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DT2011B DATA LOGGER

Yes... it is that easy.

WIRELESS DATA

for Geotechnical
Instruments

Monitor a single vibrating wire
sensor and thermistor.

Antenna can be
easily attached

in fiel
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DT2055B DATA LOGGER

ACQUISITIO

.

Wireless technology providing automated data
acquisition with minimum per channel cost.

An RSTAR L900 System uses L900 RSTAR Nodes (see left) at the sensor level, deployed in a star topology
from an active L900 RSTAR Hub, which consists of an L900 RTU interfaced to a FlexDAQ datalogger.
The system is based on the 900 MHz, 868 MHz and 2.4 GHz spread spectrum band (country dependent)

SYSTEWM

Monitor up to 10 sensors.
Can be any mix of vibrating wire
sensors and thermistors.

DT2040 DATA LOGGER

with extensive open-country range through use of simple dipole or directional antennae.
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Typical RSTAR configuration for the RSTAR L900 System.

/( 900 MHz, 868 MHz, 2.4 GHz
g (country dependent)
Spread Spectrum band

RSTAR HUB
(

Ethernet

Spread Spectrum Radio

Widfi CUSTOMER’S

Monitor up to 40 sensors.
Can be any mix of vibrating wire
sensors and thermistors.

%

DT4205 DATA LOGGER

SERVER

Multi-drop or
WORKSTATION

J Cellular
Storage Module
UsB

RF Modem to RF Base Station

L900 RTU
Datalogger ¢
Battery

Thermistor Short Haul Modem
or
Thermistor

String

Vibrating
Wire

- Tilt Meter W Transmitter
(ie:Piezometer)

Iridium ISU

Monitor up to 10 channels.
Can be any mix of 4-20mA
sensors or thermistors.

DIGITAL TILT LOGGER

‘ WORKS WITH

l REAL-TIME MONITORING ,
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Excellent Hub-Node range - up to 14 km in open country depending on antenna.

Ultra-low quiescent power. RSTAR Nodes powered by 1 lithium ‘D’ cell (up to 7 years of life).

Simple star routing - no mesh overhead.

Simple network setup: add node serial number to RSTAR Hub list, deploy.

Based on proven flexDAQ experience and technology - up to 255 L900 Nodes per flexDAQ.

N

Low cost, lithium ‘D’ cell
powered data logger & tilt meter
in a single, compact unit.

More info at: www.rstinstru

innovation in
geotechnical

instrumentation

INSTRUMENTS

Multiple telemetry options such as cell, modem, LAN, radio, satellite (see diagram).

Data accessible at multiple locations via WWW - protected at all stages by encrypted, error-corrected transmission & storage.
/

o W,

3 . 0
%{lﬁé Linkedin. http://www.linkedin.com/company/rst-instruments-Itd-

ments.com/rstar.html

TOLL FREE or 1800 665 5599
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Canary Systems, Inc.

I | I 5 Gould Road
New London, NH 03257 USA

Where in the world is... pasnersleof 289800
info@canarysystems.com

Canary Systems? 5
S YS TE M S www.canharysystems.com

instagram.com/canarysystems

METEOROLOGY \

GPS STATION

Formed in 1997, Canary Systems is the leader in
providing integrated geo-monitoring solutions for a
broad range of industries including mining, dam
safety, geotechnical engineering, structural,
environmental, meteorological, industrial and others.

We help clients better manage risk, monitor
performance, and increase the safety of their
operations by tying together all loose ends: the
hardware required for automatic or semi-automatic
data acquisition - and the software to collect,
process, store and present the data in a simple and
efficient way on a single combined powerful
platform.
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monitoring solutions.

Tailor-made data acquisition systems
for a variety of geotechnical and structural
instrumentation applications

With professional achievements in more than fifteen countries, GKM Consultants
is now recognized both nationally and internationally for its expertise and
know-how in providing innovative and well-integrated instrumentation and

GKM Consultants

The world is our playground.

gkmconsultants.com



http://www.gkmconsultants.com
http://www.soilvision.com

. OFFICE

NEXT GEN GEOTECHNICAL SOFTWARE

soiLvision
SYSTEMS LTD.

SVOFFICE, SVOFFICE 5, SOILVISION, “Powerful » Flexible » Efficient” and respective logomarks are trademarks of SeilVision Systems Ltd. All rights reserved.  Web: www.soilvision.com | Email: contact@soilvision.com | Ph: 1.306.477.3324

POWERFUL e FLEXIBLE o EFFICIENT.


http://www.soilvision.com

GEO’(ON

Model 8800-2
Network Supervisor

Model 8800-1
Sensor Node

remote connectivity from practically any location.

| GeolNet Wireless network is self

: | healing and will reconfigure itself
" to tolerate disturbances to the

' physical environment.

This topology is more flexible
than star networks because it
allows data communication to be
established over longer distances

and around obstructions.
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www.geokon.com
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The World Leader in i
GE OKON Vibrating Wire Technology™

GeoNet is a battery powered wireless data acquisition network compatible with all of Geokon’s vibrating wire sensors. It
uses a cluster tree topology to aggregate data from the entire network to a single device - the network supervisor. GeoNet is
especially beneficial for projects where a wired infrastructure would be prohibitively expensive and difficult to employ.

The network consists of a Supervisor Node and up to 100 Sensor Nodes. Data collected at each node is transmitted to the
supervisor. Once there, it can be accessed locally via PC or connected to network devices such as cellular modems for

{ @ 1-603-448-1562
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Features & Advantages...

@ GeoNet Nodes are comparable in price to a single channel datalogger.

@ Nodes separated from network will continue to collect and store data
autonomously.

@ Long battery life. Most applications
measured in years.

@ When network connectivity
is re-established the data
collected while offline 15
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ROCKWORKS® e Starting at $700

853,103 853138
530048 4534 590

RockWorks provides visualization and modeling of
spatial and subsurface data. RockWorks contains
tools that will save time and money, increase
profitability, and provide a competitive edge
through high-quality graphics, models, and plots.

Mapping Tools

e Drillhole location maps

* Assay, concentration maps

e 3D surface displays

¢ 3D point maps

* Geology maps

e Multivariate maps

* Multiple geographic datums for geo referenced output
e EarthApps—maps / images for display in Google Earth

Borehole Database Tools

* Projected cross sections with drilling orientation

e Correlation panels

* Drillhole logs

® Block model interpolation

e Surface model interpolation of stratigraphic units

* Downhole fracture display and modeling

* \/olume reports of lithologic, stratigraphic models

e Excel, LAS, acQuire, Newmont, ADO, and other imports

Other Tools

® Block model editor

e Volume calculations

e Stereonet and rose diagrams

e 2D and 3D output to RockWorks, Google Earth

® Exports to GIS Shapefiles, CAD DXF, raster formats,
Google Earth

® Image import and rectification

® Program automation

e Support for non-Latin alphabets
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Download FREE Trial at www.RockWare.com
2221 East Street // Golden CO 80401 U.S.A. // t:800.775.6745 // £:303.278.4099


http://www.RockWare.com

Volume 33 « Number 2 « June 2015

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo

GEOTECHNICAL  Performance of a ShapeAccelArray (SAA) for settlement

INSTRUMENTATION NEWS  monitoring of a large rockfill dam 17
Marc Smith
Discussion of “The fundamentals of wireless monitoring -
things to consider” 21
Adam Dulmage and Matt Trenwith
Response/Closure 23
Simon Maddison
WASTE GEOTECHNICS  The Value of Failure 24

G. Ward Wilson and Andrew MacG. Robertson

THE GROUT LINE  Grouting in Structures 29
James Warner

DEPARTMENTS  CGS News 10
Geotechnical Instrumentation News 17
Waste Geotechnics 24
In Memoriam, Nguyen Truong Tien 28
The Grout Line 29
In Memoriam, Frederick Lionel Peckover 33
Geosynthetics 34

8 Geotechnical News ¢June 2015 www.geotechnicalnews.com



SILT CRUST

il

y‘é

Website
geopac.ca

GEOPAC

BUILD ON US

Geopac Provides “Dry Box” Solution to Allow Construction
of Underground Parkade in Richmond, BC

The GEOMIX “Dry Box” technique is an effective ground engineering concept which allows
below-grade construction in saturated soils eliminating continuous dewatering and
subsequent treatment to satisfy environmental regulations.

In choosing Geopac's innovative solution, developers are able to build an underground car
parkade in dry conditions in a high water table environment within highly permeable soils
such as generally encountered in river deltas and coastal locations.

GEOMIIX technology offers the advantage to combine deep permeability cut-off (up to 35m)
with a multi-storey retaining wall capability, thus enabling dry and stable below grade
construction works and virtually eliminating dewatering and associated treatment costs.
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Vancouver Montreal Toronto General Enquiries
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Message from the President

Doug VanDine, President of
Canadian Geotechnical Society

It seems odd to me, as the President
of the Canadian Geotechnical Society,
that there is no commonly accepted

definition of “geotechnical” in Canada.

Asfar as| am aware, only one organi-
zation has tried to define the word. In
2013, the Association of Professional
Engineers and Geoscientists of British
Columbia's Task Force on Geotechni-
cal Engineering defined “geotechnical
engineering” as“the application of
principles of soil mechanics and/or
rock mechanics, and related applied
geological sciences’. | believe asimi-
lar definition could also apply to the
broader “geotechnical profession”. If
anyone knows of another, commonly
accepted Canadian definition of “geo-
technical”, | would be pleased to hear
from you (president@cgs.ca).

Why isthere no commonly accepted
definition of “geotechnical” in
Canada? | believe onereasonis
because geotechnical professionals

CANADIAN GEOTECHNICAL SOCIETY NE

come from and have awide variety of
backgrounds such as civil engineer-
ing, geological engineering, mining
engineering, geology and/or physi-
cal geography. As such, geotechnical
professionals aren’t registered in their
respective provinces or territories as
“geotechnical engineers’ or “geotech-
nical geoscientists”.

A second reason might be that the
geotechnical profession is extremely
broad. Typical geotechnical activities
include surface and subsurface site
investigations; insitu and laboratory
testing; development and analysis of
models of near-surface and subsurface
conditions; engineering design; con-
struction, inspection and monitoring;
operation and maintenance; research
and development; and management.
Typical geotechnical project types
include foundations related to onshore,
near-shore and off shore structures;
retaining walls, dams, reservoirs

and dam safety; embankments and
earthworks; slope stability and land-
slide hazard and risk assessments of
natural and engineered slopes; ground
improvement; dewatering; transporta-
tion and energy infrastructure; tunnel-
ing and underground works; pipelines
and buried cables; resource develop-
ment including minerals, oil and gas
and groundwater; seismic response
and liquefaction; materials testing; use
of geosynthetics; geoenvironmental
applications; and forensic investiga-
tions.

Therefore, because of the extremely
broad nature of the profession, it's
very difficult to define what we do
and who we are. Why should there
be a definition of “geotechnical” in
Canada? | will leave that for the next
President’s Message, but suffice to
say, | think it’simportant.

On other matters, | am pleased to
report that CGS activities are moving
right along. Dr Nick Sitar, from the
University of California— Berkeley,
recently completed his marathon
Cross Canada L ecture Tour. The fall
2015 Cross Canada Lecturer will be
announced shortly. The deadline for
CGS Awards nominations has just
passed, but the deadline for nominat-
ing CGS members for EIC Awards,
Honours and Fellowshipsis still
ahead of us, closing on July 1. More
information on the EIC nominations
can be found elsewherein this issue of
Geotechnical News.

Jean C6té and hislocal organizing
committee for the 68th CGS Annual
Conference and the 7th Canadian
Permafrost Conference (GéoQuébec
2015) http://mwww.geoquebec2015.ca/
EN/ report that they received arecord
number of abstracts for thisyear’s
conference. Papers have been submit-
ted and are presently under review. For
those planning to attend, registration
with early-bird pricesis now open. |
know thisis going to be an excellent
conference, and | hope to see you al
in beautiful Quebec City in September.

For those who really like to plan
ahead, the 69th conference will be
held in Vancouver in 2016 and the
70th conference will be held in Ottawa
in 2017. More about those conferences
later.

| have now been your President for
just less than six months, and | can tell
you that | am very impressed by the
depth and breadth of this fine society
and the excellent support that is pro-
vided by CGS Headquarters (Michel
Aubertin, Wayne Gibson and Lisa
M cJunkin) and the myriad of dedi-
cated volunteers that keep it going.
Thanksto all.

Until next time.

