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Audit under Clause 104 of the lnfraco Contract 

Executive Summary 

A requirement to carry out an audit of Changes and differences in Design was 
identified by tie in January 2010. The scope of the audit focussed on 4 particular 
areas:-

• Roads and Drainage design for section 1 D 

• Structures Baird Drive retaining wall 
Bankhead Drive retaining wall 
Depot Access Bridge 
A8 Underpass 

• Track design and improvement layers 

• OLE system and foundations 

This report details the process, observations and findings of the audit. 

Each audit comprised core members from the audit team plus technical experts, 
r-eGfu-ited--frnm-:~indepeRdent': .. GOflsu-ltiflg . .g-rm.1p&,, Each team is identified within the 
subsection dealing with the specific audits. 

A number of e-mergmg--themes we-r.e--isemified-·BY·· gave the audit team cause for 
concern :-,···+lle-majofity .. 0f.tlle&e-·tllem.eswer-e--GOmm0fl.to-.all--of.tt-J.e-.aooits, 

• Little evidence that lnfraco have properly managed the design process in a timely 
manner. 

• Lack of evidence that lnfraco have paid serious attention to Best Value design 
solutions. 

• The. final_ outputs .of design.have _produced.solutions.that.appear to .. be Jn. excess ~------
of_the .. needs_of_the. Client. ... (e.q.yoid_spanninq) 

I • No acceptance of liability for pre-novation Issues. 

I • Lack of engagement with the audit process. 

+lle&e--them.es-ans--oth-efs-arn-c0mm.ent.ed--0n--ill-d.et-ai-l-with-i-n--th-i-s-rnp0Fl, 

Initially lnfraco refused to co-operate fully with the audit team. After discussion with 
tie and having taken advice within lnfraco this position changed early on in the audit. 
The lnfraco response to the audit changed again later in the process. Citing legal 
advice, their response to certain audit questions was that "Provision of this 
information was not an obligation under Clause 104 the lnfraco Contract". lnfraco 
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were advised that tie disagree with their position on this matter and a further attempt 
was made at retrieving the information 1. This was unsuccessful and information 
requested for the audit remains outstanding from lnfraco. 

The audit team were not provided with the level of documentary evidence that would 
be expected in such circumstances leading the team to two conclusions: 

• that not all documentation has been provided to them as required 
under the contract, 

• that the expected level of management engagement evidenced through 
documentation that would be expected to exist on a contract of this 
nature, does not exist. 

T-he--alffii.t.team--atso--identif-ied-·that--t-ie'.s-.1,1Adef&tanding.-of.its-tiabilities--associ-ateowith 
novation-cllan-g-es--ro1,1ld--be--impr:oved-to-help-t-ie--ifl--it&-administrat-i-o-n--of-the-con-tr-act 

T-he--r-e-poft--h-as-be-en--developoo-in--a-manne-r--that-allows--r-e-1-e-vant--wbse-Gt-ion-s-to-be 
Ele.fi.ver-oo-to--lnffaro.f-Of.them-to-comment-on-tie:s.f-iooing.s ... 

The audit was based on a set of questions posed to lnfraco by tie2
. Minutes were 

taken of the audit meetings and the evidence obtained was scheduled. 

Joan-n-e--Glove-r--of .. (}bA-P-i-peF--attendoo-alffii.t.-on-e--to .. fo1,1r-;·-as--a-member--of-.th-e--ror-e 
team and produced transcript records of each meeting. These are included within 
tlle--ev-iden-Ge-f-iles--in--each--sub-section, 

1 Letters were subsequently received from BSC (Ref: 4774 and 4775, dated 24 February 2010) stating 
that BSC's interpretation of Clause 104 is that it covers information which exists in a tangible form 
only. A tie response to these letters will be dealt with separately to the audit. 
2 Attached to tie's letter of 14 January 2010 (ref: INF CORR 3178/RB), notifying BSC of the intent to 
audit, outlining the scope of the audit, and here appended. 
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General CommentarY 

The main themes identified by the audit team with respect to lnfraco's management 
of the areas audited were: 

• Little evidence that lnfraco have properly managed the design process. 

• ..... Lack of evidence to. suggest.that.I nfraco. have _paid. serious. attention to .Best 
Value _desi_gn_ solutions. 

• The final outputs of design have produced solutions that appear to be in 
excess of the needs of the Client. (e.g. void spanning) 

• ..... No. acceptance. ofJiabilityJor pre-novation _Issues. 

• Lack of engagement with the audit process. 

These are discussed further below:-

Little. evidence thatJnfraco. have _properly.managed.the. design_process. 

Infra co are. obliqed. to. carry out.all _required.management.activities_in .order to 
manage_ the.performance .of the. SDS. Services in.accordance. with.ClauseJJ .. of the 
Infra co Contract and _Clause. 6.1._of the. SDS. Novation.Agreement. 

Despite substantive requests throughout the audit meetings, lnfraco were unable to 
produce evidence of positively managing SOS in the areas within the scope of the 
audit. lnfraco were unable to produce many letters, memos, emails and minutes of 
meetings to substantially evidence this obligation. Searches of their BIW document 
archive system conducted by Colin Brady (lnfraco Director of Engineering) failed to 
reveal the volume of supporting documentation expected, save for only two letters in 
which they press SOS for information relating to Trackform design. Further follow up 
meetings asking for any information or details of how lnfraco have managed the 
design __ programme. did .not produce .anything_ that.demonstrates the. discharge_ of.this 
contractual_ obl[qation · ... Some _information. was .subsequently_uncovered .. bY tie .but .not 
presented.by_lnfraco.as.evidence. 

I nfraco _advised. that on .occasion. they .did. use _priority.lists. to. expedite. des[gn 
production. for.the design_ of.the _OLE .. bases .and_poles.,__however the .only .evidence 
was an e-mail advising Bob Bell (tie Construction Director) of certain Roads and 
Drainage priorities with respect to Scottish Water approvals. tie queried why his 
evidence had been presented as demonstration of lnfraco prioritising OLE design 
programme, and were advised by lnfraco that this documentation implied that the 
OLE design programme was being similarly prioritised. Given the amount of design 
required off street for OLE, this was not considered to be a credible explanation. 
There was nothing that clearly directed SOS to produce designs to a programme and 
manage their progress against such. 
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The QroSQect of an On Street SUQQlemental Agreement and the delay in achieving 
such was referred to as something that was Qreventing the Consortium from 
delivering against its current obligations. 

lnfraco have taken a QOSition over their engagement with managing the design 
programme by referring to the ongoing delays with reference to MUDFA issues as 
the overarching reasons not to be putting energy into completing the process. 

Output_from .. design_ Development. Workshops .(established .to _address .mis-alignment 
issues}._has_taken. considerable. time to. be developed.-. eq. with. respect.to .road 
desiqn.,Jhe _H[ghways_ Standards Appendix} .1 ,. tie's.independent.engineers 
(AECOM).considered. an _appropriate. work.content. of.approximately two.months _but 
SOS .took. over .a.year to.bring.it.to _its current.revision ... This document.now .stands. at 
Revision 6, with a further revision outstanding. Even assuming this number of 
revisions was.required_;._ this _could .. have_been_prnduced_in_a_period. of_ 12.to _ 16 _weeks. 

There was no evidence (from resQonses to questions or documentary) that lnfraco 
has put any pressure on SOS or has used, or threatened to use any of the 
contractual mechanisms available to it, in particular the exercise of the Liquidated 
Damages which are contained in the SOS Agreement, as amended by the SOS 
Novation Agreement (Clause 27.7). At the Trackform further follow LIQ, lnfraco 
confirmed. that _it _had .not. used. any.sanctions. against. SDS .. and. was. satisfied. that 
SOS had carried out the work they were meant to in accordance with the relevant 
Change _Order ... The _audit_party gave_lnfraco .. a.number.of_opportunities to .. confirm.if 
there.Js .other.documentation. or .correspondence.which.demonstrates that.it.has 
managed the design process, to which the response was always negative. 

For example: Some of the questions Bob Bell asked in the roads audit follow up on 
Tuesday 2nd February include: 

RB.:."Can_you.demonstrate that.the_programmejntroduced.at.V45 was.agreed.with 
SOS or that you instructed SOS to. work to.this programme?". 

CB:. "No,. other.than. accepting.the programme .. There Js.no. correspondence". 

CB:. "tie's hypothesis)s.fhat lnfraco failed in.managin_gjhe proqramme ... Are_there 
records of the management of this particular process? I think there aren't" . 
............................................... 
RB; "Is there anything else regarding programme management which we're not 
aware of, that lnfraco would want to put up as demonstration of this?". 

CB: There is no regular class of correspondence that you're not aware of' . 
.................................................. 

Note: At the time of writing this report it has become apparent that lnfraco advised in 
another audit, _carried. out.by _Nichols. Group_ on. behalf.of tie, that they_had 
implemented a "Focus and Prioritisation" process with respect to their design 
programme. Further details were sought from Infra co in this respect at final follow up 
meetinqs .... lnfraco. advised that_the .. "Focus .& .Prioritisation". flowchart.had .. been 
developed.to _illustrate to. the _Nichols audit_team.how.it.manaqed. this _process.but.that 
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it had not been formally introduced as a 12roject 12rocedure and no se12arate evidence 
was available to demonstrate this process was actually implemented. 

Lack of evidence to suggest that lnfraco have paid serious attention to Best 
Value design solutions 

I nfraco _has .contractual _obligations .in .. relation .to __ providing_Best.Value for.the _Infra co 
Works .. JC/ause. 73) 

Essentially,.Jnfraco's. obliqations are. to: 

t .. throughout the .Proiect,.make. arran_gements to. securejmprovements Jn_the 
conduct of the works in particular regard to economy, efficiency and 
effectiveness ------------------------------

2. prepare best value performance plans and conduct best value reviews and 
support and assist tie in its preparations for that; and 

3. comply with reguests for information, data or other assistance by tie in 
pursuance of tie's best value assessment. 

There was no evidence in any of the audits to suggest that these plans and reviews 
had. taken __ place. or that J nfraco _had .actively taken .. any .measures to. satisfyjts. best 
value obligations. lnfraco were unable to produce any letters, memos, emails of 
minutes _of _meetings_to _evidence_this _obligation .... lnfraco. stated.(as _an _aside). that 
Best.Value Jor tie .andJor Jnfraco were.two _different_thin_gs_and. appeared .unaware.of 
the. existence. and.relevance. of. Clause 73. of the .I nfraco. Contract. .. Searches .of their 
BIW document.archive _system .conducted.by_ Colin.Brady_ failed. to .reveal. any 
supporting _documentation. __Further follow. up_ meetings _asking.for the. details _of _how 
they _have. considered.Best.Value. in.their design_ activities did .not _produce .anything 
that demonstrated the discharge of these contractual obligations. The lnfraco final 
position was an expression of it (Best Value) "being inherent in everything they do". 

lnfraco may disagree with this finding, citing the design for Roads as a 
demonstration. of.their delivery _of Best. Value .... Whilst tie .would.agree that.the. current 
design intent presents better value now than the design from earlier in the 
programme, there was little evidence to suggest that there have been any further 
Best Value initiatives developed since the development workshop. 

