
























































































































































































































































Ch. 5/ Methodology

5.6.2 Sediment Sampling

Sediment from the Raisin Riverbed was also collected to determine the migration

of pesticides with runoff One sampling round was performed during July 1995 for 6 sites
plus 3 more for sediment just below the tile drain outlet (Fig. 5.5). Another sampling
round was performed in October of 1995 for 9 sites (Fig. 5.6).

Most sites correspond with soil sample sites in fields adjacent to the Raisin River,
and involved taking 4 specimens at 30 foot intervals along a section of the river for a given
site. _’I'he four individual samples for one site were then mixed together, bottled in a 250ml
mason jar, lined with tin foil in the cap, sealed, and sent to Accutest Laboratories for
pesticide analysis. Appendix EI summarizes the methods used for pesticide extraction.
Appendix E3 represents analysis results for the different sites.

The July 1995 sampling session involved taking sediment cores to approximately 1
meter in depth within the riverbed (Plate 5-6, p. 55). Sites P4S and T3S represent
sediment samples that were taken at a depth of 1 foot using a shovel. Deeper samples for
these two sites could not be obtained due to the coarse nature of the sediment and
presence of many pebbles and cobbles. Sites G138, T4S, G2S, and G9S were sampled at
a depth of approximately 1 meter using a hollow pole pushed into the sediment.

The October 1995 sampling session involved taking sediment samples from the
upper 5 cm of the riverbed using a spring activated sediment sampler lowered from a

bridge into the river (Plate 5-7, S-8).

Sediment retrieved from the riverbed ranges from a silty clay (G9S, G13S, T4S),
sandy silt (G2S, G158), glacial till (T3S, P4S, G14S), to mud (G168, G17S).
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Plate 5-8. Sediment sampler being pulled from Raisin River (site G14S; October 18, 1995). Note weight
at end of string, Thismightisdmppeddom&empeﬂiggeﬁng&emlmmxhanimwhichspﬂngme
Jjaws closed.
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Ch. 5/ Methodology

5.6.3 Pesticides in Water

Groundwater quality samples within the study area were collected from domestic
well waters for analysis of pesticides. In addition, the presence of tile drainage in several
fields is addressed in the context of preventing pesticide migration to depth. Therefore,
tile drainage effluent has also been collected.

A total of 8 domestic wells (G1, G3, G4, G5, G8, G9, G10, G11), 5 tile drains
(T1, T2, T3, T4, G7T), and 2 piezometers (P1, P4) were sampled for pesticides during the
spring and summer of 1994 and 1995 (Fig. 5.7). Sampling was performed using 1L amber
gléss bottles capped with teflon tops. The samples were preserved with mercuric chloride
and stored in a large ice packed cooler to prevent herbicide degradation. Upon retum to
the laboratory, the samples were refrigerated until analysis. Well waters were sampled
from the residents indoor tap 5 minutes after the water had been continuously run. Water
samples were then extracted according to standard EPA methods 507, 525, and 625, using
Cis teflon extraction disks prepared with methanol and analyzed on an Ion Varian Saturn 3
gas chromatograph mass spectrometer. Extraction and amalysis were performed at
Carleton University’s Environmental Chemistry Laboratory and at Accutest Laboratories
in Ottawa. Results for tile drain water and domestic well waters are tabulated in Appendix
E4 and Appendix ES, respectively.
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CR. 6/ Susceptibility to Groundwater Contamination

Successful rehabilitation of the St. Lawrence ecosystem involves establishing
contamination sources to the seaway and performing the necessary remedial treatment.
However, the substantiation of the Raisin River basin’s contamination potential is
necessary to any future understanding of pollution risks to the St. Lawrence River. Thus,
the temporal monitoring of this watershed for water level, chemistry, and isotopic
variations plays an important role in determining the pollution potential of this basin.

6.1 Water Level

Water levels in domestic wells show a seasonal response, rising during the
snowmelt in April and declining over the summer of 1994 monitoring period after spring
recharge (Fig. 6.1). As air temperatures decrease during the onset of fall, the result is an

increase in the water table due to a decrease in evapotranspiration from the landscape.

The highest water table conditions occurred in January when a mid-winter thaw
and associated rain meited most of the snow (Environmental Services, 1995). However,
winter conditions returned in February 1995, resulting in a lowering of the water table.
Water levels rose again in mid-March due to the spring thaw, and then declined again with

the onset of summer (June-July).

A large rainfall event in late August 1994 did not generate a water level response
in most bedrock wells. Average air temperature during June, July, and August is
approximately 26°C and cumulative rainfall up until that precipitation event indicates 200
mm of rain fell on the region. This is well below the normal 430 mm usually received
during this time of year. The absence of a peak in late August could thus be a reflection of
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Ch. 6/ Susceptibility to Groundwater Contamination

very dry conditions where any rain is absorbed by the soil profile and evapotranspirated.
However, the surficial well (site G11) shows measurable response to rainfall events in
August 1994, January and the spring of 1995 (Note: surficial well values are 20 m below

real values in order to fit the graph).
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Figure 6.1. Average water level in 6 domestic wels and one surficial well with
time.
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Autocorrelation statistics of water level data for bedrock wells suggests a possible
periodicity of six months indicating that the water table follows a seasonmal function
throughout the watershed (Fig. 6.2). A crosscorrelation between air temperature and
water levels (Fig. 6.3) shows that water levels are positively correlated with temperature
at lag -3 months indicating that a rise (or drop) in water level follows a rise (or drop) in
temperature. Furthermore, water levels are negatively correlated with temperature at lag

+2, which indicates that a rise (or drop) in water level follows a drop (or rise) in

temperature after two months.
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Figure 6.2. Autocorrelation function of water level for bedrock wells
(statistics in Appendix F1).
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Figure 6.3. Crosscorrelation of water level (domestic wells) and air
temperature (statistics in Appendix F2).
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Ch. 6/ Susceptibility to Groundwater Contamination

6.2 __Groundwater Geochemistry

6.2.1 Background

The presence of shallow groundwater in most basins is attributed to the infiltration
of snowmelt and rain. Rain waters from the site are diluted in most major ions, have a
slightly acidic to moderate pH, and are low in total dissolved solids (TDS) compared to
groundwater (Table 6.1).

Table 6.1 Geochemistry of rainwater (Watelet, 1996) for site G3 compared to groundwater for the same

site (concentrations in mgL).
Ca2+

Mg Na" K _HCOy SO cr TDS pH
Rain  2.85 0.71 0.18 14.9 36.6 0 7.1 285 6.28
Rain 395 0.85 0.13 33 12.2 6.9 33 - 6.56
Rain  5.90 1.16 0.63 16.5 474 4.0 36 - 6.88
Rain  6.13 1.54 0.26 143 414 6.0 8.3 - 6.89
Rain  5.02 0.86 0.18 8.5 26.1 78 6.1 - 5.70
Grmnd. 9233 2488 833 2.5 3552 60.4 9.1 330 7.33

Upon infiltration, rain and meltwaters are supercharged in dissolved oxygen of
atmospheric origin. However, the upper layers of the soil horizon contain abundant
organic matter which decays to carbon dioxide, consuming oxygen (eq. 6.1). Hydration of
CO, produces carbonic acid (H.COs) (eq. 6.2), which dissociates to form HCOs and
COs” anions (eq. 6.3 & 6.4).

(6.1) CH;0 + Oy = COy + H,0
(6.2) CO,p + Hh0 <> H,CO;

6.3) H.CO; < H' + HCOy
(6.4) HCO; < H' +COs*
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Ch. 6/ Susceptibility to Groundwater Contamination

Thus, the dissociation of carbonic acid contributes hydrogen ions in solution and
affects the solution’s pH (Fig. 6.4). As the solution’s pH increases, it passes from a
carbonic acid composition to a more bicarbonate-rich end-member. Carbonic acidity, in
limestone terrain, is attenuated by calcite dissolution, which contributes Ca*" to solution,
increases pH, and accounts for the Ca-HCO; geochemical facies found in such

groundwaters.

1.0

08 + H:CO; HCOs CO,"

06 +

04 +

Fraction (designated species)

02 +

“.0 T + t =3 t ~+— t

-
4

Figure 6.4. Dissociation of carbonic acid as a function of pH (adapted
from Freeze & Cherry, 1979).

6.2.2 Geochemistry of Groundwaters

Surficial aquifer groundwaters collected from tile drains (T1 to T4) in April 1995
and wells G11 and G11A in October 1994 plot in the high Ca,Mg-HCO; area (>60% Ca**
and >65% HCOy) (Fig. 6.5). All sites contain mostly Ca** and HCO;" while Mg*" has an
average concentration of 22.2 mg/L (Fig. 6.6 & 6.7).
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Figure 6.5. Piper diagram showing the geochemistry of groundwaters from tile drains
(April 12, 1995), domestic wells (October 14, 1994), and piezometers (October 14, 1995).
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Figure 6.6. Schoeller diagram showing the predominant ionic composition of tile drainage

effluent (April 12, 1995).
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Figure 6.7. Schoeller diagram showing the predominant ionic composition of domestic
wells (October 14, 1995).
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Ck. 6 / Susceptibility to Groundwater Contamination

Average field pH values (tile drains only) for the summer of 1994 is 6.86, and
average total dissolved solids is 365 mg/L. Tile drains in the study area are approximately
1 metre below surface. Thus, rainwater (Table 6.1) passing through this 1 metre soil
column acquires a significant amount of dissolved solids.

Bedrock groundwaters (G1 to G12) collected from domestic wells show ten of
eleven sites have a high Ca,Mg-HCO; facies with G7 lying just outside the main grouping
(Fig. 6.5). GO has a geochemical signature (Na-HCOs) showing use of a water softener.
Like the tile drain effluent, Ca® and HCO5" are the dominant species found in these waters
(Fig. 6.7). However, Mg” has a higher average concentration of 30 ppm, compared to
21.3 ppm for tile drainage waters. Average pH values for these well waters is 7.54,
compared to 6.86 for tile drainage effluent. Average total dissolved solids is 337 mg/L,
which is slightly less than tile drainage waters (365 mg/L). The increase in pH and Mg>"
concentrations is due to the dissolution of limestone from which these wells provide
water. However, magnesium may be incorporated into the geochemistry from dissolution
of clay minerals as groundwaters infiltrate the soil profile.

A mixture of bedrock and surficial groundwaters were collected from four
piezometers installed in the Raisin Riverbed. Groundwater geochemistry indicates highest
concentrations in Ca®>" and HCO;™ compared to all other geochemical species (Fig. 6.5 and
6.8). Mg”" is variable compared to domestic well waters with an average concentration of
20.2 ppm. The average of pH readings is 7.72, compared to 7.56 for well waters.
Average total dissolved solids is 336 mg/L, which is comparable to bedrock groundwater.
Higher pH values compared to domestic wells indicate an increased buffering capacity.

The water quality program WAT4 (Rollins, 1988) and database Datagen 4
(Rollins, 1990) was used with field pH, temperature, and major cation and anion values to
compute saturation indices for certain minerals. All results are tabulated in Appendix G
with selected mineral saturation indices given in Table 6.2.
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Ch. 6/ Susceptibility to Groundwater Contamination

Table 6.2 Saturation indices of different groundwaters within the study area according to WAT4: SI<-
0.1= undersaturated (U), SI>+0.1 = SP), 0.1<SI<0.1 = saturated (S).

Site/date collected Aragonite Calcite Dolomite Quartz
(CaCO») (CaCOy) (CaMg(CO;),) (8i0,)
Domestic Wells
G1/1-Jul.-94 0.118 0.05S 034U 0.58 SP
G2/15-Jul.-94 034U 0.19U 096 U 0.28 SP
G3/1-Jul.-94 0.09 S 0.07S 032U 047 SP
G4/15-Jul.-94 075U 059U -132U0 0.47SP
G5/1-Jul.-94 048U 032U -1.16 U 0.438 SP
G6/1-Jul.-94 -0.078S 009S 0.00S 0.24 SP
G7/15-Jul.-94 046 U 030U 093U 0.40 SP
G8/1-Jul.-94 026U 0.10S -LO5U 034 SP
G915-Jan-95 0.25 SP 0.40 SP 0.59 SP 003S
G10/15-Jul.-94 0038 0.13 SP -0.06 S 0.50 SP
Gl1/1-Jul.-94 0.08S 0.24 SP V44U 0.42 SP
G12/26-Aug.-94 0.05S 0.21 SP 0.07S 0.16 SP
Piezometers
P1/1-jul.-94 0.18U 0.028S 0.67U 0.58 SP
P2/15-Nov.-94 0.16 SP 0.32 SP 0.24 SP 0.29 SP
P3/15-Nov.-94 00]S 0.15SP 0.59U 0.13U
P4/15-Nov.-94 0.29 SP 0.45 SP 0.43 SP 0.29 SP
Tile Drains
T1/1-Jul.-94 0.74U 058U 209U 0.39 SP
T2/1-Jul.-94 094U 078U -2.21U 0.44 SP
T3/15-may-95 096U 080U 248U 0.21 SP
(T°C=6, pH=6.5)
T4/15-may-95 081U 065U -1.80U 0.30 SP
(T°C=6, pH=6.5)

There are two major groupings between the three categories of groundwater
present. The first group shows that, for the most part, domestic wells and piezometric
waters are supersaturated in quartz with variable saturations for calcite, aragonite, and
dolomite. The second group sees tile drainage waters undersaturated in aragonite, calcite,
and dolomite and supersaturated in quartz. A common distribution for all three waters is
that, for those that are undersaturated in aragonite and calcite, the saturation index
displayed in Table 6.2 is quite close to the point of saturation.

However, an interesting fact is the undersaturation of dolomite in 7 of the 11

bedrock wells (G11 being from the surficial aquifer). The four remaining sites (G6, G9,

G10, and G12) show conditions of dolomite saturation or supersaturation and lie along the
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South Branch of the Raisin River in contact with the St. Martin formation, a source of
magnesium from chlorite and smectite found within the shale. The undersaturation of
dolomite in the remaining bedrock wells suggests a different groundwater pathway,
generating the observed geochemical facies. Groundwater infiltrating the soil zone has
shown that dolomite is well below the point of saturation ranging from -1.80 to -2.48 for
tile drainage effluent. As groundwater continues to infiltrate the subsurface, magnesium
may have been incorporated in the geochemistry through the dissolution of magnesium-
bearing clay minerals, as surficial wells Gl1 and Gl11A show increased Mg®
concentrations (Fig. 6.7). Lam et al. (1995) report that for field soils in the study area,
mineralogy consists primarily of quartz followed by microcline, plagioclase, amphiboles,
micas, vermiculite, and chlorite. Vermiculite and chlorite both contain magnesium which
could providle Mg®. Calcite saturation may also have been achieved through the
dissolution of carbonate nodules in the soil zone. Continued groundwater infiltration may
have allowed for calcite saturation and increased Mg> levels to occur in most wells prior
to incorporation in the bedrock source. Migration toward discharge zones would allow
sufficient time for groundwaters to become saturated in calcite as demonstrated by the
supersaturated nature of groundwaters from piezometres. In addition, groundwaters in
the southern sector of the watershed are saturated to supersaturated with respect to
dolomite and calcite, respectively. This may reflect increased residence time compared to
groundwaters in the north and central portions of the study area.

In retrospect, the Raisin River watershed is possibly being sustained by meteoric
water infiltrating the surficial sediment layer with continued migration into the bedrock
aquifer. These groundwaters would have acquired the necessary chemistry to become
saturated in calcite, however would not have been able to achieve dolomite saturation
given their possibly short residence time in the bedrock. Groundwater flow through the
bedrock would have to have been short enough so that discharge from limestone directly
in the Raisin River would have occurred with groundwaters saturated in calcite, but not
dolomite. Wells in the south would have felt the effects of an increase in residence time

79



Ch. 6 / Susceptibility to Groundwater Contamination

prior to discharge either in the Raisin River or the St. Lawrence, as these have shown
saturated conditions with respect to dolomite.

6.2.3 Total Dissolved Solids (Electrical Conductivity)

The average of total dissolved solids (TDS) in bedrock wells was low during the
summer of 1994 but gradually rose in the fall (Table 6.3; Fig. 6.9). The mid-winter thaw
in January 1995 corresponded to a sharp decline in TDS as meltwater and rain recharged
the aquifer and diluted groundwaters. The surficial aquifer also showed dilution in
January corresponding to the mid-winter thaw.

Table 6.3 Average TDS values (mg/L) of bedrock wells computed from individual TDS levels measured
in each well. Surficial well is G11.

Date G2 G3 G4 G5 G8 Gl0 Avg TDS _ Gll
7-May-94 3425 276.5 575.0 206.0 2345 3175 3253 -
3-Jun.-94 251.5 261.5 493.5 214.0 2405 257.0 2863 261
1-Jul.-94 466.0 267.0 526.5 2315 2355 316.5 340.5 348

29-Jul.-94 3705 286.5 498.0 2185 2295 2985 3169 354
26-Aug.-94 326.0 282.0 417.0 211.0 2415 2975 3125 353
23-Sept.-94 380.0 3200 530.0 235.0 275.0 295.0 339.2 430
14-Oct.-94 375.0 330.0 555.0 230.0 275.0 295.0 343.3 375
14-Nov.-94 400.0 3250 660.0 270.0 2850 3100 375.0 455
15-Dec.-94 385.0 320.0 650.0 250.0 2900 3150 368.3 530
16-Jan.-95 345.0 300.0 490.0 245.0 285.0 2400 3175 70
16-Feb.-95 400.0 335.0 620.0 2550 300.0 3200 3717 520
15-Mar.-95 400.0 380.0 600.0 255.0 3100 340.0 380.8 520
12-Apr.-95 405.0 3350 610.0 2350 2950 375.0 375.8 510
15-May-95 414.5 340.5 606.5 2330 2800 3450 3699 510
13-Jun.-95 408.5 332.0 631.0 247.0 278.0 315.5 368.7 515
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Figure 6.9. Average total dissolved solids of bedrock wels and surficial well with
time.

The autocorrelation function of total dissolved solids for bedrock wells shows a
slight seasonal variation throughout the watershed (Fig. 6.10). However, considering the
scatter in the ACF, the seasonality is probably not significant. The crosscorrelation
function of water level and total dissolved solids for wells G2, G4, and G5 reveals a
positive correlation with no lag effect (Fig. 6.11) indicating that increases in water level
are associated with a simultaneous increase in TDS. The positive correlation may be the
result of groundwater contribution from the surficial aquifer to the bedrock aquifer where
infiltration during higher flow periods carries a greater abundance of dissolved solids.
Conversely, higher water levels are attributed to increased groundwater flow, which
usually involves increased dissolution of limestone accounting for the elevation in TDS.
Well G10 shows a positive correlation offset by a two-three month lag time.
Groundwaters represented by high bedrock topography (G2 and GS5), and recharging the
northern section of the study area could take three months to reach the southeastern
sector (G10) which is topographically low. This could represent the time it takes for total

dissolved solids to increase in wells in this vicinity following an increase in water level.
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Figure 6.10. Autocorrelation Function of Total Dissolved Sokds for
bedrock wells (statistics in Appendix F3 ).
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Figure 6.11. Crosscorrelation of water level and total dissolved sokds
for bedrock wells (stafistics in Appendix F4 ).
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6.2.4 Calcium

Calcium is used as a temporal monitoring parameter because it is a geogenic solute
representing contributions from the limestone aquifer. The average calcium concentration
in bedrock groundwaters correlates well with the TDS signature throughout the 1994-95
field season, decreasing over the summer of 1994 and rising in the fall with a sharp decline
in January of 1995 (Table 6.4; Fig. 6.12). Calctum levels rose gradually following spring
melt in 1995. Summer values for 1994 show declining concentrations which is contrary to
expected resonse. Under warm and dry conditions, water levels declined throughout this
period, demonstrating the increase in demand but also the lack of any meteoric infiltration
(Fig. 6.1). Reduced groundwater flow in the summer should have increased calcium
concentrations as groundwater would have dissolved the carbonate bedrock, thereby
inducing saturation. Nevertheless, Figure 6.12 does show that the basin responds to a
dilution of the bedrock aquifer in January 1995, as the mid-winter thaw affected the entire
watershed and calcium levels dropped.

Table 6.4 Ave% calcium concentration Sm%[.z calculated from levels in 7 bedrock wells.

Date G2 G3 G4 GS G7 G3 Gl0 Avg Ca

7-May-94 78.15 71.33 80.80 57.11 39.28 94.54 82.20 71.91
3-Jun.-94 84.68 7241 80.22 58.76 42.51 94.00 13.72 72.33

[-Jul.-94 82.55 74.43 83.93 66.19 41.15 92.23 7291 73.34
29-Jul.-94 78.92 73.50 75.65 57.70 39.82 89.54 5743 67.51
26-Aug.-94 75.81 69.61 7726 55.15 3731 91.29 52.15 65.51
23-Sept.-94 105.52 89.59 100.29 52.88 41.75 90.51 52.24 76.11
14-Oct.-94 95.42 85.90 94.83 47.85 37.01 83.63 49.06 70.53
15-Nov.-94 102.00 92.33 129.52 5934 39.44 92.15 54.23 81.29
15-Dec.-94 104.10 90.44 129.71 59.69 41.75 94.97 55.00 82.24
16-Jan.-95 87.33 78.54 79.78 51.10 36.03 81.86 53.00 66.81
16-Feb.-95 101.52 90.10 110.38 54.11 46.19 91.01 54.00 78.19
15-Mar.-95 102.31 100.00 109.04 53.00 44.78 93.37 58.30 80.11
12-Apr.-95 107.88 88.69 111.06 56.15 47.23 88.27 66.40 80.31
15-May-95 107.50 96.35 120.00 56.86 45.82 92.54 64.45 83.36
13-Jun.-95 110.38 97.12 129.13 64.29 46.38 91.02 62.89 85.89
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Figure 6.12 Average calcium concentration in domestic wels compared to
rainfall, temperature, and average TDS.

6.3___Environmental Isotopes

Variable masses exist for most elements of the periodic table, hence the term
isotope. An isotope is an element that differs in the number of neutrons it holds within its
nucleus, which gives it a range of masses. For example, hydrogen has three different
isotopes; hydrogen, deuterium, and tritium. Each contain one proton, but hydrogen
contains 0, deuterium contains 1, and tritium contains 2 neutrons, respectively.

