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This report was prepared for the British Columbia Hydro and Power Authority (“BC
Hydro”). BC Hydro does not:

(a) represent, guarantee or warrant to any third party, either expressly or by implication: (i)
the accuracy, completeness or usefulness of; (ii) the intellectual or other property rights
of any person or party in; or (iii) the merchantability, safety or fitness for purpose of;
any information, product or process disclosed, described or recommended in this
report,

(b) assume any liability of any kind arising in any way out of the use by a third party of any
information, product or process disclosed, described or recommended in this report, or
any liability arising out of reliance by a third party upon any information, statements or
recommendations contained in this report.

Should third parties use or rely on any information, product or process disclosed,
described or recommended in this report, they do so entirely at their own risk.
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1.

SUMMARY CONCLUSIONS

1.

A geothermal resocurce with a base temperature of
190-200°C has been identified 1in the South Reservoir
area of the Meager Creek Project. Intersected at a
depth of 1 200 to 1 600 m, geothermal fluids are
postulated to originate from beneath the Meager Volcanic

Complex and to upflow along the Meager Creek Fault Zone.

Alteration studies indicate recent volcanic activity has
produced tuwo chemicaily distinct hydrothermal systems
with a possibility of a third one yet to be discovered.
Alteration patterns indicate that the shallow, 1low
temperature ( <140°C) reservoir is the result of near
surface mineral deposition, producing a low permeability
barrier to deeper, hotter fluids. The second 180 to
200°C reservoir was partially intersected by the MC;1;
and possibly MC-3 wells. Geochemical data suggest that
an undiscovered, high temperature ( >200°C) resource may

be present at depth.

The resource is fracture dominated; host rocks
demonstrate low permeability and porosity. As such, the
discharge capability of the wells drilled to date
appears to be limited by the 1low flow/recharge
characteristics of the rocks surrounding the ©bore.
However, the No-Good Zone (encountered by MC-3) may
providé a highly fractured conduit to geothermal fluids.
The present condition of the MC-3 bore, however, makes

an accurate evaluation of this feature impossible.




The discharge of mc-1 has provided the most

comprehensive information on present reservoir
conditions. Within environmental and budgetary
constraints, the discharge will be continued and

monitored on a regular basis. The information gained on
pressure, temperature and chemical changes should be a

useful guide to future exploitation strategy.

The results of exploration at Meager Creek are promising
and the possibility of a successful geothermal discovery
are encouragihg; Qprgver, before an accurate evaluation
of the prelimipary g%ploration program can be made, more
exploratory aqdjwfgéting work is required. A brief
deCUssiohﬂﬁbf further requirements for a successful

development is presented within this text.
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INTRODUCTION

2.1

Previous Work

Prior to 1981, a program of geothermal reconnaissance
and exploration in the Meager Mountain area of the upper
Lillooet River region of southwest British Columbia uwas
conducted (Figures 1, 2). The program, initiated late
in 19873, identified a near surface thermal anomaly along
Meager Créek in an area referred to as the South

Reservoir.

Intensified exploration, primarily involving surface
geological mapping, geophysical resistivity surveying,
and shallow (100 m to 1200 m) diamond drilling,
progressively narrowed the target area. Earlier work
(1974-1978), wutilizing geophysical resistivity surveys,
identified a broad, low resistivity anomaly thought to
be associated  with upwelling thermal grounduwater.
Subsequent diamond drilling confirmed the presence of
shallouw, hot water with five of fourteen  wells
encoutering temperatures in excess of 100°C (including a
maximum of 202°C measured at a depth of 367 m in drill
hole "M7-790"). Work in 1979-1981 focussed on targeting
a deep exploratory well with continued diamond drilling,
detailed surface mapping, geochemical prospecting, and
geophysical surveying (Figures 3, 4). Exploration was

also extended to include geothermal reconnaissance in

surrounding areas of the Meager Mountain Complex.
Included 1is the "North Reservoir" where one diamond
drill hole, situated on a resistivity anomaly,

encountered a temperature of 103°C.

The scale of exploration was further expanded, in 1981,

°
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with the decision to commence a deep well exploration
program involving the drilling of three large diameter
exploratory test holes to depths of approximately
3 500 m, The first deep well, MC-1, was spudded on 11
July 1881 and was completed four months later. Despite
the loss of 500 m of drill pipe in the bottom of the
3 000 m hole, an encouraging temperature of 219°C uwas
recorded at 2 500 m and the well became the first (and
to date, the only) geothermal bore capable of sustained
steam production in Canada. A second deep well started
in late 1981 was directed northeastward beneath the
Meager Mountain complex. Drilling and completion

scALDiiIUdcd AT ey =

testing extended

Deep exploration was augmented by continued resistivity
surveys, soil and water geochemistry surveys, geological
mapping, and diamond drilling in both the North and

South Reservoir areas.

