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Common Name

Scientific Name

VEGETATION

Club-moss Family

LYCOPODIACEAE

Stiff Club-moss

Lycopodium annotinum

Running Club-moss

L. clavatum

Tree Club-moss

L. obscurum

Little Club-moss Family SELAGINELLACEAE
Little Club-moss Selaginella selaginoides
Horsetail Family EQUISETACEAE
Common Horsetail Equisetum arvense
Swamp Horsetail E. fluviatile

Meadow Horsetail E. pratense

Woodland Horsetail E. sylvaticum

Dwarf Scouring Rush E. scirpoides
Adder’s-tongue Family OPHIOGLOSSACEAE
Grape Fern Botrychium virginianum
Fern Family POLYPODIACEAE

Narrow Spinulose Shield Fern

Dryopteris carthusiana

QOak Fern

Gymnocarpium dryopteris

Ostrich Fern Matteuccia struthiopteris
Cypress Family CUPRESSACEAE
Ground Juniper Juniperus communis
Pine Family PINACEAE

Balsam Fir Abies balsamea
Larch Larix laricina

White Spruce Picea glauca

Black Spruce P, mariana

Jack Pine Pinus banksiana
Cattail Family TYPHACEAE
Common Cattail Typha latifolia
Bur-reed Family SPARGANIACEAE

Narrow-Leaved Bur-reed

Sparganium angustifolium

Giant Bur-reed

S. eurycarpum

Pondweed Family

POTAMOGETONACEAE

Various-leaved Pondweed

Potamogeton gramineus

Pondweed

P. obtusifolius

Clasping-leaf Pondweed

P. richardsonii

Arrow-grass Family JUNCAGINACEAE
Arrow-grass Triglochin maritima
Slender Arrow-grass T. palustris
Scheuchzeria Family SCHEUCHERIACEAE
Scheuchzeria Scheuchzeria palustris
Water-plantain ALISMATACEAE
Arrowhead Sagittaria cuneatq
Grass Family GRAMINEAE

Tickle Grass Agrostis scabra

Macoun’s Wild Rye

Agrohordeum macounii
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Common Name

Scientific Name

Slender Wheat Grass Agropyron trachycaulum
Water Foxtail Alopecurus aequalis
Slough Grass Beckmannia syzigachne

Fringed Brome

Bromus ciliatus

Awnless Brome

B. inermis

Marsh Reed Grass Calamagrostis canadensis
Northern Reed Grass C. inexpansa

Narrow Reed Grass C. stricta

Drooping Wood Reed Cinna latifolia

Tufted Hair Grass Deschampsia cespitosa
Canada Wild Rye Elymus canadensis
Hairy Wild Rye E. innovatus

Northern Rough Fescue Festuca saximontana
Tall Manna Grass Glyceria grandis

Sweet Grass Hierochloe odorata
Foxtail Barley Hordeum jubatum
Rough-leaved Rice Grass Oryzopsis asperifolia
Northern Rice Grass O. pungens

Reed Canary Grass Phalaris arundinacea
Common Reed Grass Phragmites australis
Wood Blue Grass Poa interior

Fowl Bluegrass P, palustris

Kentucky Bluegrass P. pratensis

False Melic Schizachne purpurascens
Cord Grass Spartina pectinata
Slender Wedge Grass Sphenopholis intermedia
Needle Grass Stipa curtiseta

Sedge Family CYPERACEAE
Silvery-flowered Sedge Carex aeneq

Water Sedge C. aquatilis

Golden Sedge C. aurea

Bebb’s Sedge C. bebbii

Brownish Sedge C. brunnescens

Hair-Like Sedge

C. capillaris

Beautiful Sedge

C. concinna

Short Sedge

C. curta (in. C. brunnescens group)

Dewey’s Sedge

C. deweyana

Two-stamened Sedge C. diandra
Two-seeded Sedge C. disperma
Northern Bog Sedge C. gynocrates
Sand Sedge C. houghtoniana
Inland Sedge C. interior
Lakeshore Sedge C. lacustris
Bristle-stalked Sedge C. leptalea
Hairy-fruited Sedge C. lasiocarpa
Mud Sedge C. limosa
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Common Name

Scientific Name

Norway Sedge C. norvegica
Beacked Sedge C. utriculata
Few-fruited Sedge C. oligosperma
Bog Sedge C. paupercula
Peck’s Sedge C. peckii
Meadow Sedge C. praticola
Raymond’s Sedge C. raymondii
Ross’ Sedge C. rossii
Turned Sedge C. retrorsa

Sartwell’s Sedge

C. sartwellii

Sprengel’s Sedge

C. sprengellii

Hay Sedge C. siccata
Twin-flowered Sedge C. tenuiflora
Sheathed Sedge C. vaginata

Needle Spike-rush

Eleocharis acicularis

Creeping Spike-rush

E. palustris

Close-sheathed Cotton-grass

Eriophorum brachyantherum

Slender Cotton -grass

E. gracile

Tall Cotton-grass

E. polystachion

Sheathed Cotton-grass

E. vaginatum

Tufted Bulrush

Scirpus cespitosus

Small-fruited Bulrush

S. microcarpus

Arum Family ARACEAE

Sweet Flay Acorus americanus
Water Arum Calla palustris
Duckweed Family LEMNACEAE
Common Duckweed Lemna minor

Ivy Duckweed L. trisulca

Rush Family JUNCACEAE

Wire Rush Juncus balticus

Toad Rush J. bufonius

Chestnut Rush J. castaneus

Slender Rush J. tenuis

Big-head Rush J. vaseyi
Small-flowered Wood Rush Luzula parviflora

Lily Family LILIACEAE
Fairybells Disporum trachycaulum
Rough-fruited Fairybells D. trachycarpum
Western Wood Lily Lilium philadelphicum

Wild Lily-of-the-valley

Maianthemum canadense

Star-flowered Solomon’s-seal

Smilacina stellata

Three-leaved Solomon’s-seal S. trifolia

Twisted-stalk Streptopus amplexifolius
Sticky False Asphodel Tofieldia glutinosa

Iris Family IRIDACEAE

Common Blue-eyed Grass

Sisyrinchium montanum
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Orchid Family ORCHIDACEAFR
Pale Coral-root Corallorhiza trifida

Yellow Lady’s-slipper

Cypripedium calceolus

Lesser Rattlesnake-plantain

Goodyera repens

Northern Green Orchid

Habenaria hyperborea

Blunt-leaved Orchid H. obtusata
Round-leaved Orchid H. orbiculata
Bracted Orchid H. viridis

Round-leaved Orchid

Orchis rotundifolia

Ladies’~tresses

Spiranthes romanzoffiana

Willow Family SALICACEAE
Balsam Poplar Populus balsamifera
Trembling Aspen P. tremuloides
Little-tree Willow Salix arbusculoides
Beaked Willow S. bebbiana

Hoary Willow S. candida

Pussy Willow S. discolor

Satin willow S. drummondiana
Sandbar Willow S. exigua
Grey-leaved Willow Salix glauca
Shinning Willow S. lucida

Yellow Willow S. lutea
Myrtle-leaved Willow S. myrtillifolia

Bog Willow S. pedicellaris
Basket Willow S. petiolaris

Flat-leaved Willow

S. planifolia

Mountain Willow

S. pseudomonticola

Balsam Willow

S. pyrifolia

Scouler’s Willow

S. scouleriana

Autumn Willow

S. serissima

Sweet Gale Family MYRICACEAE
Sweet Gale Myrica gale
Birch Family BETULACEARE
Green Alder Alnus crispa
River Alder A. tenuifolia

Bog Birch Betula glandulosa
Alaska Birch B. neoalaskana
White Birch B. papyrifera
Dwarf Birch B. pumila

Beaked Hazelnut Corylus cornuta
Nettle Family URTICACAEAR
Common Nettle Urtica dioica
Sandalwood Family SANTALACEAR

Bastard Toad-flax

Comandra umbellaia

Northern Bastard Toad-flax

Geocaulon lividum

Mistletoe Family

LORANTHACEAE
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Common Name

Scientific Name

Dwarf Mistletoe Arceuthobium americanum
Buckwheat Family POLYGONACEAE
Water Smartweed Polygonum amphibium
Striate Knotweed P. erectum

Pale Persicaria P. lapathifolium

Alpine Bistort P. viviparum

Western Dock Rumex occidentalis

Narrow-leaved Dock

R. triangulivalis

Goosefoot Family CHENOPODIACEAE
Strawberry Blite Chenopodium capitatum
Pink Family CARYOPHYLLACEAE
Nodding Chickweed Cerastium nutans

Blunt-leaved Sandwort

Moehringia lateriflora

Long-leaved Chickweed Stellaria longifolia
Long-stalked Chickweed S. longipes

Water-lily Family NYMPHAEACEAE
Yellow Pond-lily Nuphar variegatum
Hornwort Family CERATOPHYLLACEAE
Hornwort Ceratophyllum demersum
Crowfoot Family RANUNCULACEAE

Red and White Baneberry Actaea rubra

Canada Anemone

Anemone canadensis

Cut-leaved Anemone

A. multifida

Small Wood Anemone A. parviflora
Prairie Crocus A. patens

Blue Columbine Aquilegia brevistyla
Marsh Marigold Caltha palustris
Floating Marsh-marigold Caltha natans
Goldthread Coptis trifolia

Tall Larkspur

Delphinium glaucum

Small-flowered Crowfoot

Ranunculus abortivus

Seaside Crowfoot

R. cymbalaria

Yellow Water Crowfoot R. gmelinii

Boreal Buttercup R. hyperboreus
Lapland Buttercup R. lapponicus
Macoun’s Buttercup R. macounii
Bristly Buttercup R. pensylvanicus
Cursed Buttercup R. sceleratus
Flat-fruited Meadow Rue Thalictrum sparsiflorum
Veiny Meadow Rue T. venulosum
Fumitory Family FUMARIACEAE
Golden Corydalis Corydalis aurea
Pink Corydalis C. sempervirens
Mustard Family CRUCIFERAE
Hairy Rock Cress Arabis hirsuta
Lyre-leaved Rock Cress A. lyrata
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Common Name

Scientific Name

Pennsylvanian Bitter Cress

Cardamine pensylvanica

Green Tansy Mustard Descurainia pinnata
Grey Tansy Mustard D. richardsonii

Annual Whitlow-grass Draba nemorosa
Wormseed Mustard Erysimum cheiranthoides

Common Peppergrass

Lepidium bourgeauanum

Common Peppergrass

L. densiflorum

Yellow Cress Rorippa palustris
Pitcher-plant Family SARRACENIACEAE
Pitcher-plant Sarracenia purpurea
Sundew Family DROSERACEARE
Sundew Drosera rotundifolia
Saxifrage Family SAXIFRAGACEAE
Golden Iowense Chrysosplenium iowense
Bishop’s-cap Mitella nuda
Grass-of-Parnassus Family PARNASSIACEARE
Northern Grass-of-Parnassus Parnassia palustris
Currant or Gooseberry Family GROSSULARIACEAR
Skunk Currant Ribes glandulosum
Wild Black Currant R. hudsonianum
Bristly Black Currant R. lacustre

Wild Gooseberry R. oxyacanthoides
Wild Red Currant R. triste

Rose Family ROSSACEAE
Saskatoon Amelanchier alnifolia
Woodland Strawberry Fragaria vesca

Wild Strawberry F. virginiana

Yellow Avens Geum macrophyllum
Silverweed Potentilla anserina
White Cinquefoil P. arguta

Plains Cinquefoil Potentilla bipinnatifida
Shrubby Cinquefoil P, fruticosa

Graceful Cinguefoil P, gracilis

Rough Cinquefoil P. norvegica

Marsh Cinquefoil P. palustris

Three-toothed Cinquefoil

P. tridentata

Pin Cherry

Prunus pensylvanica

Choke Cherry P. virginiana

Prickly Rose Rosa acicularis
Dwarf Raspberry Rubus arcticus
Cloudberry R. chamaemorus

Wild Red Raspberry R. idaeus

Dewberry R. pubescens

Pea Family LEGUMINOSARE
American Milk Veich Astragalus americanus
Yukon Milk Veich A. bodinii
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Common Name

Scientific Name

Canadian Milk Vetch A. canadensis

Pretty Milk Vetch A. eucosmus

Wild Licorice Glycyrrhiza lepidota
Alpine Hedysarum Hedysarum alpinum
Northern Hedysarum H. boreale

Creamy Pea Vine Lathyrus ochroleucus
Showy Loco-weed Oxytropis splendens
Wild Vetch Vicia americana
Geranium Family GERANIACEAE
Bicknell’s Geranium Geranium bicknellii
Flax family LINACEAE

Wild Blue Flax Linum lewisii
Milkwort Family POLYGALACEAE
Fringed Milkwort Polygala paucifolia
Touch-me-not Family BALSAMINACEAE
Spotted Touch-me-not Impatiens capensis
Water-starwort Family CALLITRICHACEAE
Vernal Water-starwort Callitriche verna
Crowberry Family EMPETRACEAE
Crowberry Empetrum nigrum
Buckthorn Family RHAMNACEAE
Alder-leaved Buckthorn Rhamnus alnifolia
Rockrose Family CISTACEAE

Sand Heather Hudsonia tomentosa
Violet Family VIOLACEAE

Early Blue Violet Viola adunca
Western Canada Violet V. canadensis

Marsh Violet V. palustris
Kidnet-leaved Violet V. renifolia

Oleaster Family ELAEAGNACEAE
Wolf Willow Elaeagnus commutata
Canadian Buffaloberry Shepherdia canadensis

Evening Primrose Family

ONAGRACEAE

Small Enchanter’s Nightshade

Circaea alpina

Fireweed

Epilobium angustifolium

Northern Willowherb

E. ciliatum

Purple-leaved Willowherb

E. glandulosum

Narrow-leaved Willowherb

E. leptophyllum

Mare’s-tail Family HIPPURIDACEAE
Common Mare’s-tail Hippuris vulgaris
Ginseng Family ARALIACEAE
Wild Sarasparilla Aralia nudicaulis
Carrot Family UMBELLIFERAE
Bulb-bearing Waterhemlock Cicuta bulbifera
Water-hemlock C. maculata

Cow Parsnip

Heracleum lanatum
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Common Name

Scientific Name

Water Parsnip Sium suave
Dogwood Family CORNACEAE
Bunchberry Cornus canadensis

Red-osier Dogwood

C. stolonifera

Wintergreen Family

PYROLACEAE

One-flowered Wintergreen

Moneses uniflora

One-sided Wintergreen

Orthilia secunda

Common Pink Wintergreen

Pyrola asarifolia

Greenish-flowered Wintergreen

P. chlorantha

Indian-pipe Family MONOTROPACEAE
Indian Pipe Monotropa uniflora
Heath Family ERICACEAE

Bog Rosemary Andromeda polifolia
Alpine Bearberry Arctostaphylos rubra
Common Bearberry A. uva-ursi

Leather-leaf

Chamaedaphne calyculata

Creeping Snowberry

Gaultheria hispidula

Northern Bog-laurel Kalmia polifolia
Common Labrador Tea Ledum groenlandicum
Northern Labrador Tea L. palustre

Small Bog Cranberry Oxycoccus microcarpus
Bog Cranberry 0. quadripetalus
Dwarf Blueberry Vaccinium caespitosum
Blueberry V. myrtilloides

Bog Cranberry V. vitis-idaea

Primrose Family

PRIMULACEAE

Shooting Star

Dodecatheon pulchellum

Tufted Loosestrife

Lysimachia thyrsiflora

Northern Starflower

Trientalis borealis

Arctic Starflower T. europaea

Gentian Family GENTIANACEARE
Felwort Gentianella amarella
Spurred Gentian Halenia deflexa
Buck-bean Family MENYANTHACEAE
Buck-bean Menyanthes trifoliata
Dogbane Family APOCYNACEARE
Spreading Dogbane Apocynum androsaemifolium
Indian Hemp A. cannabinum
Dogbane A. x medium

Phlox Family POLEMONIACEAE
Collomia Collomia linearis
Jacob’s-ladder Polemonium acutiflorum
Borage Family BORAGINACEAR
Beggar-ticks Lappula occidentalis
Tall Mertensia Mertensia paniculata
Mint Family LABIATAE
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Giant Hyssop Agastache foeniculum
American Dragonhead Dracocephalum parviflorum
Western Water Horehound Lycopus asper
Northern Water Horehound L. uniflorus
Wild Mint Mentha arvensis
Marsh Skullcap Scutellaria galericulata
Marsh Hedge Nettle Stachys palustris
Figwort Family SCROPHULARIACEAE
Purple Paint-brush Castilleja raupii
Cow-wheat Melampyrum lineare

Labrador Lousewort

Pedicularis labradorica

Swamp Lousewort

P. parviflora

Yellow Rattle Rhinanthus minor
American Brooklime Veronica americana
Hairy Speedwell V. peregrina

Marsh Speedwell V. scutellata
Bladderwort Family LENTIBULARIACEAE

Common Butterwort

Pinguicula vulgaris

Common Bladderwort

Utricularia vulgaris

Madder Family RUBIACEAE
Northern Bedstraw Galium boreale
Labrador Bedstraw G. labradoricum
Small Bedstraw G. trifidum
Sweet-scented Bedstraw G. triflorum
Honeysuckle Family CAPRIFOLIACEAE
Twin-flower Linnaea borealis

Fly Honeysuckle Lonicera caerulea
Twining Honeysuckle L. dioica

Bracted Honeysuckle L. involucrata
Snowberry Symphoricarpos albus
Buckbrush S. occidentalis
Low-bush Cranberry Viburnum edule
High-bush Cranberry V. opulus

Moschatel Family ADOXACEAE
Moschatel Adoxa moschatellina
Valerian Family VALERIANACEAE
Northern Valerian Valeriana dioica
Bluebell Family CAMPANULACEAE
Bluebell Campanula rotundifolia
Lobelia Family LOBELIACEAE
Kalm’s Lobelia Lobela kalmii
Composite Family COMPOSITAE
Common Yarrow Achillea millefolium
Many-flowered Yarrow A. sibirica

Small-leaved Pussytoes

Antennaria parvifolia

Leafy Amica

Arnica chamissonis
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Scientific Name

Biennial Sagewort

Artemisia biennis

Plains Wormwood

A. campesiris

Dragonwort A. dracunculus
Marsh Aster Aster borealis
Fringed Aster A. ciliolatus
Showy Aster A. conspicuus
Creeping White Prairie Aster A. falcatus
Western Willow Aster A. hesperius
Smooth Aster A. laevis
Purple-stemmed Aster A. puniceus

Nodding Beggar-ticks

Bidens cernua

Northern Daisy Fleabane Erigeron acris
Horseweed E. canadensis
Philadelphia Fleabane E. philadelphicus

Common Tall Sunflower

Helianthus nuttallii

Narrow-leaved Hawkweed

Hieracium umbellatum

Artic Coltsfoot

Petasites frigidus

Palmate-leaved Colisfoot

P. palmatus

Arrow-leaved Coltsfoot

P. sagittatus

Vine-leaved Coltsfoot

P. vitifolius

Marsh Ragwort Senecio congestus
Rayless Ragwort S. indecorus
Balsam Groundsel S. pauperculus
Canada Goldenrod Solidago canadensis
Flat-topped Goldenrod S. graminifolia
Northern Goldenrod S. multiradiata

Mountain Goldenrod

S. spathulata

Perennial Sow Thistle

Sonchus arvensis

INVERTEBRATES

chironomid midge larva

Chironomus tentans

amphipod Hyalella azteca
oligocaete worm Lumbriculus variegatus
stoneflies Order Plecoptera
mayflies Order Ephemeroptera
dragonflies and damselflies Order Odonata
caddisflies Order Trichoptera

water flea

Daphnia magna

water flea

Ceriodaphnia dubia

FISH

Arctic grayling

Thymallus arcticus

brook stickleback Culaea inconstans
bull trout Salvelinus confluenius
burbot Lota lota

Cisco Coregonus artedi

emerald shiner

Notropis atherinoides
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fathead minnow Pimephales promelas
finescale dace Phoxinus neogaeus
flathead chub Platygobio gracilis
goldeye Hiodon alosoides
Towa darter Etheostoma exile
lake chub Couesius plumbeus
lake whitefish Coregonus clupeaformis

longnose dace

Rhinichthys cataractae

longnose sucker

Catostomus catostomus

mountain whitefish

Prosopium williamsoni

ninespine stickleback

Pungitius pungitius

northern pike Esox lucius
northern redbelly dace Phoxinus eos
pearl dace Margariscus margarita

rainbow trout

Oncorhynchus mykiss

river shiner

Notropis blennius

shiner species

Notropis sp.

slimy sculpin

Cottus cognatus

spoonhead sculpin

Cottus ricei

spottail shiner

Notropis hudsonius

trout-perch Percopsis omiscomaycus
walleye Stizostedion vitreum
white sucker Catostomus commersoni
yellow perch Perca flavescens

REPTILES AND AMPHIBIANS

red-sided garter snake

Thamnophis sirtalis

boreal chorus frog

Pseudacris triseriata

Canadian toad

Bufo hemiophrys

northern leopard frog

Rana pipiens

wood frog Rana sylvatica
BIRDS
alder flycatcher Empidonax alnorum

American coot

Fulica americana

American crow

Corvus brachyrhynchos

American kestrel

Falco sparverius

American redstart

Setophaga ruticilla

American robin

Turdus migratorius

American white pelican

Pelecanus erythrorhynchos

American wigeon

Anas americana

bald eagle

Haliaeetus leucocephalus

bamn swallow

Hirundo rustica

bay-breasted warbler

Dendroica castanea

black-and-white warbler

Mniotilta varia

black-backed woodpecker

Picoides arcticus

black-billed magpie

Pica pica
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black-capped chickadee

Parus atricapillus

black-throated green warbler

Dendroica virens

blackburnian warbler

Dendroica fusca

blackpoll warbler

Dendroica striata

blue-winged teal

Anas discors

boreal chickadee

Parus hudsonicus

boreal owl

Aegolius funereus

brown creeper

Certhia americana

brown-headed cowbird

Molothrus ater

bufflehead

Bucephalus albeola

Canada goose

Branta canadensis

Canada warbler

Wilsonia canadensis

canvasback

Aythya valisineria

Cape May warbler

Dendroica tigrina

cedar waxwing

Bombycilla cedrorum

chestnut-sided warbler

Dendroica pensylvania

chipping sparrow Spizella passerina
clay-colored sparrow Spizella pallida
common goldeneye Bucephala clangula

common loon

Gavia immer

comimon raven

Corvus corax

common snipe

Gallinago gallinago

common yellowthroat

Geothlypis trichas

Connecticut warbler

Oporonis agilis

dark-eyed junco

Junco hyemalis

downy woodpecker

Picoides pubescens

evening grosbeak

Coccothraustes vespertinus

gadwall Anas strepera
golden-crowned kinglet Regulus satrapa

gray jay Perisoreus canadensis
great blue heron Ardea herodias

great gray owl Strix nebulosa

great-horned owl

Bubo virginianus

greater yellowlegs

Tringa melanoleuca

green-winged teal

Anas crecca

hairy woodpecker

Picoides villosus

hermit thrush Catharus guttatus
house wren Troglodytes aedon
killdeer Charadrius vociferus
least flycatcher Empidonax minimus
LeConte's sparrow Ammodramus leconteii
lesser scaup Aythya affinis

lesser yellowlegs Tringa flavipes
Lincoln's sparrow Melospiza lincolnii
long-eared owl Asio otus

magnolia warbler

Dendroica magnolia
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mallard Anas platyrhynchos
mourning warbler Oporornis philadelphia

northern flicker

Colaptes auratus

northern harrier

Circus cyaneus

northern hawk owl

Surnia ulula

northern pintail

Anas acuta

northern shoveler

Anas clypeata

northern waterthrush

Seiurus noveboracensis

olive-sided flycatcher

Contopus borealis

orange-crowned warbler

Vermivora celeta

osprey

Pandion haliaetus

ovenbird

Seiurus aurocapillus

palm warbler

Dendroica palmarum

peregrine falcon Falco peregrinus
Philadelphia vireo Vireo philadelphicus
pileated woodpecker Dryocopus pileatus
pine siskin Carduelis pinus

red-breasted nuthatch

Sitta canadensis

red-eyed vireo

Vireo'olivaceus

red-necked grebe

Podiceps grisegena

red-tailed hawk

Buteo jamaicensis

red-winged blackbird Agelaius phoeniceus
redhead Aythya americana
ring-necked duck Aythya collaris

rose-breasted grosbeak

Pheucticus ludovicianus

Ross’ goose Chen rossii
ruby-crowned kinglet Regulus calendula
ruffed grouse Bonasa umbellus

sandhill crane

Grus canadensis

screech owl

Otus kennicottii

sharp-shinned hawk

Accipiter striatus

sharp-tailed grouse

Tympanuchus phasianellus

short-eared owl

Asio flemmeus

SNOW goose

Chen caerulescens

solitary sandpiper

Tringa solitaria

solitary vireo

Vireo solitarius

song sparrow

Melospiza melodia

spruce grouse

Dendragapus canadensis

Swainson's thrush

Catharus ustulatus

SWamp Sparrow

Melospiza georgiana

Tennessee warbler

Vermivora peregrina

three-toed woodpecker

Picoides tridactylus

western grebe

Aechmophorus occidentalis

western tanager

Piranga ludoviciana

western wood-pewee

Contopus sordidulus

white-throated sparrow

Zonotrichia albicollis
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Common Name

Scientific Name

white-winged crossbill

Loxia leucoptera

willow ptarmigan Lagopus lagopus
Wilson's warbler Wilsonia pusilla

winter wren Troglodytes troglodytes
yellow warbler Dendroica petechia
yellow-bellied flycatcher Empidonax flaviventris

yellow-bellied sapsucker

Sphyrapicus varius

yellow-rumped warbler

Dendroica coronata

MAMMAILS

beaver Castor canadensis

black bear Ursus americanus
buffalo Bison bison

Canada lynx Lynx canadensis

coyote Canis latrans

deer mouse Peromyscus maniculatus
elk Cervus elaphus

ermine Mustela erminea

fisher Martes pennanti

gray wolf Canis lupus

least weasel Mustela nivalis

marten Martes americana
meadow vole Microtus pennsylvanicus
mink Mustela vison

moose Alces alces

mule deer Odocoileus hemionus
muskrat Ondatra zibethicus
porcupine Erethizon dorsatum

red fox Vulpes vulpes

red squirrel Tamiasciurus hudsonicus
red-backed vole Clethrionomys gapperi

river otter

Lutra canadensis

snowshoe hare

Lepus americanus

striped skunk Mephitis mephitis
water shrew Sorex palustris
white-tailed deer Odocoileus virginianus
wolverine Gulo gulo

woodland caribou

Rangifer tarandus
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A INTRODUCTION

This document provides the following information, pertaining to Suncor’s
Project Millennium Application , April 1998:

e Project update, and new data and analysis with respect to SO, Dispersion
Analysis, Ozone Modelling Analysis, Particulates and Aerosols, and Human
Health

e Response to EUB requests for supplemental information
e Response to AEP requests for supplemental information
o Table of Errata for Project Millennium Application, April 1998

e Appendices which contain information regarding Suncor’s coke management
plan, Pond 1 reclamation schedule, field review of forestry resources in the
Project Millennium development, and resubmitted items.

Suncor appreciates the detailed and comprehensive review afforded the Project,
as evidenced by the reviewer comments and information requests. Suncor has
made every effort to answer each question directly and as completely as
practical.

This document may contain some abbreviations or acronyms that are not familiar
to the reader. Please refer to the List of Abbreviations provided in Volume 1 of
the Project Millennium Application.

The supplemental information requests provided herein follow the outline
provided by EUB and AEP respectively. Requests for information are indicated
in bold text; responses are in normal text.
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B NEW INFORMATION

This section provides an update of Project Millennium as well as revised SO,
dispersion modelling analyses, ozone modelling analyses, revised particulate and
aerosols analyses, and additional health analyses.

B1 PROJECT UPDATE

The following information provides a brief description of the significant changes
to the project description as provided in the Project Millennium Application,
April 1998.

Sulphur Degas Facility

The Millennium Upgrader facility will now degas all sulphur produced at
Suncor’s oil sands operation. The overall sulphur balance will not change,
however the potential of fugitive H,S emissions from transport vehicles will be
reduced. Odour potential when pouring sulphur onto the emergency sulphur pad
will be also be reduced. As a result of degassing the sulphur the range of
potential customers will be wider which will reduce the risk inherent in a single-
customer transaction.

All sulphur will be degassed to <10-PPM H,S content. The technology selected
is the D’GAASS process (licensed by Goar Allison & Associates, Houston).
The degassing takes place at pressure, which minimizes vessel size, capital cost
and plot space requirements. No increase in SO, emissions is expected, as the
H,S stripped from the sulphur will be routed to the front end of the SRUs for
recovery. Suncor is the first large-scale commercial facility to implement this
process, and therefore there is some technical risk that may make the process
uneconomical. While Suncor feels that this system is feasible and will make
reasonable attempts to make it work, if it is uneconomical it may have to be
discontinued.

Suncor requests that the Sulphur degas facility be added to the list of proposed
upgrading units in Volume 1, Table C3-4 of the Project Millennium Application.

Sulphur Storage

The Millennium sulphur complex will construct a new sulphur storage tank,
emergency storage, and loading facilities that will meet all Suncor sulphur
handling requirements. Existing facilities will be demolished. The original plan
was to upgrade base plant sulphur handling facilities to accommodate Project
Millennium. There will be no impact on emissions.

Coke Quenching and Cutting Water

The Millennium facility will no longer use recycled stripped sour water for coke
quenching and cutting operations. As a result, considerable capital expenditure
will be avoided and the risk of contamination of water will be reduced.
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Recycled utility water will now be used for quenching and cutting. The overall
water balance remains the same, however individual stream flows will change
accordingly.

Process Control Room

The new Upgrader process control room will now be an integrated facility so
that the base plant and Project Millennium upgrading operations will be
controlled from a central facility. This is expected to enhance coordination
between the two upgrading units and improve performance of the combination.
The location is proposed to be south of the Upgrader Operations Building.

Sour Water Feed Preparation Tank

This tank will now be located north of the north tank farm and west of the
existing camp facility (rather than adjacent to the existing base plant tank).

Third Party Power Generation

Natural Gas

Suncor has been negotiating for third party power generation. While there is no
signed agreement as yet, and a concrete commitment cannot be made at this
time, Suncor is providing the following preliminary information as to intent.

The major change resulting from third party power generation would be the
export of up to 200 MW to the Alberta power grid over and beyond plant
requirements of 220 MW.

This would be accomplished by installing:

e two 115 MW gas turbine generators, each equipped with a heat recovery
steam generator

e two steam turbine generators totaling about 100 MW

e associated feedwater and aerator facilities

As a result, CO, and NO, emissions would increase locally, offset by a reduction
in the usage of Suncor’s less efficient Plant 35 boiler. Provincially, there would
be a reduction of both emissions because the power exports to the grid would
back off equivalent coal generated power that produces higher emissions. The
exact amounts will be quantified when the configuration is finalized and
agreement is reached.

Liquids Facility

Suncor recently announced plans to recover natural gas liquids and olefins with
Novagas Canada Lid. By the end of 1999, this project is proposed to recover
approximately 10,000 bpd, with the intent to recover more liquids as Suncor’s
oil sands production increases.

Both Suncor and Novagas Canada Ltd. are currently continuing with the normal
business due diligence engineering and financial review necessary to finalize
this business relationship. Suncor expects this project to proceed and has shown
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its commitment to the project by submitting the Suncor Oil Sands Pipe Line

substance change application to the EUB for approval to ship higher vapour
pressure products.
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B2 REVISED SO, DISPERSION MODELLING ANALYSES

B2.1 Introduction

The latest estimates of emissions in the oil sands region are presented in the key reference
report, “Technical Reference for Meteorology, Emissions and Ambient Air Quality in the
Athabasca QOil Sands Region” (Golder and Conor-Pacific 1998). These revised emission
estimates have been utilized to determine the impact on the predicted SO, concentrations
for the Millennium and CEA emissions scenarios. In combination with these new
estimates, corrections have been made to the stack height of the new Millennium sulphur
plant thermal oxidizer and to the volumetric gas flow rate in the continuous flare stack
(19F-1).

B2.2 Model Approach And Limitations

The Industrial Source Complex Short Term Model, Version 3 (ISCST3) is a steady-state
Gaussian plume model, recommended by the U.S. EPA for evaluating pollutant releases
from a wide variety of sources associated with industrial source complexes. This model
can account for: building downwash; area, line and volume sources; plume rise as a
function of downwind distance; separation of point sources; and limited terrain
adjustment. Local hourly meteorological data are required by the ISCST3 model.

The ISC3BE dispersion model, developed by BOVAR Environmental, is a modified
version of the original ISCST3 model. The modifications made to the original model
code were undertaken to enable the model to yield maximum predictions during the
daylight hours and to predict similar numbers of exceedances as observed at the local
monitoring stations (Conor Pacific, 1998).  Although the tuning done to the
ISC3BE model has not been subjected to the same rigorous independent review as the
original code, the changes are designed to yield model predictions which correspond to
the observations made at sampling locations along the Athabasca River valley. This
model has been extensively used in previous air assessments in the oil sands region.

Dispersion models employ simplifying assumptions to describe the random processes
associated with atmospheric motions and turbulence. These simplifying processes limit
the capability of a model to replicate individual events. A model’s predictive capability
and strength lies in the capability to predict an average for a given set of meteorological
conditions. Other factors that limit the capability of a model to predict values that match
observations are limitations in the input data and information used by the model. For
example, the modelling does not account for the hour-by-hour emission rates in the
source strength and exit characteristics (such as temperature and velocity). The models
do not replicate the special flow patterns and reduced dispersion within the Athabasca
River valley, although the ISC3BE model has been tuned in an attempt to account for
some of these effects.
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Notwithstanding these limitations, the data used by the models and for the model
evaluation did undergo a review in the key reference report (Appendix III) and were
found to be sufficient for the modelling application. Specifically, the model predictions
show good agreement with observations, both in terms of magnitude and diurnal trends.

B2.3 Project Millennium

B2.3.1 Emissions

The Project Millennium expansion will increase Suncor’s overall production rate and
change overall air emissions. Important air emissions and their potential changes to
ambient air quality as a result of this project are summarized below.

Table B2-1 Summary of Project Millennium Emissions in the Athabasca Oil
Sands Region

Emission Rates (t/cd)
80, NO, CO PM VOC TRS
Suncor 70.2 67.7 12.9 3.8 233 2.7
Syncrude 209.0 44 .4 53.6 54 394 2.3
Other Industries 3.9 8.7 271 0.9 4.9 0.01
Transportation and Residential 0.2 1.37 6.5 1.5 2.95 n/a
Total | 283.3 122.2 100 11.8 280 5.0

/a data not available
Note: The updated values in the above table represent the latest estimates of emissions as detailed in Technical Reference for

Meteorology, Emissions and Ambient Air Quality in the Athabasca Oil Sands Region (Golder and Conor Pacific 1998).

The specific sources that comprise Suncor’s predicted Project Millennium emissions are
shown below in Table B2-2.
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Table B2-2 Summary of Suncor Project Millennium Emissions

Emission [t/cd]

Source S0, No, | co | pm® | voc | TRs
Project Millennium
Powerhouse stack 14.0 2.9 1.67 0.2 0.008 n/a
FGD stack 18.7 29.7 0.69 2.6 0.2 n/a
Millennium mine boilers / GTGs 1.1 4.1 0.3 0.1 0.01 -
Sulphur incinerator 12.3 0.064 34 0.038 0.06 n/a
Tail gas treatment unit 8.7 0.029 3.8 0.04 0.2 n/a
Upgrading furnace stacks 47 3.8 14 0.5 0.06 -
Flaring - continuous and acid gas 10.6 0.191 0.2 0.01 0.041 0.011
Mine fleet 0.08 26.9 1.4 0.3 0.8 -
Fixed Plant Fugitive - - - - 23.3 0.15
Tailings ponds - - - - 200.2 2.4
Mine surface® - - - - 15.3 0.05

Total 70.2 67.7 12.9 3.8 233 27

n/a data not available

- not a source of this emission

@ Assumed as PM,,.

®  Estimated based on Syncrude data.

B2.3.2 80, Predicted Concentrations

The predicted maximum hourly, daily and annual ground level ambient
SO, concentrations resulting from emissions of Project Millennium and all approved
industrial sources and residential emissions in the oil sands region were estimated using
the ISC3BE model. Emission rates used were the calendar day (cd) for annual
GLC predictions and stream day (sd) for hourly and daily GLC predictions. Four years of
observed meteorological measurements from the Suncor Mannix station (75 m level)
were used in the modelling. These models provide an efficient means of estimating the
predicted ambient SO, concentrations from all sources and provides an indication where
maximum concentrations could occur.

The modelling results, which are summarized in Table B2-3, indicate that the increased
incinerator stack height, the adjusted flare stack (19F-1) gas flowrate, and the modified
SO, emissions will result in reduced ground level concentrations and projected numbers
of exceedances of the Alberta guidelines.
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Table B2-3 Maximum Observed Ground Level Concentrations of

S0, for Project Millennium Sources

Source I Hourly®™ l Daily® Annual®
Project Millennium - ISC3BE
Maximum SO, Concentration (ug/m?) 596 199 74.2
Maximurn Number of Exceedances® 2 6 1
S0,, Alberta Guideline (pg/m?) 450 150 30
SO,, Federal Acceptable (ug/m®) 900 300 60
@ Exceeds SO, Alberta Guideline. Normalized for a 12-month period.

® Based on Stream day emission rates for hourly and daily; Calendar day for annual.
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Figure B3-2  Predicted Millennium SO, Maximum Hourly Average Ground Level
Concentrations in the RSA Using the ISC3BE Model
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Figure B34

Predicted Millennium SO, Maximum Average Ground Level

Concentrations in the RSA Using the ISC3BE Model
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Figure B3-3

Predicted Millennium SO, Maximum Daily Average Ground Level
Concentrations in the RSA Using the ISC3BE Model
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Sources S0, [tisd] Model Description
Suncor Development Project Millennium
Powerhouse 1.2 Model ISC3BE (78G)
FGD 19.7 SO, Guideline [ng/im’] 150
Incinerator 102 Maximum [pglma] 199
Flaring 1.3 Exceedences / Year [#] 6
Tail Gas Treatment Unit 5.2
Other Sources, Suncor 5.9
Syncrude (total) 209
Other Emissions (total) 4

TOTAL 256.5
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B2.4 Cumulative Effects Assessment

B2.4.1 Emissions - Summary Of CEA Emissions

Table B2-4 summarizes the air emission estimates used in the CEA from Suncor,
Syncrude, other industries, and transportation and residential sources in the oil sands
region. The level of confidence in the data are high for the existing, approved and Project
Millennium developments. Assumptions have been made in the air emission data for the
planned developments and therefore the level of confidence for this data is lower.

Table B2-4 Summary of Estimated CEA Emissions in the
Athabasca Oil Sands Region
Emission Rates (t/cd)

. Source SO, NO, CcO PM,, vOoC TRS
Suncor 70.2 67.7 12.9 3.8 233.0 2.7
Syncrude 201.0 63.9 84.5 10.4 45.2 3.58
Other industries 24.09 88.1 50.5 5.3 35.7 0.24
Transportation and 0.299 2.206 9.89 2.33 4.34 -
Residential
Total 296.0 222.0 158.0 21.8 318.0 6.5

Note: The updated values in the above table represent the latest estimates of emissions as detailed in Technical Reference for
Meteorology, Emissions and Ambient Air Quality in the Athabasca Qil Sands Regien (Golder and Conor Pacific 1998).

B2.4.2 80, Predicted Concentrations

The predicted maximum hourly, daily and annual ground level ambient
SO, concentrations resulting from emissions of Project Millennium, all approved
industrial sources, all disclosed new industrial developments and residential emissions in
the oil sands region were estimated using the ISC3BE model. Emission rates used were
the calendar day (cd) for annual GLC predictions and stream day (sd) for hourly and daily
GLC predictions. Four years of observed meteorological measurements from the Suncor
Mannix station (75 m level) were used in the modelling. These models provide an
efficient means of estimating the predicted ambient SO, concentrations from all sources
and provides an indication where maximum concentrations could occur.

The modelling results, which are summarized in Table B2-5, indicate that the increased
incinerator stack height, the adjusted flare stack (19F-1) gas flowrate, and the modified
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SO, emissions will result in reduced ground level concentrations and projected numbers
of exceedances of the Alberta guidelines.

Table B2-5 Maximum Observed Ground Level Concentrations of

S0, for Project Millennium Sources

Source l Hourly®™ l Daily® Annual®
Project Millennium - ISC3BE
Maximum SO, Concentration (ug/m?) 667 170 421
Maximum Number of Exceedances® 2 1 1
S0, Alberta Guideline (ug/m%) 450 150 30
S0,, Federal Acceptable (ug/m?®) 900 300 60

@ Exceeds SO, Alberta Guideline. Normalized for a 12-month period.
® Based on Stream day emission rates for hourly and daily; Calendar day for annual.
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Figure B4-2 Predicted CEA SO, Maximum Hourly Average Ground Level
Concentrations in the RSA Using the ISC3BE Model
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Figure B4-3  Predicted CEA SO, Maximum Daily Average Ground Level
Concentrations in the RSA Using the ISC3BE Model
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Figure B4-4

Predicted CEA SO, Maximum Average Ground Level
Concentrations in the RSA Using the ISC3BE Model
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B3 OZONE MODELLING ANALYSES

B3.1 Introduction

The following section on ozone is summarized from the information recently presented in
the Shell Muskeg River Mine Project Supplemental Information submitted to the Alberta
Energy and Utilities Board and Alberta Environmental Protection in June 1998 (Shell
1998). This ozone modelling work was the result of collaboration among Suncor Energy
Inc., Syncrude Canada Ltd. and Shell Canada Limited. Additional information on the oil
sands region ozone modelling can be found in the Shell supplemental document.

The formation of tropospheric (i.e., ground level) ozone (O,) can result from the reaction
of precursor NO, and VOC emissions. The Canadian Council of Ministers of the
Environment (CCME 1990) developed a management plan for NO, and VOC which
identified that high ground level ozone concentrations in Canada were most severe in:

e the Lower Fraser Valley (British Columbia)
o the Windsor - Quebec corridor (Ontario and Quebec)

¢ the southern Atlantic Region (New Brunswick and Nova Scotia)

Although the CCME (1990) management plan does not identify Alberta as having a
potential ozone problem, this issue was identified as a concern in the oil sands region.
The regional issue of ground level ozone is being addressed through a separate Working
Group, which identified the CALGRID model as the most appropriate tool for simulating
the ground level ozone in the oil sands region. The Working Group retained EARTH
TECH to eonduct the ground level ozone analysis in the oil sands region.

The CALGRID dispersion model was selected to simulate the ozone forming potential
within the RSA for both the Baseline Case (representing all approved emission sources)
and the CEA emissions scenario.

B3.2 Baseline Observations

Ambient ozone concentrations are observed at a limited number of stations. Specifically,
ozone is monitored continuously at Fort McMurray and recent short-term ozone
measurements have been collected at the Syncrude North Mine and at Koch Canada’s
(formerly Solv-ex) background monitoring sites. Additional historical data are also
available from the AOSERP program for the period March 1977 to April 1980 when
ozone was measured at Birch Mountain and Bitumount.

Ozone statistics for Fort McMurray based on observations from 1990 to 1997 indicate
that the Alberta hourly O, guideline concentration of 160 ug/m® was last exceeded in June
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1993. Since then, the maximum hourly values have typically been in the 113 to
150 pg/m’ range. The maximum 8-hour average concentration is in the 107 to 155 pg/m’
range. These latter maximums are less than the new U.S. EPA 8-hour standard of
157 ug/m>.  While exceedances of the hourly guidelines are relatively infrequent,
exceedances of the daily guideline (50 pg/m’) occur on average about 110 days per year.
Exceedances of the daily guidelines have been observed 50 to 90% of the time in rural
Alberta areas compared to 10 to 40% of the time in urban areas (Angle and Sandhu
1989).

Ambient ozone concentrations observed at the AOSERP sites (Birch Mountain and
Bitumount), Syncrude North Mine and the Koch background sites can be summarized as
follows:

e The AOSERP monitoring results indicate greater ozone values when
compared to those observed from 1990 to 1996 at the other sites.

e The higher values occur during periods when anthropogenic NO, emissions
were lower. These values may be attributable to higher natural background
values at the higher elevation AOSERP locations.

e The North Mine ozone values are much lower because of the close proximity
to NO, sources. Therefore, the ozone concentrations are reduced as a result of
scavenging by NO.

e The Koch ozone values are consistent with those observed in Fort McMurray.

For the purpose of comparison, the maximum one-hour average zone concentrations
observed at two remote sites in Alberta are 238 pg/m’ (Fortress Mountain [1985 to
1987]) and 133 pg/m’ (Hightower Ridge [1996]). The average ozone concentrations at
these two sites are 84 pg/m’ at Fortress Mountain and 74 pg/m® at Hightower Ridge.

The values observed in Fort McMurray are consistent with observations from northern
latitudes. For example, the observed maximum hourly average O, concentrations at other
northern locations are as follows:

e Norway, 107 to 224 ug/™ (Pederson and Lefohn 1994)
o Finland, 115 to 154 pg/™ (Laurila and Lattila 1994)
e Northern UK., 107 to 209 ug/™ (Bower et al. 1994)

Various reasons have been proposed for the high rural ozone values, ranging from
troposphere and stratosphere interactions (Angle and Sandhu 1986; Davies and
Schepback 1994) to long-range transport of photochemical ozone precursors (Legge and
Krupa 1990; Pederson and Lefohn 1994).
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B3.3 Baseline Predictions

Individual hydrocarbon species have differing capability to react in the atmosphere and
contribute to the formation of ground level ozone. Updates of the VOC emission
estimates for the RSA were developed on the basis of the most recent information from
Syncrude and Suncor and grouped according to photochemical production potential.

The CALGRID model was designed to evaluate photochemical ozone forming potential
for specific episodes. The ozone forming potential in the RSA was evaluated using two
periods:

1. A five-day period in the spring was selected when ambient ozone concentrations tend
to be the greatest (May 1 to May 5, 1994). During this period, ambient
O, concentrations exceeded 130ug/m® on five of the six days; temperatures exceeded
20°C on two of the six days; net radiation exceeded 400 W/m* on all six days and
wind speeds were in the 1.4 to 5.5 m/s range. The highest ozone concentrations were
associated with the two windiest days.

2. A six-day period in the summer was selected when photochemical production is
expected to be the greatest due to warm temperatures and high solar radiation
(July 25 to 30, 1994). During this period, peak ambient O, concentrations were about
60ug/m® on two of the days, about 90 pg/m?® on three of the days and were in excess
of 130 pg/m® on one day. Ambient temperatures exceeded 30°C on one of the six
days, and exceeded 25°C on the other days. Peak net radiation values were about
500 W/m? on three of the days and about 350 W/m?® on the other three days. Wind
speeds were typically in the 1.4 to 2.8 m/s range.