Isotopic abundance in a material is expressed as the relative ratios between the two
most abundant isotopes of a given element. Thus, for oxygen, the ratio of O to '°0 is
used. Isotope ratios are measured with a mass spectrometer, which analyzes the *0/'°0

ratio and compares it to that of a known standard using the following equation:
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S.= {(-g*:) - 1) *1000 SMOW

where 3 is the expression of the isotope contents in sample ‘X compared to an
internationally recognized reference material, R, is the isotope ratio of the sample (e.g.
'*0/'°0), and R is the isotope ratio (**0/'°0) of the reference material. For water, the
reference is usually Standard Mean Ocean Water (SMOW) (Friedman et al., 1977).

'*0 and *H are useful isotopes in determining groundwater source as they act as
natural tracers in the hydrological cycle. Their tracer quality stems from their ability to
fractionate between vapour and liquid phases according to changes in temperature. In a
vapour mass (clouds), temperature must decline in order for precipitation to occur. Upon
condensation, the heavier isotope is fractionated into the liquid phase (rain) while the
lighter isotope remains in the cooling vapour. The initial rain will thus be isotopically
enriched in the heavier isotope compared to any successive precipitation events. As
precipitation in the study area occurs on a seasonal basis, the difference in temperature will
affect the fractionation effect between the vapour and liquid phases. The fractionation
factor has been shown to increase with decreasing temperature. Warmer temperatures
during the summer allow for a decreased fractionation factor between the liquid and
vapour phases, whereas cooler temperatures in the fall and winter increase the
fractionation factor. Consequently, summer rains will be isotopically enriched both in '*0
and *H relative to winter precipitation.

6.3.1 Deuterium

Raisin River deuterium values show a strong seasonal trend that can be positively
correlated with temperature (Table 6.5; Fig. 6.13). The sharp decline in March 1995
represents the sudden addition of spring melt to the runoff, with isotopically light values
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from winter snow. Seasonal variations in the isotopic composition of precipitation are
attenuated during infiltration and runoff. Furthermore, the seasonal variation in runoff can
lag the cycle of seasonal temperatures. This lag in temperature correlation can reflect the
rate of movement of meteoric water through the watershed.

Table 6.5 Deuterium values of Raisin River (all values in %e).

Altitude 97 74 60 80 90 60
(masl)=
Date T (0 P1 P3 P4 G2 GS GO Avg &H

3-Jun.-94 225 -82.2 - -72.9 -81.5 -181 -734  -188
1-Jul.-94 25.0 -129  -686 -71.8 -68.2 645 660  -68.5
29-Jul-94 - - - - - - - -
26-Aug-94  26.0 - -61.3 - - - - -61.3
10-Sept.-94  17.5 -692  -65.9 -59.3 -64.1 - - -66.7
23-Sept-94 165 - - - - - -53.6  -53.6
14-Oct.-94 12.5 -708  -6338 -61.6 -64.0 610 549  -62.7
15-Nov.-94 130 -704  -673 -68.6 -69.1 674 -709  -695
14-Dec.-94 -4.0 -14.7 - - -74.1 -7104 -789  -745
16-Jan.-95 5.5 -73.1 - - 155 -756 686  -132
16-Feb.~95 2.0 -73.9 - - -76.3 -176 178 -764
15-mar-95 120  -83.0 - - -10L.7  -1025 -103.7  -99.0
12-Apr.-95 13.0 -78.1 - -81.1 -79.4 -805 -774  -189
15-may-95 15.5 -72.8 - -67.5 -125 -130 689  -718
13-Jun.-95 25.5 - - - -66.8 642 649  -653

The crosscorrelation of 6°H (river water) and air temperature shows negative
correlation existing at lag -3, and a positive correlation at +3 (Fig. 6.14). The positive
peak at lag +3 and the negative peak at -3 indicates that the two variables are cyclical
(with a 4X3=12 month cycle) and offset by approximately three months. So an increase in
temperature is followed by a *H enrichment three months later in the river. If the process
is cyclical, then the residence time could be % of a year, 1% years, 2Y years, and so forth.
Thus, the crosscorrelation could be disappearing since the time series was severed at one
year. So three months is the shortest possible groundwater residence time, but the actual
residence time could be much longer. This suggests an approximately three month
average residence time for precipitation in the watershed contributing the most to runoff.
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Figure 6.13. Temporal variation of deuterium in Raisin River.
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Figure 6.14. Crosscorrelation of 'H (Raisin River) and air temperature
(statistics in Appendix FS).
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The deuterium signature for domestic well waters also follows a seasonal cyclicity
(Table 6.6; Fig. 6.15).

Table 6.6 Deuterium values of bedrock rs (domestic wells). All values in %o.
Altitude 83 masl 91 masl 62 masl 51 masl 51 masl
Date T 0 G2 GS G9 Gl10 G12 Avg H
20-may-94 21.0 -67.9 -73.5 -71.1 -76.5 - -72.25
17-Jun.-94 345 -67.4 -754 -73.8 -75.2 - -72.95
15-Jul.-94 26.5 -64.1 -73.8 -71.6 -70.7 - -70.05
12-Aug.-94 26.0 -71.3 -74.3 -73.0 -75.0 -72.9 -73.30
10-Sept.-94 17.5 -726 -76.3 -72.8 -75.9 -74.3 -74.38
23-Sept.-94 16.5 -71.6 -76.4 -73.0 -74.3 -75.9 -74.24
14-Oct.-94 12.5 -71.9 -75.0 -723 -73.8 -76.3 -73.86
15-Nov.-94 13.0 -70.0 -74.0 -73.3 -74.8 -734 -73.10
15-Dec.-94 -4.0 -70.3 -73.9 -72.1 -75.7 -75.6 -73.52
16-Jan.-95 55 -71.3 -73.2 -72.3 -73.7 -76.0 -73.30
16-Feb.-95 20 -71.5 -74.2 -69.3 -73.8 -75.4 -72.84
15-mar-95 12.0 -73.3 -76.6 -74.0 -71.5 -73.9 -73.86
12-Apr.-95 13.0 -69.0 -76.6 -72.4 -73.9 -75.2 -73.42
15-May-95 15.5 -66.5 -77.1 -71.2 -71.2 - -71.50
13-Jun.-95 25.5 -67.1 -73.5 -73.3 -71.6 - -71.38
-60 150
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Figure 6.15. Temporal variation of 5°H in bedrock welks.
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Enriched values are found mostly during the summer when temperatures are high,
with depleted values in the fall and winter months as atmospheric temperatures decline.
As with Raisin River waters (Fig. 6.13), the deuterium signature for groundwater dips in
the month of March 1995. This is a result of spring melt passing through the watershed
where the highly depleted signature from snow and ice shows up. Enrichment
subsequently occurs beginning in April into June. Unlike Raisin River waters (-60%o to
-100%), the deuterium signature in domestic wells shows much less variation in average
values, ranging between -70%o and -75%o. This is a consequence of a dampening effect in

bedrock wells as groundwaters undergo much longer residence times.

The effect of groundwater recharge on a local scale is shown by high altitude areas
receiving more depleted *H values compared to low altitude zones, with the exception of
site G2 (Table 6.6).

6.3.2 Carbon-13

Dissolved inorganic carbon (DIC) in bedrock groundwaters was monitored as
another tool to determine rates of groundwater movement through the watershed. The
DIC in groundwater is controlled by several factors including root respiration and bacterial
decay in the soil, and mineral dissolution/precipitation. Unlike 5'°0 and 5°H, DIC as a
tool traces solutes in groundwater rather than the water molecule itself

Soil carbon dioxide plays an integral role in the DIC signature imparted by
groundwaters since it provides acid necessary to dissolve carbonate materials. Rain
entering the subsurface may contain CO., however, the carbon dioxide present within the
atmosphere is so minimal (pCO.=10">") that it is overwhelmed by the CO, derived from
the soil horizon through the decay of plant material by microorganisms (Salomons ef al.,
1980). The partial pressure of CO in the soil atmosphere ranges from 10 to 10",
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Following the incorporation of soil CO, from oxidized organic material, DIC in

groundwater can increase through;

o dissolution of CaCO; by the action of CO-
in groundwater

e weathering of silicate minerals

o dissolution of CaCO; by humic acids

These processes can be represented according to the following reactions:

(6.5) CH,0 + 0, = CO, + H,0 = H,CO; = H + HCO5

(6.6) CaCO; + H' + HCO5 = Ca(HCOs), = Ca*" + 2HCO5

where CH20O denotes organic material. The §°C signature of CO, produced in the soil is
approximately -25%o for C; type plants, including most natural vegetation in temperate
climates. Grasses and certain crops such as com fix their carbon according to a more
efficient photosynthetic pathway resulting in a "°C for soil CO, close to -12%.. Carbon
fractionation occurs during transformation of the CO, to HCO;s , giving a 5"Cycos of
approximately -17%o to -21%ec. Prior to carbonate dissolution (eq. 6.6), bedrock
carbonate generally has a §°C value of approximately 0% (Pawellek & Veizer, 1994).
Thus, the final 8°C of the bicarbonate ranges from -10 to -14%.

These carbonate dissolution reactions can be presented on a bicarbonate-pH
diagram (Fig. 6.16), which shows the evolution of pH, HCOs, and §°C as the
groundwater dissolves carbonate to the point of calcite saturation. The diagram assumes
an initial soil CO2 §"C of -26%o for groundwaters at 5°C with a variable initial pCO,, and

for open and closed system conditions.
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Figure 6.16. Geochemical evolution path of groundwater under open and
closed system dissokstion of caicite.

If the dissolution of carbonate material takes place in the non-saturated soil zone in
constant contact with soil CO;, the dissolution is said to be under open system conditions.
Under these conditions, the 5°C imparted by the final groundwater will not have been
influenced by the §°°C of the dissolving calcium carbonate because a continuous supply of
CO, generated by the soil is available. Thus, the §°C signature of the groundwater is only
influenced by the §°C of soil CO, and the pH, which controls *C fractionation between
CO; and DIC.

If groundwater equilibrates with a CO; source, then moves below the water table
beyond access to soil CO,, then dissolution of carbonate material is under closed system
conditions. The dissolved CO; hydrates to form carbonic acid, and is consumed through
the dissolution of calcium carbonate. The final 5°°C signature of the groundwater will
thus be influenced by the 5"°C imparted by the dissolving calcium carbonate.
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For the Raisin River basin, domestic well waters fall on or above the calcite
saturation line with most 3"°C values ranging between -10%o and -14%0 PDB (Table 6.7;
Fig. 6.17). Tile drain waters fall beneath the calcite saturation line with 5'°C values
ranging between -11%o and -14%o for T1, and -4%0 and -8%o for T2. Piezometric waters
are saturated with respect to calcite with 5"*C values between -9 and -13%e.

Table 6 7 EH, alkahm}z and 5°°C values of summer groundwaters (see Figure 6.17).

T (C) pH Alkalinity (mg/L) 8" Cpic (%0)
Domestic Wells

Gl 1-Jul.-94 4.0 7.54 294.0 -9.45
G2 17-Jun.-94 3.7 7.30 386.7 -12.44
G3 17-Jun.-94 3.7 7.20 386.7 -14.44
G4 17-Jun.-94 43 7.01 459.9 -10.90

G5 17-Jun.-94 43 745 2623 -9.19

Gé6 17-Jun.-94 6.6 8.62 211.1 -8.08
G7 17-Jun.-94 4.7 7.62 3404 ~-11.57

G8 17-Jun.-94 4.6 1.37 295.2 -9.51
G9 17-Jun.-94 5.1 741 356.2 -11.67
Gl0 17-Jun.-94 4.3 7.60 3245 -10.10
Gll1 17-Jun.-94 48 6.95 623.0 -11.45
GI1A 17-Jun.-94 11.2 7.41 324.5 -12.35

Tile Drains

T1 3-Jun.-94 28 7.04 3074 -12.76
17-Jun.-94 49 6.95 359.9 -11.17
1-Jul.-94 6.8 6.53 363.6 -14.25

T2 3-Jun.-94 32 7.12 239.1 -8.20

17-Jun.-94 56 6.70 228.1 -4.39

1-Jul.-94 3.7 6.82 244.0 -7.40

Piezometers

P1 29-Jul.-94 7.2 71.72 394.1 -13.13
P2 29-Jul.-94 14.8 8.14 392.8 -12.70
P3 29-Jul .-94 - 7.10 316.0 -11.00

P4 29-Jul.-94 14.0 7.82 200.0 -9.38

Domestic well and piezometric groundwaters show &°C values that are
representative of meteoric waters having dissolved soil CO, and calcium carbonate largely
under open system conditions. Tile drainage effluent displays 5°C values that are above
the normal signature obtained before calcite saturation. Site T2 was used for growing
comn (Plate 5-2, p. 48), which is a C, plant type with an enriched 5'°C signature.
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Groundwater acquiring CO; from this field would thus be isotopically enriched. Site T1
shows 5"C values that are representative of natural vegetation as this field is in fallow.
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Figure 6.17. Geochemical evolution path for groundwater collected in the
summer of 1994 under open and closed system dissolution of cakite.

Figure 6.18 shows the variable nature of ’C in bedrock wells over time. This
marked divergence can be attributed to three processes; i) the decay of C, plant types
which incorporate a depleted "’C signature (~12%o to -14%o) relative to limestone (0%),
ii) limestone dissolution, whereby a mixing process between the infiltrating groundwater
and dissolving calcium carbonate generates an enriched 5"°C signature in the groundwater,
or iii) a combination of i) and ii). The temporal variation of 3"*C in Figure 6.18 is believed
to originate from a combination of dissolved soil CO, from C, plant types, and dissolution
of bedrock carbon, depending on the time of year.
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Table 6.8 5'°C, DOC (mg/L), and nitrate (mg/L) values of selected bedrock wells (nd=not determined).

Date Rain G2 G3 G8 AwnsC| G2 G3 G8 G9 G2

(mm) (%) (%) (%) (%) DOC DOC DOC DOC | NOs

7-May-94 612 -1458 -1336 -1367 -1387 1334 764 482 279 | 304

3-Jun.-94 446 -1412 -1367 -1386  -1388 14.9 9.6 26.8 121 | 452

1-Jul -94 659 -1246 949 965  -10.53 93 39 11.9 5.0 326

29-Jul-94 133  -1335 -11.36 -1090 -I1.54 64.7 3.7 7.1 3.7 16.4

12-Aug-95 202 -1129 -1097 -1028  -10.85 55 15.1 6.5 66 8.8

23-Sept-94 228 -1097 -10.16 -930  -10.14 nd nd nd nd 5.0

140ct-94 444 999 880 890 923 nd od nd od 4.7

15-Nov.-94 517 -1093 -1146 -1040 -10.93 nd nd nd nd 193

14-Dec.-94 216 -1338 -1280 -13.35  -I3.18 nd nd nd od 12.8

16-Jan-95 409 -13.79 -1343 -1388 -I13.70 134 22 92 17.1 75

16-Feb95 30 828 739 912 826 49 nd od 11.0 9.7

15-Mar.-95 134  -11.83 -11.53 -11.I3  -11.50 nd od nd od 36

12-Apr-95 266 -1231 -11.09 -1339 -1226 10.0 nd nd nd 9.5

15-May-95 212 -1444 -1332 -13.71 -I1382 nd nd nd nd 212

13-Jun.-95 510 -1445 -12.88 -13.37  -13.57 nd nd nd nd 23.1

5 B Rain ~—AW.C-13 —DOCGZ —~DOCG3 —-—DOCGS | T 150

~—DOCGY -<—Ag.Ca  -—NO3-G2 —+NO3-G3

1128 ®

Note: Averge C-13 is for G2, G3, and GB . E
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Figure 6.18. Temporal variation of 5" Cpic in bedrock wells compared
to dissolved organic carbon (DOC) and nitrate fluctuations.

The temporal variation of 8"°C in bedrock wells displayed isotopically light values
in the spring of 1994, corresponding to rapid groundwater movement through the bedrock
aquifer (Table 6.8; Fig. 6.18). Partial carbonate dissolution from microfractures in the
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bedrock contributed carbonate DIC to the flow of groundwater as 8 °C values became
more enriched (-13%o to -14%) compared to infiltrating groundwaters (-17%o to -21%o).
The effect of soil CO, was minimal in the final 5°C signature imparted by the groundwater
as DOC was flushed through the system without having been oxidized by microorganisms.
However, C, floral degradation over the winter added to the depleted nature of springtime
8'C values as increased groundwater infiltration carried the °C signature into the bedrock
aquifer. The onset of prolific microorganic and plant growth in June brought an increase
in the production of soil CO,. Soil biota oxidized most of the organic carbon as DOC
values diminished into July 1994. In addition, nitrate reduction in well G2 showed
decreasing nitrate levels throughout the summer. In July 1994, 3°°C values increased
rapidly despite minimal DIC contributions from the bedrock as calcium concentrations
remained constant. This sudden ’C addition is attributed to increased fractionation of soil
carbon produced by plant and microorganic growth. Since the saturated zone would have
been lower than during the spring, oxidation by plant growth was enhanced as these
tended to bind with the lighter >C molecule. A new influx of DOC from wells G2 and
G3 occurred in July and August 1994, suggesting organic carbon from C, plants infiltrated
the bedrock system depleting 5"°C values to approximately -11%0. Renewed oxidation of

organic carbon increased the 5°C signature to approximately -9%o resulting from
increased fractionation of the carbon system. The onset of fall showed §"°C values were
becoming increasingly depleted. Cooler temperatures during this time may have slowed
the production of soil microorganisms capable of fractionating (and oxidizing) soil carbon.
The result was an increase in nitrate and a decrease in C levels (despite the absence of
DOC) as groundwater 8" °C was influenced more by soil CO; than dissolution of bedrock.
Groundwater contributions from the surficial aquifer were again evident in January of
1995 as the mid-winter thaw affected the entire watershed. @~ DOC and nitrate
concentrations were elevated, corresponding to maximum water levels during the field
season. The dormancy of microorganisms in the soil zone fueled the DOC migration from
surficial sediments into the bedrock aquifer. In addition, 5'°C values were highly depleted
corresponding to the inclusion of '*C within infiltrating groundwaters from decaying Cs
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plants. Thus, it is unlikely that the 8"°C signature imparted by bedrock groundwaters in
January 1995 was govemed by even minimal dissolution of the limestone as calcium
showed dilute concentrations within domestic wells. More seasonal conditions returned in
February as the watershed sustained decreased groundwater flow ensuing a restoration of
enriched 5"°C values. During this time, the bedrock aquifer suffered increased dissolution
as shown by higher calcium concentrations where the groundwater 5°C signature was
governed solely by the incorporation of bedrock carbon. Renewed infiltration in the
spring of 1995 showed an increase in nitrate levels and a regenerated interaction between
the surficial and bedrock aquifers as depleted °C molecules from reduced C, plants
replenished the bedrock aquifer.

The crosscorrelation between groundwater 5°C values and DOC for domestic
wells displays a negative correlation with no lag effect (Fig. 6.19). This suggests that
periods of DOC infiltration are accompanied by an immediate decrease in groundwater
8'°C concentrations resulting from infiltration of *C molecules from C; plant decay.

Correlation

Lag (months)

Figure 6.19. Crosscorvelation of “’C and dissolved organic carbon for
bedrock wells (statistics in Appendix F6).
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6.4 Groundwater Contamination Zones

The identification of groundwater contamination zones addresses the presence of
regional contaminant sources in high bedrock areas, which could eventually pollute
domestic wells or aquatic systems lying within the groundwater flow path.

6.4.1 Regional Contamination Zones

The agriculture industry is the dominant practice on the Raisin River basin, posing
a potentially major threat of groundwater contamination on a regional scale. The areal
extent of agricultural activity is restricted along the main branch of the Raisin River,
possibly due to the fertile nature of alluvium along its length (Fig. 1.5). However, the
watershed contains several large areas which may be used for agricultural purposes (Fig.
L.5).

The Raisin River watershed has shown elevated sensitivity to periods of high
groundwater flow. Crosscorrelations of air temperature and 5°H for Raisin River water
(Fig. 6.14) suggest that meteoric waters in the study area have an approximate shortest
possible residence time of three months. Areas of high bedrock topography with little
surficial deposits act as recharge areas, which are the potential zones of initial contaminant
migration into the bedrock aquifer. However, these initial contamination zones are
dependent on the distribution of land use practices. In addition, groundwater infiltration
through surficial sediments has shown to be a major source of recharge to the bedrock
aquifer. Thus, contaminant migration on a local scale must also be addressed.

The intersection of high bedrock topography (Fig. 3.1) with areas of potential or
known agricultural activity (Fig. 1.5) shows that on a regional scale, initial contamination
of the bedrock aquifer is restricted to the north and west of the study area (Fig. 6.20).

97



98

yied Moy toempumos8 puoioy <= opd omuepy

AydeiBodo) yoospaq paeas)y

Ananoe [emynouse sofepy .

uonsuureuod ajqndsosng . Ananow jemynouse siqissog [

"uonBUIBIU0D JI)BMPUNO.S jeul 03 3jqndadsns sease jpanmoLISy ‘979 2an31g




Ch. 6/ Susceptibility to Groundwater Contamination

Thus, groundwater infiltrating these areas is prone to contamination by pesticides
and fertilizers within the basin. From there, agro-contaminants would follow the southeast
trajectory of regional groundwater flow and contaminate wells along this path.

On a local scale, manure piles in the eastern portion of the study area act as

potential contaminant sources during periods of increased groundwater flow such as the

spring and periods of winter thaw.
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Since watersheds are linked to the hydrological cycle, agro-contaminants
infiltrating the Raisin River basin could ultimately discharge into the river and be
transported to the St. Lawrence. Establishing groundwater quality in domestic wells and
tile drains in the Raisin River basin is of prime importance in order to assess the presence

or absence of contaminant migration through the system.

Table 7.1 displays environmental limits of contaminants used in the study area.
Focus will be centered on nitrate and pesticides, including atrazine, metolachlor, and
dicamba.

Table 7.1 Water & ﬂecttves of contaminants for drinking water and aquatic life.