Work Done in 1982-83

Full scale exploration in the South Reservoir area

_continued “through the winter of 1981-82 with  the
i successful_ﬁ completion of mc-2, the second deep

\expinnatﬁf} well, in late March. Completion tests were

conducted over the next month, recording a maximum
bottom hole temperature of 270°C. Drilling of a third
deep well commenced in late April, shortly after the rig
was moved from the MC-2 site, and was completed in early
August. Temperatures up to 290°C were measured in the
subsequent completion tests. Initial attempts to
stimulate the deep wells have met with limited success
with neither MC-2 nor MC-3 proving capable of sustained

discharge in their present state. Due to the poor
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gconomic,
geothermal program was suspended in August of 1982.

climate
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Most of the major site -eguipment inventory had been
demobilized and the work was reduced to include limited
testing and the site maintenance program. All three
deep wells continued to be monitored through the autumn

and winter of 13982-83.

Activity in the North ‘Reservoir during 1982-83 was aimed
towards evaluation of the resource potential as
identified in seasons previous. Geophysical and
geochemical surveys conducted during the summer were
performed on a broad scale, covering the northern flanks
of the Mount Meager <complex as far north as Manatee
Creek and partially extending toward . Silt Lake.
Attention was focussed on the Jbb-Affliction Creeks area
where H_ S gas emmanations and low resistivity values
have been recorded. Resistivity coverage was extended
and, augmented with data from previous seasons,
succeeded in defining a number of new anomalous areas as
well as closing off previously open-ended anomalies.
Water geochemistry performed in most of the major
drainages in the North Reservoir did not reveal any

major anomalies although several elevated values uwere

coincident with zones of low resistivity. Surface
geological mapping was continued in the
Job-Affliction-Mosaic region, completing preliminary

efforts initiated in late 1981.

During 1982, five diamond drill holes, again mostly in
the North Reservoir area were completed. Three holes,
L4, LS5, and L6 were re-occupied in the spring after
operations had been suspended for the 1981  winter

season. L4 proved to be the most significant, attaining




a temperature of 125°C at a depth of 1279 m (to date,
the deepest diamond drill hole at Meager Creek). Tuwo
additional holes were drilled later in the.season to
test resistivity, ogeochemical and geological targets.
Both L7, drilled at the 1850 m elevation (6000'), and
L8, 1in the 1lower reaches .of Affliction Creek added
significantly to the body of information regarding the

nature of the North Reservoir.

7 In addition to fieldwork, a number of laboratory studiesgl

\_were conducted.

1. An alteration study by University of Utah Research
Institute (UURI) on diamond drill core
distinguished at 1least two distinct alteration
events occurring in respdnse to recent geothermal
activity and suggested an active, high temperature
reservoir remains to be discovered. Petrographic
studies by UURI on rotary drill chips are still in

progress.

2. The dating of alteration events is currently being
undertaken by Southern Methodist Univeristy in
Dallas, Texas, although results are not anticipated
before fall, 1983.

3. A heat flow study was conducted in order to provide
a basis of comparison between temperature and
lithological data throughout the Meager Creek

Project area.




In order to provide more efficient management of the
growing body of information .on thé Meager Creek Project,
a computer based data retrieval system was implemented
in January 1983. The system will allow improved access
to drilling, survey and invoice information, and will
greatly expand the data processing capabilities of the

project.

Consultants, Contracting and Subordinate Services

The following organizations carried out specific areas
of the work under direct control of the Project

Engineer.




Deep Drilling:

Drilling Contractor

Major Service Contractors
Cementing

Directional Drilling

Drilling Fluid
Supply Contractors

Drill Bits

Casing

Wellheads

Testing Equipment

Rig Supervision

- Rig Geology

Westburne Drilling
(Canada) Ltd.

Dowell Canada Ltd.

Canadian Directional
Drilling Services

Reef Mud

Smith Tool

Western Rock Bit Company
Company Ltd.

Dresser Industries
Dominion 0ilfield Supply
Company Limited

Wilson 0ilfield Supply
Ash Pipe Co.

ACF Canada Limited
Otis Engineering
NOwSCOo

Dowell of Canada

KRTA Ltd. (to June 1982)

B.C. Hydro (from June 1982)

Nevin Sadlier-Broun
Goodbrand Ltd.




Slim Diamond Holes:

Drilling Contractors

Rig Supervision

Exploration:

Field work
Resistivity

Other Analytical Work:

B.C. Hydro,

Force Constructiaon
D.W. Coates
Enterprises Ltd.

Nevin Sadlier-Brouwn-
Goodbrand Ltd.

KRTA Ltd.
Nevin Sadlier-Brouwn
Goodbrand Ltd.

Premier Geophysics Inc.

University of Utah
Research Institute
Southern Methodist
University

Geochemistry Laboratory Testing:

Routine analysis

Isotope analysis

KRTA Ltd. (using B.C. Hydro
field laboratory)
B.C. Hydro R & D Laboratory

University of Waterloo,
Ontario

Institute of Nuclear
Sciences, New Zealand
University of Utah
Research Institute (UURI)
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Well Measurements:

Logging Services - N L McCullough
- Bear Tools

Other Measurements - KRTA Ltd. (to March 1982)
- B.C. Hydro (from
‘April 1982)
- Well Production
Testing, Inc.

