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Objectives

The Symposium shed light on various facets of this catastrophic event. Specid atention focused on
factors such as the human impact (before, during and after), meteorological and hydraulic aspects (eg.,
behaviour of dykes and dams, erosion), and an andyss of naturd hazards and their effects on the
environment. It aso addressed the environmentd impact (terrestrial and marine) and the factors inherent
in recongtruction and relocation. The Symposium gathered together the mgor scientists involved during
the flood and researchers who had aready started andysing the various facets of the phenomenon. The
Symposum was to generate future outlooks within the framework of the International Decade for
Naturd Disagter Reduction (IDNDR) in order to draw lessons and make recommendations of interest
both to researchers and risk managers.

Sponsors

The Saguenay Flood Symposium was sponsored by Emergency Preparedness Canada, the Ministére
des transports du Québec, Canadian Heritage/Parks Canada, and the Techmat and Cegertech
companies.

Participation

The Symposium opened with a presentation by Roger Nicolet, President of the Ordre des ingénieurs du
Quebec and past Chair of the Nicolet Commission on the Saguenay Food. In dl, more than 90 people
actively participated by ddivering conference presentations, developing posters and taking part in the
round table held at the close of the Symposium.



A totd of 30 papers and posters were ddivered or displayed a the Symposum. A list of the various
topics covered and the names of the different authors are presented below.

Summary of Topics Addressed

One of the key ams in organising this Symposium was to gather together a broad range of scientists,
both from the humanities and the field of pure and gpplied science. In this regard, we believe the
Symposium was a clear success. The nature of the discussions and intengity of the exchanges during the
round table clearly validated the approach. Despite differences in the background and training of the
various contributors, the debate was extremely productive for one and dl. The sessons were dso
organised to foster interaction (see the Symposium program in Appendix 1).

Thefollowing ligt gives agood overview of the diversty of contributions.

Risk Management and Engineering Practice: The Saguenay Case (R. Nicolet)

Riviere Chicoutimi : Tak about a flood — A geographic outlook on the overdl phenomenon (G.H.
Lemieux)

Impact of flooding on public hedth : Survey of the literature and case studies (G. Laande, D.
Maltais, S. Robichaud, A. Smard and N. Simard)

Fluvia geomorphic effects of the July 1996 flooding, Saguenay Region, Southern Québec, Canada
(D.E. Lawrence et G.R. Brooks)

Saguenay fjord contamination: A summary of current knowledge (E. Pelletier)

Resdentid flood damage : Lessons from the Saguenay (M. Leclerc, J. Marion, M. Heniche)
Recongtruction management following torrentia rains in the Saguenay (F. Morneau)

Contribution of detailed surficid mapping in the reconnaissance of multi-event landdides in post-
glacid marine clays (S.J. Paradis, D. Perret, C. Bégin)

Retrogpective analyss of landdides during the torrentid rainfals of July 1996 in the Saguenay (D.
Demers, D. Robitaille, D. Perret, J. D'Astous)

Rockfdls during the Saguenay flood (A. Drolet)

Sedimentary movement in the Saguenay fjord: Effects of environmenta perturbetion on the
composition and evolution of macrobenthic populations (C. Nozais and G. Desrosers)

Impact of the July 1996 floods on benthic meiofauna in the Saguenay fjord (G. Tita and G.
Desrosiers)

Micropaeontologica and geochemica tracers of recent environmenta changesin the Saguenay fjord
(R. Devillers, V. Loucheur, S. Marmen, A. Bertini, A. deVernd, C. Hillaire-Marcd, G. Bilodeau, J.
Leduc and G. St-Onge)

Thorium isotope systematics in box cored sediments from the outlet of the Baie des Hal Hal,
Saguenay Fjord (Eastern Canada) (J. Savard, B. Ghadeb, D. Zhang et C. Hillaire-Marcel)

The Saguenay flood: geochemical evolution of sediment in Baie des Hal Hal (Saguenay Hord) (B.
Deflandre and J-P. Gagné)

Butyltin contamination in the fjord (S. Robillard, E. Pdlletier and R. St-Louis)



Comparison of crossed array system surveys conducted in 1993 and 1997 in the area upstream
from the Saguenay fjord : initid andyss of the 1996 layer and geomorphic factors (J. Locet, E.
Kammerer, N. Doucst, J. Hughes-Clarke, L. Mayer, F. Maurice, E. Boulanger and P. Simpkin)
Structure of a deposit sequence andysed by tomodensitometry - Example of the sequence crested
after the 1996 floods (J.-F. Crémer, B. Long and J. L ocat)

Consolidation of the 1996 layer covering contaminated sediment in the Baie des Hal Hal sector in
July 1996 (F. Maurice, J. Locat, S. Lerouell, R. Glavez-Cloutier and R. Therrien)

Major features of the flood research program (GRIR, UQAC) (C. Gagnon)

Post-flood recongtruction planning and management in the Saguenay (M.-U. Proulx)

Emergency preparedness lessons learned and 4ill to be learned from the Saguenay disaster (T.
Pauchant, P. Cazalis and D. Parent)

Riviére desHal Hal, epicentre of the flood: Geotechnica factors (J. Valée)

Paticulate and colloidd + dissolved species within the water column of the Saguenay fjord:
perturbations? (S. Alpay, A. Mucci & C. Hillare-Marcd)

Use of piezocone during the July 1996 Saguenay flood (R. Bouchard)

Typology of landdides caused by heavy rains in mid-July 1996 in Saguenay/Lac St-Jean, Quebec
(D. Perret, C. Bégin and D. Demers)

Pogt-traumatic stress disorder:  after the Saguenay flood (M. Fortin, C. Auger, S. Latour and M.
Trudd)

Andysis of the Riviere Chicoutimi flood and its geomorphic effects (M. Heniche, M. Ledlerc, Y.
Secretan, P. Boudreau and M. Lapointe)

Performance of the sedimentary layer from the 1996 flood covering contaminated sediment in the
Saguenay fjord : An opportunity for technologica development (J. Locat, G. Desrosiers, A. de
Vernd, J-P. Gagné, R. Galvez-Cloutier, Y. Gratton, P. Hill, C. Hillare-Marcd, B. Long, A. Mucci,
E. Pdletier, P. Smpkin and R. Therrien)

Major Lessons

The summaries contained in this document should provide a good idea of the mgor technica lessons to
be learned from this experience. During the question periods and the round table, many comments were
made. The following isasummary of the main points arisng from the various discussons.
One of the factors emerging from this activity is the fundamenta need for knowledge and information
both for the public and for decison-makers. In his introduction, Mr. Nicolet squarely centred the
debate on adequate risk management which hinges on frequent communication and discussons with
the people involved.
The human drama played out the Saguenay flood is perhaps less obvious but gill perssts in the
behaviour of many of the people affected.
Despite difficult conditions, infrastructure recongtruction in the Saguenay Region was carried out
quickly and smoothly on the whole.
Although the flood was certainly an unusud phenomenon, the area where it occurred regularly
receives heavy ranfdl.



One mgor impact for the Saguenay fjord was the heavy supply of new sediment. However, this
sediment supply could be beneficid by covering a large portion of the contaminated sediment
previoudy exiging in the fjord.

Other inter-disciplinary exchanges of asimilar nature should be encouraged.

After reading the following summaries, we are able to grasp the scope of studies and work in progressin
the Saguenay region. Each of these may make separate findings. We consder it important to review the
region’s Stuation in the not too distant future (3 to 5 years).
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document should be available in 1999. We adso wish to thank the organisers of Québec 1998 —
Carrefour des Sciences dela Terre for dlowing us to hold this Symposium as part of its activities.



Synopsis
RISK MANAGEMENT AND ENGINEERING PRACTICE: THE SAGUENAY CASE

NICOLET, Roger, Eng., Ordre des ingénieurs du Québec, 2020 rue Université, 18" floor, Montred,
Quebec, H3A 2A5.

In practisng ther professon, engineers come in daly contact with technology and nature. They are
asked to manage a reconciliation of the two for the benefit of society. Although totd security is
impossible, engineers more than any other professonds are required to make decisons that involve a
trade-off between zero risk and the cost of facilities. The Saguenay case shows that the combination of
natural and technological eements can lead to unprecedented disastersif this synergy is not harnessed or

if it is misunderstood and underestimated. The case in point dso clearly illudtrates that determining the
various categories of risk is not enough; the synergetic effects of the various risk factors must dso be
identified. Unlikely events must be factored in when the impact of hypotheticd systemic failures extends
to the death of people and massive destruction of public or private property. Naturdly, the “ Saguenay
flood” shows that risk prevention measures are required in order to put the emphasis on community and

human safety. However, it dso shows that communities must receive clear information and explanations
on the risks confronting them. Involving the communities in question is the best guarantee thet the trade-

offs will be understood and accepted. Among other things, the popularisation process |leads the way to

the effective management of crises and ther after-effects.  From this standpoint, the ties between
government authorities, communities and experts would benefit from extensve improvement. In alaw-

based society such as ours, the legd system plays a mgor role. A revison of the Waterways Act is
imperative.