Drinking Water Aguatic Life Reference
Temperature (°C) 15 (max.) - ODWO,1994; McNeely et al., 1979
pH 6.5-8.3 6.5-9.0 ODWO,1994; McNeely et al., 1979
DOC (mg/L) 5.0 - ODWO,1994
Nitrate (mg/L) 450 - ODWO,1994; CWQG, 1987
Phosphate (mg/L) 0.2 0.1 McNeely et al., 1979
Metals
Aluminum (mg/L) 0.10 0.10 ODWO,1994; McNeely et al., 1979
Manganese (mg/L) 0.05 0.02 ODWO,1994; McNeely et al., 1979
[ron (mg/L) 0.30 0.30 ODWO,1994; McNeely et al., 1979
Cadmium (mg/L) 0.005 0.0002 ODWO,1994; McNeely et al., 1979
Chromium (mg/L) 0.05 0.05 ODWO,1994; McNeely et al., 1979
Copper (mg/L) 1.0 0.005 ODWO,1994; McNeely et al., 1979
Lead (mg/L) 0.01 0.03 ODWO,1994; McNeely et al., 1979
Zinc (mg/L) 5.0 0.03 ODWO,1994; McNeely et al., 1979
Pesticides
Atrazine (mg/L) 0.005 0.002 ODWO,1994; CWQG, 1989
Metolachlor (mg/L) 0.05 0.008 ODWO,1994; CWQG, 1991
Dicamba (mg/L) 0.12 0.01 ODWO,1994; CWQG, 1993
Glyphosate (mg/L) 0.28 0.065 ODWO,1994; CWQQG, 1989
Bromoxynil (mg/L) 0.005 0.005 ODWO,1994; CWQG, 1993
Butylate (mg/L) - -
Permethrine (mg/L) 0.001 -
Carbaryl (mg/L) 0.09 0.02 ODWO,1994; McNeely et al., 1979
MCPA (mg/L) 0.1 0.0026 ODWO, 1994, CWQG, 1995
2-4DB (mg/L) 0.1 - ODWO,1994
Metribuzin (mg/L) 0.08 0.001 ODWO,1994; CWQG, 1990
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7.1 __Groundwater Quality; Bedrock Wells

7.1.1 Nitrate

Nitrate was detected in 61% of domestic wells (8 of 13), although it was well
below the maximum acceptable concentration (MAC) of 45 mg/L in 88% (7 of 8) of those
wells (Table 7.2). Only well G2 shows appreciable quantities that exceed water quality
standards for potable water. This well is located in the eastern part of the study area
where bedrock is susceptible to initial groundwater contamination (Fig. 6.20). The
contamination from this well is believed to originate from two manure piles located west
of the well in the vicinity of a groundwater recharge zone. Groundwater flow towards the
southeast may be contributing nitrate from these manure piles to well G2. The remaining
wells showing presence of nitrate display concentrations that vary from 0.1 to 10 mg/L.

Table 7.2 Maximum nitrate concentrations in bedrock wells MAC is 45mg/L NO,L

Site Date Collected Value (mg/L)
G2 June 3, 1994 452
G3 February 16, 1995 9.4
G4 June 17, 1994 23
G7 February 16, 1995 3.0
G8 March 15, 1995 3.6
G10 May 7, 1994 12
Gll November 15, 1994 4.2
Gl1A September 23, 1994 10.1

7.1.2 Phosphate

Phosphate was detected in 9 of the 13 domestic wells, however concentrations
were well below the MAC for potable water. Table 7.3 displays phosphate levels found in
domestic wells for spring 1995 samples.
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Table 7.3 Maximum phosphorus (as PO,>) concentration found in bedrock wells.

Site Date Concentration (mg/L) times below MAC times below MAC
collected (potable water) (aquatic life)

G2 15-May-95 0.00 - -

G3 15-May-95 0.01 20 10

G4 15-May-95 0.03 6.7 33

GS 15-May-95 0.01 20 10

G6 15-May-95 0.03 6.7 33

G7 3-June-94 0.03 6.7 33

G7 15-May-95 0.04 5.0 2.5

G7 13-June-95 0.03 6.7 33

G8 15-May-95 0.01 20 10

G9 15-May-95 0.01 20 10

Glo 15-May-95 0.02 10 5.0

Gl11 15-May-95 0.01 20 10

7.1.3 Dissolved Organic Carbon (DOC)

DOC results show that values are extremely high, ranging from 3.7 to 133.4 mg/L
(Fig. 7.1). Concentrations are highest during the springtime where values are 26, 15, 10,
and 5 times over the MAC for potable water in wells G2, G3, G8, and G9, respectively
(Table 7.4).

Table 7.4 Maximum DOC concentrations in bedrock wells

C for le water is 5 m .

Site Date Collected Value (mg/L)
G2 May 7, 1994 1334
G3 May 7, 1994 76.4
G8 May 7, 1994 482
G9 May 7, 1994 27.9

The elevated DOC values in spring correspond to the inactivity of microorganisms

which are unable to oxidize organic carbon in the soil zone. Groundwater infiltrating the

surficial sediment acquires large amounts of DOC in early spring. Values subsequently
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decline further into the summer as biological activity increases and reduction of organic

carbon takes place.

DOC (mg/L)

.¥§§§§g§ 3323z 8 “;%2%"’ TEEEYE
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Figure 7.1. DOC concentrations in bedrock wells (MAC for drinking water=Smg/Z ).

7.1.4 Pesticides

Groundwater samples were collected for 8 wells during the spring of 1994 and 2
wells for the spring of 1995 during maximum groundwater flow periods following spring
thaw (Fig. 5.7, p. 67). Pesticides selected for analysis included metolachlor, atrazine,
dicamba, and glyphosate. These were selected based upon a survey conducted by the
Department of Geography, University of Ottawa, and an informal survey by the author.
No detectable levels of agricultural pesticides were found within the study area (4ppendix

ES).
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7.1.5 Trace Metals

Only one well shows elevated trace metal concentrations. Site G4 displays iron
levels up to three times above the MAC for potable water. The well owner reported a
rusty looking film in the water, indicative of iron. The presence of iron in only one well
would suggest a local effect possibly due to the dissolution of iron bearing carbonate

minerals such as siderite.

Table 7.5 Trace metal detections in well G4 Sall values in mg/L).

Site Date Collected Contaminant  Detection Limit Value MAC potable water

G4 21-May-94 Fe 0.005 0.945 0.30
17-June-94 Fe 0.005 0.578 0.30
15-July-94 Fe 0.005 0.722 0.30
12-Au§,-94 Fe 0.005 0.307 0.30

7.2___Contaminant Pathway

The watershed’s response to seasonality of recharge events displays the increased
potential of groundwater contamination in bedrock wells. Despite this observation,
groundwater quality in domestic wells remains good, showing no appreciable quantity of
nitrate, pesticides, or trace metals. Pesticides and nitrate have been shown to occur in
shallow aquifers similar to the Raisin River basin in several studies (Kolpin et al., 1991;
Rudolph & Goss, 1993). The lack of agro-contaminants in bedrock wells raises the
question as to the fate of these agents once applied on fields. Focus will now be turned to
the examination of pesticides and nitrate in soils, tile drainage effluent, and sediment, in

order to determine their migration pathway in the subsystem.
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7.2.1 Contaminants in Soils: Pesticides

Three sampling sessions were undertaken for soils during the 1994-95 field season
in order to establish persistence and movement of agricultural pesticides through the soil
horizon (Fig. 5.3 & 5.4, p. 60 & 61). Sampling trips were timed to follow the spring 1995
pesticide application period and again during the mid-growing season. The fall 1994
sampling session was undertaken to monitor pesticide persistence well after the cropping

season. Table 7.6 presents the summer 1995 pesticide results.

Table 7.6 Pesticide concentrations (ug/g) for field soils collected during the summer of 1995 (Detection
limits are; Atrazine=0.05, Dicamba=0.05, Metolachlor=0.05).

June 15, 1995 July 1995

Application date | Atrazine  Dicamba Metolachlor Atrazine Dicamba Metolachlor
G7F | Apr. 27 0.12 - 0.05 ND - 0.30
G9F1 | May 30 - - ND - - 0.30
G9F2 | May 30 - - ND - - 0.20
P4F June 5 - 0.57 ND - 0.10 0.10
T3F Apr. 24 0.16 - 0.22 ND - 0.20
T4F May 23 ND 0.082 ND ND ND 0.20

Soil samples were collected at a depth of 30 cm. While most samples had no
detectable pesticide residues, some temporal variation is apparent. Between 10 and 49
days after application, atrazine and dicamba are present more often in the first sampling
round than metolachlor (2 of 6 fields). More than one month after application, the second
sampling session shows the absence of atrazine and dicamba in three cases (G7F, T3F,
T4F). Dicamba is found at more than five times below its previous detection for P4F, thus
showing the positive downward migration. However, metolachlor begins to reach the 30
cm depth more than two months after application for all 6 fields. An inverse
proportionality exists between metolachlor and atrazine-dicamba. For fields sprayed with
a combination of metolachlor and atrazine/dicamba, the first sampling round shows the
presence of atrazine/dicamba at higher concentrations compared to the second sampling
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round, whereas one month later the presence of metolachlor is at higher concentrations.

Thus, the leaching potential of metolachlor is much lower than atrazine or dicamba.

In November 1994, six fields on the Raisin River watershed were sampled for
pesticides applied during the previous spring (1994) (Table 7.7; Fig. 5.2, p. 58).

Table 7.7 Pesticide results for field soils collected on November 30™, 1994,

Site Atrazine (ug/g) Metolachlor (ug/g) Application date
Detect. Limit=0.05 Detect. Limit=0.10

G2F 0.50 - June 1994

G3F 031 ND May 27, 1994
June 17, 1994

GS8F 0.50 - June 11, 1994

G9F1 0.13 ND May 11, 1994
June 2, 1994

P4F - 0.15 June 1. 1994

Of the six sampled fields, five register the presence of either atrazine or
metolachlor at a depth of 30 cm six months after application. The presence of atrazine
and absence of metolachlor is contrary to leaching potentials determined from Table 7.6.
Under similar conditions, residual metolachlor should be found more often than atrazine at
such a late time of year. The loss of metolachlor can be related to its degradation.

Metolachlor’s soil half-life is approximately 30-50 days. With a concentration of
0.6 pug/g during application periods (May), the metolachlor concentration in July would be

approximately 0.3 pg/g and would decrease to approximately 0.075 ug/g at the end of

November, which is below detection. Atrazine persistence is variable and has been shown
to remain in the soil system years after application (Smith, 1982).
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7.2.2 Contaminants in Tile Drainage Effluent

7.2.2.1 Nitrate

Nitrate levels in all five tile drain sites exceeded maximum nitrate concentrations in
bedrock wells (Table 7.2), in some cases by as much as 100 times (Table 7.8). Canadian
Water Quality Guidelines (CWQG) (1987) does not state a recommended limit for aquatic
life. However, reports of as little as S mg/L NO; can harm fish in freshwater environments
(CWQQG, 1987).

Nitrate is present in tile drainage effluent in increasing amounts during the spring
where concentrations gradually rise from April and peak in June (Table 7.8; Fig. 7.2).
However, fall fertilizer applications are practiced which is reflected in the elevated nitrate
levels during November 1994.

Table 7.8 Nitrate levels (mg/L) in tile drainage effluent (Note; rain is a cumulative reading of the last 7
s prior to sampling).

Date Rain (mm) T1 T2 T3 T4 GTT Avg  Cumulative
3-Jun.-94 11.6 36 41.8 - - - 227 454
17-Jun.-94 204 73 434 - - - 254 50.7
1-Jul.-94 353 3.0 589 - - - 310 619
23-Sept.-94 42 - 11.1 30.0 - - 20.6 41.1
7-Nov.-94 47.1 - - 682 - - 68.2 68.1
15-Nov.-94 24 1.89 - 55.7 4.0 - 205 61.6
16-Jan.-95 40.9 - 253 - - - 253 253
12-Apr.-95 21 41 36.2 41.6 1.7 - 210 835
15-May-95 21.2 1.7 - 62.1 6.0 - 253 75.8
13-Jun.-95 89 15.1 - 109.7 12.0 52.7 474 189.5

Rainfall appears to govem the amount of nitrate found in tile drainage effluent as
the first six readings show a positive correlation of r’=0.68 based on cumulative readings.
Concentrations in the spring of 1995 show no correlation with rainfall amounts, since
nitrate is inherently soluble given the slightest precipitation. Nevertheless, nitrate rises
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substantially into June (1995) as a result of rainfall persistence. Since nitrogen fertilizers
are applied in early to late April, the increases shown in Figure 7.2 are a reflection of the
high solubility and mobility of this contaminant.

Despite the high nitrate levels being diverted into the Raisin River, surface water
studies indicate dilution is taking place, as rates rarely exceed 7 mg/L NO;  (Watelet,
1996).
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Figure 7.2. Average and cumulstive nitrate leveks in tile dmainage cffluent for the
1994-95 ficld season.
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7.2.2.2 Phosphate

Dissolved hypophosphate (HPO,*) was found to be below the detection limit of
0.3 mg/L using liquid chromatography. However, a lower detection limit of 0.01 mg/L
was achieved for phosphate analyzed using a Hach DR2000 direct reading
spectrophotometer. Concentrations in tile drains T1, T3 and T4 ranged from 0.01 to 0.04
mg/L PO;> for May 1995 samples, and 0.01 to 0.02 mg/L for June samples. These
concentrations are at least one order of magnitude below the MAC for aquatic life.
However, actual phosphate levels in the system may be higher since it preferentially
adheres to suspended sediment rather than being incorporated in the aqueous phase.

7.2.2.3 Dissolved Organic Carbon

DOC levels in tile drain T1 are elevated in the spring of 1994, whereas site T2
shows a partial increase into the summer (Table 7.9). Increasing DOC concentrations at
site T1 are attributed to the flushing of organic carbon through the soil zone prior to
organic reduction. Site T2 was agriculturally active as com was planted during the spring
(Plate 5-2, p. 48). Prior to this, the field was tilled and the addition of fertilizers was
delayed allowing for more organic carbon to infiltrate the soil zone later in the season.
However, microorganic activity was stimulated and DOC levels dropped into the fall.
DOC levels compared to bedrock groundwaters also exceed the MAC for potable waters.
However, no groundwater quality objectives have been set for aquatic life.

Table 7.9 DOC results (mg/L) in tile drainage effluent (detection limit=0.2 mg/L).
Tl T2

Date T3
3-June-94 20.1 6.2 -
17-June-94 21.6 10.0 -
1-July-94 83 244 -

23-Sept.-94 <0.2 83 9.1
15-Nov.-94 <0.2 - -
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7.2.2.4 Pesticides

Several pesticides were selected for analysis in the tile drainage effluent, including
atrazine, metolachlor, and dicamba (4ppendix E4). Of the five sites selected for
monitoring (Fig. 5.1, p. 47), site T3 was found to be draining dicamba on May 30®, 1995
at 2.7 ppm, and June 13%, 1995 at 2.3 ppm. The levels are over 270 times the MAC for
aquatic life. Surface water samples collected during runoff and low flow periods indicate
the presence of metolachlor below water quality objectives in 3 of 130 samples (Watelet,
1996). Thus, pesticides entering the Raisin River were strongly diluted.

7.2.2.5 Trace Metals

Zinc is the only trace metal found with any regularity in tile drainage effluent
(Table 7.10; Fig. 7.3). It is found in pesticides and fertilizers (McNeely et al., 1979), but
may also be contributed from the alloy in tile drain pipe itself Zinc solubility is extremely
low, however increases with groundwater acidity. Concentrations are most common in
the fall and spring due to increased groundwater flow (Fig. 7.3). Levels surpass up to 14
times the acceptable concentration for aquatic life between September and November
1994, and up to 30 times the MAC in April 1995.

Table 7.10 Zinc concentrations (mg/L) in tile drainage effluent. Detection limit is 0.006 mg/L and MAC
for gatic life is 0.03 mg/L.

Date Collected Tl T2 T3 T4
3-Jun-94 <0.006 <0.006 - -
17-Jun-94 <0.006 0.010 - -
1-Jul-94 <0.006 <0.006 - -
23-Sep-94 0.153 0.172 0.424 -
15-Nov-94 0.250 - 0.247 0.262
16-Jan-95 - 0.749 - -
12-Apr-95 0.539 - 0.936 0.605
15-May-95 <0.006 - <0.006 <0.006

13-Jun-95 <0.006 - <0.006 <0.006
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Site T2 also shows appreciable quantities in January corresponding to an increase
in groundwater flow during the mid-winter thaw. Levels attain up to 25 times those
permitted for aquatic life. Despite the high levels of zinc in tile drainage effluent,
concentrations show diluted levels in the Raisin River, ranging from 0.007 mg/L to 0.025
mg/L (Watelet, 1996).
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Figure 7.3. Zinc concentrations in tie drainage effluent. MAC for
aquatic ife is 0.03 mg/ZL .

7.2.3 Contaminants in Sediment: Pesticides

Two sampling trips were performed for sediment from the Raisin River riverbed
along zones of agricultural activity. The first involved sampling four sites (G2S, G9S,
G138, T4S) for deep sediment and two sites (P4S, T3S) for shallow sediment (~5 cm) in
July 1995 (Fig. 5.5, p. 63). These were analyzed for pesticides including atrazine,
metolachlor, glyphosate, dicamba, and MCPA. The second sampling round was
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performed for sediment from a shallow standpoint (~10 cm) for 10 sites in October 1995
(Fig. 5.6, p. 64). Metolachlor was selected for analysis in these samples.

Resuits for the July sampling round indicate the presence of metolachlor in one of
four deep sites (G13S), and one shallow site (P4S) (Table 7.11). No other detectable
traces of pesticides were observed both in the July and October trips.

Table 7.11 Pesticide levels (ug/g or ppm) in Raisin River sediment for July and October 1995 sampling
rounds (nd=below detection).

July 1995

G2S GI9S GI3S GI4S G158 Gl6S GI7S T3S T4S P4S
Atrazine nd nd nd nd nd nd nd nd nd nd
Metolachlor nd nd 02 nd nd nd nd nd nd 0.1
Gilyphosate nd nd nd nd nd nd nd nd - -
Dicamba - nd nd nd nd nd nd nd nd nd
MCPA - nd nd - - - - - - -

October 1995

Metolachlor nd nd nd nd nd nd nd nd nd nd

Pesticide levels at site P4S (deep sediment) were 12 times over the MAC for
aquatic life, indicating metolachlor was discharging into the river. Site T3 (shallow
sediment) displayed levels that were 25 times over the MAC for aquatic life.

The presence of metolachlor at these two sites may be the effect of contaminant
loading in the watershed. Gradients are steep between the fields and Raisin River
elevation, contributing to increased groundwater flow in the spring (Plate 7-1, 7-2).

The presence of tile drains (G13F) confirmed by the owner may preclude any

contamimant migration to depth. However, the use of this pesticide during previous

cropping seasons is possibly leading to a long-term contaminant burden in the basin.
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Plate 7-1. Site G13S & P4S (Plate 7-2) showing the steep gradient between the Raisin River and adjacent
field. Note the corn above the river at both sites.

Plate 7-2. Site P4S is viewed from a bridge ~5 m high overlooking the Raisin River. Cornfield is sloping
towards the River (Cemetary Road, North Branch of Raisin River).
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Chapter 8: Conclusions

8.1 _ Groundwater Geochemistry

The geochemical evolution of groundwaters in the Raisin River basin can be traced
from the early stages of meteoric infiltration to the later stages of bedrock interaction.
Rainwaters show pH values of approximately 5.5 to 6.0 with major element
concentrations below 20 ppm with the exception of bicarbonate which is close to 50 ppm.
Tile drainage effluent shows that meteoric infiltration within the upper few metres of the
soil horizon becomes enriched in major chemical species as carbonic acid (H.COs) reacts
with soil carbonate. Field pH values rise to approximately 6.5. Groundwaters in the
limestone aquifer are buffered by further dissolution of calcite from bedrock. Here, pH
values rise to approximately 7.5 and groundwater geochemistry is enriched in calcium,
bicarbonate, and magnesium. All groundwaters are at saturation with respect to calcite.
Only groundwaters in the southeastern portion of the basin have reached dolomite
saturation, reflecting geochemical evolution within the dolomite bearing St. Martin

formation.

8.2 __Groundwater Recharge & Rates of Circulation

The surficial aquifer is responsive to individual recharge events as well as seasonal
fluctuations placing it at high risk for pollution during spring melt and storm events.

Bedrock groundwaters originate from a combination of regional recharge in

topographically elevated bedrock areas and local recharge from the infiltration of meteoric
waters through surficial sediments. Local recharge is supported by an altitude effect in
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deuterium values where higher elevated wells receive depleted 5°H values from meteoric

waters and lower elevated wells receive enriched 5°H values. In addition, watershed
deuterium values are enriched during the summer and more depleted during the spring,
showing the seasonality of meteoric recharge. Bedrock aquifer groundwaters show no
response in water level or 8°H following storm events. This reflects the regional extent of
this aquifer and that infiltration is through a thick unsaturated zone.

The variation in 8" Cpic shows that during the spring and summer, the dissolved
inorganic carbon (DIC) pool is influenced by agricultural sources or the action of root
respiration during com growth. During winter months, the groundwaters are

characterized by DIC of regional input. A dramatic shift in §°C was observed in February

1995 following a warm and rainy period. These fluctuations (positive shifts) in §*Cpic are
interpreted as evidence for periods of high rates of direct infiltration to the bedrock
groundwaters where DOC from cultivated areas is oxidized and dissolves the bedrock
medium.

Events such as spring runoff and winter thaws, which induce this increased
groundwater movement through the surficial aquifer, place the bedrock aquifer at high risk

for contamination during these periods. This strong seasonal variation in §“Cpc is

displayed by a parallel response in all wells.

8.3 Bedrock Aquifer Contamination Zones and Pathways

Areas of high groundwater contamination potential are situated in the northern and
western zones of the watershed. These areas are characterized by agricultural activity
overlying high bedrock topography, where the contaminant pathway would be shortened
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given the shallow nature of surficial sediments. Although agricultural activity is limited on
the north branch of the Raisin River, it is extensive along the main branch. This activity
and the high susceptibility to contamination along the westem part of the main branch is
reflected by the presence of elevated nitrate concentrations in well G2 throughout the
study period. Thus, zones of high bedrock topography intersecting major agricultural
areas pose a direct threat to groundwater quality in bedrock wells. In addition, §'3C
provides evidence for seasonal inputs to the bedrock aquifer by direct infiltration through
cultivated fields. This represents a diffuse source of agricultural contamination in bedrock

groundwater.

8.4__ Bedrock Groundwater Quality

The absence of agricultural pesticides, nitrate, and trace metals at contaminated
levels in domestic wells shows that bedrock groundwaters have good overall quality.
Atrazine, metolachlor, and several other pesticides were selected for analysis based on
their use in the watershed. The lack of pesticides at detection limits 2.5 times below the
MAC for potable water indicates the clear absence of pesticides in the bedrock aquifer.

Only one of 13 domestic wells showed the presence of elevated nitrate levels,
varying between 3.6 and 45.2 mg/L NO;". Concentrations were highest during the spring
and fall corresponding to increased groundwater flow rates. Several other wells displayed
the presence of nitrate, however concentrations remained well below the MAC of 45 mg/L
NOs’, ranging between 0.1 and 10 mg/L as N-NOs".

