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MODELING THE
HYDROGEOLOGY OF THE
BRUCE SITE

(to accompany written submission)

John Bredehoeft, PhD
Hydrodynamics Group, LLC
Sausalito, CA

Prepared For Northwatch

Model Calibration

Models allows projection future system response
Sequester Waste ?

Usual procedure: 1) history match (calibrate); 2) then project
Oil field production history

But--Repository there is no history to match

Alternative is to reproduce observed hydrogeology of the site
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Figure 2.18: Profile of Test Interval Hy = y Esti L from
Field Straddle-Packer Testing in DGR Boreholes
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Table 4.14: P and Initial for Site-Scale Analyses
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Figure 5.25: y of F and Heads Vertical Profile Plots for All

Sykes et al:

Nine different
paleohydrogeologic scenarios
were investigated in this study.

Based upon these it is concluded

that glaciation and deglaciation

Is unable to yield the abnormal

pressures observed in the DGR
boreholes.
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Nasir et al (2011):

First, past glaciation,
particularly the second cycle
(22,000 abp) had a great
impact on pore water
pressure gradient and
effective stress distribution.
The results are consistent
with field observations of
persistent pressure to the
present time. However, the
predicted values of
anomalous water pressure is
less than the observed values
at the site...
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Slide 11 Gas?
(TOUGH2 model)

On this basis (the Hydrogen Index),the
Collingwood sample and the Blue Mountain cores
are considered as being thermally mature (Type 11
kerogen)....Most Georgian Bay and all Queenston
cores contain Type Ill kerogen, which is derived
from terrestrial organic matter, eg., ligin and
cellulose and is more gas prone than Type Il
kerogen (Geosphere Site Model Report).

Questions: 1) generated when?
2) generation continuing?
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two phases: gas & water (capillary pressure)
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FIG. 2.6. Typical k, curves.




relative gas permeability

Limited Fit

" L " L

= Cobourg-Lower Formation Average Limited Fit
Relative Gas Permeability
» Relatve Gas F‘arrnsahﬂrt{ Sample Point
Relative Water Permeability

Relative Permeability
L=
o

o
(X
L

075 08 085 09
Water Saturation [velume ratio]

Slide 15

2
]

Dugth in DGA-112 [BIGS]

= =

o 5 w0 AL a
watar Prassure (MPa]

Sykes et al
TOUGH?2

Depih i DGA-12 (=868

8 @8 BB EEEEE BEEGOG

-3 20 -10
Copiilary Prasssn [MPa]
Mote: {m) water pressure, (b) freshwater head with posted August 24, 2006 measumements in DGR, (o) gas
prossure, and {d} caplary pressune.

10 20
Gas Proasue [MPa]
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Figure 6.34: Saturations for the Two-Phase Gas-Water Flow Analysis at 1 Ma Without a
Discontinuity at 585 m Depth and Air Generation

Table B-1: Estimated Maximum Repository Gas Pressures
Gas Generation Initial Maximum Gas Pressure (MPa)
Mass of
Metals or
Organics
(kg)

Case 1 Case 2 Case 3 Case 4
Anaerobic = Casei | Case1 with | Case1with
Corrosion & | with FeCO; | Methano- FeCO, and
Degradation | Formation genic Methano-
Reaction genic
. Reactions
H, from metal corrosion 5.8E+07 00 | 88 0.0 02
L0 BN oG % | 00 12 00
degradation |
CH, from organic
degradation
N, from initial air

228407

53| 53 78 76

: | o 0 01
Total 8087 00 142 9 79
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Figure 5.37: NE-RC: 3DSRS Geosphere (No Repository) Gas and Liquid Head and Gas
Saturation Profile

a dry mine

What happens hydrogeologically when we open a mine?
The mine fluid (air) is at atmospheric pressure.

The fluids in the country rock (gas & water) are at high
pressure. At the Brue Site the water is at 4 MPa

(40 atmospheres pressure).

The pressure gradient causes water & gas to flow into mine. But the
permeability is very low so the rate of inflow is low.

The ventilation system carries the water away as vapor.
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TOUGH2 & GAS GENERATION
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Figure 5.45: NE-SBC: Total and Partial Gas
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Figure 5.46: NE-SBC: Water within the
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my questions:

What was the source of the gas?
When was gas emplaced in the Ordovician rocks?
Is gas continuing to be generated?

Are the under pressures created by glacial loading?
(what creates the under pressures?)




