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1. Introduction

Tutuka Power Station was constructed between 1985 and 1991. It consists of six 809MW units

The Eskom Fire Protection & Life Safety Standard [1] and good Fire Systems Engineering practice
requires Eskom power stations to record what therr fire system worst case fire scenario 1s and how
their pumping and water storage can support the worst case fire scenario as part of their fire
system design base

With additional systems such as the turbine pedestal and underfloor protection being added over
the years the worst case fire scenario demand has possibly changed. This report defines the
different fire systems and the worst case fire scenario. The report then compares the worst case
fire scenario 1o the existing water storage, pumping and piping system

This report aims at identifying all the fire protection systems and evaluates their water demand.

This should be seen as a working document and any modification or addition to the fire protection
system must be evaluated against the supply capability of the fire water system and the worst case
fire scenario in this report.

2. Supporting Clauses

21 Scope

The scope of this report 1s to Wdentify all the fire protection systems at Tufuka Power Station and
their water demand to determine the worst case fire scenario. This scenario/demand will then be
compared to the water storage, pumping and piping system and recommendations made based on
this outcome.

2.1.1 Purpose

The purpose of this document is to determine the worst case fire scenario, compare it to the
avallable water storage, pumping and piping system and make recommendations based on the
outcome

2.1.2 Applicability

This document shall apply to Tutuka Power Station

2.1.3 Effective date

The effective date will be from when the final authorising party signs this document

2.2 Normative/lnformative References

Parties using this document shall apply the most recent edition of the documents listed In the
following paragraphs.
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2.21 Normative

[1] 07 08/18.000000C  Mather and Platt Tutuka Power Station Operating and Maintenance
Manuals for Fire Control and Associated Equipment

[2] 240-54937450 Fire Protection and Life Safety Design Standard

[3] 474-11504 Fire Protection System Water Demand WCS Methodology Position
Paper

{4] FMDS07101 Fire protection for steam turbines and electric generators

P&ID Drawings

[5] 0.61/9264
services

[6] 21.61/55225

[7] 21.61/55306
system

[8] 21 61/55309

[9] 21 61/55404
[10121.61/55417/18/19/20/21/22s1
[11121.61/55417/18/19/20/21/22s2
[12]21 61/55417/18/19/20/21/22s3
[13]21.61/55417/18/19/20/21/22s4
[14]21.61/55439s1

[15]21 61/55439s2

[16]21 61/55439s3
[17]21.61/55439s4

[18]21.61/5545481
system

[19]21.61/55454s2
[20]21 61/55454s3
[21]21.61/55458
[22]21.61/55459
[23]21.61/55460s1
[24]21 61/55460s2
[25]21 61/55461
[26]21.61/55480
[27]21.61/5549351
[28]21 61/55493s2

Schematic diagram of fire control systems and associated

Common plant raw water supply system
Common plant potable terrace storage & LP distribution

Common plant air heater washing tank
Fire control pumphouse

Unit 1 Boiler Fire Protection

Unit 1 Boiler Fire Protection

Unit 1 Boiler Fire Profection

Urut 1/2/3/4/5/6 boiler fire protection
Fire fighting water distribution

Fire fighting water distribution

Fire fighting water distribution

Fire fighting water distribution

MMD workshop and stores sub basement fire protection

MMD workshop and stores ground floor fire protection system
MMD workshop and stores first floor fire protection system
Common Plant outside plant control room fire prot

I.PS diesel fire protection

Lube oil and regen plant fire protection

Lube oll and regen plant fire protection

Station transformer protection

Admin building fire protection

East fuel oll plant fire protection

East fuel oil plant fire protection
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[29]21.61/565500s1 West fuel oil plant fire protection

[30]21 61/55500s2 West fuel oil plant fire protection

{31121 61/55501 Daily 1ssue oIl store fire protection

[32]21.61/55502s1 Coal silos and conveyors fire prot

[33]21.61/55502s2 Coal silos and conveyors fire prot

[34]121.61/55502s3 Coal silos and conveyors fire prot

[35]21 61/55502s4 Coal silos and conveyors fire prot

[36]21 61/55502s5 Coal silos and conveyors fire prot

[37]121.61/55502s6 Coal silos and conveyors fire prot

{38]121.61/55509s1/s2/s3 Coal Iincline conveyors fire prot

[39]21.61/556585/6/7 Units 1/2/3 & 4/5/6 Diesel Generator fire protection

[40]121.61/55588/9/10/11/12/1381  Unit 1/2/3/4/5/6 turbine house fire protection distribution
system

[41121 61/55588/9/10/11/12/13s2  Unit 1/2/3/4/5/6 turbine house fire protection distribution
system

[42]21 61/55588/9/10/11/12/13s3  Unit 1/2/3/4/5/6 turbine house fire protection distribution
system

[43}21 61/55588/9/10/11/12/13s4  Unit 1/2/3/4/5/6 turbine house fire protection distribution
system

[44]21.61/55588/9/10/11/12/13s5  Unit 1/2/3/4/5/6 turbine house fire protection distribution
system

[45]121.61/565588/9/10/11/12/13s6  Unit 1/2/3/4/5/6 turbine house fire protection distribution
system

[46]121 61/55588/9/10/11/12/13s7  Unit 1/2/3/4/5/6 turbine house fire protection distribution
system

[47]121.61/55606/7/8/9/10/11s1 Unit 1/2/3/4/5/6 generator transformer fire prot
[48]21.61/55606/7/8/9/10/11s2 Unit 1/2/3/4/5/6 generator transformer fire prot
[49121.61/55606/7/8/8/10/11s83 Unit 1/2/3/415/6 generator transformer fire prot
[50]21 61/55606/7/8/9/10/11s4 Unit 1/2/3/415/6 generator transformer fire prot
[51]21 61/55612/13/14/15/16/17s1  Unit 1/2/3/4/5/6 turbine fire protection

[62]21 61/55612/13/14/15/16/17s2 Uit 1/2/3/4/5/6 turbine fire protection
[63]21.61/55678 Station diesel generator protection
Mechanical Drawings

[54] Turbine underfloor mechanical drawings to be found on Tutuka G drive at.
G \GROUP\ENG\Auxilliary Eng\Fire Protection\Fire drawings\Drwngs\Mechanical
Drawings\Tuluka.zip\Tutuka\PDF Drawings
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2.2.2 Informative

[55]240-54937439
[56]240-56737448

Fire Protection/Detection Assessment Standard
Fire Detection and Life Safety Design Standard

I57]1ASIB 110 Edition Rules

[58]FM Global Property Loss Prevention Data Sheet 7-101 Fire Protection for Steam Turbines and

Electric Generators

[59]NFPA 850

2.3 Definitions

Recommended Practice for Fire Protection for Electric Generating Plants

Definition Description
Fire area Fire Area 1s an area that is physically separated from other areas by space,
barriers, walls, or other means in order to contain fire within that area.
System For the purpose of this document, system is defined as fire protection over a

particular plant.