Environmental Studies:

Implementation A - B.C. Hydro, Environmental
and Socio-Economic Services
- Reid Crouwther &
Partners Ltd.

Data Retrieval System:

Nevin Sadlier-Brouwn
Goodbrand Ltd.

Consultants

B.C. Hydro was responsible for overall coordination of
the project activities of KRTA, drilling and service

contractors, B.C. Hydro personnel and other contractors.




3. SUMMARY OF RESULTS AND EVALUATION

3.1

Geothermal Exploration Strategy

Exploration for geothermal resources in the Cascades
Range of the Pacific Northwest has been significantly
advanced over the past decade. Methods utilized
elsewhere are not always applicable to exploration in
this region and a unique stategy has evolved. Because
of its geographic setting, coastal British Columbia has
proven to be an extremely difficult region to mount any
geothermal exploratory investigations, and the Meager

Creek area is no exception.

The coastal climate provides a plentiful supply of cold
grounduwater (in the form of glacial runoff and
precipitation), diluting the near surface geothermal
waters to a greater extent than is wusual in other
localities. This 1is probably the main reason for the
lack of high temperature surface manifestations of
geothermal activity in British Columbia. Because of
dilution of geothermal water, the chemical technigues
commonly used as indicators of subsurface temperatures
become less reliable, and careful interpretation of

results is required (Figure 5).

Resistivity surveys have proven to be an effective tool
for identifying possible subsurface thermai activity.
The techniques employed were designed to minimize
logistical problems while maximizing the amount of data
collected. Both the dipole-dipole and Schlumberger

arrays have been successfully utilized at Meager Creek.
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The interpretation of anomalous geophysical responses
was assisted by geological information from surface
mapping and shallow diamond drill holes. The shaliow
holes provide temperature gradient data, subsurface
lithological and petrological information and many other
characteristics of the potential reservoir Trocks,
Numerous other surface exploration techniques includihg
soil and water geochemistry, electromagnetic and seismic
surveys, and aerial infrared photography have been

employed.

The final stage of exploration involved drilling a deep
(3 000 m+ ) exploratory  well. Geothermal reservoir
parameters such as resource temperature, production
zones, permeability and injectivity are calculated from

post-drilling tests.

Exploration in the South Reservoir area of Meager Creek
is approaching its final phase with testing in progress
on the first deep exploratory well and continued
monitoring and testing on another two. Although the
proven electric generation potential is small at this
time, results have been encouraging and further
exploration in both the North and South Reservoir areas

of Meager Creek appears warranted.
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Meager Creek - South Reservoir
3.2.1 Deep Drilling Program

Following completion of MC-1 in late 1981, continuation
of the deep drilling program in the South Reservoir area
involved the completion of an additional +two wells

during the spring and summer of 1982 (Figure §).
mc-1

MC-1 was spudded July 11, 1981 and was drilled to a
measured depth of 3 040 m by late October. The hole was
angled beneath the mountain, attaining an offset of
1 598 m towards N 25° W (Figure 7). Houwever, the drill
string became stuck 3 m off the bottom following an
attempt to wash the hole prior to running the completion
liner and was subsequently broken at a measured depth of
2 511 m. Following three weeks of unsuccessful fisHing,
the 500 m of pipe was abandoned and a slotted liner was
run to the top of the fish. The rig was released on
November 15, 1981 (Figure 8).

Completion tests were run following drilling, indicating
a permeable area extending from 1 200 m to 1 700 m, uwith
two zones in particular showing higher permeability.
These coincide with zones of lost circulation
encountered during drilling and are considered to be
associated with the Meager Creek Fault. Subseguent
temperature surveys conducted with the well on discharge
confirmed that fluid was being produced at a temperature
of approximately 185 to 200°C from more than one zone;
although, no flow from below a depth of 1 700 m was

indicated. Calculations from pressure fall-off tests
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showed an 1injectivity of 2.3 L/s-MPa and an average

transmissivity of 0.26 dm (Figure 9).

MC-1 was shut-in following completion and, after
18 days, was found to have a positive wellhead pressure.
The well was subsequently discharged on December 22
1981, through the 250 mm side valve, and maintained the
flash for 30 minutes before the flow died. By October
1982 the well could sustain discharge through both
100 mm and 150 mm end pipes and the output was fitted

with a silencer/separator and a 90° V-notch weir in

order to obtain the well output. Since November 1982,

the well has been discharged continually at the rate of

12 t/hr+ of hot fluid and pressures in excess of
360 kPa.

mMC-2

MC-2, spudded in November 18981, was completed to a depth
of 3 502 m on March 27, 1982. The hole, designed to
test the northeast sector of the postulated reservoir,
was angled beneath the Meager Volcanic Cemplex attaining
a vertical depth of 3 223 m and an offset of 1 193 m
towards N 30° £ (Figures 10, 11). A 177.8 mm slotted
liner uwas hung from production casing at a depth of
900 m. Completion testing was begun immediately,
revealing temperatures up to 270°C, and an airlift to
flash the well was attempted. Houwever, as a result of a
hole in the ~casing at a depth of 195 m, cold surface
water was mixed with wupuwelling thermal waters cooling
the column sufficiently to suppress the ability of the
bore to flash to steam: The problem was eventually

solved by extending the liner to the surface and packing
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Well MC-1 Injectivity analysis
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of f the annulus between the liner and production casing

in the vicinity of the hole.

