,

2,50 ppm



Mep 4

Lab no.

Index noy
Well dapth(¢¢)
Woter level(ft)

Top open interval(fe)

Tp A4S

ALBERTA RESEARCH COUNCIL

WATER ANALYSIS REPORT

781857
404522
2408,0
29,3
90,0

Bottom open {nterval(ft) 240,0

Altitude(ft)

Bedrogk elevationtfe)

T08(mg/ )

1202,.,0

Field Cond(micromhossem)

Field pH

Calgium(Ca)
Magnes{um(Mg)
Sod{um(Na)
Potass{um(K)
Cerbonate(CO3)
Bicerbonate(HCO3)
Sulphate(804)
Chior{de(Cl)
Nitrate(NOJ)
Hydrox{de (OH)
Sflica(8102)
Coalcium(Agid)
Magnesfjum(Agid)
Calculated TDS

Field Temp(C)

Rge 22

Sec 14 Lsd 11

0 M ¥
Date sampled 27 11 78
Date submitted ey §2 78
Date analysed(major) 5 1729
Dete analysed(minor)
Sampled by R VOGWILL
Sample Source BOMAT2
Cwners name END
Haprdness(as CaC03) 161,3
Alkalinity(as CaCO3): 558,4
Cond(migromhos/cme25C) 1640
Lab pH 8,3

MAJOR CONSTITUENTS

mg/ )
30,0
21,0
384,90
245
0.0
698,82
379.5
- 1240
2,0

9.6
8740
14,8
1181,3

MINOR CONSTITUENTS

OTHER MEASUREMENTS

7,40

X of total anijon

meq/| or eation

1.50 ’.5

1.73 8,6

16,70 83,5

0,26 0,3

8,00 )

11,44 58,2

7,89 40,1

¢34 1.7

B.00 0,9

Total anfons(epm) 19,670

Total cations(epm) 19,992

Ion balance error(X) o

TDS balance error(¥) 485,
Fluoride(F) 2,62 pem



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Tp 45
Ladb no, 781062
Index noe 404822
Wel| depth(ft¢) 240,0
Nater level(ft) 30.0
Top open interval(fe) 90,9

Bottom open |nterval(ft) 2402,0
Altitude(ft)

Bedrogk elevation(fe)
TD8(mg/1)

Field Cond(migromhos/em)
Field pH

1370,0

Rge 22

Sec 14 Led {1
Date samplead

Date submitted

Date analysed(major)
Date analysed(mimor)
Sampled by

Sample Souyrce

Owners name
Haprdness(as CaCo03)
Alkalinity(as CaCO3)
Cond(migromhos/cme25C)
Lab pH

MAJOR CONSTITUENTS

mg/ )
Calcium(Ca) 29,0
Magnes{ium(Mg) 16,3
Sod{um(Na) 454,0
Poteasfjum(K) 2.5
Carbonate(C03) 12,0
Bigerbonate(HCO3) 683,0
Sulphate(S04) 463,90
Chioride(C)) 12,0
Nitrate(NO3) 0,0
Hydprox{de(OH)
8il1ga(8102) 8,80
Coalcium(Acid) 53,0
Magnesium(Agid) 14,0
Celculated TDS 1333,4

MY
e 78
e 78
179

VOGWILL
BOHAT3
30 MINS
139,4
566,3
1880
8,4

D
4
8 1
5

% of tota! anion

MINOR CONSTITUENTS

Iron 2,4 ppnm

Field Temp(cC) 230

OTH§R MEASUREMENTS

meq/| or ecation

1,45 6.4

1434 5,9

19,75 87,4

0.06 2,3

0,40 1,9

11,19 51,9

9,64 44,7

o34 16

p,00 9,2

Total anions(epnm) 21.573
Total catfons(epm) 22,600
Ion balance error(X) 2
TDS balance error(X) 3,

- Fluoride(F) * 2,50 ppm
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ALBERTA RESEARCH COUNCIL
NATER ANALYSIS REPORT

Mep 4 Tp 45

Lab no, 781063
Index noy 404522
Woll depth(ft) Q40,0
Water level(ft) 30,0
Top orPen {nterval(fe) 90,9
Bottom opan {nterval(ft) 240,08
Aleitude(ft)

Bedrock elevation(ft)

TDS(mg/ 1)
Fleld Cond(miqromhos/cm)
Field pH

1270,0

Rge 22

Sec 14 Led 4
Dete sempled

Date submitted

Date anslysed(major)
Date analysed(mimor)
Samplied by

Sample Source

Owners name
Hardmness(as CaCO03)
Alksiinity(es CeCO3)
Cond(micromhos/cme25C)
Lab pH