Maximum phosphorous concentrations were at least 5 times below the MAC for
potable water. Levels ranged between 0.01 and 0.04 mg/L as PO,~. These data represent
groundwaters collected during the spring of 1995 which is assumed to be the likely time of

year phosphorous would appear in domestic wells.
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Trace metals such as cadmium, lead, and aluminum were found to be below
analytical detection limits, aithough the limits available were above the MAC for potable

water.

Dissolved organic carbon (DOC) was found at concentrations exceeding the
aesthetic objective for drinking water by as much as 26 times, although most levels were
below detection. The presence of elevated DOC in the spring of 1994 corresponded with
increased infiltration rates, whereas lower concentrations were registered in the summer
and fall. Winter values were below the 0.5 mg/L detection limit. The presence of DOC in
the spring is attributed to the infiltration of agricultural by-products through the soil zone
as inactive microorganisms were unable to oxidize the organic matter passing though
surficial sediments. Despite the absence of pesticides, nitrate, and metals in the bedrock
aquifer, the elevated presence of DOC during the spring of 1994 may be interpreted as
demonstrating a potential pathway for pesticide infiltration to bedrock groundwaters.

8.5 _Agricultural Drainage & Contaminant Fate

The absence of agro-contaminants in bedrock groundwaters is contrary to the
findings in other watershed studies. Changes in agricultural practices over the past few
years have included the installation of tile drains in fields to improve spring runoff and
allow an earlier planting season. During the springtime and storm events when the water
table is high and tile drains are functioning, agro-contaminants migrating through the soil
column are intercepted by the tile drainage network and discharged directly into the Raisin
River.

Pesticides were detected in tile drainage effluent only in the early summer,

following late spring applications. Values were as high as 2.7 ppm or 270 times above the
MAC for aquatic life. In addition, nitrate detections were most frequent and at highest
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concentrations in the early summer, following fertilizer application periods.
Concentrations were as high as 10 times (110 ppm) over the acceptable concentration for
aquatic life. Trace concentrations of zinc, believed to originate from the tile drain afloy,
were found throughout the year, with increases in concentration observed for high runoff
periods in the winter and spring of 1995. Zinc levels attained up to 25 times above the
MAC for aquatic life.

Despite the observed tile drain effluent data, dilution in the Raisin River maintains
levels of pesticides, phosphate, nitrate, and trace metals below limits established for water
quality objectives.

The relatively high quality of bedrock groundwater can be attributed to tile drains
diverting agro-contaminants into the Raisin River during periods of high infiltration
following spring melt and storm events. Nonetheless, a component of bedrock
groundwater is recharged through the cultivated areas and represents a potential

contaminant pathway.

The presence of pesticides in the Raisin River sediments may reflect contaminant
loading from surface runoff and via tile drainage networks. Since pesticides are used
throughout this intensively cultivated watershed, and crop rotation is practiced every two
to three years, the system could be suffering from an overload of several years of pesticide

use.
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Chapter 9: Future Research

The previous research has attempted to answer a specific set of objectives based
on the contamination potential and groundwater quality of the Raisin River Watershed. In
dealing with these objectives, the following recommendations have been proposed for
future work related to this watershed.

9.1 _ Punctual Contaminant Discharges to the Raisin River

The paucity of measurable pesticide levels for this study is possibly due to the
flushing of contaminants from cultivated fields during spring melt in March. The Raisin
River overflowed its banks during this time of year inundating tile drain spouts and
preventing the sampling of effluent. Pesticide concentrations have been shown to rise
dramatically in river waters during the first few days of spring thaw, only to decline as
rapidly (Buttle & Harris, 1991; Richards & Baker, 1993). Thus, the ‘window’ for
contaminant monitoring is approximately two weeks. Since tile drains are direct
contributors of agro-contaminants to the Raisin River, they should be monitored more
closely for actual nitrate, phosphate, and pesticide levels.

9.2 Raisin River Sediment

The detection of metolachlor in Raisin River sediments raises an additional
question as to the actual source of the contaminant. Since one site found metolachlor at
shallow levels, and the other from a deep source, actual identification on the method of
transport is difficult. Several shallow sediment samples taken in the fall of 1995 showed
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no detectable quantities of metolachlor. Thus, the possibility of a loading effect taking
place, especially with a higher adsorptive pesticide, is a possibility. More detailed work is
needed on the confirmation of widespread detections and actual depths from surface.

9.3 Trace Metal Source

Detection limits available for lead and cadmium in groundwater were above the
maximum acceptable concentration standards imposed by Canadian Water Quality
Guidelines. Future analyses should include analytical detection limits that are lower than
water quality guidelines, in order to assess the presence of a metals contamination

problem.
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Appendix Al.1

Appendix Al.1. Groundwater temperature values (° C)

site 7-May94 21-May-94 3-fn-94 17-km-94 1-hul94  15-ful94  29-Rul-94 12-Aug94 26-Aug94 10-Sep-94
G1 44 39 2.5 - 4 48 5.1 73 9.7 95
G2 6.8 3.9 36 37 4 62 58 64 10.5 10.7
G3 6 39 38 37 37 37 39 41 9.8 99
c4 56 36 4 48 4 s 59 63 11.6 10.8
Gs 10.6 38 38 43 39 38 37 3.0 9.3 93
Gé 99 54 53 66 4 62 6.4 62 10.7 108
G7 3 32 4.1 47 3.7 47 - 64 11.6 12.0
Gs 39 39 42 46 37 45 46 45 9.4 95
G9 5.7 43 48 s.1 37 46 52 52 111 1.6
G10 56 36 39 43 4 48 40 - 10.1 103
ci - - - 48 37 72 82 7.0 12.4 105
Glla - - - 112 37 93 113 10.0 153 137
c12 - - - - - - 57 49 10.5 10.1
T1 - - 28 49 6.8 dried up - - - -
T2 - - 32 sé 37 dried up - - - -
T3 - - - - - - - - - -
T4 - - - - - - - - - -
P1 - - - - - 62 72 - 13.1 -
P2 - - - - - 145 14.8 - 213 -
P3 - - - - - 174 - - 26.5 -
P4 - - - - - 145 14.0 - 228 -
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Appendix Al.1 (continued)

Appendix Al.1

Site 23Sep-94 15094 15-Nov-94 15-Dec-94 15-Jm-95 1S-Fcb-95 15-Mar95 12-Apr-95 15-May95 13-hm-95
G1 12.0 9.8 89 - - - - - - -
G2 12.5 119 103 81 76 86 73 182 17.7 17.4
G3 114 1.1 105 88 10.1 84 79 180 17.6 175
G4 122 1.8 13 83 99 84 73 182 17.6 175
GS 113 10.1 93 9.1 119 84 79 182 17.5 174
G6 122 122 113 87 77 97 76 181 17.6 17.5
G7 109 99 10.1 73 81 9.8 S5 184 175 17.4
G8 10.6 93 9.0 17 105 104 56 182 175 17.4
G9 130 12.2 1.6 86 104 112 s4 183 176 17.4
G10 125 10.0 10.2 84 10.0 109 42 182 173 17.4
G11 13.0 1.4 10.0 93 123 1.4 42 182 176 172
Glla 153 sealed well - - - - - - - -
G12 10.6 100 10.1 10.0 1L1 L6 62 182 174 17.0
T1 15.5 dried up 99 - - - - 17.8 17.1 176
T2 - - - - 9.1 - - 179 - -
T3 15.6 dried up 87 . - - - 180 172 173
T4 - dried up 102 - - - - 17.7 174 17.3
Pl 14.4 122 10.7 - - - - - 17.5 174
P2 - 12.4 63 - - - - - 17.4 17.7
P3 16.0 88 10.1 - - - - - - -
P4 - 77 103 - - - - - 17.8 -
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Appendix A1.2

Appendix Al.2. Groundwater pH values

Site 7-May-94 21-May-94  3-lm-94 17-fm-94 1-ful-94 15-Jul-94  29-ful-94 12-Aug-94 26-Aug94 10-Sep-94

G1 691 7.10 7.15 - 7.54 7.09 772 - 7.69 156
G2 7.90 7.18 747 730 737 7.08 7.90 - 7.40 734
G3 7.16 721 7.08 7.20 746 6.80 7.69 - 7.44 723
G4 7.06 7.04 6.98 7.01 717 6.77 7.58 - 725 7.09
Gs 7.50 7.48 7.54 745 7.20 122 202 - 7.69 746
G6 825 230 8.53 8.62 8.59 8.08 9.0S - 8.67 842
G7 712 7.56 755 7.62 763 733 - - 7.82 7.7
Gs 7.10 732 7.00 737 726 693 755 - 7.41 741
G9 7.41 7.60 775 741 758 726 761 - 1772 7.56
G0 7.09 719 732 7.60 7.49 7.65 g1l - 1.5 7.54
cit - - - 6.95 701 6.69 747 - 7.28 730
Glla - - - 7.41 7.44 7.15 7.78 - 7.46 729
Gc12 - - - - - - 80S - 7.41 733
T1 - - 7.04 6.95 6.53 diedup  driedup - - -
T2 - - 712 6.70 6.82 diedup  driedup - - -
T3 - - - - - - - - - -
T4 - - - - - - - - - -
P1 - - - - 7.10 6.46 72 - 7.03 -
P2 - - - - - 7.10 814 - 7.45 -
P3 - - - - - 699 7.10 - 727 -
P4 - - - - - 7.04 782 - 7.20 -
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Appendix A1.2

Appendix A1.2 (continued)

Site 23-Sep-94  15-0a-94 15-Nov-94 15Dec-94 15-Jan-95 15-Feb-95 1S-Mar-95 1S-Apr-95 15-May-95 13-hm-95

Gl 794 750 750 - - - - - - -
G2 755 7.48 748 7.56 746 7.60 7.77 741 1.76 7.80
G3 7.66 733 733 746 745 732 757 734 7.77 791
G4 733 7.03 703 721 7.65 7.05 737 7.09 7.73 7.70
GS 7.86 747 747 7.63 749 7.50 783 7.61 795 8.02
G6 8.79 8.83 883 717 873 863 877 83s 8.17 8.16
G7 792 7.70 770 762 7.74 7.63 797 7.66 7.87 803
G8 747 7.16 716 742 738 722 759 738 7.76 8.09
G9 7.81 7.44 744 773 793 730 7.64 1.74 834 830
Gl0 792 7.65 7.65 8.03 821 8.28 A 7.50 7.86 8.08
Gl1 7.85 731 731 734 7.00 7.12 755 716 7.65 7.68
Glia 764 - - - - - - - - -
G12 7.63 756 7.61 757 733 723 7.68 742 791 7.90
T1 7.85 - 7.04 - - - - 723 7.60 7.65
T2 - - - - 741 - - 742 - -
T3 792 - 812 - - - - 7.81 7.59 7.80
T4 - - 8.04 - - - - 750 7.49 798
P1 7.19 7.12 7.00 - - - - 764 736 7.36
P2 - 8.47 8.06 - - - - - 868 8.00
P3 7.58 731 724 - - - - - - -
P4 - 8.00 755 - - - - - 1.79 -
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Appendix A2.1

Two solutions are needed in the actual titration of the sulphburic acid titrating
cartridge. The first solution is reducing a concentrated volume of sulphuric acid (36N)
into a dilute concentration of sulphuric acid such as 1.938N, which will actually be our
titrating acid during the bicarbonate alkalinity tests of our sampled groundwater.
However, the purpose of the acid titration is to accurately assess the concentration of the
sulphuric acid, which we have stated here to be 1.938N. In order to do this, we need a
second solution consisting of sodium bicarbonate (NaHCOs), which will be the titrated
solution.

A2.1.1 Sulphuric acid titrating solution preparation

The preparation of the titrating sulphuric acid solution involves diluting a
concentrated volume of sulphuric acid (36N) to a desired acid concentration, which we
have stated would be 1.938N. Going back to our standard chemistry, we can use the
relation the following relation to determine the total volume of concentrated acid we
should use;

Mlvl = Msz

where; M, =the concentration of concentrated acid (36N)
V=the volume of concentrated acid
M=the concentration of the dilute acid (1.938N)
Va=the volume of dilute acid

For example, if we want to make the total volume of dilute acid 1000 mL (V.), we
would need 53.8 mL (V,) of concentrated H,SO, poured into a 1L volumetric flask,
topped up to LL with deionized water to give a concentration of 1.938N to our diluted
sulfuric acid solution.

A2.1.2 Sodium Bicarbonate solution preparation

-add 13.7706 g of NaHCO; to a LL volumetric flask

-top up flask with deionized water to 1L mark

-concentration of NaHCO; solution is now 0.164 mole/L or 0.164N through
the following conversion
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Appendix A2.1

_ _13.17g/LNaHCO,
(NaHCO,) = 84.01g/moleNatCO;

(NaHCO,) = 0164mole / L

A2. 1.3 Sulphuric Acid Titration

The titration of the “1.938N" sulphuric acid involves filling a 50 mL burette with
the titrating sulphuric acid. The burette is held approximately 10cm above the surface
area. Beneath the burette is placed a magnetic stirrer upon which is placed a 50 mL
beaker containing 10ml of the prepared NaHCOQ; solution and a magnetic teflon bar. The
stirrer is turned on so that the NaHCOs begins to swirl enough so that mixing occurs but
no splashing. The end of the burette is adjusted so that it is placed a centimeter or two
above the top of the beaker. Two drops of bromecresol green methyl red indicator are
added to the NaHCO; solution. The initial volume on the burette is noted, and it is
subsequently opened so that sulphuric acid is ejected into the beaker while the magnetic
stirrer swirls the contents. Eventually, the color of the solution changes from green to
pink, at which time the endpoint is reached and the burette is clamped shut. The final
volume is noted on the burette, and the difference with the mitial volume gives the amount
of sulphuric acid used to reach the titrating endpoint. Table Al displays the results of the
titration experiment.

Table Al._Results of Sulphuric acid titration using NaHCO; as the titrated solution.

Vi M, V> M,
Assay Vol. NaHCO; (mL) [NaHCO;] N Vol. H.SO, (mL) [H;SO4 N
1 10 0.164 84 1.952
2 10 0.164 8.5 1.941
3 10 0.164 8.5 1.941
4 10 0.164 8.8 1.864

The concentration of the titrating sulphuric acid is measured using the relationship,

M[Vl = Msz

In Table Al, we see that the concentration of the titrating acid varies between
1.864N and 1.952N. The average of these results gives 1.925N H,SO,, which is close to
the stated objective of 1.938N. Thus, the concentration of the sulphuric acid that we
made up for the bicarbonate alkalinity measurement of our groundwater samples will be
1.925N.
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Appendix A2.2

I lix 42.2. Bicarbonate Standard Chech

In order to verify that our titration and the acid are functioning well, we do a
bicarbonate standard verification much in the same way as Appendix A2.1. The process
involves the preparation of a bicarbonate standard solution which can be readily prepared
following Appendix A2.1.2. A 108.2 mg/l standard bicarbonate solution was prepared for
this work’s convenience. Using the 1.925N sulphuric acid cartridge and the Hach
titration, SOml of bicarbonate standard was placed into a beaker with bromecresol green
methyl red indicator, and titrated. Table A2 displays the results for 3 assays tried on April
18, 1995.

Table A2. Background check of bicarbonate standard performed to establish error on sulphuric acid,
April 18, 1995.

Assay Vol. H,SO;4 (ml) [HSO4N Vol. HCO,” (ml) [HCOs] mg/i
1 0.045 1.925 50 105.7
2 0.0475 1.925 50 111.6
3 0.04625 1.925 50 108.6

Taking the average bicarbonate value gives 108.6mg/l. The standard deviation
between assay 1, 2, and 3 is 44mg/l. Thus, the error attributed to each groundwater

sample can be +4.4mg/l.
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Appendix A2.3. Groundwater alkalinity values (mg/L HCO ;")

Site 7-May-94  21-May-94 3-hmn-94  17-Fan-94 1-Jul-94 1S-Jul-94  29-Ful-94 12-Aug94 26-Aug94 10-Sep-94
G1 366.0 3599 3294 - 294.0 291.6 2708 281.8 294.5 282.7
G2 331.8 366.0 394.1 386.7 389.2 4002 3550 3514 3400 3493
G3 33s.5 3318 3550 386.7 358.7 369.7 369.7 355.0 3463 336.0
G4 501.4 461.2 4819 459.9 508.7 427.0 4404 4575 4573 436.6
G5 242.8 245.0 2428 2623 279.4 2623 2586 256.2 2738 266.4
G6 228.1 209.8 2062 2111 2123 205.0 214.7 215.9 225.0 217.6
G7 336.7 3453 341.6 3404 336.7 342.8 350.1 s 4159 324.1
G8 3135 292.8 290.4 2952 2989 285.5 308.7 2879 2879 300.4
G9 3453 372.1 3453 356.2 363.6 350.1 3575 3562 3582 361.1
G10 397.7 361.1 3652 3245 366.0 3148 3160 3074 3182 2975
Gl1 - - - 623.0 6442 541.7 549.0 500.2 479.5 4322
Glia - - - 3245 50s.1 416.0 406.3 3819 403.8 482.5
G12 - - - - - - 3465 350.1 3419 3493
Tl - - 3074 359.9 363.6 dried up - - - -
T2 - - 239.1 228.1 244.0 driedup - - - -
T3 - - - - - - - - - -
T4 - - - - - - - - - -
P1 - - - - 417.0 402.6 394.1 4075 433.6 398.1
P2 - - - - - 3928 3928 - - -
P3 - - - - 383.1 402.6 316.0 329.4 3138 3226
P4 - - - - - - 200.0 183.0 2368 219.7
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Appendix A2.3 (continued)

Site 23-Sep-94 15094 15-Nov-94 15-Dec-94  15-Jan-95  1S5-Feb-95 15-Mar9S 15-Apr95 15May-95 13-Jm-95

Gl 284.2 2723 281.2 - - - - - - -
G2 3789 3522 398.1 361.1 3759 364.1 3434 3493 374.1 2745
G3 3226 353.7 3552 3374 373.0 3286 3434 3286 3514 306.7
G4 4262 4499 583.1 589.0 4499 444.0 447.0 500.2 463.6 442.1
GS 2472 260.5 3152 2782 278.2 293.0 2486 281.2 239.1 2708
G6 213.1 2013 2220 251.6 207.2 2190 2042 219.0 217.6 194.7
G7 3256 340.4 3522 3315 3463 3256 307.8 3374 336.7 329.6
G8 293.0 319.7 3256 3019 3138 293.0 2782 304.9 285.5 284.0
G9 368.5 3789 3685 361.1 266.4 3226 3404 3789 3074 3309
G10 3078 330.0 3404 2309 254.6 219.0 310.8 381.8 341.6 300.1
Gl1 449.9 367.0 482.5 5328 74.0 4470 400.0 4973 497.8 466.0
Glla 316.7 - - - - - - - - -
G12 356.7 384.8 3863 3493 3374 3315 3226 3582 3221 3486
Tl 3212 - 390.7 - - - - 3226 3294 292.8
T2 122.8 - - - 65.1 - - 2338 - -
T3 296.0 - 3123 - - - - 316.7 2782 205.0
T4 - - 4203 - - - - 393.7 3972 380.6
402.6 430.7 461.8 - - - - 3939 3489 424.6
P2 296.0 2782 2782 - - - - 259.0 234.0 2664
P3 3300 370.0 3582 - - - - - - -
P4 2200 1983 389.2 - - - - - 4929 -
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Appendix A3

Appendix A3. Groundwater conductivity values (ms/cm)

Total dissolved salids (TDS)=conductivity*0.5/1000

Site

7-May-94 21-May-94  3-hm-94

17-Jun-94

1-Fal-94

15-Jul-94

29-Jal-94

12-Aug 94  26-Aug-94

10-Sep-94

G1
G2
G3

GS

G7

G9
G10
G11

Glla
G12

Tl

T2

T3

T4
P1P

P3P
P4P

0.685
0.553
1L.15
0412
0.398

0.469

- 0503
0.544 0523
- 0987
- 0428
- 0397

- 0481

0514
0.522

141

0920
0.633
0.697

0.480
0.741
0573
0996
0.437
0410

0.459

0922
0.597
0.708

0.481
0.652
0.564
1.034
0.422
0.396

0.483

0473



Appendix A3 (continued)

Site 23-Sep-94 150294 15Nov-94 15Dec94 1S-Jan-95 15Feb-95 IS-Mar95 1S-Apr-95 15-May95 13-fm-95
G1 0.56 0.55 0.56 - - - - - - -
G2 0.76 0.75 0.80 0.77 0.69 0.80 0.80 0.81 0.829 0.817
G3 0.64 0.66 0.65 0.64 0.60 0.67 0.76 067 0.681 0.664
G4 1.06 LIl 1.32 1.30 098 124 1.20 122 1213 1.262
GS 0.47 0.46 0.54 0.50 0.49 051 0.51 047 0.466 0.494
G6 0.41 0.40 041 039 038 042 044 0.41 04 0.386
G7 0.58 0.57 058 0.60 0.57 0.66 0.59 0.6S 0.61 0.62
Gs 0.55 0.55 057 0.58 057 0.60 062 0.59 0.56 0.556
G9 092 0.93 091 098 0.67 094 0.99 1.01 0.79 0972
G10 0.59 0.59 0.62 063 0.48 0.64 0.68 0.75 0.69 0.631
c11 0.86 0.75 091 1.06 0.14 1.04 1.04 1.02 1.02 1.03
Glia 0.81 - - - - - - - - -
c12 0.7 0.76 0.77 077 0.74 082 0.84 082 0.80 0.765
T1 1.05 - 1.21 - - - - 075 099 1.022
T2 - - - - 0.20 - - 058 - -
T3 0.57 - 0.61 - - - - 0.60 061 0.646
T4 - - 0.88 - - - - 099 097 0.831
P1P 0.78 0.77 0.79 - - - - 038 0.76 0.739
P2P - 0.44 0.4S - - - - - - -
P3P 0.59 0.62 0.74 . - - - . - .
P4P - 0.86 0.90 . - - - . - .
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Appendix C1

I lix CL._Deuterium Extraction Proced

The method used for the extraction of deuterium from water is taken from the
Ottawa-Carleton Geoscience Center Stable Isotope Facility where the extractions were
performed on a deuterium extraction line. The method is as follows:

At the Beginning of the Day:

-dump water that has collected in the liquid nitrogen trap from previous day’s work
-fill liquid nitrogen (LN:) trap with LN,

-turn on power bar so heater is engaged

-turn on water tap so there’s continuous flow

-open oxygen tank for blowtorch

Extraction Procedure:

-select 10 breakseals of approximately the same length

-take zinc vessel and check to see if the vacuum has been breached

-if vacuum gauge reads >100mT, wam lab technician. Zinc may be spoiled since moisture
has been in contact with it for an extended period of time.