RIVIERE CHICOUTIMI: TALK ABOUT A FLOOD — A GEOGRAPHIC OUTLOOK ON
THE OVERALL PHENOMENON

LEMIEUX, Gilles-H. Laboratoire de Télédétection, Université du Québec a Chicoutimi, 555 boul. de
I'Université, Chicoutimi, Quebec, G7H 2B1, tlemieux@videotron.ca

Causes, consequences and lessons. On July 19, 20 and 21, 1996, torrentid rainfals pummelled the vast

watershed of the Laurentian wildlife reserve north of Quebec City in Eastern North America for more
than 50 hours. With the engorgement of waerways, these rainfdls triggered the biophysica

transformation of forests, soils, the water table, lakes and rivers, and a the same time destroyed road

systems and urban ingtdlations Stuated near waterways or in floodplains. This CDROM contains a
brief, unpretentious andlys's of the Riviere Chicoutimi flood, humbly offering a geographic and hitorical

outlook on the overdl phenomenon to place the event within its broader North American context

(tempora and spatid) and perhaps lead to a better understanding of the experience. By underscoring a
few lessons to be learned from the disagter, this scientific report provides for a better acceptance and the

minimisation of future effects.



IMPACT OF FLOODING ON PUBLIC HEALTH: SURVEY OF THE LITERATURE AND
CASE STUDIES

LALANDE, Gilless MALTAIS, Danidle, ROBICHAUD, Suzie, SSMARD, Anne and SIMARD,
Nathalie. Université du Québec a Chicoutimi, 555 boul. de I'Université, Chicoutimi, Quebec
G7H 2B1

The July 1996 disaster affected many people. More than 16,000 were evacuated and 7,000 families
witnessed extensve damage to their homes or neighbourhoods. Up to now, we have received much
information on the climactic conditions that conspired toward this disaster and on the impact of flooding
on land planning. However, few Quebec researchers have studied the flood' s effects on the hedlth of its
victims. Yet American researchers have explored the effects of many types of collective traumas.
Through these studies, researchers show that psychological after-effects are common among populations
exposed to disaster (Bravo et al., 1990; Green et al., 1992). Some authors have observed an increase
in depressve and somatic symptoms, emotiona distress and anxiety. Some flood victims, like those in
Buffdo Creek, exhibited psychologica disorders 14 years after the event, including phobias, panic
disorders and agorgphobia. This paper tries to succinctly describe the possible effects of flooding on the
bio-psycho-socid hedth of people. Our information comes from an exhaudtive survey of the literature
and reports of detaled interviews with gpproximately 30 disaster victims divided into four separate
categories according to the damage to their home (total loss, mgor damage, moderate damage and
minor damage). The presenters draw a tie between theory and practice by describing the differences
and amilarities between the results gleaned from the literature and from a quditative andyss of the
interviews.

References

Bravo, M. et al. (1990). "The psychological sequelae of disaster stress prospectively and
retrospectively evaluated.” American Journal of Community Psychology, 18(5), 661-680.

Green, B.L. et al. (1992). "Chronic posttraumatic stress disorder and diagnostic comorbidity in a
disaster sample”. Journal of nervous and mental disease, 180(12), 760-766.

FLUVIAL GEOMORPHIC EFFECTS OF THE JULY 1996 FLOODING, SAGUENAY
REGION, SOUTHERN QUEBEC, CANADA

LAWRENCE, D.E., and BROOKS, G.R., Geologica Survey of Canada, 601 Booth Street, Ottawa,
ON, K1A OE8

On July 18-21,1996, a mgor storm system ddled over the mouth of the S. Lawrence River and
dropped record amounts of rain causng widespread flooding in southern Quebec. Hooding was
particularly severe aong river systems located south of the Saguenay-Lac Saint Jean area, where in
excess of 200 mm of rain fel within a 36-hour period. Flooding dong four rivers caused mgor
geomorphic changes, the severity of which varied condderably from river to river and from reach to



reech dong individud rivers. Along Riviere aux Sables and Riviere Chicoutimi, the floodwaters
overtopped a number of smal dams causing dramatic, yet locdised, laterd bank erosion and incison.
Mgor laterd channd eroson and avulsions occurred dong the lower 10 km of Riviére a Mars causing
extensve damage within the floodplain and on terraces aong the valey bottom. The worg flooding in the
region, relaive to the size of the drainage basin, occurred aong Riviere des Hal Hal, where overtopping
and erosion of an earthfill dyke caused the rapid drainage of the Lac Hal Hal reservoir, compounding
the effects of the flooding from the rainstorm. Over a distance of 35 km from Lac Hal Hal to the river
mouth, flood water ravaged the valey bottom causng moderate to mgor channd widening and incision
adong reatively seeply doped reaches, and mgor sedimentation (up to severd metres) dong more
gently doped reaches and at the river mouth. Overdl, the July 18-21, 1996 flooding damaged or
destroyed infrastructure (bridges, dams and roads) and numerous homes, and serioudy impaired a
number of mgor industries, making this one of Canadals most costly naturd disasters.

SAGUENAY FIJORD CONTAMINATION: A SUMMARY OF CURRENT KNOWLEDGE

PELLETIER, Emilien. Ingtitut national de la recherche scientifique (INRS-Océanologie), 310 alée des
Ursulines, Rimouski, Quebec, G5L 3A1, emilien_pdlletier@udar.uquebec.ca

The contamination of water and sediment in the Saguenay fjord has been extensvely studied for
goproximately 30 years. Following the discovery of high mercury levelsin the Nordic Shrimp, Pandaus
boredis, in the early seventies, many successve sampling campaigns -- initidly by Fisheries and
Environment Canada and the Université Lava and later by the Université du Québec a Chicoutimi, the
Centre océanographie de Rimouski and McGill University -- have detected not only mercury in the
sediment of the fjord and its organiams, but so severd other trace metds such as cadmium and zinc.
The implementation in 1972 of dricter Canadian legidation governing indudtria effluent triggered a direct
and ggnificant reduction in mercury contamination beginning in 1975 and led to a 9gnificant decrease in
the mercury present in shrimp and other benthic organisms in later years. Other work launched by the
Univerdté du Québec a Chicoutimi in the early eighties and later pursued by Fisheries and Environment
Canada and the Centre océanographique de Rimouski reveded mgor contamination in the fjord's
sediment by many polycyclic aromatic hydrocarbons (PAH) including some with carcinogenic potentid.
These compounds result from the combustion of wood and fuel as well as certain industria processes
used inthe Arvidaregion. Asin the case of mercury, the industry’ s implementation of new, less polluting
processes in the seventies and eighties substantially reduced the supply of these substances to the fjord.
Ladtly, recent work performed jointly by Fisheries and Environment Canada and the Centre
océanographique de Rimouski revealed the presence of many organo-chlorinated compounds (PCB,
dioxins, furanes, DDT, DDE, BHC and others) in the fjord's sediment and organisms. Nevertheless,
these compounds, primarily arborne and generdly present amounts below those found in the S
Lawrence Estuary, account for avery low leve of contamination. The catastrophic rainfdls of July 1996
helped bury dl of these contaminants under severd centimetres of mud and sand in the Baie des Hal Hal
and in a portion of the Bras Nord. Research work now in progress will hep determine whether this
burid is permanent or merely temporary.



