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EXCITATION MANAGEMENT STRATEGY SUMMARY

1 Objectives

To provide GuidaNGe In e proacve MaNagEMEnt 3nd imely replacement of il SXCI3NoN SyStems,
taing o consideration the 1ol

Ensure Excialion Systems are cperated W ManWachrers recommendations and
design imits

Performance targets (12ady state and CYNAMIC OPEratona fE6pONSe) re Met or excesded
B3se o 0be0IESOENCE, D3RS ANy 3nd fisk BsESSMENt, JcIvely Feplace exctaton
systams 1o reduce the prODADIty Of un-eparabie harOware and somware falkres of
UNECONoMC repars.

Ensure 3l maninance INCUONg preventaive mantenance NG Condion MONRONng
foutnes, e adhered 1 WENIN the prescrbed specifications and

Ensure 3l eXCI30n SySiems pOCUTEG e C3paDie Of Meeting cument and any planned
QENerator upgrades (wWhefe economicaly vible)

Ensure that exciation systems meet EIPC' requrements.

2 Key Strategy Statements

The e expectancy of SlCTONC EXCRILON SyStems s 15-20 years (both Aigta and
anaiogue) and 10-15 years for PLC based exciaton systems

Life expectancy of exstng and the selecton of new excliation systems I govemed Dy
spares avalabiity, OEM SUDPOrt, envionmental conditions, avalaiity of technical skils
3nd ablity to mest EIFC requirements

Standardise excitaton systems 10 3 IMfied nuMber Of ManuUfactrers, minmising he
nUMDer Of Spares heid and FESOUTCES fQUIed WENOLE GOing 1D 3 Single Manufacturer
307085 e whce fiest

3 Spares Strategy

‘Set and hold minimUM spares (senicsabie) SI0CK IEVe's Tr £30h SXCIATON SysteM fype. 35
etermined by cAtcally anaysis, where 1§ economically viable

Falied componenis Wil be repaired or disCarded Dased On €conomics and future suppon
requrements

‘Spares shal be stored and managad o ensure ihey are kept I 3 senviosable state.

4 Excitation Replacement Triggers
Excitation systems Wil De proacively fepiacsd, With due consideration 1o fisk, When any one of he
folowing occar,
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Condition — Risk Heatmap (Asset Intervention Map)

Generation Type Aratiatia Ohakuri Atiamuri
Hyd ro 90 MW Station Output 112 MW Station Output 84 MW Station Output
Risk Format 1 2 3 1 2 3 4 1 2 3 4
Highest Risk Installed Capacity (MW) 30 30 30 28 28 28 28 21 21 21 21
installed Year | 1964 | 1964 | 1964 | 1961 | 1961 | 1961 | 1961 | 1958 | 1958 | 1958 | 1958
Asset Groups I {RISK] I {RISK] 1 (RISK|] I RISK|] I RISK|] I [RISK| I {RISK] I (RISK| I {RISK| | [RISK] | :RISK
Intake Gates D FIN BM en AT Fi BM FIN _s_-__r\_n__; FIN BM FIN BM FIN
Penstocks (C-H FIEH c-H GICH c-H ik B-M HGF B-M GF B-M 11 B-M B-M | B-M | B-M | B-M
Water Passages Scroll Case R Hes EHVN ras NHYE Has A &s | A &s A &s | A &s | D es WHIE Has D as TR He
Draft Tube c-L ops|ecL ‘ops _Ej_l?__i_c_)__p_ﬁ A OPS A oPS A oPS A ops D-H {ops [IHTE o D ops [IEE o
Turbines Hydro Turbines B-M | ops |¥ I B-+ i ops [W OPS A OPS A OPS A ops | p-H i FIN N C-H > C-H
Governors  Hyrdo Governors A-H {OPS A-HiOPS A-H{OPS A-Mi{OPS A-M|0OPS A-Mi0PS A-M |ops [EMEENINNMIE Ops A-H iOPS A-H jOP
Excitation BM SV | A BM FIN | A A A D D-M | FIN D-M| FIN D
Generators  Hydro Generators c-M A c-M A A A A ops [N E__qp_ﬁ_ C-H 0ps op
Hydro Bearings oPS_AH {OP ops wm iopS aw 0pS aw iops aw ors o (S0 o IS o I5NY o IO
.. HV Outdoor (110-220 kV) A oM | A oPS A W 1 iops | ‘ops | c-H  ors ISTAEETE o-s IR - PR oo AT o-
Circuit Breakers — = = e I e e e e e e e e e B
HVindoor (3.3-11kV) | e e e e e e e e e e
Transformers c-M ops | c-m Eops B-H iops D OPS NeHVE OP B-H felSH B-L Eops B-H I3 B-H e B-H Hel; B-H ol

T ._.__r

The Heatmap represents the overall Intervention period and Critical Risk for each asset
type (portfolio) and/or Station.