The. final. outputs .have.produced. designs. that. appear to .be.Jn. excess. of the 
needs of the Client. 

As. an. examp)e_,Jhe design_ of the ground_ improvement_layer _beneath the_ track.has 
produced _a_product_that_appears_to _be_in_ excess_of_the _needs_ of_the tramway. 
lnfraco have designed a reinforced concrete ground improvement layer ca12able of 
spanning 1 metre voids. Whilst tie agrees there may be a requirement for void 
spanning in some areas, tie is unable to accept that this is required throughout the 
whole on-street route as proposed by lnfraco. There was no evidence to 
demonstrate that Best Value had been considered nor that any risk analysis had 
been undertaken and presented to the Client as an opportunity to reduce cost of 
both the direct construction of the tramway and the diversion/protection of utilities. 
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The development of the design of the OLE has produced a final product but again no 
evidence was presented to demonstrate that the current design offers Best Value. 

There was no evidence to suggest that the contract incentives contained in Clause 
81 have prompted any positive behaviour in this area. 

No .acceptance .of.liability for .Pre-Novation. Issues 

lnfraco_have _taken .a.position. with.regard. to __ pre-novation .. matters. of.design _by 
allowing_desi_gns.to _be.finalised. without any intervention _by themselves.as.the .new 
owners .of the. design_process ... They have.not.demonstrated. evidence. to .su.9.gest 
that unresolved legacy issues prior to novation should warrant any management or 
direction _by the. consortium.and. that they .have. attempted to _miHqate. the _impact of 
changes to the Client - e.g. Bankhead Drive Retaining Wall. 

There was very little evidence to suggest that lnfraco have challenged pre-novation 
designs to try and make a difference to the outcome and thus add value to the 
process. 

Lack of Engagement with the Audit Process 

Infra co _have. displayed .. a.reluctance. to. engage _positively with. the .audit.process 
althou_gh_ they.have _generally_managedJo Jield the. necessary personnel to. support 
the .audit when. required ... Access to. their BIW system. was.always.available.and 
relevant.results _printed, .. however the. searches were. carried.out by Jnfraco _as a 
workino .. knowled_ge .of the.system.was .required .... The contract obl[gation_isJorJnfraco 
to provide information, not for tie to discover it, with tie unable to accept 
responsibility for information not being provided which could and should have been 
provided during these audits. Some of the requests for information were prefaced by 
reference to there being a lack of understanding of the relevance of the request. 

Emer-ging.-T-hem.es 

+he-mrun--Emergmg-Theme&-iden-tifieo-by--the-.audit-team-with-rnspeGt-to-tnfrnso's 
management of the areas audited 1Nere: 

•-------------UU.l.e--evideflce-t-11.aURfr:aco--have-pr:ope.rl-y-managed-the-desig.n--pr-OGe&s, 

• Lack of evidence to suggest that lnfraco have paid serious attention to Best 
V.atue--0esig1+-solutioos, 

•·············-+M·fifl.at-outputs-0f.de&ig-n-·have--produGed··SOh:.1t+ons-that-.a-ppear:-t-o-be-ifl 
exce&s--0f.the--1+eed-s--Of-the--Clie1+t-.---{e-. .g.,-void-span-R-in.g1 

•-------------No.-aGGept.aflce--ot-liability--f-0r:--pre-Novati01+--!.&sues-.-

•·············laGk--0fEn.g.agemefltwit-h-·the-AHd+t--P.r:oG0SS·.-
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T-he-se-afe-EiisG1:.1-ssee-.f.ufl-hef-tel0w,-

Little evidence that lnfraco have properly managed the design process. 

lnfraco are obliged to carry out all required management activities in order to 
manage the performance of the SDS Services in accordance 1Nith Clause 11 of the 
lnfraco Contract and Clause 6.1 of the SDS Novation Agreement. 

Despit-e--s-u-b-stantiv-e--r-eq-uests--t-hmu-g.h-o-ut-th-e--auoi-t-meetings-,-tnf.raeo-we-re--unatle-t0 
pr-od-uce-ev-id-e-nce-of.pos-i-tiv-ely--manag-in-g--SDS-i-1-1--the-arnas--w-i-thin-th-e-scope-of-th-e 
audit·.···-+R-8··aud-i-t-·team--has-n0-f-eas-on--to--lIBJ.i-e.ve-th-i&-lack--of.-engagement--wo-ule--oo 
differ-eflt·ifl--other--ar-eas-0f-.t-h-e--d-e-sigfl.maRagement: ... Jnfra-s0-wer-e--unabl-e-to .. proo-uce 
many--letter:s-,--m-emo-s,--emails-a-Ad-minutes--0f.-meetmgs-t0-s-u-b-sta-Atially--ev-id-e-n-se-th-is 
0b-lig-atiofl,----Sear-she&-of-theif-B-IW-Ei0cumeR-t-afch-iv-e--system--s0-AdUGte-d--ty--G-ol-i-n 
Braey{I-Affaeo-.Q.ir-ect-or--of.€ng-iR-eefi-Ag)..f-aileG-to--r0¥eal-th-e-vel-ume-0f-.s-uw0flmg 
documentation expected, save for only two letters in which they press SDS for 
information relating to Trackform design. Further follow up meetings asking for any 
information or details of how lnfraco have managed the design programme did not 
produce anything that demonstrates the discharge of this contractual obligation. 
S0me--i-llf0rmatio-A--wa&-&u-b-seq.uemly--u-Acovefed··b-y-.tie-t-ut-rmt--presemed-ty .. J-nfra-s0 
as evidence. 

tnfrneo--ad-viseo-t-hat-o-A-occasion-th-ey-d-id--use--pr-i-ofity--list&-to--ex-pedit-e--d-esigfl 
pmd-ucti0R--f-Of .. t/:le.Efe&ign.0f .. t/:le-Ol.E-tase-s-a-AG·-pol-e-S;··h-owever:-t-he--o-nty-B¥iEieR-Ge 
wa&-aR--e-mait-ad-v-i-si-Ag--Bob--BeJ.l.-ft-ie-G0-Astr-u-Gt-i-on-Q.ir-ectof}·0f-.certain-R-oaes-a-AEi 
Qrninag-e-pr-i-o-r-i-tie&-wit-h-fesp-e-st-t-o-S-sotti&h--Water:-approval-&.----t-ie-qHer-ieo-wh-y--h-i-s 
evideR-ce--h-ad--oo-e-1-1--preseR-ted--as-d-emonstr:ation-oHR-fr:aco--priOfit-i-si-ng--OL.-E-desig-R
PfOgr:amme;··aR-d-we-re--ad-vi-seG·BY··l-Af-rac0-t-hat-th-is--deGHmefltati0fl·imptieo-t-hat-th-e 
Ol.E-Eies-i-g-R--pr-ogrnmme.-was--b-eiflg .. s-i-milarty .. pr-i-o-r-i-tised·.···-GiV-efl·the-amo-uflt.of--d-e-sigfl 
required off street for OLE, this was not considered to be a credible explanation. 
T-h-e-re-was--oothi-Ag-that--Gteafly-d-ifecte-d--SDS-t-o-proo-uce--d-es-i-g-ns-to--a--programme-a-AEi 
manage their progress against such. 

The prospect of the On Street Supplemental Agreement and the delay in achieving 
such vvas referred to as something that was preventing the Consortium from 
d-eliv-e-ri-Ag-agai-Ast--its--surr-eflt-0b-ligat-i-ons, 

l-nfra-s0--hav-e-ta-keR--a-posit-i-oA-·O-Vef.th-e-i-r-·positi0R-wit-h-maflag-iR-g--t-he--d-e-sigfl 
pr-ogrnmme-b-y .. r-eferriflg .. t0-th-e-0flg-o--i-R-g--d-elays-with--fefefeR-Ge-to-.M6JQf.A-isSHe&·aS 
t-he--over:a-rch-ing--rnason&-n0t--t0--b-e--p-utti-ng--efl-ergy--into--completing-th-e-pr-o-se&s, 

0HtpHt·ff0m.Qe.sigfl.Dev-eJ.o.pment-W-orksho-ps--(-e-statli-sheo-t-o-ad-dress--mis-al--i-g-R-meR-t 
i&sHe&)··h-as-takefl·-G0-As-i-de-ratle-time-t0--b-e--devel0peo---eg, .. wit-h-rnspect.t-o-r-oae 
design, the Highways Standards Appendix 7.1, tie's independent engineers 
fA€GGM}-co-Asider-eEi--aR--appr0Pfiate--w0fk--GOfltellt--of-appr-oximately--tw0-mo-llth&-b-ut 
SDS took over a year to bring it to its current revision. This document now stands at 
Revision 6, with a further revision imminent. Even assuming this number of revisions 
vvas requir-ed; this could have been produced in a period of 12 to 16 weeks. 
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T-hefe-wa&-oo-evid-eRBe-{fr-om-Fe-spoA-se-s-t-o--qHestioA-s--o-r--doGHmenta-ry)--t-hat--1-Afr-aso 
ha&-pHt--aR-y--p-re&sHFe-oA---SDS--o-r--ll-as--used-,--o-r--tilr-eateROO--t0--u-se-aA-y-0f:-t-he 
contractual mechanisms available to it, in particular the exercise of the Liquidated 
Damages which are contained in the SDS Agreement, as amended by the SDS 
Novation Agreement (Clause 27.7). At the Trackform further follovv up, lnfraco 
confirmed that it had not used any sanctions against SOS and was satisfied that 
SDS had carried out the work they •Nere meant to in accordance 'Nith the relevant 
Change Order. The audit party gave lnfraco a number of opportunities to confirm if 
t-hern-is-0th-e-r--doGHment-ation-0r:-cor-re&p-Ofld€HlGe-wh-i-GA-d-em-o-nst-rat-es-th-at--i-t--h-as 
managed the design process, to •Nhich the response was always negative . 

.f-o-r--e-xam-pl-e-~-Some--0f:-t-he-.questi0ns-8ob--Bel-l--as-ked--i-R--t-he--road&-au-di-t-follow-Hp-0-R 
T-ue-sd-ay--200--Febr-u-a-ry-i-RGlude-, 

RB : "Can you demonstrate that the programme introduced at 1/45 was agreed with 
SDS-or-t-hat-you--ir1strn-cted-SDS-t-0--work-t-0--t-hi-s-progr-amme-?-".-

GB,:.::JVo,..ef.f:ler . .fhan-accepfmg.fhe-progr-amme,.There--i&·RG·Ger.resper,deRce!!, 

GB;--"fie'-s--hypothesis--is--that-lr1fr-aco-failed-inman-aging-the-progr-amme,---Are--there 
r-ecords--o-f-the-mar1agemeRt-0f.this-particu-lar-precess?-UhiRk--ther-e--aren-'-t", 

R-B;:.!:Js.tJ:/.ere.-anyt-hmg-e-Jse-.regar4mg-prGfJ.famm-e-.maRagemeRf-w/:liflh·we:r-e--no-t 
avvare of, that lnfraco w-oukJ vvant to put up as demonstration of this?". 

