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INTRODUCTORY REMARKS 

DR. MART N B K 

rece v ng request Ron Wallace to contribute to this 
sem nar, Oil Sands Environmental Study Group realized that one of the 
better ways to create an atmosphere in which the industrial and environ­
menta research worker cou d engage in constructive dialogue would be the 

of as much technica information as time would permit. We have 
lea rom p ous d sagreements, that the main obstacle to mutual 
apprec at on and understanding resides in an insufficient appreciation of 
the techn cal a 5 of oil sands resource extraction technology and 
cleve opment on the environmental side, and a lack of comprehension of 
des rab e environmental protection objectives on the industrial side. You 
may lace th s sem nar in the larger context of our bel ief that through 
provision te technical information, industry can assist environ-
mental researchers in the den ification of the environmental problems 
attending oil s development that require resolution. 

DR. RON WALLACE 

wou dike gi you a very brief round our being 
here and the purposes of the ic Fauna Committee. 

The Fauna Comm tee 5 in9 to take a ong-range view 
o and i that it will have upon 

sand area. this program begins, 
ree cogen, rseeing ions that we feel will 

legisl tors and the pol cy implementors in respect to 
t 5 area. These ons are also being asked in an 

npo n reas wh 1 need to rece ve attention from 
ogists and other sc ent sts associated with this program 

the next five to ten yearso na lV, this exchange could be a vehicle 
toward talyzing th s iong-range view the problems. 

Committee has 
across 

her a group of biological scientists 
r views on our direction and the 

we should be aski over the next three to five years. We hope 
her again during the life of the project 
the data that we1re actually generating. 

approach s many respects unique (as is 
f we can ca 1 on as many experts or people who 

vement programs 5 milar or identical to the 011 
the ong run we s 11 be much further ahead. 
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PETER COTSWORTH: 

The speakers 110w me will cover some of the detailed 
I s 9 mine dewatering, extraction effluents and 

i 5 ion so in essence what I would like to discuss is, what 
an oil sands mining p ect oaks like, how it is developed, and how it 
operates rom the overview posit bn. 

irst of all the real question: Do we really need oil sands 
p ants The answer to most of you around this table has to be "Yes or 

Albertan~ the po icy of the Energy Resources Conservation 
Board is to maintain reserves in this Province to serve Alberta's needs. 
However, in the very Ie ture, the energy in the oil sands will 
be needed. I now to some numbers generated by the National Energy 
Board and the an Petroleum Association as late as October 1974. I 
have no reason to believe this situation has dramatically changed in the 
nte im. is estimated that 1980 the Canadian demand would be 

approximately 2. mi lion barre s per day and the Canadian probable 
ti would be about 1.7 m 1 ion barrels per day, including 155,000 

synthetic crude. n other words, as early as 1980, Canada will 
,000 barrels per As early as 1985, the demand will have 
to 2 8 mill on barrels per day and probable production will be 

m 11ioo barrels a day, neluding 400,000 barrels of synthetic 

hi ten yea 5, we are to maintain au existing growth in 
along with he cor ing standard of living and industrial 
evels Canada wi be desperately of produced oil. It 

necessary lmos .5 m ion barrels a day, more than 
ha'if the nationa con t on at that time" If exp oration in the frontier 
a i1 to ach eve the desired resu ts in the next few years, it is 

hat sel i iency in the 19805 is an unattainable goal without 
e roduct on rom the oii sands. The unpalatable alternative 

log Canad ans s to rely on ever increasing imports of oil and to accept 
the vorable ba ance of payments that must surely follow. True, there 
have been some turndowns i consumption and there have been some recently 

by Panarctic in the Arctic regions, but no matter how 
you this 5 the "glue' into which Canada is plunging headlong. 

calculation towards , on the basis of an offshore price of 
5 barrel of ts deficit that results from heavy 

ion oi $ billion per year. Furthermore, all 
the charts and gra a 'low for n6\o\l energy sources (such as nuclear 

re beginning to let that once self-sufficiency in Canada is 
it cannot be regained re the year 2000. This is an awesome 

the present and ture citizens of Canada, one which 
an don t spell out clearly to the average Canadian, as 

Ie ans are concerned with what happens in the year 2000. 

5 dilemma has very onerous aspects, one being the lead time 
imately e t years) to put a plant in production. If we squander 

the n ei t years nact all the action in the world will not 
save t situation At this s enormous quantities of goods or money 
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will be flowing out the country. How are we going to raise the money 
in mid-l to bu ld these plants? i 1m afraid we aren1t, and the result 
will be that Canada~ virtue of a new-found debt burden, will be rele-
gated ckly to a second class standard of living from which it will 
not have the Immediate ability to recover. Why aren1t we building these 
plan 5 The answer s simple. The burden of taxes, royalties, 
inflation high interest rates~ and the demand by Government for ever 
increasing recoveries and improved environmental circumstances are such 
that each component has made these projects unattractive to investment 
ca pita 1 • 

For the reasons! have given before, I can state, with little or 
no qua "I ification~ that as a Canadian, I feel it is in my best interest to 
see adequate development of the oil sands to demonstrate our ability to 
be self-sufficient. I recognize that time is not on our side, and I 
think that it is important that the participants in AOSERP understand 
these pressures of time and product costs and respond accordingly. 

An oi"1 sands complex basically breaks down into three components: 
mining, primary extraction~ and upgrading. The standard 125,000 barrel 
per day plant is the break point from some of the economic advantages of 
escalation of scale. For this standard plant, it is necessary to mine 
approximately 160 mill ion tons of material a year on an average waste 
ratio of 0.70 To clar fy, if we have 70 ft. of combined overburden and 
reject and 100 ft. of oil sands above a 6% bitumen cutoff, we have a 
waste rat 0 of 0.7. The yearly mine production is made up of approximately 
96.5 mill ion tons of tar with an average bitumen content of 11.5%. Within 
the oi sand zone, million tons of overburden and 20.1 million tons of 
Jow grade or reject material are found. The magnitude of this mining 
compares \'lilth the '~argest mines in the world. The daily volumes to be 
moved are such that they would cover a Canadian football field to a depth 
of about 120 fte This must be sustained in a cl imate that is more severe 
than the posted average for Siberia. Unfortunately, deposits of oil sand 
are heterogeneous both in the vertical and the horizontal direction, so 
what we end up with is a series of deposits in any particular lease which 
are mineable under certain circumstances. 

One must real ize that the variation in bitumen content in the 
ore ranges from 6% to 18% by weight. The ERCB, as a guideline, feels it 
is desirable to reach a 6% by weight bitumen content in the ore and out to 
a waste ratio of 1.5:1. This usually represents the bulk of the deposit 
in any mineable area. Unfortunately, the interests of the Department of 
the Environment and the EReB are slightly at cross purposes here for as the 
grade of ore sand goes down, the proportionate quantity of tailings goes 
up and he requirement for water to process a barrel of bitumen goes 
disproportionately up. For example, under average conditions with 11.5% 
bitumen in the feed of 12~236 tons per hour, we need 0.66 tons of water 
per ton of oil sand; for 1 imiting conditions with 9% bitumen in the feed 
of 16)000 tons per hour we need 0.88 tons of water per ton of oil sand. 
Therefore, the trick in mining is to attempt to blend high grade and low 
grade ore to level out the plant requirements. Unfortunately, it would 
not be uncommon to go for many years with a satisfactory mine plan and 
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then find n t fi th year that all the machines happen to be in a 
posi on of ow grade ore. This would have disastrous results. Mine 
p ann ng becomes Cd 1 examination of the ability to supply ore 
in the needed quan it as throughout the li of the project. Within 
re ati pe, the necessary averaging must be achieved. For 
this reason no mine lanner wouid ever have a single prime excavating 
machine in the Athabasca oil sands. 

exam nation other potential systems such as bucket 
ding shovels and t , and scrapers, despite the fact that the 
un prices these of operation are somewhat comparable, the 
m ne planner concludes hat he has two choices: bucket wheels with 
conveyors (the system iced by G.C.O.S.) or large draglines with 
reciaimers and conveyors. Neither choice is perfect, but for a specific 
mine, one ice is better than the other. Draglines usually enjoy a 

t economic advantage, but since all the prime excavating equipment 
operates on the the same high wall, an interdependence of effi-

way 
other 

in 
set" iOlls 1 

lops. Further, a 1 the ore that a dragline excavates and 
of the highwal has to be reclaimed; that is, moved again 

ing the plant 

Because of the geometric limitations of dragl ines, the usual 
ore. If the ore is deep, in the order 

rag ines without elaborate rehandling 
cannot excavate th s ore in a sing e pass and their, main advantage 

were to ignore ore that has been exposed at this depth 
all the prob ems remova of overburden, reject, 

etc" wou d have to be viewed as a was'tefu 1 pract ice 
the ERCS wou d permit Draglines, because of the 
have much greater vulnerability to slope failure than 

On the other hand, bucket wheel excavators, because they normally 
in the pit can go to much greater depths, are not as 
by the operations of adjacent equipment and can 

material of reasonable lump size. This protects the 
system and can accomplish blending if enough units are 

However, wheel excavators have a much lower availability 
r frequent shutdowns maintenance) than draglines and may 

result in a greater swing of to the p ant if a key unit in rich ore 
goes Further, bucket wheel excavators require excellent mine 
devJatering because the un ts are actually placed down in the pit. They 
a so require a separate transportat on system to handle reject material. 

a genera ity~ bucket \''Ilhee excavators are in their first generation 
deve opment in 0 1 sands appl cat on and are not considered as rugged 

as the dragl ine. 

urrently only two tran ion systems are available to 
handle masses material in an oil sands operation: railroads and 
conveyor As a generali ,conveyor systems have an advantage due 
to the rei t vely t hau stone finds in an oil sands mining 
operation and conveyor systems are technically improving at a rapid 
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rate. Ra systems are su ect to the problems of ore grade. If one works 
n the p t, rail require expensive support systems and are highly 

labor tens ve, are well proven in the Canadian cl imate. The 
trend however, is deve opers to move to conveyor systems. 

No matter how one mines initially, each mine requires an over-
sposa area. overburden is placed in such an area, an 

nven he quali the material must be made. Useful materials 
such as clays for i.mpervious seals in dikes, gravels for concrete work 
and sands fiiters are inventoried before disposition of the overburden 
mate made I 1 this wi 11 p·lay an integral part in the ultimate 
ree amatian of the area 

I cannot leave the topic of mining without referring to Mine 
Dewatering. n order to successfully work a conventional mine system, 
any m ne must be dewatered to artificially create a suitable working habitat 

improve slope s il i characteristics. The normal method is surface 
drainage and pumping. Tests show that in order to open a ~it approximately 

ft. square we wou d requ re wells, each pumping 20 gallons per 
minute and 9 wens, each pumping approximately 500 gallons per minute. 
Chlor de contents the water produced does not exceed 500 ppm in any 
nstances on tests conducted to date. Before developing a mine plan 

1 we would have to do more research in this area since it is highly 
site specifi ~ 

matter of Primary Extraction, to date all developers have 
the KeA& C ark hot water process with minor innovations. The 

is a relat ve y simp e system ( F gure 21). In high 
works wei but it gets into trouble when the fines content 

ncreases. n we have the pressure from EReB, in the interest of 
conservation to u Ii more ow grade ore This translates into rela­
tively more fines per barrel, more water, more tail ings ponds problems, 
etc. 

II th s system, tar sand s mixed with hot water, caustic and 
steam n a condit oning rum to produce a pulp. Following the condi­
tion ng drum, clay lumps and rocks are removed by screening. The pulp 

rther hot water as it passes to a primary separation unit. 
p mary separation un t separates the feed into various components 

of dens i tia & The h rises to the top where it 
and the sand settles to the bottom where it is pumped to 

middl portion itumen to mineral ratio 
represents about wei the total. The middl ings is 

tran to a scavenger uni where, agitation and the. injection of 
a r, t produces a low grade highly mineralized bitumen froth. This 
froth is combined w th the roth from the primary separation unit for 

n a froth treatmen unitQ The froth, containing substantial 
water and m nera! is dil with naphtha allowing the 

a hydrocarbon blend ighter than water. Two stages of 
centr! ng removes the majority of minerals and water. Diluent naphtha 

con inuously recovered d tillation in a diluent recovery unit. 
The vvater is driven with the naphtha separated in a reflux accumulator 
drum The di uent s recyel to froth treatment. 
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Because the racted bitumen is not a saleable product in this 
upgrading is necessary for transportation and to insure sale. Many 

methods n be u upg ing, but al essentially accomplish the 
They ether add hydrogen, remove carbon, or both, to improve 

of the product. As a result it produces naphtha or a lighter 
• 119 gas 011, heavy gas oil, and residue which can be coke or 

01 I Currently G.C.O S. practices delayed coking upgrading. This 
is a commerc ally proven process in which the extracted bitumen is heated 

as n a fractionating tower and the bottoms are charged to coke 
drums~ Drums are decoked with hydraul ic equipment and the coke is con­
sumed in the power house. 

rude and the AO? group have declared their intention to use 
a flui coking process as icenced by Exxon Research and Engineering. 
The upgrading of the raw feed is based on thermal cracking. Heat is 
suppl means of circu ating hot coke. The reaction products are 
scrubbed to remove coke fines and are separated in a fractionator to 

various cuts One of the reaction products is coke, over and 
consumed in the process. Stack gasses from the coker burner 

contain su icient CO to f re a CO boiler which recovers heat usually in 
the form steam and eliminates the CO emission to atmosphere. 

all these processes the sulphur content from the raw 
itumen starts to concentrate i either the coke or residues. The energy 

in these heavy materia s mus be conserved so either the coke or heavy 
residue is burned power generation. This poses a grave sulphur 
em leme If you explore the data in the Application 7554, you 
wi he su r content in gas oil, when used as fuel, 

s to When coke s used as in high pressure boiler the 
iphur content is 8 9%. This s why many people choose not to burn coke 

as it introduces enormous 502 removal problems. 

