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SECTION 1.0 - INTRODUCTION

In 1981 a preliminary evaluation of some possible sites for sulphur
sorbents for pressurized fluidized bed combustion (PFBC) tests was
completed (B.C. Hydro Report No. SE 8117)1. This report examined
earlier, detailed work by Trettin (1979)2 in the northern part of the
Marble Range and applied this information to the region farther south.
On this basis 16 samples were collected from the area. In addition, two
samples from Domtar Chemicals Ltd. on Texada Island, B.C. and one sample
from Impact Resources Inc. at Zeballos, B.C. were also analyzed. All of
these samples plus one sample from Dolowhite Mines Ltd. at Rock Creek,
B.C., one sample from International Marble and Stone Co. Ltd. at
Crawford Bay, B.C. and one sample from Grandex Dolomite near Sechelt,
B.C. were tested by the Westinghouse Research and Development Centre and
the results are described in a Westinghouse report by Ulerich, N.H.
et al (1982)3 that was completed for B. C. Hydro. These results were
somewhat disappointing. However, four sites near Hat Creek were
se1ected because they offered the best opportuni ty for obtai ni ng a
sample for further testing. The sites are Anderson Creek (No.4 and
No.5), Langley Lake (No.6), Robertson Creek (No. 13 and No. 14) and
Pavilion Mountain (No. 16) as illustrated in Fig. 1-1.

The cri teri a for se1ecti ng these four sites are based partly on the
results of the testing at Westinghouse and are as follows:

1. These sites required the least quantity of sorbent (limestone or
dolomite) for sulphur removal. The quantity ranged from 47.8 Mt
from site No. 16 to 82.6 Mt from site No. 13 (for 2000 MW).

2. It is preferable that the deposit be close to Hat Creek. Sites
No.4 and No.5 are 13.5 km from the proposed powerplant site, site

FRll 1 - 1 SE 8221
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No.6 is 16 krn, sites No. 13 and No. 14 are 9.5 krn and site No. 16
is 25. 5 krn.

3. The stone should have a high Mg content, a small grain size and/or
numerous small impurities. The small grain size and the presence
of impurities result in increased grain boundaries or surface area
for reaction. These characteristics are summarized in Table 1-1
(from Ulerich, N.H., et al, 1982). The columns headed (% Mg),
Average Grain Size, Surface Area and kg Sorbent/kg Sulphur Fed are
particularly important.

Between 29 May and 8 June 1982 geological mapping was conducted and some
additional samples were collected for analysis at some of site Nos. 4,
5, 6, 13, 14 and 16. As a result of this geological mapping a site for
a bulk sample was selected at Anderson Creek (sites No.4 and No.5).
The sample was collected by Bema Industries Ltd. between 11 and
15 August 1982 and subsequently sent to the United Kingdom for further
testing.

FRll 1 - 2 SE 8221



1AllL E 1-1

lllU J1SI1 COlUMUJA SORUENl SCREWING TEST SUMMAHY
(tl'O/ll Ulel'ich el 111,1902)

Chemical Analysis Physical Analysis of RdW Stone PfflC Performancll") . AfBC Per(ormaoce~·

AVllraye Pore Surtacll P<lrtlcle Ca/S Cals
SUl'lJlHlt Grain She Vol Wile Area OllllSlt~ Iltllilation Molar kg Sorbeotl Utlltzation Molar kg Sorbent/

(X Cal (X Mu) (lJ11)_1 (eclg)"l (m 2 /g)"l (glee) l (1) Ratio kg Sulphur FecJ (~) Ratio kg Sulphul' ftH.l

Plwu Run Oolomlte 20. '\ 12.30 32 0.045 O.71B 2.44 37.8 :t 4.6 2.4 :t 0.3 14.7:t1.8 29-31 2.9-3.1 18.4

limelltolll: No.1 37.3 1. 66 0.024 0.056 2.54 1.9 47 158 16.1 5.6 IB.7
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Llmeslune No.4 37.7 0.94 0.033 0.122 2.47 5.6 16 53) 23.3:t 2.7 3.9 t 0.5 12.9 t 1. 7

lluleslone Ho. 5 38.3 0.88 n.O)) 0.185 2.46 5.1 18 59 24.4 3.7 12.0

Dolomit\! No. 6 25.0 9.52 27 0.034 0.473 2.51 9.0 t 0.7 10.1 t 0.7 51 1 4 - 26.6 3.4 16.9
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Doloailt61 No. 16 24.1 10.20 120 0.042 0.279 2.55 11 t 1.7 8.4 1 1. 3 44 1 7 .-- 35.4 2.5 13.2

MarlJle Canyon
Liule~ tone 38.7 0.75 0.024 0.2J4 2.52 1.3 69 223 13.6 6.6 21. 3

lEX CA lime~tone 38.0 0.79 0.077 0.196 2.48 4.0 22.5 74 21. 9 t 1. 5 4.1 t 0.3 13.5 1 1.0
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Slee) Ilros.
ltllle5lone 3B.4 1. 46 0.022 0.0011 2.50 1.6 56 182 11.7 7.7 25.0

Zeballos Dolomite 26.2 9.83 100 0.023 0.047 2.64 2.9 31 148 17.4 5.2 24.7
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00 lomite 21. 5 11. 40 210 0.025 O.10~ 2.66 6.0 15 67 29.3 3.1 18.0
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SECTION 2.0 - GEOLOGY OF THE MARBLE CANYON FORMATION
IN THE HAT CREEK AREA

2.1 GENERAL GEOLOGY

The Marble Canyon Formation (Fig. 2-1) is part of the Cache Creek Group

and it comprises a northwest trending belt approximately 10 km wide and

90 km long. It is Permian in age and consists mainly of ridge-forming,
variably bedded limestones, with poorly exposed chert, .pelite and
volcanic rocks. Dolostone beds are rather rare, but nevertheless exist
in the western part of the northern study area. In addition, some
limestone beds contain small amounts of dolomite.

