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1. INTRODUCTION

Due to scaling in the condenser tubes at Majuba power station, the condenser needs to be cleaned There
has been an attempt to clean unit 5 condenser using HPWJ during a 10 day HSSD in August 2021 but the
scaling could not be removed, Similar attempt with HPWJ was also done on unit 4 but unsuccessful On
unit 4 chemical cleaning was performed and proved successful in 2021 The current method chosen for
condenser tubes that Is severely scaled 1s chemical cleaning This document gives the specification and
scope of work for the chemical cleaning of Majuba unit 4-6 condensers

1.1 SCOPE

The scope I1s provision of chemical cleaning service fo clean units 4 — 8 main condenser tubes at Majuba
power station The scope includes the installation of spades (4 off per unit - spades will be free 1ssue by
Employer) that will be installed in the condenser inlet and outlet ducting as indicated on the drawing in
Appendix B CONDENSER DRAWING SHOWING INSTALLATION OF SPADES These spades will
remain In place for duration of chemical cfean and will only be removed after finai flushing on completion
of chemical cleaning The Contractor shall provide a chemical cleaning method statement requirement to
the Employer for acceptance

Furthermare, befare chemical cleaning can take place In the condensers, the service shall also include
removal of rubber ining and re-instating corrosion protection by means of epoxy coating of the waterbox
The Employer advises that to ifs knowledge the existing corrosion protection for unit 4, 5 and 6 1s rubber
lining, however the Contractor need to also provide method statement and repair procedure should epoxy
coating be the extsting coating n the waterbox

1.2 APPLICABILITY

This document apphes to Majuba Power Station, on unis 4-6

1.3 SCOPE BOUNDERY

This shall be executed on the cooling water side of the condenser, begins at the condenser cooling water
inlet flange and ends upstream of the taprogge screen flange as shown In the Figure in Appendix B This
scope also includes coating of that section and installation of the spades to facilitate chemical cleaning
1.4 REFERENCES

[11 180 2001 Quaity Management Systems

2] 240-101712128 Standard for the internal Corrosion Protection of Water Systems, Chemical Tanks
and Vessel and Associated Piping with Linings

[3] 240-162132332 Tender Technical Evaluation Strategy ~ Condenser acid cleaning
[4] 240- 56030499 Condenser healthcare guideline

[5] 240-107677940 Specification for HP Jetting of condensers and HEX

[6] TRD/MAT/22/040 Majuba Power Station Condenser Waterbox Lining Specification
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1.5 DRAWINGS
[7] 0 66/81535
[8] 0.66/80994

Public domain: published in any public forum without constraints (either enforced by law, or discretionary)

2. SCOPE OF WORK

2.1 CONDENSER INFORMATION
See APPENDIX A at the back of this document for Majuba condenser tubes information

2.2 SELECTION OF THE CHEMICAL CLEANING SOLVENT TO BE USED

The Employer uses a guideline to properly select the correct material to be used which will be an effective
combnation of the scale removal and prevention of damage to rest of the condenser Table 1 and 2 below
provide a guide 1n terms of solvent choice versus scale and condenser material of construction Majuba
cooling water chemistry data has been made available in additton to Table 1 and 2 to assess and properly
select an effective chemical cleaning soivent for condenser cleaning as there will be available condenser
tube sample to test the cleaning solvent efficiency

TABLE 1: COMPATIBILTY TABLE FOR CHEMICAL CLEANING SOLVENTS AND SCALE

KEY

Solvent/ Major Deposit Component {see key and notes)
Chemical Carbonates Phosphate | Sulphate | Silica | Gopper iran Sulphides
Name Oxides | Oxides
Hydrochloric c c c c c
Acd
Hydroehloric
Acid and
Ammonium c ¢ < ¢ ¢ c
Biitouride
Sulphuric Acid C C
Sulphurc Acid
and Armmeonium c c c
Bifluoride
Phosphoric
Acid c c
Citne Acid C

