
HVdc TL: Geotechnical Risk Review
Background, Current Situation, Action Going Forward

Purpose

30-Mar-2016

• Provide an overview of the risk associated
with uncertainty in geotechnical conditions for
HVdc foundation installation

• Review risk mitigation measures and residual
exposure

Seek approval of PCN for $5M to support risk
mitigation

Prepared and presented to CCB by Maria Veitch and myself
in support of PCN-XXX
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Key Messages
Key Messages Supporting Information

Uncertain soil conditions challenge • Risk mitigation plan
predictability of foundations by type • Design assumptions

Actual vs. projected installationsf Uncertainty is leading to need to order
supplemental material to avoid risk of Significant number of tower and foundation

delay to contractor combinations challenge flexibility

Supplemental material orders under PTO3OS

f!2J1°

Prudent steps required to ensure reliable • Geotechnical investigations

designs in poor soil conditions • Macro-pile vs. deep rock foundation

( Alternate foundation techniques being • Micro-pile vs. H-Pile
implemented to manage overall cost

• Macro-pile vs. deep rock foundation
risk

Residual risk remains that must be • Future risk mitigation activities
monitored
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We have recognized the risk associated with
0 uncertain geotechnical conditions and have designed

mitigation measures to ecrrnbat

Code Title Description (Cause) Impact summary (Effect)

OTLRO29 Differing Geotechnical conditions IF as a result at geotechnicai THEN there isari sk of either:

and impact on Foundation conditions differing from that I l)the foundation designs toe the HVdc line are

installation contained in the desktop study, unsuitable, and/or

I?) the estimated quantities of pile itcrease,

and/or

(4) balance between rock and nail dramatically

change, and/or

(4) length of required guy anchor sabatantial

i ncre auf a, and/or

Is) amount of import backfill increases beyond

the pay iiems in lb ecentract ress I tingi n cost

and potential schedule espssure due to

increase in more difficult found ati ono or

unavailability of suopfemental material to

support contteuctioa requirements.
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Our design projections were based upon desktop
geotech study which have inherent inaccuracy

• Design proections basec upon Desktop
Geotecnnical Study:i: completed curing
er.gr’eering phase given the impracticalities
and EA limitations of uncertakirg a geo
program that would increase confidence

— C€sktea study based on avaiao,e data
• S:rccrues foundaton tyses identified alo-’g

peI’i nary lIne route

• Result is 11 foundation types

• Matehal procurement was aiigr.ed with
these projections, with the plan to check and
true-up” any shortfalls with Segment 5

order.

Founiaton RLQi?4TQ’t

type I cr-Rage 13Cka 33

Type 2 )eep Rock 18

Type ii internTeditte Rock 18

Type is surface 3oo’ 15

type is- nec. s,.’face Ro:k 15

Type 3 — °ile

tw)n,7r,

Type IA Gr’’’age 2SOkPa} 28

Type I create t OOkPo)

Type 2 Rock 35

Type 2s — Surface Rock 30

Type 3— Pile 1

o Variability further complicated by 11 tower
types across the 1100 km line

• There are 11 tower types across the line

- 5 guy towers (Al, A2. A3, A4, 31)

- 6 se “support towers tB2, ci, C2, Dl, 02, arm El)

• Significant combinations of towers anti foundations
exist

- Each of the 5 guy towers could haves types of foundation

- East o :ne 6 sef-succort cou:d nave 6 types of fourdariors

• Failing an accurate orediction during desgn,
material shortages could exist for any combination

• Offset risk by design and procurement of conversion
kits as well as provisions with contract with Valard re
timelines to confirm total quantities

• However practically, Project requires material

______

flexibility to ensure program_completion

LOWER CHURCHIlL PROJECT

1

IT) 350 HVdr GeolecIsnical Baselne M askrat rant to Sadie’s Pond. documents o ILK-SN LL euo.c.T.Rn.ocs:.ol
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account for variability
•

D63 Material Estimate for did not adequately

• Material estimates completed in 2011 did not take into account
difference per Segment or Foundation Type over the entire l-fVdc line

— Segment 2 has a higher % of rock Segment 1

— A4 tower type used in LRM inherently will have higher % of rock

• Foundation material estimates and procurement was based upon total

number of towers, with no contingent material for soil variability from
what was estimated in Desktop Geotechnical Study

• Original order was an estimate based on available information with the
knowledge that subsequent orders would be required when more

information was available

• Per the DG3 Basis of Estimate (p. 212 & 213):
- rhe quantities of steel towers are based on preliminary (40% complete engineering)

tower spotting using PLS-CADIJ

— The quantity and weight of each of the foundation types are based on the relative
quantities ond weights of the foundation types for each tower type.