Provided by Doug VanDine
President - 2015/2016
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Message du président

A titre de président de la Société
canadienne de géotechnique, il me
parait érange qu'il n'y ait pas de
définition couramment acceptée pour
le mot « géotechnique » au Canada.

A ma connaissance, une seule organ-
isation a tenté de définir ce mot. En
2013, un comité spécial (Task Force
on Geotechnical Engineering) de

I’ Association of Professional Engi-
neers and Geoscientists of British
Columbia a défini la « géotechnique »
comme « |"application des principes
dela mécanique des sols et/ou de la
mécanique desroches et des sciences
connexes liées a la géologie appli-
guée ». Je crois qu’une définition sem-
blable pourrait également s appliquer
al’ensemble de la « profession géo-
technique ». Si quiconque connait

une autre définition canadienne
couramment acceptée de la « géotech-

--‘:H

HB\Vick Dfains

” I | A Division of Hayward B:

nique », je serais heureux que vous
m’ en fassiez part (president@cgs.ca).
Pourquoi n’y a-t-il pas de définition
couramment acceptée de la « géo-
technique » au Canada? Je crois que
cela s explique entre autres par le fait
gue les professionnels qui oeuvrent
en géotechnique viennent de divers
horizons et ont des parcours tres dif-
férents, comme le génie civil, le génie
des mines, le genie géologique, la

géologie et/ou la géographie physique.

Les professionnels de la géotechnique
ne sont donc pas inscrits dans leurs
provinces ou territoires respectifs
comme des « géotechniciens » ou des
« géoscientifiques ».

Cela peut également étre parce

gue la profession géotechnique est
extrémement vaste. Habituellement,
les activités géotechniques compren-
nent la reconnaissance des sols de
surface et en profondeur; les essais en
laboratoire et en place; la conception

ker

IMPBDVEMENT“’CONTR’A TORS & ENGINEER

/= CAUFORNIA - COLORADOD e ‘MARYLAND

UBERTA S

et |I’analyse de modéles pour les condi-
tions de surface et en profondeur; la
conception des ouvrages; la construc-
tion, I'inspection et la surveillance;

I’ opération et I entretin; larecherche
et le développement; et lagestion.

L es projets géotechniques usuels com-
prennent les fondations de structures
sur laterre ferme, pres des cotes et

en mer; les murs de souténement; les
barrages, lesréservoirs et leur sécu-
rité; les remblais et les ouvrages en
sols et enrochement; la stabilité des
pentes, les risques de glissement de
terrain et I’ évaluation des risgques pour
les pentes naturelles et aménagées;
I’amélioration des sols; le pompage et
I’ assechement; les infrastructures éner-
gétiques et de transport; les tunnels et
les travaux souterrains; les pipelines et
les cables enfouis; I’ exploitation des
ressources, y compris les minéraux, le
pétrole le gaz naturel, et I’ eau sou-
terraine; laréponse séismique et la
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liquéfaction; les essais sur les matéri-
aux; I" utilisation des géosynthétiques;
les applications géoenvironnementales
et les investigations plur identifier les
causes d' une défaillance.

Par conséquent, compte tenu de la
nature extrémement vaste de la profes-
sion, il est tres difficile de définir ce
gue nous faisons et qui nous sommes.
Pourquoi devrait-il y avoir une défini-
tion de « géotechnique » au Canada?
Je répondrai a cette question dans mon
prochain message du président; il suf-
fit de dire maintenant que je crois que
' est important.

A propos d’ autres sujets, je suis
heureux de signaler que les activités
dela SCG vont bon train. Le Dr Nick
Sitar, del’Université de la Californie,
a Berkeley, arécemment terminé son
marathon dans le cadre de la Tournée
de conférences pancanadiennes.

Le conférencier de latournée de

I’ automne 2015 sera bient6t annonceé.
Ladate limite des candidatures pour
les prix de la SCG vient de passer,
mais |’ échéance pour les candida-
tures de membres de la SCG pour les
prix, les distinctions et les bourses de
recherchedel’ICl est avenir, soit le
1* juillet. De plus amples renseigne-
ments sur les candidatures pour I'1CI

se trouvent dans un autre article de ce
numéro de Geotechnical News.

Jean Co6té et son comité organi sateur
local pour la 68e conférence annu-
elledela SCG et la 7e conférence
canadienne sur le pergélisol (Géo-
Québec 2015) http://www.geoque-
bec2015.ca/fr/ signalent qu’ils ont
recu un nombre record de résumés
pour la conférence de cette année. Des
articles ont également été soumis et
sont actuellement examinés. Pour les
personnes qui prévoient y assister, la
préinscription est commencée. Je sais
gue ce sera une excellente conférence,
et j’ espére tous vous voir dans la mag-
nifique ville de Québec en septembre.

Pour ceux qui aiment vraiment plani-
fier leurs activités, la 69e conférence
auralieu a Vancouver en 2016 et
la70e, a Ottawa, en 2017. De plus
ampl es renseignements sur ces con-
férences vous seront fournis ultéri-
eurement.

Je suis maintenant votre président
depuis un peu moins de six mois

et je peux vous dire que je suis

trés impressionné par le sérieux et

I’ étendue de cette excellente soci été
et par le remarquable soutien qui est
offert par le siege social dela SCG
(Michel Aubertin, Wayne Gibson
et Lisa M cJunkin) et lamyriade de

bénévoles dévoués qui en assurent le
bon fonctionnement. Merci atous.

A laprochaine!
From the Society

Call for Nominations for 2015
Awards and Fellowships
Engineering Institute of Canada
(EIC)

THE
eRING INg
oVoF CANADg

As a constituent Society of the Engi-
neering I nstitute of Canada (EIC),
CGS members are eligible for awards
and fellowships of the EIC which are
summarized below. CGS members
are encouraged to submit EIC nomi-
nations of fellow membersto CGS
Headquarters by July 15, 2015.

Nominations must include:

1. acompleted EIC Nomination Form
which is available from http://eic-
ici.calhonours_awards/)

2. anomination letter

Award of Honour

Brief Description/Comments

Sir John Kennedy Medal

For outstanding service to the profession or for noteworthy contributions to the
science of engineering, or to the benefit of the EIC. EIC’s most distinguished

award.

Julian Smith Medal

For achievement in the development of Canada.

John B. Stirling Medal

For leadership and distinguished service at the national level within the EIC and/or

its member societies.

CPRail Engineering Medal

For leadership and service at the regional, branch and section levels by members of

EIC member societies.

K.Y. Lo Meda

For significant engineering contributions at the international level, such as pro-
motion of Canadian expertise overseas; training of foreign engineers; significant
service to international engineering organizations; and advancement of engineering

technology recognized internationally.

Fellowship of the EIC

For excellence in engineering and services to the profession and to society.

Honorary Member

For non-members of the EIC and its member societies, and on occasion non-engi-
neers, who have achieved outstanding distinction through service to engineering

and the profession of engineering in Canada.
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Prix ou distinction

Courte description/Commentaires

Médaille Sir John Kennedy

Pour un service exceptionnel rendu ala profession ou pour des contributions
dignes de mention au domaine de la science de 1’ingénierie ou au profit de I’ICI.
Plus prestigieux prix del’ICl.

Médaille Julian Smith

En reconnaissance d’ une contribution au dével oppement du Canada.

Médaille John B. Stirling

Pour des qualités de chef et des services éméritesrendus al’ICl et/ou a ses sociétés
membres, al’ échelle nationale.

Médaille CP Rail Engineering

Pour les qualités de chef et le service rendu dans les régions et |es chapitres de
membres des sociétés membresde I’ ICl.

Médaille K.Y. Lo

Pour des contributions remarquables au domaine de I'ingénierie au niveau inter-
national, comme la promotion de I’ expertise canadienne al’ étranger, la forma-
tion d’ingénieurs étrangers, un service exceptionnel rendu a des organisations
d’ingénierie international es et | avancement d’ une technologie d’ ingénierie
reconnu sur la scéne internationale.

Bourse de recherche de |’ I Cl

Pour |’ excellence en ingénierie et des services rendus ala profession et ala société.

Membre honoraire

Pour les non-membres de I’ ICl et de ses sociétés membres, et occasionnellement
pour des personnes qui ne sont pas des ingénieurs, qui se méritent cette remar-
quable distinction en raison de services rendus au domaine de I’ingénierie et ala
profession de I'ingénierie au Canada.

3. the nominee’'sCV, and

4. supporting letters from colleagues,
preferably Fellows of the EIC
(FEIC).

Past CGS member recipients of EIC
Awards and Fellowships can be found
on the CGS website www.cgs.ca/
awards.php?lang=en. It is recom-
mended that nominators review the
awards details and criteria prior to pre-
paring nominations. For more infor-
mation contact CGS Headquarters at:

The Canadian Geotechnical Society
8828 Pigott Road

Richmond, BC

V7A 2C4, Canada,

Tel: (604) 277 7527; 1 (800) 710-
9867; Fax: (604) 277-7529

E-mail: cgs@cgs.ca

Appel de candidatures pour les
prix et bourses de

recherche 2015 Institut
canadien d’ingénierie (ICI)

A titre de société membre de |’ I nstitut
canadien desingénieurs (ICl), les
membres de la SCG sont admissibles
aux prix et médaillesdel’ICI décrits
ci-dessous. Les membres de la SCG
sont encouragés a soumettre la candi-
dature de collégues membres pour les

www.geotechnicalnews.com

distinctionsde |’ ICl au siége social de
[aSCG d'ici le 15 juillet 2015.

Les candidatures doivent inclure:

5. un formulaire de candidature de
I"ICl ddment rempli qui est dis-
ponible sur le site http://eic-ici.ca/
honours_awards/);

6. une lettre de mise en nomination;

Tel: (604) 277 7527,
1(800) 710-9867;
Téécopieur: 604-277-7529
Courriel: cgs@cgs.ca

Upcoming Conferences and
Seminars

68th Canadian Geotechnical

7. le curriculum vitaedu candidat; Conference
8. des lettres de recommandation de 7th Canadian Permafrost
collégues, préférablement des fel- Conference

lowsdel’'ICI.

Les noms des membres de la SCG qui
ont d§arecu des distinctions de |’ ICl
sont affichés sur le site Web de la SCG
awww.cgs.ca/awards.php?lang=fr. I
est recommandé que les personnes qui
soumettent des candidatures exami-
nent les détails et les critéres des prix
et médailles avant de les préparer.
Pour obtenir de plus amples renseigne-
ments, communiquez avec le siege
social delaSCG a

La Société canadienne de

September 20 — September 23,
2015, Québec City, Québec

The Eastern Quebec Section of the
Canadian Geotechnical Society and
the Canadian National Committee
for the International Permafrost
Association (CNC-IPA), invite you
to GéoQuébec 2015, for the joint
68th Canadian Geotechnical and 7th
Canadian Permafrost Conference. The
conference will be held from Sep-
tember 20 - 23, 2015 in the Conven-
tion Centre in Québec City, Québec.

géotechnique It will cover awide range of topics,
8828 Pigott Road including speciality sessionsthat are
Richmond, C-B of local and national relevance to the

fields of geo-engineering, permafrost
and engineering geology. In addition
to the technical program and plenary
sessions, the conference will include

V7A 2C4, Canada
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a complement of workshops, short
courses, technical excursions and local
tours.

The official languages for the confer-
ence will be English and French. The
Convention Centre islocated in the
historic downtown area of Québec
City, aUNESCO World Heritage
Site, facing onto Québec’s Parliament
Hill. Old Québec City, which isthe
cradle of French civilization in North
America, is best explored on foot and
September is the best time of the year
with atypically warm, dry weather
and the maple trees just beginning to
take on their colourful fall foliage.

The conference theme Challenges
from North to South, reflects the
diverse and complex challenges

that the geotechnical, cold regions
engineering and permafrost commu-
nities will need to address in order
to support sustainable economic
development. The Local Organizing
Committee invites members from the
Canadian and international commu-
nities to contribute papers on their
recent research and advancementsin
geotechnical, geo-environmental and
cold regions engineering, aswell as
permafrost science.

For more information regarding ses-
sions, topics and the technical pro-
gram, please visit the web site www.

v
)
GEOQueébec
2015

Des défis du Nord au Sud
Challenges from North to South

geoquebec2015.ca or contact Jean
Cété (Conference Co-Chair - geotech-
nical) at jean.cote@geoquebec2015.
caor Michel Allard (Conference co-
Chair - permafrost at michel.allard@
geoquebec2015.ca.