The products of the fluid coker must be.treated in the hydro-
reat ng sect on rther removal of sul r and nitrogen, and to 

sa rate c ma a 1 ragen is produced by s team reformat ion 
plan gas. Gas streams from vapor recovery and hydrotreating 

units contain rogen su fide, and are to an amine treating unit and 
t recovered H2S then goes to a conventional Claus sulphur recovery unit. 
A sour ter st ipperc eans the sour water produced by the fluid coker, 
overhead rum hydrotreater separator and vapor recovery units before 
th s steam is released to the luent treating system. This unit reduces 

and ammonIa content in the effluent water to about 1 ppm. The 
s bject to treatment by an API separator where oil is removed 

permi n9 the water to be reused. The stripped gas is combined with the 
ich stream from the am ne treater and fed to the sulphur recovery 

This n essence is a typical upgrading system which produces a 
p approximate y 30° API gravity, low In sulphur and of transpor-
table and saleable quality. 

design in our lication has a sulphur emission of 0.5 long 
ton per thousand barrels of bitumen feed, and liquid wastes are handled 
as 1 lows : 
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rocarbons p from a slop tank. 

rbons, spillages, drips and drains 
are a separator in the oily water system. 

The ly water will handle sour water stripper 
bottoms drips and drains from the process units and 
drainage from the areas. 

The luent from this system is treated in a biox 
unit after pass ng through a separator and air flo­
tat on unit. The water is then reused, in the 
primary extract on process. 

The storm water is initially handled by the oily 
water sewer and thereafter diverted to the cool ing 
water spray ponde 

Sanitary waste is treated in a package unit 
equipped with a tertiary filter. The effluent 

5 diverted to the waste water pond 0 

Certa n liquid wastes, such as water derived 
from ion exchange washes, boiler blowdown and 
upsets in the 01 y water system are not sUitable 
for reuse These wi be rou to a waste water 
pond des to accommodate the waste water for the 

ife of ote 

wastes outside of ta 1 ngs can be derived from 
treat n9 gaseous iquid wastes. These waste 
materia s are gypsum stack gas treating and cold 

ime clari ier sl and are t rred to the gypsum 

All other so id wastes are used as land fill. 

rn general, aqueous process waste discharges are 
conta within a osed loop system incorporating 
artificially created impoundment ponds. Selection and 

reparatiOn these s will ensure containment of 
toxic elements and other water pollutantso 

One 
seepage from 

problem that oil sands operations must face is 
ponds tis i t to realize that with a 

mi ne 
wi 11 
w 11 
di 

deep and a tail ngs pond nearly 250 ft. high, any seepage 

One roblem we 
if ch"lori 
these waters on 

migrate to he m ne dewatering system and consequently, 
to the water oop supporting the complex. It is 

envisage how much of this water could get off lease. 
when we del,AJater a mine is, "What is the best procedure 

content jumps to 15,000 ppm or greater?lI. Do we retain 
lease or do you try to release them on a controlled basis 
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levels re hi enough to absorb specific quantities 
hin the latter is the best solution. 

n cone usion designers of an oii sands complex sincerely 
a sat sfy the env ronmental needs set by the various authorities 
and certainl try to keep all possible situations under control. However, 
I am not prepared to pretend that we know all the answers. I would 

to see control] releases, particularly of 1 iquid waste, to 
avoid accumulat on" garbage where possible. I would hope AOSERP can 

ive some scientif c data which establishes clearly when releases can 
made and what levels really are. 
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Ta i 1 i ngs 
(Pond size t~ i n $ 

Froth Treatmen 
acre waste 

acres) 

Oversize from Condit on ng 
Drum 

("line Drainage 

Bo ier 
Bcd 1 er 
San tary 
to 

To sour wa 

iron Exchange 
\'Jater pond 

ipper 

overhead drum 
separator 

IAl 

Slurry 

Slurry 

So 1 i d 

Water 

Liquid 

Liquid 

to sulphur plant 
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TABLE 1 

ISTICS 

Bitumen 84 T.P.S.H. 
Mineral 9708 ToP.S.H. 
Water 9639 (minus 6137 recycle) 

Bitumen, Mineral, Water, Naphtha 

Bitumen 7.5 4.8%. S 
Naphtha APi 2% 

TDS 
ppm 

d stream goes from the sour water stripper to API 
ong w the following 

ps drains 
Storm water 

og liquid goes through r f otat on for final oil and Then the 
pa rt I cu a removal, then th the Biox back to primary extraction. 

To 
140 acres 

Slurry Effluent from cold lime 
larifier sludge and Chi 

VOLUMES 

T.P.S.H. Net 

Bitumen 84 
Mineral 9708 
Water 3502 

Bitumen 35 
Mineral 141 
Water 861 
Naphtha 21 

Bitumen 21 
M i nera 1 519 
Water 77 

450 

70 

55 
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W. L. 

k about our 
1 

2 -

to the 

luent disposal and its 
a1 which we have given 

the ERCB. 

The G .0.5. area contains the Athabasca River, a tailings pond, 
freshwater a river and water pond, a wastewater pond, the 

ant~, and our processing area. Water is taken from the 
nto a freshwater pond (or river-water pond) with the 

silt into the river. We have a ir y large 
low is pumped back. From the freshwater 

to va aus units in much the same as any other 
We di ide the water nto; river water, which s just as it is; 
which goes nto the fire water lines and is essentially a 

til you have a fire); the boiler feed water, which 
treated water a drink ng water system; and util ity water, or 

are 11 treated slightly differently, so they can 
t places .. 

the water goes nto the process area. is divided into 
streams, and sed n all the various s a 

does not touch any oil is sen d reet y back to 
ich is relatively free of oil s bypassed 

The res is taken through a water­
remov ng the oil and grease, 

surface oxidation in the pond. 
and then ouffal1s to the 

lumes are 20 million from the river 
lions). A the water evaporated as steam from 

ng spray. Some returns out the out and approximately 
Ions are reeye ed to 11. The largest 

the remai , to 5 thousand gallons a minute, 
s n the extract on plant. Water essentia ly is make-up water 

because most the water n the extraction plant is taken from the 
, and ciea water backe The actual usage is 

material which goes the , is eft as part of the sludge, 
1em Dr Hynes red to, and t portion left in the dike 

L if. Essent al y, the on yother water eff uent that we have is the 
ike seepage It is not real y seepage; hat is a misnomer. There are 

actua ly filter drains, a system where water is taken to a ditch and 
then out to the river. 

tIs discuss wha we are sending out in the outfal1. The 
vo ume is approximately 8 ill i gal ons per day, and that is an 
extremel var ab e f reo real ize is is a little h~gh and we are 
making ts to br ng down" These mater als are analyzed on a 
daily sis and the resul are the month and sent to the 

rtment the Environmen. Last year's figures are in our annual 
'l"Jhich is avai i 1e from the DOE. Our suspended .sol ids are 

as 110ws 
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1. 0 i grease (yea r 1 y average) = 10.9 mi 11 igrams/l i tre (ppm) i 

Threshold odor r 1 y average) = 250 

COD (year'l y = 121 

4. 1 s = 10.3 lbs/day 

5 Ammonia n trogen) = 1.6 

6. pH = 8.3 

BOD 25.2 

8. Toe = 180 

The month of December is an example of what can happen in oil 
sand ions An operator eft a caustic valve open going into one 
of the final treatments the syncrude was sent down the line. 
On y a certain amount C 5 to be added and the valve was left 

r too long, in several days before we noticed. High 
resulted, close to 9.5, which were above our requirements. We had 

ustments n the wastewater pond. One of our saving graces 
r rge , and we were 1e to divert to it. After correcting 
it, we still qu d which was causing the problem in the 

we were able to s wi in the pond, so that our outfall 
was lower would have been otherwise. Part the bypassing 
p re the total up to 200 ppm. 

s from ter drains. The soils mechanic 
tan has recommended we have carried out) the 

f lters within our dike in order to lower the phteatic water line 
t 1. if ilters not present there would be a ten-

slumping So n ncrease the stability of the dike, 
filter dra n he d ke. The filter drain essen-

ft. and fifty ft. wide. Placed 
water down to the toe of the 

causes the owe reatlc water line creating a 
This haul not be rega as seepage out of the pond 

some data to back thi may occur at high points 
n the bottom layer our s settles out creating a sealant for 

the ke Clay s ten used as sea ant in dikes, and the majority 
of our 51 s ial1y we have construction water. As 
the dike , we pou the tailings into a small diked-off 
area at the ,the sand set les au the water with the fines goes 
over the into the The water t must leave goes down through 

f 11 tei'" d ra n s 

In the early there was a trout test, we tested the 
tox ci this mater 1. 11 it to go into the river because 
it appeared to be a most the lity as our effluent. We started 
using the trout test and our standards were raised. Also,. the qual ity 
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Now the water eaving the fi ter 
is toxic with a organic content 

n9 about it; however, it is a very 
reasons. One we have to try and make it 

lance (if we do collect it), and two, it is 
1em with different outlets two to 

runs round 
Gallonage appl ed to the filter drainage 

per 

MASUDA: isnft filter drainage put back through the pro-
cess plant (wastewater pond)? 

CARY: treatment essentially consists of remova of oil and 

MUND 

rease and there 5 some oxidation in the su our ponds. 
We just it bel eve that it would be sufficient to handle 

What is the m nimum river discharge n gallons per day? 

Mean 
ry 
spring 

wn it be 
mean value, but a 
you tend 

ce to 

cub c ft. a second~ Minimum 
cubicftG second~ Maximum 
150, 

, not only as the 
I note the igures 

mean va ues over a month or a year ••• 
to know the m nimum and maximum values 

don1t have those at my ngert pSo 

IE: s it the inten on to prov de data which include the 
extremes as we 1 as means? 

No 
to what 

We provide 
ask 

to the and the DOE according 
don t ask for that. 

Do you have an estimate t 
on in the bottom ta 1 ngs 

amount of recharge going 
You know approximately 

how much goes out 

No, we don't. 

You are ass n9 tha the bottom has been made impermeable 
he sl and the clay but do you have actual measure-

ments? 

It know even how we would get them or what they would 
mean if we would t 
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Do you contingency plans n the event of dike collapse 
ike materia 5 running into the river, if you had to do 

over again would you put the dike the river? 

CARY: No, we waul put it the river, in fact we wouldn't 
allowed to. We have a commitment to the ERCB to fill up 

rna it into a plateau as soon as possible. 
no I can't say that we have a contingency plan. We 

have a very consu tant, we' have an area where there is no 
ever recorded. We just donUt believe it will ever 

if you were up on that dike, you wouldn't believe it 
would ever happen either. It s a massive one. 

HATFIELD: Have the tax c components of the construction water been 
to any extent? 

CARY: I have a d report that was written by Steve Hrudey of 
EPS He isoiate the actual compound. Welve looked 
at it view of COD, TOC and phenols. Phenols 
are low~ h PH is good, running around 7.5 to 
8.4. Oland grease va ies, probably due to the differences and 
changes in the flow a we construct the dike& it comes out at 

The sampling of this at different points 
you are constructing at different points a~l 

ems. t runs up to 116 milligrams/litre. 
a var ab; 1 i from 6 to 374 ppmo I think 

s running clearQ Phenols, are low - running 
where the water licence calls for .3. COD runs 

twice licence - about 300 to 410, and the 
carbot are both high. We haven t any 
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L. N 

introduct 

a generai review of mining and depres­
scussion of our Beaver Creek diversion 

the tailings area touching on some of 
s that area. 

gure 2 shows Sync rude operations in the Ft. McMurray 
P ect 1 is centered on lease #17, adjacent to Mildred lake, 
between Ft. MacKay and Ft. McMurray. Syncrudeis operations are 

cted to Lease #17 and #22, with the exception of some construction 
southeast cen along" the Ruth lake Valley and the Poplar 

Creek system. 

, . ~ 
o m! ies 

mf les 

3 Athabasca River and the various river basins 
or which are affected by the overall 

are: ar Creek basin, a little over 41 sq. 
basin sq. miles; the Ruth lake basin, 9 sq. 

area tse f, 11 sq. miles; the plant site, 4 sq. miles; 
as of a month ago, was part of the Beaver Creek system; 

3. 10 sq miles; Creek 2, 11 sq. miles; Bridge Creek, 
the tail ngs pond, approximately 12 sq. miles. 