CB: There is no regular class of correspondence that you're not avvare of'. 

Note: At the time of writing this report it has become apparent that lnfraco advised in 
th-e--fifth--aooi-t-,--Gar-ried-01:J-t--by-Nich0ls-G-roHp-0n--behalf-0f--t-i-e,--that--t-hey--had 
implemented a "Focus and Prioritisation" process with respect to their design 
programme. Further details 1Nere sought from lnfraco in this respect at final follo¥.' up 
meetings. lnfraco advised that the "Focus & Prioritisation" flowchart had been 
oeve-loped--to--i-llHstr-a-te--to-th-e--N-i-Gtiols-aHdit--t-eam-h-ow--it--manag.ed--t-hi-s--p-roGes&-bu-t--that
i-t--h-ad--R-Ot--bee-n-fo-rma-1-ly--int-rodu-Ged--as--a--proj-ect--p-roce-du-re--a-Rd--oo-se-par:ate--evide-R-Ge 
wa&-av-a-i-labl-e--t-o-demoR-strate--t-hi-s--p-rooos&wa&-actu-a-1-ly .. impleme-Rted-, 

b.-ac-k--of-evidenGe--t-o-suggest-ttlat--1-Af-r-ac-o-tlave--pa-id--serious-att-en-t-i-GA-·to-Be-st 
Value design solutions 

lnfraco has contractual obligations in relation to providing Best Value for the lnfraco 
VVorks. (Clause 73) 
Essentially, lnfraco's obligations are to: 

1. throughout the Project, make arrangements to secure improvements in the 
conouct of the 1Norks in particular regard to economy, efficiency and effectiveness 
2,------------p-repare--be-st--valu-e--pe-rformaRBe--pl-a-Rs-and-conduct--be-st-valu-e--r:e-vi-ews--and 
s-upport--a-R-d-·a&sist-tie--iA--i-t&-pFe-pa-rati-on&-faF-t-hat.;--a-Rd 
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3-.------------GOmpiy--wi-t-t:l--reQu-ests--f-0+--iflfg.rmati0fl,--Gata--0+--0the-r--assistaR-Ge--Gy--t-i-e--i-R 
pursuance of tie's best value assessment. 

There was no evidence in any of the audits to suggest that these plans and reviews 
had taken place or that lnfraco had actively taken any measures to satisfy its best 
value obligations. lnfraco 1Nere unable to produce any letters, memos, emails of 
minutes of meetings to evidence this obligation. lnfraco stated (as an aside) that 
Best--Val-l:Je .. fg.r-.tie-and .. fg.r-.mfr-aro-wer-e--tw-0-d+ff.efeflt .. ttiing-&-aoo-appea-red--1,rnawar-e .. g.f 
the existence and relevance of Clause 73 of the lnfraco Contract. Searches of their 
Bl-W-d0cumen-t-afch+ve--system--rooou-ci-e-d--Gy--C0.fi.n--BraGy--fai-l-e-d--t-0--reveal--any 
suppoft-i-Ag---doGu-mentatiGn-,---f-llft-Rer--f-Ol-l-Gw--u-p--meet+ng-s-ask+ng--f-0+-tlle-detaits-of--t:low 
t-hey--hav-e--co-Rsi(;!.er.ed--Best--Value-in-t-heif-des-ign-activ-ities-did--n-ot-woou-ee-anyt-hing 
ttiat-demonstr-ate(;!..tlle--Gi&ellar.g.a .. g.f.tllese--rontrnct-\:lal-clmgatiGn-&.···-+lle·I-Rfr-a-eg..fin-al 
p-g.siti0fl-wa&-an--ex-p-ressi0-R--of-+t-{Be-st--Vatu.eFteing-.-ifltier-e-n-t-+n--ev.efytlling-.tlley--d-o:'., 

lnfra-eG-may--d+sag-r-ee--wi-t-h-tlli&-f-i-A-d-i-A.g-,--cit-i-A.g--t-he-eesig-fl-fITT--R0ads-as-a 
demonstration of their delivery of Best Value. Whilst tie would agree that the current 
design intent presents better value now than the design from earlier in the 
programme, there 1Nas little evidence to suggest that there have been any further 
Best Value initiatives developed since the development workshop. 

-T-lle--finaloutputs--hav-e.-produc-ed-designs.that-appear--to .. l}e . .j.11.e:X:cess-of.the 
needs--of.the--Ctient. 

A&-afl-ex-amp-le,--the--desig-n--Gf-t-he-.gmu-oo-imp-mv-e-meflt--1-a-yer-tefleath-tlle-trnck--has 
pmduced-a--p-r-od-\:lct .. tf:lat-.app.ear&-t-O··Ge··ifl-e;x;ces&-Q.f .. tf:le-need&·Q.f .. tf:le.tr-amway, 
tflfrnoo-llave-d.esig-fled-a-feinf-0+ced-·GO-Rcr.ets-g-r-ound-·impmvement-laysr--capatle-of 
span-mng--:t--metr-e--v-oid-s,---W-hitst--tie-a.gfees--ther-e--may-te-a--r-e{f-llifement-f-0+-vGiG 
span-mng--in--sGme-.areas,-tie--is-u-nabIB-t-0--ac-eept-that--this-is-feQu-ir-e-d--t-hmu-g-h-0-\:lt-t-h.e 
whGle-0-R-str-e-et-mu-t.e-as--p-r0p-Gsed--by--lHffaoo.----T-llsr.e--was-n0-.evidence.-t0 
defR-Oflstfat.e--that--Best--Val-\:ls--1:lad--been--eGfls-i-d.efe-G--R-Or-th-at-a-Ry-risk--anatys+s--had 
been undertaken and presented to the Client as an opportunity to reduce cost of 
ooth--t.t:le--d+re-et--constru-ctiGfl-0t-t.t:le-tramway-a-Rd-the--diver-si0A/-p-r0t-e-etmn--of--utilit+es-.-

The development of the design of the OLE has produced a final product but again no 
evidence 1Nas presented to demonstrate that the current design offers Best Value. 

+her-e--wa-s-n0--e-v-i-d.ence-t0--suggest-tllat-tlle-cGn-tr-a-et-incentiv-e-s--e0nta-i-Aed-+n--Glau-se 
8l-hav.e--pr-ompteG-any--p-Gsitiv-e-tellav+o-\:lr-in-t-his-area, 

No-accepta-nc-e--of--1-iaml+t-y-.for.-P-r-e-Novat-ien--lssues 

I-Rtra-eG-tiav-e--taksfl-a-pesitmn--w+th-feg-are--t-0--p-re-flOVatmn--mattsr-s--of-desig-fl-ty 
all0wing--dss-i-g-R-s-tG-te-finalissd--wi-tti0u-t--an-y-+n-tsr-vent+Gn--Gy--ttiemsslv-e-s-as-tlle-nsw 
GW-RBf&-Gt-t-t:le--d-esig-fl-pmcess-.----T-he-y--have--R0t-Gem0AstrateG-ev-id-e-n-ee-tG-su-g.gest 
t.t:lat-u-nr-e-sGlved--leg-acy-+ssu.es-pfi0r-tG-nGvat+oo-s-h0ule--waffan-t-a-Ry-manag-eme-Rt-Gr 
direction by the consortium and that they have attempted to mitigate the impact of 
changes to the Client e.g. Bankhead Drive Retaining Wall. 

I Audit under Clause 104 of the lnfraco Contract Page 10 Final-::-BSC 

CEC00338516 0010 



........................................................................... StricUy_Confidential 

T-h-efe-wa&.v-ery . .f.i.tt-1-&-ev-ioense-to--suggest-tt-1.at .. 1flfrnoo-t-lave--Gt:lall.eflg.eo.flr-e-R0v-ati0fl 
EleGisi-o-A-s-a-REI--GoRGl-u-sio-R&-t-0--t-ry-aoo-ma-ke-a--di-ffefeflGe--to--tf:le-0-ut-som-e--aml--tf:l-u&-add 
val-ue-to--t-h.e--p-roGes&, 

back-of--Engagement-w-i-t-h--tlle-Audi-t--Prncess 

lnfraco have displayed a reluctance to engage positively with the audit process 
although they have generally managed to field the necessary personnel to support 
t-he--aud-i-t-wf:len--req.u-i-r-ed-.---AGGess-to-th-e-i-r-8-1-W-system-wa-s-atways-avai-l-a-bl-e--aAd 
r-etevant--r-esults--printe-d-,--however-th-e-sear-Gh-es-were-Garried-oot-by-tnfr-a-GG-as-a 
w-orking.-kr:i-ow-ledge--of-th-e-&ystem--was-requ-ired-,---The-son-tract-0bligati-on-i&-fer-k1-frac-o 
to--p-rov-ise-i-Rfofmatiofl;··R-Ot·for .. t-ie-to--GiSGOver--it-,..wit-h--tie--u-Rable-to-aGGef)t 
r-espon-si-bi-l-ity.for--iflfermation--flot.-beiflg .. p-roviseowh-iGl=l--so-uld··aRd··SAoulG--have-been 
pr-oviEles-Eluring.-these-ausits,---Some-of-th-e--r-eq-uests-f-o-r-in-formati-on-were--prefaGoo-by 
r-efer-enGe-to--t-h.ere-b.ei-Rg.-a--lack--of--ufl.Ger.sta-RGi-Rg.--of-th-e-r-el-e-vaflGe--e-f--tf:le-req.u-est 

lnfraco sonsidered e mail to be an informal means of communication and that they 
did not have any obligation to provide such although this has not been confirmed in 
writing. That said, they did on a couple of occasions produce email in support of 
their position. 
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Design Change Audit - Roads (Section 1 D) 

1. Audit Team 

Robert Bell - tie Colin Brady - BSC 

Colin Matlock - tie Alan Dolan - BSC/SDS 

Donny Mackinnon - tie Jim Donaldson - BSC 

Joanne Glover - DLA Piper Simon Nisbett - BSC 

Tom MacKay - AECOM Balthazar Ochoa - BSC 

2. Scope of audit 

During January and February 2010 tie undertook an audit of the ETN Infra co 
Contract under Clause 104 in relation to Changes to the design of roads construction 
in Section 1 D of the lnfraco Works following Development Workshops. 