C = COMPATIBLE
BLANK = NOT COMPATIBLE.
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However, the selection criteria does not end with the compatibility table as this would leave the matenals
in the condenser exposed to chemicals that it might not be compatible to, thus a second table was put in
place, one that considers the matenal of the condenser tubhes Table 2 I1s the compatibility table hetween
the tube materials and the chemical cleaning sclvent, this table only includes Titanium since Majuba
condenser tubes are all made of Titanium, however for a table that includes all matenals, please see Table
D 5 of document 240-56030489*Condenser health care guideline Rev 3

TABLE 2: COMPATIBILITY TABLE BETWEEN TITANIUM AND THE TITANIUM AND CHEMICAL
CLEANING SOLVENTS

Inhibited solvent Titanium
Hydrochlone Acid C6
Hydrochlenc Acid and Ammeonium Bifluoride X9
Hydrachloric Acid and Thioure C6
Sulphuric Acid S
Sulphamic Acid S3
Sulphuric Acid and Ammonium Biflouride X9
Sulphamic Acid and Ammonium bifluoride X8
Phosphoric Acid C6
Hydroxyacetic-Formic Acid

Hydroxyacetic-Formic Acid X
and Ammonium Bifluoride

NaEDTA 8
Ammoniated EDTA ?
Ammoniated Citric Acid S
Ammoniated Citrnic Acid X

and Ammonium Biflucride

Key' Used for table 2 ahove
S - Can be used safely

C — Care require for satisfactory use (stricter limitations of pH, Temperature, and/or solvent
concentrations), Spectal inhibitors may be required

X — Do not use
? - tnsufficient data available
NOTES

1 — Maximum temperature (49°C)
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When downloaded from the EDMS, this document is uncentiolled and the 1esponsibiity rests with the user to ensure it1s i line
with the authorised version on the system



ffiajuba Units 4-6 Condenser Chemical Cleaning SOW Unique dentdfier  240-167277050
Rewvision 1
Page 6 of 16

2 — Maximum temperature (60°C)

3 — Should be used at lower temperatures to reduce corrosion rates, should not be used on sulphide
penetrated stainless steel

4 — Do not use in the presence of ferric ions or other oxidizing matenals
5 — Recommend adding 0 2% of ferric chlonde to protect titanium

8 - Free ammania In the presence of oxygen can lead to stress carrosion cracking, even with ammoniated
EDTA or ciric acid-based solvents with an nitial pH of 5-8, pH values often nse above 75 during
dissolution of depesits, cracking Is possible at or above pH 7 &

7 — May be used for low initial pH procedure provided the pH is kept below 7 5 during deposit dissclution
The standard passivation stage must not be performed

8 - Hydrochloric acid and/or ammonium be-flouride shall never be used on stainless steels (particularly
austenitic grades such as “300") and titanium tubing Austenitic stainless steels are susceptible to pitting,
crevice corrosion and stress corrosion cracking (SCC) in hydrochlorc acid in a vanety of concentrations
and temperatures

From the tabie above an acid to ¢lean can be chosen and a recommendation made to Majuba which will
then be tested in The Employer’s laboratory for effectiveness, in terms of cleaning and risk to the tube
material {Titanium Grade 2)

2.3 GENERAL REQUIREMENTS

1. All the work mentioned in this scope of work is the responsibility of the Contractor except where
specificaily noted otherwise

2 The Contractor shail install spades on the niet and outlet ducts as indicated on drawing
066/80994 as marked In red (see Appendix B. CONDENSER DRAWING SHOWING
INSTALLATION OF SPADES) to prevent the chemuical cleaning solvent (acid) in the CW ducting
and valves as well as the tube cleaning system strainers All ngging equipment wil be the
responsibility of the Contractor

3 The Contractor shall recommend the chemical cleaning solvent to be used for cleaning the
condenser, this chemical cleaning solvent shall be approved by The Employer before it can be
used for cleaning the condenser Table 2 s of typical cleaning solvents but the list 1s not
exhaustive, the Contractor can make recommendations that are not listed in table 2,
recommendations are subject to approval by the Employer before use