The Marb1e Range has undergone cons i derab 1e deformation whi ch makes
interpretation of the stratigraphy very difficult. Similarly the

geological environment of deposition is difficult to interpret.

The Marble Canyon Formation consists of five map-units (designated units
2 to 6 in Trettin, 1979)2 that overlie the volcanic rocks of the Cache

Creek Group. These units are outlined in Fig. 2-1.

Map-units 2 and 4 are mainly limestone with minor chert, marble, and
dolostone in unit 2. 1 Units 2 and 4 could be lithofacies equivalents;

unit 2 may have been deposited on the shelf between the deep sea
detrital sediment (unit 6) to the west and the thick-bedded limestone

(unit 4) to the east. The occurrence of dolostone in map-unit 2 may be

associated with marginal shelf deposition of the unit, and evaporation
of water, with the resulting concentration of brine on top of the shelf.

Map-units 3 and 5 are also thought to be lithofacies equivalents. The

two units are very similar, consisting mainly of lithic arenite and

siltstone, carbonate rocks, chert, and pelite. Unit 3 also has volcanic

( J
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rocks which are not found in unit 5. For map-units 2 and 4, and map

units 3 and 5 to be lithofacies equivalents, there must be a low angle

thrust fault between units 3 and 4. If this is the case, map units 4

and 5 constitute a thrust sheet that overl i es and repeats map-units 2

and 3.

Map-unit 6 comprises the western belt, and is Carboniferous (?),

Permian (?) and Triassic in age. It consists of chert, pelite, lime

stone, and volcanic rocks. Unit 6 was probably deposited at the same

time as units 2 and 3. Locally~ dolomite comprises a few percent of the

rock and occurs as rhombohedra that are very fine to finely crystalline

ins i ze. The rock is brecci ated and traversed by styl 01 i tes. The

preponderance of interstratified radioloarian chert and pelite in this

unit suggests a deeper water environment. If so, the limestones must be

submarine slide deposits, but this has not been established. 1 The

description given by H.P. Trettin suggests that unit 6 forms the western

edge of the map-unit 2 marginal shelf deposits. The existence of

dolomite in the unit 6 sediments lends support to the theory that

evaporative reflux has occurred in a unit 2 shelf margin setting above

and adjacent to map-unit 6.

t'

2.2 ~TASOMATIC DOLOMITIZATION

Volcanic rocks of the Cache Creek Group which underlie the limestone

units are thought to predate them. Basalt and diorite intrusions occur

in the limestone strata near Hat Creek. These intrusions postdate the

limestones; the basaltic unit is Eocene and (?) Oligocene in age and

part of the Skull Hill Formation. It consists of dacite, trachyte,

basalt, andesite, rhyolite, and associated breccias. The granodiorite

and quartz diorite intrusions (further south than the basalts, and

nearer Hat Creek) are Cretaceous and Jurassi c in age. The extent of

localized dolomitization on intrusive-limestone contacts has been partly

investigated and found to be insignificant.

IS
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SECTION 3.0

3.1 INTRODUCTION

SITES EXAMINED FOR DOLOMITE OR
DOLOMITIC LIMESTONE

Four areas of do 1omi tic rocks were exami ned for thi s report. These
sites are Anderson Creek (No.4 and No.5), Langley Lake (No.6),

Robertson Creek (No. 13 and No. 14) and Pavilion Mountain (No. 16).
Refer to Fig. 1-1 for locations.

3.2 ANDERSON CREEK (No.4 and No.5)

The locations that were examined on Anderson Creek are approximately
13.5 km from the proposed powerplant site near Harry Lake. The outcrops

are on a steep hi 11 side on the north side of Anderson Creek between
El. 1660 and 1910. Access is by way of a logging road and cattle trail

to El. 1580, directly below the outcrops. The limestone and dolomitic
1imestone (carbonate) compri se a remnant on the southern end of the

Mount Martley stock (Fig. 2-1). The stock is Jurassic and Cretaceous in
age, but it has not had a significant effect on the chemistry or grain

size of the limestone where it was examined. The carbonates consist of
fine-grained and rarely medium-grained or coarse-grained limestone. The

colour is mostly dark grey, but parts of some outcrops are black, white,

grey, or black and white streaked (Fig. 3-1). The beds strike

approximately 135° and dip mostly 35° to 75° SW. In the central part of
the area the dips are more erratic; lower dip angles are common and the

dips are even northeast at 51° and 57° at two locations.

The samp1es that were ana lyzed by Westinghouse were taken near L4-0 m

and L4-650 m. The subsequent samples and analyses are listed in

Table 3-1 and they were taken at L3-25 m (Fig. 3-2), L3-150 m"{Fig. 3-3)
r;/l[ ( ((t f- G
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Fig. 3-2 View of L3-25 m: Anderson Creek Site 1

Fig. 3-3 View of L3-150 m: Anderson Creek Site 2
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and L3-350 m (Fig. 3-4). These sites were selected because they offered

the best opportunities for collecting a bulk sample on this steep

hillside which is illustrated in Fig. 3-5.

The three samples have similar chemical compositions to samples tested

by Westinghouse except that MgO was markedly lower in these 1atter

samples. For this reason the MgO content was re-analyzed and the MgO

values increased. The latest analyses are listed in Table 3-1. The

analyses indicate that the samples are actually limestones with a very

low magnesian content, much lower than samples collected at L4-0 m and

L4-650 m.

The quantity of 1i mestone requi red for a 2000 MW PFBC powerp1ant is

76 Mt on the basis of the Westinghouse testing; this assumes that the

sorbency is equi va1ent to 59 kg sorbent per kg of sul phur removed

(Table 1-1). Sufficient material is probably available from this site

if the qual i ty is cons i stent over the area; however, the lower MgO in

the samples that were analyzed more recently indicates that the

composition is variable.