Creek Diversion Scheme 

gure 4' i trates the led i the 25 year mine 
p ite and ta The Beaver Creek diversion 

ows are quite large, and its 
the"plant site, and the 

he diversion scheme is the 
Dam, an imately 10,000 ft. 

long. was const dam fequirements to 
cut Beaver ey, as \,fJ€ 11 as the adj acent Ruth Lake 
Va ley. The crest of t as il1ed s ructure is approximately 1,025 

evatiOii. In contra5t~ the surface the mining area is approximately 
. in elevation. 

flow r in Beaver Creek has been cut off. 
Flolrl/s lOW Dam are now restricted 

A reservoir, 1025 ft and shown by the dashed 
has been red to the backwater as it rises 

A diversion tch~ or 1, was cut through the ridge 
and Ruth Lake Val to divert the flow into the 

A second diversion canal is proposed for the south 
end to "lead water through to Poplar Creek. 
The second se of t vers on scheme is the construction of an earth-
f l1ed embankment and a sp 1 structure into Poplar Creek Valley. 

scheme is s under construction and will be ready, 
ear y 1976, to the ful Beaver Creek flow from Ruth 
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i 
order 

por ion of the iversion scheme has been to construct 
tch on the west side of the year mining area in 

C ,and #4 (F gu~e 3). These flows 
Creek~ which is a smail tributary of the 

i 1 ischarge into the Athabasca River through 
reac Beaver C (Figure 4). In addition, although they 

are not shown on Figure 4, intermediate drainage systems across the mine 
5 te wi carry into the tailings pond. These are the major 
components the Beaver Creek diversion scheme, which will be completed 
in spr ng 976. 

Mine Area Depressur zing Program: 

purpose of the depressurizing scheme is to improve the 
the mine h ghwa 1 by decreasing fluid pressures in the basal 

aqu r be ow the tar sand. The initial excavation in the mine 
involves an openi cut 170 t. below the present surface at the base of 
the oil sand plant as shown on Figure;5:' This schematic drawing 

Ilustrates the posit on of one four similar draglines and one of 
r bucket 1 reclaimers. lines operate in two modes: the first 

and deposits it in the Beaver Creek Valley, 
the 

excavation rec aim 
mining requires maintenance 

pore pressures be at minimum 

ts material in a wi row to the east 
bucket wheel excavators. This type 

operating slopes by ensuring the 
in the aquifers which underlie our 

As a result 
a number 

t riz n9 requirements, we have 
to ident fy the characteristics of 

rau es as well as water 
in the a 1 ressuriz ng program 

being as test prog was initiated in order 
the various components going into the scheme. 

Fi ree6' illustrates two cross sections in the mine area. One 
section t 5 north to south and the other east to west. Both sections 
show the stratigraphy of the m ne 5 te and particularly the relationship 

the water sands (aquifers) to the other geological units. 

igure ustrates the rizing well layout as part of 
re-mi ing operation to lower ezometric heads in the aquifers. 

scheme shows a es rive well lines that will be 
eted n 1 These across a width of 2500 ft. and the 

eng of the m nee ition, a set of cutoff wells will be 
oeated on the north and mine boundaries. These wells are 400 ft. 

rt on the ve 1 nes. Thai spacings have been dictated not only by 
he geometry and characteristics of the basal aquifers, but also by the 

m ne 1 of equipment~ conveyors, draglines, and our initial back-
f l1ing operat on the Beaver Creek Valley. 

The we 1s in he nor ha f of the mine area s rted operating 
at the end of June this year~ in September, 1975, the remainder of 
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into operation, bringing the total number of wells to 95. 
tion until early December, whereupon there wi 11 

be a pause the w!nte for two reasons: a) to minimize higher 
ope t cos due to cold weather a b) to ascertain recovery condi-
t ons the piezometric head as a result of the pumping activity. 

Figures 8a and 8b are the drawdown curves of four wells selected at 
random sho\r/ing the results of pumping activities in terms of piezometric 
head for the first 60 days of pumping. Generally, there has been 
a signif cant flatten ng the drawdown ranging from 100 ft., to about 

The curves are a lection of the complexities and variations 
the aqu They also indicate that, for this particular density of 

wells, there has been a ree of recovery from the basal aquifers 
exter or the area in which we have been pumping. This is the reason 

the flattening of the drawdown curve. 

Figure 9 shows the 25 year mine area and two sets of groundwater 
leve contours for the basal sand aquifer. One set of contours depicts 
nitial conditions prior to pumping and the second set depicts conditions 

a 89 days of pumping. The 000 ft. pressure head is the equilibrium 
s tuat on or original piezometric measure level in the basal aquifer. 
After 89 days of pumping drawdowns to the 950 and 900 levels have occurred. 

ng rates in excess one cubic ft. per second of discharge 
water from the basal aquifers have been attained. The water has a chlor-

de content in the range 4000 to ppm In comparison to sea water 
it is best described as a brackish water. There is considerable varia-

ion water quality area to area and weli to well, ranging in con-
centrat! what would appea to be C ose to sea water to nearly fresh 
water These data ve some ind cat on the complexity of the aquifers, 
the genesis, in turn the complexity making reasonable predictions. 

An observation program, wh ch encompasses the entire mine site, 
has commenced. We have estab'iished a number of observation points, both 

tak ng water lity samp es, as well as monitoring piezometric levels. 
These observat on we 11 s are shown as black dots on Figure 9 . A 11 the 
wel 5 W 11 sampl for both water quality and gas analysis data. An 

has been made to demonstrate the complexity of the aquifers with 
to water quality, particularly projections of water quality. 

Pred ctions water quantity are complex. One parameter used 
in th s tabulat on is the amount of gas n the aquifers, therefore, we are 
essent ai i dealing with a two se, not a 5 ng1e phase, system. Our 
predictions for water quantities tend to be greater than those actually 
achieved, due to the presence dissolved gasses. Gas is dissolved in 
the water and as the pressures are decreased, the gas comes out of solu-

ion and the piezometric ievels higher than predictions in a single 
phase system. 

Figure 10 is a contou map of the top of the Devonian limestone 
showing a depression n the Devonian limestone extending through the 
centra pa of our mine site. Coinciding with this depression are the 
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clays wnl underl ie the 0 1 sand feed. This provides 
tral for the interpretation and the estimations of the extent 

ree sal aquifer sands been identified on a 
c basi. Unit HNI igure J 11 is the lowest aquifer sand and 

close y co ncides with the sian in the surface of the underlying 
1 imestone Un t IiBi! (Figure ~ consists of aqui sands that are inter-
bedded the basal sha es wh 1e Unit "C II (Figure 13.) shows the upper 

into tar sands~ The essential difference between 
sand is that water is replaced by bitumen. 

sand un t is the most extensive unit, covering much of 
well as the plant site. 

Surface Groundwater Regime: 

Su groundwater regimes include groundwater flow systems in 
the Pleistocene material above the McMurray Formation. All data indicates 
that the groundwater regimes n the overburden materials are separate 
from the 9 ter regimes the basal aqui as well as any low 
grade sands containing water in the McMurray ion. In the strict 

rolog ca sense~ the basal aquifer is a confined system. The over­
burden s semi-confined system because the bottom of the overburden 
is a low boundary. 

General y, with regu ar m ning methods, no problems arise handling 
overburden materials up to 40 However~ for surface muskeg areas, 
excavation 11ing are requ red in order to have a proper working 
mine su 1 carry the mine equipment, conveyors, draglines, 
etc. in areas where the ave exceeds 40 or 50 ft, dewatering for 
the purposes s ope stabili 

areas where thick Pleistocene materials exist, dewatering 
will be necessary. In Figure,14 the area or zone of thick sediments is 
outl ined by the i coinciding w th Beaver Creek. Essentially, the 
sediments have a canoe shape a range n thickness to 80 A pumping 
program in th s area is underway n order to identify a proper dewatering 

ign for this particular areaQ It is our intention to bring pressure 
levels the level Beaver Creek to the bench levels that will exist 
n this area. n other words, drawdowns of 50 to 60 ft. are being sought. 

Water quality ana yses will be comp eted. It is anticipated that this 
water quality wi 1 better than the basal aquifer water. It is our 
intention to di rge this sur water into the tailings pond area. 
If th s is not sible because of the construction schedule for the 
tai'lings pond starter dike, disposal toa natural water system will be 

i 'lowed" 

D I sposa 1 of ~Je "late : 

All sur zing wells are d scharging into Be~ver Creek. 
JC ng both water quality from the wells and water 
in Beaver Creek, at a point stream from where all the wells 

has been rway since pumping began. 
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F gure 15 9 ves three important disposal parameters. The first 
bar chart 5 the Beaver Hydrog showing averages of Creek flow 
rang from 30 to 40 cubic . per second.. is range compares to the 
tota I we 1 'I flow 'I cub C 0 per second. The second ba r chart shows 
weekly chloride ion content of Beaver Creek below the last point 
of discharge our wells (the Ft. McKay road crossing). Levels vary 
from 20 ppm ch oride to a little over 100 ppm. chloride. The maximum 
limi as established by both Syncrude and the Government, is 500 ppm. 
chlor de. The last bar chart simply shows the total well production on 
a week y average, expre as gallons per minute. 

Some interest was expressed during the previous discussion of 
the ts on the Athabasca R1ver. Figure 16 shows an average hydro-
graph for the Athabasca River together with a curve which illustrates 
the average chloride concen ratio~of 17 ppm Two additional chloride 
concentration curves, with differing rates of mine water discharge at 
6000 ppm. chlorides, shows the maximum anticipated chloride level to be 
34 ppm. 

n contrast to these levels, natural ch oride levels in Poplar 
Creek have reached 700 ppm. while those in the Clearwater River attain 

ppm. These natural background chloride conditions offer an interesting 
comparison with those values shown in Figure 16. 

Taiiings Pond Area: 

Figure shows the p taiiings and sludge settlement 
area. The i t i alta i i ngs t !"ili 1 commence in the northern 
porti the ta lings area with Beaver Creek Valley. Impoundment 
w 1 be accompli by construction of an earth-fill starter dike. 
The starter ke will be constructed to normal compacted earth-fill dam 
requirements to ensure te sa against slope ilure, and to 
prec ude the possibi ity abnormal seepage rates. 1979, a irly 
arge dike 1 constructed along the northern perimeter 

the tai ings area. At the present time, ign and exploratory work 
are st i 1 'I in progress. 

One study soon to commence, will identify water quality of the 
su 9 ter regime nstall ng a number of observation wells 
both inside and outs de the tailings area. They will provide information 
on wa r 11 and levels and nature the sand and gravel deposits 

i rs w thin the Pleistocene on of the stratigraphic profile. 

A detailed study portion the tailings dike which 
crosses M ldred Lake is The south end of Mildred Lake (Figure 
3) will ion as a s area temporary residence of plant pro-
cess water. This ion the starter dike will be constructed to 

seepage from the tailings area to Mildred Lake. 

A regional Pleistocene geoiogy study is underway on Leases 17 
and 22 with emphasis on the mine and tailings areas. It is felt that 
detal'Ied knowledge the Pleistocene stratigraphy is essential' in order 
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to unders its effect on storing water in the tailings pond 

Several years ter mining commences, t 5 planned to dispose 
the ta ngs within the mineD It is intended that the mine be used 

prfmar y the s the sand fraction of the tails. Conceptu-
ally, th 5 of storage will require the construction of earth-fill 
ce IS whe sand taT 5 will be placed. However, detailed engineering 
design work has not yet been completed on this concept (see Figure 17). 

Mr. Chairman, that concludes the remarks I would like to make 
at this time. 
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M. RAISBECK 

i. ntroduct on: 

Figure Y8shows that a 1 sands Lease 30 is located south of 
Shell IS Lease 13 and north-east of Syncrude's Lease 17. Home Oil Company 
Ltd. and Alminex Ltd. obtained the Lease in 1959. Subsequent drill ing 
programs and eva uatfons led to an application to the ERCB in early 

974 perm ssion to build a 103,000 barrel per day facili ty1; in May 
1975, ERCS issued its approval of the application2. 

Th s paper briefly describes the hydrology and aquatic fauna 
basel ne cond tions on Lease 30 while touching upon a few of the aquatic 
deve opment implications which are under consideration. 

2 Hydro ogy: 

n considering the hydrology of the area, one must be cognizant 
of both the su and groundwater regimes. Regarding surface water, 
Lease lies within the drainage of the Muskeg River and its tributaries, 
except the tip of the panhandle of the Lease which abuts against the 
Athabasca River. The drainage bas n of the Muskeg River has an area of 
approximately 540 square miles. levations range from 775 ft. at the 
Athabasca River, to 1900 ft. at the drainage divide in the Muskeg Mountain 
area to the east. 

The open water system on the lease comprises, the Muskeg River, 
Hartley Creek, an unnamed upper tr butary the Muskeg River in the 
eastern on of the Lease and several small lakes in the northwest 
corner of the Lease i ra to the open water system are the pervasive 
wet ands~ e.g0 mus Generally, these wet ands serve as a reservoir 
in conjunction with the open water system. In some instances, however, 
the wet ands serve as watertracks which conduct seepage fiow across the 
Lease ndependent of open water bodies. Figure 19 indicates that there 
are three major concentrations of watertracks present, one in the south­
east ion, one in the south central portion, and a small group in the 
west central portion. 