68e conférence canadienne de
géotechnique

7ieme conférence canadienne
sur le pergélisol

20 - 23 septembre 2015,
Québec, Québec, Canada,

L a Société canadienne de géotechnique
(SCQG), la Section régionale de I’ Est-
du-Québec de la Société canadienne
de géotechnique et [le Comité national
canadien de |’ Association internatio-
nale du pergélisol (CNC-AIP) vous
invitent a participer a GéoQuébec
2015; il s agit dela 68e conférence
canadienne de géotechnique et de la
2e conférence conjointe SCG/CNC-
AlPsur le pergélisol. Cet événement
se déroulera au Centre des congres a
Québec (Québec), Canada, du 20 au 23
septembre 2015. Le theme de GéoQué-
bec 2015 — Des défis du Nord au Sud -
reflete la diversité des défis complexes
auxquels font face les spécialistes en
géotechnique, en géotechnique des
régions froides et en pergélisol pour
assurer le développement durable

des communautés canadiennes. Les
langues officielles de la conférence

WWW.GEOQUEBEC.CA

20 AU 23 SEPTEMBRE 2015, QUEBEC

SEPTEMBER 20-23, 2015, QUEBEC CITY

sont le frangais et I’anglais. Le Centre
des congrés se trouve a quelques

pas du quartier historique de laville
de Québec, un joyau du patrimoine
mondia del’UNESCO, et fait face a
la colline parlementaire de Québec.

Le mois de septembre & Québec est le
meilleur moment de I’ année, avec une
température clémente et des érables qui
se parent de leur feuillage coloré.

Le Comité local d' organisation de

la conférence invite les membres

des communautés canadiennes et
international es en géotechnique, en
géotechnique des régions froides et

en pergélisol acontribuer alacon-
férence en soumettant les résultats de
leurs travaux et découvertes dans ces
domaines. La conférence couvriraun
large spectre de themes incluant des
séances spéciales d’intérét local et
national dans les domaines de spéciali-
sation de la géo-ingénierie, du pergéli-
sol et du génie géologique. En plus du
programme technique et des séances
pléniéres, la conférence comprendra
des ateliers, des cours intensifs, des
excursions techniques et des visites
guidées.

Pour plus d'information sur les ses-
sions, les sujets et le programme
technique, visitez le site web www.
geoquebec2015.ca ou contacter Jean
Coté, Coprésident de la conférence
(géotechnique) jean.cote@geoque-
bec2015.ca, Michel Allard, Copré-
sident de la conférence (pergélisol)
michel.allard@geoquebec2015.ca.

11th Canadian Conference on
Earthquake Engineering

July 21 - July 24, 2015,
Victoria, British Columbia

The 11th Canadian Conference on
Earthquake Engineering will be held
July 21-24, 2015 in Victoria, British
Columbia. The conference themeis
“Facing Seismic Risk”, encompassing
seismic hazards, engineering, societal
planning and response, facility perfor-
mance, codes and standards.

The west coast of British Columbiais
part of the Pacific Ring of Fire, one of
the most earthquake prone regionsin

14 Geotechnical News eJune 2015

www.geotechnicalnews.com


http://www.geoquebec2015.ca
http://www.geoquebec2015.ca
mailto:jean.cote@geoquebec2015.ca
mailto:jean.cote@geoquebec2015.ca
mailto:michel.allard@geoquebec2015.ca
mailto:michel.allard@geoquebec2015.ca
http://www.geoquebec2015.ca
http://www.geoquebec2015.ca
mailto:jean.cote@geoquebec2015.ca
mailto:jean.cote@geoquebec2015.ca
mailto:michel.allard@geoquebec2015.ca
http://www.geoquebec.ca

CANADIAN GEOTECHNICAL SOCIETY NEWS

© © © 6 06 0000000000000 0000000000 0000000000000 0000000 0000000000000 00000000000 0 O

the world. We are at the collision point
of two of the largest tectonic plates
on the planet. The risks of amajor
damaging earthquake along BC's
west coast are greater than anywhere
else in Canada as we face seismic
hazards from four distinct sources.
Shallow crustal and deeper sub-crustal
events are our most frequent occur-
rences along with regular events from
the Queen Charlotte transform fault.
We are also facing the next mega-
thrust from the Cascadia Subduction
Zone which can cause a subduction
earthquake as powerful as those that
recently struck Chile and Japan with
the attendant tsunami. These earth-
quakes could potentially cause severe
damage and loss of life.

The focus of the 11th Canadian
Conference on Earthquake Engineer-
ing ison identifying the risks we are
facing, sharing the latest research and
advances in seismic engineering and
knowledge and encouraging and facili-
tating engineering practice that will
enable us to prepare, protect, mitigate
and recover. Please join usin beauti-
ful Victoria, the capital city of British
Columbia, located on Vancouver
Island. Experience nature and net-
working, engage with colleagues and
locals, and leave feeling inspired and
informed. For more information, visit
the conference website www.canadi-
anequakeconference.ca or secretariat.
ccee@caee-acgp.ca.

Heritage Committee

History of Local Chapters of the
Canadian Geotechnical Society

The Heritage Committee believes that
the history of the local chapters of the
Canadian Geotechnical Society to be
valuable part of the Society and its
members. The CGS Heritage Com-
mittee would like to assemble if at

all possible, a collection of historical
summaries of al the chapters. Hope-
fully these stories will encourage other

www.geotechnicalnews.com

local chapters of the CGS to gather
their archives and write their own
history.

If you have any questions or have
other historical information that you
wish to share or know of any oppor-
tunities to acquire material that is at
risk of being lost, please contact the
Chair of the CGS Heritage Committee,
Suzanne Powell, P.Eng., at spowell @
thurber.ca

Editor

Don Lewycky, PEng.

Director of Engineering Services,
City of Edmonton

11004 - 190 Street NW
Edmonton, AB T5S 0G9

Tel.: 780-496-6773

Fax: 780-944-7653
Email: don.lewycky@edmonton.ca

Tunnels . Structures

Soils -Railways

Landslides

Measurand Inc. is a leader in 3D shape
sensing technology, providing quality
sensing arrays for over 20 years! SAA

is an array of triaxial digital inclinometers
that rolls up on a reel. SAAs can be placed

in a borehole or embedded within a structure
to monitor deformation. The same SAA can be
used vertically, horizontally, or in arcuate shapes
for measuring convergence.

SAA Geotechnical Instruments
Shape Sensing Products

www.measurand.com

2111 Hanwell Rd. Fredericton, NB. E3C 1M7 Canada (506)462-9119
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GEOQuebec
2015

Challenges from North to South

68" Canadian Geotechnical Conference /
7" Canadian Permafrost Conference

The Canadian Geotechnical Society (CGS), in collaboration with the Eastern Quebec Section of the Canadian Geotechnical
Society, and the Canadian National Committee for the International Permafrost Association (CNC-IPA) invite you to
GEOQuébec 2015, the 68" Canadian Geotechnical Conference and the 7" Canadian Permafrost Conference in memory

of Ross Mackay.

- MAIN CONFERENCE THEME: CHALLENGES FROM NORTH TO SOUTH

“GEOQuébec 2015: Challenges from North to South” will highlight innovations in addressing complex geotechnical and
permafrost challenges from across Canada and abroad within the framewaork of the economic development of society.

GEOQuébec 2015 Conference’s program highlights:
M R.M. Hardy Address presented by Dr. Jean-Marie Konrad (Université Laval)
M John Ross Mackay Lecture by Dr. Steven Kokelj (NWT Geological Survey)
W 720 accepted abstracts, special technical and plenary sessions in the field of geo-engineering,
permafrost and engineering geology
M 6 short courses, 4 technical tours and a trade show with over 50 exhibitors
m CGS Gala Awards Banquet and an unforgettable Local Colour Night for a splendid sight of
Québec City by night directly from the St-Lawrence River!
Visit the conference's website at www.geoquebec2015.ca for more detailed information and to register online.
Be sure to register before July 31, 2015 to take advantage of the early bird pricing discount!

TECHNICAL THEMES

Fundamentals Problematic Soils

i Soil and Terrain Characterization Mining Waste Management and
Geohazards Environmental Geotechnology
Infrastructure Design and Operation Sustainable Development

Education and Professional Practice

The Conference will be held at the Convention Center in Québec City, located in the heart of the World Heritage city across
from the Parliament Building and a few steps from various tourist attractions. Don't miss the chance to discover a
must-see destination!

KEY DATES
DR 1 poeera i B2 o vy B cigharaticns Ice-breakerRecepﬁon
ConETEC ASOer | neonss e () Stantec  BGC|  S=WSP
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Introduction by John Dunnicliff, Editor

This is the 82nd episode of GIN.
One article this time, a discussion and
aclosure.

Use of the ShapeAccelArray
(SAA) in a rockfill dam

The article by Marc Smith compares
settlement data collected from an SAA
with data collected from a conven-
tional horizontal inclinometer during
the recent construction of a rockfill
dam. Thereisclear preference for the
SAA.

Because data collection will be ongo-
ing, the author has agreed to send me
acontribution for GIN in about three
years time, to update us on the accu-
racy and durability of the SAA, by
which time it will have been in place
for about six years.

Discussion and closure of article
in December 2014 GIN about
wireless monitoring

The discussion by Adam Dulmage and
Matt Trenwith of “ The fundaments of

wireless monitoring — things to con-
sider” by Simon Maddison is followed
by a closure by the author.

Another corporate update

In March 2015 GIN | reported on
several corporate changes, notably
the acquisition by Nova Metrix LLC,
Woburn, MA (www.nova-metrix.com)
of various instrument manufacturers
with familiar names. Nova Metrix has
now acquired Schlumberger Water
Services Technology Group, which

is comprised of Westhay Instruments
and Waterloo Hydrogeologic. Those
two companies will be familiar to GIN
readers as manufacturers of multipoint
piezometers.

What are the characteristics of
an engineer?

An astronomer, a physicist, and an
engineer were travelling north from
London by train. They had just crossed
the border into Scotland, when the

astronomer looked out of the window
and saw a single black sheep in the
middle of a field. “All Scottish sheep
areblack,” he remarked. “No, my
friend,” replied the physicist, “ Some
Scottish sheep are black.” At which
point the engineer looked up from his
paper and glanced out of the window.
After afew seconds thought he said
blandly: “In Scotland, there exists at
least one field, in which there exists
at least one sheep, at least one side of
which isblack”.

Closure

Please send an abstract of an article
for GIN to
john@dunnicliff.eclipse.co.uk —see
the guidelines on www.geotechnical-
news.convinstrumentation_news.php

Eislgian (Greece)

Performance of a ShapeAccelArray (SAA) for settlement
monitoring of a large rockfill dam

Introduction

A ShapeAccelArray (SAA, www.
measurandgeotechnical.com) was
installed alongside a conventional
horizontal inclinometer (INH) dur-
ing the recent construction of a dam.
This setup allowed the comparison of
settlement results from both types of
instrument and helped gain confidence
in the relatively new SAA technology
for embankment dam engineering.
This article shows Hydro Québec’s

Marc Smith

(Canada) experience with the per-
formance of a SAA used to monitor
settlements in a large rockfill dam dur-
ing its construction. This experienceis
based on a dam safety context where
instrumentation is permanent and
expected deformations are relatively
small and progress slowly.

Dam cross section and
instrumentation

The Romaine-2 dam isa 112 m-high
asphalt core rockfill structure part of

the Romaine-2 hydroel ectric project
located in northern Québec, Canada.
Dam construction took place mainly in
2012 and 2013 after river diversion by
means of two cofferdams. Reservoir
impoundment started during spring
2014.

The asphalt core has awidth varying
from 0.85 m at its base to 0.5 m near
the crest. It is flanked on both sides by
support and transition zones (3M and
3N) having maximum particle sizes of

www.geotechnicalnews.com

Geotechnical News ¢ June 2015 17



GEOTECHNICAL INSTRUMENTATION NEWS

vertical

Elevation (m)

P74 I O S A

Loss inclinometers

kS and
Ns k4 (INV)

horizontal
inclinometers
(INH)

cofferdam

N Vs N N A I L0 [V

-220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0O 20 40 60

I
80 100 120 140 160 180 200

Distance from dam axis (m)
Figure 1. Schematic cross section of the Romaine-2 dam and location of

inclinometers and SAA.

80 mm to 200 mm. The rockfill shell is
comprised of two zones: the 30 inter-
nal shell has a maximum allowable
size of rock particles of 0.6 m com-
pared to 1.2 m for the 3P outer shell.
Figure 1 shows a schematic cross sec-
tion of the dam at valley center.