RESIDENTIAL FLOOD DAMAGE: LESSONSFROM THE SAGUENAY

LECLERC, Michd, MARION, Jodle, and HENICHE Mourad. Inditut nationd de la recherche
scientifique-Eau (INRS-Eau), P.O. Box 7500 Sainte-Foy, Quebec, G1V 4C7,
Miche_L eclerc@inrs-eau.uquebec.ca

After the Saguenay floods of July 1996, dam reconstruction on the rivers downstream of Lac Kénogami
and the creation of water flow and water level management plans for these waterways, consideration
had to be given to the potential damage caused by a repetition of the extreme flooding experienced by
the Saguenay in July 1996. The Minigtére de I'Environnement et de la Faune du Québec therefore
ingructed the INRS-Eau to develop a functiond rdation, for the Riviére Chicoutimi, the Riviere aux
Sables and Lac Kénogami, between residentid damage possibly resulting from various potentia floods,
and the flow or level of water involved in these events. Fird of dl, the damage evauation was limited to
permanent or seasond residentid housing stock.  Although important, the other categories of damage
such as damage to infrastructures or to the rivers themselves were not taken into account at this point.
The applied gpproach uses a resdentid, geo-referenced definition of flood damage. The explanatory
vaiadle is the loca depth of submerson. Depending on the circumstances, this variable is defined by
measurements, or using the 2D hydrodynamic model (HYDROSIM modd). The topography of the
flood zones was determined using photogrametrics and processed with the MODEL EUR software. The
data used to determine the relation to the flow coefficient was supplied by raw data on compensation
following the 1996 flood and municipa assessment data for each property (dependent variable). Four
relations were identified between flood damage and submersion:  groups of residences with or without a
basement, and homes vaued at less or more than $50,000. Cumulative residential damage curves for
the three hydrographic units were developed on the basis of therr flow coefficient. The future Lac
Kénogami management plan can follow various digtribution rationaes mentioned in this artide, induding
the status quo (1/3-2/3) based on the current management plan, or rationales based on economics,
equity, the naturd flow coefficient or engineering design limits.

RECONSTRUCTION MANAGEMENT FOLLOWING TORRENTIAL RAINS IN THE
SAGUENAY

MORNEAU, Francois. Office of Recongtruction - Ministere des transports du Québec, 700 boul. René
Levesque est, 14" floor, Quebec City, Quebec, GIR 5H1, f.morneau @sympatico.ca

The torrential downpour of July 1996 had a disastrous effect on the Saguenay/ Lac-St-Jean region and
north-eastern Quebec. Ten people died, and 16,000 had to be evacuated. Most of the roads were
impassable because of landdides and fluvid eroson. The force of the water washed out many bridges
and rail lines, dykes and dams. More than 600 houses were destroyed and 850 serioudy damaged.
The overd| cogt of the disaster amounted to more than one billion dollars. In the early days following the
downpour, an interdepartmental group produced an action plan to set guiddines for recongtruction in the
aess devadtated by the rivers.  Three weeks dfter the rans, municipd governments and large



corporations were cdled to meetings to hear the government’s policy on recongtruction. At these
mesetings, various preiminary maps of the disaster zones were presented to inform the parties involved of
the need to avoid rebuilding in risk areas. The problem of rebuilding in devastated floodplains with an
extremely active fluvid dynamic demanded an up-to-date mapping of the “new” floodplains. In terms of
aess & risk of soil movement, preliminary geotechnical maps were dso promptly developed and
submitted to municipdities located in vulnerable areas.  After meetings with the municipdities and dte
vidgts involving municipd officids and an interdisciplinay government team, redevelopment and
recongtruction scenarios were developed for many locations. However, dong highly destabilised rivers
and especidly a river mouths, infrastructure recongruction was an extremely complex matter.
Watershed committees were created for the Riviere Hal Hal, Riviére & Mars and Riviére St-Jean to
develop an overdl diagnosis and reach a consensus on the action to be taken. A river restoration
program was launched, primarily to stabilise the shordlines and restore a hydro-sedimentological balance
to the rivers in order to avoid the need for recurrent dredging at the river mouths. In some devastated
aress of the Saguenay, recondruction offered an outstanding opportunity to experiment with land
management and planning methods that enlisted interdisciplinary co-operation, teamwork and public
conaultation to quickly identify feasible, lasting solutions for these environments.

CONTRIBUTION OF DETAILED SURFICIAL MAPPING IN THE RECONNAISSANCE
OF MULTI-EVENT LANDSLIDESIN POSTGLACIAL MARINE CLAYS

PARADIS, S.J., PERRET, D., and BEGIN, C. Geologica Survey of Canada, Centre géoscientifique
de Québec, 2535 boul. Laurier, P.O. Box 7500 Sainte-Foy (QC), G1V 4C7 paradis@gsc.nrcan.gc.ca

Landdides in the Chicoutimi-La Baie area of centra Québec have been mapped a two main scdes. a
local detailed scale (1:1 000) for urban engineering and geotechnical purposes and amore regiond scale
(1:50 000) for earth scientists and land use planners. However, systematic surficid mapping using black
and white aeriad photographs at a scale of 1:15 000 has proven to be a more efficient method to
invesigate and understand the complex history and digtribution of multi-event landdides. These
landdides occur in thick marine clays that were deposited in Laflamme Sea between about 10,250 and
8,500 years B.P. Marine regression has left a series of stepped marine terraces a eevations ranging
from 160 m down to modern shores of the Saguenay fjord. Detaled cartography shows that the regiona
scde (kilometric) landdide scars are laterdly associated to some marine terraces and that a robust
relative chronology can be established for large sets of landdides mainly on the basis of the dtaircase
digribution of multi-scale scars.
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RETROSPECTIVE ANALYSIS OF LANDSLIDES DURING THE TORRENTIAL
RAINFALLSOF JULY 1996 IN THE SAGUENAY

DEMERS, Denis. Minigtére des transports du Québec, Geotechnical and Geology Service, 930,
Chemin SteFoy, 5" floor, Quebec City, Quebec, GI1S 4X9, ddemers@mtg.gouv.qc.ca;
ROBITAILLE, Denis. Ministére des trangports du Québec, Geotechnical and Geology Service, 930,
Chemin Ste-Foy, 5" floor, Quebec City, Quebec, G1S 4X9; PERRET, Didier, Centre géoscientifique
de Québec, 2535, boul. Laurier, C.P. 7500, Sainte-Foy, Quebec, G1V 4C7, D'ASTOUS, Jacques.
Ministére des transports du Québec, Geotechnical and Geology Service, 930, Chemin Ste-Foy, %"
floor, Quebec City, Quebec, G1S 4X9

Mogt of the landdides that occurred during the torrentid rainfals of July 1996 in the Saguenay affected
dopes which did not erode a their base. The clayey soils of this region are generadly dratified, super-
consolidated and highly resstant to shearing. Many dopes consdered stable by the standard stability
cdculation shore at the surface to varying depths.  Retroactive andyses show that defining the hydraulic
conditions of adope and identifying mechanica soil properties are difficult tasks. In thisregard, we must
clearly identify the stratigraphy and thickness of the clayey surface crust, snce thickness seems to have
controlled the behaviour of many dopes during the torrentia downpour.

ROCKFALLSDURING THE SAGUENAY FLOOD

DROLET, André. Ministére des transports du Québec, Geotechnica and Geology Service, 930,
chemin Ste-Foy, 5th floor, Quebec City, Quebec, G1S 4X9, adrolet@mtqg.gouv.gc.ca

During the sadly infamous deluge in the Saguenay on July 19 and 20, 1996, we saw many rockfals
occurring in a mountainous region. In these locations, heavy rains had saturated the soil (slt, sand,
gravel and boulders) to a depth of one or two metres atop the bedrock (gneiss granite) on doped flanks
of 25- to 45- degrees. These saturated soils spilled down the dopes carrying the topsoil and trees with
them. Five (5) of these detritus fdls affected the road system, including three on highway 169, one on
highway 170 and another on highway 172. The Geotechnicd and Geologica Service of Transports-
Québec used the CRSP (Colorado Rockfal Simulation Program) software to perform smulations.
Given the ever-present danger at the three Highway 169 sites, we had to ingtal a Geobrugg catchment
system (metal cable fence). Thiswas the first time that Transports-Québec used this European-designed
system in Quebec.
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SEDIMINARY SUPPLY IN THE SAGUENAY FJORD: EFFECTS OF ENVIRONMENTAL
PERTURBATION ON THE COMPOSITION AND EVOLUTION OF MACROBENTHIC
POPULATIONS

NOZAIS, Chrigtian and DESROSIERS, Gaston. Coastd Environment Research Group, Oceanography
Department, Université du Québec a Rimouski, 310 dlée des Ursulines, Rimouski, Quebec, G5L 3A1,
Christian_Nozais@uqgar.uquebec.ca