Permeable zones between depths of 1 600 to 1 800 m and
2 600 to 3 000 m were encountered during drilling with
substantial drilling losses noted in these areas.
Subsequent surveys indicated significant temperature
inflections in the vicinity of these zones., Fluid enters
the bore at a temperature of approximately 185°C in the
upper zone. In order to stimulate and test the higher
temperature 3 000 m zone, the upper zone would have to

be isolated.

Further attempts to flash MC-2 (by airlifting in
September and October, and nitrogen lifting in early
November) failed to initiate discharge although a number
of reservoir parameters were tested. Pressure tests
indicate an injectivity of 2.7 1/s-MPa and a
transmissivity of 0.20 dm (Figure 12). Although these
values are low in comparison to other geothermal systems
and indicate a 1limited flow capacity, they are very
similar to those of MC-1 which flows spontanecusly. In
all probability, the depth of the entry for fluid in
MC-2 is about 1 600 m, approximately 400 m deeper than
mc-1. Although reservoir temperatures are comparable,
the difference in depth may prevent MC-2 from developing
a sufficiently light fluid column to diécharge

naturally.
The model proposed for MC-2 involves the following:

1. A major permeable =zone encountered at 1 600 to

17 800 m is associated with the Meager Creek Fault,
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while the lower =zone at 2 6800 to 3 000 m is

probably due to discrete dikes,

2. Petrological and goechemical studies indicate the
fluid has a source temperature of 190 to 205°C and

is similar in composition to that in MC-1.

3. Mineralogical evidence suggests present day fluid

flow is minimal in this region of the reservoir.

4, There is evidence of invasion damage and possible
obstructiaon of -the fracture permeability by

drilling fluids.
MC-3

A third deep exploratory well, MC-3, was spudded on
April 17, 1982 approximately 50 m east of the MC-2
collar. The well was completed +to a total depth of
3 503 m on August 5, 1982, attaining a vertical depth of
3 036 m and an offset of 1 598 m towards N 74° E. The
well was targeted to intersect the No-Good Zone at a
measured depth of 3 000 m, passing approximately 150 m
north and 1 600 m below the M7-79D drill site enroute
(Figure 13). Drilling was interupted at a measured
depth of 3 025 m where substantial drilling losses uwere
encountered. Risking loss of a potential broduction
zone against the possibility of enhanced permeability
deeper within the No-Good structure, drilling was
resumed. The hole was sSubsequently completed without

further incident (Figure 14).
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Well track as drilled

Wellhead surface location

L6347 E, 5601730 N Praduction casing shoe

N

Elevation 817m unsurveyed
508 mm 0D surface casing in 660 mm hole

i
T

*~802m MD end of build up angle
to 33-5° drift angle
1100

Casing set depths described in this
drawing are based on the original
MC-3 well programme.

For actual casing depths refer to
appropriate sections of this report

Drift angle
33-5°

LEGEND
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MD measured depth
KOP  kick off point
e wel| track as drilled

178 mm GO slotted liner

in 216 mm hole SCALE 1:15000

All dimensions
are in metres
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otherwise

Well track as drilled
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Well MC-3 programmed target / well track as drilled
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The well did not discharge spantaneously and, in order
to clean out the bore as soon as possible after the
completion of drilling, testing was delayed and an

attempt to flash MC-3 was made. Nitrogen 1lifting

(August and November ) and airlifting (September,
October) succeeded in producing low temperature
discharge from a shallow, low permeability zone.

However, this flow effectively choked the bore and
discharge from the zone of primary interest at 3 100 m
was not achieved.

o
Tests conducted in MC-3 indicate a maximum temperature
of 290°C. However, because of transient testing
conditions, a stable temperature profile of the well has
not been surveyed. The logs indicate permeable zones at
1 700 to 1 900 mand 2 900 m to 3 100 m with a possible
downflow between the zones. Minor permeability in the
zone from 1 200 to 1 300 m is pfobably associated with
volcanic dikes following the Meager Creek Fault. The
deeper zone, from 2 900 to 3 100 m, is interpreted as
the No-Good Zoﬁe, indicated by the occurrence of
anhydrite and vuggy quartz in cuttings, and by
brecciated quartz diorite /hornfels encountered in core
4 (2 870 m).

