BRITISH COLUMBIA HYDRO AND POWER AUTHORITY

HAT CREEK PROJECT

Tera Environmental Resource Analyst Ltd. and Reid, Colliazs and
Associates Ltd. - Hat Creek Project - Detailed Environmental
Studies - Forestry Report ~ July 1978. Corrected to Janmuary
1979

ENVIRONMENTAL IMPACT STATEMENT REFERENCE NUMBER:



——
e

o Coddins

TERA ENVIRONMENTAL RESQURCE ANALYST LIMITED

HAT CREEK PROJECT
DETAILED ENVIRONMENTAL STUDIES

APPENDIX A3 - FORESTRY

JULY 1978

Correctad to January 1979

PREPARED BY: / ;[ <gf1_.uz

H. Bunce, Ph.D., R.P.F.

REID, COLLINS AND ASSQCIATES LIMITED




1.0

2.0
2.1

2.3

3.0
3.1

3.2

3.3

4.0
4.1

TABLE OF CONTENTS

KEY MAP
SUMMARY ==cewvw- ————mememesameee——ana- -

INTRODUCTION ~mcemecmccccmamecnccsccscmaanccnac———

Terms of Referenca =--=-m-wa-escaccnmmmmrnccnccaccan
Purpose and SCOpE ==-==mmmemmcccmsemccmca——esea- ——

* Acknowledgements P ———

METHODOLOGY --=w=ws ———— - - -
Resource Inventory =--=seemee-cececccccceevacacee—== -
(a) The Regional Study Area ~==-=e=mwcecocacsmeemeceas

(i) Forest Pesource -=--- - ———— —
(ii) ForestIrdustrial P1ants =—-=--e-m--ea-—-omm—
(i11) Insect and Disease Survey =-e-meemcemeccea--

{b) The Local Study Area ~==~=-eeemmemocccaccaacmun—-
(c} The Site Specific Argg ~-----—eecmcccccmensceaaa-

Impact Assessment -- - ——

(a) Without the Project ~===em=—mmcecacccccmamaan" -
(b) With the Project ----- ——-
(c) Impact of Project ===e--ve-meemea--

Study Personnel ---

v e A e 4

RESQURCE INVENTURY ~e=-memcacccccccrvoececncnncccnae
Regional Study Area -=---- ————————
(a) Forest ReSOUICES ====wemm-mwemccceceomecaceaaax
(i) Forest $tands -=-meemmememmecmomccccc e s
(1) Access -~ - c—————

(ii1) Disposition of Forest Resourcase=---=~=cese-
(iv) Forest Industrial Plants --=---=---==sm-eeu-

{(b) Forest Insects and Diseases ~~-----=--mwece-eee-

(i} Significance of Forest Insects & Diseases---
{(11) Historical Records ----———=~cemmaeaoccaea

A. INSEOLS emcmeeccacmamcemcm———c—aeacm———
B, Diseidses —~=e—vwcewmcnmcacccne cr e
{(i11) Reconna’issance ==--memm-mwsnocasesmmce~e= -
(iv) Types of Damage ~-weweewmemcamcscammemcoanaa
A. Bari Beetles ---- - o —
B - Def()1 .i atO f‘S - "“'-.--------‘-------—n‘.-

C. Scale Insects =w=e——=w—aea= —

PAGE

-l

Oy n WU




(i)
Page
(v) Discussion -=a=- - :g
{vi) Summary of Insect Damage ~---
4.2 The Local Study Area R
(a) Forest Resourges =---- - SO 1
(1) Forest Stands -- e emae—————— 2;
(i1) Area-Volume Summaries - o
(111} Access ---- -— = e
(iv) Disposition of Forest Resources -~-eee=-- ———
4.3 Site Specific Study Area - 57
(a) Plant and Related Facilities ==-- ~—- —amew 58
(i) Wet Ash Disposal: Option 1 - -- 58
(i1) Ory Ash Disposal Scheme I: Option 2 ==—eceeeeew &1
(111) Dry Ash Disposal Scheme II: Option 3 <~—eow—we- 63
(iv) Comparative Summary of Ash Dump Options ====- == 65
(b) Mine and Relatec Facilities ==—-- ———— 67
(c) Offsite Facilities -- -- - 69
(d) Summary of Site Specific Inventory -- 72
5.0 IMPACT OF THE PROJECT 75
5.1 Forest Resource Projecticns Without the Projecteceeeew— 77
ia) Anticipated Environmental Changes-- - 77
b) Forest Resource Projections -- - -~ 77
{i) Regional Study Area 77
(1) Local Study Area 79
(i11) Site Specific Areas; Mine, Plant and
Offsite Facilities - —— - 8
(iv) Summary of Forest Values-Without the Project--- 83
5.2 Forest Resource Projections and Impacts on Forest
Yalues - With the Project - memvmvmesmanes G4
(a) Anticipated Environmental Changes -- 84
(1) Preliminary Site Development 84
(i1) Construction Impacts =--- -~ 85
(i11) Operational Impacts -- 85
A. Introduction —~— as
B. Metabolic Effects ———— g6
C. Physiological Effects - a7
D. Anatomical Effects - ~=-— 88
E. Effects on Plant Growth - - 39
F. Effects on the Ecosystem -- 9Q
6. Biocaccumulation of Fluorides ~eeweaseecaa-- -
H. Discussioneee-- 96
Snisl, Colins




5.3

6.0
6.1

6.2

6.3

' (iii}

(iv) Decommissioning Impacts =--=-ee=meeaacaaamoa-

(b} Appraisal of Impacts on Forestry --eeemecemcece-- .

(i) Regional and Local Study Areas -----e=eaca---
(1i) Construction Impacts on Site Specific Areas &
Appraisal of Ming, Plant & Offsite Timber ---

(iii) Operational Impacts -- ———

A StaCk Emi 551.Qns-—-—-----—-------------------

1 Controlled Stack Emissions SQp=——=-mae—n=
2 Uncontrolled Stack Emissions Fluorides--
3 Sumnary of Qperating Emission Effects---

B Cooling Tower Emissions - --
C Mine Air Emission ~--———ecmececccacaccaacaa
D Mine Pit Dewatering ~=~=eeeueccmmmmaamccncan

(iv) Decommissioning Impacts -=--eseecccmamamecaus

(v) Summary of Project IMPacts------—=mmmmmemmmen

Comparison of the "Without the Project” and "With the
Project" Cases ==-=e-vecacmmcccemccccmcacaccccnae—aa,

MITIGATION RECOMMENDATIONS -=-~w—=== - ———
Regional Study Area -===eeecemccceccecccccce e aas

(a) Monitoring Impacts on Tree Growth & Mortality~---
(b) Entomological Study ====eeeecemmemammccaacacaaaa-

Local Study Aread ===eemoceamcarmmecncccmneenmnaaaea e

(a) Maintenance of a Green Forest by Intensive Forest

Management =-=-==wemecemoccnem e mda v e namcn
{b) Mutual Use of Access Roads --==w=wmmeccemeccaaaaa
(c) Tree Regeneration Trials -=e-—mecccmcmmmmmmccaaan

(d) Reclamation Objectives ====evm=memeeees cmmammamae
Site Specific Study Area - ——— —— ———

(a) Coordination of Logging and Clearing Plans ------
(b) Buffer Zones -==--=ewmeea- - o am————
(c) Use of Logs as Insect Traps ---~=-m=eeceeccwecanee

MONITORING PROGRAM RECOMMENDATIONS - .-

GLDSSARY R g - - - - . v A -

Abbreviations ~ereecccccnmccmcacccccccccus—cacams—em—-
Conversion Factors -~--—eeecacececaa —
Species by Name and Symbol ==evccaccecaececcacccnenae

REFERENCES==mmmmmc e e cnscc e -

Page

101

131

103
104
106
106
107
110
115
122

122
122

122
122

123

124
124

124
125

126

126
127
128

129
129

129
130
130

131

136

140
141
143

144



e — e,

TABLE 4-1

TABLE 4-2

TAELE 4-3

TABLE 4-4

" TABLE 4-5

TABLE 4-6

TABLE 4-7

TABLE 4-8

TABLE 4-9

TAELE 4-10

TAELE 4-11

TABLE 4-12

(iv)
TABLES
SUMMARY OF AREAS, VOLUMES, ALLOWABLE ANNUAL CUTS

AND MEAN ANNUAL INCREMENTS!»2 - CROWN LAND ONLY
(Imperial Units) == ———

SUMMARY OF AREAS, VOLUMES, ALLOWABLE ANNUAL CUTS
AND MEAN ANNUAL INCREMENTS1,2 - CROWN LAND ONLY
(Metric Units) =—m——-ew-ema- - - -

FOREST AREA COMPARISONS ALL OF 8.C., INTERIOR B.C.
REGIONAL AND LOCAL STUDY AREASZ (Imperial Units)
A1l Ownerships - :

FOREST AREA COMPARISONS ALL OF B.C., INTERIOR B.C.
REGIONAL AND LOCAL STUDY AREASZ (Metric Units)
A1l Ownerships --

REGIONAL STUDY AREA - AREA SUMMARY BY FOREST TYPES
AND TENURES (Imperial Units) 1 000 Acres -«seeeea-

REGIONAL STUDY AREA - AREA SUMMARY BY FOREST TYPES
AND TENURES (Metric Units) 1 000 Acres ~w=e=eee-ee

REGIONAL STUDY AREA - AREA SUMMARY BY SITE CLASSES
AND TENURE ALL FOQREST TYPES (Imperial Units)
1 000 Acres -

REGIONAL STUDY AREA - AREA SUMMARY B8Y SITE CLASSES
AND TENURE ALL FOREST TYPES (Metric Units)
1 000 ACres =eeeveeccwecccncononuanax

STANDING MATURE VOLUME COMPARISONS BY SPEC;ES
ALL OF B.C., B.C. INTERIQOR AND STUDY AREAS= All
Ownerships -- ———

STANDING MATURE VOLUME COMPARISONS BY SPECIES
ALL OF B.C., B.C. INTERIOR AND STUDY AREAS AN
Ownerships ————

REGIONAL STUDY AREA - SUMMARY OF MATURE STANDING
VOLUME BY SPECIES AND TENURES (Imperial Units) ---

REGIONAL STUDY AREA - SUMMARY OF MATURE STANDING
YOLUMES 8Y SPECIES AND TENURES (Metric Units) ==--

PAGE

19

20

21

22
23

23

25

25

27

28
29

29




TABLE 4-13

TABLE 4-14

TABLE 4-15

TABLE 4-16

TABLE 4-17

TABLE 4-18

TABLE 4-19

TABLE 4-20

TABLE 4-21

TABLE 4-22

TABLE 4-23

TABLE 4-24

TABLE 4-25

TABLE 4-25

Sua Codtias

(v)

PRODUCTION AND EMPLOYMENT AT FOREST INDUSTRIAL
PLANT? IN THE REGIONAL STUDY AREA (Imperial
1 A B el

PRODUCTION AND EMPLOYMENT AT FOREST INDUSTRIAL
PLANT? IN THE REGIONAL STUDY AREA (Metric
Units) ===soocecmmmccc e

COMPARISONS OF FOREST PRODUCTS PRODUCTION IN
REGIONAL STUDY AREA AND TO TOTAL 8C PRODUCTION
1975 and 1376 ==-mmmmmmmmeemmmemm-e -—

LOCAL STUDY AREA - AREA SUMMARY BY FOREST TYPES
AND TENURES (Imperial UnitS) =e-emeeeecceancaeaca

LOCAL STUOY AREA - AREA SUMMARY BY FOREST TYPES .
AND TENURES (Metric Units) =-m=mmmmmmmmmce-mm——-

LOCAL STUDY AREA - Areas, MAI and Estimated AAC
by Site Classaes in PSYUs - A1l Qwnerships
(Imperial Units) -wemecmeccccaciccccccmnccccaaeas

LOCAL STUDY AREA - Areas, MAI and Estimated AAC
by Site Classes in PSYUs - ALL Ownerships
(Matric Units ) =memmomcccm e ccccccccceaae

LOCAL STUDY AREA - IMMATURE AREAS BY SITE CLASSES
IN PSYUs - A1l Ownerships (Imperial Units) -=~-=-

LOCAL STUDY AREA - IMMATURE AREAS BY SITE CLASSES
IN PSYUs - AT11 Ownerships (Metric Units) ~---=---

LOCAL STUDY AREA - MATURE FOREST AREAS AND VOLUMES
BY SPECIES - 7.1"+ Close Utilization Tess decay
only - All Ownerships (Imperial Units) ==-e==--

LOCAL STUDY AREA - MATURE FOREST AREAS AND YOLUMES
BY SPECIES -~ 7.1"+ Close Utilization less decay
only - All Ownerships (Metric Units) -—-=-==we---

LOCAL STUD'T AREA - VOLUME SUMMARY BY TENURE AND
SPECIES - 7.1"+ dbh, Close Utilization less decay
(Imperial Units) =-emecococcoeana _—

LOCAL STUDY AREA - VOLUME SUMMARY BY TENURE AND
SPECIES - 7.1"+ dbh, Close Utilization less decay
{(Metric Units) =ecemcmmcmac e rccccc e —e

SITE SPECIFIC STUDY AREA: MERCHANTABLE VOLUME BY
SPECIES:  PLANT AND WET ASH DISPOSAL OPTION 1 --

PAGE

51

53

54

55

60



TABLE 4-27

TABLE 4-28

TABLE 4-29

TABLE 4-30

TABLE 4-31
TABLE 4-32
TABLE 4-33
TABLE 4-34
TABLE 4-35

TABLE 4-36
TABLE 4-37

TABL£ -1
TABLE 5-2

TA3LE 5-3

TA3LE 5-4

{vi)
PAGE

SUMMARY OF PRODUCTIVITY: PLANT AND WET ASH
DISPOSAL QPTIOM 1 61

SITE SPECIFIC STUDY AREA: MERCHANTABLE VOLUME
BY SPECIES: PLANT AND ORY ASH DISPOSAL SCHEME

I: OPTION 2 62
SUMMARY OF PRODUCTIVITY: PLANT AND DRY ASH
DISPOSAL SCHEME I: OPTION 2 63

SITE SPECIFIC STUDY AREA: MERCHANTABLE VOLUME
BY SPECIES: PLANT AND DRY ASH DISPOSAL SCHEME

1I: OPTION 3 - b4
SUMMARY OF PRODUCTIVITY: PLANT AND ORY ASH

DISPOSAL SCHEME II: OPTION 3 65
AREA, VOLUME, INCREMENT SUMMARY FOR PLANT SITE
OPTIONS 66

SITE SPECIFIC STUDY AREA: MERCHANTABLE VOLUME
BY SPECIES FOR MINE AND RELATED FACILITIES ---- 68

SUMMARY OF PROCUCTIVITY: MINE AND RELATED

FACILITIES 63
SITE SPECIFIC STUDY AREA: MERCHANTABLE VOLUME

8Y SPECIES: QFFSITE AREAS - N
SUMMARY OF PROCUCTIVITY: QFFSITE FACILITIES ===
SUMMARY OF SITE SPECIFIC INVENTORY -ewwsecc——ae o4

VALUE OF THE MAI CONTRIBUTION TO ALLOWABLE CUT
FROM THE SITE SPECIFIC AREA 83

AVERAGE CONCENTRATION (ppm) OF FLUORIDE IN PLANT
RECEPTOR MATERIAL, 1976 = 1977 (25)<eesceeeamea G4

SOME EFFECTS ON SOME SENSITIVE CONIFERQUS TREE
SPECIES OF EXPOSURE TO GASEOUS HYDROGEN FLUQRIDE
BY CONCENTRATION AND DURATION (81)-e-eeecee——ww 98

PRESENT WORTH OF ALLOWABLE ANNUAL CUT ON SITE
SPECIFIC AREA THAT WCULD BE LOST WITH THE
PROJECT 105




TABLE 5-5
TABLE 5-6

TABLE 5-7

TABLE 5-8

TABLE 5-8

TABLE 5-10

TABLE 5-11

TABLE 5-12

TABLE 5-13

FIGURE 4-1
FIGURE 4-2
FIGURE 5-1

3?«‘{ %/ 4

(vii)

PAGE
ANNUAL VALUE OF MAI AFFECTED BY SUp FUMES-~--~ 109
AREA OF EFFECT OF PREDICTED UNCONTROLLED FLUCRIDE
EMISSIONS*PROBABLE AND WORST PROBABLE CASES BY
FREQUENCY AND INTENSITY OF FUMIGATION DURING
SEVEN MONTH GROWING SEASON APRIL 1ST - OCTOBER
R i o E!
SUMMARY OF ANNUAL VALUES FOR OPERATING
EMISSION EFFECTS ==mmsmmmmmmmammmmmemmanaemen 15
TOTAL ANNUAL VALUE OF MAI LOSS FOR WET ASH
DISPOSAL OPETQN T-==n=-m==mamnmmmnmmammmnman 116
TOTAL ANNUAL VALUE OF MAT LOSS FOR ORY ASH
DISPOSAL Options 2 and 3====cecece-—ceaanana- 117
PRESENT VALUE OF MAI LOSSES THAT IS PREDICTED
FOR FUME AFFECTED AREAS VALUES IN (3000's)--- 118

PRESENT VALUE OF MAI LOSSES THAT WOULD BE LOST
FOR ALL OPTIONS AND CONTROL SYSTEMS
Values in {$000's)~=camcamacnatancccnacacann 120

COMPARISON QF POTENTIAL BENEFITS TO FORESTRY
IN THE HAT CREEX LOCAL STUDY AREA WITHOUT THE
PROJECT ANO WITH THE PROJECT CONSIDERING DIS-
COUNT RATE, ASH DISPOSAL CPTION, SO, CONTROL

SYSTEM, AND HF EMISSION LEVEL-mmwwnanmn=memnas 121

SUMMARY OF PROJECT IMPACTS BY AREA, VOLUME

AND VALUE=-=mommmmommmmmmame s s m e e m e = 123
FIGURES

MAJOR FOREST INSECT PESTS-eo-mmcmmmmmemmcan- 39

AREAS DEFOLIATED BY SPRUCE BUDWORM 1976-1977- 46

POSSIBLE AIR-QUALITY CRITERIA FOR ATMOSPHERIC
FLUORIDE, WITH REFERENCE TO CONIFEROUS SPECIES 100




Forat, Cottlns

< 3- .

are Douglas-fir (73-82 percent), lodgepoie pine (2-12 percent} and pon-
derosa pine (11-13 percent). The volume of wood contributory to the allow-
able annual cut ranges frcm 2 394 m3 to 3 295 m3 (845 to 1 163 cunits)
according to the ash disposal option used, j.e. 1.6% to 2.3% of the
allowable cut ¢f the local study area.

The estimated impacts on forestry caused by the proposed project are almost
entirely related to forested areas affected by land clearing and to forest
tree species affected by fume emissions. The effects of hydrogen fluoride
(HF) and sulfur dioxide {$02) fume emissions are discussed in this report.

For sulfur dioxide there are three alternative control strategies: two
meteorological control systems (MCS) based on two stack heights (244m and
366m) and flue gas desulfurization (FGD) with a 366m stack. The FGD
systém would cause the least effect on allowable annual cut (0 m3) as
compared to 132 m3 and 77 m3 respectively for the MCS 244 and MCS 366 sys-
tems, or 0%, 0.09% and 0.05% respectively of the allowable cut of the
Jocal study area. )

While it is recognized that a controlled emission system is preferred by

B. C. Hydro and Power Authority, differing opinions on the release rate of
fluorine or hydrogen flueride in the stack gases make necessary a probable
and worst probable case analysis based on uncontrolled emissicns. The
estimate of additional effects on allowable annual cut is 0 m? and 22 852m3
for the probable and wors: probable c2ses respectively, or 0% and 15.6%

of the allowable cut of the Tocal study area. The estimated lgss of allow=

able annual cut due to the fume emissions is between Om3 and 22 984m3, 0%
and 15.8% of the cut, and the Toss due to land clearing is between 2 400m3

and 3 300m3 or 1.6% and 2.3% of the cut. The estimated total loss of
allowable annual cut is likely to be between 2 400m3 and 26 700m3, or 1.6%
and 18.3% of the allowable cut of the local study area.

The total annual value of this volume is between $13 200 and $143 800 for
a total present worth of £110 000 to $3 319 000 depending on discount rate,
ash disposal and fume emission control method selected. Withcut the project
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1.0 SUMMARY

This appendix of the Hat Creek Detailed Environmental Studies provides
forest resource and forest insect and disease inventories of the regional,
local and site specific study areas. Based on those inventories, estimates
are made of the econcmic benefit patentially possiblie from the forestry
sector without the project. Estimates are also made of loss of benefit
that couid come from the project in respect to the site specific features,
such as the coal mine, ash dumps, plant site and power line and road
right-of-ways, all locatad near Harry Lake, and from the air emissions

of the plant during its operational life. Subtraction of these losses
from the without the project benefits provides the level of economic _
benefit from the forestry sector to be expected with the project. Recom-
mendations for mitigation of the impacts and for monftoring programs are
also provided.

The regional study area covers 2 335 800 hectares (ha) (5 771 900 acres)
of which 74 percent is forest land, The mature standing volume of timber
is 135.6 million cubic matres (47.9 million cunits) at close utilization
standards, ® or 1.1 percent of the provincial inventory. The principal
species are lodgepole pine (38 percent}, Douglas-fir (36 percent), and
spruce (15 percent). Within the regional study area the allowable annual
cut for all Public Sustained Yield Units (PSYUs) totais 1 857 500 cubic
metres {m3) (656 000 cunits).

In 1976 the forest industries in the regional study area consisted of
twelve sawmills, three plywood plants and one pulpmill. The 1976 regional
production was:lumber, 1.3 million mS (0.6 Hillion board feet) or 5.3%

of 8. C. production; plyweod and veneer, 0.2 million m3 (0.2 £i1lion square
feet) or 8.8% of B. C. production; wood chips, 1.1 million m3 (0.4 millien
bone dry units) or 4.1 % of 8. C. production;and pulp, 0.3 million tonnes
(0.4 miilion tons) or 6.3% of B. C. production.

*See Glossary in Section 8.0 for definitions of faorestry terms.

Em%
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The forest resource in the regional study area is a major employer and is
significant to the economy of <he region. The 1976 average employment in
the plants described above was 2 415 persons, including offica and super-
visory staff. MNone of the forest prod&cts plants is located within the
lacal study area.

In the past, insects have attacked the forest in the regional and local
study areas; in particular sites the attacks were serious. Insect

damage will continue to occur. In cartain situations air pollutant emissions
can causa damage to the forest which may resemble insect damage. Disease
damage in the study areas has been normal for the area and has not sig-
nificantly affected timber production.

- The local study area covers 196 350 ha (485 190 acres), of which 75 percent

is forest land. The mature standing timber volume in the local study area
fs 10 472 500 m3 {3 698 400 cunits) at close utilization standards. The
principal species are Douglas-fir (55 percent), lodgepole pine (25 percent),
spruce (14 pe}cent). and ponderosa pine (3 percant). The estimated allow-
able annual cut in the area is 146 189 m3 (51 626 cunits). The local study
ama standing volume is 7.7 percent of the volume in the reagional study
arza. The B. C. Forest Service have already anticipated the Hat Creek
development in their allowable annual cut calculation. Therefore, if the
Hat Creek mine is developed, there would be no administrative reduction

in the allowable cut presently calculated.

Thi2 site specific study area contains proposed operating areas such as the
mite, dumps, generat'ion sita and offsite facilities. Within the sita
spacific area three options for ash disposal from the power plant are
being considered. Between 3 900 ha and 4 320 ha (9 640 to 10 680 acres)
of land would be affected, of which 58 percent is productive forest land.
The mature standing volume in the site specific area ranges from 139 778
cubic metres (49 362 cunits) for the Dry Ash Scheme I to 156 998 cubic
matres {55 443 cunits) for the Wet Ash disposal. The principal species
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are Douglas-fir (73-82 percent}, lodgepole pine (2-12 percent) and pon-
derosa pine (11-13 percent). The volume of wood contributory to the allow-
abla annual cut ranges from 2 394 mS to 3 295 m3 (845 to ] 163 cunits)
according to the ash disposal option used, f.e. 1.6% to 2.3% of the
3llowable cut of the local study area.

The estimated impacts on forestry caused by the proposed project are almost
entirely related to forested areas affected by land clearing and to forest
tree species affected by fume emissions. The effacts of hydrogen fluoride
(HF) and sulfur dioxide (SO02) fume emissions are discussed in this report.

For sulfur diaxide there are three alternative control sirategies: tweo
meteorological control systems (MCS) based on two stack heights {244m and
366m) and flue gas desulfurization (FGD) with a 366m stack. The FGD
system would cause the least effect on allowable annual cut (0 m3) as
compared to 132 m3 and 77 m3 vespectively for the MCS 244 and MCS 366 sys-
tems, or 0%, 0.09% and 0.0S% respactively of the allowable cut of the
Tocal study arsea. '

While it is recognized that a controlled emission systsm is praferred by
B. C. Hydro and Power Authority, differing opinions on the release rate of
fluorine or hydrogen Tluoride in the stack gases make necessary a probable
and worst probable case analysis based on uncontrolled emissions. The

estimate of additional effects on allowable annual cut is 0 m3 and 22 852m3
for the probable and worst probable cases respectively, or 0% and 15.6%

of the allowable cut of the local study area. The estimated loss of allow-

able annual cut due to the fume emissions is between OmS and 22 984m3, 0%
and 15.8% of the cut, and the loss due to land clearing is batween 2 400w

and 3 300m3 or 1.6% and 2.3% of the cut. The estimated total loss of
allewable annual cut {s likely to be between 2 40Gm3 and 26 700m3, or 1.6%
and 18.3% of the allowable cut of the local study area.

The total annual value of this volume is. between 313 200 and $143 300 for
a total present worth of $110 000 to $3 319 000 depending on discount rate,
ash disposal and fume emission control method selected. Without the project

D, Boulns
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the econemic benefit from forestry in the local study area is estimated to
be $804 000 per year which has a present worth of from 526 800 000 at 3%
discount rate to $6 700 000 at 12% discount rata. With the project the
local study area should provide an economic benefit from forestry which has
a range of present worth of from $26 400 000 to $5 50Q 000 according to
the discount rate, ash disposal scheme, and emission control combination
anc level chosen.

Prediction of fume impacts on vegetation {s not an exact science. Because
of the many unknown or. poorly understood factors, intangibles, synergisms
anc the highly variable responsas to documented treatments, the estimate
of allowable annual cut lost and its annual value each year is at a
confidence level of plus aor minus one order of magnitude.

Based on these possible impacts and the forest resource only, it {s recom-
mended that dry ash disposal schemes I or II he used, flue gas desulfuriza-
tion be used to reduce emissions, and an effactive mass balance of flucrina
emissions be developed. Howevar the relatively small value of the predictad
Toss caused by 502 should also be considered critically in this respect.
While the allowable annual cuts potentially Test do not affect current,
adninistrative allowable cut calculations because the B. C. Forest Service
has already made allowances for these deductions, the potantial Toss of

cu: would still be a direct real loss to forestry as it benefits the provincs.

The values pravided in this report are based on published informatian,
much of it from the 8. C. Forest Servica, and are of a general, regicnal

nature rather than spacific to individual timber stands. They are theras-
fore not suitahble for use in casas of compensation of privata individuals.

Synergistic effects betwesen fume components and insects are possible,
esyecially in light of the droughty conditions in the regional area for
the past six or saven years. For this reason, two large scale studies
ar: reccmmended, an entomological study and an environmental menitoring
study. Other reccmmendations relating to rehabilftation and an intansive
forest management program are given.

Tt Bl
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SECTION 2.0 - INTRODUCTION
In June 1976 Reid, Collins and Associates Limited was retained to
investigate the forestry aspects of the environmental studies conceming the
proposed coal mine - thermal generating station in the Hat Creek Valley,

near Cache Creek, British Columbia.

2.1 TERMS QF REFERENCE

The original terms of reference, dated June 1976, are presented in Addendum
7. These were revised and clarified in the proposal and in subsequent
correspondence. The major changes were as follows:
- site index was changed to site quality
- watershed value was changed to mean local study area
- description of rel'ationships (original point 4) was trans-
ferred to the bfophysical assessment portion of The Land
Resources Subgroup (Appendix A-1)
- permanent sample plot program to be instituted (uriginal
point 5) was revised to providing recommendations on a
monitoring program.

Site quality was interpreted and inventoried rather than site fndex.

Site quality is divided into four site classas: agood, medium, poor and
low. Each site class is a grouping of sita indices for each of the species
in British Columbia., Sita classes can be directly related to productivity
and valuation measure. Site index is the average dominant or cc-dominant
tree height, at a giveﬂ age, usually 50 or 100 years in 8.C.

The revised terms of refarence for the forest inventory and effects of
development (Appendix A-3) are ¢ited below:




Forest Inventory

- Inventory and map forest tree species, logging, and log
reserves.

- State present allowable annual cut (AAC) and commitments.
- Map existing forest road patterns and projected development.

Effects of Develooment

- ldentify sensitivity of forest tree components %o project
construction activity. Impacts shoulid be quantitative,
where possible, and related to construction and operatiocn

periods.

- Assess project impacts on allowable annual cut and other
forest values.

- Assass altarmatives and recommend measyres to avoid or
minimize adverse impacts, enhance beneficial impacts and
compensate for losses. Practical altemative propesals
should include estimated costs.

In addition to the Appendix A-3 terms of referencs, an entcmological ovei-

view study was prepared and is provided in Section 4.1 {b).

The tarms of reference for apgpraisal of forest losses, Appendix C-3, are
1istad below:

Forastry _
- Evaluate forests at the potential value of the timber harvested
at its optimal harvest age, net of harvesting costs.

- The terms "Optimal Harvesting Age” and "Costs" are defined by
present forest management and harvesting techniques as
practiced by the 3.C. Forest Servics.

‘= Net present value should be calcylatad by using discount rates
of 4, 6, 8, 10 and 12 percent.

In addition to the terms of raference, discount rates of J and 5 percent
were also used in the appraisal of forest values. Uiscount ratas of 3, 4
and 5 percant are used, almos< universally, for forest economic comarisans
al' altarnatives.

B! Coiitna ‘




2.2 PURPOSE_AND SCOPE

The purpose of the forest studias was to identify the magnituda and economic
value of the existing forest resgurces and the sizes of the established
forest industries in such a way that these data may be used as baselines

for identification and evaluation of any changes which might occur as a
result of establishment of the Hat Creek operations. Data are presentad
on a comparative basis to identify the resources in a provincial perspective.
The study considered three areas, all roughly centered on the proposed

mine - power generation site.

- The regional study area is bounded by 100 Mile House to the
north, Kamloops to the east, Lytton to the south and Seton Lake
to the west. Data for this area are presented on a map at
1:250 000. The block is approximately 2 335 800 hectares

(5 771 900 acres) in size. '

- The Tocal study area is 25 kilometres (km) in radius centered
around Harry Lake. Data are presented on maps at a scaie of
1:50 000. This area is 196 350 ha (485 190 acres) in size.

- The site specific study area contains operating areas such as
the mine, dumps, generation site and offsite facilities.
Information is presentad on 2 map at a scale of 1:24 0G0
in Addendum 10.

