
Suncor Steepbank Mine 
application second 
request for supplemental 
i nforrnation .. 

Reviewer
OSRIN Stamp



..:..ac:..:... ·- .Lt.:. 

:filntDfnc 
Oil Sands Group 

September 10, t 996 

ATT: Mr. Keo Banister 
AEUB 
640 - 5th A venue SW 
Calgary AB T2P 304 

Dear Mr. Banister 

Re: Suncor Steepbank Mine Application 
Second Request for Supplemental Information 
Letter dated 1996-08~2.7 

Your request has been reviewed and Suncor provides the clarification and additional infonnation 
below following the points in your letter. 

Q 1, With the inforalation tbat has been provided in the Steepbank Mintt Project 
Application and the Supp~mentallnfornUltion Response, Sunc:or is confirming the 
following commitmeuts: 

Ql.:a. Maintaining an average extraction reco-very of92.S% recogu~i.ng: 

different facies of ore wiU t;te processed; 
temperatures and slurry densities iD the bydrotraasport line will vary; 
process chemicals will be added at the extraction plant and not at tb' 
cydofeeders; 
the design of any current or proposed equipment. 

A l.a. Commitment re-confirmed. 

Ql.b. Providing adequate containment of slurried ore and tailings for multiple 
purges of the pipelines crosriDg the Atbabasca River bridge without releases 
to the enviroriment. 

A 1. b. Suncor is committed to the provision of adequate containment of slurried ore md 
tailings for multiple purges of pipelines crossing the bridge. Suncor would \ike to 
clarify infonnation provided in the AppHcation and SupplementaL We indicated 
that for spill purposes on the bridge there would be containm~Q.t "pools" at either 
end of the bridge at the abutments. For the purpost!s of draining the entire line in 
the evrn~ of a complete shutdown, an "emergency pond'' is provided at th~ 
hydrotransport complex ~ m<:>w on Figure C4.0-4 in the Application. for winter 
conditions the line would h;;rve to drained if the SlQppage is ~ater than 4 hours. 

P.O. Box 4001. Fort McMurray, Albena T9H 3E3 
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Ql.d. Ensuring the stability of aU overburden ud tailings dumps including the 
Shipyard Lake overburden dump will mm the- requirements of a 1:100 year 
flood, 

A l.d. All dyke and dump structures have been sited above the 1:100 year ice flood 
contour (241m ASL) with the exception of a portion of the relocated west dump. 
The west dwnp was relocated out of the Shipyard Lake area due to the sensitivity 
of the ecology of the wetlands. 

An assessment by Golder Associates on the effect of the Athabasca River on the 
dump concluded: 11The Athabasca River is not expected to cause erosion of the 
toe of the waste dump because the toe is located 200 m f.rom the river bank. Any 
flow alongside the waste dump during extreme floods would result in slow 
velocities as a result of the hydraulic resistance provided by the dense vegetation 
and trees in this area.. The face of the waste dwnp would also be protected by a 
vegetation cover which would be capable of handling shan periods of 
inundation." 

As stated in the supplemental document, the west dump will be designed to 
prevent erosion of the toe of the dump due to flooding events. This design will 
consider vegetation placement and rip-rap. if necessary, to meet design objectives. 

All dyke and dumps designs will undergo a full geotechnical assessment, 
including foundation conditions, to assure geotechnical stability of the constructed 
structure. The final design will include the determination of side slope angle, 
berm (if any) placement, maximum height and material compaction requirements. 
A preliminary assessment, reftmed to in the Supplemental Document, indicated 
that there were no initial concerns with the placement of structures in the valley as 
outlined in the feasibility study. 

In conclusion, although the west dwnp does fall within the 1:100 year flood plain, 
the intent of the IRP Guideline is met through the design considerations for the 
structure. All other structures and facilities are sited above the 241 m contour. 

Ql.e. Ac.hieviD& p-eater than 90% eapture of the mature fine tails using the CT 
process to enable dry landscape reclamation. 

A l.e. Suncor is targeting 90 % captw-e; however, we require at least one year of 
operating experience to commit to this target .. 

Q l.f. Me-eting the requirements in E UB Guide 55, Storagr: Reqllirements for the 
Upstl'eflm PetrOleum Industry, for tbf: storage of coke. 

A l.f. See answer 4 below. 
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Q2. In the Suppiemental Request for Information, Suncor stated that 60 % of the fine8 
wc:w-e captured in the CT TrW. Provide physical and chemical cllaradmstics of the 
material that was not captured in the CT trutl, sncb as: partide size, day content, 
~pecific volume. Provide the release water chemical data from the trial 

What infonnation does Snncor have that shows that cuptu~ for greater than 90% 
is achievable? Describe modifications tbat are required to ensure thnt greater than 
90 %, of fiDes material are captured. 

What are the consequence.J of capturing less than 90 % of the fines (60 % 1 70 %, 80 
%) on the timing of the reclamation of Tar bland Dyke, Lea&C$ 86/17 and 25? 
Describe the need for, nature of design and location of additional tailings ponds and 
storage space. 

Relate any consequences to: water quality, water management, public lands and 
reclamation if the CT process does not work as proposed. Also, identify how the 
pr~idions of effects, impacts, resource consumption, land use and mitigation plans 
in the EIA are altend. Present any further plans needed to address uncertainties 
through research and development, monitoring, reporting and public involvement. 

Long term storage of fluid fine tailings has been accepted as a responsible reclamation 
strategy. However, it is clear that at the Su.ocor site that there is a lower overall risk if the 
fme tailings do not remain in ll fluid state. In order to achieve this lower level of risk, 
Suncor' s taiiings R&D has focuBed on the following goals: 

• reduce or eliminate the production of fine tailings from future operations, 
• alter the fluid nature of existing fine tailings deposits~ 

reduce the environmental impact of process affected waters, 
• maintain the economic viability of the tailings operations. 

After decades of R&D, the CT process appears to have the best chance of achieving these 
goals. Stmcor's confidence in the process is based on work conducted jointly with its 
R&D panners which developed a fundamental understanding of the process and 
conducted extensive laboratory investigations. Pilot operations at both Suncor and 
Syncrude culminated in Suncor's five month Consolidated Tailings Commercial Trial 
which was completed May 1, 1996. Tile CT Trial has provided data in the following 
areas and which are discussed below: 

* properties of the release wat¢r 
• mechanisms affecting the capture of fines in the CT process 
• actions to improve commercial scale fine capture. 

403 ?91 8344 
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Approximately 7 million cubic yards (MCY) of CT were placed in Pond SE dunng the 
Trial. At the end of the Trial a total of2.64 MCY of clear, mineral free water had 
accumulated on the top of the deposit from the following sources: 

Volume in Pond prior to Trial (runoff/dyke seepage) 
Volume from tailings line flushing 
Volume from tailings :sand discharged to pond 
Volume dyke seepage during the Trial 
Volume of precipitation during the Trial 
T otnl non-CT water sources 

Volume released from CT (2.64-1.48) 

0.50MCY 
0.22 
0.21 
0.21 

~ 
1.48 

1.16MCY 

The above indicates that about 45% of the surface water was expressed from CT. 
However, the majority of the water from non-CT sources was process-affected and would 
possess the chemical and toxicological characteristics of dyke seepage water. A detailed 
chemical analysis of the combined surface water is given in the attached Tables 2-1 
through 2~3. Various measures of toxicity are also included (Tables 2-4 and 2-5). 
Additional measurements from the Syncrude Research laboratory are reported be\ow. 

Sample Date Naphthenic Microtox Microtox 
acid (mg/1) IC 50 IC 20 

Dec 21195 83 100 30 
Mar 5/96 87 100 18 
Mar 28/96 79 90 18 
June 26 (surface) 64 100 36 
June 26 (10' depth) 65 100 33 
June 26 (19' depth) 66 100 35 

The lack of turbidity and the "slightly toxic" classification of this water reflects a 
considerable improvement in quality with respect to the ''acutely toxic" dyke seepage or 
tailings water and is consistent with results from pilot testing. The chemistry of the 
release water also approximates theoretical predictions made prior to the Trial. This 
provides the first stage of confinnation of tbe long range recycle water chemistry 
modelling which indicates that there should be no significant impact on extraction 
reC()very. 

Suncor' s confidence in achieving fines capture: rates around the 90% level upon initial 
deposition is based on pilot plant experience at Sun cor in 1993. Deposition rates of about 
500·1 000 us~pm were achieved without detectable segregation. Tiris experience seems to 
have been confirmed by the Syncrude pilot test in 1995. which used deposition rates of 
about 2000 usgpm. 

Suncor's Conunercial Trial was th& next opportunity to investigate CT deposition 
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performance where discharge rates varying between 10,000 to 15,000 usgpm were 
achieved to Pond 5E. 

3.1 Commen;ial Trial FiJu)S Captua 

Page 5 

Figure 2-1 shows the sampling site location map in Pond 5E. Data for sites 6 and 11 are 
attached. These data indicate thnt the upper region of the profiles contain a low 
sand/fines ratio relative to the CT mixture of about 4.5 and the lower regions are enriched 
in sand. The conclusion is that there was some segregation in the deposit • ie. the sand 
was not retained in the CT mixture as per expectations. However. the data also show that 
clay as detennined by the methylene blue test procedure is present within the lower 
regions of the deposit The best estimate of fines capture rate in the lower region of the 
deposit is based on a comparison of the ftnes in the CT mixture and the fines in the upper 
region of the deposit. It is estimated that upper region contains 40% of the fines 
contained in CT when the CT process was operating according to specification. The 
capture rate in the lower region is the estimated to be 60%. 