Material placement procedures were
of utmost importance to prevent
excessive fill movements during dam
construction and operation which
could have detrimental effects on the
thin asphalt core. The placement of
support/transition as well as rockfill
zones required optimized material
characteristics and increased com-
paction energy to achieve maximum
density and thus minimize settlements
during construction, impoundment
and operation. Therefore, internal
deformations of the dam needed to be
closely monitored to assess its behav-
iour aswell asin situ materialsrigidity
parameters to be used for stress/defor-
mation modelling and also to quantify
the effects of the increased compac-
tion energy used for the Romaine-2
dam compared to other Hydro Québec
projects.

A series of inclinometersisinstalled
in the dam body to measure deforma-
tions (see Figure 1). A total of four
vertical inclinometers (INV) anchored
in bedrock (far end considered fixed)
are used to monitor movements closer
to the core aswell asin the 30 and
3P rockfills. The INV in the 3P zone
represented on Figure 1 islocated at
a section where bedrock elevation is

higher. Two horizontal inclinometers
(INH) and one ShapeAccel Array
(SAA) areadso instaled to monitor
settlements. The far and near ends of
these three instruments are not consid-
ered fixed. Figure 2 shows the location
of the INV, INH and SAA.

The SAA isinstalled along INH-01
(seeaso Figure 1). An accessroad on
the dam crest and downstream face
allows instrumentation readings.

INH characteristics

Thetwo INH are composed of 1.5
m-long grooved ABS casings installed
horizontally in atrench excavated in
the placed rockfill. Settlement read-
ings are made using an accelerometer
probe which measurestilt at every 0.5
m in the plane of the probe wheels
travelling in the top and bottom
grooves of the casings. The probeis

horizontal
Inclinometers
(INH)

inserted in the horizontal inclinometer
using a system of return cable and pul-
ley. Thereturn cableisinstalled within
a separate pipe alongside the incli-
nometer casing. The tilt measurements
from two sets of readings (probe
reversed end-for-end) are converted to
settlements at the office.

INH wereinstalled in other Hydro
Québec projects but have been subject
to operation problems after two to
three years due to ice build-ups inside
the casings aswell as pulley and return
cable malfunctions. These problems
had a significant effect on the avail-
ability and the reliability of results.

Long-term settlement monitoring
along a horizontal plane gives valuable
information related to the deformation
of the various types of materials con-
stituting an embankment dam. Defor-
mations need to be measured during
the construction (load increase due to
fill placement), impoundment (load
due to reservoir) and operation (creep)
phases of the dam life cycle. Another
option was thus needed to obtain
reliable settlement measurements. A
SAA wastherefore installed in the
Romaine-2 dam to gain confidence in
thisrelatively new technology.

SAA characteristics

A SAA consistsin a series of rigid
segments separated by special joints
which can tolerate the range of settle-

vertical
inclinometers
(INV)

and SAA

Figure 2. Location of inclinometers and SAA.
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trench excavation and preparation

ments expected in the dam. Each seg-
ment contains atriaxial gravity sensor
measuring tilt at every 0.5 m which
isautomatically converted in settle-
ments. The readings are made using

a portable computer and a special-
ized program. The Romaine-2 SAA
islocated next to INH-01 to compare
results from these two types of instru-
ment. Figure 3 (looking upstream)
shows the installation of INH-01 as
well asthe SAA which needsto be

inserted into a protective PV C conduit.

The installation procedures for both
types of instrument are similar. They
have to be placed in an excavated
trench and protected from large fill
particles by using bedding sand, geo-
textiles and by controlling the grain
size distribution of surrounding soils.
Moreover, asfor alNH, twisting of
the SAA must be avoided by care-
fully aligning cable markers since the
software used for data collecting and
processing is calibrated according to
this alignment.

Measurement and data
processing procedures

M easurements along the Romaine-2
SAA (and also INH-01) are taken rela-
tive to the near end (the downstream
end of the instrumentsi.e. near the
operator) and are corrected consid-
ering measured displacements of a
nearby survey point.

Readings of the 76 m-long INH-01
requires at least two persons for the
handling of bulky equipment and
cables. Vehicle accessihility to the

Figure 3. Installation of INH-01 and SAA.

instrument is thus essential. Read-

ing timeisin the order of hours and
can be greatly increased in adverse
weather conditions which can also
decrease measurement reliability. Only
basic checks of the reasonableness of
readings can be made in the field. Data
processing programs needed to be
customized for the Romaine-2 context.
Moreover, the INH probe was subject
to bias shift errors for which correc-
tions were not trivial since both ends
of these instruments are not consid-
ered fixed.

The Romaine-2 SAA has alength

of 76 m. The specified maximum
instrumented length of atypical SAA
cableis 100 m but multiple cables can
be joined to alow measurements for

sales@pile.com

Pite Dynarmics, c.

+1 216-831-6131

greater lengths. Readings and data
processing are realized in minutes
using a portable computer. The actual
shape of the series of SAA segments
can be immediately viewed on screen.
Automated data acquisition and
transmission are al so possible which
can alleviate instrument accessibil-
ity problemsin Romaine-2 such asin
winter when the downstream face of
the dam is covered with snow.

Reported accuracy of
instruments

The reported random error for INH
measurements is approximately + 1.4
mm per fifty readings. Considering
that this type of error tends to accumu-
late with the sgquare root of the number
of readings, the expected random error
for INH-01 would be around + 2.4
mm. However, systematic errors such
as those related to probe bias, depth
positioning and the effects of adverse
weather on the instrument (and the
operators) can be much higher and
cannot always be entirely corrected.

The reported accuracy deformation
valuefor aSAA is+ 1.5 mm per 32
m. This value tends to increase with
the square root of the length which
leads to an accuracy of £ 2.3 mm for
the SAA installed in the Romaine-2
dam. This value has been confirmed

Pile Driving Analyzer® System
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Figure 4. Measured settlements by INH-0O1 and SAA.

occasionally in the field by repeated
measurements for time intervals of
less than afew days. Also, the effects
of systematic errors, if present, have
not been identified.

The random errors/repeatability of
both types of instrument are com-
parable. They are adequate for the
purposes of settlement measure-

ments in Romaine-2 namely dam
safety assessment and modelling as
well as quantification of the effects

of increased compaction energy. The
uncertainties related to other geotech-
nical parameters pertaining to the dam
have a greater influence on these three
aspects. Differencesin global accu-
racy between the SAA and INH-01 are
mainly due to systematic errorsrelated
to the reading conditions and data
processing procedures.

Measured settlements in the
Romaine-2 dam

Installation of INH-01 and SAA took
place in October 2012 (see aso Figure
3). This date corresponds to the initial
state of the instruments from which
subsequent readings are compared to
compute settlements. Figure 4 shows

asample of measured settlements
during the construction phase of the
Romaine-2 dam.

Both types of instrument clearly show
agreater compressibility of the 3P
rockfill, as expected. April 2014 cor-
responds to the last reading during the
construction phase. This date now cor-
responds to the new initial state for the
impoundment and operation phasesin

— N
o o o
| |

Number of measurement differences
w
o
|

2 -15 -1

-0,5
Difference between measurements
by INH-01 and SAA (cm)
Figure 5. Differences between measured settlements by INH-01 and SAA.

which the settlement measurements
are carried on.

Results on Figure 4 also show that
differences between INH-01 and SAA
are lessthan = 1 cm which is accept-
able considering the dam height and
thus the internal stresses (up to 2 MPa)
and also, as stated before, the uncer-
tainties related to other geotechnical
parameters. Figure 5 shows amore
detailed representation of these differ-
ences. A positive difference indicates
that INH-01 measured a greater settle-
ment value than the SAA.

Differences shown on Figure 5 are
representative of random errors and
uncorrected systematic errors pertain-
ing to INH-01 and SAA.

Conclusions

Settlement monitoring of the
Romaine-2 dam is required during the
construction, impoundment and opera-
tion phases of the dam life cycle. The
analysis of the internal deformations
allows the assessment of dam behav-
iour aswell asin situ materialsrigidity
parameters for stress/deformation
modelling. The effects of increased
compaction energy used during
construction can also be quantified.
However, the uncertainties related to
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other geotechnical parameters pertain-
ing to the dam have a greater influence
on these three aspects than the differ-
ences between the SAA and INH-01
measurements.

Considering this context, a SAA
represent an interesting alternative to
aconventional INH. The installation
procedures for both types of instru-
ment are similar as well as global
accuracy although the SAA appears
less prone to systematic errors. How-
ever, the SAA provided significant
advantages over INH-01 due to easier
and faster measurement, in situ check-
ing and data processing procedures.
Simple automatic data acquisition and
transmission options are also avail-
able for the SAA which can alleviate
accessihility problems and give more
flexibility in determining instrument
reading frequency.

Both INH in the Romaine-2 dam
began to show signs of malfunctioning
after less than two years of operation.

Operation of the pulley and return
cable became more difficult with time,
and ultimately impracticable due to
excessive probe and cable friction
inside the inclinometer casing and/

or the return pipe. Readings had to

be postponed until summer 2015 to
assess if these friction problems are
caused by ice build-ups. The SAA is
still performing well after nearly three
years but its long-term durability and
accuracy remain to be proven.

SAA offers more possihilities than
conventional inclinometers for mea-
suring internal deformationsin dams,
since there are no series of casingsto
install and to access later for read-
ings. A series of six horizontal SAA
cableswill beinstaled in a92 m-high
embankment dam to be constructed

in 2015 and 2016 to monitor settle-
ment in the upstream and downstream
rockfill shoulders

The Romaine-2 experience has shown
that a SAA installation can have

higher initial hardware costs than a
conventional inclinometer. However,
these costs can be recouped in alonger
term considering reading and data
processing time, instrument accessibil-
ity aswell as durability.

Both types of instrument, SAA and
INH, provided useful results for
Romaine-2 but the SAA did so more
conveniently, with more flexibility
and, apparently, for alonger period of
time.

Marc Smith

Hydro Québec

Dam Safety Division

75 René-Lévesque west, third floor
Montréal, Québec, Canada

H2Z 1A4

Tel. 514-289-2211 ext. 5162
E-mail: smith.marc@hydro.qc.ca

Discussion of “ The fundaments of wireless monitoring —
things to consider” by Simon Maddison.
Geotechnical News, Vol. 32, Number 4, December 2014

Thisisavery useful article when
considering data acquisition options
for geotechnical monitoring (or any
application for that matter). We have
direct experience with mesh networks
in mining environments, primarily
underground, but also many surface
applications, and we will touch on
some of the lessons learned in these
harsh environments.

The term ‘wireless’

In many cases, theterm ‘wireless' is
used interchangeably with ‘Wi-Fi’ -
so let’s clarify this point first (as this

tends to be a hot topic with mining
companies right now). ‘Wireless' can

Adam Dulmage and Matt Trenwith

be any type of technology that does
not use wires for communication.

It can use any range of frequencies,
bandwidth, protocol, antenna type,
etc. It isavery generic term. ‘Wi-Fi’
is much more specific and is defined
as any wirelesslocal area networking
product based on the |EEE 802.11
standard. Thisiswhat most home
wireless networks are built upon -
your computer and your cell phone
typically have aWi-Fi radio built into
them. ‘Wireless' asit relates to geo-
technical monitoring is almost always
NOT Wi-Fi, but often a purpose built
sensor network designed just for data

acquisition and monitoring of (typi-
cally) low power sensors.

Frequency selection

So, onto the good stuff. Talking about
frequencies — 2.4GHz is generally
license-free worldwide, and 900MHz
islicense-free primarily in North
Americaand Australia, so thisneedsto
be considered at the beginning of the
project. However, additional restric-
tions may be imposed by the mining
firm, especially in blasting zones.
There is also a significant difference in
signal propagation between 900MHz
and 2.4GHz. 900MHz is more for-
giving, alowing non-line-of-sight
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(NLOS) transmission which is often
the case for an underground or tunnel-
ing environment where line of sight
can be challenging. Another consider-

ation is power consumption and range.