The critical success factors I objectives of the audit were to:-

Item 1 - Understand the rationale and source of the Design Change 

Review of evidence to substantiate why the IFC design constitutes a Change under 
the lnfraco Contract 

Review of evidence as to whether change emanated from lnfraco, an approval body, 
or client instruction. 

Item 2 - Understand the process for design programme management in terms 
of time, cost and value management 

Confirm and evidence that delivery of the IFC was not delayed by late or inadequate 
instruction or information from lnfraco members or subcontractors (including SOS) or 
any other third party. 

Confirm and evidence that lnfraco and the SOS Provider considered how a change 
could be mitigated in terms of cost and time and how they considered best value. 

Item 3 - Identify how the design approval process has been followed 

Review of evidence that Planning, technical approvals and close out of informatives 
was completed prior to IFC 

Provide evidence that the Programme obligations for the changed design have been 
discharged. 

Demonstrate process for carrying out an Inter Disciplinary Review [IDR] including 
how integration of the Siemens design was carried out. 

Provide copy of Buildability reports and evidence of COM & ROGS compliance. 
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3. Audit findings 

3.1 Item 1 - u!!nderstand the rationale and source of the Design Change 

The audit sought to understand why the design of the Roads in Section 1 D had 
changed and how the change had transpired. 

Findings 

It is understood that the original BODI design differed from the lnfraco Proposal. The 
parties acknowledged, from the outset of the contract, that this BODI did not 
represent best value and that economies could arise from redesign_ during 
comgletion of the design. 

lnfraco were obliged to re-design the roads following Development Workshops. The 
result of Development Workshops was the production of revised pavement options 
('the palette')3 and a flow-chart showing four stages of procedure, agreed by the 
parties, to address the differing requirements that may arise during the works 
associated with Roads, including those of Section 1 D and culminating in the 
production of the final design based on the selected palette option. The final version 
of the palette is wr-rBRtly--expeGtedoutstanding from Infra co. 

The Roads Development Workshops caused j:ie Change Order 19 Groef...to be 
raiseG issued changing the methodology by which the road works would be repaired 
and I or reconstructed. IFC will now no longer be achieved for Roads prior to the 
start of construction as the final design solution cannot be determined until works 
have commenced and the road opened up for analysis. 

3.2 Item 2 - understand the process for design programme management in 
terms of time, cost, and value management 

lnfraco were unable to demonstrate, to tie's reasonable satisfaction, any degree of 
pro-active management of the design process in terms of time. In terms of cost and 
value management, it is considered that procurement of Best Value has, partially, 
been met,_-however lnfraco's engagement in this process has not been pro-active. 

Findings 

A design change process was agreed between tie and lnfraco in Development 
Workshops, and which was then instructed by tie. This process was explained 
graphically in a flow-chart. Briefly, an initial design for each section of road would be 
developed following initial testing of the ground. The parties would collaborate on 
the condition of existing pavement and on what further soil testing would be suitable. 

3 'Appendix 71'. 
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Test results would be analysed and an agreed choice would then be made from the 
palette of pavement options, suitable for the conditions found. 

Design prioritisation and programming4 was evidenced as a basic process to achieve 
completion dates. This programme could not be linked in or coordinated with an 
overall master programme. There was no evidence of reviewing/updating/p-utti-Rg 
pressure challenging--O-R SOS to adhere to the prioritisation list identified in April 
2009. 

In terms of cost and value, lnfraco is of the view that the palette of pavement options 
demonstrates that best value has been sought and obtained. tie is of the view that 
the design process represents Best Value in that it permits the most suitable option 
for any given condition to be obtained, however, the current palette does not. The 
reasons for this is that it could be improved in that it does not provide guidance on 
where non-full-depth reconstructions could be used nor on where specific options 
should be used in terms of those within any given category (the categories could be 
more defined). 

The IFC information for the roads had been due for issue in June or July 2009, 
based on testing being done up-front. lnfraco considered that any delay in the 
process is the result of a failure to agree (a joint responsibility) the product of the 
Development Workshops and other aspects such as drainage, traffic signalling and 
Traffic Regulation Orders. In terms of programming, no programme was being 
maintained but, rather, a priority list was developed and used for reference. 
Evidence of this comprised an email from lnfraco to Bob Bell in relation to the 
Prioritisation Order for Drainage Approval and Roads Close out Report, dated 1 April 
2009, and table "Design Completion" listing each section and the quarter date by 
which the design is required. lnfraco relied on this, together with the occurrence of 
the weekly Design Meetings, as evidence that the programme had been managed. 
The minutes of these meetings do not make any reference to programme_Q[ 
prioritisation. 

tie's view is that lnfraco have been obstructive in continuing to refuse to consider 
suggestions to use a cement-bound sub-base to improve bearing capacity and to 
develop a further option to cater for an intermediate CBR rating of between 5 and 
10%, which, in the view of tie's technical expert, may provide a more cost-effective 
design solution. This could have been easily done within a relatively short period of 
time but, after one year, it is still outstanding. lnfraco appear to have been 
significantly dilatory in the execution of the palette of pavement options, with the 
exception that SOS departed from the agreed 3% CBR banding, instead designing to 
2.5%. This may not achieve Best Value for tie. The options for tie to pursue this 
with lnfraco will be further explored outwith this audit report. 

tie technical advisors, AECOM were asked to comment on the adequacy of the 
design process. The non-provision of information by lnfraco in response to the audit 
questions have severely restricted the ability of AECOM to comment on the 
management of the design process, but in the absence of such information it can 

4 SDS Design Programme ULE90130-SW-PR0-00010 V45 
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only be concluded that there is no evidence that the process has been managed 
adequately. 

3.3 Item 3 - Identify how the design approval process was followed 

The audit sought to obtain confidence from the consortium that the design process 
has been fully integrated and had obtained all the necessary approvals and consents 
so as not to delay the construction programme and deliver best value. 

The audit team requested that the consortium provide details and evidence in 
support of the system integration processes, change control, design reviews and 
close out. 

It was anticipated that the consortium would be able to produce an activity schedule 
along with evidence to demonstrate that the necessary steps had been taken to 
achieve a fully integrated and compliant design. 

Findings 

tie initially agreed to some additional testing to help inform the design in addition to 
providing information to assist in programming traffic management. Bilfinger Berger 
considered that the frequency of the proposed initial testing was too high. 

The design has not yet been fully approved by all parties although they have been 
brought along in the process from the Roads Development Workshop. The selection 
flowchart provides a clear process to achieving a specific design once a road has 
been opened up. 

When works on site commence lnfraco intend to seek approval for the selected 
palette option when they have opened a road up and tested the formation. They 
were unable to demonstrate an approval process that would avoid delay and 
especially in consideration that approvals would need to be sought external to 
lnfraco. 

With respect to integration and buildability reports, those for the roads do not exist as 
no AIP process has been followed: they will form part of the COM compliance5

. 

lnfraco intend to demonstrate ROGS compliance at the end of the construction 
works, before revenue running starts. 

4.0 Review of Evidence 

Review of evidence provided in the audit 21st January 2010 and follow up meeting 
2nd February 2010. 

s Under the Road Safety Audit. 
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Pavement Evaluation Report, reference 718376/R/01 /A - Mou ch el ath September 
2008. This report was commissioned by Bilfinger Berger UK Ltd to undertake a 
pavement investigation of four sections of carriageway; Haymarket Junction, 
Shandwick Place, Princes Street and St Andrews Square. The aim was to 
determine the structural condition of existing pavements and assess their pavement 
life and propose structural treatments to bring them up to the required design life. 
Whilst the sample size compared with the length of the 'on street' section was limited 
a range of conditions was observed from 'deep Inlay or reconstruction' through to an 
area of 'no treatment'. (Report not presented in the audit as evidence). 

As a consequence of the Roads Development Workshop, Design Change Order 
DC0-019, dated 1 ?1h February 2009 instructed the production of a Construction 
Methodology statement to define the management process of a) Testing insitu to 
determine ground conditions, & b) Selection of Road Construction details, in 
accordance with tie letter 18th December 2008 547. (Letter not presented in the audit 
as evidence). 

As a consequence of the Roads Development Workshop, Design Change Order 
DC0-020, dated 1 ?1h February 2009 instructed the Analysis of Roads Construction. 

IDR/IDC meeting minutes - 30th September 2009, gth November 2009, 15th 
November 2009 - were presented as evidence of the IDR process for section 1A and 
that it is complete. The completeness of the process is not evidenced by these 
documents, only that there is a forum attended by Bilfinger Berger UK and Siemens 
for IDR/IDC discussion. 

Email dated 1st April 2009 from lnfraco to tie confirming the prioritisation order for 
Scottish Water and CEC Roads close out reports, listing the order of the sections of 
the tram route to be designed from highest to lowest priority. Table entitled "Design 
Completion" (undated) provides target dates for design completion broken down in to 
sections of the tram route and quarters (from 1 April 2009 to 1 July 2010). 

SOS Design Programme dated 18th May 2009 provided as evidence of how the 
Roads IFC design process links in with the Infra co requirements. It was not clear to 
the audit party how this demonstrated any link with the lnfraco programme. 

Letter dated 29th January 2010, 4525 lnfraco write to tie with responses and enclosing 
supporting evidence to close outstanding actions from the audit. 

+eGR-Ri-Gal-fef)0fl . .\JeFsi0fl··3-4atefi-MarGt-J.-2Q:t.Q..fr0m-AEGGMJie 's technical ex12e rts 
Eiiswse-srn.Y.1~YY.g9 .. !b.~ . .-desig n protocol and a-G9.ommentsgg_ on Appendix 7 .1 . .t_gJJJg 
~.ff~.Q!.10.g!.!b.~J)gesign P-12rotocol YYE!.§..considered to be an appropriate methodology 
and if implemented correctly should provide 'best value'. Opinion is expressed that it 
is unclear why Appendix 7 .1 has taken so long to develop, it being reasonable to 
suggest that it could have taken a fraction of the time. The development appears to 
have been led by suggestions from tie or CEC with little evidence of a proactive 
engagement by lnfraco. The band width of options within the design palette has not 
been narrowed sufficiently to provide economic selection options. 
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DeDesign Change Audit - Structures 

1. Audit Team 

Robert Bell - tie Colin Brady - BSC 

Colin Matlock - tie Alan Dolan - BSC/SDS 

Donny Mackinnon - tie Balthazar Ochoa - BSC 

Joanne Glover - DLA Piper Martin Hutchinson - BSC 

Robert Rocke - AECOM Kate Shudall- BSC/SDS 

2. Scope of audit 

During January and February 2010 tie undertook an audit of the ETN Infra co 
Contract under Clause 104 in relation to changes to the design of four structures:
Baird Drive Retaining Wall, Bankhead Drive Retaining Wall, Depot Access Road 
Bridge & A8 Underpass. 