3.3 LANGLEY LAKE (No.6)

The Langl ey Lake site is near the south end of the Upper Hat Creek

Valley, 16.0 km south of the proposed Harry Lake powerplant site

(Fig. 1-1). The limestone, dolomitic limestone and dolomite comprise an

elongate block bounded by faults (horst), in the Cornwall Hills, on the

edge of the Hat Creek Valley (Fig. 2-1). The fault block is 9.5 km long

and 1.7 km wide and it has a series of cliffs on its west side. The

Ministry of Transportation and Highways has a little-used quarry for

road aggregate at the juncti on of the Oregon Jack Creek road and the

main entrance to the Reynolds Ranch. The quarry and much of the

surrounding area that is underlain by limestone lies on property held by

Ridge Investments Ltd. (Reynolds Ranch).

If

FRll 3 - 2 SE 8221



Fig. 3-4 View of L3-350 m: Anderson Creek Site 3

FRll

Fig. 3-5 Steep Hillside in Limestone Near Hat Creek (L2-400 m)



The carbonates consist of grey, rarely white or black, fine-grained or

medium-grained, rarely coarse-grained limestone, dolomitic limestone and

dolomite that are interbedded and impractical to separate (Fig. 3-6).

There are rare beds of quartzite, shale and sedimentary breccia; the

1atter have black chert clasts ina calcareous matri x. Some of the

1i mestones are markedly s i 1i ceous. The beds stri ke 010° to 055°, but

they commonly strike 025° and dip 220 to 86° NW. They rarely dip at a

high angle to the southeast.' Although bedding attitudes are variable,

they are commonly steeper in the western part of the Langley Lake area.

One concentri c fo 1d was mapped; the axi alp1ane stri kes 090° and di ps

25° N, the axis plunges 3350 at 20°. The fold is in well-bedded,

fissile limestone that looks shaly.

The samp1es (LST 6 and LST 7) that were analyzed duri ng the previ ous

study (Report No. SE 8117, September 1981)~ were taken from the Ministry

of Transportation and Highways· quarry. Sample LST 6 proved to be the

second best of the samp1es tested at Westinghouse Research, whereas

Sample LST 7, a sedimentary breccia with a calcareous matrix, is so

siliceous that it was not tested.

In 1982 samples were taken from the rock quarry as well as along the

chained lines. Samples from the quarry (Fig. 3-7) are all siliceous

with silica (Si0 2 ) contents ranging from 9.95 percent to 15.67 percent

(Table 3-1). The two most easterly samples are siliceous dolomites.

Dolomites were sampled at 1100 m along Line 1 and at 870 m along Line 2

(Tab1e 3-1). The former is fi ne-gra i ned and dark grey, the 1atter is

light grey-brown, fine-grained and siliceous. Samples from Line 1 at

124 m, Line 2 at 460 m and Line 2 at 1419 m are siliceous, medium grey

to black, dolomitic limestones. The sample from Line 3 at 525 m is dark

grey to white, coarse-grained, siliceous limestone.

The quantity of dolomite required for a 2000 MW PFBC powerplant

operati ng for 35 years is 61 Mt; thi s assumes that the sorbency is

equivalent to 47 kg/kg sulphur, the quantity required for the test on

FR11 3 - 3 SE 8221
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Langley Lake siliceous dolomite that was conducted by Westinghouse
(Table 1-1). Sufficient material of a poorer sorbency is available at
this site, but much of the material would have to be discarded because
of its high silica content. In addition, the Ministry of Lands, Parks
and Housing is reluctant to give approval to work on this site because
of its proximity to a recreation area at Langley Lake.

3.4 ROBERTSON CREEK (No. 13 and No. 14)

The limestone, dolomitic limestone and dolomite at the Robertson Creek
si tes LST 13 and LST 14 1i e along low ri dges east of Robertson Creek
(Fig. 1-1). The sites are approximately 9.5 km from the proposed
powerplant site near Harry Lake and they are accessible from an old
1oggi ng road that joi ns Hi ghway 12 on Bonaparte Indi an Reserve No.2.

The ri dges 1i e ina faul ted zone near the southern end of the Marb 1e
Range (Fig. 2-1). Traverses were conducted at site No. 13 and site
No. 14 and a line was extended to join the two main traverse lines. A
50 m base line with cross lines at 5 m intervals was established in
order to conduct detailed mapping at site No. 13. Bedding attitudes at
site No. 13 strike 1080 to 1520 and dip 300 SW to 900 (Fig. 3-8).
Bedding that has gentler dips, strikes approximately 1310 and dips
330 SW. Bedding attitudes with steep dips are scattered, but they still
dip southwest.

The outcrops are mostly light grey, fine-grained limestone that is
commonly m~ssive, but it is locally thin-bedded (Fig. 3-9). A few
irregular zones of light grey, fine-grained to medium-grained dolomite
and dolomitic-limestone are as much as 7 m thick and overlie fine
grained, thin-bedded limestone strata. These strata are illustrated in
Fig. 3-10.
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siliceous dolomite. The dolomites are commonly associated with thin-

bedded limestone and they do not appear to be extensive.

No additional samples from sites No. 13 and No. 14 were analyzed. The

samp1es co 11 ected in 1981 contai n 4.47 percent and 17.09 percent MgO

(Table 3-1). The carbonates from both sites are fine-grained. These

samples have a moderately favourable sorbency at 64 kg and 63 kg

sorbent/kg sulphur fed (Table 1-1). The quantity required for a 2000 MW

therma1 plant operati ng for 35 years is 83 Mt. There is i nsuffi ci ent

do 1omi te of the type found at site No. 13; however there may well be

enough materi a1 of the type found at site No. 14 to supp1y a thermal

plant. This site is' close to the Hat Creek powerplant site provided

that a road could be constructed from Robertson Creek.