All other things equal, a 900MHz
radio will provide up to 2.7 timesthe
range than the otherwise equivalent
2.4GHz product for the same given
transmit power. This meansthat for a
same given installation the transmit
power of the 900 MHz radio can be
reduced, further improving battery
life. A typical underground range for
our 900MHz mesh network (battery-
powered) is between 50-150m at
+14dBm transmit power and using a
+3dBi omnidirectional antenna, but
can sometimes throw as far as 350m
when tunnel size and conditions are
ideal. Surface range with a standard
omni-directional antennaistypically
300-1000m.
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Data backhaul

Data backhaul optionsin mining are
unigue in comparison to surface.
Often there are no backhaul options
at al, and in these cases a store-and-
forward type of system where the data
are collected and relayed to a central
gateway which can then be polled at a
later time is quite beneficial. How-
ever, thisis not the ideal option asread
time data is sacrificed. In most North
American minesthereisusualy a
radio network for voice communica-
tion (called Leaky-Feeder), and also
fibre-optic cables for backhaul. Fibre
is aways the preferred option, allow-
ing for much higher bandwidth than
leaky feeder, and in most cases this
iswhat is used in the top-tier mines
worldwide. In thisway, the meshis
deployed to the point where the sen-
sors are installed (sometimes upwards
of 50 nodesin alinear fashion) and

Multiple Sensors. Complete Picture.

The Micromate vibration monitor has a variety of sensors that deliver a complete
vision of the environmental impacts on your project including temperature,

humidity, crack monitoring and sound levels.

When you need to see the big picture, you can count on Micromate to deliver the

sensors you need, all in one complete package.

1-800-267-9111 - 613-592-4642
Sales@Instantel.com - www.Instantel.com

Z Instantel

relayed back to the gateway for back-
haul over fibre to surface.

Network topology

The network topology should always
be designed with robustness in mind,
S0 ensuring that there are redundant
links isimportant. In the case of min-
ing, wireless node placement is critical
to ensure not only that the signal prop-
agation isthe best available, but the
risk of damage to the node is minimal
from effects from blasting and damage
caused by vehicles. The consider-
ations for surface deployments are
often very different in nature. Things
like snow, rain, wind, extreme hot or
cold then become potential issues and
cause for concern. Snow and rain may
affect signal propagation, whereas
with extreme hot or cold one also has
to consider the effects on battery life
over time. If you deploy in the middle
of winter in aforested area, what will
be the effect of leaves growing on the
treesin the spring - will this affect
your signal (let me answer that for
you: yes). If careful consideration is
taken during the planning phase, there
isavery high probability of success
during deployment.

The future of wireless monitoring

is promising, and should never be
discounted just because someone has
‘tried wireless before’ without success.
Both businesses and consumers alike
are driving the research and develop-
ment of new wireless technol ogies and
applications every day, so what may
have been problematic before can now
be resolved. It's always worth picking
up acopy of GIN to see what's new
and improved!

Adam Dulmage and Matt Trenwith
Mine Design Technologies Inc.
6-1045 John Counter Blvd.
Kingston, ON Canada K7K 6C7
Tel: +1-613-549-5223,

email: adulmage@mdlt.ca,
mtrenwith@mdt.ca
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Itisvery positive to hear of Adam

and Matt’s practical experiences with
using wireless mesh for monitoring in
the extremely demanding and special-
ised domain of mining. Thisis pre-
cisely the sort of circumstance where
mesh shows its strengths in terms of
ease of deployment, robustness and
flexibility — but properties that are also
indispensible in many if not most geo-
technical monitoring applications.
They make some very valuable points
relating to wireless frequency and
power. There are limitations on certain
frequencies in many countries, as well
as specific radiated power limits, both
factors which are generally treated
much more liberally in North America
in comparison to Europe for example!
Thisisachallenge for suppliers
operating in international marketsin
terms of what equipment operating

ATH EDITION, 2006

4E EDITION, 2013

Response/ Closure

Simon Maddison

frequency and power is supplied to
reach the largest possible range of
customers. For thisreason 2.4GHz is
probably the most favoured frequency.

For data backhaul, it is correct in our
experience that it is necessary to work
with whatever options are available
when underground. However with a
flexible gateway solution, it should

be possible to hook up to whatever
transmission mediais available, using
industrial grade communications inter-
face equipment. We have provided
amultiplicity of such solutionsfor a
range of installations in metro railway
tunnels, including the use of solid state
industrial PC's for storage and even
rendering of datafor local access.
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My final point is that there are a
number of emerging wireless monitor-
ing companies, often with claims that
cannot be backed up or where perfor-
mance is not as stated. | fully endorse
the conclusion regarding wireless
geotechnical monitoring solutions, but
go further. Wireless should be a prime
choice but only one that has been
shown to really work; then and only
then can one say there are now avail-
able leading-edge sol utions support-
ing 100+ node networks and running
for up to 15 years on asingle battery
reporting every 20 minutes and with
stable precise datain a tough and busy
mining or geotechnical environment.

Simon Maddison, Senceive Ltd.
Hurlingham Studios, Ranelagh
Gardens, London SW6 3PA,
England

Tel: +44 7679 5720 email:
smaddison@senceive.com
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A breach occurred within the perim-
eter embankment of the Mount Polley
Tailings Storage Facility on August

4, 2014. Theloss of containment was
sudden and occurred without warning.
An Independent Expert Engineer-

ing Investigation and Review Panel
(IEEIRP or panel) was quickly com-
missioned by the British Columbia
Ministry of Energy and Mines. The
|EEIRP consisting of Norbert Morgen-
stern (Chair), Stephen Vick, and Dirk
van Zyl released their report on the
Mount Polley Tailings Storage Facility
Breach on January 30, 2015.

The media and public interests

Reactionsin the mediawere as
expected with statements such as those
of Steven Hume at the Vancouver Sun
who on February 11, 2015, wrote, “It
isnow pretty clear what happened

at Mount Polley leading up to the

dam bursting last August and spilling

The Value of Failure

G. Ward Wilson

Andrew MacG. Robertson

24,000,000 m?3 of toxic mine tailings,
silt and waste water into the Ques-
nel, and ultimately the Fraser River
systems, potentially putting thousands
of people and millions of migrating
salmon at risk”. No matter how the-
atrical and spectacular we think such
reports are, they capture the paradigm
of the culture within which we must
operate and ultimately obtain social
license.

Fortunately, no loss of life occurred
as aresult of the release and since the
quality of the water that was released
was actually quite good, the size of
the fish kill was much smaller than
the proclamation above would have
us believe.Neverthel ess we must
recognize the serious implications of
the event at Mount Polley asit isone
of the most significant event in the
professional and corporate memories
for many of us engaged in the busi-

Greens Creek filtered tailings stack showing drainage capping and
progressive reclamation.

ness of mine waste management.
Whileit isan event we consider to be
of extremely high consequences, it
may well be ablessing in disguise. It
could have been much worsein terms
of loss of life, environmental damage
and financial cost if the event occurred
at another site. There are anumber of
significant tailings impoundments in
close proximity to large urban Cana-
dian populations. We recall the failure
that occurred in 2012 at the bauxite
mine at Kolontar, Hungary, that inun-
dated several towns, killed ten people
and flooded more than 8 km? of the
surrounding terrain.

Possibly the greatest lasting conse-
guence of thisfailureisthe breach in
trust that has occurred in the reliability
of modern tailings dams constructed
by responsible companiesin awell
regulated jurisdiction, under condi-
tions which were not extreme. Perhaps
the greatest benefit that can come from
thisisthe great and lasting change that
is occurring in the mining industry
world wide, as engineers responsible
for the design and operation of tailings
dams, and the corporate and regul atory
leaders responsible for the governance
of such structures, recognize their
fallibility and strengthen the processes
needed to ensure that they are not
contributors to the next failure.

The Province of Alberta has some of
the largest tailings dams in the world.
In his keynote address to the Tailings
and Mine Waste 2010 Conference del-
egatesin Vale, Colorado, Dr. Morgen-
stern stated that Syncrude's out-of-pit
tailings pond has a perimeter of about
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18 km and may well be the largest
earth structure in the world in terms
of volume of engineered fill. In that
same address, Dr. Morgenstern also
quoted the internationally respected
water ecologist Dr. David Schindler
who declared, “If any of those tail-
ings ponds were ever to breach and
discharge into the river, the world
would forever forget about the Exxon
Valdes'.

The writers believe that the dam
safety systems for the oil sandsin the
Province of Alberta are of the best
worldwide. In contrast to this opinion,
the most recent report of the Auditor
Genera states, “ The department’s dam
safety group has no reguirement to
document its work, and without such
reports, it's hard to know if Alberta’s
dams are saf€”. One could argue that
the greatest value found in any one
fallureisthat it rivets attention and
forces us to examine and re-evaluate
all of our structures and systems.

The report

The report on the Mount Polley Tail-
ings Storage Facility Breach issued

by the IEEIRP is comprehensive. The
principal finding was that the breach
within the perimeter embankment
occurred as aresult of afoundation
failure in a glaciolacustrine layer
referred to as the Upper GLU. The full
panel report can be found at https://
www.mountpolleyreviewpanel .ca/final-
report. We encourage our readers to
download and examine the full content
of the report.

We cannot discuss the details of the
panel report nor al of its discussions,
recommendations and conclusionsin
this brief article. However, one of the
most significant statements is centered
on the historical record of active tail-
ings dams in the province of British
Columbia during the 46 years since
1969, and the seven failures that have
occurred during this period. Statisti-
cal evaluation of the historical record
finds a failure frequency of 1.7x107®
per dam per year or approximately a
onein six hundred chance of atailings

dam failurein any particular year. In
other words, without improved per-
formance, the province can expect (on
average) that there will be two failures
every 10 years. Based on this analysis,
“the panel firmly rejects any notion
that business as usual can continue”.

With respect to risk-based dam safety
practice, “the panel does not accept
the concept of atolerable failure

rate for tailing dams’. This assertion
resulted in the panel recommending
the implementation of the best avail-
able tailings technology (BAT) based
on the BAT principles that are outlined
asfollows:

1. Eliminate surface water from the
impoundment.

2. Promote unsaturated conditionsin
the tailings with drainage provi-
sions.

3. Achieve dilatant conditions
throughout the tailings deposit by
compaction.

While the panel recognized the issue
of chemical stability associated with
the elimination of water from the
tailings deposits, the BAT principles
stand as a strong recommendation for

Greens Creek filtered tailings stack showing trucked tailings placement and

trafficability.

the future of tailings management.
Implementation of the BAT principles
for the surface storage of tailings can
lead to the use of filtered tailings tech-
nology. Filtered tailings technology,
often called “dry stack tailings’, when
properly designed and formed can
satisfy each of the BAT components.
The panel points to the Greens Creek
minein Alaska as an example where
“dry stack tailings’ have been suc-
cessfully constructed in awet climate
that is similar to many sitesin British
Columbia

Implications

The first point we would like to
remind our readersis that the report
on the Mount Polley Tailings Storage
Facility Breach and its recommenda-
tions were written for the Govern-
ment of British Columbia and outline
actions to ensure that similar failures
do not occur at other mine sitesin the
province. For clarity, it isimportant to
point out that the mandate given to the
panel was for the ‘ Safety Case’ and
not the environmental issues related

to chemical stability. Thus the panel
points out “water covers run counter
to the BAT principles’ and that “the
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Mount Polley failure shows why
physical stability must remain fore-
most and cannot be compromised”.
We also recognized that the case of
‘filtered stacked tailings’ at Greens
Creek was given by the panel asan
example for the application of BAT
principles, and that other methods of
tailings disposal can achieve these
principles and should also be evalu-
ated. Adoption of the BAT principles
will create new challenges as well as
new opportunities for the designers of
new surface tailings impoundments.
The writer’s note that in the specific
case of ‘dry stacking of filtered tail-
ings' this method should not be con-
sidered a panacea for the elimination
of failure potential. One of the writers
is currently reviewing two such dry
stacks where the design, operating and
site conditions have lead to an urgent
need for remedial modifications to
avoid failure conditions.Furthermore,
the implementation of BAT principles
for physical stability (BAT-PS) is not
necessarily BAT for chemical stability
(BAT-CS). The tradeoff inrisk isreal
and must be addressed in light of all
stages of environmental assessment.
We note that on March 19, 2015 the
Environmental Assessment Office

of the British Columbia Ministry of
Environment released an Informa-
tion Bulletin ,, Province Implements
Post-Mount Polley Requirementsin
Environmental Assessment” outlining
information that companies propos-
ing to build new tailings dams will

be required to include. For example,
selected options for tailings manage-
ment will need consider other options
that address the potential for adverse
effects on the environmental aswell as
on health, social, heritage and eco-
nomic issues. Furthermore, companies
will need to present and compare best
practices and best available technolo-
gies for tailings management.