Worst case fire
scenario

Any fixed fire suppression system/s demands that could reasonably be
expected to operate simultaneously during a single fire event

2.4 Abbreviations

Abbreviation Explanation
AMAQO Assumed Maximum Area of Operation
ASIB Automatic Sprinkler Inspection Bureau
Cok Centre of Excellence
demin Demineralised
ECM Engineering Change Management
FRF Fire Resistant Fuel
kPa Kilo-Pascal
Emin (£pm) Litres per minute
LPS Low Pressure Services
m/s (mps) Meters per second
Mm millimetres
NFPA National Fire Protection Association
PEIC Production Engineering Integration Coal
SANS South African National Standards

2.5 Roles and Responsihilities

Power Station System Engineer.

When downloaded from the document management system, this document 1s uncontrolfed and the responsibility rests with the
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— Accountable to gather all detail of fire system on site and draft report in
accordance with the documented methodology.

Centre of Excellence (CoE) Engineering.

— Responsible to review and support system engineering in drafting, concluding
and recommendations of the report.

2.6 Process for Monitoring

An official review process shall take place between site engineering and CoE engineering to
support the details of the report.

2.7 Related/Supporting Documents
Not applicable.

3. Tutuka Fire Protection System

3.1 Baseline documentation

Little of the original baseline documentation has been kept by Tutuka power station. Either it was
never handed over or has been misplaced over the years. It is for this reason that having a central
document centre where all documentation 1s kept Is critical. All new projects must be handed over
to the Tutuka document centre where it can be catalogued. All manuals, datasheets (valves,
nozzles, sprinklers, etc); pump performance documentation, operating, maintenance and control
philosophies must be kept at the document centre.

Apart from P&ID drawings (Appendix B}, valve schedules (Appendix C) and the hydraulic analysis
(Appendix D) the only document avaitable 1s the Mather and Piatt Tutuka Power Station Operating
and Maintenance Manuals for Fire Control and Associated Equipment {1]

3.2 Current water storage, pumping and piping on the station

The Tutuka fire system was designed and installed by Mather and Platt The pumps, alarm and
control valves are mostly Mather and Platt Mather and Platt moved away from alarm and control
valves and now only focus on pumps For this reason some valves are different brands such as
Viking and Floval. The system was designed using the British Standard For this reason any new
flanges or pipework must be specified using this standard

The system is supplied from a potable head tank (2 000m®) [7] and has a backup feed directly from
the raw water supply [6]. The potable and raw pipes supplying the pump house are 600NB The
potable tank is also used for all the potable supply on the station

The raw water supply comes from two reservoirs at the ash disposal site via a 1 200mm pipeline.
Each reservoir is 450 000m® in volume. The raw water is also used by the water treatment plant for
processing into potable and demin water.

The static pressure in the fire system s maintained by the air heater washing tank on 95m leve| [8]
at unit 2. This tank 1s 25m® The air heater washing tanks are also used to wash the air heaters.

CONTROLLED DISCLOSURE
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Table 3-1 summarises the pumps, capacity and drivers The pump arrangement with potable and
raw water supply I1s shown in drawing [9]

Table 3-1: Pumps, capacity and drivers

Pump

Specifications

Driver

2x Electric Pumps

Type: Mather and Platt 6/8 GME, 2
stage, spht horizontal casing

Pump duty: 120m head at 6 800£pm
Pump Speed. 1 480rpm

Electric motor 200kW, 380V, 405A,
1480rpm

2x Diesel Pumps

Type: Mather and Platt 8/8 GME,
single stage, split horizontal casing

Pump duty. 120m head at 6 900fpm
Pump Speed’ 2 100rpm

Brand: Caterpillar, Model 3406, 6
cylinder, 4 stroke, 2300rpm,
Displacement 146 lifres, serial
number: *6TB28598*

2x Jockey Pumps

Pump duty. 105m head at 360fpm

15kW, 380V, 29.5A, 2900rpm,
Class F nsulation, Form FCKW,
delta connection, Frame D160M,
Bearing nser (RM} LS. 630900,
Bearing nser (0S) 620800

1x Floor washing
pump

Type' KSB ETA ~X80 -315
Centrifugal

Pump duty. 100-120m at 3 000¢pm
Pump Speed: 1450 rpm

WEG 90kW, 380V, 65A, 2 960rpm

Pressure loss occurs in the system due to leaks and usage The function of the jockey pumps is to
maintain the pressure and prevent the main pumps from starting

The start sequence of the pumps is as follows’

« Jockey 1: auto start at 900kPa, auto stop at 1 600kPa,
» Jockey 2. auto start at 850kPa; auto stop at 1 600kPa,

e Electric 1 auto start at 800kPa,
s Electric 2; auto start at 750kPa,
¢+ Diesel 1; auto start at 700kPa,

CONTROLLED DISCLOSURE
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o Diesel 2 auto start at 650kPa.

Due to using the fire system for excessive floor washing it was found the jockey pumps could not
maintain the pressure and the main pumps would start. For this reason a floor washing pump was
installed to preserve the main pumps. The pump 1s manually started i the morning and manually
stopped in the afternoon.

The pumps feed into three ning mains namely outside, turbine and boiler [15]. These mains are
350NB The individual fire protection systems are tapped off from the ning mains The outside ning
main runs above ground around the outside of the boiler and turbine house On the western side
the main 1s 350NB, to the north and east it 1s 200NB, and to the south it 1s 300NB. The turbine ring
main is inside the furbine house to the north just below the 18m level and 1s 400NB. The boder
main runs in the cable tunnels and is 350NB. The outside ring main interconnects with the turbine
main between unit 3 and 4 and is 200NB. The turbine main connects with the boiler main between
units 1and 2, 2 and 3, 3 and 4, 4 and 5, 5 and 6 and is 300NB. The boiler main connects with the
outside main from the air heaters to the cross conveyors of each unit and is 200NB All pipework 1s
steel. Drawings [14] to [17] show the outside ning main and individual fire systems.