Hydrological investigations which have been conducted on the 
Lease include: 

.. ) 
Ii 

ii) 

Iv) 

v) 

Watershed de ineation 

Existing flow determinations 

Flood flow predictions 

Lake depths 

Water chemistry 

With respec to the a ter, several samples have been taken 
from the open water system to provide baseline water quality data for 
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future A leal analysis is presented i Table 2. Compari-
sons wi Surface Water Quality Criteria indicate that ~ome 

exceed he standard, notably pheno cs. Table 3 shows 
es of theMuskeg~River leaving the Lease. In this 

case~ pheolics is satisfactory, but the values 
for mercury are excessive. The occurrence of groundwater is 
shown schematically in Figure 20. Groundwater occurs: 

i) n the muskeg and permeable beds associated with the 
9 ac i a till s. 

i) n the lean or barren sands occurring within the 
ore-body. 

ii) In the basal water sands. 

iv) in the Devonian limestones. 

Data col eetion has focused on aquifer definition of the over­
burden and basal aqu fers. Aquifer characteristics which have been 
collected include: . transmissibility, storage coefficient, continuity, 
artesian condItions and water chemistry. 

A typical ana ysis of formation water from the basal sand is 
presented n Tab e 4 and is seen be generally brackish. 

The main development impii ions with respect to Hydrology 
inc ude: 

(I) Diversion of the Har ey Creek 

Several miles of the west b~anch of Hartley Creek are inside 
the boundary of the mining This wil necessitate intercepting 
Hart ey Creek upstream of m n n9 area and diverting it. When the 
boundaries the mining a are confirmed, a series of test holes 
wi be drilled along the proposed rQute. This will confirm soil condi­
tions for channel design and locate any bedrock obstructions which may 
cause re-routing. Any rock located could a1.so be used for bank protection. 

(I I) Dra nage of Overburden 

The ground su has to be drained and cleared muskeg in 
order to: 

( Allow vehicular movement across the Lease. 

(ii) Facilitate the construction of the Process Plant. 

(iii) Prevent seepage over the mine face. 

Dewatering will create cones of depression during the construc-
tion and operation ses of the project. t is estimated, however, 
that the effect of dewatering will be in the order of only hundreds of 
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TABLE Water properties of Hartley C 

is 

Dissolved 501 ids, ppm 

pH 

Su So 1 ids, mg/ 

ture, °c 

Threshold Odor Number 

Ammonia Nitrogen 

Bicarbonate 

Bioc lea Oxygen 

354 

7.7 

1.0 

7.5 

2 

o. 

Chemical Oxygen Demand 66 

Chlor de 

Disso ved Oxygen 

itrate 

Oils and Greases 

Organic Carbon 

Pheno les 

Phosphate 

Su 1 te 

Su de 

n - Not 

o. 

2 

0.01 

Water 

Elemental 

Arsenic 

Sa r i um 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

t1ercury 

N i eke 1 

Potassium 

Selenium 

S i1 ver 

Sodium 

Zinc 

ity Criteria 

eaving Lease 

Analysis (~pm) 

n 

n 

n 

0.003 

n 

0.01 

0.01 

0.01 

n 

10 

n 

n 

n 

10 

0.5 

n 

4 

n 
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water propert es Muskeg Rver leaving Lease 
1e area) 

is Elemental Analysis (ppm) 

Disso ved so 1 ids 229 Arsenic . ~O.OlO 

pH 7.9 Bar i urn 

Suspended So 1 ids 5 Cadmium «:0.005 

ture 33 Calcium 

Threshold Odor Number 0 Chromium 0.01 

Turbidity 4 Cobalt < O. 01 

Copper (0. 005 

Cyanide 

Ammonia Nitrogen 0( 0.02 Iron 0.88* 

Bicarbonate 145 Lead <0.025 

Biochem cal Oxygen Demand <- Magnesium 

Chemica Oxygen Demand 0.05 

Chloride Mercury 0.0004* 

Dissolved Oxygen 11.8 Nickel <0.0100 

Nitrate <. 0.02 Potassium 2 

Oil sand Greases Selenium "(0.0050 

Organic Carbon 31 S i 1 ver 

Pheno 1 i cs <. 0.002 Sodium 12 

Phosphate I{ 0.05 Zinc <0.005 

Su 1 phate 1.0 

Sulphide < 0.05 

, 
* - Exceeds Alberta Su Water Quality Criteria 
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4. \4ater ana 
of Lease 

is of formation water in basa sands, central area 

Dete 

pH 

Total issolved sol ids 

gnition loss 

um & Potassium 
(Calc. as Na) 

Calcium Ca 

Magnesium Mg 

Carbonate C0
3 

Bicarbonate 

A kal inity Total as CaC0
3 

Iron Fe 

Fluoride F 

N rate 

Su te 

Chloride C 

Total hardness as CaC0
3 

7.48 

6960 

580 

2588 

59 

57 

Nil 

695 

1391 

0.33 

1.00 

less than 0.5 

3250 

382 
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yards from he dewatering wells or ditches and shou d not severely disrupt 
the main elements of the surface water system. 

( I I I ) ressurization of the Basal Water Sands 

The sal water sands have to be depressurized to prevent 
heaving lems in the pit floor and instability in"the pit walls. As 
I mentioned above, the formation water from the basal sands is generally 
brackish which 9 ves rise to corrosion and disposal problems. Possible 
alternatives for disposal include: 

( i) Groundwater injection - only feasible if there are 
suitable formations available. 

(ii) Disposal in surface streams - compare volumes to be 
discharged with contributions from natural salt springs. 

(iii) Disposal in impoundment ponds - may not be practical 
if water from the pond is recycled to the process. 

(IV) The use treatment processes. 

(I Seepage from Tailings Ponds 

Two previous papers discussed s imp cation and it is suffi-
e ent to say, if contaminants enter the groundwater system, they may 
migrate to surface streams and rivers, thereby affecting water qual ity. 

3 t c Fauna: 

Avai able ion on fish consists of reports by Griffiths 3 , 
Lombard North Group Lim ted j) Renewable Resources Consulting Services 
Limited 5 , and Canada Land Inventory Fisheries Capability Maps. 

These studies were' undertaken in var GUS sections of the Muskeg 
Rver and Hartley Creek, at various times of the year, using a number of 
methods of ring fish. Both the Muskeg River and Hartley Creek on 
the Lease are low gradient streams. Grayling are locally present in 
pool areas reas the lengthy sect ons of stream, between grayling 
pockets, support low numbers of white and long-nose suckers. 

study of Benthic Macroinvertebrates has also been carried out 
by Beak Consu 1 tants Lilli ted 6 A tota"j of 12 samp 1 es were co 11 ected, six 

one site on the Muskeg River and six from one site on Hartley Creek. 
Muskeg River samples were collected with a power dredge while a Sucker 
Samp"ier \'IIas on Hartley. Samples were only identified to the level 

the or taxonomic group. Se ected samples were identified to the 
genus or species levelo Results of the study suggest that both streams 
are generally in a healthy undisturbed state. 

ssues particular concern include: 



(I) Excessive Sedimentation 

Excessive sed mentation could be especial y serious since 
increased sediment load restricts light penetration. This reduces the 
development aquatic vegetation, invertebrates, fish eggs and fry. 
Extreme concentrations sediment may even kill adult fish. 

( I I) In on of Pollutants: 

Although the possibility exists for small accidental spills of 
pollutants, arge scale and long term pollution by toxic chemicals will 
be avo ded by appropriate environmental protect on plans. For example, 
continued mon taring of water qual ity should allow the preservation of 
conditions within the limits necessary. 

(I I I) Physical Alteration Stream Channels 

Possible future diversion of Hartley Creek wi require consid-
erable care to prevent disruption of downstream spawning and rearing 
areas. A though we are cognizant of the fact the classical canalization 
of streams eliminates ittoral areas and rooted plants as well as 
creat ng great uniform a ong the watercourse, the techniques we should 
use at the present time are not clear. 

Culverts and br dges built with regard to the ability of fish 
to navigate the increased water velocities can present an effective 
obstacle to fish movement upstream. Fortunate y, this problem can be 
eas y overcome through appropriate des gn of such structures .. 

( I V) ncreased oitation Fish Resources 

A d icult prob em Is created by the tremendous potential 
increase n pressure on recreat onal f sher es as a result of human 
popu ation increases. Stringent restrictions may have to be applied by 
the appropr ate author t es to prevent undue exp oitation of this 
resource. t may be necessary to discourage over-harvesting through 
mechanisms such as condition -employment agreements with employees. 

4. Cone usions: 

From this brief report of the Home~Alminex Aquatic Studies, it 
is kely hat one of the most s gnificant long-term effects of this 
oil sands development will be upon the hydroiogy of the area, which 
includes both the surface and groundwater regimes. 

With respect to aquatic at one point in time, a value 
judgement has to be made on the fisheries resources of the Mu River 
and Hartley Creek. For example, should fish in Hartley Creek be 
protected and if so, what mit gating procedures should be employed. Do 
we have enough information to replicate a stream suitable for grayling? 
If not, how much research is 
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Fina lV, in ight of the lack of firm gu del ines for oil sands 
deve , Home is presently monitoring environmental research con-
ducted by other bodies and the company will tailor ts future programs 
accord n91y-
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B. McCARTNEY: 

have a heard statements to the that Alberta's oil 
s deposits are Canada's largest roleum resource. The major 

chal enge ing us is the economical conversion of this resource into 
usable energy an environmentally acceptable way. The state of 
current technology lim t the potential of the oil sands, particularly 
those tha require insitu methods, but technology is not the only barrier 
to 01 sands deve opment. The prime barrier today is economic uncertainty 
character zed by ing conditions with respect to ture capita and 
operating costs, cost inflation, energy prices, royalty, taxes, and 
ava! abili manpower and materials. Commercial feasibil ty studies 
indicate that the initia investment required for large-sea e oil sands 
schemes, producing 100 MBPD of upgraded oil, are in the $2 b 11ion plus 
range and cost of ins tu and mining schemes will be similar. In 

for commercial development to proceed, a prospective developer 
must have confidence his technology and an opportunity for economic 
app cation hard won technology. 

Technology and economics cannot be separa What appears to 
be a technological barrier can disappear according to one's perception 

economics. The ect any prospective developer is an economically 
viab e environmentally acceptab e project. Environmenta protection 
is an obli ion and a cost of oil sand development. Projects will be 
~U~J~U, assessed, bui and operated in accordance with contemporary 

environmental values. To the extent that these values are clearly 
ined environment programs are anticipatory and inseparable from 

ogical and economi concerns However, as these values change 
ou programs must be react ve 

In order to ssess the environmental implications we should 
firs techno ogica barriers to nsitu oil sand development. 
First and is the nature of the resource. The development of 
any oil sands recovery process demands an understanding of the nature of 
oil sands and their physical and chemical behaviour. 

The oil sands have four key controlling characteristics with 
respect to ins tu recovery. 

The heavy oil or bitumen is too viscous to flow naturally -
it lacks any mobi 

The oil satu s are essentially impermeable - there 
is no fluid communication in the reservoir 

Oil sands reservoirs have little or no internal natural drive 
energy - recovery requires the appl ication of external energy 

The oil sands reservoi 
variable, unconsolida 

is not homogenous - it is a highly 
heterogenous resource. 

An effective insitu recovery scheme must change one or more of 
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these characteristics. Most proposed insitu recovery methods involve 
increasing oil mob 1i by heating or adding solvents 0 emulsification 
agents. The problem is penetration and intimately contacting this 
essentia y impervious mass in a cost effective way. 

A ook at a viscosity/temperature chart for heavy oils shows 
why therma methods are attractive. A relatively small increase in 
temperature results in a large decrease in viscosity. Recognizing the 

tiveness of heatrng the oil, the question then is one of getting 
into the reservoir. This can be accomplished in a number of 

ways including injection of a hot fluid, such as steam, or by insitu 
combustion, which nvolves injecting air and burning part of the bitumen 
to generate heat. ft can be accomplished by insitu explos ions (nuclear 
or conventional) or application of electrical energy or a form electro-
magnetic or acoustic radiation directly to the reservoir. The most 
commonly practiced methods today are steam stimulat on, steam displace­
ment, and ins tu combustion. There have been a number of field pilot 
tests of these methods in the oil sands over the pas 15 years. 

A recovery mechanism based on a solvent can act in two ways. 
Dissolving the oil in solvent or the solvent in oil for transportation 
to a producing well results in a very large decrease in viscosity, but 
the process is diffusion controlled thus very slow. The low initial oil 
mob! Tty in the native reservoir severely limits the poss hie contact 
areas between the solvent and the oil. The hi cost of solvents requires 
large inventory investments and normally requires solvent recovery equip­
ment on site. Solvents can also cause deposition of asphaltenes which 
plug the reservoir. 

Another possible extraction method is to emulsify the oil in a 
stream of water or fluid in order to move it to the producing well. The 
flowing fluid wou d have the same viscosity as the carriero Two alter­
nates are available: the direc addition of a surfactant or the addition 
of a surfactant-forming agent such as caustice The main advantages of 
this method s the relatively low capital cost r injection equipment 
and the low fuel requirements. As with all other viscosity-reducing 
procedures, contact with the oil is a major problem. Most surfactants 
are expensive and are sensitive to temperature salinity and other 
factors. Surfactant forming agents, such as caustic, are less expensive, 
but can react with clays and cause reservoir plugging. Surface separa-
tion the oil from the emulsion a so causes problems. 