3.5 PAVILION MOUNTAIN (No. 16)

The dolomite at site LST 16 lies along the access road to the B.C. Hydro

and B.C. Telephone microwave stations (Fig. 1-1). The site is at a

sharp bend in the road 4.55 km from the B.C. Hydro microwave station.

The sample site is 25.5 km northwest of the proposed Harry Lake power

plant site and it is accessible by good gravel and dirt road from Kelly

Lake or Pavi 1i on. Two traverses were conducted one begi nni ng at the

sample site and the other beginning beside the road 1.7 km east

southeast of the sample site. Detailed mapping was also conducted at

the sample site.
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between agglomerate and 1imestone; the contact stri kes 1730 and dips

650 NE. Slaty cleavage strikes 1680 and dips 890 NE, indicating that

the fo 1ds are p1ungi ng southerly in the western part of the map area

that is near the sample site. The dolomite is fine-grained and light

grey, whereas the do 1omi te brecci a in the roadcut is dark grey wi th

angular, black clasts as much as 2 mm across. The greenstone is dark

green and mass i ve; it is associ ated wi th some sandy shales and other

metasedimentary rocks.

Outcrops at the sample site are extensively broken (Fig. 3-13). The

carbonate unit, consisting of approximately half limestone and limestone

breccia and half dolomite breccia, is approximately 21 m wide in outcrop

(Fig. 3-14). Some of the limestone breccia contains dolomite clasts.

The beddi ng attitude cou1d not be determi ned, but the fo 1i at i on was

measured at two places where it strikes 1360 and 1600 and dips 69 0 SW

and 430 SW respectively. The foliation is in sandy to pebbly slate with

25 percent rounded to angular clasts which are as much as 6.3 cm long,

but the clasts are ·usually much smaller. The foliation was also

collected in light grey, sandy phyllite. Clasts in both the slate and

the phyllite are elongated parallel to the slaty cleavage.

The second traverse was conducted on a ridge approximately 1 km east of

the ridge that was traversed first (Fig. 1-1). The first outcrop that

was encountered cons i sts of 1i ght grey andes i te. Subsequent outcrops

are limestone and limestone breccia with minor greenstone, quartzite and

slate (Fig. 3-15). The limestone is light grey to dark grey, rarely

black, and usually fine-grained to medium-grained. Limestone breccia is

3.5
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Fig. 3-13 Roadcut at Pavilion Mountain No. 16. Limestone-Dolomite
Showings Which Consist of Broken Rock
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common in the southern part of the area. The maximum size of clasts

ranges from 0.2 cm to 30 cm depending on the outcrop.

The bedding commonly strikes approximately 1570 and dips 76 0 SW. The

bedding is particularly thin along the northeast part of the traversed

1i ne.

No additional samples were taken from these sites in 1982. Sample

LST 16 is fine-grained, with numerous small inclusions and it contains

20.44 percent MgO and 0.73 percent Si02 • The sample has the best

sorbency of any of the B.C. samples (Table 1-1). It was estimated by

Westinghouse that 37 kg of sorbent would be required for each kilogram

of sulphur fed.

The quantity requi red for a 2000 MW thermal plant over 35 years is

48 Mt. The dol ami te at Pavi 1ion Mountai n is present in on ly sma 11

quantities. A limestone sample LST 15 was taken near the B.C. Hydro

microwave station on Pavilion Mountain and it proved to be a poor

sorbent (Table 1-1). An additional detraction of this site is its long

distance from the proposed Hat Creek powerplant. Therefore, no further

work is recommended for this site.
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SECTION 4.0 - COLLECTION OF SORBENT

4.1 INTRODUCTION

Application was made to the Ministry of Land, Parks and Housing for a
IILetter of Consent ll in order to excavate limestone and/or dolomite from
one or all of the four selected sites. This process began 27 May 1982.

It was emphasized that Anderson Creek and Langley Lake are the preferred
sites.

Two companies were asked for estimates for sampl ing at the two sites;
the companies were Pashco (H. Sharp) of Kamloops and Bema (M. Seley) of
Langley. The Bema proposal was less expensive for excavating either one
or two sites. The cost estimate for two sites was $15,008.49. A
subsequent estimate for a single Anderson Creek site was received on
6 August 1982 and it totalled $8,753.30. An estimate of $3,060 for site
work under the supervision of Mr. W.C. Fothergill was prepared on
4 August 1982 in consultation with him.

On 19 July 1982, a "Notice of Opening-Rock, Shale and Limestone
Quarries ll was submitted to Mr. E. Sadar, Ministry of Energy, Mines and
Petroleum Resources, Kamloops, B.C., in compliance with the Mines
Regulation Act. The reclamation programme outlined in the form included
revegetation of the site.

Verba1 approval to proceed wi th the excavat i on on the Anderson Creek,
Pavi 1ion Mountai n and/or Robertson Creek site was recei ved from the
Ministry of Lands, Parks and Housing on 3 August 1982. The Langley Lake
site is on 1and owned by Ri dge Investments Li mi ted. They gave verbal
approval to excavate a sample from the site provided a royalty was paid;
the amount would have to be negotiated. The land owned by Ridge
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Investments Limited was not sufficient for a full-scale mining opera

tion, so that some Crown land would be required. Mr. H. Hess of the

Ministry of Lands, Parks and Housing maintained his earlier position

estab1i shed 16 January 1982, in whi ch he woul d not approve the use of

provincial land in that area for mining, because it is too close to the

Langley Lake Recreation Area (this recreation area is not indicated on

government claim maps, so its status is undetermined).

On 6 August 1982, E. Lehman and Pavilion Lake Co. Ltd. cleared a

he1i copter stagi ng area on Anderson Creek and haul ed 40 drums to thi s

site.