Drawing {13] gives a complete overview of the fire system. Individual fire systems that are missing
from the drawing are’

+ Turbine pedestal protection,
¢ Turbine underfloor protection,
» Secondary CW pump protection,

s Brine concentration piant.

3.3 Fire Protection Systems

Drawing [13] gives a complete overview of the fire system. individual fire systems that are missing
from the drawing are.

¢ Turbine pedestal protection,

¢ Turbine underfloor protection,

e Secondary CW pump protection,
+ Brine concentration plant.

The individual fire protection systems are broken down in Appendix A. The table breaks the
systems down Into individual plant areas with control valves, type of protection system, activation
method, sprinkier/nozzle data and amount of sprinklers/nozzles

3.4 Worst Case Fire Scenario

While the worst case scenario methodology [3] states that all fire protection systems should be
evaluated to determine which is the worst case scenario, for this report only the two scenarios will
be calculated. These scenarios come from [3] and are based on knowledge gained from various
power stations. The two scenarios are:

1. Generator transformer including Unit transformer A and B.
2. Turbine underfioor protection including secondary CW pumps.

CONTROLLED DISCLOSURE
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3.4,1 Generator transformer

The generator transformer, unit transformer A and B are not separated by walls. Neither are the
transformers reasonably distanced from each other Figure 3-1 and Figure 3-2 show the proximity
of the transformers relative to each other. This makes the activation of multiple systems highly
possible should one transformer combust The control valves configuration 1s shown in drawing
[47] The generator fire protection is shown in drawing [49], transformer A fire protection in drawing
[48] and transformer B in drawing [50]

{Transformer B §

gnerator Transformer

Figure 3-2: Transformer B relative to the Generator transformer
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The control valves are situated inside the turbine on Om level against the wall (Figure 3-3
Generator transformer complex fire protection control valves)

Generator
R
Vﬁgransformer

“Transformer B

Figure 3-3: Generator transformer complex fire protection control vaives

The generator transformer protection i1s controlled by two pneumatically activated deluge valves
(AKZ' UY92 and UYB3) These valves discharge into a 200NB common line. These valves supply
10 HV17 nozzles (k=25.92pm/bar’®) in the bund and 42 HV26 nozzles (k=40.3tpm/bar®®). The
detection bulbs are set at 68°C.

Transformer A 1s controlled by a pneumaticaily activated deiuge valve (AKZ' UY84) which feeds
into a 150NB line. This valve supplies 14 HV90 nozzles (k=92 28pm/bar’ ). The detection bulbs are
set at 68°C.

Transformer B 1s controlled by a pneumatically activated deluge valve (AKZ- UY91) which feeds
into a 150NB line. This valve supplies 13 HV90 nozzles (k=92.2¢pm/bar’ ). The detection bulbs are
set at 68°C The flow calculations are detailed 1n Appendix E.

Table 3-2: Generator transformer fire area — Flow and pressure requirement at ICV

Flow Correction
System Flow (€pm} Pressure {kPa} Q (epm) P (kPa})
Generator 5066 85 495.47 5705 80 628.31
Transformer
Transformer A 1734.20 628.31 1734.20 628 31
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Transformer B 1734.20 605 48 1766.59 628.31
TOTAL 85635.25 628 31
Worst case requirement (with flow correction) 9206.59 628.31

The flow and pressure requirement at ICV 1s 9 206 59pm at a pressure of 628.31kPa

Figure 3-4 show results of Flownex simulation to generator transformer fire area assuming that the
shortest route 1s not available. Boundary conditions were set at the system inlet node-258 and 264
and outlet node-44 A pressure of 628.31kPa was set to generator transformer ICV at node-44,
The system inlet boundary conditions at pump house, node-258 and 264 were set for a total flow of
9 206.59¥min (76.72kg/s on each node) and temperature of 20°C. For the above boundary
conditions and a static height of Om, the pressure required at pump discharge (node-264) to
guarantee the required flow to generator transformer fire area is 685 14kPa.
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Figure 3-4: Generator transformer fire area — Flownex results

The overall water supply requirements for the generator transformer fire area flow are

1. The total flow required for the under turbine fire area is 9 206.59¢/min
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The minimum pressure required at pump discharge 1s 685 14kPa (Node-258 and 264)
The minimum water storage required to supply the under turbine fire area is 1 104.80m
The maximum allowable water velocity in the ring main pipe should not exceed 3m/s

3

EIAYN

3.4.2 Turbine underfloor protection and secondary CW pump system

The turbine underfloor protection consists of the following systems
e Concrete slopes at 13.9m level,
e Fire protection below HP/IP turbine at 11.8m level,
+ Below condenser at 6m level,
e Column protection,

* Below Om level inside pipe trench,

Since no 1Isometrics of the as built system were available the plant was walked and isometrics with
distances and sprinkler locations were sketched (see 37Appendix F). These sketches were used in
conjunction with the plan drawings of the protection system for the flow and pressure calculations.

Using the plan drawings, an assumed maximum fire area under the turbine was set. Sprinklers
directly under this area would then be activated in a fire event The total area for all the levels was
calculated as 533.27m?

Using the Eskom Worst Case Fire Scenario Methodology Posttion Paper [3] the flows and
pressures were calculated. For each sub system mentioned above the furthest sprinkier was
assumed to have a minimum pressure of 50kPa. Using the nozzle formula from [3] the flow through
the sprinkler was calculated:

Q =kVP
Where,
Q= flow in litres per minute,

o
If

pressure in kPa,
k= discharge constant fpm/kPa’®
The pipe loss was then calculated to the next sprinkler using the Hazen-Williams formula.

185
P =605><107{M~m}
: (185 y D487

VWhere,

P= the pressure loss In the pipe N kPa,

L= the length of the pipe inm,

Q= flow in fpm,

C= constant for the pipe,

D= the actual pipe inside diameter (ID) or mean diameter in mm
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This process was iterated up to a junction peint of a different sprinkler branch. At this junction point

I LN
Q; = EFX Q

Q4= the low pressure flow correct to that of the high pressure flow,

a flow correction was then done using

Where,

HP=  the hugh pressure at the split of junction,

LP=  the low pressure at the split or junction,

LPQ= the flow associated with the low pressure.