The critical success factors I objectives of the audit were to:-

Item 1 - Understand the rationale and source of the Design Change 

Review of evidence to substantiate why the IFC design constitutes a Change under 
the lnfraco Contract 

Review of evidence as to whether change emanated from lnfraco, an approval body, 
or client instruction. 

Item 2 - Understand the process for design programme management in terms 
of time, cost and value management 

Confirm and evidence that delivery of the IFC was not delayed by late or inadequate 
instruction or information from lnfraco members or subcontractors (including SOS) or 
any other third party. 

Confirm and evidence that lnfraco and the SOS Provider considered how a change 
could be mitigated in terms of cost and time and how they considered best value. 

Item 3 - Identify how the design approval process has been followed 

Review of evidence that Planning, technical approvals and close out of informatives 
was completed prior to IFC 

Provide evidence that the Programme obligations for the changed design have been 
discharged. 

Demonstrate process for carrying out an Inter Disciplinary Review [IDR] including 
how integration of the Siemens design was carried out. 

Provide copy of Buildability reports and evidence of COM & ROGS compliance. 
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3.0 Baird Drive Retaining Wall 

3.1 Item 1 - Understand the rationale and source of the Design Change 

The audit sought to obtain an understanding from the consortium why the design of 
the retaining wall had changed to its current design. 

The audit team requested that the consortium provide details and evidence in 
support of the design rationale and details of calculations that drew them to the 
current design conclusions. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design processes they had gone through and the selection of options with risk 
assessments they had carried out to bring them to the current IFC design solution. 

Findings 

lnfraco/SDS advised that the output design was driven by a Parliamentary 
Undertaking to maintain a 3m wide space between the residents gardens and tram 
infrastructure. Despite seeking confirmation of this Y!!ndertaking there is no 
evidence to suggest that this is the case. 

A change was instructed by tie following the review of an options report and 
negotiations with Network Rail to agree the routing of the tram tracks adjacent to a 
maintenance access road. 

The change is a shift in the access road away from the NR tracks. The picture is 
complicated by a change in foundation depth at IFC stage and an apparent change 
in survey information. The IFC geometry maintains a space along the corridor at the 
toe of the wall. Whilst this will provide access for the maintenance of the 
embankment, it does not provide Best Value and this could be achieved in another 
way--if-8e-st--Val-ue--h-a{j--ir:1-f.fuer:1-Ge-d--t-t:le-de-sig.r:1--0t-1t-put has been driven by 
lnfraco/SDS's error in believing there was a parliamentary undertaking in this 
respect. Access for maintenance can be achieved from the top of the embankment. 

3.2 Item 2 - Understand the process for design programme management in 
terms of time, cost and value management 

The audit sought to obtain an understanding from the consortium how they managed 
the design process in terms of ensuring that the designs were economic, of good 
value, approved and delivered in a timely manner to support the overall construction 
programme. 

The audit team requested that the consortium provide details and evidence to show 
how they directed the programme to ensure that it remained on target showing 
details of how they ensured that good value management had been included to 
achieve best value to the client. 
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It was anticipated that the consortium would be able to outline and demonstrate the 
design programme and demonstrate how they had introduced best value options into 
the process to deliver an efficient and economic end product. 

Findings 

The options report focused on the layout options and did not consider cost benefit. 
The final solution was based upon what was achievable and agreeable with Network 
Rail. The mis-conception that lnfraco/SDS had to comply with a Parliamentary 
U nd e rta king i-s-tik-ety-t0--have--led-t0-incr-ease-d--cost--t0-ti-e, is.evidence. th at a. cost 
effective. design_ or Best.Value _has .not.been.able. to.be. demonstrated. 

+t-ler-&-wa·S·fl0··8-ViG-eflGe-·t0··St!QQSst-th-at-tt-J.e.-de&ig-R .. aRGJ0F·Va-Fi-ati0R-S·W€f8-·t1AdeFlak-e-n 
t0--ac-hieve--Best-.Val.ue-. 

3.3 Item 3 - Identify how the design approval process has been followed 

The audit sought to obtain confidence from the consortium that the design process 
has been fully integrated and had obtained all the necessary approvals and consents 
so as not to delay the construction programme and deliver best value. 

The audit team requested that the consortium provide details and evidence in 
support of the system integration processes, change control, design reviews and 
close out. 

It was anticipated that the consortium would be able to produce an activity schedule 
along with evidence to demonstrate that the necessary steps had been taken to 
achieve a fully integrated and compliant design. 

Findings 

The final-current design was developed from a previous IFC design and was varied 
and approved for IFC. No evidence of design integration of the Infra co Proposal was 
provided. 

4.0 Bankhead Drive Retaining Wall 

4.1 Item 1 - Understand the rationale and source of the Design Change 

The audit sought to obtain an understanding from the consortium why the design of 
the retaining wall had changed to its current design. 

The audit team requested that the consortium provide details and evidence in 
support of the design rationale and details of calculations that drew them to the 
current design conclusions. 
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It was anticipated that the consortium would be able to outline and demonstrate the 
design processes they had gone through and the selection of options with risk 
assessments they had carried out to bring them to the current IFC design solution. 

Findings 

The driver for the change to the South wall was an increase in footway width to 
incorporate its use as a cycleway and the relocation of the tramstop. This caused 
several consequences in the structural design of the retaining walls. 

The principal changes from BODI and IFC are re-positiQ!J.ing the South wall further 
back into the embankment and the addition of a North retaining wall which replaces 
an embankment. This change increases the height and length of the South wall and 
the depth to the foundation for compacted fill below. 

The foundation level at IFC has been taken at a lower level over the western end of 
the wall, where the wall is of lesser height. 

The North wall was added at IFC. The consortium stated that this addition was to 
resolve the need to satisfy Network Rail in relation to the BODI arrangement where 

I 
the embankment encroached upon their land thus requiring Network Rail approvals. 

_A ________________________________________________________________________________________________________________________________ _ 

4.2 Item 2 - Understand the process for design programme management in 
terms of time, cost and value management 

The audit sought to obtain an understanding from the consortium of how they 
managed the design process in terms of ensuring that the designs were economic, 
of good value, approved and delivered in a timely manner to support the overall 
construction programme. 

The audit team requested that the consortium provide details and evidence to show 
how they directed the programme to ensure that it remained on target showing 
details of how they ensured that good value management had been included to 
achieve best value to the client. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design programme and demonstrate how they had introduced best value options into 
the process to deliver an efficient and economic end product. 

Findings 

The South Gyle tramstop change was requested by CEC and instructed by tie to be 
relocated despite a report by SDS recommending that it remain in its original 
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designed location6
. These instructions were made by tie prior to BODI (25~h 

September 2007). 

The consequences of this relocation in terms of design alterations and cost were not 
considered in the report and do not appear to inform the decision to instruct the 
change. 

There was no evidence to suggest that the Consortium attempted to advise the 
Client of the consequences of the change decision and I or any attempt to mitigate 
the impact of this change. 

There was tittle·.IJ.Q.evidence to demonstrate that Best Value and Value Engineering 
has been applied to the Design Changes to minimise the cost impact of variations. 

4.3 Item 3 - Identify how the design approval process has been followed 

The audit sought to obtain confidence from the consortium that the design process 
has been fully integrated and had obtained all the necessary approvals and consents 
so as not to delay the construction programme and deliver best value. 

The audit team requested that the consortium provide details and evidence in 
support of the system integration processes, change control, design reviews and 
close out. 

It was anticipated that the consortium would be able to produce an activity schedule 
along with evidence to demonstrate that the necessary steps had been taken to 
achieve a fully integrated and compliant design. 

Findings 

The final design was developed and modified during the IFC process with the North 
wall being added late in the design development stage. 

The height of the retaining walls was altered as an original consequence of 
relocating the tramstop although there was little or no evidence to confirm this 
difference between BODI and IFC details. 

The final-current.design was presented in the audit as the result of a design process 
to achieve IFC but the.process.itself was.not evidenced .. 

5.0 Depot Access Road Bridge 

5.1 Item 1 - Understand the rationale and source of the Design Change 

6 ULE90130-05-REP-00179Vl 
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The audit sought to obtain an understanding from the consortium as to why the 
design of the structure had changed to its current design. 

The audit team requested that the consortium provide details and evidence in 
support of the design rationale and details of calculations that drew them to the 
current design conclusions. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design processes they had gone through and the selection of options with risk 
assessments they had carried out to bring them to the current IFC design solution. 

Findings 

The revised design was developed post BODI as a consequence of moving the 
Depot northwards, resulting in a reduction of the length of the A8 retaining structures 
from 380m to 75m. This greatly reduced the construction work adjacent to the A8 
Slip Road and was one attraction for moving the Depot northwards. The retained 
height WaS alSO reduced from typically o--8m to around 2_§rnLJhe near-est rcli!On the / { Formatted: No underline 

outbound running lines is now around 17m from the nearest kerb line of the Gogar - -1 Formatted: Font: Bold 

roundabout compared with around 6m with the pre BODI v3 design. In theory this 
should mean a simpler bridge deck in plan shape because there should be less flare 
at the roundabout end, and at least 10m more working space to construct the South 
Abutment. The change from secant bored piles to a conventional abutment on 900 
diameter bored piles combined with the temporary anchored wall and associated 
working space has eaten into at least Sm of the additional working space created by 
moving the Depot northwards. 

AECOM commented on the re-design as follows:-

• There would appear to be no reason why secant (or contiguous) bored piles 
could not have been used for the abutments and retaining walls of the post BODI 
v4 design in a similar way to the pre BODI v3 design. 

• Permanent ground anchors could probably have been eliminated by making the 
deck fully integral with the abutments and pier. This would also eliminate 
bearings and have other maintenance benefits as well. 

• As an alternative to embedded piles for the abutments, spread foundations on the 
boulder clay would seem to be a feasible option eliminating the need for bored 
piles. 

• Another option could have been a two cell reinforced concrete box which would 
have a low bearing pressure and would take the south side excavation further 
away from the Gogar roundabout and reduce the height of the temporary earth 
support required. 

5.2 Item 2 - Understand the process for design programme management in 
terms of time, cost and value management 
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The audit sought to obtain an understanding from the consortium how they managed 
the design process in terms of ensuring that the designs were economic, of good 
value, approved and delivered in a timely manner to support the overall construction 
programme. 

The audit team requested that the consortium provide details and evidence to show 
how they directed the programme to ensure that it remained on target showing 
details of how they ensured that good value management had been included to 
achieve best value to the client. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design programme and demonstrate how they had introduced best value options into 
the process to deliver an efficient and economic end product. 

Findings 

There was no evidence to suggest that the Consortium attempted to advise the 
Client of the consequences of the change decision and I or any attempt to mitigate 
the impact of this change. 