LOWeR CHRCHlLL PROJECT nalcor

0 Desktop Projections were inaccurate

• Segments 1 & 2 are indicating
more grillage than rock, in
particular for tangent structures

— Griliage: Plan 33%; Forecast 49%

Installation Trends — Sepments 1 &

Foo,dai ion Typ. Foetcasi

155, 44%• Quantity projections of 1% Pile
not consistent with field
conditions, or Baseline
Geotechnical Report wherein it
stated that rock or grillage is

expected to be used at 95% of
locations, while the remaining 5%
soft, sandy soil of significant depth

where alternate foundation

solutions (H-Pile, cribbing, etc.)

•25’:,’,’nsn Mo!, r

Dead-End. Foisod.tion Typo F

52°i

n 50%

Dat scarcest as ol 13’ Ma’’ 2016 as collected and OS F rpeet ed by LCM C’s Field S ngirleers

-

çnatcqrLOWER CHuRCHILL PT&JE(’T
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While uncertain sail conditions lead to variability in
0 installation cost, cantràct with Valard “protects” LITP

via a unit price structure

nil 4,aa

555 Sen

— a
an—n

Contract Unit Prices — Segments I & 2

N

Fast Fact

Foundanon s-sai,at-o-i rep-esenrs

eooroxirt:n!y 1/3 of tola coretrucror cost

ssii:°r Agreerur: CT0377-001 1’ 5240M, wrile

traleria! suppty Is 10% of •nsla;ahon cost.

________

Given order quantifies were inaccuracy, spare
0 material has been ordered to reduce risk of delay,

however ffirthcLcrders.c2cpfcic

Package PTO3OB—Tower Foundations CO PCN Value (SM)

LOWER CHURCHILL PROJECT

I
• Quantity used in contract reflects

final as-designed structure staking
list

• Unit price for gril[age is more cost
effective that rock

• Cost rsk exist when “native”
backfill not suitabe :01 re-use

— Requfres bwrowig and 1ciC 0

oac..bi outsde t’e tower box are

• Provsjons for aternate foundation
type exists (H_pi!e, casson / crb),
however are costiy

- ;VER CHURCHILL pROjECr 43nalcor

Original Commitment / Order

Change Orders

20.2

16.1

•

-- Addition of Sedate Rock Foundatior 002 Di

Deep Rock Fojndalior Design Charge 002 284 0.1

Un it Weight Increase for finaltower denrgr 0005 373 2

Pile Foundation Shoes — First Order 006 407 — 0.1

Quantity Changes due to Line Optimizationt 005 11.4)

Additiorel 10% of all Foundations 010 429 3.2

022 450Estra S1&2 grillages

Si to 54 spares. Quantity Release for 55 02i 541

i Extra File Foundation Shoes — —

Ettra Pile Foundation shoet T2D

Total

1.1

30 2

586

36.3

) nalcor0
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C
Meters of drilled guy anchors also influenced
by inaccurate desktop projections

Increased usage of grillage
foundations directly correlates
to increased depth of
overburden and hence increased
drilled guy anchor length prior to
embedment in rock

Forecasting 35% increase in
material consumption

Sand

Till
Dense 18.1 ‘5.802 16.029 70 79491 82.461 67436

Rode

• Detailed optimization program
underway in order to field-verify
required lengths to achieve
design loads

Weak 63.8 SS,700 S6,S02 30 34,067 33.771 -20,731

Sound 0
Rock

TORI

0 0

100

• PCN-0452 approved in May 2015

$4M material and installation
impact

87,304 08,550 100 113,558 119,235 30,676

LOWER cHucHlLL PROJECT 21 Onakor

Site Instruction 4 20 issued to Valard to reduce
0 guy length by eliminating overconservafism in

design

Reduces depth in soil by use of
shorter top bar in NL where frost
depth is less

— Anchor bars re-worked to allow

reduction in installation depth/cost b
$1M (Ref PCN-0607)

• Reduces depth in rock with over
burden by considering over burden ,

weight to reduce required
embedment in rock

sIssse’. SI_CL en
81T8 k-ItS. 83’I

-s’3u oFniSaCk.Lna.,S’iE
e-w Cuu 00 rs
ooa j -0

f

,flC-’II,,,,-_. nd
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Geotechnical Data Collection initiated to reduce risk
0 of contractor claiming differing site conditions for

failed foundations

• Several installed grillage foundations
in Segment 1 experienced settlement

— S1-24, 54, 70, 86, 105 & 112

• Contractor positioning that settlement
due to soils not suitable for grillage

• Geotechnical investigation to remove
uncertainty ano strenethen LCMCs

position that settlement due to poor
wor<rnanship.