The adjusted flow is added to the high pressure flow

Once this had been done for all sub systems the flow and pressure at the control valve was finally

determined

The flow and pressure for the secondary CW pump pit was also calculated as well as the flow and
pressure for two fire hydrants as per requirements from the Eskom Fire Protection and Life Safety

Design Standard [2]

These three flows and pressures were then corrected and summarised In

Table 3-3: Pressure and flow requirement at control valve

Flow and pressure at Junction control valve | Q(€/min) P (kPa) Q(¢/min) Corrected
Pipe Ag-ICV Under Turbine 14 589.73 831.27 14 599.73
Pipe ICV PumpPit 401.20 399.91 578 43
Hydrants x 2 2 400 00 350.00 3 698.69
Total 15 000.93 83127 -

Junction Split - 831.27 18 876.85

The flow and pressure requirement at ICV 1s 18 876.85¢pm at a pressure of 831 27kPa.

Error! Reference source not found. show results of Flownex simulation to under turbine fire
area Boundary condifions were set at the system Inlet node-258 and 264 and outlet node-44 A
pressure of 831.27kPa was set to under turbine ICV at node-44 The system inlet boundary
conditions at pump house, node-258 and 264 were set for a total flow of 18 876.85Umin
(157.31kg/s on each node) and temperature of 20°C. For the above boundary conditions and a
static height of Om, the pressure required at pump discharge (node-264) to guarantee the required

flow to under turbine fire area 1s 991 66kPa.
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Figure 3-5: Under turbine fire area — Flownex results

The overall water supply requirements for the under turbine flow are:
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The ning main velocity was calculated using:
v 21.21;22>< Q
V =2,5m/s < 3 Thus OKI!
Where,
V= velocity In pipe in m/s,
Q= flow through the pipe in fpm,
D

[t}

actual diameter {mean diameter) of pipe in mm
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The system demand curve was then plotted for various flows

Using the latest pump performance data for the electric and diese! pumps together with the formula
to extrapolate a water supply curve from [3], the water supply curves were plotied

The intercepts of the system demand and supply curves were then calculated using the flow
against a supply curve formula,

0.54

Where,

Q,= flow at the junction point,

Qr = flow in the flow test (water supply)

Qp= flow at the design point (sprinkier)

Pr=  pressure at flow in the flow test {(water supply)
Ps= standing pressure in the flow test

Pp=  pressure at design point (sprinkler)

P: = height of the highest sprinkler (kPa)
Ali flows in Iitres per minute, all pressures in kilopascal.

3.4.3 Worst case scenarios versus existing water storage, pumping and piping

The actual pump performance test data was plotted for both the electric (Figure 3-6) and diesel
(Figure 3-7) pumps The resistance curve for only the underfloor turbine was plotted as this had the
highest pressure and fiow demand

Both the diesel and electric pumps are underperforming. The electric pumps experience significant
loss in pressure as the flow increases. This must be investigated further. Most likely the pumps
must be refurbished and tested again

The diesel pumps have a very low churn pressure This needs to be investigated further, Possibly
the pumps have the incorrect impeller size. The pumps must be opened up and the impeller size
measured The pumps must also be refurbished to improve performance

The worst case scenario demands 2 265.12m® of water over a 2 hour period. The potable supply of
2 000m?® is therefore slightly inadequate to supply this scenario.
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Pump Performance Curves (Data Sheet & Actual) vs System Resistance

Curve (Under Turbine Fire Area) REQUIREMENT - T
1400 00 : e . L | 7 18,876,858/ min@yu01.68kPz
! Lo L bl 1 X PUMPS-T1
- 17,534.478 /min@887.39kPa
7.11% Flow & 10.51% Pressure Shortfalls
CONCLUSION
1 x Pumip 15 not capable

120008

2 X PUMPS IN PARALLEL-T2
i 19,904.27€/min@1,115.34kPa
N 5.44% Flow & 12.57% Excass Pressure
CONCLUSION
2 x Pumps i paralle] are capable

I Pumprating_Point P , :
. 6,9008/min®@1,177.20kpa _, % | -
- Pl HT
i

100000

80000
ammmbystem Curve_Turbine

P (kPa} sz \Waler Supply Curve _ 1 x Pump 100% Perf

e\ ater Supply Curve _ 2 x Pumps 100% Perf

600 00
mm=nii ater Supply Curves_1 x Electric Actual

== ater Supply Curve_2 x Electric Actual

REQUIREMEMT - T
18,876,358 /mun@®981.66kPa

1XPUMPS-TT1
8,541.058/min@249,92kPa
54.75% Flow & 74.80% Pressure Shortfalls
CONCLUSION
1 % Pumps 1s not capable
2 X PUMPS IN PARALLEL-TT2
15,845.738/min@581.28kPa
26.65% Flow & 41.38% Pressure Shortfalls
9 5000 10000 15008 20000 25000 CONCLUSION
Qe/min} 2 x Pumps in parallel are not capable

40060

200 00

000

Figure 3-6: Electric pumps supply versus resistance curves

CONTROLLED DISCLOSURE

When downloaded from the document management system, this document I1s uncentrolled and the responsibility rests with the

user to ensure 1t 1S In iine with the authorized version on the system

No part of this document may be reproduced without the expressed consent of te copynight holder, Eskom Holdings SOC Lid,

Reg No 2002/016527/30



Tutuka Fire Protection Demand -Worst Case Unigue Identifier  15GEN ENG-751
Scenario Revision' 1

Page. 20 of 41

Pump Performance Curves (Data Sheet & Actual) vs System Resistance Curve

{(Under Turbine Fire Area) BEQUIREMENT - T
12,876 856/ min(@091.66kPa
L ; N [N LT 1XPUMPS -T1
it ; ; et o <1l - 17,534,476/ min@BB7.39kPa
I N A T BT | I 7.11% Fiow & 10.51% Pressure Shortfalls
J [ Y T cONCLUSION

1x Pump is notcapable
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T
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Figure 3-7: Diesel pumps supply versus resistance curves

The summary of the intercepts is in Table 3-4
Table 3-4; Summary of demand and supply curves intercepts

Flow {€pm) Pressure (kPa)
Demand 18 876.85 991 66
1 x Pump 100% performance 17 534.47 887 39
2 x Pump 100% performance 19 904.27 11186 34
1 x Electric Actual 8 541.05 249,92
2 x Electric Actual 1384573 581.28
1 x Diesel Actual 10 433.72 344 56
2 x Diesel Actual 13 930.57 579.08
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3.5 Conclusion

The following conclusions can be made based on the evaluation above:
1. The worst case fire scenario is the under turbine fire.
2. The worst case fire scenario has a water flow demand of 18 §76.858min.

