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This is an average  .mate of the water balance, which will naturally che
variability in the precipitation 1d weather conditions occurring in any individua
Compared to the total input precipitation, the output evapotranspiration represen
surface runoff represents 45%, oundwater recharge represents 10% and sublimr
represents 0.8%. There are consecutive years of lower and higher precipitatic 1
affect the remaining output fluxes and how much groundwater recharge become:

available to supply the overburden aquifer.

s with
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Fredericton area. This supports evidence from the 3D modeling, described in Chapter 4
and Chapter 5, that both the groundwater and surface water of the hydrogeological

system is sensitive to changes in recharge because of this interaction.
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The 4™ type (pumping well) boundary condition is used for the model verification
and transient model simulations by applying pumping rates to the well field pumping
wells that are screened in the aquifer. For this study, pumping wells PW(  PW02,
PWO03, PWO0S, PW06, PW07, dPWOS8 are used for the model verification exercise,
described in detail in Section 4.4.6. Additional pumping wells, PW09 and PW10,
installed and brought on-line in 2003 in the Queen’s Square area, are included in the
transient model simulations. Further discussion of the initial conditions and the 4" type

boundary condition are described for the transient model simulation in Section 4.4.2.

4.4.2 Initial Hydraulic ..cad Conditions

Initial hydraulic head conditions are the hydraulic head dist »ution data at
time = 0 s. Initial conditions 2 necessary for a transient model sir lation and in this
study, are also applied to the steady-state model to aid in calibration. The initial hydraulic
head data are applied to tl top layer of the model. The set of initial conditions for the
steady-state model does not have hydraulic head data from wells in the aquifer. These
wells in the aquifer are inf ced by constant pumping of the well :1d and cannot be
considered at steady-state « 1ditions.

The hydraulic head data used for the steady-state and initial ydrau ead data
transient model simulations are collected at various locations in the model main over a
specific time period refer  to as “snapshot.” The snapshot is taken between
April 1, 2005 starting at 16:45 and ending on May 20, 2005 at 14:45 and these data are

presented in Table 4.5.
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basal sand and gravel layer lows for increased fluid-flux to the till layer and through the
windows to the overlying |uifer.

From the transient simulation fluid-flux results, the bedrock fluid ux range of
18 m*/d to 371 m*/d is not ly fected by changes in recharge or pumping rates. With
changes in precipitation o1 srature, a possible result of climate change, this would
not greatly affect the groundwater fluid-flux from the bedrock upwards it ) the
overburden. The following chapter  ns through a few examples of the potential impacts

on the hydrologic system in Frec  ton from the theoretical effects of climate change.
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sensitive than that of the b * ock, which represents a more stable fluid-flux because of

the lower fractured rock-mass permeability.

6.2 Recommendations

Based on the results of this thesis, recommendations can be made future field

and modeling studies of the Fred cton Ac ifer:

(D Additional seasonal rface water, river and bedrock groundwater san ling and
analyses for stable isotopes is recc  nended to clarify the signature, or’ 'n and the

groundwater velocities of t! rock groundwater.

(2)  Additional numeric mo« transient simulations using updated pumping well
information and actual long-term pumping test data should be done. Running long-term
transient simulations greatly increa . the run-time of the model, and would be beneficial
in determining long-term e :cts of changing precipitation and temperatures, a potential

result of climate change.
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Figure A.8 shows that for 1% of the time, the flowrate is at its hig st,

approximately 0.4 to 1.0 m*/s. A flowrate of approximately 0.01 m’/s will occur equal to

or greater than 80% of the time.

-ation Curves for Nashwaaksis Stream

TTTI T T T

Discharge (m*/s)
=)
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Tir charge was equaled or exceeded

Figure A.8.  Duration curves for Nashwaaksis Stream.
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Figure B.1. Logging fractu alpha and beta angles on the core.
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Figure B.2. Fract(t)lre angle :q cy for BHOL. Note angles not corrected for incline
of 51°.
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Feed Through Port Detail
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Figure C.1.  Inflatable pas details.
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Example Calculation of Transmissivity and Results from Packer Tests

Example C.1 calculation for transmissivity using data from BH1 — length 17.39m
Transmissivity (T) using the Thiem (1906) equation.