4 The Contractor shall inspect the condenser waterboxes and tubes Remove any ioose debris and
unblock any tubes blocked with on-line cleaning balfs or other debns Before chemical cleaning
can be executed, the tubes must be unblocked using HP water forward facing nozzle, the purpose
of HP Water is not to remove the scaling on the tubes but rather to remove residual siudge in the
tubes and to unblock tubes that are blocked, Remarining resiricted tubes which was not cleared
shall be plugged prior to proceeding with chemical cleaning, The Employer’s system engineer
must be given a time slot to update to tube map for all the new tubes that are plugged before
cleaning commences The requirement I1s that tubing be "unblocked” to allow passage of the
chemical cleaning sciution through the entire length of the tube
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The nsk of blockage on waterbox piping systems such as vent or drain lines and the consegquence
in terms of pressure build-up In the waterbox dunng the chemucal clean shall be carefully
evaluated and appropriately mitigated

This work will be executed during outages and the Confractor shall attend the daily outage
meeting, otherwise a meeting 15 to be held every morning with the system engineer and relevant
outage co-ardinator to give progress feedback

It i1s the responsibility of the Contractor to familiarize him/herself with the layout of the plant and
the area of where the condenser Is relative to the turbine hall

If compressed air is required, the Contractor shall provide dedicated compresscrs

Raw water to be used for chemical cleaning is available at the Employers facility however the
Contractor shall supply connection piping from the raw water connection point to Unit 5 The
contractor is encouraged to visit site and view the connection point for purposes of sizing the
required fithngs and actual length of piping required The raw water tap off point 1s approximately
0 8km away from unit 5

2.4 CORROSION PROTECTION REQUIREMENTS

1

When the waterbox is accessible, an inspection of the corrosion protection shall be done in case
the waterbox Is rubber lined then rubber Iining 1s to be removed and replaced with coating In
accordance with document GAMMAT/22/040 "Majuba Power Station Candenser Waterbox
Lining Spectfication”, in case the waterbox is already epoxy coated then the Confractor shall
recommend a repair method and give a method statement of the repair to be done based on the
Inspection, this method statement shail be approved by the Employer before repairs are
executed

Corrosion protection shall comply with the requirements of GAM/MAT/22/040 Majuba Power
Statron Condenser Waterbox Lining Specification

The tender must include a price per m? for removal of rubber lining and application of the new
coating

2.5 CHEMICAL CLEANING SCOPE OF WORK

Isolate condenser from the main cooling water system by installing spades as per appendix B

This scope will be executed dunng outages and as a result the Employer cannot guarantee
electricai power supply at all iimes therefore the Contractor shall provide alternative options such
as diesel driven high pressure machines as part of this contract

Before the chemicals are introduced the Contractor will perform an inspection o assess the
condition of the waterbox corrosion protection The corrosion protection can be a combination of
rubber lining as well as prior epoxy coating The Contractor shall remove the existing rubber and
replace with coating as per specification GAM/MAT/22/040

All water box sacrificial anodes to be remaoved prior to chemical cleaning, these will not be re-
instated after epoxy coating was applied

Fit any necessary temporary conhections and spades for any other openings and connections
other than the mam CW duct spades and as selected by the chemical Contractor to aliow for proper
clirculation of the solvent through all the condenser tubes It must be remembered that the chemical
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selected will also affect different part of the condenser thus protection of those parts may be
required before chemical cleaning can commence The Contractor shall consider his particular
pumping capabilities to ensure immersion and circulating flow of cleaning solvent through ALL
tubes The Method statement shall consider venting of air packets and build-up of gasses

8 Fill the steam side of the condenser with demineralised water to 9m level (Just below the M3 door
see APPENDIX B}, the condenser must be soaked for a duration of 24hours before a tube leak
inspection can commence After 24hours inspect for any tubes that are leaking from the water box
Any tubes found to be leaking must be plugged The water 1n the steam space will be used to dilute
the chemicals should there be minor tube leaks that were not identified or newly developed tubes
leaks white chemical cleaning 1s taking place

7. FHl the water side (Tube side) of the condenser with raw water (or portable water) from station
supply The Contractor wil connect his circulatton pump station and establish circulation, the
circulation velocity in each tube must be between 0 2m/s and 0 3mfs Pump/s shall produce a
maximum pressure of 130KPa at 0 m¥h flow measured directly at pump discharge The pump(s)
will be fitted with a pressure cut out switch that will cut the power source to the pump/s should the
pump discharge pressure exceed 130KPa This operation will be proven to the system engineer
before the actual chemical cleaning commences