Having just attended the 10th Inter-
national Conference on Acid Rock
Drainage (ICARD), it is apparent
many geochemists will resist the
implementation of the BAT-PS princi-

WASTE GEOTECHNICS

ples. Geochemists dedicate themselves
to chemical stability, as opposed to
physical stability, for the prevention
and control of acid rock drainage and
metal leaching (ARD/ML). A key
design principle for the prevention of
ARD for tailingsisto maintain full
saturation within the profile, and in
many cases water covers are used

to prevent surface oxidation. Water
covers are routinely employed as a
preferred strategy for the long-term
closure of reactive tailings in Canada,
apractice that has been embraced
worldwide as outlined by the global
acid rock drainage (GARD) guide. In
summary, the general principleslaid
out in the GARD guide (BAT-CS) con-
tradict the BAT-PS principles, leav-
ing mine waste professionals faced
with competing or conflicting design
criteria. The |[EEIRP, along with geo-
technical engineers and geochemists
recognize this “Catch 22" situation.

The province of British Columbia and
its technical community of expertsin
ARD/ML are world renowned. British
Columbia aquatic standards are often
used as objectives for water manage-
ment by mining companies worldwide.
The tradition of expertise in British
Columbia dates back several decades
as can be seen in the publication of
the Draft Acid Rock Drainage Techni-
cal Guide that was prepared for the
British ColumbiaAcid Mine Drain-
age Task Force in 1989. Furthermore,
the Annual BC-MEND ML/ARD
Workshop has enjoyed more than 20
years of success, regularly attracting
experts from around the world. We

do not want to overstate the expertise
and capacity in British Columbiato
address and manage the chemical
stability of reactive minerock, butitis
certainly world class. Furthermore, we
believe the expertise available within
the technical community of British
Columbiawill be successful in the
integration of the BAT-PS principles
with the well-established principles for
the prevention of acid rock drainage
and metal leaching (BAT-CS).

New opportunities

The development of new technolo-
gies and improved methods for the
management of reactive mine tailings
lie ahead of us. A key component

for the design of dry tailings stacks
will be the degree of water saturation
within the tailings profile established
over the long term. For example,
tailings profiles with water saturation
levels less than 85% are considered
resistant to liquefaction. Conversely,
tailings profiles with water saturation
levels greater than 85% are considered
resistant to oxygen diffusion and sub-
sequent ARD. Successful implementa-
tion of the BAT principles for both PS
and CSwill now rely on a comprehen-
sive understanding of unsaturated soil
mechanics. The Soil-water characteris-
tic curve (SWCC) of the tailings con-
trols water saturation as a function of
matrix suction (i.e. negative porewater
pressures) along with the unsaturated
hydraulic conductivity of the tailings.
The design of cover systems to control
infiltration rates and oxygen fluxes for
the prevention and control of ARD

in reactive minetailingsis based on
coupling the hydraulic properties of
the SWCC with microclimatic condi-
tions associated with precipitation and
evapotranspiration. This technology

is considered well developed and can
be extended to predict the unsaturated
hydraulic performance of dry tailings
stacks. For example, the design of the
cover system used for final closure of
the stack will need to provide infiltra-
tive fluxes that optimize unsaturated
flow conditions in the tailings.

De-sulphurization and the production
of clean tailings will also provide new
opportunities. De-sulphurized tailings
were applied as clean cover for closure
of the tailings beach at Detour Minein
1999 (then owned by Placer Dome).

A recent study reported by Cash et al.
(2012) demonstrated that that cover
has performed very well more than

10 years since closure. A residual
sulphur content of less than 0.5% was
allowed to remain in the tailings so
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that the cover profile (typically 1.5 m
thick) would be non-acid forming and
oxygen consuming. The details for the
design and the predicted performance
of the de-sulphurized cover at Detour
are fully described by Dobchuk et al.
(2013).

The design of dry tailings stacks

for both operation and closure will
advance as the BAT-PS principles are
coupled with the BAT-CS principles
for the prevention and control of ARD/
ML. The use of filtered tailings and
dry stacks will reduce (not eliminate)
therisk of failures such as we have
seen at Mount Polley, but at the same
time will create new risks that will
need to be managed. For mine sites

in the province of British Columbia,
ARD/ML will likely become one of
the most significant risks for long-term
environmental impacts and closure
costs. New methods of risk assess-
ments to optimize the design of stacks
that maintain the best combination

of BAT-PS and BAT-CS principles
and requirements will be necessary.
There is extensive experience in Brit-
ish Columbia and internationally in
tailings impoundment design with risk
assessment using failure modes and
effects analyses (FMEA). FMEA does
not eliminate risk, but isatool that
allows identification and quantifica-
tion of risk and therefore the selection
and application of mitigation measures
to reduce risk. Shaw and Robertson
(2015) demonstrate that FMEA meth-
odology can be applied also to assess
the risk of ARD/ML and to identify
mitigation measures to better man-
age uncertainty and errors associated
with ARD/ML prediction and control.
By including both PS and CSfailure
mechanisms, likelihood and conse-
guencesin the FMEA, oneis better
able to optimize the tradeoffs between
PS and CS measures and therefore
minimize overal risk. Surely the mini-
mization of overal risk iswhat we
strive for in defining ‘Best’ in BAT.

In the view of the authors, filtered
tailings dry stacks are not the only

WASTE GEOTECHNICS

method for BAT-PS. We are certain
the panel is simply not recommending
the use of filtered tailings dry stacks,
but more importantly they are recom-
mending BAT Principles. Alternatives
may include paste and thickened tail-
ings, cycloned sand or even conven-
tional slurries with extended beaches,
underdrains and compacted lifts.
Similarly, wet disposal of ARD tail-
ings should not be considered the only
method of BAT-CS. Rather BAT is
that combination of technologies, that
when combined, result in the least risk
of physical and chemical instability
that could potentially lead to failure.
BAT may include filtered dry stacked
tailings or wet disposal of ARD tail-
ingsif their inclusion in the structure
resultsin least overall risk.

A transition to filtered tailings, where
appropriate, may also offer additional
new opportunities for mine waste
management. An immediate benefit
may be the reduction of the footprint
required for the tailings impoundment.
Progressive closure with construction
of the stack should also be possible.
Co-disposal of reactive mine waste
rock, for which ARD can be very dif-
ficult to prevent and control, may be
possible. For example, reactive waste
rock layers may be co-mingled with
filtered tailings to serve as sealing lay-
ersthat prevent advection of oxygenin
the waste rock. Vertical ribs of waste
rock may also be constructed in the
profile of the filtered tailings stack

to improve drainage and stability.

In addition, filtered tailings may be
blended with waste rock and mixed at
an optimum ratio to form a dense high
strength paste rock.

Scale may also present of the addi-
tional challenges and difficulties in
the implemention of BAT-PSand CS
principles. The implementation of
filtered dry stacked tailings at large
mines may be prohibitively expensive
or require logistics that we are not

yet capable of managing. While the
technology and capacities for filtration
systems are rapidly developing, metal

mines keep getting bigger with tail-
ings production rates often exceeding
120,000 tpd, and the largest currently
under construction at 360,000 tpd. We
now have a number of tailings dams
under construction with ultimate toe
to crest heights exceeding 300 m, and
the highest exceeding 400 m. The
elimination of ponds may be difficult
in very wet climates where runoff
control hasto be practiced, and the
construction of stacks may be difficult
in high rainfall regions. Clay-rich tail-
ings may prove difficult to dewater by
filtration sufficiently to construct and
maintain stable stacks. In many cases,
BAT for these mines may not include
filter pressed stacked tailings, but this
does not preclude or lessen our need to
strive for BAT that includes the most
optimum combination of technolo-
gies needed to reduce risk to socialy
acceptable, very low values.

Conclusions

We see value arising from the fail-

ure at Mount Polley. We expect the
drive to evaluate, test and implement
emerging and new technology will add
knowledge that will generate opportu-
nities for improved methods of design,
construction, monitoring and regula-
tion that will create earth structures
on mines that are both physically and
chemically stable. These new earth
structures will be easier to reclaim

and transition to land uses that are
environmentally secure and socialy
acceptable.
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Itiswith sadnessthat | received word
of the passing of Dr. Nguyen Truong
Tien on October 16, 2014. Dr. Tien
was aleader in bringing advances

in Soil Mechanics and Geotechnical
Engineering to the country of Viet-
nam.

Dr. Tien started his engineering stud-
iesin Construction Engineering at
Polytechnic University in Havanna,
Cubain 1967. He spent 9 yearsin
Cuba going on to obtain a Master’s
degree through a cooperative graduate
program with the University of British
Columbia. In 1976 Tien accepted a
position at the Institute of Building
Science and Technology (IBST), a
position that he held until 1995. In
1985 Tien was invited to undertake
further graduate studies at Chalmers
University in Sweden. He completed
his doctoral thesisin soil mechanics
within 2 years.

In 1991 he established afoundation
engineering and construction com-
pany known as COFEC. The company
became known as a design consulting
firm with a reputation for outstand-
ing engineering skills. COFEC also
became the means of training many
young engineers who went on to
pursue masters and doctorate degrees
in countries such as Canada, Sweden,
Japan, Thailand, Malaysia, Singa-
pore and the United States. Through
his unique networking capabilities

WASTE GEOTECHNICS

Shaw, S. and Robertson, A.G. 2015. A
Risk Assessment of ARD Predic-
tion and Control. Proceedings of
the 10th International Conference
on Acid Rock Drainage. Santiago,
Chile. 21-24 April.

G. Ward Wilson
Department of Civil &
Environmental, University of

Nguyen Truong Tien
1950 - 2014

he brought many benefits to the
construction industry in Vietnam.

He viewed technical conferences as
being extremely useful to the develop-
ment of Vietnam, thus becoming the
chairperson of conferences that invited
scientists and engineers to present
technical information.

In 1997, Dr. Tien was appointed to

the Ministry of Construction as the
general director of the Technical
Development Company referred to

as TDC. Between 2002 and 2010 Dr.
Tien worked for the General Construc-
tion Company of Hanoi, then retiring
from active engineering practice. Sub-
sequently, he became a prolific writer
describing his philosophical view for
the Vietnamese people.

It was during my first trip to Vietnam
in 1993 that Dr. Tien and | began to
formulate a CIDA (Canadian Interna-
tional Development Agency), proposal
for technology exchange between
Canada and Vietnam. The proposal
was funded by CIDA and led to almost
10 years of close cooperation and
technology transfer between Canada
and Vietnam. It was also during my
first visit to Vietnam that Dr. Tien pro-
posed the formation of the Vietnamese
Geotechnical Society and the publica
tion of the Vietnamese Geotechnical
Journal. These two initiatives are
examples of the unique abilities of Dr.
Tien to “birth” visions for technol ogi-

Alberta, Edmonton, Canada
Professor (Geotechnical &
Geoenvironmental), 780-492-2534,
ward.wilson@ualberta.ca

Andrew MacG. Robertson
Robertson GeoConsultants Inc.,
Vancouver, Canada

President and Senior Engineer,
778-331-5060,
arobertson@robertsongeo.com

cal advancement and bring them to
fruition.

Many challenges were associated with
practicing geotechnical engineering

in a country with so few financial
resources. In the years following my
first visit to Vietnam I made visits on
an almost annual basis. During those
years | developed a close friendship
with Dr. Tien and his family. It was
Dr. Tien who introduced me to the
Vietnamese culture with its warm
hospitality and unique way of making
aperson feel welcomed.

Dr. Tien had avision for the devel-
opment of geotechnical, civil and
environmental engineering in Viet-
nam. He shared his visions with me
and | always wished there was more
that | could do to bring hisvisionsto
fruition. | sent used engineering books
to Vietnam and he showed immense
gratitude and appreciation for my
miniscule efforts. Many of hisvisions
for the importance of geotechnical
engineering will live on into the next
generation. One of the highlights that
I will always remember from my col-
laborative program with Vietnam is
the trip of aVietnamese delegation to
Canadain the late 1990s.

| will forever be grateful for all the
kindness that Dr. Tien showed to me
over the years.

Delwyn G. Fredlund
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Overture

39th episode of the Grout Line and for
this issue we have an article about a
"different" type of grouting written by
my good friend Jim Warner, Grouting
Consultant. Jim is author of the Grout-
ing Bible: Practical Handbook of
Grouting - Soil, Rock and Structure,

While pressure grouting is most of-
ten used in geomaterials, it is dso a
favorable technology for the repair
and retrofit of structural concrete and
masonry. While many “geotechnical”

. 4
LIS - ATl ~2

Figure 1. Here are two defects in one location. Both

honeycomb and a crack are visible.

Paolo Gazzarrini

which, in my opionion, al grouters
should have in their library.
Thearticleisnot related to convention-
al grouting in soil or rock, but in struc-
tures, mainly concrete and masonry. |
agree with Jim that established grout-
ers could make better use of opportuni-
ties where structural grouting could be
used.