MAJOR CONSTITUENTS

mg/
Coalgium(Ca) 64,0
Magnesium(Mg) 18,0
Sodiym(Na) 384,0
Potassfum(K) 4,2
Corbonate(C03) Y
Bicarbonate(HCO3) 786,0
Sulphate(S04) 360,80
Chlorida(Cl) 28,0
Nitrate(NO3) Q.4
Hydrox{de (OH)
Silfcal8402) 9¢7
Colcium(Agid) 61,0
Magnes{um(Ag{d) 17,9
Celgulated TDS 1246,8

END
233,8 .
628,8

1760

7.8

X of total anfon

MINOR CONSTITUENTS

Iron 6 ppnm

OTHER MEASUREMENTS

Field TametC) 6,29

meq/| or ecation

3.19 14,9

1,48 6,9

16,70 7747

.11 2,5

2,00 2,0

12,08 6145

7.50 35,8

0,56 2,7

9,01 0,0

Tota! anfons(epm) 20,949

Tote! cations(epm) 21,485

Ion balance erropr(X) 1o

T0S balance error(X) "2,
Flyoride(F) 0,60 ppm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mer 4 Tp 45
Lab no, 781072
Index noe 404822
Well depth(ft¢) 240,80
Woter Jevel(ft) 30,0
Top opPean intenrval(fe) 90,0

Bottom open {nterval(ft) 240,09

Alt{tude(ft)

Bedrogk elevation(ft)

T08(mg/ 1)

137840

;zold Cond(migromhos/cm)

eld pH

Sec 14

MAJOR CONSTITUENTS

Led 11

mg/
Caletum(Ca) 64,0
Magnesium(Mg) 17.0
Jodium(Na) 449,0
Potessi{ym(K) 2,95
Carbonate(CO3) 0,0
Bicearbonate(HCO3) 795,90
Sulphate(804) 464,0
Chlioride(C)) 14,0
Nitrate(NO3) 2.2
Hydroxide(OH)
Stl1qge(8102) 10,0
Calgium(Acid) 62,0
Megnesium(Ag{d) 16,0
Colculated TDS 1415,6

MINOR CONSTITUENTS

Iron 4 ppm

OTHER MEASUREMENTS

Fleld Temp(C) 6,30

b M Yy

Date sampled i1 12 78

Date submitted 13 12 78

Date analysed(major) 9 179
Date analysed(minor)

Sampled by VOGWILL

Sample Source BOHATA4

Owners name JOMINS

Hardness(as CaC03) 229,6

Alkalinfty(as CaC03) 636,09

Cond(migromhos/cme25C) 2030

Lab pH 7.7

X of tota!

meq/| or eoti

3,19 13,2

1.40 5.8

19,83 80,7

0,06 0,3

2,080 8,0

13,03 56,4

9,66 41,8

2,39 $.7

2,00 9,0

Total ani{ons(epm) 23,089

Tota) c¢ations(epnm) 24,187

lon-balance error(X) 2,

TDS balance error(X) 2,

Fluoridel(P) 0,40

fon

Pem



Mepr 4

Lab no,

Index noy
Well depth(fe)
Water level(ft)
Top open

Altitude(ft)

Bedrock elevation(fe)

TDS(mg/1)

Fleld Cond(micromhos/cm)

Field pH

Calcium(Ca)
Magnes{um(Mg)
Sodium(Na)
Potass{um(K)
Corbonate(C03)
Bicanbanate(HCO3)
Sulphate(804)
Chiorfge(Cl)
Nitrate(NO3)
Hydrox{de (OH)
Silica(8402)
Calcium(Ag{d)
Magnesjum(Agid)
Colgulated TDS

Iron

Fleld Temo(()

To 45

Nnterval(ft)
Bottom open {nterval(ft) 240,90

8,6 ppm

ALBERTA RESEARCH COUNCIL

WATER ANALYSIS REPORY

Rge 22 Sec 14 Lesd 11}

0D M vy
781073 Date sampled 11 12 78
404322 Date submitted 13 12 78
40,0 Date anslysed(major) 9 1 79

30,0 Date enalysed(minor)
90,0 Sampled by VOGWILL
Sample Source BOHAT4
Owners name END
Hardness(es CaC03) 247,0
1212,90 Alkalinity(es CaC03) 634,4
Cond(micromhos/cme25C) 1780
Lab pH 7.7