-weigh between 100 and 110mg of zinc on scale and dump into a breakseal. repeat for the
other 9 breakseals.

-once this is done, reattach zinc vessel to a vacuum line for 5 minutes making sure
atmospheric pressure is completely out of the vessel. After 5 minutes, store zinc vessel
back in cupboard.

-attach breakseals to deuterium line and then open all ports (black valves on top of
extraction line)

-wait for line to heat up to between 90 and 100°C. Once line is > 90°C and vacuum gauge

reads <30mT, heat zinc for each breakseal using blow torch (gas only, no oxygen) until
zinc begins to sublimate. All ten breakseals should take approximately 30 minutes to
complete.

-once all ten breakseals have been heated, wait 30 minutes.

-place styrofoam cups under 5 of the 10 breakseals, using ports 1,3,5,7, and 9. We can’t
use all ten ports at the same time because there isn’t enough room for all ten styrofoam
cups.

*-close vacuum valve for port 1, and fill styrofoam cup with LN..

-using 10yl syringe, inject 3l of sample water quickly into port 1 and retract syringe.

~clean syringe by filling twice to 10pl mark and then twice to 6l mark with high grade
acetone ejecting acetone each time onto a kimwipe. Insert syringe into drier. Open
plunger for 10 seconds, and then pump the plunger slowly two consecutive times, leaving
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plunger open at 9ul at the end of the second time. Leave syringe in drier until vacuum
gauge drops to 30mT or less. Pump plunger all the way to the Oul mark and wait for

vacuum gauge to read <15SmT. Eject syringe from drier
-repeat from step * for ports 3,5,7, and 9.
-once odd number ports have been used up, open port 1 to evacuate non-condensable

gases and note if gauge reads 2SmT. Wait until gauge drops to base level before closing
port again. Repeat for ports 3,5,7, and 9.

**-seal breakseals with blowtorch (using oxygen this time)

-place empty styrofoam cups under ports 2,4,6,8, and 10 and repeat from step * until step
Ak %

-Once all ten breakseals have been sealed, repeat for next batch from the start of the
Extraction Procedure section.

Meanwhile...

~-for 10 extracted breakseals, mark them accordingly using high temperature marker and
place them in the oven at 500°C for 30 minutes. This procedure can be performed during
the 30 minute wait (above) after zinc in second batch has been sublimated.

-place in freezer until ready to analyze on gas source mass spectrometer.

At the End of the Day,

-turn off power bar, water, and oxygen tank.

~lower LN, trap

-any breakseals that haven’t been heated in oven should be placed in freezer until next day.
-clean up work area
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Appendix C3

Procedure

The DIC extraction procedure is taken from the Ottawa-Carleton Geoscience
Center Stable Isotope laboratory where the extractions were performed. The procedure is
as follows;

At the Beginning of the Day:

-fill pump trap with LN,

-prepare two -80°C ethanol baths: one in a medium-sized dewar, the other in a small
dewar

-assemble sample vessel (with H;PO, in neck) to vacuum line along with a new breakseal,
then open valves for pumpdown

-for each sample, calculate the ml of water required to obtain 50umol CO, as follows:
-divide 3050 by the sample’s alkalinity in mg/1 bicarbonate

-fill out sample info in book

-open oxygen tank for blowtorch

-turn on drying oven to 150°C

-when vacuum is good, check line for leaks

-place large -80°C bath around large U trap

-close valve W1

-remove sample vessel from line

Extraction Procedure:

**.fill side-arm of sample vessel 1/3 full with 85% H;PO,

**.attach vessel to line, with its valve open

**.close P2 (P1 remains open)

**.open I1, W1 to evacuate sample vessel. A good vacuum may not be reached because
the acid contains water; the goal is only to get rid of the air in the line.

9€-when the vacuum is good, or when the acid begins to boil, close P! to check for leaks.
If there are no leaks, reopen P1 and close the vessel valve

-inject sample using both hands-one to steady the vessel

-close W1

-remove vessel from line. Tilt to acidify the sample, shake well. Retum to line.

-open W1 to evacuate the portion of the line that has been open to atmosphere. Wait until
gauge C1 goes down to base level. Meanwhile, rinse syringe with distilled water, dry with
Kimwipe

-install LN; bath on large U-trap so that only 1-2cm of the trap are covered

-close P1, open P2, B1 to evacuate the breakseal
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-open vessel valve-gauge C1 will indicate near-atmospheric pressure. Watch for CO, ring
to appear. Let transfer 2 minutes, covering ring by only lcm after first minute

-when transfer is complete, close P2. Open PT to evacuate non-condensable gases
through the trap. Another set of CO, and H,O rings will form in the trap as the vacuum
pulls any remaining gases from the reaction vessel. When gauge C1 slows down, close I1
and W1

-check temperature of large ethanol bath; add some LN; if necessary

-let gauge C1 go down to base level, then close I2, PT. Make sure that all the sample
rings are covered

-install styrofoam cup under small U-trap and fill with LN,

-open TD1 and let transfer 2 minutes covering ring after first minute. Meanwhile, remove
sample vessel, degrease neck, rinse with hot water, then 3 times with distilled water.
Shake well, place in 150°C oven to dry.

-close TD1. Remove small ethanol bath from line and put back on Cryocool, or check
temperature and add LN, if necessary. Warm up both U-traps with blowdrier. Note
digital gauge reading and use table to determine yield

~close P2. check for leaks in breakseal. If 0.K. open P1, I2

-place styrofoam cup under breakseal, fill with LN,

-open TD2 and let CO; transfer for about 2 minutes, covering ring with LN, after first
minute. Meanwhile, do **.

-close TD2. Seal off breakseal with blowtorch, close B1, and change breakseal.

-extract next sample beginning at 3¢

At the End of the Day:
-turn off oxygen tank, gas and oxygen faucets, and cryocool

-cover ethanol baths
-remove water trap from line, degrease neck and pour out water

188



dix C4

LE'EL- - - - - 88Tl sh'vl- - se-ung-g|
- - - - - 1L°El- - - . - zeel- btel- - S6-AvN-C 1
- - - - - 6£'cl- - - - - 60'11- 1£21- - se-1dv-zi
£6'cl- - - - - €Ut - - - - £€S1- £8'11- - S6N-S1
- - - - - e - - - - 6€'L- 8Z'8- - S6-44-91
0S'v1- - 60°¢1- L LO'El- 88'¢l- £LE1- 99'11- 6r'eEl- z6'11- £hel- 6L'El- - S6-wr-9(
6L'el- . sTHI- 08's- stpl- seel- 09'¢l- 61°T1- 0s'el- Lt 08'z1- SE'El- - ¥6-0Q-+1
p6'll- - 9l oTTl- Lo'el- ov'ol- se'tt- 96'L: ALY 9Tt~ Wii- £6'01- L6'6 $6-AON-C1
89'01- - 9T'L- si'ot- L6111 06'8- 6ot~ 6€'L- 44 €8'8- 088 666 81’6 6ROl
6101+ L8'1- $0'8- 9b'6- 88'01- 0£'6- $0'6- 8b'L- L's- SL'6- st'ot- Lé'ot- L8t ¥6-bS-€T
- - - - - 8T'01- - - - - L601- 6T'11- - ¥6-Bny-z1
et st sTEl- 66'T1- 18'zt1- 0601- - z6'ol- wit- 0901~ 9€'11- SE'TL- ££°01- $6-1-62
- £9'b1- 6L'E1- $6'T1- 8LTI- $9'6 10'01- 18'6- oLot- £0'0l- 6’6 9W'Tl- sh'6 v6-ne-|
- SETL- shit- ot'ot- Lo'1- 16~ L. 80'8- 61'6 06'01- 'l 'zl - pvemy-L
- - - 96'¢1- 9L'bl- 98'€l- L6'El- ¥6'01- +6'T1- T0°€l- LYEl- (ANAE e91- p6-umy-g
. - - LTSt ZA 40 el €6el- stt- 00'€l- sLtt- +9'El- 86¢1- 88'¢1- v6-AoN-0T
- - - ir'si- php1- LY'El- 65'8- ot'l1- wen- £6'Tl- 9€'€El- 8S'vl- LYst- v6-AoN-L
ao i no o1 69 8D Lo 9D $O $O €0 49 19 oreq
1A [P

(9%) SI{NS2.4 U0GIDO OIUDSAOUI PIAJOSSID A2]DADUNOID)

¥ Xipuaddy

189



Appendix C4

- - - s6-mr-gl
. - - s6-AeN-51
. - . seady-z)
- - - S6-mN-S1
- . . S6- 491
- - - S6-1e-9]
- - - $6:090-+1
sc't- +o'El- 1eet- t6-A0N-§ |
we 0z'01- 86'11- $6-POb1
89'8- 1v's 1€ y6-dbs-€7
- - . p6-ny-z(
é6'01- oL'zl- cret- $6-e-62
£2'L- - LTl 61
- - - v6-my-L]
. - - $6-m(-¢
- - - $6-AeN-07
- - - b6-ReN-L

Jai®

td (7 14 %eq
D@

I8 A\ dBeuIBA(Q I,

JBA\ ILIIWOZINY

(ponutiuos) p) xipuaddy

190



r
£

S6-my-g] S6-m-gl . an an an s6-mp-g
- - S6-AUN-¢1 - $6-AeN-g1 an aN anN aN $6-AupN-g1
- $6-3dv-g( - s6-1dy-T1 aN an aN 00'01 s6-1dv-Z1
S6-N-51 $6-RIN-G1 an aN an aN SG-FN-S1
- - - $6-91-91 . - $6-994-91 00°'11 an an 06t $6-P4-91
ov's - S6-m(-9] - S6-mf-91 ol'Ll 0T'6 (144 or'el $6-mr-9]
- . - ¥6-09-+1 - v609Q-b1 an aN an aN p6-9Q-b1
aN - aN p6-AON-S1 an 00'6 ¥6-A0N-51 an aN an aN $6-AON-§1
- - . $6-P0H1 aN aN ¥6-00 b1 aN aN aN an v6-PO-t1
ot'e ot an v6-bs-£T or'ot oL'é ¥6-®s-€7 an aN aN aN p6-dos-£7
- - . $6-8nv-97 a4 zL9 $6-8nv-97 099 059 oust 0s's p6-Buy-or
- p6-Sav-z1 - - y6-Buy-z1 - - - - t6-fny-zi
- - $6-IMg-67 ooy or'st ¥6-IMf-67 oL'E or'L oL'E oLy v6-In-67
ob'bT oc's 61 - . #6-I4~1 00's 0611 06'€ 0t'6 $6-Ing-1
00°01 09'12 v6-ony-L] v6-mp-L] - - - . p6-my-L |
- 0z9 oroz b6y - . p6-umy-g o1zl 0897 09'6 06'vl p6-ump-¢
- $6-£UIN-0T - b6-KON-0T - - - - b6-AUN-0Z
- - - v6-AEN-L, - P6-AuN-L 06'LT or'sy ob'oL ob'€El p6-RUN-L
£L <L 1L oreq td u eq 6D 8D £ (4] seqg
204 204
JNBA B\
oua-__w..n— ML LPPWOozING e IPAA

|

(1/3u] s1nsa4 u0qivo

J1UDBI0 PAAJOSSIP JaipmMpunossy  q xipuaddy

191



Appendix E1

Sediments

Soil and sediment samples were collected and sent to Accutest Laboratories for
herbicide analysis. Two extraction procedures were used depending on the analyte in
question. They are described as i) comventional solvent extraction, and ii) soxhlet
extraction.

Conventional Solvent Extraction

This has been the most widely used method for pesticide extraction from soils,
however, is becoming phased out by many labs due to its extremely long procedure. The
extraction process is as follows;

-30g of sample soil is weighed into a 250ml beaker

-Na,S0O; is added in copious amounts to the soil in order to absorb any moisture within
the soil

-the two are mixed thoroughly and any large soil chunks are broken up using a spoon

-the beaker is set aside for 20 minutes to let any residual moisture absorb to the Na,SO,.

Meanwhile, the extraction colunm is set up as follows:

-using a glass rod, glass wool is inserted at the bottom of the extraction column

-20g of activated fluorosil is poured on top of the glass wool in the column

-1 inch of sodium sulphate (Na,SOs) is poured on top of the fluorosil

-a beaker is placed beneath the column and 100ml of methylene chloride is poured in the
column with the valve open. This is to allow the column time to saturate itself

-when the solvent level reaches 1mm above the sodium sulphate, the valve is closed

-any solvent collected in the beaker is discarded as waste

-taking the 250ml beaker, the mixture is stirred again using the same spoon

-5ul of DBOB (Dibromooctafluorobiphenyl) and 5ml of DCAA (Dichlorophenylacetic
acid) are added to the soil as surrogates, which will measure the amount of return when
analyzed on the GCMS.

-a 500ml 50/50 solution of high grade acetone and methylene chloride is prepared
**-100ml of the 50/50 solution is added to the beaker where it is subsequently placed in
an ultrasonic bath for 5 minutes

**-the solvent is then poured out of the beaker into a separatory funnel containing a
Whatman no.41 filter paper under which is placed a round bottom flask.

-** is repeated two more times

-at the end of the third 50/50 solvent addition, the soil in the beaker is poured into the
separatory funnel and another 100ml of 50/50 methylene chloride is added.
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-once the remaining solvent has decanted, the round-bottom flask is placed on a roto-
evaporator where the volume is reduced to approximately Sml.

-using a glass pipette, empty the Sml from the round-bottom flask into the already
prepared extraction columm. Keep the round-bottom flask near the extraction column.
-prepare 200ml solutions of 6%, 15%, 50%, and 100% ethyl ether in methylene chloride
using 500ml graduated cylinders.

€ -place a clean round-bottom flask under the extraction column. Label it “6%”.

-take the 6% ethyl ether solution and rinse the round bottom flask previously used.
Slowly pour the contents of the round-bottom flask into the extraction column opening
the valve at the same time. Pour the remaining 6% ethyl ether solution into the extraction
column.

-When the level reaches the top of the Na;SO,, close the valve, and remove the now
almost full round-bottom flask.

-roto-evaporate the “6%” round-bottom flask until approximately Sml of solvent remains.

-repeat for the 15%, 50%, and 100% ethyl ether solutions starting at Q. Ignore the ‘rinse
the round-bottom flask previously used’ caption.
-Once all four fractions have been roto-evaporated, copper cleaning is required

Copper Cleaning...

-clean the copper powder using a IM solution of hydrochloric acid umtil the copper
becomes very bright in colour. Discard the hydrochloric acid as waste, and rinse the
copper with high grade acetone at least twice to remove any water present.

-transfer each of the four fractions to separate 10ml graduated cylinders using glass
pipettes. Label them accordingly. Do not use the same glass pipette for the four
fractions, otherwise contamination occurs.

-using a very small spoon, transfer some of the cleaned copper to each graduated cylinder
and place in sonic bath for 2 minutes.

-roto-evaporate each fraction to below 5ml and then add methylene chloride to exactly the
5ml mark for each fraction. Transfer the contents of each fraction to small Sml glass vials
labeling each vial with the appropriate fraction.

-Sample is now ready for analysis on GCMS.

Saxhlet Extraction
This extraction procedure uses a condensation method where a Soxhlet column is
used for analyte extraction. The column is divided into three sections (bottom figure); i) a

condenser is situated at the top where the solvent originates, ii) the Soxhlet extractor is
placed beneath the condenser where a porous glass thimble is incorporated, iii) at the
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bottom of the column is situated a heater upon which is placed a round bottom flask
where the analytes are collected.

The sample is placed in the glass thimble and a methylene chloride solvent
originating from the condenser is passed through a funnel containing sodium suifate. The
Soxhlet extractor is filled with solvent, soaking the porous thimble. The heater is tumed
on and the solvent vapours begin to condense and drip from an inner tube into a round
bottom flask. Analytes present within the soil are leached by the solvent where they are
collected into the flask. When the solvent in the Soxhlet extractor has completely
vapourized, the collected solvent-analyte solution is heated above the boiling point of the
solvent to reduce the volume present. This remaining solution is then transferred to a
secondary flask where it is concentrated down to a lower volume. The sample is then
ready for analysis on the Varian GCMS.

/ solvent vapours
condenser —_—)
funnel —>|
saxhlet extractor | / %
| o
[~ 1
thimble o o
[o]
o © I
@]
&/ L
\ /v
0
0
round bottom
flask EEE—— warm candensed
solvent
heater > \
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Appendix F1. Autocorrelation statistics for water level.

Note: Biased function was used to construct Fiﬁuxe 6.2.

Well G2
Autocovariance Autocorrelation
Observ.  Water L. Perturbation Lag# #pairs  (unbiased) (biased) | (unbiased) (biased)
15-Jul-94 58.06 0.56533 0 15 040613 043514 0.9333 1.0000
29-Jul-94 57.70 0.20533 0.5 14 0.42098 0.42098 0.9674 0.9674
12-Aug-94 57.22 -0.27467 1 13 0.33105 0.30741 0.7608 0.7064
26-Aug-94 56.82 -0.67467 1.5 12 0.28993 0.24851 0.6663 0.5711
10-Sep-94 56.52 -0.97467 2 11 0.16687 0.13111 0.3835 0.3013
23-Sep-94 56.63 -0.86467 25 10 0.16451 0.11751 0.3781 0.2700
15-Oct-94 56.44 -1.05467 3 9 0.01342 0.00863 0.0308 0.0198
15-Nov-94 57.10 -0.39467 4 8 -0.14244 -0.08140 | -0.3273 -0.1871
15-Dec-94 57.80 0.30533 5 7 -0.23953 -0.11976 | -0.5505 -0.2752
15-Jan-95 57.85 0.35533 6 6 -0.24886 -0.10665 | -0.5719 -0.2451
15-fev-95 57.72 0.22533 7 5 -0.14348 -0.05124 | -0.3297 -0.1178
15-Mar-95 57.81 0.31533 8 4 -0.00727 -0.00208 | -0.0167 -0.0048
12-Apr-95 58.34 0.84533 9 3 0.05351 0.01147 0.1230 0.0264
15-May-95 58.47 0.97533 10 2 0.09607 0.01372 0.2208 0.0315
13-Jun-95 57.94 0.44533 11 1 0.17827 0.01273 0.4097 0.0293
Well G4
Autocovariance Autocorrelation
Observ.  Water L. Perturbation Lag## fipairs  (unbiased) (biased) | (unbiased) (biased)
15-Jul-94 64.35 -1.656 0 15 1.2289 1.3166 0.9334 1.0000
29-Jul-94 64.27 -1.736 0.5 14 1.2738 1.2738 0.9675 0.9675
12-Aug-94 64.69 -1.316 1 13 1.0871 1.0094 0.8257 0.7667
26-Aug-94 64.68 -1.326 1.5 12 1.1309 0.9694 0.8590 0.7363
10-Sep-94 64.70 -1.306 2 11 0.9269 0.7283 0.7040 0.5532
23-Sep-94 66.00 -0.006 2.5 10 0.9689 0.6920 0.7359 0.5256
15-Oct-94 66.05 0.044 3 9 0.5814 0.3738 0.4416 0.2839
15-Nov-94 66.65 0.644 4 8 0.0943 0.0539 0.0716 0.0409
15-Dec-94 67.01 1.004 5 7 -0.6053 -0.3027 -0.4598 -0.2299
15-Jan-95 67.57 1.564 6 6 -0.8905 -0.3816 -0.6764 -0.2899
15-fev-95 66.58 0.574 7 5 -1.4455 -0.5162 -1.0979 -0.3921
15-Mar-95 67.23 1.224 8 4 -1.6890 -0.4826 -1.2829 -0.3665
12-Apr-95 66.89 0.884 9 3 -1.7324 -0.3712 -1.3158 -0.2820
15-May-95 66.64 0.634 10 2 -1.5377 -0.2197 -1.1679 -0.1668
13-Jun-95 66.78 0.774 11 1 -2.0269 -0.1448 -1.5395 -0.1100
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Well G5
Autocovariance Autocorrelation
Qbserv. Water L.  Perturbation Lag# #ipairs  (unbiased) (biased) | (unbiased) (biased)
15-Jul-94 85.55 0.25 0 15 0.6174 0.6615 0.9333 1.0000
29-Jul-94 85.20 -0.10 0.5 14 0.6601 0.6601 0.9980 0.9980
12-Aug-94 85.16 -0.14 1 13 0.3047 0.2830 0.4607 0.4278
26-Aug-94 8441 -0.89 1.5 12 0.3201 02744 0.4840 0.4148
10-Sep-94 82.75 -2.55 2 11 0.1346 0.1057 0.2035 0.1599
23-Sep-94 85.24 -0.06 25 10 0.1379 0.0985 0.2085 0.1489
15-Oct-94 85.28 -0.02 3 9 -0.0697 -0.0448 -0.1054 -0.0678
15-Nov-94 85.79 049 4 8 -0.2848 -0.1627 -0.4306 -0.2460
15-Dec-94 8591 0.61 5 7 -0.3046 -0.1523 -0.4606 -0.2303
15-Jan-95 85.88 0.58 6 6 -0.2354 -0.1009 -0.3559 -0.1525
15-fev-95 85.58 0.28 7 5 -0.4409 -0.1575 -0.6665 -0.2381
15-Mar-95 86.06 0.76 8 4 -0.1564 -0.0447 -0.2364 -0.0676
12-Apr-95 85.67 0.37 9 3 0.0017 0.0004 0.0026 0.0006
15-May-95  85.63 0.33 10 2 -0.0050 -0.0007 | -0.0075 -0.0011
13-Jun-95 85.44 0.14 11 1 0.1866 0.0133 0.2822 0.0202
Well G8
Autocovariance Autocorrelation