The pressure required to guarantee the flow demand at the pump discharge to supply the
most hydraulically challenged under turbine for Unit 6 is 991.66kPa when the shortest pipe
route is not available.

4. Two duty diesel driven fire pumps running in parallel are capable of supplying a maximum
water flow of 13 930.57¥min at a discharge pressure of 579 08kPa.

5. Two duty electrical driven fire pumps running in parallel are capable of supplying a
maximum water flow of 13 845.73¥%min at a discharge pressure of 581 28kPa.

6. The existing fire pumps are not capable to support the worst case fire scenario
requirements (under turbine fire area).

7 The existing usable water storage capacity of 2 000m® (1hr and 54min) is not capable to
support the worst case fire scenario water storage of 2 265.22m? (2hrs).

8 The existing ring main is capable fo support the worst case fire scenario water demand as
the water velocity In the pipe of 2 5m/s Is less than the recommended maximum of 3m/s

3.6 Recommendations

The following recommendations are proposed in order to ensure adequacy of water supply for the
worst case fire scenarnio’

1 Replace the existing fire pumps with pumps rated at 6 900&/min.

2. During the fire pump replacement project also modify the dedicated test line to facilitate and
enhance annual fire pump tests The test line to discharge in an acceptable receiver such
as raw water tank, clarifiers or cooling tower ponds as permitted by site layout

The above combination will reduce the friction losses along the length of the pipe and hence lower
the pressure demand

* The new operating point with two pumps running in paraliel will be is now point T6_F
(19 904.27U/min@1 116 34kPa), which 1s above the requirements

e Based on the proposed pump replacement, two duty pumps will therefore be capable to
provide 100% pumping capacity when running in parallel while leaving the other two pumps
to provide 100% redundancy pumping

All proposed changes are to be implemented through the ECM process Error! Reference source
not found..
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Appendix A - Individual fire system details
Major Arnount of nozzles/
System Sub system Minor System Control valve System Type Activation Method Nozzle/Sprinkler Data sprinkiers
0/S Conveyorl, 2,3,4,5, 79/198/76/133/76/
6 30UY10/42/41/63/62/81/90s102 | Sprinkler Type 'F' 78°C Quartzoid Bulb 199/116
Reclaim and Bottom half
of Incline conveyors 182,
384, 586 30UY20/50/615102 Sprinkier Type 'F' 79°C Quartzond Bulb 178/178/178
‘Top half of incline, Cross
Coal Plant and bottom half of B/F
conveyers 182, 384, 5&6 30/03/05UY375001 Sprinklar Type 'F 79°C Quartzeid Buib 261/261/261
Linear Heat Detection
Unitl, 2,3, 4,5, 6 West controlling solenoid on
B/F conveyors Top Half No AKZ Deluge control vaive
Linear Heat Detection
Unitl,2,3,4,5,6EastB/F controlling solenotd on
conveyars Top Half No AKZ Dejuge control valve
Qutside Plant | West Bulk Fuel Oil
Storage
Tank 1 30UY31/325101 Deluge Foam Manual Operation Tank and bund pourers 5
Tank2 30UY36/375101 Deluge Foam Manual Operation Tank and bund pourers 5
East Bulk Fuzel Oil
Storage
Tank 1 Deluge Foam Manua!l Operation Tank and bund pourers 5
Tank2 Deluge Feam Manuzl Qperation Tank and bund pourers 5
Pneumatic detection line
West Fuel oil Plant 30UY33/34/355102 Deluge rated at 79°C #114 projector 32/30/24
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Pneumatic detection line
East Fuel Q1 Plant Deluge rated at 79°C #114 prejector 32/30/24
Daily issue Qii store 30UY385102 Deluge Clack Type MiC rated at 79°C . #114 projector 36
Fire pump House Q0UY375102 Deluge Clack Type MIC rated at 79°C | #114 projector 12
LP Services Pumgp
house
{compressors) 30UY55/565102 Deluge Clack Type MJC rated at 79°C | #114 projector 17
Brine Concentration
Plant
Lube Oil Regen and P .
Dresel Storage Plant 10UY525001 Sorinkler Type 'F 78°C Quartzoid Bulb 8
Pneumatic detection hine
10UY535001 Deluge rated at 79°C #114 projector 78
Bulk Propane Vessel Pneumatic detection line
(West) 01UY505103 Deluge rated at 79°C #114 projector 12
Bulk Propane Vessel Pneumatic detection line
(East) 06UY505103 Deluge rated at 79°C #114 projector 12
Pneumatic detection line
Station Transformer 10UY815102 Deluge rated at 79°C #90 and #114 projectors
01/02/03/04/05/06UY11/12/13/
Cable Tunnels 14/405102 Sprinkier Type 'F' 79°C Quartzaid Bulb 142/181/44/44/131
Boter Plant Unitl,2,3,4,5,6 | Senicetransformers 01/02/03/04/05/06UY225102 Deluge Clack Type MJC rated at 79°C 67
Each valve supphies 12 Clack
Type MIC's rated at 93°C
Boiler Burner Protectien 01,/02/03/04/05/06U¥31/325102 | Deluge with 5 nozzles #90 and #114 projectors 60/60
Diesel Generator 00/01/02/03UY715102 Deluge Clack Type MIC rated at 79°C | #114 progectors 24
Diesel Generator Diesel
Turbine Unitl, 2,3, 4,56 Tank 00/01/02/03UY725102 Deluge Clack Type MJC rated at 79°C | #114 projectcrs 7
Secondary CW Pump Hydraulic detection tme
Protection No AKZ Deluge rated at 79°C 3
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T&G Underfloor Protection

{16m and Om Level) No AKZ Sprinkler Type 'F' 79°C Quartzoud Bulb
Prieumatic detection line

Trsfmr 8 #1/02/03/04/05/06UY915102 Deluge rated at 79°C 13

Gen Trsfmr 01/02/03/64/05/06UY5925102 Deluge Pneumatic detection line 52
rated at 79°C