Prior to running CALGRID, the CALMET pre-processor model was used to produce the
two and three-dimensional meteorological and geographical data required by the model.
Maximum hourly average O, concentrations associated with the following cases were
calculated:

1. Biogenic Case. All anthropogenic sources of NO, and VOC are set to zero. The
BEIS (Biogenic Emission Inventory System) model was used to estimate biogenic
emissions based on the RSA vegetation type and ambient temperatures.

2. Existing Case. Anthropogenic RSA sources of NO, and VOC are based on the
existing case emissions (about 1997). This case includes associated biogenic
emissions.

3. Future-year Base Case. Anthropogenic RSA sources of NO, and VOC are based on
a Future-year Base case (about 2002). This case assumes that the approved Suncor
and Syncrude plant expansions and the Syncrude Aurora North Mine (one train) have
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been implemented. This case includes associated biogenic emissions. This emission
scenario closely corresponds to the Baseline Scenario presented in the Project
Millennium EIA.

The Future-year Base Case fugitive VOC emissions were modified to account for
varying ambient temperatures and wind speeds during the respective periods. The
following were noted with respect to the precursor NO, and VOC emissions (Shell
1998):

e Biogenic NO, emissions are much smaller than the Existing and Future-year
Base Case NO, emissions.

e During the spring period, biogenic VOC emissions are comparable to the
Existing and Future-year Base Case VOC emissions.

e During the summer period, biogenic VOC emissions are much greater than the
Existing and Future-year Base VOC emissions.

Predictions of maximum one-hour average ozone concentrations (ug/m’) in the RSA
are presented in Table B3-1 for each day of the simulation. The results indicate the
following:

e Maximum O, concentrations associated with the Biogenic Case are typically
122 and 118 pg/m’ for the spring and summer periods, respectively.

e The Existing Case NO, and VOC precursor emissions (Spring Period)
increase the maximum values to 129 pg/m’ (an increase of 7 pg/m’ or
6% over the Biogenic case).

e The existing Case NO, and VOC precursor emissions (Summer Period)
increase the maximum values to 161 pg/m’ (an increase of 43 pg/m® or
36% over the Biogenic case).

e The Future-year Base Case NO, and VOC precursor emissions (Spring
Period) increase the maximum value to 130 pg/m’. This is an increase of
1 pg/m’ (about 1%) over the Existing Case.

e The Future-year Base Case NO, and VOC precursor emissions (Summer
Period) increase the maximum values to 173 pug/m’. This is an increase of
12 pg/m’ (about 7%) over the Existing Case.

e Hourly exceedances in the RSA are predicted to occur on 3 of the 6 summer
period days for the Existing Case and on 4 of 6 summer period days for the
Future-year Base Case. No exceedances are predicted to occur for the spring
period days.
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Table B3-1 Summary of O; Predictions in the Athabasca Oil Sands Region

Biogenic and Future Year Base Cases

Maximum 1-hour Ozone [ug/m?]
Biogenic Case ] Future Year Base Case
Spring
May 1 125 133
May 2 125 125
May 3 113 123
May 4 125 127
May 5 121 142
Average 122 130
Summer
July 25 127 195
July 26 115 160
July 27 115 139
July 28 113 203
July 29 117 178
July 30 119 166
Average 118 173

The 1-hour Alberta Ambient Air Quality Guideline and the Federal Acceptable Objective for O, are both
160 pg/m’.

B3.4 Cumulative Effects Assessment (CEA) Predictions

Emissions associated with the RDR Case (Shell 1998) are greater than those associated
with the CEA scenario presented in the EIA. Therefore, the predicted 1-hour ozone
concentrations presented in Table B3-2 represent conservative estimates of the ozone
forming potential for the CEA case. The predicted maximum 1-hour O, concentrations in
Table B3-2 indicate that:

e Maximum values are associated with the warmer summer period.

e Average incremental O, increase of 3 pg/m’ is associated with the summer
period (3% increase).

e An average incremental O, increase of 16 pg/m’is associated with the summer
period (9% increase).

e The maximum values are predicted to exceed the 160 pg/m’ guideline.
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Table B3-2 Summary of Baseline O; Predictions in the Athabasca Oil Sands
Region Including the CEA Case

Maximum 1-hour Ozone [ug/m®]
Biogenic Case I Future Year Base Case I CEA Case
Spring
May 1 125 133 140
May 2 125 125 125
May 3 113 123 131
May 4 125 127 129
May 5 121 142 146
Average 122 130 134
Summer
July 25 127 195 207
July 26 115 160 174
July 27 115 139 154
July 28 113 203 217
July 29 117 178 193
July 30 119 166 187
Average 118 173 189

The 1-hour Alberta Ambient Air Quality Guideline and the Federal Acceptable Objective for O, are both

160 pg/m’.

B3.5 Conclusions Regarding O, Modelling In The Athabasca Oil Sands Region

The above evaluation indicates that increased emissions in the oil sands region can result

in increases to ambient l-hour ground level ozone concentrations.

To date, the

CALGRID modelling evaluation has not evaluated the expected impact on elevated
24-hour ozone concentrations. These maximums may not be highest during the same

periods as the maximum 1-hour results.
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B4 REVISED PARTICULATE AND AEROSOLS ANALYSES

B4.1 INTRODUCTION

The latest estimates of emissions in the oil sands region are presented in the Technical Reference
for Meteorology, Emissions and Ambient Air Quality in the Athabasca Oil Sands Region
(Golder and Conor-Pacific 1998). These revised emission estimates have been utilized to
determine the ambient particulate, aerosol, metal and PAH concentrations resulting from the
Baseline, Millennium and CEA emissions scenarios.

In addition to refining the primary PM,, particulate concentrations presented in the EIA, this
analysis includes a summary of the modelled secondary aerosols as well as estimates of the
primary and secondary PM, ; concentrations. Secondary aerosols represent particles which are
formed in the atmosphere as a result of chemical reactions among airborne chemicals. In the
case of the oil sands region, the key secondary aerosols resulting from industrial activities are the
sulphates and nitrates formed from the SO, and NO, emissions in the region.

For completeness, this evaluation includes a refined analysis of the airborne concentrations of
metals and PAH compounds resulting from industrial emissions, and an analysis of the resultant
depositions of these compounds. These data have been incorporated into the Additional Human
Health Analyses presented in Section BS (New Information) of this supplemental submission.

B4.2 MODEL APPROACH AND LIMITATIONS

The analysis of primary particulate concentrations and depositions were conducted using the
ISC3BE dispersion model developed by BOVAR Environmental that is a modified version of the
original ISC3ST model. The Industrial Source Complex Short Term Model, Version 3 (ISCST3)
is a steady-state Gaussian plume model, recommended by the U.S. EPA for evaluating pollutant
releases from a wide variety of sources associated with industrial source complexes. This model
can account for: building downwash; area, line and volume sources; plume rise as a function of
downwind distance; separation of point sources; and limited terrain adjustment.

The modifications made to the original model code were undertaken to enable the model to yield
maximum predictions during the daylight hours and to predict similar numbers of exceedances as
observed at the local monitoring stations (Conor Pacific 1998). Although the tuning done to the
ISC3BE model has not been subjected to the same rigorous independent review as the original
code, the changes are designed to yield model predictions which correspond to the observations
made at sampling locations along the Athabasca River valley. This model has been extensively
used in previous air assessments in the oil sands region.

Dispersion models employ simplifying assumptions to describe the random processes associated
with atmospheric motions and turbulence. These simplifying processes limit the capability of a
model to replicate individual events. A model’s predictive capability and strength lies in the
capability to predict an average for a given set of meteorological conditions. Other factors that
limit the capability of a model to predict values that match observations are limitations in the
input data and information used by the model. For example, the modelling does not account for
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the hour-by-hour emission rates in the source strength and exit characteristics (such as
temperature and velocity). The models do not replicate the special flow patterns and reduced
dispersion within the Athabasca River valley, although the ISC3BE model has been tuned in an
attempt to account for some of these effects.

Notwithstanding these limitations, the data used by the models and for an evaluation of the
model was reviewed in Appendix III of Vol. 2D of the EIA, and were found to be sufficient for
the modelling application. Specifically, the model predictions show good agreement with
observations, both in terms of magnitude and diurnal trends.

One of the limitations of the ISC3BE model is that it cannot explicitly address the chemical
transformations required to simulate acidic deposition or secondary aerosol formation. To
effectively simulate these chemical processes it was necessary to employ the CALPUFF
dispersion model.

CALPUFF is a multi-layer, multi-species non-steady-state puff dispersion model which can
simulate the effects of time and space-varying meteorological conditions on pollutant transport,
transformation, and removal. CALPUFF can use the three dimensional meteorological fields
developed by CALMET or similar models, or simple, single station winds in a format consistent
with the meteorological files used to drive the ISC3BE model. The use of single station wind
files do not allow CALPUFF to take advantage of its capabilities to treat spatially-variable
meteorological fields. However, all of the information required for the generation of the three
dimensional meteorological fields required with the full implementation of CALPUFF were not
readily available at the time of the assessment. For this reason, CALPUFF was run in the
“steady-state” mode, using the meteorological data collected at the Suncor Mannix station (75m
level).

B4.3 BASELINE CONDITIONS

B4.3.1 Emissions

The baseline emissions scenario includes the contribution from oil sands mining, extraction and
upgrading facilities in the Athabasca oil sands region as well as emissions from other sources,
including other industrial operations, fransportation and community sources. This section
summarizes the Baseline projects as defined in Table A2-11 of Vol. 2A of the EIA.

A summary of the emissions from Suncor, Syncrude, other industries, transportation and
residential sources in the oil sands region is provided in Table B4-1. While the results in the
table indicate the two oil sands operations are the major sources of emissions to the atmosphere,
there are other smaller sources that can also influence air quality. This is especially true for
those smaller sources which originate from the communities. The particulate emissions in the
table have been adjusted to correspond to the best estimates of PM,, emissions available.
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Table B4-1 Summary of Estimated Baseline Emissions in the Athabasca Oil
Sands Region

Emission Rates (t/cd)
Source SO, NO, co PM® vOC TRS
Suncor 65.3 47.7 7.6 3.4 130.2 1.5
Syncrude 209.0 44.4 53.6 5.4 39.4 2.3
Other Industries 3.9 8.7 271 0.9 4.9 0.01
Transportation and Residential 0.2 1.37 6.5 1.5 2.95 -
Total 278.4 102.17 94.8 11.2 172 3.81

- Not a source of this emission.
@ Assumed as PM,,.
n/d no data

Note: The updated values in the above table represent the latest estimates of emissions as detailed in Technical Reference
for Meteorology, Emissions and Ambient Air Quality in the Athabasca Oil Sands Region (Golder and Conor Pacific
1998).

The airborne concentrations of PM,, are typically referred to as the inhalable fraction and
corresponds to those particles which can enter the human lungs. The PM,, fraction of the
particles includes material over a wide range of sizes, but can reasonably be described as those
particles having a mass mean diameter less than 10 pm. Within this PM10 fraction is a subset of
particles which are small enough to infiltrate deep into the respiratory tract. These respirable
particles are usually designated as PM,;, which includes those particles having a mass mean
diameter less than 2.5 pm.

Concern regarding the PM, s fraction of the airborne PM,, has started to get increasing attention
from regulators and the public. Unfortunately, detailed information regarding actual PM,;
emissions to the atmosphere is limited in comparison to the information on PM,,. For the
purposes of this evaluation, the airborne primary PM, s concentrations have been derived from
the predicted PM,, levels using available emission relationships as demonstrated in the following
table. The overall relationships shown in Table B4-2 have been applied to all modelled primary
PM,, concentrations.

Table B4-2 Summary of Baseline Particle Relationships

Emissions [t/cd]
Source PM,, PM, s/PM,, PM,;
Suncor FGD® 2.73 99% 2.70
Syncrude Main Stack® 3.6 80% 2.88
Mine Fleet® 1.9 48% 0.9
Total 8.23 78% 6.48

@  Based on stack monitoring results
®  Based on emission relationships listed in Table 3-61 “Technical Reference for the Meteorology, Emissions
and Ambient Air Quality in the Athabasca Oil Sands Region”.

The key emission sources in the region for heavy metals and PAH compounds are the mine
fleets, the Suncor FGD stack and the Syncrude main stack. Emissions of heavy metals and PAH.
compounds from each of these sources were derived from source specific speciation information
gathered from emissions testing results (in the case of the FGD and Syncrude main stack) or
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from literature (in the case of the mine fleet). These speciation data were based on total PM
emissions from each of these sources. The modelling methodology used to determine both the
concentration and deposition of these compounds were similar. For each source, the airborne
concentrations and resultant depositions of the total PM were determined. The individual
speciations listed in Tables B4-3 and B4-4 were then applied to determine the contributions from
each source. Finally, the contributions from each of the sources was then summed to determine
the overall concentrations or depositions of the species of interest.

Table B4-3 Heavy Metal Speciations

Average Fraction of Total PM Emissions
Parameters Suncor FGD Syncrude Main Stack Mine Fleet
Antimony 0.0010% 0.0009% 0%
Arsenic 0.0017% 0.0014% 0%
Aluminum 0.1270% 0.2299% 0%
Barium 0.0172% 0.0126% 0%
Beryiiium 0.0002% 0.0002% 0%
Cadmium 0.0002% 0.0006% 0%
Calcium 0.1089% 0.3105% 0%
Chromium 0.0737% 0.0920% 0%
Cobalt 0.0037% 0.0053% 0%
Copper 0.0062% 0.0091% 0%
fron 0.5324% 1.1444% 0%
Lead 0.0118% 0.0081% 0%
Magnesium 0.0499% 0.0494% 0%
Manganese 0.0320% 0.0294% 0%
Mercury 0.0002% 0.0002% 0%
Molybdenum 0.0148% 0.0164% 0%
Nickel 0.1095% 0.1612% 0%
Phosphorus 0.1149% 0.0169% 0%
Selenium 0.0662% 0.0027% 0%
Silicon 0.5445% 3.1338% 0%
Silver 0.0009% 0.0026% 0%
Sodium 1.3309% 1.1941% 0%
Tin 0.0118% 0.0090% 0%
Titanium 0.0163% 0.0215% 0%
Vanadium 0.0584% 0.0617% 0%
Zirconium 0.0118% 0.0090% 0%
Zinc 0.0218% 0.8160% 0%
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Table B4-4 PAH Speciations

Fraction of Total PM Emissions
Parameter Suncor FGD Syncrude Main Stack| Mine Fleet
Acenaphthene 2.057E-07 8.451E-08 4.106E-05
Acenaphylene 1.301E-07 1.383E-05 8.109E-05
Anthracene 6.140E-07 1.268E-07 1.223E-05
1,2-Benzathracene 2.117E-07 1.831E-07 -
Benzo(b & j)fluoranthene 1.579E-06 5.211E-07 -
Benzo(k)fluoranthene 1.815E-07 2.394E-07 1.106E-06
Benzo(a)fluorene 2.329E-07 8.451E-08 2.650E-06
Benzo(b)fluorene 1.210E-07 8.451E-08 -
Benzo(g, h, i)perylene 2.208E-07 2.676E-07 2.513E-06
Benzo(a)pyrene 1.815E-07 1.408E-07 1.159E-06
Benzo(e)pyrene 1.210E-07 8.451E-08 1.643E-07
Camphene 4.083E-07 8.451E-08 -
Carbazole 2.117E-07 8.451E-08 -
1 -Chloronaphthalene 1.815E-07 9.859E-08 -
2-Chloronaphthalene 1.815E-07 3.239E-07 -
Chrysene 2.964E-07 5.634E-07 8.158E-06
Dibenz(a, j)acridine 1.815E-07 1.831E-07 -
Dibenz(a, h)acridine 1.815E-07 8.451E-08 -
Dibenz(a, h)anthracene 1.815E-07 9.859E-08 3.044E-06
Dibenzothiophene 7.320E-07 5.473E-05 1.746E-07
7,12-dimethylbenz(a)anthracene 1.815E-07 8.451E-08 -
1, 6-Dinitropyrene 1.815E-07 8.451E-08 -
1, 8-Dinitropyrene 1.815E-07 8.451E-08 -
Fluoranthene 1.594E-06 8.592E-07 2.927E-05
Fluorene 1.116E-06 8.451E-08 1.123E-04
Ideno(l, 2, 3-cd)pyrene 1.815E-07 2.817E-07 -
Indole 4.235E-07 8.451E-08 -
1 -Methyinaphthalene 1.903E-06 1.363E-05 -
2-Methylnaphthalene 2.710E-06 1.148E-05 -
Naphthalene 1.406E-05 1.980E-04 1.142E-03
Nitro-pyrene 2.722E-07 8.451E-08 -
Perylene 1.210E-07 8.451E-08 2.054E-08
Phenanthrene 6.803E-06 1.841E-05 3.302E-04
Pyrene 9.800E-07 1.944E-06 2.307E-05
Retene 2.117E-06 1.070E-06 -

-=no data
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B4.3.2 Predicted Concentrations of Primary and Secondary Particulates

The predicted maximum daily and annual ground level concentrations of primary and secondary
PM,, at each of the communities in the oil sands region are presented in Table B4-5. Table B4-6
presents a summary of the primary and secondary PM,; fraction of the airborne PM,,. A
discussion of the effects on human health in the region from the PM,, and PM, 5 concentrations

has been included in Section B5 (New Information) of this submission.

Table B4-5 Predicted Ground Level Concentrations of Primary and Secondary
PM,, for the Baseline Emissions

Maximum Daily Concentration Average Annual Concentration
Lower Fort Fort Fort Lower Fort Fort Fort

Location Camp | McMurray | McKay |[Chipewyan| Camp McMurray | McKay | Chipewyan
Secondary PM,, [ug/m?]

Sulphate 0.7 0.5 0.7 0.5 0.1 0.1 0.1 0.0

Nitrate 4.0 33 3.2 0.2 0.7 0.3 0.6 0.0
Total Secondary PM,, 47 3.8 3.9 0.7 0.8 0.3 0.6 0.1
Primary PM,, [pg/m?] 16.5 58.8 12.7 1.6 3.2 8.3 1.6 0.1
Total PM,q [ug/md] 21.2 62.6 16.6 2.3 3.9 8.6 2.2 0.2

Table B4-6 Predicted Ground Level Concentrations of Primary and Secondary
PM s for the Baseline Emissions

Maximum Daily Concentration Average Annual Concentration
Lower Fort Fort Fort Lower Fort Fort Fort

Location Camp | McMurray | McKay |Chipewyan| Camp | McMurray | McKay [ Chipewyan
Secondary PM, s [ug/m?]

Sulphate 0.7 0.5 0.7 0.5 0.1 0.1 0.1 0.0

Nitrate 4.0 3.3 3.2 0.2 0.7 0.3 0.6 0.0
Total Secondary PM, 5 4.7 3.8 3.9 0.7 0.8 0.3 0.6 0.1
Primary PM, 5 [ug/md] 12.9 45.9 9.9 1.3 25 6.4 1.2 0.1
Total PM, 5 [ug/m?] 17.6 49.6 13.8 2.0 3.2 6.8 1.8 0.2

The predicted baseline maximum daily and annual average primary PM,, concentrations are
presented in Figures B2-27 and B2-28, respectively. These new figures correspond to the same
numbered figures in the original EIA document (Vol. 2A).
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Figure B2-27 Predicted Baseline PM;, Maximum Daily Average Ground Level
Concentrations in the RSA
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Figure B2-28 Predicted Baseline PM;, Annual Average Ground Level
Concentrations in the RSA
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B4.3.3 Predicted Concentrations and Deposition Rates of Metals and
PAH Compounds

The predicted maximum daily and annual ground level concentrations of heavy metals and PAH
compounds resulting from the Baseline releases from the Suncor FGD, the Syncrude main stack
and the mine fleets are summarized in Tables B4-7 and B4-8. In a similar manner, the annual
deposition rates of the metals and PAH compounds are summarized in Tables B4-9 and B4-10,
respectively.

Table B4-7 Average Predicted Ground Level Concentrations of Heavy Metals
at Selected Sites for Baseline Emissions

Maximum Daily Ground Level Concentration Average Annual Ground Level
Concentration
Ontario
AAQC, Lower Fort Fort Fort Lower Fort Fort Fort
Location Daily3 Camp |McMurray| McKay |Chipewyan]| Camp |McMurray| McKay |Chipewyan

[ng/m?]
Heavy Metals
[ug/m?]
Antimony — 1.01E-04 | 7.26E-06 | 2.60E-05 | 2.39E-06 |4.73E-06| 3.34E-07 | 2.11E-06 | 1.02E-07
Arsenic 3.00E+03 | 1.58E-04 | 1.16E-05 | 4.09E-05 | 3.79E-06 | 7.53E-06 | 5.35E-07 | 3.31E-06 | 1.63E-07
Aluminum — 1.96E-02 | 1.16E-03 | 5.16E-03 | 4.07E-04 | 7.75E-04 | 4.90E-05 | 4.12E-04 | 1.62E-05
Barium 1.00E+05 | 1.54E-03 | 1.16E-04 | 3.96E-04 | 3.77E-05 |7.54E-05| 5.43E-06 | 3.22E-05 | 1.63E-06
Beryllium 0.00E+00 | 1.92E-05 | 1.33E-06 | 4.99E-06 | 4.44E-07 | 8.74E-07 | 6.05E-08 | 4.03E-07 | 1.87E-08
Cadmium 2.00E+04 | 4.52E-05 | 2.44E-06 | 1.20E-05 | 8.88E-07 | 1.66E-06 | 9.92E-08 | 9.52E-07 | 3.43E-08
Calcium — 2.36E-02 | 1.24E-03 | 6.29E-03 | 4.55E-04 | 8.47E-04 | 4.94E-05 | 4.98E-04 | 1.74E-05
Chromium 1.50E+04 | 8.87E-03 | 5.80E-04 | 2.32E-03 | 1.97E-04 | 3.83E-04 | 2.57E-05 | 1.86E-04 | 8.15E-06
Cobalt 1.00E+03 | 4.88E-04 | 3.07E-05 | 1.28E-04 | 1.06E-05 [2.04E-05| 1.34E-06 | 1.02E-05 | 4.31E-07
Copper 5.00E+05 | 8.25E-04 | 5.17E-05 | 2.17E-04 | 1.78E-05 | 3.44E-05| 2.25E-06 | 1.73E-05 | 7.25E-07
fron — 9.30E-02 | 5.24E-03 | 2.46E-02 | 1.87E-03 | 3.54E-03 | 2.17E-04 | 1.96E-03 | 7.35E-05
Lead 0.00E+00 | 1.02E-03 | 7.83E-05 | 2.61E-04 | 2.53E-05 | 5.06E-05| 3.68E-06 | 2.12E-05 | 1.10E-06
Magnesium — 5.22E-03 | 3.65E-04 | 1.36E-03 | 1.21E-04 | 2.39E-04 | 1.66E-05 | 1.09E-04 | 5.12E-06
Manganese — 3.21E-03 | 2.29E-04 | 8.32E-04 | 7.55E-05 | 1.49E-04 { 1.05E-05 [ 6.72E-05 | 3.21E-06
Mercury 2.00E+04 | 2.24E-05 | 1.50E-06 | 5.85E-06 | 5.07E-07 | 9.90E-07 | 6.73E-08 | 4.71E-07 | 2.11E-08
Molybdenum | 1.20E+06 | 1.66E-03 | 1.12E-04 | 4.32E-04 | 3.77E-05 |7.37E-05| 5.03E-06 | 3.48E-05 | 1.57E-06
Nickel 2.00E+04 | 1.47E-02 | 9.16E-04 | 3.84E-03 | 3.16E-04 | 6.09E-04 | 3.98E-05 | 3.08E-04 | 1.28E-05
Phosphorus — 6.18E-03 | 6.29E-04 | 1.53E-03 | 1.88E-04 | 3.94E-04 | 3.18E-05 | 1.28E-04 | 8.83E-06
Selenium 1.00E+05 | 3.14E-03 | 3.47E-04 | 7.69E-04 | 1.02E-04 |2.16E-04 | 1.79E-05 | 6.50E-05 | 4.87E-06
Silicon — 2.14E-01 | 9.63E-03 | 5.74E-02 | 3.77E-03 | 6.77E-03 | 3.51E-04 | 4.51E-03 | 1.35E-04
Silver 1.00E+04 | 2.00E-04 | 1.04E-05 | 5.32E-05 | 3.84E-06 |7.13E-06 | 4.15E-07 | 4.21E-06 | 1.46E-07
Sodium — 1.32E-01 | 9.46E-03 | 3.42E-02 | 3.12E-03 | 6.17E-03 | 4.34E-04 | 2.76E-03 | 1.33E-04
Tin 1.00E+05 | 1.07E-03 | 8.03E-05 | 2.76E-04 | 2.61E-05 | 5.21E-05| 3.74E-06 | 2.24E-05 | 1.13E-06
Titanium — 2.03E-03 | 1.31E-04 | 5.32E-04 | 4.47E-05 | 8.67E-05| 5.77E-06 | 4.26E-05 | 1.84E-06
Vanadium 2.00E+04 | 6.35E-03 | 4.35E-04 | 1.65E-03 | 1.46E-04 |2.86E-04 | 1.96E-05 | 1.33E-04 | 6.11E-06
Zirconium — 1.07E-03 | 8.03E-05 | 2.76E-04 | 261E-05 | 5.21E-05| 3.74E-06 | 2.24E-05 | 1.13E-06
Zinc 1.20E+06 { 5.03E-02 | 1.89E-03 | 1.36E-02 | 8.01E-04 | 1.38E-03 { 5.93E-05 | 1.06E-03 | 2.65E-05

OAAQC: Ontario Ambient Air Quality Criteria, Ontario Ministry of the Environment 1994” Summary of Point of Impingement
Standards, Ambient Air Quality Criteria (AAQC), and Approvals Screening Levels
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Table B4-8 Average Predicted Ground Level Concentrations of PAHs at
Selected Sites for Baseline Emissions
Maximum Daily Ground Level Concentration | Average Annual Ground Level Goncentration
Lower Fort Fort Fort Lower Fort Fort Fort
Location Camp | McMurray | McKay |Chipewyan| Camp McMurray | McKay | Chipewyan
PAHSs [pug/m?)
Acenaphthene 9.87E-04 | 9.12E-05 | 1.75E-04 | 1.24E-05 | 1.84E-01 | 4.42E-03 | 2.27E-02 | 9.22E-04
Acenaphylene 2.03E-03 | 1.83E-04 | 3.68E-04 | 2.57E-05 | 3.66E-01 | 8.82E-03 | 4.66E-02 | 1.86E-03
Anthracene 2.97E-04 | 2.75E-05 | 5.30E-05 | 3.79E-06 | 5.51E-02 | 1.33E-03 | 6.83E-03 | 2.79E-04
1,2-Benzathracene 2.06E-06 | 1.49E-07 | 5.32E-07 | 4.89E-08 | 9.70E-05 | 6.85E-06 | 4.31E-05 | 2.09E-06
Benzo(b & j)fiuoranthene 1.02E-05 | 9.27E-07 | 2.58E-06 | 2.86E-07 | 5.88E-04 | 4.56E-05 | 2.13E-04 | 1.30E-05
Benzo(k)fluoranthene 2.88E-05| 2.60E-06 | 5.30E-06 | 3.83E-07 | 5.06E-03 | 1.25E-04 | 6.58E-04 | 2.68E-05
Benzo(a)fluorene 6.51E-05{ 6.02E-06 | 1.17E-05 | 8.41E-07 | 1.20E-02 | 2.92E-04 | 1.50E-03 | 6.13E-05
Benzo(b)fluorene 1.05E-06 | 8.08E-08 | 2.71E-07 | 2.61E-08 | 5.22E-05 | 3.78E-06 | 2.20E-05 | 1.13E-06
Benzo(g, h, i)perylene 6.29E-05| 5.75E-06 | 1.14E-05 | 8.15E-07 | 1.14E-02 | 2.78E-04 | 1.44E-03 | 5.87E-05
Benzo(a)pyrene 2.95E-05| 2.70E-06 | 5.37E-06 | 3.90E-07 | 5.28E-03 | 1.31E-04 | 6.75E-04 | 2.77E-05
Benzo(e)pyrene 5.00E-06 | 4.45E-07 | 9.71E-07 | 7.56E-08 | 7.89E-04 | 2.15E-05 | 1.13E-04 | 4.82E-06
Camphene 2.34E-06 | 2.29E-07 | 5.85E-07 | 6.91E-08 | 1.44E-04 | 1.15E-05 | 4.87E-05 | 3.21E-06
Carbazole 1.46E-06 | 1.28E-07 | 3.70E-07 | 3.97E-08 | 8.12E-05 | 6.21E-06 | 3.05E-05 | 1.79E-06
1 -Chloronaphthalene 1.41E-06 | 1.15E-07 | 3.60E-07 | 3.65E-08 | 7.38E-05 | 5.49E-06 | 2.94E-05 | 1.61E-06
2-Chloronaphthalene 2.77€-06 | 1.64E-07 | 7.30E-07 | 5.77E-08 | 1.10E-04 | 6.97E-06 | 5.83E-05 | 2.30E-06
Chrysene 2.01£-04 | 1.84E-05 | 3.60E-05 | 2.55E-06 | 3.68E-02 | 8.89E-04 | 4.61E-03 | 1.87E-04
Dibenz(a, j)acridine 1.92E-06 | 1.33E-07 | 4.99E-07 | 4.44E-08 | 8.74E-05 | 6.05E-06 | 4.03E-05 | 1.87E-06
Dibenz(a, h)acridine 1.32E-06 | 1.12E-07 | 3.37E-07 | 3.51E-08 | 7.15E-05 | 5.40E-06 | 2.76E-05 | 1.57E-06
Dibenz(a, h anthracene 7.45E-05 ] 6.87E-06 | 1.33E-05 | 9.53E-07 | 1.37E-02 | 3.33E-04 | 1.71E-03 | 6.98E-05
Dibenzothiophene 3.38E-04 | 1.27E-05 | 9.14E-05 | 5.31E-06 | 9.81E-03 | 3.97E-04 | 7.16E-03 | 1.77E-04
7,12- 1.32E-06 | 1.12E-07 | 3.37E-07 | 3.51E-08 [ 7.15E-05 | 5.40E-06 | 2.76E-05 | 1.57E-06
dimethylbenz(a)anthracene
1, 6-Dinitropyrene 1.32E-06 | 1.12E-07 | 3.37E-07 | 3.51E-08 [ 7.15E-05 | 5.40E-06 | 2.76E-05 | 1.57E-06
1, 8-Dinitropyrene 1.32E-06 | 1.12E-07 | 3.37E-07 | 3.51E-08 | 7.15E-05 | 5.40E-06 | 2.76E-05 | 1.57E-06
Fluoranthene 7.15E-04 | 6.60E-05 | 1.28E-04 | 9.14E-06 | 1.32E-01 | 3.20E-03 | 1.64E-02 | 6.70E-04
Fluorene 2.70E-03 | 2.50E-04 | 4.80E-04 | 3.40E-05 | 5.04E-01 | 1.21E-02 | 6.22E-02 | 2.53E-03
ldeno(l, 2, 3-cd)pyrene 2.52E-06 | 1.55E-07 | 6.61E-07 | 5.37E-08 | 1.03E-04 | 6.69E-06 | 5.29E-05 | 2.17E-06
Indole 2.41E-06 | 2.37E-07 | 6.02E-07 | 7.14E-08 | 1.49E-04 | 1.19E-05 | 5.01E-05 | 3.32E-06
1 -Methylnaphthalene 9.09E-05 | 3.95E-06 | 2.45E-05 | 1.57E-06 | 2.80E-03 | 1.40E-04 | 1.92E-03 | 5.55E-05
2-Methylnaphthalene 8.15E-05 | 3.90E-06 | 2.18E-05 | 1.49E-06 | 2.71E-03 | 1.48E-04 | 1.72E-03 | 5.47E-05
Naphthalene 2.87E-02 | 2.58E-03 | 5.21E-03 | 3.65E-04 | 5.16E+00 | 1.25E-01 | 6.57E-01 2.63E-02
Nitro-pyrene 1.73E-06 | 1.59E-07 | 4.36E-07 | 4.87E-08 | 1.01E-04 | 7.82E-06 | 3.61E-05 | 2.23E-06
Perylene 1.55E-06 | 1.26E-07 | 3.59E-07 | 3.23E-08 | 1.44E-04 | 599E-06 | 3.34E-05 | 1.59E-06
Phenanthrene 8.07E-03 | 7.40E-04 | 1.44E-03 | 1.02E-04 | 1.49E+00 | 3.58E-02 | 1.85E-01 7.51E-03
Pyrene 5.70E-04 | 5.21E-05 | 1.03E-04 | 7.28E-06 | 1.04E-01 | 2.52E-03 | 1.31E-02 | 5.30E-04
Retene 1.60E-05 | 1.32E-06 | 4.07E-06 | 4.18E-07 | 8.48E-04 | 6.35E-05 | 3.33E-04 | 1.86E-05
Nitrobenzanthrone 1.59E-04 | 1.47E-05 | 2.82E-05 1.99E-06 | 2.96E-02 | 7.11E-04 | 3.65E-03 1.48E-04
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Table B4-9 Average Predicted Deposition of Heavy Metals at Selected Sites as
for Baseline Emissions

Average Annual Deposition
Location Lower Camp | FortMcMurray | Fort McKay | Fort Chipewyan
Heavy Metals [ng/m?]
Antimony 2.14E-02 2.31E-04 6.26E-03 1.02E-05
Arsenic 3.38E-02 3.59E-04 9.61E-03 1.60E-05
Aluminum 3.80E+00 5.01E-02 1.57E+00 2.03E-03
Barium 3.34E-01 3.42E-03 8.83E-02 1.55E-04
Beryllium 4.01E-03 4.51E-05 1.27E-03 1.95E-06
Cadmium 8.47E-03 1.20E-04 3.92E-03 4.72E-06
Calcium 4.37E+00 6.36E-02 2.11E+00 2.48E-03
Chromium 1.80E+00 2.15E-02 6.33E-01 9.08E-04
Cobalt 9.75E-02 1.21E-03 3.64E-02 5.01E-05
Copper 1.64E-01 2.05E-03 6.21E-02 8.49E-05
Iron 1.77E+01 2.43E-01 7.79E+00 9.67E-03
1Lead 2.23E-01 2.23E-03 5.65E-02 1.02E-04
Magnesium 1.09E+00 1.22E-02 3.41E-01 5.30E-04
Manganese 6.78E-01 7.41E-03 2.04E-01 3.25E-04
Mercury 4.61E-03 5.38E-05 1.55E-03 2.29E-06
Molybdenum 3.42E-01 3.95E-03 1.13E-01 1.69E-04
Nickel 2.92E+00 3.65E-02 1.10E+00 1.51E-03
Phosphorus 1.57E+00 1.05E-02 1.37E-01 5.93E-04
Selenium 8.35E-01 4.77€-03 3.21E-02 2.96E-04
Silicon 3.74E+01 6.06E-01 2.11E+01 2.27E-02
Silver 3.69E-02 5.39E-04 1.79E-02 2.09E-05
Sodium 2.79E+01 3.04E-01 8.29E+00 1.34E-02
Tin 2.32E-01 2.39E-03 6.25E-02 1.08E-04
Titanium 4.10E-01 4.97E-03 1.48E-01 2.08E-04
Vanadium 1.32E+00 1.50E-02 4.26E-01 6.46E-04
Zirconium 2.32E-01 2.39E-03 6.25E-02 1.08E-04
Zinc 8.27E+00 1.50E-01 5.48E+00 5.40E-03
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Table B4-10 Average Predicted Deposition of PAHs at Selected Sites for
Baseline Emissions

Average Annual Deposition
Location Lower Camp ] Fort McMurray l Fort McKay I Fort Chipewyan

PAHs [ng/m?]

Acenaphthene 2.81E-02 1.60E-04 1.00E-03 1.82E-05
Acenaphylene 6.86E-02 5.63E-04 1.11E-02 4.47E-05
Anthracene 9.16E-03 5.30E-05 3.78E-04 5.72E-06
1,2-Benzathracene 4.38E-04 4.70E-06 1.27E-04 2.08E-07
Benzo(b & j)fiuoranthene 2.44E-03 1.97E-05 3.82E-04 1.00E-06
Benzo(k)fluoranthene 1.21E-03 9.76E-06 1.90E-04 7.18E-07
Benzo(a)fluorene 2.16E-03 1.32E-05 1.22E-04 1.32E-06
Benzo(b)fluorene 2.30E-04 2.32E-06 5.92E-05 1.06E-07
Benzo(g, h, i)perylene 2.23E-03 1.59E-05 2.42E-04 1.37E-06
Benzo(a)pyrene 1.14E-03 8.17E-06 1.25E-04 6.78E-07
Benzo(e)pyrene 3.42E-04 2.95E-06 6.30E-05 1.78E-07
Camphene 5.81E-04 4.17E-06 6.52E-05 2.26E-07
Carbazole 3.41E-04 2.91E-06 6.11E-05 1.44E-07
1 -Chloronaphthalene 3.18E-04 2.97E-06 6.99E-05 1.40E-07
2-Chloronaphthalene 5.39E-04 7.08E-06 2.21E-04 2.87E-07
Chrysene 6.44E-03 4.33E-05 5.71E-04 4.08E-06
Dibenz(a, j)acridine 4.01E-04 4.51E-06 1.27E-04 1.95E-07
Dibenz(a, h)acridine 3.04E-04 2.71E-06 6.05E-05 1.31E-07
Dibenz(a, h anthracene 2.38E-03 1.46E-05 1.40E-04 1.48E-06
Dibenzothiophene 5.47E-02 1.00E-03 3.67E-02 3.60E-05
7,12- 3.04E-04 2.71E-06 6.05E-05 1.31E-07
dimethylbenz(a)anthracene

1, 6-Dinitropyrene 3.04E-04 2.71E-06 6.05E-05 1.31E-07
1, 8-Dinitropyrene 3.04E-04 2.71E-06 6.05E-05 1.31E-07
Fluoranthene 2.26E-02 1.38E-04 1.28E-03 1.41E-05
Fluorene 7.75E-02 4.38E-04 2.65E-03 5.00E-05
Ideno(l, 2, 3-cd)pyrene 4.98E-04 6.31E-06 1.93E-04 2.59E-07
Indole 5.99E-04 4.27E-06 8.85E-05 2.33E-07
1 -Methylnaphthalene 1.57E-02 2.61E-04 9.19E-03 9.66E-06
2-Methyinaphthalene 1.46E-02 2.27E-04 7.76E-03 8.60E-06
Naphthalene 9.85E-01 8.06E-03 1.59E-01 6.37E-04
Nitro-pyrene 4.15E-04 3.30E-06 6.23E-05 1.69E-07
Perylene 2.44E-04 2.40E-06 5.97E-05 1.15E-07
Phenanthrene ‘ 2.50E-01 1.64E-03 2.00E-02 1.60E-04
Pyrene 1.87E-02 1.30E-04 1.85E-03 1.18E-05
Retene 3.63E-03 3.32E-05 7.62E-04 1.59E-06
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B4.4 PROJECT MILLENNIUM

B4.4.1 Emissions

The summary of estimated air emissions from Project Millennium and approved projects as well
as other industrial emissions, combined with the transportation and residential sources are

included in Table B4-11.

Table B4-11  Summary of Project Millennium Estimated Emissions in the
Athabasca Oil Sands Region

Emission Rates (t/cd)
Source SO, NO, co PM@ voc TRS
Suncor 70.2 67.7 12.9 3.8 233 2.7
Syncrude 209.0 44.4 53.6 5.4 39.4 2.3
Other Industries 3.9 8.7 271 0.9 4.9 0.01
Transportation and Residential 0.2 1.37 6.5 1.5 2.95 n/a
Total 283.3 122.2 100 11.6 280 5.01

@ Assumed as PM,,.

The airborne concentrations of PM,, are typically referred to as the inhalable fraction and
corresponds to those particles which can enter the human lungs. The PM,, fraction of the
particles includes material over a wide range of sizes, but can reasonably be described as those
particles having a mass mean diameter less than 10 um. Within this PM10 fraction is a subset of
particles which are small enough to infiltrate deep into the respiratory tract. These respirable
particles are usually designated as PM, s, which includes those particles having a mass mean

diameter less than 2.5 pum.

Concern regarding the PM, ; fraction of the airborne PM,, has started to get increasing attention
from regulators and the public. Unfortunately, solid information regarding actual PM,
emissions to the atmosphere is limited in comparison to the information on PM,,. For the
purposes of this evaluation, the airborne primary PM, s concentrations have been derived from
the predicted PM,, levels using available emission relationships as demonstrated in the following
table. The overall relationships, as shown in Table B4-12, have been applied to all modelled
primary PM,, concentrations.

Table B4-12  Summary of Millennium Particle Relationships

Emissions [t/cd]
Source PM,o PM, /PM,, PM,
Suncor FGD® 2.6 99% 2.57
Syncrude Main Stack® 3.6 80% 2.88
Mine Fleet® 2.4 54% 1.3
Total 8.6 78% 6.75

@ Based on stack monitoring results
® Based on emission relationships listed in Table 3-61 “Technical Reference for the Meteorology, Emissions

and Ambient Air Quality in the Athabasca Oil Sands Region”.
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The key emission sources in the region for heavy metals and PAH compounds are the mine
fleets, the Suncor FGD stack and the Syncrude main stack. Emissions of heavy metals and PAH
compounds from each of these sources were derived from source specific speciation information
gathered from emissions testing results (in the case of the FGD and Syncrude main stack) or
from literature (in the case of the mine fleet). These speciation data were based on total PM
emissions from each of these sources. The modelling methodology used to determine both the
concentration and deposition of these compounds were similar. For each source, the airborne
concentrations and resultant depositions of the total PM were determined. These individual
speciations were then applied to determine the contribution of each source. Finally, the
contributions from each of the sources was then summed to determine the overall concentrations
or depositions of the species of interest.

B4.4.2 Predicted Concentrations of Primary and Secondary Particulates

The predicted maximum daily and annual ground level concentrations of primary and secondary
PM,, at each of the communities in the oil sands region are presented in Table B4-13. Table B4-
14 presents a summary of the primary and secondary PM,; fraction of the airborne PM,,. A
discussion of the effects on human health in the region from the PM,, and PM, s concentrations
has been included in Section BS (New Information) of this submission.

Table B4-13  Predicted Ground Level Concentrations of Primary and Secondary
PM,, for the Millennium Emissions

Maximum Daily Concentration Average Annual Concentration
Lower Fort Fort Fort l.ower Fort Fort Fort

Location Camp Mchurray | McKay |Chipewyan| Camp |McMurray| McKay |Chipewyan
Secondary PM,, [ug/m?]

Sulphate 0.8 0.7 0.8 0.5 0.1 0.1 0.1 0.0

Nitrate 4.5 4.8 3.7 0.4 0.7 0.5 0.6 0.0
Total Secondary PM,, 5.3 5.5 4.5 0.9 0.8 0.6 0.7 0.1
Primary PM,q [ug/m?] 13.2 58.8 12.4 1.9 2.5 8.4 1.7 0.1
Total PM,, [ug/md] 18.5 64.3 16.9 2.8 3.3 8.9 2.4 0.2

Table B4-14 Predicted Ground Level Concentrations of Primary and Secondary
PM. 5 for the Millennium Emissions

Maximum Daily Concentration Average Annual Concentration
Lower Fort Fort Fort Lower Fort Fort Fort

Location Camp | McMurray | McKay |Chipewyan| Camp | McMurray | McKay | Chipewyan
Secondary PM, ¢ [ug/m®]

Sulphate 0.8 0.7 0.8 0.5 0.1 0.1 0.1 0.0

Nitrate 45 4.8 3.7 0.4 0.7 0.5 0.6 0.0
Total Secondary PM, 5 5.3 5.5 4.5 0.9 0.8 0.6 0.7 0.1
Primary PM, 5 [ug/md] 10.3 45.9 9.7 1.5 2.0 6.5 1.3 0.1
Total PM, ¢ [ng/m?) 15.6 51.4 14.2 2.4 2.8 7.1 2.0 0.2
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The predicted maximum daily and annual average primary PM,, concentrations resulting from
the Project Millennium emissions in the oil sands region are presented graphically in Figures B3-
17 and B3-18, respectively. These Figures correspond to the same numbered Figures in the
original EIA document (Vol. 2A).

B4.4.3 Predicted Concentrations and Deposition Rates of Metals and
PAH Compounds

The predicted maximum daily and annual ground level concentrations of heavy metals and PAH
compounds resulting from the Millennium emissions for the Suncor FGD, the Syncrude main
stack and the mine fleets are summarized in Tables B4-15 and B4-16. In a similar manner, the
annual deposition rates of the metals and PAH compounds are summarized in Tables B4-17 and
B4-18, respectively.