Observ. Water L. Perturbation Lag# fipairs  (unbiased) (biased) | (unbiased) (biased)
15-Jul-94 471.70 0.22 0 15 0.3459 0.3706 0.9333 1.0000
29-Jul-94 47.38 -0.10 0.5 14 0.3562 0.3562 0.9611 0.9611
12-Aug-94 47.30 -0.18 1 13 0.2147 0.1993 0.5792 0.5379
26-Aug-94 47.22 -0.26 1.5 12 0.2064 0.1769 0.5568 04773
10-Sep-94 47.08 -0.40 2 11 0.0761 0.0598 0.2053 0.1613
23-Sep-94 46.06 -1.42 25 10 0.0676 0.0483 0.1825 0.1304
15-Oct-94 47.17 -0.31 3 9 0.0505 0.0325 0.1364 0.0877
15-Nov-94 47.25 -0.23 4 8 0.0238 0.0136 0.0642 0.0367
15-Dec-94 47.26 -0.22 5 7 -0.1176 -0.0588 -0.3173 -0.1586
15-Jan-95 47.27 -0.21 6 6 -0.3123 -0.1338 -0.8427 -0.3611
15-fev-95 47.1 0.23 7 5 -0.1133 -0.0405 -0.3058 -0.1092
15-Mar-95 48.77 1.29 8 4 -0.1012 -0.0289 -0.2730 -0.0780
12-Apr-95 43.18 0.70 9 3 -0.1007 -0.0216 | -0.2718 -0.0583
15-May-95  47.93 045 10 2 -0.0397  -0.0057 | -0.1073 -0.0153
13-Jun-95 47.93 045 11 1 0.2828 0.0202 0.7631 0.0545
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Well G9
Autocovariance Autocorrelation
Observ.  Water L. Perturbation  Lag# #pairs _ (unbiased) (biased) | (unbiased) (biased)
15-Jul-94 58.64 -0.71 0 15 1.1824 1.2668 0.9333 1.0000
29-Jul-94 58.16 -1.19 0.5 14 1.2645 1.2645 0.9981 0.9981
12-Aug-94 58.34 -1.01 1 13 0.8576 0.7963 0.6769 0.6286
26-Aug-94 58.10 -1.25 1.5 12 0.7833 0.6714 0.6183 0.5300
10-Sep-94 58.21 -1.14 2 11 0.6009 0.4721 0.4743 0.3727
23-Sep-94 58.49 -0.86 25 10 0.7080 0.5057 0.5589 0.3992
15-Oct-94 58.40 -0.95 3 9 0.2431 0.1563 0.1919 0.1234
15-Nov-94 60.18 0.83 4 8 0.0800 0.0457 0.0632 0.0361
15-Dec-94 60.45 1.10 5 7 -0.4855 -0.2427 -0.3832 -0.1916
15-Jan-95 60.97 1.62 6 6 -0.7176 -0.3075 -0.5664 -0.2428
15-fev-95 59.01 -0.34 7 5 -0.9523 -0.3401 -0.7517 -0.2685
15-Mar-95 60.80 1.45 8 4 -1.0444 -0.2984 -0.8244 -0.2355
12-Apr-95 60.73 1.38 9 3 -0.7366 -0.1578 -0.5815 -0.1246
15-May-95 60.62 1.27 10 2 -0.7415 -0.1059 -0.5853 -0.0836
13-Jun-95 59.17 -0.18 11 1 -1.0305 -0.0736 -0.8134 -0.0581
Well G10
Aautocovariance Autocorrelation
Observ. Water L. Perturbation  Lag# #fpairs  (unbiased) (biased) | (unbiased) (biased)
15-Jul-94 50.40 0.03 0 15 0.1976 0.2117 0.9333 1.0000
29-Jul-94 50.21 -0.16 0.5 14 0.2117 0.2117 0.9999 0.9999
12-Aug-94 49.98 -0.39 1 13 0.0590 0.0548 0.2787 0.2587
26-Aug-94 50.10 -0.27 1.5 12 0.0624 0.0535 0.2947 0.2526
10-Sep-94 50.00 -0.37 2 11 0.1053 0.0827 0.4975 0.3909
23-Sep-94 49.96 -0.41 25 10 0.1168 0.0834 0.5517 0.3941
15-Oct-94 4991 -0.46 3 9 -0.0131 -0.0084 -0.0619 -0.0398
15-Nov-94 50.12 -0.25 4 8 -0.0476 -0.0272 -0.2251 -0.1286
15-Dec-94 50.40 0.03 5 7 -0.0904 -0.0452 -0.4269 -0.2135
15-Jan-95 51.60 1.23 6 6 -0.1013 -0.0434 -0.4786 -0.2051
15-fev-95 50.31 -0.06 7 5 -0.1511 -0.0540 -0.7139 -0.2550
15-Mar-95 51.13 0.76 8 4 -0.0936 -0.0268 -0.4424 -0.1264
12-Apr-95 50.53 0.16 9 3 -0.0820 -0.0176 -0.3876 -0.0831
15-May-95 50.48 0.11 10 2 -0.0609 -0.0087 -0.2879 -0.0411
13-Jun-95 50.38 0.01 11 1 0.0249 0.0018 0.1177 0.0084
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Agendix F2. Crosscorrelation stats. :or water level and air temp.

Note: Biased function was used to construct Figure 6.3.

Well G2 Crosscovariance Crosscorrelation
Observ. Temp. Perturb. WaterL. Perturb. Lag# #Pairs Unbiased Biased | Unbiased Biased
15-Jul-94 26.5 12.7 58.06 0.76 -11 1 3.892 0.808 1.591 0.145

12-Aug-94  26.0 122 57.70 0.40 -10 2 2.986 0.543 0.534 0.097
10-Sep-94 175 3.7 57.22 -0.08 -9 3 -0.288 -0.079 -0.052 -0.014
15-Oct-94 12.5 -1.3 56.82 -0.48 -8 4 -1.860 -0.676 -0.333 -0.121
15-Nov-94  13.0 -0.8 56.52 -0.78 -7 5 -3.913 -1.779 -0.700 -0.318
15-Dec-94 -40 -17.8 56.63 -0.67 -6 6 -3.278 -1.788 -0.586 -0.320
15-Jan-95 55 -83 56.44 -0.86 -5 7 -3.660 -2.329 -0.655 -0417
15-fev-95 2.0 -11.8 57.10 -0.20 -4 8 -0.408 -0.297 -0.073 -0.053
15-Mar-95 12.0 -1.8 57.80 0.50 -3 9 2301 1.883 0412 0.337
12-Apr-95 13.0 -0.8 57.85 0.55 -2 10 3.427 3.116 0.613 0.557
15-May-95 15.5 1.7 57.72 0.42 -1 11 4.240 4.240 0.759 0.759
13-Jun-95 255 11.7 57.81 0.51 0 12 3.521 3.841 0.630 0.687
1 11 1.317 1.317 0.236 0.236

mean= 13.75 mean—= 5731 2 10 -1.644 -1.495 -0.294 -0.267
Stddev=  9.51 stddev= 0.59 3 9 -4.017 -3.287 -0.719 -0.588
4 8 -5.087 -3.700 -0.910 -0.662

5 7 -4.649 -2.958 -0.832 -0.529

6 6 -3.607 -1.967 -0.645 -0.352

7 5 0.928 0.422 0.166 0.075

8 4 3.488 1.268 0.624 0.227

9 3 4.665 1.272 0.835 0.228

10 2 5.778 1.051 1.034 0.188

11 1 6.477 0.539 1.159 0.105
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Well G4 Crosscovariance Crosscorrelation
Observ. Temp. Perturb. WaterL. Perturb. Lag# #Pairs Unbiased Biased | Unbiased  Biased
15-Jul-94 26.5 12.7 64.35 -1.95 -11 1 -22.815 -2.074 -2.217 -0.202

12-Aug-94 26.0 12.2 64.69 -1.61 -10 2 -11.076 -2.014 -1.077 -0.196
10-Sep-94 17.5 3.7 64.70 -1.60 -9 3 -6.632 -1.809 -0.645 -0.176
15-Oct-94 12.5 -1.3 66.05 -0.25 -8 4 -0.212 -0.077 -0.021 -0.007
15-Nov-94 13.0 -0.8 66.65 0.35 -7 5 6.172 2.805 0.600 0.273
15-Dec-94 -4.0 -17.8 67.01 on -6 6 7.861 4288 0.764 0417
15-Jan-95 55 -83 67.57 1.27 -5 7 11.884 7.563 1.155 0.735
15-fev-95 20 -11.8 66.58 0.28 -4 8 6.336 4.608 0.616 0.448
15-Mar-95 12.0 -1.8 67.23 0.93 -3 9 4.368 3.574 0.425 0.347
12-Apr-95 13.0 -0.8 66.89 0.59 -2 10 -0.470 -0.427 -0.046 -0.042
15-May-95 155 1.7 66.64 0.34 -1 11 -4.622 -4.622 -0.449 -0.449
13-Jun-95 25.5 1.7 66.78 0.48 0 12 -6.060 -6.611 -0.589 -0.643
1 11 -7.122 -7.122 -0.692 -0.692

mean= 13.75 mean= 66.26 2 10 -4.468 -4.061 -0.434 -0.395
Std.dev= 951 stddev= 1.08 3 9 -2.720 -2.225 -0.264 -0.216
4 8 -0.286 -0.208 -0.028 -0.020

5 7 1.976 1.257 0.192 0.122

6 6 2.234 1.218 0.217 0.118

7 5 3.252 1.478 0.316 0.144

8 4 4911 1.786 0.477 0.174

9 3 4472 1.220 0.435 0.119

10 2 5.087 0.925 0.494 0.090

11 1 6.096 0.554 0.592 0.054
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Well G5 Crosscovariance Crosscorrelation
Observ. Temp. Perturb. WaterL. Perturb. Lag# #Pairs Unbiased Biased | Unbiased  Biased
15-Jul-94  26.5 12.7 85.55 0.16 -11 1 1.852 0.168 0.223 0.020
12-Aug-94 26.0 12.2 85.16 -0.23 -10 2 -1.221 -0.222 -0.147 -0.027
10-Sep-94 17.5 3.7 82.75 -2.64 -9 3 -10.476 -2.857 -1.264 -0.345
15-Oct-94 125 -1.3 85.28 -0.11 -8 4 -1.474 -0.536 -0.178 -0.065
15-Nov-94  13.0 -0.8 85.79 0.40 -7 5 1.027 0467 0.124 0.056
15-Dec-94 -40 -17.8 85.91 0.52 -6 6 2.168 1.182 0.262 0.143
15-Jan-95 55 -8.3 85.88 049 -5 7 5.251 3.341 0634 0.403
15-fev-95 2.0 -11.8 85.58 0.19 -4 8 3.643 2.649 0.440 0.320
15-Mar-95 12.0 -1.8 86.06 0.67 -3 9 5.561 4.550 0.671 0.549
12-Apr-95 13.0 -0.8 85.67 0.28 -2 10 -0.107 -0.097 -0.013 -0.012
15-May-95 15.5 1.7 85.63 0.24 -1 11 -0.924 -0.924 -0.112 -0.112
13-Jun-95  25.5 11.7 85.44 0.05 0 12 -2.227 -2.429 -0.269 -0.293

1 11 -5.024 -5.024 -0.606 -0.606

mean= 13.7S mean= 85.39 2 10 -4.715 -4.287 -0.569 -0.517
Std.dev= 951 stddev= 0.87 3 9 -1.392 -1.139 -0.168 -0.137
4 8 0.613 0.446 0.074 0.054

5 7 1.072 0.682 0.129 0.082

6 6 1.593 0.869 0.192 0.105

7 5 2.245 1.021 0271 0.123

8 4 3.175 1.155 0.383 0.139

9 3 2.207 0.602 0.266 0.073

10 2 1.808 0.329 0.218 0.040

11 1 0.613 0.056 0.074 0.007
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Well G8 Crosscovariance Crosscorrelation
Observ.  Temp. Perturb. WaterL. Perturb. Lag# #Pairs Unbiased Biased | Unbiased Biased
15-Jul-94 26.5 12.7 47.70 0.07 -11 1 0.828 0.075 0172 0.016

12-Aug-94 26.0 12.2 47.30 -0.33 -10 2 -1.866 -0.339 -0.387 -0.070
10-Sep-94 17.5 3.7 47.08 -0.55 -9 3 -2.347 -0.640 -0.487 -0.133
15-Oct-94 12.5 -1.3 47.17 -0.46 -8 4 -1.543 -0.561 -0.320 -0.116
15-Nov-94 13.0 -0.3 47.25 -0.38 -7 5 -1.004 -0.456 -0.208 -0.095
15-Dec-94 -4.0 -17.8 47.26 -0.37 -6 6 -0.052 -0.028 -0.011 -0.006
15-Jan-95 5.5 -8.3 47.27 -0.36 -5 7 0.607 0.387 0.126 0.080
15-fev-95 20 -11.8 47.71 0.08 -4 8 2.137 1.554 0.443 0322
15-Mar-95 12.0 -1.8 48.77 1.14 -3 9 3.630 2970 0.753 0.616
12-Apr-95 13.0 -0.8 48.18 0.55 -2 10 2.5717 2.343 0.535 0.486
15-May-95 15.5 1.7 47.93 0.30 -1 11 1.652 1.652 0343 0.343
13-Jun-95 255 11.7 47.93 0.30 0 12 0.491 0.535 0.102 0.111
1 11 -1.841 -1.841 -0.382 -0.382

mean= 13.75 mean= 47.63 2 10 -3.140 -2.855 -0.651 -0.592
Std.dev= 951 stddev= 0.1 3 9 -4 488 -3.672 -0.931 -0.762
4 8 -3.440 -2.502 -0.713 -0.519

5 7 -2.650 -1.686 -0.550 -0.350

6 6 -0.944 -0.515 -0.196 -0.107

7 5 3.270 1.486 0.678 0.308

8 4 5.482 1.994 1.137 0.414

9 3 3.926 1.071 0.814 0.222

10 2 3.745 0.681 0.777 0.141

11 1 3.820 0.347 0.792 0.072
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Well G9 Crosscovariance Crosscorrelation
Observ. Temp. Perturb. WaterL. Perturb. Lag# #Pairs Unbiased Biased | Unbiased Biased
15-Jul-94  26.5 12.7 58.64 -0.99 -11 1 -11.544 -1.049 -1.112 -0.101
12-Aug-94  26.0 122 58.34 -1.29 -10 2 -8.366 -1.521 -0.806 -0.147
10-Sep-94 17.5 3.7 58.21 -1.42 -9 3 -5.991 -1.634 -0.577 -0.157
15-Oct-94 12.5 -1.3 58.40 -1.23 -3 4 -3.489 -1.269 -0.336 -0.122
15-Nov-94  13.0 -0.8 60.18 0.55 -7 L1 3.896 1.771 0.375 0.171
15-Dec-94 40 -17.8 60.45 0.82 -6 6 6.246 3.407 0.602 0.328
15-Jan-95 5.5 -8.3 60.97 1.34 -5 7 9.120 5.804 0.879 0.559
15-fev-95 2.0 -11..8 59.01 -0.62 -4 8 5417 3.940 0.522 0.380
15-Mar-95 12.0 -1.8 60.80 1.17 -3 9 4.589 3.755 0.442 0.362
12-Apr-95  13.0 -0.8 60.73 1.10 2 10 1.966 1.787 0.189 0.172
15-May-95 15.5 1.7 60.62 0.99 -1 11 -2.985 -2.985 -0.288 -0.288
13-Jun-95 255 11.7 59.17 -0.46 0 12 -4.791 -5.227 -0.462 -0.504
1 11 -6.885 -6.885 -0.663 -0.663

mean= 13.75 mear=  59.63 2 10 -4.626 -4.205 -0.446 -0.405

Std.dev= 951 stddev= 1.09 3 9 -5.331 -4.362 -0.514 -0.420
4 8 -0.074 -0.054 -0.007 -0.005

s 7 1.181 0.751 0.114 0.072

6 6 3.296 1.798 0.318 0.173

7 5 1.928 0.876 0.186 0.084

8 4 8.158 2.966 0.786 0.286

9 3 8.147 2222 0.785 0214

10 2 3.522 0.640 0.339 0.062

11 1 -5.800 -0.527 -0.559 -0.051
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Well G10 Crosscovariance Crosscorrelation
Observ.  Temp. Perturb. WaterL. Perturb. Lag# #Pairs Unbiased Biased | Unbiased  Biased
15-Jul-94  26.5 12.7 50.40 -0.04 -11 1 -0.429 -0.039 -0.092 -0.008
12-Aug-94 26.0 12.2 4998 -0.46 -10 2 -2.703 -0.491 -0.580 -0.105
10-Sep-94 175 3.7 50.00 -0.44 -9 3 -1.952 -0.532 -0.419 -0.114
15-Oct-94 125 -13 49.91 -0.53 -8 4 -1.618 -0.588 -0.347 -0.126
15-Nov-94  13.0 -0.8 50.12 -0.32 -7 5 -0.599 -0.272 -0.129 -0.053
15-Dec-94 -4.0 -17.8 50.40 -0.04 -6 6 0.989 0.539 0.212 0.116
15-Jan-95 5.5 -8.3 51.60 1.16 -5 7 34738 2.213 0.746 0.475
15-fev-95 2.0 -11.8 50.31 -0.13 -4 8 2.387 1.736 0.512 0.372
15-Mar-95 120 -1.8 51.13 0.69 -3 9 2.592 2.121 0.556 0.455
12-Apr-95 130 -0.8 50.53 0.09 -2 10 1.352 1.229 0.290 0.264
15-May-95 155 1.7 50.48 0.04 -1 11 -0.781 -0.781 -0.168 -0.168
13-Jun-95 255 117 50.38 -0.06 0 12 -1.345 -1.467 -0.288 -0.315
1 11 -3.706 -3.706 -0.795 -0.795

mean= 13.75 mean= 5044 2 10 -1.866 -1.696 -0.400 -0.364

Std.dev= 951 stddev= 049 3 9 -2.847 -2.329 -0.611 -0.500
4 8 -0.238 -0.173 -0.051 -0.037

5 7 1.712 1.089 0.367 0.234

6 6 2.774 1.513 0.595 0.325

7 5 1.437 0.653 0.308 0.140

8 4 2.544 0.925 0.546 0.198

9 3 0.501 0.137 0.107 0.029

10 2 -0.071 -0.013 -0.015 -0.003

11 1 -0.720 -0.065 -0.154 -0.014
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Aggendix F3. Autocorrelation statistics gar Total Dissolved Solids.

Note: Biased function was used to construct Figure 6.10.

Well G2
Autocovariance Autocorrelation
Date TDS TDS' Lags# #ipairs  (unbiased) (biased) (unbiased) (biased)
7-May-94 3425 -355 0 15 2224.1 23829 0.933 1.000
3-Jun-94 251.5 -126.5 1 14 -336.7 -336.7 -0.141 -0.141
[-Jul-94 466.0 88.0 2 13 -435.5 -404.4 -0.183 -0.170
29-Jul-94 370.5 -71.5 3 12 602.7 516.6 0.253 0.217
26-Aug-94  326.0 -52.0 4 11 73.3 576 0.031 0.024
23-Sep-94 380.0 2.0 5 10 3729 266.3 0.156 0.112
15-Oct-94 375.0 -3.0 6 9 -219.6 -141.2 -0.092 -0.059
15-Nov-94  400.0 220 7 8 -657.9 -375.9 -0.276 -0.158
15-Dec-94 385.0 7.0 8 7 610.5 305.3 0.256 0.128
16-Jan-95 345.0 -33.0 9 6 -286.0 -122.6 -0.120 -0.051
15-Feb-95 400.0 220 10 5 -609.5 -217.7 -0.256 -0.091
15-Mar-95 400 220 11 4 -303.0 -86.6 -0.127 -0.036
12-Apr-95  405.00 27.0 12 3 -963.7 -206.5 -0.404 -0.087
15-May-95 414.50 36.5 13 2 -2578.6 -368.4 -1.082 -0.155
13-Jun-95 408.5 30.5 14 1 -1082.9 -774 -0.454 -0.032
Well G3
Autocovariance Autocorrelation
Date TDS TDS' Lag# #pairs  (unbiased) (biased) (unbiased) (biased)
7-May-94 276.5 -36.2333 0 15 1002.5 1074.1 0.933 1.000
3-Jun-94 261.5 -51.2333 1 14 727.2 7271.2 0.677 0.677
1-Jul-94 267 -45.7333 2 13 4494 417.3 0.418 0.388
29-Jul-94  286.5 -26.2333 3 12 299.0 256.3 0.278 0.239
26-Aug-94 282 -30.733 4 1 69.2 543 0.064 0.051
23-Sep-94 320 7.2667 5 10 45 3.2 0.004 0.003
15-Oct-94 330 17.2667 6 9 -64.8 -41.6 -0.060 -0.039
15-Nov-94 325 12.2667 7 8 -251.0 -143.4 <0.234 -0.134
15-Dec-94 320 7.2667 8 7 -363.4 -181.7 -0.338 -0.169
16-Jan-95 300 -12.733 9 6 -842.2 -360.9 -0.784 -0.336
15-Feb-95 335 22.2667 10 5 -1318.4 -470.9 -1.227 -0.438
15-Mar-85 380 67.2667 1 4 -1338.3 -382.4 -1.246 -0.356
12-Apr-95 335 22.2667 12 3 -1036.8 -222.2 -0.965 -0.207
15-May-95 340.5 27.7667 13 2 -996.6 -142.4 -0.928 -0.133
13-Jun-95 332 19.2667 14 1 -698.1 -49.9 -0.650 -0.046
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Well G4
Autocovariance Autocorrelation
Date TDS TDS' Lagh #pairs (unbiased) (biased) {unbiased) (biased)
7-May-94 575 4.2 0 15 32354 3466.5 0.933 1.000
3-Jun-84 4935 -773 1 14 1035.3 1035.3 0.299 0.299
1-Jui-94 5265 -443 2 13 493.5 458.3 0.142 0.132
29-Jul-94 498 -72.8 3 12 592.1 §07.6 0.171 0.146
26-Aug-94 517 -53.8 4 11 107.1 84.1 0.031 0.024
23-Sep-94 530 -40.8 5 10 -533.0 -380.7 0.154 0.110
15-Oct-94 555 -158 6 9 -122.0 -78.5 -0.035 -0.023
15-Nov-94 660 89.2 7 8 -514.7 -294.1 -0.148 -0.085
15-Dec-94 650 792 8 7 -320.1 -160.0 -0.092 -0.046
16-Jan-95 490 -80.8 9 6 -2110.3 -904.4 -0.609 -0.261
15-Feb-95 6200 49.2 10 5 -1924.8 -687.4 -0.555 -0.198
15-Mar-95 600.0 29.2 11 4 -2217.7 -633.6 -0.640 -0.183
12-Apr-95 610.0 39.2 12 3 -1754.1 -3759 -0.506 -0.108
15-May-95 606.5 35.7 13 2 ~2252.1 -321.7 -0.650 -0.093
13-Jun-85 631.0 60.2 14 1 250.7 17.9 0.072 0.005
Well G5
Autocovariance Autocorrelation
Date TDS TDS' Lagi# #ipairs  (unbiased) (biased) (unbiased) (biased)
7-May-94 206.0 -29.7 0 15 310.5 332.7 0.933 1.000
3-Jun-94 2140 -21.7 1 14 156.5 156.5 0470 0470
1-Jul-94 231.5 4.2 2 13 103.7 96.3 0312 0.290
29-Jul-94 218.5 -17.2 3 12 111.1 95.2 0.334 0.286
26-Aug-94 211.0 -24.7 4 11 50.6 39.7 0.152 0.119
23-Sep-94 235 -0.7 5 10 -55.8 -39.9 -0.168 -0.120
15-Oct-94 230 -5.7 6 9 -1349 -86.7 -0.405 -0.261
15-Nov-94 270 343 7 8 ~221.8 -126.7 -0.667 -0.381
15-Dec-94 250 14.3 8 7 -154.8 -774 -0.465 -0.233
16-Jan-95 245 93 9 6 -117.3 -50.3 -0.353 -0.151
15-Feb-85 255 19.3 10 5 -244.0 -87.1 -0.733 -0.262
15-Mar-95 255 19.3 11 4 -1849 -52.3 -0.556 -0.159
12-Apr-95 235 -0.7 12 3 11.2 24 0.034 0.007
15-May-95 233 2.7 13 2 -81.8 -11.7 -0.246 -0.035
13-Jun-95 247 113 14 1 -335.0 -23.9 -1.007 -0.072