The dea of adding some secret ingredient "XII and converting or 
transforming the oil sands into a conven 10nal light oil reservoir system 
has had tremendous appeal to many researchers, and over the years many 
suggested secret ingred ent !lX-5 11 have been announced. Most have disap­
peared j to history. One must be skeptical of these schemes since they 
suffer the same basic problem as therma or solvent methods, - a need to 
contact the oil to be effective. 

Mob i ity and contacting problems can be alleviated by moving 
the reservoir to the su Two modes of mining have been suggested 
for application in deep oil sands shaft mining and solution or hydraulic 



m ning. The r nvolves conventional mining procedures, the latter 
involves a water jet in a large diameter well-bore to break up the oil 

and t he surface. mining requires expensive 
material th high operating costs; solution or hydraulic 
mining requires numerous expensive large-diameter wells, a high cost 
water hand ing and very large volumes of water. In both cases, 
the tar still must be separated from the sand when it is brought to the 
surface. 

Recognizing the nature of the oil sands which I highlighted 
initially, I bel eve you can visual ize a large number of 1 imitations to 
the success 1 appl cation of each of these potential insitu recovery 
methods. process that depends on contacting the oil with some other 
fluid is limited problems associated with establishing and maintaining 
injectivi the fluid} slow rate of diffusion controlled processes, 
and fluid and energy losses in the reservoir. In addition, the reservoir 
is a complex system that responds differently in di rent places. 

There s no doubt in my mind that all the recovery processes 
discussed wi! 1 result in some oil production, but how much, for how long, 
at what rate under what conditions and at what cost are critical unknowns. 
Laboratory research, including mathematical and physical model simulations 
and engineer ng 5 es, contribute significantly to the theoretical 
development a given insitu recovery process; however, the major techno­
logical advances have deve) from applying the processes n the field. 
Real operating problems are then identified and addressed, and key oper­
ating results, such as well productivity~ we 1 ife, oil recovery and 
operating costs, are defined This is a long term and costly process, 
and only Ive processes, primarily therma methods applied in the 
better qua sands reservoirs have been the subject of industry 
test ng over past 5 years. Competing processes cannot be compared 
withou testing, - and there is no sat sfactory way of extending 
or acce erat ng one1s knowl without a rea -time site specific test. 
If you want to know how a we 1 will perform in the sixth year, you have 
to operate it for the first five yearsa The successful development of 
any given process in the future willi ikely require close to 20 years of 
effort at a cost approaching $100 mill ion per recovery method. 

The technological confidence requi to proceed to commercial 
operation requires demonstration and predictability of the recovery 
process. tical to success or failure any recovery technique is the 
nature reservoir in which it is app ed. 

is obviously the activity on the surface rather than in the 
reservoir t has the tial for detrimental impact on the environ-
ment~ n large scale commercial projects we may need many thousands of 
wells with surface impact potentially serious. Surface disruption in an 
insitu p ect would be less traumatic than in mining projects, but it 
may be over a larger areao Wells must be accessible year round 
for serv cing, and connected by pipeline systems for recovery medium 
distribution and collection oil and well effluents. 
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In Imperial Oll IS pilot operations at Cold lake, we are mini-
mizing su d s on by developing a system u ng clusters of wells 
dril from a single locatlon. fn our first p lots, the su area 
was comp ete y cleared to allow access to the wens~ rn subsequent 
pilots that st 11 utilized vertical we 1s, green areas were left between 
the well locations so that approximately 35% of the land was disturbed. 
By using we 1 clusters we have reduced the disrupted area including 
access roads to ess than 10%? which is approaching a conventional oil 
field operation. 

Each large ins tu project using steam injection would require 
deal of water (in the order of 500 MBPD). In some locations 

water is available from surface water without causing 
adverse ; in other locations water will not be available. One 
key environmental consideration of a steam-based insitu oil recovery 
process 5 the feasibil ity of reusing the produced water for steam gener­
ation. We have undertaken experimental and engineering studies on 
making steam. In this regard, we are also studying the use of saline 
water directly in boilers. Water treatment itself produces effluent 
liquids and sludges that must be disposed of so we must be sure that the 
cure is more acceptable than the illness. 

Much more research is requ i red to determi ne what c'an be done to 
reuse water and at what cost. The water produced with insitu oil produc-
tion IS di from the effluent from surface extraction in that it 
has a very low suspended solids content. We visual ze a camp etely 
closed water system in which the produced water s separated from the 
oi ; the bulk of it undergoes treatment to remove trace oil, calcium 
hardness ssolved silica; then it s used n steam generation. 
The remain ng water, wh eh is rna nly waste luent from the treating 
process and blowdowl1 rom the boilers, is returned to the formation and 
replaces t oi1 that was produced o 

In summary, the environmental imp ications insitu recovery 
processes are similar to any large energy project~ Insitu processes 
are not a way of avoiding adverse environmenta effects. However, we 
do not see environmental technology and economics forming an inseparable 
mixture and development will proceed only if and when contemporary values 
in an these areas are sati ied. 
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R. SCHUTTE: 

I would 1 ke to discuss, with the aid of diagrams, what the 
extraction process s all about. To begin with, the tumbler unit is 
feed 0 sands, sodium hydroxide, steam and water (Figure 21). The 
reject from the tumbling process, about 2% of the oil sand, goes on to 
tailings s, the mIned out site, or some other disposal area. The 
slurry w th floodwater is then fed into an extraction unit from where 
the midd ings go to secondary recovery. The secondary recovery goes 
through a clean ng s and that water is immediately recycled. There 
is no chemical nput in froth upgrading. The secondary recovery water 
joins the primary tailings so that we have a tailings stream that con­
tains roughly 50 weight per cent sol ids and 50 per cent water. Soluble 
bitumen content in the tailings is roughly 300 ppm. Soap is a so made 
from bitumen organic acids found on the fine solids, and this compounds 
our sludge problem rther downstream. 

The froth moves on to a froth treatment plant (Figure 22). The 
scrol centrifuges take the froth, after some dilution with naphtha, 
and produces a scroll cake, essentially the solids from the froth. The 
diluted bitumen st 11 conta ns water and fines and goes through disc 
centrifuges that are essentially cream separators which spin at about 
3,000 rpm and weigh about 3,000 pounds. The water and the fines dilute 
the cake and are pumped to a tailings ponde There is oii in this stream 
which s very difficult to recover. 

n a discussion of tai ings water, tailings stream water qual ity, 
and p ections of what water will be, you should understand that 
Sync rude I t have a plant and we don I t rea 11 y know wha tit is go i ng 
to be. We are interested in making water quality projections, but first 
we have to know the quantities of water. One question this morning was, 
lICan't you measure how much you have?!! Unfortunately it is impossible 
to do a material balance under the tailings pond. 

Water from extraction is rou~hiy 67 million cubic meters per 
year (Figure 23 and 24), and the recycle is about half of that. There is 
some blowdown from all the other operations that enters the pond as well. 
Of the tar ngs pond volume, the free water volume is about 3,800 million 
cubic At a recyle rate of 1,200, the average residence time in 
that pond s 3.2 years. This is essential to bring the fines down. With 
this enormous volume water there is naturally going to be an enormous 
di lution of any chem cals you may have with the exception of the sodium 
hydrox used in the process because it is used in enormous quantities 
as we 11 . 

The way au mine is laid out, we start mining near Beaver Creek 
Valley where ch ori content is very low (80 ppm. on oil sand). About 
five years later, there will be 280 ppm. chloride in the oil sands. In 
the first five years, all the tail ings will go to the tailings pond and 
there w 1 be ittle recycling. By the end of the plant 1 ife, we will 
have 600 ppm. ch oride in the water which wi 1 cause corrosion and a 
number of other problems. However, the plant will develop new methods 
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of coping with these problems as development proceeds. If we learn how 
to use less water, weill need less recycle water. The chloride may then 
build up to any level that we may have, but it wonit hurt the plant. We 
are trying to develop a complete mathematical model of the tail ings pond 
in order to give some indication where research should be. 

lid 1 ike to show you some of the input that this mathematical 
model needs. If you want to project what water qual ity will be in the 
future, first you need to know how fast you are going to be mining, and 
when you can put materials back into the mine which is the mine develop­
ment reclamation plan. Once these are defined, we can construct the 
model. This is done to get an overall plant water management system, 
so operating peop'je have some guidance to go by. Most of these things 
are, of course~ ongoing inputs into that program. 

Currently, we do have a simplified computer model. A sample 
of some output from our model is shown on Figure 25. i would like to 
draw your attention to the projected higher bicarbonate level. Since 
sodium hydroxide is used, C02 will dissolve from the atmosphere. The 
advantage of the high bicarbonate, is that at a pH of about 8.8 we will 
have just enough carbonate to precipitate calcium and magnesium~ and 
these will not bui'id up to any significant extent. Phenol is ill-defined 
because it depends on whether biological action is anticipated in the 
pond. If there is biological oxidation of 75% of phenol, weill end up 
at .5. With no biological oxidation, weill end up at 3. Naphtha and 
bitumen donit build up over the years. The biological action in the 
pond Is something that we can1t project. The projection is, at the 
moment, that it will be low, because of lack of nutrients, such as 
phosphate and nitrogen. 

A point! wou d 1 ike to make at this stage, is that i have a 
feel ing that people who are interested in fish life, etc., like to see 
clean water. From the extraction process point of view, I 1 ike to see 
clean water as well, because there are numerous things that can go wrong 
without clean water. We are interested in an ionic balance in our water. 
As a rule of thumb, the highest charged positive ions are the most detri­
mental. Sodium is okay; calcium, if you don't have too much; ferric, 
forget it - it can't run. When we deal with negative ions, it is the 
opposite. Hydroxide and chloride are not too bad, but still the worst 
of all the negative ions. Sulfate is easier to work with than chloride 
especially if you have phosphate. In fact, you can use phosphate to 
improve your process. We are interested in the ionic balance that we 
can anticipate in year five and year six~ in order to know what to do 
when the time comeS4 
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Chern cal .Contents of Pond Wate per Year 13 

Na 

K 

Ca 

Mg 

Ci 

Si 

Boron 

ron 

Mn 

Pb 

Zn 

Phenol 

NH3 

Naphtha 

B tumen 

pH 

700 

20 

30 

15 

6S0 

20 

1400 

70 

0.5 

10 

3 

2 

0.02 

0.02 

3.0 - 0.5 

0.5 - 0.3 

105 

438 

8.8 

NOTE: A large number of simplifying assumptions were made 
to arrive at these numbers. Refinement is an ongoing 
program of the Research Department 



6 6 ppm on 
teri a 1 Source 10 lb/yr. o kg/y. Ta 

NaOH Bitumen extraction 46.400 22.41 333 

NaOH Hydrotreating catalyst 2.813 1.28 19.0 
regeneration 

K
2

C0
3 

Loss from scrubbers 0.072 0.033 0.49 

DEA Loss from C?2 scrubbers 0.007 0.0032 0.05 

Phenol Extracted bitumen O. 111 0.050 0.74 

o luent recovery overhead 0.04 0.019 0.28 
condensate 

Ammonia Sour water streams o. 0.011 o. 16 
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ppm on 

106 6 Tail ings 
Material lb/yr 10 k~/y Water 

A1 Z(S0 4)3 Raw water clarifier 0.891 0.404 6.00 

Ca(OH)2 Lime softening 2.201 0&998 14.83 

Inhibitor Inhibi cool ing tower 0.108 0.049 0.73 
corrosion 

H2SO4 pH control of coo 1 i ng tower 0.846 0.384 5.71 

5°4 Demineralizer regenera t ion 1 .562 0.709 10.53 

NaOH Demineralizer regeneration 0.789 0.358 5.32 

Na
2

S0
3 

Bo i I er conditioning 0.053 0.024 0.36 

P04 Sewage 0.088 o 040 0.60 

EDTA Bo i 1 e r conditioning 0.001 0.00045 0.007 

Anti-foam Bo i 1 er conditioning 0.002 0.00091 0.014 

Organic sludge 
conditioner Boiler feed conditioning 0.001 0.00045 0.007 

Polysulfide Cyanide control 0.508 0.230 3.42 
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M. 81 K: 

Mr. Chairman all the engineering and process dissertations, 
perhaps somebody should address the environmental aspects of tar sands 
development, as viewed by an environmental 1st working within the industry. 

There are a number of points to be made, two of which are very 
positive. Bear in mind your prayer for brevity, I will limit myself 
to two comments in the hyperbole category. First, oil sands mining is 
tantamount to c eanTng up nature's biggest oil spill, and second, mine 
dewatering, f involving saline water, can be tantamount to putting that 
water back into the ocean, as long as regulatory permission can be 
obtained. 