The flash floods that descended on in the Saguenay/Lac-S-Jean Region in July 1996 led to a sudden
and extensve supply of land-sourced sediment, especidly in the Baie des Hal Hal and the Saguenay
fljord. These supplies caused the aorupt burid of dl biologica components of the benthic ecosystem,
triggering a loss of biodiversty. A long-interval (one year) monitoring program was developed to
undergtand the benthic ecosystem re-colonisation process by macrofauna. The campaign launched in
September 1996 involved 16 stations spread out between the Baie des Hal Hal and the Saguenay fjord.
Two (2) of the 11 sampling dtations in the Baie des Hal Ha (located on the flood rivers) were
characterised by the total absence of macrobenthic organisms. At the 14 other sations, dengties never
exceeded more than 49 specimens/600 cn. The Anndid Polychetes dominated 11 of the 14 other
dations, while molluscs comprised a mgority a only one of the sations located in the fjord. Nine
families of Polychetes were present, with Cirratulidae, Lumbrineridae and Madanidae gpparently the
most prevaent at al of the gations. An andysis by whole-relation groupings reveds the combination a
certain gations. Stations 2, 3, 5 and 6, located on one of the flood rivers, form a very distinct group
compared to stations 7, 9, 10 and 12 located at the Baie des Hal Hal outlet. The first group represents
dations severdy affected by sedimentary supply, while the second consists of dtations less affected by
such supply. The second campaign mounted in August 1997 under the monitoring program involved a
totd of 9 gations. The preliminary results suggest a mgor influx of one Macoma-genre bivave a some
of the gations. The Macoma genre is usudly considered an early coloniser of anoxic zones. The results
obtained during the two monitoring station campaigns will be discussed in terms of the macrobenthic re-
colonisation process in a degpwater ecosystem.

IMPACT OF THE JULY 1996 FLOOD ON BENTHIC MEIOFAUNA IN THE SAGUENAY
FIORD

TITA, G., and DESROSIERS, G. Department of Oceanography, Université du Québec a Rimouski,
310 dlée des Uraulines, Rimouski, Quebec, G5L 3A1

In May 1996, samples were taken at three gations in the upper Saguenay fjord basin for a study of
benthic meiofaunas  Stn. A (outlet of Baie des HalHa!), Sin. B (St-Rose-du-Nord), Stn. C (Cap
Trinité). The data obtained are used here as a reference for a study of the impact of the July 1996 flood
on meiofauna in the fjord and its recolonisation process. For the latter two studies, two oceanographic
missions were performed (September 1996 and August 1997). During these two missons, 5 gations
were sampled: Stn 2, 7, 9 (in the Baie des Hal Hal), Stn 13 (in of the Baie des Hal Hal), Stn. 13
(outlet of the Baie des Hal Hal), Stn. 18 (between St-Rose-du-Nord and Cap Trinité). The purpose of
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the first misson was to assess the impact of alarge layer of terrigenic sediment deposited in the Baie des
Hal Hal and in the upstream portion of the upper fjord basin. The impact was especidly severe in the
Bae des Hal Hal (SIn. 2, 7, 9). Here, meiofauna dengties fel drastically by more than 97% (T-test:
P<0.01). At the Baie des Hal Hal outlet (Stn. 13), the reduction was lower (90%) but nonetheless
sgnificant (T-test: P<0.05). At Stations 2, 7, 9 and 13, two meiofauna groups disappeared (ostracodes
and kinorhynches). At Station 18, athough only a very fine layer of sediment (<1 mm) barely noticesble
to the naked eye was deposited, totd meiofauna dengity fdl sgnificantly by 55% (T-test: P<0.05). This
decrease results from a sharp decline in nematode dengities (T-test: P<0.05) and the absence of nauplii.
The later were dso missng from the four other dations. At Station 18, it seems likey that the
perturbation was of a chemica nature. Traces of hydrocarbons visible to the naked eye were observed
in the sediment of this gation. The second misson (August 1997) dlowed us to begin a sudy of
recolonigtion in the affected areas. Generaly, we can dready observe that meiofauna densties in the
Bae des Hal Hal and a its outlet are sgnificantly higher (T-test: P<0.05). However, they ill remain
sgnificantly lower than those observed prior to the flood (T-test: P<0.05). At Station 18, melofauna
densties did not differ ggnificantly from those present prior to the flood. At al of the sations, nauplii
had reappeared.

MICROPALEONTOLOGICAL AND GEOCHEMICAL TRACERS OF RECENT
ENVIRONMENTAL CHANGESIN THE SAGUENAY FJORD

DEVILLERS, R., LOUCHEUR, V., MARMEN, S, BERTINI, A., BIANCHI, A., DEVERNAL, A.,
HILLAIRE-MARCEL, C., BILODEAU, G., LEDUC, J and SAINT-ONGE, G. GEOTORP,
Université du Québec a Montréal, P.O. Box 8888, Montreal, Quebec, H3C 3P8, c3470@er.ugam.ca

Microflora (diatoma, pollen, dinocysts, etc.), microfauna (foraminifera, thecamoebae) and geochemical
(organic and inorganic carbon; d15N and d13C of organic matter) analyses were performed on surface
sediment samples and on a core from the upper Saguenay basin to retrace environmental changes. The
core, extracted by gravity from the centre of the basn (MB-97-12TWC; 48°21.76'N-70°23.72'; 270
m; cf. Sag Site-30), includes a sequence dmost 3 metres thick. Generaly, in the surface sediments and
in the MB-97-12TWC core, micropaeontological biomarkers and tracers reveal an epicontinenta
deposit environment dominated by terrestrid supplies. The 13C readings of organic matter are lower
than -25.5 %, and 15N readings range between 4.4 and 55 %. Among the organic membrane
microfossils, we find grains of pollen and Pteridophyta spores most frequently (105-106/cnt) while
marine aguatic microfossils (dinoflagellate cysts and organic foraminifera networks) are rare. Carbonated
marine microfossls (coccolitha, foraminifera) are sometimes present. Microfauna is not abundant (0-3
tests/ent) and consists primarily of agglutinate-test benthic foraminifera. Distoma are extremely abundant
and present in concentrations of about 109 valves/cn. In the MB-97-12TWC core sample, the lower
portion (under 80 cm in depth) is characterised by a particularly pronounced terrigenic signature: 13C
and 15N readings are less than -26.5% and 4.6% respectively, C/N ratios are approximately 25,
pennaa diatoma are relatively more widespread and foraminifera are exceptionaly rare (<1 test/cn).
Also, between 120 and 80 cm deep, we record minimum 13C readings and microfossil concentrations,
aswell as ahigh degree of fragmentation (>60%) in diatoma, indicating high detrital supplies, a turbulent
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environment or sedimentary dteration. The base of the core, especidly the interval between 80 and 120
cm, therefore includes singular sediments. From a regiond gratigraphic standpoint, this may reflect the
deposits resulting from the earthquake of 1663 (cf. Syvitski and Schafer, Sed. Geol. 104: 127-153,
1996).

THORIUM ISOTOPE SYSTEMATICS IN BOX CORED SEDIMENTS FROM THE
OUTLET OF THE BAIE DESHA! HA!, SAGUENAY FJORD (EASTERN CANADA)

SAVARD, J, GHALEB, B., ZHANG, D. and HILLAIRE-MARCEL, C. GEOTOP, Université du
Québec a Montréal, P.O. Box 8888, Centre-ville, Montréal (QC) H3C 3P8

Box coring of the Saguenay fjord sediment at the outlet of the Baie desHal Hal (48°21.74 N; 70°42.30
W; water depth 233 m) dlowed the recovery of a 53 cm sequence. The top of the sequence includes a
~ 10 cm-thick layer which was deposited during the 1996 flood. Multi-sensor tracking examination of
the core suggests a very energetic sedimentary environment, with some cydlic trends at the base of the
sequence. Twelve 0.5 cm-thick sub-samples were sdected for Th isotope measurements on unspiked
samples using a-spectrometry technique. The 230Th/232Th activity retios are relatively congtant. The
observed mean vaue (0.56 +0.02) characterises eastern Canadian shield derived supplies. It indicates
here minimum changes in sources and grain Size of recent detrital supplies, including those of the 1996
flood. The 228Th232Th ratios show large fluctuations between a maximum vaue of 1.25+0.03 at top,
and a minimum vaue of 0.85+ 0.02 at about 15 cm below surface. In the overlying water column, a
228Th/232Th ratio of 1.53+0.04 was measured on suspended particulate matter (SPM). The lower
vaue a box-core top may smply be due to fast mixing of fresh SPM with (i) older sediment from
downcore, and/or (ii) a sediment transported through the nepheloid layer and showing alesser excessin
228Th (vs 232Th), adding to some 228Th-excess decay. Nevertheless, the large 228Th/232Th ratio
variations observed downcore will hdp to congrain biologicad mixing of the sediment, through time,
when re-sampling the site in forthcoming years. Due to the fact that the deficit in 228Th (vs 232Th) in the
subsurface of the core could be due to 228Ra deficits in the incoming sediment, the 228Th/232Th
profile is likely to evolve a atime scae based on the hdf lives of the two radio-isotopes involved (i.e,
228Ra~ 6 yr and 228Th ~ 2 yr).