Within the regional study area the following items were inventoried:

- The forast rescurcas

- Forest land tenures

- Forest stands

- Access

- Disposition of forast resources

- Location and allocated cut requirements of forest industries
(sawmills, plywood plants and pulpmill)

- = Location of environmental protaction forests, ecological
reserves, British Columbia Forest Service (BCFS) research plots

- Forest insects and diseéses

Done Bodins
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For the local study area the following items were inventoried:

-~ The forest resources
- Forest stands
= Access

= QDisposition of forest resourcas

- Location and allocated cut requirements of forest industries
(sawmills, plywood plants and pulpmill)

- Area sumaries by site classes
- Area-volume summaries by tree species

- Estimates of mean annual increments for comparison with mean annual
{ncrements in the Botania Public Sustained Y{eld Unit (PSYU)

- AAC commitments in the Sotanie PSYU AAC
« Estimatas of AACs with cnmparisons to the Botanie PSYU

For the site specific study area the following items were inventorfed:

- The forest resources

- Area of forest and non-forest land
- Area summaries by site classes

- Volume summaries by tree species

- Estimatas of mean annual ingcrements and theoratical contributions
to sustained yield

Thea impact of the Hat Creek oparaticns on the forest resource is assessed.
A valuation of merchantable timber and of forest productivity on the site
specific area is mada. An appraisal of forest losses anticipated as a re-
sult of emissions from the plant is also included. Valuation of losses

is based on the contribution of affectad areas to the AAC.

Tha suscaptibilities of various tree species to stack emfssions are rated
from stack emission data provided by other consultants.

ﬂ.—c%.
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SECTION 3.0 - METHOOOLOGY

3. RESOURCE INVENTORY

(a) The Regional Study Area

(1) Forest Resource

The regional study area is shown on the 1:250 000 scale map (Addendum 1).
Within the regional study area are portions of two forest districts,

Kamloops and Caribeoo, pertions of seven Public Sustained Yield Units, (PSYUs)
Big Bar, Kamloops, Yalakom, Botanie, Nicola, Lac la Hache and Mehalliston,
and part of one Tree Farm License (TFL #35).

Area volume sumaries of crown forest lands were calculated from the

-British Columbia Forest Service Unit Survey Reportsl for the PSYUs

affected. Area summaries of alienatad forest lands such as Crown grants
inc¢luding those in TFL Schedule “"A", federal parks and other federal
lards, were calculatsd from these survey reports and the volumes derived
frem Crown forest land volume aweragesl. All volumes are based on closa
utilization standards (18 em+ dbh = 7.1" + dbh, less decay).

Area-volume information for TFL. #35 was obtained from Weyerhaeusar Canada
Lind ‘cad19 and pro-rated for that portion within the regiomal study area.
A1l allowable annual cut information for PSYUs was obtained frem the
British Columbia Forest Servica’'s "Forest [nventory Statistics of British
Columbia (1973)° and was confirmed by the Resource Planning Division of

the 8.C. Forest Service in Victoriall,

The B.L. Forest Service district offices in Kamloops and Williams Lake
supplied reference lists of current established licensses by each PSYU

in both the Kamloops and Cariboo forest districts. Thase 1ists are included
in Addendum 2.

!, Coilinn
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(1) Forest Industrial Plants

To obtain data on production and employment in the sawmills, plywood
plants and the pulpmill in the regional study area, all plants were
canvassed. The companies were extremely cooperative and in general
could provide the information requested. 0ata were collected for
1975 and 1976 for the volumes of lumber, plywood, veneer and pulp
produced, and average number of persons employed.

British Columbia production statistics of 1975 and 1976 for sawn lumber,
plywood and pulp were ottained from the B.C. Department of Economic
Development 4. To establish a comparative base, the regional production
data are compared to the provincial totals.

{111} Insect and Disease Survey

The Canadian Forastry Service Insect and Disease Survey provided
historical information on insect and disease activity in the regional
and local study areasa. Two brief field reconnaissances by Reid,
Collins' staff, one including aerial surveillanca, were completed.
Previous field experience and literature references were utilized to
expand the basic understanding of the situation in this area. All
these information sources were used to prepare the text of the forest
insect and disease sub-section.

(b} The Local Stucy Area

A1l area-volume calculations are based on B.C. Forest Service data

suppiied by the Forest [nventory vaisionl. This information included:

- Unit Survey Regorts of the Big Bar PSYU (1962)1.
Botanie PSYU (1970) and
Yalakom PSYU (1965).

Povat Boiins




« Forest cover maps *ium Big Bar PSYU (1962)1.
Botanie PSYU ( 1970)1
Yalakom PSYU (1965)-,

- Map area aEd map volume statements for each of the forest
cover maps~ fnvolved in the local study area.

~ To compile area and volume data by matyre, immature, residual, not

satisfactorily restocked (NSR) and non-commarcial cover (MCC) forest

, types, the boundary of the Tocal study area was first plotted on BCFS
forest cover maps at a scale of 1:31 680. Summaries were compiled frem
the area volume statsments accompanying the maps. Thesa statements
present data by compartments (a subdivisionm of a PSYU usually based on
height-of-land boundaries). Wwhere the study boundary divided a compartment,
mip areas were measured by forest type within the study area and volumes
wire computed proportionally from the compartment area volume statements.

Tuta}\acreages by site classes were caiculatad. Mean annual {ncrements by
site classes were computed from the unit survey reports and applied to the
acreages by site classes to aphtain total mean annual incraments.

Total mean annual increment* was converted to nat affective mean annua'l
increment to abtain an estimated allowable annual cut for the portions of
eiich of the PSYUs included within the 25 kilometre radius.

A1l calculations were made initially in imperial units and subsequently
converted to metric values.

*Total mean annual increment is a measure of the productive capacity of
forest land. To express this in net effective tarms it is necassary to
deduct for losses caused by factors including breakaga, wasta and dacay,
storms, insect damage, daletions for other uses of land such as rights-
of-way, or environmental protaction forests. The dif¥icuity in making
precise estimatas of so many variables makas it preferable to group all
possible causes of deduction into a single reduction factor based ca an
average of pravious experienca. This method of estimating AAC is useful
only for overview calculations on the current rotaticns.

Tt oilias
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A forest productivity map at 1:50 000 was prepared for the local study
area based on the BCFS 1:31 680 forest cover maps‘. This map shows the
rated site quality of the land under existing conditions and is included
in Addendum 5.

{c) The Site Specific Area

A11 area and volume calculations are based on B.C. Forest Service data
supplied by the Forest Inventory Divisionl. The information used_included:

- Forest cover maps from Botanie PSYU

- Area and volume statements for each of the fbrést cover maps
involved in the site specific study area

- Volume over Age curves and average line volume tables

To compile area and volume data by mature, immature, residual, NSR and

NCC forest types, the boundaries of the various facilities wera plotted

on BCFS 1:15 840 forest cover maps, reducad to a scale of 1:24 000. Between
some of the facilities there are areas that are rendered unsujtable for
productive forestry purpases because of necessary space and machinery
limitations and therefore these areas are included in the summaries.
Summaries were compiled from volume and area estimates based on the maps.
Total acreages by site classes were also calculatad.

Mean annual increments by site classes were computed from the volume over
age curve indices and applied to the acrsages by site classes to obtain
total mean annual increments.

A forest cover map at 1:24 000 was prepared for the site specific area
basad on the BCF3 1:15 840 forest cover maps. The 1:24 0Q0 foresfpcover
map shows forest tree species, age class, height class, stocking class,
and site class for each forast cover stratum. Current land uses, logging
roads and non-forest land are also shown. This map is facluded in
Addendum 10.

Toeat, Coddbns




3.2 IMPACT ASSESSMENT

{a) Without the Project

The basfc premise upon which the without project case s avaluated is
that the whole productive forest land area would be managed on a sustained

-yield basis. Therefore, the mean annual increment of this area would be

its potential contribution to the allowable annual cut of the Batanie PSYU.

Valuation of mean annual increment (MAI) {s basad on average market values
of logs in the regional and lacal study areas. These values are sub-
stantiatad by conversion return calculations for the three main species in
the area for 1976 and 1977, Methods used to calculate conversion retum
are similar to the standard B.C. Forest Service procedure,

The value of the contribution to AAC is computed by the following furmula:

Total MAI x Valus/Volumetric Unit L
Tscomt rate - Value of contribution to AAC

-in perpetuity.
This is the benefit in value from the forest rescurce without the project.

Tha total MAL is detarmined by apply'mg the weightad average MAI for the
Botanie PSYU over the land areas considered.

(b} With the Project

The basic premise upon which the project casa is evaluated is that the mean
annual {ncrement attributable to the sita specifi{c areas taken qut af forest
production is Tost in perpetuity because of specific peculiarities of restor-
1ng these areas to forest. This mean annual {ncrement is valued as in the
precading section (a) Without the Project. However no loss is attributed

to the existing standing inventory because it will be logged and the value
recoverad under approximataly normal circumstancass.
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Any effect of air emissions in reducing growth is also valued in a similar
manner in terms of mean annual increment not grown over the 35 year jife

of the thermal plant. The area affected should return to normal. productivity
subsequently.

(c] Impact of the Project

The impact of the project is the economic benefit attributable to the local
forest resource "with the project" i.e. the residual benefits, deducted
from the economic benefit attributable to the Tocal forest resource “with-
out the project". This differencea equals the loss of forest resource
caused by the project.

The value of the difference of the benefit without the project and the
residual benefit with the project is an annual value. The benefit from
the site specific areas will most 1ikely not be regained in commercial
terms at the end of operations. The c¢oal mine will be a large hole,
perhaps filled with water, the plant site will still be occupied by
buildings and equipment, and the offsite facilities, roads, power lines
and airport will likely still be required for further use. Only the
dumps have realistic expectation of restoration to forest. It is estimated
that their level of productivity will likely be low. In total therefore,
the site specific areas ar2 not considered for c¢alculation of subsequent
benefit to the forest resource. The valuation will be based on an annual
income Tost in perpetuity. The effect caused by air emissions will cease
at the end of 35 years at the end of operation of the plant. It is
therefore discounted as an annual income lost for 35 years at various
discount rates.

Catthas
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3.3 STUDY PERSONNEL
il =
Personnel involved in the project and their specific responsibilitias
are listed below:
5 »
Regional, local and site specific
- area inventories : D. Norris, B.S.F., M.F.

8. Ford, B.S.F., R.P.F.
E.W. Hindley, B.S.F., R.P.F.

- Insect and disease survey : H. Bunce, Ph.D., R.P.F.

Air emission - Tree suscaptibilities H. Bunce, Ph.D., R.P.F.
J. Richards, 8.S5¢c.

Appraisal of forest losses : R. Jones, B.S.F., R.P.F.

Regional forest industry inventory
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SECTION 4.0 - RESOURCE INVENTORY

4.1 REGIONAL STUDY AREA

(a) Forest Resourcas

The regional study area covers 2 335 800 ha (5 771 900 acres). Sixty-five
percent of the area is in the Kamloops Forest District* and 35 percent is
in the Cariboo Forest District. The following PSYUs* 1ie partially within
the study area: B8ig Bar, Botanie, Kamloops, Lac la Hache, Nehalliston,
Nicola and Yalakom. Tables 4-1 and 4-2 Tist the total land areas, volumes
and AACs for the complete PSYUs and for those sections of the PSYUs situated
within the regional study area. A portion of Tree Farm License ®

(TFL) #35 also lies within the area and data on this TFL are included in
the tables where applicable.

(i} Forest Stands

A total of 1 731 500 ha (4 278 700 acres) of the regional study area is
classified as forest land. This is 74 percent of the study area.

*The forest administration of British Columbia is the responsibility of
the British Columbia Forest Service. The province is divided into six
forest districts for administrative control. Within and occasionally
straddling a district boundary are the smaller Public Sustained Yiald
Units in which the forest management is carried out by the Forest Service.,
Other areas called Tree Farm Licenses have been allocated to industry
and are managed by industrial foresters under license. Forest Service
foresters inspect these to confirm that the terms of the licenses are
being fulfilled. Another sub-division commonly used by the British
Columbia Forest Service is that between the "Coast" and the "Interior”,
defined as west and east of the Coast Range (also known as the Cascades
Range) of mountains. There is a marked differenca in forest cover types
on either side of the mountains, largely caused by the rain shadow effect
of the mountains.
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Tables 4-3 and 4-4 symmarize the forest type areas in the regional study
area and compare them to forest type totals of British Columbia, B.C.
Intarior, and the local study area. The total forest area of the regional
study is 3.3 percent of the total forest area of B.C. and 3.9 percent of
the B.C. Interior total forest area.

Tables 4-5 and 4-6 show the forest area distribution by tenure and hroad
forest types for the regional study area.
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TABLE 4-1
1,2
SUMMARY OF AREAS, VOLUMES, ALLOWABLE ANNUAL CUTS AND MEAN ANNUAL INCREMENTS'®
CROWN LAND ONLY
(Imperial Units)
TOTAL FSYU PORTION OF P5YU WITHIN REGIONAL STUDY AREA Weighted)]
PsTu Ares of Haturs AAg Fareat Land Hature Yolume Allowable Annusl Cut | Avp.MAL
Yorasc Laad Voluma 1 000 Parcont Parcent Percent | &-F.J4¢
1 000 Acres ] 600 Cunita Cunits 1 000 Acres of PSYU 1 D00 cunics of P5SYU 1 000 Cunite | of P5STU

{a} () (b}
BIG BAR 1 404.3 8 434 175 1 188.5 [ 3] 6 7958 a1 15% [] 17
BOTANLIE 861.7 13 024 [T1Y 821.8 95 12 286 9% 122 a5 19
KAMLOOBS 679.0 6191 113 408, L 60 3 %83 64 74 64 13
LAE LA HACHE 1 524.5 2 950 175 4B6.2 n 6 091 a7 9% 13 F$1
NEHALLISTON 347.8 5 568 nz 265.7 16 32 s 1) &3 35
NICOLA 815.3 10 282 133 299.1 » 3 196 ” 41 N 17
TALAKOM 906.8 17 43 128 396.13 1) 6 012 34 94 42 b1

TOTAL 6 539.6 B4 281 1 184 ) 866.9 - 44 203 - (31 -

(8) Porest Lsnd § Mature snd Immatuca stasda, NSR, NCC, Rastidual Lands.
(b) Calculatfons indicate these valuss apply both to the total PSYU aad the portion within the Reglonal Btudy Araa.
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TABLE 4-2 1.2
SUMMARY OF AREAS, VOLUMES, ALLOWABLE ANNUAL CUTS AND MEAN ANNUAL INCREMENTS'*
CROWN LAND ONLY
(Metric Units)
TOTAL PSTO FORTION OF PEYU WiTHIM REGIONAL STUDY AREA sighta
1510 Area of Mature AAC Yorast Land Msturs Volum Allowable Annual Cut | Avg, KA
Forsst Land Velune 1 000 Ferceng Pavcent Tercent] nd/
1 000 ha ) 000 =) ul L 000 ha, of PSYU 1 000 a3 [ af Pavy 1 poo ad of #S ba
{a) 8 [£Y]
3G BAR 368.) 23 asz.1 495.5 “l._ﬂ [ }] 19 249,46 8l 438.9 1] 1.1
4BOTANIE 348.7 16 219.4 ADY.A 1110 " LTI TR aL . T | a 1.1
KANGLOOTS 1.0 17 330.7 123.4 163.2 &0 11 2708.% 64 109.3 11} 1.6
LAC LA MACHE 616.9 44 %66 .4 178.7 194.0 1 17 247.4 H n.a b} 5.7
MEIALLISTON 140.7 16 039,13 1.3 03,3 - % 14 8134 [ 1 109.% (%) 1.4
NLOOLA 0.9 13 115.0 1764 il.0 » 18 TiL. Y k] e} b1} 1.2
TALAKGH 372.0 4% 61,3 §11.1 160.3 4 11 011.% n 266.13 41 1.1
TOTAL 1 645.4 138 454.2 3 352.¢ 1 385.0 - 123 k62,6 - 1 8525 -

Hetric Converiion of Table 4-1

{a) Farest Land 1 Mature area, Temature ares, N3R, BCC, Reatdunl Land sresas, ’
(b) Calculatfons tadicate thase valuos apply both ¢y tha cotsl P3¥U and tho portion within the Roglonal Study Area.
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TABLE 4-3
FOREST AREA COMPARISONS
- 2
ALl OF B.C., INTERIOR B.C. REGIONAL AND LOCAL STUDY AREAS
(Imperial Units)
A1l Ownerships
ALL OF BC BC INTERIOR _REGIOMAL STUDY AREA LOCAL STUDY AREA
As 2 Ao X

FOREST 1of Lof BC | As As Xof| As X of ¥G X ol As L of 3 4o T of
TIFE 1 000 aC 1 GO0 |[Interior | of BC 1 000 Reg.5kudy| of BC Interior 1 Q00 }Local Studyy of BC | Interiox Reglonal
Acren | Togsl Acres Tocal Tatal Acres Total Total Total Acres Total Total Total Study

Forest Forest Toreat Yaresk Forest Forest . Torsat Forest | Forest Area

Ares Ares prea ¥ . Avea Area Area Area Area Area Toral

(a) (b)

MATUME 61 185 49 49 859 (1] 3 2 076.) 48.5% 1.4 1.9 1a1.5 50.0 0.1 0.2 4.2

TIIATURE | 33 086 41 48 232 44 » 1%1.2 (L 1.5 1.8 1451 40.0 0.1 0.1 3.4

REST DUAL 152 728 1 1 150.1 .3 o.1 0.1 4.7 6.8 T 3 0.4

In.s.m é 64l 5 .5 & 130.0 3.0 0.1 0.1 14.0 3.0 T T 0.)

NOM ComM.] 4 B L399 & & il 0.3 T T 0.6 0.2 T 1 T
TOTAL 123 148 100 109 204 1¢0 |} 4 2.7 100 33 3.9 2.9 100 | o.28 0.1} 8.5

T = Trace, less than 0.11
{a) From Table 4-§
(b Frow Table 4-16
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TABLE 4-4
FOREST AREA COMPARISONS
ALL OF 8,C., INTERIOR B8.C, REGIONAL AND LOCAL STUDY AREAS
(Metric Units)
A1l Ownerships
AL oF ic :C. INTERION REGTONAL BTUDY AREA LOCAL STUDY AREA
An X As I
TOREST Lol X of 8¢ s £ As X uf As % of BC I ot As K of BC A X of
Juttet 1 000 1] 1 000 Eatarior | of B2 1 000 Reg.Study of B3C Intariog 1 000 Local Study | of 3C | Intarior Regloasl
b Togal ha Total Tota} ha Youal Yotal Tocal he Total Tocsl Total Scudy
Foraat Yoreat Forest Forest Forast Focest Torast Toreat | Forest Avea
Arsa dyep Aras . Agan | _Asoa Aisa Args ATEE Avis Yotal
HATUKE 13 63t [}] 01n L1 1) 840.3 40.3 1.6 1.9 3.3 30.0 0.1 0.2 4.3
IuTue § 21 40) L1 19 319 13 7 7.3 .7 5.3 1.8 . 40.0 a.1 0.1 3.4
RESIOUAL 304 [} %4 1 [} .0 3.3 0.1 0.1 10.0 (%) T T 0.6
N.5.R, 168 s E O [T R ) 4 3.4 3.0 e.1 0.1 4.3 3.0 T T 0.1
Nox coid.] L 9 4 i 88l 4 [ 4.3 0.3 b 4 T 0.2 0.2 T T T
TOTAL EY T 100 44 19 100 " b 1.2 (L] 3.3 3.0 144.9 100 0.28 0.3 8.3

T = Trsce, leas than 0. 15

Fetric conversion of Table 4-3,
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TABLE _ 4-5

REGCIONAL STUDY AREA

AREA SUMMARY BY FOREST TYPES AND TENURES

(Imperial Units)

1 Q00 Acres
TENURE MATURE IMMATURE | RESIDUAL | NSR- | Ncc| rtotan! g
'CROWN 1 929.7 1706.5 | 118.7 106.0 { 6.0 3 866.9f 90.4
- ALLENATED 113.9 171.6 31.4 20.2 | 1.6 338.7F 7.9
TEL #35 32.7 0 33.1 - 3.8 1 3.5 73.1 1.7
!TOTAL 2 076.3 1 911.2 150.1 130.0 |11.1] &4 278.7| 100.0
% of TOTAL 48.5 44.7 3.5 3.0 0.3 100.0|
TABLE .- 4-6
REGIONAL STUDY ARFA
ARFA SUMMARY BY FOREST TYPES AND TENURES
{Metric Units)
I 000 Hectares
TENURE MATURE IMMATURE RESTIDUAL NSR NCC TOTAL
§
|
icnowu 781.0 690.6 48.1 62.9 | 2.4 1 565.0
' ALTENATED 46,1 69.5 12.7 8.2 ] 0.6 137.1
TFL #35 13.2 13.4 - 1.5 1 L.5 29.6
TOTAL 840.3 773.5 60.8 52.6 | 4.5| 1 7317
Source : Addendum 3
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A symmary of forest land distribution by site classes in the regional
study area is provided in Tables 4-7 and 4-8: good site is 8.5 percent,
medium 35.1 percent, poor 54.5 percent and low 1.9 percent of the total

forest land.

Land areas broken down by tenure, forest types and site classes in acres
and hectares may be found in Addendum 3.

The total volume of mature timber in the regional study area is 135.6
million cubic metres (m3) or 47.9 million cunits with the three major
species, lodgepole pine (38 percent), Douglas-fir (36 percent), and
spruce (15 percent), accounting for 89 percent of the volume. These
species produce wood of good quality suitable for lumber, plywood and
pulp.
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TABLE  4~7

REGIONAL STUDY AREA

AREA SUMMARY BY SITE CLASSES AND TENURE
ALI, FOREST TYPES
(Imperial Units)

1 000 Acres
SITE CLASSES j
TENURE GooD MEDI POOR Tow TOTAL
CROWN 308.1 | 1 346.6 | 2 135.86 76.6 | 3 866.9
ALIENATED 21.7 122.1 188.3] 6.6 338.7
TFL #35 35.5 34.2 3.3 0.1 73.1
TOTAL 365.3 | 1502.9 |2 327.2 83.3 | & 278.7
TABLE  4-8
REGIONAL STUDY AREA
AREA SUMMARY BY SITE CLASSES AND TENURE .
ALL FOREST TYPES
(Metric Units)
1 Q00 Hectares
STTE CLASSES
TENURE Go0D WEDIUM | POOR | LW . TOTAL
CROWN 124.7 545.0 [ 864.2|31.1 |1 565.0
ALTENATED 8.3 49.41 76.21 2.7 137.1
TFL #35 14. 4 13.8 1.4] = 29.6
TOTAL 147.9 608.2 | 941.8{33.8 |1 731.7

Source : Addendum 3




Tables 4-9 and 4-10 summqrize and compare the mature volumes by species
in the regional study area tc the provincial and B.C. Interior totals.
The total volume for all species in the regional study area constitutes
2.9 percent of the total B.C. Interior volume and 1.7 percent of the
total volume for the entire province, which is locally important but
of less significance to British Columbia as a whole.

Teblas 4-11 and 4-12 1ist the wood volumes by forest tree species for the
Crown Alienated and TFL areas. A further detailed listing for PSYUs,
Alienated Lands and TFL #35 is included in Addendum 4. The major manager
of the timber resource in this area is the B.C. Forest Service operating
on behalf of the Crown. Private timber holdings are of negligible.
significance. The Crown has assigned some of the forest management of the
timber inventory to private industry in the case of Tree Farm Licenses
and, to a lesser extent, in Timber Sale Harvesting Licenses.
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TABLE 4-9
STANDING MATURE VOLUME COMPARISONS BY SPECIES
ALL OF B.C., B.C. INTERIOR AND STUDY AREAS2
A1l Ownerships
7.1 inches + dbh - Imperial Units
Close utilization less decay only
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TABLE 4-10
STANDING RATURE VOLUME COMPARISUN

i 3 BY SPECIES
ALL OF B.C., B.C. INTERIOR AND STUDY AREAS

A1l Ownerships
18 cmt+ dbh - Metric Units

Close Utilization - less decay only
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TABLE 4-11
REGIONAL STUDY AREA
SUMMARY OF MATURE STANDING VOLUME BY SPECIES AND TENURES
{Imperial Units)
7.1"+ dbh - Close Utilization less decay
1 000 cunits
— CONIFER SPECIES BROAGLEAP SPECIES All
| 2 - Bub- Sub~ Specixe
c i B 5 ¥Fa Py rl Py L Total Lot [1} A Tocal Total
CROWN 16 403.6 | 63.4 | 738 (2032 | 6 729.7 |1s7.9 | 2901 Ji6 605.5 |1 1on.z| 2.8 | &3 760.2 | 23,0 | 48.3] arz.n| «43.4] <& 203,
ALLENATED 34,6 .7 3.4 101.2 . 307.6 6.2 16.0 962, 4 s8.61 0.1 2 412.8 1.3 3.0 26.00 10.31 1 4&rt
TFL 3 9.7 1.2 0 97.1 352.3 0 o 701,0 0 0 12283 | © 2.5 202 23.7] 1 245.0
TOTAL 174279 | 62,3 | 79.2 |2 329.5 | 7 389.6 |1e4.1 | 30701 s 268.9 |1 1598 2.9 | 47 394.3 | 24,4 | s3.8] ans.z| 4e7.4] 47 #s1.7
TABLE 4-12
REGIONAL STUDY AREA
SUMMARY OF MATURE STANDING VOLUMES BY SPECIES AND TENURES
(Metric Units)
18 cm+ dbh - Close Utilization less decay
1 000 cubic metres
CONIVER SPECIES BROADLEAF SPECIES s Al:
TEHURE Sub- Sub- pacies
r* c H B 5 Ta Pw ri Py L Total Cot Bi A Total Total
ooy 16 240 2 baye s l209.0 Ve oty l1o oss.2 lasri | aze.0 |47 021.0 |3 11R.2 7.9 F123 913.2 ) 65.4 [116.8 |1 033.4 {1 255.4[)25 168.8
ALIERATER | 2 20101 1.4 9.6 2B6.6 871.0 | 17.6 | 5.3 3 2 725.2 165.9) 0.1 6e3z.zl 3.7 a8 71.6| 83.8f & 9i8.0
TFL #35 197.4 3.4 [ 225.0 997.6 ¢ [ 1 905.0 [ 0 34584 | © 7.1 60.0| 62.1] 3853
TOTAL 49 3%9.7 | 190.3 [218.6 [7 182.7 [30 924.8 |4&s&.7 | 869.3 {51 731.2 j3 284.1) &.3 |1i3s 203.8 65.1 |i32.4 11 i87.0 i 4DB.37i33 8id. )Y

& Yor standard B.C. Yorast Service tres apecida sychola code wes Baction [ 7%
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(i1) Access

The area is well-served by rail and road. Three of the railways serving
8.C. cross the area. The Canadian Naticnal Railway and the Canadian
Pacific Railway supply transportation to Vancouver to the west and the
rest of Canada to the east. The British Columbia Rajlway serves Vancouver
to the west by a different route and Prince George and northern British
Columbia, to the north. Kamloops is the major carloading centre fer the
forest industry. Major sawmills are locatad beside the various railway
lines and each is serviced by a loading spur line.

Major roads parallel the railways fairly closely. The Trans-Canada
Highway follows the CPR route while Highway 97 goes north to Prince
George. Numergus provintia] highways and secondary roads, B.C. Forest
Service logging access and mining roads provide a good transportation
network for the area. Major access routes are shown on the map in
Addendum 1. Access in the western limits of the area is Eomewhat
restricted by the high mountains of the Coast Range. Minor access
roads including forest development roads, are mapped on 1:15 840

B.C. Forest Service forest cover maps and these maps are availabie
from the District Qffices of the B.C. Forest Service, Inventory
Division of the B.C. Forest Service in-Victoria, or the Consultant's
office,

Logging operators in the area are not sericusly constrained by the cost
of obtaining or constructing access to timber, except west of the Fraser
River. The transportation opportunity from operational areas to mill
sites is good and most of the mill sites have ready access to the
railways for long distance shipment of forest products.

Th2 area's major airport at Kemloops is served by Pacific Western
Ai~Yines, There are alsoc local airstrips served by charter airline
companies.

2 R W
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(iii) Disposition of Forest Resources

Approximately 90 percent of the forest land and 92 percent of the mature
timber volume in the regional study area is owned by the Crown. The B.C.
Forest Service, acting as the Crown's agent, disposes of timber via Timber
Sale Harvesting Licenses, Timber Sale Licenses, Tree Farm Licenses and
other Special Use Permits. The Forest Service has calculated an AAC for
each PSYU2 (see Tables 4-1 and 4-2) and from time to time releases part
of the AAC to established licensees or quota holders. A list of these
Ticensees {logging operators with quotas) and their portions of AAC for
total PSYUs are shown in Addendum 2. A special allowance in the AAC cal-
culations has been made for 50 000 acres in the Botanie PSYU used for
other purposes, such as parks and open pit mines. This acreage is
equivalent to approximately 7 600 cunits of allowable annual cut based

on the weighted average MAI for the Botanie PSYUz. It is accepted that
this area of forest land is likely to'be permanently lost from commercial
production. Current recalculation of the allowable cut to incorporate
environmental protaction areas has specifically assigned 5 000 acres

(2 080 hectares) of the previous special allowancea of 50 000 acres in
anticipation of alienation of productive forest land over one rotation
because of the potential development of coal jands at Hat Creek. Theresfore
if the Hat Creek mine is developed there would be no further reduction in
the allowable cut for the Botanie PSYU as presently calculated.

The existing harvesting areas occur throughout the PSYUs and are of

varied sizes and distribution. Plotting at a map scale of 1:250 00C is not
feasible. The location of future harvesting areas is controilled by the BCFS
but takes into consideration requests made by quota holders. Information
available is not sufficiently precise to make accurate projections of the

locations of future harvesting areas. However the calculation of the

allowable annual cut is not dependent on the location of these harvesting
areas. fuota holders or independent loggers, when approaching the B.C.
Forest Service for timber to cut, broadly outline their area of interest.

ﬂ«d ?g//n_l
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This area is referred to as a chart area. If the chart area is approved
in principle by the 8.C. Forest Service, a Timber Sale Harvesting License
is issued to the logging concern, subject to fulfillment of planning
requirements.

Timber Sale Harvesting Licenses (TSHLs) contain one or more units called
cutting permits, Within cutting permits there are at Teast two kinds of
ar~eas; one is referred to as a leave block, and the other is called a cut
block. Leave blocks may not be harvested until adjacent cut-over areas
are regenerated to commercial forest tree species. This may take up to
ten years or longer. Tenures such as TSHLs do not usually remain more
than 5 to 10 years in the same location.

Tables 4-1 and 4-2 also show the volume of AAC for the total area of the
P4YUs, in the portion of the PSYUs Tocated within the regional study
area, because the regional study area boundaries do not precisely match
the PSYU boundaries. Ten percent of the forest land which supports eight
percent of the mature timber volumes is classified as alienated land.
With the exception of TFL Schedule “"A" lands, timberldisposa1 on these
areas is controlled by the owners.

Ecological reserves are areas of land set aside by Orders-in-Council
urder the authority of the Ecological Reserves Act12 for a variety of

purposes. A detailed description of those purposes is included in
Acdendum 6. Logging is not permitted in the reserves. Within the
regional study area, and in the general vicinity of Hat Creek, there

are three scoiogical reserves.12 One-is south of Spences Bridge (Scap Lake
Reserve, Order-in-Council Number 1565) and one north of Clinton {Chasm
Reserve, Order-in-Council Number 2010). The third reserve (Tranguille
Reserve, Order-in-Council Numbers 3684 +3992) is located just north of
Kamloops Lake. There is also a proposed ecological reserve approximately
18 miles south of Upper Hat Creek on Skwaha Mountain. Ecological reserves
within the study area are shown on the regional study map in Addendum 1.