3.2 Comparison with ,Normal Tailings Pond Capture Rate 

Although the capture rate obtained from the Commercial Trial was lower than th<: target 
of 90%, it is mstructive to compare these rates with capture rates expected in nonnal 
tailings operation. Suncor,s fines balance sb.ows that of the 79% of the mined fines 
which enter the tailings pond, about 47% are captured and 32% form fine tailings. This 
produces a capture rate of about 59%. However, the most important mechanism in the 
capture rate deals with the reincorporation of fine tailings in the beaches built beneath the 
mud line. This reincorporation mechanism is only effective when the fine tailings layer 
dewaters to the point where some strength is available. In the case of a new pond where 
there is only recycle water or very dilute fme tailings. th<: recapture rate is probably less 
than half of this rate, in the 20% to 40% range. Therefore, the 60% capture rnte obtained 
during the commercial trial represents a significant jmprovement and would likely result 
in a major reduction in fme tailings accwnulation rate even if no further improvement 
was rnade. 

3.3 Methods to Enhance CT Fines.Captntt 

Although the Commercial Trial does represent an jmprovement in the capture of ftnes 
relative to a normnl operation, it is desirable to identify the methods to improve the 
operation to take full advantage of the CT process. Figure 2-2 shows the basic 
composition relationships for CT (Scott, 1995). 1"his figure is based on testing at the 
University of Alberta. Samples were mixed with various initial compositions and 
gypsum dosages. The samples were then placed in columns about 50 em high and 
allowed to settle to detennine whether segregation of the coarse and fine mineral particles 
would occur. 1t was found that there was a reasonably well defined boundary between 
the segregating and non-segregating behaviour. as shown in the figure. 

Based on Figure 2-2, there are three parameters to examine: dosage of gypsum, sand to 
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fines composition and the solids content in the CT mixture. These wil\ be considered 
below. 

3.3.1 Gypsum Qosage 

Based on extensive laboratory testing at the University of Alberta., the required gypsum 
dosage was identified as 900 grams of gypsum per cubic metre of CT mix. The 1993 
Suncor CTpilot., which used acid/lime jnstead of gypsum, foWld a good correlation 
between lab and pilot segregation performance. However, experience at Syncrude using 
gypsum in their CT pilot indicated that this level may not be sufficient for full 
commercial operation. The gypsum metering systems for Suncor's Trial were adjusted 
such that dosage rates well in excess of the minimum target values were to be achieved. 
Reconciliation at the end of the test with the actual tonnage of gypsum measured by the 
plant gate weightometers indicates the actual dosages were for the entire Trial was 1180 
grams per cubic metre of CT. 

There were two gypsum addition systems used during the Trial. A Stanko system was 
used during late November, December and early January. The apparent dosage was 1403 
grams per cubic metre of CT. This unit was replaced in early January with a Rocktec unit 
which indicated a dosage of about 1400 grams per cubic metre. However. upon 
reconciliation at the end of the Trial, it is clear that the actual average dosage rate was just 
1005 grams per cubic metre of CT. The dosage level for tllis second portion of the Trial 
may have been insufficient for fully effective CT, because of scale up issues not detected 
in the laboratocy testi11g. 

Testing is currently in progress to identify the treatment level required using FGD 
gypsum. The initial characterization of this material is favourable with an mean particle 
size in the 80-1 00 micron range and a 90% gypsum concentration in the com~ particles. 
In addition, a vibratory testing device has been developed to quickly identify non
segregating behaviour which can be used in the plant environment to monitor the process. 

3.3.2 Sand to fines Ra® 

It is noted in Figure 2-2 that the sand/fmes ratio is an important parameter in forming CT. 
The value of 4.5 was chosen for the Commercial Trial, although full commercial 
operation may use values as low as 3.5. 

Selection of the course~sand·to-tine-mineral ratio (SFR) is driven by two objectives. The 
first objective is to produce a deposit which consolidates quickly, gains strength and 
allows surface reclamation to proceed. Tius is best accomplished at a SFR exceeding 6:1. 
TI1e second objective is to reduce the existing inv~ntory of fine tailings. Incorporation of 
the existing inventory of fine tailings into CT deposits can be done most economically 
prior to establishjng a remote desanding operation, which could be as early as 2020. The 
cWTent plan is to reduce the exi~ inventory of fme tailings by 2020 to 30 to 40 MCY 
(the ongoing volume required for the CT process). This plan requires a SFR of about 4:1. 
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The table bclow shows the summary data rel.a1ed to sand/fines ratio: 

Me<JSurement Sys~m 
Interplant 

Lab Analysis 

March 
4.60 
4.19 

Amil 
4.57 
4.68 

it is clear from these data that in average terms an acceptable mixture was prepared for 
CT. 

3.3.3 Sglids Concentration in CT 

The remaining critical parameter in fomurtion of CT relates to the solids concentration in 
the mixture. It is clear in Figure 2"2 that There is a tendency for increased segregation at 
lower solids concentrations for constant sandlfmes ratios. It is instructive to overlay the 
actual operating CT composition data on Figure 2-2. Figures 2-3 and 2-4 show that about 
25% of the samples would plot in the non-segregating range for the March operation and 
about 7% for the April operation. 

The % of samples which should have shown segregating beha.viom does not seem to fully 
explain the 60% fines capture in Pond 5E, and it is suspected that a more subtle problem 
was encountered. From a fundamental view point, the primary effect of the chemical 
treatment is on the clay minerals. Treatment of the silt and sand size minera1 graitlS 

wouJd be dl'ective only to the extent that they are incorporated in the basic structure of 
the clay mineral floes. Oil sand "fines·· are defined as particles of an apparent diameter 
less than 44 microns. This size range includes both clay minerals and non...clay mineral 
silt size particles (quartz, for example). It has been shown that the clay mineraVfines 
ratio is quite variable in the oilsand ore. The use of"fines" as the measured parameter 
was appropriate for the University of Alberta test program because blends on one fine 
tailings sample and one sand sample were used which eliminates variability in clay /fmes 
ratio. However. for more general use the clay minerul concentration is the preferred 
parameter. Methylene blue adsorption test provides important information on the area of 

clay mineral surface which is available for reaction with calcium liberated from the 
gypswn. 

Methylene blue tests were conducted on the ftne tailings sample used fur the testing 
shown in Figure 2-2. The data at the segregation boundary in f;gure 2-2 were 
recomputed on a clay mineral basis as shown in Figure 2-5. It is clear that segregation 
behaviour is very closely associated with the clay mineral/water ratio, but relatively 
insensitive to clay mineral/sand ratio. The implication is that, for the range of sand/fines 
ratio's in which the process is to be applied. it is the viscous or strength properties of the 
clay mineral and water suspension which prevents segregation ofthe coarse grained 
material. This means that the CT process can be quite tolerant of the swings in sand and 
clay composition which will be unavoidable as ore composition in the mine is quite 
variable. However, the clay mineral/water ratio must always exceed a critical value or 
the suspension will be unable to prevent segregation of the coarse minerals. 
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The same CT composition data shown in Figure 2-2 for the month of April were 
recomputed and are plotted in Figure 2-6. If the CT mix design basis for clay 
mineral/water ratio was established as 0.1 (see Figure 2-5) then only about 50% of the 
samples would have demonstrated non-segregating behaviour. An additional test 
program is currently in progress to verify that 0.1 clay mineral/watc:r ratio is the proper 
value, but early indication are confirming this value. 

3.3.4 Determination of claybvatgr ratjq required in tbJ 
fin~ l:miliD= Sopn;e Materials. 

The question remains as to what the composition of the fine tailings must be in terns of 
clay/water ratio in order to achieve a clay/water ratio of 0.1 in the CT mixture. Since 
most of the clay is coming from the fine tailings deposit, then the issue is how much 
dilution water is coming from other sources. This dilution water comes from the cyclone 
underflow where a consistent 70% solids was achieved. Additional water comes from the 
gypsum stream, the slurry pump seal water and other cleanup streams. Based on 
operating data it is estimated that when the other dilution streams are considered, the: 
"effective" cyclone underflow concentration was about 63%. Figure 2-7 shows that at the 
Trial sand/fines ratio of 4.5/1, the flne tailings source must possess a clay/water ratio in . 
excess of about 0.2 to form a non-segregating mixture. 

Figure 2-8 shows a typical fine tailings profile at the location of the fine tailings pumps 
used in the TriaL It is clear that the 0.2 criteria was not met. The reason for this has been 
traced to recent beach building operations which displaced the more concentrated flne 
tailings away from the shore mow1ted pumping system. During the winter trial period it 
was not feasible to relocate the pumping system away from this area. 

figure 2-9 shows a typical profile from the mid-pond location which will be the site for 
the fine tailings pumps when operations resume in the fall of 1996. An analysis has 
shown that a sufficient supply of concentrated fine tailings exists within the pond to meet 
CT production requirements. 

3.3.5 Summary ofActions to EniJance Einea Capture 

ln order to maximize the potential to achieve an improved fine capture when operations 
resume in the fall of 1996, Suncor has taken the following actions: 

• 

• 

The gypsum dosage has been raised from 900 gmlcubic metre to 1300 gm/cubic 
metre. This is consistent with Syncmde's experience. FGD gypsum wm be use~ 
and laboratory testing bas shown that it is equally effective to the commercial 
gypsum used in the Tri:U. 
The fme tailings source location has been moved from 1he shore mounted location 
used in the Trial to a mid pond location with demonstrated reserves of fme tailings 
at sufficient clay concentration. 
Dilution of the CT mixture will be minimized during operation to maintain a 
clay/water ratio in the CT mixture exceeding 0 .1. 
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The deposition method has been changed from discharge from a single location to a 
spigotting system to reduce turbulence. 