Gen Trsfmr 01/02/03/04/05/06UY935102
Pneumatic detection hne

Trsfmr A 01/02/03/04/05/06UYS05102 Deluge rated at 79°C 14

T&G Set Zone 4 (Under Pneumatic detection Iine

steef plates on 16m Level) Q1/02/03/04/05/0610¥755102 Deluge rated at 78°C 8

T&G Set Zone 3 (Under Preumatic detection line

steel plates on 16m Level) 01/02/03/04/05/06UY825102 Deluge rated at 79°C 15

T&G Set Zone 2 (Under Pneumatic detection ine

steel plates on 16m Level) 01/02/03/04/05/06UY815102 Deluge rated at 79°C 27
Diaphragm MJC valve with
hydraulic detection line

T&G Pedestal 1 Deluge rated at 79°C 4
Diaphragm MIC valve with
hydraulic detection line

T&G Pedestal 2&3 No AKZ Deluge rated at 79°C 4
Diaphragm MIC valve with
hydraulic detection hine

T&G Pedestal 485 Deluge rated at 79°C 4
Diaphragm MIC valve with
hydraulic detection line

T&G Pedestal 6&7 Deluge rated at 79°C 4
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Diaphragm MIC valve with
hydraulic detection line

TG Pedestal B&9 Deluge rated at 79°C 1
Diaphragm MIC valve with
hydraulic detection line

T&G Pedestal 10 Deluge rated a1 79°C 4
Diaphragm MIC valve with

Barring Gear and Pilot hydraulic detection line

exciter Deluge ratad at 79°C 8

T&G Set Zone 1 (Under Pneumatic detection line

steel pfates on 16m Level} 01/02/03/84/05/06UY615102 Deluge rated at 79°C 2
Pneumatic detection line

T&G Lube Qi 01/02/03/04/05/06UY625102 Deluge rated at 79°C 57

BFP 01/02/03/04/05/06UY645102 Deluge Manual Operation 17
Pneumatic detection line

BFP Libe Oil Sys 01/02/03/04/45/06UY655102 Deluge rated at 79°C 19
Pneumatic detection line

EFP ARB 01/02/03/04/05/061Y665102 Deluge rated at 79°C 38
Pneumatic detection line

T&G Fire Prot 01,/02/03/04/05/06UY605102 Deluge rated at 79°C 3g?
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Appendix B - Fire Protection P&ID Drawings
Major
System Minor system Sub system Drawing Number Title

Qutside Plant

Fire Control Pumgphouse

21 61/55404

Fire contrel pumphouse

Potable Head Tank

21 61/55306

Common plant potable terrace storage & LP distzibution system

Air heater washing tank

21.61/55309

Commen plant air heater washing tank

Raw water supply

21 61/55225

Commoen plant raw water supply system

Complete Fire system overview

0 61/9264

Schematic diagram of fire control systems and associated

services

unit 1/2/3/4/5/6 cress and bunkerfeed conveyors

21.61/55417/18/19/20/21/225
y 3

Unit 1/2/3/4/5/6 boiler fire protection

Fire pumphouse/mechanical warkshop/stores

2161/5543851

Fire fighting water distribution

West outside main/WTP/CW Pumphouse

21 61/55439s2

Fire fighting water distribution

Fire Station/Station transformer/Statian Diesel gen ctrl
valves

21 61/55439s3

Fire fighting water distribution

North/East/Seuth Outside Ring Main

21.61/55439s4

Fire fighting water distribution

Demin Pumps/compressors 21.61/55459 LPS diesel fire protection

tube Oil regen plant (ctrl valves) 21.61/55460s1 Lube oif and regen plant fire protection
Lube Oil regen plant (dirty clean lube o1l tank, diesel tank) 21 61/5546052 Lube ol and regen plant fire protection
Station transformer 21 61/55461 Station transformer protection

Admin Bullding

21 61/55480

Admin building fire protection

East Fuel Oil plant {control valves)

21 61/55483s1

East fuel oil plant fire protection

East Fuel Oil plant {tanks and pumphouse)}

21 61/5549352

East fuel o:l plant fire protection

west Euel Qil plant {control valves)

21.61/55500s1

West fuel a1l plant fire protection

West Fuel Oil plant (tanks and pumgphouse)

21 61/5550052

West fuel oif plant fire protection

Dasdy Issue O] Store

21 61/55501

Daily 1ssue ot store fire protection

Oversilo conveyors 1-3. Silo's 1-4

21 61/5550251

Coal silos and conveyors fire prot
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Oversilo tonveyors 4-6. Silo's 5-6 21 61/5550252 Coal silos and conveyors fire prot
Oversilo conveyor 6 tail end protection 21 61/5550253 Coal silos and conveyors fire prot
Reclaim conveyors 1.&2 Incline conv 1&2 tail end 21 61/55502s4 Coal siles and conveyors fire prot
Reclaim conveyors 3&4. Incline conv 3&4 tall end 21.61/5550255 Coal silos and conveyors fire prot
Reclaim conveyors 5&6 Incline conv 586 tasl end. 21 61/5550256 Coal stlos and conveyors fire prot
Inclkne conveyor 1&2/ 3&4/ 586 head end 21 61/55509s1/s2/s3 Coal incine conveyors fire prot
Station Diesel Generator 21 61/55678 Station diesel generator protection
Qutside Plant Control Room 21 61/55458 Common Plant outside plant control roem fire prot
MMD workshop and stores sub basement 21 61/5545451, MMD workshop and steres sub basement fire protectson system
MMD workshop and stores ground floor 21 61/5545452 MMD workshop and stares ground floor fire protection system
MMD workshop and stores first fleor 21 61/5545453 MMD workshop and stores first ficor fire protection system
Brine Concentration plant
Unit 1/2/3/4/5/6 Boiler main and Cable tunnel 21 61/55417/18/19/20/21/22s
sprinklers 1 Unit 1 Boiler Fire Protection
21 61/55417/18/19/20/21/22s
Service transformers 2 Unit 1 Boiler Fire Protection
Boiler 21.61/55417/18/19/20/21/22s
Oil burner protection 3 Unit 1 Botter Fire Protection
East propane tank (next to unit 1)
unit6 Waest propane tank {next to unit 6)
Uni¢ 1&4, 285, 3&6 Diesel Generator and Diesel Tank 21 61/55585/6/7 Units 1/2/3 & 4/5/6 Diesel Generator fire pratection
Unit 1/2/3/4/5/6 Secandary CW Pump Protection
T&G Underfloor Protection {16m and
Turbine Unit 1/2/3/4/5/6 Om Level}