THE SAGUENAY FLOOD: GEOCHEMICAL EVOLUTION OF SEDIMENT IN THE BAIE
DESHA! HA! (SAGUENAY FJORD)

DEFLANDRE, Bruno and GAGNE, Jean-Pierre. Laboratoire dAnayses et d'Etudes en Géochimie
Organique (LAEGO), Groupe de Recherche en Environnement Cotier (GREC), Oceanography
Department, Université du Québec a Rimouski, 310 dlée des Ursulines, Rimouski (QC), G5L 3A1,
bruno_deflandre@uqgar.uquebec.ca, jean-pierre_gagne@uqgar.uquebec.ca

Higtoricaly, the Saguenay fjord is a region known for the severe contamination of its surface sediments.
This contamination primarily results from urbanisation and industrid development.  In the 1980s, a
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generd breekthrough in awareness led to improvements in the qudity of surface sediment in the
Saguenay fjord. In July 1996, the Saguenay region experienced torrential rains that triggered flash
flooding in many of the rivers dong the Saguenay fjord. Portions of the Baie des Hal Hal and the Bras
Nord of the Saguenay fjord received sgnificant new depodts of sediment that covered the existing
sediments.  Our work, which began a month after the flood and will continue for the next two years,
currently enables us to assess the geochemical evolution of the new, emerging environment. The
parameters measured include porosity, sdinity, redox potentid, the dementary C/N ratio, the C%, and
the percentage of dissolved organic carbon and chlorophyll A. They reved a mgor perturbation of the
sedimentary column.  We observed strong verticad and horizontd gradients for these parameters one
month after the supply of new sediment in the Baie des Hal Hal. Tempord monitoring of this event
shows that the geochemica changes in the sedimentary column have diminished, but remain visble. The
geochemica tracers measured alows us to specify the thickness of the layer of new sediment. An
andysdis of diphatic hydrocarbons shows that the new layer of sediment is not contaminated. However,
sdine anomalies were observed in the interditid waters, suggesting the movement of organic matter and
asociated substances, which could lead to the remobilization of buried organic and inorganic
contaminants. We discuss the geochemical impact of the July 1996 flood on the sedimentary column
primarily in terms of the transformation of organic matter and wha will become of the associated
contaminants. Our interpretation is based on the historical context of synsedimentary changes specific to
Saguenay fjord sediment.

BUTYLTIN CONTAMINATION IN THE FJORD

ROBILLARD, Sophie. Département d'océanographie, Université du Québec a Rimouski, Rimouski,
Quebec, G5L 3A1, Sophie robillard@ugar.uquebec,ca, PELLETIER, Emilien, Inditut Nationd de la
Recherche Scientifique (INRS-Océanologie), 310 dlée des Ursulines, Rimouski, Quebec, G5L 3A1,
SAINT-LOUIS, Richard. Pavlova Océanologie, 981 de la Pointe, Pointe-au-Pere, Quebec, GEM 1N7

Despite the many studies dready conducted on contamination of the Saguenay fjord, some aspects of
this contamination gill escape us. In the late 1970s, new anti-stain paints for ship hulls were marketed
throughout the world both for large merchant and military ships and smdl pleasure craft. These paints
were designed to reduce crusting caused by marine organisms that attach to a ship’s hull after extended
periods in the water; it contains atoxic ingredient cdled tributyltin (TBT). This compound dispersesin
marine waters and today condtitutes one of the most hazardous toxic substances ever introduced into the
marine environment. Every year, severd dozen large merchant ships arrive in the Saguenay fjord
bringing butyltin contamination with them. Prdiminary research reveds the presence of TBT and its
derivative compounds in the fjord's sediments in concentrations ranging from 10 to 30 ng SW/g sec.
Compared to certain port areas in Canada and Europe, these readings are low but nevertheless far
higher than amounts observed in Gulf of S. Lawrence sediment. Asin other cases of contamination, the
fjord's degp basin acts as a retention and sedimentation basins for particulate that takes on contaminants
upstream of the Saguenay river or from the surface layer of the fjord. With al of the new data gathered
on the Saguenay sediments and organisms, we can develop a new digital modd to explain and predict
the circulation of butyltin and what becomes of it in a coastd environment. Lastly, we would note that
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TBT like other contaminants can be used as a tracer to study the possible remobilisation of pollutantsin
the Bale des Hal Ha following the 1996 flood since the mud supplied by flooding rivers obvioudy
contained no butyltin, a substance used only in marine paints and to manufacture PV C plagtics.

COMPARISON OF CROSSED ARRAY SYSTEM SURVEYS IN 1993 AND 1997 IN THE
UPSTREAM AREA OF THE SAGUENAY FJORD: PRELIMINARY ANALYSS OF THE
1996 LAYER AND GEOMORPHIC FACTORS

LOCAT, Jacques. Department of Geology and Geologica Engineering, Université Lavd, Sainte-Foy,
Quebec, G1K 7P4, loca@qgl.ulaval.ca, KAMMERER, Edouard (UNB); DOUCET, Normand
(IML); HUGHES-CLARKE, John (UNB), MAYER, Larry (UNB); MAURICE, France (U. Lavd),
BOULANGER, Eric (U. Laval) and SIMPKIN, Peter (INRS).

The Inditut Maurice Lamontagne in Mont-Joli has been conducting surveys since 1993. In the
beginning, the Saguenay fjord was used to develop the method and adapt this technology to the needs of
the Canadian Hydrographic Service. Using the SMRAD EM 1000 probe, this method produces
bathymetric maps accurate from 10 to 20 cm in waters 200 m deep. Readings are taken at a top speed
of 14 knots. In addition to the probe data, corrected for a variety of dynamic parameters (rolling,
pitching, etc.), the various differentid geographic postions are continuoudy recorded during the
readings, with a spatia resolution of lessthan 1 m. In 1993, it took 14 days to cover the sector and in
1997, only 4 days. The main purpose of the 1997 coverage was to andyse the signature of the
sedimentary layer deposited abruptly during the 1996 flood. The am was to see whether this survey
technique could be used to map the digtribution of the 1996 layer and monitor its evolution in terms of
sedimentary movement or dengity changes. A comparison of the two readings shows a “build-up” in the
Mars and Hal Hal river ddtas. Overdl, the remainder of the sector displays no significant changes in
bathymetric variation. We would point out that the 1996 layer varies from 10 to 50 cm in thickness, and
is spread evenly from the deltas to the mouth of the Baie des HalHal. However, back-scatter data from
the emitted signd provides a very different image. The 1996 layer being very soft and engorged with
water, the return signd is dtered (dark patches), which raises the possibility of locating areas covered
with a layer of fine sediment usng these patches. The superpostion of granulometric data and water
content (or density) data support the mapping performed using 1997 readings. The 1997 readings aso
confirm the presence of specific morphologica structures, such as an eroson mound and a terrace or
shelf of ill uncertain origin (erosion or tectonic). A description of these latter eements is supported by
salamic reflection readings (SEISTEK).
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STRUCTURE OF A DEPOSIT SEQUENCE ANALYSED BY TOMODENSITOMETRY -
EXAMPLE OF THE SEQUENCE CREATED FOLLOWING THE 199 FLOODS

CREMER, Jean-Francois, and LONG, Bernard F. Ingtitut Nationa de la Recherche Scientifique
(INRS-Océanologie), Rimouski, QC, GbL 3A1 jean-francois cremer@ugar.uquebec.ca; LOCAT,
Jacques, Department of Geology and Geologicd Engineering, Université Laval, Sainte-Foy, Quebec,
G1K 7P4

Following the 1996 floods, a large amount of sediment from the watersheds adjoining the Saguenay
fjord entered the Baie des Hal Hal and the Bras Nord. To characterise these deposits according to their
supply and remobilisation potentid, a series of core samples was taken in the region using either a70 cm
deep box core or a gravity core three metres deep during amisson in July 1997. These samples were
andysed with the axid tomodensitometer of the Centre Hospitdier Régiona de Rimouski (GE mode
B7590k Hi Speed CT/i). The use of hdicoida axid tomodensitometry in geology alows usto study a
sample without destroying it and quditatively and quantitatively evauate its means of insartion, sediment
density, granulometry and compaction. Length-wise and cross-section scans can be quickly performed
a aseries of chosen angles. The very high-dendty resolution of this device and the computer processing
of images dso reveds sedimentary structures that might escgpe notice using conventional methods.
Studies of Saguenay samples have reveded various types of facies characterigtic of this supply method.
Slide facies a'e most common and can be divided into massve, gpparently or actudly undratified,
layered sub-layers interlaced with a mixture (containing boulders, clay pebbles and other coarse-grained
materids in a non-layered matrix) and smal landdide debris This horizon, less than 40 cm thick,
contrasts with older deposits which are generdly of the gravity type. One year after implementing this
horizon, no atered surface structure was detected in the top part of the core. Neverthdess, it will have
to be andysed in detall to be compared with next year's sample during the new sampling campaign, in
order to check whether a partia remobilisation could occur either under the effect of hydrodynamic
conditions or the influence of bioturbation, which should increase with re-colonisation of the Site.