.. The sand/fines ratio will be lowered from 4.5 to the 3.54.0 range. 

.. In-plant test procedures have been developed for the CT plant process operators to 
use to determine whether or not a suitable CT mixture is being produced in real 
tirne. 

3.3.6 Qthet QpportunUies to Enhance Fines C;:mture 

The foregoing discussion has only considered fines capture on initial deposition. There is 
every reason to believe that the same very important mechanism of reincorporation of 
fines (discussed above for existing ponds) in future deposition wiD be effective in 
increasing capture rate. However. the magnitude of this mechanism must be determined 
from actUal full scale operation. 

If the overall capture rate does not reach target levels, it will be possible to recover the 
segregated fines layer, as is being done to recover fme tailings for CT production. and 
force reincorporation into future CT production. Also, it would be necessary to consider 
whether an alternative chemical treatment would improve perfonnance. 

4.0 Evalu:ation of Alternative Tailings Plans 

Suncor intends to achieve a high fines capture rate in its CT process, and has identified 
several actions to further enhance capture. The attractiveness of the CT teclmology for 
the integrated Steepbank and Lease 86/17 mine and reclamation plans, as well as 
Suncor's confidence in the technology, provide strong jncentive to continue to develop 
the technology until its promise is fulfilled. 

Ultimately, and in the unlikely event that fines capture rates can not be improved to a 
satisfactory level, it will be necessary to revise the tailings plan to detennine the best way 
to increase storage capacity. Tilis would probably result in a significant economic 
penalty. However. Suncor believes that at this early stage, it is premature to undertake a 
major evaluation of a range of planning alternatives and the environmental consequences 
of each. 

5.0 Monitoring .and Reporting 

Full commercial CT operation is scheduled to commence in October, 1996. Production 
will involve intense monitoring to determine performance. Progress reporting from this 
monitoring and any required follow up action cnn be made available i.nfonnally on a 
relatively frequent basis, and more formally as part of annual reporting requirements. 

Pro"ide a revised tailings mama.gement schedule., ittduding the n~essary changes to 
the tailings proce~s, that shows the remediation of Tar bland Dyke within the 
currently agreed upon schedule. 
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Until 1994, Stmeor's tailings reclamation plan was based on the assumption that Suncor 
would complete mining of Leases 86/17 at the tum of the century and proceed with final 
reclamation of its site. The tailings plan consisted of transferring all fine tails to Pond 5 
and infilling all other ponds except Pond la with sand_ Pond la and Pond 5 would 
remain as a wet ponds. In-fllling of Pond 1 would have been complete by 2002. 

Although methods like Consolidated Tailings (composed of sand, fine tails and gypsum) 
were aggressively being studied, one of the major stumbling blocks was the lack of 
incoming sand to make Consolidated Tailings. With insufficient sand available to 
combine with the all of the fine tails, aCT tailings plan indicated that Suncor would be 
left with many wet ponds instead of just Ponds 5 and 1 a. 

However, in 1995 Suncor mmounced plans to develop the Steepbank Mine. An 
additional supply of sand would now be available. This combined with the gypsum from 
the newly commissioned FGD plant, provided all the building blocks tor the 
Consolidated Tailings (C1) process. The reclamation of both Lease 86/17 and the 
Steepbank Mine to a dry landscape could be accomplished_ The "wet pond" strategy 
could now be replaced with a much improved CT based dry reclamation plan. 

This new CT based reclamation plan however affected schedules, in particular that of the 
reclamation ofPond 1. 

2.0 Impacts o{ l002 Sche4ule 

The previously tailings plan, developed in 1993/1994. was based on the asswnptions that 
all fme tails would be pumped to Pond 5 and the pumping of fine tails from each of the 
ponds, particularly Pond 1 could be done independent of the operation as a whole. Under 
this plan Pond 1 would be infllled by 2002 and fully reclaimed by 2005. The time 
required to complete the reclamation of Pond 1 was set at 5 years and the equipment 
designed around the system to insure that this schedule was met_ 

Fine tails are an integral part of the CT process. Therefore ftne tails removal> particularly 
from Pond 1 can no longer be considered independent from Suncor's entire opennion. 
Consolidated Tailings technology requires a supply of mature fine tails (MFT) pwnped to 

Extraction and combined in specific proportions with cycloned sand and gypsum. 

The Long Range Tailings Plan is now CT based and the reclamation of Pond 1 is coupled 
or "linked'' closely with the rest of the ponds. A major goal of the tailings plan is to fully 
integrate CT into the operation, however regular tailings must still be produced because 
of sand dyke construction requirements for Dyke 8 .. 

Pond 4 will be used for gypsum storage and Pond 5 for CT, leaving Pond 2/3 for recycle 
water, regular tailings (including cyclone overflow, a high fines ''regular tailings") and 
fine tailings accumulation. As Pond 2J3 is the only pond that regular tailings can be 
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pumped into, Suncor must keep this pond in operation to maintain production. If the 
"consumption" of fme tails from Pond 2/3 is stopped to transfer fine tails from Pond l, 
Pond 2/3 will quickly become overloaded. If Pond 2/3 becomes overloaded with fwe 
tails the entire Suncor operation including the ;mplementation of CT will be in jeopardy. 

Figures 3-l through 3-4 illustrate what would happen to the CT based reclamation plan if 
Suncor attempted to reclaim Pond 1 by 2002. This is discussed in more detail below: 

PQpd 1 
ln Figure 3-1 note that the MFT level is drawn down very rapidly and all MFT is 
removed by the year 2000. All MFT removed would be sellt to extraction and used to 
produce CT which would be pumped to Pond 5. Pond 1 is in-filled with sand by the year 
2002, again very rapidly, and is then ready for final reclamation activities. This meets the 
original Pond 1 reclamation schedule. 

However because the CT based plan (unlike the original plan) is coupled to the rest of the 
operation this rapid draw down and in-filling of Pond 1 has an effect on Pond 2/3 and 
Pond 5. 

Pond213 
For CT to succeed fine tails are required at specific rates tied to sand production. If Pond 
1 is made the priority the balance offmes for CT would come from Pond 2/3. However, 
if we do not remove enough fllle tails from Pond 213 overtopping of the pond will occur, 
as can be seen in Figure 3·2. To maintain the level of Pond 213 at the maximum fluid 
level of 3 63 metres additional fine tailings would have to be transferred from Pond 2/3 to 
Pond 5. It is estimated that 35 million cubic metres of fme tails would have to be 
transferred starting in 1997. 

Pond.S 
The transfer of tine tails from Pond 213 would have a significant impact on the quality of 
CT being placed into Pond 5 and the tailings plan overall. Figure 3-3 illustrates the 
changes in elevations of fluids in Pond 5. Impacts can be summarized as follows : 

• 

• 
• 

• 

.. 

Dyke construction may have to be accelerated. which would require more sand 
and overburden. We are short of both at present. 
The overall CT sEilld to fines ratio would go from a target of 4.0 to 3.0 or less . 
Consolidation of Pond 5 would be slowed considerably (20% more ftnes would 
be going into the pond). 
Th.e development of strength within the deposit to support a dry reclamation 
surface is seriously delayed. Strength depends on sand grain contact which only 
occurs after the fines are consolidated within the: voids of the sand matrix. The 
more clay in the voids the longer time required to reach a significant strength. 
The release of water from Pond S is critical to the success of the CT plan and the 
placement of untreated fine tails into Pond 5 may contaminate the released water. 
Large sluss of fine tails could end up trapped in the CT, the released water or on 
the surface. 

16=02 403 791 8344 
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Summary· Impacts of2Q~ Seh~duk 

As illustrated in Figure 3-4, Pond 1 would be infilled by 2002 and reclaimed shortly after. 
Pond 5 would have some mixture of3.0 to 4.0 sand to fines ratio CT, and Fine Tails und 
entrai.ned bodies. 

In summary Suncor would be jeopardizing the dry landscape reclamation of a 180 million 
cub:ic metre pond in order to accelerate the reclamation of a 23 million cubic metre pond. 
In essence Suncor believes that the dry reclamation landscape would not be achievable:: at 
a 3.0 to 1 (or less) sand to fines ratio, within the reclamation certification time frame. 

3.0-lroposed.Bttlamation Scbedule Benefib 

Figure 3·5 through 3-8 illustrate the present CT implementation plan, that shows Pond 1 
fine tails removed by 2006, the pond inftlled by 2009 and fully reclaimed by 201 0. This 
plan is fully integrated into the Suncor operation, and can be accomplished. 

figure 3-5 illustrates the draw down and reclamation of Pond 1. Although it is a slower 
drawdown than the original plan. it allows Suncor to keep Pond 2/3 in control and does 
not require any transfer offine tails to Pond 5. The operation of Pond 5 is illustrated in 
Figw-e 3-6. 

Figure 3· 7 illustrates the steady controlled build-up of good quality CT in Pond 5, which 
should consolidate and produce a trafficable surface by 2020. Figure 3-8 illustrates the 
forecast outcome of this plan. 

As previously stated in the Steepbank Application and Supplemental Infol'll\ation 
Response, Suncor will continue to pursue planning alternatives to accelerate Pond 1 
reclamation relative to the 2009 time frame. 