Table B4-15 Average Predicted Ground Level Concentrations of Heavy Metals
at Selected Sites for Millennium Emissions

Maximum Daily Ground Level Concentration Average Annual Ground Level
Concentration
Ontario
AAQC, Lower Fort Fort Fort Lower Fort Fort Fort
Location Daily Camp |McMurray| McKay |Chipewyan] Camp |McMurray| McKay |Chipewyan

[ng/m?]
Heavy Metals
[pg/m?]
Antimony — 9.54E-05 | 6.72E-06 | 2.50E-05 | 2.25E-06 | 4.35E-06 | 3.05E-07 | 2.01E-06 | 9.49E-08
Arsenic 3.00E+03 { 1.50E-04 | 1.07E-05 | 3.91E-05 | 3.56E-06 |6.91E-06 | 4.88E-07 | 3.15E-06 | 1.51E-07
Aluminum —_ 1.89E-02 | 1.09E-03 | 5.03E-03 | 3.89E-04 | 7.27E-04 | 4.55E-05 | 3.99E-04 | 1.54E-05
Barium 1.00E+05 | 1.45E-03 | 1.07E-04 | 3.78E-04 | 3.54E-05 | 6.89E-05| 4.95E-06 | 3.05E-05 | 1.52E-06
Beryllium 0.00E+00 | 1.83E-05 | 1.24E-06 | 4.80E-06 | 4.19E-07 | 8.06E-07 | 5.54E-08 | 3.85E-07 | 1.75E-08
Cadmium 2.00E+04 | 4.40E-05 | 2.32E-06 | 1.18E-05 | 8.56E-07 | 1.58E-06 | 9.28E-08 | 9.29E-07 | 3.27E-08
Calcium — 2.31E-02 | 1.18E-03 | 6.17E-03 | 4.40E-04 | 8.06E-04 | 4.64E-05 | 4.87E-04 | 1.66E-05
Chromium 1.50E+04 | 8.49E-03 | 5.42E-04 | 2.24E-03 | 1.87E-04 | 3.56E-04 | 2.37E-05 | 1.79E-04 | 7.64E-06
Cobalt 1.00E+03 | 4.69E-04 | 2.88E-05 | 1.24E-04 | 1.01E-05 | 1.90E-05| 1.24E-06 | 9.88E-06 | 4.06E-07
Copper 5.00E+05 | 7.94E-04 | 4.84E-05 | 2.10E-04 | 1.70E-05 | 3.20E-05] 2.08E-06 | 1.67E-05 | 6.83E-07
Iron — 9.03E-02 | 4.96E-03 | 2.41E-02 { 1.80E-03 | 3.34E-03 { 2.02E-04 | 1.90E-03 | 6.99E-05
Lead 0.00E+00 | 9.56E-04 | 7.22E-05 | 2.49E-04 | 2.36E-05 | 4.62E-05| 3.35E-06 | 2.01E-05 | 1.02E-06
Magnesium —_ 4.97E-03 | 3.39E-04 | 1.30E-03 | 1.14E-04 | 2.20E-04 | 1.52E-05 | 1.05E-04 | 4.78E-06
Manganese — 3.05E-03 | 2.12E-04 | 7.98E-04 | 7.11E-05 | 1.37E-04 | 9.57E-06 | 6.41E-05 | 2.99E-06
Mercury 2.00E+04 | 2.14E-05 | 1.40E-06 | 5.64E-06 | 4.80E-07 | 9.16E-07 | 6.18E-08 | 4.51E-07 | 1.98E-08
Molybdenum | 1.20E+06 | 1.58E-03 | 1.04E-04 | 4.16E-04 | 3.56E-05 | 6.82E-05| 4.62E-06 | 3.33E-05 | 1.47E-06
Nickel 2.00E+04 | 1.41E-02 | 8.58E-04 | 3.73E-03 | 3.01E-04 | 5.68E-04 | 3.68E-05 | 2.97E-04 | 1.21E-05
Phosphorus —_ 5.59E-03 | 5.69E-04 | 1.41E-03 | 1.72E-04 | 3.51E-04 [ 2.86E-05 | 1.17E-04 | 8.05E-06
Selenium 1.00E+05 | 2.80E-03 | 3.13E-04 | 7.00E-04 | 9.27E-05 | 1.91E-04 [ 1.60E-05 | 5.85E-05 | 4.42E-06
Silicon — 2.11E-01 | 9.35E-03 | 5.68E-02 | 3.69E-03 | 6.57E-03 | 3.36E-04 | 4.46E-03 | 1.32E-04
Silver 1.00E+04 | 1.95E-04 | 9.94E-06 | 5.22E-05 | 3.71E-06 | 6.79E-06 | 3.90E-07 { 4.12E-06 | 1.40E-07
Sodium — 1.25E-01 | 8.76E-03 | 3.28E-02 | 2.94E-03 | 5.67E-03 | 3.97E-04 | 2.63E-03 | 1.24E-04
Tin 1.00E+05 | 1.01E-03 | 7.41E-05 | 2.64E-04 | 2.45E-05 ]| 4.76E-05| 3.41E-06 | 2.12E-05 | 1.05E-06
Titanium — 1.95E-03 | 1.22E-04 | 5.14E-04 | 4.25E-05 | 8.06E-05 | 5.32E-06 | 4.10E-05 | 1.73E-06
Vanadium 2.00E+04 | 6.05E-03 | 4.05E-04 | 1.59E-03 | 1.38E-04 | 2.64E-04 | 1.80E-05 | 1.27E-04 | 5.71E-06
Zirconium —_ 1.01E-03 | 7.41E-05 | 2.64E-04 | 2.45E-05 | 4.76E-05| 3.41E-06 | 2.12E-05 | 1.05E-06
Zinc 1.20E+06 | 5.02E-02 | 1.88E-03 | 1.36E-02 | 7.98E-04 | 1.37E-03 | 5.87E-05 | 1.06E-03 | 2.64E-05

OAAQC: Ontario Ambient Air Quality Criteria, Ontario Ministry of the Environment 1994, Summary of Point of Impingement
Standards, Ambient Air Quality Criteria (AAQC), and Approvals Screening Levels
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Figure B3-17 Predicted Millennium PM;, Maximum Daily Average Ground Level
Concentrations in the RSA
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Figure B3-18 Predicted Millennium PM,, Annual Average Ground Level
Concentrations in the RSA
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Table B4-16  Average Predicted Ground Level Concentrations of PAHs at
Selected Sites for Millennium Emissions

Maximum Daily Ground Level Concentration

Average Annual Ground Level Gonceniration

Lower Fort Fort Fort Lower Fort Fort Fort
Location Camp | McMurray | McKay |Chipewyan| Camp McMurray | McKay | Chipewyan

PAHSs [ug/m?]

Acenaphthene 1.84E-04 | 2.52E-04 | 1.75E-04 | 1.69E-05 | 2.25E-02 | 1.25E-02 | 2.25E-02 | 1.42E-03
Acenaphylene 4.45E-04 | 5.00E-04 | 3.69E-04 | 3.46E-05 | 4.65E-02 | 2.48E-02 | 4.61E-02 | 2.84E-03
Anthracene 5.76E-05 | 7.53E-05 | 5.30E-05 | 5.11E-06 | 6.87E-03 | 3.74E-03 | 6.75E-03 | 4.26E-04
1,2-Benzathracene 1.95E-06 | 1.38E-07 | 5.10E-07 | 4.60E-08 | 8.91E-05 | 6.26E-06 | 4.10E-05 | 1.95E-06
Benzo(b & j)fiuoranthene 9.43E-06 | 8.44E-07 | 2.42E-06 | 2.64E-07 | 5.29E-04 | 4.12E-05 | 1.98E-04 | 1.19E-05
Benzo(k)fluoranthene 7.09E-06 | 6.92E-06 | 5.29E-06 | 5.01E-07 | 6.93E-04 | 3.43E-04 | 6.50E-04 | 4.00E-05
Benzo(a)fluorene 1.32E-05 | 1.64E-05 | 1.17E-05 | 1.13E-06 | 1.53E-03 | 8.13E-04 | 1.48E-03 | 9.30E-05
Benzo(b)fluorene 9.92E-07 | 7.44E-08 | 2.58E-07 | 2.44E-08 | 4.77E-05 | 3.45E-06 | 2.08E-05 | 1.05E-06
Benzo(g, h, i)perylene 1.37E-05 | 1.56E-05 | 1.14E-05 | 1.09E-06 | 1.48E-03 | 7.72E-04 | 1.43E-03 | 8.88E-05
Benzo(a)pyrene 6.73E-06 | 7.23E-06 | 5.35E-06 | 5.14E-07 | 7.06E-04 | 3.58E-04 | 6.66E-04 | 4.15E-05
Benzo(e)pyrene 1.72E-06 | 1.08E-06 | 9.59E-07 | 9.18E-08 | 1.37E-04 | 5.35E-05 | 1.11E-04 | 6.71E-06
Camphene 2.14E-06 | 2.07E-07 | 5.42E-07 | 6.35E-08 | 1.29E-04 | 1.03E-05 | 4.47E-05 | 2.93E-06
Carbazole 1.35E-06 | 1.16E-07 | 3.48E-07 | 3.68E-08 | 7.32E-05 | 5.62E-06 { 2.84E-05 | 1.65E-06
1 -Chloronaphthalene 1.32E-06 | 1.05E-07 | 3.41E-07 | 3.40E-08 | 6.70E-05 | 4.99E-06 | 2.77E-05 | 1.49E-06
2-Chloronaphthalene 2.68E-06 | 1.55E-07 | 7.11E-07 | 5.52E-08 | 1.03E-04 | 6.46E-06 | 5.65E-05 { 2.18E-06
Chrysene 4.09E-05 | 5.03E-05 | 3.60E-05 | 3.44E-06 | 4.63E-03 | 2.49E-03 | 4.55E-03 | 2.85E-04
Dibenz(a, j)acridine 1.83E-06 | 1.24E-07 | 4.80E-07 | 4.19E-08 | 8.06E-05 | 5.54E-06 | 3.85E-05 | 1.75E-06
Dibenz(a, h)acridine 1.23E-06 | 1.02E-07 | 3.18E-07 | 3.27E-08 | 6.47E-05 | 4.89E-06 | 2.59E-05 | 1.45E-06
Dibenz(a, h anthracene 1.49E-05 | 1.88E-05 | 1.33E-05 | 1.28E-06 | 1.73E-03 | 9.32E-04 | 1.69E-03 | 1.06E-04
Dibenzothiophene 3.34E-04 | 1.33E-05 | 9.13E-05 | 5.32E-06 | 9.10E-03 | 4.30E-04 | 7.15E-03 | 1.78E-04
7,12- 1.23E-06 | 1.02E-07 | 3.18E-07 | 3.27E-08 | 6.47E-05 | 4.89E-06 | 2.59E-05 | 1.45E-06
dimethylbenz(a)anthracene

1, 6-Dinitropyrene 1.23E-06 | 1.02E-07 | 3.18E-07 | 3.27E-08 | 6.47E-05 | 4.89E-06 | 2.50E-05 | 1.45E-06
1, 8-Dinitropyrene 1.23E-06 | 1.02E-07 | 3.18E-07 | 3.27E-08 | 6.47E-05 | 4.89E-06 | 2.59E-05 | 1.45E-06
Fluoranthene 1.42E-04 | 1.80E-04 | 1.28E-04 | 1.23E-05 | 1.66E-02 | 8.96E-03 | 1.62E-02 | 1.02E-03
Fluorene 5.05E-04 | 6.90E-04 | 4.80E-04 | 4.63E-05 | 6.16E-02 | 3.42E-02 | 6.15E-02 | 3.88E-03
ideno(l, 2, 3-cd)pyrene 2.42E-06 | 1.45E-07 | 6.42E-07 | 5.12E-08 | 9.64E-05 | 6.19E-06 | 5.11E-05 | 2.05E-06
Indole 2.20E-06 | 2.14E-07 | 5.57E-07 | 6.56E-08 1.33E-04 | 1.07E-05 | 4.60E-05 | 3.03E-06
1 -Methylnaphthalene 8.99E-05 | 3.85E-06 | 2.43E-05 | 1.54E-06 | 2.73E-03 | 1.35E-04 | 1.90E-03 | 5.42E-05
2-Methylnaphthaiene 8.01E-05 | 3.76E-06 | 2.15E-05 | 1.45E-06 | 2.61E-03 | 1.40E-04 | 1.69E-03 | 5.29E-05
Naphthalene 6.33E-03 | 7.05E-03 | 5.21E-03 | 4.89E-04 | 6.59E-01 | 3.49E-01 | 6.50E-01 [ 4.00E-02
Nitro-pyrene 1.50E-06 | 1.44E-07 | 4.08E-07 | 4.50E-08 | 9.03E-05 | 7.06E-06 | 3.34E-05 | 2.04E-06
Perylene 1.08E-06 | 2.00E-07 | 3.46E-07 | 3.28E-08 | 5.80E-05 | 9.70E-06 | 3.21E-05 | 1.76E-06
Phenanthrene 1.61E-03 | 2.03E-03 | 1.44E-03 | 1.38E-04 | 1.85E-01 | 1.01E-01 | 1.83E-01 | 1.15E-02
Pyrene 1.18E-04 | 1.42E-04 | 1.02E-04 | 9.78E-06 | 1.32E-02 | 7.06E-03 | 1.29E-02 | 8.07E-04
Retene 1.49E-05 | 1.21E-06 | 3.85E-06 | 3.89E-07 | 7.69E-04 | 5.76E-05 | 3.13E-04 | 1.71E-05
Nitrobenzanthrone 2.94E-05 | 4.05E-05 | 2.82E-05 | 2.71E-06 | 3.61E-03 | 2.01E-03 { 3.61E-03 | 2.28E-04
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Table B4-17  Average Predicted Deposition of Heavy Metals at Selected Sites for
Millennium Emissions

Average Annual Deposition
Location Lower Camp [ Fort McMurray | Fort McKay |  Fort Chipewyan
Heavy Metals [ng/m?]
Antimony 2.00E-02 2.24E-04 6.24E-03 9.77E-06
Arsenic 3.16E-02 3.49E-04 9.58E-03 1.53E-05
Aluminum 3.63E+00 4.93E-02 1.57E+00 1.98E-03
Barium 3.11E-01 3.31E-03 8.80E-02 1.48E-04
Beryllium 3.76E-03 4.40E-05 1.26E-03 1.88E-06
Cadmium 8.16E-03 1.19E-04 3.92E-03 4.63E-06
Calcium 4.23E+00 6.30E-02 2.10E+00 2.43E-03
Chromium 1.70E+00 2.11E-02 6.32E-01 8.78E-04
Cobalt 9.24E-02 1.19E-03 3.63E-02 4.87E-05
Copper 1.56E-01 2.01E-03 6.19E-02 8.24E-05
Iron 1.70E+01 2.40E-01 7.78E+00 9.46E-03
Lead 2.07E-01 2.16E-03 5.63E-02 9.72E-05
Magnesium 1.03E+00 1.19E-02 3.41E-01 5.10E-04
Manganese 6.35E-01 7.22E-03 2.03E-01 3.12E-04
Mercury 4.34E-03 5.26E-05 1.55E-03 2.21E-06
[Molybdenum 3.22E-01 3.86E-03 1.13E-01 1.63E-04
Nickel 2.77E+00 3.58E-02 1.10E+00 1.46E-03
Phosphorus 1.41E+00 9.79E-03 1.35E-01 5.47E-04
Selenium 7.45E-01 4.37E-03 3.08E-02 2.69E-04
Silicon 3.66E+01 6.03E-01 2.11E+01 2.24E-02
Silver 3.57E-02 5.33E-04 1.78E-02 2.06E-05
Sodium 2.61E+01 2.95E-01 8.26E+00 1.28E-02
Tin 2.16E-01 2.32E-03 6.23E-02 1.03E-04
Titanium 3.88E-01 4.87E-03 1.47E-01 2.02E-04
Vanadium 1.24E+00 1.47E-02 4.25E-01 6.23E-04
Zirconium 2.16E-01 2.32E-03 6.23E-02 1.03E-04
Zinc 8.24E+00 1.50E-01 5.48E+00 5.39E-03




Project Millennium Application 20 Section B4
Supplemental Information Response Revised Particulate and Aerosols Analyses

Table B4-18 Average Predicted Deposition of PAHs at Selected Sites for
Millennium Emissions

Average Annual Deposition
Location Lower Camp l Fort McMurray I Fort McKay I Fort Chipewyan

PAHSs [ng/m?

Acenaphthene 1.48E-03 5.95E-04 9.34E-04 2.72E-05
Acenaphylene 1.60E-02 1.42E-03 1.10E-02 6.26E-05
Anthracene 1.14E-03 1.82E-04 3.57E-04 8.39E-06
1,2-Benzathracene 4.09E-04 4.57E-06 1.27E-04 1.99E-07
Benzo(b & j)fiuoranthene 2.22E-03 1.87E-05 3.80E-04 9.39E-07
Benzo(k)fluoranthene 4.63E-04 2.14E-05 1.88E-04 9.54E-07
Benzo(a)fluorene 4 11E-04 4.11E-05 1.17E-04 1.89E-06
Benzo(b)fluorene 2.14E-04 2.25E-06 5.90E-05 1.01E-07
Benzo(g, h, i)perylene 5.73E-04 4.24E-05 2.37E-04 1.92E-06
Benzo(a)pyrene 3.68E-04 2.04E-05 1.23E-04 9.26E-07
Benzo(e)pyrene 2.19E-04 4.62E-06 6.25E-05 2.09E-07
Camphene 5.25E-04 3.93E-06 6.44E-05 2.10E-07
Carbazole 3.12E-04 2.78E-06 6.07E-05 1.35E-07
1 -Chloronaphthalene 2.93E-04 2.86E-06 6.96E-05 1.33E-07
2-Chloronaphthalene 5.15E-04 6.97E-06 2.21E-04 2.80E-07
Chrysene 1.11E-03 1.30E-04 5.57E-04 5.86E-06
Dibenz(a, j)acridine 3.76E-04 4.40E-06 1.26E-04 1.88E-07
Dibenz(a, h)acridine 2.80E-04 2.60E-06 6.01E-05 1.24E-07
Dibenz(a, h anthracene 3.80E-04 4.68E-05 1.34E-04 2.14E-06
Dibenzothiophene 5.45E-02 1.00E-03 3.67E-02 3.60E-05
7.12- 2.80E-04 2.60E-06 6.01E-05 1.24E-07
dimethylbenz(a)anthracene

1, 6-Dinitropyrene 2.80E-04 2.60E-06 6.01E-05 1.24E-07
1, 8-Dinitropyrene 2.80E-04 2.60E-06 6.01E-05 1.24E-07
Fluoranthene 3.40E-03 4.47E-04 1.23E-03 2.05E-05
Fluorene 4.49E-03 1.63E-03 2.47E-03 7.46E-05
ideno(l, 2, 3-cd)pyrene 4.73E-04 6.20E-06 1.92E-04 2.52E-07
Indole 5.42E-04 4.01E-06 6.47E-05 2.16E-07
1 -Methylnaphthalene 1.54E-02 2.60E-04 9.18E-03 9.58E-06
2-Methylnaphthalene 1.42E-02 2.25E-04 7.75E-03 8.49E-06
Naphthalene 2.42E-01 2.02E-02 1.57E-01 8.88E-04
Nitro-pyrene 3.78E-04 3.13E-06 6.18E-05 1.58E-07
Perylene 2.18E-04 2.54E-06 5.94E-05 1.14E-07
Phenanthrene 3.48E-02 5.14E-03 1.95E-02 2.32E-04
Pyrene 3.63E-03 3.74E-04 1.81E-03 1.69E-05
Retene 3.35E-03 3.19E-05 7.58E-04 1.50E-06
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CUMULATIVE EFFECTS ASSESSMENT (CEA)

B4.5

B4.5.1 Emissions

The summary of the air emissions from Project Millennium, including the approved Syncrude
and other industrial emissions, combined with the transportation and residential sources are
included in Table B4-19. The key difference between the Millennium and CEA scenarios is the
inclusion of disclosed developments in the region. The ones incorporated in the analysis have

been outlined in section B4.1.2.5 (Vol. 2A). Table B4-19 summarizes the sources of air
emissions considered in the CEA.

Table B4-19 Summary of Estimated CEA Emissions in the Athabasca Oil Sands
Region
Emission Rates (t/cd)
Source SO, NO, CcoO PM,, VOC TRS

Suncor 70.2 67.7 12.9 3.8 233.0 2.7
Syncrude 201.0 63.9 84.5 10.4 45.2 3.58
Other Industries 24.09 88.1 50.5 5.3 35.7 0.24
Transportation and 0.299 2.206 9.89 2.33 4.34 -
Residential
Total 296.0 2220 158.0 21.8 318.0 6.5

Note: The updated values in the above table represent the latest estimates of emissions as detailed in Technical Reference
for Metcorology, Emissions and Ambient Air Quality in the Athabasca Oil Sands Region (Golder and Conor Pacific
1998).

The airborne concentrations of PM,, are typically referred to as the inhalable fraction and
corresponds to those particles which can enter the human lungs. The PM,, fraction of the
particles includes material over a wide range of sizes, but can reasonably be described as those
particles having a mass mean diameter less than 10 pm. Within this PM,, fraction is a subset of
particles which are small enough to infiltrate deep into the respiratory tract. These respirable
particles are usually designated as PM,;, which includes those particles having a mass mean
diameter less than 2.5 um.

Concern regarding the PM, 5 fraction of the airborne PM,, has started to get increasing attention
from regulators and the public. Unfortunately, solid information regarding actual PM,;
emissions to the atmosphere is limited in comparison to the information on PM,,. For the
purposes of this evaluation, the airborne primary PM, s concentrations have been derived from
the predicted PM,, levels using available emission relationships as shown in Table B4-20. The
overall relationship derived have been applied to all modelled primary PM,, concentrations.
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Table B4-20 Summary of Millennium Particle Relationships
Emissions [t/cd]
PM,, PM, s/PM,o PM, 5
Suncor FGD® 2.6 99% 2.57
Syncrude Main Stack® 4.3 80% 3.44
Mine Fleet® 3.0 83% 2.5
Total 8.6 86% 8.51

@ Based on stack monitoring results
® Based on emission relationships listed in Table 3-61 “Technical Reference for the Meteorology, Emissions
and Ambient Air Quality in the Athabasca Oil Sands Region”.

The key emission sources in the region for heavy metals and PAH compounds are the mine
fleets, the Suncor FGD stack and the Syncrude main stack. Emissions of heavy metals and PAH
compounds from each of these sources were derived from source specific speciation information
gathered from emissions testing resuits (in the case of the FGD and Syncrude main stack) or
from literature (in the case of the mine fleet). These speciation data were based on total PM
emissions from each of these sources. The modelling methodology used io deiermine both the
concentration and deposition of these compounds were similar. For each source, the airborne
concentrations and resultant depositions of the total PM were determined. These individual
speciations were then applied to determine the contribution of each source. Finally, the
contributions from each of the sources was then summed to determine the overall concentrations
or depositions of the species of interest.

B4.5.2 Predicted Concentrations of Primary and Secondary Particulates

The predicted maximum daily and annual ground level concentrations of primary and secondary
PM,, at each of the communities in the oil sands region are presented in Table B4-21. Table B4-
22 presents a summary of the primary and secondary PM, s fraction of the airborne PM,,. A
discussion of the effects on human health in the region from the PM,, and PM, ; concentrations
has been included in Section B5 (New Information) of this submission.

Table B4-21  Predicted Ground Level Concentrations of Primary and Secondary
PM,, for CEA Emissions
Maximum Daily Concentration Average Annual Concentration
Lower Fort Fort Fort Lower Fort Fort Fort
Location Camp | Mchiurray [ McKay |Chipewyan| Gamp | Mchurray | WMcKay [ Chipewyan
Secondary PMyq [ug/m?]
Sulphate 0.8 0.7 0.9 0.5 0.1 0.1 0.1 0.0
Nitrate 7.9 6.3 8.0 0.8 1.3 0.7 15 0.1
Total Secondary PM,, 8.7 7.0 8.9 1.1 1.4 0.8 1.6 0.1
Primary PM,g [ug/m?] 23.0 58.8 17.3 34 3.6 8.7 2.9 0.3
Total PM,q [ug/m®] 317 65.9 26.2 4.5 5.1 9.5 4.5 0.4
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Table B4-22 Predicted Ground Level Concentrations of Primary and Secondary
PM, s for CEA Emissions

Maximum Daily Concentration

Average Annual Concentration

Lower Fort Fort Fort Lower Fort Fort Fort

Location Camp | McMurray | McKay |[Chipewyan| Camp McMurray | McKay | Chipewyan
Secondary PM, 5 [ug/m?}

Sulphate 0.8 0.7 0.9 0.5 0.1 0.1 0.1 0.0

Nitrate 7.9 6.3 8.0 0.6 1.3 0.7 1.5 0.1
Total Secondary PM, 8.7 7.0 8.9 1.1 1.4 0.8 1.6 0.1
Primary PM, 5 [ug/mq] 17.9 459 13.5 2.6 2.8 6.8 2.3 0.2
Total PM, 5 [ug/m?) 26.7 52.9 22.4 3.7 4.3 7.6 3.9 0.3

The predicted maximum daily and annual average primary PM,, concentrations resulting from
the CEA emissions in the oil sands region are presented graphically in Figures B2-27 and B2-28,
respectively. These Figures correspond to the same numbered Figures in the original EIA

document (Vol. 2A).
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Figure B4-17 Predicted CEA PM,, Maximum Daily Average Ground Level
Concentrations in the RSA
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Figure B4-18 Predicted CEA PM, Annual Average Ground Level Concentrations
in the RSA
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B4.5.3 Predicted Concentrations and Deposition Rates of Metals and
PAH Compounds

The predicted maximum daily and annual ground level concentrations of heavy metals and PAH
compounds resulting from the CEA scenario are summarized in Tables B4-23 and B4-24. In a
similar manner, the annual deposition rates of the metals and PAH compounds are summarized
in Tables B4-25 and B4-26, respectively.

Table B3-23 Average Predicted Ground Level Concentrations of Heavy Metals
at Selected Sites for CEA Emissions

Maximum Daily Ground Level Concentration Average Annual Ground Level
Concentration
Ontario
AAQC, Lower Fort Fort Fort Lower Fort Fort Fort
Location Daily Camp | McMurray | McKay |Chipewyan| Camp |McMurray| McKay |Chipewyan

[ngim?]
Heavy Metals
[pg/m?]
Antimony — 1.24E-04 | 1.36E-05 | 4.10E-05 | 4.88E-06 | 8.51E-06| 6.23E-07 | 4.28E-06 | 2.34E-07
Arsenic 3.00E+03 | 1.93E-04 | 2.13E-05 | 6.36E-05 | 7.60E-06 | 1.33E-05| 9.76E-07 | 6.62E-06 | 3.64E-07
Aluminum e 2.61E-02 | 2.85E-03 | 9.12E-03 | 1.06E-03 | 1.79E-03 | 1.27E-04 | 9.79E-04 | 5.08E-05
Barium 1.00E+05 | 1.84E-03 | 2.04E-04 | 6.02E-04 | 7.23E-05 | 1.27E-04 | 9.41E-06 | 6.23E-05 | 3.46E-06
Beryllium 0.00E+00 | 2.40E-05 | 2.64E-06 | 8.05E-06 | 9.55E-07 | 1.65E-06| 1.20E-07 | 8.46E-07 | 4.57E-08
Cadmium 2.00E+04 | 6.21E-05 | 6.74E-06 | 2.20E-05 | 2.54E-06 | 4.24E-06 | 2.97E-07 | 2.38E-06 | 1.22E-07
Calcium — 3.28E-02 | 3.56E-03 | 1.17E-02 | 1.35E-03 |2.24E-03 | 1.56E-04 | 1.27E-03 | 6.45E-05
Chromium 1.50E+04 | 1.14E-02 | 1.25E-03 | 3.88E-03 | 4.56E-04 |7.81E-04 | 5.62E-05 | 4.11E-04 | 2.18E-05
Cobait 1.00E+03 | 6.35E-04 | 6.94E-05 | 2.18E-04 | 2.56E-05 {4.35E-05| 3.11E-06 | 2.33E-05 | 1.22E-06
Copper 5.00E+05 | 1.08E-03 | 1.18E-04 | 3.71E-04 | 4.34E-05 | 7.39E-05| 5.27E-06 | 3.95E-05 | 2.08E-06
Iron e 1.26E-01 | 1.37E-02 | 4.44E-02 | 5.15E-03 | 8.63E-03 | 6.06E-04 | 4.79E-03 | 2.46E-04
Lead 0.00E+00 | 1.21E-03 | 1.34E-04 | 3.92E-04 | 4.72E-05 | 8.34E-05| 6.19E-06 | 4.04E-05 | 2.26E-06
Magnesium — 6.51E-03 | 7.16E-04 | 2.18E-03 | 2.59E-04 | 4.48E-04 | 3.26E-05 | 2.29E-04 | 1.24E-05
Manganese — 3.96E-03 | 4.37E-04 | 1.32E-03 | 1.57E-04 | 2.73E-04 | 1.99E-05 | 1.38E-04 | 7.52E-06
Mercury 2.00E+04 | 2.85E-05 | 3.13E-06 | 9.65E-06 | 1.14E-06 | 1.96E-06 | 1.41E-07 [ 1.02E-06 | 5.45E-08
Molybdenum | 1.20E+06 | 2.10E-03 | 2.30E-04 | 7.08E-04 | 8.36E-05 | 1.44E-04 | 1.04E-05 | 7.47E-05 | 4.00E-06
Nickel 2.00E+04 | 1.91E-02 | 2.09E-03 | 6.59E-03 | 7.72E-04 | 1.31E-03 | 9.37E-05 | 7.03E-04 | 3.69E-05
Phosphorus e 6.12E-03 | 6.98E-04 | 1.71E-03 | 2.22E-04 |[4.29E-04 | 3.46E-05 | 1.60E-04 | 1.07E-05
Selenium 1.00E+05 | 2.89E-03 | 3.33E-04 | 7.48E-04 | 1.01E-04 [ 2.04E-04 { 1.70E-05 | 6.54E-05 | 4.84E-06
Silicon — 3.09E-01 | 3.33E-02 | 1.13E-01 1.29E-02 | 2.10E-02 | 1.44E-03 | 1.24E-02 | 6.14E-04
Silver 1.00E+04 | 2.78E-04 | 3.01E-05 | 9.90E-05 | 1.14E-05 | 1.90E-05] 1.32E-06 | 1.08E-05 | 5.46E-07
Sodium — 1.62E-01 | 1.79E-02 | 5.40E-02 | 6.43E-03 |1.12E-02 | 8.18E-04 | 5.64E-03 | 3.08E-04
Tin 1.00E+05 | 1.29E-03 | 1.43E-04 | 4.23E-04 | 5.07E-05 | 8.90E-05| 6.57E-06 | 4.38E-05 | 2.43E-06
Titanium — 2.62E-03 | 2.87E-04 | 8.96E-04 | 1.05E-04 |1.80E-04 | 1,29E-05 | 9.52E-05 | 5.04E-06
Vanadium 2.00E+Q4 | 7.98E-03 | 8.77E-04 | 2.69E-03 | 3.18E-04 | 5.49E-04 | 3.98E-05 | 2.83E-04 | 1.52E-05
Zirconium — 1.29E-03 | 1.43E-04 | 4.23E-04 | 5.07E-05 | 8.90E-05| 6.57E-06 | 4.38E-05 | 2.43E-06
Zinc 1.20E+06 | 7.57E-02 | 8.12E-03 | 2.81E-02 | 3.18E-03 | 5.14E-03 | 3.47E-04 | 3.12E-03 | 1.52E-04

OAAQC: Ontario Ambient Air Quality Criteria, Ontario Ministry of the Environment 1994, Summary of Point of Impingement
Standards, Ambient Air Quality Criteria (AAQC), and Approvals Screening Levels
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Table B3-24 Average Predicted Ground Level Concentrations of PAHs at
Selected Sites for CEA Emissions

Maximum Daily Ground Level Concentration

Average Annual Ground Level Concentration

Lower Fort Fort Fort Lower Fort Fort Fort
Location Camp |McMurray | McKay |Chipewyan| Camp | McMurray| McKay | Chipewyan

PAHs [ug/m?)

Acenaphthene 4.33E-04 | 2.99E-04 | 3.17E-04 | 4.29E-05 | 5.42E-02 | 1.89E-02 | 5.30E-02 | 3.65E-03
Acenaphylene 9.80E-04 | 6.03E-04 | 6.72E-04 | 9.01E-05 | 1.16E-01 | 3.79E-02 | 1.10E-01 7.47E-03
Anthracene 1.32E-04 | 8.93E-05 | 9.53E-05 | 1.29E-05 | 1.64E-02 | 5.64E-03 | 1.59E-02 | 1.09E-03
1,2-Benzathracene 2.52E-06 | 2.78E-07 | 8.35E-07 | 9.96E-08 | 1.74E-04 | 1.27E-05 | 8.71E-05 | 4.77E-06
Benzo(b & j)fiuoranthene 1.11E-05 | 1.24E-06 | 3.34E-06 | 4.16E-07 | 7.69E-04 | 5.96E-05 | 3.29E-04 | 2.00E-05
Benzo(k)fluoranthene 1.46E-05 | 8.36E-06 | 9.52E-06 | 1.27E-06 | 1.66E-03 | 5.23E-04 | 1.53E-03 { 1.04E-04
Benzo(a)fluorene 2.96E-05 ] 1.94E-05 | 2.09E-05 | 2.83E-06 | 3.61E-03 | 1.23E-03 | 3.47E-03 | 2.39E-04
Benzo(b)fluorene 1.26E-06 | 1.39E-07 | 4.09E-07 | 4.91E-08 | 8.67E-05 | 6.43E-06 | 4.21E-05 | 2.35E-06
Benzo(g, h, i)perylene 2.98E-05 | 1.86E-05 | 2.05E-05 | 2.76E-06 | 3.54E-03 | 1.17E-03 | 3.36E-03 | 2.30E-04
Benzo(a)pyrene 1.42E-05 | 8.65E-06 | 9.60E-06 | 1.29E-06 | 1.67E-03 | 5.43E-04 | 1.56E-03 | 1.07E-04
Benzo(e)pyrene 2.98E-06 | 1.33E-06 | 1.67E-06 | 2.21E-07 | 3.03E-04 | 8.20E-05 | 2.54E-04 | 1.70E-05
Camphene 2.40E-06 | 2.72E-07 | 6.93E-07 | 8.82E-08 | 1.68E-04 | 1.33E-05 | 6.60E-05 | 4.24E-06
Carbazole 1.62E-06 | 1.81E-07 | 4.98E-07 | 6.15E-08 | 1.12E-04 | 8.60E-06 | 4.97E-05 | 2.95E-06
1 -Chloronaphthalene 1.63E-06 | 1.81E-07 | 5.16E-07 | 6.28E-08 | 1.13E-04 | 8.47E-06 | 5.25E-05 | 3.01E-06
2-Chloronaphthalene 3.69E-06 | 4.02E-07 | 1.29E-06 | 1.50E-07 | 2.53E-04 | 1.79E-05 | 1.38E-04 | 7.17E-06
Chrysene 9.22E-05 | 6.00E-05 | 6.51E-05 | 8.78E-06 | 1.12E-02 | 3.78E-03 | 1.08E-02 | 7.38E-04
Dibenz(a, j)acridine 2.40E-06 | 2.64E-07 | 8.05E-07 | 9.55E-08 | 1.65E-04 | 1.20E-05 | 8.46E-05 | 4.57E-06
Dibenz(a, h)acridine 1.50E-06 | 1.67E-07 | 4.68E-07 | 5.74E-08 | 1.04E-04 | 7.88E-06 | 4.72E-05 | 2.75E-06
Dibenz(a, h anthracene 3.36E-05 | 2.23E-05 | 2.40E-05 | 3.24E-06 | 4.13E-03 | 1.41E-03 | 3.98E-03 | 2.74E-04
Dibenzothiophene 5.07E-04 | 5.54E-05 | 1.89E-04 | 2.14E-05 | 3.45E-02 | 2.39E-03 | 2.11E-02 | 1.03E-03
7,12- 1.50E-06 | 1.67E-07 | 4.68E-07 | 5.74E-08 | 1.04E-04 | 7.88E-06 | 4.72E-05 | 2.75E-06
dimethylbenz(a)anthracene

1, 6-Dinitropyrene 1.50E-06 | 1.67E-07 | 4.68E-07 | 5.74E-08 | 1.04E-04 | 7.88E-06 | 4.72E-05 | 2.75E-06
1, 8-Dinitropyrene 1.50E-06 | 1.67E-07 | 4.68E-07 | 5.74E-08 | 1.04E-04 | 7.88E-06 | 4.72E-05 | 2.75E-06
Fluoranthene 3.22E-04 | 2.14E-04 | 2.30E-04 | 3.11E-05 | 3.96E-02 | 1.35E-02 | 3.82E-02 | 2.63E-03
Fluorene 1.19E-03 | 8.17E-04 | 8.67E-04 | 1.18E-04 1.48E-01 | 5.17E-02 | 1.45E-01 1.00E-02
ldeno(l, 2, 3-cd)pyrene 3.31E-06 | 3.61E-07 | 1.14E-06 | 1.34E-07 | 2.27E-04 | 1.61E-05 | 1.22E-04 { 6.39E-06
Indole 2.46E-06 | 2.79E-07 | 7.07E-07 | 9.03E-08 | 1.72E-04 | 1.37E-05 | 6.73E-05 | 4.33E-06
1 -Methylnaphthalene 1.33E-04 | 1.43E-05 | 4.85E-05 | 5.53E-06 | 9.03E-03 | 6.16E-04 | 5.34E-03 | 2.64E-04
2-Methylnaphthalene 1.16E-04 | 1.25E-05 | 4.19E-05 | 4.81E-06 | 7.91E-03 | 5.45E-04 { 4.59E-03 | 2.30E-04
Naphthalene 1.39E-02 | 8.50E-03 | 9.49E-03 | 1.27E-03 | 1.63E+00 | 5.33E-01 | 1.55E+00 | 1.05E-01
Nitro-pyrene 1.86E-06 | 2.09E-07 | 5.58E-07 | 6.97E-08 | 1.29E-04 | 1.00E-05 | 5.47E-05 | 3.34E-06
Perylene 1.47E-06 | 2.88E-07 | 5.67E-07 | 7.06E-08 | 1.14E-04 | 1.59E-05 | 6.86E-05 | 4.18E-06
Phenanthrene 3.67E-03 | 2.42E-03 | 2.61E-03 | 3.53E-04 | 4.49E-01 | 1.53E-01 | 4.33E-01 | 2.97E-02
Pyrene 2.64E-04 | 1.70E-04 | 1.85E-04 | 2.50E-05 | 3.19E-02 | 1.07E-02 | 3.06E-02 | 2.09E-03
Retene 1.82E-05 | 2.03E-06 | 5.75E-06 | 7.02E-07 | 1.26E-03 | 9.54E-05 | 5.82E-04 | 3.36E-05
Nitrobenzanthrone 6.95E-05 | 4.80E-05 | 5.09E-05 | 6.90E-06 | 8.71E-03 | 3.04E-03 | 8.52E-03 | 5.88E-04
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Table B3-25 Average Predicted Deposition of Heavy Metals at Selected Sites for
CEA Emissions

Average Annual Deposition
Location Lower Camp |~ Fort McMurray | Fort McKay | Fort Chipewyan

Heavy Metals [ng/m?]

Antimony 3.87E-02 3.86E-04 8.25E-03 1.67E-05
Arsenic 6.03E-02 5.97E-04 1.26E-02 2.59E-05
Aluminum 8.41E+00 9.06E-02 2.08E+00 3.75E-03
Barium 5.73E-01 5.58E-03 1.16E-01 2.45E-04
Beryllium 7.57E-03 7.69E-05 1.67E-03 3.29E-06
Cadmium 2.02E-02 2.22E-04 5.20E-03 9.07E-06
Calcium 1.07E+01 1.19E-01 2.79E+00 4.82E-03
Chromium 3.61E+00 3.76E-02 8.36E-01 1.59E-03
Cobalt 2.03E-01 2.14E-03 4.81E-02 8.95E-05
Copper 3.44E-01 3.64E-03 8.21E-02 1.52E-04
Iron 4.08E+01 4.45E-01 1.03E+01 1.83E-02
Lead 3.74E-01 3.60E-03 7.42E-02 1.59E-04
Magnesium 2.05E+00 2.08E-02 4.50E-01 8.90E-04
Manganese 1.24E+00 1.25E-02 2.68E-01 5.38E-04
Mercury 9.02E-03 9.30E-05 2.05E-03 3.95E-06
Molybdenum 6.63E-01 6.81E-03 1.50E-01 2.90E-04
Nickel 6.12E+00 6,47E-02 1.46E+00 2.71E-03
Phosphorus 1.76E+00 1.28E-02 1.73E-01 6.77E-04
Selenium 8.02E-01 4.86E-03 3.69E-02 2.91E-04
Silicon 1.02E+02 1.17E+00 2.81E+01 4.66E-02
Silver 9.04E-02 1.01E-03 2.37E-02 4.08E-05
Sodium 5.10E+01 5.10E-01 1.09E+01 2.20E-02
Tin 4.02E-01 3.93E-03 8.23E-02 1.72E-04
Titanium 8.35E-01 8.73E-03 1.95E-01 3.67E-04
Vanadium 2.52E+00 2.57E-02 5.62E-01 1.10E-03
Zirconium 4.02E-01 3.93E-03 8.23E-02 1.72E-04
Zinc 2.52E+01 2.97E-01 7.30E+00 1.17E-02
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Table B3-26  Average Predicted Deposition of PAHs at Selected Sites for CEA

Emissions
Average Annual Deposition
Location Lower Camp Fort McMurray Fort McKay Fort
Chipewyan

PAHSs [ng/m?

Acenaphthene 3.28E-03 8.11E-04 2.22E-03 7.12E-05
Acenaphylene 4.80E-02 2.10E-03 1.66E-02 1.60E-04
Anthracene 1.89E-03 2.49E-04 7.62E-04 2.16E-05
1,2-Benzathracene 7.90E-04 7.86E-06 1.68E-04 3.40E-07
Benzo(b & j)fiuoranthene 3.31E-03 2.81E-05 4.95E-04 1.34E-06
Benzo(k)fluoranthene 1.00E-03 3.15E-05 2.75E-04 2.32E-06
Benzo(a)fluorene 6.91E-04 5.65E-05 2.18E-04 4.79E-06
Benzo(b)fluorene 3.90E-04 3.76E-06 7.78E-05 1.66E-07
Benzo(g, h, i)perylene 1.23E-03 6.04E-05 3.74E-04 4.81E-06
Benzo(a)pyrene 7.07E-04 2.90E-05 1.90E-04 2.27E-06
Benzo(e)pyrene 4.01E-04 7.00E-06 8.64E-05 4.50E-07
Camphene 7.01E-04 5.44E-06 8.32E-05 2.75E-07
Carbazole 4.88E-04 4.29E-06 7.95E-05 2.00E-07
1 -Chloronaphthalene 4.98E-04 4.63E-06 9.15E-05 2.09E-07
2-Chloronaphthalene 1.19E-03 1.28E-05 2.93E-04 5.29E-07
Chrysene 2.60E-03 1.83E-04 9.34E-04 1.50E-05
Dibenz(a, j)acridine 7.57E-04 7.69E-06 1.67E-04 3.29E-07
Dibenz(a, h)acridine 4.55E-04 4.12E-06 7.89E-05 1.89E-07
Dibenz(a, h anthracene 7.06E-04 6.45E-05 2.50E-04 5.47E-06
Dibenzothiophene 1.68E-01 1.99E-03 4.89E-02 7.83E-05
7,12- 4.55E-04 4.12E-06 7.89E-05 1.89E-07
dimethylbenz{a)anthracene

1, 6-Dinitropyrene 4.55E-04 4.12E-06 7.89E-05 1.89E-07
1, 8-Dinitropyrene 4.55E-04 4.12E-06 7.89E-05 1.89E-07
Fluoranthene 6.35E-03 6.16E-04 2.32E-03 5.25E-05
Fluorene 9.12E-03 2.22E-03 5.95E-03 1.95E-04
Ideno(l, 2, 3-cd)pyrene 1.06E-03 1.13E-05 2.55E-04 4.69E-07
Indole 7.18E-04 5.53E-06 8.35E-05 2.81E-07
1 -Methyinaphthalene 4.38E-02 5.05E-04 1.22E-02 2.01E-05
2-Methylnaphthalene 3.81E-02 4.31E-04 1.03E-02 1.73E-05
Naphthalene 6.99E-01 2.97E-02 2.37E-01 2.26E-03
Nitro-pyrene 5.54E-04 4.65E-06 8.07E-05 2.23E-07
Perylene 3.91E-04 4.17E-06 7.89E-05 2.02E-07
Phenanthrene 8.62E-02 7.20E-03 3.38E-02 6.00E-04
Pyrene 8.58E-03 5.30E-04 2.96E-03 4.30E-05
Retene 5.57E-03 5.11E-05 9.96E-04 2.32E-06
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B5 ADDITIONAL HUMAN HEALTH ANALYSES

This report provides a human health evaluation of airborne emissions of metals, PAHs and
particulates. This information was not previously presented in the Project Millennium
Application, since results of the stack survey analysis and associated air dispersion modelling
were not available. This report is divided into two main sections, each of which provides
additional information associated with a particular key question. Section B4.1 provides
additional information with respect to key question HH-2 (inhalation of airborne chemicals) and
is divided into two subsections: metals and PAHs, and particulate matter. Section B5.2 provides
additional information for key questions HH-3 (ingestion of plants and game animals exposed to
airborne metal and PAH emissions) and W-2,

BS5.1 Additional Information For Key Question HH-2: Health Effects Associated With
Airborne Emissions

The additional information provided in this section addresses additional aspects of Key Question
HH-2 and corresponding sections of the baseline and cumulative effects assessments of the
Project Millennium Application (Volume 2C, Sections F1.2.2, F1.3.2, and F1.4, Step 2):

What Impacts Will Chemicals in Operational Air Emissions From Project Millennium
Have on Human Health?

The potential for impacts to human health as a result of direct inhalation of metals, PAHs, PM,,
and PM, ; are addressed in the following sections. This information is based on results of recent
stack survey analyses conducted by Suncor Energy Inc. and Syncrude Canada Ltd. and the
results of air quality modelling for metals, PAHs, PM,, and PM, ; presented in the Air Quality
component of the Project Millennium EIA, Section B. In addition to the above analyses, further
air quality modelling was conducted to address diesel exhaust emissions from the vehicle fleet.
Refer to Section B4 (New Information) of this supplemental report “Revised Particulate and
Aerosols Analyses” for details on air quality modelling for metals, PAHs and PM,,.

B5.2 Metals And PAHs

B5.2.1 Objective

To evaluate the potential for impacts to human health as a result of inhalation of metals and
PAHs released from stack and vehicle fleet emissions.

B5.2.2 Methods

Airborne concentrations of metals and PAHs were predicted using dispersion modelling,
according to the method described in Section B3 of the Project Millennium Application. The
major sources of airborne metals include emissions from stack and fugitive plant sources.
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Sources of airborne PAHs include stack emissions and vehicle fleet emissions. Annual average
metal and PAH air concentrations for Fort McKay, the closest residential community to the
Project, along with Fort McMurray and Fort Chipewyan were evaluated. Additionally, two
locations in close proximity to the Suncor Plant Site, known as “Lower Camp” and “Mannix”,
were also included for consideration of people such as hunters/trappers who may spend extended
periods of time closer to the site and experience air quality different from the communities noted
above.

In response to recent publications concerning 3-nitrobenzanthrone and associated stakeholder
interests, this substance was added to the evaluation. Airborne concentrations of 3-
nitrobenzanthrone were estimated from diesel fleet particulate concentrations based on the diesel
exhaust particle emission rate of 6.61 pg/g particle reported by Enya et al. (1997) for diesel
engines at 80% loading.

The annual average air concentrations were then used in exposure modelling to determine the
estimated daily intake of these chemicals by local residents. Refer to Section B4 (New
Information) of this report “Revised Particulates and Aerosols Analyses” for tables of airborne
metal and PAH concentrations. For a description of the generic methodology used in the risk
assessment and an explanation of terms, please refer to F1.1.4 of the Project Millennium
Application.

B5.2.2.1 Metals

Annual average air concentrations, predicted for the closest community (i.e., Fort McKay) and
the worst case monitoring station (i.e., Lower Camp), were screened against risk based
concentrations (RBC), consistent with the screening procedures described in the main
submission. Predicted metal concentrations for the baseline, Project and CEA scenarios were
less than the RBCs, indicating that airborne concentrations of metals are acceptable from a
human health perspective. On inspection of the predicted airborne concentrations of metals,
these chemicals were several orders of magnitude less than RBCs, suggesting that these
substances, individually or additively, would not present a health concern. Appendix 1 contains
the metals screening tables for comparison of predicted air concentrations and RBCs (CEA
scenario).

B5.2.2.2 PAHs

Individual PAHs were not screened against RBCs since this would not account for the potential
additive effects of PAH mixtures. Rather, PAHs were separated into carcinogenic and non-
carcinogenic members, and then grouped according to similarities in physical, chemical and
toxicological properties. Potential impacts to human health were then evaluated for each of these
chemical groups.

Non-Carcinogenic PAHs

For non-carcinogenic chemicals, potential residential exposure was estimated {or children of age
5-11 years, a lifestage at which the greatest exposure via inhalation (per unit body mass) occurs
(Health Canada 1994). Residential exposure was also estimated for adults. In addition, since
people may be exposed to airborne chemicals while carrying out activities in areas near the
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Project site (e.g., hunting/trapping, gathering plants), maximum predicted concentrations at the
Lower Camp and Mannix air stations were also evaluated in the risk assessment. For this
assessment, a hunter/trapper was assumed to live temporarily at a location adjacent to the Project
Millennium boundaries for 6 months per year. No differentiation was made between indoor and
outdoor air concentrations.