On 9 August 1982, P.T. McCullough and K. Chow of B.C. Hydro left for Hat

Creek. Messrs. W. Struck, and R. Horth of Bema prepared tools and

equi pment for mobil i zat i on to Hat Creek. On 10 August 1982,

P.T. McCullough and K. Chow went to the Anderson Creek site where three

1ocations had been se1ected over 350 m of the ri dge. These 1ocations

were se1ected along the ri dge b~cause of the steepness of alternate

terrain as illustrated in Fig. 4-1. A number of trees were cut at

sites 1 and 2 in order to clear a landing area for a helicopter.

Messrs. M. Beley, project manager, W. Struck, field supervisor,

A. McIsaac, senior field technician, R. Horth, field technician and

1. Sturrock, field technician for Bema Industries Limited arrived on

10 August 1982.

On 11 August 1982, an additional 10 drums were hauled to the Anderson

Creek site by Pavilion Lake Co. Ltd. The helicopter arrived at

8: 30 a. m. and began haul i ng equipment up the hi 11. A 1aborer worki ng

for E. Lehman was required to cut down and buck-up three larger trees at

site 2 on Anderson Creek in order to deve lop more operat i ng space for

the hel icopter. Some difficulty was encountered in obtaining a powder

magazine from Kamloops and the powder could not be brought from Kamloops

and transported up the hill until approximately 1:30 p.m.
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Fig. 4-1 View Along Ridge of Limestone North of Anderson Creek (Site 1
is the Outcrop Above the centre of the photograph)

Fig. 4-2 Drilling Fresh Rock at Site 1



4.2 EXCAVATION OF THE SAMPLES

Drilling at site 1 on Anderson Creek began at approximately 1:00 p.m. on

_. 11 August 1982. Between 50 and 65 holes were dri 11 ed for each round at

each site. The .spacings and patterns of holes varied with the terrain

and with the purpose of the blast. Late on 11 August, site 1 was

blasted to a depth of 0.5 m.

On 12 August 1982, site 1 was mucked out and the weathered rock was

removed. This site was redrilled to a depth of 0.7 m (Fig. 4-2) and

blasted; the fresh rock was loaded into 45-gal drums. It was estimated

that each drum should be filled to approximately 1/2-full in order that

the drum plus sample would weigh between 180 kg and 205 kg. In this way

the he 1i coper (Bell 206B) woul d be 1i ft i ng its maxi mum capaci ty of

410 kg (two drums) for that elevation under average temperature and wind

condi t ions. I n the meantime the second site was dri 11 ed to a depth of

0.5 m.

On the morni ng of 13 August 1982, M. Be 1ey 1eft the site for another

job. The second site was prepared for blasting (Fig. 4-3), blasted,

mucked out, redrilled to a depth of 0.7 m, blasted once again and the

broken rock was loaded into drums. The third site was drilled and

blasted (Fig. 4-4) in order to remove weathered rock to a depth of

0.5 m.

On 14 August 1982, the third site was mucked out, redrilled to a depth

of 0.7 m and blasted. The drums at the third site were loaded

(Fig. 4-5). The sites were cleaned up and equipment and materials were

prepared for helicopter pick-up. Surplus, opened powder, fuse, and

blasting caps were destroyed.

On 15 August 1982, the helicopter from Highland Helicopters Ltd. arrived

at 8: 30 a. m. and began sl i nging drums and equipment off the mountai n

(Fig. 4-6). Sites 1, 2 and 3 at Anderson Creek were reclaimed.
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Fig. 4-3 Preparing Fuse and Powder for Blasting at Site 2

Fig. 4-4 Blast at Site 3
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Fig. 4-5 Hand Loading 4S-gallon Drums at Site 3

Fig. 4-6 Slinging Drums from the Mountain



The areas of disturbance are as follows:

1. Site 1 - An area of fly rock of approximately lS8 m2 and

containing a trench covering 12 m2 wi·th a highwall 1.2 m high
(Fig. 4-7).

2. Site 2 - An area of fly rock of approximately 75 m2 and
containing a trench covering 13 m2 with a highwall 1.0 m high
(Fig. 4-8).

3. Site 3 An area of fly rock of approximately 87 m2 and
containing a trench covering 16 m2 with a 0.8 m hi ghwall
(Fig. 4-9).

These areas were reseeded with a mix of alfalfa (Anik) at 6 percent by

wei ght, sai nfoi n (Me 1rose) at 73 percent, creepi ng red fescue (Boreal)
at 2 percent, smooth broom grass (Manchar) at 11 percent and stream bank

wheat grass (Sodar) at 8 percent as recommended by F.G. Hathorn of B.C.
Hydro. The mix was applied by hand at a rate of 156 kg/ha. A fertili

zer mix of 13-16-10 was applied at a rate of approximately 50 kg/ha.
The area was then raked and the seed was tamped into the ground. The

transportation and reclamation were completed by 12 noon.

An attempt was made to return the exp los i ves; however, because it was
Sunday the person in charge of the powder magazine in Kamloops was not

at home or at his office. The surplus explosives could not be returned.

On 16 August 1982, the Bema crew returned the powder magazi ne and
surplus powder to Kamloops, B.C. and returned to their office at

Langley, B.C. Mr. E. Lehman and four others working for Pavilion Lake
Contract; ng took the drums from the he 1copter stagi ng area to the
crusher site near the Hat Creek camp (Fig. 4-10). The samples from

si te 1 were put through the' crusher, crushed to mi nus 3 1/2 inches

(8.9 cm) and loaded into 4S-gal drums (Fig. 4-11); each drum was filled

Lf/
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Fig. 4-7 Anderson Creek Site 1 After Work was Completed

Fig. 4-8 Anderson Creek Site 2 After Work was Completed
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Fig. 4-9 Anderson Creek Site 3 After Work was Completed

Fig. 4-10 Loading Drums at the Anderson Creek Staging Area
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Fig. 4-11 Receiving Crusher Product for Loading into Drums

L



to a gross weight of approximately 330 kg (the empty drums weigh

approximately 18 kg) .