Q4. The Storage Requirement$ for the Upstream Petroleum Industry, EUB Guide G-55, 
sD.tes tbat an operator has unti131 October 1001 to adhere to the storage 
requirements for aolid materials on bulk pads. The current coke pile does not meet 
tbese requirements. The proposal to reclaim the pile in place does not comply with 
this guide and the answer to Q4.33 does not address how Suncor wiD meet these 
requirements. Wbst measures will Suncor undertake to meet the storage 
guidelines? 

Pnn'ide the economic: and technical justification to support S1111cor's proposal to 
dispose (waste) the coke vr:rsus the continued storage ofthi& resource. 

What affect will the addition of coke have on: the CT process, fines capture, and CT 
release water chemistry? 

SEP-10-1996 16=03 403 791 8344 
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A 4. 1.0 Background 

SEP-10-1996 

The Suncor Coke Management Plan (March 1994 EUB approval) included relocation of 
the coke stockpile starting in 1999. The plan was to create a stockpile on the west facing 
slope of Waste Area 8. The capacity ofthe proposed in-pit stockpile would be sufficient 
for coke produced to the end of Lease 86/17 operations. The submission indicated that a 
modification may be required in the future should other leases be brought into 
production. The remaining capacjty (as of August 1996) of the existing stockpile is 
approximately 1.5 million tonnes. 

At planned rates of ex.ccss coke production, the remaining capacity of the existing 
stockpile will be exhausted in August 1999. T ot11l stockpile capacity will be about 6 
miJlion tonnes. The continued operation of the Suncor upgrading facility through the 
development of the Steep bank Mine will result in the requirement to dispose of 1 5 
million tonnes of coke during the next 25 years. 

2.0 ~onomic .Justification for DiJ:poJJl o!.Cokt 

The continued storage of excess coke as a resource represents a significant on-going cost 
for handling and reclamation. The definition of excess coke as a resource at the Suncor 
site is questionable due to the fact that through 29 years of operation no market for this 
by-product bas developed. Direct placement of future coke and relocation of the existing 
stockpile to an in-pit location would cost$ 85 million in handling costs alone. The costs 
of reclaiming the coke storage piles are not included in the cost estimate. 

A study examining the feasibility of a coke slurry ptunping system to handle the excess 
coke at Suncor was completed by Moncnco AGRA in February 1996. The study 
concluded that a system to create a pwnpable coke slurry would result in significant 
efficiencies in comparison to the existing trucking system. Costs of handling excess coke 
by slurry pumping may be 50% less than trucking. The coke slurry would be placed as a 
waste product with the consoHdated tailings stream. The cokt: slurry disposal method hns 
the added benefit of reducing air~bome dust generation due to reduced handling. 

3.0 Cou Management Proposal 

Suncor has proposed that if no economical use develops for coke, the current stockpile 
would be managed in place. A plan demonstrating that the stockpile meets the intent of 
EUB Guide G·SS (Storage Requirements for the Upstream Petroleum Industry) will be 
completed by the end of 1998. The alternative of removing the coke stockpile will be 
exercised shollld the plnn not meet the intent of Guide G-55. Final reclamation of the 
coke stockpile will be addressed in conjunction with abandonment of the Suncor plant 
site. 

The objective of Suncor's Coke Management Plan is to provide a cost effective. rational. 
method of excess coke disposal which addresses the conservation of resources and 
protects the environment. A summary of the priorities for the proposed management plan 
is as follows: 
16=03 403 791 8344 
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• Develop an economical use for this by·product. 
• Until such market develops the existing stockpile would .managed in place 

provided that an acceptable plan is developed. This could include long term 
reclamation of the stockpile. 

" Once the capacity of the existing storage site is exhnusted., provided that the coke 
remains unmarketable, excess coke will be disposed of by pumping it in a slurry 
form for inclusion in the consolidated tailings stream. Confinnation that 
consolidation of the ponds would not be impacted by the inclusion of coke will be 
made prior to implementation. , 

• The stockpile at the existing storage site would be disposed ofby pumping it in a 
slurry form for inclusion in the consolidated tailings stream if n suitable long term 
plan can not be demonstrated. 

• The maintenance of the existing stockpile would conserve a significant quantity of 
potential resource. Disposal with the consolidated tailings stream would cease if a 
market developed fur the coke. 

Results of groundwater monitoring, vegetation establishment trials, a coke leachate study, 
and a geomorphic assessment indicate that a plan to reclaim the coke pile at the existing 
storage site is achievable. A summary of points that demonstrate the viability of the 
existing site to meet the intent of Guide 0·55 are as follows: 

• Groundwater Monitoring 

Sample analysis results from groundwater monitoring wells in the coke pile area show pH 
levels of7 indicating that the coke is not acid generating. Low pH levels (2.8) were 
recorded in the southem area of the stockpile in 1993 prior to the removal of a sulphur 
stockpile. Groundwater pH levels improved to the current level within 2 years of the 
removal of the sulphur pile. 

• Vegetation Establishment Trials 

Suncor has hydro seeded test sections of the coke pile during 1994 and 1995 in an effort 
to establish a vegetation cover, aimed at reducing wind borne dust. The mitigation of air
borne dust and surface fires will be addressed through suitable soil capping and re
vegetation. A 1992 study on the susceptibility of Suncor coke to spontaneous 
combustion concluded that the risk is minimal; combustion incidents are a result of the 
placement of hot coke. The vegetative trials have been fairly successful in providing a 
cover on the areas where operations have been completed. In the spring of 1996 the area 
was seeded aerially along with an apPlication of a nutrient supplement to aid in the 
establishment of a vegetative cover. The data obtained from the trials will assist with the 
developmenE of long tenn reclamation plan. 

• Coke Leachate Study 

A 1996 coke leachate study conducted by HydroQual confmned the lack of toxicity and 
leaching of inorganic chemiculs that might be associated with coke. The reclamation plan 
will include a suitable capping of the stockpile to mjnimize water infiltration and 
16:04 403 791 8344 
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establish a vegetation cover. The low risk of toxicity or inorganic chemical leaching will 
be minimized by this cap. 

Athabasca River Geomorphic Assessment 

A geomorphic assessment. of the long term integrity ofSuncor's existing and planned 
facilities, adjacent to the Athabasca River was completed by AGRA Earth and 
Env1ronmental Limited in Aprill996. The site of the coke storage facility is protected 
from the river by an extensive limestone O\ltcrop; the river bank will not overtop during a 
1:100 year flood event. 

4.0 C,oke Sluro: Effect oq CT 

With respect to the storage of a coke slurry there has been no experi.rnentnl data 
developed to directly address impact on the CT process. The fll'St consideration in 
speculating on these questions would be the rate of addition of coke to CT. If it is 
assumed that the current coke inventory would be distributed within the CT deposits to be 
located in Ponds 5 and 6, (with future coke to be distributed within Ponds 7 and 8) then 
the mass of coke will only be in the order of 1% of the mass of CT. 

The only way the coke could inhibit the CT process would be to adsorb the calcium in the 
CT mixture such that the calcium is not available to flocculate the clay particles, which is 
required to stabilize the CT clay/sand mixture. Coke particles do have a high internal 
surface area which may be effective in physically adsorbing certain types of moleculel:>, 
pa:rticulady organics. However, they will not act as a significant sink for calcium ions. 
Therefore, there does not seem to be a mechanism through which coke could inhibit the 
reactions which stabilize the CT mixturet thereby reducing the rate of fines capture. 

Coke does contain elevated levels of heavy metals which are concentrated in the coke 
from the recovered bitumen stream during processing. However, the pH of the CT 
mixture is above 7.5 and the mobility of these metals is therefore very low. following 
initial dewatering. the CT deposjt possesses a very low permeability which vvill lead to 
low leaching rates in the long term. 

Because of its high internal surface area, coke is known to adsorb organic molecules. It 
has been demonstrated that the acute toxicity of tailings water can be reduced somewhat 
by passage through coke beds (see Table 5-1). Historically, coke fllters have been used 
within Suncor's tailings dykes to control seepage without any known significant impact 
on seepage water quality. However,· due to the low concentration of coke in CT it is not 
expected that there will be a significa11t impact on discharge water quality. 

The report Laboratory Studies on Trophic Effects and Fish Health prepared by 
HydroQual Laboratories does rtot appear to address the issue of toxicity dab and 
leaching of i.norg:mic chemicals from coke. The report addressed the mixing of Tar 
Island Dyke w~stewater and Athabasc:a River water. Pl"ovidc the information that 
demonstrates tbat there is no toxicity or leaching of inorganic chemicals from the 
coke. 
16:05 403 791 8344 
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A5. The study of toxicity mulleachates from coke is not in the referenced report. Our 
reference to these data was to a recent HydroQuallab study which is attached as Table 
5-1. 

1 trust this information is satisfactory for the EUB to complete the review of our Application. 
Please contact the undersigned at 743-6892 or Don Klym at 743-6532 for any further discussion 
on the above information. 