From pressure tests, well flow capacity measurements

indicate an injectivity of 4.4 1/s-MPa and a

-transmissivity of 0.5 dm (Figure 15). These values are

approximately double the values obtained for MC-1 and
MC-2 but are still considered very low for a
conventional geothermal well. However, because of the

influences of wellbore storage and skin effect, it is
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impossible to tell if MC-3 is a potentially good well
with severe wellbore damage or a well with no
permeability. As with  MC-2, invasion damage and
possible obstruction of the fracture permeability by
drilling fluids has adversely affected the well

performance.

In a fracture dominated resource it is possible that

large variations in local permeability will occur within

the reservoir. The presence of 200°C temperatures at
350 m in diamond drillhole M7-73D suggests that
permeability in some portions of the reservoir area is

significantly greater than in the zones encountered to
date. Features of both the Meager Creek Fault and the
No Good Zone indicate that these structures provide a
good conduit for thermal fluids. Because the evaluation
of the significance of these structures is uncertain
satisfactory evaluation, further drilling would be

required.

Preliminary work could involve shallouw diamond drilling
from the M7 site in order to explore the near surface
features of the Meager Creek Fault and No Good Zones.
Alternately, consideration chould be given to siting of
a deep drillhole, to be deviated along the No Good Zone
in order to more fully investigate the production
possibilities of this structure. It 1is also possible
that by kicking off at depth in the present deep wells,

better permeablility could be intersected.
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3.2.2 Well Maintenance Program

Geochemistry

Following the suspension of drilling activities in late
summer, a maintenance progrém involving well testing and
monitoring was conducted on the three deep exploratory
wells in the South Reservoir area. Measurements on MC-2
and MC-3 were continued, and well geochemistry samples
were obtained °during airlift attempts in September -

October and during nitrogen lifting in November.

Water samples from MC-2 indicate Na-K-Ca geothermometer
temperatures in the range 197° to 203°C with silica
geothermometer temperatures betweem 185° and 212°C.
Both wvalues are in <close agreement with chemical

geothermometry data from MC-1 (Figure 16).

Periodic sampling in MC-3 shows a progressive increase
in chloride content with time and an accompanying
increase in most cations and anions except for sulphate,
calcium, magnesium and bicarbonate. These four ions are
characteristically high in drilling/completion test
fluids, and, because the well was not successfully
discharged, it appears the fluids have not been entirely
"flushed" from the well. Geothermometry calculations
indicate a temperature between 1792 and 207°C based on
silica content, and between 177° and 199°C using the
Na-K-Ca model. These temperatures are somewhat lower
than those indicated for MC-1 and MC-2 (Figures 17, 18).
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Discharge from MC-1

Since November 1982, MmC-1 has been discharged
continuously at a rate of 10 to 12 tonnes/hr, with an
estimated flash of 15%. Discharge is to a
silencer/separator with a weilr box at the water

discharge for water outflow measurement. Samples of the
discharge have been collected reqgularly in order to
monitor geochemical changes in reservoir conditions.
Chloride values shouw a progressive increase from
December 1981 to September 1982, after which a stable
discharge chemistry appears to have been achieved. An
enthalpy test in July indicates the outflow fluid
contains 825 kJ/kg; this is equivalent to a single phase
source fluid at 194°C. Pressure at the wellhead has
been stable at 375 kPa.

Overview of Well Testing

From the well testing conducted on the deep exploration
wells to date, it has been possible to obtain a general
understanding of the reservoir processes involved at

South Meager.

Temperature surveys under various conditions have
indicated that the main permeable\ zones are either
associated with the Meager Creek Fault Zone or the No
"Good Zone. Other permeable zones were encountered in
MC-2 and MC-3 which may be associated with discrete
dikes. The overall flow capacities of the wells, as
reflected by the injectivities and transmissivities, are
low for geothermal wells and may lead to difficulty in

exploiting the resource.
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Temperatures of 270°C at a depth of 3 100 m (V.D.) were
measured in MC-2. In consideration of a regional
geothermal gradient of 90°C/km, high temperatures should
be anticipated and are not necessarily attributable to a
hydrothermal system. The only anomalous temperatures
appear to be associated with the Meager Creek Fault
Zone, suggesting that this is the conduit for the

upflowing geothermal fluid.

The present deep wells have not been fully tested and in

er to effectively evaluate preliminary results,
rurther monitoring of downhole temperatures, pressures,
and borehole chemistry is requ&ied. This would be of
particular importance in MC-2 and MC-3 where stable
temperature, pressure and chemical data are - not

available.

Well discharge data obtained to date indicates that the
potential of the present deep wells for electricity
generation may be limited. Their potential could,
however, be enhanced by various well stimulation
techniges. Current technology in the geothermal industry
utilizes such procedures as air-lifting, khydraulic
fracturing and acidization, and installation of downhole
pumps in order to improve the flow capacity of louw

production bores.