Within the Heatmap, users are able to access the details of that intervention or risk rating
including its underlying condition score in the Asset’s Condition Assessment by clicking on
an individual cell.
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Condition — Risk Heatmap (Asset Intervention Map)

W2W Map 2018

Generation Type
Hydro
Risk Format

Highest Risk

Installed Capacity (MW)

Installed Year

Asset Groups
Intake Gates

Penstocks
Water Passages Scroll Case
Draft Tube
Turbines Hydro Turbines
Governors  Hyrdo Governors
Excitation
Generators  Hydro Generators

Hydro Bearings

HV Outdoor (110-220 kV)
HV Indoor (3.3-11 kV)
Transformers

Circuit Breakers

Legend:
Risk Priority
Level
Intervention 1
Intervene > 10 Years
B Intervene 5-10 Years
Intervene 2-5 Years
Intervene < 2 Years
X Intervene ASAP 3
I | RISK
) K4 Colour 4
Evidence B-H H&
L |L0w Gut feel, anecdotal or incomplete data OR b
Evidence |old condition nent 5
M |Mediun1 Quantitative data, may be incomplete OR
Evidence [slightly dated condition assessment.
H :Iv?:ence mﬁ:ﬂ: ; funtlonaltelcslmg; forma. Symbol Risk Type
— H&S [Health & Safety
COM |Legal/Compliance
PEO |People
OPS |Operational
REO |Reputation
FIN |Financial + Bl
Aratiatia Ohakuri /___Atiamuri
90 MW Station Output 112 MW Station Output / 84 MW Station Output
1 2 3 1 2 3 / 4 1 2 3 4
30 30 30 28 28 28 }{ 21 21 21 21
1964 1964 1964 1961 1961 196}/ / 1961 1958 1958 1958 1958

Cc-H :oPs | c-
PRI OPS -

OPS

OPS N:EL I OPS




Condition — Risk Heatmap (Asset Intervention Map)

KAW Hotwell Pumps

KAW A

INTERVENTION

CRITICAL RISK

C-H

OPSs

Intervene 2-5 Years; High Evidence |

Significant Consequence; Unlikely Probability (OPERATIONAL)

Impeller has 2 years remaining service life according to the strategies estimated 12 year
service life. Substantial cavitation-damage was found-in thedanuary 2018 inspection,
which was repaired at th time. The impellers should be replaced within the next 4 years

The most likely failures could be recovered from within a week (provided spares are
available). The plant would operate at 0%-50% generation capacity over this time. KAG
production is ~100MW at $80/MWH a days generation is worth around ~3192,000. Some
spares have high valvues ($250k for an impeller, $350k for a metor.) Its likely any failure
will result in financila impact >5750k but <57.5m

Assessment Date:

Intervention Assessment Inspection Type:

Return Calculated Rating

Edit Assessment

Jan-18

Biennial Shut

. - . . § Adjusted
Estimated ) Original Age Since Time Until ) . )
Maintenance Date Replaced N Time Until Level of Intervention
Pump Component Replacement . Install o Overhaul | Intervention R . .
| Lifecycle or Maintained Intervention Evidence Rating
Lifecycle Date (yrs) (yrs)
(yrs)
Impeller has 2 years remaining service life according to the strategies estimated 12 year
. service life. Substantial cavitation damage was found in the January 2018 inspection, .

\mpeller/Suctlon bowl 12 8 Jan-08 Jan-08 10.0 2.0 which was repaired at the time. The impellers should be replaced within the next 4 years. 4.0 ngh C-H
Motor was overhauled in Jan 2018 with new bearings installed. The electrical tests
indicate that the rotor and stator are in good condition. It should be electrically tested in .