B! Collns




- 33

Environmental Protection Forests or Environment Protection Areas (EPFs
or EPAs) are lands which are partly or completaly protected from

lagging by B.C. Forest Service requlations because the land has unstable
or steep slopes or is important for its wildlife, fish, recreation or
aesthetic reasons. Within the general vicinity of Hat Creek several
EPFs have been proposed for these reasons. These are in the Robertson
Creek area, and around Pavilion Lake (see Addendum 1). Other areas, as
yet unspecified, are in the process of being analyzed for inclusion into
EPFs by B.C. Forest Service personnel.

Two B.C. Forest Service, Research Division research plots have been
established in the area to conduct long term investigations of a variety
of factors concerning forestry. They are near Lac le Jeune Provincial
Park in the Kamloops PSYU (see Addendum 1).

(iv) Forest Industrial Plants

During 1975, eleven sawmills, three plywood plants and one pulpmill were
in operation in the regional study area. [n 1976 a new sawmill in
Clinton started productign. Table 4-13 (Imperial Units) and Table 4-14
{Metric Units) summarize production and empioyment by plant in the
regional study area. In 1976 total regional plant production* was:

Lumber - 1330 100 m> (564 million board feet)
Plywood and - 171 700 mS (194 million square feet)
Veneer

Wood Chip - 1 100 600 m° (388 700 Bone Dry Units)
Shipments

Pulp - 336 450 tonnes (370 917 tons)

* Please refer to Conversion Factors for comments on the usage and

applicability of conversion factors - Section 8.2.

\%ﬂf{ mau
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TABLE 4~13

PRODUCTION AND EMPLOYMENT AT FQREST INDUSTRIAL
PLANTS IN THE REGIONAL STUDY AREA
(Imperial Units)

AILL LASATIO0N LaGaR PAOTCLLIEN | 7LY<00D & VELZZAWL)]| CRIP SHIPHCS | TULF FROGLGITGN | PLANT CPLOTIGHT|
A5 f_(sillion »d. fr.) § 3/ Zasis-Millgon ftl 1. 904 sou(l (Tons)

o COMPASY I} R Y ) b SR Y 1 £ 1h) BUYEIE M S I 1 L DO 1 FL!
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TABLE 4-14
PRODUCTION AND EMPLOYMENT AT. FOREST INDUSTRIAL

PLANTS IN THE REGIONAL STUBY AREA

(Metric Units)

LLMBER PRODUCTION PLYWIOD AND VENEER CAL? SRIPRENLS PULF PROLCTION | PLAKT muﬁi
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The 1976 average employment in these plants was 2 415 persons, including
oftica and supervisory staff. '

Table 4-15 compares the regional study area production to British Calumbia

production in 1975 and 1976,

In 1976, industries within the region

produced 6.3 percent of the British Columbia pulp, 5.3 percent of the
lumber and 8.8 percent of the plywood.

TABLE

4=15

COMPARISON OF FOREST PRODUCTS PRODUCTION

IN REGIOWAL STUDY AREA TO TOTAL BC PRODUCTION

1975 AND 1976

Total BC Production liRegional Study Area Production

Prod As 2 As Z

reduct 1975 1976 1975 | of BC| 1976} of BC

“ {c) {c)
Pulp(a) & 350(h) -5 894(b$ 297.9 6. 370.9 6.3
Lumber(d) 7 469(b) 10 637(b 396 5. 564
Plyvood (e) 1 778(£) 2 lSl(tﬂ 136 . 194 .
(a) 1 000 tons
(d) From B.C. Departmeant of Economic Developument
Monthly Bulletin of Business Activity, Mareh 1977

{e) From Table 4~-13
(4) Million board feet =
(e) Million square feet 3/8" basis
(£) See referenca 17,

Tose. Godlins
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(b) Forest Insects and Diseases

(i) Significance of Forest Insects and Diseases

Forest insects and diseasas often have a negative effect on the general
health and growth of a forest. Insects cause forest damage primarily

by reducing growth and killing trees. Secondary damage may be caused

by reducing lumber and log grades, and indirectly by increasing the inci-
dence of decay and increasing the incidence and rate of spread of forest
fires.

Industrial air emissions are capable of similar effects, with many of the
same symptoms. Therefore, pricor to development, it is important to
identify potential or existing forest insect and disease problems so that
they may be distinguished from those which may be caused by industrial
air emissions,

(i) Historical Records

The records of the Forest Insect and Disease Survey of the Canadian
Forestry Service (CFS), Environment Canada, have been used as source
materiala. CFS rangers, headquartered at Kamloops, survey ths area
systematically and annually record the total activity of insects and
diseases. In addition, they study specific locations, i.e., fixed area
permanent sample plots. The oldest of their records dates back to 1912.
Their objectives are to identify species which have caused damage in the
past and which are presumably capable of causing damage 1n the future,to
record the pattern of insect population fluctuations and to identify areas
that appear to have chronic problems.

Bark beetles have been the most destructive insects causing forest damage
by 1oss of growth and death of trees.

The following listings have been summarized from the Annual District
Reports of the Forest Insect and Disease Surveys 1912-19768.

Figure 4-1 indicates the frequency of occurrence by location and year for
the 1912-1976 period as reported by the Canadian Forestry Service. The
severity or extent of individual outbreaks is not consistently recorded.

———————
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COLOUR KEY TO MAJOR FOREST INSECT PESTS (FIGURE 4-1)

Mountain pine beetle, Dendroctonus ponderosae

Oouglas-fir beetle, Dendroctonus pseudotsugae

Douglas-fir tussock moth, Orgyia pseudotsugata

Western blackheaded budworm, Acleris glcverana

Spruce budworm, Choristoneura occidentalis

Satin moth, Stilpnotia salicis

Black pineleaf scale, Nuculapsis californica
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- A, Issects
Bark Beetle
- *
Mountain Pine Beetle, Dendroctonus ponderosae, attacks all pine species
-’ and is often found in conjunction with the Yestern Pine Beetle,
Dendroctonus brevicomis.
193¢ - sSmall infestation north side of Hat Creek Valley.
, 1961 - Along Scottie Creek a few lodgepole pine "red-tops”
- (trees with mostly dead needles giving a red top
appearance: such trees are unlikely to recover).
. 1964 <« Small groups of red-top ponderosa pine - Lillocet and
- Ashcroft.
1966 - Lower Hat Creek, 3 000 pondercsa pine red-tops.
- 1967 =~ Lower Hat Creek, Gun Lake, 2 000 ponderosa pine red-tops.
1968 - Cache Creek, 250 - 500 red-tops.
1969 - Lower Hat Creek, infestation colilapsed.
- 1975 - Small outbreak at Hat Creek on ponderosa pine.
1976 - Upper Hat Creek, 210 ha of ponderosa pine killed and
. 48 ha of lodgepole pine at Pavilion Mountain. Cinquefoil
- Creek, 65 ha of lodgepole pine killed.
. Douglas-fir Beetle, Dendroctonus pseudotsugae. This beetle is a '
major pest of Douglas-fir.
- .
1926 - Scattered infested trees in Upper Hat Lreek.
. 1928 - Scattared infestations on Hat Creek Forest Reserve,
- Infestations at Scottie Creek and Deadman River cover

10 kme.

, 1930 - Qutbreaks aTongZUpper Hat Creek and Scottie Creek (70%
- ki1l over 15 km¢). On Nicola Forest Reserve near
Maidan Creek -90% kill over 4 ha .

1958 -~ Groups of 70 to 600 red-tops in Arrowstone Hills.

- 1960 - Cache Creek, 300 red-tops. Arrowstone Hills, groups of
over 100 red-tops.

! 1962 - Groups of up to 900 red-tops on Bonaparte pIQteau.
1963 - Bonaparte plateau, 2 100 red-tops.
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1964 - Bonaparte River, 2 200 red-tops. Scottie Creek groups of
200 to 900 red-tops.

1965 - Bonaparte River, 1 900 red-tops.
1968 - Cache Creek, small groups up to 170 red-tops.

1974 -~ Fountain, Pavilion Lake, Cornwall, groups of 5 to 50
red-tops.

1975 - Fountain Valley, 300 red-tops.
Defoliators
Douglas-fir Tussock Moth, Orgyia pseudotsugata. The most important

defoliator in the area, it attacks Douglas-fir and sometimes ponderosa
pine. It is capable of suydden outbreaks which cause tree mortality.

1948 - Oregon Jack Creek, 1 600 ha serious defoliation, also
at Cache Creek.

1949 - Oregon Jack Creek, light population.
1957 - Lillocet, up to 27 larvae per sample.
1958 -~ Lillooet, increase in population.

1959 - Lillooet, small infestation collapsed.

Western Blackheaded Budworm, Acleris gloverana. An important defoliator
of western hemlock that also feeds on Douglas-fir. .

1967 - Oregon Jack Creek, Upper Hat Creek, noticeable feeding
damage along roads.

Spruce Budworm, Choristoneura occidentalis. An important defoliator of
Douglas-fir. Severe ocutbreaks have occurred in the western part of the

area.
1916 to Clear Range - western slopes. Active sporadically,
1976 particularly active in 1976.

Tovd, Gadlins
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-

Satin Moth, Stilpnotia salicis. Infests trembling aspen, black cotfonwood
and willow.

1944 " £ $
1345 &- Lytton, small infastation.

1946 - Botanie Valley, 80 ha infestation. Spences Bridge, octurrence.
1948 - Cache Creek, moth flight.

Scales

Black Pineleaf Scale ,_Nuculapsis californica. Attacks ponderosa pine
occurring in the drier areas in the western parts of the area.

Favoured in dusty lecationsg.

1957 - Lytton, 4 ha infested.

}ggg& - Lytton, infestation expanded along Botanie Valley.

1960 - Botanie Valley, infestation declined.

B. Diseases

In the past and at present, fungal or other tree diseases are not
indicatad by the Canadian Forest Service® to be a critical factor

to the health of trees in the area.

Row: Bocdins
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{i11) Reconnaissance

Two reconnaissances were made of the Hat Creek area. They were superficial
and were intended to provide an impression of the forest in order to better
understand the records of the insect and disease surveys. The first
reconnaissance was made at the beginning of May 1976; the second,early in
August 1976, included an extensive low-level flight over the whole

area. Observation was concentrated on but not restricted to the local
study area. The most significant observations were: (1) the high
frequency of "red-tops" scattered throughout the regional area caused by
bark beetle activity; (2) the large number of spruce budworm moths which
were in flight around Cache Creek. The forest is presently under a
relatively high level of attack by insect pests and the record indicates
this to have been the pattern historically.

{(iv) Types of Damage

Insects are one of many agents that damage trees. Ground examination and
laboratory testing by trained professionals may be necessary to positively
identify the causal agent of the damage.

Three classes of insects; bark beetlas, defoliators and scales, have
caused damage to the forests of the Hat Creek area in the past and are
Tikely to do so again in the future. A brief description of the type of
damage they cause follows. A useful dichotomous ksy for interpretation

of forest damage as seen from the ground and on aerial photographs may

be found in "A Guide to Air Photo Interpretation of Forest Dzmage in
Canada" by P.A. Murtha]s. This includes damage caused by storms,

animals, fungi, fire and air pollution as well as by insects. For specific
examples of air pollution damage,the atlas edited by Jacobsen and Hﬂ]l6 is

uyseful,

s W —————
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A, Bark Beetles

Bark beetles such as the mountain pine and Douglas-fir bark beetles feed
Jjust beneath the bark of the trees attacked,often causing pitch to flow
out of entry holaes in addition to the boring dust from their tunnelling.
Foliage discoloratign begins with yellowing 3-4 weeks after attack or the
following spring. In the next season the foliage turns reddish-brown

and within a few years the tree may shed all its needlaes and die.

B. Defoliators

Insects such as the Douglas-fir tussock moth and the western blackheaded
and spruce budworms damage trees in the insect's larval or caterpillar
stage by devouring the foliage. Their feeding is seen as cropped
needles, thin, yellow or brown folfage and bare twigs. Defoliations may
lead to top-kill and mortality. :

C. Scale Insects

The most obvious effect of pine scales is a thinning of the crowns of
jnfected trees. A considerable yellowing discoloration and death of

parts of the needles will occur especially in the middle third of their
lergth. The needle length may be shortened in severely infestad traes.
Normally pines will hold thair needles four or even five years but scale
infestations reduce the number of years of needle retention and in axtreme
cases only the current year's growth may remain. ‘
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(v)  Discussion

An awareness of the impact of insects on forest trees is useful because

air pollutants can have an episcdic damaging effect on forest growth
similar in appearance to that caused by insects, It is therefore valuable
to be aware of the insects, by type of feeding and damage, that are
indigenous in the valiey. The possibility also exists for the interaction
of insect damage with air pollution damage and differentiation between

the two types of damage is difficult. Technical definitions of specific
interactions, both positive and negative, are infrequent in the literature.
Other factors that weaken trees1] have been shawn to favour bark beetles.
Dust has heen shown to indirectly favour scale insects by reducing the

population of predatory insectsg.

(vi} Summary of Insect Damage

Insects present and active in Hat Creek area have kitled and will continue
to ki1l individual and groups of ponderosa pine, Douglas-fir and lodgepole
pine. The greatest hazards are the mountain pine and Douglas-fir bark .
beetles. The Douglas-fir tussock moth and the spruce budworm are less
hazardous but significant as defoliators attacking Douglas-fir. The
repetitious nature of attacks, as shown by the historical records,
provides a strong basis for a confident prediction that significant
mortality of Douglas-fir and ponderosa pine will occur from time to time
in the regjonal and local study areas.

The most active insect in the area is the spruce budworm, a serfous
defoliator of conifers. I[ts present activity is shown in Figure 4-2 as
recorded by the Canadian Forestry Servicel#. Studies of reduced tree
diameter increment indicate the possibility of a g¢yclic recurrence of
this insect with perijods of infestation of about five years with ten

year intervals between infestations14. On this record a five year period
centered on 1990 might be important. The latest study results from BCFS
(1977)21 show that budworms are not now having a significant impact on the

AAC in the affectaed area.

"
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4.2 THE LOCAL_STUDY AREA

{a) Forest Resources

The Tlocal study area is bounded by a circle, 25 km in radius, centered on
the proposed Harry Lake thermal generation plant and covers 196 350 ha
(485 190 ac). The area lies entirely within the Kamloops Forest District
and contains portions of the Big Bar, Botanie and Yalakom PSYUs.
Respectively 7.3, 23.4 and 12.7 percent of the total areas of these PSYUs
fall in the local study area.

According to the BCFS forest cover maps, 146 893 ha (362 980 ac) or 75
percent of the area is classified as forest land, Ninety-four percent

of the forest land is Crown land and the remaining 6 percent is alien-
ated (see Tables 4-16 and 4-17). Most of the privately-held lands are
in the valley bottoms.

{i) Forest Stands

Pure and mixed stands of Douglas-fir, lodgepole pine and spruce
predominate in the local study area. Balsam, white pine and western

red cadar are also present, but in smaller quantities. Some pure stands
of yellow pine occur in the transition zone between open range land and
higher more densely fores:ed areas. Where there is sufficient moisture,
aspen, birch and cottonwgad are found in gqullies.

The average diameters of mature Douglas-fir, lodgepole pine and spruce were

astimated to be approximately 51 cm {20 in), 33 em {13 in) and 30 cm {12 in}

respectively. The average merchantable volumes per tree for the conifer
species range from 0.5 to 1.7 m3 (20 to 60 ft3). Conifer log grades

are estimated to be approximately 10 percent peeler, 75 percent sawlog
and 15 percent pulp.

————— r———————
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. The size, density and quality of the timber in the area combine to provide
a favourable opportunity for a profitable forest products industry to
-s flourish.

(i1) Area-Volume Summaries

i &
The broad forest type occurrence for all tenures in the local study area
-* is presented below and compared to the regional study area" 2:
&«* Local Study Regicnal
Area Study Area
- Mature forest 50.0% 48.5%
Imnature forest 40.0% 44.7%
. Residual forest 6.8% - 3.5%
- Not Satisfactorily Restocked 3.0% 3.0%
Non-Commercial Cover 0.2% ‘ 0.3%
-
See Tables 4-16 and 4-17 for type distribution by tenure. A comparison
- of forest land by area of forest type of the regional British Columbia
Interior, and total British Columbia is also to be found in Tables 4-3
N anc 4-4.
-

A comparison of the preceding type distributions in the local study area
-~ to those in the regional study area, the 8.C. Interior and all of B.C.
is presented in Tables 4-3 and 4-4. These tables show that the forest
lard total for the local study area is 8.5 percent of that in the regional

study area, 0.33 percent of the B.L. Intarior forest land area and 0.28
. percent of the total British Columbia forest area.
E
-
-
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TABLE 4-16 \
-, LOCAL STUDY AREA
AREA SUMMARY BY FOREST TYPES AND TENURES
-, (Imperial Units)
CROWN ALIENATED
FOREST % of Forest X of Forest TOTAL z
- . TYPE Type in this Type ii this ACRES
Acres wnership Acres Ovnership
- MATURE 172 679 95.1 8 303 4.9 181 482 | 30.0
IMMATURE 134 441 92.6 10 696 7.4 145 137 40.0
RESIDUAL 23 044 93.2 1 694 6.8 24 738 6.8
- e NSR 10 245 93.2 746 6.8 10 991 3.0
NON-COMMERCTAL 320 50.4 315 49,6 535 0.2
. TOTAL 340 729 94.0 22 254 6.0 362 983 | 100.0
‘ -
TABLE 4-17
- LCCAL STUDY AREA
AREA SUMMARY 8Y FOREST TYPES AND TENURES
”- (Metric Units)
CROWN ALIENATED
- FOREST % of Forest % of Forest TOTAL
- TYPE Type in this Type in this ACRES
Acres Owmership Acres Ownership
- MATURE 69 881 95.1 3 562 4,9 713 444
- TM{ATURE 54 406 92,6 4 330 7.4 58 736
RESIDUAL 9 325 93.2 636 6.8 10 011
- NSR 4 146 33.2 302 6.8 4 448
NON-COMMERCIAL 130 50,4 127 49.6 257
- - TOTAL 137 888 94.0 9 008 6.0 146 896
- =
-
u SN Pl
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A listing of forest land distribution by growing sites on forest land
in the local study area is presented in Tables 4-18 and 4-19 and is- )
briefly summarized below compared to the regional study area. The local
study area is less productive than the regional study area.

. Local Study Regional
Site __Area Study Area
Good 1.6% 8.5%
Medium 25.1% 35.1%
Poor 71.4% 54.5%
Low 1.9% 1.9%

The map in Addendum 5 shows tha location of the above-mentioned growing
sites in the local study area.

Site class summaries for immature areas are included in Tablies 4-20 and
4-21 and for mature forest areas in Tables 4-22 and 4-23.

At close utilization standards the total mature volume in the Tocal study
area is 10 472 500 m> (3 698 400 cunits). See Tables 4-22 to 25 for
detailed 1istings of volumes by species. The total volumes for all species
tn the local study area are 7.7 percent of the volume in the regional study
area, 0.2 percent of the volume of the B.C. Interior and 0.1 percent of the
provincial total (see Tables 4-9 and 4-1d).

To calculate the possible aliowable annual cut for the Tocal study area,
compilations of the mean annual increment (MAI) were made by site class
for those portions of the three PSYUs falling in the area. The results
are tabulated in Tables 4-18 and 19. The total MAI values were then ad-
Jjusted for volume losses which may occur because of insect and fire
darage and area losses which may occur because of alienation or realloca-
ticn of lands to EPFs, stream Jank protection areas or rights-of-way.

A factor of 0.2 was used to reduce the total AAC to give net values. ®
The AAC for the local study area is computed to be 146 189 m3 (51 626
cunits) per year or 8 percent of the AAC of the regional study area. See

Tatle 4-1 for AAC values for the regional study area.

® See footnots on page 12.
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:Ql TABLE 4-18
- LOCAL STUDY AREA
Areas, MAI and Estimated AAC
by Site Classes in PSYUs
A1l Ownerships
(Imperial Units)
- Total HAL in Cunics AC
rsru 60050‘.1 ::;:u:n “:r;:or H“Ut:u: !...‘:::nl Cood Bad:u: ?o:r : Low Total {cuntite
Big Bar 1 944 10 079 6) a1é 1 284 a1 183 11a 4 096 8 240 53 1} 09% 10 47%
Socanie i 533 ai 736 isl 358 3 S8 i8% 131 7% 13 35& 2y 212 - s 408 28 ;9&
Talahon 1 70l 20 119 26 973 L 409 30 304 T2 7 823 6 9046 Bs 15 93¢ 12 731
TOTAL 3 1dé 2 034 233 201 & 100 326 619 2 582 5 %% 14 3156 in 64 5131 13 ) 616
o7 A
OTAL L.6 3.1 11l.4 1.9 100X 4.0 39.2 56.2 0.3 1001
TABLE 4-19
LOCAL STUDY AREA
Areas, MAl and Estimated AAC
by Site Classes in PSYUs
A1l Ownerships
(Metric Units)
Yotral Ares in Mectires - Matura & Immaturs Tatal MAL in Cubie Mektres AAC
ravy Lopd Medium Poor lowv Toral Good Hedium Poor Low Total {=3)
Big Bar 187 8 126 15 830 310 33 2613 1 010 11 398 2] 333 130 37 091 29 473
2etants €23 16 830 | 57 eQr 1418 76 532 2133 1 27 eze sg ese ] des 1 100 310 80 Los
&nllkon 688 3 183 1¢ 310 20 3 180 21 1%8 19 336 24l 43 115 36 108
0TAL 1 098 3) 199 4 374 2 3509 132 130 7 323 n 37e 102 948 11 182 736 146 189

-Ls-
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TABLE 4-20
LOCAL STUDY AREA
IMMATURE AREAS BY SITE CLASSES IN PSYUs
All (Ownerships
(Imperial Units)

Immature Area in Acres

P3YU Good Medium Paor Low Total
Biz Bar 1 944 14 305 19 146 1 284 36 579
Botanie 900 15 746 56 087 2 249 74 982
Yalakom 1 406 - 10 511} 20 153 1 408 33 47
TOTAL 4 250 40 562 85 386 4 939 145 137

TABLE 4-21
LOCAL STUDY AREA
IMMATURE AREAS BY SITE CLASSES IN PSYUs
A1l Ownerships
(Metric Units)
Inmature Area in Hectares

PSYY Good Medium Poor Low Total
Big Bar 787 5 78¢% 7 748 520 14 844
Botanie 384 6 372 22 69§ 21¢ 30 344
Yelakom 569 & 254 8 156 569 13 548
TOTAL 1 720 16 415 38 602 1 999 58 736
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TABLE 4-22
LOCAL STUDY AREA
MATURE FOREST AREAS AND VOLUMES BY SPECIES
7.1"+ dbh, Clase Utilization less decay only
A1l Ownerships
{Imperial Units)
P5Yy Hature Arza in Acres Hature Volume (] Q00 cunjtgl
Gaod Medium Paor Low Total 8 [ Pl c F Pu Py [ Decidl Torasl
Elz Ear - I L4 710 - 50 504 26.0 L. B 13.8 - 457.2 - 40.2 Lo 611,2
Bocania 6§19 25 9496 86 263 1 258 114 150 397.7 58.8 143.5 1.8 1 328.9 4.6 9.0 1.5 2 607.3
Yalskos 295 § 708 6 822 3 16 828 87.6 0.4 91.0 - 243.3 1.6 315.1 - 480, G
TOTAL $34 41 412 137 815 1 261 181 482 5.3 84,0 913.3 1.8 2 029.4 37.2 114.) 6.1 69%8.4
TABLE 4-23 -
LOCAL STUDY AREA
MATURE FOREST AREAS AND VOLUMES BY SPECIES
18 cm+ dbh, Close Utilization less decay only
A1l Ownerships
(Metric Units)
T -Mnrurc Aren in_Hectares Mature Volume (1} 000 gubjc geCres)
Goad Hoedium Yoor Low Tatal H [ Bl [ ¥ o Fy [Decid Tocsl
2ig lar - 2 337 i 102 - 20 439 7i.6 1.6 213.1 - 1 294.46 - 113.8] 3L.9 QL 7)0.56
Beotanla 239 10 518 14 909 -509 46 195 |1 126.1 166.5 } 2 105.1. 1.9 3 763.0 98.0 110, 4 5.4 07 382,6
Talakon 119 3 928 2 T4k 1 6 810 243.1 1.8 231.7? - 688.9 T.4 99.4 - fl 35%.3
TOTAL 378 16 764 55 713 510 T3 4éd 11 447.8 i37.9 j2 586,32 7.8 $ 248.3 1105.4% 3236 1T7.3010402.8

-ES—
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TABLE 4-24

LOCAL STUDY AREA
VOLUME SUMMARY BY TENURE AND SPECIES
7.1"+ dbh, Close Utilization less decay
(Imperial Units)

CROWY ALTENATED Tocal
SPECIES 1 0G0 Iia 1 000 Zin | 1000
Cunits Crown Cunits |Alfenated i cunics
HEMLOEX D 0 0 4 0
SPRUCE 4937 96.6 17.6 3.4 511.3
BALSAM 81.7 97.3 2.3 2.7 84.0
LODGEPOLE PINE 872.4 95.5 40.9 4.5 4 9133
RED CZDAR 2.8 100.0 0 9 ¢ 2.8
DOUCLAS-TIR || 1 904.0 93.8 125.4 6.2 2 029.4
YELLOW CEDAR Q 0 Y 0 0
WHITE PINE 15.8 38.9 g.4 I.1 7.2
LARCH 0 0 9 0 0
YELLOW PINE 108.7 92.6 8.6 7.4 114.3
CONIFER TOTAL | 3 497.1 94.7 195.2 5.3 3 692.3
ASPEX 2.4 96.0 0.1 4.0 2.5
COTTOXWOID 0.9 90.0 0.1 10.0 1.0
BIRCH 2.5 100.0 - 0 [\ 2.6
ALDER - '} Q ¢ 0
MAPLE 0 Q 0, 0 0
BROACLEAT 3
TOTAL 5.9 96.7 0.2 .3 6.1
GRAND TOTAL [ 3 503.0 94.7 195.4 5.3 3 698.4
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TABLE 4-25
LOCAL STUDY AREA

18 c¢m+ dbh, Close Utilization less decay
(Metric Units)

Cr.OWN ALIENATED Total
SPECIES T 000 T T 600 T in { coo
nd _Crown . ald Alfenated al

HEMLOCK 0 o 0 0 0
SPRUCE 1 398.0 96.6 49.8 3.4 L 447.8
BALSAM 231.3 97.3 6.5 2.7 237.8
LODGEPOLE PINE 2 470.3 95.5 115.8 4.3 2 586.1
RED CEDAR 7.3 | 100.0 0 0 7.9
DOUGLAS-FIR | 5 391.5 93.8 155.1 6.2 5 746.5
YELLOW CEDAR 0 0 0 0 0
VHLTE PINE 104.2 98.9 1.1 1.1 105.3
LARCH 0 0 0 0 0
YELLOW PINE 299.3 92.5 24,4 7.4 2.7
CONIFER TOTAL| 9 902.5 9.7 352.7 5.3 10 455.2 |
ASPEN 6.8 9.0 0.3 6.0 7.4 |
COTTONWOO0D 2.5 90.0 0.3 10.0 2.8 |
3IRCH 7.4 | 100.0 0 0 7.4
ALDER 0 0 0 0 0
MAPLE 0 0 0 0 0
BROADLEAY
oL 16.7 56,7 0.6 1.3 17.3
GRAND TOTAL | 9 919.2 94.7 553.3 53 | 104723




In the Botanie PSYU the total AAC is computed to be 407 800 m3 {144 000
cunits). The annual commitmerts to quota holders (see Addendum 2) are
reported to be 323 921 m3 {114 393 cunits). The AAC in the local study
area is 45 percent of that in the total Botanie PSYU.

C(i1i) Access

Primary access to the local study area is provided by Highway 12 (paved)
which starts 10 kilometres north of Cache Creek and runs west from Highway
97. The road connects to Pavilion Lake and Lillooet.

Secondary access is provided o the Hat Creek Valley by two roads, one a
gravel-dirt road starting three kilometres north of Cache Creek, extending
westward past McLaren Lake and through the Medicine Creek Valley, the
other a gravel road through Oregon Jack Valley to Upper Hat Creek.

- There are numerous logging and farm roads, some gravel, some dirt, in

the area (see maps in Addendum 1 and Addendum 5). Construction of this
type of road is relatively simple and inexpensive.

{iv) Disposition of Forest Resources

There are no existing or proposed ecological reserves within the local
study area.

There is a proposed Environmental Protection Forest in the Robertson Creek
area which has steep and unstable siopes. There is another proposed
Environmental Protection Forest located around Pavilion Lake (between
Marble Canyon Provincial Park and Indian Reserves 3 ;nd 1A).

Current Timber Sale Harvesting Licensas (TSHL) and Timber Sale License
(TSL) areas are shown on the map in Addendum 1.

Rt i i
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The principal operator in the local study area is Evans Products Company
Limited. Logs are trucked 56 kilometres to its sawmill and plywood plant
at Savona. This company holds a TSHL in the Hat Creek Valley and plans
to remain active in the valley until at least 1985.

Ainsworth Lumber Company Limited holds quota in the Big Bar PSYU and plans
to log near the fringes of Hat Creek Valley. Proposed construction and
mining operations will not conflict with their activities and hence

with their sawmill production at Clinton. [t is unlikely that their

mill at 100 Mile House will use much timber from the Hat Creek area.

4.3 SITE SPECIFIC STUDY AREA

The site specific study area is compesed of three main units: the plant

and related facilities, the mine and related facilities, and the offsite
facilities. These units and their component parts are shown on the

1:24 000 map of the site specific study area in Addendum 10. A list of

the individual component parts, with their map codes, descriptions and

land areas, dated December 7, 1977, supplied by Tera Consultants Limited and
approved by EBASCO Services of Canada Limited, Environmental Consultants,
is in Addendum 8.

The areas supplied exclutled those areas lying between component parts of
the various facilities which would be unavailable for forestry purposes.
Trees adjacent to fences, buildings, transmission lines, stationary
machinery or other structures are usually considered an unacceptabla risk
to the safety and security of the installations. In addition, scme of
the facilities themselves, particularly reservoirs and dry ash or
overburden dumps, may be harmful to adjacent trees. Therefore a 20 metre
buffer zone was added to most facilities in forested areas. Both the
buffer zone areas and those areas between the component parts of the
various facilities were put into a miscellaneous category. The areas

of individual component parts for each of the three main units are
presented in Addendum 9.

Posd, Poritlns
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A supplementary list, dated January 26, 1978 contained areas for component
parts that had no areas quoted in the previous listing. All of the new
areas can be considerad as being included within the miscellaneous
category with the exception of the new ash dump.

The miscellaneous catagory did not introduce any undue bias intg the
inventory as these areas do not differ significantly either in quality,
quantity per unit area or site productivity from the areas included
within the specific components.

Access for logging is not Timited within any of the site specific study
areas. )

(a) Plant and Related Facilities

As of January 1, 1978, there were three possible optional ash disposal
systems being considered. While the plant generation site, plant
reservoir and the connecting pipeline remain constant, the ash may be
disposed of in three possible locations.

The three options are analyzed as separate entities for comparative
purposes. All the alternatives are shown on the map in Addendum 1.