Daily intake rates were estimated for chemical groups (i.e. chemical mixtures) where possible.
Non-carcinogenic PAHs were assembled into PAH groups with similar physical, chemical and
toxicological characteristics. Chemical groupings and toxicity reference values are listed in
Table B5-1.

Surrogate species within each group were selected to represent the toxicity of the entire group,
assuming additivity. In all cases, the surrogate species was the most toxic known member of the
group, or a substance for which sufficient toxicity data were available to represent the group.
Exposure ratios were then calculated by dividing the estimated daily intake for all chemicals
within the group by the reference dose (RfD) for the surrogate chemical. For some chemicals
(i.e., camphene, retene, dibenzothiophene and indole), there is insufficient toxicity information
to derive an RfD. However, there is no evidence of carcinogenicity associated with these
chemicals. Therefore, these chemicals were grouped and evaluated with respect to the RfD for
the most toxic non-carcinogenic PAH (i.e., pyrene).
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Table B5-1
Values

Chemical Grouping for PAHs and Associated Toxicity Reference

NMon-carcinogenic PAH
Groups

Chemicals within group

RfD @
(mg/kg/d)

Naphthalene Group

napthalene

0.04

1-methyl naphthalene

2-methly naphthalene

acenaphthene

acenaphthylene

1-chloronaphthalene

2-chloronaphthalene

Fluorene/Fluoranthene Group

fluorene

0.04

fluoranthene

phenanthrene

anthracene

Acridine Group

dibenz(a,j)acridine

0.04

dibenz(a h)acridine

Pyrene

pyrene

0.03

dibenzothiophene

indole

camphene

retene

Carcinogenic PAH Groups

Chemicals within group

RsD"/Slope Factor'®

Toxic Equivalency

{mg/kald) Factor (TEF) @
Benzo(a)pyrene Group benzo(a)pyrene 0.0000014/7.3 1

benzo(k) fluoranthene 0.1
benzo(a)fiuorene 0.1
benzo(b)fiuorene 0.1
benzo(b&j)fiuoranthene 0.1
benzo(e)pyrene 1
1,2-benzanthracene 0.1
7,12-dimethyl 0.1
benz(a)anthracene
1,6-dinitropyrene 1
1,8-dinitropyrene 1@
nitro-pyrene 1
benzo(g,h,i)perylene 1
carbazole 0.004
chrysene 0.01
dibenzo(a,h)anthracene 1
3-nitrobenzanthrone 1
perylene 11
indeno(1,2,3-cd)pyrene 0.01

@ RID: reference dose; units (mg/kg/day).

®  ReD: risk-specific dose at a risk of 1:100,000; units (mg/kg/day).

© Slope factor: the rate of change in frequency of cancer per unit change in exposure, used to derive RsD.

@ TEF: toxic equivalency factor; indicates the relative toxicity of each chemical to benzo(a)pyrene, the most toxic member

of the group.
®  TEF conservatively assumed to be 1 due to insufficient toxicity data.

Bolded chemicals are surrogates for the group.
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Carcinogenic PAHs

For carcinogenic PAHs, the toxicity of each PAH was evaluated relative to the most toxic
member of the group, benzo(a)pyrene using established toxic equivalency factors (TEFs;
Table 4-1). The total benzo(a)pyrene toxic equivalent air concentration was then used in
exposure modelling to determine the estimated daily intake of carcinogenic PAHs for composite
receptors (i.e., exposed from birth to 70 years of age) and adult hunters/trappers (i.e., exposed for
50 years near the Suncor Plant Site). The estimated daily intakes were then compared to the
risk-specific dose (RsD) for benzo(a)pyrene to calculate ERs for the carcinogenic PAH group.
This conservative approach ensures that exposure to the entire mixture of PAHs is accounted for
in the evaluation of human health risks. For some chemicals (i.e., nitropyrenes,
benzo(g,h,i)perylene, perylene and 3-nitrobenzanthrone) there is insufficient toxicity information
to determine an accurate TEF. Therefore, the TEFs for these chemicals were conservatively
assumed to be 1, or equivalent to benzo(a)pyrene.

In addition to the exposure ratio, calculations were made to quantify the incremental lifetime
cancer risk (ILCR) for this group of chemicals. The ILCR for each location was calculated by
multiplying the estimated daily intake of carcinogenic PAHs by the slope factor for
benzo(a)pyrene.

The ICLR indicates the potential risk of cancer above background that is associated with
exposure to airborne carcinogenic PAHs.

B5.2.3 Results

Results of the analyses and the corresponding exposure ratios for the concerned locations are
presented in Tables B4-2 to B4-4. It should be noted that predicted air concentrations of PAHs
and associated ER values for the Project Millennium scenario are lower than those for the
baseline scenario, due to changes in the location of mine activities and emission sources.

Exposure ratios for non-carcinogenic PAHs are significantly less than one and therefore the risk
to human health is considered to be negligible. Exposure ratios for carcinogenic PAHs are also
significantly less than one, and therefore are considered to be acceptable. The incremental
lifetime cancer risk (ILCR) associated with exposure to the predicted levels of carcinogens for
each location represents an increased frequency of cancer above background in the order of 107
t0 10" (i.e., 107 represents a 1 in 10 million risk; 10" represents a 1 in 10 billion risk). In light
of the degree of conservatism used in the assessment, the calculated risk is considered to be
negligible.
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Table B5-2 Baseline Exposure Ratios and ILCRs for Inhalation of PAHs
Fort Fort Fort
Receptor Chemical McKay McMurray |[Chipewyan| WMannix |Lower Camp
Non-Carcinogenic PAHs ER® ER® ER® ER®™ ER®
Child naphthalene group 7.30E-07 1.38E-07 2.92E-08 n/a n/a
fluorene/fluoranthene group 2.71E-07 | 5.25E-08 | 1.10E-08 n/a n/a
acridine group 6.79E-11 1.14E-11 3.44E-12 n/a n/a
pyrene 3.06E-07 4.45E-08 1.08E-08 n/a n/a
Adult naphthalene group 7.30E-07 1.38E-07 2.92E-08 4.27E-06 2.34E-05
fluorene/fluoranthene group 2.71E-07 | 5.25E-08 | 1.10E-08 1.61E-06 8.92E-06
acridine group 6.79E-11 1.14E-11 3.44E-12 5.83E-10 6.51E-10
pyrene 2.26E-07 | 3.29E-08 | 8.01E-09 | 6.28E-07 1.43E-07
Carcinogenic PAHs ER® ER® ER® ER® ER®
Composite |Benzo(a)pyrene Group 9.15E-05 8.06E-05] 1.09E-05 2.58E-02 7.59E-02
ICLRY™ ICLR W ICLR® ICLR® ICLR®
9.35E-10 8.23E-10]  1.11E-10 4.33E-08 1.27E-07

@ represents residential scenario (daily exposure for 7 years-child and 50 years-adult and 70 years-composite).
) represents hunter/trapper scenario (exposure for 6 months per year for 50 years near Suncor Plant Site).
o) represents the increased frequency of cancer above background for the exposure concentration.

N/A = Not Applicable.

Table B5-3 Millennium Exposure ratios and ILCRs for inhalation of PAHs
Fort Fort Fort
Receptor Chemical McKay | McMurray | Chipewyan | Mannix |Lower Camp
Non-Carcinogenic PAHs ER @ ER @ ER @ ER ® ER®
Child naphthalene group 7.23E-07 3.87E-07 4.44E-08 n/a n/a
fluorene/fluoranthene group 2.68E-07 1.48E-07 1.68E-08 n/a n/a
acridine group 6.43E-11 1.04E-11 3.20E-12 n/a n/a
pyrene 3.04E-07 1.12E-07 1.49E-08 n/a n/a
Adult naphthalene group 7.23E-07 3.87E-07 4.44E-08| 6.89E-07 7.33E-07
fluorene/fiuoranthene group 2.68E-07 1.48E-07 1.68E-08| 2.57E-07 2.70E-07
acridine group 6.43E-11 1.04E-11 3.20E-12| 1.28E-10 1.45E-10
pyrene 2.24E-07 8.29E-08 1.10E-08] 1.06E-07 1.27E-07
Carcinogenic PAHs ER® ER® ER® ER®™ ER ™
Composite  |Benzo(a)pyrene Group 9.35E-05 1.06E-04 1.61E-05] 5.73E-03 7.39E-03
ICLR® ICLR'™ ICLR ICLR® ICLR
9.55E-10 1.08E-09 1.65E-10] 9.60E-09 1.24E-08

@ represents residential scenario (daily exposure for 7 years-child and 50 years-adult and 70 years-composite).
®)  represents hunter/trapper scenario (exposure for 6 months per year for 50 years near Suncor Plant Site).
) yepresents the increased frequency of cancer above background for the exposure concentration.

N/A = Not Applicable.
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Table B5-5 CEA Exposure Ratios and ILCR for Inhalation of PAHs
Fort Fort Fort
Receptor Chemical McKay | McMurray | Chipewyan | Mannix |lLower Camp
Non-Carcinogenic PAHs ER @ ER @ ER @ ER® ER®
Child naphthalene group 1.91E-05 6.57E-06 1.30E-06 n/a n/a
fluorene/fluoranthene group 7.03E-06 2.48E-06 4.83E-07 n/a n/a
acridine group 1.46E-09 2.21E-10 8.13E-11 n/a n/a
pyrene 7.76E-07 1.96E-07 4.69E-08 n/a n/a
Adult naphthalene group 1.41E-05 4.86E-06 9.60E-07 | 5.76E-06 7.45E-06
fluorene/fluoranthene group 5.19E-06 1.84E-06 3.57E-07 | 2.12E-06 2.68E-06
acridine group 1.08E-09 1.63E-10 6.01E-11 [ 740E-10 | 1.10E-09
pyrene 5.73E-07 1.45E-07 347E-08 | 2.35E-07 | 3.71E-07
Carcinogenic PAHs ER®@ ER® ER®@ ER® ER®
Composite Benzo(a)pyrene Group 2.26E-04 2.15E-04 4.52E-05 | 1.23E-02 1.43E-02
ICLR"™ ICLR® ICLR®@ ICLR® ICLR®
2.31E-09 2.20E-09 4.62E-10 | 2.06E-08 | 2.39E-08

@) represents residential scenario (daily exposure for 7 years-child and 50 years-adult and 70 years-composite).
®)  represents hunter/trapper scenario (exposure for 6 months per year for 50 years near Suncor Plant Site).

e} represents the increased frequency of cancer above background for the exposure concentration.
N/A = Not Applicable.

B5.2.4  Residual Impact Classification and Environmental Consequence

Residual impacts were classified according to the methodology presented in Sections A2 and
F1.1.4.4 of the Project Millennium Application. Based on the results of the risk assessment
concerning air concentrations of metals and PAHs, impacts to human health are not predicted to
occur as a result of the Project. The magnitude of impact and resultant environmental
consequence are rated as negligible.

B5.2.5  Modelling Assumptions and Uncertainty

The modelling of human exposure and performing the risk assessment introduces a degree of
uncertainty. Every effort was made to offset the uncertainty associated with toxicological data
and air dispersion modelling by making use of conservative assumptions as outlined below:

e maximum predicted ambient air exposure concentrations were derived from conservative air
dispersion modelling methods;

e exposure assumes people reside in the communities for their entire lives and hunters/trappers
live for 6 months per year directly adjacent to the Suncor Plant Site;

e where exposure assessment involves summation of concentrations across a group of
chemicals, a conservative surrogate toxicity reference value was used;

e ecxposure parameter values for human receptors represent reasonable maximum exposure
values (i.e., worst case but within the realm of reality); and

e PAHSs were assessed additively as mixtures, rather than individual chemicals.
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Collectively, these assumptions weigh heavily towards exposure ratios that over-estimate the
true risk that is likely to be manifested by the Project.

The main area of uncertainty associated with this analysis is the uncertainty inherent with
estimated fugitive emissions and air dispersion modelling that manifest as uncertainty in the
predicted exposure concentrations.

B5.3 Particulate Matter (PM,,)

B5.3.1 Objective

e To evaluate the potential for impacts to human health as a result of inhalation of PM,,
released from stack and vehicle fleet emissions.

B5.3.2  Air Quality Modelling

Refer to Section B4 (New Information) of this report “Revised Particulates and Aerosols
Analyses” for a discussion of air quality modelling methodology. Predicted concentrations of
PM,, and PM, s are presented in Tables B4-5, B4-6, B4-13, B4-14, B4-21 and B4-22 of Section
B4 (New Information) of this submission..

RBS5.3.3 Health Assessment

With respect to health effects of particulate emissions, there remains significant controversy in
the scientific community (e.g., annual meeting of the Society of Toxicologists, Seattle,
Washington, March, 1998) concerning the reference levels for health effects of PM,, and PM, s
and appropriate guidelines. Health Canada has recently withdrawn the draft “air quality
objectives” for PM,, that were issued last fall (based solely on risk considerations), and they are
not planning to reissue new objectives for PM,q,s. Instead, the PM issue will be addressed under
the "new" national harmonization strategy called "Canada Wide Standards" (CWS). These new
objectives will take into account not only the risk of health effects, but also the costs and
practicality/feasibility of achieving the standards, based on in-house analyses and stakeholder
input. The CWS objectives for PM are not anticipated until the fall of 1999.

Other guidelines for PM,, and PM, ; are listed in Table B5-5. The predicted PM,, and PM,
concentrations are less than these guidelines in the communities of Fort McKay and Fort
Chipewyan, but are marginally greater than PM,, and PM, s guidelines in Fort McMurray. The
high levels of PM,, and PM,; in Fort McMurray are due mainly to urban particulate emissions,
rather than the oil sands particulate emissions.
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Table B5-5 Summary of Applicable Guidelines for PM,,
PM Size Range Averaging Time Guideline (ug/m°) Agency
PM,, 24 hr 50 BC Environment 1995
PM,, 24 hr 150
annual 50 U.S. EPA 1997
PM, 24 hr 50
annual 15 U.S. EPA 1997
B5.3.4 Residual Impact Classification and Environmental Consequence

Residual impacts were classified according to the methodology presented in Section A2 of the
Project Millennium Application. Since PM,, concentrations in the communities of Fort McKay,
and Fort Chipewyan are less than BC Environment and US EPA guidelines, the magnitude of
impact and resultant environmental consequence are rated as negligible for these communities.
Although PM,, and PM,; concentrations at Fort McMurray exceed guidelines, these high
concentrations are a result of urban particulate emissions, and therefore the magnitude of impact
and resultant environmental consequence as a result of oil sands emissions, is rated as low for
Fort McMurray. Further evaluation of particulate matter levels should be conducted when
Canadian guidelines are established.

B5.3.5  Modelling Assumptions and Uncertainty

Refer to Section B4 (New Information) of this report “Revised Particulates and Aerosols
Analyses” for a discussion of modelling assumptions and uncertainty associated with particulate
matter predictions.

B5.4 Additional Information For Key Question Hh-3 And W-2: Human And Wildlife
Health Effects Associated With Deposition Of Metals And Pahs

The additional information provided in this section addresses additional aspects of Key
Questions HH-3 and W-2 and corresponding sections of the cumulative effects assessment of the
Project Millennium Application (Volume 2C, Sections F1.3.3 and F1.4, Step 3; Volume 2B,
Sections D5.2.7 and D6.5.6): ’

HH-3: What Impacts Will Consumption of Local Plants and Game Animals Exposed to
Operational Water Releases and Air Emissions From Project Millennium Have on
Human Health?

W-2: What Impacts Will Chemicals in Operational Air and Water Releases From Project
Millennium Have on Wildlife Health?

Metals and PAHSs in air emissions from the Project may deposit directly onto plant surfaces, or
they may deposit onto soils and be taken up by plant roots. Subsequent ingestion of these plants
by local residents or wildlife may be an important route of exposure to these chemicals. The
information presented in the Project Millennium Application was based on the results of baseline
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vegetation samples collected in August, 1997. This section presents the results of deposition
modelling of predicted air emissions from Project Millennium and the combined developments.
It provides an evaluation of the potential for impacts to human health from ingestion of these
plants. This deposition modelling is based on results of recent stack survey analyses conducted
by Suncor Inc. and Syncrude Canada Ltd. and the results of air quality modelling for metals and
PAHs presented in Section B4 (New Information) of this report “Revised Particulates and
Aerosols Analyses”. Air quality modelling predictions are based on stack emissions and diesel
exhaust emissions from the vehicle fleet.

B5.4.1 Ingestion of Metals and PAHs Deposited onto Soils and Plants
B5.4.2 Objectives

e To determine the amount of airborne metals and PAHs accumulated in plants via direct
deposition onto plant surfaces and deposition onto soils followed by root uptake; and

¢ To evaluate the potential for impacts to human health as a result of ingestion of plants, which
have accumulated metals and PAHs deposited from stack and vehicle fleet emissions.

B5.4.3 Methods

B5.4.3.1 Metals and PAHs

Incremental contributions of metals and PAHs from airborne deposition to tissue concentrations
in berries, leaves and roots were predicted for two locations. Fort McKay was selected as the
closest residential community and Lower Camp was selected as a worst case location in close
proximity to the plant site. The risk assessment model for berries and leaves considered
deposition onto the soil followed by root uptake plus deposition directly onto the plant surface.
For roots, only uptake from soil was considered. Deposition onto plant surfaces was calculated
by consideration of the chemical deposition rate and approximate plant surface available to
which chemicals may adhere (Equation 1). Direct deposition onto plant surfaces was assumed to
occur throughout the growing season (i.e., 3 months per year).

PC, =DxCFIxCF2xCF3IxDTxR/(KxSxY¥Y) KEquationl
where:

PCy= Plant Concentration from Deposition (mg/kg dry wt)

D= Deposition rate (g/ha/yr)

CF1 = Conversion Factor for hectares to square meters (ha/m?)

CF2 = Conversion Factor for grams to milligrams (mg/g)

CF3 = Conversion Factor for wet weight to dry weight

DT = Deposition Time (3 months/year)

R=  Intercept fraction; represents portion of chemical deposition intercepted by
plants (0.027 berries, 0.15 leaves; Baes et al. 1984, based on intercepts for
cherries and leafy vegetables, respectively)
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= Natural weathering rate of chemical removal from the plant surface (In(2)/14
days; Baes et al. 1984)

= Growing season (3 months/yr)

= Crop Yield (1 kg/m’® berries; 3 kg/m” leaves; Baes et al. 1984)

Uptake by roots was calculated by first converting the soil deposition rates into soil
concentrations (Equation 2) and then applying bioconcentration factors (BCF) to determine the
plant tissue concentration (Equation 3). Deposition onto soils was assumed to occur throughout
the operational phase of the Project (i.e., 30 years), with no loss due to weathering and
degradation. All chemicals deposited onto soils were assumed to mix within the top 15 cm of
soil and remain available for plant uptake.

SC=D x CF1 x CF2 x DT/(SD x BD) Equation 2

where:

SC= Soil Concentration (mg/kg dry wt)

D= Deposition rate (g/ha/yr)

CF1 = Conversion Factor for hectares to square meters (ha/m?)

CF2 = Conversion Factor for grams to milligrams (mg/g)

DT = Deposition Time (30 years)

SD = Soil Depth (0.15 m)

BD = Bulk Density (1600 kg/m®)

PC,=SCx BCF Equation 3

where:

PC,= Plant Concentration from Roots (mg/kg dry)
SC=  Soil Concentration as calculated above
BCF = Bioconcentration Factor (unitless)

BCFs were calculated for metals, based on the relationship between chemical concentrations in
blueberries/Labrador tea leaves/cattail roots and corresponding soil samples analyzed in the
August 1997 vegetation sampling program. The maximum site-specific BCF for each metal was
conservatively used as the BCF in equation 3. These BCFs were determined to be more
conservative and site-specific than literature-derived BCFs. In some instances, however,
literature-reported BCFs (Efroymson 1996) were used where there was insufficient data to derive
site-specific BCFs.

Since PAHs were not detected in the majority of plant and soil samples collected in August
1997, site-specific BCFs for PAHs could not be derived. Rather, BCFs for PAHs in plants were
calculated based on the octanol-water partition coefficients (Kow) according to Equation 4
(Travis and Arms 1988):

log BCF = 1.588 - 0.578 (log Kow) Equation 4
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Total plant tissue concentration (PCr) is then equal to the sum of chemical concentrations in
plants from direct deposition and root uptake (Equation 5).

PC; =PC,+ PC, Equation 5

B5.4.4 Results

B5.4.4.1 Metals

Results of deposition analyses and associated plant tissue concentrations predicted for the
locations of interest are listed in Tables B4-8 to B4-10.

Table B5-8 Predicted Increase in Metal Concentrations for Berries

Baseline Millennium CEA 1997 % Increase
Chemical Lower Lower Suncor and
Ft. McKay |Lower Camp| Ft. McKay Camp Ft. McKay Camp Shell Leases

Increase increase increase increase | Increase |Increase in | Max Baseline

in Berry in Berry in Berry in Berry in Berry Berry Blueberry Fort Lower

Conc @ Conc @ Conc @ Conc @ | Conc ® | Conc @ Conc ™ McKay | Camp

mgl/kg mglkg mglkg mg/kg mg/kg mglkg mg/kg mgkg | mglkg

antimony 7.09E-06 2.42E-05 7.07E-06 2.26E-05 | 9.34E-06 | 4.39E-05 nd {0.04) <dl <d!
arsenic 8.72E-06 3.07E-05 8.69E-06 2.87E-05 | 1.15E-05 | 5.47E-05 nd (0.2) <dl <dl
aluminum 1.29E-03 3.12E-03 1.28E-03 2.98E-03 | 1.70E-03 { 6.90E-03 40 0.0043 0.017
barium 1.69E-04 6.38E-04 1.68E-04 5.93E-04 | 2.22E-04 | 1.09E-03 15.5 0.0014 0.0071
beryllium 1.20E-06 3.79E-06 1.19E-06 3.86E-06 | 1.58E-06 | 7.15E-06 nd (0.2) <di <dl
cadmium 7.53E-06 1.63E-05 7.52E-06 1.57E-05 | 9.99E-06 | 3.87E-05 0.09 0.011 0.043
chromium 2.25E-03 4.68E-03 6.76E-04 1.82E-03 | 8.95E-04 | 3.87E-03 nd (0.2) <dl <dl
cobalt 2.89E-05 7.75E-05 2.89E-05 7.35E-05 | 3.83E-05 | 1.61E-04 nd (0.08) <dl <di
copper 1.74E-04 4.62E-04 1.74E-04 4.38E-04 | 2.30E-04 | 9.67E-04 4.6 0.0050 0.021
lead 4.85E-05 1.91E-04 4.83E-05 1.77E-04 | 6.36E-05 | 3.21E-04 0.3 0.021 0.11
mercury 1.78E-06 5.28E-06 1.77E-06 4.97E-06 | 2.35E-06 | 1.03E-05 0.02 0.012 0.052
molybdenum |  1.16E-04 3.49E-04 1.15E-04 3.28E-04 | 1.53E-04 | 6.76E-04 0.11 0.14 0.61
nickel 1.22E-03 3.23E-03 1.22E-03 3.07E-03 | 1.62E-03 | 6.78E-03 0.66 0.25 1.02
selenium 3.31E-05 8.62E-04 3.19E-05 7.69E-04 | 3.81E-05 | 8.28E-04 nd (0.2) <d| <di
silver 1.69E-05 3.49E-05 1.69E-05 3.37E-05 | 2.24E-05 | 8.54E-05 nd (1) <dl <dl
vanadium 5.09E-04 1.57E-03 5.08E-04 1.48E-03 | 6.72E-04 | 3.01E-03 nd (0.08) <di <l
zinc 2.24E-02 3.39E-02 2.24E-02 3.37E-02 | 2.99E-02 | 1.03E-01 11 0.27 0.94

@ represents predicted increase in concentration in berries resulting from uptake by roots and deposition onto plant surfaces.
®) results of baseline blueberry samples collected in August, 1997.

nd = not detected (detection limit in brackets).

<d = predicted concentration remains {ess than detection limit.
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Table B5-9 Predicted increase in Metal Concentrations for Leaves
Baseline Millennium CEA 1997 % Increase
Lower
Ft. McKay Camp Suncor and
Ft. McKay |Lower Camp| Ft. McKay [Lower Camp| Increase in | Increase in | Shell Leases
Chemical Increase in | Increase in | Increase in | Increase in Leaf Leaf Max Baseline Fort | Lower
Leaf Conc @ |Leaf Conc ' |Leaf Conc ®{Leaf Conc @| Conc @ Conc @ |Lab Tea Conc ™| McKay | Camp
mglkg mglkg molkg mglkg mo/kg mg/kg mgkg | mgikg | mg/kg
antimony 1.11E-05 3.80E-05 1.11E-05 3.55E-05 1.47E-05 6.88E-05 0.68 0.0022 | 0.010
arsenic 1.49E-05 5.25E-05 1.49E-05 4.90E-05 1.96E-05 9.36E-05 nd (0.2) <d| <di
aluminum 2.30E-03 5.58E-03 2.30E-03 5.32E-03 3.05E-03 1.23E-02 35 0.0087 | 0.035
barium 2.26E-04 8.53E-04 2.25E-04 7.93E-04 2.97E-04 1.46E-03 120 0.00025| 0.0012
beryliium 2.01E-06 6.38E-06 2.01E-06 5.99E-06 2.66E-06 1.20E-05 nd (0.2) <dl <dl
cadmium 1.01E-05 2.17E-05 1.01E-05 2.09E-05 1.33E-05 5.17E-05 0.09 0.015 | 0.057
chromium 3.61E-03 7.50E-03 1.08E-03 2.92E-03 1.43E-03 6.20E-03 0.4 0.90 1.9
cobalt 5.24E-05 1.40E-04 5.23E-05 1.33E-04 6.94E-05 2.92E-04 0.31 0.022 | 0.094
copper 2.14E-04 5.68E-04 2.14E-04 5.39E-04 2.83E-04 1.19E-03 74 0.00038| 0.0016
lead 8.49E-05 3.35E-04 8.46E-05 3.11E-04 1.12E-04 5.63E-04 2.9 0.0038 | 0.019
jmercury 2.78E-06 8.25E-06 2.77E-06 7.77E-06 3.67E-06 1.62E-05 0.05 0.0073 | 0.032
!molybdenum 1.89E-04 5.69E-04 1.88E-04 5.36E-04 2.49E-04 1.10E-03 0.12 0.21 0.92
nickel 1.94E-03 5.11E-03 1.93E-03 4.85E-03 2.56E-03 1.07E-02 6.92 0.037 | 0.15
selenium 5.38E-05 1.40E-03 5.18E-05 1.25E-03 6.20E-05 1.34E-03 nd (0.2) <dl <di
silver 2.84E-05 5.87E-05 2.84E-05 5.67E-05 3.77E-05 1.44E-04 nd (1) <di <d|
vanadium 7.84E-04 2.42E-03 7.82E-04 2.28E-03 1.03E-03 4.64E-03 0.15 0.69 3.1
zinc 2.60E-02 3.92E-02 2.60E-02 3.91E-02 3.46E-02 1.19E-01 54.5 0.063 | 0.22

@  represents predicted increase in concentration in leaves resulting from uptake by roots and deposition onto plant surfaces.

®)  results of baseline Labrador tea leaf samples collected in August, 1997,
nd = not detected (detection limit in brackets).
<dl = predicted concentration remains less than detection limit.
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Table B5-10 Predicted Increase in Metal Concentrations for Roots

Baseline Millennium CEA 1997 % Increase
Suncor
and Shell
Lower Lower L.ower Leases
Ft. MciKay Camp Ft. McKay Camp Ft. McKay | Camp Max
Increase in |Increase in| Increase in | Increase in | Increase in | increase | Baseline
Root Root Root Root Root in Root Cattail Fort Lower
Chemical Conc @ Cong @ Conc @ Conc @ Conc @ | Conc @ | Conc ® | McKay Camp
mghkg | mghkg | mglkg mglkg mghkg | mglkg | mglkg | mgkg | mglkg
antimony 2.35E-06 8.02E-06 2.34E-06 7.50E-06 3.09E-06 | 1.45E-05 [ nd (0.04) <dl <d|
arsenic 3.84E-06 1.35E-05 3.83E-06 1.26E-05 5.06E-06 | 2.41E-05 1.1 0.0005 0.0022
aluminum 5.88E-04 1.43E-03 5.87E-04 1.36E-03 7.79E-04 | 3.15E-03 693 0.00015 | 0.00046
barium 2.62E-04 9.90E-04 2.61E-04 9.21E-04 3.44E-04 | 1.70E-03 47.3 0.0007 0.0036
beryllium 6.33E-07 2.00E-06 6.31E-07 1.88E-06 8.35E-07 | 3.78E-06 | nd (0.2) <dl <dl
cadmium 5.47E-05 1.18E-04 5.46E-05 1.14E-04 7.25E-05 | 2.81E-04 | 0.034 0.21 0.83
chromium 1.76E-03 3.66E-03 5.29E-04 1.43E-03 7.00E-04 | 3.03E-03 1.2 0.15 0.31
cobalt 5.46E-06 1.46E-05 5.45E-06 1.39E-05 7.22E-06 | 3.04E-05 5.24 0.0002 0.00058
copper 2.96E-04 7.83E-04 2.95E-04 7.43E-04 3.91E-04 | 1.64E-03 14.4 0.0027 0.011
lead 3.67E-05 1.45E-04 3.66E-05 1.34E-04 4.82E-05 | 2.43E-04 25 0.0019 0.0097
mercury 1.84E-06 5.47E-06 1.84E-06 5.16E-06 2.44E-06 | 1.07E-05 0.07 0.0035 0.015
molybdenum 1.20E-04 3.63E-04 1.20E-04 3.42E-04 1.59E-04 | 7.04E-04 17 0.0093 0.041
nickel 2.15E-03 5.69E-03 2.15E-03 5.40E-03 2.85E-03 | 1.19E-02 10.9 0.026 0.11
selenium 2.40E-05 6.26E-04 2.31E-05 5.59E-04 2.77E-05 | 6.01E-04 0.7 0.004 0.089
silver 1.09E-05 2.26E-05 1.09E-05 2.19E-05 145E-05 | 5.54E-05| nd(1) <di <di
vanadium 4 47E-04 1.38E-03 4 46E-04 1.30E-03 5.90E-04 | 2.65E-03 7.16 0.0082 0.037
zinc 4.90E-02 7.40E-02 4.90E-02 7.38E-02 6.53E-02 | 2.26E-01 59.2 0.11 0.38

@ represents predicted increase in concentration in roots resulting from uptake from soil.
™ results of baseline cattail root samples collected in August, 1997.
nd = not detected (detection limit in brackets).
<dl = predicted concentration remains less than detection limit.

The predicted increase in plant tissue metal concentrations as a result of airborne chemical
deposition is negligible in comparison to metal concentrations previously measured in
blueberries, Labrador tea leaves and cattail roots in August 1997. Furthermore, metals which
were not detected in plant tissue samples in August 1997 are predicted to remain at levels below
the limit of detection.

B5.4.4.2 PAFs

Results of deposition analyses and associated plant tissue concentrations predicted for the
locations of interest are listed in Tables B5-11 to B5-13.
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Table B5-11 Predicted Increase in PAH Concentrations for Berries

Baseline Millennium CEA
Ft. McKay | Lower Camp | Ft. McKay }Lower Camp| Ft. McKay | Lower Camp
Increase in Increase in increase in | Increase in |Increase in| Increase in
Chemical Berry Berry Berry Berry Berry Berry
Conc @ Conc @ Conc @ Conc @ Conc @ Conc @
mgl/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Acenaphthene 3.09E-06 8.68E-05 2.57E-04 4.06E-04 6.84E-06 2.50E-06
Acenaphylene 3.69E-05 2.27E-04 3.03E-03 4.41E-03 5.50E-05 6.94E-06
Anthracene 7.20E-07 1.75E-05 9.77E-05 3.12E-04 1.45E-06 4.74E-07
1,2-Benzathracene 1.24E-07 4.26E-07 3.46E-05 1.12E-04 1.63E-07 7.65E-09
Benzo(b & j)fiuoranthene 3.31E-07 2.11E-06 1.04E-04 6.06E-04 4.29E-07 2.43E-08
Benzo(k)fluoranthene 1.58E-07 1.00E-06 5.12E-05 1.26E-04 2.29E-07 2.62E-08
Benzo(a)fluorene 1.06E-07 1.88E-06 3.20E-05 1.12E-04 1.89E-07 4.91E-08
Benzo(b)fluorene 5.15E-08 2.00E-07 1.61E-05 5.84E-05 6.77E-08 3.27E-09
Benzo(g, h, i)perylene 1.93E-07 1.78E-06 6.47E-05 1.56E-04 2.98E-07 4.82E-08
Benzo(a)pyrene 1.10E-07 1.01E-06 3.35E-05 1.00E-04 1.68E-07 2.56E-08
Benzo(e)pyrene 5.08E-08 2.75E-07 1.70E-05 5.97E-05 6.96E-08 5.64E-09
Camphene 5.20E-08 4.63E-07 1.76E-05 1.43E-04 6.64E-08 4.34E-09
Carbazole 4.17E-07 2.33E-06 1.69E-05 8.71E-05 5.43E-07 2.93E-08
1 -Chloronaphthalene 4.55E-07 2.07E-06 1.94E-05 8.17E-05 5.96E-07 3.01E-08
2-Chloronaphthalene 1.44E-06 3.51E-06 6.15E-05 1.43E-04 1.91E-06 8.33E-08
Chrysene 5.55E-07 6.26E-06 1.52E-04 3.02E-04 9.08E-07 1.78E-07
Dibenz(a, j)acridine 1.08E-07 3.41E-07 3.45E-05 1.03E-04 1.42E-07 6.54E-09
Dibenz(a, h)acridine 5.14E-08 2.59E-07 1.64E-05 7.63E-05 6.71E-08 3.50E-09
Dibenz(a, h)anthracene 1.16E-07 1.97E-06 3.66E-05 1.04E-04 2.07e-07 5.35E-08
Dibenzothiophene 3.12E-05 4.65E-05 1.00E-02 1.49E-02 4.16E-05 1.69E-06
7,12-dimethylbenz(a)anthracene | 5.23E-08 2.63E-07 1.64E-05 7.63E-05 6.83E-08 3.56E-09
1, 6-Dinitropyrene 5.14E-08 2.59E-07 1.64E-05 7.63E-05 6.71E-08 3.50E-09
1, 8-Dinitropyrene 5.14E-08 2.59E-07 1.64E-05 7.63E-05 6.71E-08 3.50E-09
Fluoranthene 1.57E-06 2.78E-05 3.36E-04 9.30E-04 2.85E-06 7.57E-07
Fluorene 6.80E-06 1.99E-04 6.77E-04 1.23E-03 1.53E-05 5.69E-06
Ideno(l, 2, 3-cd)pyrene 2.63E-07 6.79E-07 5.26E-05 1.29E-04 3.48E-07 1.54E-08
indole 4.07E-07 3.73E-06 1.80E-05 1.51E-04 5.19E-07 3.44E-08
1-Methylnaphthalene 3.24E-05 5.53E-05 2.53E-03 4.25E-03 4.31E-05 1.78E-06
2-MethyInaphthalene 2.44E-05 4.59E-05 2.13E-03 3.91E-03 3.25E-05 1.36E-06
Naphthalene 1.04E-03 6.41E-03 4.38E-02 6.74E-02 1.54E-03 1.93E-04
Nitro-pyrene 8.51E-08 5.66E-07 1.69E-05 1.03E-04 1.10E-07 6.34E-09
Perylene 5.36E-08 2.19E-07 1.62E-05 5.86E-05 7.08E-08 3.74E-09
Phenanthrene 4.12E-05 5.13E-04 5.34E-03 9.55E-03 6.94E-05 1.48E-05
Pyrene 2.53E-06 2.56E-05 4.96E-04 9.91E-04 4.03E-06 7.23E-07
Retene 1.57E-06 7.46E-06 2.08E-04 9.17E-04 2.05E-06 1.05E-07

@ represents predicted increase in concentration in berries resulting from uptake by roots and deposition onto plant surfaces.
Note: PAHs were not detected in blueberry samples collected in August, 1997.
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Table B5-12 Predicted Increase in PAH Concentrations for Leaves

Baseline Millennium CEA 1997
Fort Lower Fort Lower Max

McKay | Camp McKay Fort Camp Baseline

Increase | Increase | Increase |Lower Camp McKay increase | Measured

inLeaf | in Leaf in Leaf | Increase in | Increase in | in Leaf | Laborador

Conc @ | Conc ® | Conc @ |Leaf Conc @|Leaf Conc ®| Conc @ | Tea Conc

Chemical mglkg | mglkg mg/kg mglkg mg/kg mglkg mglkg
Acenaphthene 3.73E-06 | 1.05E-04 | 3.48E-06 | 5.51E-06 8.27E-06 1.22E-05 nd
Acenaphylene 4.41E-05| 2.72E-04 | 4.36E-05 | 6.34E-05 6.57E-05 1.90E-04 nd
Anthracene 9.64E-07 | 2.34E-05 | 9.11E-07 | 2.91E-06 1.94E-06 | 4.82E-06 0.04
1,2-Benzathracene 2.06E-07 | 7.08E-07 | 2.05E-07 | 6.62E-07 2.71E-07 1.28E-06 nd
Benzo(b & j)fiuoranthene 5.78E-07 | 3.68E-06 { 5.74E-07 | 3.36E-06 7A49E-07 | 5.00E-06 nd
Benzo(k)fluoranthene 2.80E-07 | 1.78E-06 | 2.77E-07 | 6.85E-07 4.06E-07 1.48E-06 nd
Benzo(a)fluorene 1.85E-07 | 3.27E-06 | 1.78E-07 | 6.22E-07 3.30E-07 | 1.05E-06 nd
Benzo(b)fluorene 8.97E-08 | 3.49E-07 | 8.94E-08 | 3.24E-07 1.18E-07 | 5.90E-07 nd
Benzo(g, h, i)perylene 3.49E-07 | 3.22E-06 | 3.42E-07 | 8.28E-07 5.40E-07 1.77E-06 nd
Benzo(a)pyrene 1.91E-07 | 1.75E-06 | 1.87E-07 | 5.63E-07 2.90E-07 1.08E-06 nd
Benzo(e)pyrene 9.14E-08 | 4.96E-07 | 9.07E-08 | 3.17E-07 1.25E-07 | 5.82E-07 nd
Camphene 9.40E-08 | 8.38E-07 | 9.30E-08 | 7.58E-07 1.20E-07 1.01E-06 nd
Carbazole 4.57E-07 | 2.55E-06 | 4.54E-07 | 2.33E-06 5.94E-07 | 3.65E-06 nd
1-Chloronaphthaiene 5.01E-07 | 2.28E-06 | 4.98E-07 | 2.10E-06 6.55E-07 | 3.57E-06 nd
2-Chloronaphthalene 1.58E-06 | 3.86E-06 | 1.58E-06 | 3.68E-06 2.10E-06 | 8.50E-06 nd
Chrysene 9.24E-07 | 1.04E-05 | 9.01E-07 | 1.79E-06 1.51E-06 | 4.21E-06 nd
Dibenz(a, j)acridine 1.89E-07 | 6.00E-07 | 1.89E-07 | 5.63E-07 2.50E-07 | 1.13E-06 nd
Dibenz(a, h)acridine 9.04E-08 | 4.55E-07 | 8.99E-08 | 4.18E-07 1.18E-07 | 6.81E-07 nd
Dibenz(a, h)anthracene 2.06E-07 | 3.51E-06 | 1.98E-07 | 5.61E-07 3.69E-07 1.04E-06 nd
Dibenzothiophene 5.50E-05 | 8.18E-05 | 5.50E-05 | 8.15E-05 7.32E-05 | 2.52E-04 nd
7.12-dimethylbenz(a)anthracene | 9.13E-08 | 4.60E-07 | 9.08E-08 | 4.22E-07 1.19E-07 | 6.88E-07 nd
1, 6-Dinitropyrene 9.04E-08 | 4.55E-07 | 8.99E-08 | 4.18E-07 1.18E-07 | 6.81E-07 nd
1, 8-Dinitropyrene 9.04E-08 | 4.55E-07 | 8.99E-08 | 4.18E-07 1.18E-07 | 6.81E-07 nd
Fluoranthene 2.40E-06 | 4.24E-05 | 2.30E-06 | 6.38E-06 4.35E-06 | 1.19E-05 nd
Fluorene 8.51E-06 | 2.49E-04 | 7.92E-06 | 1.44E-05 1.91E-05 | 2.93E-05 nd
Ideno(l, 2, 3-cd)pyrene 3.88E-07 | 1.00E-06 | 3.87E-07 | 9.51E-07 5.13E-07 | 2.13E-06 nd
Indole 4.49E-07 | 4.11E-06 | 4.44E-07 | 3.72E-06 5.73E-07 | 4.92E-06 nd
1-Methylnaphthalene 3.83E-05| 6.55E-05 | 3.83E-05 | 6.44E-05 5.10E-05 | 1.83E-04 0.14
2-Methylnaphthaiene 2.94E-05 | 5.53E-05 | 2.94E-05 | 5.39E-05 3.91E-05 | 1.44E-04 nd
Naphthalene 1.14E-03 | 7.05E-03 | 1.13E-03 | 1.73E-03 1.69E-03 | 5.00E-03 0.15
Nitro-pyrene 1.25E-07 | 8.34E-07 | 1.24E-07 | 7.60E-07 1.62E-07 | 1.11E-06 nd
Perylene 9.21E-08 | 3.77E-07 | 9.17E-08 | 3.31E-07 1.22E-07 | 6.04E-07 nd
Phenanthrene 541E-05| 6.75E-04 | 5.27E-05 | 9.41E-05 9.12E-05 | 2.33E-04 0.04
Pyrene 3.72E-06 | 3.76E-05 | 3.65E-06 | 7.29E-06 5.94E-06 | 1.72E-05 nd
Retene 2.06E-06 | 9.81E-06 | 2.05E-06 | 9.03E-06 2.69E-06 | 1.50E-05 nd

@ represents predicted increase in concentration in leaves resulting from uptake by roots and deposition onto plant surfaces.

nd=not detected.
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Table B5-13 Predicted Increase in PAH Concentrations for Roots

Baseline Millennium CEA
Fort Lower Camp| Fi. McKay |LowerCamp| Ft.McKay | Lower Camp
McKay Increase in | Increase in | Increase in | Increase in Increase in
Increase in Root Root Root Root Root
Root Conc @ | Conc @ Conc ® Conc @ Conc @ Conc @
Chemical mgl/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Acenaphthene 2.33E-06 6.55E-05 2.17E-06 3.44E-06 5.16E-06 7.63E-06
Acenaphylene 2.85E-05 1.75E-04 2.81E-05 4.10E-05 4.24E-05 1.23E-04
Anthracene 4.34E-07 1.05E-05 4.10E-07 1.31E-06 8.76E-07 2.17E-06
1,2-Benzathracene 2.74E-08 9.42E-08 2.73E-08 8.80E-08 3.60E-08 1.70E-07
Benzo(b & j)fiuoranthene 4.17E-08 2.66E-07 4.14E-08 2.42E-07 5.40E-08 3.61E-07
Benzo(k)fluoranthene 1.43E-08 9.06E-08 1.41E-08 3.48E-08 2.07E-08 7.55E-08
Benzo(a)fiuorene 1.37E-08 2.42E-07 1.32E-08 4.60E-08 2.44E-08 7.75E-08
Benzo(b)fluorene 6.63E-09 2.58E-08 6.61E-09 2.40E-08 8.71E-09 4.36E-08
Benzo(g, h, i)perylene 9.71E-09 8.98E-08 9.53E-09 2.31E-08 1.50E-08 4.94E-08
Benzo(a)pyrene 1.58E-08 1.45E-07 1.55E-08 4.65E-08 2.39E-08 8.92E-08
Benzo(e)pyrene 3.05E-09 1.66E-08 3.03E-09 1.06E-08 4.18E-09 1.94E-08
Camphene 2.62E-09 2.34E-08 2.59E-09 2.11E-08 3.35E-09 2.82E-08
Carbazole 3.71E-07 2.07E-06 3.69E-07 1.90E-06 4.83E-07 2.96E-06
1-Chloronaphthalene 4.02E-07 1.83E-06 4.01E-07 1.69E-06 5.27E-07 2.87E-06
2-Chloronaphthalene 1.27E-06 3.10E-06 1.27E-06 2.96E-06 1.69E-06 6.84E-06
Chrysene 1.23E-07 1.38E-06 1.20E-07 2.38E-07 2.01E-07 5.59E-07
Dibenz(a, j)acridine 1.17E-08 3.72E-08 1.17E-08 3.49E-08 1.55E-08 7.01E-08
Dibenz(a, h)acridine 5.60E-09 2.82E-08 5.57E-09 2.59E-08 7.32E-09 4,22E-08
Dibenz(a, h)anthracene 1.01E-08 1.72E-07 9.70E-09 2.74E-08 1.81E-08 5.09E-08
Dibenzothiophene 3.41E-06 5.07E-06 3.40E-06 5.05E-06 4.53E-06 1.56E-05
7,12-dimethylbenz(a)anthracene 6.51E-09 3.27E-08 6.47E-09 3.01E-08 8.50E-09 4.90E-08
1, 6-Dinitropyrene 5.60E-09 2.82E-08 5.57E-09 2.59E-08 7.32E-09 4.22E-08
1, 8-Dinitropyrene 5.60E-09 2.82E-08 5.57E-09 2.59E-08 7.32E-09 4.22E-08
Fiuoranthene 6.03E-07 1.07E-05 5.80E-07 1.61E-06 1.09E-06 2.99E-06
Fluorene 4.79E-06 1.40E-04 4.46E-06 8.13E-06 1.08E-05 1.65E-05
ldeno(l, 2, 3-cd)pyrene 1.17E-07 3.02E-07 1.17E-07 2.87E-07 1.55E-07 6.43E-07
indole 3.57E-07 3.27E-06 3.53E-07 2.96E-06 4.56E-07 3.92E-06
1-Methylnaphthalene 2.54E-05 4.35E-05 2.54E-05 4.27E-05 3.38E-05 1.21E-04
2-Methyinaphthalene 1.86E-05 3.48E-05 1.85E-05 3.40E-05 2.47E-05 9.10E-05
Naphthalene 9.17E-04 5.67E-03 9.06E-04 1.39E-03 1.36E-03 4.02E-03
Nitro-pyrene 3.79E-08 2.52E-07 3.76E-08 2.30E-07 4.90E-08 3.36E-07
Perylene 8.38E-09 3.43E-08 8.35E-09 3.01E-08 1.11E-08 5.49E-08
Phenanthrene 2.60E-05 3.24E-04 2.53E-05 4.52E-05 4.38E-05 1.12E-04
Pyrene 1.12E-06 1.14E-05 1.10E-06 2.20E-06 1.80E-06 5.21E-06
Retene 9.88E-07 4.71E-06 9.83E-07 4.34E-06 1.29E-06 7.22E-06

(a)

Note: PAHs were not detected in cattail root samples collected in August 1997.

represents predicted increase in concentration in berries resulting from uptake by roots and deposition onto plant surfaces.
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The predicted plant tissue PAH concentrations as a result of airborne deposition are much less
than analytical detection limits and therefore are considered negligible. PAHs were not detected
in the 1997 vegetation sampling program, with the exception of a few Labrador tea samples
which had measurable levels of naphthalene, methyl-naphthalene and phenanthrene/anthracene,
as noted in Table B5-12. The predicted increases for these chemicals are negligible.