There was little'"evi~E3nceto~E31TlClllStratethatE3est.\/alLJE3.a.nd\J.a.lueEnginE3E3ri11g.has ... ····· { Formatted: underline 

been applied to the Design Changes to minimise the cost impact of variations. BSC 
did .. not_participate Jn.any_VE. or Best. Value .review, .. and_cite. time _bein{J __ against_them 
in .that.respect. Qe. difference _between .. contract .si{J ning __ and .submission. of _IF A). 

5.3 Item 3 - Identify how the design approval process has been followed 

The audit sought to obtain confidence from the consortium that the design process 
has been fully integrated and had obtained all the necessary approvals and consents 
so as not to delay the construction programme and deliver best value. 

The audit team requested that the consortium provide details and evidence in 
support of the system integration processes, change control, design reviews and 
close out. 

It was anticipated that the consortium would be able to produce an activity schedule 
along with evidence to demonstrate that the necessary steps had been taken to 
achieve a fully integrated and compliant design. 

Findings 

The final design was presented in the audit as the result of the design process to 
achieve IFC but not as evidence of how the design approval process was followed. 

6.0 AS Underpass 
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6.1 Item 1 - Understand the rationale and source of the Design Change 

The audit sought to obtain an understanding from the consortium why the design of 
the structure had changed to its current design. 

The audit team requested that the consortium provide details and evidence in 
support of the design rationale and details of calculations that drew them to the 
current design conclusions. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design processes they had gone through and the selection of options with risk 
assessments they had carried out to bring them to the current IFC design solution. 

Findings 

The consortium was not prepared to provide any evidence to support the audit on 
this topic . .,tie do not agree with BSC's position on this matter and have written 
separately stating their position. 

6.2 Item 2 - Understand the process for design programme management in 
terms of time, cost and value management 

The audit sought to obtain an understanding from the consortium how they managed 
the design process in terms of ensuring that the designs were economic, of good 
value, approved and delivered in a timely manner to support the overall construction 
programme. 

The audit team requested that the consortium provide details and evidence to show 
how they directed the programme to ensure that it remained on target showing 
details of how they ensured that good value management had been included to 
achieve best value to the client. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design programme and demonstrate how they had introduced best value options into 
the process to deliver an efficient and economic end product. 

Findings 

The consortium was not prepared to provide any evidence to support the audit on 
this topic. tie do not agree with BSC's position on this matter and have writtgn 
separately stating their position. 

6.3 Item 3 - Identify how the design approval process has been followed 
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The audit sought to obtain confidence from the consortium that the design process 
has been fully integrated and had obtained all the necessary approvals and consents 
so as not to delay the construction programme and deliver best value. 

The audit team requested that the consortium provide details and evidence in 
support of the system integration processes, change control, design reviews and 
close out. 

It was anticipated that the consortium would be able to produce an activity schedule 
along with evidence to demonstrate that the necessary steps had been taken to 
achieve a fully integrated and compliant design. 

Findings 

The consortium was not prepared to provide any evidence to support the audit on 
this topic. tie do not agree with BSC's position on this matter and have writt~n 
separately stating their position. 

7 .0 Review of Evidence 

Review of evidence provided in the audit 19th January 2010 and follow up meetings 
2ih January 2010 and 22 February 2010. 

SOS ClienUDesign Meeting Minutes provided on request to demonstrate the 
development of the design. 

1 ih July 2008 
30th July 2008 
5th August 2008 
13th August 2008 
20th August 2008 
2ih August 2008 
3rd September 2008 
1 oth September 2008 
1 ?1h September 2008 
24th September 2008 
1st October 2008 
5th October 2008 
8th October 2008 

Letter 11th August 2008, SOS write to lnfraco forwarding CD copies of IFC drawings 
for A8 Underpass. 

Letter 18th August 2008, SOS write to lnfraco forwarding further CD copies of IFC 
drawings for A8 Underpass. - previous copy was corrupt. 

Letter gth September 2008, SOS write to lnfraco issuing Change Estimate DCR0010 
for Additional Prior Approvals for Depot Access Bridge. 
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Baird Drive Retaining Wall 

SOS report (PB) dated 21st December 2007 - Network Rail Balgreen Road Options 
Report. Three options considered. Report assumes a minimum clearance of 2.5m 
between toe of embankment and the garden fence. A vertical retaining wall is 
proposed where the clearance would fall below this minimum. 

Letter circa 25th April 2007, tie write to Network Rail confirming that the design is 
proceeding on the basis of the "high level" option. 

Letter 15th May 2007, 373A tie write to SOS confirming that they should be continuing 
to progress the design based upon alignment option 3. 

Letter 21st August 2007. Network Rail write to tie confirming that the current 
alignment is the best all round option. The current position affords Network Rail a 
maintenance access road and permission to reverse maintenance road vehicles over 
the tram tracks. 

Project Change Order dated 24th January 2008 issued by tie to SOS with the intent 
of changing the alignment in accordance with letter 15th May 2007 373A. 

Change Estimate CES231 dated 29th November 2007 issued by SOS for the change 
of alignment in accordance with letter 15th May 2007 373A. 

Document Transmittal Form dated 1st August 2008, SOS to tie, issues IFC drawings 
for Baird Drive. 

Email 22nd January 2010, SOS write to tie with audit briefing notes for the Baird 
Drive, Bankhead Drive and Depot Access Bridge. Also confirms that A8 Underpass 
details will be responded to separately. 

Bankhead Drive Retaining Wall 

Letter 25th October 2006, 44229 tie write to SOS enclosing SOS report (PB) dated 5th 
October 2006 - South Gyle Tramstop Design Approval Panel Comments & Appraisal 
of proposed move of Tramstop Report. The report concludes that there is no 
justification for removing or locating the Stop further east at Broomhouse Drive. 

Letter 3rd November 2006, CEC write to tie informing them of their requirement for 
the tramstop to be relocated to improve the bus interchange with the tram. (Not 
presented as audit evidence) 

Letter 1st December 2006, 51226 tie write to SOS instruct an adjustment in the 
tramstop location. (Not presented as audit evidence) 
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Letter 23rd March 2007, 59046 tie write to SOS confirming agreement to proposed 
location. (Not presented as audit evidence) 

Letter 25th September 2007, s10 tie write to SOS return the Change Notice (24th 
September 2007) and Change Order asking for them to be signed and returned. 

Depot Access Road Bridge 

Change Order dated 31st July 2007 issued to SOS to undertake a study and review 
the moving of the depot building within the Gogar site. 

SOS report (PB) dated 15th August 2007 - Gogar Depot Report "Possible 
Adjustments" recommends that tie should instruct for the relocation of the depot 
building within the Gogar site. 

Change Order dated 1 ih September 2007 issued to SOS to carry out the 
recommendations to relocate the depot building within the Gogar site. 

AS Underpass 

The Consortium were not prepared to provide any evidence on this topic other than 
the two letters referred to on page 21._tie do.not as:iree.with.BSC's_position.on_this 
matter and __ have.written .. separately_stating_their_position. 
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Design Change Audit - Track Design and Improvement Layers 

1. Audit Team 
Robert Bell - tie Colin Brady - BSC 

Colin Matlock - tie Alan Dolan - BSC/SDS 

Donny Mackinnon - tie Jason Chandler - BSC 

Willie Biggins - tie Shabu Dedhar - BSC 

Joanne Glover - DLA Piper Balthazar Ochoa - BSC 

Robert Rocke - AECOM 

2. Scope of Audit 

During January and February 2010 tie undertook an audit of the ETN Infra co 
Contract under Clause 104 in relation to Changes and differences in Design as it 
pertains to the Track Design and Improvement Layers. 

The critical success factors I objectives of the audit were to:-

Item 1 - Understand the rationale and source of the Design Change 

Review of evidence to substantiate why the IFC design constitutes a Change under 
the lnfraco Contract. 

Review of evidence as to whether change emanated from lnfraco, an approval body, 
or client instruction. 

Item 2 - Understand the process for design programme management in terms 
of time, cost and value management 

Confirm and evidence that delivery of the IFC was not delayed by late or inadequate 
instruction or information from lnfraco members or subcontractors (including SOS) or 
any other third party. 

Confirm and evidence that lnfraco and the SOS Provider considered how a change 
could be mitigated in terms of cost and time and how they considered best value. 

Item 3 - Identify how the design approval process has been followed 

Review of evidence that Planning, technical approvals and close out of informatives 
was completed prior to IFC 

Provide evidence that the Programme obligations for the changed design have been 
discharged. 

Demonstrate process for carrying out an Inter Disciplinary Review [IDR] including 
how integration of the Siemens design was carried out. 

Provide copy of Buildability reports and evidence of COM & ROGS compliance. 
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3. Audit Findings 

3.1 Item 1 - Understand the rationale and source of the Design Change 

The audit sought to obtain an understanding from the consortium why the design of 
the trackform had changed and what the thinking was behind the current proposal of 
constructing a reinforced concrete slab underneath the trackslab. 

The audit team requested that the consortium provide details and evidence in 
support of the design rationale and details of calculations that drew them to the 
current design conclusions. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design processes they had gone through and the selection of options with risk 
assessments they had carried out to bring them to the current IFC design solution. 

Findings 

The consortium has not followed the tie instruction to produce a suite of design 
options for a track improvement layer. 

The consortium has considered that the current design of track and ground 
improvement layer is a result of the lnfraco Proposal and the design Development 
Workshop to identify and resolve design mis-alignments. 

lnfraco's track design is the Rheda City sleeper system which comprises pre-cast 
concrete bi-block sleepers with exposed interconnecting reinforcing bars for insitu 
concrete casting in position on site. The design requires a ground bearing capacity 
on street of 120MN/m2

. 

Four mis-alignments between Base Date Design Information and the lnfraco 
Proposals were identified and dealt with in the design Development Workshop 
(Report Issued 1 ih March 2009). 

1. Rail Sections. 
2. Vibration Performance. 
3. Ballast Shoulder Dimensions. 
4. Ground Improvement Layer. 

tie instructed the consortium to produce a menu of generic designs for a Ground 
Improvement Layer to meet the need for the 120MN/m2 ground bearing capacity. 
The suite of designs was to provide alternatives based upon perceived level of risk 
and consequences for both void spanning and non-void spanning. They were to 
assume void spanning in the city centre (as a worse case scenario) and no void 
spanning for out of town areas for design purposes and subject to confirmation. A 
specific design option was to be selected based upon the discovery of ground 
conditions as works proceed. 
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The consortium have only produced one ground improvement design option based 
upon their unsubstantiated assumption that the entire length of the on-street section 
will have a sub-standard ground bearing capacity and will require void spanning of 
1 m in any direction. This design comprises a reinforced concrete ground bearing 
slab to the underside of the insitu concrete track slab along the entire length of the 
on-street section. The suite of options has not been produced and the consortium 
has confirmed to tie that they are not going to consider any other ground 
improvement options. The consortium's position is that SOS attempted to consider 
the alternative void spanning options and came to the conclusion that they would not 
be workable. 