(i) Wet Ash Disposal: Option }

Ir addition to the basic component facilities of the generating plant,
this option contains a wet ash pond in Medicine Creek Valley. The pond
requires a dam and four drainage canals to drain, stabilize and store
the fly and bottom ash. The area between the drainage canals and the

ash pond were included in the inventory.
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The recent addition of another dry ash pond was not included in the

inventory because of lack of information. It appears to add about 7
percent to the area, volume and productivity contained within Qption 1.

The land area within Option 1 consists of:

- 615.7 ha (1 521.5 ac) of productive forest land.
- 7.9 ha ( 19.3 ac) of non-productive forest land.
- 285.1 ha { 704.4 ac) of non-forest land, mainly open range.

The forest stands within Option 1 range from mature good site lodgepale
pine to mature Douglas-fir (poor site) and aspen stands. Seventy-five
percent of the forested land is classified as poor site immature
Douglas-fir and lodgepole pine forest stands. A1l of the good site land
is contained within the wet ash pond.

A1l merchantable forest stands are easily accessible from the Medicine
Creek Valley road, and are within a 5 km radius of recently Togged areas.

Table 4-26 summarizes the volume of merchantable timber that may be
harvested within the boundaries of Option 1. The total merchantable
volume is 26 701.6 m3 of which lodgepole pine and Douglas-fir account
for 94 percent (63 percent and 31 percent respectively).

."En{. my




il »

w GO =

TABLE 4-26

SITE SPECIFIC STUDY AﬁEA: MERCHANTABLE VOLUME %
BY SPECIES: PLANT AND WET ASH DISPQSAL

QPTION 1
Herchantable Yolume

Species Cubic Metres Cunits
Douglas-fir 8 222.3 2 903.7
Red cedar 12.2 4.3
Hemlock 3.1 1.1
Balsam 130.0 45.9
Spruce 1 347.6 ] 475.9
White pine 8.2 2.9
Lodgepole pine 16 902.6 5 969.1
Yellow pine 86.6 20.0
Deciduous (Aspen, Birch ,

and Cottonwood) 19.0 6.7
TOTAL 26 701.6 g 429.6

® (lose Utilization Standards

The productivity of forest Tand is dependent upon site quality: the
capacity of land to produce timbef. Site quality in turn varies for each
tree species. For exampie, poor site for aspen couid be medium site

quality for Douglas-fir. The B.C. Forest Service has estimated productivity
on the basis of site classes and groups of tree species. Such groups of
tren species are referred to as forest growth types and these are used

in the assessment of yield for AAC calculations.

Table 4-27 summarizes the productivity of the forested land within the
boundaries of Option 1. The predominant forest growth type, Todgepale
pine - conifer, is used as the basis for estimating forest productivity.
The total annual increment in Table 4-27 is the amount of wood that the
areia could contribute to the allowable annual cut of the Botania PSYU.
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TABLE 4-27
SUMMARY OF PRODUCTIVITY: PLANT AND WET ASH DISPOSAL
OPTION 1
Mean Total
Area Annual Increment Annual Increment

Site Class Hectares Acres m3/ha | Cunits/Ac m3 Cunits
Good 54,2 134.0 3.1 0.45 M 60
Medium 386.8 g55.8 2.1 0.30 8i2 287
Poor 174.7 | 431.7 1.3 0.18 220 78
TOTAL 615.7 i1521.5 i 203 425

This plant and ash disposal option covers more surface area than either
af the other two options and contains the greatest volume of merchantable

timber. (See summary tables in Appendix 9)

(i1} Dry Ash Disposal Scheme I: Option 2

In addition to the basic component facilities of generating nlant, reservoir
and pipeline, Option 2 has two dry ash dumps south and southwest of and
adjacent to the generating plant site. Option 2 is a compact design with
low berms on the sides to confine the ash and divert the rain falling on

the area to a central collecting point for subsequent disposal. The area
between the dump site and the generating plant will be traversed by
mechanisms designed to cdischarge the ash directly onto the dumps.

The forest stands within the confines of Option 2 are mainly poor site
Douglas-fir and aspen stands. Approximately one-fifth of the area is
coverad in merchantable mature stands. The forest stands are generally
contiguous to a central core of open range land centered near Harry Lake.

The land area within Option 2 consists of:

- 261.0 ha (644.8 ac) of productive forest land.
- 0.4 ha ( 0.9 ac) of non-productive forest land.
- 278.4 ha (687.8 ac) of non-forest land, mainly open range.

Tt Codtins
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A1l of the merchantable stands are easily accessible from Hat Creek and
Medicine Creek roads.

Within Option Z there is a total of 9 482.2 cubic metres (3 348.6 cunits)
of merchantable timber which can be harvested. Douglas-fir accounts for
88 percent of the total merchantable volume.

Table 4-28 below summarizes the volumes by species:

TABLE 4-28

SITE SPECIFIC STUDY AREA: MERCHANTABLE
g VOLUME*BY SPECIES: PLANT AND DRY ASH DISPOSAL
: SCHEME 1: OPTION 2

Merchantable Volume
Species m Cunits
j Douglas-fir 8 364.5 2 953.9
; Red cedar 25.8 9.1
Hemlock - -
Ba1sam. 42.2 14.9
Spruce 187.2 66.1
White pine 4.8 1.7
Lodgepole pine 180.4 63.7
Yellow pine 663.7 234.4
: Deciduous {Birch, Aspen,
| and Cottonwood) 13.6 | 4.8
‘ TOTAL 9 482.2 | 3 348.6

* Close Utilizétidﬁ Standards
i Table 4-29 summarizes the productivity of the forested land within the
‘ bourdaries of Option 2. The predominant forest growth type, pure
Douglas-fir, is used as the basis for estimating forest productivity.
The total annual increment in Table 4-29 is the amount of wood
that the area could contribute to the allcwable annual cut of the Botanie
PSYU.

Tt Bodins
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-
' TABLE 4-29°
SUMMARY OF PRODUCTIVITY: PLANT AND DRY ASH DISPOSAL
», SCHEME I: OPTION 2
- Mean Total
Area Annual Increment | Annual Increment
. Site {lass Hectares Acres m3/he Cunits/Ac m3 Cunits
’ Good - - - - - -
- Medium 66.9 165.31 1.7 0.24 112 40
. Poor 194.1 ° 479.5 1.0 0.14 199 67
TOTAL 261.0 6544.8 302 107
- :
(iii) Dry Ash Disposal Scheme [[: Option 3
”

In addition to the constant components of the plant sites, Option 3 has two

- dry ash dumps south to scuth-west of and adjacent to the plant site. The
Option 3 ash dumps are slightly smaller and have a different configuration
than the dumps in Option 2. The area between the dump sites and the

-
generating station will be crossed by two or more mechanisms designed
to discharge the bottom and fly ash directly onto the dump sites.

-,

o The forest stands within the borders of Option 3 are predominantly poor

site Douglas-fir and aspen stands. Approximately one-fifth of the area
is ¢overed by merchantable mature stands of timber. The forest stands

- are generally Jocated around a central core of open rangeland, centered
around Harry Lake.

-
The land area within Option 3 consists of:
- 249.5 ha (616.3 acres) of productive forest Jand.
- - 0.4 ha { 0.9 acres) of non-productive forest land (swamp).
- 237.9 ha (587.7 acres) of non-farest land, mainly open range.
‘.
-
.I
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Al1 of the merchantable stands are easily accessible from Medicine Creek

Road.

Within Option 3, there is a total of 10 043.1 cubic metres of merchantable
Table 4-30 below, summarizes the

wecod of which 92 percent is Douglas-fir.
volume by species.

TABLE 4-30
SITE SPECIFIC STUDY AREA: MERCHANTABLE VOLUME =
BY SPECIES: PLANT AND DRY ASH DISPOSAL
SCHEME II: OPTION 3

 Merchantable Volume
Species Cubic Metres cunits
Douglas-fir 9 232.7 3 260.5
Red cedar 3.0 12.0
Hemlock - -
Balsam 55.2 19.5
Spruce 245.5 86.7
White pine 6.2 2.2
Lodgepole pine 236.2 83.4
Yellow pine | 220.0 77.7
Deciduous {Aspen, 8irch and Cottonwood) 13.3 4.7
TOTAL 10. 043.1 3 545.7

* Close Utilization Standards

Table 4-31 summarizes the productivity of the forested land within the

area of QOption 3.

The total annual

increment in Table 4-31 is the amount of wood that the area could
contribute to the allowable annual cut of the Botanie PSYU.

The predominant pure Douglas-fir growth type is used
as the basis for estimating forest productivity.
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TABLE 4-31

PLANT AND DRY ASH DISPOSAL

SCHEME II: OPTION 3

Mean Total
Area Annual Increment | Annual Increment
Site Class Hectares Acres | m3/ha | Cunits/Ac ms Cunits
Good - - - - - -
Medium 85.1 210.3 1.7 0.24 143 50
Poor 164.4 406.0 1.0 .14 161 57
TOTAL 249.5 616.3 304 107

Comparative Summary of Ash Oump Qptions

Table 4-32 summarizes the effect that each of the options have an the

forest value of the area.

There is a significant difference between Option 1 - the wet ash disposal

system and the two dry ash schemes, even without including the new ash dump.

There is no significant difference in the areas, volumes or pussible
contribution to AAC between Options 2 or 3.

oo, (d&u




TABLE 4-32

AREA, VOLUME, INCREMENT SUMMARY FOR PLANT SITE QPTIONS

Total Area Productive Forest Merchantable Volume** | Total Annual Increment
Option flectares| Acres | Hectares Acres | Cubic Metres | Cunits Cubic Metres | Cunits
1
Het Ash 908.7 |2 245.2 615.7 1 521.5 ‘26 701.6 9 429.6 1 203 425
2
Dry Ash I 539.8 |1 333.5 261.0 644.8 9 482.2 3 348.6 302* 107
3 .
Dry Ash Il 487.8 |1 204.9 249.5 616.3 10.043.1 3 546.7 304+ 107

*S1ight differences due to rounding.

**Close Utilization Standards.
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-
-, | (b) Mine and Related Facilities
-, The major components of the mine include the main open pit, three main

overburden dumps, coal blending or stockpiling areas and a system of
- draining aor diverting water from the main pit,

Between the various components there are areas of land that will become
-

unavailable for forestry purposes because of security, obstruction or
aesthetics. Also some forest areas may be harmed by spillage and slumping
- : around the edge of the overburden dumps. For exampla, trees adjacent to
the edge of a dump could have earth piled a metre or so deep around their
trunks. Such trees may die and thereby become a fire or insect hazard.

-
For these reasons, a buffar zone of 20 metres was placed around many of
. the facilities. The buffer zone and isolated lands were placed in a
he miscellaneous category.
* The mine and related facilities cover an area larger than either that
covered by the thermal plant or the offsite facilities. They are
udll bisected by a large area of open range land (35 percant of the total
area) in the Hat Craek Valley bottom, with contiguous forest stands
-’ on either side. The forest stands are mainly mature merchantable
Douglas-fir and yellow pina. Good site merchantable immature spruce
. (7.0 hectares) occurs in & small draw in the center of the south dump
- (designated M-4 on the map in Addendum 10).
<

The Medicine Creek overburden dump (designated M-2 on the map in Addendum
. 10) has Tow volume mature merchantable poor site Douglas-fir stands
with some minor area of immature poor site Douglas-fir, aspen stands.




Thiz land area within thé mine site in both sections consists of:

- 1 847.9 ha (4 566.2 ac) of productive forest land.
- 43.5 ha { 107.4 ac) of non-productive forest land.
- 1077.0 ha (2 661.4 a¢) of non-forest land, mainly open range.

A1l of the merchantable stands are accessible for logging from logging
roads that lead to either the Hat Creek or Medicine Creek roads.

Within the mine site, there {s a total of 120 148.0 cubic metres of
merchantable wood which could se harvested. Eighty-one percent of the
volume is Douglas-fir, while y2llow pine and spruce comprise 14 percent
and 3 percent respectively. Table 4-33, below 'summarizes the volume by
species. |

TABLE 4-33

SITE SPECIFIC STUDY AREA: MERCHANTABLE
YOLUME *8Y SPECIES FOR MINE AND RELATED FACILITIES

Merchantable Volume
Spacies - Cubic Metres Lunits
Douglas-fir g7 898.5 34 572.6
Red cedar 133.4 47.1
Hemlock 7.3 2.5
Balsam 397.6 140.4
Spruce 3 077.5 1 086.8
White pine 145.0 - 51.2
Lodgepele pine 1 540.4 544.0
Yellow pine 16 861.0 5 954.4
Daciduous {Aspen, Birch and 87.5 30.9

Cottonwood) . - .
TOTAL 120 148.0 42 429.9

" C]osé Uiil?zaiioﬁ stéﬁdafds
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Table 4-34 below, summarizes the productivity of the forested land within
the areas of the mine site. The predominant growth type is pure
Douglas-fir; this growth type is used as the basis for estimating forest
productivity. The total annual increment in Table 4-34 is the

amount of wood that the mine area could contribute to the AAC of the
Botanie PSYU.

TABLE 4-34
SUMMARY QF PRODUCTIVITY: MINE AND RELATED FACILITIES

| MAT Tota]
Area Annual Increment | Annuyzl Increment
Site Class Hectares} Acres [ m?/ha | Cunits/Ac m3 Cunits
Good 7.0 17.4 3.6 0.51 25 9
Medium 91.5 226.4 1.7 0.24 154 54
Poor 1749.4 14 332.8 1.0 0.14 1 714 605
TOTAL 1 847.9 !4 556.2 1 893 668

(c) Offsite Facilitiss

This category includes all facilities which do not directly relate to the

mine or thermal electric generating plant: several of these are linear
utility corridors. The precise locations of these corridors are not known,
however those shown on the map in Addendum 10 may be considered as

reprasentative samples.

There are forty-six component parts included within the offsite category.
Of these, twenty-four have calculated areas (as of January 1, 1978). It
is within this group that almost all of the forest land occurs. '

The remaining twenty-two component parts have no areas calculated because
of engineering uncertainties or because they are included within another

larger component. .

Hora? Cotblns
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An area summary by component parts is shown in Addendum 9.

Small buffer zones were added to the forested area adjacent to the
reservoir. No buffer zones were added to utility corridors, such as
roads or pipelines because of uncertainties in the precise location of
cuts and fills.

The offsite facilities cover a total area of 446 hectares (1 102.2 acres)

and are dispersed between Hat Creek Valley and Ashcroft, via Medicine
Creek. Because of this dispersion, buffer zone uncertainties, and
forthcoming additional area calculations, the total area is probably
underestimated. The final area affected by the project will be known
only after the engineering planning has been completed.

Most of the offsite facilities are at lower elevations in mainly open

range areas. A high proportion (64 percent) of the offsite area is

covered. by non-forest land. The forests that are affected by the off-
site facilities are coverad by mainly poor site Douglas-fir stands, of
which 40 percent is merchantable and mature. The land area within the
offsite facilities consists of 160.7 ha {397.1 ac) of productive forest
land and 285.3 ha (705.1 ac) of non-forest land, mainly open range. All
of these merchantable stands are accessible from existing roads.
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Within the offsite facilities there is a total of 10 148.5 cubi¢ metres
of merchantable wood that could be harvested. Eighty-five percent of
the volume is Douglas-fir. The remainder is divided almost equally
between spruce, lodgepole pine and yellow pine and the deciducus species.
Table 4-35 below summarizes the volume by species. -

TABLE 4-35

SITE SPECIFIC STUDY AREA: MERCHANTABLE
VOLUME*BY SPECIES: OQFFSITE AREAS

Merchantable Volume
Species Cubic Metras Cunits
Douglas-fir 8 668.3 3 061.2
Red cedar 25.2 8.9
Hemlock - -
Balsam 48.4 17.1
Spruce 291.7 103.0
White pine 9.1 3.2
Lodgepole pine 392.5 138.6
Yellow pine 366.7 129.5
Deciduous (Aspen, Birch and
Cottonwood) 346.6 122.4
TOTAL 10 148.5 3 £83.9

* Close Utilization Séandards
Table 4-36 summarizes the productivity of the forested land within the
offsite areas. Douglas-fir is the climax species; and the predominant
fouglas-fir growth type {s used as the basis for estimating forest
productivity - MAI. The total annual increment of 199 cubic metres in
Table 4-36 is the amount of wood that the offsite areas could contri-
bute to the AAC of the Butanie PSYU.
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TABLE 4-36
SUMMARY OF PRODUCTIVITY: OFFSITE FACILITIES

Mean Total
Area Annual Increment | Annual Increment
Site Class Hectares Acres | mS/ha {Cunits/AC m- cunits
Good 3.9 9.7 3.6 0.51 14 5
Medium 44.6 110.0 1.7 0.24 75 26
Poor 112.2 2717.4 1.0 0.14 110 3z
TATAL 160.7 397.1 199 70

Not included in the abobe inventory is the proposed double 500 kV
transmission line which may do from Nicola Substation to Kelly Lake
Substation, past either the Ashcroft area or the Oregon Jack Creek area.
The construction of this transmission line is independent of the Hat
Creak Project. The Thompson River crossing is undecided and the location
of the 500 kY transmission line connections or loop-in to the thermal
genarator at Harry Lake is uncertain. Therefore the area of the 500 kV
loo2-1in cannot be included in the inventory.

(d) Summary of Site Specific Inventory

Section (a) {iv) above, summarizes the merchantable volumes and forest
productivity of the three plant options. This section summarizes the
merchantable volumes and forest productivity of the total project for
each option of ash disposal alternative being considered. In this way
the difference between aptions can be compared in the context of the
whole project.

Table 4-37 summarizes the three options by total area, area of productive |

forest, merchantable volume and total annual increment. The inventory is

based on a productivity classification of what is currently there - present

Tand use conditions.
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The total area, area of productive forest, merchantable volume and annual
increment of Option 1 are significantly greater than either Option 2 or
Option 3. The difference between Qption 2 or 3 is insignificant.

Further, the weighted average mean annual increment of Option 1 is nearly
equal to the average for the Botanie PSYU, whereas Options 2 and 3 are
below average.

There would be a preference, from the forestry point of view, for either
Scheme [, Option 2 or Scheme II, Option 3.

e N——
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SUMMARY OF SITE SPECIHC INVENTORY
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TABLE 4-37

Factlity Total Area Productive Forest Area | Merchantable Volume*#|Total Annual Increment) Heighted Average MA]
Group Hectares Acyes | Hectares dcres  jCubic Metres] Cunits | Cubic Metres | Cunits m3/ha Cunits/Ac.
Minc.0Ffsite, | 4 323.1 |10 6682.4 2 6243 6 484.8 156 998.) 55 443.4 3 295 1163 1.3 0.18
Plant Option j

Mine,0ffsite, |3 954.21 9 770.7 2 269.6 5 608.1 139 778.7 |49 362.4 2 394> 845 1.1 0.15
Plant Option 2

Kine,0ffsite, | 3 922.2] 9 642.1 2 258.1 5 579.6 140 339.6 [49 560.5 2 356 845 1.1 a.15
Plant Option 3

T 74

= S)ight differences due to rounding.
*% Close Utilization Standards.

The weighted average MAL for ‘the Botanie PSYU 1s 1.329 nalhn or
0.19 cunits per acre.
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SECTION 5.0 - IMPACT OF THE PROJECT

The impact on site specific areas required by construction of the plant,
mine and associated facilities and the potential operational impacts
including stack emission effects are estimated.

The purpose of this evaluation is to estimate the potential impact of the
project on currently productive forest land. BSoth Crown and private
forest lands are assumed to be managed for sustained annual yields of
timber,

The basic premise upon which the case "without the project" is considered
is that the whole productive forest land area required or affected by the
project is managed on a sustained yield basis. The annual increment of

the area contributes to allowable annual cuts harvested on these and other
managed lands in the region. Therefore, the value of the allowable annual
cut contributed by these lands is the forestry value or benefit contributed
to the region-and province without the project.

The basic premise upon which the "with project" case is considered is

that the removal of forest land from timber production by site specific
areas required by the prcject would result in a reduction in the annuail
allowable cut. The mean annual increment contributed by these areas to the
allowable cut would most Tikely be Tost in perpetuity depending on the
peculiarities of the reclaimability of the sites. The estimate of forest
growth potentially reduced by fume emissions can be expressed in terms of

mean annual volume increment Tost only during the 35 year period of plant
lifa.

Mature timber on areas required could be logged durfng normal harvesting
procedures under local operators' annual cutting rights. This assumés
reasonable planning and cooperation with the B. C. Forest Service. The
project would require premature cutting of some older immature merchant-

Poeo. Codiins




able stands, however, accelerated cutting of mature stands would not be
necessary, Therefore, harvesting mature timber would be attributable to
current management practices and regional demand for legs rather than to
the project. A1l merchantable timber on site specific areas required by
the project would be harvested prior to construction.

The “mpact of the project on the forest resource can be measured by the
reduction in the mean annual increment which would occur as a resuit of
site requirements and fume emissions. This reduction {s the potential
difference in rate of timber production between the "without project”
and "with project" cases. Therefore, the loss to the mean annual
increment i{s the {mpact of the project on the forest resource. Loss
of the mean annual increment is valued using market prices for stumpage
in the local study area.

Fea: Coillns
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5.1 fForest Resource Projections Without the Project

(a) Anticipated Environmental Changes
Without the project, the utilization of forest resources will be carried
out according to development and logging plans approved by the B, C.
Forest Service in accordance with existing regulations and environmenta)l
guidelines.

(b} Forest Resource Projections

(i) Reqional Study Area
The regional forest economy without the Hat Creek project would be affected
by the following current situations and policies:

- syccess of rageneration on logged areas.

- budworm and heetle infestations (see Section 4.1 (b)).

- deletions of forest land due to other forms of land use such
as transmission lines, pipelines and other non-commercial '
forestry uses.

- recommendations regarding Environmental Protection Forests
and subsequent reductions in allowable cuts.

- recent legislation regarding tenure, second growth manage-
ment, range land and watershed management; see the following
proposed provincial acts dated May, 1978:

B8i11 12 Ministry of Forests Act
Bi11 13  Range Act
Bi11 14 Forest Act

Regeneration can be a major probiem in the dry belt areas because of
droughty conditions. This is demonstrated by existing clear cut areas
which have required 15-30 years to re-establish forest cover. Current
Teasures te gvercome regeneration problems use a combination of selective

Dld Tadiins
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cutting and planting practices which tend to ensure adequate regeneration
success.

Ccal licences in the Hat Creex drainage and surrounding Crown Reserves
include productive Crown forest lands which are managed for sustained
yield forestry by the B. C. Forest Service. The calculated allowable
annual cut of the Botanie PSYU already includes a reduction factor to
allow for estimated alienations from the productive forest land base due
te future single uses such as open pit mining operations, rights-of-way
and parks. No increase in the AAC is probable 'in case of cancellatien
of the project because it is always possible that the coal potential will
be developed in the future by another project. One operator holding
quota in the Botanie PSYU is “ogging in the Hat Creek drainage.

The AAC of the Botanie PSYY iy currently being re-calculated. It may
be reduced further because of environmental protection forests and new
estimates of non-recoverable forest land losses. EPF's will be highly
varfable between PSYUs so it is not possible to judge the effects that
they will have on the AAC until they are established and approved.

Similarly, it is not possible at this time to estimate the effect on the
AAC that may result from currently proposed forest legislation.

Mills in the region generally utilize a little more than their B.C. Forest
Service approved quotas. The 2xtra is supplied from private sources and
from District Forester salas. This situation is 1ikely to continue for scme
time without the project.
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More than 75 parcent of tne allowable annual cuts for all but one of the
PSYUs in the regional area are committed (see Addendum 2).

This would tend to limit any major expansions, considering the probab1]1ty
of AAC reductions due to ZPFs. The present levels of logging on Crown land
do not represent an overcutting situation.

In summary, the forest economy of the region is expected to remain stabil-
jzed at its present level. ‘

{(ii) Local Study Area
The majority of forestry activity in the local study area is in Hat Creek
valley. Evans Products Limited has TSHL AG1979 and TSHL applications
containing many cutting permits within and adjacent to the Hat Creek
drainage. They currently remove 102 000 m3 (36 000 cunits) of wood per
year from the drainage, which is approximately 44 percent of their quota.
Since they plan to remain active in the valley for at least another 5-6
years and in areas adjacent to the valley for a further 5-10 years, the
Hat Creek area is a very important source of raw material. Once the
selectively logged areas and small clear cuts are sufficiently restocked
and the residual trees within the seTective1yllogged areas reach commercial
size (i.e.: 35.6 cm+ or 14 inches + dbh), logging activity may resume in these
stands. In future, harvesting would be carried on with periodic cuts yield~
ing lesser volumes per acre than present old growth stands.

Logging road access development is planned by Evans Products which may use
both the highway and an upgraded Medicine Creek road.

Occasional small additional cutting permits could be allowed in the Hat
Creek valley giving a chance for local logging contractors to harvest
mature and/or insect-infested timber. The area would continue to supply
Tocal ranchers with fence rails, posts and building logs. If farm-
waodlot forestry is encouraged,second growth management by local residents
may be practiced on a very small scale. Lower elevation forests may
retain their multiple uses for forestry, cattle and recreational purposes.

Pnd, Cotiins
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In the local study area, the forest econcmy and logging activity will
likely remain stabilized at their present Tevels, unless future environ-
mental protaction forests result in a decrease in the allowable annual cut.

It is recognized that the presence of coal-bearing lands and attached
licences and reserves have resulted in a reduced allowable annual cut cal-
culation in the Botanie PSYU. This reduction has already eliminated the

.mean annual increment contributed by 5 000 acres to the calculatad

cut. 1f the project is delayec, the B. C. Forest Service will continue
to manage these areas. Productive forests growing on coal lands are

available and the volume may be harvested within Hat Creek and the Rotanie
PSYY at the discretion of the Forest Service.

In summary, long term forest commitments without the project will continue
at a reduced level due to the presence of coal-bearing lands even though
forest land on these areas would continue to be managed within the PSYU

context. The benefit to forestry without the project can be estimated by
allowable annual cut valuationa—

Within a given forest management unit, such as a PSYU, the allowable
annual cut is made up of two components - the net volume of mature or
overmature timber and the annual increment of immature timber. In c¢alcu-
lating the allowable annual cuts, the 8. C. Forest Service adjusts either
of the components for accessibility limits, merchantability size limits
or specias mixtures.




-8l -

In B.C., rotation ages are currently set at a fixed level of 121 vears for
all coniferous species, except lodgepole pine and white bark pine at 81

years and all deciduous species at 41 years. These rotation ages do not

necessarily relate to cuimination age (the age when MAI reaches a maximum).
However, once the first rotation is completed, and all the old growth timber
removed, the second rotation lenath should be the weighted average culmina-
tion age for the management unit and the AAC will then reflect the MAI
directly. Although the management units in the study area still

contain 0ld growth stands; the MAL applicable to all productive forest
land is a valid and objective means of estimating the effect of land
clearing on forest management units. The MAI component of tha immature
lands and the potential MAI of areas supporting merchantable stands are
both used to value the benefits in each case.

The local and site specific study areas contain Dry Belt Douglas-fir. In
the Hat Creek valley Douglas-fir log quality is estimated to be 15 percent
peeler* and 85 percent sawlog. Spruce and lodgepole pine from this area

are used mainly for lumber.

Average B. C. Forest Service stumpage rates** for Douglas-fir in the five

year period 1972-76 were $12.55 (21) per cunit for the Lytton, Stein,
Nicola, Ashcroft and Lillooet areas. However, valuation of mean annual
increment is based on open market prices of private timber purchased in
the regional area because these prices are the result of negotiation.
Recent purchases of privately owned timber on a stumpage basis have ranged
from about $10 per cunit to over $20 per cunit. Crown timber in the

area has sold recently at competitive prices ranging from $11.50/cunit to

over $18.00/cunit, which Support those prices indicated by private
transactions.

* logs suitable formanufacture of rotary veneer for construction
grades of plywood.

** B8, C. Forest Service stumpage rates are recorded as calculatad in
imperial units.
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In summary, negotiataed prices for private timber sold on the stump

in “he area fa]Ti between $10 and $20 per cunit; therefore, stumpage
for stands primarily composed of Douglas-fir in the area is estimated
at $15 per cunit, or $5.30 per m3, which is rounded to $5.50/m3.

This estipate of forestry values without the project is based
on the following:

. (1) Values are based on apen market sales of private stumpage which
is indicated to be $15 per cunit, or $5.50/m3. This is the estimated re-
placement cost of timber in the area.

{i1) This estimate assumes that any increases in logging costs would
be offset either by an increase in prices or by advantages due to techno-
log-cal change. Therefore, in terms of constant dollars, the effective
value of $15/cunit or $5.50/m° is considered to remain steady.

(ii1) There will be no effact of the project because of
accelerated cutting. Most timber cut will be removed under normat logging
development, and all timber would be removed by an estéblished quota holder
operating fin the area either without or with the project.

The local study area has an estimated annual allowable cut of 146 189 m3/yr
(Table 4-19). The value of this at $5.50 m3 {s $804 000 which is a potential
annua] income to the provincial govermment, excepting collection costs.

(i1i) Site Specific Areas; Mine, Plant and Offsite
Faciiities

Productive Crown forest lands within the areas required by site specific

construction are located within the Botanie PSYU. The basic premise upon
which the case without the project is considered is that sustained yield

forest management would continue to be practiced in perpetuity on the
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productive forest area required by the specific facilities of the mine,
plant and offsite structures of the Hat Creek project and so contribute
to the allowable cut of the PSYU.

The value of the allowable annual cut is shown in Table 5-1. The value of
each annual harvest is the total of each annual increment times the dollar

value per unit of volume.
TABLE 5-1

VALUE OF THE MAI CONTRIBUTION TO ALLOWABLE CUT FROM
THE SITE SPECIFIC AREA

MAI Yalue per Total Annual
. 3 3 Value

Option (m) & (nearest $100)
1. Wet Ash Disposal |3 295 $5.50 $18 100
2. Dry Ash Disposal

Scheme [ 2 394 $5.50 $13 200
3. Dry Ash Oisposal

Scheme II 2 396 $5.50 $13 200

(iv) Summary of Forest Values - Without the Project
The forest resources in the local study area can generate an income for
the provincial government estimated at $804 Q00 annually. The present
worths of this sustained income at various discount rates are:

3% $26 800 000
4% 20 100 000
5% 16 080 000
6% 13 400 000
8% 10 050 000
10% 8 040 000
12% 6 700 000

The discount rates of 3, 4 and 5 percent per annum are compatible with
land investment returns in the forest industry in terms of constant
dollars over the long run, and with the biological growth rates for the
area. Discount rates of 6, 8, 10 and 12 percent are also included as
specified in the B. C. provincial benefit - cost guidelines for estimating

the cpportunity cost of capital.
e, Godlias




-84 -

5.2 Forest Resource Projec*ions and Impacts On Forest Values -

With the Project

(a) Anticipated Environmental Changes

Mo unusual environmental changes are expected in the regional or local
study areas as a result of site preparation and construction development.
In the site specific areas, it is anticipated that work would be done in
accordance with the existing regulations and environmental guidelines.

Environmental Research and Technology Inc., (ERT) projections (37) of
ground level concentrations of sulfur dioxide (502) and by assocciation,
hydrogen fluoride (HF), oxides of nitrogen and ozone, indicate that the
low predicted levels outside the Jocal study area are well below the level
1ikely to induce injury according to available 1iterature. For example,
doses of 2.0 pg/m3 * of 502 and C.018 pg/m3 of HF have not been recorced
as having injured plants. Within the local study area, a circle of 25 km
in radius from the Harry Lake stick, critical Tevels may be exceeded.