Yours truly 

SUNCOR INC., OIL SANDS GROUP 
.. •···•· .... --· .. ) 

• .. -.........:...-.:.::..·· :Q!-. .,..... .. ,r£_·._-::-:..~1\:.-• _-_-=)..--\-------..... 
chyliski 

Attachments 
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SW~mple Oescrtpt1oo : P(JN(l 5 
53mple Date & T1me : 12-06-96 1040 
Sampled By : TJH/OH 
Sall'tD l e Type : GROUND 
Sa~le R~elved Odte: June l/. 1996 
Sdmple Station Code : 

PARAMETER DESCRIPTION 

Calcium - <ICPJ Dissolved 
Magnesium - (lCPl Dhsolved 
Sodium - <ICP) Dissolved 
Potassium -CICP) Dissolved 
Chloride - Dissolved 
Sulphate - Disso1ved 
PP Alkalinity (as CaC03) 
Total Alka1inity (as CaC03) 
flH 
Carbonate 
B1carbonate 
Total Hardness <as CaC03) 
Hydroxide 
Silicon- Dissolved (lCP) 
Fluoride 
Specific Conductance 
Total Dissolved Solids 
Total Ammonia Nitrogen 

NAQUADAT 
CODE 

20l11L 
12111L 
llllll 
l9llll 
l7206L 
16306L 
l0151L 
lOllll 
10301L 
06301L 
06201L 
10602L 
08501L 

09105L 
02041L 
00201L 
07505L 

Nitrite plus Nitrate Nitrogen as N 07110L 
Sulphur ~ (ICP) · 01sso1ved 
Alum1num · Oisso1ved (lCP-AESJ 13109L 
Barium - Dissolved <ICP~AES) 56109L 
Beryllium- Dissolved CICP-AES) 04103L 
Boron - Dissolved (lCP-AES) 05111L 
Cadmium - Dissolved CICP·MS} 
Chromium - Dissolved {!CP-A£$) 24360L 
Cobalt · Dissolved CICP-MS) 
Copper - Dissolved <ICP-AES) 29109L 
Iron - Dissolved CICP-AES) 26109L 
Lead - Dissolved (ICP·MS) 
L1thium -Dissolved (lCP-AES) 03109L 
Manganese - Dissolved (lCP-A£S) 25l09L 
Molybdenum - Dissolved (lCP-AESl 42330L 

SEP-10-1996 16:05 403 791 8344 

UNITS 

mg/L 
mg/L 
mg/l 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
Units 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
uS/em 
mg/L 
mg/L 
mg/L 
mg!L 
mg!L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

SUNCOR INC. OIL SANDS GROUP 
ATTENTION : CHRIS FORDHAM 
AOOS 
GROUNDWATER 
PROJ_#{;ROUNDWATER 
Qhemex ~or~sheet Number : 96-01579-J 
Chemex PrQject N~r • SUNC178-C::.Ol 
Sa~le Aa:;ess 
Sallq) 1 e Matrix 

Report Date 
.c..nalysls Oat~ 

R E S U l T S 

106_ 
25.6 

425. 
19.4 
53.5 

659. 
< 0 .l 

552. 
7.99 

< 0. 5 
673. 
370. 

< 0. 5 
3.95 
4.00 

2440. 
1630. 

10.3 
0.018 

274. 
0.05 
0.20 
0.002 
3.12 
0.0028 
0.004 
0.0007 
0.003 

< 0. 01 
< 0.0003 

0.183 
0 015 
0.997 

99% 

. WATER 
• July 3 1996 
: June 18. i996 

OETECTIOI~ 
LIMIT 

0.01 
0 01 
0.01 
0.02 
0.5 
0.5 
0.1 
0.5 
0.01 
o.s 
O.S 
0.5 
0.5 
0.02 
0.05 
0.02 
1. 
0.01 
0.00~ 
0 2 
0.01 
0.01 
0.00~ 
0.01 
0. 00~:2 
0 00£: 
0. 00~·3 
0.00~ 
0.01 
o. oo~,J 
0.00~ 
0 oo: 
O.OC 

TABLE 2.-1 
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CHEMEX Labs Alberta Inc. 
II!QIIIy:l'O:I1•41ct~ N.E.. TI!IE ~- 'relqll"""' (4ll1) J'St.;mn,II'A)( (4(J:I) :till~ 
~: '9331- C8f1 ~TOO~. Y"""""'"" Co«D) 4li!."MY7, f'AX (-403) ~ 

Samp 1 e Desert pt 1 on : PONO S 
Sample Date & T1me ; 12-06-96 1040 

Sampled By : TJ1110H 
Sample TYPE : GROUND 
Sample Received Oate: June 12. 1996 
Sdmole Station COde : 

PARAMETER DESCRIPTION 

N1c~el - Dissolved (fCP-MS) 
Phosphorus - Dissolved ClCP-A~S) 
Silver- Dissolved CICP·MS} 
Strontium -Dissolved (lCP-AES) 
Titanium - Oisso1ved CICP-AfS) 
uranium - Dissolved <ICP-MS) 
Vanadium - Dissolved CICP·AtS) 
Zinc - Dissolved CICP-AES) 
Ion Balance 

SEP-10-1995 15:~5 

NAOUAOAT 
CODE 

15450L 

38111L 
221110 

233300 
305010 

UNITS 

mg/l 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
Balance 

SUNCOR I~C. OIL SANDS GROUP 
ATTENTION : CHRIS FORDHAM 
A008 
GROUNDWATER 
PROJ.#GROUNDWATER 
Chemex wortsh~t Number : 96-01S7q-7 
Chcmex Project Numl:JI,>r . SUH<:l78·0SO; 
!>.lmple Access 
SamplE> Matri)( • WATC:R 
Rl1Jort [)ate : ,July 3. 19'\-: 
Analysis Date : June 17 . l9S~ 

R F S U L T S DETECTION 
LIMIT 

·-·-.. --- --
<. 0.0005 o.ooos 
< 0. 1 0.1 

0.0002 0.0001 
1. 54 0.002 

< 0.003 0.003 
0.0070 0.0004 

< 0.002 0.002 
0.008 0.001 
1.03 0.01 

TABLE 2-2 
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~HEM EX labs Alberta Inc. 
Q01Y; ~ -.Cisl A-... ft..E.., T:l'.!:flP2. T.....,......, (4Q3! Mt-301'7, P4X (4tl1J at~ 
,_,:!OJ I - _, Sltnol, Tt;O 2M, T~ f'OO'I ~.II' AX (4113) ~ 

np 1 ~ 0<-::.cnpt 'on : POND 5 
nple Date & T1me : 12-06-96 1040 
11D 1 cd 8y TJIVDH 
np 1 e l ypc : Gf.<OUIID 
nple Received Date. June 12. 1996 
~ple Station Code : 

SUNCOR INC. OIL SANDS GROUP 
ATTENTION ; CHRIS FORDHAM 
A008 
GROUNDWATER 
PROJ.#GROUNOWAT~R 
Chemex Wor~sn~ N~r. 96-01579-7 
Chemex Project Number · SUNC178. C\50 1 
$.ample Access 
Samp 1 e Mat n x 
Report Date 
Analysis Dote 

. WATER 
July J. 1996 

: June 19. 1996 

TOTAL EXTRACTABLE HYDROCARBONS METHOD MODIFIED ASTM 02887 
COMPONENT mg/L BOILING RANGE 

c 08 <; 0.01 98.5 TO 125.7 
c 09 < 0.01 125.8 TO 150.8 
c 10 < 0.01 150.9 TO 174.2 
Cll < 0.01 174 3 TO 196.0 
c 12 < 0.01 196.1 TO 216.0 
c 13 < 0.01 216 _ 1 TO 236 . 0 
c 14 < 0.01 236 . 1 TO 253 . 0 
c 15 < 0.01 253 . 1 TO 271 . 0 
c 16 < 0.01 271.1 TO 287.0 
c 17 < 0.01 287.1 TO 302 .. 0 
c 18 < 0.01 302.1 TO 317. 0 
c 19 < 0.01 317 . 1 TO 331. 0 
c 20 < 0.01 331. 1 TO 344 . 0 
c 21 < 0.01 344 . 1 TO 35 7 . 0 
c 22 <: 0.01 357 1 TO 366.0 
c 23 < 0.01 366 . 1 TO 380 _ 0 
c 24 < 0.01 380 .1 TO 391. 0 
c 25 < 0.01 391.1 TO 402.0 
c 26 < 0.01 402.1 TO 412.0 
c 27 < 0.01 412_1 TO 422.0 
c 28 < 0.01 422 . 1 TO 432 . 0 
c 29 < 0.01 432 .1 TO 441. 0 
c 30 < 0.01 441.1 TO 449.0 

TOTAL HYDROCARBONS C8~Cl0 N. 0. 
TOTAL HYDROCARBONS Cll-C30 N.O 

.ver·age molecular we1ght : N.D. AMU 
; Q Ql "'Sit. 

Re,.ulr.!! .tt'e reported in ;accocd.;oncr: witl'l COf& 9\l~d('lifl('oJ. ·c~o~i.d<:lnc~ M4""A~ on ~"'f)Un9, ll.lu''r"'"· 
•nd D.\tA ~n~9""'ft"f (('>!" COftHifllin.ste<l Sit.e.\0, Volullle r•- All r .. sulcs ere c:orre= .. d !or bl~nl< lev<!l:i 

M~thed de~ecLion level. - C41Cul.tted on thq ba~is o! tht instru~ent det~etlon l~~l. th~ d:lu~aor. u~ed, 

---~---~----------~-~----~-----...... --.. 
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Microtox Report 

Sample Data : 

Project: SUNC178-0501-96-0157Q-7 

Company Name : 

City: 
Suncor Inc. Oit Sands Group 
Fort McMurray, Ae 

SamfJie Description: 
Sampling Location : 
Sampling Metl";cJd: 

Volume Ootained : 

sampled By: 

Pond 5 
nla 

Grab 

2S0ml 
T.J.H./ O.H. 