Air-lifting and nitrogen 1lifting were used on the deep
exploration wells during 1982. There appeared to be a
measurable increase in the discharge of MC-1, suggesting

that stimulation may improve ~the well outputs at Meager
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Creek. Further evaluation of other techniques such as
hydro-fracturing or explosive fracturing has yet to be

determined,

The flowrate from the present exploratory bores could
well be increased by the use of downhole pumps. The
increased flow capacity from downhole pumping combined
with a total flow or binary system for electricity
generation may provide a suitable method of
exploitation. This option would require thorough

testing and evaluation.
3.2.3 Surface Exploration

Surface exploration in the South Reservoir during the
1982 field season was limited to stream geochemistry.
The study was .geared towards identification of high
chloride outflow channels which might be used to more
closely define the limits of the. geothermal resource.
Approximately 180 water samples were collected during
the course of the survey and were analysed for chloride
and sulfate 1ions, and specific conductivity. The
program was implemented as part of the regional
reconnaissance exploration which also investigated the

North Reservoir and upper Lillooet River areas.

The study identified a zone in Meager Creek valley below
No-Good Creek as an area of anomalously high chloride
flow (Figures 19, 20). Results of full suite analyses
of selected borehole and surface samples indicate

varying degrees of mixing in all areas of the outflow
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plume from No-Good Creek downstream to Meager Creek Hot
Springs. In addition, a number of swamps in the South
Fork Meager Creek area were found to have high chloride
and high conductivity. The source of the anomalous
waters (which were also encountered in diamond drill
hole M12-80D) is not immediately apparent, although it
is improbable they are directly related to South

Reservoir geothermal waters.

Geochemical sampling results and resistivity surveys
show good correlation, identifying the large outflouw

plume extending down Meager Creek (Figure 21).

Some further surface exploration is required to
investigate the causes for the northern and western
boundaries of the geophysical anomaly. The significance
of the Carbonate Springs also requires further
investigation as the Ryan River Lineation with which
they are aligned may be of structural importance to the

South Meager resource.

Meager Creek - North Reservoir

The 1982 field seasan saw continued geothermal
reconnaissance at Meager Creek with emphasis on the
postulated North Reservoir area. 0On the premise that the
geothermal resource encountered in the South Reservoir
may extend northward, an exploration program entailing
resistivity surveying, geochemical and geological
prospecting, and shallow temperature gradient hole

drilling was designed.
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3.3.1 Resistivity Program

An extensive resistivity program, utilizing the
Schlumberger array, was conducted on the north slopes of
the Meager complex. Despite steep terrain, extensive
glaciation and difficult access, a relatively louw

resistivity anomaly was identified.

Set against a background of resistivities ranging from
800 ohm-m to several thousand chm-meters, a number of
anomalous values of 400 ohm-m are centered on the
headuwaters of Affliction Creek. The anomaly tapers
downstream spreading both east and west where Affliction
Creek joins the Lillooet Valley. Here, the anomaly is
open to the west and continues eastward as far

downstream as Salal Creek (Figure 22).

A number of wvertical electric soundings were collected
to augment Schlumberger data. 0f these, a sounding at
5ilt Lake in the upper reaches of the Lillocet Valley
indicates the most significant resistivity profile.
Resistivities drop from about 12 000 ohm-m at the
surface to 11 ohm-m at a depth of 120 m; a profile
typical of soundings measured in proven geothermal
areas. Although it would be unwise to draw any firm
caonclusion in the absence of other data, preliminary
results justify further geophysical investigation and

possibly diamond drilling in this area.
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3.3.2 Diamond Drilling

In total, five diamond drill holes were completed in the
North Reservoir during the 1982 season. Drilling on
three holes, L4, L5, and L6, was resumed in the spring
after operations were suspended for the  winter
(Figures 23, 24).

Drilling in the upper reaches of Job Creek, to evaluate
the significance of a broad resistivity anomaly and an
H_S gas occurence in the L4 area was completed in
mid-August, reaching a depth of 1 278 m. A bottom hole
temperature of 124.8°C was measured at that depth, with
a temperature gradient of approximately 80°C/km.
Although the hole penetrated strongly foliated
metasediments, groundwater flouw in the lightly fractured

rock is probably minimal (Figure 25)-

L5 was targeted to test the heat flow in the vicinity of
the Recent rhyodacite flous of the Bridge River Ash
event. The hole was extended to a depth of 660 m where
a temperature of 44.40C and a gradient of 88°C/km were
recorded. Leucogranite of the Fall Creek Stock was
encountered beneath the volcanics, although alteration

in this unit is limited.

L6 is situated in a belt of metasediments near the
confluence of Meager Creek and Lillooet River, and was
extended from 150 m to 579 m during 1982. The hole,
drilled to test a broad regional geophysical anomaly,
encountered a bottom hole temperature of 40°C and a
uniform, conductive temperature gradient of 60°C/km.

Apparently, the resistivity anomaly was caused by a
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graphitic phyllite unit as no recent hydrothermal

activity is evident.