Motor 25 8 Jan-08 Jan-18 0.0 8.0 4 years time but will last another 10 years until a routine overhaul is required. 10.0 ngh B-H

i Labyrinth bush was found to be heavily worn at Jan 2018 inspection. The labyrinth bush

Bearings, Seals, Shafts and s 3 Jan-08 Jan-18 G ag housing was found to be out of round and oversize, gaing from an interfereance fitta a High B-H

Consumables an an * : clearance one, so the bush was reinstalled with liberal quantities of Loctite to hold in '8 =
place. At the next overhaul opportunity consideration should be given to rebuilding and

i i Inspected in 2018. Good condition
Remainder of Pump (Discharge N
. 25 8 Jan-08 Jan-08 10.0 15.0 . . High
Bowl column pipes etc ) For outage reports and further evidence of condition see:
. .

\\mrp.net.nz\data\Departments\Generation Asset Strategy\Asset Specialist [mechancical)
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Life Cycle Plan - Operations Work List (OWL)
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Life Cycle Plan - Operations Work List (OWL)

| Hydro Planning by Asset - FY2019 to FY2034
File Locatio_http:!sharepointigeneration!aszet-management-planiiain Document LibrartAll Fuel - 15 ur Project Schedule. xlsm

I Financial Year 1

= TZINEITNS

1 Station & G2 G3
I Station B

Station C
Station 0
Station B

L Station F

| Station 5 Gl G3 G2

I Station H G1 G3 G4 Gz

T Saionl |

Class 4

1 Station & =1

I Station B

P Sant | G3 Gl G4 G2

L Station D G2 Gl Gd

1 Station E G1 G2 G5 G4 G3

1 Station F

I___ StationG

I Station H
Sitation | G2

Turbire Perunneting

I Station & G2 G1 G3
Station B G1 Gz G3 G4
Station C G3 G1 G4 G2
Station 0 Gz G1 G4
L Station E G1 G2 G5 G4 G3
| Station F
I Station 5 G G2 G3
I Station H

Sitation | G2

Generator Peplacement

1 Station f G2 Gl [Ex]
f Station B

Station C
L Station 0 Gz G1 G4
1 Station E Gitats  GHS
1 Station F
I Station 5 G3 G2 G1

Station H GaE
H Station | G2 G1 G3

Gowvernor Replacement

T Station A T2 Ti

Station B T2 T1 T3 T4
I Station C T3 T2 T
L Station 0 T4

| Station B T3 T4
I Station F T TE ¥

» » | Sheetl ~Sheet? - Sheet3 | \

et Peplacement
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Operations Work List (OWL)

Monthly All Teams Resource Requirements for FY19 July to FY19

B Project Manager
June

(sorted by Role)

B Mechanical Engineer

Governor Engineer

M Electrical Engineer
M Control and Instrumentation
Engineer
H =E B
o .

Hours
Il Il Il Il Il
“* I
« I I

A\
S SN S S @ 9 S
< v"% & oéo &‘0 ge@ \ré‘o Q})"\) N '@?‘ ,\9® K > B Civil Engineer
< S Q S 2 < N X A X
Q\'\, £ \\,\9 qé Q % O <<“\ < 3 3
Q\@ A <
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Operations Work List (OWL)

Monthly Electrical Engineering Resource Requirements for FY19 July to FY19 June
(sorted by Fuel Type and filtered to show Proposed activities)
i =
! [
| || -— )
[ | - All Fuel Types
E [ | m Geothermal
Q ] [ |
) [ [
. . . . . . . . . . . mm Generic: AMP
Generic: BAU
i Generic: Overheads
Capacity
T T T T T T T T T T T 1
A " < L
\&\\ %)%“ S & & \},bc\ 0@6 ?}é‘ & é\@\ \\)(\e‘
N ot & & N & a & N > >
< o Q g N o < 4 A Q& A
& F S o < « «

16 ASSET MANAGEMENT AT MERCURY



)

Portfolio Strategy
(Market outlook, External Factors, Station performance objectives

S

= ( Asset Integrity Framework >

c

§ 4 AM Policy )

(@)

) v

Strategic Asset Management Plan
(Objectives for Maturity Growth)
| U %
N | I
Asset Group Guidelines Fuel/Reservoir Plan

= (Generic for asset group) (routine and non-routine work)

= I I

g Asset Intervention Map (AIM) GWO001 Well Register

< v

o . .

Life Cycle Plan (15 year view)
(can be per asset group, per station, per portfolio etc.)