Sampfe Date : S6 06 12 T11ne: 22.!40 
10:00 

14:00 

Test Data: 

Date Received : 

Date of Assay : 

Report Date : 
Storage Temp : 

Sample Prep: 

Appearance, Visual : 

Turbir:Jity, Visual : 
Initial pH: 

Sample DihJtion : 

IC50 (5min, 15·c; ; 
IC20 (5min, t5•C): 
ICSO (16mln, t5•c): 
tC2D (15min, ts•c): 

96 0614 
96 06 17 

96 06 17 

4±2•c 
n/a 

Clear 

None 
7.6 
Neat 

96% 
17% 

99% 

16% 

Note: Sampl~ Is Con$i(fered Sligtrtty To.r.ic. 

Results of Phenol Referenee Test: 

ICSO @ 5 min. : 

95 % Confidence Interval : 
23.8 mgiL 

16.6<23.8<27 .8 
Method: Shewhart 
Date or Reference Bioassay: ss OG 13 

Data 

Verified By : M. A. Brown 

f)ata & QNO.C 
r{eviewed By : M.A. Brown 

Time: 

TlfTie: 

9.5% ConfKJenoe Interval: 83%<96%<11 O% 

95% Confidence Interval: 16%<17%<19% 

95% Confidence Interval : 83%<59%<: 120% 
gs% Confidence lnter.tal: 14%<16%<17% 

SEP-10-1996 16:06 403 791 8344 98% 
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Microtox Report 

Test Information : 

Ty{>l! Qf Test · 

Test Species : 
Source of Test SpeciBs. 

Reagent Lot #. · 

Date Obtained . 

Exptry Date : 
Reagent Holding Temp : 

Test Protocol : 
Salinity Adjustment : 
Analyzer Used · 
Ga/cufatiOn Method : 

ProjeC'l : SUNC 178-0501-96--015 79-7 

15 min. Static Bioassay 
Vibrio fischeri (Bioluminescent bacteria) 

MICROBICS Corporation 
ACVOOl-2 

96 06 01 
97 10 
< -20"C 
En-vironment Canada EPS 1/RM/24 
Osmotic Adjusting Solution 
MICROSICS Analyzer 2055 and refrtgerated water bath 
MICRO SICS Data Reduction Softw<tre ver. 7.11 

Data Table: Sample ys Ligftt Emission ;rt Tjme T 

Time 

(min.} , Replicate Controls 
2 3 

Sample Concentration [% v/v] 
2.6 5.1 10.2 20.5 40.9 81.8 

TO 
TS 

96 
108 

94 

107 
98 94 95 96 &6 94 9S I 

~~------4-----~~ 
113 110 108 104 

.. 11.0 .• ~1.08 :93 "' 

T60" 
• If applicable 

SEP-10-1996 16:06 403 791 8344 

99 
85j . 

97% 

82 64 
7~ ··.:-t1···: . .. 5"! 
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I + Mudlme I , · 7B 
o Clt~.y/Water • iJ A. I ··- . 

sl I I I /775 
a 10 10 3G 10 so §a 

- ...... _ 

7i 

Mineral (%) & ClayfWater (%} 
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[1 
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l-
(_ 

] 

f1 
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0 
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~ 
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-T 
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-10.0 . 

'- 1~.0 

:. 

f- 20.0 

:...JD.O 

;;ooiUl~~~~ 
VCP'I~OOI)"' 
2 • ' 8 

. .... ; 

Soil 
Description 

. : ... 14UOUNE - Mowre Fine Tail: 

. .f. 

··l 

I 
l 

Suncor Inc. Oilsands Group 
for~ Mttdurra v Alb@rt.n 

t----.----1 
(J) IIQ_ 

[.; . 

! : . : 
.... :._ ~--·~ ... ~ ......... ~ .. 

I • 
.• 1 ; ... ;, 

~ ~2 ··: .... ~-·; . ' . • 
............ , .... ~ . ·!· ,,j. 

s .Q • 
.............. 

''':til 

• 

• 

~ '7 .... , .... ; .... ·. • 

. ! -~ • .• • 

ILDCGtD 9t: P l.nTU: 
IREVIOIEO BY: l. STAPLES 

SEP-10-1996 16=08 403 791 8344 

Olher 

Dala 

< • vv~ .. llriaTIWif'l 1>1 
r.;. ilhdt:! 

.. <- Vl.'ll: {IWIII£.SJ 11/10 

. ...:...~ 

SITE 6 DATA 

SHEET ~ 
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SAMPl( lYP£ ~IBT Mll: 

-40.0 

soo 

M.D \ 
IOC 

SEP-10-1996 16:09 

Soil 
Description 

SAND lC1) - fine \o mtd. grai~. very 
looce, ~· line,, mtKI. brown, ltoce 
bitumen, !olurnled 

··· - sond rm~: groined. lroct lines, flolting 

· LEAN fiiR SAND (flLL} - (bose of pe"d), 
trace Ditwncn. sand tin seams, moist 
-~t s~om 67 -61.5' 

403 791 8344 

' ; 

I 
.... l. .. .... ~····~·· .. 1 

·""\ 
••••• •• • 

<· VM{ (IW/II[SJ 7~/YJ 

. ... <- VAllE (l!Ax/fltS) :14/100 
<·Pond o.u .... ~6 1>1' . 

»> It> ,. Oo;. "'"111\s 

<• ~ (IW/1{5) 411/lOJ 

>'100 

7!10 

7M.ll 

-7UO 

97% 

17M 

o/1 

SITE 6 DATA 
SHEET 3 

P.26 



~I:?T 
'111cMURRAV ~ESOURCES LTO. 
"-ell& T~•ng) 

'Wl: 

Suncor 1'1<;. 
-~· -..ol'" 

Pond 5 e...~ --cr· Onlhnq PtQ!lNJm 
"'&¢1UPnQflt (IIIW, ......... Cf. I.. Til· OEI"toltll. 

CT 50-52 

Sl&ve AnAL VSIS 
(St't I t>II!VE fmn>l WT. 8lET AIH£0 " Rrl' AIM!D .. 100.000 

l" eo.ooo .. 
T 50,000 

""' 410.000 

1' ~.000 . 
314" 20000 

~ 16000 
Iff 12.$00 

3/fr tO COO 

..... $.000 
.10 2.000 -•lo t.ClOCI 

t40 0.425 tit 

-o 02SO 1.:1 

l\00 0.150 61HI . 
C2CC om t%.3 

~~25 0.045 1.0 

e~y~ SILT 

100 -···-- ·-· 
9() 

80 
f-:---lo· 

(!) 70 

~ f--l fn GO 
<h f---"· 
<( 
0... 
1-

so 
2 I 

w 1--·-

~ 
4() 

t.o.J 
0... 30 

7.0 

SEP-10-1996 16:09 

PARTICLE S1ZE ANALYSIS 

-'!IAW-..t.D ., PJIIQJ('C? R5g 

MRRT 43-070 
()ONfftACfOO· -""'''Uil CU.f(T'('S"rr;D, 

M~T & Elqln ~lorattO" OMIII/96 06/1 1/D6 
5<IE ux;AT'IDOI: j1lOhOU'f\ ............ 

SITEt/.6 li3000N & 49600E PSS8 116 

Mli'rMYLI!NI! ~ve H'YtlROMETER 

11. PASS!HG 113 'l .OOI$W 1 0011 OlAMeTI!R~tUrnJ "'PA$$1N<O 

f --.cv.r JO 
I cuw ... w.'l'~t~ 20 

10 - --8 

v ·- • 
1 ·-. 

----! 

MI~CAAL COioi110$1TIOfll 8tTIJMiN. MlrCitAI.. W-"TER (%1 

0.'"" lo:IIIWE~ GITI.JMEN 0.40 
10().0 ~-(1" SAND "''"'iRA!. 76 70 

!l'ii.'ll 1341J. I'IN($ <325 WAT!iR :2'29') 
95.!! TOTAl 10000 
:16.7 
14,4 COMMI!NTS. 

1!1.4 

;I[ SANO $l!ES so;J 

;;_;... 

--

.... .. . . ~:-:f. llil 
. . •j ~.:!!.... -- .... :... . ' 

.::.-}-.... l·c"...._: ~:~.: .• ~r . 
l '3 \0 , & 7:, -,a \00 

SIEvt'! OPENING (mm) 

-t>.).flfv . .:· 

403 791 8344 97% 

SITE G DATA 
SH!I!T $ 

P.27 



MlODT 
McMURRAY RESOURet:S L TO. 
(M"""ao~t. & T44V"'J) 

·•.HT. 
-

Surn;Of •~c. 
*ftO.Iti".t 

POPiel S tl'ltl • "Cf'" OrillinQ Pf'IXI1111m 
9f'~M>111"-W. lltPl, C't, Lli} ~MW 

CT ~ 

$lEVI: ANAL Y:US 

(:fi<IJ SII!'Ve """" wr. RET#UN'Etl %R£l'AINEO .. 
~-

Z" 
11<" ,. 
~·-
!'>18" 

lfT 

~ 

114 

110 

Ol& --
140 

liiO 

o!OO - 1200 

~ 

100.000 . 
llO ()(;1:) 

so.ooo ··--
40000 
2$000 
20.000 

1G.M 
12.:!.00 

10000 
5.000 

2.000 
1.000 

O.<l25 
o:otSO 
0 ISO 

C.07!> 
0~ 

!liJ 

-· "7--10 

- --
70 

---:c co--
t.O 

1-·· •• 
20 -

t--+····· 

10 

.. 

0.1 
T.O 

60.0 
lit 
11.5 

SILT 

PARTICLE SiZE ANALYSIS 

!!Ao'"-l:: ..... 