In summary, predicted future plant tissue concentrations of metals and PAHs as a result of
airborne deposition are negligible in comparison to levels observed in plant tissue in 1997. A
baseline risk assessment of ingestion of these 1997 concentrations was previously presented in
Section F1.2.4 of the Project Millennium Application. No impacts to human or wildlife health
were predicted in the baseline assessment. Since predicted future increases are negligible, no
impacts to human or wildlife health are predicted from consumption of these plants during
operation and following closure of Project Millennium and the combined developments (i.e.
CEA scenario).

B5.4.5  Residual Impact Classification and Environmental Consequence

Residual impacts were classified according to the methodology presented in Sections A2 and
F1.1.4.4 of the Project Millennium Application. The magnitude of impact and resultant
environmental consequence are rated as negligible,

B5.4.6  Modelling Assumptions and Uncertainty

The following conservative assumptions were used in this assessment:

e 30 years of cumulative deposition to soil was assumed, with no loss due to weathering or
degradation;

e all chemicals were assumed to mix within the top 15 cm of soil;

e plant uptake by direct deposition assumed no degradation and no washing of berries and
leaves, except for natural weathering removal; and

e maximum site-specific BCFs were used for metals.

The main area of uncertainty associated with this analysis is the uncertainty inherent with air
dispersion modelling.

B5.5 References
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APPENDIX 1
Table 1 Comparison of Airborne Metal Concentrations at Fort McKay for
the CEA Scenario to Risk-Based Concentrations for Human Health
Chemical Air Concentrations RBC for Comments
At Fort McKay Air Inhalation
CEA {RBC)
[ug/m’] [ug/m?
INORGANICS
Antimony 4.28E-06 0.15 Does not exceed
Arsenic 6.62E-06 0.00041 © Does not exceed
Aluminum 9.79E-04 0.37 Does not exceed
Barium 6.23E-05 0.052 Does not exceed
Beryllium 8.46E-07 0.00075® Does not exceed
Cadmium 2.38E-06 0.00099 © Does not exceed
Calcium 1.27E-03 © Does not exceed
Chromium (1) 4.11E-04 370 Does not exceed
Chromium (Vi) @ 4.25E-05 0.00015 @ Does not exceed
Cobalt 2.33E-05 22 Does not exceed
Copper 3.95E-05 15 Does not exceed
Iron 4.79E-03 110 Does not exceed
Lead 4.04E-05 1.3 Does not exceed
Magnesium 2.29E-04 © Does not exceed
Manganese 1.38E-04 0.0052 Does not exceed
Mercury 1.02E-06 0.031 Does not exceed
Moiybdenum 7.47E-05 1.8 Does not exceed
Nickel 7.03E-04 7.3 Does not exceed
Phosphorous 1.60E-04 0.0073 Does not exceed
Selenium 6.54E-05 1.8 Does not exceed
Silicon 1.24E-02 © Does not exceed
Silver 1.08E-05 1.8 Does not exceed
Sodium 5.64E-03 © Does not exceed
Tin 4.38E-05 220 Does not exceed
Titanium 9.52E-05 3.1 Does not exceed
Vanadium 2.83E-04 2.6 Does not exceed
Zirconium 4.38E-05 © Does not exceed
Zinc 3.12E-03 110 Does not exceed

@ CEA Annual Average Heavy Metal Concentrations ug/m’.

®  Risk-Based Concentrations from EPA Region III Risk-Based Concentrations (Smith 1997) based on
adult exposure and a target hazard quotient of 0.1 (non-carcinogens).
child and adult exposure and an acceptable risk level of 1 x 10 (carcinogens) since applied to
undiluted air concentrations at the stack.

©  These metals were not evaluated in the risk assessment, since they are essential nutrients and/or they are
non-toxic.

@ Chromium (VI) was conservatively assumed to comprise 10% of total chromium emissions (CEPA
1993).

©  RBC based on carcinogenic effects.
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Table 2 Comparison of Airborne Metal Concentrations at Lower Camp for
the CEA Scenario to Risk-Based Concentrations for Human Health
Chemical Air Concentrations RBC for ® Comments
At Lower Camp Air Inhalation
CEA (RBC)
[1g/m?] [pg/m’]
INORGANICS
Antimony 8.51E-06 0.15 Does not exceed
Arsenic 1.33E-05 0.00041 © Does not exceed
Aluminum 1.79E-03 0.37 Does not exceed
Barium 1.27E-04 0.052 Does not exceed
Beryllium 1.65E-06 0.00075® Does not exceed
Cadmium 4.24E-06 0.00099 © Does not exceed
Calcium 2.24E-03 © Does not exceed
Chromium (il1) 7.81E-04 370 Does not exceed
Chromium (V) @ 6.66E-05 0.00015 © Does not exceed
Cobalt 4.35E-05 22 Does not exceed
Copper 7.39E-05 15 Does not exceed
iron 8.63E-03 110 Does not exceed
Lead 8.34E-05 1.3 Does not exceed
Magnesium 4.48E-04 © Does not exceed
Manganese 2.73E-04 0.0052 Does not exceed
Mercury 1.96E-06 0.031 Does not exceed
Molybdenum 1.44E-04 1.8 Does not exceed
Nickel 1.31E-03 7.3 Does not exceed
Phosphorous 4.29E-04 0.0073 Does not exceed
Selenium 2.04E-04 1.8 Does not exceed
Silicon 2.10E-02 © Does not exceed
Silver 1.90E-05 1.8 Does not exceed
Sodium 1.12E-02 © Does not exceed
Tin 8.90E-05 220 Does not exceed
Titanium 1.80E-04 3.1 Does not exceed
Vanadium 5.49E-04 2.6 Does not exceed
Zirconium 8.90E-05 © Does not exceed
Zinc 5.14E-03 110 Does not exceed

@ CEA Annual Average Heavy Metal Concentrations ug/m’.

® Risk-Based Concentrations from EPA Region III Risk-Based Concentrations (Smith 1997) based on
adult exposure and a target hazard quotient of 0.1 (non-carcinogens).
child and adult exposure and an acceptable risk level of 1 x 10°® (carcinogens) since applied to
undiluted air concentrations at the stack.

© These metals were not evaluated in the risk assessment, since they are essential nutrients and/or they are
non-toxic.

@ Chromium (VI) was conservatively assumed to comprise 10% of total chromium emissions (CEPA
1993).

©  RBC based on carcinogenic effects.
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<)

EUB SUPPLEMENTAL INFORMATION RESPONSE

Provide an update on the project that includes any additional information that
Suncor may have on the following:

public consultation and outstanding issues,

Response:

Suncor’s public consultation on specific projects continues through each phase of project
development, including post-commissioning. As well, non-project consultation is
ongoing on general matters. Currently, detailed reviews of the Application by the Oil
Sands Environmental Coalition (OSEC) and Fort McKay Industrial Relations
Corporation are being addressed. A detailed review is expected from the Athabasca
Chipewyan First Nations.  These groups have relationship Memorandums of
Understanding in place or pending. The objective of this phase of consultation is to
arrive at a “Consensus Agreement” by the end of September prior to the EUB decision
on the need for hearing. These groups and others have submitted Statements of Concern
to AEP regarding the Application. Suncor is addressing these as part of consultation
activities. In addition to the Consensus Agreements with above groups, Suncor is
seeking formal support of other stakeholders. For example, the Regional Municipality of
Wood Buffalo Council approved a letter of support for Project Millennium.

The outstanding issues are varied and in some cases will require long-term solutions.
For example, acidifying emissions effects will require further scientific research and
monitoring to determine acceptable levels. Discussions with stakeholders relate to
understanding uncertainties and future needs. Understanding cumulative effects and
managing within environmental objectives is a major area of discussion and Suncor
expects this to be an ongoing consultation. The other area of emphasis is socio-
economic impact where Suncor is involved with the Regional Infrastructure Working
Group. As well, Suncor is continuing its initiatives with regional and local communities,
specifically in the area of employment and business development.

the Federal comprehensive study,
Response:

The Comprehensive Study Report, as required under the Canadian Environmental
Assessment Act, is being authored by the Department of Fisheries and Oceans and is in

final draft stages. As per schedule it is expected to be issued by the CEAA in early
August for public notification.

the regional co- generation plant,
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Response:

At present the third party power option appears promising, but to date no commercial
arrangement has been completed. Should this option proceed, the major change from the
application would be a significant increase in power generation capability to allow
export of up to 200 MW to the power grid over and above the plantsite requirement of
220 MW average. This would be accomplished by:

e Upgrading the 2 gas turbogenerators from 85 MW to 115 MW each. The associated
heat recovery sicam generators would remain as single pressure (5450 kPa) but increase
slightly in capacity from 8.7 million kg/d to 9.8 million kg/d with higher (67 m) exhaust
stacks.

e Adding two steam turbine generators (TG-3 at 60 MW and TG-4 tentatively at 40
MW) for higher efficiency and full co-generation capability condensing against waste
heat recovered from the upgrader, to provide heat to the extraction process.

the froth deaerator which requires no steam,

Response:

The field test work has just been completed and data analysis is currently underway.
Results of the test work have not been quantified, but preliminary indications are -
positive.

the low-temperature raw bitumen pipeline, and

Response:

Suncor has completed field testing of a static deaerator and small diameter froth pipeline
testing. Test work has just been completed and data analysis is underway. Preliminary
results are positive.

the status of the Natural Gas Liquids Facility.

Response:
Suncor recently announced plans to recover natural gas liquids and olefins with Novagas
Canada Ltd. By the end of 1999, this project is proposed to recover approximately
10 000 bpd, with the intent to recover more liquids as Suncor’s oil sands production
increases.

Both Suncor and Novagas Canada Lid. are currently continuing with due diligence,
engineering and financial review necessary to finalize this business relationship. Suncor
expects this project to proceed and has shown its commitment to the project by
submitting the Suncor Oil Sands Pipe Line substance change application to the EUB for
approval to ship higher vapour pressure products.
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2. Suncor stated it has held discussions with each party regarding timely access to
exercise their interests. These discussions are not listed in Section A3, public
consultation program. Describe discussions with these groups. (C2.4, page 50)

Response:

Suncor has had several discussions with gravel operators. Plans have been shared and
both parties have agreed to cooperate and respect each others rights. Access agreements
are being developed to permit gravel removal. Gravel is expected to be removed well in
advance of Suncor’s overburden removal.

Suncor has been meeting with Northlands Forest Products and Alberta Pacific Forest
Industries to resolve a number of issues relating to the removal of the existing forest
stands prior to development and the potential adverse effects of the proposed activities.
The issues being addressed include access interruptions, salvage of the valued timber
supplies, Timber Damage Assessment, impact to Annual Operating Plans, development
of new access, harvesting stand layout, and a number of lesser issues. Several helicopter
trips have been taken with Alberta Pacific Forest Industries and Northlands Forest
Products, with the inclusion of Alberta Land and Forest Service (LFS).

It is Suncor’s intent to include Northlands Forest Products, Alberta Pacific Forest
Industries participants and the LFS personnel in timber salvage decisions. As such, the
LFS members from the Waterways District have been present at most of the meetings
with the industry representatives.

Discussions have been held with Birch Mountain Resources. Both parties have shared
concepts as to how exploration and development of mineral rights underlying the oil
sands might occur, and have agreed to respect each others rights in the mining area.

3. What would be the impact to the Millennium project if the regulatory process was
more complex and took longer that anticipated? (C6, page 171)

Response:
Project Millennium is a very significant component of Suncor Energy Inc. strategic plan
to improve its long-term profitability and to keep its production costs competitive. A
key benefit from Project Millennium will be the reduction of cash operating costs to
$10/bbl to $11/bbl, which will reduce vulnerability to low world oil prices and improve
profitability.

Additionally, significant economic benefits accrue to the Region, Alberta and Canada
-from the Project.

Any material delay in the proposed project schedule will reduce the economic benefit
from the Project to Suncor. Suncor would also be concerned that a delay in schedule
would cause the market window of opportunity to be missed, especially in light of the
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investment activity in Venezuelan heavy oil targeted at United States markets. A delay
of the socio-economic benefits would also follow, which would have an adverse impact
on business and community confidence in the Region.

Regulatory approval by the first quarter 1999 is important to Suncor - so that the 1999
spring and summer construction period can be taken advantage of, in order to meet the
planned startup date. Even a slight delay will drive up construction costs through
forcing more winter construction.

Provide a drawing of the plant area on the west side of the river, and the two new
extraction areas on the east side of the river, showing

the existing infrastructure and the additional infrastructure required for the
Milennium Project, and

all required installations north of the pit 2 mine opening location.

Response:

A figure illustrating the infrastructure and facilities on the east side of the Athabasca
River follows attached. There are no changes to the Steepbank Ore Preparation Plant
site. Additions to the shop area are indicated and the new Millennium site is shown.

More detailed plot plans, as requested, for the installations on the west side of the river
are being provided to the EUB under separate cover. The general locations of plant
facilities remains the same as provided in the Application.
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5.

Suncor stated that it is considering further opportunities for enhancement of the
bitumen production process including working on a design-basis test program to be
concluded in mid-1998. Provide a summary of the program and results. ( C2.5,
page 99)

Response:

The froth treatment hydrocyclone field test is just beginning due delays in
commissioning the IPS unit. Results of the Design Basis Testing program are expected
late Q3 1998.

The hydrocyclones are being tested as a potential replacement for scroll (first stage)
centrifuges. If the hydrocyclones are proven to be a viable replacement they will have
the advantage of lower capital and operating costs as well as significantly reduced power
consumption. They have the potential to provide second stage (Westfalia) feed which is
similar to current Westfalia feed in terms of total BS&W content. If this is demonstrated
in the test work, then current centrifuge performance, in terms of hydrocarbon recovery
and product quality, could be expected for Millennium operations.

Oil Sands Rights

6.

Suncor shows in figure Bl-1 that the east portion of lease 25 is owned by Unocal.
Based on the information provided in Section C2.2, it appears that the outline for
Pit 2 and the “E Dump Potential” cross the boundary that is shown to divide lease
25. Describe what access/rights Suncor has to the east (Unocal) portion of lease 25.

Response:

Suncor holds the the east portion of Lease 25 in trust. This means that Suncor is
registered on the title but has no rights of access. Suncor is proceeding to resolve the
issue of access/rights with Unocal in the area of the boundary that is shown to divide
Lease 25.

It would appear that the extreme SE corner of the proposed Pit 2 extends into an
area identified as “Not Owned” (not leased?). What steps will Suncor take to
obtain the rights to oil sands in this area?

Response:
About 5.5 ha of Pit 2 is presently planned to overlap onto lands not currently held by

-Suncor. In addition, a further perimeter zone will be required external to the pit itself.
This will be about 450 m long with a width still to be determined. Upon final

confirmation of the pit limits, Suncor will lease the lands required to ensure surface
rights for the pit limit (including the perimeter zone).
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Geology
8.

b)

Provide updated figures based on the mew geological model (once 1997/98 data is
included) for "Net Cost Contours” (figure C2.2-16), and "Total Volume/Net
Recovered Barrels Contours" (figure C2.2-18). Based on the updated geological
model , provide updated estimates of the oil sand resources affected by the
construction of the external tailings pond, and the rehandle velunmes that will
required to mine to the pit limit indicated by the $10/bbl net cost contour. For the
affected resource (ie the oil sand within the net cost contour defined pit which lies
either directly beneath the pond or within the offsets required for geotechnical
stability), give the ore tonnage, average grade, number of recoverable barrels of
bitumen, the TV/NRB ratio for the resource, the extraction recovery used to
calculate TV/NRB, overburden tonnage, interburden tonnage, ard required volume
of rehandled sand and starter dyke.

Response:

The drilling data for the 1997/98 drilling program have been submitted (including non-
licenced holes). The new geological model utilizing this data is still under development.
Suncor expects to provide the information requested by mid-September.

In Section C2.2, pg 16 it is stated that “a drilling density of 7 to 10 drillholes/km? is
normalily required for a feasibility study and a density of 30 to 40/km? is needed to
facilitate five-year mine planning”. Pit 2 drilling density is presemtly at 3.3
drillholes/km?2.

Why does Suncor believe the drill density level is acceptable for this stage in the
process when information re - ore characteristics and procesibility is limited?
(c2.2, page 16).

Response: _

Suncor believes that there is sufficient definition of the East Bank ore body with the
conclusion of the 1996/97 drilling program to define ore processing requirements and to
proceed with project decisions. Each successive drilling campaign has served to confirm
the lateral continuity of the ore body. The 1997/98 drilling program, which adds
approximately 130 holes, focused on pit limits and waste structure location.

What is the accuracy of Figure C2.2-157

Response:

Figure C2.2-15 will be resubmitted with the revised geologic model by mid-September.
The figure understates the grade (as a result of manual adjustment of the west pit limit
based on geophysical logs).

How confident is Suncor that the selected location and footprint size of proposed pit
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10.

b)

and infrastructure (external tailings pond, plantsite and dumps) will not change
significantly upon further drilling and/or more detailed design work?

Response:

Suncor remains confident (based on preliminary assessment of 1997/98 drilling) that the
referred to site locations will not change significantly. This will be confirmed with the
geologic model to be submitted by mid-September.

Suncor estimates that Pit 2 has an average ore grade of 11.7 wt% bitumen. How
confident is Suncor that the estimated average ore grade will not drop significantly
upon further drilling? What range of grades does Suncor believe would represent
the best and worse cases for average grade? Discuss impacts to the operation if the
grade does vary significantly from the 11.7% currently estimated.

Response:

From the preponderance of evidence, Suncor expects that the average pit grade will be
very nearly 11.7%. The impact to operations, should the grade vary, is a speculative
question. Suncor would work to meet the challenge as it presents itself.

Explain how Suncor can achieve an extraction recovery of 92.5 %. At what average
grades does Suncor believe the commitment to 92.5% overall extraction recovery is
valid? (Pg C2-31)

Response:

Suncor is committed to achieve 92.5% recovery on average within the range of
ore grades that are foreseen. Overall recovery factor is a function of pit definition,
ore preparation, primary and secondary recovery. Within this system, Suncor has
sufficient ability to assure 92.5% recovery.

Provide the following maps to illustrate the distribution of Pleistocene deposits on
the MILENNIUM Leases (No. 19 and 25):

isopach of the Pleistocene deposits or a structure contour map of the top of the
McMurray

isopach of sediments that are glacial fluvial in origin

The maps should illustrate drillhole control with CPA-ID and respective thickness

‘intersected.
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12.

Response:
The requested maps are being provided to the EUB under separate cover.

It is stated, in Section C2.2, Pg 18, that “deep, glacially-derived channels have not
been encountered in the east bank exploration areas”. Notwithstanding this
statement, and in view of published opinions that the Pleistocene channel scours
outcropping aloug the cliffs of the Steepbank river possibly extend south into the
east bank leases opposite the Suncor site, it appears that their presence is still
possible given the low density of drilling. As a Pleistocene meltwater channel could
result in the removal of significant quantities of oilsand and could be a significant
aquifer source, comment on the risks associated with the presemce of an as-yet
undetected channel. What effect would an undetected channel have with respect to
alternate locations for infrastructure (external tailings pond, plant etc.).

Response:

With additional drilling, the configuration of the Pleistocene and Holocene deposits is
becoming clearer. In the 1997/98 drilling program, significant thicknesses of presumed
glacio-fluvial sands and gravels have been intersected.

Coarse grained, unconsolidated sediments provide competent foundation conditions.
Therefore the discovery of undetected glacio-fluvial channels would not impact plans for
plant locations.

However, a glacio-fluvial channel would require careful consideration during detailed
design of tailings ponds. The presence of sands and gravels below a dyke could be
mitigated by constructing a low permeability plug, an upsiream blanket or curtain wall,
excavation of the channel and replacement with low permeability materials, or
realignment of the dyke.

Provide a contour map showing total interburden thickness for the Pit 2 and Pit 1
areas.

Response:
An interburden isopach is provided on the following page.
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13.

14.

Provide a plan view indicating the lateral distribution, thickness and quantity of
coal encountered to date in Suncor's drilling programs. What characteristics of the
coal have been determined to date? Does Suncor plan to recover the coal as a
marketable product?

(Pg C2-22)

Response:

The coal encountered to date is of very poor quality, averaging 4480 BTU/Ib on an as
received basis and 5700 BTU/Ib on an air dried basis. The coal seams are interbedded
with clay lenses and are discontinuous. Suncor’s conclusion is that there is no economic
value to this coal. An isopach is not being provided because the coal has been
encountered only sporadically and an isopach would be meaningless.

In volume 1, page C2-10 Suncor indicates that approximately 90 billion barrels of
bitumen (10% of 900 billion) is recoverable from the Lower Cretaceous McMurray
Formation by surface mining methods. What is the basis of this estimate?

Response:

The source of the estimate was : Outtrim, C. P. and Evans, R.G., “Alberta Oil Sands
and their Evaluation”, Heavy Oil Symposium, 28th Ann. Tech. Mtg., Petroleum Society,
CIM.

Cut-off Grade

15.

16.

The ore cut-off grade as discussed on page C2.2-39 in volume 1 indicates that
Suncor is using a cut-off grade of 7 weight percent bitumen for the Steepbank pits.

However, in some recent discussions Suncor has indicated that a cut-off grade of 8
weight percent bitumen is being used for the Steepbank pits. Define "cut-off
grade" as used in the discussion on page C2.2. Provide an example of a drill hole in
which the use of 7% versus 8% as cut-off grade would change the composited
ore/waste zones according to Suncor's methodology. Show the sample grades and
composited grades and the ore/waste zones according to Suncor's definitions. What
cut-off grade is being used in Pit 17

Response:

Suncor confirms that the cut-off grade is 7% for the East Bank Mining Area(Pit 1 and Pit
2). Suncor believes that its modelling routine reflects the ore body and uses procedures
that give similar results to EUB methods. Compositing routines have been discussed
with the EUB and Suncor is prepared to discuss them further.

Describe the analysis completed to determine that processing oil sand in the 6%-7%
range is not profitable. Discuss the validity of the cut-off grade analysis in light of
the low density of drilling in the Pit 2 area. What are the estimated impacts on
tailings handling plans associated with incorporation of the oil sand grading 6%-
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7% in the plant feed? What extraction recovery was used to determine the
recoverable bitumen in the 6-7% grade ore?

Response:

The appropriate cut-off grade for an ore body is determined on the basis of an economic
assessment which considers:

volume of overburden removed

volume of material processed in the extraction plant

volume of bitumen recovered

volume of tailings placed

The analysis for the East Bank Mining Area concluded that ore in the 6% to 7% range,
with its inherent lower recovery and higher tailings generation (sand and fines), was not
profitable. The predicted extraction recovery for ore in the 6% to 7% range was much
less than 70% and well below the target 92.5% recovery.

Pit Limit/Pit Design

17.

18.

Suncor stated that there is over 77 million bbls of recoverable bitumen under the
proposed tailings pond but that area would be cleared and ore recovered at the end
of mine life. Considering the amount of material to be moved and processing cost,
what does the ore have to be worth to make recovery of this ore economic? (C2.4,
page 68)

Response:

The cost of material to be rehandled is recognized as part of the project economics. The
chosen location of the external tailings pond is considered to be optimal and Suncor is
committed to the rehandle cost.

In order to clarify exactly what is being proposed for the out-of-pit tailings pond,
provide six west-east cross sections of the area which cover at least 147000E to
152000E (coordinate system as in figure C2.4-12 - drawing number VEW-980307-
12). The cross sections should be located at approximately the following northings:
242800N, 243800N, 244800N, 245800N, 246800N, and 247800N. Features shown on
the sections should include: the Athabasca River, topography, top of clearwater,
bottom of clearwater, top of oil sand, top of ore, bottom of ore, designed final pit
wall, the area evaluated to quote "resources affected", waste island limits; and the
tailings structure including internal beach slopes, approximate cell/beach
boundary, overburden starter dyke, approximate yearly construction limits,

_rehandled portion of tailings, CT boundary, the insitu plug, and the pond infill
-material. If available, show the oil sand grades or ore/waste zones in the area

affected by the tailings structure. (If necessary for clarity, the information can be
split into two sections of the same scale which can be overlain to show features of
interest.)
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19.

20.

Response:

The cross-sections with most of the requested information thereon are being provided
under separate cover to the EUB. Suncor however, cannot provide ore quality on cross-
sections from its modelling program. In addition, the requested computer-modelled
details on overburden starter dyke, internal beach slopes, CT boundary and annual
construction limits are not available until the final dyke design. This level of detail is
not required at the current stage of decison making and therefore is not developed at this
stage.

Suncor’s planning at this stage is based on generalized parameters that have proved to be
successful in its operations over the years. For example: the overburden starter dyke will
be constructed to a minimum height allowing sand dyke construction to commence.
Beach slope angles of about 15H:1V are used with annual dyke rise of 20 m.

What is the relationship used to get the met cost contour? Why was a net cost
contour of $10/bbl used to define the pit in the Millennium application versus a
$6.50/bbi net cost contour in the Steepbank application? What does “bbi* in the
denominator represent - bitumen in place, recovered bitumen, or synthetic crude?

Response:

The pit limit was established at the economic limit and confirmed by the TV/BIP and
TV/NRB methods. The improved economics of Project Millennium result in an
expanded pit as compared to Steepbank.

The denominator (i.e., in $10/bbl) represents recoverable barrels of bitumen.

Figures C2.2-16, C2.2-17, and C2.2-17 show the outline proposed for pit 2 versus
net cost, TV/BIP, and TV/NRB contours respectively. Over most of the pit the
outline follows the contours quite closely. However, in three areas: the southwest
corner of the pit (in the area of pond 8A); the north side of the waste island; and
under the northeast dump (immediately east of the dump area proposed in the
Steepbank application) the pit limit does not follow the contours. Why does the pit
outline deviate from the contours in these areas?

Response:

With respect to the southwest corner of Pit 2 and the north side of the waste island: the
pit outline was adjusted on the basis of then available interpretations of geophysical logs.
The pit boundary in these locations will be confirmed with the new geologic model to be
submitted by mid-September.

In the area of the northeast dump: the ore zones that have been excluded are in the
configuration of two peninsulas, both of which appeared uneconomic when pit-wall
effects are considered. The pit boundaries in this area will also be confirmed by the new
geologic model to be submitted by mid-September.
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21.

22,

For determination of the TV/NRB contours, how was net recoverable bitumen
determined? Was a recovery of 92.5% assumed for all grade ranges? If different
grade ranges were assumed to have different recoveries provide the equation used
to calculate the recoveries.

Response:

For determination of the TV/NRB contours the net recoverable barrels of bitumen are
based on a recovery equation which considers bitumen and fines content in ore (not a
constant 92.5% recovery).

The equation that is used is the “Modified Syncrude Equation (MSE Base)” :

MSE Base % recovery = (1.004*((32.6*BIT **0.4263 + 119*FINT**(-0.1213)) - 91)) +
4

Where: BIT is bitumen content from core data
FINT is fines content from core data using toluene wash methods
FIN is fines content from core data using water wash methods
FINT = FIN*0.8763 + 0.5159

If the calculated recovery from MSE Base is less than 88%, the calculated recovery is
modified as follows:

Recovery (<88) % = MSE Base + 2 - (7* (88- MSE Base)/18)

If the MSE Base calculated recovery is above 94.5% , the calculated recovery is
truncated at 94.5%.

Table C2.4-1 in volume 1 indicates that a safety berm will be left on every second
ore bench. Is it Suncor's intention to create mining faces 30m high (2-15m benches)
in oil sand? If so, does Suncor have operating experience with 30m high oil sand
faces in the truck/shovel operation or is this a new design feature developed
specifically for the new mine? What slope is anticipated for the active bench faces
in oil sand? Describe methods to be used to stabilize the (rich) ore zones in warm
summer weather when the ore has a tendency to flow; and to prevent stability
problems with the evolution of natural gas from the rich ore face. How will these
events be accommodated with the proposed design and what measures will be taken
to prevent subsequent failure of overburden material above the ore zone, should
instability of the ore face develop.

Response:

The parameters for pit wall and bench geometry shown on Table C2.4-1 are identical to
those approved for the Steepbank mine and are intended for conceptual planning
purposes. Suncor is not presently planning significantly different mining techniques
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than presently used on Lease 86/17. Using these techniques, active bench faces in oil
sand typically range from 60° to 70°. Mining excavations of 30 m high oil sand faces
are very infrequent and would not be planned without careful consideration of pit wall
stability. The perimeter pitwalls in the oil sand will be dug as steep as possible in order
to maximize ore recovery consistent with the mine plan, overburden stripping, and
safety, following procedures Suncor has used successfully for over 30 years of operation.

Typically oil sand slopes will remain stable through infilling with tailings or overburden,
however, depending on local conditions such as very high bitumen content or
geotechnical defects such as dipping clay seams, there are several modes off pit slope
retrogression which, while not prevalent, can cause significant pit slope retrogression.
From a safety perspective, the time period of greatest concern is the winter when deep
frost penetration can create an overhang situation and the potential for frozen blocks
falling and threatening operators and equipment. These potential failure modes will be
assessed during design, and detailed pit wall designs will be developed based on present
experience plus additional experience gained as mining proceeds in Pit 1 and Pit 2.

If potential adverse conditions are encountered, slopes must be flattened. This can be
done by flattening the mined slope, which is not desirable as the local overburden to
stripping ratio is increased. Alternatively, if problems are encountered with the bottom
bench, it is possible to extract the ore and use buttresses of overburden.

Mining Mass Balance

23.

Volume 1, table C2.4-3 shows the overburden disposal schedule for different
discard sites. Extensive changes to schedule since the Steepbank application prevent
extrapolation of the material balance given in that application for current use.
Provide a revised table which includes the current overburden/interburden/reject
disposal schedule for the remainder of the discard sites on the east side of the
Athabasca River. Does the "Pond NE” heading represent the NE Dump in the
table? If not, define Pond NE and include the NE dump in the table.

Response:
The requested table is provided on the following page. Pond NE represents NE Dump in
the table in the Application.
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REJECTS WILL BE DISTRIBUTED TO OPEN PITS OR PONDS THAT HAVE AVAILABLE SPACE
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24. Volume 1, table C2.2-2 seems to have some errors in units. It appears that Suncor
will be mining 54.5 billion tonnes of waste and 4.8 trillion tonnes of ore. Provide a
corrected table. Include expected reject volumes for the Steepbank hydrotransport
facility and the Millennium extraction plant.

Response:
The corrected table is on the following page.



Table C2.4-2 Materials Handling Schedule - Mtonnes (Revised)

Year Total Waste Ore Rejects
L86/17 Pit 1 Pit 2 Total L86/17 Pit 1 Pit 2 Total

1998 22 23 0 45 59 7 0 67 1
1999 15 24 0 39 46 47 0 93 2
2000 7 25 21 54 49 46 0 94 2
2001 4 36 28 68 30 60 15 105 2
2002 59 39 98 96 53 149 3
2003 66 67 133 89 54 144 3
2004 63 61 124 87 54 141 3
2005 27 95 123 45 93 137 3
2006 178 178 134 134 3
2007 222 222 138 138 3
2008 215 215 142 142 3
2009 177 177 134 134 3
2010 210 210 143 143 3
2011 199 199 143 143 3
2012 203 203 142 142 3
2013 189 189 136 136 3
2014 198 198 142 142 3
2015 246 246 142 142 3
2016 238 238 136 136 3
2017 202 202 133 133 3
2018 194 194 140 140 3
2019 271 271 140 140 3
2020 240 240 144 144 3
2021 194 194 132 132 3
2022 196 196 137 137 3
2023 196 196 137 137 3
2024 196 196 138 138~ 3
2025 196 196 133 133 3
2026 196 196 140 140 3
2027 196 196 139 139 3
2028 196 196 145 145 3
2029 196 196 143 143 3
2030 196 196 150 150 3
2031 196 196 146 146 3
2032 196 196 147 147 3
2033 16 16 82 82 2
Totals 48 323 5862 6233 184 477 4128 4788 95
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Overburden Dumps

25.

26.

It appears from the figures provided in volume 1, section C2 that the NE dump will
overlie a considerable amount of mineable oil sand as defined by the $10 net cost
contour. Based on the updated geological model which includes 1997/98 drilling
data, provide estimates of the oil sand resources affected by the construction of the
northeast dump. For the affected resource (i.e. the oil sand within the net cost
contour/river set-back defined pit which lies either directly beneath the dump or
within the offsets required for geotechnical stability), give the ore tonnage, average
grade, recoverable barrels of bitumen, the TV/NRB ratio for the resource, the
extraction recovery used to calculate TV/NRB, overburden tomnage, and
interburden tonnage. What options have been evaluated which would avoid burial
of the resources evaluated? What are the benefits and difficulties associated with
those options?

Response:

Based on the current geologic model, the area identified under the NE Dump does
contain ore that could be termed economic. It was excluded from the pit limit in the
Application because of pit slope effects. The reserves in this area will be confirmed by
the geologic model to be submitted by mid-September. Dump configuration and
placement schedule will be optimized with the objective of minimizing the sterilization
of economic ore.

While it is recognized that a request for a complete engineered design for the dump
would be premature at this time, there is sufficient geological information available
to provide an indication of the suitability of the proposed dump location. Provide
one longitudinal section through the dump with emd points approximately

-corresponding to the coordinates (149490E, 252100N) to (155700E, 250750N).

Additionally, provide five north-south cross sections of the dump area which cover
at least 253000N to 249500N (coordimate system as in figure C2.4-12 - drawing
number VEW-980307-12). The cross sections should be located at approximately
the following eastings : 151000E, 152000E, 153000E, 154000E, and 155000E.
Features shown on the sections should include: the Steepbank River, topography,
top of clearwater, bottom of clearwater, top of oil sands, top of ore, bottom of ore,
designed final pit wall, the area evaluated to quote "resources affected”, and the
outline of the dump corresponding to the dump capacity used in the mining mass
balance. If available, show the oil sand grades or ore/waste zomes in the area
affected by the tailings structure. (If necessary for clarity, the information can be
split into two sections of the same scale which can be overlain to show features of
interest.)

Response:

The requested sections are being provided to the EUB under separate cover. Suncor
cannot supply the oil sand grade on the sections as requested due to limitations of its
modelling program. '
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27.

Suncor indicates in volume 1, page C2.4-73, that slopes for external dumps will vary
between 6H:1V and 3H:1V. For the northeast dump, which slopes were used to
determine the dump capacity given in the mining mass balance?

Response:
Slopes used were 3H:1V.

In-Pit Dyke Design

28.

Suncor indicates in volume 1, page C2.4-73, that unsupported slopes for in-pit
dykes will vary between 6H:1V and 3H:1V. Which slopes were used to determine
the construction volume requirements given in the mining mass balance?

Response:

The slopes that were used to determine the construction volume requirements for the in-
pit dykes provided in the mining mass balance were 3H:1V. (These slopes are in fact
supported by in pond overburden dumps, the volumes of which are also included in the
mass balance.)

In-situ Plug Configuration

29.

Provide a cross section of the in-situ plug of ore that will be left at the northwest
end of the end-pit lake. Based on the most up to date geological model, describe the
configuration of the plug in terms of the length, width, height, slopes, grade, and
total volume of ore and recoverable bitumen.

Response:

The plug is 400 m long (distance between pit walls) at the base and is 490 m thick at the
base. The height of the plug is 50 m base of ore to top of ore. The 1 000 000 bbls loss of
recoverable bitumen is based on a pit planning-slope of 45 degrees in ore. The requested
cross-section is being provided to the EUB under separate cover.

Mine Opening Location ,

30.

It appears that the inability to create in-pit pond space quickly enough to avoid an
external tailings pond is due, in part, to the decision to begin mining in Pit 2 prior
to completion of mining in Pit 1 as was proposed in the Steepbank application. Has
Suncor evaluated the option of supplying ore to the Millennium extraction plant in
the early years of operation from Pit 1 instead of Pit 2? If so, what are the benefits
and difficulties associated with this option?

‘Response:

The external tailings pond is required to support the Millennium Extraction plant with
recycle water. At the time of the Millennium Extraction plant start-up, there is
insufficient space in Pit 1 to provide this capability. Suncor is evaluating the potential to
accelerate the completion of Pit 1, which may reduce the size of the external tailings
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pond. It is in Suncor’s interest to reduce the size of the external tailings pond as much as
possible to reduce operating and reclamation cost.

Plant Site Location

31. Provide a more detailed comparison of the advantages and disadvantages of the
North and Centre plant site locations discussed in volume 1, pages C2.3-46/47.

Response:
A significant motivation to locate the Millennium Extraction plant as proposed (North
location) rather than on the waste island (centre location), was the reduction of initial
capital in an amount exceeding $30 million. This is important to Suncor because of the
impact on project financing and project economics.

Table 1 Comparison between North and Centre Plant Locations

North Location Centre Location

Initial Capital Cost Over $30 million lower
Operating Cost

Early life Lower

Remaining Life Slightly lower
Environmental Disturbance Significantly earlier
Resource Sterilization None Some potential
Haul Distance Longer uphill haul in early years
NO, Emissions Higher due to uphill haul in early years
32. If the Centre plant site was used from the beginning of the Millennium operation

would NOy emissions be significantly reduced due to lower overall haul distances?

Response:

Suncor does not believe that NOy emissions would be significantly reduced because the
Centre plant site would require a significant uphill haul (albeit shorter) for the early
portion of the mine-life (hence an increase in fuel consuption).

33. Volume 1, page C2.5-112, Suncor indicates that two of the principle areas of power
consumption in the extraction plant are tailings transport to the tailings pond and
interplant pipelines. What is the approximate breakdown of the power
consumption for these two activities? How would the breakdown change if the
plant was counstructed in the Centre plant location from the beginning of operation
to reduce the distance to pond 8A7

Response:
The power consumption of Millennium Extraction plant tailings transport and interplant
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pipelines is about 24 MW and 9 MW respectively. If the plant were located at the
Centre location, the breakdown would be about 17 MW and 12 MW respectively

Tailings Pond Need and Location

34.

3s.

It appears that opportunities for earlier reclamation of Pond 1 might be available if
Millennium tailings plans placed more emphasis on this objective. Discuss whether
such opportunities exist and if so how they might be incorporated into the
Millennium tailings plans.

Response:

Pond 1 reclamation schedule is driven by the need to manage recycle water quality to
maintain bitumen recovery and the availability of sand for CT placement in the west-side
ponds. This is discussed in more detail in the Pond 1 reclamation schedule provided in

the appendices.

Use of MFT from Pond 1 for CT in the Millennium Extraction plant tailings was
considered, however, this was determined to be uneconomic (see response 37)

The proposed Millennium project requires that an external tailings pond be
constructed on the east side of the Athabasca River but for the Steepbank
application no such pond was required. Explain in detail the differences between
the two projects that result in the conclusion that an external tailings pond is now
required. What factors and ranking determined the selection of the proposed site
of the external tailings pond? What consideration was given to the proximity of the
site to the Athabasca River? '

Response:

The Millennium Extraction plant requires a pond for recycle water. Because there is in
insufficient internal space, the pond has to be external. The Steepbank project did not
require the construction of a second extraction plant and utilized the Base plant
facilities.

There were three primary criteria considered in the selection of the location of the
external tailings pond: minimum environmental impact, minimum impact on the ore
body, and minimum cost (capital and operating). These three factors were ranked
relatively equal in importance.

The toe of the pond was located more than 300 m from the Athabasca River, with
shallow construction slopes. The selected site is viewed as environmentally superior to

‘the alternatives.
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36. Some alternative tailings pond scenarios are mentioned in volume 1, page C2.4-69.
Provide a map which shows the conceptual layout of these locations.

Response:
The requested map is provide on the following page.
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37.

38.

In volume 1, page C2.4-69, Suncor indicates that one reason an external tailings
pond is required on the east side of the river is to enable the creation of an
inventory of MFT which will later be used to create CT. What work would be
required to transfer MFT from the west side of the river to alleviate this problem?
What would be the major cost items associated with such a transfer? What benefits
and difficulties would such a transfer cause within the material handling plans?

Response:

Transferring MFT from the west side to the east bank would involve:

e development of a containment pond on the east side for CT.

e construction of a pumping stations and pipelines for both gypsum and MFT

e additional operating cost

The total capital and operating cost over a initial 7 year period would be in excess of $45
million. The external tailings pond is also required for recycle water for the Millennium
Extraction plant.

In addition to the cost, the logistics of MFT transfer would add complexity to tailings
operation. Year-round long distance transfer of MFT could prove to be impractcal.

Would a delay of the Millennium expansion remove the requirement for an external
tailings pond? If so, what length of delay would be required and what would be the
resulting impacts to Suncor and to the ultimate resource recovery in the proposed
project area?

Response:
This is a speculative question. The external tailings pond is required to support the
Millennium Extraction plant. A project delay to create internal pond storage would be of

significant duration and is not contemplated. Adherence to the proposed schedule is

important to Suncor to reduce vulnerability to low oil prices and to capture the market
window of opportunity, especially in light of the investment activity in Venezuelan
heavy oil targeted at United States markets. The schedule is similarly important to the
Region and to Alberta to capture the socio-economic benefits.

Design of Tailings Pond

39.

Discuss the key operational issues related to construction of the external tailings
pond including foundation conditions, pre-loading requirements, rate of rise
limitations, percentage of coarse tails stream required for cell construction, and
anticipated internal beach slopes. Discuss the operational flexibility of the
construction schedule with regards to ensuring sufficient storage capacity for sand,

fine 'tails, and recycle water within the limitations imposed by rate of rise and

maximum cell construction volumes.
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41.

Response:

The information requested will be provided in detail in the final design. With respect to

the key issues referred to:

e foundation conditions: a geotechnical drilling program is planned for 1998/99
drilling season
preloading requirements: these will depend on the above results
rate of rise limitations: the dyke will be constructed using established procedures
developed by Suncor over 30 years. The maximum rate of rise is typically 20
m/construction season

e percentage of coarse tails stream required for cell construction: approximately 25%
to 30%
internal beach slope: 15H:1V
operating flexibility: this is optimized on an annual basis with due regard to
geotechnical security, availability of pond space and sand.

it appears that significant consolidation wiil continue in the CT ponds on iease
86/17 for many years after mining is discontinued. How will ponding be minimized
so that continued dyke maintenance can be avoided ? The Steepbank application
indicated that Ponds 5 & 6 would be topped up with sand after sufficient CT
consolidation had ocurred but sand will now be unavailable for this purpose. How
will this impact the reclamation of Ponds 5 & 67

Response:

Sand will be placed in piles or hummocks that are higher than the nominal final
elevation to both control drainage and compensate for CT consolidation. Some degree
of ponding to form wet lands is desirable.

Is it proper to use the seepage from Tar Island Dyke (TID) as representative of

seepage of the new tailings pond given that TID seepage is decoupled from the pond
contents and seepage from pond 8A will not be decoupled (according to the model).

Response:

Finite element seepage modeling was used as a conceptual planning tool and is
considered a conservative order of magnitude estimate for seepage that may occur from
Pond 8A. Actual seepage from ponds is likely to be reduced by factors such as “blinding
off” of the pond bottom by bitumen and fine tails, and experience gained from Pond 1 is
valuable in understanding the general impact of such factors. Geotechnical and
groundwater monitoring data is reviewed on an ongoing basis to improve understanding
of the groundwater flow patterns around tailings ponds.

Tailings Material Balance

42.

Provide a graph which shows the settlement of fine tails with time. What is the
model used to predict fine tails production? In volume 1, page C2.4-70, Suncor
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43.

44.

45.

indicates that a total of 450 Mm3 of fine tails will be generated during the life of the
project. Is this thin fine tails, mature fine tails, or 2 combination of the two?

Response:

The model assumes fine tails reporting to the external pond settle to 30% solids by
weight within one year. The 450 Mm3 of MFT generated over the life of the operation
is based on this 30% factor. The tailings referred to are mature fine tailings.

Suncor notes in volume 1, page 2.2-31 that "Fines data is a relatively new addition
to the east bank database and is insufficient to generate an accurate fines model”.

How did Suncor determine that the external tailings pond will provide sufficient
storage for MFT and thin fine tails in the absence of an accurate fines model?

What fines content was assumed for estimation of the volume of storage required
for fine tails containment?

Response:

The best information available at the time of developing the conceptual plans was used
to establish the required pond size. Fines in Pit 2 are estimated at 15.4%, but range from
12.0% to over 20%. The higher fines occur in the first 10 years of mine-life. The fines
data bank (to be submitted with the geologic model in mid-September) has improved
substantially with the 1997/98 drilling data.

Suncor noted that at Millennium rates, gypsum storage requirements would
decrease or be eliminated depending on the gypsum dosage used for CT. Does this
mean that production rates would be restricted by the amount of gypsum available
to make CT? If excess gypsum was produced, what is the plan in providing
sufficient storage within the tailings system? (F 2, page 7)

Response:
Production rates will not be restricted by a lack of gypsum. If absolutely necessary,
gypsum can be purchased.

Present studies indicate that when CT starts up on the east bank in 2007, all gypsum
produced will be incorporated into CT. If excess gypsum materializes, it can be sold,
stockpiled, or a combination of both. The relatively small volume of gypsum involved
will not present a storage problem in the mine. Excess gypsum will continue to be
incorporated into Pond 4 on Lease 86 until 2007.

Provide an annual tailings material volume balance for all ponds and dykes
included in the integrated reclamation plan. Include coke storage requirements
where appropriate.
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Response:

A summary of the tailings plan is provided in the following tables, showing the
placement of CT on a pond by pond basis. Additional information, if required, is
available at Suncor’s offices.