The consortium has however recently issued a design proposal to tie for a floating 
slab arrangement to deal with specific noise and vibration issues in certain areas. 
The noise and vibration issue has arisen from the stiffer track parameters required 
by the Rheda City system as well as the large mass of concrete as a consequence 
of the reinforced concrete ground improvement layer. Whilst this proposal is 
intended for short and specific lengths of the tramway it does introduce reinforcing 
bars into the track slab thus reducing the need for such a strong improvement layer. 
This proposal has been submitted to tie for consideration. 

.No evidence was presented by lnfraco that demonstrated they had made any 
attempt.to .comply with. Schedule. Part.23,.Appendix.Part), part.C 

"PB. will_provide. a _suite. of.treatments _which .. can. be _applied _when. the. requirements 
are. established.by_BBS .. Note. that this.scope_ of.work will.be. impacted.by the. lower 
void.spannin_g .capacity_ of.BBS's. Trackform. offering..in. comparison with. the .PB 
reference design". L 

Separate to the audit process, tie has requested from the consortium an Estimate for 
the design of shallow track improvement layer. 

3.2 Item 2 - Understand the process for design programme management in 
terms of time, cost and value management 

The audit sought to obtain an understanding from the consortium how they managed 
the design process in terms of ensuring that the designs were economic, of good 
value, approved and delivered in a timely manner to support the overall construction 
programme. 

The audit team requested that the consortium provide details and evidence to show 
how they directed the programme to ensure that it remained on target showing 
details of how they ensured that good value management had been included to 
achieve best value to the client. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design programme and demonstrate how they had introduced best value options into 
the process to deliver an efficient and economic end product. 
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Findings 

A design programme has not been utilised or maintained to deliver the trackform in a 
timely manner. 

The consortium does not have an agreed design programme for trackform and 
consider that they are carrying out the design work on a priority basis. They cite the 
absence of an agreed Programme with tie as being the reason for a lack of design 
programme. 

In the absence of an agreed design programme, there is no evidence of delivering 
this design to a programme. There are some examples of an exchange of letters 
between the consortium and SOS urging attention to specific matters that need 
attention but nothing to suggest that key dates and deliverables were agreed with the 
SDS design team. 

A review of correspondence and minutes of meetings would suggest that the SOS 
design team are being instructed to produce designs and variations on the basis of 
letters. Design reviews are being undertaken when a design is ready and recorded 
in a set of meeting minutes. It could not be verified from the evidence presented that 
the reviews considered Best Value or value engineering alternatives in the 
discussions. 

Changes in design have been communicated within the consortium by an exchange 
of letters. There was no evidence to suggest that the design and/or variations were 
undertaken to achieve Best Value. 

The audit team were unable to verify that the design has been managed against a 
set of programme requirements or deliverable expectations. There was no evidence 
presented to suggest that value engineering has been applied and Best Value 
options have been considered to the benefit of the Client. It cannot therefore be 
confirmed that the current designs provide an efficient and economic end product. 

3.3 Item 3 - Identify how the design approval process has been followed 

The audit sought to obtain confidence from the consortium that the design process 
has been fully integrated and had obtained all the necessary approvals and consents 
so as not to delay the construction programme and deliver best value. 

The audit team requested that the consortium provide details and evidence in 
support of the system integration processes, change control, design reviews and 
close out. 

It was anticipated that the consortium would be able to produce an activity schedule 
along with evidence to demonstrate that the necessary steps had been taken to 
achieve a fully integrated and compliant design. 
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Findings 

The audit determined that the process to manage design integration was not applied 
to the trackform design until it was too late in the process to inform the design. 

The selection and design of the trackform appears to have been determined without 
due consideration on how the sub-base would be designed and achieved to meet the 
requirements of the trackform. 

Interface Control Forms (ICF) have been generated during the design process but 
were not able to evidence that an iterative integrated process of review and rework 
had taken place to achieve the most effective and economic design suitable for the 
ground conditions and environment of the ETN. 

The evidence suggests that a design has been dictated based upon SDS's view of 
"good engineering judgement" and the specific requirements of another Tram project 
(Nottingham) rather than any technical rationale based upon risk assessment or 
consequential analysis. The "engineering judgement" has not been supported by 
Industry Standards, Design Guidance Notes, Technical Papers or 
operational/statistical evidence gathered from other Tram projects. The experience 
of opening up Princes Street was cited as the justification of the design (confirming 
what SOS had anticipated in its engineering judgement) but there was no evidence 
to suggest that there is a continuous improvement process in place to capture 
previous findings and inform future design. 

4.0 Review of Evidence 

{mfr-aw-mternat-r-eview-e0Gu-ment-4ateG-:t-9tR.r~Jovember--2QQS .. states--~Wl=ler-e-th-e 
G0AGiti0fHH··1-2QMNIRl"i&·OOi··aGHievee--an-im-prnve-mem-tayer--iS·fSEJHir-ee., ... ,t.GaR··Be 
omitted if testing indicates sufficient strengtl=l at the Trackform base. However this 
ta-yer--sh-a-l-l---be-desig.oo-d--f0f-th-e--en-t-i-r-e-tr--am--l-i-n-e--t0--r-ee-uGe--t-i-me-l0ss--f0f-Gesign-aoo 
consent in case testing does require the improvement layer". This document also 
refers to track stiffness of 30MN/m perm of rail, not being adequate because it 
results in a rail deflection of >2mm. Reference is made to the Rheda City system 
based on the German light rail experience and the increase of stiffness to 60MN/m 
per--m--of-rnil--affofeed--.!Jy-th-i-s--system-.----N0t-e-,--th-e-l-1-1fr-a-G0-rn&p0-1-1se--i-1-1--th-e-Oesig-1-1 
R-e-v-i-ew-{1-+tFl -Ju-ly--20-0-9-)--r-efers-to-t-11-e--Germ-an--H-ig-h--Speed---Rail--d-e-sign,--rmt-tig.h-t-rnit) 
+/:lis-f'ieGumeni-was.r-u;f..parl-ef-.f/:le-e.vif'lem;e.preseniefl./Jy.m.fr-ase,~ 

Letter 18th December 2008, 548 tie instructs lnfraco to provide generic options of 
design solutions for ground improvement layer to suit Rheda City track design. 

Letter 11th March 2009, 1887 Infra co write to tie enclosing copies of the output from 
the Trackfrom Design Development Workshop held to address mis-alignments. Mis
alignment No. 4 confirms the 120MN/m2 requirement and the need for an 
improvement layer. SOS to design "menu" of improvement layers to be instructed on 
site as excavation proceeds. Design to include for vibration isolation. Mis-alignment 
No. 2 instructs SOS to investigate the consequences of Vibration with the change of 
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trackform to Rheda City. The report indentified that lnfraco may require an 
instruction to install floating track mitigation. 

May 2009 - tie lead a design review of the track design and raise questions over the 
adequacy of the proposed design including improvement layer. This document was 
not part of the evidence presented by lnfraco. 

Letter 2ih March 2009, 050459 lnfraco write to SOS with reference to some important 
activities having slipped SOS attention. 

Letter 15th April 2009, 052911 lnfraco write to SOS expressing concern that SOS have 
not been acting upon or responding to important matters raised in previous letters. 

Letter 1ih July 2009, 053198 lnfraco write to tie with responses as required from the 
tie Design Review (May 2009). This letter was not part of the evidence presented by 
lnfraco. 

Letter 28th July 20091, 3154 lnfraco write to tie confirming details of a general issues 
meeting on 2ih July requesting an auditable trail of documentation leading to the RC 
slab as the only solution for the improvement layer. They confirmed that this 
documentation exits in an email and are checking their records. 

Letter 28th July 2009 3155 lnfraco write to SOS contending that only one solution has 
been provided, contrary to change request 0125. SOS asked to document the 
design development process including copies of calculations. 

Letter 11th August 2009, 1946 tie write to lnfraco in response to the answers provided 
(2ih July 2009) in the Design Review complaining about the lack of integration of 
design and their concern for the adequacy of design and makes specific reference to 
the track design and their expectation of a fuller and integrated response to the 
review question. Infra co have not responded to this letter. (This letter was not part of 
the evidence presented by lnfraco). 

Email 14th August 2009, lnfraco send tie a copy of an internal lnfraco briefing 
document which refers to the BODI design, a Two Stage Slab Trackform which has a 
RC slab underneath a RC slab containing the rails. The sub-base is conditioned with 
a cement bound granular material. Reference is made by lnfraco this being as per 
Nottingham tram with a capability of void spanning of 1 m. The document highlights 
the lnfraco proposal of Rhed a City track form and its benefits such as warranty of 
track quality and reliability as well as its adaptability for all alignments and its ability 
to be covered with various finishings. Minimization of structure-borne noise is also 
cited as a benefit. (This email was not part of the evidence presented by lnfraco). 

Advance copy Letter 24th August 2009, SOS reply to above letter advising the 
rationale for the RC slab being the only solution for void spanning and prevention of 
catastrophic collapse of the track. They confirm to lnfraco that calculations are 
available for inspection and audit off site. They also state that tie requested lnfraco 
at a meeting on 20th August 2009 to do further investigation into the design concept 
of using reinforcement in the track slab. SOS contended that this would not achieve 
120N/m2 and asked lnfraco to resolve this anomaly. 
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Letter 25th August 2009, 3347 + attachment. Infra co write to tie to confirm that contrary to 
previous statement, they do not have email confirmation (by implication any 
confirmation) from SOS that the RC improvement layer is necessary - only an 
advance copy of a letter of the previous day (24th) which was in response to the 
immediate request. Post audit note - tie have @}responded to this letter --Or-aft--1:i-ow 
prepared. 
(INF_ CORR_41_1_4_refers). 

Letter 1st September 2009, 3402 lnfraco write tie to confirm that they are producing 
three options/solutions for the track improvement layer. They also confirm that 
Princes' Street construction will proceed on basis of existing design. (Note earlier 
suggestion that the selection of the improvement layer will be based on site 
inspection, 11th March 2009). Post audit note - tie have ROt-responded to this letter -
Draft-now--p-repar-ed-.-(1 NF. CO RR _41.14. refers). 

Letter 13th November 2009, 2792 tie write to lnfraco acknowledging receipt of lnfraco 
letter 28th July 2009 1 and asking for lnfraco to confirm that "the designers only 
workable option is for reinforced concrete". Refers to a joint Track technical meeting 
with an action for lnfraco to table a draft design based on LUAS light rail system. It 
summarises by concluding that "it would appear that the only workable solution may 
be RC slab but not necessarily throughout the whole route". Recommends a follow 
up workshop once BAM produce draft design. 