8. Furthermore a safety relief vaive will be fitted that 1s sized to allow for the maximum output flow of
the pump and set to a value not exceeding 300KPa, this is ta protect the condenser CW side from
overpressure n event of failure of the pump cut out switch This shall be detalled 1n a procedure
and accepted by the system engineer before the work commence

9 The correct operation of the above mentioned protection equipment shall be confirmed prior to the
chemical cleaning operation In all cases the waterbox pressure shail be recorded by means of an
electronic recorder with a recording frequency of not less than once every 30 seconds. Pressure
monitoring shall appear on the QCP and shall be monitored prior to cleaning up to when the
condenser 1s draned The Coniractor shall designate a suitable employee to monstor this
intervention accordingly and record this in the QCP documentation

10. Circulate the potable or raw water for 1 - 2 hours and check for leaks on the system/temporary
piping before injecting the chemical cleaning solvent Once satisfied that there are no leaks that
would force premature termmation of the chemical clean stop circulation and drain off an amount
of water equivalent to the amount of the chemical cleaning solvent to be added to achieve the
desired actd concentration

11 Commence circulation and begin acid injection strictly as per the composittons/concentrations for
the titanium tube material as detailed below The chemical solution will be inhibited with the correct
concentration of appropnate mhibitor Only inhubitors that have previously been tested and
approved by the Employer for titanium tube matenal shall be used If new/untested inhibitors are
proposed then these shall be tested for effectiveness by the Employer before any use. A "steel
wool” test shall be conducted hourly to ensure the effectiveness of the inhibitor 1s satisfactory. The
test mvolves dropping a ball of steel wool into a sample of the cleaning solution and to monitor any
bubble formation and/or physical rise of the ball to the surface In the case of the later more inhibitor
shall be added to the salution circulating in the candenser and the “steel wool” test repeated. The
acid concentration shall not at any time exceed 7 5% by mass Continue circulation and ensure
adequate gas release
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12. The cleaning proceeads on the basis of circulation, usually for approximately 6 hours, although this
could vary depending on the nature of the scale/deposit to be removed

The cleaning process i1s terminated on the basis of chemical analysis, which indicates stability of
the residual acid strength of the bulk solution and no further Increase in the concentration of the
scale/deposit species in the bulk solution as monitored on at least a 30 minute interval

N B Chemical analysis appropriate to the constituents in the type of scale being dissolved, as well
as restdual acid strength, shall be performed by the Employer's Laboratory at a frequency of not
less than once every 30 minutes,

e The free residual acidity of the cleaning solution must not be allowed to decrease to below
2 0 % by mass at any time

e Chemical analysis for the dissolved species comprising the primary alloying constituents
of condenser tube material shall be performed at a frequency not less than once every 60
minutes to monitor corrosion protection by the inhibitor

¢« Analysis of the pH of the demineralised water In the steam space to check for acid in-
leakage

13 Stop circulation and drain the spent solvent to the FFP sump (or a sump indicated by the Emplover)
of the Unit N B All mineral acids must be neutralised with ime at the discharge point

14 Commence filing and flushing cooling water side of the condenser with potable water or raw water
quality until the residual conductivity 1s less than 100 pS/cm above the potable water conductivity

15. Circulate this water and add sufficient soda ash or tri-sodium phosphate to elevate the pH of this
solution to 8 0 (x 0 2) Circulate for a further 60 minutes to neutralise any residual acid, then dram

16 Repeat this process (Steps 1 — 16) for any condenser paths that could not be connected into the
cleaning path in serles,

17 Dram the steam side of the condenser Should any acid n-leakage have occurred duning the
operation, flush the stearn space with demineralised water dosed with ammonia to elevate the pH
to91(x02)