(1) Preliminary Site Development

In the site specific areas, the bulk coal sampling program carried out
during preliminary site development will have an insignificant effect on
fores:ry. Any minor effect it may have will be masked by the construction
impac:. However, should the project not proceed the area affactad by the
bulk :;amp1jng program will most 'ikely be restored to {ts. original condition.

* pg/m3 is one microgram or one millicnth of a gram per cubic metre.
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- (i) Construction Impacts
- It is anticipated that merchantable- timber cut during c]ear‘ingj and/or
* o construction will be salvaged for manufacturing. = Only non-useable material
will be burned. The disruption of soil and sub-surface material during
- construction will affect soil moisture regimes in areas of lateral
) _ seepage. Two such areas do occur but they will be covered by the
- touth Meadow Dump (M4} and the Wet Ash Disposal Pond (P6) (shov'm on
' map - Addendum 10), therefore no additional forestry jmpact would occur,
- Areas adjacent to the sitia specific areas are unlikely to be affected by
soil moisture changes but may be affected by dust during the construction
period. Dust accumulation on needles may tend to cause needles to overheat
- during the day and thereby cause premature needle death. ODust also favours
the black pineleaf scale, (9}, which has attacked ponderosa pine in small
- areas around Lytton. (8).
- (i1} Operational Impacts
. A. Iatroduction
- The fluorine compounds, especially hydrogen fluoride (HF), are considered
- for vegetation to be the most toxic of the atmospheric pollutants. The
' phytotoxicity of HF has been registered in ambient concentrations of parts
! per billion (ppb), three orders of magnitude more lethal than $0p. The
- . fluoride ion has no known function in plant growth (67).  Its effect
on a plant is dependent upon a number of parameters, the most critical of
- T which are dosage, a function of pollutant concentration,and exposure,
duration, plant species, and environmental conditions.
-
The responses of plants to fluorides may be traced in a sequence of
- biological organization from the cell through the tissue or organ level
- " to the whole organism and bayond to the effect on the ecosystem. Disruption
- at the cellular level through interference with a metabolic pathway caused .,
- by a biochemical alteration of essential enzymes, or a major physiological
function such _a's photosyn.thes_fs or respiration would be ultimately reflectad
- at the next higher level of organization. The visible symptoms of fluoride
injury at the organ level, foliar necroses,have been well documented (63).
-

B B,
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when the normal functioning of the Teaf has been adversely affected

by pollutant stress and sufficient quantities of assimilates cannot

be supplied to the dependent organs, the entire plant will be affectad.
Effects at the organism level can include altered growth, reduced re-
production, dacreased fitness and resistance to other environmental
sfresses,- or even death. If all plants of a particular species are so
affected, the species significance in the plant community will be reducad
with consequent effects on other biotic elements.

In the gaseous phase, HF penetratas the plant primarily through the open
stomates of the leaf. [t enters a water saturated atmosphere 1n the sub-
stomztal chamber and is then in direct contact with cell surfaces bathed
in acueous solution. The high solubility- of this gas in water allows it to
be readily dissolved and mobilized in a transpirational stream to the leaf
tips(monocotyledons) or margins (dicotyledons). _Accumulation in these
peripheral regions causes the characteristic fluoride foliar injury called

“tipbum". Garrec and Lhoste (39) found that the dffferential response of -

leaf cells {s due to a greater accumulation of fluoride rather than a
higher sensitivity of cells. Rasponse thus depends on the distance of the
calls from the point of entry of fluoride and paths of translocation within
the l2af. The flueride fon has been shown to collect in the leaf cell
" vacuole and call wall as a calcium or aluminum salt (69). Localization

of calcium and fluori e in fir needle tips suggests a direct relation
betwezn the possible precipitation of calcium fluorfde and apical necrosis
(38). _ ! . . R

" B. Metabolic Effects

The manner by which atmospheric fluorides affect the metabolism of the
plant is not clearly understood. Experiments with {solated tissues (_i_r_\_
vitro) have demonstrated that fluorides can inhibit enzyma activity

by forming complexes that bBlock the active site. Enzymes known to
be sensitive to fluorides include phytase {34), acid phosphatase and

|
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ATP-ase (68) and succinic dehydrogenase (59). Depression of enalase
activity {a form of enzyme activity} is attributed to the formation of
fluoromagnesium phosphate at the catalytic site (43). However, the data
of these in vitro experiments cannot be directly extrapolated to the effects
on these systems in vivo. The environment of a subcellular structure and/
or system in vivo is quite different from that in an artificial in vitro
medium. This environment may be crucial to the system's respense to the gas.
In addition, many biochemical in vitro studies have employed fiuoride
concentrations that may well exceed the concentration achieved in fumigation
experiments. ' -

Amang the best documented effects on metabolic pathways of the plant are
those found in carbohydrate metabolism. Exposure to fluoride appears to
reduce the relative importance of the glycolytic pathway over the pentose
phosphate pathway (56). Such a switch to alternate mechanisms

may reduce the intermediates needed ip biosynthesis and thereby restrict
growth.

C. Physiological Effacts

Increases in oxygen uptake have been demonstrated in intact plants in the
presence or absence of foliar lesions. Applegate and Adams (27) in a

controlled growth chamber study found that bush beans subjected to an
average ambient HF concentration of 1.8 ppb for 20 days have irncreased

respiration when compared with similar plants not subjected to the gas.

Carbon dioxide assimilation is decreased by acuta HF fumigations in gladiolus,
barley, alfalfa, and cotton if a threshold, peculiar to each plant, is ex-
ceeded (6G). Surfside gladiolus was found to have a threshold of about 6

to 7 ppb in one set of experiments following exposure at the rate of 35

hours a week for several weeks (60). The reduction was found to be
equivalent to the loss of leaf surface through necrosis. The rate of
photosynthesis was reduced when oat, barley and alfalfa canopies were fumi-
gated by two hour exposures to 10 ppm HF (29). These photosynthesis
suppressed plants exhibited a short 1ag period after the exposure which
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was followed by a2 relatively slow recovery rate. The authors feli
.tnat this indicated fluoride accumulation in the leaf tissue with in=-
creasing length of exposure, followed by refatively slow removal or
detoxification and repair after termination of treatment. No visible
{njury was recorded. '

Studies of the effects of intermittent fumigations have revealed that

post fumigation fluoride loss can occur from leaves (45,68). Elimination
of fluoride absorbed by Norway spruce was reported By Knabe and Guenther
(48). This apparent loss of fluoride led these researchers to propose that
blosynthesis of toxic organic Tluorides might accur.

D. Anatomical Effects

One effect of fluoride on the plant 1s a reduction in the chlorophyll
centent of foliage (54) accompanied by fluoride accumulation in chloro-
plasts (35). Bligny et al (3]} found that fluoride delayed the formation
of epicuticular waxes, caused a reduction in size of .the chloroplasts, a
swelling in the granal fretwork membranes, and a Jack of close adherence of
the granal compartments in silver fir needles. These findings suguest that
fluoride probably affects the general metabolism of the call, including
the development and functioning of the chloroplast. The occurrence of
the visible symptoms at the organ level, foliar chlorosis, s thus a

mani festation of altered structure and function of chloroplasts onca some
threshold concentration of fluoride in the tissue has been excsedad.

Histologic changas accur in fluaride injured tissues. Solberg et al (57)
reported the occurrence of a number of changes in the tissue immediataly
adjacent to the necrotic areas of pondarosa pine needles. Thesa included
hypertrophy of resin duct epithelial cells {often resulting in occlusion
of the duct),hypertrophy of transfusion parenchyma and phloem and xylem
parenchyma, This collapse of the phloem would seem to account for
Halbwach's (42) obsarvation that the necrosis of needle tips associated
with smoke fnjuries has a particularly damaging effect on the water supply

to the fnjured part of the crown. ' This water deficiency may lead to a
die-back of the crown,
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On most monocotyledonous plants, the initial symptom of fluoride injury

is the development of chlorosis at the tips and margins of elongating
leaves, usually followed by necrosis. Gymnosperms such as ponderosa pine
first exhibit a 1ightening in color of the needles which turn 1ight brown
to reddish-brown at the tip progressing basipetally. The initial

symptom of fluoride on leaves of dicotyledons is usually chlorosis of the
leaf tip, which later extends downward along the margins and inward toward

the midrib.

E. Effects on Plant Growth

When the role of the photosynthetic organ has been destroyed or disturbed
through pollution stress, the concomittant effect on the whole organism will
be one of altered growth patterm. Treshow et al (64} found that fluoride
caused a net growth reduction of 26% in Douglas-fir without the development
of visible needle necrosis. They suggested that 100 ppm F accumulation in
the needles was the threshold for growth reduction in this species.
Stimulation of needle elongation was the first response of Douglas-fir to
elevated fluoride levels. The larger needles represented an abnormal .
phenomenon and obviously were of no benefit to the plant since the
increasing size showed a negative correlation with radial growth,

The effect on annual ring formation has been studied by many researchers.
Vins and Mrkva (65) found diameter increment reduction of 30-70% where

no visible injury was apparent in pine stands injured by a fertilizer
producing plant. Braun (32} found a positive correlation between increment
depression and foliar fluoride damage in Norway spruce.

A reduction in the supply of translocated carbohydrates may lead to expansion
of some plant organs at the expense of others. Wardlaw (66) has indicated |
that the growth of established shoots appears to have priority over the
growth of buds and roots when the assimilate is deficient. Treshow et al (64)
observed that shoot growth in Douglas-fir was stimulated by moderata

Soead, Podins
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concentrations of atmospheric fluorides. Brewer et al (33) found that
yleld from orange trees was reduced by 15 and 22% when 75 and 150 ppm F
respectively had accumulated in the foliage. This reduction in growth and
yield was accompanied by a proliferation of weaker offshoots at the

expense of the main stem, thus producing dwarfed plants with decreased leaf
area and leaf Tife, impaired ability to support the fruit load, and sub-
sequent premature leaf and fruit drop. Thus premature scenescence 3is well
as growth inhibition may occur as the result of poliution interference
with leaf productivity.

Studies of relative growth rates of the whole plant under HF stress are
lacking. However Taylor{59) demonstrated that pinto beans fumigated with
ozone had reduced growth in both above and below ground biomass. Sincas
roots supply anchorage, nutrients, water and hormones to the leaves a sec-
ondary pallution stress is created in the organism which further retards
growth.

Another pathway of injury that could result from air pollution would be

1ts effect on mycorrhiza. These fungus-root symbiotic associations are
ubiquitous in many tree genera. Infection is induced by a high carbohydrate/
amino acid ratio around root hairs, 2 condition that would not be met

by 2 plant whose photosynthetic mechanisms were impeded by HF. Fungi

are also suppliers of indol acetic acid (IAA), a growth hormone, to the

ptant (84). Thus a reduction in the quantity of assimilates translocated
to the rcot system may have severe repercussions on total plant growth.

F. Effects on the Ecosvstem

The possibility exists that air pollution predispeses vegetation to insect
attick or microbial infection which may lead to local or regional outbreaks
or disease epidemics. Many reports indicate that conifers weakened or inj-
ured by pollutants are more likely to fncur attack from insects that prey and
reproduce on weakened trees (41)}. Stark et al (58) found that

trees exhibiting visual symptoms of oxidant injury were most frequently
infested by bark beetles, Taylor (59) has shown that trees which do not
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show visual symptoms have reduced growth and water uptake which would lead
to reduced phloem thickness and sapwoad moisture content. Since the trees'
resistance to bark beetle infestation is a function of these parameters,
the probability of successful establishment of the insect is enhanced.

In addition to the possible harmful effects of fluoride on the vegetative
component of the ecosystem which may potentially be diminished in diversity
due to stress on susceptible species and a concomitant reduction in
competitive ability, effects on the faunal population are also possible.

In high dosages, fluoride is known to cause fluoresis in animals, a disease
affecting the bones and teeth. Ingastion of fluoride contaminated plants is
considared the most direct cause of fluorosis. Oelschlaeger{55) proposed
that the F tolerance for cattle be set at 40 ppm in forage. Montana State
Department of Health standards set the top allowable limit of fluoride
accumulation in forage at 35 ppm. No such legislation exists in Canada.
The values shown in Table 5-2 for grass indicate that further study

may be required in this area.

As this discussion has i7lustrated, the introduction of fluorides into an
acosystem, even at low ambient levels, may be found to have subtle detarior-
ating effects on envirormental quality. The precise quantification of these

impacts in the Hat Creek area {is difficult due to the paucity of experi-
mental information on the effects of HF on the indigenous vegetation species.

Edaphic and climatic factors are found to influence the susceptibility
of plants to fluoride injury and thus complicate the evaluation of
potential damage.

G. Bioaccumulation of Fluorides

Plants exhibit a broad range of tolerances to fluoride. The criteria
used to establish differences in susceptibility between species have
been traditionally based upon either the amount of injury produced by a
given dose of fluoride, the dose required to reach the threshold for
foliar injury, or the amount of fluoride present in injured leaves.
Differences in tolerance have also been found to exist between di fferent
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varieties of the same species. Certain conifers, such as the pines,

which are made up of phenotypic varients among the natural populatien,

each tree having a somewhat different genetic compiement, have shown

great differences in their response to air-borne fluoride. Listings of the
relative susceptibilities of a number of plant species to atmospheri:
fluoride have been compiled (63). However Homtvedt and Robak (46) empha-
sized the difficulty in correlating the ranking of plants in the many avail-
able lists to the field situation because of the specific¢c climatic, adaphic
and topographic conditions in different geographic areas.

A1l oslants contain characteristic amounts of fluorine. Soil is the
principal source of the normal fluoride content of plants but most
researchers attribute minor significance to soil F uptake causing injury.
McCune (53) indicatad that F originating in the soil tended to accumuiate
fn roots. However some fluoride in the foliage has its origin in the soil.
Reot-acquired fluoride caused necrosis of internal leaf tissues, whereas
leaf-acquired fluoride caused marginal and tip necrosis.

Fluoride induced injury is not related to the number of stomata, nor to
leaf area, color or organic composition of the vegetation. The most
susceptible plants accumulate much less fluoride than do the resistant
types, probably because threshold of injury is reached and the decreased
uptake for photosynthesis reduces the fluoride input to the leaf (74).

For example, highly sensitive tulip and gladiolus varieties show injury
with a fluoride accumulation of only 10-2C ppm in dry matter, whereas
cabbage often remains uninjured with an accumulation of-2000 ppm and
cotten shows no injury even at 4000 ppm in dry matter (81). It

is possible that fluoride induced injury occurs when a plant possesses the
abiTity to translocata fluoride quickly to localized sites where 1t accumu-
lates faster than it can be excreted or faster than the plant can counter
the iaterference with vital intracellular processes. Brandt and Heck (31)
suggested that plants can be grouped into two classes: those that developed
leaf symptoms when the fluoride content in the tissue is 50 - 200 ppm and
plants that show no injury above 500 ppm. Hi11 (44) suggested a range of
20 - {00 ppm for probable injury to suscaptible plants. Treshow and Pack
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(63) reportad that there is a highly susceptible group of plants that shows
injury at a tissue concentration of less than 50 ppm. Ponderosa pine needles
with 26.7 ppm accumulated F were found to exhibit 28% tip burn, a 30% re-
duction in needle retention and an overall necrosis of 11% (61).

Existing fluoride levels in the vegetation of the Hat Creek area indicate

an affinity for fluoride that may be accelerated by atmospheric pollution.
The levels reported in Air Quality and Climatic Effects of the Proposed

Hat Creek Project Appendix F(ERT Document No. P-5074) show very high

baseline concentrations especially in the Cornwall Mountain receptor
site 4. (See table 5-2).

This is one of the areas that will experience high levels of ambient

HF according to the PEAK projections (72) and could therefore be expected to
accumylate critical quantities of fluoride.The forage in the area could
exceed the safe Jevel of fluoride concentration as previously discussed
and should be monitored.

The fluoride accumulaticn of plants is influenced by a number of physical

parameters such as temperature, moisture, relative humidity, age of
tissue and time of day of the exposure.

MacLean and Schneider (52) studied the effact of temperature and the
accumuiation of fluorides by sunflower leaves. They found it to be sig-
nificantly greater in plants maintained at 26% C than in plants maintained

at 160 or 219¢, In gladioli necrosis was two times more severe on leaves
of plants exposed to HF at 219 and 269C than on plants maintained at 159C.

g—m-c%/ﬁ;




AVERAGE CONCENTRATION (ppm) OF FLUORIDE IN PLANT RECEPTOR MATERIAL, 1976 - 1977 (25)

PLANT COLLECTION * SITE 1 SITE 2 SITE 3 SITE 4 ** SITE 5

DATE PAVILION LOWER HAT ARROWSTOME CORNWALL  ASHCROFT COMBINED

MTN. CREEK cK. MTN.

Elevation | 2 089 m 750 m 1 500 m 20%m 1250m
Shrub Oct. 1976 263 m 78 < 707 15 255
Witlow
(satix Sp.) May 1977 9 26 19 558 169 156
Grass = joct. 1976 29 24 22 14 13 20
Bunchgrass
{Agropyron May 1977 63 (1 360) (1600) - (27170) (1 448) '

Splcatum) or
Sedge (Carex Sp.)

Lichen Gct. 1976 16 157 49 47 52 64

(Letharia
vulpina) Jan. 1977 655 100 106 . 84 54 180
May 1977 KK 1" 21 21 204 118

® Three samples were collected at each site on each date.

** The less than syabol (<) indicates that one or more of the replicate measurements were below the
analytical detection 1imit. Wwhen such analytical data occurred, means were calculated by using the
de|tection tmit as the concentration and then reporting the mean with a< symbol.

**% No grass was available at Site 4 (Cornwall Mountain) during May 1977 due to cattle grazing.

The four values for grass exceeding 1 000 ppm fluoride are about 100 times the normal range of values that
might be expected. HWhatever the explanation may be these data have been discounted for the purpose of
this report. It is suggested that further samples be collected and analyzed to confirm or replace them.
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From field observations, Treshow (62) maintains that should temperatures
exceed 35 - 38°C for more than a few hours, injury may result from fluoride
concentrations generally regarded to be below injury threshold. Benedict
et al (28) found that the concentration of fluoride in alfalfa and

orchard grass increased as the temperature of the roots was increased.

The literature provides conflicting reports on the effect of moisture
regime on fluoride uptake. Zimmerman and Hitchcock (70) found that plants
with a water deficit were more resistant to fluoride than those receiving
adequate water. Treshow (62) states that under arid conditions, high
temperatures impose an added stress that may further reduce the threshold
for injury. Bovey (74) found less fluoride in Teaves in wet seasons

than in dry seasons. Heavy rain may leach flugrides which have already
entered the Teaf tissue (47).

Daines et al {36) reported that plants absorbed more fluoride and were
damaged more severely at high humidities than in drier air. Maclean et
al (50} found that gladioli fumigated with HF were more seversly injured

.at 85% relative humidity than at either 65 or 50% relative humidity even
though fluoride accumulation did not follow this exact pattem. These
results probably can be attributed to the fact that in humid conditions the
stomata are open, favoring gas exchange and thereby expediting fluoride
effects.

Other investigators have reported that fluoride accumulation in the
tissues of plants was greater in light than in darkness (36) and concluded
that uptake of fluorides in foliar tissue was lower in the dark because
stomata were closed.

e odltns
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Time of year, because of its relationship with the plant's stage of
development,is critical to the development of injury. Conifers are

more sensitive during the period of needle emergence (63). The current
year's needles of conifers, because of their greater metabolic rate, are
more susceptible to fluoride inhibition of respiratory enzymes than are
older needles which are becoming storage organs.

Leaf age and temperature interactions were reportsd by MaclLean and
Schneider (52) who found that the oldest leaves (sunflowers, gladicii
sp.) were less susceptible to HF induced necrosis at temperatures of
169, 21° and 26°C than the younger leaves. The youngest leaves were
mist susceptible at 160 and 21°C. '

Susceptibility is also reported to be a function of height and age.

Knabe and Guenther (48) exposed Norway spruce set up at different elevations
above the ground to the emissions of an aluminum smelter. Tall old trees
ware injured while young ones growing next to them were seemingly healthy.
This may be explained in terms of canopy contact with the polluted air
stream. Mature dominant and codominant trees in the stand would bte ex-
pacted to experience the highest level of fumigatien.

H. Discussion

The extrapolation of fumigation studies in controlled environments to the
effects of ambient HF concentration is of limited utility. Constant con-
centrations over long duraticns are not encountered in the fiald and the
effects of recurrent fumigations have not recsived much study. The sequence
of exposures may outweigh, in importance, the actual level of fluoride

wied within a range of concentrations (26). Maclean et al (50)

found that recurrence of exposure was as important as concentration and
duration. Climatic, edaphic and topographic conditions are also known

to modify plant response to HF.
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The high levels of F found in the ERT baseline study (37) of trace elements
- in vegetation suggest that the ecosystems in the Hat Creek area may already
be close to the 1imit at which damage may be expected. The ERT report
did not provide information on the levels of fluoride in tree foliage.
- Such data might aid in the prediction of impact of the Hat Creek instai-
lation on the major tree species in the area. In a study of fluoride "
- emissions from a coal-fired power plant, Tourangeau et al (61) found that
a 10.5 ppm concentration in 8 month old needles of ponderosa pine corres-
- ponded to 0.9 percent tip burn, 8 percent basal necrosis and scale (caused
by death of epidermal, hypodermal and mesophyll cells) and a 4 percent
total necrosis. Twenty month old needies with a 21.5 ppm F concentration
- showed 7.2 percent tip burn, 18.3 percent basal necrosis and scale and 5
percent total necrosis. A USEPA field investigation (40) showed that
- continuous exposure to gaseous flugride for 119 days during the growing
season to ambient concentrations of 0.19 ppb maximum and 0.08 ppb average
- resulted in a dry weight fluoride accumulation of 10.5 ppm in 6 month old
needles and 46.1 ppm in 18 month old needles of ponderosa pine. Correlating
- this information shows that at a concentration of 0.08 ppb average ambient
HF level, significant injury to ponderosa pine will occur, in two year
0old needles total necrosis may be extensive. The normal expected fluoride
-

content of whole conifer needles is less than 10 ppm based on data of the
U. S. Forest Service and University of Montana (40). Without actual

-’ measurements of the fluoride content of ponderosa pine growing in the study
area, this experience cannot be used,

- Ecotype differences in ponderosa pine may result in variability in pol-
. lution susceptibility. C(limatic stress such as high temperatures
- (absolute maximum temperatures in the Ponderosa pine - Bunchgrass Bio-
geaclimatic Zone: 389-44°C) may further affect plant response to HE.
- Ponderosa pine, lodgepole pine and Douglas-fir are cited as being highly
susceptible to HF especially during the period of needle elongation {67).
-
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The relationship between the concentration of gaseous hydrogen fluoride

‘ and the duration to which some coniferous tree species have been exposad

| as {t relates to the effects cn the plant is shown in Table 5-3. The

! tree species listed are 2all from the group considered to be most sensitive
to hydrogen fluoride.

volune of the local study area.

TABLE 5-3
SOME_EFFECTS ON SOME SENSITIVE CONIFERQUS TREE SPECIES OF EXPOSURE

Douglas-fir accounts for 55% of the total inventory
‘Pondarosa pine, white pine and lodgepole
pine, the last also classified as a sensitive species, account for a
further 29% of the local study area or 84% in combination with the fir.

~ TO_GASEQUS HYDROGEN FLUQRIDE BY CONCENTRATION AND DURATION (81)

Hydrogen Fluorids Duration of Effect on

Species Ref. Concentration in Air Exposure Plant
: No. ppb pg/m3 Bays
| Ponderosa Pine #1 0.49 0.37 14 Necrosis of needles.
, Ponderosa Pine #2 0.50 0.38 1.7 Internal microscopic

. damage.

Pondervsa Pine #3 0.77 0.58 14 Necrusis of needles.
. Norway Spruce #4 1.30 0.98 Several Extensive leaf injury.
| Wnite Pine s 1.2 0.98 Several Extensive leaf injury.
- Douglas-Fir #6 1.50 1.12 2.7 to 4.6 Leaf injury
" Ponderosa Pine #7 1.99 1.5 15.3 First visible foliar
| injury.
| Ponderosa Pine #8 6.65 5.0 1.8 First visible foliar
H 'h'ljur.'{.
. Ponderosa Pine #9 13.3 10.0 0.8 First visible foliar

e, Coidions
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McCune (82 as cited in 8! and 83) summarized available data to produce

a graphical representatijon of the limit of injury to the most sensitive
plants such as conifers by concentration of hydrogen fluoride in the air
and the duration of exposure. Through the slow rise in the curve as
compared to S0y, the slight influence of concentration on degree of
injury becomes evident. Through long-term exposure very low atmospheric
fluoride concentrations can cause extensive injury. McCune's summary is
shown in Figure 5-1. This provides a usable basis to assess which com-
binations of Tevel and duration of fumigation of fluoride may be critical.

The concentrations of hydrogen fluoride in pg/m3 as actually present in the
air in the series of experiments summarized in Table 5-3 are shown plotted
on McCune's graph in Figure 5-1, reference numbers 1-9. For comparison the
values predicted as shown in Table 5-6 are also plotted on McCune's graph
reference numbers 10-17. Consideration of the experimental values collected
for sensitive conifers indicates that the boundary line values suggested

by McCune are in general acceptable. Critical analysis might extend the
right hand end of the line but adjust it downwards to accomodate reference
#1. Consideration of reference #2 shows that it reflected intermal micro-
scopic damage which is unlikely to indicate a level at which real growth
loss would occur. However this provides a basis upon which to estimates
the 1likely effact of fluoride emissions from the operation of the thermal

plant.

Discussion of the predicted values shown is given in association with
Table 5-6 where they are reported.
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(iv) Decommissioning Impacts

It is assumed that soils on site specific areas would be restored and
rehabilitated after project completion. The capacity of the restored
sites to grow commercial irees for productive forestry purposes is
unknown, but it can be assumed that some growth of tree species
could be anticipated. This report assumes restored soils will grow
trees at no more than one-half the rate of undisturbed soils presently
growing trees, or no more than 0.665 m3/ha per year. This productivity
approximates low sites, which are currently excluded from calculations
of the allowable annual cut. In summary, this evaluation assumes that
restored soils will produce only nominal volumes which will not be

| included in future harvests,

(b) Appraisal of Impacts on Forastry

i The purpose of estimating the impact on forestry is to indicate potential
losses which could occur to the forest resource itself., In this case the
losses would occur to the gross allowable annual cut because the area of
forest land available for growing trees would be reduced for at least

35 years.

In order to avoid confusion when considering the impact on the allowable
annual cut, a distinction should be made between the impact on the forest
resource itself (gross AAC) and the impact on forest management practices
(net AAC} and present operators.

The project would cause a physical loss of land available for growing
trees; therefore, some potential annual growth would be lost, resulting
in a reduced gross allowable annual cut. This would be a direct impact
on the forest resource itself.




In respect to the mean annual increment associated with the allowance

made in the cut calculation, distinction must be made between the real
reduction in productivity of the forest resource as it may occur as the
forest is removed and the theoretical reduction in aliowable annual cut

as calculated by the B. C. Forest Service for the Botanie PSYU. The
second case reflects good forward planning by the B, C. Forest Service

in anticipating the strip mining and thermal plant development. There will
therefore now be no social impact because no reduction in allowable cut
should be necessary. The subsequent hardship this might have for local
Jogging and mi1l operators will not occur. The loss is real however

and any past advantage should theoretically be chargeable to the coal deposit
regardless of the use to which it was later put. In practice this theoret-
ical charge is zero because for other reasons the allowable cut of the
Botanie PSYU has not been fully allocated. This means that there has been
insvfficient demand to utilize even the reduced allowabie cut. The
province of B.C. has not yet lost revenue because of the mining allowance
applied in the cut calculation. For assessment for future purposes, it

is assumed that the demand will now be sufficient to utilize all available
allowable cut.

Past and current forest management practices by the 8. C. Forest Service
have generally followed a policy of providing for a stable or growing
forest industry, rather than a policy of maximizino_annual cuts at present,
with no regard for the future. In carrying out this policy, it has been
necessary for the B. C. Forest Service to anticipate potential reductions
to :he productive forest land base, in order to make a realistic estimate
of growing capacity over the long term or one rotation.

The calculated allowable annual cut for the Botanie PSYU, which is currently
guiding forest management practices 1in respect to the gross AAC considers
coa’ licences in the Hat Creek Drainage and surrounding Crown Reserves. These
inc’ude some productive Crown forest lands that are managed for sustained
yield forestry by the B. C. Forest Service. The timber and mean annual
increment contributed by these lands has been included in calculation of
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the gross allowable annual cut of the Botanie PSYU. The current AAC of
the Botanie PSYU is based on a 1970 calculation which indicated a gross
figure of 194 840 cunits, before deductions for non-recoverable losses.

.These deductions for non-recoverable losses amount to 50 470 cunits

or 25.9 percent of the gross. This deduction includes estimates of

Tosses to forest cover due to fire, insects and disease. It also in-
Cludes an estimate of reductions in the forest land base due to future
single uses such as rights-of-way, parks, environmental protection forests
and open pit mining., A deduction of the mean annual increment on 50 000
acres was made to the gross AAC to allow for open pit mines over cne
rotation. This includes pntential mines in\the Hat Creek drainage,
Highland Valley and other locations. There was no specific deduction
made for the proposed Hat freek coal project. The net AAC currently used
is 144 370 cunits.

Because the 1970 deduction for open pit mines still seems realistic, if
Hat Creek coal was developed, no further reduction in the AAC for the

Botanie PSYU is 1ikely. Therefore, no impact on the net AAC is anticipated:

Tocal operators would face no cut reduction due to the Hat Creek Project,
nor would current forest management practices be significantly altered.

In summary, the Hat Creek Project would not affect forest management as
currently practiced, but it would affect the forest resource i‘self. It
is the impact on the forest resocurce that is valued in this report.

(i) Regional and Local Study Areas
Construction will have a negligible impact on the faorest industries in
these areas because loss of the AAC represents a negligible portion of
the regional allowable annual cut. All merchantable timber should be
recovered during normal logging operations. This volume represents one
third of one year's cut in the Botanie PSYU.

The .B.C. Hydro road that may be built adjacent to Medicine Creek could be
considered a benefit to logging access, if logging equipment is allowed to
use it.

\gﬂd Codlhns
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(11} Construction Impacts on Site Specific Areas and
Appraisal of Mine, Plant and Offsite Timber

The comparative impacts on forestry by ash disposal options, including
mine and offsite facilities are shown in Table 4-37. This timber will
be logged and removed as part of the regular forest management programme

anc quota allocation. It should neither increase nor decrease the local
operators' long term wood supplies.

The value of the MAI contributing to the allowable annual cut from the
site specific area subsequent to the mine and thermal plants operation is
estimated to be $18,100 for Option 1, Wet Ash Disposal; $13,200 for
Option 2, Dry Ash Disposal Scheme 1 and $13,200 for Option 3, Dry Ash
Disposal Scheme 2. See Table 5-1.

It Is assumed that restored sites will grow no more than one-half the

productivity of present undisturbed soils, or no more than 0.665 m3/ha.

This is equivalent to a Low Site, which is not included in allowable
“annual cut calculations.