SUNCOR OS LONG RANGE TAILINGS PLAN - MILLENNIUM SUMMARY

TAILINGS SAND CT DISTRIBUTION - UNCONSOLIDATED BY POND
YEAR OILSAND COKE BEACH DYKE MFT NEW MFT USED SAND TO 8 9 10 11 12 TOTAL
KTONNES | MTONNES MCM MCM MCM MCM FINES RATIO MCM MCM MCM MCM MCM MCM
2001 153 1.7 50 44 NA 0.0
2002 533 18.6 5.0 12.7 NA 0.0
2003 54.2 19.7 5.0 14.8 NA 0.0
2004 53.9 ' 17.7 7.0 13.7 NA 0.0
2005 68.5 248 7.0 15.7 NA 0.0
2006 66.8 247 7.0 11.7 NA 0.0
2007 68.9 175 11.0 -7.4 5.0 294 284
2008 7.0 1.7 12.1 -18.3 5.0 60.5 80.5
2008 66.9 1.6 13.2 -14.2 5.0 56.1 56.1
2010 71.4 1.7 12.4 -11.2 6.0 55.2 55.2
2011 714 1.7 12.1 -11.2 6.0 553 5§5.3
2012 71.2 1.8 9.9 9.7 65 53.7 53.7
2013 135.8 2.1 34 15.5 -18.8 6.5 0.0 103.6 103.6
2014 1421 21 3.6 14.0 -19.8 6.5 0.0 109.4 109.4
2015 142.0 21 35 - 21.6 -19.3 6.5 0.0 106.5 106.5
2016 136.3 2.1 33 235 -18.2 6.5 0.0 100.7 100.7
2017 132.6 21 33 18.4 -18.1 65 0.0 9s.8 9.8
2018 140.4 21 35 11.7 -18.7 6.5 0.0 54.4 54.4 108.8
2018 139.9 21 35 12.1 -19.6 65 0.0 108.3 108.3
2020 143.8 21 36 12.2 -20.3 6.5 0.0 111.8 111.8
2021 131.7 21 33 9.2 -18.6 6.5 0.0 102.4 102.4
2022 137.2 2.1 34 15.7 -18.9 6.5 104.5 0.0 104.5
2023 1375 2.1 34 15.0 -19.0 6.5 263 78.8 105.1
2024 138.2 21 3.3 25.3 -18.5 65 101.8 101.8
2025 133.4 2.4 33 19.5 -18.1 6.5 100.1 100.1
2026 139.5 21 3.4 221 -16.2 7.0 100.5 100.5
2027 139.3 21 34 248 -16.0 7.0 99.4 89.4
2028 144.7 21 36 15.0 173 70 107.6 107.8
2029 143.4 21 3.7 11.6 -17.4 7.0 108.2 108.2
2030 150.0 2.1 3.8 12.2 -18.2 7.0 113.3 113.3
2031 145.8 21 3.7 11.8 -17.7 7.0 109.8 108.9
2032 147.5 21 38 12.2 -10.0 7.0 100.0 100.0
2033 82.3 2.1 3.7 11.8 -5.0 7.0 50.0 50.0
TOTAL 3616.1 44.1 207.8 36.0 478.9 -433.9 414.6 574.3 403.1 918.6 150.0 2461.6




SUNCOR OS LONG RANGE TAILINGS PLAN - PLANT 3 ON LEASE 86/17

OILSAND MTONNES SAND DYKE CONSTRUCTION POND 1 INFILLENG | MFT NEW MFT SAND CT DISTRIBUTION - UNCONSOLIDATED BY POND

YEAR LEASE 86/17 STEEPBANK COKE 7 8 9 EAST TOTAL BEACH/CT CONSUMED | TO FINES i 5 8 7 TOTAL
TOPLANT 3 MTONNES MCM MCM MCM MCM MCM MCM MCM RATIO MCM MCM MCM MCM MCM
1998 59.2 7.5 08 54 08 8.1 88 -15.1 35 384 38.1
1889 458 474 0.7 0.8 54 31 8.2 88 -235 35 59.4 59.4
2000 48.6 458 1.0 48 46 9.2 18.7 -238 35 60.1 60.1
2001 30.0 89.7 08 3.1 31 6.1 14.0 -26.4 35 66.7 66.7
2002 5.5 24 34 3.1 208 -301 35 0.0 760 76.0
2003 89.3 21 27 27 19.6 -27.5 35 0.0 696 69.6
2004 86.9 24 220 -259 35 0.0 65.4 654
2005 885 21 23 15.4 -18.0 35 0.0 0.0 458 456
2008 870 2.4 46 13.¢ -20.4 35 23 0.0 0.0 491 4914
2007 89.0 21 46 1086 -185 40 23 00 0.0 50.3 503
2008 71.0 2.1 38 11.5 -18.0 4.0 15 00 00 525 525
2009 870 21 23 11.4 -17.8 4.0 0.0 0.0 50.5 50.5
2010 715 21 3.1 14.2 -18.2 40 518 0.0 00 519
2011 s 21 12.4 -20.6 4.0 29.3 0.0 293 585
2012 71.0 21 120 -205 40 43.7 1486 583
TOTALS 183.7 988.4 282 0.8 18.4 17.2 36.3 206 211.4 -3263 6.1 3055 2547 291.8 852.1
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46.

In support of the application to amend the integrated reclamation plan, provide a
table which summarizes the differences between the Steepbank application
reclamation plan and that proposed in the Millennium application. Include
descriptions of the changes to all major features (eg. ponds) included in the plan
including reclamation dates, elevations, and proposed final land uses.

Response:

The table below provides a comparison of elevations and estimated time for completion
of tailings pond capping activities. The opportunity does exist to reclaim some portions
of the pond before capping is complete, but most revegetation and performance
monitoring of pond surface areas will occur after capping is complete. The Steepbank
application did not provide specific times for activities after 2020, as continued mining
in Pit 2 was foreseen. No fundamental difference exist in end-land use between the
Steepbank and Millennium plans. Both focus on forestry land use with potential for
wild-life.

The elevation increase for Pond 5 is required regardless of the Millennium application to
handle the decrease in elevation for Pond 6, to accommodate additional production
generated by current production rates, and because CT operations were slower to meet
performance targets than assumed in the tailings plan used for the Steepbank application.

Major Structures - Comparison between Steepbank and Project Millennium Applications

Structure Elevation Capping complete
Steepbank Millennium Steepbank Millennium
Application Application Application Application

Pond 1 322 322 2010 2010

Pond 2/3 363 363 post 2020 2033

Pond 4 322 363 (coke and | post2020 2007¢

oversize only) (gypsum recycle | (gypsum recycle
pond) pond)

Pond 5 322 335 2020 2012

Pond 6 308 302 2020 2012

Pond 7 327 335 2020 2033

Pond 8 304’ 365 post 2020 2033

1 Pond not complete in Steepbank plan as further mining was anticipated
2 Assumes no requirement for excess gypsum storage

47.

With respect to out-of-pit waste storage, the significant change has been the removal the
Steepbank West Dump, which was in the river valley and encroached on Shipyard Lake.
With this change, the number of external dumps are reduced from four (referred to as
North, South, East, and West dumps in the Steepbank Application) to three (referred to
-as North, Northeast, and Southwest dumps in the Project Millennium Application).

A large percentage of the littoral zone within the end-pit lake will be created by
constructing fill structures approximately 100m thick. It appears that the creation
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48.

of appropriate water depths for littoral zome will be very semsitive to the total
consolidation of the massive fills. It would seem likely that this consolidation will
be non-linear and will be most rapid as the wetting front from the fluid in pond 12
passes through the fill, with continued less rapid settlement thereafter. Since a
substantial amount of settlement may occur after mining is completed, it would be
difficult to do remedial work to ensure creation of the littoral zone as desired. Does
Suncor agree that these are issues and if so how will the issues be addressed? What
is the anticipated settlement for these structures? How confident is Suncor that the
settlements will be predictable to the accuracy required?

Response:

Suncor agrees that settlement of fills underlying the littoral zone must be carefully
considered during design and construction. Suncor will consider wetting-induced
consolidations when designing the dykes bordering Pond 12. Wetting induced
settlement can be reduced by compacting cohesive fills at moisture contents above
optimum, or by using granular fill such as tailings sand. (In cohesive fills, the improved
settiement behavior must be balanced against increased construction pore pressures.)
Calculations of settlement potential will be performed during detailed design of the
dykes bordering Pond 12, and material selection and placement specifications will
include consideration of settlement impacts of the littoral zone.

Suncor is committed to creating an end pit lake committee to work towards the definition
of the design basis for end pit lakes, as well as to establish objectives for creation of a
viable aquatic ecosystem in the lake. The committee will consider issues around
construction of the end pit lake shoreline areas, establishment of littoral zone areas,
input requirements for tailings, expected volumes of waters to enter the lake system, and
requirements, if any, for infilling with additional waters to ensure filling of the system
within an acceptable timeframe. Another part of the efforts of the committee will be to
define the types of studies required to further understanding about oil sands end pit lakes

In volume 1, page B2-17, Suncor indicates that "the current plan is to reduce the
existing inventory of fine tailings by 2020 to 25Mm> (the ongoing volume required
for the CT process). This plan requires a SFR of about 3.5:1." In a previous
submission to the Board Suncor made the following statement regarding sand to
fines ratio: "It is clearly the selection of the sand to fines ratio in the CT mixture
which prevents more rapid removal of MFT from Pond 1, The reason for selecting the
specific ratio of 4:1 is that lower ratios (incorporation of a higher concentration of
clay minerals) leads io very long term surface settlements of the final CT deposit
which threaten the reclamation to a dry state”. What information has Suncor
acquired since October 1996 which leads to the conclusion that the current planned
sand to fines ratio of 3.5:1 will not threaten the long term reclamation to a dry
state?
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Response:

The sand to fines ratio of 3.5 is for Lease 86/17 ponds and Pond 7 only, and is required
regardless of Millennium approval in order to manage the mudline in Pond 2/3 while
achieving target date to complete infilling of Pond 1 by 2010. A SFR of 4 to 5 and higher
is planned for Ponds associated with the Millennium pit.

Calculations performed for Suncor by Agra Engineering and Environmental indicate that
about 3 metres of settlement would occur in Pond 6 after the year 2033, when no further
operations are presently planned or approved on Suncor leases. This settlement
magnitude is within the range considered feasible for passive management leading to
reclamation certification. Furthermore, preliminary evidence from field tests of CT
which have been performed since 1996 suggest consolidation is more rapid than
indicated from laboratory tests (as is often the case in geotechnical predictions of
settlement rates). Suncor will monitor consolidation of CT ponds, and would have the
option of remedial measures such as surcharging or installing wick drains if performance
did not meet expectations.

Geotechnical

49.

50.

What is the minimum offset necessary between the toe of the Tailings Pond dyke
and the crest of Pit 2 to ensure geotechnical stability of the Tailings Pond and to
provide for contingency action should movement occur.

Response:

The offset required between the toe of the Tailings Pond dyke and the crest of Pit 2
depends on the foundation conditions and the design approach adopted for the dyke. The
required offset is reduced when foundation conditions are favorable or when
conservative design assumptions are adopted. During detailed dyke design, Suncor will
evaluate foundation conditions and evaluate a combination of dyke designs and offsets
that result in acceptably low risk levels. The design selected will be developed by
Suncor’s consultants with input from Suncor’s internal review board and then submitted
to AEP Dam Safety Branch for review and approval. Suncor believes that there is
sufficient design flexibility to avoid sterilization of ore.

What is the minimum offset between the toe of the NE Dump and the Steepbank
River to provide adequate room for remedial action without entering the 100
metres environmental protection zones, should foundation geotechnical problems
occur.

‘Response:

As for response No. 49, the offset depends on foundation conditions and the design
approach adopted for the waste dump. The design selected will be developed by
Suncor’s consultants with input from Suncor’s internal review board and then submitted
to the AEUB for review and approval. Again, Suncor believes that there is sufficient
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design flexibility to avoid sterilization of ore.

Environmental

51.

52.

Section E2.0 of the Steepbank Mine Application describes the impact assessment
approach chosen for that application. The impact assessment approach for Project
Millennium differs. In particular, for the terrestrial resources, the Steepbank
application defines low impacts as less than S percent of the biophysical resource
base while Project Millennium defines low impact as less than 10 percent change in
terrestrial resource. Why have the impact assessments changed between the two
applications? Describe the effects to Project Millennium if the Steepbank definition
of low impact was used for the Millennium Project.

Response:

The change in the impact assessment approach was made based on the use of
information from Suter (1993) in his document Ecological Risk Assessment. Suter notes
that a 20% threshold is useful in assessing the magnitude of impacts for populations
where change is difficult to detect due to: 1) natural variability in natural populations, 2)
lack of precision in currently available abundance estimate techniques, and 3) lack of
unlimited funding to investigate population sizes. Thus a change in abundance of less
than 20% may be within the normal range in population size for the species of concern,
or may not be detectable given current techniques or information. For Project
Millennium a change >20% was rated as high, 10 to 20% was rated as moderate, >1<10
was rated as low and <1 was rated as negligible.

When examining the data for changes in the local and regional study areas for most
terrestrial components, the changes are typically well above 10% or well below 5%.
Therefore, the relative change between the Steepbank Mine and Project Millennium
terrestrial rating systems would not change the predicted impact ratings.

Re - Vegetation

a) Volume 2B Section 3.2.8.10 Table ID3.2-21 Page D3-105 - Please provide the
missing wnits of this table (e.g., hectares).

Response:
The missing units for Table D3.2-21 are hectares.

‘b)) © Quantify the increase of area that will exceed the 0.25 keq/ha/a Critical

PLoad as a resulit of the Millennium Project in terms of total area and as a
percentage of the local and regional study areas.
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Response:

The total area exposed to PAI inputs above 0.25 keq/ha/a because of Project Millennium
in the local study area (LSA) is 16,181 ha or 100%, while for the regional study area, it
is 861,263 ha, or 35.5% of the area (see information in Table B3-20, Vol. 2A). (These
percentages and those above (b) include all soil types. (The criterion of 0.25 keq/ha/a
applies to sensitive soils and therefore the percentage of those soils would be more
meaningful).

c) The data from Table 3.2-21 relates the distribution of vegetation
communities to PAI isopleths. Please reference the appropriate PAI and
vegetation maps or figure numbers. Provide the PAI maps overlain on
vegetation communities in order to graphically identify vegetation
communities and patterns of acid deposition.

Response:
Maps relating the distribution of vegetation communities to PAI isopleths are provided
for both the Regional Study Area baseline and cumulative effects scenarios.
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33.

Re Monitoring - Volume 2B Section D3.2.8.12 Page D3-106

a) Describe in detail the monitoring program that might be implemented for
assessing potential impacts of acid deposition upon vegetation. Identify the
vegetation that will be monitored and the different soil types associated with
this vegetation. What specific sites are recommended for the monitoring
program? What duration of monitoring is expected for the program?

Response:

Suncor is participating in the Wood Buffalo Environmental Association (WBEA)
Terrestrial Environmental Effect Monitoring program (TEEM) that has been established
as part of the association’s efforts to understand potential effects of air emissions on
regional vegetation. Suncor will continue to support this program, as well as to actively
participate in the enhancement of the program as agreed upon by the participants in the
TEEM program.

The current vegetation monitoring program is an integrated effort focused on jack pine
and aspen forests. The study involves investigations of the vegetation and soils at the
selected research sites. The vegetation types currently under investigation as well as the
sample sites, were selected by the TEEM program committee. Monitoring will continue
as it adds value.

b) Identify measurement criteria that might be used in vegetation monitoring for
the combined effects of acid deposition (e.g., PAI) as well as specific SO, NOx
and ground level ozone effects upon wetland and terrestrial vegetation.

Response:

Suncor will continue to work as an active member of the regional airshed monitoring
plan for the Wood Buffalo Zone, through involvement in the terrestrial Environmental
Effects Monitoring initiative to develop and assess measurement criteria for regional air
emission impacts to vegetation and wetlands.

c) Should residual effects to vegetation from impaired air quality become evident
during monitoring, what mitigative measures will Suncor propose in the EIA to
address this issue?

Response:

Potential impacts to vegetation from air emissions are best mitigated by reducing air
emissions. Suncor has already substantially reduced emissions from its operations.
Volume 1, section F3.1 describes Project Millennium emission reduction and strategies
for further opportunities. If further mitigation is required, Suncor will pursue reduction
opportunities in the context of regional emissions.
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d) Volume 2B Section 103.2.7.3 page - D3-80-84 - It is unclear whether rare plant
data was assembled in the course of sampling representative vegetation plots for
ELC ecosite classification or if independent sampling procedures for rare
plants were adopted within the 1997 field studies? Page D3-5 states that a rare
plant survey form was employed but does not state that a survey of rare plants
was undertaken in 1997 for the Millennium study area. Identify methods used
in the field sampling program for rare plants. Discuss the assumptions used in
rating the impacts to rare plants as “low”. What evidence is there that in
reclaiming 11,245 ha of plant communities, rare plants can be established with
such high success ratios?

Response:

Specific rare plant studies were completed for Project Millennium. However, because of
the requirement to link rare plants with specific ecosites, the studies were not done
without investigation of representative vegetation plots for the ELC analysis. The
methodology employed for the rare plant followed the guidelines of the Alberta Natural
Heritage Information Centre, who were consulted about the study area and the proposed
survey plans.

The assumptions used in rating the impacts to rare plants as low included the fact that the
occurrence of the rare plants was estimated based on the resuits of field surveys and
known associations of rare plants within specific ecosites. The rare plant potentials were
determined and these areas were assessed against the development area. The net result
was that the project would have a low impact on rare plants in the development area.

The establishment of rare plants in reclamation areas is a function of the creation of
suitable habitat conditions as well as the creation of certain starter ecosite types.
Suncor’s plan includes development of types of ecosites that commonly include certain
types of rare planis. Suncor’s confidence in its ability to establish ecosites which will
include rare plants is based on its successful development of reclamation habitats on its
current operational area.

Additional details on the Project Millennium rare plant surveys and assessment are
provided in the 1998 Golder report on “Terrestrial Vegetation Baseline for Project
Millennium”.

e) The EIA identifies a lack of statistical significance for representative vegetation
sampling data (e.g., page D3-33) in relation to rare/traditional plants. What is
the statistical significance of vegetation data uses in the analyses of i) wildlife
habitat units and ii) baseline diversity.

Response:
The vegetation for the Project Millennium local study area (LSA) as well as the regional
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54.

study area (RSA) was initially defined based on satellite imagery. The predicted
vegetation types were further defined through use of aerial photography. Field surveys
were conducted to ground-truth predictions and confirm identified vegetation
communities, as well as to further define ecosite variations in the area. The collected
vegetation data was thorough enough to confirm the ecosites types predicted from the
satellite imagery as well as aerial photography. Therefore statistical validation was not
necessary.

The information collected during field operations were used to fine-tune predictions for
the satellite image. This is necessary as it is impossible to cover all of the RSA in
enough detail on the ground to enable completion of regional habitat modelling. The
fine-tuned satellite image was then used for the HSI modelling to predict current and
possible future wildlife usage as well as to predict diversity of vegetation under baseline
and reclamation conditions in the LSA and RSA.

f) Volume 2B Section D3.2.7.3 page - D3-86 - What evidence is there for assuming
that traditional plant populations will re-establish on reclaimed landscapes to
pre-development conditions?

Response:

Plants used traditionally are integral members of regional ecosites. The traditional plants
that are members of the ecosites planned for the Suncor reclamation program are
expected to return to the reclamation area, just as other plant within those ecosites will
return. Ecosites are the result of landscape, soil and moisture conditions. The plants of
the different ecosites are found with the ecosite phases because of their preference for
certain conditions. If the reclamation activities provide those conditions, then the plants
are likely to return.

Re - Air Quality

a) Tables B4-13 and B4-14 for hourly and daily TRS concentrations
respectively contain the same data. This should be corrected.

Response:

The predicted TRS concentrations in Tables B4-13 (maximum hourly TRS
concentrations, Vol. 2A, p. B4-40) and B4-14 (maximum daily TRS concentrations, Vol.
2A, p. B4-44) were incorrect. The maximum hourly concentrations were repeated in
both tables. These numbers have been corrected in the revised version of Section B4
which accompanies these responses in the appendices.

b) Suncor should identify how sensitive soils and water bodies might be
monitored within the RSA for acidification effects. What are the conceptual
alternatives for mitigating excessive PAI if adverse effects are detected by
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monitoring?

Response:

Suncor is an active participant in the Terrestrial Environmental Effects Monitoring
Program (TEEM) of the Wood Buffalo Environmental Association (WBEA) along with
other stakeholders in the oil sands region. The overall objective of the TEEM program is
to answer the question “Are air emissions having, or have they had, long-term adverse
effects on the ecosystem and traditional resources in the area?”. To address this
question, ten jack pine (Pinus banksiana Lamp.) and ten trembling aspen (Populus
tremuloides Minchx.) biomonitoring locations were selected across the oil sands region
for evaluation of the long-term consequences of the acid deposition in the region to soils
and species known to be sensitive to acidic deposition. Five of the jack pine and five of
the aspen biomonitoring locations are positioned in areas considered to be potentially
exposed to high levels of acidic deposition while the remaining five jack pine and five
aspen biomonitoring locations are positioned in areas considered to potentially exposed
to low levels of acidic deposition. Both jack pine and aspen trees are known to be
sensitive to acid-forming emissions.

The matter of acidification of sensitive surface waters is being addressed by the Regional
Aquatics Monitoring Program (RAMP).

Mitigation has been discussed in previous responses and in Volume ] of the Application.

c) Total reduced sulphur emissions are predicted to increase by 80% (Section
B3.1.1.1, page B3-6) and ground level concentrations are predicted to exceed
odour thresholds in populated areas (Table B4-14, page B4-46). Provide an
explanation of the sources of TRS emissions including biogenic sources in
the tailings ponds (e.g., list TRS point sources, sources of TRS in related
emissions, assumed biogenic mechanisms). Explain aiternatives that could
be implemented to reduce TRS emissions from the Suncor operation to at
least baseline levels and what impact such controls would have omn the
Millennium Project.

Response:

Sources of TRS in tailings ponds relate to the materials input to the pond as well as the
actions of microbial populations that live in the pond. Sulphurous compounds may have
entered Tailings Pond 1 in previous years as constituents of the sour water system and
unrecovered diluent in secondary extraction tailings. While the sour water system has
been upgraded in recent years and routed through the naphtha recovery umit, some
sulphurous compounds may still enter with pumpout waters from the slop tanks. Also,
-even though diluent quality and naphtha recovery has improved, sulphurous compounds
could enter from this source.

Suncor has initiated an investigation into Pond 1 emissions and other opportunities to
reduce VOCs. These are described in subsequent responses.
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d) Information used to assess ambient air quality in Section B3.2 appears to be
based on normal operating conditions. Discuss emergency or upset
conditions that may have the potential to cause significant short duration (
one hour to several days) increases in SO, H27 or other emissions? Based
on the predicted ground level concentrations of such upset conditions, what
are the implications for operations staff and the public? What control
measures are planned to minimize harmful emissions resulting from upset
conditions?

Response:

The Millennium Upgrader has been designed to operate independently from the existing
plant, to minimize or eliminate common causes of upset conditions. Both Upgrader
plants will be operated from a central control facility, to allow operations staff to
enhance communications and collaboratively resolve problems in a particular unit.
Hazard reviews and detailed Hazard and Operability studies have been and will be
conducted on all systems before construction begins to optimize the design of control
systems, which will minimize upset conditions. In addition, the Millennium Upgrader
has been designed to allow continuous operation when the Base Upgrader is shut down
(and vice versa).

Operator staffing and training is planned to commence 24 to 18 months prior to
commissioning to ensure employees are prepared to both commission and operate the
plant. Where similar technology to the existing Upgrading plant has been utilized, the
design has incorporated changes to resolve issues identified over years of operation. The
flare system is designed for smokeless operation and combustion of all hydrocarbon and
sulphur compounds emitted during upset conditions. .

. These proactive measures notwithstanding, during upset conditions, higher than average
1-hour concentrations of SO7 can be expected to occur in the immediate vicinity of the
facility. Due to local nature of the impacts during upset conditions, significant impacts
to the health of people in the communities of Fort McKay, Fort McMurray and Fort
Chipewyan are not expected. With respect to worker health, Suncor will comply with
occupational health and safety guidelines and ensure use of proper personal protective
equipment for members of its workforce exposed to chemical emissions.

e) Section C2.5, page B118 indicates that Suncor will be implementing
measures to reduce diluent losses while Section B3.1.1.1, page B3-5 indicates
that VOC emissions will increase by 85% based on data from current
operations (e.g., worst case estimate). Explain most likely VOC emissions
from the project based on results expected from implementing diluent
recovery improvements. What additional measures could be undertaken to
reduce VOC emissions and what would be the relative impact?
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Response:

The estimate of 85% increase in VOC emissions is a worst case scenario which assumes
maximum VOC emissions for Millennium operations and does not take into account any
of the initiatives to reduce VOC emissions. The estimate is based on the current worst
case scenario prorated to Millennium operations. Further work will be done to confirm
and monitor VOC emissions for current operations. This data will be required to better
predict Millennium VOC emissions.

Based on current operating experience and design simulation work, Suncor believes the
following estimate of froth treatment and NRU performance for Millennium operations
to be reasonable although not confirmed at this time:

Froth treatment diluent recovery 97.5 - 98%
NRU recovery (excluding heart cut diluent) 76 -79%
NRU recovery (including NRU improvement of 5 - 8% with heart cut diluent) 81% —
87%
e IPS D/B ratio of 0.5 to 0.55 wt/wt

Completion of current and planned performance testing programs, as well as completion
of detailed engineering work will help to verify the above performance criteria. If the
above plant performance is realized for Millennium operations, then the upside potential
for diluent recovery is that recovery could be in the range of 99.5% to 99.7%.
Reductions in VOC emissions would be realized through improvements in hydocarbon
recovery.

Based on current operating performance, Suncor has demonstrated diluent recovery
which meets or exceeds minimum requirements of 99.3%.

1] Suncor is proposing an 8% increase in SO7 emissions and a 42% increase in
NOx emissions (Section B3.1.1.1) which, with other new projects discussed
in the cumulative impact assessment, will contribute to a2 111% increase in
the area predicted to be impacted by potential acid emissions in excess of
the 0.25 keqg/ha/a interim critical load for semsitive soils (Table B4-14, page
B4-45). Kxplain altermatives that would enable Suncor to reduce further
imcreases in acidifying emissions (507 and NOx) and discuss the feasibility
of implementing the measures,

Response:

There is still a great deal of uncertainty regarding the background PAI and applicability
of the interim critical loading targets to ecosystems. Suncor recognizes the uncertainties
‘associated with quantification of environmental effects associated with acidifying
emissions in the oil sands region. Through the WBEA, Suncor is committed to
enhancing the current level of activity associated with monitoring of environmental
effects associated with acidifying emissions, as well as to decreasing uncertainties
associated with background values.
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SO7 and NOx reduction strategy have been discussed in previous responses and in
Volume ! of the Application.

g) Section D1, figure D1-4 indicates that 3.5 t/cd and 0.7 t/cd sulphur will be
emitted through the acid gas flare and HC flare stacks respectively. Explain
the basis for the sulphur emissions from flares. If routine flaring of sour or
acid gas is planned (e.g., for other than emergency flaring due to equipment
outages), explain alternatives for recovering related sulphur and
justification for the planned approach. Do the sour or acid gas flares have
the potential to contribute to TRS emissions and if so what controls or
features will be implemented to minimize such emissions?

Response:

Sulphur emissions from acid gas flaring occur as a result of emergency conditions.
Calendar-day emissions were estimated based on 0.3% of acid gas produced directed to
the flare, which is a reasonable estimate for EIA modeling purposes based on Suncor’s
operational experience. SO7 emission from hydrocarbon flaring from residual gas in
excess of that recovered in the base plant Flare Gas Recovery Unit, and from gas flared
when the base plant Flare Gas Recovery Unit is out of service. Suncor has implemented
a number of measures to eliminate the occurrences of upset conditions and to minimize
their duration should they occur.

One of the key purposes of the sour or sour-acid flares is to ensure that the TRS
compounds in the gas stream (in particular HyS) are converted to sulphur dioxide as part
of the flaring process. In a flare operating at peak efficiency, all of the TRS compounds
would be converted to SO2. A recent study on flare gas compositions (Strosher 1996)
looked at sour gas flares associated with oilfield battery flare tests. Although not
directly comparable with the emergency flare stack at the Suncor facility, this report
does give an indication that flare test stacks are capable of a combustion efficiency in
excess of 82%. The efficiency at the Suncor facility is likely to be hlgher due to the
addition of hydrogen gas to ensure high efficiencies.

Reference

Strosher, M. 1996. Investigation of Flare Gas Emissions in Alberta. Final report to
Environment Canada Conservation and Protection the Alberta Energy and Utilities
Board and the Canadian Association of Petroleum Producers. November 1996.

h) Volume 2A Section B2.2.4, Figure B2-22 - In reference to the areal extent of
lands exceeding 0.5 keq/ha/a a discrepancy exists with the data in Table B2
18. Figure B2-22 shows approximately 10 townships inside the 0.5 isopleth.
This represents approximately 100,000 ha rather than the value of 11,543 ha
contained in Table B2-18. Please confirm the correct value and modify any
text in this section containing errors.
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Response:

The areal extent of lands which have a predicted PAI in excess of 0.5 keg/haly is
wrongly given in Table B2-18 as 11,543 ha (vol. 24, p. B2-50). The correct number of
hectares predicted to have Baseline PAI values above 0.5 keq/haly is 115,430 ha. This
value was provided for information purposes, since there is only one interim critical
loading level which has been adopted, the 0.25 keqg/ha/y for the most sensitive soils.

i) Volume 2A Section B2.2.2 page B2-28 — Predicted S0y exceedances (daily
and annual AAAQG) within the mine pit area are associated with fleet
operations. Clarify the net comtribution of mine fleet vehicles to SOy
modelling results.

Response:

Suncor has not modelled all individual sources for respective contribution to ground
level concentrations of SO7. But, based on model dynamics and output, it appears that
the mine pit is a likely source of SOy causing exceedences in or near the pit. Modelling
emissions from a mobile source has its limitations. It must be stressed that these are
longer term concentrations (i.E. daily and annual) and that the combination of
meteorology and terrain (i.e. poor dispersion from low source) are the influencing factors
for the modelled result. Monitoring data is limited and this cannot be validated.

i Volume 2ZA Section B2.2.3 page B2-35 — Ambient air quality has been
modelled using NOx emission factors from equipment manufacturers and
the U.S EPA in addition to data from the Suncor Mannix station.

i Does Suncor have any in-pit monitoring for NOx?

ii) Could this data be used io establish baseline conditions and an
impact assessment?

i) What plans does Suncor have with respect pit monitoring data of
NOx.

Response:

Ambient concentrations of NO» for the Baseline case were calculated using the ISC3BE
and CALPUFF dispersion models coupled with meteorological data gathered at the
Suncor Mannix station (75m level). The NOy emissions data used as inputs to the
dispersion modelling were summarized in Table B2-2 (Vol. 2A, p. B2-4). As noted at
the top of the next page in the report (Vol. 2A, p. B2-5) these emission data were based
on a combination of actual stack survey data, emissions supplied by the equipment
designers and suppliers and U.S. EPA emission factors.

In the case of the ISC3BE predictions, the model was used to calculate ambient NOy
concenirations which were then converted o NO» using an empirical relationship
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derived in the oil sands region (Vol. 2A, p. B2-35). This approach was previously
discussed with AEP and Environment Canada personnel (10 March 1998 in the AEP
offices in Edmonton). The basis for this empirical relationship was the NOy and NOy
data collected during an 8.5 month period adjacent to the Syncrude north mine. No such
monitoring program had been conducted adjacent to the Suncor active mine areas,
however, the results would be expected to be similar due to the similarities in equipment.

No in-pit NOyx or NO7 monitoring data were available from either the Suncor or
Syncrude operations. Data of this type, if it were available, would be of little value in
determining the baseline conditions in the region.

Ambient NO7 and NOy data in the oil sands region are limited to the historic data
collected in Fort McMurray and the data collected adjacent to the active Syncrude mine
area. The new monitoring stations commissioned in the region will provide a more
complete picture of the ambient NO7 and NOy concentrations in the region which can
then be utilized to enhance the understanding of the NO2/NOy chemistry in the region.
These monitoring results are expected to be available near the end of 1998.

k) Section B3.2.11 pages B3-50 and 51 - Predicted impacts for annual SOy and
NOx concentrations have been identified as high in magnitude. Areas of
predicted SOz and NOx exceedances and locations of highest
concentrations were associated with Syncrude and Suncor lease areas (e.g.,
development areas). The local impact was rated as moderate or “not
significant” based on occurrences of lesser concentrations (e.g., Ft.
MacKay) within the regional study area. Justify the moderate impact rating
within the Millennium “development area” and discuss implications of this
rating in terms of potential impacts to

i) the 40% undisturbed vegetation remnants of the local study area
and
ii) progressive reclamation that will occur within the “development
area’.
Response:

The impact analyses for annual SO and NO7 concentrations are presented in Section
B3.2.11 (Vol. 2A, p. B3-47 to 51). The magnitude of the impact for the annual
concentrations was designated as high since the maximum values were predicted to
exceed both the Alberta Ambient Air Quality Guidelines as well as the Federal
Acceptable objective. For the annual concentrations of both contaminants, the overall
-rating of environmental consequence for air quality was determined to be moderate.
This was due largely to the local extent and reversible nature of the impact.

When considering whether the moderate environmental consequence equates into a
significant impact it was necessary to look at the spatial area over which the impacts
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could occur. As is clearly shown in Figures B3-4 (predicted annual SOy concentrations,
Vol. 2A, p. B3-12) and Figure B3-10 (predicted annual NO9 concentrations, Vol. 2A, p.
B3-20), the areas where the annual air quality objectives are predicted to be exceeded are
concurrent with the active mining areas. No exceedances of the annual objectives were
predicted to occur outside the lease area. Therefore, it is expected that vegetation and
reclamation sites and adjacent remnants in the LSA would not be affected. Over 20
years of reclamation monitoring supports this prediction.

Suncor stated that it has recently identified a significant increase in emissions from
its Tar Island tailings pond (Pond 1). The emissions from Pond 1 were attributed to
methane and VOCs associated with unrecovered bitumen and naphtha diluent lost
to secondary tailings. Suncor stated it is committed to investigate tailings pond
losses thoroughly in order to develop an action plan by first quarter of 1999. (A4,
page 42)

a) Describe whai investigations are to be compieted.

Response:
There are two phases to the investigative program. Phase 1 work includes:

e thorough definition of the main operating modes that affect diluent discharge to the
tailings pond
review of plant data for selected examples of these modes
creating an improved conceptual model for the key phenomena that influence VOC
emissions from the tailings pond
sampling and analysis of the Pond 1 water/sludge column and selected streams
definition of a recommended sampling and analysis campaign for the latter half of
the summer

Phase 2 includes the assessment and recommendations of actions that reduce
emissions based on the learnings achieved in Phase 1. Phase 2 will likely include
follow-up measurement and monitoring to verify Phase 1 learnings and refine the
information.

b) What are some of the possible plans Suncor envisages to reduce emissions?

Response:

Initiatives being pursued by Suncor to understand and reduce VOC emissions include:

e improve the model for predicting the behaviour of diluent hydrocarbons sent to
tailings ponds, including an understanding of the variability in the field data
collected to date

e identify whether existing, accumulated hydrocarbon (inciuding bitumen) in Pond 1
contributes significantly to emissions

o use of a modified diluent (heart cut diluent) with a narrower boiling point range to
enable increased recovery of the diluent in the NRU as well as reduce the benzene
content of diluent.
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e improve mixing of NRU tails with BFRT tailings to reduce VOC emission
immediately from tailings pipe discharge
Other initiatives have addressed:

e Plant 16 operation: the feed and product streams were analyzed for hydrocarbon
distribution between the water and mineral components. Theoretical simulations of
the column operation have also been completed.

e The feasibility of recovering bitumen from Plant 4 and Plant 16 tailings: this was
piloted, however limited success was achieved.

¢) Are emissions due to diluent quality changes or increased volume losses due
to the increased production rates? (A4, page 42)

Response:

The emissions from Suncor Pond 1 are a result of the unrecovered hydrocarbons input to
the pond. Based on Suncor’s current conceptual model of pond emission mechanisms,
which is based on interpretation of the measured field data and known mass transfer
principles, Suncor expects that the majority of the Pond 1 emissions are resultant from
the lighter hydrocarbon fractions consistent with the unrecovered diluent present in
naphtha recovery unit tailings.

Suncor is uncertain about the cause of the recently measured increase pond emissions.
This is the subject of further investigation. Increased production is expected to result in
increased emissions.

Although Suncor expects that overall diluent recovery will be in the range of the
stewardship target of 99.5%, consistent with current performance, the increase in
production associated with Project Millennium will result in increased diluent input to
tailings and hence associated increases in emissions.

Diluent quality changes are expected to minimize this increase as described in a
subsequent response.

The Millennium application included the construction of a new NRU. What
information does Suncor have that the new NRU would reduce emissions. Is a
higher recovery expected? Would the new NRU have the flexibility to
accommodate the change(s) required?

Response:

- Suncor’s continuous improvement initiatives over the years has increased NRU recovery

from 64% as measured in the 1989 audit to 76% as measured in the most recent 1997
audit. Current operating data verifies the 1997 audit findings. Reliability of the NRU
has been maintained through continuous improvement and redesign / modification and is
currently high with an on-stream factor > 95%.
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Studies that Suncor has completed clearly show that the existing NRU column would be
satisfactory (although marginal) at PEP rates, but would not provide the needed recovery
at Millennium rates. These studies also clearly show that it is not economically feasible
to modify the single stage NRU tower to increase diluent recovery above existing
performance.

The new NRU is expected to provide performance at Millennium rates consistent with
historical performance of the existing NRU.

Suncor noted that Project Millennium “would improve the diluent character and
thus reduce VOC unit emissions”.

a) What is the contingency plan if VOCs are not reduced ?

Response:

Should this event occur, Suncor will continue to evaluate the most effective measure to
control diluent losses and to mitigate their potential impact on people and environment
consistent with our policies and procedures. See also response 55b.

by What veduction in VOCs would be expecied if make up diluent is
reformulated to have a marrower boiling range with reduced light and
heavy ends and benzene as indicated in Table C 2.1-27

Response:

Suncor proposes to introduce a reformulated “heart cut” diluent with Project
Millennium. This diluent will be the sole source for make-up in the Suncor operation.
The heart cut diluent would have a narrower boiling range (200°F to 4000F) as
compared to the current diluent (1759F to 4500F). The narrower boiling range of the
heart cut diluent is more within the recovery range of the NRU (4259F to 450°F).

This will result in the following benefits:

e The increased initial boiling point of the heart cut diluent will result in a benzene
reduction of approximately 80% as compared with the current diluent. Therefore
benzene emissions from the pond tailings pond are expected to be reduced by a
similar amount.

e An increase in total diluent recovery of 5% to 8% because of higher overall
volatility.

¢)  Provide the volatility or distillation curve for the reformulated diluent.

Response @
The distillation data for the reformulated “heart cut” diluent proposed Project
Millennium follow.
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Distillation Data for Proposed Heart Cut Diluent

Liquid Volume | True Boiling Point | ASTM D86
(%) at 760 mm Hg (°F) | at 760mm Hg (°F)
1 167.89 216.64

5 192.31 232.26

10 209.56 243.29

30 245.87 258.31

50 280.93 279.62

70 315.43 306.68

90 357.23 340.37

95 374.83 361.57

98 403.02 395.55

d) Has Suncor considered hydrotreating the diluent? What would be the
impact on recovery and VOC emissions if the diluent were to be
hydrotreated?

Response:

Hydrotreated diluent would provide little or no improvement in diluent recovery over
heart cut diluent - which will be formulated to more nearly match the performance
capability of the NRU and with reduced benzene content. Hydrotreated diluent does
have the potential to reduce the emission of sulphurous compounds (which can cause
odours) from pond emissions. However, odour incidents have been substantially
reduced with the NRU, the VRU, the reduction of fugitive emissions plant-wide and
improvements in plant reliability. Suncor has concluded that there is insufficient
justification to support an investment in incremental hydrogen and hydrotreating
capacity to provide hydrotreated diluent.

e) With the new NRU, and the present one used as a back-up which would be
at considerably lower rates, what is the uptime for the combined NRUs?
Would feed rates be reduced if only the new NRU were down for
maintenance outage and not an upgrading train? (A3, page 34)

Response:
The combined NRU uptime is expected to be 98.6% based on the following:
e the stand alone uptime of the “New” NRU is expected to be 98.5% (10 days every
two years planned maintenance, excluding unplanned maintenance).
the existing NRU has a YTD on-line factor of 97.74%.
switchover time for each maintenance occurrence of approximately 3 days.
an allowance for unplanned maintenance of 4 days per year.

Suncor believes based on experience and improvement in NRU tower reliability that
the reliability of the new NRU tower can be maintained to prevent the suggested event.
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Should this event occur, Suncor will evaluate the most effective measure to control
diluent losses and to mitigate their potential impact on the environment. Suncor will
evaluate all options including reduced production rates and act diligently consistent with
our business and environmental practices.

When will the assessment be completed and provided to address stack particulate
and associated PAHs and metals in response to stakeholder concerns?(A4, page 48)

Response:
The assessment has been included in Section B4 of this submission.

When will the results be provided in the area of naphthenic acids and toxicity that
is to be added to the overall health risk assessment database?(A4, page 48)

Response:
The study results on naphthenic acid toxicity will be available in September 1998.

When will the fish health and tainting study be completed to evaluate potential
impacts on fish of CT release waters? What parameters or components in the
water would be monitored? (E4, page 47)

Response:

The fish tainting study will be conducted with other oil sands operators beginning in the
third quarter 1998 and extending over a two to three year period. This extended period is
required to ensure that representative CT water is being tested. Whole CT effluent will
be used in the study and the water chemistry will be characterized. No specific

_parameters are being monitored initially.

In the interest of minimizing NOx emissions from the mine equipment fleet, could
the diesel fuel quality be modified to reduce emissions? If so, discuss the feasibility
of producing a modified diesel fuel.

Response:

Suncor is participating in an industry-wide initiative to consider improvements in
emissions from mobile equipment. Suncor will make its air emission priorities known
to competitive suppliers and will expect them to provide the latest feasible technology
for emission control. At this point, Suncor does not have a specific control technology
in mind.

Diesel fuels with poor ignition qualities, high boiling ranges high viscosity, and high
levels of carbon residue, water and sediment tend to promote engine misfiring, low fuel
economy, engine deposits, rough operation, smoke and odour emissions. Compared to
the CGSB Standard, the Millennium diesel fuel will have a higher ignition quality by
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exceeding the 40 minimum cetane number and <0.05% sulphur content. The diesel fuel
distillation range will also be lower resulting in lower values of carbon residue, water
and sediment, and ash compared to the CGSB standard

The Millennium Diesel Hydrotreater Unit has been designed to produce a diesel fuel that
will comply with the National Standard of Canada for Automotive Diesel Fuels -
Canadian General Standards Board CGSB-3.6-M88. This is a general industry diesel
fuel quality standard across Canada.

Re - Groundwater

a) Volume 2A Section C2.2.2.2 page ¢2-26 - The hydraulic conductivity of CT
is several orders of magnitude less than the aquifer and aquitard material it
will replace. Discuss this condition in relation to the modelling of impacts to
groundwater recharge/discharge and flow patterns.

Response:

A conservative approach was used in modelling. The hydraulic conductivity of CT is
known to be low and is reported by AGRA (1996) as 1 X 10-9 m/s as referenced in the
EIA. This is two to four orders of magnitude less than the natural materials ‘it will
replace, including the clay tills in the area. The impacts are discussed in paragraph 5,
page C2-26 with regard to recharge and flow. Suncor anticipates that resultant seepage
will be lower than modelled.

b) Volume 2A Section C2.2.2.2 page C2-28 - What is the basis for estimating
the negligible impact on groundwater and surface water quality when the
EIA acknowledges adequate data on the chemistry of CT is not yet
available?

Response:

Suncor has acknowledged that chemistry data for CT is limited because of the short
period of time that a commercial process has been operational. Suncor is currently
continuing to collect data on CT chemistry as part of its commercial trial. Additionally,
information is being collected by Syncrude Canada during its composite tailings trials.
The available information is synthesized in the report “1997 Synthesis of Environmental
Information on Consolidated/Composite Tailings (CT) - (Golder 1998).

Comparison of available commercial trial data with experimental data collected from
bench and field scale trials of CT provides some confidence in the expected chemistry
for CT waters. When comparing the quality of CT waters, as reclamation waters in the

.closure scenario, with the quality of groundwaters found in the Project Millennium area,

the results indicate that the inorganic chemistry is relatively benign with respect to the
potential impacts to surface waters. The organic loading in CT reclamation waters is
similar to that of the area groundwaters (as shown in Vol. 2A, Table C2.2-6).
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The assessment of potential impacts of CT reclamation waters on surface water systems
is detailed in the water quality evaluations completed for the end pit lake (Vol. 2A
Section C3.2.9). The assessment concluded that the environmental consequences of the
addition of CT waters to the end pit lake was low. However, the uncertainties around the
end pit lake were acknowledged. Suncor has committed to establishment of an End Pit
Lake Working Group to aid in definition of the design basis for the end pit lake, as well
as to evaluate the development of a viable aquatic ecosystem in the lake. Part of the
information that will be considered by such a committee is new confirmatory or
contradictory information on the chemistry of CT reclamation waters.

€) Pages 68-69 of the Klohn-Crippen (1998) hydrogeology report reference
two equations that were used to estimate the groundwater capture zones of
creeks. Why was this method chosen? These types of situations are typically
modelled, which easily allows a sensitivity analysis to be performed.

Response:

Modelling was considered, however, there is insufficient information available in the
immediate area of the creeks to calibrate an electronic model. Therefore, estimates were
calculated using fundamental flow equations.

d) With reference to these same equatioms, the term Lo (distance from
maximum to zero drawdown) cannot be accurately determined with the
currently available data. Why were the stated values of Lo chosen, and what
effect does variance of this value have on the conclusions reached at the end
of this section?

Response:

These estimates were made based on material type and expected hydraulic conductivity
of the known geologic materials. The estimates given are reasonable for the material
type and known physical conditions. More rigorous modelling may be conducted as part
of detailed design.

Re - Noise Assessment

Confirm that a Noise Impact Assessment has been conducted with respect to the
proposed Millennium Project and that the assessment indicates compliance with
EUB Noise Directive 1D94-4,

Response:

Noise levels for Project Millennium have not been formally modelled according to the
EUB Noise Directive ID94-4. However, the qualitative assessment presented in the
Project Millennium Application is based on the noise impact assessment conducted for
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the Aurora Mine, which followed the EUB Noise Directive 1D94-4. It is assumed that
noise levels from Project Millennium will be lower in Fort McKay than noise levels
from the Aurora Mine, due to the increased distance of the Millennium site from Fort
McKay. Therefore, noise levels will be in compliance with the EUB Noise Directive
ID94-4,

Re - Soils and Terrain

a) Volume 2B Section D2.2.6 page D2-30 -Terrain and soil unit impacts have
been stated as “negligible” based on their spatial context in the regional
study area. This method of comparing surface area disturbances between a
local study area and much larger sized regional study area to rate impacts
has no ecosystem basis. Discuss the appropriateness of using a regional
study area that is 99.6 times larger in size than the local study area for
nearly all environmental parameters, if the significance of local impacts is
consistently rated as negligible (e.g., pg. D2-30 and D2-38).

Response:

The selection of the regional study area (RSA) was made with input from regulators and
stakeholders. Consistency in the size of the RSA is important if one wants to be able to
look at the potential effects of the project in the region on various ecosystem
components. While the size may be large when used to compare direct physical changes
to soils or terrain, it is appropriate for use in evaluating potential impacts of acidifying
emissions on regional soils.

b) Volume 2B Section D5.2.6.1 Table D5.2-4 page D5-77 and Table D5.2-8 page
DS5-120 - The text on page D5-119 states that the magnitude of impact from
site clearing is expected to be high for most key indicator resources in terms
of habitat loss. However the environmental consequence is rated as
moderate. It appears that the small geographic extent and reversibility of
impacts contributed to the moderate consequence rating. Discuss the
biological rationale of using the local to regional study area ratios of habitat
units given the disproportionate size of the regional study area.