18 As soon as possible after the chemical clean re not at the end of a long duration outage the
remaining sludge In the tubes shall be removed by HP water washing using a forward Jetting nozzle
In most cases Low Pressure washing will be required after chemical cleaning to remove sludge
from the tubing The equipment used during HP water washing 1s part of this coniract and the
Contractor need fo provide all the equipment for this activily Because this scope shali be
implemented during outages the Employer cannot guarantee electrical power at all imes therefore
the Contractor shall provide aiternative options such as diesel driven high pressure machines as
part of this contract

19 The Contractor shall remove any temporary connections Spades in main T1 and T2 ducts as well
as any other spades

20 After HP water washing an endoscope shall be provided by the Contractor that will be used for
inspecting inside the tubes to ensure that all the scale was removed, contractor (o take note that
the tubes are 22 meter in length, The endoscope Inspections can be done from either side of the
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condenser, thus minimum endoscope probe length  the length of the endoscope shall be no less
than 12m

21 Perform a high level test and plug any tubes that have developed leaks during the cleaning process
The Employer's system engineer to update the tube map, and verify each tube leak with contractor

22 Dran the steam side If fluorescein was used for the high level test, flush until concentrations of Na
< 10ppb

23 As soon as possible, apply normal cooling water flow by charging and operating the cocling water
system Where apphicable put the on-line ball cleaning system in service
251 BLANK SPADE INSTALLATION

1 This scope Includes the installation of blanking Spades (4 off) at the beginning of the chemical
cleaning process These spades will be provided by the Employer to the Confractor, but
installation and rigging of the spades remains responsibiity of the Contractor

2 The spades are to he protected by a 3mm rubber gasket on one side to prevent the spade from
being attacked by the acid The Material of the spades is ASME SA516 Gr70

3. The spades fit inside the bolts at the PCD of the mating flanges and have 2 hfting lugs on the
sides as shown in figure 1

4  There are 2 sets of spades available on site, ¢
4 1 Set one has the following dimensions
a}  Inlet side are 18mm thick and 1970mm OD,
b}  Outlet side are 18mm thick and 2380mm OD
4 Z Set has the following dimensions
¢) Inlet side are 8mm thick and 1970mm OD,
d)  Qutlet side are 8mm thick and 2380mm OD

T Minimem figament thicknesy
(id

Fiimmun bganeat thickness

Figure 1: CW Duct blanking schematic

2 52 ROLES AND RESPONSIBILITIES

1  Opening of the manway covers shall be the responsibility of the Employer
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2 Instailation of the Mamn T1 and T2 duct spades as well as any other required spades shall be the
responsibility of the Contractor

3 Gas testing shall be performed by the Employer once requested by the RP (Responsible Person
abtaining the permit to work)

4 The Contraclor shall supply ther resources 3 months before the work starts to obtan the
necessary training to become an RP Please refer to the NEC contract data for more information

5 The Contractor will be responsible for the permits taken on the condenser This includes the
confined space permit

8 Scaffolding shall be supplied by the Employer when requested

2.6 EQUIPMENT / TOOLS LSITS

The Contractor will comptlete the tables below to indicate the equipment as a tool list that will be used
during the chemical cleaning activities

Table 3 (Chemical cleaning requirements)

Contractor to complete columns 1 and 3

Quantity

provided by the | Tool/ _Eq_u;pment Description Units

Confiractor per | Description

MTC condenser
P Head m

umps Flow m/h

Muang tank m?3
Flexible hoses for Number off
conveying of
chemical Diameter, mm
solutions
Vaives related 1o Number off
Isolation of Diameter (DN)
chermical solution

Table 4 (High pressure cleaning requirements)

Contractor to complete columns 1 and 3
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Quantity
provided by the | Tool I.Eq-uipment Description Units
Contractor per | Description
MTC condenser
bar
HP pumps T
Number off
HP fiexible hoses Internal Diameter,
mm
Length, m
HP nozzles Make
Diameter, mm
Foot Valves Number off
Size

2.7 DOCUMENTATION
The Contractor shalt supply the following information

1 A method statement detading the chemical cleaning process shall be approved by the Employer
before any werk commences
2 Al QCP for both the Corrosion protection lining and cleaning shall be pre-approved by the

Employer before any work start Hold points for engineering will be added after each major activity
Contractor QC will have hold points for each activity on the QCP.