._. On 17 August 1982, the remai ni ng samp1es were put through the crusher

and placed in drums 1~be 11 ed AC 1, AC 2 and AC 3 for Anderson Creek

sites 1, 2 and 3; a total of 23 drums were filled.

On 18 August 1982, 16 of the drums were shipped to Vancouver via Signal

Trucking Limited. One third of the drums came from each of the sites.
The remaining seven drums are to be kept at the Hat Creek site in case
additional samp1e(s) are required.

4.3. COST OF COLLECTION OF SORBENT

The costs for the collection of the limestone sorbent are as follows:

E. Lehman:

FR11

prepare helicopter site
load and haul full drums

Subtotal

Pavilion Lake:

labour-site preparation
crushing
crushing and loading truck

Subtotal

Domco:
camp accommodation (38 man-days)

4 - 5

$ 387
402

$ 789

$ 120
520
800

$1,440

$ 950

SE 8221
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Bema:

labour
powder
vehicle rental
miscellaneous disbursements and expenses
equipment rental

Subtotal

Highland He~icopters:

mobilization of equipment and supplies
demobilization of equipment and sample

Subtotal

Signal Trucking:

trucking cost

Chemex Laboratories:

whole rock analysis - Anderson Creek
Others

Subtotal

Total

4 - 6

$ 5,907.50
1,212.25

882.34
578.16
500.00

$ 9,080.25

$ 1,249.43
1,519.85

$ 2,769.28

$ 399.09

$ 292.50
97.50

$ 390.00

$15,817.62

SE 8221



SECTION 5.0 - ADDITIONAL EXPLORATION

5.1 INTRODUCTION

Addi tiona1 exp1orat i on along the ri dge north of Anderson Creek and in
two areas on the east side of the Hat Creek Valley were conducted during
the Anderson Creek limestone sampling programme. The areas on the east
side of the Hat Creek Valley are near Ambusten Creek (17) and White Rock
Creek (18,19) as indicated in Figs. 1-1 and 2-1.

5.2 RIDGE NORTH OF ANDERSON CREEK

On 10 August 1982, a traverse was conducted along the ridge northwest of
Anderson Creek L3-0 (Figs. 3-1 and 5-1). The traverse was of a
reconnai ssance nature. The rocks are common ly 1imestones wi th some
thin-bedded, black, fine-grained, shaley limestones toward the
northwest. One outcrop is calcareous shale which is overlain by lime
stone. The beddi ng attitudes range from stri kes of 080° to 135° and
di ps of 85° SE to 67° SW; some beds di p northeast. The beds most
commonly strike 134° and dip 50° SW to 70° SW. There are no dolomite or
dolomitic limestones along the ridge. The limestones appear to be
similar to those sampled previously on Anderson Creek; therefore no new
samples were taken.

5.3 AMBUSTEN CREEK (LST 17)

On 13 August 1982, a traverse was conducted over the meadows north of
Ambusten Creek. The outcrops are on the slope of a bench at El. 1340 m
and 1.5 km from the creek (Figs. I-I, 2-1 and 5-2). The limestones are
medium grey and fine-grained with white calcite veinlets scattered
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i rregul arly and along beddi ng planes. A samp1e was taken from the
northernmost of the four outcrops examined (Fig. 5-3). An analysis of
this limestone is summarized in Table 3-1. The rock is very siliceous

·_0 and the area is of no further interest for sorbent.

5.4 WHITE ROCK CREEK (LST 18, LST 19)

On 16 August 1982, outcrops that form cliffs south of White Rock Creek
were examined (Figs. 1-1 and 5-2). The base of the outcrops are at
El. 1305 m to 1390 m and extend over 0.6 km. The outcrops are mostly
light grey, fine-grained limestone, but some outcrops are dark grey and
medium grey (Fig. 2-1). Two samples were taken. Sample LST 18 consists
of light grey to medium grey, fine-grained, slightly magnesic limestone
with a few, irregular calcite veinlets. Sample LST 19 consists of dark
grey, fine-grained, slightly magnesic limestone which also has a few,
irregular calcite veinlets. The analyses of these limestones are
summarized in Table 3-1. It would be difficult to obtain a small bulk
samp1e from these sites; however, mi ni ng costs and access for a 1arge
sample could be acceptable.

5.5 DISCUSSION

The ridge north of Anderson Creek is an extension of the limestone areas
where the bu1k samp1i ng was undertaken. The 1i mes tone is cont i nuous
along the ridge for more than 2.0 km. No dolomite or dolomitic lime
stone was found. The area could provide ample limestone sorbent.

The bench north of Ambusten Creek is underlain by siliceous limestone.
The area is of no further interest for sorbent.

FR11 5 - 2 SE 8221



TT~.:J



The outcrops south of White Rock Creek consist of slightly magnesic
limestone. These cliffs are close to the proposed Hat Creek powerplant
site and they comprise a potential source of sorbent.
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SECTION 6.0 - CONCLUSIONS

Five sites in the Hat Creek area could provide sorbent to a thermal
plant using pressurized fluidized bed technology. The best site is at
Langley Lake (No. '6), where interbedded limestone, dolomitic limestone
and dolomite are exposed along a ridge extending north from the Oregon
Jack Creek Road. Unfortunately, this site is not available because the
Ministry of Lands, Parks and Housing will not permit mining activity on
land. in this area that is under its jurisdiction. This land is crucial
to a large mining operation.