Response:

Suncor recognizes that the impact of an open pit oil sands mining operation on the area
to be developed is severe, with removal of vegetation, soils, overburden and oil sands.
The EIA examined the area to be directly impacted and looked for environmental
features that are unique, either to the immediate area or the RSA. When comparing the

. areas of soils and terrain to be removed through the Suncor east bank mining area with

the types of soils and terrain in the oil sands region, it is evident that they are in fact
relatively common. The rating of moderate recognizes that removal of the soil and
terrain units, although eventually replaced by reclamation materials, is of some
consequence.
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€) Volume 2B Section D3.1.2.2 page - D3-5 - and Section D2.2.7.1 page D2-32 -
Fen and bog soils have been rated as Class 5 Non-Productive within the
assessment of soil quality/capability, based on forest ecosystem productivity.
What methods could Suncor adopt in the EIA to imcorporate both forest
productivity values and wetland productivity values in assessing impacts to
soil quality?

Response:

Suncor recognizes that the land capability rating system employed in oil sands ElAs
focuses on creation of forest systems. As such, it is recognized that areas not necessarily
optimal for forests may, in fact, be highly productive areas for other ecosystem habitat
types (e.g., wetlands). The value of wetlands is understood by Suncor. Wetlands are a
critical component of Suncor’s reclamation and closure plan.

Suncor is currently a member of the Gil Sands Wetlands Working Group, a mulii-
disciplinary stakeholder group comprised of industry, regulatory, consulting and
academic groups. This group is working to define the types of wetlands that are
commonly disturbed trough oil sands development, as well as the types that could be
constructed as part of oil sands reclamation efforts. The inherent values of the original
and reclamation wetlands is one of the considerations of this working group.

Within the EIA Suncor has identified past and present envirommental research
programs (e.g., Regional Aquatics Monitoring Program, Wood Buffalo
Environmental Association). Other research and monitoring needs specific to
Project Millennium and the oil sands region have been noted in a various chapters
of the EXA (e.g., effects of acidification upon soils and vegetation, chronic effects of
napthenic acids, CT chemistry). Provide a listing of the environmental research and
monitoring commitments Suncor is prepared to undertake comcerning Project
Millennium. What is Suncor’s suggested implementation strategy with respect to
industry wide or regional research and/or monitoring involving multiple operators?

Response:

Many current and future research and monitoring programs are associated with Project
Millennium and the base plant operation. Source monitoring by Suncor will continue as
described in the Application as required by the approval or otherwise. Ambient
monitoring will generally be done in cooperation with the regional operators and
stakeholder involvement. Effects monitoring will also be done on a cooperative basis.
Suncor’s vision for the region is multi-stakeholder management of all environmental

-monitoring, funded by industry through cost-sharing formulae. Research management

and funding will be dependent on the nature of the issues. The following is a list of
initiatives identified in the Application which are commiiments at this time or under
consideration:
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e participation in the Air Monitoring System operated by Wood Buffalo
Environmental Association (includes recent ozone modelling initiative).
participation in Terrestrial Environmental Effects Committee
participation in Alberta Oil Sands Community Exposure and Health Effects
Assessment Program
e monitoring of site groundwater and surface drainage (including east bank creeks and
mine drainage for additional parameters such as dissolved oxygen, temperature,
benthics, metals and PAHs)
monitoring of Shipyard lake
participation in Regional Aquatics monitoring Program
monitoring of spring acid pulse through cooperative arrangement (proposed)
research program in cooperation with regional operators on end pit lakes (proposed)
monitoring of fisheries habitat to verify No Net Loss Plan
completion of fish health study
continued monitoring of reclamation soil and vegetation
soil acidification monitoring through TEEM (under consideration)
development of field-scale CT reclamation demonstration
continued work on Oil Sands Terrestrial Vegetation and Wetlands Reclamation
Committees
monitoring of wildlife utilization of reclaimed land
monitoring of bird and wildlife interaction with tailings ponds
further research into toxicity of naphthenic acids

Volume 2B, page D5-37, table D5.1-9 give bird numbers recovered from ponds.
Why are many more birds recovered from Pond 1 than the other ponds?

Response:

Recoveries of birds from Pond 1 are higher than other ponds because of its location
relative to the Athabasca River. The avifauna research completed by Suncor in the
1970s and 1980s showed that the frequency of sightings were much higher over Pond 1
compared with other ponds. This is because birds, especially waterfowl, often follow the
river valley as they migrate through the area.

For ore preparation at the Steepbank Mine, it appears Suncor would condition ore
in rotary breakers, deliver it to wet storage surge tanks in parallel which “dampens
irregularities in ore delivery and enables the downstream hydrotransport
operations to operate at steady-state rates” and pump the slurry using

hydrotransport to the Extraction Plant.

a) What if the ore is over conditioned, can the wet storage surge tanks be bypassed?
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b) If bypassed, can the hydrotransport system be operated at steady-state and
still maintain the density required?

¢) Has Suncor considered as an alternative, wet storage surge capacity near
the existing Extraction Plant?(B2, page 10)

Response: (a/b/c)

Suncor does not believe, as a result of its test data, that ore would be over-conditioned
with the rotary breaker and wet storage as proposed. Suncor expects that the ore
preparation stage has sufficient flexibility to optimize ore conditioning. The suggested
remedies are all possibilities.

How would Suncor control the calcium and magnesium concentrations in the CT
release water for the life of the project since more and more CT release water
would be generated for the same amount of ciay-rich cycione overflow stream? (B2,
page 16)

Response:

Calcium and magnesium are input to the pond water system via gypsum used in the -
recipe for consolidated tailings. It is sourced from the flue gas desulphurization unit.
Calcium is removed by adsorption on clay in tailings from ore that is currently being
processed, and during open water months by precipitation as calcium carbonate.
Adsorption on clay surfaces is by far the most important sink. Magnesium is removed
solely by adsorption on clay surfaces. Calcium and magnesium concentrations in pond
water will be managed by appropriate control of the source and sink streams.

Suncor noted that the diluent recovery (used in the bitumen extraction process) is
to be not less than 99.3%, with a stewardship target of 99.5%.

a) The diluent recovery in the current operation is 15% greater than the
recovery proposed for the Millennium project. How was the Millennium
diluent recovery determined? What service factors were assumed on both
the existing and new larger unit? (¥3, page 23)

Response:

Overall diluent recovery for current operations YTD has been 99.5%. Diluent recovery is
calculated using the Extraction Recovery Calculation which is used to calculate the
hydrocarbon recoveries reported on the monthly on the S23 report. The NRU recovery

“YTD is 80.3% as calculated with the Extraction Recovery Calculation. The YTD service

factor for the existing NRU is 97.74%. The service factor for the Millennium NRU,
including the existing column as a standby unit for half-plant operation, is expected to be
98.5% as per a previous response.
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b) Why is a lower diluent recovery requested for the Millennium project than
the current operations when it appears that with reformulated diluent and
lower D/B ratio recovery should improve? (C2.1, page 7)

Response:

Suncor is motivated to continually improve diluent recovery from its operation as this
makes good business sense and reduces emissions to the environment. Suncor does not
see the merit in continuously raising the prescribed recovery level at which enforcement
actions might apply. The proposed recovery level of 99.3% is equal to the existing
regulatory limit, and one that Suncor is confident it can deliver. The stewardship target
of 99.5% reflects Suncor’s motivation to recover more diluent to reduce economic loss
and environmental impact.

a) Describe the work completed and the results to confirm that a decrease in
D/B ratio from 0.86 v/v at present to 0.74 v/v using IPS units at Millennium
production levels is feasible with the reformulated diluent?

Response:

Suncor does not expect that D/B ratio will be affected significantly by the reformulated
diluent because the heart cut of the diluent will remain essentially the same in
composition., and therefore diluting performance will remain essentially the same. The
small loss of front boiling material is not significant.

b) What if the D/B ratio can not be lowered to that expected, how would the
diluent lost per barrel of bitumen “decrease by 10%” for the Millennium
operation relative to current practice?(C 2.5, page 119)

Response: -

The absolute loss of diluent to the plant 4 tailings system is insensitive to the overall D/B
ratio. The only diluent losses to the froth treatment system tailings are those from the
Centrifuge/Cyclone combination, which are controlled to the current constant D/B ratio
(with makeup diluent) to achieve optimum performance. All other diluent is recovered
to diluted bitumen product.

Has Suncor considered alternative low energy extraction processes (e.g. the Low
Energy Extraction Process)? If the LEE process was considered why was it not
selected when it could provide benefits such as lower energy consumption and the
reduction of CO2 emissions? If it was considered why is it not a viable option?
Clarify whether Suncor will continue to consider lower separation circuit
temperatures in the future, and indicate what the difference in carbon dioxide
emission rates (ie. tonnes per day) would be if a low temperature extraction process
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(eg. 25 Degrees) were found to be feasible rather than the warm water process (50
Degrees) that Suncor is currently proposing.

Response:

The strategy being pursed for energy conservation at Suncor’s oil sands plant is believed
to be appropriate given the configuration of the integrated plant. Suncor found it
economically optimal to use upgrading waste heat in combination with a hot water
storage tank and steam generation to provide extraction process heat. Additionally,
highly efficient co-generation utilizing gas turbine generators with associated heat
recovery steam generators and steam turbine generators is proposed to produce electric
power, some of which would be available to the Alberta electric power grid. Electric
power generation in the region is much needed for further oil sands development. Low
temperature technology (such as LEEP) was considered, but for these reasons was not
selected.

With respect to CO7 emissions utilizing a low temperature process, any benefits would
be offset by a need to import electric power. Suncor’s analysis indicates that, including
import power generation, total CO7 emissions for the two technologies are virtually
identical.

What testing has Sumncor completed on the two-stage classifying cycione circuit?
What is the potential benefits of the using this type of equipment? (C2.5, page 103)

Response:

The Millennium froth treatment process will be confirmed once the Design Basis Testing
(DBT) Froth Treatment Hydrocyclone testing is completed. The test work has is just
underway and is expected to be completed mid September 1998.

The hydrocyclones are being tested as a potential replacement for scroll (first stage )
centrifuges. If the hydrocyclones are proven to be a viable replacement for the scroll
centrifuges they will have the advantage of lower capital and operating costs as well as
significantly reduced power consumption. They also have the potential to provide
second stage (Westfalia) feed which is similar to current Westfalia feed in terms of total
BS&W content. If this is demonstrated in the test work, then current centrifuge
performance, in terms of hydrocarbon recovery, and product quality, could be expected
for Millennium operations.

a) Historically, tertiary recovery floatation cells do not work effectively with
high fines bitumen. What evidence does Suncor have that indicates
improved recovery with this equipment when processing high fines
material?
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Response:

Based on operating experience, the secondary flotation cells make a significant
contribution, eg 40%, to Plant 3 recovery when high fines ore is being processed.
Therefore, the feed to the tertiary cells should not be substantially changed when
processing high fines ore, and tertiary cell performance is not adversely affected by high
fines ore.

b) What options does Suncor have if bitumen losses due to high fines can not
be counteracted by using tertiary recovery floatation cells in the separation
circuit?(C 2.5, page 115)

Response:

Options include a revised blending strategy in the mine plan, selective variation in the
water/ore ratio throughout the separation circuit, deliberate and intrusive air addition
strategies, and a lowering of the volumetric throughput.

What affect does diluent quality ( such as specific gravity, type of hydrocarbon
components, amount of water and solids, and emulsions) have on the quantity of
diluent lost to the tailings pond? (C 2.5, page 118)

Response:

Qualitatively, high quality consistent diluent enhances the froth treatment process which
results in reduced hydrocarbon losses and improved product quality. The specific
gravity should be relatively low so that when blended with bitumen the combined diluted
bitumen density is lower than water and mineral density, so that gravity separation is

* readily achieved thus minimizing losses. The diluent distillation should be within the

recovery capability of the NRU. In general terms, diluent BS&W and emulsions have a
negative effect on the froth treatment process and thus contribute to increased losses.

Suncor will continue to manage the quality of internal process streams to enhance
processing and achieve recovery objectives.

a) What testing has been completed or is planned on bitumen recovery from
the hydrocyclone overflow? Summarize the results? What parameters may
affect the recovery ?

Response: .

A pilot program was completed in 1996. The principal parameters affecting recovery are
residence time in the flotation cells and bitumen content in the feed stream; recovery
increases with both parameters. Over the range of test conditions, recoveries of up to
80% were achieved.

Performance testing on the commercial unit has recently been initiated.
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b) Suncor noted that bitumen recovery from MFKT is not economical. When
was the most current evaluation done? (C2.5, page 119)

Response:

The evaluation was completed in 1995/96. A small test unit was designed to facilitate
gravity separation and simultaneous heating/transport of bitumen-rich fluid recovered
from the fine tailings. The latter was necessary owing to the extreme intractability of
ambient temperature bitumen-rich fluid. It was achieved by introducing a layer of hot
water at the interface between the source fine tailings and the recovered bitumen-rich
fluid. This resulted in a mixture diluted with the hot water and was no longer suited to
the manufacture of consolidated tailings.

Has Suncor considered alternative froth treatment process such as paraffinic
soivent? if this was not considered, why net? If it was considered why is it not a
viable option?

Response:

Suncor participated in the 1996 CONRAD program devoted to:
e definition of the potential for paraffinic solvents

e the resolution of problems identified in earlier work.

Suncor has considered alternative froth treatment process including paraffinic solvent.
Suncor did not pursue the paraffinic diluent process because preliminary pilot test results
were disappointing and did not meet original expectations. Based onh Suncor’s
understanding of the potential commercial application of the technology, it is was not
considered viable for Project Millennium considering Suncor’s overall business
objectives

It is understood that Pond 2/3 would be used for lean froth treatment tailings and
recycle water till the end of project life.

a) Why is this size of pond required for these purposes?

Response:

Presently Pond 2/3 is the heart of the base plant (Plant 3 tailings plan). It acts as a
recycle pond, MFT accumulation and thickening pond, cyclone overflow pond, and CT
water mixing pond. Until 2012, it is also used as an overflow pond for the BRFT
tailings. Post 2012 it will continue to be used for Plant 4 tailings. The present plan

-utilizes Pond 2/3 because the infrastructure is in place to do so, and all other ponds on

the east side are in-filled with oversize, coke or CT. Note that the open area of Pond 2/3
is progressively reduced with time.



Project Millennium Application 62 Section C
Supplemental Information Response

78.

b) How would pond 2/3 be reclaimed at the end of the project since there will
be no sand/overburden available?

Response:

Near the end of operations, all mature fine tailings will be removed from Pond 2/3 to the
end pit lake. The pond will then be infilled by a combination of dozing in the dykes and
pumping sand, as required, from the east bank. Soil amendment in inventory on the west
side will be used for reclamation.

¢) Why leave pond 2/3 open so long?

Response:
Opportunities are being investigated to optimize the tailings plan, for example, turning
Pond 7 into the recycle pond for both the Base plant and the Millennium Extraction
plant. This could allow Suncor to accelerate the reclamation of Pond 2/3, however, this
solution would entail additional capital cost and tailings re-handling which may not be
Jjustifiable.

The following requests are related to the extraction plant site selection. (C2.3.3 -
page 46)

a) It appears that the major benefit of the north location is cost, provide a
detailed economic analysis for the life of the project including capital,
operating costs and discount rates for the two plant site options.

Response:

A significant motivation to locate the Millennium Extraction plant as proposed, rather
than on the waste island, was the reduction of initial capital in an amount exceeding $30
million. This is important to Suncor because of the impact on project financing and
project economics. With the rationale of a significant reduction of capital, a detailed
economic analysis was not carried out, nor was it required to make the decision.

b) Suncor stated that one reason the north location was preferred was that it
limits the area disturbed for facilities, yet in the year 2012 a new plant
location would be required and a new area disturbed, explain the benefit to
limited the disturbed area at this time.

Response:

.Should the Extraction plant tentatively proposed for the centre location be constructed

there, it is acknowledged that there would be no net reduction in environmental
disturbance. Nevertheless, the disturbance would be delayed significantly. That is in
keeping with Suncor’s desire to minimize the disturbance to reclamation time-span.
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c) Suncor stated that the north location provides an initial energy savings and
commensurate environmental advantages because a portion of the haui
route would be downhill yet the centre location results in the lowest overall
haul distance and costs. Explain this statement.

Response:

The centre plant requires a significant uphill haul (albeit, shorter) for the early portion of
the mine life. Therefore, the north location provides an initial energy savings over the
centre plant.

Suncor has provided a description of its technology selection considerations which
are summarized in Table C3-2 - Comparison of Upgrading Technology Alternatives
and Table C3-3 - Hydrotreater Technology Alternatives. The following request
more detail to provide a better understanding of the results of Suncor's alternative
review process.

a) Re - Table C3-2, page 132

i) Provide the economics amalysis used to determine capital and
operating cost for each option. Include discount rates and any
assumptions made in the analysis.

Response:

In early 1996 Suncor, as part of their strategic development process, initiated a study to
determine options for expanding its oil sands facilities beyond the Fixed Plant Expansion
scheduled to come on stream in 1998. The Upgrading portion included a review of
different options for bitumen upgrading that compared the capability of delayed coking
with hydrogen addition process schemes to meet the sales and marketing objectives for
Suncor.

Based on this review, Suncor learned that delayed coking has the majority of heavy oil
processing capacity in the world. As of 1996, 136 delayed coking units accounted for
3.23 million barrels per day of processing capacity. This far exceeded the 8 fluid cokers
at 0.37 million barrels per day capacity and the 5 flexi-cokers at 0.165 million barrels per
day capacity. The hydrogen addition ebulating bed technology consists of 9 units with
0.34 million barrels per day capacity, and there are only 2 small Siurry Phase units with
0.009 million barrels per day capacity. From the industry search it is clear that the world

still relies on delayed coking to upgrade heavy oil.

The 1996 study was completed to review the economics of delayed coking relative to the
hydrogen addition process and conventional gas oil hydrocracking. The study used yield
data and cost information from previous joint industry studies, Suncor’s Fixed Plant
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Expansion (DRU2 and Vacuum Unit), and the existing hydrocracker at the Suncor
Energy Refinery in Sarnia Ontario.

The study calculated capital costs and operating costs which were input into company
economic models. The risks and probabilities of success were evaluated for each
technology and delayed coking was chosen as the optimum for Suncor considering
market factors, financial capacity, economic return and risk. The study showed a 50%
higher capital cost and a 250% higher operating cost per incremental barrel for a high
conversion hydrogen addition process as compared to delayed coking.

ii) Explain what is meant by “operating complexity” for each option.

Response:

“Operating complexity” is defined by the level of technical knowledge required and
availability of this knowledge, the operating pressure, the use of exotic and expensive
metallurgy, the utilization of catalyst and reaction kinetics and acquired operating
expertise.

Generally, catalytic processes that are at high pressure (greater than 1500 psig) with -
moving beds, are considered to have high operating complexity. These processes require
a high level of technical expertise to operate and are much less forgiving with respect to
process or operating upsets. As well, ramp-up to full production takes from 6 months to
a 1 year longer due to the "learning curve" and operating upsets tend to be larger, riskier
(high pressure hydrogen and hydrocarbon) with much greater downtime.

Delayed coking and fluid coking have relatively low operating pressure (less than 50
psig) and do not involve catalyst. The fluid coking unit does circulate hot coke and is
less forgiving to operating upsets than delayed coking. With more than one set of
delayed cokers on one fractionator, operating upsets are typically limited to one drum or
one set of drums and can usually be corrected within one operating cycle. This allows
the operator to minimize downtime and maximize throughput to allow greater returns
than higher complexity units.

iif) For each option considered provide hydrogen consumption, and
coke/resid make. For the liquid produced identify product quality
by sulphur content, gravity and heating value.

Response:

There is no question that the higher pressure hydrogen addition process will use more
hydrogen, have higher liquid yields and make less coke. Based on our analysis of our
markets, the entire product slate for Suncor’s customers does not require full upgrading
to fully hydrotreated products. The qualities of products produced from each process
configuration are different and the economics are based on confidential internal
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evaluations of what the market will pay as a premium for these products. Pricing has to
be based on the predictions for crude and products at least 5 years into the future, when
the project is built, and also the subsequent 10 to 15 years depending on the economic
model used.

iv) Provide a comparison of energy efficiencies for each option.

Response:

The high level at which the preliminary study was done did not look at energy
efficiency. It is clear however that hydrogen addition processes are significantly more
energy intense than delayed coking processes. Managing its greenhouse gas emissions is
important to Suncor and throughout the engineering stages of the selected case, energy
efficiency was considered and incorporated into the design.

v) Provide an estimate of SOy and CO) emissions for each option
considered.

Response:

SO7 was not part of the original study since it was assumed that in all cases a very high
sulphur recovery was required, and this would not impact the economics. CO7 was
assumed to be higher in any hydrogen addition process that used bitumen feed
compared to selective hydrotreating of intermediate products. CO2 generation from the
production of hydrogen is minimized through optimization of hydrotreating to produce
desired products, and the use of the steam/methane reforming process to make hydrogen.

vi) Provide the risk analysis for each option.

Response:

Suncor considered risk factors including probability of successful .start-up, technical
learning curve, expertise requirements and word-wide knowledge-base, operating
complexity and flexibility, and impact of catastrophic failure. This analysis revealed
that delayed coking continues to be the work horse of heavy oil upgrading industry.

Suncor has 30 years of operating experience with delayed coking. This enables Suncor
to participate in development of the design to eliminate safety issues and problem areas
identified over the years thereby ensuring a safe and efficient start-up and effective
ramp up to name plate throughputs. From a risk management perspective, the delayed
coking process runs at a lower pressure, is technically simpler and is much more
forgiving of process upsets than hydrogen addition. Selection of delayed coking enables
Suncor to finance a very large capital project (compared to its company asset value) with
a high probability of success and assurance that the design specification will deliver the
economic returns once complete.
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vii) Because fluid coking has higher conversion, operates at lower
operating pressures and the technology is understood compared to
some other technologies, describe in detail why fluid coking is not a
viable alternative.

Response:

To determine if Suncor should switch to fluid coking from delayed coking, an
independent industry study was used to compare the economics. When a flue gas
desulphurization plant is added to the capital of a fluid coker project to make the two
technologies environmentally equal, the economics favour delayed coking by
approximately 5%. The 5% difference is within the accuracy of the numbers which
means it becomes a decision based on operating experience and technical expertise.
Delayed coking has demonstrated much longer run lenghts (5 or more years versus 2
years) between maintenance turnarounds than fluid coking - an important economic
advantage. For Suncor, delayed coking is the obvious choice.

viii)  Describe Suncor’s reasons as to why combined technologies such as
delayed coking and LC Fining were not considered. If technology
combinations are feasible, describe the benefits and drawbacks of
the most likely combination(s) of technologies.

Response:

Based on Suncor studies, cases in which bitumen is upgraded by one process, and then
hydrogen is carefully and selectively added to intermediate products, indicated reduced
capital and operating costs. Configurations in which both, the hydrogen addition process
with separate hydrotreating, and some type of coking process, are utilized, usually
indicate higher capital and operating cost. An example, the LC Fining process, operates
at 1600 psig to 1800 psig, requiring a high pressure unit that utilizes high cost catalyst
and hydrogen. Minimizing the unit pressure or the size of high pressure units also
minimizes capital cost and usually minimizes the operating complexity and impact of
catastrophic failure.

b) Re - Table C3.3, page 133

i) Provide the economics analysis used to determine capital and
operating cost for each option, include discount rates and any
assumptions made in the analysis.

ii) Explain what is meant by “operating complexity” for each option.

Response:

Having selected delayed coking as the primary Upgrading technology, the range of
hydro-treating options is narrowed to that provided by several licensors. The selections
among licensors is based on world-wide experience and units in operation, technology
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advancements, capital and operating cost. Suncor made its selection based on these
parameters.

The alternatives listed in Table C3-3 are combined primary upgrading/hydrotreating
options and ae not hydrotreating options once delayed coking is selected.

i) Provide the liquid yield for each option.

Response:

Hydrotreating yield gain is a function of catalyst used and severity of operation rather
than the particular liscensed technology. The hydrotreating operation is dictated by the
desired quality of product for the target market (which also affects yield)

iv) For each option considered provide hydrogen consumption. For the
liguid produced identify product quality by sulphur content, gravity
and heating value.

Response:

Based on Suncor’s analysis of its markets, the entire product slate for Suncor’s
customers does not require full upgrading to fully hydrotreated products. The qualities
of products produced from each process configuration is different and the economics are
based on confidential internal evaluations of what the market will pay as a premium for
these products. Pricing has to be based on the predictions for crude and products at least
5 years into the future, when the project is built, and also the subsequent 10 to 15 years
depending on the economic model used.

v) Provide a comparison of energy efficiencies for each option.

Response:

The feasibility review level at which the preliminary study was done did not look at
energy efficiency. Managing its greenhouse gas emissions is important to Suncor and
throughout the engineering stages of the selected case, energy efficiency was considered
and incorporated into the design.

vi) Provide 503 and COy emissions for each option considered.

Response:

The feasibility review level at which the preliminary study was done did not include
S0y -since it was assumed that in all cases a very high sulphur recovery was required,
and this would not impact the economics. COp differences between the various
technologies were assumed not economically significant and not included. COyp
generation from the production of hydrogen is minimized through optimization of
hydrotreating to produce desired products, and the use of the steam/methane reforming
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process to make hydrogen.

a) In the current options the liquid yield from the Unifiner is less than 100%?
Would the proposed Millennium project have a higher liquid yield?

Response:
The proposed Millennium Upgrader will have a hydrotreating yield gain in excess of
100% - to provide appropriate product for the target market

b) Could modifications be made to improve liquid yield and at what cost?
Response:

Suncor is currently studying opportunities in the existing hydrotreating options to change
the product state (and thereby affect yield)

Suncor states a number of objectives used to scope new upgrading facilities. How
were these objectives prioritized? What weighting factors were used in the
evaluation? (C3, page 128)

Response:

Suncor did not prioritize the objectives, as the intent was to meet all of the objectives to
the maximum extent economically feasible.

Explain why minimization of coke production is not an objective in Table C2.1-2.

Response:

. The minimization of coke production is not an objective of Bitumen Production (because

it does not produce coke).

Suncor also has a product yield objective as listed in Table C3-1 to “optimize liquid
volume and other product yield”. Suncor would be concerned that if the upgrading
objective was narrowed as to be specific as “minimize coke production” as this could
inappropriately skew the result away from an optimized product yield solution.

The proposed liquid yield with PEP is 82% but in the Millennium project the liquid
yield would be reduced.

a) Explain why the reduction is necessary and what could be done to increase
the liquid yield.
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Response:

Suncor’s overall yield has recently increased due to the additional processing step of a
vacuum unit prior to the coker, added in the Fixed Plant Expansion. Suncor has the
ability to add a similar unit after Project Millennium at some later date.

b) If a VDU were installed, would the liquid yield increase?(D 1, page 3, Figure
D1-1)

Response:
The yield would be expected to increase similar to that expected with Suncor’s Fixed
Plant Expansion, 82% gross.

c) Provide an economic analysis to install the modifications needed to increase
liquid yield to PEP volumes.

Response:

Suncor has examined the potential to add a vacuum distillation unit to the Millennium
Upgrader to increase liquid yield to FPE levels. Although provision has been
incorporated into the Upgrader design for space for a future vacuum unit, the additional
capital cost is not within Suncor’s range for consideration in Project Millennium initial
construction. Suncor will further evaluate this based on captial availability and market
timing.

d) Justify why it is acceptable to reduce liquid yield for a plant expansion.
(Table A-1, page 20)

Response:

The appropriate business decision, whether expanding an existing facility or building a
greenfield project, is to ensure the business can successfully capitalize the project,
produce and sell a marketable product sustainably with the chosen technology. The
business must be able to reach the optimized economic solution for its capacity to attract
capital both, for the initial capital for construction, and the on-going operating funds. It
must also be able to build into the business decision proper risk assessment of the
potential outcomes such as start-up duration, technology learning curve, increased
operations and maintenance skills and costs, potential failure modes including
associated downtime and costs, impact on the environment, etc.

Suncor optimized Project Millennium considering product value, and volume, along with
all those business perspectives that must be considered for fiscal due diligence. Suncor
reached an economic optimum that resulted in delayed coking being selected as the
primary upgrading technology for Project Millennium. This technology has a proven
yield on bitumen at Suncor of 81.2% gross. This yield is consistent with that achieved
by Suncor’s base plant cokers processing bitumen feed.
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Suncor’s overall yield has recently increased due to the additional processing step of a
vacuum unit prior to the coker, added in the Fixed Plant Expansion. Suncor has the
ability to add a similar unit after Project Millennium at some later date.

Suncor stated that byproducts such as coke and sulphur would be stored in a
manner that enables recovery at a later date. Describe in detail Suncor's long term
coke and sulphur storage plans. Include the Coke Storage submissions (required by
the Steepbank Approval # 8101, conditions 4 & 5) as part of the Millennium
application.

Response:

The management plan for coke and gypsum is described in detail in Volume 1, Section
F2.4. The coke storage plan required by the Steepbank Approval #8101 is attached in
the Appendices.

The long term plan is to sell and ship Sulphur product as soon as it is produced. Sulphur
storage facilities (sulphur pits and storage tank) are designed to smooth out unit
operations. For emergencies, an emergency pad will be used (when trucks cannot reach
the site, or when sulphur is not on-specification such as during start-up or under upset
conditions).

Suncor stated it would maintain a sulphur recovery of 98.0% based on acid gas
produced, by modifying SRU #1 to enable it to use oxygen enrichment. Are any
other modifications required to maintain a consistent 98% recovery? (B3, page 35)

Response:

The primary purpose of installing oxygen enrichment on a sulphur plant is to increase
the capacity by replacing inert gases present in combustion air with oxygen. Suncor
will only do this if capacity increases are necessary. Suncor plans to add catalyst in the
SUPERCLAUSTM converter to help bring residence time within the optimum range for
the best sulphur recovery possible for the higher PEP throughput.

Once the Millennium Upgrader is in operation, some of the gases from the base plant
will be rerouted to the new higher recovery system. Another benefit of rerouting some
gases to the Millennium facility is that it will off-load the existing SUPERCLAUSTM
converter and allow for further increased residence time for the conversion reaction to
occur within the catalyst beds. It is Suncor's belief that it will be able to operate within

. the regulatory requirement of 98.0% recovery.

Provide the results of the study to evaluate the costs and benefits of increased
sulphur plant capacity? (C3, page 134)
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Response:

Return on investment and net present value estimates were made using capital cost
estimates versus production losses for various sulphur plant capacities. Suncor reviewed
the costs and benefits for different scenarios and chose to ‘increase the Millennium
sulphur plant capacity by about 100% of that required to process Millennium gas
streams, thereby enabling off-loading of the existing sulphur plant. The TGTU and TOU
sizes were increased accordingly.

Would sulphur degassing be installed for sulphur from SRU #1 and #2? (C3, page
146)

Response:
All sulphur produced in the both the base plant and Millennium Upgrader will be
degassed.

Amine acid gas would be fed to both SRUs, while SWAG would be processed in
only one train at a time. What happens to SWAG when one train is down? Would
it be processed in the other new train or can it be diverted to SRU #1 or #2? (C3,
page 150)

Response:

The only interconnection between the base plant and Millennium Sulphur Plants is the
amine acid gas line from the base plant to the Millennium sulphur complex. When one
Millennium sulphur train is down, the sour water acid gas will be processed in the
Millennium sulphur train that is on-line.

a) How many days of sulphur storage capacity is there at Millenniwm
production rates?

Response:

Project Millennium design includes two undegassed sulphur pits each at 100 t (five hour
storage; 0.5 hour surge) and one 1200 t degassed sulphur storage tank (approximately
one day site production).

b) Does Sumncor have any intention to block sulphur with the increase to
Millennium production rates? (C3, page 152)

-Response:

There is no intention to block sulphur at this time. A sulphur blocking facility is not
included in the Millennium design.



Project Millennium Application 72 Section C
Supplemental information Response

90.

91.

92.

9] What is the market for the Millennium sulphur?

Response:
Suncor expects to continue to market all sulphur as it is being produced. Detailed
market plans are proprietary. The end use for sulphur is primarily for fertilizer
production.

a) Since all makeup diluent would be supplied from the new GRU, resulting in
reduced emissions, what happens when this Upgrading train is down for
extended periods such as during a maintenance shutdown and makeup is
required? (Table C 3-1, page 129)

Response:

When the Millennium GRU is down, makeup diluent can be provided from the base
plant GRU if necessary. The facility exists to stockpile makeup diluent from the
Millennium GRU in advance of an outage, however tankage conditions existing at the
time will determine the extent to which this is feasible. Detailed turnaround plans have
not yet been fully developed.

b) Why can’t the present makeup diluent be reformulated?  What
modifications would be required in the GRU to produce a diluent with
fewer light and heavy ends and reduced benzene?

Response:

Significant modifications would be required to the existing GRU to have the capability
to reformulate the diluent, including larger heat exchangers and condensers, and tower
revamp/replacement. The Millennium GRU will produce all makeup diluent for the site.

The market factors section Cl.4, page 3 indicates that diluents are required to
blend with bitumen for pipeline transportation yet the product slate does not
indicate diluent as a product. Would Suncor be producing diluent for sale?

Response:

Suncor is proposing to optimize its product slate to market conditions. Suncor has
experience producing diluent and has the capabilities to become a significant supplier of
diluent to heavy oil producers in the Athabasca region should that market opportunity
develop. Transportation diluent is contemplated to be available for sale (assuming there
are no higher value alternatives at the time).

The following questions relate to Figure D 1-1, page 3.

a) Why did Stream #15 increase? It seems to contradict the statement in
Section C 3, page 153 of “there would be no new continuous flaring from the
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Millennium plant”. Is this excess fuel gas from 10 FI-31?

Response:

The Millennium Upgrader contains no units continuously routed to flare. The increase
in flaring is the expected hydrocarbon flared, on an annual basis, due to emergency
flaring based on Suncor’s operating experience. This is not excess fuel gas flaring. The
quantity of emergency flaring is assumed to increase proportionally with production
rates.

b) Diesel fuel has tripled. Is this correct?

Response:

Diesel consumption is based largely on truck hours which will increase due to nearly
tripling total volume moved. This includes increased ore production and overburden
removal with a higher stripping ratio.

c) What is the expected density of the reformulated diluent for Millennium -
2002 rates?

Response:
The expected recovered diluent specific gravity prior to Millennium is 0.759, and for
Millennium is 0.763

d) For FPE-1998, stream #6 has 0.13 x 103 m3 diluent lost and assuming a
density of 0.77 t/m3, this calculates to 100t/d. It was uwnderstood for FPE
that Suncor committed to losses not greater than 90t/d. Explain.

Response:

The increase in forecast diluent losses as presented in the material balances is due to the
higher volume of bitumen planned for processing under the revised FPE-1988 case. This
increase in bitumen is due to a change in the forecast yields of the Upgrader which is
now based on an operating case rather than process engineering models. The diluent
losses in the FPE-1998 balances were calculated assuming a diluent recovery of 99.3%.
The absolute value for diluent losses for the FPE-1998 case is therefore forecast at 95
t/cd (which assumed a specific gravity for diluent of 0.759).

Suncor is committed to maximize the recovery of diluent, meeting or exceeding the
operating criteria of 99.3%. To achieve an absolute diluent loss of 90 t/cd at the
reforecast FPE-1998 rates would require an overall diluent recovery of 99.34%, this is

-attainable based on recent operating performance.

The following questions relate to Figure D 1-3, page 5.
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a) Explain why stream # 14 minus #15 does not equal #16.

Response:
This is corrected in the errata

b) Does stream #16 include a volume expected to fill end-pit lake?

Response:
No, it does not.

c) How was stream #16 determined (average over life of project assuming CT,
end-pit lake, FT remaining, MFT production rates)?

Response:
In the material balances stream No. 16 (pond water accumulation) was calculated on a
point-in- time basis representing the year 2001. A more detailed life-time water balance,
which will include the external tailings pond and end pit lake, will be available by mid-
September.

d) River water intake, stream #1, shows a decrease from FPE of 74,808 m3 /cd
to 51,911 m3 /ed for Millennium-2002 and yet an increase is being
requested. Explain

Response:

Suncor has requested an increase in net retention of water from the Athabasca River,
where net retention is the difference between intake and discharge. With Project
Millennium, Suncor is decreasing both intake and discharge, however the difference
between the two will increase.

Explain why for stream #5, at Millennium-2002 rates, “SULPHUR TO ACID GAS
FLARE” of 3.5 t/d is disproportional compared to the flare rate of 1.9 t/d for PEP
rates, (Figure D 1-4, page 6)

Response:

The three cases (FPE, PEP and Millennium) cannot be compared with ratios because the
product slate and therefore the quantity of sulphur requiring further processing in the
Sulphur Complex for each case is different. It is assumed that the emergency flaring

scenarios will be similar to the existing requirements (0.3%), and that Suncor will be
-able to manage within emission limits.

The following relate to Figure D 1-5, page 7.
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a) Confirm that the energy intensity factors are correct.

Corrected in errata. Figure D1-5 Energy Intensity Factors table: numers in first row of
table should read 0.79, 0.78, and 0.69 respectively; heading for last row should read
GJ/M3 OF CRUDE PRODUCED FOR SALE.
b) Provide an energy efficiency for Fixed Plant, PEP and Millennium. Energy
efficiency emables a comparison with other facilities including that
submitted in the FPE Application. Since the oil sands processed, yields, and
energy efficiency and calculated energy intensity have changed from FPE
Application, revised energy inputs are required ¢o assess the improvements.

Response:

The following table presents the requested calculation. Note that the energy efficiency
as determined here for FPE is lower than the energy efficiency previously calculated, for

the following reasons:

e The previous FPE calculation was made for the planned Suncor facilities in the year

2001,

This included flare gas recovery (which will be installed in 1999), and

turbogenerator 3 (which will now be part of Project Millennium or as third party

power).

e The upgrader vields used in the previous FPE calculation was based on process
engineering models, whereas this calculation is based on measured plant
performance using the expected yield increase with the vacuum unit.

Table 1 Overall Energy Efficiency

Case 105 000 130 0000 210 000
bbl/cd bbllcd bblicd
input (1000 GJ/cd)
Bitumen 908.0 1121.7 1894.3
Natural Gas 17.1 31.1 43.5
Electric Power Import 5.3 0 0
Total 930.4 1152.8 1937.8
Output (1000 Gd/cd)
SCO Product 384.0 435.5 774.1
Distillate Product 217.8 309.7 475.9
Suiphur 5.0 5.8 10.7
Coke to Stockpile 58.9 83.1 203.2
Total 665.7 834.1 1463.9
Overall Energy Efficiency (%) 71.6 72.4 75.5
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Table 2 Net heating Value of Streams
Component Lower Heating Value Units
Bitumen 40.408 | GJ/m®
Natural Gas 0.033 | GJ/m®
SCO Product 36.054 | GJIm®
Distillate Product 36.054 | GJim®
Coke 34.933 | GJ/t
Sulphur 9.26 | GJIm®
Electric Power 10.286 | GJ/MWh

Infrastructure

Figure C4.0-5 of the Steepbank Mine Application shows the configuration of the
pipelines on the Athabasca River Bridge. Update this information showing any
additional pipelines that will be required for Project Millennium and the material
to be transported in each line. Describe the ability of the bridge to handle any
additional pipelines.

96.

Reponse:

The requested schematic is presented on the following page. There is sufficient ability -
to handle all contemplated pipeline needs
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Suncor stated in the Steepbank Mine Project, Supplemental Information Response
that there would be holding space on both sides of the (Athabasca River) bridge for
draining any of the lines across the bridge. With the additional lines crossing the
bridge does this commitment hold true? Describe the plans Suncor has to control a
substance release from the pipelines on the bridge or near the river.(C2.4 page 49)

Response:

Yes, the commitment to provide sufficient holding space on both sides of the bridge to
drain any of the lines continues. Because of the design of the bridge deck (with pipeline
troughs) and the collection systems at both ends of the bridge, a leak would be contained
within the system.

Suncor stated that raw bitumen or froth would be transported from the Millennium
plant by pipeline to the existing Base Plant for clean up. (C2.4 page 49)

a) Is there only one pipeline required?

Response:
Yes, there will only be one pipeline.

b) Explain the technology Suncor would use to transport the bitumen.

Response:

The intent is to capitalize on the annular flow phenomenon which results in the
formation of an annulus of water at the pipe wall, thereby reducing the friction loss
associated with raw bitumen transport.

c) Confirm Suncor is not planning any froth clean up on the east side of the
Athabasca river.

Response:
Suncor intends only to deaerate froth on the east side of the Athabasca River.

d) How would hot raw bitumen that is pumped to the interstage bitumen tank
be measured?

Reponse:
This issue will be considered and assessed during subsequent detail engineering study

and design.
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e) What would be the effect pumped froth has on Base Plant froth treatment
performance such as product quality and recovery?

Response:
Suncor anticipates neither benefits nor adverse effects on Base plant operations.

1§ What testing has been done on froth pumping by Suncor or others? (C2.5,
page 103)
Response:

Suncor routinely pumps hot deareated froth between process units in its existing
operations. Suncor has pumped deareated froth (i.e., raw bitumen) at various
temperatures through a short 2 inch diameter test loop. Suncor plans to embark on a test
program utilizing a larger diameter test line.

What is Suncor's understanding of the stage of development of other solid tailings
management alternatives such as thickeners? (C2.4, page 71). What benefits would
thickeners provide in the terms of tailings impoundment and environmental
impacts? Has Suncor done any work in this area? If not, does Suncor plan to do
any work in this area?

Response:

During the last two years, Suncor has moved to commercial operation of its CT
technology which facilitates reclamation of most of its disturbed lands to a solid state
supporting full revegetation. Suncor has continued to investigate enhancements as well
as alternatives to its CT technology as part of the feasibility study for the Millennium

Project. Based on these studies, Suncor has concluded that CT is the best solid tailings

Clarification
1,

management method that is technically and economically viable at this time. Although
other technologies such as paste or thickeners show promise, they are not sufficiently
developed. Suncor will support further research through CONRAD. Suncor was a
founding partner in CONRAD, which has sponsored much of the research and
development work on alternative tailings technologies.

The proposed benefits of alternative technologies may include reduced inventory
requirement for MFT, increased recovery of heat from process water, and perhaps more
rapid reclamation or improved groundwater chemistry, although the latter benefits are
uncertain. Suncor will continue to participate in research and development initiatives
leading to pilot scale testing of some of these alternatives in order to continue to improve
its economic, environmental and reclamation performance.

Define Energy Intensity.
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Response:
Energy intensity can be defined as the magnitude of the usable heat or power consumed
per volume of resource mined or product produced.

Pursuant to discussions with the EUB and Suncor Oil Sands defines three measures of
site-wide energy intensity:

e total energy consumed in gigajoules (GJ) divided by the mass of oil sands mined in
tonnes

e total energy consumed in gigajoules (GJ) divided by the volume of bitumen
produced in cubic metres (m3)

e total energy consumed in gigajoules (GJ) divided by the volume of net salable
products in cubic meters (m3)

The conversion of “energy consumed” is determined using lower heating values.

2. Regarding C2.3 - page 41 - Table C2.3-1:

- Pit 2 WT% bitumen is given as 11.5% but in other parts of the application it is
given as 11.7%. Why the change in this table?

Response:

Suncor believes that the average grade in Pit 1 and Pit 2 combined will be 11.7%. (The
value of 11.5% was derived by manually adjusting the geologic model on the basis of
geophysical logs and understates the average grade.)

- Why does it take a shorter time to mine the north body than pit one even though
the north ore body is larger?

Response:
Table C2.3 -1 should read 12 years for Pit 1.

3. It is noted that in approximately 2012, “additional primary extraction capacity will
be installed in the area of the Steepbank Mine. Over its thirty - year life....”. Does
this mean Suncor is seeking approval until 2042 ? Yet on page 16 of this same
section, end of mine life of about 2035 is stated. Explain. (A2, page 10)

~ Response:
Suncor is seeking approval for the mine life, until about 2035.

4. Describe what is required in converting the scroll mechanism and feed
arrangement in the remaining nine Bird centrifuges to increase capacity to handle
PEP rates? (B2, page 8) )
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Response:
The feed system and scrolls are changed out during unit rebuilds

5. In Figure B2-1 PEP Extraction Process, why is there no flow into Secondary
Flotation?

(B2, page 9)

Response:
A flow stream from the separation cell middlings into secondary floatation should be
indicated.

6. Clarify the high-pressure steam at 5450 kiPa is produced by the three coke-fired
boilers and steam at 2900 kiPa is produced from a 1981 gas-fired umit. It seems to be
reversed in the application. (B4, page 43)

Response:
The four boilers referred to produce both 5450 kPa and 2900 kPa steam

7. What is the boiler efficiency of the upgraded coke-fired Boilers No. 2 and 3?
(B4, page 46)

Response:

Boiler No. 2, which was upgraded in 1997, is now operating at 85% overall efficiency
with approximately 40% reduction in NOy emissions. Boiler No. 3 upgrade is currently
in progress and is expected to be returned to service in September.

8. In point number 3, the separation temperature for the present extraction plant of
86 © C appears in error. { C 2.5, page 115)

Response:
The separation circuit temperature should read 68°C.

9, There is an error in the coke production of 40kt/d for the FPE case.(F2, page 8)

Response:
The number should read 4.0 kt/d.
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13.

14.

15.

Arrow for Stream #9 is the wrong direction. (Figure D1-1)

Response:
Corrected in errata.

Arrows for streams #1,#14 and #15 are going the wrong direction. (Figure D 1-4,
page 6)

Response:
Corrected in errata.

Re - “... the fiscal capacity of the municipality may expand by 190% or
more......Taken together, the almost doubling of the fiscal capacity and the 30%
population increase....” (first and third sentences under Cumulative Case, Vol. 2c,
page F2-47). Should this be read as a 90% (or more) increase in fiscal capacity?

Response:
The phrase “may expand by 190 % or more” should read: may nearly double.

What is the capacity of the existing NRU unit?

Response:
The hydraulic capacity of the NRU under normal operating conditions is about 7000 bbl
per hour.

It is noted that the design liquid yield to be a minimum of 81.2% gross yet 81.7% is
used throughout the application. Explain.

Response:
The 81.2% yield is for the Millennium Upgrader stand-alone. All material balances
were calculated for the combined operation in which the blended yield would be 81.7%.

Suncor stated that the hydrotransport of ore from the Centre plant location to the
Base Extraction Plant would be beyond practical limits for hydrotransport.
Explain Suncor’s reasons behind this statement (technical or economic). (C2.4, page
66)

Response:

This statement was made in context of explaining the need for additional extraction
capacity in the east bank mining area post 2012. From a technical perspective Suncor
has knowledge that effective conditioning in the temperature range of 500C to 55°C can
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17.

18.

19.

be achieved at a hydrotransport distance of 2.5 km. Suncor does not possess data on the
effects on ore conditioning at a distance of 11 km (the distance from the Centre plant
location to the Base Plant), but would have a significant concern about over-conditioning
of ore. From an economic perspective, transporting ore to the Base plant a distance of
11 km and returning tailings about the same distance introduces undue cost and
operational risks.

The year-end 2025 drawing (VEW-980307-11) shows that pond 8A will be affected
by the advancing pit wall sometime prior to 2025 but pond 12 will not be ready to
accept the fluids to be drained from pond 8A at that time. Explain what will
happen to allow this to occur.