3 On completion of the scope a tube map indicating all tube phugs will be submitted after the final
high level test was concluded to Employer’s system Engineer for verification and record keeping

4 Calculation of mass of scale removed per CW pass

2.8 TENDER RETURNABLES

The Contractor shall supply the following information as tender returnable's as part of his tender Should
the mandatory returnable not be supplied tender will be rejected and considered non-compiaint

The quahtative criteria will be used to evaluate the suttabiity and comphiance of tender {o the actual scope
of work requirements

a) The Contractor shall provide demonstrable ewvidence that the company has previously
successfully chemical cleaned a Power Plant main turbine condenser (>200MW) in the
previous 5 years At least three references shall be provided
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b) List of exclusions or alterations to this Scope of Work, if no exclusions or deviations a clear
statement must be provided as such, if no statement 1s provided then the tender will be
negatively affected

c) The completed hst of equipment that will be used durnng the execution of the acid ¢clean as in
table 3 of this document Section 2 8)

d) The completed list of equipment that will be used for the HP cleaning / flush as in Tabie 4

e) Provides demonstrable evidence that key personnel working for the Contractor or sub-
contractor, which shall be responsible for the repairing the corrosion protection in the
waterboxes, have previcusly successfully, reinstalled the corrosion protection in a power plant
main furbine condenser waterboxas of a similar size Ih the previous 6 years Proof of at least

two full condenser waterboxes needs to be provided

3. REVISIONS
Date Rev. Compiler Remarks
November 17 [ Q Mi Mgenge
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APPENDIX A: MAJUBA CONDENSER TUBE INFORMATION

CONDENSER INFORMATION:

Power Station

Majuba Power Station

Unit 4,56

Component Main Condenser

Scope Chemical clean all tube (Including Air extraction &
Impact tubes)

Access date 02/03/2021

Outage Duration 68 days

Reference drawings

See aftached tube sheet layouts

The total number of tubes in the Unit 4 main condenser 1s 20 676, each 22m fong, straight tubes with
no bends These tubes are arranged i 2 individual watarboxes, with 10338 fubes per waterbox

HEAT EXCHANGER SPECIFIC INFORMATION:

Tube details Main Condensing | Gas removal sections | Impingement sections
sections

Tube material ASTM B338-91 Gr2 ASTM B338-91 Gr2 ASTM B338-91 Gr2

Number of Tubes, 17212 1040 2424

Effective Tube Length | 22m 22m 22m

Overall Tube Length 22 09m 22 08m 22 09m

Tube 0D 22mm 22mm 22mm

Tube Walf Thickness' | @ 8mm 0 5mm ¢ 7mm

Tube Profile Straight Straight Straight

Anticipated Scale | ¢ Smm-1mm 0 5mm-1mm 0 5mm-1mm

Thickness.

Tube stick-out from | 0 045mm 0 045mm 0.045mm

tube sheet (infet/outlet)

Tube Coating Tubes are not coated | Tubes are not coated | Tubes are not coated

Water box Access

Waterbox will not be removed from the plant

Water supply Raw water available at the MCW duct drain line, it 1s however encouraged
that the supply visits site to identify a water source which will be more suitable
for their pump and piping

Electricity supply Single and three phase supply available at 30m from the water box
However, the Contractor {o supply alternative options

Scaffolding Scaffolding will be supplied by the Employer

Samples No scaled tube samples avallable, attachment of the latest chemistry of the

cooling water 1s in Appendix C

CONTROLLED DISCLOSURE

When downloaded from the EDMS, this document s uncontrotled and the 1esponsibiity rests with the user to ensuie ttis In line
with the authorised versiaon on the system
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APPENDIX B: CONDENSER DRAWING SHOWING INSTALLATION OF SPADES
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APPENDIX C: WATER CHEMISTRY ANALYSIS

Table 5 Water Chemistry analysis

<0, | <1 <0
17| 10| 01 0 110 78 21 38 4, 00
230 1 213 0 9| 91}97|09502 7 208 8| 84 9276 |895| 725 20.1 ¢ 116 3201652711