There are certain environmental risks associated with oil sands 
resource extraction developments. The source of these risks resides, 
in part in the lack of knowledge of the physical environment in which 
the development is taking place. For example, environmentally acceptable 
means of disposal mine water may require considerable investments, 

f current v ews regarding the effects of increasing the chloride content 
of the Athabasca River, by a low number of ppm., are maintained. In the 
absence of hard information, there is a risk of need ess expenditure if 
subsequent research work were to show that higher chloride levels can be 
accommodated without attendant adverse effects on biota. Conversely, 
there would be a risk of ilure of environmental protection measures 
if current views were sustained by biological research, and regulatory 
1 im ts on mine water disposal 1 flex ble until research work has been 
camp 1 

Other r sks are associated with the deve opments themselves. 
For example there is a certainty that the release of water vapour from 
a ta lings pond up-grading complex and mining face wi 1 increase the 
inc dence of fog, and ice-fog, in the vic nity of a resource extraction 
project. The risk lies in the unknown measure the increase and the 
attendant extent to which it might affect the operation of the facil it Yo 
(For the sake of brevity, the micro- and mesoclimatic effects, if any, 
were not considered.) 

Decisions ing both categories of risk - those associated 
with environmental hazards to the industrial operations and those associ-
a with ndustrial hazards the environment - frequently have to be 
taken in the absence of adequate information. Sync rude has high expecta­
tions of the Oil Sands Environmental Research Program. We expect this 
Program to provide us with the environmentally limiting design parameters 
which allow our engineers to create extraction facilities that are 
environmental y acceptab e, as determi by objective scientific analysis 

the environment. Too frequent y, we see ourselves faced with constraints 
and] mits which are imposed because of a lack of knowledge and under-
standing the effects of going beyond them, and not because of certain-
ties respecting adverse that will ensue if arbitrarily imposed 
1 mits are exceeded. And - equally important and needed - we expect the 
Oi i Sands Environmental Research Program to generate the information 
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regard n9 environmental hazards to ndustri~l opera ons required to 
improve planning and design. For example, better rogeological infor-
mation permits us mprove the prediction of environmental effects of 
m ne lopment, and mproves the reliabil ity of cost projections for 
mine opment and dewatering. 

resolution of differences of opinion between the oil sands 
try, the regulators and the environmental scientists will take time, 

ience and hard work. Jointly, with the scientists, we have to estab­
lish the scientific basis from which a rational consensus between 
reasonable men can be evolved regarding the critical values of environ­
mental parameters beyond which luents and emissions from resource 
extraction have demonstrable adverse environmental In this 

Syncrude s prepared to share its environmenta 
in rmation with the research oriented scientists and other research 
workers, provided that the common courtesies with respect to ownership 
of information and review of its use are extended. 

Joint y, with other oil sands leaseholders, Sync rude will 
participate, as a Canadian citizen, in the process of estab­
lishment of fair, reasonable and equitable environmenta regulation of 
oi sands resource extraction. The dialogue with the regula-

authorities will, of course, be maintained primar y the Oil 
Sands Environmental Study Group which represents our industry in environ­
mental matters. Syncrude s tions the dialogue are the estab-
1 ishment that optimal combination of social technical, economic and 
environmenta constraints on 0 1 sands deve which best serves the 
provine a and national need. 

The alogue, of course, can on yensue when the Oil Sands 
Environmental Program has made considerable progress towards comple-
tion ts sk. We expect AOSERP to participate as an independent, 
object ve sc entifle entity in the dialogue with the regulatory agencies, 
next to ry and other sectors soc Syncrude can contribute 
the low n9 answers to the six groups of ions: 

The letter of permission issued to Syncrude under the Clean 
Water Act lberta) for the construction the Mildred Lake Plant, 
prohibits the disposal of process luents in the surrounding watershed. 
Except intermittent mine water disposa , which is regulated by separate 
letters of perm ssion, there is no disposal of luents into the adjoining 
aquatic env ronments. Our current estimate m ne water disposal needs 
is a max mu~ volume of circa 2 5 CFS wi a maximum chloride content 
of 4400 ppm the coming year Th s est te is considerably lower in 
volume and oride content than that sed previously. Our current view 
is that the m ne water problem, which rece ved considerable attention 
from various quarters In the past, is smaller than originally estimated. 
We have now obtained some operating experience with mine dewatering and 
are reasonably ident that the dire predictions by certain consultants, 
which were based more particularly on experience in areas located to the 
east of the basca River, do not apply to the current Syncrude mining 
siteo 
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letter permission issued pursuant. to the Clean Air Act 
for the construction the Sync rude project, requ res our sulphur 
recovery units to attain an operating efficiency of 95% for recovery of 
suJphu from the raw 5 delivered to the units. This permit, also 
imposes a rmit of long tons per day on the emission of sulphur 
dfoxl to he atmosphere. Should operational experience be better than 
the 95% operatTng Tciency, and should the actual performance of the 
units more closely approximate the theoretical efficiency limit of 98% 
sul r recovery, then the main stack sulphur emissions. would be lower 
than the maxTmum volume. 

The em ssion rates of vanadium and nickel can not be determined 
with certainty for the Mildred Lake plant. Actual operating experience 
has yet to be obtained. We did attempt to arrive at an approximation of 
these emission rates on the basis of refinery experience in eastern 
Canada with Venezuelan crudes that have a high vanadium content. On that 
basIs, we estimate that f the total particulate concentration in our 
stack gas attains 105 ppmo, or 294 kg/hr, and sand particulates attain 
74 ppm. (kg/hr) and coke part culates 27 ppm (87 kg/hr), the associated 
vanadium emission concentration will be 0.082 ppm. (230 grams/hr) and the 
nickel concentration 0.027 ppm. (75 grams/hr). 

Our thinking on land reclamation potential is influenced by 
societyls reciamation ectives. At the present time there does not 
appear to be a clear consensus on the optimal type of sequential land 
use for mined-out and reclaimed areas. Our ective, however, is to 
restore the landscape of the mined-out area to a level of biological 
productivi that is comparable to that occurring naturally prior to 
m ning. With due regard for the low evel biological productivity 
of the site P lor to mining, this ree amation ective is considered 
attainable. The or 91na1 terrain, soi and vegetation conditions can 
not be restored, and the landscape will be of the man-made variety. 

It s Syncrudeis intention to y on natural processes for the 
maintenance and diversification of the vegetation cover, once reclamation 
and revegetation work has been completed. 

The su ce and soil hydrology of the reclaimed and revegetated 
tal ings cells that will be placed in the mined-out area will be different 
from that which occurred naturally prior to development. In a physiolog­
ical sense, there will be a dr er soil environment, more akin to the 

Ie conditions occurring in association with dune sands. 

Basing ourse yes on the techniques developed by G.C.O.S. and 
the strated sibil ty of the revegetation procedures, it is 
Syncrude's view that a relatively rapid establishment of a grass cover, 
possib y with a mixture of shrubs, is attainable on the predominantly 
gentle slopes that will characterize the landscape of the reclaimed 
tai ings cells. The composi ion of a forest cover, advocated by some, 
as well as the wisdom of attempts to establish one by artificial means, 
is a matter of speculation, at the present time. There might be merit 
in allowing natural colonization to proceed on a well-prepared growth 
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medium. There s a ictent number of natural seed sources in the 
surround n9 terrainQ Should such a natural process take place indeed, 
it then s to reason that various forms of wildl i ,naturally 
associated with the aspen cover that is expected to develop, might 
migrate into the reclaimed area. In Syncrudeis view, one should rely, 
wherever possible, on the operation of natural processes, and aim reclama- . 
tion activities at the removal of factors which inhibit their operation. 
Reclamation should avoid the introduction of yet more disturbance. 

rudels environmental strategy consists of a positive and 
determined attempt to f t in with the natural systems and naturally 
operating processes, wherever possible. 

We recognize the existence of four interfaces between an oil 
sands development project and the natural environment: air, surface 
water, groundwater and land. The environmental effects of a project are 
determined by the measure of success achieved in the separation of the 
natural systems from the industrial development. 

The man-made and man-controlled industrial processes which, if 
allowed to operate on nature's side of some agreed to physical location 
of these interfaces, and, if affecting the natural ecosystems adversely, 
are and should be the prime candidates for environmenta ly protective 
measures. Where are these interfaces located physically, in the case of 
the Mildred Lake Plan 

The land in is delimited by that rea where the actual 
surface d sturbance is; or will be occurring: the mine, the upgrading 
plant, the tail ngs pond, the Beaver Creek diversion scheme and the 
construct on of all the assoc ated necessary facilities. Part of the 
activities across this in involve the complete and permanent 
destruction the existing natural environment; another part, the 
temporary a long term disturbance of the land surface, after use, 
is ava lab e other uses or can be allowed to return to the pre-
existing wilderness state. The land interface involves the greatest 
disturbance yet rs the least opportunity for environmentally protec-
tive measures. This is the environmental price that we must pay if we 
want to have the benefit of the resources. Environmental protection here 
has restoration, wherever possible, as its objective. 

With the exception of temporary disposal of mine water, there 
are no f ows from the project s de of the surface water interface. The 
intake of volume of water, not exceeding circa 1% of the con'tent of the 
Athabasca Rver during its low flow condition is the only stream crossing 

from natureis side. Diversion of Beaver Creek and the 
interceptor ditches should be seen as measures 

aimed at separating nature from the project along predetermined lines. 
These measures are inite disturbances of the margins .of the surrounding 
ecosystems implemented to reduce or e im nate environmental hazards to 
the project and project hazards to the environment. 

The inte with the subsurface aquatic environment is 
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demarcated by the extent of the drawdown that will occur in association 
with the mine dewatering, and the rearrangements flows that might 
occur as a result; moreover, there is considerable speculation as to 
what the effect of tailings disposal and more particularly the water 
assoc ated with those tailings, might be. In our current estimate, 
there m be some initial seepage through relatively thin occurrences 
of Pleistocene overly ng the impermeable oil sands. The self-puddling 
effect of seepage 1 with fines, however, is expected to reduce the 
seepage rates to values approximating zero in circa two years. 

The near-sur groundwater flow through the overburden and 
more particularly the Pleistocene deposits, insofar as occurring on the 
plant site itself, has been segregated from external events by the 
construction, now almost completed, of the drainage intercep ion ditches. 
Any flow surface run-off from disturbed land is directed to reception 
systems on the plant site itself. Any flow derived from surface run-off 
from undisturbed areas outside the plant perimeter is intercepted by 
ditches and guided towards natural water systems. 

The interface with the atmospheric environment is crossed by 
water vapour emissions from the surface of the tailings pond and possibly 
from the mine as wei as from various points in the actual extraction and 
upgrading ccrnplex. Our central stack will emit, next to 502, an estimated 
4 cubic per second of NO, under normal operating conditions, next to 
CO 2 , N2, 02 and water vapour. 

is rev ew 1 to the conclus on that with. respect to the 
emission contaminants directly or i irectly to the aquatic environ­
ment, the on y two areas of concern mi be the unknown effects of 502 
in aquatic env ronment and the unknown, although estimated to be 
minor~ amount seepage that may reach the aquatic environment from a 
smail sector of the tailings pond dike~ where it crosses Beaver Creek. 
In that area, however, the core of the tailings pond dike will consist 
of a starter d ke constructed of fill lower permeabil ity than expected 
to be experienced with tailings sand prior to the onset of the self­
puddling effect. The grave concern expressed by some with respect to the 
impact on the surrounding aquatic environment of the 5yncrude Mildred Lake 
Plant is largely unfounded. 

With respect to accidenta occurrences, such as the failure of 
the tailings pond dike, one must place confidence in the expertise of the 
geotechnical and the engineering professions. Whenever hydro-electric 
dam schemes become a subject of public controversy, the debate centers on 
the env ronmental effects of interrupted water flows, and of the clearing 
upstream from the dam in comb nation with fluctuating water levels, and 
adverse effects on fish migration and 1 ife cycles. Failure of such a dam 
never appears to become a subject for public debate. It seems to me, if 
the same measure expertise and the same safety factors are applied to 
the design the tailings pond dike of the Mildred Lake Plant as used 
for hydro-electric dam construct on, that the probability of a disastrous 
event mig be cons red to be low. Although we agree with the aquatic 
environmentalist that the seriousness of such an event could be very high, 
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depending on t location and volumes involved, suggest to you that a 
multiplicat on of a low probability with a high seriousness, would lead 
to the conclusion that the threat and the measure of concern 
and debate is. and ought to be, low. Provided adequate safety factors 
are incorpora in the ign, we should accept the risk and leave it at 
that. 

Syncrude1s current level expenditure on environmental subject 
matters is n the order of one million dollars per year. This number 
refers to expenditure on investigation of the environment itself. Within 
the research department, ten positions are now entirely dedicated to 
environmental subject matters. Our environmental field laboratory at 
Ft. McMurray employs six technicians. The environmental component of 
the Mildred La Plant operations laboratory will employ nine technicians 
and a supervisor. Concurrent with the expansion of the Operations Depart­
ment in preparation for the completion of construction of the Mildred Lake 
Plant, a conservation"group is now being assembled. The conservation 
group will contain the type of environmental protection group that is 
commonly associated with a refinery operation. Next to that, there will 
be a reciamation group, whose so e concern is reclamation and revegetation 
of mined-out areas, as well as revegetation of the very substantial amount 
of tailings pond dike that will be constructed for the Hi dred Lake Plant. 
Both the Director Research and Environmental Affairs, the Director 
of Conservation report directly to a corporate Vice-President. 