209




Appendix F3

Well G8
Autocovariance Autocorrelation
Date TDS TDS' Lag# #pairs (unbiased) (biased) (unbiased) (biased)
7-May-94 2345 358 0 15 664.1 711.5 0.933 1.000
3-Jun-94 2405 -29.8 1 14 581.7 581.7 0.818 0.818
1-Jul-94 235.5 <348 2 13 460.9 428.0 0.648 0.602
29-Jul-94 2295 -40.8 3 12 323.1 277.0 0454 0.389
26-Aug-94 241.5 -28.8 4 11 110.0 86.5 0.155 0.122
23-Sep-94 2750 47 L] 10 -105.3 -752 -0.148 -0.106
15-Oct-94 275.0 4.7 6 9 -238.9 -153.6 -0.336 -0.216
15-Nov-94 285.0 14.7 7 8 -463.1 -264.7 -0.651 -0.372
15-Dec-94 290.0 19.7 8 7 -632.3 -316.2 -0.889 -0.444
16-Jan95 285.0 14.7 9 6 -674.0 -288.8 -0.947 -0.406
15-Feb-85 300.0 29.7 10 5 -744.7 -266.0 -1.047 -0.374
15-Mar-@5  310.0 39.7 11 4 -702.3 -200.6 -0.987 -0.282
12-Apr-85 295.0 24.7 12 3 -430.4 -102.9 -0.675 -0.145
15-May-95 280.0 9.7 13 2 -288.4 -41.2 -0.405 -0.058
13-Jun-95 278.0 7.7 14 1 -275.7 -19.7 -0.387 -0.028
Well G10
Autocovariance Autocorrelation
Date TDS TDS' Lagt  #pairs _ (unbiased) (biased) (unbiased) (biased)
7-May-84 317.5 223 0 15 2016.7 2160.8 0.933 1.000
3-Jun-94 257 -38.2 1 14 985.3 885.3 0.456 0.456
1-Jul-94 316.5 21.3 2 13 -15.1 -14.1 -0.007 0.007
29-Jul-94 298.5 33 3 12 -1071.3 -918.3 -0.496 -0.425
26-Aug-94 297.5 23 4 11 -987.7 -776.1 -0.457 -0.359
23-Sep-94 295 0.2 5 10 -4459 -318.5 -0.206 -0.147
15-Oct-94 295 0.2 6 9 -399.4 -256.7 -0.185 0.119
15-Nov-94 310 148 7 8 2444 139.6 0.113 0.065
15-Dec-94 215 -80.2 8 7 1.8 09 0.001 0.000
16-Jan-95 220 -75.2 9 6 357.3 1583.1 0.165 0.071
15-Feb-95 230 -65.2 10 5 -250.0 -89.3 -0.116 0.041
15-Mar-85 340 448 11 4 -228.7 -65.3 -0.106 -0.030
12-Apr-95 375 79.8 12 3 104.9 225 0.049 0.010
15-May-95 345 498 13 2 168.4 241 0.078 0.011
13-Jun-95 315.5 20.3 14 1 454.1 324 0.210 0.015
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Appendix F4. Crosscorrelation stats. between water level and TDS.

Note: biased function was used in the construction of Figure 6.11

Well G2

Crosscovariance Crosscorrelation
Date WaterL. Waterl' TDS TDS' Lag# #Pairs Unbiased Biased | Unbiased Biased
1-Jul-94 58.06 0.47 466 75.58 -12 26.394 2.199 1.200 0.100
29-Jul-94  57.70 0.11 3705 -19.92 -11 20.748 4958 1.352 0.225
26-Aug-94  56.82 0.77 326 8442 -10 5.536 1.384 0.252 0.063
23-Sep-94  56.63 0.96 380 -1042 -9 -14660 -4887 | -0666 -0.222
15-Oct-94  56.44 -1.15 37 -15.42 -8 -11484 -4785| -0522 -0217
15-Nov-94  57.10 -0.49 400 9.58 -7 2522 -1261| -0.115 -0.057
15-Dec-94  57.80 0.21 385 -5.42 0713 0416 ] -0032 0019

345

400

400

405

15-Jan-95  57.85 0.26 -45.42 -9.518 6345 -0.433 -0.288
15-fev-95  57.72 0.13 9.58 -14.881 -11.160| -0676 -0.507
15-Mar-95  57.81 0.22 9.58 -4647 3872 | -0.211 -0.176
12-Apr-95 5834 0.75 14.58 4.493 4.119 0204 0.187
15-May-95  58.47 0.88 4145 2408 10.858 10.858 | 0494 0494
13-Jun-95  57.94 0.35 408.5 18.08 10372 11.236| 0.471 0.511
2454 2.454 0.112 0.112
2.277 2.087 0.103  0.095
5.168 4.307 0235 0.196
417 3.128 0.180 0.142
2.657 1.772 0.121 0.081
-6.985 -4075| -0.317 -0.185
-13.039 -6.519 | -0593 -0.296
9926 4136 | -0.451 -0.188
-7460 -2487| -0.338 -0.113
-1.488 0372 | -0.068 -0.017
6.636 1.106 0.302 0.050
8.482 0.707 0386 0032

mean= 57.6 mean=  390.42
std. dev= 0.642 std. dev.= 34.269
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Well G4
Crosscovariance Crasscorrelation
Date  WaterL. Waterl’' TDS _TDS' Lag# #Pairs Unbiased Biased | Unbiased Biased
1-Jul-84  64.35 -1.86 5265 -49.96 -12 -28583 2383 | 0440 -0.037
29-Jul-94 64.27 -1.94 498 -78.46 -11 33251 5542 | -0.511 -0.085
26-Aug-94 64.68 -1.53 517 -59.46 -10 34013 -8503| 0523 -0.131
23-Sep-94 66.00 -0.21 530 -46.46 -9 -39.227 -13.076| -0.603 -0.201
15-Oct-94 66.05 -0.16 585 -21.46 34350 -14313| -0.528 -0.220
15-Nov-94 66.65 0.44 660 83.54 -25.205 -12603| -0.387 -0.194
15-Dec-94 67.01 0.80 650 73.54 -21.864 -12.754| -0336 -0.196
15-Jan-95 67.57 1.36 490 -86.46 -20.748 -13.832| -0319 -0.213
15-fev-95 66.58 0.37 620 43.54 2522 -1892 | -0.039 -0.029
15-Mar-95 67.23 1.02 600 2354 0.952 0.793 0.015 0.012
12-Apr-95 66.89 0.68 610 3354 16.008 14.675| 0.246 0.226
15-May-95 66.64 0.43 606.5 30.04 37845 37845| 0.582 0.582
13-Jun-95 66.78 0.57 631 5454 33.403 36.187| 0513 0.556
36.069 36.069| 0.554 0.554
28499 26.124 | 0.438 0.402
14.941 12.451 0.230 0.191
-13.857 -10.392| 0213 -0.160
8140 -5427 | -0.125 -0.083
1.611 0.940 0.025 0.014
8.786 4.393 0.135 0.068
-38.513 -16.047]| -0.592 -0.247
-41.483 -13828| -0638 -0.213
67943 -16.986| -1.044 -0.261
-80.741 -13.457| -1.241 -0.207
-101.316 -8.443 | -1557 -0.130

Mean= 66.2077 Mean= 576.46
Std. Dev=1.097969 Std. Dev= 59.2458
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Well G5

Crosscovariance Crosscorrelation
Date WaterL. WaterL’' TDS TDS' Lag# #Pairs Unbiased Biased | Unbiased Biased
1-Jul-94 85.6 0.0 231.5 82 -12 1 0.580 0.048 0.085 0.007
29-Jul-94 852 0.3 2185 -21.2 -11 2 0.262 0.044 0.038 0.006
26-Aug-94 844 -1.1 2110 -28.7 -10 3 0600 0150 -0.088 -0.022
23-Sep-94 852 0.3 2350 4.7 9 4 2740 0913 | -0402 -0.134
15-Oct-94 853 0.2 230.0 9.7 -8 5 3329 -1387 | -0488 -0.203
15-Nov-94 85.8 03 270.0 30.3 -7 6 4050 -2025| -0594 -0297
15-Dec-94 859 0.4 250.0 10.3 -6 7 2045 -1.193| 0300 -0.175
15-Jan-95 859 0.4 245.0 53 -5 8 2664 -1776 | 0391 -0.260
15-fev-95 85.6 0.1 255.0 163 -4 9 {0005 -0.004| -0001 -0.001
15-Mar-95 86.1 0.5 255.0 15.3 3 10 0.299 0.249 0.044 0.037
12-Apr-95 85.7 0.2 235.0 -4.7 -2 1 3.237 2968 0.475 0.435
15-May-95 85.6 0.1 233.0 6.7 -1 12 4.921 4921 0.722 0.722
13-Jun-95 854 -0.1 2470 7.3 0 13 4.869 5.275 0.714 0.774
1 12 1.485 1.485 0.218 0.218

Mean= 855108 Mean= 239.69 2 11 0.984 0.902 0.144 0.132
Std. Dev=0.424371 Std. Dev= 16.0657 3 10 2235 -1862 | -0328 -0.273
4 9 2853 -2.140| -0418 -0314
5 8 2103 -1402 | -0.308 -0.206
6 7 2873 -1676 | -0421 -0.246
7 6 2757 -1379 | -0404 -0.202

8 5 0.227 0.094 0.033 0.014

9 4 1.862 0.621 0.273 0.091
10 3 2049 -0512| -0.301 -0.075

11 2 -1.267 -0.211 0.186 -0.031

12 1 0.286 0.024 0.042 0.004
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Well G10
Crasscovariance Crosscorrelation
Date Water L. WaterLl' TDS TDS' _Lag# #Pairs Unbiased Biased | Unbiased Biased
1-Jul-94  50.40 0 316.5 39 -12 1 0078 -0006| -0005 0.000
29-Jul-94 49.98 -0.42 2985 -14.1 -11 2 0.297 0.049 0.019 0.003
26-Aug-94 50.00 0.4 2975 -15.1 -10 3 0.106 0027 | -0.007 -0.002
23-Sep-94 49.96 0.44 295 -17.6 -9 4 0.039 0.013 0.003 0.001
15-Oct-94 49.91 -0.49 295 -17.6 -8 5 2733 -1139 | -0.176 -0.074
15-Nov-94 50.12 -0.28 310 -268 -7 6 -1.453 0727 | 0084 -0.047
15-Dec-94  50.40 0.00 315 24 6 7 4422 2579 | -0.286 -0.167
15-Jan-95  51.60 1.20 240 -72.6 -5 8 -3.646 -2.431 0235 -0.157
15-fev-95 50.31 -0.09 320 7.4 4 9 -2.782 -2087 | -0.180 -0.135
15-Mar-95  51.13 0.73 340 274 -3 10 -1.911 -15602 | -0.123 -0.103
12-Apr-95  50.53 0.13 375 62.4 -2 1 3.405 -3.121 0220 -0.202
15-May-95 50.48 0.08 345 324 -1 12 3.910 3.910 0.253 0.253
13-Jun-95  50.38 -0.02 3155 29 0 13 -2.160 -2340| -0.139 -0.151
1 12 6.512 6.512 0.421 0.421
Mean= 50.4 Mean= 312.54 2 11 7.820 7.168 0.505 0.463
Std. Dev=0.487613 Std. Dev= 31.7572 3 10 11.496 9.580 0.742 0.619
4 9 6.600 4.950 0.426 0.320
5 8 0330 -0220] -0021 -0014
6 7 3453 -2014 | 0223 -0.130
7 6 9702 -4851 0.627 -0.313
8 5 -10.429 -4345| -0674 -0.281
9 4 -10.111 3370 | -0653 -0.218
10 3 -4923 -1.231 -0.318 -0.079
1 2 0609 0102 | -0.039 -0007
12 1 0.000 0.000 0.000 0.000
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Appendix FS. Crosscorrelation stats. for 0 2 H and air temperature.

Note: Biased function was used in the construction of Figure 6.14

P1R
Crosscovariance Crosscorrelation
Obs# Temp. Temp.' Deuter. Deuter’ Lag# #Pairs Unbiased Biased |Unbiased Biased

3-Jun-94 225 10.27 -82.2 -7.1 -10 1 -23.236 -2.324 0486 -0.049
1-Jul-94 250 12.77 -72.9 22 -9 2 0.857 0.171 0.018 0.004
10-Sep-94 17.5 5.27 -69.2 5.9 8 3 7.541 2.262 0.158 0.047
14-Oct-94 125 0.27 -70.8 43 -7 4 22.686 9.075 0.474 0.190
15-Nov-94 13.0 0.77 -70.4 47 6 5 8.525 4.263 0.178 0.089
14-Dec-94 40 -16.23 -74.7 0.4 -5 6 7.339 4.404 0.153 0.092
16-Jan-85 5.5 6.73 -73.1 20 -4 7 -17.010 -119807 | -0.356 -0.249
16-Feb-95 2.0 -10.23 -739 1.2 3 8 20949 -16.759 | 0438 -0.350
15-Mar-95 120 -0.23 -88 -129 -2 9 -19.945 -17951 | 0417 -0.375
12-Apr-85 13.0 0.77 -78.1 3.0 -1 10 -19.363 -19.363 | 0405 -0.405
15-May-95 155 3.27 -72.8 2.3 0 11 -3.000 -3.300 -0.063 -0.069
1 10 21609 21.609 0.452 0.452

Mean= 12227 Mean= -75.1 2 9 26604 23.944 0.556 0.501
Std Dev= 8.495 Std Dev= 5.62974 3 8 39.222 31.378 0.820 0.656
4 7 12.501 8.750 0.261 0.183
5 6 -1.196 -0.718 0025 -0.015

6 5 6.237 3.119 -0.130 -0.065

7 4 -41908 -16.763 | -0.876 -0.351
8 3 52903 -15871 | -1.106 -0.332

9 2 -0.720 0.144 0015 -0.003

10 1 23.627 2.363 0.494 0.049
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G2R

Crosscovariance Crosscormrelation
Obs# Temp. Temp.' Deuter. Deuter’ Lag# #Pairs Unbiased Biased |Unbiased Biased
3-Jun-94 225 9.17 -81.5 -7.38 -11 1 -89.754 -8.159 0.949 -0.086
1-Jul-84 250 11.67 845 9.63 -10 2 50.566 9.194 0.534 0.097
10-Sep-94 17.5 417 64.1 10.03 -9 3 48.441 13.211 0.512 0.140
14-Oct-94 125 -0.83 64 10.13 -8 4 37.902 13.783 0.401 0.146
15-Nov-94 13.0 0.33 -69.1 5.03 4 5 30.115 13.689 0.318 0.145
14-Dec-94 -40 -1733 -74.1 0.03 ) 6 -9.462 -5.161 -0.100 -0055
16-Jan-95 5.5 -7.83 -75.5 -1.38 -5 7 -13.277 -8.449 0.140 -0.089
16-Feb-95 2.0 -11.33 -76.3 -2.18 -4 8 49216 -35793 | -0520 -0.378
15-Mar-95 12.0 -1.33 -101.7 -27.58 -3 9 -71876 58808 | -0.760 -0.622
12-Apr-95 13.0 033 -79.4 -5.28 -2 10 -37.863 -34.421 | 0400 -0.364
15-May-95 155 217 -72.5 1.63 -1 1 -9.906 -9.906 -0.105 -0.105
13-Jun-95 255 12.17 -66.8 7.33 0 12 20.208 22.045 0214 0.233
1 11 56.269 56.269 0.595 0.595

Mean= 13.333 Mean= -74.125 2 10 54027 49.115 0.571 0.519
Std Dev= 8.960 Std Dev= 10.559 3 9 71.608 58.589 0.757 0.619
4 8 5.905 4.295 0.062 0.045

S 7 -12.254  -7.798 -0.130 -0.082

6 6 -46.013 -25.098 | -0486 -0.265

7 5 -73.502 33410 | -0.777 -03s3

8 4 -78.431 -28.521 | -0829 -0.301

9 3 0.379 0.103 0.004 0.001

10 2 50.192 9.126 0.531 0.096

11 1 67.170 6.106 0.710 0.065
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GS5R
Crosscovariance Crosscorrelation
Obs# Temp. Temp." Deuter. Deuter.’ Lag# #Pairs Unbiased Biased |Unbiased Biased
3Jun94 225 9.55 -78.1 403 -10 1 -50.524  -5.052 0477 -0.048
1-Jul-84 250 12.05 845 9.57 -9 2 54.921 10.84 0.519 0.104
14-Oct-94 125 -0.45 -61.0 13.07 -8 3 62.729 18.819 0.592 0.178
15-Nov-94 13.0 0.05 874 6.67 -7 4 30.317 12.127 0.286 0.115
14-Dec94 40 -1695 -704 3.67 8 5 19.727 9.863 0.186 0.093
16-Jan-85 5.5 -7.45 -75.6 -1.53 5 6 -16.138 -9.683 0.152 -0.091
16-Feb-95 2.0 -1095 -776 -3.53 -4 7 -28.661 -20.063 | -0.271 -0.189
15-Mar-95 12.0 0.95 -1025 -2843 3 8 -87.777 -70.222 | -0.829 -0.663
12-Apr-95 13.0 0.05 -80.5 -6.43 -2 9 51228 -46.105 | -0.484 -0.435
15-May-95 15.5 255 -730 1.07 -1 10 -17.688 -17.688 | -0.167 -0.167
13-Jun-95 255 12.55 84.2 9.87 0 11 19.310 21.241 0.182 0.201
1 10 64.089 64.089 0.605 0.605
Mean= 12955 Mean= -74073 2 9 60.552 54.497 0.572 0.515
Std Dev= 9.2964 Std Dev= 11.3999 3 8 77.147 61.718 0.728 0.583
4 7 1.399 0.980 0.013 0.009
5 6 22704 -13.622 | -0.214 -0.129
6 5 -108.101 -54.051 | -1.021 0.510
7 4 87202 -34881 | 0823 -0.329
8 3 -17.639 -5.292 -0.167 -0.050
9 2 64.581 12.916 0.610 0.122
10 1 94.240 9.424 0.890 0.089
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GI9R

Crosscovariance Crosscorrelation
Obs# Temp. Temp." Deuter. Deuter’ Lag# #Pairs Unbiased Biased |Unbiased Biased
3-Jun-94 225 9.25 -713.4 -1.82 -11 1 22254 2023 0.192 -0.017
1-Jul-94 250 11.75 -86.0 5.58 -10 2 32.154 5.846 0.278 0.050
23-Sep-94 16.5 325 -53.6 17.98 9 3 77.771 21.210 0.671 0.183
14-Oct-94 125 0.75 549 16.68 -8 4 61.427 22.337 0.530 0.193
15-Nov-94 13.0 -0.25 -70.9 0.68 -7 5 10.974 4.988 0.095 0.043
14-Dec-84 -40 -17.25 -78.9 -7.32 8 6 -27.246 -14861 | 0235 -0.128
16-Jan95 5.5 -7.75 -68.6 2.98 5 7 -30.741 -19563 | 0265 -0.169
16-Feb-95 2.0 -11.25 -77.8 8.22 -4 8 61423 -44671 | 0530 -0.386
15-Mar-95 12.0 -1.25 -103.7 -32.12 3 9 94027 -76.931 | 0812 -0.664
12-Apr-95 13.0 0.25 -77.4 -5.82 -2 10 37.105 -33.732 | 0320 -0.291
15-May-95 15.5 225 -68.9 268 -1 11 2.371 2.371 0.020 0.020
13-Jun95 25.5 12.25 -64.9 6.68 0 12 33092 36.100 0.286 0.312
1 11 63.469 63.469 0.548 0.548

Mean= 13.25 Mean= -71.58 2 10 78589 71.445 0.678 0.617
Std Dev= 8.923 Std Dev= 12.986 3 9 77604 63.494 0.670 0.548
4 8 -6.614 -4.810 -0.057 -0.042

5 7 -17910 -11.397 | 0.155 -0.098

6 6 43571 -23.766 | 0376 -0.205

7 5 91483 -41588 | 0790 -0.359
8 4 -90.429 -32883 | -0.780 -0.284

9 3 -0.185 -0.050 0002 0.000

10 2 51.675 9.395 0.446 0.081

1 1 61.821 5.620 0.534 0.049
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Appendix F6. Crosscorrelation statistics for & C and DOC.