L7 was sited at the 1 900 m (6 000') elevation of the
Affliction Creek basin in order to test a low
resistivity anomaly in the  wvicinity. The hole
encountered a temperature of 32°C at a total depth of
4217 m, with a temperature gradient of 87°C/km. The
resistivity anomalies are possibly indicating the
extensive clay alteration in shear zones which halted
drilling short of the 500 m target depth. Houwever,
mineralogy of the clays in L7 suggests that they are
unlikely to have formed from any current geothermal

system.

L8 was drilled in order to evaluate the dounstream
extension of the Affliction Creek resistivity anomaly.
Situated on the west bank of the creek at the break in
slope on the Lillooet Valley, the hole was drilled to a
depth of 475 m, and encountered a temperature of 34.2°C,
A thermal gradient of approximately B5°C/km was measured
although temperature fluctuations indicate considerable
groundwater movement within the drillhole. The
amphibolite unit was broken and strongly sheared over
much of the length of the drill hole and, as in L7, the
associated clays are suspected to be weathering products
of the basement rocks rather than products of alteration
by geothermal fluids. Again, the anomalous resistivity

response could be attributed to these conductive clays.
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3.3.3 Geochemical Stream Sampling

A geochemical stream sampling program was carried out in
the upper Lillooet River drainages from the Lillooet
Glacier in the northuwest to the intersection of Meager
Creek in the southeast. QOver 300 samples were collected
and analysed from creeks, streams and seeps draining
into the Lillooet River in an attempt to locate waters
indicative of outflow from an active geothermal system.
Emphasis was placed on detailed sampling of the Job -
Affliction Creek area where the presence of HZS gas
emanating from beneath the Job Glacier, plus existing
geophysical data, suggest such an outflow. Data uwas
sectioned into ten geographic groupings for statistical

analysis (Figure 26).

In most areas, both chloride and sulphate ionic
concentrations were found to be wvery low, with
conductivities being low  to moderate. Job and

Affliction Creek areas, however, were characterized by
high conductivity (300 to 500 micromhos/cm) and high
sulphate (approx. 200 ppm) but by very low chloride
values. Geochemical work in the Silt Lake area failed

to identify any cause for the low resistivity anomaly.

In addition to stream sampling, full suite analyses were
performed on samples collected from L1-78D0 and the
Pebble Creek Hot Springs. Waters in L1 are only sligﬁﬁy
mineralised with a chloride content of 33 ppm although
dilution by near surface cold grounduwater is indicated.
Pebble Creek Hot Spring water was found to be similar to
that in L1, with low chloride, high fluorine values and

a low level of mineralisation.
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3.3.4 Surface Geological Mapping

Detailed geological mapping initiated in late 1981 in
the Affliction - Job Creek areas was completed in
August, 1882. The study determined that the structure
of the metamorphic rocks in the area is that of a gently
southeast plunging synform. Such a structure may have a
related fracture system that could provide a regional
porosity to the area, particulary in more competent
units. Faults are small and locali?ed although there can

be intense brecciation along them. Fractures are
[

ct

~

h no regional pattern has been

=

widespread althoug

determined. Although exposure is too poor to entirely
discount the existence of major faults in Affliction or
Job Creek wvalleys, detailed examination indicates there
is sufficient stratigraphic continuity to suggest either
that such faults do not exist or that movement on them
is Very small. The Affliction Creek drainage,
particularly the wvicinity of L7, is an area of greater
than average fracturing, faulting, alteration and,
volcanic intrusion. These features, combined with the
resistivity anomalies and high temperature gradient in
L7, suggest that an active geothermal system may be

present.

The hydrogen sulphide emanating from beneath the glacier
in the Job Creek area was not explained by diamond
drilling or by surface geochemical prospecting. Because
the evolution of H_ S is common in geothermal fields,
further geological and geochemical work would be
requried to establish the significance of these

emanations.







Environmental Studies

Environmental baseline data collection and monitoring of

exploration phases of the Meager Creek Geothermal
project commenced in the summer of 1879 and was
continued during 1982. The study involved

characterization of wvarious environmental parameters
(including meteorology, hydrology, surface water

guality, air quality and noise), and fish and wildlife

resources in the study area. Further studies were
conducted to -evaluate the effects of exploration
activities on water and air guality (specifically

Y
changes in HZS levels) in the wvicinity of the deep well
drilling.

The principal activities and findings of the

environmental program are as follouws:

1. Preliminary fisheries studies were conducted to
initiate a baseline of the fish resources in the
project area. The fishery in the upper Lillooet
watershed may well be the most sensitive and
important envirommental resource component within

the geothermal project area.

2. Collection of baseline water quality data at five
sites in the vicinity of deep well drilling
activity indicate minimal effect on Meager Creek

(although exploration activities have had a notable
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impact on a small tributary in close proximity to

the deep well site).