Grouting in Structures

James Warner

grouters turn their back to such appli-
cations, there is significant benefit of
such work, which involves essentially
the same principas and parameters as
geotechnical applications, with the ex-

Enjoy your reading!

And, as usua, the same request, ask-
ing you to send me your grouting com-
ments or grouting stories or case histo-
ries. My coordinates are:

Paolo Gazzarrini, paolo@paologaz.
com, paologaz@shaw.ca or paolo@
groutline.com

Ciao! Cheers!

ception that significantly smaller quan-
tities are common, and thus smaller,
lower capacity equipment. Also, grout
stability, shrinkage, and strength be-
come essentia considerations.

Figure 2. Tight fitting form over honeycombed surface

contains grout during injection.
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Figure 3. Pressure testing grout hole using line pressure
of facility system.

Concrete

The most common voids found in con-
crete are cracks, which can of course
be observed on the surface. Not visible
are interior faults which can be in the
form of rock pockets (honeycomb) that
result from the large aggregate becom-
ing separated from the mortar fraction
during placement, or completely empty
voids usualy resulting from interfer-
ence of the reinforcing steel or other
embedments to the placement flow and
vibration compaction during origina
casting. As in geomaterials, location
of internal deficiencies in concrete is
difficult, and similar methods such as
coring, and seismic wave propagéation
are used. Where defective zones are
confirmed or suspected, providing a
grid of regularly spaced grout holes is
common.

Honeycomb is easily repaired by sim-
ply drilling holes to intersect it or if
on the surface, placing a tight fitting
form over it as shown in Figure 2. A
stable cement grout is then injected so
as to fill all the voids. While it is very
common practice to simply chip out
the porous concrete followed by fill-
ing with mortar or drypack, because
it is often very difficult to remove all
the culprit honeycomb, such does not
always provide the best repair. Pressure
grouting has the advantage that all of
the voids can be filled, so long as suf-
ficient venting of any entrapped air is

Figure 4. Leak on the surface in an area where no

problem was previously visible.

provided. This is not much of a prob-
lem with most concreteasitistypically
somewhat permeable to air. Further, it
is extremely difficult to construct an air
tight form, so ample venting is virtu-
aly aways available.

Treating non visible voids in the inte-
rior of mass concrete is much more dif-
ficult in that the exact location of the
suspected voids is seldom known, but
must be established. This might be by
way of coring or non-destructive seis-
mic techniques. In many cases howev-
er, voids can be so extensive that areg-
ularly spaced grid of grout holes over
the suspect area is best. It is important
that the holes not completely penetrate
the section however as grout travel
must be contained within the concrete
to be effective. Small diameter holes,
normaly no larger than 38 mm (1.5
in.) are spaced over the suspected area.
Spacing is typically much tighter than
in geomaterials, commonly 1 to 1.2
m, (3 to 4 ft), although initial grouting
may be at greater spacing, using typical
split spacing to treat suspect areas.

All holes should be wash cleaned of
drill cuttings and water pressure tested,
Figure 3. Those holes that freely take
water or communicate to adjacent
holes or the concrete surface, Figure 4,
should be indicated for pressure grout-
ing, Figure 5. Holes that do not readily
take water, but experience a pressure
decay indicating small voids and/or

lack of venting of entrapped air, should
be identified for vacuum grouting, Fig-
ure6. Prior to grouting, all holes should
be blown free of water, Figure 7.
Unlike in rock, even very small voids
in concrete can have negative influence
on the capacity of a concrete member,
if adjacent to the reinforcing steel or in
abearing area. For such work, a stable,
cementitious grout with strength simi-
lar to the substrate concrete should be
used. A pre-blended bagged grout con-
forming to the Post-Tensioning Insti-
tute PTT M55.1-12 Specification for
Grouting of Post-Tensioned Structures
isagood choice for most applications.
In earlier times, post tensioning ten-
don ducts were typically filled with
unstable cement-water grouts which
often resulted in voidsin the upper eleva
tions. Because, the purpose of the grout
isto protect the enclosed tendons from
corrosion, complete filling is neces-
sary, and any voids found, should be
grout filled. Because post-tension ducts
and the surrounding concrete are usu-
ally very tight, they seldom provide for
proper venting of entrapped air; filling
is thus best accomplished with vacuum
grouting.

Grouting of cracksistypically for one
of three principal reasons, to stop the
flow of water, weld the section back
to amonolithic mass, or prevent intru-
sion of foreign or deleterious elements
therein. An essential consideration is
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Figure 5. Typical grouting header for circulating injection
system. Supply hose on right, return on left. Valve above

gauge controls injection rate.

whether the crack is moving or dor-
mant. A grout that remains somewhat
flexible should be used in cracks that
are leaking or moving, whereas a high
bond material such as epoxy, is ided
where structural bonding is the objec-
tive. Where controlling seepage is the
objective, chemical solution grout, ei-
ther based on acrylic or urethane tech-
nology is typically used. The materia
selection depends largely on the nature
of the leakage. Acrylic type grouts
generaly penetrate better and are thus
used on fine cracks and seeps, whereas
urethane formulations tend to perform

THE GROUT LINE

better on larger and more active leaks.
There are however many different for-
mulations of both generic types, which
provide different performance charac-
teristics.

Grouting in masonry

Voids in masonry, especially in very
old structures, can be continuous and
massive, Figure 10. Exceptiona care
must be taken when injecting grout, in
that large internal forces can be devel-
oped as a result of the ever enlarging
pool of grout, and unwanted travel and
leakage can also occur. | once investi-
gated a project where grout injected on

is compressed air entering venturi ejector, white hose
on right carries away spent air. Upon sufficient vacuum,
valves are turned from vacuum to grout.

the third floor had run all the way to the
base of the wall into a basement area.
Leakage is also common through sur-
face defects, which can make the oper-
ation quite messy, Figure 11, and result
in a marred surface upon completion.
Strength of the mortar used in masonry
can vary greatly, depending primarily
upon age. Prior to about 1940, very low
strength lime mortars were common
whereas the mortar of modern struc-
tures possesses concrete-like strengths.
Where cementitious grouts are used,
they should match the properties of the
original mortar as closely as practica
ble. Further, one must take care, to not

Figure 8. Typical epoxy injection from surface. Cracks are
pre-sealed and operation can be quite neat.
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it

a

add more weight to the structure than
absolutely necessary, and where large
guantities of injected grout are ex-
pected, capacity of the foundations to
carry the additional load should be con-
firmed. Very old structures have often
undergone previous settlement during
their life, and have little capacity for
additional loading. Even small addi-
tions of dead weight can initiate further
movement. In this regard, where large
cavities must be filled, expansive poly-
mer foams have been used, in order to
minimize the additional load.

Cementitious grouts should not only
have strength on the order of the mor-
tar, but also be completely stable (no
settlement of solids or bleed) and free
of shrinkage. Use of viscosity modify-

when injecting grout into masonry.

; e @) aoi
Figure 9. Urethane injection; defects are intercepted at
depth and grout returns to surface can be quite messy.

Figure 11. Grout leakage is usually a huge problem

ing admixtures to
provide thixot-
ropy to the grout
will greatly assist
in limiting travel
and leakage of
the grout within the structure. In addi-
tion to cement and admixtures, typical-
ly used mixes contain up to about four
parts of sand, and are usualy injected
in a thick slurry consistency. To pro-
vide stability and shrinkage resistance,
the water:cement ratio should be kept
as low as practicable and high range
water reducing admixtures are advan-
tageous. The exact consistency will de-
pend upon the nature of structure, pur-
pose of the injection, and particulars of

Figure 10. Large and sometimes continuous voids are
common in older masonry.

the void system, and can vary between
a thin fluid to a thick slurry.

Because leakage, which can very much
detract from the aesthetics of exposed
surfaces is such a problem, it is best to
repoint or seal exposed joints prior to
any grout injection, Figure 12. Thisis
especially important when resin grouts
are used as they can be extremely dif-
ficult if not impossible to remove.
Masonry is a composite of different
elements, al held together with the
mortar. The elements can be of vary-
ing size, stiffness, and strength. The

Figure 12. It is good practice to repoint and seal masonry
surfaces prior to injection.
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strength of the mortar bond can vary
widely and can be almost zero in older
structures. Displacement of the indi-
vidual elements is thus a continuous
risk when grouting masonry, and ex-
treme care must be taken to limit inter-
nal pressure and prevent damage of the
section being injected.

Frederick Lionel Peckover
1921-2015

Frederick Lionel (Peck) Peckover
passed away on February 8, 2015

in his 93rd year surrounded by his
family. Lionel was a pioneer in geo-
technical engineering in Canada. He
graduated in Civil Engineering from
the University of Toronto in 1944 and
was encouraged by Dr. Robert Legget
to pursue studies in geotechnical engi-
neering which he did through a schol-
arship at Harvard where he graduated
with an S.M. Degreein 1947.

Lionel had a distinguished career in
applied geotechnical engineering.
He served with The Saint Lawrence

THE GROUT LINE

Closing thoughts

Structural grouting is a much in de-
mand technology and one that many
established grouterstend to avoid. This
results in substantial opportunity for
those that master such work, and pro-
vide these services. The procedures
have been well established for many
decades, so resources are readily avail-
able. Likewise grouting materials, both
cementitious and resinous are widely

Seaway Authority in a senior capacity
from 1953 to 1959 where he super-
vised design and construction of the
foundations of locks, bridges and other
structures as well as the Seaway chan-
nels and dykes. He then joined Cana-
dian National Railways and became
Engineer of Geotechnical Services
with coast-to-coast responsibility and
particular emphasis on such issues as
design of railway roadbeds on soft
ground, improvement of ballast and
reduction of frost heave, and treatment
of unstable rock slopes. In 1976 he
joined Canac Consulting Group where
he carried out terrain appraisal for a
proposed high speed rail line from
Montreal to Windsor. He retired in

marketed especialy for structural ap-
plications. With such opportunity, ev-
ery grouter should consider working in
this market.

James Warner

PO Box 1208, Mariposa, CA.,
95338, T: 209-966-5915,

E: warner@sti.net

1984. In professional matters, Lionel
attended the 1% Canadian Geotechni-
cal Society Conferencein Ottawain
1947 and maintained contact with

the Society throughout his career. He
published over 40 technical papers
and discussions in publications which
included The Canadian Geotechnical
Journal and the Journal of the Ameri-
can Railway Engineering Association,
with contributions &l so to a number of
technical books and manuals. In 1982,
in conjunction with the Late Doug
Piteau, he received the prestigious
Award from the Geologica Society of
Americafor the best paper in Engi-
neering Geol ogy.
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Jonathan Fannin, Editor

Professor of Civil Engineering, University of British Columbia

Jonathan Fannin

You may recall that, in the
GN:December 2014 issue, | sought to
compare the origins of current practice
for the specification of a geotextile
filter with those for the specification of
a granular filter. In contrast to a granu-
lar filter, the opening size distribution
of ageotextileis controlled directly
through the process of manufactur-
ing. Accordingly, the properties of

a geotextile filter are specified with
reference to a characteristic open-

ing size of itsfabric, with additional
consideration given to the polymer
type and also to the strength of the
fabric. In the subsequent GN:March
2015 issue, written in collabora-

tion with my good friend and fellow
geosynthetics (and rugby!) enthusiast
Kelvin Legge, Chief Engineer with the
Department of Water and Sanitation in
South Africa, we then reviewed select
regulatory guidance for granular and

geotextile filters, placing emphasis

on applications in embankment dam
engineering. More specifically, we
addressed matters pertaining to base
soil-filter layer compatibility because
Kelvin, through his involvement with
the South African National Committee
on Large Dams (SANCOLD), is seek-
ing to update the now wholly-outdated
1985 ICOLD Bulletin 55 on “ Geotex-
tile Filtersin Dams’. In this current
article, | have chosen to remain with
the theme of filtration applications,
and areturn to geotextile ‘basics .

Geotextile material properties

Geotextiles are generally made from
one of three polymer types: polypro-
pylene (PP), polyester (PET), and
polyethylene (PE), with the first two
polymers accounting for the major-
ity of geotextile manufacture. The
manufacturing process yields three
principal styles of geotextile: woven,
nonwoven and knitted fabric, with
the first two styles accounting for

the majority of production and usein
filtration applications. The manufac-
ture and use of woven geotextilesin
filtration applications pre-dates that of
nonwoven geotextiles. The two styles
of geotextile are inherently different.