T = Qx(InRi - InRw)

Where: Q
Ri
Rw
H.,
H;

Conversions:

L/min = /60000 m*/sec
1 kpa =0.14S5 psi absolute

(27 x (Hw - Hi))

flowrate (m3/sec)

= radius of well influence (m)

lius of borehole (m)

(Equation 3.1)

_draulic head of borehole during test interval (m)

= initial hydraulic head of well (m)

lpsi =0.7031 m head of er

1 psi 2.3068 ft head of v r

lkpa =0.102m

Q = 4.98 L/min x 1/60000 m*/sec = 8.31 x 10™° m*/sec
Ri = J)m

Rw  =0.0381m

H, = 3kpax0.102m 1326m

H; = lkpax0.102m 1.122m

T=Q*InRi-InRw/2r*Hw-Hi

T=831x10° m¥sec * (In (10 1) —In (0.0381 m)) / (2*3.14%(1.326 m — 1.

T=3.61x%x 10" m%¥sec

122 m))
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BH1 BH2 BH3

L BH12003 BH1-2004 BH2-2003 | BH2:2004 BHO203 | BH32004
lengh | T | lengh T h,. T . legh T | legh| T . Leng

(m | (m2s) . (m) . (mas) | (m) | _(m2s) | (m) . (ms) | (m)  _(m2s)

174 | 390E-04 | 180 | 1.46E-04 1,16E-05 17 | 268E-05 | 105 | 1.77E-05
38 | 1.70E06 | 466605 18 | 260E:04 | 318 | 353E06
, . 35.5 6.69E-07 2.99E-05 20 i 7.93E-07 34.9 | 2.03E-06

225  3.45E-07 37.2 : 1.01E-06 1.61E-06 21 i 4.21E-05 378 | 1.77E-06
242 | 229E07 | 385 115E- 725607 | 22 | 124E05 | 408 | 1.96E-06
____________ 260 | 919E-07 | 397 i 8.34E-06 4.27E-06 24 | 287E-06 | 438 | 4.69E-07 | 1.46E-06

277  221E-06 | 409 | 8.19E-07 | 278 28 | 535E-05 | 469 | 5.80E-06 | 1.74E-06
294 13E08 422 1006 | 6BIEUT | 29| SA0E0 | 474 BAGE06 | 252 ' 132606
31.2 . 1.88E-06 43.4 | 1.00E-06 1.41E-06 33 | 1.71E-05 53.0 : 7.72E-07 : 1.23E-06 :

329 | 196E-06 | 447 @ 505E-07 - 302 | 1.07E:08 35 | 1.06E-05 276 2.16E:06

195806 |

346 | 235E08 | 477 479E07 95 07 36 | 4.54E-05
____________ 363  110E06 49.4 ' 300E-06 | 37 | 6.70E-06
381 © 3.99E-07 51.2
39.8 ; 6.57E-06 547
415 | 4.90E-08 56.5
433 | BE2E07 | 598
__________ 450 | 306E-08 610 | B.I0E07
468 | 344E07 | 623 | S60E:06 |
485 | 4.12E-08 | 635 | 7.69E-07

52,0 | 598E-08

39 [ 821E05 1 314 170E-06
40 | 279E-07 326  2.23E-06 |
41 : B.B4E-07 338
42 | 5.64E-06 35.1

_.
-
)
m
=)
S

DD N @D @

376 233606 |
 148E-06

1.29E-06

438 B.OSE07

539 | 137607
557 | 261E07
574 | 561E-08
58.6 | 6.49E-08

1.84E-06
1.23E-06
4.68E-06

1,06E-06
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Temyp ~—1iture Calit~+or ~ S oor

Re: ymperature (Empirical vs. Experiment)
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Figure C.2.  Thermistor cal : calibration curve.
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Frec ‘icton, NB Rainfall Events between
April 1 - May 20, 2005
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Figure F.13. Precipitation « pshot period April 1 — May 20, 2005.
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