• Investigations have confirmed that

sites are suitable for application of
grllage foundations

LOWER CHUROIILL PROJECT 13 () nakor

:::- -

•aRF..o

L
-fl.’..

L-

51-70 Leg C, rectomqrion of grilioge
foohng, soturoted founding hose ond
bockfIII

Geotechnical program for uncertain sites
implemented to ensure reliable des!n

LCMC agreed with Valard in August 2015
that ir adoition to faflec site rvest1gatons,

we would support geotech’Hcal
investigation where uncerlainty exists to
verify suitability of site for grillage

• PCN-0531 funded AMEC-Cartwright
program to be managed by Valard ($275k)

• Decision made for LCMC to complete pre
foundation selection program for Segment
2 winter zone (52 ito 235) so as to reduce
schedule risk for winter zone (PCN-0580
for $1M)

Onalcor-
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o Valard’s installation progress steadily improving
due in part to the benefits of geo program

Fdtby lype lp,t,Ibtio.. P;ete

F,

p

Segment land 2 Tangent and Self-
Supporting Tower Progress

:i

ii
LOWER CHURCHILL pRojEcr Cs)fl&cQr

o Where grillage doesn’t work, micro-pile being
trial tested over H-Pile

• Currertly forecasting approximately 90
‘ocahons that are unsuitable ro
gri:lage fcu’canor

• H-Pile design avaHabie and fieid

proven, but is costly

• Micro-pile concept viewed as more
cost effective solution given the
reduction in materials, large pile caps
and extension welding

• LCMC approved Valard to undertake
design in Q4-2015 at a cost of $lSOk,
Initial field installation on T&M basis at
S1-167 which was recently completed.

• Unit price proposal expected from
Valard in the near term.

LOWER - LL PROJECT I e nalcor
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Alternate rock foundation design being explored
in order to explore potential cost savings

Current rock foundation is expensive, in particular for deep rock app’ications, requiring

both significant excavation, rock leveling, and concreting

Team currently with Valard to explore alternate design for rock depths up to 4m (i.e.
Macro-Pile) currently being installed by LEG for Hydro Quebec. Design funded at 5150k.

11
c1’111

7

;m-
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While decreasing mitigation actimis are
0 implemeritd, residual risk will rem.n until the

final foundation R instaflerJ

• On-going trend analysis are being completed basec upon test ph, borehole and
actual :‘nstallaflon data

• Baseo upon current trend, we have sufcient fcundation ria:eri&, with t:e noted
exception of pile caps. Cost exposu’e of $1M.

• increased guy anchor consumption remains a risk

- $IM for materials, pius 53M for instaliation

- Site Instruction 20 recently issued to offset quantity exposure by decreasing anchor

length t.5 m per anchor in ‘IL for soil and up to 3m for rock with overburden

— Anchor installation rates to be closely monitored

• Geotechnical investigation on Island may be needed
Assume 5% of 2,000 sites on the Island, cost exposure of $1 to $2M

• Stream diversions required when a structure is located in or near a stream course.

- Implemented when a constraint makes a structure move impossbIe or the diversion is

the less expensive option; cost exposure of 5100k

(‘3naicorLOWER CHURCHIL,L PRoJEcr
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S —

In Conclusion....

Risk has materialized; interim cost allowance required to facilitate mitigation

Risk has been identified, while mitigation strategy and actions being
implemented

Cost risk exposure is manageable —$20 to $40 M

Opportunities exist to offset cost exposure through design optimization (eg.
micro and macro piles, drilled guy anchors) and line routing optimization

• We are ta<ing the s:eos recLre to ersure that the installed founcatio-’
meets the urderway design criteria

• PCN wiH be tablec seeking SW of :JL Contingency for implementation for
implementation of risk mitgatio measures

LOWER CHURCHILL PROJECT 21 )n&cor
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