The second site is north of Anderson Creek (No.4 and No.5). This site
consists of a long, gently undulating ridge bordered on the south by
steep cliffs. The samples from 1981 were taken from the base of these
cliffs and consist of slightly dolomitic limestones. The bulk sample,
excavated in 1982, came from the top of these cliffs. This was
necessary because of the problems of working on the steep hillside and
of transporting the samples from the site by helicopter. These latter
samples are less magnesic. The limestones are probably typical of the
ridge as a whole and the ridge could provide sufficient limestone.

The bulk sampling conducted at Anderson Creek was completed quickly and
effi ci ent ly. Therefore, the overa11 samp1i ng and transportation was
completed under budget.

The third site is at Robertson Creek (No. 14). The limestone is exposed
on a narrow ri dge. Thi s 1imestone performed we 11 in the tests at
West i nghouse (Tab1e 1-1), but there may be i nsuffi ci ent tonnage near
this site. However, the limestones at Robertson Creek (No. 13) may
perform as well as the dolomitic sample from that site and similar to
those at Robertson Creek (No. 14). Therefore, there may be sufficient
limestone similar to Robertson Creek (No. 14) to supply a thermal plant.
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The fourth site is at Pavilion Mountain. The quantity of dolomite at
this site is too small to be of interest. The associated limestone may
be a suitable sorbent, but the site is too far from Hat Creek to be

---economically attractive.

The fifth site is south of White Rock Creek (No. 18 and No. 19). The
limestones are fine-grained, but mostly light grey. It is not known how
these limestones would perform under pressurized conditions, but it is
expected that they may not perform well.
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ADDENDUM - GEOLOGY AND SAMPLING OF POSSIBLE
SORBENT SITES FOR HAT CREEK PRESSURIZED

FLUIDIZED BED COMBUSTION STUDY - 26 JULY 1983

Between 5 July and 11 July 1983, A. Penner and P.T. McCullough explored for

sorbent in and near the Hat Creek Va 11 ey. Si xteen 20 kg samp1es were

co11 ected as we 11 as three hand spec i mens. The 1ocati on of each of the

sample sites is illustrated in Figs. A-I and A-2. The locations of the

sample sites at Robertson Creek are illustrated more accurately in Figso A=3

and A-4. Similarly, the locations of sample sites at Langley Lake are

illustrated more accurately in Fig. A-5.

The following paragraphs contain a summary description of each of the

samples. Each sample is from an outcrop area which commonly consists of more

than one rock type; therefore, each samp1e was di vi ded ; nto groups, the

proportion of each group was estimated and each group was described.

SAMPLE LST-20

Group 1 - 45 percent
Whitish grey to light grey, medium to fine grained, generally massive,
strongly calcareous 1st., with some calcite stringers.

Group 2 - 35 percent
Grey to dark grey, fine grained, massive, strongly calcareous 1st., with many
calcite stringers.

Group 3 - 20 percent
Dark grey to black, fine grained, massive, strongly calcareous 1st., some
minute calcite fracture coatings.

SAMPLE LST-21

Group 1 - 70 percent
Medium grey, fine grained 1st., weathers light to medium brown.
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Group 2 - 15 percent
Light grey, fine grained lst.-slightly coarser than above weathers light to
medium brown - few calc. veins on fracts.

Group 3 - 8 percent
Medium grey, fine grained 1st., w/ab. wte. calcite veins to 0.5 cm wide,
weathers light grey.

Group 4 - 2 percent
Medium grey, fine grained 1st. w/num. closely spared fracts. 0.5 cm apart 
bedding(?).

SAMPLE LST-22

Group 1 - 45 percent
Grey to dark grey, medium-grained, massive, strongly calcareous 1st., minor
calcite, blocky.

Group 2 - 45 percent
White to light grey, medium to fine grained, generally massive, strongly
calcareous 1st., parallel fracture set.

Group 3 - 5 percent
White, medium to fine grained, massive, very strongly calcareous 1st.

Group 4 - 5 percent
Black, medium to fine grained, massive, strongly calcareous 1st., some calcite
veinlets, blocky.

SAMPLE LST-23

Group 1 - 60 percent
Medium grey, fine grained, 1st. minor dolo.

Group 2 - 25 percent
Light grey, fine grained, dolo. minor 1st. (somewhat sil?).

Group 3 - 10 percent
Wte. to 1i ght grey, m-g. dolo. minor 1st.

Group 4 - 5 percent
Dark grey, fine grained, well layered 1st.

SAMPLE LST 24

Group 1 - 45 percent
Light grey, coarse to medium grained, massive, strongly calcareous 1st., some
calcite stringers, blocky.
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Group 2 - 40 percent
Dark grey, medium grained, massive, strongly calcareous 1st., occasional
calcite stringers, blocky.

Group 3 - 13 percent
Light-'grey to greenish grey, fine grained, massive, weakly calcareous,
siliceous 1st.

Group 4 - 1 percent
White, medium to fine grained, weakly bedded, strongly calcareous 1st.

Group 5 - 1 percent
Brown to grey, medium grained, massive, strongly calcareous 1st.

SAMPLE LST-25

Group 1 - 80 percent
Medium grey, fine grained 1st.

Group 2 - 15 percent
Light grey, fine grained to medium grained, dolo., some dolo.-lst.

Group 3 - 3 percent
Medium grey, fine grained 1st. blebs of calc. to 0.5 cm.

Group 4 - 1 percent
Well layered medium grey to light grey, fine grained 1st.

Group 5 - 1 percent
Wte. to light grey, fine grained 1st.

Group 6
Minor hem. stained dolo. 1st.

SAMPLE LST 26

Group 1 - 60 percent
Light brown to light grey, very fine grained 1st. w/mod. layering.

Group 2 - 20 percent
Light grey to medium grey, fine grained 1st.

Group 3 - 2 percent
Medium grey 1st. breccia w/frags to 1.0 cm, some rust weathering.

Group 4 - 5 percent
Light grey to white fine grained 1st.
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Group 5 - 3 percent
Dark grey almost black, fine grained 1st.