A nearly continuous record of water level dating
back to July, 1380 has been collected for the upper
Lillooet River, although similar measurements on
Meager Creek have been frustrated by the shifting

streambed.

Meteorological data collection was continued in the

Meager Creek valley and at the B.C. Hydro base camp
although data 1is not yet available for the upper
Lillooet wvalley from the MATER unit. Additional
preliminary data includes precipitation and snow

levels from several sites in the study area.

The air quality program concentrated on
establishing background levels of HZS and radon gas

on a year round basis.
Preliminary wildlife studies were initiated with a
review of incidental wildlife observations and a

winter range survey to identify the kinds of

habitats used by ungulates in the study area.
Background noise levels were recorded.

Present 1land uses were documented and a land use

map of the primary study area was updated.

would appear that, in most respects, sufficient

baseline data 1is available to provide adequate planning

information for any project activity likely to occur in
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the near future. The need for further environmental
data should be assessed when the planned exploration or
resource assessment program is known. Early additional
work at Scuth Meager could include groundwater hydrology

studies, and further fisheries studies.

Labortatory Studies

3.5.1 UURI Alteration Study

Multielement investigations of geothermally altered
rocks have proven to be an effective technigue for
mapping zones of. fluid flow and temperature distribution
in active thermal systems. However, little data is
available in hydrologically complex volcanic terrane
such as those which characterize the Cascades.
Whole-rock trace element determimations were made on 270
samples of diamond drill core from six wells which
provide an illustrative cross-section of the thermal
anomaly 1in the South Reservoir area. In addition,
information from analyses of thermal fluids from springs

and shallow wells was incorporated into the study.

Three distinect "~ geochemical associations were mapped

within the reservoir. The first is vrestricted to

propyllitically altered crystalline and metamorphic
basement rocks which underly the Mt. Meager Volcanic
Complex. This assemblage evolved from the <circulation
of high temperature waters generated during the
emplacement of the Cretaceous stocks of the Coast Range
Plutonic Complex. The other two assemblages resulted

from alteration by two chemically different geothermal




fluids. Within the high temperature portion of the
field, the dikes are enriched in Hg + As + Zn and Hg +
in, Although wells containing rocks with these
assemblages did not encounter high temperature fluids,
base metal deposition has been associated with high
temperature brines in the Broadlands geothermal area. A
chaggteristic high salinity, high temperature fluid may
be present at depth at Meager Creek. It is proposed
that the shallow, low temperature ( <140°C) reservoir
encountered in earlier exploration is the result of 1louw
permeability near the surface, and that there is a high
TDS, high temperature reservoir yet to be found. (Moore,
et al., 1983)

3.5.2 Heat Flow Study

Temperature gradients in geothermal drill holes provide
valuable information about the nature of thermal
anomalies in the crust. However, due to variations in
thermal conductivity, interpretations of the geometry
for the geothermal system may be misleading if gradients
alone are wused. In order to provide an absolute
comparison of thermal data across a varied geologic
terrane, it is necessary to combine temperature gradient
data with various heat conductivity characteristics to

arrive at a value for heat flow.

A total of 166 thermal «conductivity measurements fraom
the core of fifteen exploration gradient holes at the
Meager Creek project were analysed. Heat flow
determinations show a convectively disturbed ‘high flux

area in the South Reservoir, with distinct boJEaries to
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the south and east, remaining open to the west and
north. Background values are low and consistent. North
Reservoir background values are nearly twice the
magnitude of those in the south; the difference is
attributed to a combination of higher thermal
conductivity and heat productivity and a possible unseen

thermal anomaly of considerable size.

Data Retrieval System

Because of the increasing scale of exploration at the
Meager Creek Project, the body of information has been
greatly expanded and convential data storage techniques
have become somewhat cumbersome. In order to provide
improved information accessibility, a data retrieval

system was implemented in early 1983.

The system haraware is centered around an IBM Personal
Computer (equipped with 128k RAM expansion option,
color/graphics adaptor and two built-in 320kB  5.25 inch
diskette drives), a standard IBM PC keyboard and a
Zenith 10" 80 column green phosphor monitor. Two
printers were selected in order to provide both dot
matrix and letter guality printing. The Epson
MX-100 F/T is an extremely versatile dot matrix printer
capable of producing high resolution dot graphics,
standard and italic character sets and ten different
type styles. The letter quality printer selected was
the Daisywriter Peacock 2000, with 30CPS daisyuwheel
printing, 4k internal memory buffer and fully

addressable platten movements.
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In addition to standard IBM PC software (MS-DOS, BASIC),
a FORTRAN compiler, EASYWRITER II wordprocessor,
MULTIPLAN electronic spreadsheet and DBASE II data base
management system were added to the inventory. The
DBASE II package is the central database management
facility, étoring information by means of a number of

separate sub-programs.

To date, information regarding exploratory well
temperature and pressure surveys, geochemical analyses
and invoice/costing data has been recorded, with further
plans for storage of diamond drill, +tour sheet and

reservoir parameter data.
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