(> (¥ v v

q>') Maintenance

% (routine and non-routine work)

(@)
| L \ // J
/a;? - o N

> Audit & Review

(@)
CYAAN Y,

17 ASSET MANAGEMENT AT MERCURY



Maintenance Management — Maximo, Eclipse and Asset
Cataloguing

> Maximo is used as the companies computerised maintenance management system

> PM tasks are informed by the asset group guidelines:
> FMECA studies
> Compliance requirements (Geothermal Regulations, PECPR, EIPC etc.)
> Current challenge with Maintenance management is lack of consistency (Maximo,
Eclipse, Drawings etc.)
> Unreliable OEM drawings
> Assets exist physically but not on drawings, in maximo or in eclipse & Vice versa
> Typo’s and language used (e.g vaporizer, vaporiser, vaporizor, vapouriser)
> |nconsistancy within sites and across the business

18 ASSET MANAGEMENT AT MERCURY



Maintenance Management — Maximo, Eclipse and Asset
Cataloguing

> Development of the Asset Catalogue Standard
> KKS Location Coding system adapted for use at Mercury

> |t provides standard rules that establish asset location code and description
uniformity across Mercury (Geo, Hydro and Southdown)

> Asset Catalog Standard reviewed and endorsed by representatives from across the
business

> Common terminology to be utilized, excess data moved to appropriate fields in
Maximo, typos and spelling corrected.

> Will be applied in conjunction with the Asset Tagging Standard to ensure that
equipment on site is appropriately labeled.

19 ASSET MANAGEMENT AT MERCURY



DATA EXAMPLE

Current Maximo Data

Asset Description - Location - Location Description - DCS Tagn I\(I)u f:::elr .
1005134  OEC3 Preheater (M&I A1140102) MOKO03/HAB53/AC001 OEC3 Preheater (M&I A1140102) A1140102 A1140102
1002885 OEC11 LH Preheater (M&I 143073) MOK11/HAB51/AC001 OEC11 LH Preheater (M&I 143073) 11-H-1101A 11-H-1101A
1002886  OEC11 RH Preheater (M&I 143071) MOK11/HAB52/AC001 OEC11 RH Preheater (M&I 143071) 11-H-1101B 11-H-1101B

350874 OEC-1 Preheater HE-9102C ON# A1121008 NTMO01/LGD51/AC001 OEC-1 Preheater HE-9102C ON# A1121008 1-HE-9102C

350875 OEC-1 Preheater HE-9102B ON# A1121008 NTMO01/LGD52/AC001 OEC-1 Preheater HE-9102B ON# A1121008 1-HE-9102B

350876 OEC-1 Preheater HE-9102A ON# A1121007 NTMO1/LGD54/AC001 OEC-1 Preheater HE-9102A ON# A1121007 1-HE-9102A

1002932 OECO1 Preheater RKAO1/HAB50/AC001 OECO1 Preheater MI 166040 Ml 166040
1000152  OEC21 Preheater RKA21/HAB50/AC001 OEC21 Preheater H-1101 MI 144119 |

Asset Catalogue Standard Implemented Maximo Data

Asset Description = Location = Location Description g DCS Tagn &f::tilr —
1005134  Heat Exchanger; Shell and Tube; Horizontal MOK03/HAB53/AC001 OECO3 Preheater MI A1140102
1002885  Heat Exchanger; Shell and Tube; Horizontal MOK11/HAB51/AC001 OEC11 LH Preheater 11-H-1101A Ml 143073
"1002886  Heat Exchanger; Shell and Tube; Horizontal MOK11/HAB52/AC001 OEC11 RH Preheater 11-H-1101B MI 143071
350874 Heat Exchanger; Shell and Tube; Horizontal NTMO01/HAB51/AC001 OECO1 Preheater C 01-HE-9102C MI A1121008
"350875 Heat Exchanger; Shell and Tube; Horizontal NTMO01/HAB52/AC001 OECO1 Preheater B 01-HE-9102B MI A1121008
350876 Heat Exchanger; Shell and Tube; Horizontal NTMO01/HAB54/AC001 OECO1 Preheater A 01-HE-9102A MI A1121007
1002932  Heat Exchanger; Shell and Tube; Horizontal RKA01/HAB50/AC001 OECO1 Preheater MI 166040
1000152  Heat Exchanger; Shell and Tube; Horizontal RKA21/HAB50/AC001 OEC21 Preheater 21-H-1101 MI 144119 |
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