CONSOLIDATION OF THE 1996 LAYER COVERING CONTAMINATED SEDIMENT IN
THE BAIE DES HA! HA! SECTOR (SAGUENAY FJORD), QUEBEC: PRELIMINARY
DATA

MAURICE, France, and LOCAT, Jacques, Department of Geology and Geologicd Engineering,
Université Laval, Sainte-Foy, QC, G1K 7P4, fmaurice@ggl.ulaval.ca, LEROUEIL, Serge, GALVEZ-
CLOUTIER, Rosa, Depatment of Civil Engineering, Universté Lava; and THERRIEN, René
Department of Geology and Geologica Engineering, Université Lavd

During the summer of 1997, more than 60 surface samples were collected upstream of the Saguenay
fjord, particularly from the Baie des Hal Hal. Some samples were dso gathered using a box core
device. The following tests were performed on these samples.  granulometry, liquid and plagtic limits,
water content, intact shear resistance (boxed core samples) and atered shear resistance. Based on
these various anayses, two integrated samples were prepared. These samples were homogenised and

17



placed in SEDCON cdlsto initidly monitor the sedimentation phase and the consolidation phase. Both
SEDCON tests provided an reference curve applicable to a case of rapid supply (e.g., turbidity or mud
dide). These curves can therefore be used to compare the current consolidation of sediment assessed
on the bads of various liquidity index profiles obtained from boxed core samples to the SEDCON
curves. For example, the 22 cm 1996 layer observable at the centre of the Baie des Hal Hal, exhibits
the typica liquidity index profile of a normaly consolidated sediment but one that was deposited quickly
and non-bioturbed: vaue tha regularly fdls from 4.0 to 3.0. The in Stu profile of shear resstance in the
1996 layer is dso typicd of a non-bioturbed sediment with an even increase depending on depth. As
00N as we encounter the bioturbed layer, the variations are visbly more uneven. This datawill serve as
a reference for changes observed in years to come. The same SEDCON curves can aso be used to
forecast changes in the vacuum index following burid. The basic test makes it possible to smulate a
buria of 10 metres which, a a sedimentation rate of gpproximately 1 to 10 mm per year, would reflect a
period of time amounting to 10,000 or 1,000 years.

POST-FLOOD RECONSTRUCTION PLANNING AND MANAGEMENT IN THE
SAGUENAY

PROULX, Marc-Urbain, Université du Québec a Chicoutimi, 555, boul. de I'Université, Chicoutimi
(QC) G7H 2B1

Thereis no officid planning or management procedure directly applicable to naturd disasters. However,
dability being a modd of the pagt, planing theory increasingly views a sate of turmoil as the mgor
characterigtic of the environment in which the planned object is to be placed. The appropriate techniques
exig within the mgor components of planning. These techniques have been tested and enriched with
each experiment, especidly those concerning a state of turmoil such as that caused by naturd disasters.
This paper andyses the experience of recongtruction planning and management following the Saguenay
flood. We begin by illugrating the land management and socid and economic issues raised by planning
activities performed prior to the flood in this region. Next, we will see how decison-makers used the
planning process firgt to manage the crisis and then to recongtruct after the flood. A description of the
recondruction work is given usng an inventory of the actions teken. Lagtly, our andyss will dlow usto
visualise how planning components were tangibly applied to the case presented. Specid attention will be
given to economic development factors. A few lessons will be inferred from our andyss.
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MAJOR FEATURES OF THE FLOOD RESEARCH PROGRAM (GRIR, UQAC)

GAGNON, Chrigiane, Depatment of the Humanities, Groupe de recherche et dinterventions
régiondes, Universté du Quéebec a Chicoutimi, 555 boul. de I'Université, Chicoutimi, Quebec, G7H
2B1, Chrigiane_Gagnon@ugac.uguebec.ca

Confronted with the mgor socid, ecologica or economicd issues involved in last summer’s flooding, a
multidisciplinary team of researchers from the Université du Québec a Chicoutimi took the initiative to
establish a research program on the causes and effects of a disaster like the July 1996 flood. This
innovative research program is intended to be multidisciplinary and results from a spontaneous process
of co-operation with other academic inditutions and the regiond community. The primary objective of
the program is three-fold: 1) to understand the overal causes and effects of this naturd disagter; 2) to
draw practical, concrete lessons for dl of the socid stakeholders involved, whether decison makers,
workers or the communities affected; 3) to identify factors that can be generdised to other Situations for
more effective forecagting, planning, decisons, remedid action, and impact monitoring.

EMERGENCY PREPAREDNESS LESSONS LEARNED AND STILL TO BE LEARNED
FROM THE SAGUENAY DISASTER

PAUCHANT, Thierry C., Hautes Etudes Commerciales, 3000, chemin de la cote Ste-Catherine,
Montréal, Quebec, H3T 2A7, pauchant@hec.ca, CAZALIS, Pierre, Ecole Nationale dAdministration
Publique, 555, boul. Charest est, Quebec, Quebec, G1K 9E5, PARENT, Daniel, Hautes Etudes
Commerciales, 3000, chemin de la cote Ste-Catherine, Montreal, Quebec, H3T 2A7

The authors of this paper describe the lessons learned and not yet learned from the Saguenay disaster in
terms of emergency preparedness in Quebec and in Canada. This assessment is based on the
recommendations put forward in the evauation report on adminigtrative action taken during the disaster
(the “Cazadlis Report”) and on dam safety (the “Nicolet Report”). In conclusion, the authors stress the
urgency of developing an “emergency preparedness culture’ in Quebec and in Canada.

RIVIERE DESHA! HA!, EPICENTRE OF THE FLOOD: GEOTECHNICAL FACTORS

VALLEE, Jean, Department of Applied Science, Université de Québec & Chicoutimi, Chicoutimi,
Quebec, G7H 2B1, jvalee@uqgac.uquebec.ca

This paper describes the most perturbed river in the Saguenay region during the 1996 flood. The
overtopping of an earthfill dyke and two smdl concrete dams, a mgor avulson, eroson and the
sgnificant conveyance of sediment, widening and straightening of the riverbed are described from a
geotechnica standpoint. A new mapping of old landdides in the area downstream of the river provides
an underganding of their effects on the river's bed. Different portions of this river are syntheticaly
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presented using a computer technique (chromostereography), a new tool for visudising land in three-
dimensons and of interest to many disciplines.

PARTICULATE AND COLLOIDAL + DISSOLVED SPECIES WITHIN THE WATER
COLUMN OF THE SAGUENAY FJORD: PERTURBATIONS?