Unit 1/2/3/4/5/6

A0MVA, 67MVA, Generator
Transformer cantrol valves

21 61/55606/7/8/9/10/11s1

Unit 3/2/3/4/5/6 generator transformer fire prot

40MVA (unit transformer 8] fire prot

21 61/55606/7/8/9/10/1154

Unit 1/2/3/4/5/6 generator transformer fire prot

Generator transformer fire prot

21.61/55606/7/8/9/10/11s3

Unit 1/2/3/4/5/6 generator transformer fire prot
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67MVA (unit transfomer A) fire prot

21 61/55606/7/8/9/10/11s2

Untt 1/2/3/4/5/6 generator transformer fire prot

T&G Set Zone 2, 3, 4 {Under stee}
plates on 16m Level) control valves

21 61/55612/13/14/15/16/17s
1

Unit 1/2/3/4/5/6 turbine fire protection

T&G Set Zone 2, 3, 4 (Under steel
plates on 16m Level) fire prot

21 61/55612/13/14/15/16/175
2

Urit 1/2/3/4/5/6 turbine fire protect:on

Turbine main

21 61/55588/9/10/11/12/13s1

Unit 1/2/3/4/5/6 turbme house fire protection distribution
system

T&G Set Zone 1 {Under steel plates on
16m Level), T&G lube o1 system, BFP
lube o system, EFP lube oil system
control valves

21 61/55588/9/10/11/12/13s2

Unet 1/2/3/4/5/6 turbine house fire protection distribution
system

£FP o1l tank and coolers

21.61/55588/9/10/11/12/1353

Unit 1/2/3/4/5/6 turbine house fire protection distribution
system

EFP A&B fire prot

21 61/55588/9/10/11/12/13s4

Umit 1/2/3/4/5/6 turbine house fire protection distribution
system

BFPT lube o1l tank fire prot

21 61/55588/9/10/11/12/13s5

Unrt 1/2/3/4/5/6 turbine house fire protection distribution
system

BFPT booster and mamn pump fire

Urnit 1/2/3/4/5/6 turbine house fire protection distnbuticn

prot 21 61/55588/9/10/11/12/13s6 | system
Turbine Lube otl and FRF supply fire Unit 1/2/3/4/5/6 turbine house fire protection distribution
prot 21 61/55588/9/10/11/12/1357 | system
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Appendix C - Fire Protection valve schedules
Drawing
Number Title

0.61/19000s1

FIRE PROTECTION UNIT 1-6 COMMON PLANT VALVE SCHEDULE

0.61/19000s2

UNITS 1-6 FIRE PROTECTION VALVE SCHEDULE

0.61/19000s3 FIRE PROTECTION UNIT 1-6 COMMON PLANT VALVE SCHEDULE
0.61/19000s4 FIRE PROTECTION UNIT 1-6 COMMON PLANT VALVE SCHEDULE
0.61/19000s5 UNIT 1 FIRE PROTECTION VALVE SCHEDULE

0.61/19000s6

FIRE PROTECTION UNIT 1 VALVE SCHEDULE

0.61/19000s7

UNIT 2 FIRE PROTECTION VALVE SCHEDULE

0.61/19000s8

FIRE PROTECTION UNIT 2 VALVE SCHEDULE

0.61/19000s9

UNIT 3 FIRE PROTECTION VALVE SCHEDULE

0.61/19000s10

UNIT 3 FIRE PROTECTION VALVE SCHEDULE

0.61/19000s11 | UNIT 4 FIRE PROTECTION VALVE SCHEDULE
(.61/18000s12 | UNIT 4 FIRE PROTECTION VALVE SCHEDULE
0.61/19000s13 | UNIT 5 FIRE PROTECTION VALVE SCHEDULE
(.61/19000s14 | UNIT 5 FIRE PROTECTION VALVE SCHEDULE
0.61/19000s15 | UNIT 6 FIRE PROTECTION VALVE SCHEDULE

0.61/19000s16

UNIT 6 FIRE PROTECTION VALVE SCHEDULE

0.61/19000s17

FIRE PROTECTION UNIT 1-3 COMMON PLANT VALVE SCHEDULE

0.61/19000s518

FIRE PROTECTION UNIT 1-3 COMMON PLANT VALVE SCHEDULE

0.61/19000s19

FIRE PROTECTION UNIT 1-3 COMMON PLANT VALVE SCHEDULE

0.61/15000s20

FIRE PROTECTION UNIT 4-6 COMMON PLANT VALVE SCHEDULE
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Appendix D - Hydraulic Analysis -Isometric

0.61/55975s51

FIRE PROTECTION AUDIT HYDRAULIC ANALYSIS ISOMETRIC

0.61/55975s2

FIRE PROTECTION AUDIT HYDRAULIC ANALYSIS ISOMETRIC

0.61/55975s3

FIRE PROTECTION AUDIT HYDRAULIC ANALYSIS ISOMETRIC

0.61/5597554

FIRE PROTECTION AUDIT HYDRAULIC ANALYSIS ISOMETRIC

0.61/55975s5

FIRE PROTECTION AUDIT HYDRAULIC ANALYSIS ISOMETRIC

0.61/55975s6

FIRE PROTECTION AUDIT HYDRAULIC ANALYSIS ISOMETRIC

0.61/5597557

FIRE PROTECTION AUDIT HYDRAULIC ANALYSIS ISOMETRIC
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Appendix E- Generator transformer complex calculations

a) Generator transformer

Flow
Ki7=2.59 fpm/kPa’®
Koe=4.03 tpm/kPa’®

From Tyco datasheet minimum pressure for nozzle is 350kPa
Flow though one nozzle

Q17 = kP = 2.59 x V350 = 48.48Ipm/nozzle

Q26 = kP = 4.03 X V350 = 75.4lpm/nozzle

52 HV17 nozzles, Thus,
Q47 = 52 X 48.48 = 2520.96Ipm

25 HV26 nozzles Thus,
Q,6 = 25 X 75.4 = 1885lpm

Total generator transformer flow.

Q =2520.96 + 1885 = 4405.96lpm

Add 15% more flow due to approximation.
Q@ =4405.96 x 1.15 = 5066.85ipm

Pressure loss

Loss In ring pipe’

Ql 85 % I,
AP = 6.05 X 107 (W)
Where,
D=150mm
L=55m (50m measured, 5m added for bends)
Q=5066 85lpm

C=120 (From “Piping calculations manual®, Mcgraw-Hill, E Shashi Menon)
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Thus,
APying = 85.47kPa

10kPa
= 60kPa

Static Pressure = Pgqpy, = 6m x

Required Pressure = AP, + Pgyaric + Piin = 85.47 + 60 + 350 = 495.47kPa

QGEN=5066.85lpm, PGen=495.47kPa

b) Transformer A

Flow
Kzs=4 03 fpm/kPa’®

From Tyco datasheet minimum pressure for nozzie 1s 350kPa.