For a number of years Syncrude has monitored the sediment content 
of BeaverCreek and lar Creek, both of which are tributaries of the 
Athabasca Rver. We do not have information however, on the movement of 
sediment from land into existing water coursese With the exception of 
some occurrences that were clearly associated with disturbance due to 
construction we assume the variab e sediment load in both tribu-
taries is the result the operation of natural processes. During 1975, 
a imentation pond was constructed on Beaver Creek to trap sediment 
that otherwise would have entered the Athabasca River as a result of con­
struction activities. 

We have no information available at the present time on the 
impact of changes in the groundwater table insofar as it might affect 
tributary streams. Starting this winter, we will be developing the net­
work of observation wells, that, by permit condition, we are expected to 
put into place, to monitor flow as well as quality of groundwater around 
the tailings pond prior to, during, and after construction. 

i would now iike to address myself briefly to Syncrudeis expecta­
tions of the 0 1 Sands Environmental Research Program, and more particu-
larly to the program the Aquatic Fauna Technical Committee. 

We expect you to provide us with the environmental 1 imits to 
industrial development. Perhaps could illustrate this with an example, 
and i would 1 ike to take the sQ~ewhat controversial surface disposal of 
mine water to make my point. Since September of 1972, Syncrude has taken 
samples Poplar Creek near the culvert passing under Highway 63. During 
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three consecutive winters we observed a substantial surge in dissolved 
solids content in this creek. Summer levels are in the order of 250 to 
300 ppm. Levels at the end of the winter may go as high as 2200 ppm. 
In March 1973 we measured approximately 1800, in March 1974 approximately 
900, in March 1975 approximately 2200 ppm. The attendant maximum chlo· 
ride leve were: in March 1973, approximately 750 ppm; in March 1974, 
250 ppm; In March 1975, approximately 1150 ppm. 

In , Syncrude in tiated a program of baseline inventory 
studies of the ic environment on Ruth Lake and Poplar Creek with 
some associated work on the upper reaches of Beaver Creek. The purpose 
here was to create a case history, recording the quality of the aquatic 
environment prior to, as well as after, the diversion of Beaver Creek. 
On the basis of 1974 work, the consultant which executes this study for 
Sync rude reported that the benthos population found in this stream attains 
densities similar to those reported for other streams n the province. 

It appears reasonable to assume that the sources of the chloride 
in the Poplar Creek are similar to those that give us the elevated salinity 
levels in the mine water pumped from the mining area of the Mildred Lake 
Plant. The high salinity levels associated with low flow conditions in 
Poplar Creek, apparently occurr ng every winter, do not prevent the 
thriving of the hos population during the other seasons. My question 
to you, is whether it is a fair statement to say that there is an indica-
tion here, nature, hat perhaps substantial volumes of saline water 
could be d sposed of via natural water systems without damage or even 
disturbance to biological processes and biota, provided the discharge is 
made at times when iological productivi is not adversely affected. 
This s a very broad question, and much needs to be done to define 
the environmentally 1e levels prec sely. 

We would be disappointed if the Oil Sands Environmental Research 
Program would limit itself to simply ibing the natural conditions. 
We expect it to go well beyond that. For example, limitin~ myself to 
industrial effluents for the moment, would it be possible to establish 
four ranges of effects for industrial effluents, were those to be placed 
in the natural streams and lakes? The ranges I am thinking of are: 

1. No effect, 

2. Disturbance; effects do not iast beyond the period of disturbance, 

3. Damage; the effects persist beyond the period in which effluents 
are placed in natural water bodies~ 

4. Destruction; luents, placed in natural water bodies, initiate 
a chain of events which leads to a permanent change either in the 
qual ity the aquatic ecosystems or in the biota which occupy 
those ecosystems; this change is irreversible. 

Another area concern, that I should like to bring to your atten-
tion, is t need we see for objective determination of the current fish 
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content of t various water bodies in the general area of the oil sands 
development. In the past, because of a lack of appropriate information, 
we were forced to proceed with the development of our plans Tn a climate 
where all attention was focused on the effects that the Mildred Lake 
Project would have on one particular stream. Thus far, nobody is in a 
position to place that in the context of the potential productivity 
curren ly available in the aquatic environments of the oil sands. As such, 
neither you, nor we, nor the regulatory agencies, are able to make a quan­
titat ve judgement of the actual effect of the diversion of Beaver Creek 
on the biological productivity of the watersheds associated with the 
Athabasca River in this area~ In the absence of hard information, the 
environmentalist of course, is inclined to lean conservatively and oppose 
such a d version. He seems less concerned about the economic consequences 
on a provincTal or national scale that result from that view. The resolu­
tion of such d sagreements, on the basis of considered judgements and in 
the absence of hard information, leaves all participants in the discussion 
with rather dissatisfied feelings. It is disappointing indeed, to note 
that since the dialogue between the environmentalist, government and 
industry, ensued in earnest in, say, 1968, so little apparent progress 
has been with the ution of issues by consensus. The discussion, 
often heated and controversial, appears to be moving over the same ground. 
We hope that the Oil Sands Env ronmental Research Program will prove to 
be a turning point. Solid, long-term planning, adherence to that plan, 
recognition and acceptance of the role of the scientist as part of a team 
that also comprises industry and government, a willingness to cooperate 
and collaborate rather than confront, and the determination to work 
towards the establishment of a rational consensus between reasonable men, 
are essential prerequisites success. 

APPENDIX A 

Quaiitat ve indications of Biological Productivity - Poplar Creek 

lar Creek is a small, brownwater stream tributary to the 
Athabasca River. It contains a benthic fauna also found in other clean 
streams, and some resident f sh populations which apparently reproduce 
in the stream. 1974 baseline study results are: 

1. 
oxygen 
depths 
sma 11 

ture from C to 20° D during 
concentrations ranged between 8.0 and 
were great in March (60 - 70 cm) when 

- 30 cm). 

the study, and 
11 ppm. Snow 
ice thickness was 

Much of the stream bottom contains oil sand, a result of erosion 
by and depos tion in the stream. 

Total dissolved sol ids and chloride levels are highest in winter 
and chloride levels re similar to those of Beaver Creek which 
receives a saline eff uent. The pH levels are about 8.0. 
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2. taxa were identified in benthic samples from 
Numbers were lowest in May (less than 20/2 ft.2), 

slm lar n rch June (150/2 ft;2), and rose to about 250/2 
ft.2 n August - September at the stations with rubble substrates. 
Above the spillway, low populations of about 30/2 ft.2 were found. 
Such levels are similar to those reported for other streams in 
the province. Below the spi l1way, mayfl ies, stonefl ies and/or 

is flies dominate except during May, when Empididae dominated 
the low populations. Above the spillway, Chironomidae were most 
important, numerically. Diversities were simi lar at all stations, 
being about 2.75 in March, somewhat lower in June - July, and 
rising to about 3.0 in August - September. 

3. surveyed segment of Poplar Creek can be divided into a 4.25 
km lower section having a lower gradient (0.3%), a mean width of 
5.9 m, a mean depth of circa 0.7 m, a low proportion of riffles 
(12%), and a sand/silt substrate, and a 1.42 km upper section 
with a higher gradient (0.5%), a mean width of 5.4 m, a lower 
mean depth of circa 0.6 m, a higher proportion of riffles (38%), 
and a gravel-sand/si t substrate. 

Fish co lect ons ndicate a resident, reproduc ng population of 
some grayling in the upper section, and probably of white suckers 
throughout. Some pike occur in the lower section. 



Oi sso 1 ved Suspended Dissolved Oi 1 & 
soli so 1 ids C.O.D. B.O.D. Con duct i vi Grease Phenol 

53<1 3.2 9 0.4 
4 0,003 

Mar 6/7~ 1778 2.4 52 0 3 554 2.4 0.008 
11 0 7.5 72.0 16 0.4 0.003 

Jul 4/73 268 20.4 6.4 37.9 7 10.5 2.8 0.002 
Sep 21/73 384 2.3 77.7 70 56.0 57 0.5 0.004 
Nov 21/73 2 4.8 90.2 17 51.0 <0.2 <0.002 
Jan 19/74 828 9.8 10.5 33.0 12 1320 2 .0 181 0.2 <0.002 
Mar /74 899 53. 1 4 1270 257.0 3.9 0.003 
Jun 19/74 13.0 172.2 4 32.0 0.4 <0.002 
Jul 24/74 293 20.0 8.5 .7 2 370 41.0 5.9 2.9 <0 002 

17/74 319 ,0 9.8 145.6 4 421 73.0 55.0 1.0 0.005 
,Oct 28/ 245 14.0 10.0 70.0 33 305 11.0 11.0 4.4 0.013 
Dec 9/74 517 6.7 9.4 16 .5 5 556 210.0 96.0 2.8 0.014 
Jan 20/75 1013 20.7 11.0 .5 4 1443 425 335.0 2.4 0.018 
Mar 3/75 2229 12.7 11.0 109 1 <4 2399 1150.0 540.0 2.7 0.030 '-I 

.t:-

............. The above samples were taken upstream from Highway 63 Culvert ............................... 

Ap r 14/75 310 26.0 11.0 94.5 2 326 66.0 46.0 7.5 0.014 
26/75 174 123.0 10.5 53.6 10 166 8.7 21.0 3.3 0.007 

Ju 1 7/75 274 12.0 7.5 50.9 2 301 23.7 36.0 0.8 0.009 

.............. The above three samples were taken c.500 yards upstream from Highway 60 Culvert ........... o. 

TABLE 8. Lower Poplar Creek--Relevant Water Qual ity Data. 
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SUMMARY 

DR. WALLACE: 

Gordon Hodgson is going to present a summary of the issues and 
problems that we have discus today. 

G. HODGSON: 

I am not going to read from a prepared script, but rather dis­
cuss some of the issues that have been raised. Just a historical note, 

I remember walking down the main street of Ft. McMurray when there 
was only one street, 32 years ago, when K. Clark was stopped by the 
local postmaster, who was also the local druggist, and the question then, 
was iiWhen, now when, are we go i ng to get a plant here?I' Th is was 32 
years ago. Itls interesting to see the process that was in hand at that 
time, being displayed here today. One of the major changes that has 
taken place over that period of time is that now we can talk, not about 
$200 million worth of investment, but about $2 billion worth of invest­
ment per plant. That is a real slap in the eye to the technologists 
who have been working in those 32 years. 

was sitting here today trying to make a series of notes of 
what was not being said. For a moment, and you will forgive me for 
saying this, i thought I was getting a numerical snow job from some of 
my engineering friends. We seemed to be missing the objective of the 
meeting. We were discussing things that didn't pertain to the Aquatic 
Fauna Committee, as f understood it to beo Unfortunately, during this 
meeting we have tended to let ourselves fail into the classical conflicts 
between env ronmentalists and industry rather than keep to our common 
interests. Surely, we all have a common objective or common problem, of 
meeting the energy supplies, while maintaining environmental preservation. 

One issue that I didnit see addressed was, the leakage of trace 
metals into the environment* Dr. Bik dealt with this issue but perhaps 
he missed discussing IIWhat is the effect of trace metals on the environ­
ment?il, although he di say that we must have a real situation, and test 
it there. This is true; trace elements tan go up the stack or leak out 
of the plant, but they are not necessarily hazardous for having done so. 
It is necessary to have a real life testing situation. The atmospheric 
fallout of sulphur dioxide and 503, was dealt with rather rapidly. 
There is some information on acid rain, but this is something I am sure 
the Aquatic Fauna Committee is aware of and plans to deal with. There 
was no discussion the mpact of these developments on the Peace-
Athabasca Delta. Perhaps there were implied statements but it wasn1t 
brought out with any great degree of clarity. 

The discussion on land and stream reclamation allowed us to 
touch upon micro-meteorology and the effect of changes in the micro­
meteorological conditions on aquatic ife. A discussion of reclamation 
also leads us into the problem of defining the social values that are 
involved with development yet no one has defined the objectives of the 
Aquatic Fauna Committee. is it here to protect the environment? Is it 
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here to protect the qual ity as defin by a hydrology engineer? 
is it here to the social system? Is it here to protect the 
native communI the social system? You can ine the objec-
tives in terms of bacteri, nvertebrates and the fisheries resources, 
but that will ultimately involve the native communities, and their 
dependence n some instances, on the aquatic resources, such as commer­
cial fishing. 

Another 55ue discussed today is the particularly deadening 
realization that there is very little that we can do about developing 
innovation in the production systems that we are speaking about. This 
is determined by the overall economics of the entire issue, the scale 
and the financing demands that are integral in the whole operation. One 
would want to say a tailings pond of 12 square miles canlt be tolerated. 
We could, therefore, move toward changing the system in order to avoid 
that ree of alienation that land, but as was pointed out earlier, 
the scope for that kind of innovation is very limited at this time. In 
order to finance a project of that magnitude right now, your engineering 
plans must be firm, and time is not available to build a holding system 
and prove it to the extent that the owners of the money will be convinced 
that it is a sound approach. 