ALPAY, S, and MUCCI, A., Eath and Planetary Sciences, McGill Universty, 3450 Universty,
Montréal QC, H3A 2A7, sapay@geosci.lan.mcgill.ca, HILLAIRE-MARCEL, C., Département des
Sciences de laTerre, GEOTOP, Université du Québec aMontreal, Montréa, QC, H3C 3P8

Anthropogenic and naturd trace metals are removed from the water column by severd possble
pathways that include direct adsorption onto particulate matter and "colloida pumping”. These naturd
contaminant remediation schemes may become S0 efficient that trace metal concentraions in the
underlying sediment become anomaoudy eevated. To characterise the nature and sources of
adsorbates and subgtrates, tempora and spatid didtributions of particulate and colloidal + dissolved
gpecies were measured within the freshwater lens, a the thermohdocline, and in the fully oxygenated
marine water column at four stations adong the main axis of the Saguenay fjord (Quebec, Canada). The
pre-determined sampling schedule included measurements before and after the flood event of June
1996. Perturbations within the water column at the monitoring stations within the sampling time interva
before and after the flood cannot be uniquely ascribed to the flood disaster. Preiminary results of the
ovedl dudy (May 1996 to present) suggest the predominance of colloidd materid a the
thermohaocline that coincides with the turbidity maximum. Results of parale and sequentid filtrations on
polycarbonate membranes (0.4, 0.1, 0.05 and 0.03 mm) reved no difference in "dissolved" organic
carbon, As, S, and Al concentrations. If thereisadigtinct colloida metal pool, then it would appear that
filtration on polycarbonate membranes is an inadequate isolation technique. The totd (unfiltered)
concentrations of Asand S and their colloidd + dissolved concentrations (<0.4 mm) are nearly identica
throughout the water column. Colloida + dissolved As concentrations appear to behave conservatively
aong the sdinity gradient. In each sze fraction, S’ concentrations disolay maximum vaues in the surface
freshwater, intermediate vaues a the thermohaocline and minimum vaues in the underlying marine
water. Al concentrations show a similar digtribution with water depth, but the totd (unfiltered)
concentrations exceed the colloidal + dissolved concentrations by one order of magnitude. Additiona
riverine andyses suggest that pillage or air fdl of paticulate Al from duminium smeting operations
upstream may provide a subgtrate for adsorption of trace metals within the fjord. Evidence from analyses
of C:N, d13C (from materia collected on glass fibre filters), and 234Th (from particle concentration by
crossflow ultrefiltration) suggedts that the compostion and residence times of particulaie matter vary
both tempordly and spatidly.
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USE OF PIEZOCONE DURING THE JULY 1996 FLOOD IN THE SAGUENAY

BOUCHARD, Régis. PDG Techmat Inc., 3306, boul. St-Francois, Jonquiere, Quebec, G7X 2W9,
bouchardr@techmat.qc.ca

The torrentid rains of July 19 and 20, 1996, and the resulting floods, |eft their mark on the topography
of the shores of the Saguenay’s mgor rivers. The quick drainage of many atificid reservoirs and the
river bed eroson and shoreline erosion caused by the strong currents sculpted dmost vertica cliffsin the
slt depogits dong these waterways. The impact of the phenomena generated by the rain therefore had
major consequences for natura soils and human structures. The rebuilding of roads, bridges, dams and
the dtabilisation of weak dopes demanded many investigative campagns. In carying out these
campaigns, the use of piezocone made it possble to characterise the soils encountered quickly and
efficiently. The presentation provides a brief description of the geologicd background of soil in the
Saguenay followed by a few examples of popularised gpplications that show the advantages of the
investigation technique.

TYPOLOGY OF LANDSLIDES CAUSED BY HEAVY RAINS IN MID-JULY 1996 IN
SAGUENAY/LAC SAINT-JEAN, QUEBEC

PERRET, Didier et BEGIN, Christian. Geological Survey of Canada, GSC-Quebec, Sainte-Foy, QC,
G1V 4C7, dperret@gsc.NRCan.gc.ca, DEMERS, Denis. Ministére des transports du Québec, Sainte-
Foy, Quebec, G1S 4X9

The torrentid rainfal that beat down on the Saguenay and Lac Saint-Jean (Quebec) region from July 19
to 21, 1996 was responsible for more than 1,000 landdides. A photographic interpretation, on a scale
of 1:15,000, showed that approximately 90% of landdides occurred outsde the adluvid corridors in
areas free of fluviad eroson. The mogt severdly affected areas involved marine clay depositsin low-lying
areas of the region where local concentrations exceeded one hundred or so movements per knt. To
clarify the fallure mechanisms, 267 landdide Stes were sudied for a detalled geomorphometric ground
description. Movements were identified by the generd shape of the scar, the distance of upstream and
downstream encroachments, the known or suspected depth of the surface failure, and the position of the
falure point on the dope.  Although many landdides were of a mixed nature, we can nevertheess
distinguish among the following four main types. (1) surface failures, where the bresk point runs more or
less pardld to the dope and affects only the ground cover and root zones, (2) shdlow flows, most
affecting a thickness of materid ranging approximately from 1 to 3 or 4 metres and confined to the
dtered clayey crugt; (3) deep, rotationd landdides, usudly retrogressive, affecting materids at depths of
at least 8 metres, and (4) mud dides, much more long than wide, characterised by afailure point located
in the upper section of the dope. The geomorphic analyss aso shows that shdlow failures usudly occur
on highly convex hillsdes, while mud dides affect the face or front of spurs. Findly, the proposed
typology was related to the geology and geotechnical properties of the materidsin question.
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POST-TRAUMATIC STRESS DISORDER: AFTER THE SAGUENAY FLOOD

FORTIN, Martin. Depatment of Family Medicing, Université de Québec a Chicoutimi, Chicoutimi
Family Medicine Unit, Sagamie Hospitd, 305 St-Vdlier, Chicoutimi, Quebec, G7H 5H6,
mfortin@saglac.qc.ca; AUGER, C., LATOUR, S. and TRUDEL, M., Chicoutimi Family Medicine
Unit, Sagamie Hospita, 305 S-Vdlier, Chicoutimi, Quebec, G7H 5H6.

Objective Measure the prevaence of pod-traumatic stress disorder and emotiond distress three
months after the Saguenay flood. Methodology: Descriptive study usng a telephone questionnaire
addressed to a population of disaster victims and a test group. Location: the City of Chicoutimi.
Participants The consenting adult population of a flooded neighbourhood (n=62) and a randomly
sdected, voluntary test group among the population of a neighbouring area (n=79). Principa
measurements of findings: Postivity for diagnogtic criteria for post-traumatic stress disorder and a high
score on the emotional distress questionnaire.  Findings. The population and the test groups were
socio-demographicaly comparable. A pogt-traumatic stress prevalence of amost 20% was found for
the disaster victim group, representing a ratio score of 6.08 (1C95%: 1.63; 22.64). Emotiond distress
was present among 29% of disaster victims for a ratio score of 242 (1C95%: 1.04 ; 5.61). The
questionnaires used were trandations and adaptations of the "PTSD Reaction Index" and the "Sdlf
Reporting Questionnaire”. Conclusion: The Saguenay flood generated psychologica after-effects that
were measurable three months later. Health workers must be informed of the psychologica effects of
natura disasters in Quebec.

ANALYSIS OF THE RIVIERE CHICOUTIMI FLOOD AND ITS GEOMORPHIC
EFFECTS

HENICHE, Mourad, LECLERC, Miche, SECRETAN, Yves, and BOUDREAU, Paul, Ingitut
nationa de la recherche scientifique - Eau (INRS-Eau), P.O. Box 7500 Sainte-Foy, Quebec, G1V
4C7, Mourad Heniche@inrs-eau.uquebec.ca, LAPOINTE, Michd, Department of Geography, McGill
University, 805 Sherbrooke St. West, Montreal, Quebec, H3A 2K6

During events in the Saguenay in July 1996, the overabundance of rainfal and runoff in the watershed
saturated the water regulation capacity of the Lac Kenogami reservoir upstream of the inhabited areas of
the Saguenay. A two-dimensiond hydrodynamic smulation of the Riviére Chicoutimi flood and an
andyss of the morphologica changes which affected the reaches of the dam were performed following
the incident. The hydrologica supply of 2500 ni/s into the watershed was redistributed between the
Riviére Chicoutimi and Riviére aux Sables after laminating a 1800 nv/s (1100 and 700, respectively).
This digribution was sgnificantly affected by upstream catchment facilities (Portage-des-Roches and
Pibrac), therr naturd didtribution possibly quite different without the dams. The Riviere Chicoutimi flood
largely exceeded the natural hydraulic capacities of the river and the drainage capacities of downstream
dams (Chute-Garneau, Pont Arnaud, Elkem Méa and Abitibi-Stone in Chicoutimi). The trangitory,
hydrodynamic smulations performed with the modd make it possble to reconditute the transfer of
floodwaters in the Riviére Chicoutimi. Topographica data on the mean-water bed and the floodplain
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were gathered from a wide variety of sources (including photogrammetrics) and which had to be
reconciled with a highly advanced hydro-geomeétic tool caled MODELEUR. At the Chute-Garneau and
Pont Arnaud dams, the river’ s water level overflowed the concrete works and caused a massive incison
the of fluvid-marine deposts supporting the dams.  This phenomenon is like an avulson. At Chute
Garneau, erosion affected a volume of 147,000 M while the sedimentary figure for Pont Arnaud
amounts to 750,000 nT. It is possible that the natural capacity (pre-dam) of the runoff sections were
overloaded, which raises serious doubts concerning the appropriateness of the drainage concept used at
the hydrodectric station. Internet address: http://www.inrs-eau.uquebec.calsaguenay .