Response:
The plan is to build an interim pond within Pond 12 to contain the fluids from Pond 8A
to enable rehandle and subsequent mining of the ore.

In volume 2B, page D4-40, Suncor indicates that littoral zone will comprise 20% of
the lake volume. Should this be 20% of the lake surface area?

Response:
The littoral zone is 20% of the lake area, not lake volume.

Volume 1, table C2.4-7 gives a summary of geotechnical criteria. In the table entry
for dump slopes with a weak clearwater foundation, define the term (D/H<0.25).

Response:
D is the depth of the weak (Clearwater) layer below the toe of the dump
H is the height of the dump

Several figures have been requested im the preceeding questions. Of these, two
copies of the figures listed below are needed in a large scale (eg. 1:30 000) for EUB
staff review: ‘

- Isopach of total interburden thickness for pit 1 and pit 2.

- Isopach of the Pleistocene deposits or a structure contour map of the top of
McMurray

with drillhole control illustrated.

- Isopach of sediments that are glacial fluvial in origin with drillhole control
illustrated.

Cross sections in the out-of-pit tailings and NE Dump areas.

- Updated TV/BIP and TV/NRB contour maps.

- A drawing of the facilities which will be required on the east side of the Athabasca
river.
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Response:
The requested figures are being provided to the EUB under separate cover.

In order to assist EUB staff review of the application, please submit a DXF file in

UTM 6

degree, NAD27 coordinates, which contains the following information: Pit outlines,
dump crests and toes, dyke crests and toes, surface facilities, rivers, creeks, and
topography surrounding the project area.

Response:
The requested information in electronic format is being provided to the EUB under

separate cover.
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AEP SUPPLEMENTAL INFORMATION RESPONSE

1.0 AIR QUALITY AND NOISE

Assessment Approach

1.1

1.2

Scientific uncertainty is discussed in the section on approach used for the EIA. (Vol.
24, p. A2-31) Clarify how a level of uncertainty identified as “making a prediction
of the impact problematic” (Vol. 24, p. A2-31) is used in deriving an environmental
consequence for an EIA issue/question. Please discuss the proposals for study or
investigation that will be undertaken to reduce the level of uncertainty from a
“problematic” level.

Response:

The matter of scientific uncertainty with respect to deriving an environmental
consequence or consequences for an EIA issue/question is driven by the amount of
available information, knowledge and understanding of the EIA issue/question. In an
“ideal” world the level of scientific uncertainty progressively decreases as information, -
knowledge and understanding increases. Inherent within an EIA issue/question is a
conceptual and/or mathematical model which attempts to frame cause/effect
relationships in a way which meaningfully reflects conditions in the field. The main
problem, however, is that a conceptual and/or mathematical model is simply a
representation of our current knowledge and understanding and as such the output is an
estimation. It becomes “problematic” to derive an environmental consequence to an EIA
issue/question when the “estimation” must be made with insufficient information and/or
it is discovered that the conceptual and/or mathematical model does not adequately
frame the EIA issue/question. The above is a problem common to all scientific
investigations whether they be theoretical or applied and is particularly the case with
environmental issues due to their inherent complexity. Suncor recognizes the need to
reduce scientific uncertainty with respect to making impact predictions and will take
appropriate steps in the “problematic” areas. These follow-up commitments are stated
throughout this Supplemental Information Response.

Reversibility is listed as one of the impact description criteria for Project
Millennium. (Vol. 24, p. A2-27, Table A2-8) Please clarify the definition of the
“reversibility” criterion used in deriving the environmental consequence rating for
the EIA questions addressed by Suncor. In particular, describe the time frame
during which an impacted receptor identified effect is expected to recover to the
natural or intended final state.
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Response:

The concept of reversibility/irreversibility relates to the capacity or lack of capacity of a
receptor to respond to an environmental perturbation. The response of the receptor is
said to be “reversible” if the receptor returns to its original condition after perturbation
or the response is said to be “irreversible” if the receptor does not return to its original
condition after perturbation. There are two related key elements. One is the type and
magnitude of the perturbation and the other is time. Time is a critical factor. Simply
put, an extreme perturbation will require more time for recovery than a minor
perturbation and will require different environmental management approaches. The time
required is thus a function of the nature of the perturbation. Reclamation, for example, is
the environmental management response after open pit mining of bitumen has been
completed. The time required to achieve a stable sustainable ecosystem is variable but is
in the range of decades. In this sense “reclamation” reflects reversibility of an extreme
perturbation by receptor replacement to reestablish natural conditions.

Irreversible impacts relate to events for which neither planned mitigation nor time will
allow a change back to the conditions prior to the impact. An example related to
fisheries habitat is the planned removal of Leggett and Wood creeks. The impact to fish
habitat directly associated with these streams is irreversible because the streams are
being removed as part of the mining operation. The effect of this removal can only be
compensated for environmentally through creation of new fish habitat in another area, a
plan which is detailed in Suncor’s “No Net Loss” plan.

Suncor has presented a concise description of the difficulties in assessing responses
of vegetation to exposure to multiple stresses. (Vol. 2B, p. D3-10I) Does Suncor
have any suggestions regarding how to overcome the difficulties associated with
assessing possible effects on a receptor exposed to multiple stresses (e.g., SO, O3.
and NOy, in combination with natural stresses such as heat, drought, insect
infestation, etc.)? Is this component of a cumulative effects assessment being
addressed in the industry-stakeholder cumulative effects assessment initiative?

Response:

It is a well-documented fact that in the ambient environment that vegetation is exposed
to an array of natural stresses that interact with air pollution stresses. Most of the
research on this issue, however, has been carried out under controlled conditions in the
field using open-top chambers and in the laboratory/greenhouse using various types of
controlled environment chambers. While limited research has been carried out under
natural field conditions, this is an evolving area of scientific research in North America
and Europe. Suncor recognizes the evolving nature of this area of science and will
follow these developments carefully for their applicability in the Oil Sands region
particularly as they relate to the industry-stakeholder cumulative effects assessment
initiative. Please reference Vol. 2B, pp. F1-19, 20 and 21 for a detailed discussion of
this issue.
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1.4

Information about the proposed sulphur recovery technology and tail gas treating
technology is provided in the application. (Vol. 1, p. C3-134 and 151) Please clarify
the following:

a) With respect to the two 100% sulphur recovery trains for the Millennium
Upgrader, (Vol. 1, p. C3-134) please confirm that each train will be able to
handle all of the flow (i.e., no operating scenarios that would require flaring
of acid gas or sour water acid gas in order to maintain production levels).

Response:

Each of the Millennium sulphur trains is designed to process all sour gases generated as
a result of the Millennium operation. During planned maintenance, when a single
Millennium sulphur train is available for service, all Millennium-produced amine acid
gas and sour water acid gas can be processed in the on-line sulphur train and the base
plant acid gas will be routed to the SRU #1 and #2 for processing. Flaring of acid gas
during startup, shutdown, upset or emergency conditions will continue to take place to
protect personnel and equipment.

b) Has the specific commercial technology for the Tail Gas Treating Unit 2
been selected, and is it a proven technology for services similar to the
Suncor Upgrader?

Response:

Technology selection has been completed. A hydrogenation/amine process, licensed by
Bechtel will be used in the Millennium Tail Gas Treating Unit (TGTU). This or similar
technology is currently in use in gas plants and refineries across the country/world. (The
Husky Upgrader in Lloydminster uses a similar process, licensed by Shell.) Suncor’s
Oilsands operation is unique in that over 50% of the gas processed in the SRU is a result
of a delayed coking process, so the technology has been proven for services similar but
not identical to Suncor’s.

©) Will the Millennium Upgrader be designed and operated in 2 manner such
that the tail gas from Sulphur Recovery Units 3 and 4 will always be
directed to the Tail Gas Treating Unit? If it is possible that the Tail Gas
Treating Unit could sometimes be bypassed, please clarify the expected
frequency and duration of such events, the resultant sulphur dioxide (SOj)
emissions, and the effect on predicted ambient SO concentrations during
such a scenario.

Response:

During normal operation, the tail gas from SRU 3 and SRU 4 will be directed to the
TGTU to minimize emissions. During abnormal or upset conditions there is the
potential to form extremely corrosive conditions in the TGTU equipment, which would
quickly result in serious damage requiring extensive downtime to repair. Because of this
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possibility, the TGTU will be automatically bypassed during upsets, and the tail gas will
be routed directly to the Thermal Oxidizer unit (TOU).

The expected TGTU on-line time is a minimum of 95%. This factor has been used in
material balances to determine calendar day and stream day emissions for use in
dispersion modelling. Duration and frequency of TGTU bypass evenis are not possible
to predict, however both the duration and frequency should gradually be reduced over
time as operating experience is gained. During upset conditions, Suncor will manage its
operation to ensure SO7 and overall sulphur emissions meet regulatory limits.

For TGTU bypass events expected to last longer than a few minutes, the base plant acid
gas will be rerouted back to SRU #1 and #2 for processing. Such action maximizes
sulphur recovery until TGTU is back on line because sulphur recovery would be better in
the SRU1/2 and SUPERCLAUS T tai] gas treatment combination than with SRU 3/4

only.

d) Will the sulphur recovery complex for the Millennium project be integrated
with the existing Base plant sulphur recovery system in order to reduce the
frequency and duration of any flaring events (e.g., sour water acid gas
flaring) and scenarios of reduced sulphur recovery (e.g., SUPERCLAUS
bypass) that might otherwise occur with the Base plant units?

Response:

The sulphur recovery complexes are partially integrated. Approximately 50% of the
base plant amine acid gas, under normal operations, will be routed to the Millennium
sulphur complex for processing. Therefore, the impact (i.e., SO emissions) of upsets in
the base plant SRU (such as SUPERCLAUS ™™ bypasses or SRU trips) will be reduced
by nearly one half, as there will be less gas being processed.

The incidence of flaring should be slightly reduced. Improved performance of the base
plant SRUs due to extended catalyst life is expected. Because the units will be
processing less gas there will be fewer upsets of the magnitude which would result in
SRU frips.

During planned maintenance of one of the base plant SRUs, there will be sufficient
capacity in the on-line train to process half of the amine acid gas and al! of the sour
water acid gas produced in the base plant, while the remainder of the amine acid gas is
routed to the Millennium sulphur complex. Flaring of sour water acid gas due to upset
or emergency conditions is not expected to be reduced by the degree of integration with
the Millennium Plant.

e) A 106 m stack is noted for the Thermal Oxidizer Unit 2. (Vol. 1, p. C3-151)
Please clarify how/why this stack height was selected.
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Response:

The preliminary stack height was selected on the basis of licenser design experience and
dispersion modelling. The final stack height will be determined during the detailed
design phase.

Suncor has indicated that a detailed analysis is being conducted to evaluate the
costs and benefits of increased sulphur plant capacity. (Vol. 1, p. C3-134) Please
advise us of the outcome of the analysis and comment on the following:

a) Has Suncor considered the options of either:

i) sizing the Tail Gaé Treatment Unit 2 sufficiently large to accommodate
all of the tail gas from the Project Millennium sulphur recovery units
(SRU 3 and 4) and the Base plant units (SRU 1 and 2), or

ii) sizing the entire new Millennium sulphur recovery complex of a size
that would eliminate the need for the existing sulphur recovery
complex, and eliminate the associated emissions.

Response:

The analysis resulted in a decision to increase the size of the Millennium SRUs from two
at 75% Millennium capacity to two at 100% Millennium capacity. The TGTU and TOU
sizes were also increased. The increase in cost is estimated at approximately $29
million. This includes the cost of processing approximately 50% of the base plant acid
gas in the Millennium sulphur complex.

Tail gas from the existing SUPERCLAUSTM unit cannot be processed in the
Millennium TGTU as the oxygen content of the tail gas would degrade the amine in the
TGTU. Tail gas from the base plant SRUs because of the low exit pressure, would
require a sour gas blower and large piping to reach the Millennium sulphur complex.
Capital, operating and maintenance costs would increase significantly in comparison to
the selected option to reroute acid gas. In addition, with one large TGTU processing all
tail gas, bypass events would result in greater emissions and TGTU operating problems
would adversely impact both the base plant and the Millennium operations and
production rates.

This option was briefly evaluated, however the capital costs were very high. Sizing the
Millennium SRUs, TGTU and TOU to accommodate about 50% of the base plant acid
gas was found to be the optimal balance between reduced emissions, increased capital
cost and increased operating complexity.

b) If the emissions from the existing sulphur recovery complex were
completely eliminated (i.e., eliminate the existing incinerator stack
emissions), please comment on the expected effect on:
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i)  Suncor’s total SO) emissions,

ii) predicted ambient SOy concentrations (such as those provided in Vol
2A, p. B4-8, Figure B4-2), and

iii) predicted acid deposition.

Response:

This is a speculative question. The emissions from the existing sulphur recovery
complex could, for example be eliminated by transferring all acid gas to an appropriate
Millennium complex sized for that case. Two limiting factors are, current best sulphur
recovery is 99.9% (when operating), and capital cost. If one large unit were built, on
line recovery would be excellent, but poor when off-line. Increased recovery could be
achieved by installing a number of smaller units with excess capacity to process gas
when other units are down - at high capital cost. Detailed analysis was not performed on
the base plant zero emission case, as there are no immediate plans to cease operations of
this plant. Suncor’s analysis based on capital cost, reliability, production and emission
control resulted in a decision to size the Millennium complex to handle approximately
half of the base plant amine acid gas.

Dispersion modelling was not conducted on all alternative emission profiles. In general,
the ambient SOy concentrations would be lower than the analyzed case.

Detailed analysis was not completed for all alternative emission profiles.

Indicate whether Suncor has considered treating the residual tail gas from the
sulphur recovery units in the existing flue gas desulphurization (FGD) plant and if
this is not feasible please, briefly discuss why.

Response:

This option has been evaluated, and found to have similar drawbacks to the alternative of
routing base plant tail gas to the Millennium plant Sulphur complex. Long, large
diameter lines, blower reliability, safety issues with piping and blowing sour gas from
Upgrading to and through the Energy Services plant, lower recovery and up-time of FGD
compared to TGTU recovery were all factors in eliminating further consideration of this
option.

Suncor has indicated that sulphur from Sulphur Recovery Units 3 and 4 and Tail
Gas Treating Unit 2 will be degassed. (Vol. I, p. C3-151) Please describe the
benefits that the sulphur degassing will provide and clarify whether the sulphur
from the existing Base plant sulphur recovery unit will also be degassed.

Response:

The Millennium Upgrader facility will now degas all sulphur produced at Suncor’s
Oilsands operation. The overall sulphur balance will not change. However, the potential
of fugitive HpS emissions from transport vehicles will be reduced. Odour potential
when pouring sulphur onto the emergency sulphur pad will be also be reduced. As 2
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result of degassing the sulphur, the range of potential customers will be wider which will
reduce the risk inherent in a single-customer transaction.

All sulphur will be degassed to <10-PPM H3S content. The technology selected is the
D’GAASS process (licensed by Goar Allison & Associates, Houston). The degassing
takes place at pressure, which minimizes vessel size, capital cost and plot space
requirements. No increase in SO) emissions is expected, as the H)S stripped from the
sulphur will be routed to the front end of the SRUs for recovery. Suncor is the first
large-scale commercial facility to implement this process, and therefore there is some
technical risk that may make the process uneconomical. While Suncor feels that this
system is feasible and will make reasonable attempts to make it work, if it is
uneconomical it may have to be discontinued.

An air quality impact mitigative measure that Suncor will be undertaking is the
installation of a flare gas recovery project, whereby gas streams that are currently
being flared on a continuous basis will be recompressed for treatment and use.
(Vol. 24, p. B5-1) Please clarify the following:

a) The current status of this undertaking.

Response:

The Flare Gas Recovery System as proposed is now advancing into the detailed
engineering design stage. The project cost to gather the identified streams is quite high.
An alternate process configuration (used by others) that has the potential to reduce cost,
increase reliability, reduce complexity and utilize existing equipment is under active
consideration, with a plant trial planned for July. Actual gas produced from the new
DRU and Vacuum Unit is now available for design purposes and the blowers installed in
Plant 25 are being evaluated for their applicability to handle off-gas from two sources.

b) Has this expected reduction in SO emissions been considered in the
requested approval limit of 79 t/day on a 365-day rolling average basis?
(Vol. 1, p. F3-16)

Response:
Yes, it has.

It appears that 1.3 t/sd of SOy from flaring at the Sumncor plant was used in
modelling for predicting the maximum hourly ambient SO7 concentrations in the
future (Vol. 24, p. B4-8, Figure B4-2) and that 10.6 t/cd of SO from flaring was
used in modelling for predicting annual ambient SOy concentrations. (Vol. 24, p.
B4-10, Figure B4-4) Is the difference in the flaring emissions between these two
scenarios the expected amount of non-continuous flaring (i.e., 9.3 t/cd), or is Suncor
targeting a lower value for non-continuous flaring emissions?
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Response:

Suncor is targeting to minimize all flaring to the extent economically feasible while
continuing to comply with all regulated limits. Modeling was done on cases developed
to reasonably estimate future emissions. For hourly ambient SOy concentrations the
model was based on the normal operating case, with all pollution control equipment in
operation at design rates (i.e.. a Stream Day). For the annual ambient SOy
concentrations the model was based on emissions from an expected amount of abnormal
operation, such as emergency flaring, and includes equipment downtime for planned and
unplanned maintenance (i.e.. a Calendar Day) on an annual basis. Therefore, the
difference between the two flaring estimates does not represent Suncor’s estimate for
continuous flaring. Suncor is estimating continuous flaring to be much lower at 3.5 t/cd
for the Millennium case (which is after the implementation of flare gas recovery).

Suncor has discussed smaller SOy emission sources, and the affect of including
these smaller sources in model predictions. (Vol. 24, p. B2-4) Please clarify the
following matters related to the smaller SOy emission sources:

a) It is stated that the contribution of smaller emission sources to the overall SOy
ground level concentrations is significant within 20 km of the fixed plant and
represents more than a third of the hourly Alberta Ambient Air Quality
Guideline exceedances. (Vol. 24, p. B2-4) Is the basis for this statement the
model predictions or actual air monitoring statistics?

Response:
The statement regarding the proportion of the Alberta Ambient Air Quality Guideline
exceedances (Vol. 2, p. B2-4) was based on the results of comparative dispersion

modelling. It is practical using a dispersion model to eliminate the contribution from a

particular source (i.e., the low level smaller SOy sources) by deleting it from the
dispersion modelling input files. It is not possible to look at the ambient monitoring
results and make the same distinction.

b) Does the Project Millennium design include any features to reduce mercaptans
and other sulphur compounds in fuel gas, to either reduce the SO emissions
that occur on a continuous basis, or to reduce intermitient scemarios of
increased SO emissions from these sources?

Response:
“The Millennium Gas Recovery Unit (GRU) is designed to recover a higher percentage of

butane (C4) material, and therefore the amount of C4 and heavier mercaptans sent to the
fuel gas system is expected to be lower than currently observed in the base plant, and the
resulting SOy emissions should be lower.
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In addition, Suncor is currently evaluating the technical and commercial feasibility of
allowing the recovery of light hydrocarbons from its fuel gas stream (Novagas Canada
Ltd. natural gas liquids plant). Should this project proceed, the SO emissions resulting
from burning fuel gas in fired heaters will be further reduced.

On page 79 of the Technical Reference for the Meteorology, Emissions and Ambient
Air Quality in the Athabasca Oil Sands Region it is indicated that under upset
conditions, the operation of the flue gas desulphurization (FGD) bypass or
hydrocarbon flaring can result in significant SO emission on a short term basis (a
few hours for flaring or a few days for the FGD operation, depending on the nature
of the upset). Please summarize the actions that Suncor is taking to reduce the
possibility of these upset conditions occurring, and to manage emissions during
such events.

Response:

Emergency flaring protects equipment and personnel from harm during process upsets.
Flaring represents a loss of hydrocarbon products otherwise available for sale. Every
effort is made at the engineering stage to minimize hydrocarbon losses through proper
equipment and control system design. Operational systems in place to minimize upset
conditions include computer control systems, operator training, preventive maintenance
programs, incident reporting, investigation and follow-up.

Suncor has worked to reduce the possibility of an upset condition in the FGD, with the
result that the unit has remained on-line continuously since September 1997. This was
achieved by modifications to achieve more even flow distribution and to reduce plugging
tendencies. In addition, plans are to combust natural gas (which has lower sulphur
content) rather than liquid fuel in the coke-fired boilers during FGD downtime.

On page 67 of the Technical Reference for the Meteorology, Emissions and Ambient
Air Quality in the Athabasca Oil Sands Region a footnote under Table 3-17 indicates
that the new Suncor Gas Turbine Generators will each have separate bypass stacks
which would be operated intermittently. Please discuss why the bypasses are
necessary, and the type of emissions that would occur.

Response:
The design of the new gas turbine generators has since been modified to eliminate
separate bypass stacks.

With respect to the summary of stack and emission parameters associated with the
Suncor FGD stack which are provided in Table 3-18 of the Technical Reference for
the Meteorology, Emissions and Ambient Air Quality in the Athabasca Oil Sands
Region, please clarify the following:
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a) Why is the expected exit temperature expected to be 49°C under the Baseline
and Millennium scenarios, while it is 599C under the existing scenario?

Response:
The expected exit temperature is 590C.

b) Clarify the expected SO3 removal efficiency of the flue gas desulphurization
(FGD) plant that would result in the predicted SO) emissions that are listed
for the Baseline and Millennium scenarios (i.e., the SOy removal efficiency
appears to be less that the 95% design figure that is noted elsewhere, such as in
Vol. 24, p. B2-2).

Response:

The original design of the FGD plant was for three coke fired boilers at 800 000 Ib/hr
load to achieve 95% SO» removal of 6% sulphur in coke containing 13 200 BTU/Ib.
With the increased energy needs and driven by a lack of capability in the Alberta electric
power grid, Suncor will increase firing of the three main coke-fired boilers to 1 000 000
Ibs/hr each. With this increased loading of the FGD process, a slight decrease in SOp
removal efficiency to 94% is anticipated.

In Section F3.1.2 of the application, Suncor is requesting an increase to some of the
sulphur dioxide emission limits that are presently stipulated in Environmental
Protection and Enhancement Act (EPEA) Approval No. 94-01-00, in order to
accommodate the Project Millennium. (Vol. 1, p. F3-11) With regards to the
requested site-wide 5Op limit of 79 t/day on a 365-day rolling average, and the
performance target value of 71 t/day per calendar year, please provide further
details on the following:

a) the projected emissions from each source (or category of sources) that form the
basis for the request, and

Response:

The projected emissions from each source (or category of sources) that form the basis for
the requested site-wide SOZ limit of 79 t/day on a 365-day rolling average, and the
performance target value of 71 t/day per calendar yyear are described in Table B3-1
provided in Volume 2 Section B3-4.
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Source 502
Emission
(t/cd)

Energy Services

FGD stack - FGD on-line 18.7

- coker gas firing in Millennium boilers/ GTGs 1.1

Powerhouse stack (includes FGD off-line) 14.0

Upgrading
existing incinerator 12.3
Millennium incinerator 8.7
coker gas firing in heaters 4.7
existing plant continuous flaring 3.6
emergency acid gas flaring 7.0
Mine Fleet 0.08
Total 70.2

Note this does not account for any unplanned hydrocarbon flaring events nor technology
performance issues thereby explaining Suncor’s request for a compliance limit of 79
tonne/d.

b) a general description of how emissions from each source (or category of
sources) will either be measured or calculated to determine compliance with
the limit.

Response:

These emissions sources (or category of sources) will be measured or calculated by
meters and process engineering judgment to determine compliance with the limit. Both
sulphur plant incinerators will have continuous stack emissions monitors (CSEMs). Both
the old powerhouse and FGD stacks have CSEMs. Both gas turbine generators will have
CSEMs. The new furnace stacks will be estimated based on sound engineering
judgement, these will be equipped will facilities for stack measurements. Acid gas and
hydrocarbon flaring will be determined as per the approved methodology consistent with
today.

Please comment on how the requested site-wide SO emission limits values
compare/relate to the sulphur losses that are shown in Figure D1-4, which describes
the sulphur balance calendar day rates. (Vol. 1, p. DI1-6)
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Response:

The relationship between the requested site-wide SOy emission limits values and the
sulphur losses that are shown in Figure D1-4, is that Figure D1-4 describes the sulphur
balance under normal operations calendar day rates. Suncor’s definition of normal
operations emissions includes sulphur emissions from all sources except when the flue
gas desulphurization plant is off-line.

Alberta Environmental Protection typically stipulates hourly and daily sulphur
dioxide emission limits for sulphur recovery plants. Please advise us whether at
this time Suncor would like to comment on potential emission limits for the new
stack that will be associated with the sulphur recovery complex for the Millennium
project.

Response:

The new stack would require hourly and daily limits for SOy as per past practice.
Suncor will initiate this when more detailed engineering is completed and during the
drafting of the amendment to the Environmental Operating Approval.

Please clarify whether some mine shovels will be powered by diesel engines and
others by electric power. Cable shovels and hydraulic shovels are both listed in
Table C2.4-6. (Vol. 1, p. C2-77) Briefly discuss the reasons for selecting each type of
shovel, and the environmental significance from an air emissions standpoint.

Response:

The mining operation requires the use of both types of shovels. The primary unit for
overburden removal and ore mining is a large electric shovel Efficient operating
practice dictates the need for smaller and more mobile diesel powered units for cleanup,
selective mining and miscellaneous work. (An example of this type (23 m3 ) would be a
Demag 455 rated at 1680 kW (2250 HP) and with a fuel-consumption rating of 280 litres
per gross operating hour.) Either type of shovel ultimately results in air emissions - the
decision to use one or the other is driven by operating needs.

Suncor has stated it will initiate discussions with mining equipment suppliers to
make low NOy a priority in their design. (Vol. 24, p. B3-5) It is further indicated
that mine fleet vehicles with state of the art emission control technology will be
used. (Vol. 24, p. B5-1) Does Suncor have a specific air emission control technology
in mind? Confirm whether it is Suncor’s intent to determine the availability of
diesel engine designs and other types of engines with reduced air emissions, and to
incorporate criteria for reduced air emissions into the selection process for new
equipment, and into engine replacement and rebuilding procedures for existing
equipment during mine operations.
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Response:

Suncor is participating in an industry-wide initiative to consider improvements in
emissions from mobile equipment. Suncor will make its air emission priorities known to
competitive suppliers and will expect them to provide the latest feasible technology for
emission control. At this point, Suncor does not have a specific control technology in
mind.

On page 91 of the Technical Reference for the Meteorology, Emissions and Ambient
Air Quality in the Athabasca Oil Sands Region it is indicated that the emission
factors applied to the diesel emissions are based on a composite of emission factors
obtained from a number of different sources. Please comment on the expected level
of accuracy of the emission factors, considering that Suncor and Syncrude produce
their diesel, and considering other site specific factors (e.g. physical environment)
that may apply.

Response:

The emission factors used by Suncor to estimate mine fleet vehicle emissions were
obtained from specification sheets provided by the engine manufacturers (Caterpillar and
Detroit Diesel). Emission factors were provided for each size of engine and were
expressed as a mass emission per engine operating hour. Although these manufacturer
supplied estimates are based on engine dynamometer tests performed under “laboratory”
conditions using a specified diesel fuel, Suncor feels that they nevertheless provide a
good first order estimate for vehicle emissions from the mine fleet operating out in the
field and running on Suncor manufactured diesel fuel.

Upon reviewing the predicted mine fleet emission rates in Table B3-1 as compared
to Table B2-3 (Vol. 24, p. B3-6 and p. B2-6), there appears to be a significant
difference in the ratio of predicted NOy to CO emissions between the Suncor
estimate (Table B3-1) and the Syncrude estimate (Table B2-6). Is this difference
largely due to differences in the selected emission factors, or are there other likely
reasons for this difference? If the difference is largely due to emission factors, we
note that the NOy to CO ratio is larger in the Suncor estimate, and wonder whether
there is a possibility that either the CO prediction is perhaps too low or the NOy
prediction perhaps too high?

Response:

It is uncertain why the NOx to CO ratio differs so much between the estimates provided
by Suncor and those supplied by Syncrude (SCL). However, it is likely that the
difference can be attributed to using different emission factors as opposed to any
operational differences in equipment or fuel. The methods used by Suncor to arrive at
the mine fleet emission estimates have been described in the previous response. Until
Suncor understands how the SCL estimates in Table B2-3 were derived, Suncor is unable
to comment on the possibility of the figures in the Project Millennium application either
overestimating NOx or underestimating CO.
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Does Suncor presently have a program to monitor and minimize emissions from
mine mobile sources? If such a program does not presently exist, please indicate
the plans that Suncor is considering to address this issue and the type of monitoring
that may be done if such a program is implemented.

Response:

Suncor does not currently have a program to monitor emissions from mobile sources.
Suncor does have a strategy to minimize NOY emissions from mobile equipment (as
part of a site-wide strategy) through minimizing energy (fuel) consumption, maintenance
of units for highest efficiency and invoking best practical engine technology. Suncor is
participating in an industry group to review the state of technology with regards to
emissions. As a subsequent phase, Suncor will consider monitoring mobile emissions in
collaboration with industry and AEP, should such monitoring add value.

Upon reviewing the estimated fugitive emissions from tailings ponds that are
presented in the Technical Reference for the Meteorology, Emissions and Ambient
Air Quality in the Athabasca Oil Sands Region, there is a large difference in
estimated nonmethane hydrocarbons (C2+) emissions for the Sumcor Pond I
(Table 3-68, p 112) as compared to the Syncrude Mildred Lake Settling Basin.
(Table 3-66, p 110) Discuss possible reasons for these differences.

Response:
The differences in emission rates may be due to one or some combination of the
following:

® Inaccurate measurement or calculation of emission rates. This would include items
such as detection limits, experimental error or fundamental assumptions.

® The type of diluent used in the separate operating plants.

® The differences in operation of the two ponds. Specifically, Pond 1 has a lower
through flow than the Syncrude Lake Settling basin and is also much smaller in
area.

® Physical differences between the two ponds. This may be due in part o the
operational history of each pond - as well as the size of each pond.

Pond 1 is unique within the Suncor pond system, as such, it would not be unreasonable
to expect differences between the behavior of Pond 1 and the Mildred Lake Settling
Basin.

‘Suncor has indicated that volatile organic compound (VOC) estimates in Table F3-

3 in the application (Vol. 1, p. F3-22) reflect conservative assumptions and that to
define a worst-case scenario it has been assumed that all the diluent sent to the
ponds does vaporize. It is further indicated that Suncor is committed to improve its
understanding of pond emissions of VOC’s, in order to understand the pond
emission phenomena and {o {ake appropriate mitigative actions. Sumcor has
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initiated a task force to understand and establish an action plan for this issue. (Vol.
1, p. F3-22) Please provide further details about the make-up of this task force, and
when an action plan is expected to be established.

Response:
The task force is composed of Suncor technical staff from Environmental, Upgrading
and Extraction areas and led by Extraction process engineering.

Suncor’s action plan to investigate and understand pond emissions is intended to:

° identify alternative means to mitigate the loss of diluent hydrocarbons to the
atmosphere
° improve the model for predicting the behaviour of diluent hydrocarbons sent to

tailings ponds, including an understanding of the variability in the field data
collected to date

° identify whether existing, accumulated hydrocarbon (including bitumen) in Pond
1 contributes significantly to emissions.

There are two phases to the program. Phase 1 work includes:

° thorough definition of the main operating modes that affect diluent discharge to
the tailings pond
review of plant data for selected examples of these modes

° creating an improved conceptual model for the key phenomena that influence

VOC emissions from the tailings pond

sampling and analysis of the Pond 1 water/sludge column and selected streams
definition of a recommended sampling and analysis campaign for the latter half
of the summer

Phase 2 work will be the assessment and recommendation of options that reduce
emissions based on learnings achieved in Phase 1. Phase 2 will also likely include more
follow-up measurement and monitoring to verify Phase 1 learnings and/or refine the
information

Suncor has stated that total reduced sulphur (TRS) emissions from pond 2/3 have
been assumed to scale up with production levels from Baseline production levels.
This likely over-estimates TRS emissions since TRS from the ponds is believed to be
a biogenic emission. (Vol. 1, p. B3-6) Please provide further details on why Suncor
believes that the TRS emissions are biogenic in nature. Also, clarify what studies or
investigations Suncor is doing, or will be doing, to reduce uncertainty about
biological activity in the tailing ponds that may be causing emissions.

Response:

This statement is not entirely correct. Suncor believes that diluent contains enough TRS

to warrant the assumption that TRS emissions increase linearly with diluent loss rate.
Also, biogenic emission values are likely increasing from baseline levels. The
investigative program to address the entire issue, including the biological component is
described in 1.23 above.
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It is stated that the results in Table B3-12 (Vol. 24, p. B3-42) and Table B3-13 (Vol,
24, p. B3-46) indicate that the predicted concentrations of total reduced sulphur
(TRS) compounds could potentially lead to the detection of odours, originating
from the development in the oil sands area, by senmsitive individuals. (Vol. 24, p.
B3-46) Discuss any mitigation plans that Suncor has developed for odour controls
in case the frequency and magnitude of odour events does increase.

Response:

TRS compounds are one suite of compounds that could cause odour complaints. Main
sources include Pond 1, extraction operations associated with diluent, fugitive emissions
from Upgrading operations and upset conditions (flares).

Suncor has reduced the potential for these sources to cause odour complaints over the
past few years with such improvements as the Vapour Recovery Unit, diluent quality
control, and Naphtha Recovery Unit efficiency.

Further improvements include diluent modifications, leak detection program in
Upgrading, and improved reliability and reduction of continuous flaring. The program
for investigating VOC emissions from Pond 1 and evaluating controls has been
described in other responses.

As part of Project Millennium, Suncor has stated that it will undertake
modification of the diluent (e.g., narrower boiling range, and less benzene and light
ends) for use in secondary extraction to improve recovery in the naphtha recovery
unit (NRU) and reduce volatile organic compound (VOC) emissions from diluent.
Please provide further details about when this modification is expected to be
completed, and the anticipated degree of effect that it will have on VOC emissions
and potentially odorous emissions.

Response:

Suncor proposes to introduce a reformulated “heart cut” diluent with Project
Millennium. The heart cut diluent would have a narrower boiling range (2000F to
4000F) as compared to the current diluent (175°F to 4500F). The narrower boiling
range of the heart cut diluent is more within the recovery range of the NRU (4259F to
4500F).

This will result in the following benefits:

e The increased initial boiling point of the heart cut diluent will result in a benzene
reduction of approximately 80% as compared with the current diluent. Therefore
benzene emissions from the pond tailings pond are expected to be reduced by a
similar amount.

e An increase in total diluent recovery of 5% to 8% because of higher overall
volatility.

This modification to diluent quality will be implemented as part of the Millennium
Upgrader.
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Suncor has indicated that it will be installing a new larger vacuum column and
upgrading the overhead circuit in the naphtha recovery unit (NRU) to handle the
new production rates. (Vol. 24, p. B5-1) It is further indicated that the existing
NRU tower will be utilized when the new tower is down for planned maintenance.
(Vol. 1, p. B2-13) Will the existing tower also be utilized as a backup/contingency
during unplanned outages of the new tower? Will production rates be reduced to
accommodate the smaller existing NRU tower, or will diluent recovery efficiency be
sacrificed during such time periods? If production is not going to be reduced, has
Suncor considered installing full redundancy in the NRU system at the Millennium
production rates (e.g., two units that could each handle full flow), or any other
contingencies to prevent odour incidents (such as the May 1998 incident) from
occurring during such time periods?

Response:

Suncor believes based on experience and improvement in NRU tower reliability that
the reliability of the new NRU tower can be maintained to prevent the suggested event.
Should this event occur, Suncor will evaluate the most effective measure to control
diluent losses and to mitigate their potential impact on the environment. Suncor will
evaluate all options including reduced production rates and act diligently consistent with
our business and environmental practices.

Sour water recovered through the upgrading process is treated in a sour water
stripper. (Vol. 1, p. B3-31) 1t is our understanding that the sour water stripper
bottoms are normally sent to the naphtha recovery unit (NRU) for further
processing. Please clarify whether any contingencies will be provided for handling
this material when the NRU is down in order to prevent odour incidents,

Response:

Suncor has no contingency for handling the stripped sour water stream during NRU
outages. However, stripped sour water efficiency and reliability have improved, such
that Suncor is confident that this stream does not cause off-site odour problems. Any
upsets within the sour water stripper during NRU outages will be addressed through
mormal control procedures

Please advise us whether Suncor has considered the feasibility of installing some
type of vapour control systems downstream from the naphtha recovery unit (NRU),

-or modifying operational practices, in order to further reduce volatile organic

compound (VOC) and odorous emissions from the ponds. For example, has any
research been done on the potential feasibility and effectiveness of installing
facilities to collect vapours from the discharge pipe, or to cool this tailings stream
prior to discharge, or to discharge this stream at a point below the water surface, in
order to reduce pond emissions?
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Diesel Fuel
1.30

1.31

Response:

Suncor has considered some of these options. For example, pilot work was conducted to
evaluate the feasibility of recovering hydrocarbon from the plant 4 tailings stream, with
limited success. With regard to temperature, the new process being proposed that mixes
Plant 16 tailings with the Bitumen Recovery from Tailings (BRFT) overflow will have a
reduced temperature, thereby lowering volatilization potential. Suncor has also
considered below surface tailings discharge and has concluded that operational issues
such as sand build-up, especially in the winter, make this option impractical.

Suncor has indicated that the Diesel Hydrotreater Unit 1 will result in an improved
product quality that should result in lower NOy and particulate emissions (from
internal and external customer equipment) using this fuel. (Vol 1, p. C3-144)
Please comment on how the quality of this fuel, from an air emissions standpoint,
compares to diesel fuel commercially sold in North America. Also, clarify whether
Suncor is manufacturing the diesel to a recognized set of established specifications.

Response:

The Millennium Diesel Hydrotreater Unit has been designed to produce a diesel fuel that
will comply with the National Standard of Canada for Automotive Diesel Fuels -
Canadian General Standards Board CGSB-3.6-M88. This is a general industry diesel
fuel quality standard across Canada.

Diesel fuels with poor ignition qualities, high boiling ranges, high viscosity, and high
levels of carbon residue, water and sediment tend to promote engine misfiring, low fuel
economy, engine deposits, rough operation, smoke and odour emissions. Compared to
the CGSB Standard, the Millennium diesel fuel will have a higher ignition quality by
exceeding the 40 minimum cetane number and <0.05% sulphur content. The diesel fuel
distillation range will also be lower resulting in lower values of carbon residue, water
and sediment, and ash compared to the CGSB standard.

It is indicated that Sumcor is currently participating in a Canadian Oil Sands
Network for Research and Development (CONRAD) research project on diesel
emissions from oil sands-derived feed stocks. (Vol. 1, p. C3-155) Please indicate
when results from the research project may become available and how they might

‘be used.

Response:

The study is a CONRAD project in conjunction with several other companies. The
engine emissions from diesel fuel are being studied with respect to NOy , particulate
matter and aromatics. By comparing oil sands derived diesel fuel with conventional oil
derived diesel fuel, the industry will be able to determine if there are any differences
and/or areas of either concern or benefit with respect to the different feedstocks. The
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data from this study will allow industry to act in a knowledgeable manner to deal with
related environmental issues. The study is expected to be completed in late 1998.

Vapour Recovery Unit

1.33

Suncor indicates that the existing Vapour Recovery Unit (VRU) will be used to
recover and treat vapours resulting from additional froth treatment facilities, and
additional tankage, if installed. (Vol. 1, p. C3-55) 1t is our understanding that the
existing VRU was designed with three stages of recovery, but that the third stage
has not been operational. Is Suncor planning to enhance or modify the VRU as part
of the Project Millennium? Will any backup or contingencies be available for time
periods when the VRU is down, and if not, could a potential for odours exist during
such time periods?

Response:

The VRU is now operational and is capturing about 94% of the vapours from the sources
it serves. Plans are in place to improve the recovery further. Based on the current
projections of vapour emissions at Project Millennium rates, the current VRU has
sufficient capacity for the increased load. If it is determined that the increased flows will
exceed the capacity of the current unit, Suncor will install the necessary equipment to
ensure these emissions are collected. With respect to the downtimes, Suncor does not
have any contingencies, as justified by the high service factor.

Air Quality Modelling

1.34

Suncor states that four years of observed meteorological measurement from the
Suncor Mannix Station (75m level) were used in the modelling. (Vol 24, p. B3-7)
However, some figures for predicted maximum hourly and daily SO concentration
contain a note that indicates that the results are based on a one year simulation (i.e.,
Figures B3-2, B3-3, B4-2 and B4-3) while others do not contain such a note. (i.e.,
Figures B2-7 and B2-8) Please clarify the duration of the meteorological time-series
that were used in the modelling for predicting SO concentrations in the Baseline
Setting, (Vol. 24, Section B2) the Project Impact Assessment (Vol. 2A. Section B3)
and the Cumulative Effects Assessment. (Vol. 24, Section B4) If the time-series are
not all identical, the applicable SO2 concentration modelling should be redone with
a four year time series, so that baseline SO) contours can be properly compared to
the future scenarios.

Response:
The intent was to use a full four years of meteorological data from the Suncor Mannix
Station (75m) level in the dispersion modelling. Most of the dispersion modelling
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1.35

1.36

results do correspond to this four year period. However, to have sufficient time to
incorporate refined emission estimates in the assessment document, it was necessary to
run the Project Millennium and Cumulative Effects Assessment SO9 modelling runs
with only a one year data set. Dispersion modelling runs for the full four year period
have been completed and the results are incorporated into the additional information on
S0O7 modelling included in this submission (see Section B2).

With regards to Table III-12 in Appendix III, Suncor has noted that the ISCBE
model maximum ground level concentration predictions are 80% of the observed
extreme sulphur dioxide concentrations at the ambient monitoring locations. (Vol.
2D, p. III-26) 1t is noted that the emission rates for the model predictions were
based on stream day rates that do not mecessarily reflect hourly fluctuations in
production levels or unpredictable upset conditions, yet these variations may be
captured in the ambient monitoring data. (Vol. 2D, p. III-2]) Please provide
further discussion and/or information on what the maximum ground level
concentrations of sulphur dioxide may be if the plants are emitting at their
maximum licensed emission rates, or if an upset condition exists.

Response:

Variation in flows is, by necessity, a normal part of Suncor’s operation. Suncor’s
operating approval recognized this reality with annual, daily and hourly emission limits.
It is these hour to hour fluctuations that typically result in differences between the
modelled maximum concentrations and the maximums observed at the monitoring
stations. Nevertheless, the calendar-day emission rates used for modelling have been
estimated allowing for upset conditions resulting in increased gas flaring.

During upset conditions, higher than average 1-hour concentrations of SO) can be
expected to occur in the immediate vicinity of the facility. Suncor has implemented a
number of measures to eliminate the occurrences of upset conditions or to minimize their
duration should they occur. In addition, the Millennium Upgrader has been designed to
allow operational continuation when the Base Upgrader is shut down, and vice versa.

Since the plant is not expecied to run in the “upset” mode for any significant duration of
time, dispersion modelling of these high instantaneous rates has not been done.

Suncor has noted that the methodology for predicting potential acid input
(PAT) on a regional scale using the CALPUFF model has only been applied
in a limited number of cases and the experience of applying and
interpreting the model predictions is undergoing development. (Vol. 24, p.
B2-51) What type of further work does Suncor anticipate being conducted
in this regard, and who would likely participate in the work?

Response:
Suncor recognizes the uncertainties associated with quantification of
environinenial effects associated wiih acidifying emissions in ihe oil sands



Project Millennium Application 21 Section D
Supplemental Information Response

1.37

region. Suncor was one of the founding members of the Regional Air Quality
Coordinating Committee and is currently actively involved in the efforts of the
Wood Buffalo Air Monitoring Zone monitoring programs.

Suncor is committed to enhancing the current level of activity associated with
monitoring of environmental effects associated with acidifying emissions, as
well as to decreasing uncertainties associated with background values.
Activities that will be sponsored by Suncor, in cooperation with other members
of the Wood Buffalo Environmental Association may include:

e completion of a regional assessment of forest resources to monitor for effects
associated with acidic deposition; and

e resampling of waters from lakes in the oil sands regional study area that were
identified as moderately or highly sensitive to acidic deposition following
sampling by Saffran and Trew (1996).

The resolution of issues associated with effects of acidifying emissions may
include:

collection of additional monitoring information;
collaboration with other regional developers and independent researcher to
includd consideration of information from other studies to assess effects of
acidifying emissions;

e comparison of identified effects with predictions made in the EIA;
identification of additional studies required to quantify effects; and
identification of additional mitigation options to reduce emissions, if required

Reference:

Saffran K.A. and D.O. Trew. 1996. Sensitivity of Alberta lakes to acidifying
deposition: an update of sensitivity maps with emphasis on 109 northern lakes.
Water Sciences Branch. Water Management Division, Alberta Environmental
Protection. July 1996.

Upon reviewing Table 3-58 in the Technical Reference for the Meteorology,
Emissions and Ambient Air Quality in the Athabasca Oil Sands Region it
appears that the highway and residential sources were modelled as area
sources, as were the mine pits. Please explain why this source type was
chosen. Also, please provide further information about references and/or
calculation methods for emissions from these sources.

Response:
The caption in Table 3-58 of the “Technical Reference for the Meteorology,
Emissions and Ambient Air Quality in the Athabasca Oil Sands Region” is
misleading in that it suggests these sources were modelled as pits. The
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dispersion modelling analysis was actually performed with these sources
represented as area sources. Each of the area sources were modelled using the
widths, lengths, areas and rotation angles listed in Table 3-58. The sources were
also given an initial vertical term to account for the relative source heights. The
following table provides additional information about the modelling source
characteristics.

Modelled Source Characteristics for Highway and Residential

Sources
Parameter Highway Fort. McKay Fort. McMurray
UTM location North 462,507 468,100 476,008
UTM location East 6,331,720 6,337,400 6,282,130
East-West Width [km] | 0.030 0.5 5.0
North-South Width [kmj | 28 0.5 5.0
Area [km?] { 0.84 0.25 25
Rotation Angle [°1178 0 0
Initial Vertical Dispersion [m] | 3 7 15
1.38 Upon reviewing Table III-8 it appears that CALPUFF predicts NOy

concentrations near the mine pits which are lower than the ISC3BE
prediction. (Vol. 2D, p. 1l1-43) However, predicted NOy concentrations
appear to be much higher by the CALPUFF model than those predicted by
ISC3BE. (Figures B2-16 through B2-21) Suncor has provided discussion on
the NOy to NOj conversion methods that each model uses. Please provide a
comparison of the two methods, as well as any supporting rationale to
choose one method for use in modelling in this region.

Response:

The NO7 concentrations presented in the EIA do not represent the direct
dispersion of emitted pollutants. The predictions are the result of chemical
transformations being applied to the modelled NOy concentrations. In the case
of the ISC3BE predictions, the model was used to calculate ambient NOy
concentrations which were then converted to NOjp using an empirical
relationship derived in the oil sands region (Vol. 2ZA, p. B2-35). This approach
w