In Table 5-4 the present worths of all future anduaT incomes from AAC,
in perpetuity, are shown.
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TABLE 5-4

PRESENT WORTH OF ALLOWABLE ANNUAL CUT ON SITE SPECIFIC AREA -
THAT WOULD BE LOST WITH THE PROJECT

Annual _- Discount Present Worth of AAC
Option Value . Rate = in Perpetuity
‘ {(in $000°s)
| |
- | Wet Ash $18 100 0.03 $ 603
Disposal 0.04 453
; 0.05 362
; 0.06 302
| 0.08 226
0.10 181
| 0.12 151
|
i 2
| Dry Ash $13 200 0.03 440
; Disposal 0.04 330
‘ Scheme 1 0.05 264
: 0.06 220
| 0.08 165
5 0.10 12
i 0.12 110
3
Dry Ash $13 20¢ 0.03 440
; Disposal 0.04 330
{ Scheme 11 0.05 264
0.06 220
! 0.08 165
l 0.10 132
| 0.12 110

Hose! Codlons
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(ii4) Operational Impacts

A. Stack Emissions

The impact of the stack emissions is most likely to be a low grade chronic
injury causing a growth reduction over a considerable part of the local
study area. Individual trees will respond to the irregular periodic short
term fumigations in a variety of ways. Some individuals that are most
sensitive may die outright while resistant ones show no visible sympioms

of fumigation. The majority of individuals between the extremes will
gradually show signs of degradation because of changes induced in physi-
ology (e.g. rate of photosynthesis) and/or morphology (e.g. defoliation}).
Fumigation effects, especially those of short duration, are reversibl: to

a point (81). However continued exposures will eventuél1y have their effects.
Trees that show no visible damage may still have a small growth reduction
because of minor losses of photosynthetic production. Further fumigation
will cause leaves or needles to change colour or have necrotic spots and/
or tip dieback. At this point growth reductions are more marked as res-
piration as well as photosynthesis becomes impeded. If fumigation continues,
crown thinning will occur involving some branch dieback as well as partial
leaf fall. When a tree reaches this stage it is in a definite state of
decline but it may yet recover by either adjusting to fume conditions or
beginning new growth if fumigation stops. However, if fumigation continues,
leaf fall may also continue and major branches die. If leaf kill continues
for more than two growing seasons, the trees are quite likely to die. At
any point dﬂring this sequence, insects, especially bark beetles, may
attack the trees and the combined efforts of insects and fumes speed up

the procass of decline. Because of autecological and genetic factors,

di fferent trees will decline at different rates.

Consetquently individual trees eventually affected by stack emissions will
1ikely be scattered both in time and space. Salvaging these {ndividual
trees would be more expensive than normal clear cut logging but similar
in cost to selective logging.

L, Coidlns
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Benefits that would accrue to forestry because of building the project
would be derived from harvesting trees that are either additional to the
allowable annual cut or are made economically or environmentally accessi-
ble. Since none of these conditions are anticipated in this case no bene-
fits to forestry are assumed to occur. The allowances made in the allow-
able annual cut calculation of the B. C. Forest Service consider the
future loss of mean annual increment from land to be strip mined. They
consider existing standing timber on these sites to be fully recoverable
and therefore include it in the timber inventory and cut calculation.

1 Controlled Stack Emissions - SOz

The basic premise upon which the without project case is based also
applies to those areas affected by fume emissions: the annual value to
forestry is the value in dollars of the mean annual increment of the area
concerned or the loss of this increment and value as appropriate. HWhat is
most 1ikely to occur is that individual branches, branchlets or needles
scattered throughout the crowns of trees will suffer partial or total
necrosis, thereby reducing growth rates, and individual trees, scattered
throughout Hat Creek valley, which are sensitive to the fume components
may die sometime during tne operational life of the plant.

Since affected individuals will likely be scattered throughout the forest,
there will possibly be a low grade, chronic growth reduction, over a wide
area. The appraisal of forest values lost is based on an equivalent loss
of annual increment. Sporadic scattered losses of trees or chroni¢ growth
reductions are calculated as volume Tost on an annual basis. From these
values for the Meteorological Control System (MCS 244m and 36€m stacks)
and Flue Gas Desulfurization {FGD 366m stack) an estimate can be made of
the total annual increment affected by the fume path, which represents the
potential loss of allowable annual cut from the Botanie PSYU from stack
emissions. '

Seea” Codtns




- 108 -

In addition to the loss of growth in the forest it is also possible
that individual trees,especially overmature ones, may die outright.
Premature mortality of individual trees as caused by fumigation,
jnsects or other natural cawse should be salvaged within the regular
cutting cycle of the selective Jogging method applied in this forest.
No additional allowance is made for this type of loss.

The values of these annual cuts that could be lost were derived by
applying SOy effect levels (reference 73, tables 5-17 to 5-22 inclusive)
to the weighted average mean annual increment, and the estimated
stuntage rate of $5.50/m3. These values are shown in Table 5-5 by

S0z contrel systems. -

In order to provide quantitative assessments of damage to vegetation,
recourse must be made to the published or available data on the response of
individual species to specific pollutants at dosages comparable to those
predicted. The main prpblem is that the majority of such reports concern
experimental data collected under “artificial” or "unnatural” conditions.
Hence, extrapolation to field conditions is difficult. Nevertheless, for
most species, they are the only data available and have had to be used

in the present damage assessments. Also, almost without exception, the
published data concern “acute" injury rather than “chronic® injury and
hence suffer in their broad applicability to field situations. A
multi~ude of environmental factors can influence the dose-response of

any species of a given poliutant, further complicating any attempt to
quanti fy specific data under varying conditions.
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TABLE 5-5

ANNUAL VA_UE OF MAI AFFECTED BY SO» FUMES

Meteorological Clontrol System Fiue Gas Desulfurization
Stack Height Stack Height
244m 366m 366m
MAI 131.7 77.1 0
{m3)
Value
(§/m3) $5.50 $5.50 $5.50
Annual
Yalue 723-25 424.05 0
Lost
Rounded | $700 $400 "0

These values represent the potential production lost each year. The effects
are not completely additive because some of the trees would recover from

the previous growing season's fume effects. However, since the amount and
duration of recovery can aot be predicted on the basis of one year's model,
no recovery is assumed.

It is emphasized that the assessments of impact on vegetation reported
herein are based upon injury, whether expressed through visual symptoms or
through modifications to plant growth. In addition, the data presented are
assessments and not measurements, since few of the plant species indigenous
to the Hat Creek region have been studied in the context of air pollution
effects. Even where reports of effects on individual species occur in the
literature, they seldom contain quantitative information about the severity
or magnitude of impact. ‘In the few cases where quantitative data exist.
these in turn require cautious extrapolation to the conditions of Hat Creek.

.9?01( %
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.2  Uncontrolled Stack Emissions - Fluorides

Durirg the test burn of Hat Creek coal at Battle River Generating Station

in A]Be\rta, measurements of gaseous emissions of fliuorine were made (22).
Basec ori"\two measurements, an average of 0.279 kg/hr +40% was determi ned.

It appear‘:f\that between 3.8 and 8.8 percent of the total input of fluorine in
the coal was emitted as a gas. Fluorine gas emitted in the stack is most
accurately determined by direct flue gas measurements.

A1l -nputs and outputs in the test burn were reported in terms of kilograms
(kg) per hour. Scaled up to 2000 megawatt generating capacity, the fluorine
releised to the atmosphere would be 290 kg/day. To obtain estimates of
possible fluoride injury to the forest trees, the revised F:50; ratio of
8.92 x 10741 provided by the ERT report (25) was applied to S0 isopleths
for the uncontrolled emission case for the following minimum Tgvels:

> 160 micrograms/m3 for a maximum of twenty four hours
> 260 micrograms/mS for a maximum of twenty four hours
> 655 rm‘t:r-t:ngr'amsjlm3 for a maximum of three hours

> 1300 micrograms/m3 for a maximum of three hours

S 450 micrograms/m3 for a maximum of one hour

> 900 micrograms/mS for a maximum of one hour

Application of the F:30, ratio converted S0, isopleths of ground concentra-
tions, as provided by the analysis and maps in Or, V. C. Runeckles' report
(72), to isoplieths of fluorine concentrations (Table 5-6) were mada. The av-
erage frequency of occurrenceof these fumigations for the growing season April
Ist to October 31st, was calculated from the reported number of occurrence
for 2ach receptor site as analyzed by Or. V. C. Runeckles from the ERT

data {72}. These frequencies combined with the period of exposure gave a
total period of exposure which was expressed in days and as a percentage

of a year (Table 5-6). The area exposed to fumigation within each given
isopleth was obtained by measurement from the maps in Dr. V. C. Runeckles'
report (72}, Where the period of exposure is the same but there
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are two levels of concentration of the fluoride ,the area affected by the
higher concentration was deducted from the more extensive area affected by
the lower concentration. In the cases where the period of fumigation is
different,the effects were considered additive and no deduction of the
affected area made. )

A material mass balance was done by Western Research and Development (22).
This accounted for 43 percent of the fluorine input; the remaining 57 percent
of the fluorine remained undetected and unmeasured. While it is recognized
that a material mass balance is only a rough check on the measurements made
during the test burm, there is some possibility that the undetected fluorine
did escape as a gas. The "missing" fluorine may have chemically combined
with some other elements %o form a stable compound and thereby remain un-
detected. However, there are other studies (23,24) which indicate that,

if combustion temperatures are high enough, perhaps between 80 and 100
percent of the F could be emitted as HF vapour. On the other hand a study
by the Radian Corporation (71) has indicated that approximately 8% of the
fluoride input to a pulverized coal furnace was emitted as gas.

Because of the conflicts between measurements and di fferent 1i<erature
sources, it was decided that it would be prudent to have a supplementary

worst probable case approach which assumes that all unaccounted for fluorine
escaped detection in the test burn and was released to the atmosphere.

The impact could then be estimated as between two cases; a probable case
and a worst probable case. The whole study is based on estimates having
inherent weaknesses and because the ERT model, from which the isopleths
were obtained, is based or only one year's weather records, it is quite
likely that a much worse case is possible.
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Using the fluorine emission rates reported by Western Research and Develop-
ment in Table 3, page 8 of their report "Trace Element Material Balance
for Hat Creek Coal Test Run" (22) indicates that while 4.43 kg/hr of
fluorine were put into the system the total output recorded was only 1.91
kg/hr. Therefore 2.52 kg/hr were unaccounted for and may have escaped as
an emission. In addition, 0.0207 ka/hr of fluorine was known to have been
emitted with flyash and 0.279 kg/hr as gas. The maximum possible emission
or worst possible case would therefore be 2.52 + 0.2997 = 2.82 kg/hr of

fluori de.

Therefore, a possible 2.82 kg/hr of fluoride would be assumed to have
escaped to the atmosphere. This value is 10.106 times as great as the
average of the two measurements given at the beginning of this section
(iv) 2. Therefore, the ratio of F:S0p for the worst probable case

analysis is: :
8.92 x 107% x 10.11 = 8.02 x 10-3 (rounded)

This ratio was then applied to the areas bounded by SO, isopleths of the
uncontrolled emissions. These fisopleths encompass the high mountain careas
such as the Clear Range, Cornwall Mountain and Pavﬂio; Mountain rather
than the lowland areas around the plant site.

Table 5-6 below shows the area that may be affectad by the fume emissions
on the basis that the emission occurs during the growing season between
April 1st and October 1st for the uncontrolled emissions for the protable
and worst probable cases by frequency and intensity of fumigation by
certain levels of emission. No fumigations were predicted for sulphur
dioxide exceeding 260 kg/m® for a 24 hour period or 1300 kg/m3 for a 3

hour period and hence none for hydrogen fluoride. The 900 Apg/m3 isopleth
ties within the 450 pg/m3 isopleth and therefore the area outlined by the
higher isopleth is deducted from the total area outlined by the lower one in
calculating the area of exposure. The three periods of exposure are con-
sidered to represent different types of fumigation effect and are considered
addi=ive.

Fosa, Codlins
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TABLE 5-6

AREA QF EFFECT OF PREDICTED UNCONTROLLED FLUCRIDE EMISSIONS * PROBABLE

AND WORST PROBABLE CASES BY FREQUENCY AND INTENSITY OF FUMIGATION

DURING SEVEN MONTH GROWING SEASON APRIL 1st-OCTOBER 3l1st

Equivalent Period | = Average | Total .Probable Case ‘Worst Probable
Conc. of of Frequency| Growing Case
SO Exposure of Season Fluoride [Area** [Fluoride |Area***
m3 Hours | Occurrence| Exposure Exposed |** Exposed
be. vaysjzotr | Ref. pg/ Hectares|Ref. pg/ Hectares
Year {No. m No. m
160 24 1 110.27 {10. 0.142| 6 176 {14. 1.44 6 176
260 24 0 0 0 0.232 0 2.3 0
655 3 3 0.4 {0.10 |11. 0.584} 23 857 {15. 5.91 | 23 857
1300 3 0 0 0 1.160 - 11.73 0
450 1 16 0.7 10.18 {12. 0.401 (132 272 [16. 4.06 [132 272
9010 1 43 1.8 10.49 [13. 0.803 34 390 |17. 8.12 } 34 390

-

* From seasonal isopleths, April 1 - Octcber 31st, see references 25 and.72.
** These reference numbers are shown as predicted points plottad by
concentration and duration of exposure to hydrogen fluoride in Figure 5-1.

*** Area exposed to fumigation within each isopleth as shown in maps in
Dr. V. C. Runeckles' report (72).
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| By reference to Figure 5-1 it will be seen that the critical value for

3 effect on sensitive plants such as conifers is exceeded in the worst

3 probable case with the fluoride concentration in the ambient air of 8.0
iy pg/ln3 (equivalent to a concentration of 900 pg/m3 of SOp) for an

J accumulated period of 1.8 days in the year. This isopleth encloses 34 390
5 hectares. The other remaining levels by concentration and length of

7 exposure fall below the critical level. However it is well to note that

7 the points shown by reference no.'s 14, 15 and 16 for the worst probable

5 ocase all fall relatively close below thé critical level and more signifi-
4y cantly so does reference no. 13 from the probable case. Should the appar-
« ently high level of fluoride already present really be so then some of
1 these reference no's may well ke raised above the critical values. Certain
+ 5 definition of present fluoride levels in vegetation could be useful.

fv If this emission level is maintained for 35 years, the sensitive trees will
'Y be successively exposed and will accumulate fluoride for the time their

v needles are retained, normally from three to five years for these species.
'~ The effect will therefore be less significant at first and build in

. effect over the first few years. As it progresses, it will also weaken

« the trees and reduce their growth which will in tum reduce their resistance.
w The literature provides little specific guidance in estimating exact levels
,.' of the progressive decline that may be expected. It has therefore been
;,, necessary to arbitrarily estimate that the effect of fluoride at the level
75 of 3.0 pg/m3 fumigating the forest 43 times each year in the growing

yu season for a maximum of one hour continued over 35 years will eventually

1 4. reduce the forest growth to zero.

+{ The weighted average mean annuzl increment of the Botanie PSYU is 1.329 m3/
/' ha. Over 35 years for 34 390 hectares this would amount to 1 599 650 ms.
If 50% of this is lost because of the gradual decline of the growth rate
- from the normal to zero over the period of the life of the thermal genera-
. ting plant, then 799 825 m3 of potential wood will not be grown. The value
. of this wood at $5.50 m3 would be $4 400 000.

Boed! Codlns
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The total estimated loss caused by the fiuoride in the uncontrolled stack
emissions i3 in the worst probable case $125 686 on an average per vear,
however, it should be recalled that this worst probable case is based on
the assumption that all the unaccounted for fluoride in the material
balance developed by W. R. and D. {22) was assumed to escape from the
stack as gaseous fluoride. While this is possible it is unlikely. It
therefore indicates that a complete material balance for fluoride, if
achieved would most likely reduce the. estimated loss from this cause
very considerably.

3. Summarv of Operating Emission Effects

The summary of anticipatec operating effects is shown in Table 5-7 below.

The values in the table are estimates of the annual value of the potential
growth reductions if the plant were built or Tosses because of the project.
It should be noted that the sulphur dioxide is assessed on the basis of

three alternative systems, while the fluoride is assessed on only one, which
also differs from the 50, system. The effects caused by S0, and fluoride are
considered for the purpose of this assessment to be additive. The literature
indicates that the effects could be additive or synergistic, although a
reduction of effect very seldom occurs. (81).

TABLE 5-7
SUMMARY OF ANNUAL VALUES FOR OPERATING EMISSION EFFECTS

Worst Probablg)
Control Systam Probable Case Case

Value of MAI affected by S0,-MCS-244 $ 700 $ 700
Vatue of MAI affected by HF-Uncontrolled - 125 685

Total 366 § 700 $126 386
Vatue of MAl affected by SDZ—MCS-366 $ 400 g 400
Value of MAI affected by Hf-Uncontrolled - 125 686

Total 366 § 400 $126 086
Value of MAI affected by SO,-FGO-366 $ 0 5 0
Value of MAI affected by HF-Uncontrolled

Total 366 0 125 686
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From these tables, 5-8 and 5-9, it may be seen that excluding the worst
probable case, the effect on allowable annual cut is mainly due to the
clearing of land for the site specific areas and it is precisely that
portion of the project’'s effect that has already been accounted for in the
allowable annual cut of the Botanie PSYU and therefore will not reduce the
current AAC.

TABLE 5-8 _
TOTAL ANNUAL VALUE_OF MAI LOSS FOR WET ASH DISPOSAL
Option 1
Control Source of Worst
Probable Probabie
Systems Loss Case Case
$ $
MCS-244 Site Specific Area 18 100 18 100
HF Emission Effect - 125 685
S0, Emission Effect 700 700
Total 18 800 144 486
MCS-366 Site Specific Area 18 100 18 100
HF Emission Effect - 125 686
S0, Emission Effect 400 400
Total 18,500 144 186
FGD- 366 Site Specific Area 18 100 18 100
HF Emission Effect - 125 686
502 Emission Effect - -
Total 18 100 143 786
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TABLE 5-9

Options 2 and 3 *

TOTAL ANNUAL VALUE OF MAI LOSS FOR DRY ASH DISPQSAL

gontro'l Source of Worst
Systems Loss Probabie Probable
Case Case
$ $

MCS-244 Site Specific Area 13 200 13 200
HF Emission Effect - 125 586

50 Emission Effect 700 700

Total 13 900 139 586

MCS- 366 Site Specific Area 13 200 13 200
HF Emission Effect - 125 686

SOp Emission Effect 400 400

Total 13 600 139 286

FGD~ 366 Site Specific Area 13 200 13 200
HF Emission Effects - 125 686

50, Emission Effect - -
Total 13 200 138 &6
* Both options have identical site specific values, thus the same

table is used for both options.
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TABLE 5-10

PRESENT VALUE * QF MAI LOSSES
PREDICTED FOR FUME AFFECTED AREAS

VALUES IN ${000)'s

Discount Probable HF Emission Worst Probable HF Emission
Fate S0, Control’ System | 502  Control System
MCS-244 | MCS-366 | FGD-366{ MCS-2441MCS-366 | FGD-366

0.03 15 9 0 27N6} 2710 2 701
0.04 13 7 0 2 %8| 2 353 2 A5
0.05 11 7 0 2 069 | 2 064 2 057
0.06 10 6 0 1833 1 828 1 822
0.08 8- 5 0 1472 1 469 1 464
0.10 7 4 0 1218} 1215 1212
0.12 6 3 0 1034 1031 1 Q28

* Yalue for 35 year period for emission affected areas.

Gos, Gy
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The present value of MAI Tost because of the fume emissions is calculated
for a 35 year period since ft is anticipated that fume effects will

cease upon plant shut-down (Table 5-10). The present values of MAIL

Josses for all ash dispesal options, SOp control schemes and HF emission
levels, are presented in Table 5-11 below. With the uncontrolled, probable
HF emission level, the total value of the AAC ranges between $110 000 to
$618 000 while with the worst HF emission Tevels anticipated the value

of AAC in perpetuity could be as high as $3 319 000, depending on

discount rate, ash disposal option and emission control method.

A comparison of the potential benefits to forestry without and with the
Hat Creek project considering a series of discount rates, three ash
disposal options, three sulphur dioxide control schemes and two levels of
nydrogen fluoride emission is givén in Table 5-12. The benefits range
from a high of $26 800 000 at 3% discount rate without the project to a
low of $5 500 000 at a 12% discount rate with project considering the
Teast effective sulphur dioxide control system and the worst level of
hydrogen fluoride emission.

Prediction of fume impacts on vegetation is not an exact science. Because
of the many unknown or poorly understood factors, intangibles, synergisms
and the highly varfable responses to documented treatments, the estimate
of allowable annual cut lost and its annual value each year is at a
confidence level of plus or minus cne order of magnitude.
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TABLE 5- 11

PRESENT VALUE * CF MAI LOSSES THAT WOULD ]
BE LOST FOR ALL OPTIONS AND CONTROL SYSTEMS
Values in ${000)'s

_ _Ash Probable HF Emission Worst Probable HF Emission
Discount| Disposal
Rate Option S0 Control _ System 507 Control _ System |
T“z@'—cs-z MCS-366 | -366 || MC3-244 | MCS-2366 | ?yaﬁﬁ?
Option
0.03 1 618 612 603 3 319 3 313 3 304
0.04 Wet Ash 466 460 453 2 81 2 806 2 796
0.05 373 369 362 2 431 2 426 2 419
0.06 Disposal 312 308 302 2136 2130 2 124
0.08 234 231 226 1 698 1 695 1 690
0.10 188 185 181 1 399 1 396 1 393
0.12 157 154 151 1 185 1182 1179
Option
0.03 2 455 443 440 3156 3150 3141
0.04 Dry Ash 33 337 330 2 688 2 683 2 675
0.05 275 2N 264 2 333 2 328 2 321
0.06 Disposal } 230 226 220 2083 | 2 048 2 042
0.08 173 170 165 1637 1634 1 629
0.10 Scheme 1| 139 136 132 1 30 1 347 1 344
0.12 116 113 113 1144 1141 1138
Option '
0.03 3 455 449 440 3 156 3150 3143
0.04 Dry Ash 343 337 330 2 688 | 2 883 2 675
0.05 275 . 2N 264 2 333 2 X3 2 321
0.06 Disposal | 230 226 220 2 053 2 048 2 042
0.08 173 170 165 1 637 1 634 1 629
0.10 Scheme II] 139 136 132 1 &0 1 347 1 344
0.12 116 - 113 119 1 144 1 141 1138

* Yalue in perpetuity for site specific areas, value for 35 year period for
emission affected areas.
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TABLE 5-12

COMPARISON QF POTENTIAL BENEFITS TO FORESTRY IN THE HAT CREEK

LOCAL STUDY AREA WITHOUT THE PROJECT AND WITH THE PROJECT

CONSIDERING DISCOUNT RATE, ASH DISPOSAL OPTION,

S0, CONTROL SYSTEM, AND HF EMISSION LEVEL

Values in $(090)

's

WITHOUT THE PROJECT “HITH THE PROJECT
Discount Total Kih ouaple BF Toisdion 1 Worst Probaple W IeisiTon |
Rate Potential Disposal q_ignz {ontrol System S02 Lontrol Systsn
Benefit Option C3-244 | MC3-308 n WS T WS-368 | Feb-%8 |
ne Sy
0.03 26 800 26182 | 26188 | 26 197 2348 | g3ear | 23496
0.0¢ 20 100 1963 | 19640 | 19 647 17289 | 1724 | 17 22
0.5 16 080 °"‘;°" 18707 | 187 | 15TNe 13649 | 1365 | 13681
0.06 13 40 Wat 12728 | 1272 | 1278 1095 | 180 | 1098
0.08 10 050 Dsposal | 9816 | 99 | gan axe | 835 | s
0.10 8 040 782 | 7885 | 785 6 541 G644 | 6647
0.12 § 700 6563 | G546 | 6549 s515 | 588 | 5352
0.03 26 800 2635 | 235 | 2560 2368 | 21650 | 23 659
6.08 20 100 option | 19757 | 1973 | 1970 a2z | rar | o17es
0.08 16 080 Dy 155 | 15809 | 15816 B | wmz | 137
0.06 13 040 Ash 1280 | 12814 | 12820 10987 | 30992 | 10 998
0.08 10 050 0isposal 9 a77 9 830 o 885 8q3 | &4 | 8an
0.10 8 040 Schene 7 301 7 904 7 908 § 690 6693 | 6695
0.12 6 700 6 584 6 567 5 590 5556 | 555 | 5 se2
0.03 26 800 U5 | 22631 | 2530 23644 | 23650 | 2365
0.04 20 100 ' Option 13 157 19 73 19 770 17 912 17 417 17 425
0.05 16 080 ooy 15805 | 15809 | 15816 By | 13m | 137
0.06 13 040 Ash 12810 | I2a¢ | 12820 10987 | 10982 ! 10 998
0.08 10 950 Dispesal | gapm | 9psp | 9as 843 | 846 | 8san
0.10 8 040 Scheoe 7 501 7 904 7 908 6690 | 6693 | 6696
2.12 § 700 6 584 6 587 6 590 5 555 5 559 5 562

— ————————

S, Codins
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8. Cooling Tower Emissions
No significant effects on forestry are anticipated because the potentially
harmful emission and deposition paths are contained within the site
specific areas.

C. Mine Air Emission

It is anticipated that the dust control will be sufficiently efficient
to avoid any significant effect on forestry. '

D. Mine Pit Dewatering
No significant impact on forestry is anticipated.

(iv) Decommissioning Impacts
There are no decommissioning impacts applicable to merchantable timber
stands.

(v) Summary of Project Impacts

The impacts of the project considered by the various altermatives are
sumiarized in Table 5-13-by cause, ash disposal option, air emission
poliutant control strategy and level and by area, volume and value. In
order to simplify the table only one discount rate 3% is used as an
illustration. The full range of discount rate variation effect is shown
in Tables 5-4, 5-10, 5-11 and 5-12.

The volume shown in the total column in Table 5-13 represents the esti-
mated volume of the current merchantable growing stock potentially im-
pacted by the proposed Hat Creek project. It is from this volume that pre-
mature mortality may occur from either plant construction or operation and
this timber could be prelogged in the construction phase or salvaged in

the operational phase. Merchantable timber not salvaged would count as a
loss to forestry because of the project.

The MAI colum predicts the loss of future tree growth that would result
if the Hat Creek project were implemented.

Rone, Lodlins
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TABLE 5-13

SUMMARY QF PROJECT IMPACTS
BY AREA, VOLUME AND VALUE

AREA VOLUME VALUE
Hectares | M3(000's)| ®AI $ $ (000's)
Total m3/yr. Annual Present Worth
at 3%
Site Specific
Option 1 4 320 157 3 290 18 100 603
Option 2 3 950 140 2 390 13 200 440
Option 3 3 900 140 2 390 13 200 440
Emissions
S0, - MCS-244 N/A 191 12 700 15
MCS- 366 N/A 135 77 400 9
FGD-366 N/A 0 0 0 0
HF - Probable 0 0 0 8 0
Worst Probable | 34 390 1 235 22 900 126 000 2 701
5.3 Comparison of the "Without the Project" and "With the

Project” Cases

The potential benefit of the forest resource of the Hat Creek local
study area without the project ranges from $26 800 000 (3%) to $6 700 000
(12%) according to the discount rate used.

The potential benefit of the forest resource of the same area with the
project ranges from $26 4C0 Q00 for FGD-366 Dry Ash Disposal Options 2 or 3,
probable hydrogen fluoride emission uncontrolled 366, at 3% discount rate

to $5 500 000 for MCS-244 Wet Ash Disposal, Option 1, worst probabie hydrogen
fiuoride emission uncontrclled 366 at 12% discount. The respective values
Tost are $400 000 and $1 200 00Q. Table 5-12 provides the complete series

of values showing alternative discount rates, ash disposals, sulphur

dioxide control systems and hydrogen fluoride emission probabilities.
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6.0 MITIGATION RECOMMENDATIONS

This section provides recommendations for mitigating the negative
impacts on forestry and estimates of the cost of implementing
these recommendations where possible.

Reconmendations are of a general nature in order to give B.C. Hydro and

Power Authority planners and engineers enough flexibility to deal with
individual problems.

6.1 Regional Study Area

(a) Monitoring Impacts on Tree Growth and Mortality

A lorg term plan to monitor the impacts on tree growth and tree mortality
is recommgnded. This will determine if any adverse effects do exist and
their dimensions so that rational actions may be taken only in response
to significant effects caused by the project.

Such 2 plan would:

(1) Provide maps of the extent of confirmed acute and chronic
fume damage, )

(2) Record the quantitative impact of the project on the affected
ecosystems,

(3) Provide a basis for adjudicating any possible future damage
claims by any parties claiming to be affected adversely.

More detailed recommendations as to methodology are provided in Secticn
7.0, Monitoring Program Recommendations.

e, Cadlins
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-
: {b) Entomological Study
L
An entomological study should be instituted for the years prior to
- project development and continued throughout the life of the project.
’ It would be desirable to begin work on the statistical design of the
study as soon as possible in order to maximize the time available to
-. ' gather baseline data before the generating plant begins operation.
= {1} Record baseline level of activity for the major insect pests known
€0 occur in the region during their active season within and adja-
-. . cent to the area of influence of the project, as appropriate to
| the specific insects'life cycles,
- | (2) Develop standard criteria or methods of meésuring insect activity
so that relationships to damage (kind and duration) can be
- estimated, ‘
) (3) Identify population trends with the objective of providing
é some predictive capacities concerming future population trends
- j and patterns of infestation, if possible,
i {4) Provide a diagnostic description of insect damage to forest tree
- species which should allow distinctions to be made between
insect and fume damage.
L

A major objective of the entomological study should be to demenstrate
- ; cause and effect linkages so that the effect of fumes on tree-insect

interactions can be determined quantitatively, with a reasonable degree
of accuracy.

- -
Many aspects of such a study are considered in the present work of the
- ' Canadian Forestry Service's Forest Insect and Disease surveys and
? associated C.F.S. research. It is recommended that B.C. Hydro or their
- - | representatives enter intc discussions with the C.F.S. officials with the
! objective of finding the best way to jointly resolve these questions.
- - | The B. C. Forest Service protection division foresters should also be
: involved. .
- Fe! G
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6.¢ Local Study Area

The following recommendations apply to areas within and adjacent to the local
study area because fume emission effects may extend beyond the 25 km
boundary of the local study area (72).

(a) Maintenance of 2 Green Forest by Intensive Forest Management

Monitoring of insect populations and permanent environmental sample plots
will help in correctly assigning the cause of mortality of any dead trees
that may occur near the thermal generating plant. However, regardless of
cause, dead and dying trees in the vicinity of an industrial pliant are
ustally considered by the general public to have been killed by the plant.
It is therefore strongly recommended that intensive forest management be
practiced in the area of influence in the vicinity of Hat Creek Valley.

The boundary of the Tocail study area should be redefined to coincide with
the probable boundary of the area of influence. Within this area intensive
forest management should be practiced and any dead or dying trees salvaged
imediately to minimize unfavourable aesthetic effect and public reaction.
It is recommended that all Crown land within the area of influence be placed
in a special management unit (5MU) wherein intensive local forest manage-
ment be practiced rather than the extensive management as normally applied
in B.C. The cutting rights held by operators now working within the
designated area of the SMU held under PSYU administration would be
transferred automatically to the SMU administration in order to aveid any
hardship or inequity. |

The forest management within the SMU should be carried out by professional
foresters under the authority of B. C. Hydro and Power Authority in associa-
tion with the B. C. Forest Service. At least one forester should be
maintained on location so that any unfavourable conditions may be recognized
immediately and appropriate action taken.

e, Codlins
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Since the major part of the SMU is within the Botanie PSYU, which already
has a reduced AAC to account for possiple open pit mines causing loss of
timber lands, the establishment of the new unit would have little addi-
tional effect on AAC. Intensive forest management, if undertaken, could
well justify an increase in the region soverall AAC.