Flow though one nozzle:

(s = VP = 4.03 X 350 = 75.4lpm/nozzle

20 HV17 nozzles, Thus,
@26 = 20 X 75.4 = 1508pm

Add 15% more flow due to approximation.
Q =1508x1.15 = 1734.20Ipm

Pressure loss

Loss In ring pipe’

AP =605 x 10 (W)
Where,
D=80mm

I =50m (45m measured, 5m added for bends)
Q=1734 20 {pm
C=120 (From “Piping calculations manual”, Mcgraw-Hill, E Shashi Menon)
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Thus,
AP, g = 228.31kPa

10kPa
= 50kPa

Static Pressure = Py, = 5m X

Required Pressure = APyymg + Psapc + Py = 228.31 + 50 + 350 = 628.31kPa

Qx=1734.20lpm, P,=628.31kPa

¢) Transformer B

Flow
Kzs=4 03 £pm!kF’a° 5

From Tyco datasheet minimum pressure for nozzie is 350kPa.
Flow though one nozzle

026 = kVP = 4.03 X +/350 = 75.4lpm/nozzle

20 HV17 nozzles, Thus,
Qs = 20 X 75.4 = 1508Ipm

Add 15% more flow due to approximation
Q =1508x1.15=1734.20Ilpm

Pressure [oss

Loss in ring pipe-

, Q1.85 % I
AP = 6.05 %10 (W)
Where,
D=80mm

L=45m (40m measured, 5m added for bends)
Q=1734.20 fpm
C=120 (From “Piping calculations manual”, Mcgraw-Hill, E. Shashi Menon)
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Thus,
AP ing = 205.48kPa

10kPa
= 50kPa

Static Pressure = Py, = 5m X

Required Pressure = AP g + Pygric + Py = 205.48 + 50 + 350 = 605.48kPa

Q=1734.20 €pm, Ps=605.48kPa

Flow Correction

Ql - PQ = ' . = 7 . p”[
LJ 605.4‘8 ) '

Q=50686.88lpm
P=4%647kPa

Q=1734 20Ipm Q=1734.2CIpm
P=628.31kPa P=605.48kPa

Transformer Generator Transformer B
A transformer

Figure 7-1: Uncorrected flows and pressures (gen transformer complex)

Table 7-1: Summary of Gen transformer Q and P

Flow Correction

System Flow (€pm) Pressure (kPa} Q {€pm) P
Generator 5066.85 495.47 5705 80 628.31kPa
Transformer

—
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Transformer A 1734.20 628.31 1734 20 628.31kPa
Transformer B 1734.20 605.48 1766.59 628.31kPa
TOTAL 8535.25 628.31
Worst case requirement (with flow correction) 9206.59 628.31kPa

Pressure loss

Loss in supply from pump house,

AP =6.05x10 (W)
Where,
D=350mm

L.=1000m (assumed}
Q=9206.59 fpm
C=120 (From "Piping calculations manual’, Mcgraw-Hill, E Shashi Menon)

AP = 75.73kPa

supply

Reguired Q=9206.59 €pm
Required P=628.31+75.73=704.04kPa
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Appendix F- Turbine underfloor calculations
Based on the solid mezzanine levels below the generator it was decided that from [4] the most
applicable scenario would be 2.4.3.3 (Solid Operating Floor with Solid Mezzanine).

Since isometrics were not available of this system, the plant was walked and rough isometrics
deveioped (Figure 7-2 and Figure 7-3)

The resuits are summarised in Table 7-2.
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i
Fap Swren e rtexd2 comd BxeoelTampiataelfg saph-papor.hemt @ & 2Q10 Wertexdd LLC E

Figure 7-2: Turbine Underfloor Protection Isometric (1 of 2)
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Figure 7-3: Turbine Underfloor Protection Isometric (2 of 2)
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Table 7-2: Summary of resuits

Flow and pressure at Junction W | Q(€/min} | P {kPa) | Q{€/min) Corrected

Pipe V-W 849.63 55.59 849.63
Pipe J-W 1517.05 49.31 1610.67
Total 2366.67 55.59 -
Junction W - 55.59 2464.30
Flow and pressure at Junction S | Q(€/min) | P {kPa)} | Q(€/min) Corrected

Pipe L-S 176.32 £63.38 295,57
Pipe R-S 913.05 178.11 913.05
Pipe W-§ 2460.30 102.31 3246.23
Total 354966 | 17811 -
Junction § - 178.11 4454.85

Flow and pressure at Junction N | Q(€/min}) | P (kPa) | Q(&/min) Corrected

Pipe L-N 172.67 57.12 258.87
Pipe K-N 821.04 128.39 821.04
Pipe U-N 849.63 80.96 1069.91
Total 1843.34 128.39 -

Junction N - 128.39 2149.82
Flow and pressure at JunctionZ | Q{€/min) | P (kPa) | Q{€/min} Corrected

Pipe S-Z 4454.85 | 430.60 4454.85
Pipe N-Z 2149.82 1 21346 3053.40
Total 6604.66 | 430.60 -

Junction Z - 430.60 7508.25

Flow and pressure at lunction

Af Qfe/min) | P (kPa) Q{€/min) Corrected

Pipe Z-Af 7508.25 554.34 7508.25
Pipe 121a-Af 2044.76 206.26 3352.19
Total §8553.01 554.34 -

Junction Af - 554,34 10860.44

Flow and pressure at Junction

Ag Qf{e/min) P (kPa) Q{&/min) Corrected
Pipe Af-Ag 10860.43 792.65 10860.43
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Pipe AA-Ag 2281.20 295.01 3739.29
Total 13141.63 792.66 -
Junction Ag - 792.66 14599.73

Flow and pressure at Junction

Ag Qa{2/min) P {(kPa) Q(&/min) Corrected
Pipe Ag-ICV Under Turbine 145%99.73 831.27 14599.73
Pipe ICV PumpPit 401.20 399.21 578.43
Hydrants x 2 2400.00 350.00 3698.69
Total 15600.93 831.27 -
Junction Split - 831.27 18876.85
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