Note: Biased function was used for the construction of Figure 6.19

Well G2
Crosscovariance Crosscorrelation
Date C-13G2 C-13 G2 poc-G2 DOCGZ Lag# #Pairs Unbiased Biased | Unbiased Biased
7-May-94 -1458 -248 1334 11 -10 424.020 42.402 5.223 0.522
3-Jun-94 -14.12 -2.02 149 -75 -9 -108.120 -21.624 | -1.332 -0.266
1-Jul-94 -12.46 -0.36 9.3 -13.1 -8 59816 -17.945 | -0.737 -0.221
29-Jul-94 -13.35 -1.25 64.7 423 -7 80.799 32.320 0.995 0.398
12-Aug-94 -11.29 0.81 55 -16.9 21.232 10.616 0.262 0.131
23-Sep-94 -10.97 1.13 0.1 -22.3 -2.749 -1.649 -0.034 -0.020
14-Oct-94 -9.99 2.1 0.1 -22.3 11.060 7.742 0.136 0.085
15-Nov-94 -10.93 1.17 0.1 223 -13638 -10.910 | -0.168 -0.134
14-Dec-94 -13.38 -1.28 0.1 -22.3 -8.234 -7.410 0.101 -0.091
34715 -13.79 -1.69 134 -9 -23.127 -23.127 | -0.285 -0.285
34746 -8.28 382 4900 -175 -40.311 -44.342 | -0.497 -0.546
-2.435 -2.435 -0.030 -0.030
-10.827 -9.744 -0.133 0.120
-14699 -11.759 | -0.181 -0.145
8.243 5.770 0.102 0.071
18.198 10.919 0.224 0.135
21.091 10.545 0.260 0.130
31.366 12.547 0.386 0.155
26.595 7.978 0.328 0.098
28.835 5.767 0.355 0.071
43.4 4.34 0.535 0.053

mean= -12.104 mean= 22.409
std.dev.= 1.9688 std.dev.= 41.231

VO NMALELON2OoLLLANS
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Well G3
Crosscovariance Crosscorrelation
Date C-13G3 C-13G3' DoCc-G3 Doc-G3 Lag# #Pairs Unbiased Biased |Unbiased Biased
7-May-94 -13.36 -219 7640 6630 -10 1 250614 25.081 | 5.389 0.539
3-Jun-94 -1367 -25 960 -0.50 -9 2 -75864 -15173 | -1631  -0.326
1Jul-e4 949 168 390 6.2 -8 3 -43.458 -13.038 | 0934  -0.280
29-Jul-94 -1136 019 370 -6.40 -7 4 -7.148  -2858 | -0.154  -0.061
12-Aug-94 -10.97 0.2 15.10 S5.00 6 5 40.149 20075 | 0.863 0.432
23-Sep-94 -10.16  1.01 010 -1000 -5 6 4.818 2.891 0.104 0.062
14-Oct-94 -880 237 010 -1000 -4 7 -3.348  -2343 | 0072 -0.050
15-Nov-94 -1146 029 010 -1000 -3 8 4310 3448 | 0093 -0074
14-Dec-94 -1280 -163 010 -10.00 -2 9 13.282 11963 | 0.286 0.257
16~Jan95 -13.43 -226 220 -7.90 -1 10 -17.340 -17.340 | 0373  -0.373
16-Feb95 -739 378 010 -1000 O 1 -16.972 -18669 | -0.365 -0.401
1 10 0.747 0.747 0.016 0.016
2 9 2519 2267 0.054 0.049
mean= -11.172 mean= 10.127 3 8 -5.163 4131 | 0111 0089
std.dev.= 2.067 std.dev.= 22.501 4 7 4933 3453 | 0106 -0.074
5 6 3.387 2032 0.073 0.044
6 5 5.920 2.960 0.127 0.064
7 4 8.882 3.553 0.191 0.076
8 3 8.283 2.485 0.178 0.053
9 2 21.151 4.230 0.455 0.091
10 1 21900 2.190 0.471 0.047
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Well G8
Crosscovariance Crosscorrelation
Date C-13 G8 C-13G8' poc-Gs Doc-Ge Lag# #Pairs Unbiased Biased | Unbiased Biased
7-May-94 -13.67 -2.46 482 38.2 -10 1 79.838 7.9838 2.588 0.259
3-Jun94 -1386 -2.65 26.8 16.8 -9 2 33441 66882 | -1.084 -0.217
1-Jul-94 -9.65 1.56 119 19 -8 3 -408777 -12.2633 | -1.325 -0.397
29-Jul-94 -10.9 0.31 71 -29 -7 4 4036 -1614 | -0.131 -0.052
12-Aug-94 -10.28 0.93 6.5 3.5 6 5 19.6424 9.8212 0.637 0.318
23-Sep-94 9.3 1.91 0.1 99 -5 6 18.02817 10.8169 | 0.584 0.351
14-Oct-94 -8.9 2.31 0.1 9.9 -4 7 11.84086 8.2886 0.384 0.269
15-Nov-84 -10.4 0.81 0.1 99 3 8 6.061125 4.8489 0.196 0.157
14-Dec-94 -13.35 -2.14 0.1 99 -2 9 7.983556 7.1852 0.259 0.233
16-Jan-95 -13.88 -2.67 9.2 0.8 -1 10 68756 -6.8756 | -0.223 -0.223
16-Feb-95 -9.12 2.09 0.1 99 0 11 -16.9862 -18.6848 | -0.551 -0.606
1 10 -8.2831 -8.2831 -0.268 -0.268
2 9 -3.99611 -3.5965 | -0.130 0.117
mean= -11.21 mean= 10.018 3 8 -5.01088 -4.0087 | -0.162 -0.130
std.dev.= 2.0539 std.dev.= 15.021 4 7 -2.46743 -1.7272 | -0.080 -0.056
L] 6 2.0705 1.2423 0.067 0.040
6 5 5.138 2.569 0.167 0.083
7 4 11.568 4.6272 0.375 0.150
8 3 3.676667 1.103 0.119 0.036
9 2 14.1015 2.8203 0.457 0.091
10 1 24.354 2.4354 0.789 0.079
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Well G1 1-ful-94
Log (AP/KT)

Phase Chemical Farmula SL Saturation
Microcline KAIS{;04 032 undersaturated
Anarthite (Na,Ca)ALSi);04 455 undersaturated
Araganite CaCO; 0.11 saturated
Barite BasoO, 0.76 supersaturated
Calcite CaCO, 0.05 saturated
Chlorite Mg.FeAl(Si,AI}O,0 (OH) -7.00 undersaturated
Clinoenstatite MgSio; 43S undersaturated
Dolomite CaMg(COy). 034 undersaturated
Kaolinite AlLSi,0; (OH), 2.61 supersaturated
Pyrophyilite Al(OH);8iiO10 13 supersaturated
Quartz Sio, 0.58 supersaturated
Tremolite Ca,Mg;[(OH,F)Si,On |2 -8.60 undersaturated
K-Mica 824 supersaturated

Well G2 15-Jul-94
Log (AP/KT)

Phase Chemical Formula SL Saturatian
Microcime KAISi;0, 036 undersaturated
Anarthite (Na,Ca)ALSihOs -5.27 undersaturated
Aragonite CaCO, 034 undersaturated
Barite BaSO, 032 supersaturated
Calcite CaCO, 0.19 undersaturated
Chlarite (Mg Fe Al)(Si. AI}(O;o (OH), -11.93 undersaturated
Clnoenstatite MgSiO; -5.52 undersaturated
Dolomite CaMg(CO;), 096 undersaturated
Kaolmnite Al;Si;0;5 (OH), 2.51 supersaturated
Pyrophyllite Al(OH),S0y, 341 supersaturated
Quartz Sio, 0.28 supersaturated
Tremolite Ca,Mgs[(OH.F)Si,Oy]: -16.97 undersaturated
K-Mica 8.67 supersaturated




Appendix G (continued)

Well G3 1-Jul-94
Log (AP/KT)

Phase Chemical Formula SL Saturation
Microclime KAISi;O4 034 mdersaturated
Anarthite (Na,Ca)(ALSi)Oq 4.16 undersaturated
Aragonite CaCo, -0.09 saturated
Barite BaSO, 0472 supersaturated
Calcite CaCo, 0.068 saturated
Chlorite (Mg Fe AD(SLANLO1o (OH) -11.04 mdersaturated
Clnomstatite MgSiO; -4.64 undersaturated
Dolomite CaMg(COs), 032 undersaturated
Kaolinite ALSi,Os (OH), 3.17 supersaturated
Pyrophyllite Aly(OH),SiO;0 4.02 supersaturated
Quartz Sio, 0.47 supersaturated
Tremolite Ca,Mg:{(OHF)Si,Oy]; -10.68 indersaturated
K-Mica 9.00 supersaturated

Well G4 15-Jul-94
Log (AP/KT)

Phase Chemical Fornmia SL Saturation
Micarocline KAISi;O4 0.44 supersaturated
Anorthite (Na.Ca)ALSi);0: 442 undersaturated
Araganite CaCO, 0.7 undersaturated
Barite BaSO, 0.13 supersaturated
Calcite CaCO, -0.59 undersaturated
Chlorite (MgFe AD(Si A}, (OH)y -11.69 ndersaturated
Clnonstatite MgSiOs -5.68 undersaturated
Dolomite CaMg(COs), -1.32 undersaturated
Kaolinite AlLSi,05 (OH), 421 supersaturated
Pyrophyllite AlL(OH),Si,0,0 528 supersaturated
Quartz $i0, 047 supersaturated
Tremolite Ca,Mg;s[(OH.F)Si,Oy ), -19.67 undersaturated
K-Mica 10.80 supersaturated
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Appendix G (continued)

Well GS 1-Jul-94
Log (AP/KT)

Phase Chemical Farmula SL Saturatian
Microcline KAISi, Oy -1.17 undersaturated
Anarthite (Na,Ca)(ALSi)O4 -5.49 undersaturated
Aragaonite CaCOy 048 undersaturated
Barite Baso, 0.35 supersaturated
Calcite CaCO; 032 undersaturated
Chlorite (Mg FeAl(SiAI)O;, (OH), -11.27 undersaturated
Clinoenstatite MgSiO, -5.24 undersaturated
Dolomite CaMg(COy)» -1.16 undersaturated
Kaolinite Al;8i,05 (OH), 237 supersaturated
Pyrophyllite Al(OH),SOyo 3.27 supersaturated
Quartz Si0, 048 supersaturated
Tremolite Ca;Mgs[(OHF)SLOy,]> -14.73 undersaturated
K-Mica 736 supersaturated

Well G6 1-ful-94
Log (AP/KT)

Phase Chemical Formula SL Saturation
Microclne KAISi,O, -1.68 undersaturated
Anarthite (Na,Ca)(ALSi);O¢ £6.39 undersaturated
Araganite CaCO, 0.07 saturated
Barite BasSoO, 03 undersaturated
Calcite CaCO, 0.09 saturated
Chlorite (Mg.Fe Al)(Si.AI},O;, (OH)s -3.02 undersaturated
Clinomstatite MgSiO; <321 undersaturated
Dolomite CaMg(COs): 0.00 saturated
Kaolmite AlLSi;0s (OH), 046 undersaturated
Pyrophyllite AL(OH),Si,010 002 saturated
Quartz SiO, 024 supersaturated
Tremolite Ca,Mg [(OH.F)Si,O: -1.48 undersaturated
K-Mica 4.50 supersaturated
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Appendix G (continued)

Well G7 15-Jul-94
Log (AP/KT)

Phase Chemical Formmla SL Saturation
Microcline KAISi;Og 0.54 undersatnrated
Anorthite (Na,Ca)(AlLSi\hOy -5.12 undersaturated
Aragogite CaCO, 046 undersaturated
Barite BaSO, 046 supersaturated
Calcite CaCOs <030 undersaturated
Chlorite Mg Fe Al)(SLAILO, o (OH), 9.67 undersaturated
Clinoenstatite MgSiO; -5.02 undersaturated
Dolomite CaMg(COs), 093 undersaturated
Kaolmite Al;S8i,05 (OH), 261 suparsaturated
Pynphyll'm: Alz(OH)gSi.Om 3.49 S@mm
Quartz Sio, 0.40 supersaturated
Tremolite Ca,Mg:{(ORLF)Si,0 )= -13.72 undersaturated
K-Mica 837 supersaturated

Well G8 1-Jul-94
Log (AP/KT)

Phase Chanical Formula SL Saturation
Microclme KAISi,Oy -1.83 undersaturated
Anarthite (Na,Ca)(ALSi»0y £6.04 undersaturated
Aragmite CaCO, 0.26 undersaturated
Barite BaSO, 0.22 supersaturated
Calcite CaCO, 0.10 saturated
Chlorite (Mg.Fe Al)e(SLAI)LO;o (OH) -12.6 undersaturated
Clinonstatite MgSiO; -5.46 undersaturated
Dolomite CaMg(COs), -1.05 undersaturated
Kaolinite ALSi,O5 (OH), 1.58 supersaturated
Pyrophyllite Al(OH),S1,04o 216 supersaturated
Quartz Sio, 034 supersaturated
Tremolite Ca;Mgs{(OH.F)Si O }2 -15.77 undersaturated
K-Mica 6.20 supersaturated
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Appendix G (continued)

Well G9 15-Jan-95
Log (AP/KT)

Phase Chemical Fonnula SL Saturation
Microcline KAISi;,O, -0.82 undersaturated
Anorthite (Na,Ca)ALSi)O¢ 3.7 undersaturated
Aragonite CaCOs 025 supersaturated
Barite BaSO, 0.02 saturated
Calcite CaCO, 0.40 supersaturated
Chlorite (Mg.Fe A)(SiLAILOy (OH)s -1.99 undersaturated
Clinomstatite MgSiOs -3.65 undersaturated
Dolomite CaMg(COs): 0.59 supersaturated
Kaolinite AlLSi,05 (OH), 2.11 supersaturated
Pyrophyllite Al (OH),Si 040 312 supersaturated
Quartz Si0. 0.03 saturated
Tremolite Ca,Mg:{(OH.F)Si,Oy]- 521 undersaturated
K-Mica 836 supersaturated

Well G10 15-Jui-94
Log (AP/KT)

Phase Chemical Formmla SL Saturation
Miaocline KAISi;0, £0.49 undersaturated
Anorthite (Na,Ca)(ALSi),Ox 496 undersaturated
Aragonite CaCO, 0.03 saturated
Barite BaSO, 051 supersaturated
Calcite CaCO, 0.13 supersaturated
Chlorite (Mg Fe AD«(Si. A0 (OH)y 620 undersaturated
Clinoenstatite MgSiO, 4.11 undersaturated
Dolomite CaMg(COs), 0.06 saturated
Kaolmite ALSi,05 (OH), 1.96 supersaturated
Pyrophyllite AlL(OH),SiiO0 3.06 supersaturated
Quartz Si0, 0.50 supersaturated
Treamolite Ca,Mgs[(OHF)SiiOy,}, <731 undersaturated
K-Mica 758 supersaturated
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Appendix G (continued)

Well G11 1-Ful-94
Log (AP/KT)

Phase Chemical Formula SL Saturation
Miaocline KAISi, Oy -1.21 undersaturated
Anarthite (Na,Ca)ALSi)Or -5.59 undersaturated
Aragonite CaCo, 0.08 saturated
Barite BaSO, 0.05 saturated
Calcite CaCO, 024 supersaturated
Chlarite Mg FeAD(SiLANLO, o (OH)y -13.32 undersaturated
Clmomstatite MgSiO, -5.68 undersaturated
Dolomite CaMg(CO;), 0.44 undersaturated
Kaolinite ALSi,0s (OH), 226 supersaturated
Pyrophyllite AL(OH),Si,040 3.00 supersaturated
Quartz Sio, 042 supersaturated
Tremolite Ca,Mg[(OH.F)SLOy;]» -17.06 undersaturated
K-Mica 733 supersaturated

Well G12 26-Aug-94
Log (AP/KT)

Phase Chemical Formula SL Saturation

Microcline KAISi;O, -

Anorthite (Na.Ca)(ALSi);04 -

Aragonite CaCO, 0.0S saturated
Barite BaSO, 0.59 supersaturated
Calcite CaCO, 021 supersaturated
Chlarite (Mg.Fe Al)(Si.AI),O10 (OH)s -

Clinoenstatite MgSiO, -4.56 undecrsaturated
Dolomite CaMg(CO;), 0.07 saturated
Kaolinite Al,Si,05 (OH), -

Pyrophyllite Al,(OH):Si,010 -

Quartz Si0, 0.16 supersaturated
Tremolite Ca,;Mg;{(OH.F)Si O] -10.83 undersaturated
K-Mica -
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Appendix G

Appendix G (continued)

P1 1-Jul-94
Log (AP/KT)

Phase Chemical Formmula SL Saturation
Microcline KAISi;Oq 20.66 undersaturated
Anarthite (Na,Ca)(ALSi),0¢ 4.79 undersaturated
Araganite CaCO, 0.18 undersaturated
Barite BaSO, 0.65 supersaturated
Calcite CaCOy 0.02 saturated
Chiarite (Mg Fe AD(SLAIO,o (OH) -10.76 undersaturated
Clinoenstatite MgSiO, -5.15 undersaturated
Dolomite CaMg(COs), 067 undersaturated
Kaolinite ALS§i,05 (OH), 292 supersasturated
Pyrophyllite AL(OH),SLO, 4.24 supersaturated
Quanz Si0, 0.58 supersaturated
Tremolite Ca,Mgs[(OH.F)Si,Oy;]> -13.88 undersaturated
K-Mica 8.20 supersaturated

P2 15-Nov-94
Log (AP/KT)

Phase Chemical Formula SL Saturatian
Microcline KAISi;0, 0.15 supersaturated
Anorthite (Na,Ca)ALSi);04 -3.89 undersaturated
Araganite CaCO, 0.16 supersaturated
Barite BaSO, 036 undersaturated
Calcite CaCO; 032 supersaturated
Chlorite (MgFe Al«(SiAILO, o (OH)s -3.02 undersaturated
Clmoendtatite MgSiO, -3.68 undersaturated
Dolomite CaMg(CO;), 0.24 supersaturated
Kaolinite Al;Si,05 (OH), 2.26 supersaturated
Pyrophyilite Aly(OH),Si,0y 321 supersaturated
Quartz Sio, 0.29 suparsaturated
Tremolite Ca;Mgs{(OH.F)SLOy;]: 445 undersaturated
K-Mica 8.90 supersaturated
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Appendix G

Appendix G (continued)

P3 15-Nov-94
Log (AP/KT)

Phase Chemical Formula SL Saturation
Microcline KAISi; Oy <2.66 undersaturated
Anarthite (Na,Ca)ALSi) 04 -4.87 undersaturated
Aragonite CaCO, 0.01 saturated
Barite BaSO, 0.48 supersaturated
Calcite CaCO, 0.15 supersaturated
Chlorite (Mg.Fe Al)((SLAILO;, (OH)y -10.94 undersaturated
Clinoenstatite MgSiOs -5.51 undersaturated
Dolamite CaMg(COs)2 0.59 undersaturated
Kaolinite Al,8i,0s (OH), 2.03 supersaturated
Pyrophyllite Al(OBhSLO, 2.78 supersaturated
Quartz Sio, .13 undersaturated
Tremolite Ca,Mg{(OHF)Si,0y; ] -1695 undersaturated
K-Mica 6.64 supersaturated

P4 15-Nov-94
Log (AP/KT)
Phase Chemical Formula SL Saturation
Microcline KAISi,Op .
Anorthite (Na,Ca)}ALSi):0 -
Aragonite CaCOs 029 supersaturated
Barite BaSO, 033 supersaturated
Calcite CaCOo, 0.4s supersaturated
Chlorite (Mg.Fe ADe(Si.AILO10 (OH) -
Clinoendtatite MgSiO; 4.09 undersaturated
Dolomite CaMg(CQ;), 043 supersaturated
Kaolinite Al,Si;,05 (OH), -
Pyrophyllite AL(OH):SLOq -
Quartz §i0, 029 supersaturated
Tremolite Ca;Mg,{(OH.F)Si,0,,], =145 undersaturated
K-Mica -
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Appendix G

Appendix G (continued)

T1 1-Jul-94
Log (AP/KT)

Phase Chemical Forrmula SL Saturation
Microcline KAISi;04 242 undersaturated
Anorthite (Na,Ca)(AlLSi);0, 630 undersaturated
Araganite CaCO, 0.74 undersaturated
Barite BaSO, 047 undersaturated
Calcite CaCOs £0.58 undersaturated
Chlorite (MgFe AD«(Si.AI)O,, (OH)s -18.1 undersaturated
Clinoenstatite MgSiOs £6.63 undersaturated
Dolomite CaMg(COs), 2.09 wndersaturated
Kaolinite Al,Si,05 (OH), 234 supersaturated
Pyrophyllite AL(OH),Si,O10 357 supersaturated
Quartz Sio; 039 supersaturated
Tremolite Ca,Mg{(OH.F)SL.Oy}» 2392 undersaturated
K-Mica 6.20 supersaturated

T2 1-hul-94
Log (APKKT)

Phase Chemical Formula SL Saturation
Microcime KAISi;Oq -2.08 undersaturated
Anorthite (Na,Ca)(ALSi);04 621 undersaturated
Aragmite CaCO, 094 undersaturated
Barite BaSO, 0.66 undersaturated
Calcite CaCOy 0.78 undersaturated
Chlorite (Mg Fe Al)(Si, A0, (OH)s -1599 undersaturated
Clinoenstatite MgSiOs 6.19 undersaturated
Dolomite CaMg(COs), <221 undersaturated
Kaolinite AlSi;05 (OH), 237 supersaturated
Pyrophyllite Al (OH),Si00 35 supersaturated
Quartz Sio; 0.44 supersaturated
Tremolite Ca;Mg[(OH.F)Si.Oy > -21.28 undersaturated
K-Mica 6.45 supersaturated




Appendix G

Appendix G (continued)

T3 15-May-95
Log (AP/KT)

T CCx6 Phase Chemical Formula SL Sawration

pH=6.5
Microcline KAIS§,O, -3.48 undersaturated
Anaorthite (Na,Ca)(ALSi);0 £.90 undersaturated
Aragmnite CaCO, 096 undersaturated
Barite BasSO, -0.61 undersaturated
Calcite CaCO, -0.80 undersaturated
Chlorite (Mg.Fe AD&(SLAI),O,0 (OH)s -19.27 undersaturated
Clinoenstatite MgSiO, 694 undersaturated
Dolomite CaMg(COs), 248 undersaturated
Kaolinite ALSi,Os (OH), 1.94 supersaturated
Pyrophyllite AlL(OH),S1,0, 2.66 supersaturated
Quartz Sio, 0.21 supersaturated
Tremolite Ca,Mg {(OH.F)SLO ). -26.36 undersaturated
K-Mica 5.12 supersaturated

T4 15-May-95
Log (AP/KT)

T ("Cx6 Phase Chemical Formmula S.L Saturation

pH=6.5
Microcline KAISi;O -235 undersaturated
Anorthite (Na,Ca)(ALSi);04 6.16 undersaturated
Araganite CaCO, .81 undersaturated
Barite BaSO, 03s undersaturated
Calcite CaCO, 0.65 undersaturated
Chlorite (Mg Fe Al)«(SiLAILO,0 (OH) -16.84 undersaturated
Clinoastatite MgSiO; 645 undersaturated
Dolomite CaMg(CO,), -1.80 undersaturated
Kaolmite Al;$1,04 (OH), 233 supersaturated
Pyrophyllite Al (OH),Si4O10 324 supersaturated
Quartz Sio, 0.30 apasaturated
Tremolite Ca,Mgs[(OH.F)SLOy,)x -23.63 undersaturated
K-Mica 6.45 supersaturated
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