The management plans for the SMU should consider the aesthetic interaction
of the proposed industrial complex, the forest, open range land and salvage
logging operations, as well as other uses. A landscape architect

should work closely with the foresters to design aesthetically

acceptable logging patterns. [t is very likely that the thermal generating

plant will become a tourist attraction and therefore the plant - mine
compiex, the immediate surroundings and the setting should be kept as
aesthetically pleasing as possible.

Upon complete decommissioning of the plant-mine facilities, the SMU could be
returned to its original status.

The maintenance of a healthy green forest, a model forest, with no dead and

dying trees or obviously contrasting logging scars, is the best possible
mitigation against adverse public reaction.

(b) Mutual Use of Access Roads

New roads should be located to minimize conflict with long term

logging operations and the high recreational traffic volume on Highway 12
during the summer months.

The principal operator in the development area, Evans Products Ltd., will
require logging access through the Medicine Creek area. A special

study is recommended to coordinate the location of the required roads,
transmission lines, water pipes, canals and disposal areas so that no
facility impedes the location and engineering requirements of the other
facilities. Mutual use of an access road for construction and logging
traffic can be accommodatad, especially if only radio controlled traffic is

EZZKZMQ
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allowed. Advantages of mutual use access roads include reduced overall
road costs and reduced forest acreage taken out of production.

If mutual road use is not possibie, at least one new logging road

is likely to be required from Fish Hook Lake up to the 1 205m (3 950
foot) contour on the south side of Medicine Creek (see Addendum 1),
If built to Class 5 standards with a normal legging road standard of.
vertical and horizontal alignment, such a2 road would require about
29 km (18 miles) of new road construction costing about 5200,000.

{c) Tree Regeneration Trials

Regeneration of denuded or semi-denuded lands is very difficult in the

area because of the hot dry summer climate and low annual precipitation

as evidenced by high soil pH and high levels of soluble salts in most of

the topsoils on elevations belew 1 300m, including elevations below 1 200m
on north facing siopes and up to 1 350m on southwest facing slopes. Plaating
trials should begin before or very soon after project start-up because of
the difficulties anticipated in establishing vegetation and tree receneration.
Reclamation experiments should be aimed at determining which species or
varieties will do the best in this area, the local time for sowing cr
planting trees and the silvicultural treatments required. Experimental work
should also include soils and material from various levels of various over-
burden locations to determine suitability for use as topsoil in reclamation
projects. The topsoil present in the area before construction may not be

the best soil for reclamation purposes. Trees, shrubs and herbs native to
Brizish Columbia should be preferred in reclamation work as most likely

to produce the best results in growth and be disease-free. Caution

should be used in introducing exotic species that may be carriers of

disease or insect pests not now present in the region.

Tne, Codllns
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(d) Reclamation Objectives

The disposal areas can be restored to forest but site productivity for
wood production is likely to be low. The dry ¢limate, fine textured
soils and high summer temperatures will severely restrict tree
regeneration on barren areas,especially at elevations of less than 1250
hetres. Given these constraints, reclamation for forestry purposes is
difficult.and can be expensive. Reclamation efforts should be oriented
towards aesthetic, wiidlife and agricultural goals, especially at the
Tower elevations.

6.3 Site Specific Study Area

(a) Coordination of Logging and Clearing Plans

Should the Hat Creek Projact proceed, it is recommended that B.C. Hydro
contact the B. C. Forest Service and Evans Products Limited to coordinate
the 1978-80 logging plans with site specific clearing plans in order to
expedite the harvesting of all merchantable timber.

For optimal clearing benefits and maximum wood utilization, Togging
method and specifications should be changed and cutting permit cut blocks
relocated to match the various site specific locations of the sroject.
Arrangements should also include the B. C. Forest Service, Kamloops
District - Area forester so that certain regulatory limitations can be
relaxed (eg: clear cutting replacing selective legging) where appropriate.
Although slashburning or other hazard abatement procedures should be
continued, planting requirements should be omitted on these areas.

ﬂ-«i rﬁ/éa.ﬁ




=130 -
(b) Buffer Zones

Both flooding and deposition of soil around the stems of trees will result
in oxygen deprivation of the roots and cause mortality.

In those areas where flooding or deposition of overburden or soil material
is to occur, a buyffer zone adjacent to the affected site should be ¢leared
of trees to prevent the possibility of an unsightly ring of dead trees
around the facilities. Groups of dead trees, especially when adjacent to
1iving forests, are an insect and fire hazard that should be avoided,
especially in the Hat Creek area where the summer climate is very hot and

dry.

Lfonstruction debris, particularly flammable debris such as paper, lumber,
cariboard and wood shavings, should not be piled or deposited within 1 km
{x mile) of the edge of a continuous woodiand {refer to Sections 100 to-

124, Part XI of the Forest Act - Province of British Columbia).

(c) Use of Logs as Insect Traps

In those areas where jogging can precede the clearing and construction phases
by € to 12 months, trees should be felled, buckad, decked in the spring and
left to attract an invasion by bark beetles. Once the invasion has occurred,
usually by mid July,the logs can then be trucked to the mill where the beetles
will be destroyed during the manufacturing process. This form of bark beetle
control is currently used in the area and should be continued during

the construction period.

Logging stash left after harvesiing attracts and becomes the home for a
variety of forest insect pests. These populations so formed often become a
base from which attacks spread to adjacent forests. Occasionally these
attacks are of epidemic proportions, and slash disposal, either by broad-
cast or pile and burn methods, could be timed so as to destroy as many
insect pests as possible.

Aonea! Codllns
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7.0 MONITORING PROGRAM RECOMMENDATIONS

In accordance with the terms of reference and proposal for the detailed
environmental impact assessment for B. C. Hydro's proposed Hat Creek
thermal generating project, an analysis of the requirements for a long
term monitoring program of the impacts of air emissions on the forest

| vegetation has been preparad.

In this general analysis of the parameters necessary for a scientifically
valid long term monitoring program, concentration has been placed on pro-
viding a framework into which site specific considerations can be most
effectively fitted. The program should focus upon the following gquestions
in relation to the effects of sulphur dioxide (502) and hydrogen fluoride
. (HF} emissions:

{ 1. What type of response can be expected from individual plants?

How will this response influence their competitive ability?

How will changes in competitive ability influence plant succession?
How long will it take for changes to be detectable in the field?
Hoﬁ can changes be documented?

What study methods would be most effective in gbtaining the
necessary documentation?

Oh B o N

‘ 7. How can the monitoring program aid in mitigation and reclamation
i planning?

Plants can be expected to have an altered metabolism, with the most
srobable result being lowered photosynthesis and reduced growth.

A considerable variation in the degree of response can be expected between
species, and between individuals within a species.

The relative abilities of the plants in the community to obtain light,
~ water, and nutrients will probably change because of individual and
. species differences. In the most probabie situation all plants will suffer

QMI‘ %?/dlu




-132 <

a reduced competitive ability, although it is possible that some plants
may be stimulated. Plant succession can be expected to be modified in
response to the new factors in the environment, resulting in a changed
community structure. There is reason to expect that some air pollutant
susceptible species may disappear over a period of time, resulting in
plant communities which are simpler than those which would have occurred
without the additional selective pressure.

Very little is known about the rates of successional change which can be
expected with elevated levels of sulphur dioxide (S0p). In situations
following fire, logging, agricultural abandonment, and massive soil
movement, the rate of change is initially quite rapid, but decreases
gracdually after invading species have become established. In the
situation anticipated, this pattern will probably be rare because the
successional change will start with established vegetation. It is most
protable that changes will be gradual and quite subtle. The study design
shot1d allow for either condition, as well as for an accelerating rate of
change should chronic effects approach possible critical threshold levels.

Documentation of changes will require establishment of permanent sample plots
with repeated measurement of the same vegetation characteristics at these
fixed plot locations over the operating Tife of the thermal generating

plant and for some time after operations have stopped. This will demon-
strate whether or not the plant communities are continuing to react to
residual effects. Reliable documentation can be obtained only by compar-

ing vegetation which is being subjected to the effluent to similar vege-
tation which is not. Standardized forest and vegetation inventory data
should be based on a sound statistical design to take advantage of prac-
tical experience in interpretation of forest ecological data.

The most effective study methods to obtain the necessary documentation
would depend upon the types of vegetation to be studied and the access.
Standard field sampling techniques for overstory and understory vegetation
are available using fixed area or prism point samples. The number of

Soca! Colins
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plots would be a function of the number of vegetation types which must be
sampled, the extent by area of the expected influence zone, the complexity
of the topography and soils, and the statistical variance between plots.

The use of jow level ‘infrared aerial photography as a tool in monitoring
stress in vegetation caused by environmental or external factors should be
considered (76). The technique is under development presently in B.C.

and could prove a practical method of monitoring stress and any change

in stress in the Hat Creek vegetation (77).

The monitoring program siould include sampling of the fluorice content
of the foliage of the Hat Creek vegetation. The results from such a
sampling program can be quite misleading if not conducted, analysed and

assessed by experienced personnel. The recording method and standard-
jzation of sample collection can be quite critical. Laboratory tech-

nique is now well developed for fluoride determination but cross-

thecking is still useful, especially when results do not fit the expected
pattern. Quick recognition of this is important to resample the vegetation
in as close as possible to the condition of the previous suspect sample in
order that it may be proven or disproven. Field sampling design should
also consider pollutant sensitive species such as Douglas-fir and ponderosa

pine and also wildlife browse, orasses characteristic throughout the
area of range, and lichens. Preliminary results of sampling for fluoride

content indicate strange anomalies which may be characteristic of the area
or of the sampling. This should be resolved, particularly for the grass
with its importance to the range cattle.

The monitoring program can aid in mitigation and reclamation planning

by incorporating a systematic search for native plants which are

resistant to the effects of the effluents, and by developing a stock of
these resistant plants for revegetation of denuded areas. These resistant
individuals are usually too widely dispersed to interbreed and
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recolonize the area without assistance. Also, the monitoring program
should be designed to identify areas where mitigation measures may be
necessary as soon as such problem areas can be identified. For this
it would be necessary to survey the airshed each year in addition to
periodic remeasurement of permanent sample plots.

In general, the program which is recomﬁended would incorporate the
foliowing: ‘

ase Collns

.l‘

Stratification of the influence area of the thermal generation
plant into high, medium, low, and no probable increase in

ambient 502 and related HF based upon the meteorological mocel
of the airshed;

Stratification of the vegetation in the influence area into
vegetation types based upon species, soils and landform in a site
specific refinement of Krajina's biogeoclimatic classifications
(78, 79, 80);

Location of permanent sample plots wifﬁin each vegetation type

to give a statistically valid sample with controls for the high,
medium and Tow predicted impact zones (Note: because data are
needed to calculate the necessary replication, a pilot study
should be done to estimate variance). Tree ring analysis of growth
rates before and after the thermal plant begins operation and
within and without the actual fume path,once its location i3
determined from experience,will also help to give quantitative
estimates of changes in growth rates.




- 13%5.

b
|
| 4. An experimental design which will allow changes in th2 numbters
i of plots as experience with actual plume behavior is gained;
|

5. An annual survey of the airshed by qualified professionals to
asseés localized and general vegetation response, including
phenclogical data such as time of growth initiation, flowering,
fruiting, and dommancy;

6. A systematic sea?ch for individual plants resistant to the
effects of SO2,HF or other pollutants for use in reclamation
plantings.

A detailed phase should be planned to incorporate the information from

the detailed environmental impact assessment as it becomes available, and

to concentrate on site specific considerations. Some of the detailed design,
such as decisions on types of data to collect and analysis techniques, can

be done independently of site specific considerations. It would therefore

be more efficient to initiate the design phase early in order to maximize

the time available to gather baseline data before the thermal generating
plant begins operation. Detailed design is estimated to regquire about

six months to aliow for a pilot field program and the availability of
neteorological, soils, and vegetation data.

‘ 3ecause of the complexity of the study design considerations, the need
for the maximum amount of time to gather baseline data so that the control
and study plots can be correlated, and the requirement that the monitoring
program be sophisticated enough to remain valid for several decades, it is
~ecommended that a detailed design be funded and initiated as soon as

i possible, to be followed by a pilot study and monitoring program. These

! should commence prior to operation of the thermal plant.

3?--/. orlons




- 136 -

SECTION 8.0 - GLOSSARY

Alienated Land

- Crown grants for which title is held in fee simple, including Crown
granted lands within tree farm licenses (Schedule "A").

- Federal Tands including: National Parks, Indian Reserves and other
lands controlled by agencies of the Federal GovernmentZ,

Allowable Annual Cut (AAC)

This is the estimated average volume that may be harvested annually
from a forest unit which will result in the eventual attainment and

- perpetuation of an approximately norma) distribution of age classes,
normal stocking, and a sustained-yield. The Allowable Annual Cut
estimates2 in this report are only possible if all logging operations
are conducted at the Close Utilization Jevel.

Boerd Foot

A board foot of lumber is the amount of timber equivalent to a piece 1 x 1
feet and 1 inch thick, equal to 1/12 cubic foot, being the unit in board-
foct measure. The board-foot measure of surfaced timber is based on
nominal size 10. This should be distinguished from a board foot log scale
which is defined by and varies according to the log scale used.

Close Utilization

The Forest Inventory Division of the B.C. Forest Service has established
a standard utilization level to describe the useable portion of a tree
stem as follows:

All firm wood between 2 one-foot stump height and a four-inch

top diameter inside bark. Included are stems 7.1 inches and

over in diameter at breast height, except for lodgepoie pine,

which is 5.1 inches.l
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Conversion Return
-
The selling price of the appraised end product (e.g. logs or Tumber)}
- less the cost of producing the appraised product 1is the conversion
return.
M
Crown Lands
|
- | As defined by the Forest Act means such ungranted Crown or public

lands or Crown domain as are within and belong to Her Majesty in
- : right of Province, and whether or not any waters flow over or cover
the same, and lands forfeited to and vested in the Crown urder the
provisions of the Taxation Act, and lands given or devised to the

“-
| Crown by any person, and lands purchased or acquired by the Crown.
i
- - : Cunit
. 100 cubic feet of log or standing tree, solid measure, bark free
- | woodz.
\
- - DB
|
f Diameter of Tog measured inside the bark,
.‘,- .
!
- bed
-xn ;
i This is the abbrevimtion for diameter at breast height. In order to
- f give a common, yet convenient datum level, the diameter of all trees

outside bark is measurcd at 4.5 feet above the point of germination.
For example, in this report, volumes at 7.1" + DBH {or dbh) include

‘1
- ! trees 7.1" and larger?,
- : Discount Rate
- |
[ An alternative rate of return {interest) for discounting future forest
- ]
- ‘ values, assuming constant dollars. (Expressed as a decimal equivalent
to the appropriate percentage rate).
- - .9?«.’. ﬁgﬂu
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Immature Forest - see mature forest

Matire Forest

Mature and Immature Forest stands contain an acceptable number of trees
per acre, the oldest stands being called mature and the youngest immature

s fo11ow52
Year Broad-leaved | Lodgepole and A1l Qther
Age of Stands Whitebark Pine | Coniferous
5roup Survey (years) Stands (years) | Stands {years)
Imnature Pre-1963 1-40 "1-80 1-120
1963+ 1-80 1-80 1-120
Mature Pre-1963 i 41 and over 81 and over 121 and over
1963+ 81 and over 81 and over 121 and over

Mean Annual Increment

Mean Annual Increment2 (MAI) is the annual growth in cubfc foot volume

ner acre averaged for the toctal age throughout the life of a forest.

MAl = Bresent voiume. In this report the culmination

present age
nf MAI at rotation age is the value of MAI quoted.

Non-Commercial Cover (NCC)

Includes all non-commercial vegetation now occupying productive
forest 1and2.

Not-Satisfactorily Restocked (NSR)

Stands that have been disturbed over 75 percent by fire, logging, wind,
insect, disease or other disturbances, and have not re-stocked with

sufficient numbers of commercial speciesz.

Tt Coddins
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Public Sustained-Yield Unit (PSYU)

This is an area of Crown land, usually a natural topographic unit
determined by drainage areas, managed for sustained-yield by the Crown
through the British Columbia Forest Service. They include all Crown
Jands within the currently established boundaries of the unit, and

exclude Federal lands, Provincial Parks, Experimental Forest Reserves,

gazetted watersheds, and Tree Farm Licensesz.

Residual Forest

Stands which have been disturbed 26 to 75 percent, usually by loggina
although other causes such as fires, insects or disease may be
responsible for the disturbance. These all-age remnants of a stand
usually result after diameter-linit cuttingz.

Rotation

Rotation is the planned number of years between the formation or
regeneration of a crop or.stand and its final cutting at a specified
stage of maturity10. For the purpose of this report the rotation of
maximum volume production is used which is that rotation which
coincides with the age at which the mean annual increment culminates

. 0
and hence yields the mcst wood per unit area per annum ~,

Tree Farm Lizense (TFL)

A tree farm license is an agreement between the Crown and the owner of
other tenures to combine such cother tenures and Crown forest land for

the purpose of management. This form of forest alienation permits the
establishment of single, managad units which can be planned for on a
sustained yield basis i1 areas which, due to various ownership paterns,
could not otherwise be afficiently managed. The agreement reserves the

area to the sole use of the licensee to harvest the growth in approximately
equal annual or periodic cuts, adjusted to the sustained yield of the lands,

to provide a source of raw materials for predetermined plants, owned or

—— COnitrolled by the h'cens;ee.7
e, Cortbins
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Abbreviations

Allowable Annual Cut

acres

above sea level

British Columbia Forest Service
British Columbia Railway

Bone Dry Unit (wond chips) -
board feet

Breast height, 4.5 feet above mean ground line
Canadian Forestry Service
centimatre '
Canadian National Railway
Canadian Pacific Railway

Close Utilization

100 cubic feet (12g)

diameter at breast height
diameter inside bark
Environmental Protection Area
Environmental Protection Forest
feet

cubic feet

hectare

inch

kilometre

square kilometre

metre

square metre

cubic metre

mean annual increment
Non-commercial cover

Not sufficiently restocked
plywood

Public Sustained field Unit
Residual, timber remaining after selective logging
tonne = 1 000 kilograms

Tree Farm License

Timber Sale Harvesting License
Timber Sale License

Veneer
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- 8.2 Conversion Factors
- 1 Bone Dry Unit (BIU)* of = 2 400 pounds at 0%
- wood chips in B.C. moisture content
Interior only. {bone dry)
- = ] cunit solid wood
— ) {approximation)
= 2.832 m3 solid wood
- (approximation)
1 centimetre = 0.393 7 inch
- 1 cunit = 100 cubic feet roundwood
| = 2.831 65
- ] hectare (ha) = 2,471 Q05 acres
1 cubic metre (m°) = 35.315 cubic feet
- roundwood roundwood
1 cubic metre = 424 board feet sawn lumber**
- sawnwood
1 000 square feet plywood = 31.25 cubic fert plywood
3/8" thickness basis 0.885 m3 plywood
-
1 metre = 3,281 feet
- 1 tonne : | = 1,102 31 tons
' 1 cm/ac. N = 5.997 m3/ha
- 1 m3/ha = 0.1429 cm/ac.
- * The bone dry unit is the commercial unit used for sale of wood chips
in the British Columbia Interior and is defined as 2 400 pounds of
. chips, bone dry. As yet there is no official conversion factor of a
BOU to metric units. The pulp industry has indicated a preference for
use of solid wood equivalents rather than weight for future metric
- - usage. Therefore, the metric unit will likely be a cubic metre {solid
wood equivalent).
il -

** See following page

Pose! oridns
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On a solid wood basis a BOU- fs currently and unofficially considered
to be equal to one cunit. This varies by species. Based on average

B.C. Interior wood density values the solid contents of cne BDU per
species are:

Species Cubic Feet m3
Spruce 107.1 ) 3.03
Fir 8s5.5 2.42
Lodgepole pine 94.1 2.66
Balsam 113.1 3.20

** The Sawn Lumber Conversion Factor commonly in use in Canada is 1 cubic

metre = 424 board feet. This factor {s also used by many other

countries., This factor is exact when wood is sawn in exact dimensions
(eg. a 2" x 6" board has these exact dimensions). In practice, lumber

dimensions are nominal values and a 2* x 6" board will be green rough
sawn to 1 13/16" x 5 7/8" and when dried and planed will be 1 1/2" x

5 1/2%. Thus, the green rough sawn board is 88.7 percent of nominal
volume and the planed and dried board is 68.75 percent of nominal. The
ratios between exact and nominal sizes vary for the dimensions
produced. ’ ; '
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8.3 Species by Name and Symbol
SPECIES SPECIFIC NAME SYMBOL
Alder Alnus
Red Alder * A, rubra Bong. D
Balsam Abies
ATpine Fir F. lasiocarpa (Hook.) Nutt. 8
Amabilis Fir * A. amabilis (Dougl.) Forb. 8
Balsam Fir * Y Dbalsamea (L.) Mill. 8
Grand Fir A.grandis (Dougl.) Lindl 8
Birch Betula
White Birch 3. papyrifera Marsh. Bi
Cedar Thuja
western Red Cedar T. plicata(Donn.) c
Cypress Chamaecyparis
Yellow Cedar * (.. nootkatensis (D.Don) Spach - Cy
Douglas-fir Pseudotsuga
Douglas-fir — P, menziesii (Mirb.) Franco F
Hemlock Tsuga
Mountain Hemlock * T, mertensiana (Bong.) Carr H
Western Hemlock T. neterophylla (Raf.) Sarg. H
Larch Lgi[_a_(_
ATpine Larch * . lyallii Parl. L
Tamarack ® . laricina (DuRoi.) K. Koch L
Western Larch .. occidentalis Nutt. L
Maple Acer
Proadleaved Maple | ~* A. macrophylium Pursh. Mb
Pine Pinus
Todgepole Pine 7, contorta Dougl. Pl
Western White Pine P. monticola Dougl. Pw
Whitebark Pine P, albicaulis Engelm, Pa
Ponderosa or Yellowy  P. ponderosa Laws. Py
Pine

Poplar Populus

Aspen '_lﬁf;-f¥emuloides Michx. A
Balsam Popiar * P balsamifera L. Cot
Black Cottonwood P, _trichocarpa Torr. & Gray Cot
Spruce Picea

Black Spruce * P, mariana (Mill1) B.S.P. Sh
Engelmann Spruce P, engeTmanii (Pary) s
Sitka Spruce * P, sitchensis (Bong.) Carr. S
White Spruce P. glauca (Moench) Voss S

Norway Spryce

* . apies (Karst.)

* Species not occurring naturally in Regional, Local or Site Specific Areas.

S, Coddlns
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ADDENDUM 1

MAP OF THE REGIONAL STUDY AREA
1:250 000
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ADDENDUH 2

LIST OF ESTABLISHED LICENSEES BY PSYU

Big Bar PSYU
Cariboo  Forest District Portion

Timber Allocations as of January 15, 1977.

Licensee Allocated Total Cut
(Cunics)
Ainsworth Lumber Company Ltd. 50 009

P.0. Box 67
100 Mile House, B.C.

Green Lake Forest Products Ltd. 5 067
Pigeon Sawmill Ltd. .
70 Mile House, B.C.

Komori Equipment Ltd. 25 577
765 West 39cth Avenue
Vancouver, B.C.

Pinette & Therrien Mills Ltd. 17 827
R.R. #3, Glendale Drive
Williams Lake, B.C.

Subtotal 98 471

Kamloops Forest District Portion

Timber Allocations as of January 1, 1977.

Licengea Allocated Total Cut
{Cunits)
Gateway Lumber Company Ltd. 1 427
Box 127
Savona, B.C.
Savona Timber Holdings Ltd. 41 013
Box 127 ——
Savona, B.C. : Subtotal 42 449
TOTAL 146 911 or 399 Ol1 md

Total AAC for Big Bar PSYU = 177 813 cunicts:
Total Timber Allocations = 79% af AAC,

o’ Codlira
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ADDENDUM 2

LIST OF ESTABLISHED LICENSEES BY PSYU

Botanie PSYU

Kamloops Forest District

Timber Allocations as of

Licensee

Ainsworth Lumber Company
Box 67

100 Mile House, B.C.
Evans Products Ltd.
Box 127
Savona, B.C.

B.C. Forest Products Ltd.
1050 West Pender Street
Vancouver, B.(C.

Komori Equipment Lcd.
765 West 39th Avenue
Vancouver, B.C.

Pinerte & Therrian Mills
R.R. #1 Glendale Drive
Williams Lake, B.C.

Savona Timber Holdings Ltd.

Box 127

Savona, B.C.

Weyerhaeuser Canada Ltd.
Box 820

Kamloops, B.C.

Total AAC of Botanie PSYU

Total Timber Allocations

AW

January 1, 1977.

Allocated Total Cut

{Cunits)
Ltd.

18 793

46 1347

220

Led. 587

22 013

17 413

TOTAL 114 393

or
= 144 370 cunits:
= T9% of AAC.

9 000

323 921 =

3
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ADDENDUM 2

LIST OF ESTABLISHED LICENSEES BY PSYI

Kamloops PSYU
Kamloops Forest Districe

Timber Allocations as of January 1, 1977.

Licensee Allocatad Total Cuce

{Cunits)

Aspen Planers Ltd. 1 403

Box 160

Merritt, B.C.

Balco Industries Ltd. 80 583

R.R. ’3

Kamloops, B.C.

Crown Zellerbach Canada Ltd. 22 556

Box 220

Kelowna, B.C.

Weyerhaeuser Canada Ltd. 27 170

Box 800

Xamloops, B.C.

TOTAL ) 111 712

or 316 329 !3

Total AAC of Kamloops PSYU = 117 298 cunits:
Total Timber Allocations = 95X of AAC.

rdt Codtlns
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ADDENDUY 2
LIST OF ESTABLISHED LICENSEES BY PSYU

Lac 1a Hache PSYU
Cariboo Forest District

Timber Allocations as of January 15, 1877.

Licensee Allocated Total Cut
{(Cunits)
Ainsworth Lumber Company Ltd. 21 000

(Clinton Complex)
P.0. Box 67
100 Mile House, B.C.

Ainsworth Lumber Company Ltd. 67 893
P.0. Box 67
100 Mile House, B.C,

Canima Lake Sawmills Ltd. 88 203
P.0. Box 2179
Vancauver, B.C.

Carihoo Cedar Products Ltd. 1 000
P.0. Box 39
100 Mile House, B.C.

Green Lake Forest Products Ltd. 3 973
70 Mlle House, B.C.

TOTAL 192 069

or 543 87Zn3

Total AAC of Lac ls Hache PSYU = 337 036 cunits:
Total Tifmber Allocations w 572 of AAC.

A, Codibas




2(n}

ADDENDUH 2
LIST OF ESTABLISHED LICENSEES BY PSYU

Nehalliston PSYU
Kamloops Forest Diétric:‘

Timber Allocations as of January 1, 1977,

Licensee Allocated Toral Cut
(Cunits)
Fadear Creek Lumber Company Ltd. 52 2913

Box 520
Kamloops, B.C.

Gilbert Smith Forest Products Ltd. 1 447
585 Tunstall Crescent
Kamloops, B.C.

McMillan Contractors Ltd. 9 460
Box 40
Lone Butte, B.C.

Poucher Industrial Lumber Ltd. 100
P.0. Box 86438
North Vancouver, B.C.

Rosen A.K. 10
Box 12 ‘
Barriere, B.C.

Weyerhaeuser Canada Ltd. . 34 773
Box 800

Kamloops, B.C.

TOTAL .98 083

or 277 73743

Total AAC of Nehalliston PSYU = 120 341 cunics:
Toral Timber Allocacions . = 81,52 of AAC.

.‘:‘fn/. rm'a.i
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ADDENDUM 2

LIST OF ESTABLISHED LICENSEES BY PSYU

Nicola PSYU
Kamloops Forest District

Timber Allocations as of January I, 1977.

Licensee Allocaced Total Cut
(Cunits)
Aspen Planers Ltd. 24 B6O

Box 160
Merritt, B.C.

Nicola Timber Ltd. &

Nicola Valley Sawmills . 46 334
Box 39
Merrice, B.C.

Northwood Properties Ltd. 1 600
304 Martin Street
Penticton, B.C.

Weyerhaeuser Canada Ltd. 54 832
Box 890
Kamloops, B.C.

TOTAL 127 626

or 361 392 n3

Total AAC of Nicola PSYU = 137 359 cunits:
Total Timber Allocations = 532 of AAC.

Hnd Codiins
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ADDENDUM 2

LIST OF ESTABLISHED LICENSEES BY PSYU

Yalakom PSYU
Kamloops Forest District

Timber Allocations as of January 1, 1977.

Licensee

Commercilal Lumber Compa
30x 380
Lillooet, B.C.

Allocated Total Cut

ny Ltd.

patsum Lumber Company Ltd.

Lytton, B.C.

N'Quatqua Logging Company Led.

D'Arey, B.C.