Group 6 - 2 percent
Wte. and red brown, fine grained 1st.

Group 7 - 2 percent
Dark grey, very fine grained 1st.

Group 8 - 3 percent
Fine grained, medium grey 1st.

Group 9 - 3 percent
Medium grained, medium grey 1st.

SAMPLE LST 27

Group 1 - 60 percent
Whitish grey to light grey, fine grained, strongly calcareous, massive,
blocky 1st.

Group 2 - 40 percent
Dark grey, medium to fine grained, generally massive, calcite stringers,
strongly calcareous 1st.

SAMPLE LSI 28

Group 1 - 31 percent
Fine grained black 1st. w/minor wte. blebs and veinlets.

Group 2 - 31 percent
Fine grained black 1st. w/abundant wte. calc. blebs and veinlets.

Group 3 - 20 percent
Dark grey w/light grey 1st. layers, some layers thin and discontinuous, but
others are through going.

Group 4 - 5 percent
Banded dark grey, fine grained, 1st. w/abundant light grey to wte. layers.

Group 5 - 3 percent
Light grey, medium grained, 1st. some wte. calc. layers.

Group 6 - 5 percent
Dark grey to black, finely streaked 1st., streaks are light grey 1st. minor
veinlets .

. Group 7 - 3 percent
Medium gray 1st. breccia w/frags. to 0.75 cm; frags. rounded to 5ubang.
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Group 8 - 2 percent
Black 1st. as angular frags. in wte. calc. matrix.

SAMPLE LST-29

Group 1 - 65 percent
Whitish grey to light grey, medium to fine grained, generally massive, but
some thinly bedded, strongly calcareous 1st., with calcite veinlets.

Group 2 - 35 percent
Dark grey to black, fine grained, massive, strongly calcareous 1st.

SAMPLE LST-30

Group 1 - 61 percent
Black w/mod. calc. blebs and veinlets, fine grained 1st. some samples devoid
of veinlets.

Group 2 - 30 percent
Massive to mod. bedded medium grey 1st. locally coarse grained, mostly fine
grained.

Group 3 - 5 percent
Light grey, fine grained, 1st. streaked w/wte. calc.

Group 4 - 2 percent
Wte., fine grained, locally coarse grained 1st.

Group 5 - 1 percent
Medium grey, fine grained 1st.

Group 6 - 1 percent
Dark grey 1st. w/abundant calcite stringers and blebs of wte. calc.

SAMPLE LST-31

Group 1 - 70 percent
Medium gray, fine grained, massive, strongly calcareous 1st., some calcite.

Group 2 - 20 percent
Dark grey to black, fine grained, massive, strongly calcareous 1st., minute
calcite stringers.

Group 3 - 10 percent
Whitish light grey, fine grained, massive, strongly calcareous 1st.

FMI32 - 5 -



FMI32

SAMPLE LST-32

Group 1 - 75 percent
Dark grey, fine grained 1st. w/minor to moderate calc. vein1ets, minor dark
grey dolo. 1st.

Group 2 - 12 percent
Medium gray 1st. w/minor to moderate calc. veinlets.

Group 3 - 2 percent
Dark grey 1st. breccia w/wte. matrix, frags. to 0.5 cm commonly 0.3 mm,
approximately 10 percent matrix.

Group 4 - 5 percent

Dark grey 1st. breccia w/wte. calc. matrix frags. to 0.5 cm, commonly <0.1 mm,
approximately 50 percent matrix.

Group 5 - 5 percent
Light grey 1st. w/abundant calc. veinlets mostly fine grained, some medium
grained.

Group 6 - 1 percent
Light grey 1st. mostly fine grained, some medium grained.

SAMPLE LST-33

Group 1 - 75 percent
Medium to dark grey, fine grained, massive, some calcite, moderately
calcareous dolo. 1st.

Group 2 - 25 percent
White to light grey, fine grained, thinly beeded, some calcite, strongly
calcareous 1st.

SAMPLE LST-34

Group 1 - 90 percent
Massive to thin bedded, dark grey to black 1st. fine grained.

Group 2 - 10 percent
Dark grey w/abundant wte. blebs and veinlets of calcite, fine grained 1st.

SAMPLE LST-35

Group 1 - 45 percent
Medium gray, fine grained, massive, with some calcite, strongly calcareous
1st.
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Group 2 - 35 percent
Dark grey to black, fine grained, massive, strongly calcareous 1st.

Group 3 - 20 percent
White to light grey, medium to fine grained, with calcite, generally massive,
strongly calcareous 1st.

SAMPLE LST-36 Hand Specimen

East Side Logging Road - 87.5 km marker. Medium gray, fine grained 1st.

SAMPLE LST-37 Hand Specimen

East Side Logging Road - 91 km marker. Dark grey to black, fine grained si1.
1st.

SAMPLE LST-38 Hand Specimen

End of East Side Road. Light grey, fine grained dolo.

The analyses of each of the samples are listed in Table A-I. Dolomitic

1imestone appears to be common over extensive areas near Langley Lake and

Robertson Creek. No dri 11 i ng has been undertaken, so the thi ckness of the

dolomitic limestone is unknown. Tests run at Westinghouse (U1erich et a1,

1982) i ndi cated that even 1imestones on the Ri dge where samples LST- 27 to

LST-29 were taken provided moderate sorbency. The samples would have to be

tested, rather than simply analyzed, in order to predict their sorbency.

The rejects from the 20 kg samples have been stored in two drums (labelled

H.C.-LST) which are in a shed at Burrard Thermal Plant.
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LOCATION MAP SHOWIN.G
POTENTIAL LIMESTONE
AND DOLOMITE AREAS

NEAR HAT CREEK

FIGURE A-I o
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This reference scale bar
has been added to the
original image It will
scale at the same rale
as the image, therefore it
can be used as a reference
for the original size.
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