Letter 23rd November 2009, 057067 lnfraco write to tie with reference to the possibility 
of putting reinforcing bars in the track slab following a Track Technical meeting on 
20th August 2009. lnfraco raise a number of disadvantages/risks associated with this 
idea and confirm that as a consequence they will not be proposing any general use 
of a reinforced track slab. Note - All the arguments put forward by lnfraco against 
this proposal are demolished by the floating slab design for specific areas submitted 
on 1st February 2010. Post audit note - tie have fl-Ot-responded to this letter0 

(23/11/09) pending an internal meeting FMcM/WB/David Bateman. Draft now 
p-r:epar-ed-.(INF CORR 4114 refersL 

Letter 1st February 2010, 057200 lnfraco write to tie inviting review comments on a 
Floating Slab Design proposal to reduce noise and vibration in certain areas. This 
design demolishes all the arguments put forward in letter 23rd November 2009 
against a reinforced concrete track slab. This appears to be in response to mis
alignment No.2. Post audit note - tie have f:l~!--responded to this letter..([N.E..QQRR 
41.14 _refers). 

Letter 24th February 2010, 4781 Infra co write to tie with responses information to 
answer the audit follow up questions. 
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Design Audit - OLE and Foundation Design 

1. Audit Team 

Robert Bell - tie 

Colin Matlock - tie 

Donny Mackinnon - tie 

Joanne Glover - DLA Piper 

Robert Rocke - AECOM 

2. Scope of Audit 

Colin Brady - BSC 

Alan Dolan - BSC/SDS 

lneke Van Klavern - BSC 

John Newton - BSC 

Balthazar Ochoa - BSC 

During January and February 2010 tie ltd undertook an audit of the ETN lnfraco 
Contract under Clause 104 in relation to Changes and Differences in Design as it 
pertains to the OLE and Foundation design 

The critical success factors I objectives of the audit were to:-

Item 1 - Understand the rationale and source of the Design Change 

Review of evidence to substantiate why the IFC design constitutes a Change under 
the lnfraco Contract 

Review of evidence as to whether change emanated from lnfraco, an approval body, 
or client instruction. 

Item 2 - Understand the process for design programme management in terms 
of time, cost and value management 

Confirm and evidence that delivery of the IFC was not delayed by late or inadequate 
instruction or information from lnfraco members or subcontractors (including SOS) or 
any other third party. 

Confirm and evidence that lnfraco and the SOS Provider considered how a change 
could be mitigated in terms of cost and time and how they considered best value. 

Item 3 - Identify how the design approval process has been followed 

Review of evidence that Planning, technical approvals and close out of informatives 
was completed prior to IFC 

Provide evidence that the Programme obligations for the changed design have been 
discharged. 

Demonstrate process for carrying out an Inter Disciplinary Review [IDR] including 
how integration of the Siemens design was carried out. 

Provide copy of Buildability reports and evidence of COM & ROGS compliance. 
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3. Audit Objectives 

3.1 Item 1 - Understand the rationale and source of the Design Change 

The audit sought to obtain an understanding from the consortium why the design of 
the OLE and associated foundations had changed to its current design. 

The audit team requested that the consortium provide details and evidence in 
support of the design rationale and details of calculations that drew them to the 
current design conclusions. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design processes they had gone through and the selection of options with risk 
assessments they had carried out to bring them to the current IFC design solution. 

Findings 

The OLE design changed as a result of the lnfraco Proposal and the instruction 
issued by tie arising from the OLE Development Workshop. A change was 
anticipated under the SOS Novation Agreement .. , however tihe nature of the 
change in design with respect to the size of the OLE foundation (it has increased in 
size and weight) requiresg furthe-r-investigation.Jl~ .. D..Qt.~§..1b.e!.1b.~ .. !J.!J.[1Qg[.Qf..P..QJ.~.§ .. 
has.reduced_ and_ that this _was_ also_ anticipated_as _a_ consequence _of acceptinq_the 
Infra co _P roposa Is... Apart-fr-om-the--addi-ti-onal--sost-asso-siated--w-ith-the-GOflstrnction--of 
an--indiv-id-ual--pole--f-o-undati-ofl-,--t-he--de-sign--has-an--impact--on--utilities--loGaH-o-+ts 
p-ositi-ofl-, 

A6 technical audit of the OLE pole foundation design was undertaken using 
appropriate technical expertise from AECOM. In summary, their report finds:-

SOS have presented a reasoned methodology for the base designs that may 
be required along the tram route. Their design addresses the applied un
factored loads from the poles, vehicular impact and economies/efficiencies 
that can be achieved where soil strata varies along the route. 

SOS have applied appropriate factors of safety as described in relevant codes 
and standards, to the un-factored loads advised by Siemens, to produce a 
safe design. 

Designs appear to have been undertaken exercising reasonable skill, care 
and diligence. 

3.2 Item 2 - Understand the process for design programme management in 
terms of time, cost and value management 
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The audit sought to obtain an understanding from the consortium how they managed 
the design process in terms of ensuring that the designs were economic, of good 
value, approved and delivered in a timely manner to support the overall construction 
programme. 

The audit team requested that the consortium provide details and evidence to show 
how they directed the programme to ensure that it remained on target showing 
details of how they ensured that good value management had been included to 
achieve best value to the client. 

It was anticipated that the consortium would be able to outline and demonstrate the 
design programme and demonstrate how they had introduced best value options into 
the process to deliver an efficient and economic end product. 

Findings 

A design programme has not been utilised or maintained to deliver the OLE and/or 
foundation civil design in a timely manner. 

The consortium does not have an agreed design programme for OLE and consider 
that they are carrying out the design work on a priority basis. They cite the absence 
of an agreed Programme as being the reason for a lack of design programme. 

In the absence of an agreed design Programme there is no evidence of delivering to 
a programme. 

Based on the explanations offered at the audit, and a review of correspondence it 
appears that the design team are being instructed to produce designs and variations 
on the basis of meetings, without formal minutes. Design reviews are being 
undertaken when a design is ready and recorded in a set of meeting minutes. It 
could not be verified from the evidence presented that the reviews considered value 
engineering alternatives in the discussions. 

Changes in design have been communicated within the consortium by an exchange 
of an lnfraco (Siemens) spreadsheet. 

There was no evidence to suggest that the design and/or variations were undertaken 
to achieve Best Value. It cannot therefore be confirmed that the current designs 
provide an efficient and economic end product. 

3.3 Item 3 - Identify how the design approval process has been followed 

The audit sought to obtain confidence from the consortium that the design process 
has been fully integrated and had obtained all the necessary approvals and consents 
so as not to delay the construction programme and deliver best value. 
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The audit team requested that the consortium provide details and evidence in 
support of the system integration processes, change control, design reviews and 
close out. 

It was anticipated that the consortium would be able to produce an activity schedule 
along with evidence to demonstrate that the necessary steps had been taken to 
achieve a fully integrated and compliant design. 
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Findings 

The audit determined that the process to manage design integration was applied in a 
manner which was limited by the different (and opposing) commercial considerations 
between the consortium members - (including the commercial consideration of 
SDS), controlled on a day to day basis by Bilfinger Berger. 

Interface Control Forms (ICF) have been generated during the design process but 
were not able to evidence that an iterative integrated process of review and rework 
had taken place to achieve the most effective and economic design suitable for the 
ground conditions and environment of the ETN. 

•--

4.0 Review of Evidence 

OLE design lead by Siemens with SOS addressing the design of the foundation 
bases. 

Design Development Workshop held to address mis-alignment between lnfraco 
Proposal and current requirements. 

Change 4 - Location of Poles 
Change 5 - Lighting Pole locations 
Change 6 - OLE soffit fixing to Depot Access Bridge 

Calculation Summary sheets for OLE Pole Loadings 

OLE conflict schedule never provided by lnfraco. In the absence of a schedule tie 
instructed SOS to provide a schedule for Leith Walk. (ref Colin Neil, tie) 

Numerous Correspondence lnfraco - SOS re number and location of poles. 

Correspondence Infra co - tie with reference to mis-alignments 

Letter 13th January 2009, 050294 lnfraco writes to SOS enclosing detailed design 
document "OCL Layout Drawings and Table of Foundation. 

Letter 19th January 2009, 050338 lnfraco writes to tie confirming a previous discussion 
w.r.t. changes impacting the location of OLE infrastructure - mainly Forth Ports 
requirements and road layout changes. lnfraco propose to minimise cost and 
programme impacts that all changes up to 19th January be incorporated in a single 
design revision. (tie reply 121

h March 2009) 

Letter 30th January 2009, lnfraco writes to SOS with Design Change notice 087. 

gth February 2009, SOS issue change notice to lnfraco. 

23rd February 2009, SOS issues a revised change notice to lnfraco. 
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Letter 25th February 2009, lnfraco writes to SOS withdrawing RDC 059 (Gogar 
Landfill Embankment). 

5th March 2009, lnfraco agree estimates with SOS 

9th March 2009 - 25th June 2009, correspondence lnfraco, SOS, Siemens regarding 
estimates. 

Letter 1ih March 2009, tie writes to lnfraco in response to their letter of 19th January 
2009 and accepts the lnfraco proposal as a pragmatic way forward for dealing with 
design changes. (Not provided as audit evidence by lnfraco) 

Letter 1 ?1h March 2009, Infra co write to SOS complaining that SOS have allowed 
three and half months to elapse since they sent tie's comments to them rejecting 
CEC comments as grounds for a tie change. lnfraco confirm that they are holding 
SOS responsible for delays that may arise in the progress of the works due to late 
response. 

Letter 20th March 2009, 1889 lnfraco writes to tie enclosing issue one of the output of 
the Design Development Workshop. tie asked to accept the conclusions in respect 
of the identified mis-alignments. (tie reply 29th April 2009) 

Letter 25th March 2009, lnfraco writes to SOS regarding Airport Prior Approvals 
including poles. 

Letter 9th April 2009, lnfraco writes to tie enclosing a copy of the Design 
Development Workshop report. (Not provided as audit evidence by lnfraco) 

Letter 1 ?1h April 2009, tie writes to lnfraco confirming their acceptance of the Design 
Development Workshop report. (See tie letter 29th April which seems to open up the 
discussion again). (Not provided as audit evidence by lnfraco) 

Letter 2ih April 2009, 2403 lnfraco writes to SOS with request for design change No. 
113 to redesign OLE pole foundations and layout due to increased loadings, 
identified as mis-alignment. Estimate requested. 

Letter 2ih April 2009, 2404 lnfraco writes to SOS with request for design change No. 
114 to amend OLE System Design Documents, identified as mis-alignment. 
Estimate requested. 

Letter 2ih April 2009, 2405 lnfraco writes to SOS with request for design change No. 
115 to amend OLE Building Fixings Load and Layout drawings, identified as mis
alignment. Estimate requested. 

Technical report dated 25th February 2010 from Aecom discussed the detail behind 
the foundation design following an inspection of the design methodology and 
calculations and found it to be appropriate. 
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