Total AAC of Yalakom PSYU = 231 751 cunits:

Total Timber Allocations

o 'f:/({tm

TOTAL

= 77X of AAGC.

or

(Cunits)

165 771

10 000

3 330

179 101

507 151m°
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M3

ADDENDU;
REGIONAL STUDY AREA

AREA SUMMARIES BY SITE CLASSES FOR PSYUs, TFL #35 AND

ALIENATED LANDS WITHIN THE REGIONAL STUDY AREA

Tabular Values in 1 000 Acres

CROKY LANDS - PSYDls A3

e

SITE CLASREy e | 1
WEDITY ro0R Lov ae_
' 122.0 02.2 [20.4 |1 sk | 4.
? 174,2 4223 |17 s12.8{ 1.
0.6 1745 1.6 | 3.4 8.1 | 163,
2.0 0.0 159.0 | 3.2 “s.2 ] 136,
125.0 1103, 2.7 | 02 265.7 | 100,
19.0 19.6 181, 1.8 .1 121,
15.9 118.0 264.9 |17.7 196.5 | 14.
R I 2195.6 | 76,6 |3 seb.9 1 %45,
5.5 3.2 131 a1 b 9.6
3426 1 120.8 21389 | 76.7 |3 %40.0 -
556.8 8656 | 311 - L 5984
ALTDIATED Layes
FT‘;"’ SITE cas
I oo | MENTON Yoor o9
G AR 2.1 7.1 e | 17
MWIASIE t.b 10.2 X RN
EALOOPS 1.9 4.4 8.8 ) 1.3
LAC LA RACIR 1.0 4.3 2.1 | 0.3
KERALLISTOW 6.7 0.7 ol -
Krcota 4.0 67 8.7 | 0.1
YALAKON bé 1.7 w0 [ L7
[SURTOTAL
TS 2.7 1221 188.3 | 6.6
™. 93 ] [ ] o 9, o
TOTAL Ae 1.7 2.1 18,3 | 6.4 8.7 -
TOTAL ha [ N Ll M) 4.2 2.7 - 137.
JOTALS - CROWX AXD ALIDXATED
TSI TOTAL
" SITE CLAssES s 000
™, coop xEDIN poOR o % |
BE BAR n.0 49,1 Tie 8 | 0.1 1 164.0
otantt %1 14,4 441.3% 18,5 87%.%
FAMLOOPS W.5 194.9 226.4 [ ] A0é.7
LAC LA HacHE 0.0 1.3 tal.1 | s.7 338.1
KERALLISTON .7 Lis.0 2.4 o.7 247.1
RECOLA 5.0 17.3 Hes | 1.9 N6
YALAKCH 12.3 i X 2689 | 194 4355
SUSTOTAL
pSYUs 129.2 1 4hg.? TI2LY | 02,2 | 42084
T oM .9 Wt 3] et 7.t 9.4
TOTAL Ac 3.3 1 sa1.9 3.2} 8% |4 -
TOTAL he 147,90 w2 il 3.8 - {1 7.3

A . ————
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ADDENDUM 3
AREA SUMMARIES BY FOREST TYPES FOR PSYUs, TFL #35 AND

ALIENATED LANDS WITHIN THE REGIONAL STUDY AREA

Tabular Values in 1 Q00 Acres

CROLY LANDS - PSYUw AND TPL 133

331 TOTAL AL
p FOREST TYPES : 000 1 000
vt NATURE ISSATURE | BES. oAt 1] KG ¢ ha
3C ML 434.2 $32.2 0.7 1.2 | 6.2 |1 1888 1,
BOTANIL 07.4 197.6 %4 3.8 | 0.8 ma m.
KAMLOOHS 185.9 188,86 155 1.9 | 0.2 i08., 1 145,
LAC LA RACRE 190.0 181.2 3.0 . | 0.2 86,2 196,
FEMALLI STOX 152.3 109.2 9 8.1 1.4 163.7 107,58
N1COLA 147.3 128.2 1.8 15.4 | 0.4 199.1 111.0
TALAKON 192.) 199, % 0.3 1.3 | 0.3 39653 160. 8
[SORTOTAL P’ 6.9
25T 1929.7 t 706.5 us. 106.0 | 6.9 | 3 846.9 3 563,
m 1S 32.7 .4 - a8 | 23 3.1 21.4
TOTAL Ac 1 %24 t 1. 118.7 109.8 1 5.3 |} 900 -
TOTAL ba 794.2 704.0 4.1 LT N WY - 1 s%h. 4
ARIENATED LANDS
— e N
U TOTAL TOTAL
' PORESY TYPES 1000 | 000
m MATURE 1A ; erstowar | wsu e ag »a
G 3AR 1.9 .7 2 or | o 73.5 .
BOTANTE 19.7 19.4 b6 66 | 0.4 10.7 ..
LANLO0TS 18.7 n.2 1.4 1.3 | o 8.4 3.
LAD LA RACKE m.? ».r 1.4 1.2 | 0.3 n.y .
FERALLIITOS 0.9 0.6 [ [ e 1.3 .
EICOLA 1.4 20.% 6.1 b4 | 0.8 4L.3 18,
TALAKDN 11.9 3.9 0.3 .8 | 0.t ».9 15.
SUSTOTAL
b 113.9 171.6 .4 0.2 | 1.6 . 137,
™ 138 [ 9 (] 0 (] ] °
TOTAL Ac 113.% 1714 N4 0.2 | 1.4 .7 -
TOTAL ba 461 “.5 12.7 8.2 | o - 37,4
JOTALS - CROUN AXD ALIEMATED
i . “TOTAL
fy JOREST TIPES 1000 | 1 ooo
L_ITL NATIRE IewrTvng i mestouat | owsm | we 3¢
BIC BAR 4841 .y n.e i1y 9.2 1 254.9 sti.
WTants 1.1 7.0 ».9 ws | Lo 1.5 53,
EANLOOPS o1.4 nrns 1.8 2.2 | 8.2 6,7 .
LALC LA RACHE 8.7 ni.1 L ) 12.3 1.0 38,1 128,
NERALLISTOM 131,7 jo%.3 [ 0.4 | 3.6 w1l 108
KICOULA 154,4 149.1 1.y 7.0 | 1.2 %o.4 132,
TALAKOX 06,0 213.4 o.é 1.3 | 0.4 413,3 1263
SUBTUTAL
piu 1 0434 1 81,4 18,1 128.2 | 1.8 | 4 205.¢ |1 1001
™. 18 32,2 .1 ° 38| 33 7.1 9.4
TOTAL Ae 1 07e.3 1 1.2 150.1 130.0 [ 13,3 ] & 2787 -
TOTAL ha 840.3 .3 1.3 3.6 1 4.5 - 1 M.

At A A i ————
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ADDENDUM 4

MATURE STANDING VOLUME BY SPECIES ON CROWN-OWNED PORTIONS
OF PSYUs AND TFL #35 WITHIN THE REGIONAL STUDY AREA
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ADDENDUM 4

REGIONAL STUDY AREA 7
MATURE STANDING VOLUME BY SPECIES ON CROWN-OWNED PORTIONS OF PSYUs
AND TFL #35 WITHIN REGIONAL STUDY AREA
7.1"+ dbh (18 cmt) - Close Utilization less decay
Volume in 1 000 cunits with subtotals and totals converted to 1 000 cubic metres

CONIFicM BPECIE BROADLEAY SPECIES TALL SPICIES
. - Sub~ Sub-~ Sub~ § Sub~
F5TUe & Total [Total Toral] Total | Toial Total
bl 1 000 ) 000 Po0Qr ¥ S0 ¢ 1 048 2
[ 4 € f » 3 [ 4 P ri Py L | Cuntea | md cot M A |tunica wd Cunits n3
BIG BAR 4 0.9] 0 [] .y 2.4 ¢ 3.3] 2 046.0] 194.8(0 6 766.2| 19 139,31 4.0] 1.0 20.5] 3.3 89.2] 6 1317 ] )9 248}
BOTANIE SOYLIY 306 61,01 O47. % 2 Q62,4)147.2] 81.2] 3 416.0] 368.5]0 (111 26).9] 34 722.1) 8.0] 5.0 9.3 12.3 £3.2112 286.2 1 34 ¥90.)
LR Y] 5 1 3%%.3] 0.1 0 126.9 31,2 © [} 1 490.4 8. 130 39471 11 1100} 0.71 2.4 35.41 30.3] 109.0] 3 98).2113 219.0
C LA MACME] b 142.7] 8.2] 4.7 te. b Jr.2| 6.9 o 4 126.9 [ I ] 5 869.2] 16 619,51 3.5 16.8] 201.0)112.} a.0f 6 091.3] 17 240.4
NEALLISTON 1Ht.a] 10.0] o 450711 434.8]) ¢ 0 119N o fo 3 1)L.7] 14 503,2] 0.1 1.2 s1.4Q105.0) 299.3] S 1IV.4 ] 16 8108
M1COLA L 493.2] L9] O0.5] 1518 495.1] 9.8] 10.5] 1 3R1.0] 232.102.8] 3 M12.1) 10 €93.4 ) ).0] 5.2 12.8} 191 34.07 3 196.2 110 7403
"ALAK 2 340.0| 2.4] 5.6 306.301 408,3] O [J191.91 1 144.6] L99.100 & 007.4] 17 010.3] 2.7] 0.7 o.4] 4.2 11.91 6 0146 | 17 022.8

493

16 4036 63,4 'l}.l'l N3] & 122 7]157.9]290.0 |16 603.5]0 201.2]2.8]4) Vé0.2 - 23.1

o~
-
.

-

372.0]443. 4 - |4% 203.4 -

46 449.3{179.31209.0 6 401.3 119 034.2]447.20024.2]47 020,03 110.2)2.9 - 123 $1).6 [63.4 P“" 105).4] - J1 355.4 - 323 169.2

¥
Cuntts o.M L3 0 7.4 352.3] o 0 101.0 e |0 1 2113 - 9 1.3 1.2 1.2 - 1 343.0 -

191.4] ).4] O 173.0 1.4 o ¢ i 943.0 ¢ Jo - 3 A4} O 1.k %0.6} - 7.1 - ) 313.%

Bouscet BCFE data,
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ADDENDUM 4
REGIONAL STUDY AREA
MATURE STANDIMG VOLUME BY SPECIES ON ALIEHMATED PORTIONS OF PSYUs
WITHIR REGIONAL STUDY AREA
7.1"+ dbh (18 cm+) - Close Utilization less decay
Volume _1n 1 000 cunits with subtotals and totals converted to 1 000 cubic metrves

{+O)¢

CONTFER STECIES BROADLEAF SPECIES ALL 8¢
Sub~ Sub~- Sub=  [Sub=
rsro - Total Total Total jTetal | Tomal
L 000 1 000 t 000 |1 000 ]1 000
N ¢ 1 s sl Pu 4] Py |t ] Contre | ad cot | Bt A Cunice| =l Cumits
31C 3AR 180.7] ¢ | o 1.4 13,30 o | a2 5.1 1Lofe sx6.9] 22653} 0.3] 0.3 Ly 2 s3] s
BOTASUL 1se.8l L3l 4l M 0.0 5.7] 32| s e as.of 1unsles| eal e o.s| 3.5 s
xa2.5008 $31,3] & | @ 18,4 il o loe 1234 $.510 1766 e ata ooy s Al el mies
tAC LA macug] 113,32 0.8 a.? 1.4 s o | o ase] o fo s81,3] 1 sas.o] ol bl 0.4 221] 28] 6038
BEHALLESTON .7y & @ L.4 s8]l o | @ 1.y o o 3.2 55516 | o 0. o 12 0.8
HICOTA 1.3 o.2] 0 re 2.0 0.3 0.2 os.:, 12.2]0.0] 182, stael 0] o3 0. 1.0 28] s
YALAKCH 136.4f o.2] a3] a0 s3] o | ey 1.3 1120 o3| 1e45.2]0.2] o ° 0,27 o0.¢] 9.3
TeTAL ;l
1 000 sa.e] 27| aa] 2] 2.6 e.2] 1e.0]  sez.al  seafo.lf 2 aids - 1.3] 20] .o 30, - |2t
Cunfite
"I";‘;;’ s [ 1 705] ve] so| ] wdandf sl 2] seafaa] - | senafarf o] ngd - | e -

BUTES Mo Allensted Yolumes in porvtiom of TTL £33 within Raglonal Study Area.
Seurces BCPS dats,
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MAP OF THE LOCAL STUDY AREA
1:50 000
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ADDENDUM 6

PURPOSES OF ECOLOGICAL RESERVES
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ADDENDUM 6

PURPOSES OF ECOLOGICAL RESERVES

Quoted from Ecological Reserves in British Columbia, 1976

" Bastically the purpose of the Act is to reserve Crown Land for

ecological purposes, including:

fa)

(b}
(e)

{d}

{e)

areas suttable for scientific research arnd educationmal
purposes associated with studies in productivity and
other aspects of the natural emviromment.

areas which are representative of natural ecosystema.

areas that serve as examples of ecosystems that have been
modified by man and that offer an opportunity to stucly
the recovery of the natural ecosystem from guch

modi fieation.

areas in which rare or endangered native plants or
animals may be preserved in their natural habitat,

areas that contain unique and rare examples of botanical,
zoological or geological phenomena.

Areas having potential for one or more of these purpcses are proposed
by members of the Ecological Reserves Committee, Naturalist Clubs
and the concermed publie. The proposals are screened through the
Committee and relevant Goverwment Departments to. resolve army resource

conflicts.

Areas proposed for their sceniec or recreational values

areg trangferred to the Parks Branch.

v Cadies
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Areas agreed upon by the Lieutenant-Governor in Council are subsequ-
ently published in the British Columbia Gazette. Protection from
any activity which would disturb the natural balance is provided for
under the Ecological Reserves Act. '

While the Act stipulates that only Crown land may be made into an
ecological reserve, funds are available for the Croum to purchase

private property thereby allowing private lands to become a reserve.

Purvoses of Ecological Reserves

1.

2.

Permanent outdoor research laboratories, avaitlable to scientists
once a permit is granted. FEeological reserves must be permanent
to allow the comtinuity of research over decades or even
centuries which is needed to unravel some of the basic ecological
processes. Intansive short termed research ts no alternmative.

We cannot predict the sort of questions that will be asked of
our ecological reserves in 10 or 100 years.

Genetic banks - a nature musewn function. As man continues *o
modify the swurface of the earth species of plants and animals
may become extinet before they are even known to sctence (mites
and sotl nematodes for examplel). Distinctive gene pools are an
irreplaceable resource. GSamples of both rare species and locally
adapted common forms must be preserved.

Benchmark areas, against which man's modification of most of
the province can be measured. Without such natural "eomtrol”
areas it would be much more difficult to determine man's
impact on the envirorment and how to lessen it.

Outdoor clagsroom of groups of students under permit to learn
natural processes.”
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ADDENDUM 7

ORIGINAL TERMS OF REFERENCE (A-3 and C-3)
JUNE 1976
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ADDENDUM 7

ORIGINAL TERMS OF REFERENCE

APPENDIX A3

FORESTS
INVENTORY
1. Inventory and map species, site-index, watershed value, logging,
and log reserves.
2. Give present Allowable Annual Cut and commitments.
3. Map existing forest road patterns and projected developments.

4. Describe relationships with soils, landforms, agriculture land
reserves, wildlife, fisheries and grazing.

5. In conjunction with the Forest Research Division, establish and
document permanent vegetation plots suitable for monitoring
expected long term impacts upon tree species identified in
Appendix Al.

6. Provide input to Appendix C3 Section 1.

EFFECT OF DEVELOPMENT

1. Identify sensitivity of forest tree components to project construction
activity. Impacts should be gquantitative, where possibie, and
ralated to construction and operation periods.

oo Faitins
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Assess impact of project on Allowable Annual Cut, grazing and other
forest values.

Assess alternatives and recommend measures to avoid or minimize
adverse impacts, enhance bena2ficial impacts and compensate for
losses. Practical alternative proposals should include estimated
costs.
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APPENDIX €3
RESOURCE_EVALUATION ‘FOR
PROVINCIAL, ENVIRCNMENTAL AND REGIONAL ACCOUNTS

Power developments create positive and negative impacts on environ-
mental systems. Some of these will be readily measured in monetary
terms, for example, loss of agricultural production, and can be incor-
porated directly into the efficiency account. Others will not be
amenable to monetary evaluation due to data or mensuration problems
and will have to be evaluated in bio-physical terms. However, in ail
three accounts, resource impacts should be systematicaily identified.

The socio-economic consultant is required to evaluate all resources
examined in the study. The methods for this evaluation are outlined
below. For each resource, evaluation should be made for the case
"with" and "without" the proposed development. Direction on the
development of a methodology for this study will be given by the
coordinating consultant. Input will be provided from study
Appendices A2, A3, A4, A5, Bl, B2 and E2.

1. FORESTRY

(a) Forests should be evaluated at the potential value of the
timber harvested at its optimal harvest age, net of harvest-
ing costs.

{b) The terms "Optimal Harvesting Age" and "Costs" are defined

by present forest management and harvesting techniques as
practiced by the B.C. Forest Service.

{c) Net present value should be calculated by using discount
rates of 4, 6, 8, 10 and 12 percent.

Merd Cnttins
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Devember 7, 1977

Map Code .

1
P2
F3
14
Ps
P6

p7

rs

43

P10
P11
2
P13
0R1
{RZ
(R3
(R4
ORS
(RS
(R7

0wl
w2

o3
C4
WS
(6
(w7
8
Tl
(72
T3
0T4

CTs
CTh
017

i AR

Facility

Fenced Power Plant Site
Craft Parking Lot
0ffice Parking Lot
Make-up Water Reservoir & Dams
Pake-yp Water Pipeline & Pump Station
Wet Ash Disposal Ash Pepd & Dam
4170 pond (mapped)
4200' pond (option)
Area with drainage canals
Wet Ash Plan Slurry Lines and Pump
Stations
Dry Ash Scheme I Fly Ash Dump
Dry Ash Schema [ Bottom Ash Oump
Ory Ash Scheme II Fly Ash Qump
Dry Ash Scheme II Bottom Ash Jump #1
Dry Ash Scheme I1 Bottom Ash Dump #2 .
Ory Ash Scheme II Ash Conveyance System

Main Access Road (31 km by 30-100 m)

Powar Plant Site Access Road (1.5 ¥m by 30 m)
Water Intake Station Access Road {0.25 km b
Pump Station I Access Read (0.53 km by m{
Pump Station Il Access Foad

Sooil Areas

Borrcw Pits

Make-up ¥ater Pipeline to Thompson R.
{23 km by 17 m)

Booster Pumping Station I {incl, 69 k¥
substation)

Booster Pumping Station II

Water Intake Station

Substation Il

Summnit Surge Tank

One-Yay Surge Tank

Drainage Pipeline (1.8 km)

69 kY trans. line to mine constr. substn.

{1.2 ¥m by 20 m}

Twin 6% &V trans. Tine from mine to plant
substn. {3.6 km by 30.5 m)

83 kY trans. line from Rattlesnake A

to pump substn. [ {9.5 km by 20 m)
69 k¥ Lrans. line from Rattlesnake A

to pump suhstn, | (10.6 xm by 20 m)
69 kY trans. line loop-in (1.4 km by 20 )
500 %V trans. line

Rattlesnake substn,

Affected
Areas

ha

Acres

Notes

(Y]
-0 N
+ 82 s
[N N ]

339.2
489.6
660.7.

1
1
1

1
m)

99.5
96.0
13.2
16.4
01.1

20.0
4.5

39.0
2.0

1.5

0.03
0.02
0.02

2.4
10.8
19.9
21.2

2.7

3.2

(227.3)
(2.7}
(0.7)

{166.3)

(838.2)
(1209.8)
(1632.6)

{493.0)
{237.2)
{279.2)
{40.5) -
(249.8)

(296.5)
(11.1)

(96.4)
(5.0)
(4.0)
{n.07)

{0.05)
{0.05)

(5.9)
(26.7)
{47.0)
(52.4)
(6.7)
(8.0)

1

zt

-

NN 8

oW




Map Codie

Notes:

A

Hordd, Cadlins

Ml
m2
M3
M4
K5
H6
W7
M8
Mo
M0
M1l
M12
Mi3
M14
*15
M16

H1?
M18
Mi9

g(ii)

" Facility

Open Pit 21, 600 ft. excavation
¥edicine Creek Dump

Horth Valley Dump

Hoyth Mzadcw Dump

Lagoon
Lacoon
Lagoon
Lagoon
Lagoon
Lsgosn
Topsoil Steckpile, Mine Entrance
Topscil Stockpile, Landing Strip
Topsoil Stockpile, S, Medicine Creek
Coal B8lending Area .
Low Grade Coal Stocking Area.
Temporary Topsoil Stockpile

{area outside of pit rim)

Conveyors -
Pzintenance Buildings

¥ine and Yaste Pile Dralnage D1tches

QN & Lo N s

Affacted
Areas
ha.  Acres Hotas

767.0 (1895.3)
487.2 (1204.0}
48.0 (118.86)

1.2 (3.0}
0.4 (1.0)
0.4 {1.0)
0.8 (2.0}
.
L]
22,8 (56.3)
61.8 ({152.7)
99.4 (245.6)
29.5 (72.9)
123.5 (305.2})
59.1 (146.0)
2.8 (6.9)
2
12
2

Smaller facilities are not necessarily drawn to scale; area estimates are
to e assumad &5 being accurate.

Arei estimates are derived from official engineering documents wherever
possible.

Areas of larger facilities were estimated or verified using planimetry.

Documantation can be detsérmined by pref%x to map code.

"P" er power plant

facilities are des¢cribed in 2 document entitlad "2.C, Hydro and Powcr
Avthority, Hat Creek Project, Power Plant Description, Pevision E

authored by INTES-LBASCO and dated 1977-03-11.

"0® or offsite facilitiec are described in a document entitled “B.C. Hydro
and Fower Acvtherity, Hat Creek Project, Project Dascription, Saction S,
0ffrite Facilities" authored by The Thermal Engineering Denartment of The
Thermal Oivision of B.C, Hydro and Power Authority and dated 1977-09.

“C" or construction facilitics are described in a documint entitled

“Br-itish Columbia Hydro,

at Creek Project, Report on Single Status

Construction Camps", authcred by H.A. Simons (International) Ltd, and
dated 1977-09.

“M" or mine facilities are doscribed in a document entitled “ilat Creek
Mining Prcject, Sngineoring Doscriplion for Envirsnmenlal Report” by the
tiining Departiment of The Thermal Division of B.C. Hydro ard Power Authority,
dated 1977-08.




Map Code

. jfm"’f ({:"/an
.

001
((v74

(03
(b4
(B5
(ce
007
(o8

np9
1010

Al
A2
JA3
JA4
JAS
JAG

JF1
ar2
0F3

crl
cp2
cP3
crPa
CPs
Cre

Ml
{2

LK

cH4
CHs

cHs

8(iii)

Facility

Headworks Resarvoir and Dam

Diversion Canal (inciuding access roads)
(70 km by 43 m}

Cana! Discharge Conduit (2.1 km)

Pit Rim Reservoir and Dam

Pipeline, Pit Rim Res. “o Canal (0.8 km)
Pump Stn. for 005

Site 2 Storage Reservaeir & Dax. -
Possible Pipeline from Canal to Make-up
Res, (4.5 km)

Firney Creek Diversion Canal

Medicine and Ambusten Cks. Canal Crossings

Afrstrip, Site A (preferred)

Airstrip, Site 8 {option, mapped}
Airstrip, Site C {cption, not mapped)
Airstrip Access Road, Site A (mapped}
Airstrip Access Road, Site 8 (not mapped)
Airstrip Access Road, Site C (not mapped)

0ffloading Area (not mapped)
Railroad Spur {not mapped)
Access Road {not mapped)

Power Plant Constructicm Camp (P.P.C.C.)
Housing & Parking {within P1)

Power Plant Constructicn Camp $Sanitary
Effl., Treatment Plant (within P1)
Power Plant Constructicn Camp Effluent
Treatment Basin

Power Plant Construction Substation
{within P1)

Pewer Plant Construction Camp Water
Storage Res. (within P1)

Power Plant Construction Camp Mater
Supply Pipeline

Mine Constructisn Camp Housing & Parking
Wina Construction Camp Sanitary Effluant
Treatment Plaat ,

Hinz Construction Camp Sanitary Effluent
Treatment Zasin

Mine Construction Substation

Mine Canstruction Canp Water Storage Raser-
voir % Pumpbcuse

Hine Constructiaon Camp Water Supply &
Pipeline (1.5 km)

Affected
Argas

ha. Acres Notes
7.3 (18.0)

30.1 (74.4) 7

*

11.5 (28.4)

120.0 {296.5)
-«
2

25.4 (62.8)

22.1 {54.6}

25.4 (62.8) 8
3.8 (7.%)

13.2 (2.7) 10
0.02 {(0.05) 10
0.¢6 (0:2) 13
0.02 {0.05) 10
0.06 {0.2) 10
5.1 {12.7)

0.02 {0.06)
0.07 (0.16)

0.02 {0.08)

0.05 (6.15)

1

WY W



B(iv)

Specific

1.

12.

13.

s, Cadiins

Area within fence: includes switchyard, boilerhouse, precipitators,
provision for scrubbers, short-tenn coal storage, construction camp and
cooling towers. Confiquration of mapped area may not be correct, but
areal estimate is the latest figure available.

Engingering information currently insufficient to allow precise location
of facilities or accurate estimation of affected area.

For worst case analysis, use this figure for area of ash pond.

¥atin access road is depicted differently in different documants. Some
doubt exists regarding routing in the vicinity of the mine mouth. Right-
of-way varies in width between 30 w and 102 m daperding on sida slope and
the amount of cut-and-fi1l that will be necessary. Arez2 estimate given
by B.C. Hydro and Power Authority.

Punping Station 11 is depicted at iwo differsnt locations in the pipeline
section and the 69 kV transmission line section of the Qffsite Facilities
report. :

500 kV line not depicted until clarification is received from B.(. Hydro
and Power Authority regarding its location and how we are to deal with
its impact.

Canal plus access road rights-of-way included in area estimate.

Site C is in the Semlin Valley.

0fflcading facilities ara still in the preliminary planning stages but

could be located near Ashcroft, Xelly Lake, or Spences Bridge depending
on the railroad invalved.

. Facility will eventually be within fanced power plant site.

An additional 1.8 km of pipeline exists within the boundaries of the full
sized (600 ft. oxcavaticn) pit.

Haintenance buildings will probably be on or near the Horth Yalley dump
in the vicinity of ths mine entrance.

Area given is for a man made basin. Map depicts Harry Lake which may be
adversely affocted by the discharga.




ADDENDUM 9

AREA SUMMARY OF PLANT, MINE AND OFFSITE
FACILITIES BY COMPONENTS

s CiFins




3(i)

AREA SUMMARY BY FACILITY COMPONENTS QF PLANT
AND WET ASH DISPOSAL: OPTION i

{Metric and Imperial Units)

Facility Area
Map
Ccde Descripticon Hectares Acres
P1 Fenced Power Plant Site 92.0 227.3
P2 Craft Parking Lot 1.1 2.7
P3 Office Parking Lot 0.3 0.7
P4 Make-up Water Reservoir 67.3 166.3
Ps Make-up Water Pipeline and Pump Station Not Available
| P& Wet Ash Disposal Basin and Canals 660.7 1 632.6
Sub-Total 821.4 2 029.6
Miscellaneous 87.3 215.6
TOTAL 308.7 2 245.2

e Cottins




ISRV

AREA SUMMARY BY FACILITY COMPONENTS OF

PLANT AND DRY ASH -~ SCHEME I: OPTION 2

(Metric and Imperial Units)

Facility Area

Map Code Description Hectares Acres
P Fenced Power Plant Site 92.0 227.3
P2 Craft Parking Lot 1.1 2.7
P3 Office Parking Lot 0.3 0.7
P4 Make-up Water Reservoir 67.3 166.3

Ps Magz;:p5¥:§$;nP1pe11ne and Not Available
P8 Fly Ash Dump 199.5 493.0
i P9 Bottom Ash Dump 86.0 237.2
Suk-Total 456.2 1 127.2
Miscellaneous 83.5 206.3
TOTAL 539.7 1 333.5

A used, laitins




K Catlns

9(iil)

AREA SUMMARY BY FACILITY COMPONENTS: PLANT

AND DRY ASH DISPOSAL - SCHEME I1:

OPTION 3-

(Metric and Imperial Units)

Facility “Area

Map Code Description Hectares _Acres
Pl Fenced Power Plant Site 92.0 227 .3
P2 Craft Parking Lot 1.1 2.7
P3 gffice Parking Lot 0.3 0.7
P4 Make-up Water Reservoir 67.3 166.3
P5 Make-up Water Pipeline and Mot Available

- Pump Station

P10 Fly Ash Dump 113.0 279.2
P11 Bottom Ash Bump #1 16.4 403.5
P12 Bottom Ash Dump #2 101.1 249.8
P13 Ash Conveyance Scheme Not Available
Sub Total 391.2 966.5
Miscellaneous 96.5 238.4
TOTAL 487.7 1 204.9




et Cotins

9(iv)

AREA SUMMARY OF MINE AND RELATED
FACILITIES - BY COMPONENT PARTS
(Metric and Imperial Units)

Facility Area
Map_Code Description Hectares Acres
Mi Open Pit #1; 600 ft. Excavation 767.0 1 895.3
M2 Medicine Creek Dump 487.2 1 204.0
M3 North Valley Dump 48.0 118.6
M4 South Meadow Dump 615.1 1 520.0
M5 Lagoon 1 1.2 3.0
M5 Lagoon 2 0.4 1.0
M7 Lagoon 3 0.4 1.0
M3 Lagoon 4 0.8 2.0
MO&MI0 |Lagoon 5 and 6 - Not available Not Available
M1 Top Soil Stockpile; Mine Entrance 22.8 56.3
M2 Top Soil Stockpile; Landing Strip 61.8 152.7
M3 Top soil Stockpile; South Medicine
Creek 99.4 245.6
Mi4 Coal Blending Area 29.5 72.9
M15 Low Grade Coas Stocking Area 123.5 305.2
M6 Temporary Top soil Stockpile 2.8 6.9
(area outside of Pit Rim Only)
M17 ,M18 {Conveyors and Maintenance Buildings Not Available
- M19 Mine and Waste Pile Drainage Ditches MNot Available
Sub--Total 2 259.9 5 584.5
Miscellaneous 708.3 1 750.5
TOTAL 2 968.2 7 335.0




9(v}

AREA_SUMMARY OF QFFSITE

FACILITIES: BY COMPONENTS

Arna Farestry
Map Code | Factlity Description Hectare Acres | Impact
ORY Mata Access Road (3] km x 30-100m) 120.0 296.5 | Yes
0R2 Power Plant Access Road (1.5 km x 30m) 4.5 11.1 | Yes
0R1-7 NOT  AVAILASLE 1-No
o Make-up Water Pipeline from Thompson R. 39.0 98.4 Tas
, {23 km x 17m}
M2 Sooster Pumping Statiom { 2.0 5.0 ] %o
o3 Booster Pumping Station Il 1.6 4.0 TYes
oS Substatfon 11 0.03 .07 )
] oG Summit Surge Tank g.02 0.05 | Yes
o7 One-Way surge Tank 0.02 0.0% Yas
OWaLOWE NOT AVAILABLE | Ma
on 69 XV T/L to Mine Constr. Substation 2.4 B | Yes
{1.2 km 2 20m)
T2 gsgﬂn)w T/L - Mine to Plant (3.6 km x 10.8 28.7 Tes
o o 69 KV T/L from Rattlesnzke A to Pump 19.0 .0 %o
Station II (9.5 km x 20m)
aT4 As above but to Pump Statfon I 21.2 2.4 % No
{10.6 km x 20m}
. qrs 6% K¥ T/L Yoop in {1.4 km x 20m) 2.7 §.71 M
aTé 500 XY T/L - Location Not Available NOT AVAILASLE | VYes
017 Rattlesnake Sudbstation 1.2 8.0 No
oot Headworks Reservoir and Cam 7.3 18.0 Yes
" 002 Diversion Canal (including accass roads 0.1 Ta.4 | TYes
70 km x 42m)
[+ ] Pit Rim Reservoir and Dam 11.5 8.4 Yes
on? Site 2 Storage Reservoir and Oam 129.9 WSt W
0D3: 00S; 0065 Q03; 009; 0010: NOT AVAILABLE 0D3 Yes
%081
No
0A1 Alrsteip, Sita A 45,3 M.i) %
0A2 | Afrstrip, Site 8 %
0A3-0AG HOT AVA[LABLE 0Ad-Yes
03,5887
. OF1:0F2;0F3 1) AVA‘[UBLE ?
CPY;CP2CP4CPS ~ Already included fn PI(Plant Sitq NOT REQP[RED Yo
[} Included in Schemes 1 and 2 XQT REQUIRED No
cPe Construction Camp Water Supply NOT AVLILA.’.LE ?
Ml Mine Constructicn (amp Housing and Parking 5.1 12.7 Tes
M2 Efflueat Treatment Plant 0.02 0.05 | TYes
M3 Effluent Treatment Basin 0.07 0.16 Yes
o 2 Mine Construction Substation 0.02 0.06 Tes
cMs Mine Construction Later Storage Reservoir| 0,06 0.35 | Yes
and Pung House
o] NOT  AVAILARLE ?
TaTAL 445,94 I1 102,2

I A




. J’:u{_ 'f;l%n
v—

ADDENDUM 10

MAP OF SITE SPECIFIC STUDY AREAS SHOWING
MINE, OFFSITE AND PLANT SITES
1:24 000
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