MRRT 
e.o>oT"""'T""' 

MAAY & Elq,n ~lor.atoon 
t>tC; I.CC4.,_, 

SITEIIG 83000N !- 49IIOOE 

M£Tl4YlfM: 8LliE 
'1!. PIILSSIIIIG 1Q.4 1 .~~~~ 

I 'lroCLAY 

j CLIIY ·WATER 

MINF!.R.AI,. COMI'OSITIO)I 

0.~. GRAVEl. 
100.0 1a.lt'l. &4NC 

!19.9 9.k FINES cl25 

n.9 
32ft 
,, 2 COMM(!NT'S: 

9.7 

~'"O 
43. 070 

'-"""'110 04 T(" Tr.!ST'Ul 

00~ 00111/96 
TUTJ.~CX.E• ~· PSS6 68 

t!YDROMEn'R 

OIAMii'T$R IJor1ll 'l(,p~ 

;)() 

:;o 

10 

8 

6 

4 

z ·-

BITUMEN. MINERAl. w.a.n~ l'l't) 

SITVM£~ 

UINI!AAL 

WATER 

TOTJIL 

·'' 

0.40 

7560 

24.10 

HXUO 

---~ 

I 
I 
I 

'·.:..;~ 
(.::,: ... 

0 --4-· .. ·-
. •:t;:j :j::: 

.I,J,.I:., 
2~ 4<- &. 10,. ~ 4~ 7Su ISO~ ~ 

sreve OPENING lmm) 

,..,.,. .... 

SEP-10-1996 16:10 403 791 8344 

1o ~~ , "' •oo 

PER 

97% 

SITE 8 DATA 
SHEET 5 
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"1.2t:?T 
JlcMt.MfVIY RESOURCES L TO. 
1'<~&1""""91 

,., 
$ync:or Inc. ,.,._. 

GQJfCl 

Pond 5 E.:)~t · '"CI Drillrno l'tQ9'!!'" 
tS.Cttll'1~flil1Pt,e.tr'J'.C'T .... tJJ Ot1P'fniiU 

cr !;1-63 

Slevf ANAL Y~ 
(std) :liEVf ,,...., WT. ru;T IUNEI;I 'II. R&TAUN!;O .. 100000 

'3" 80.000 

2" 50.000 -
I)\' 40.000 ·--
1' 1$~ 

l'.r 2(1000 .... 
~- 16000 

11?' 12$00 -··· 
2L- 10.000 

""' 'HOO 

flO 2000 

-·~ !.000 

1:.(0 0~~ 01 

aOO o.:zso 2.0 
OlllC 0 16Q 413.3 

-~ 
•4'00 OQ7"j l611 

•J?J 000 H 

90 

. 

...:__ __ . 

·
··-1-.. 

!() --·-.... ..... 
z 
IJJ 

g 
...:_.jH --:-;:--. -+-·+..:1-

40 ......_...._ . ·r·i 
w 
Q_ 30 

SEP-10-1996 16:10 

PARTICLE SIZE Al'llAL VSIS 

~Olr' ""CIJCC1oiD 

MRRT 4~ ·_Q)O 
«oo<t I\AC10fl. ~ .... to ~t.tU,taO 

MRRT & EIQII\ btllor.~hon 0010919(! 0$!1 1100 
!.&If. I Lt~C.Anooc: 'T£.$YMOUiD' ~(" 

srre •a e:IOOON 8. 4~800E F>$S6 90 

MmM,..(;HE BUJE 11"r'OROM!i.TER 
'I\PU$fN(I !!i4 I .OOGNrt~ OtAMnER~ % I>AUINil I 

,. C\.AY 
~--~ 

:lO --J 
I Cl..AY·WAlER ~ -· 10 ··- ll 

6 

~ ..... 
z 

~ 

MINERAl. COI.IPOSITION BllUMEN, MINEAAL. WATER ~~ 

O.O'lli GRAVEL BITUMEN 0.40 
100.0 12.~ $AND MINI!:Ml 76.60 

100.0 14.0'lli FINEl't <JZi, WATER :zJ.W 

911.0 .. - I TotAL 10000 
S4.7 

17.0 COMMeNT$. 

14.0 

~ ,. 

SlEVE OPENING (mm) 

"~'" 

403 791 8344 9(/, 

SITE ~DATA 

SHEET 15 
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_;_:::; :JC uCJ · --.J • 

SEP-10-1996 15=10 403 791 8344 97% 

SllE 11 DATA 
$HEI!T 1 
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UO•...)O H L W C UaL ~HND~ 

cr;NSU.fNCT; Nc;l.lurroy ~lid. I)Rl.W(: t.lglll tJ!poatWOII L\0. f n..,;-t t-.. • ......,.. ' VeJ t I 

f-. 'J.O 

f-. . :..o 

1.:.0 

Soil 
Description 

WAJ[ll -~ Woltr 

UUOlJN( ~ Uolvr~ f"lll't Toh 

- lim jg rn~ditJm qrci'le'd. ttQce lin(s 

Suncor ln.c. Oilsands Group 
Fort MeMurrav Alberta 

SEP-10-1995 16:11 403 791 8344 

. lnM'IIOJI: 843.68 (ft) 

Other 

Data 

' .. , ...... , ...... . 
' . 

I·•·· 

L.:j.ol 
; i 

~ ,
1 

<·~ 1.01\JoiPis.BC 1o • 

~ :~ .. \:,; .•. ::::::. • I 
ll.OCC(D 61': P.UTTU:: j( MPt.£110N 0£F>tl-l 69.0 f1 

[III.'VIaiED 81': T. SWl.Ci lt"'''IIPI nr· 96/0671~ 
IF!ai. No: fi I P~ 1 :; 1 

$1Tf 11 DAtA 
st«:fT 2 

97% P.31 



7:>. 

. -~ . ; 

......... · 

Soil 
Description 

- tiQy SCQffl, '111\y. CJf1!Y, { 4a-4J') 
- 110nd as Ill-. IOf'ne r.n"" 
- cloyey Kam, DsQ,.rtin~. 
~ lowet 'IOltt ~ltftl li'IICO lo $Omt rii'M 

IZ~ ~ .. • · 

, • , ' , '"' .. "• • , 'I • : . ~' ~ • 

... ;, ; ' 

•• 
•••' ·•!·•·.f· ••t ., .. ·•·I···•·· 

m. 

- CIIJ1 stOm. hi9h Jllastlc, {!i9.8-60.0') :~ " ! 

·· hct.A::-=:Y---col-.:-l.~h":""iq":"'"h ...,pt'"'as~tC._g_rq-_,_..tt_,_---+11 IJO ' ' • 
···-·· 

Ut ... r. ·•·. 

Suncor Inc. Oilsands Group 
Me 

403 791 8344 

. ...:.).:.:.. 

mo 

<-0'1-~67 ''"""'" 
ne.n 

97% 

3ITE 11 DATA 
$H££T 3 
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~T 
McMURRAY RESOUj:tCES t TO. 
C~4 T<t$tong) 

-
-:m· 

Suncor Inc. 
~t. 

Pend ~. Ot'llunq Pr01ect 
~~'"""· IIJI!oll't, C1, '"'~~ !ll!r1HII¢ 

Mn 3.A 

SI'EVE ANAL YSI$ 

1~1 ~ {mm1 Wi. RflAffltO 'II liU!TAINefl ... 100 (Xt) 

r 110.000 
r ~000 

I y,• 40.000 ,. 2!000 - 3/4" 20.000 

511r 16.0QQ ,,.. • ;!,$Xl 

JIB" It), COO .. sooo 
•10 2.000 ,,e 1,QQQ ...., D.•2S 0.11 
tl(tl 0.~ 0.~ 

.,oo 0150 3.1 
f7(Xl Otrn 20.3 

•3..~ 0.015 5.5 

PARTICLE SIZE ANAl.. YSIS 

~EIIO' t>ft(IJ~¢1..., 

MRR'f '13. 070 
~""' ~II' llAITT£~<::} 

MRRT & Elqm EIIP!Ornllon 00113196 06/1 '196 
~1'1: L(II;M'- ,~ .. -.. .. -· .. SIT'E 4 11 62SOON & !.0400E P5S11 15-4 

l.!l'!l'lNI..fN!! III.UE HY'OftO~R 

'II f'ASSING {()()I .OOOW1WII DIAo.IETilt luml ._, PP.5SINC 

I .. C\.AY :!JC 

j CL."Y · W~!.E!!.. 2'0 -
TO 

ll 

0 

~· 
~ -
~ 

MlH9IAL COMP051TION t!lfUMeN. Mt~Woll."l"!!lll (\o' 

0.~ GRAVEL IIITUIAEN 3.~, -100.0 :z:s" Sol\ NO MINER~\. <~ 3') -100.0 70.9' ""'~$ <.32S, WAYER S..:S-:1 -!13.8 TOTAL £$:-J 
9G7 
l'G~ COIIIMe..,U· 

109 

----- ____ , -·----------·--- ·--.. ·--- ----· ., __ , 
100 

90 

110 

~ 
7'Q 

en 60 

"' ~ a.. .... so 
2 
UJ •o 
~ 
UJ 
Q. 30 

1'0 

10 

0 

........ t( 

SEP-10-1996 15:12 

E~ ... .. 
v., 

,I 
r-- .. 
f-· 
f--

1---·· 
1-
1----· - .__,_ 
:--· 

=.: ____,.. 
I-· 

~· 
1:---· 

f-

f--oo• 
~-
!- ·t 

-=~·:" ~_._ 
1w . .., """ 

.• 

-
-·· 

SIEVE OPENING (Mm) 

II'ER 

403 791 8344 

:-

·I 

97% 

$IT~ 11 DATA 
SHifET 4 

P.33 



..:.ob...-: . ....:.·~· 

MJ)Il?T PARTICLE SIZE A.I\IAL YSIS 

' 

McMURRAY RSSOURCES l 'fO. 
(R~&l ... MoJl 

-:.nT: 

Sunct>r Inc. 
~()Jr:e, 

Pclld !I • Onthno Ptl)ft:ct 
~SCIIIP110N(AOW .,..(,Cf,LlSI. C>EPI"l"' ... ~,. 37 

SlliiVI! ANAL T$r$ 

(et<l} SIE'Vi!l ~. WT.RETNNED 'Wo ftETAIII'EO 

... fOO.Q<XI 

:r IIOOOC 
r soooo 
Ul( <IO.O<XI ,. . 2'5.000 . 
;)jlf" lQ.OOO 
~ll .. 16 0()() 

liZ' ·~.500 
Jill- lO.CCXJ 
M s.ooo 

110 ~.000 

••e I 000 
-.co 0.-125 0.2 
.co 0.2$) ... 
1100 0.150 ;29.11 

11200 0.07'5 ·-·· .. ::lS.tl 

·= 00-t$ H 

ja...-•l -· · ·sn .. r 
100 

00 
----i·~ 

10 

Cl 
70 

2 
li;' 60 
Vl 

~··· <t 
Q. 