So, you have a number of ideas that you would like to apply to 
this process. You would like to eliminate some water, and you would like 
to have a hard shell around the whole process so there's no leakage, and 
you must have it remain as a simple system that 5 the basic design 
criterione We can go to the extent of saying, "What can we do with 12 
square miles of dirty water?l!. We can contour it, make it a natural 
shape, design picnic grounds all around it, build a marina on the side 
of it, stock it with fish, or can we? How far are we from the stage 
where it s not an eyesore, bu an attraction? These are some of the 
things that I am sure that this Committee would be interested in following 
up on. 

Of course, the u timate objective s to reach a situation where 
we develop rational operating standards, wh eh was discussed today. 
Operating standards are the only hard reference points that the engineering 
community can work on Well, how do we really define these standards? I 
think that it is up to the AOSERP group to see that the standards are 
developed, redeveloped and redefined in a realistic way. I am not suggest­
ing that the present ones are unreal istic, but we should develop a system 
that is much more sensitive to the demands that are laid upon it. 
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GENERAL DiSCUSSION 

have a few points to raise on the sludge problem. GCOS 
and its parent company, Sun Oil Limited, have left no known 
avenues unexplored to find a solution since the magnitude of 
the problem was discovered during field testing in a period of 
1966. Approxfmately $1.5 million and 50 man years have been 
spent by our own people and our consultants working with us. 
We have also been very generous in shipping out samples to those 
interested in trying to solve it. The amount of time and money 
spent by the 60 odd interested manufacturers, institutions, 
inventors, entrepreneurs, etc. is impossible to estimate. When 
a given possible solution arises, we address ourselves to three 
separate but independent questions: 

(a ) Doe s the idea wo r k, t hat is, i sit f e as i b e and wi 1 1 i t 
solve the real problem? 

(b) What does it cost; the total must be within the total 
resources of the project. 

(c) How can it be implemented in our particular situation? 

Three strategies or solutions of the problem are possible. 
The input of water to the hot water extraction process might be 
reduced so that the fines and water will be stored and locked 
up in the sand. The present hot water process will not perform 
efficiently under these conditions, and therefore some later 
modif cations are required. Our efforts have been concentrated 
on remova of the water from the sludge to obtain a low concen­
tration of solid material. A third strategy is return of the 
sludge to the environment. This a ternative is not desirable, 
but it may be necessary after appropriate treatment, as a final 
solution. 

My concern, as a stream biologist, is that sludge is 
remaining in a potentially available form, and this is dangerous. 
i appreciate the problem, but fine silt is known to do an immense 
amount of damage to the aquatic environment, and this is one of 
the threats that over the runn i ng water env ironment. It 
sits there almost indefinitely, if you don't have a good mech­
anism for getting the sludge down. 

I agree one hundred per cent, but as of this time, we have 
no solution. 

Has any projection been made with respect to the long-term 
maintenance required on the finished dike, and what are the 
prospects 50 years, 100 years down the road with respect to that 
essential working system? Will it ever dry up? Will it ever 
become load-bearing, given present knowledge about the dike? 
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CARY: As far as revegetating the outside of the dike is concerned, 
we are still in the learning process. We need to create a self­
sustaining ecology on those dikes. At the moment, we have cut 
grass and a few trees, and this is obviously not self-sustaining. 
We have had problems, for example with mice proliferating there. 
What the final lease wi 11 look 1 ike, is difficult to predict. 
It will probably result in, if we don't solve the sludge problem, 
one large tailings pond or several large tailings ponq if we go 
away from the river. We are committed to fill ing in the present 
tailings pond alongside the river. 

PAHL: Will they require maintenance, in your terms of operation, 
or will they be self-sustaining? This would imply that there is 
no maintenance required. 

CARY: No maintenance required •••. that is right. 

HATFIELD: In my readings about the oil sand development, there is 
frequent reference to the 10% use of the Athabasca River at its 
minimum monthly flow, and , presume that is whenever the maximum 
number of plants are in operation. Then this figure is qual ified 
by introducing the maximum recycling of the water9 What relation­
ship is there between the total amounts of water used and the 
ability to recyc e the water? If your technology doesn't improve 
your recycling amounts, how much would this add to your total 
water use? 

SCHUTTE: In the first three years our plant will use about 1% of the 
lowest recorded river flow, and if there were 10 operating plants, 
the figure would be 10%. Theoretically, all plants won't operate 
at the same time, and I would say that even 10 operating plants 
would never use more than 5% of minimum flow. Bill Cary mentioned 
that if the amount of water used in the hot water process could 
be reduced, so that all the water going into the tailings is just 
the water that stays in the process stages, we would all be in 
better shape. The sludge pond would be drastically reduced. 
Unfortunately, it can't be done at the present time. 

HATFIELD: You are assuming that with technology you would be able to 
recycle at least half? 

SCHUTTE: Oh yes. 

HYNES: May I direct my question to Dr. Bik, because he told us 
that they had information on the biota of a few streams involved 
in their area that have, at times, a very high chloride content. 
, say this against the background of work that has been done in 
my laboratory recently, where we have been trying to study the 
effects of salt on the stream biota in southern Ontario, and we 
find the cut-off point of no disturbance, is about 1000 ppm, 
1000 mg/m chloride. I was very intrigued by your high figures 
in relation to your statement that you had a normal biota. I 
wonder if that information can be made available to us? 
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BIK: 

The exchange of environmental information between Syncrude 
and AOSERP was the subject of some discussion yesterday. I 
believe that we have made sufficient progress to assume that 
information will be made available very soon. A very substantial 
amount of biological information on the Athabasca River, Beaver 
Creek and Poplar Creek is yet to be published by Syncrude. Do 
you require the information for a program separate from AOSERP? 

r am asking for it because it seems to me, obviously this 
is an odd biota, ... it is not a normal biota, because normal 
biota respond to much lower levels than this. What I am saying 
here is that if we do have such a biota that has evolved or been 
selected in this area, that is enormously important if we're 
running a risk of increasing salt concentrations. It seems to 
me that this is a very important development. Now f that biota 
is there, one thing I would say right now to Syncrude is -- for 
God1s sake, donlt destroy it, because it may be only there, and 
we may need ito 

Well, i think there are a couple of more things in the 
Athabasca area that have similar characteristics. I would like 
to make another point clear. It has been Syncrudeus policy for 
some time now to publish it's biological information. We feel 
that which we consider to be truly baseline informat on should 
be put in the public domain. However, our main priority at the 
moment is building a plant, and other things will just have to 
fall in line when we have a bit of spaceo 

ROSENBERG: The Beaver Creek study said that the population of benthic 
invertebrates in Beaver Creek were well below normal for the 
rest of the province. I was very interested to hear that the 
creeks you mentioned had the same levels of population as the 
rest of the province. 

BtK: This was a quotation taken from a consultant1s report that 
held that Poplar Creek, which lies to the south of our Lease, 
is really no different in this respect from the concentrations 
you find in other streams in Alberta. 

SPRAGUE: As far as ! am concerned, the number one question mark in 
my mind is the sulphur dioxide emissions from the stack. 
understand these are two or three thousand tons a day from the 
Syncrude plant. 

BIK: No, that s a misleading statement by an environmental 
organization that creates r among the publ ic which is not 
warranted It wants to stop Syncrude. These are the permitted 
volumes wh ch we are not to exceed. We will emit 287 tons per 
day of sulphur dioxide and that is on the assumption of 95% 
recovery efficiency of the Claus units of which we have two. 
The theoretical efficiency of those units is in excess of 98%. 
Our operating experience probably will be somewhere between 95% 
and 98%. 
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SPRAGUE: [ am not famil Iar with these units. Are they des,igned 
to remove sulphurdioxide7 

SCHUTTE: No, they are designed to remove hydrogen sulfide from 

SPRAGUE: 

gasses. HzS is scrubbed and sent to the Claus unit where 1/3 
of the hydrogen sulfide is oxydized to form SOz. The S02 
reacts with the remaining H2S to form elemental sulphur. That 
unit has a 95% efficiency minimum. The gas that is left over 
is called tail gas. The tail gas is incinerated and goes 
through the stack. We have to count that in our total sulphur 
emissions. 

How does this compare to what would be going out if you 
had no controls? 

BIK: The design recovery volume for 125,000 barrels a day is 
825 tons of sulphur, and multiply this by two gives the volume 
in tons of sulphur dioxide. Approximately 3/5 of the permit 
volume of sulphur dioxide comes from our CO boilers which are 
fueled by the coking units. That circuit has no sulphur 
recovery on it. So, part of our sulphur originates in the 
combustion of coke in the cokers. That places, under the maxi­
mum situation, 92 tons of sulphur per day Into the atmosphere. 
The amount of sulphur that we can attribute to the tail gas is, 
, believe, 52 tons per day. 

SCHUTTE: The big sulphur plants in the province, which clean up 
gas, regularly run just over 99% sulphur recovery with H2S. 
That is proven technology for that type of feed stock. The 
problem with the bitumen is that it contains nitrogen leading 
to the production of ammonium sulfide, and the ammonia content 
in the feed to the Claus plant is quite high. We donit know 
whether we can control the thing to the extent that we can 
reach 98% or 99%. The Energy Resources Conservation Board 
agreed to our 95% removal. We feel that very thorough research 
could achieve controlling the process with the ammonia. 

WALLACE: One of the figures that was relayed to us, four cubic ft. 
per second of nitrogen oxide emission from the Sync rude type 
plant, is a small figure in seconds, but is equivalent to 
345,600 cubic ft. per day. Is this sort of level anticipated 
for the long term, or do we see improvements in technology 
dealing with nitrogen oxide emissions? 

BIK: I think once our ammonia recovery proved to be economically 
viable, that figure would decrease. 

MUNDIE: What is going to happen when there are several plants 
emitting SOz? 

BlK: Our current sulphur emission limits were set on the basis 
of the assumption of five concurrently operating plants. These 
were also set in the absence of hard scientific information as 
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to what proper operating standards should be. That, hopefully, 
is one of the guidelines we will get from AOSERP Research. 

SCHUTTE: There s technology to reduce sulphur emissions, but you 
pay a price. Shell. fn its application, decided to clean up 
the gasses by burn n9 the gas. They paid the price of l~% 
less liquid oil recovery_ They were will ing to live with it, 
bu the costs of environmental protection means society gets 
less oil. If you want to reduce this last 200 tons of sulphur, 
you are really paying so many barrels of oil a day. 

KLAVERKAMP: Dr. Bik, do you have data that you can give us at this 
time of what might be the metal concentration in liquid effluents? 

BIK: Well, we have a certain amount of environmental baseline 
information including the heavy metal work that can be made 
available. The general approach by Syncrude to this whole ques­
tion of sharing information will be that environmental basel ine 
information can be shared under certain conditions, environmental 
control information can not. 

ROSENBERG: Smaller running water systems are probably less able to 
hold or physically handle impact such as addit on of sediment 
that is not normally present& Do you know what the change in 
discharge wi 1 be when the waters from Beaver Creek are diverted 
in Poplar? Will It be a factor of ten times or three times? 
Do you have any estimate on that? 

NICHOLS: The Beaver Creek hydrograph s approximately three times 
that for Poplar Creek. 

ROSENBERG: What type of terrain does the diversion run through? Is 
it glacial overburden, t 11, fines~ boulders or what? 

NICHOLS: Very briefly, the sediments along the diversion from the 
dam down the spi way structure are generally glacial sediments 
or primarily till, some of which has been washed by pro-glacial 
activity. At the south end of Ruth Lake the upper layer of 
sediment is recent organic material and siltso Below the spill­
way are fluvia sands generally fine grained, cross-bedded and 
locally containing some silt. From Highway 963 to the Athabasca 
Rver are flood plain sediments consisting primarily of sands 
and silts. 

ROSENBERG: It s a high y erodable terrain then, isn1t it? So we 
will have to have c ose monitoring of the resultant levels in 
that last 8,000 ft.? 

NICHOLS: Yes, the ast reach of stream from the spillway through to 
the Athabasca Rver ies within erodable sediments. Monitoring 
is being taken into consideration subsequent to the actual 
diversion~ We are a so working at designing structures which 
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will prevent or minimize erosion. There is a new bridge being 
built across Poplar Creek and associated with that construction 
there is a drop structure being constructed in the creek channel 
which is designed to control erosion around the bridge piers. 

ROSENBERG: How does the level of Devonian limestone in the groundwater 
below the tat 1 ings-. pond compare to that in the mining area 
i t se 1 f? I s r t lowe r, h i g he r? 

NICHOLS: Drill stem tests conducted within the Devonian limestone 
in our mine site indicate that this unit is an aquiclude, not 
an aquifer. There is essentially no fluid pressure level to 
measure. 

ROSENBERG: Of the tailings pond work that you've done on the mining 
area I've wondered why, with an area of potential impact as 
great as the tailings, you wouldn't do work with regard to the 
hydrology of the tailings pond first. 

NICHOLS: Simply, following our schedule, minIng substantially 
precedes any plant operation of discharging to the tailings area. 
We certainly wonDt start pumping into the tailings pond before 
June 1977. Currently, we are doing some work now on the tailings 
area, to get a better understanding of the glacial geology, the 
Pleistocene geology and also it's hydrology. We. are planning 
to put in a significant number of observation points, both for 
the purposes of monitoring water quality as well as quantities 
in that area. 
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