MAJOR CONSTITUENTS

X of total anion

mg/ 1l meq/ | or cation
66,0 3029 15,0
20,0 1,65 7.5
393,82 16,96 77,3
2.1 0.05 3.2
9.0 p,00 é,0
793,90 13,00 63,9
331,0 6,89 33,9
16,0 0,48 2.2
242 2,00 8.0
18,0 Tota! anfons(epm) 20,344
62,0 Tota] cations(epm) 21,957
18,0 Ion balance erronr(X) 4,
1225,2 TDS balance error(y) 1o
MINOR CONSTITUENTS
OTHER MEASUREMENTS
7.18 -Fluari{de(r) 0,60 ppnm



ALBERTA RESEARCH COUNCIL
WATER ANALYSIS REPORT

Mep 4 Tp 48 Roe 22

Lab no, 781089
Index no, _ 404522
Wel! depth(fe) 240,90
Waotepr level(ft) 29,3
Tor open {nterval(ft) 92,90

Bottom open interval(ft) 24@,0
Alticude(ft)

Bedrock elevation(fe)
108(mg/1) 1258,0
Field Cond(migromhos/em)

Fleld pH

Sec 14 Lad 1}

Date sampled

Date submi{tted

Date analysed(major)
Date analysed(minor)

Sampled by

Sample Source

Owners neme

Hardness(as CaC03)
Alksl{nfty(as CaCO3)

D M ¥
18 12 78
04 81 79
e 1729

R VOGWILL
BOHATS
30 MIN
250,2
634,4

Cond(micromhos/cme25¢C) 1980

Lab pH

MAJOR CONSTITUENTS

meq/|
Jel9
1481
19,27
2,85
g,28
13,00
10,08
B39
8,00

Totel sniens(epnm)
Total cations(epn)
Ion balance error(X)
TDS balance error(X)

MINOR CONSTITUENTS

OTHER MEABUREMENTS

mg/
Calc{um(Ca) 64,0
Magnes{um(Mg) 22,90
Sod{um(Na) 443,0
Potessium(K) 2.1
Carbonate(C0Q3) 2,0
Bicarbonate(HCO3) 793,80
Sulphate(804) 484,0
Chioride(Cl) 14,0
Nitrate(NOJ) B.0
Hvdrox:de(OHJ
Si{1ica(s8102) 8,9
Colcium(Acid) 62,0
Magnesium(Ag{d) 21,0
Calculated TODS 14279
Iron 249 ppm
Fleld Temp(() 8,00

Fluoride(F) .

7.8

X of tota! anion

or cation
13.4

7,4

79,2

0,2

0,0

65,4

42,9

§¢7

e,0

23,470
24,327
24

14,

2,52 opm



Monr 4 Tp 48 Rge 22 Sec 14 Led §¢

ALBERTA RESEARCH GOUNCIL
WATER ANALYSIS REPORY

D M vy
Lab no, 781898 Date samp)ed 18 12 78
Index noy 404522 Date submitted @4 21 79
Nell depth(ft) 240,90 Date enalysed(major) 10 1§ 79
Water |evel(ft) 29,3 Date analysed(minor)
Top opan interval(fe) 92,0 Sempled by R VOGKWILL
Bottom open {nterval(ft) 240,0 Sample Source BOHATS
Alt{tude(ft) Owners name END
Bedrogk elavation(fe) Hardness(es CaC03) 262,6
TDS(mg/1) 1258,0 Alkalinity(es CaC03) 626,4

Field Cond(migromhoa/em)

Field pH

Calcium(Ca)
Magnes{ym(Mg)
Sodiym(Na)
Potessfum(K)
Carbonate(C03)
Biceanbonate (HCO3)
Sulphate(804)
Chioride(C))
Nitrate(NO3)
Hydroxide (0H)
Silige(8{02)
Calcium(Agid)
Magnes{uym(Agi{d)
Calgulated TDS

Iren |

Field Temp(()

Lab pH
MAJOR CONSTITUENTS

Cond(migromhos/eme2sC) 1760

8.0

X of tota) anton

mg/ : meq/| or cation
64,0 3,19 14,5
25,0 2,06 9.4
384,0 18,70 76,0
13 0,03 B,R
Py p,20 0,2
783,08 12,83 64,2
339,09 7,06 35,3
4,0 0,11 0,6
2,9 2,00 2,9
849 Tota] anions(epm) 20,005
57.0 Tote)l gationaCepm) 21,987
25,0 Ion belance errop(X) S
1211,2 TDS balance error(X) wd,

MINOR CONSTITUENTS
epm

OTHER MEASUREMENTS
6,10 - Flyoride(r)

i

0,60 ppm