'$0 .... 
2 r---.1··· 

~ 40 
!!: r-·--
w t:::=±--·· 
Cl. 30 

-··· 
?.0 
~-

10 ,__...__ •. - ., .... 

t.A.IOI'I.BI8Y' 

MRRT 
~· 

MRRT & Elqm E!qllorntion 

"''' ~1Qrl; 

SITcllf11 ~111&50400E 

M&Tiot't'U!Hf! ewE 
'I; I"ASIIIIIIO :3(Jj! I .ClCeHI10Clll 

I 'lloCLAY 

ClAY-WATER 

MINE'A.Al. COMPOSmoN 

o.n GftAViL 
11Xl.D !ll.7'11. SAND 

w• 37~ ~I"'&S <J26. 

~7 

11!0.9 

403 COMMI!N'I'S: 

37.11 

.J= 

'..:.d. 

0 .t:~ . ~~;~- .::; ,;.:::r 
loi 4V "' 10.. lOIJ ~5+- 1)\1 ISO, 

SIEVE OPENING (mm) 
\_. ..-..... ----·· .. ·-.--.. - ----

"fiR 

SEP-10-1996 16=12 403 791 8344 

I'WO.JI'l:Ts«t 

4:,1-070 
_,~ C>AI'llfUTUJ. 

06113196 00117196 
~TMCM,.tltJ ....-uiA 

P.SSl 1 1S7 

~~ 

DIAMET'f:R (11m) 'II I'ASSlNCl 

JO 
20 

10 

e 
6 

4 

• 
BrYU..-EN, Ml~ltAI., WATilR ("J 

IIITUMEN no 
MIN~AAL M.OO 
WA"''EII :n.~ 

TOTAL 100.10 

-++<·'I 
--1- ··--++---j 

-:o ·····.~ 

r 

SITE 11 DATA 

97% 
SHEET 5 
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Ml:?t:?T 
McMURRAY RESOURCE:$ t, YD. 
(R....,...,h~ T ... ~l 

" 

i . ....J:· 

PARTICU! SIZe ANAL VStS 

5Aidlflt.E00'1' PiiOJtt"f..., 

Surn;or111C MAAT <~3. oro 
.......::.:~· COO<' a.Atf ell· ~ OAh~ n~n.o 

P~ll'ld 5 • Onllinl'l s:>ro,ect MRRT & Elqon ExPIOnllian 001121'96 00117196 
IOf'-""e:!Pt&OM~ lU"T.eT L ;,}. D£10'Dtf'\j. ant ... ~ .... : tl!!' ..a.A: , 

~· 
CT Jli.$-AI SITE IJ-11 6"2500N~ 50400E P5S11 171 

-· 

Slei/E ANAL. YSIS MI!TMYU!Nt! lloi..ut! HY~MPiTBl 

(w.l) SIEVI;;: """"' W'l'.ltt'TA.IHI:D "A ~leT All>l£0 ~PASSING ~ ~ .!Xl91t1~ IJCAMEl'ER luml '11.1"1\S&!NG / .,. ll)l.OOQ I "-CU\Y 30 

:r llO.(J(It) J CI..AY ·WAlER 20 I 
z- :;ocoo 10 I 
·~· 40.00C " l ,. 

25000 ~ 

~ ..... 20.CXXl G 

!.Sa 1!\000 I 2 

"1' 11!00 -·· ~.,.. 10.000 

.... s.ooc MIHE!Uiol C:OMPOSITXIN IIITUMI!!N. MlloiEAAI.. WMliR "'' I 
••O 
~·" 
:41 
...;o 

;:(10 

ll':liX) 

•325 

SEP-10-1996 15=13 

1 IXIO 

1.1;'/JJ 

0.<1~ 

0.250 

01$0 

0.075 
0.00 

,,. .. M, 
L-----~.--

-· 

!• 

;_± 1 .. 

20 +--•·· 
_,_ .. ~~ 

10 

0.~ GAll \/Iii~ 
I()O.C 67,0'r. SAND 

1.3 ~.1 11.2t:. ~'"'•'"m. 
11.7 &70 
!.3.8 :13.3 

20.3 1).0 eOMMI!HTS: 
I,Q ll.'l' 

Silt----1----: SANO SIZES -~ 
~ jw.EDIV~ I_ 

!" .... ..:.~ .• - . - ---~H- .. ,;;.;:.I-· 1-· 

81TUMI!N 
MINERAL 

WA't£R 
T01'Al. 

GRAVEL SIZES ! 
~Ditli colii!Sr] 

--- i± 

. • • • _;_T.t:;: l: 
d .... _ •. --.:.:........~;::; 0- .~.-~~I - "-'; o 

2~ •• 611 tO. 'l'Oit t$u '"" ·~ S 10 15 ~ 50 o()g _..,....,011,) 
SIEVE OPeNING (mm) ./?!. 

403 791 8344 97% 

040 I 
7T.JifJ J 
11 ao / 

100.00 J 

.w,, •:"· -~ 

SitE n OAfA 
SHEET II 
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,w.121lT 
McMURAAY R~SOUAC!;:S LTO. 
(fl..,..ten&T~) 

.... 
Sunc:or lf\C 

~="' 
Ponds- Otilhnl1 Project 

fR'Wt un.C"J.It.f'SJ t>'P"'P"l' .. c 

PARTICLE SIZe ANALYSIS 

MMP~.mcrr. 
....._,01(1 

MRRT 4:l • 070 
~1()0 ~- II).&. PC TC;Gfao" 

M~JtT & Eigm &.oicot3tlon 06112196 00117196 ...,.,.....,... lUTWOlEfi" . ""--1!. 

<;T 5".\.55 SITE II 11 62500111 & W400E P!.$11 126 

$~ANAl. YSIS 

' ~ :r.tll'l/1: '"""" 
WT. IIU<l.IIINBO "~AINEQ '4 PASSIHC .,. 

3" 

T 

·~· 1" 
:y.-
5o'6" ,,. 
:lll!" ... 
••O .,ll 
..a 
1160 
.,00 
lf'2QQ 

~ 

SEP-10-1996 16:13 

IDO.OIXJ 

DO COO 

'!0.000 
<IO.OOQ 
'M.CIOO 

20.t:al 

HS.OuO 
12.!.00 ····-
1'0.000 

5J)()Q 

2.t:al 

1.000 
0~ 

0.250 
0 1:00 ··-om:; 
004S ··-

ri.AY! 
100 

1--- '" 
t-

\10 ':::"-'" . ' 
!Ill 

0 
z 
ii5 

70 
f----' 
i--;.. 

liD 
1--· ;. 

~ .. 
30 1----·-

l--

20~. 
1 •. 

10 ~-: •• 

... 

100.0 

0.3 W.7 

~-· 94.3 
$U <12.-1 

21111 t3.S 
1.~ 12.1 

SlkT 

-

. ', . .., .. -· 

. -·. -- .. 
0 ....... 
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0.032 0.032 0.034 

~2% of 64% of 64% of 
Comr(\1 eomrol contrOl 

9.5 10 2 103 

9.26 9 01 8.10 

44 34 37 

<0.00~ <0 oos 

Ntc <0.01 

lllc 0.(160 

nlc <0.002 <0.002 

nlo 1.47 143 

nk. 20 7 14.1 

nJc <0.001 <0.001 

n/c <;0.002 

n/e 

(1.005 0.002 

nlc 0013 "'..O.OOS 

nlc 16.0 lH 

lllc 7.3 6.S 

n/t; 0.051 0.009 

n/c 0.0015 0.009 

nlc 304 320 

oJc 0 011 0.005 

nlr:. <.o.oos <.o.oos 

ntr:. om .:O.o.s 

nle 5.~ S.6 

n/c <0 05 <O.OS 

n.lc O.:l42 0.1114 

'll/c <0 001 <0.001 

nlr:. <0.05 <() 05 

IIIC 0.013 0.027 

n!C \1.0 1S 0 022 

42% of &6% ot' 8Wu of 
control cornrol coatrol 

N<YrE · al\lllytical nluc.s ill maiL 
life • not c.ornpl~ 

403 791 8344 TABLE 5-1 
P.54 

TOTAL P.54 
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