A woven geotextile is made from
individual polymer strands that are
aligned and interwoven on an indus-
trial loom, yielding a planar fabric.
The strand itself isusually atape, a
monofilament, or a multifilament yarn.
A fibrillated strand is one that has been
intentionally split along portions of its
length, as a part of the manufacturing
process, to condition its properties.

In contrast, a nonwoven geotextile
comprises alayer of many randomly
oriented polymer strands that are
bonded to obtain a planar fabric. The
individual strands are usually a short
fibre or a continuous filament. The
common methods of bonding are
either physical entanglement of the
strands, yielding a needle-punched
nonwoven geotextile, or thermal
fusing of contact points between the
strands during a calendaring operation,
which produces a heat-bonded nonwo-
ven geotextile.

Inherent differences between each
of these manufacturing processes
impart differences to the opening
size distribution of the fabric and,

by association, differencesto the
capacity for flow of water across the
plane of the fabric. Likewise, there
isadifferencein tensile strength and
stiffness that results from the manu-
facturing process. Accordingly, in

‘ MATERIAL PROPERTIES ‘

|

INDEX TESTS

|

|PERFORMANCETESTS |

[ GENERAL H STRENGTH || HYDRAULIC || DURABILITY I

| STRENGTH H HYDRAULIC |

- Mass per - Axial i - Permittivi -uv

Y
- Axisymmetric - Pore size opening
tension

unit area

p - Soil/geosynthetic - Soil/geotextile

interface bond conductivity ratio

Figure 1. Standard test methods (adapted from Fannin,2001).
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design, the assessment of a candidate
geotextile for a proposed filtration
application must address a series of
material properties. A value for each
material property istypically obtained
from laboratory index tests performed
in accordance with the appropriate
national or international standard test
method. When specifying a geotextile
for a filter application, our primary
interest liesin determining an index
value for the pore size opening, the
permittivity and the strength of the
fabric (see Fig. 1). Consider now the
measurement and reporting of each of
these index properties.

Pore size opening of the
geotextile

The manufacturing process exerts

a significant influence on the pore
structure of a geotextile. A woven
geotextile exhibits arelatively uniform
pore structure that is characterized

by openings of nearly constant size
and little spatial variability acrossthe
surface of theroll. The weave pattern
may differ between products, as may
the size of the polymer strands used

to provide the materials of the warp
and the weft, both of which govern the
size of the resulting openings between
the strands. In contrast, a nonwoven

GEOSYNTHETICS

geotextile exhibits arelatively wide
range of opening sizes which vary spa-
tially across the surface of theroll. As
aresult, the pore-size distribution is
strongly influenced by factors includ-
ing the type and density of strands
and, in the case of a needle-punched
product, the needle-shape, punch
density and direction or, in the case of
a heat-bonded product, the nature of
the contact surface and line-speed of
the heated rollers (Bhatia and Smith,
1996). Accordingly, the two main
types of geotextile, namely woven and
nonwoven, exhibit a significantly dif-
ferent pore structure.

Index test methods used to determine
the pore size opening of a geotex-
tileinvolve (i) variations on reverse
sieving of grains through the pores of
the fabric (by means of adry siev-
ing, awet sieving or a hydrodynamic
sieving method, asillustrated in Fig.
2), (ii) theinjection or removal of a
fluid from the pores of the fabric (by
mercury intrusion porosimetry, or a
bubble point method, respectively)
and (iii) direct image analysis of the
pore space. Current design practiceis
based on methods of reverse-sieving,
for which manufacturers report values
in their technica literature.

Tabel 1. Variation of pore size opening (um) with sieving technique
(extracted from Van der Sluys and Dierickx, 1990)

Geotextile 0, Dry Wet Hydrodynamic
(um) sieving sieving sieving
W3 Oy, 278 301 282
Ogg 348 387 374
w4 Oy, 354 307 303
Ogq 416 358 360
W6 Oy, 294 259 225
09_8 339 295 289
w7 Oy, 253 172 194
Ogq 260 210 224
NwW1 Oy, 179 143 133
Ogq 202 195 181
NW3 Oq, 204 145 150
O 236 191 202
NwW4 Oq, 210 189 150

Note: Woven (W) geotextile: Nonwoven (NW) geotextile

Reverse-sieving methods are suitable
for determining the largest pore size
openings, which are believed to exert
the greatest influence on base soil
retention in filtration applications. In
dry sieving (see for example, ASTM
D4751), different size fractions of
glass beads (from small to large, in
ascending sequence of size fraction)
are sieved through the geotextile

by means of a shaking action. The
surface of the fabric is pre-treated
with an anti-static spray to minimize
the influence of attraction resulting
from static electricity. In wet siev-

ing (see for example, 1SO 12956),
agraded mixture of glass beadsis
sieved by shaking in combination with
a continuous spray of water, following
pre-treatment of the fabric by a wet-
ting agent. In hydrodynamic sieving
(seefor example, CAN CGSB 148.1
No0.10), a graded mixture of glass
beadsis sieved by repeated immersion
of the geotextile in water and hence
alternating flow conditions, without
any shaking action.

A common aspect of all three stan-
dard test methods (see Fig. 2), isthat
agradation analysis of beads passing
through the fabric during a standard-
ized duration of shaking or number

of immersion cyclesis used to infer
the size of the largest pore openings
in the geotextile. The three methods
yield similar but not identical values
of opening size (see Table 1). Gener-
ally, the dry sieving method yields
arelatively larger value of pore size
than that obtained from either wet
sieving or hydrodynamic sieving (see
for example, Faure et al., 1986; Van
der Sluys and Dierickx, 1990; Bhatia
et al., 1996). Accordingly, when using
design criteriafor soil retention that
relate a characteristic opening size of
the geotextile to a characteristic grain
size of the base soil, it isimportant to
recognize not only the empirical origin
of the design criterion but also the cor-
relation to a particular laboratory test
method to determine the opening size
of the geotextile.
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Hydraulic conductivity of the
geotextile

Methods used to determine the per-
mittivity (cross-plane permeability)

of ageotextileinvolve variations on
laboratory permeameter testing, the
two most common of which are a
‘constant-head’ method and a ‘falling-
head’ method (see for example, ASTM
D4491 and I SO 11058). The geotextile
specimen is not subject to any normal
load in these index tests, and therefore
istested in an uncompressed state.
Where appropriate, provision exists

to perform the test under a specified
compressive stress (see for example,
ASTM D5493 and 1SO 10776).
Experience suggests the compressive
stress yields no significant change to
the permittivity of awoven geotextile
or anonwoven heat-bonded geotextile,
but causes areduction in permittivity
in nonwoven needle-punched geotex-
tiles. Using image analysis techniques,
Palmeira and Gardoni (2000) attri-
bute the reduction in flow capacity to
an increase in contacts between the
needle-punched fibres, and therefore a
greater constriction of pore channels
across the plane of the geotextile.
Multiplying the permittivity by the
nominal thickness of the geotextile

GEOSYNTHETICS

yields anominal value of permeability
or hydraulic conductivity. However,
given the range in thickness of differ-
ent types of geotextile, it is generally
recognized that reporting a value of
permittivity avoids the potential for
any misleading comparison of perme-
ability between different products. As
for granular filters, the permittivity
values of geotextiles vary over severa
orders of magnitude.

Geotextile tensile strength

Woven and nonwoven geotextiles
exhibit avery different characteristic
response to loading which, again, isa
direct consegquence of the manufactur-
ing process. Woven geotextiles exhibit
a significantly greater stiffness upon
loading, aresponse that arises from
the preferential alignment of polymer
strands during the weaving process. In
contrast, nonwoven geotextiles have a
random layout of polymer strands that
must progressively deform in order

to aign themselvesin the direction

of imposed loading. Methods used to
determine the strength of a geotex-
tileinvolve loading it to faillureas a
result of tensile rupture of the polymer
strands (see Fig. 3):

the two most com-

mon methods are

oo 00000000 090000 Hniscal
Dry sieving 7 7 A strength
2 W A\
2020000
Wet sieving A
i
Axisymmetric
1#0:00:00 €0.00.00 strength
Hydrodynamic T T
sens )| aeaaam ) )
VIR VR

uniaxial-tension testing of arectangu-
lar specimen (using either afull ‘wide-
width’ clamp, else apartial ‘grab’
clamp) and axisymmetric-tension
testing of acircular specimen (using a
rod to puncture).

In the ‘wide-width’ style of test, arect-
angular specimen is clamped across
its entire width and the load-extension
response then measured over a speci-
fied gauge length, for loading imposed
at a constant rate of axial displace-
ment (see for example, ASTM D4595
and 1SO10319). In avariation to this
method, only the central portion of a
rectangular specimen is clamped over
a specified gauge length in the ‘grab’
style of test (see for example, ASTM
4632). Static puncture resistance is
measured by advancing a probe of
specified diameter into a specimen that
is clamped between circular rings, at a
constant rate of displacement, in order
to determine the maximum resistance
(seefor example, ASTM D6241 and
SO 12236). In avariation to this
concept, aconeis dropped through a
specified distance onto a circular test
specimen, in order to measure the

<1 [

Wide-width G

Puncture

_‘
v
o

Figure 3. Standard test methods for strength.
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extent of penetration that is achieved
(BSEN I1SO 13433).

Soil-geotextile compatibility

The use of a geotextile in filtration
applicationsis predicated on it having
adequate strength to ensure no adverse
damage throughout the process of
installation (termed ‘ construction sur-
vivability’) and that it can also endure,
thereafter, the working environment

of the application (termed ‘ durabil-
ity’). The greatest physical demand

on the geotextile is typically encoun-
tered during the installation process.
The design approach, for construc-
tion survivability, requires that the
geotextile meet or exceed arequired
strength category. A qualitative
category (for example alow, moder-
ate or high strength requirement) is
typically based on the type of field
application and anticipated severity

of loading imposed during placement
and subsequent construction. The
qualitative category is then expressed
in quantitative form, with reference to
adesignated range of strength values
determined from laboratory index
testing .

Thereafter, the geotextile must also

be sufficiently durable to ensure it can
sustain its intended function over the
intended service life of the structure.
Durability is evaluated from a con-
sideration of any likely change in the
integrity of the geotextile over time, as
a consequence of in-service condi-
tions that would cause an unacceptable
degradation of its material properties.
The general intent isto avoid any
degradation that might compromise
the ability of the geotextileto act asa
filter. Durability varies with the type
of polymer and any additives during
the manufacturing process, and is
governed by physical, chemical and
biological influences (see for example,
Calhoun, 1972; Koerner et a., 1988;
Eliaset al., 1999; Elias, 2001; Kay

et al., 2004). Accordingly, durability

GEOSYNTHETICS

must be evaluated on both a product-
specific and a site-specific basis.

Upon selecting a suitably strong and
durable geotextile, the requirement
for soil-geotextile filtration compat-
ibility is contingent on there being no
unacceptable erosion as a consequence
of soil loss through the geotextile
while, at the same time, providing for
unimpeded flow of water from the soil
through the geotextile. Therefore, the
principal requirements for compat-
ibility are those of (i) soil retention
and (i) cross-plane permeability.
They represent competing interests,
insomuch as soil retention is assured
by smaller pore size openingsin the
geotextile while, in contrast, a greater
cross-plane permeability is associated
with relatively larger pore size open-
ings.

Looking ahead to the next
article...

In summary, it is widely-accepted
practice to select a candidate geotex-
tile for routine construction works
with reference to (i) criteriafor
strength and durability, given the
anticipated method of construction
service environment, (ii) an empirical
rule governing base soil retention, and
(iii) an empirical rule governing base
soil permeability. The approach has
been found conservative, and yields a
geotextile filter for which the margin
of safety is believed acceptable. How-
ever, the exact nature of that margin of
safety is not quantified. Accordingly,
there is need for a more comprehen-
sive means of evaluating soil-geo-
textile compatibility in applications
that are critical or severe, where filter
incompatibility is deemed problematic
within the context of either the ulti-
mate limit state (collapse) or the ser-
viceability limit state (deformation).
In principle, this would include filter
applications where the consequence
of failureis believed to be relatively
high, else the cost of remedia works
is anticipated to be significant. In such
projects, the state-of-practice is first
to identify a candidate geotextile on

the basis of the reported values for

its strength, opening size and permit-
tivity from index testing, and then to
evaluate its suitability for the proposed
construction application from labora-
tory compatibility testing of a sample
of the base soil in combination with
that candidate geotextile filter. My
next article in this serieswill address
compatibility testing.
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