PERFORMANCE OF THE SEDIMINTARY LAYER FROM THE 1996 FLOOD
COVERING CONTAMINATED SEDIMENT IN THE SAGUENAY FJORD: AN
OPPORTUNITY FOR TECHNOLOGICAL DEVELOPMENT

LOCAT, Jacques, Department of Geology and Geologicd Engineering, Université Lava, Sainte-Foy,
Quebec, G1K 7P4, locat@ggl.ulaval.ca;, DESROSIERS, Gaston, (UQAR), DE VERNAL, Anne,
(UQAM); GAGNE, Jean-Pierre, (UQAR); GALVEZ-CLOUTIER Rosa, (U. Laval); GRATTON,
Yves, (INRS), HILL, Philip, (UQAR); HILLAIRE-MARCEL, Claude, (UQAM); LONG, Bernard
(INRS); MUCCI, Alphonso, (McGill); PELLETIER, Emilien, (INRS); SIMPKIN, Peter, (INRS); and
THERRIEN, René, (U. Laval).

The 1996 Saguenay flood disaster spread more than 6 million tonnes of reatively clean sediment over

contaminated sediment in the Baie des Hal Ha! and the Bras Nord (section upstream of the Saguenay
fjord). Preliminary observations show that this layer variesin thickness from 10 to 50 cm. Early after the

1996 flood, a multidisciplinary team gathered to assess from various angles the permanency of this layer

and its effectiveness as a geologica barier to the migration of contaminants.  This study will require
developing tools and methods for assessng the environmenta performance of the cover layer, restoring

the ste and forecasting contaminant movement and the integrity and stability of this layer. Such a
problem demanded a research program that carefully integrates various disciplines such as geology,

biology, chemistry and hydraulics. Lagting five years, the project created combines researchers from
many univergties in and outsde Quebec. The results of this five-year research project should make it

possible to: (1) provide an answer concerning the effectiveness of the cover layer; (2) satisfactorily
identify the species living in the fjord that may act as indicators of the Ste's environmenta restoration;

(3) develop digital or conceptua models to evauate and predict the chemica reactions around the edges
of the cover layer; (4) provide adigitd smulaion modd for predicting the conveyance of contaminants
across the cover layer; (5) show how this layer will resst eroson and earthquakes; and (6) combine
these various tools and techniques into an gpproach useful for planning, developing and predicting the
performance of cover layers (naturd or atificid) on contaminated sediment. We are using this
Symposium to launch the project and present the preliminary results on various aspects of the research
program. The Naturad Sciences and Engineering Research Council of Canada and Alcan funded this
project.
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APPENDIX 1

Program of the 1996 Saguenay Flood Symposum

May 20, 1998

Period

Title

Names

1+2

Risk management and engineering practice: The Saguenay
Case

Roger NICOLET (O.1.Q)

3 Riviére Chicoutimi : Talk about aflood — A geographic GillesH. LEMIEUX (UQAC)
outlook on the overdl phenomenon
4 Impact of flooding on public hedth: Survey of theliterature | Gilles LALANDE, Danidlle MALTAIS,
and case studies Suzie ROBICHAUD and Anne SIMARD
(UQACQC)
5 Fluvia geomorphic effects of the July 1996 flooding, D.E. LAWRENCE and G.R. BROOKS
Saguenay Region, Southern Quebec, Canada (CGC)
6 Saguenay fjord contamination: A summary of current Emilien PELLETIER (INRS-Océanologie)
knowledge
7 Residential flood damage: Lessons from the Saguenay Michel LECLERC, Joélle MARION and
Mourad HENICHE (INRS-Eau)
8 Reconstruction management following torrentia rainsinthe | Francois MORNEAU (MTQ)
Saguenay
Lunch
9 Emergency preparedness lessons learned and ill to be Thierry C. PAUCHANT (HEC), Pierre
learned from the Saguenay disaster CAZALIS (ENAP) and Daniel PARENT
(HEC)
10 Riviére des Hal Hal, epicentre of the flood: Geotechnical Jean VALLEE (UQAC)
factors
11 Particulate and colloidal + dissolved species within the water | Sailma ALPAY and Alphonso MUCCI
column of the Saguenay Fjord: perturbations ? (McGill)
12 Use of piezocone during the July 1996 Saguenay flood Régis BOUCHARD (Techmat)
13 Typology of landdides caused by heavy rainsin mid-July Didier PERRET, Christian BEGIN, and
1996 in Saguenay/L ac Saint-Jean, Quebec. Denis DEMERS (CGC et MTQ)
14 Post-traumatic stress disorder: After the Saguenay flood Martin FORTIN, C. AUGER, S.
LATOUR and M. TRUDEL (UQAC)
15 | Andyssof the Riviere Chicoutimi flood and its geomorphic | Mourad HENICHE, Yves SECRETAN,
effects Paul BOUDREAU and Michel
LAPOINTE (INRS-Eau)
16 Performance of the sedimentary layer from the 1996 flood | Jacques LOCAT (Lava), G.

covering contaminated sediment in the Saguenay fjord: An
opportunity for technologica development

DESROSIERS (UQAR), A. DE
VERNAL (UQAM), J.-P. GAGNE
(UQAR), R. GALVEZ-CLOUTIER
(Laval), Y. GRATTON (INRS), P. HILL
(UQAR), C. HILLAIRE-MARCEL
(UQAM), B. LONG (INRS), A. MUCCI
(McGill), E. PELLETIER (INRS), P.
SIMPKIN (INRS) and R. THERRIEN
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| (Laval)
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POSTER SESSIONS-POSTERS

Title Names
Contribution of detailed surficia mapping in the reconnaissance of | S. PARADIS, D. PERRET and C.
multi-event landdides in post-glacid marine clays. BEGIN (CGC)
Impact of the July 1996 flood on benthic meiofaunain the Saguenay | G. TITA and Gaston DESROSIERS
fjord (UQAR)
The Saguenay flood: Geochemical evolution of sediment in the Baie | Bruno DEFLANDRE and Jean-Pierre
des Hal Hal (Saguenay fjord) GAGNE (UQAR)
Sedimentary movement in the Saguenay fjord: Effects of Christian NOZAIS and Gaston
environmenta perturbation on the composition and evolution of DESROSIERS (UAR)

macrobenthic populations

Retrospective analysis of landdides during the torrentia rains of July
1996 in the Saguenay

Denis DEMERS, Denis ROBITAILLE,
and Didier PERRET (MTQ and CGC)

Rockfalls during the Saguenay flood

André DROLET (MTQ)

Thorium isotope systematics in box cored sediments from the outlet
of the Baie des Hal Hal, Saguenay Fjord (Eastern Canada)

J SAVARD, B. GHALEB, D. ZHANG
and Claude HILLAIRE-MARCEL
(UQAM)

Consolidation of the 1996 layer covering contaminated sediment in
the Baie des Hal Hal sector (Saguenay fjord) in July 1996, Quebec:
preliminary data

France MAURICE, Jacques LOCAT,
Serge LEROUEIL, Rosa GALVEZ-
CLOUTIER and René THERRIEN
(Lavel)

Comparison of crossed array system surveys conducted in 1993 and
1997 in the area upstream from the Saguenay fjord: Initid andysis
of the 1996 layer and geomorphic factors

Jacques LOCAT, Edouard
KAMMERER, Normand DOUCET,
John HUGHES-CLARKE, Larry
MAYER, France MAURICE, Eric
BOULANGER and Peter SIMPKIN
(Lavd)

Structure of a deposit sequence analysed by tomodensitometry —
Example of the sequence created after the 1996 floods

Jean-Francois CREMER, Bernard F.
LONG and Jacques LOCAT (INRS-
Lava)

Micropaleontological and geochemical tracers of recent
environmental changesin the Saguenay fjord

R. DEVILLERS, LOUCHEUR, V.,
MARMEN, S, BERTINI, A,
BIANCHI, A., DE VERNAL, A. and C.
HILLAIRE-MARCEL (UQAM)

When ariver changes course — Avulsion of the Baie de laHal Hal!
in July 1996

Michel LAPOINTE, Michd LECLERD,
Normand BERGERON and Y ves
SECRETAN (INRS-Eau)

Post-flood reconstruction planning and management in the Saguenay

Marc-Urbain PROULX (UQAC)

Major features of the flood research program (GRIR, UQAC)

Christiane GAGNON (UQAC)

Butyltin contamination in the fjord

Sophie ROBILLARD, Emilien
PELLETIER and Richard SAINT-
LOUIS (INRS-Océanologi€)
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