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Answer:  

1(a),2(b),3(a),4(c),5(a),6(d),7(c),8(b),9(a),10(a),11(b), 
12(c),13(a),14(a),15(c),16(a),17(c),18(c),19(a)&20(b) 
Q.2 (i) How is assisted circulation maintained in the water all circuit in a 500MW unit Boiler.   

http://mithileshkhudawal.wix.com/boeindia


IBCS (Indian BOE Coaching Services) 

CG BOE-2014 Paper-2 Solution 

website link: http://mithileshkhudawal.wix.com/boeindia 

“IBCS  is the Premier BOE Coaching Servces in India, where dream convert into reality in very short duration” 

Answer : Assisted(Forced) Circulation in 500MW unit Boiler: 
In a forced circulation boiler, an extra pump is used to increase the circulation rate as compared to that 
of natural circulation boiler. In order to obtain efficient operation and high capacity, forced circulation of 
water through boiler tubes is found helpful. Schematic diagram mention in below figure. 

 
 
In all modern power plants, high pressure boilers (> 100 bar) are universally used as they offer 
the following advantages. 
I . The efficiency and the capacity of the plant can be increased as reduced quantity of steam is 
required for the same power generation if high pressure steam is used. 
2. The forced circulation of water through boiler tubes provides freedom in the arrangement of 
furnace and water walls, in addition to the reduction in the heat exchange area. 
3. The tendency of scale formation is reduced due to high velocity of water. 
4. The danger of overheating is reduced as all the parts are uniformly heated. 
5. The differential expansion is reduced due to uniform temperature and this reduces the possibility 
of gas and air leakages. 
 
Q.2 (ii) What is the function of orifices in coal pipes of mills? 
Answer : 
Orifice placed in the main pipe upstream from the bifurcator to prevent unbalanced flow rates among the 
four pipes extending from the same mill. Function of orifice in coal pipes of mills is to balance & uniform 

coal flow through all the coal pipe lines. 
 
Q.2 (iii) What do you understand by steam test? 
Answer : 
A newly registered boiler to issue renewal certificate steam test to be done in presence of boiler  
inspector. At the time of test safety valve shall be left free and capable of being adjusted to approval of 
working pressure. After the adjustment of valve to be corrected blowing pressure the boiler shall be trial 
at full steam and firing with the feed water shutoff and the stop valve shall be closed, during which time 
the inspector shall be note the accumulation of pressure and other details of the test as well as loading 
and adjustment of safety valve. All the safety valve blow down to be about 5% of working pressure.  

A steam test is primarily intended for the purpose of ascertaining of actual test whether 
the safety valve are sufficient to reliever boilers effectively of excess steam and whether 
they operate at the time when maximum working pressure is reached. Inspector should 
always send to owner due notice of the date fixed for the steam test.   
Q.2 (iv) What is the purpose of Economizer re-circulation valves? 
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Answer : 
This is to avoid steaming in the coil. Upon cold startup of a full boiler, provisions must be made to ensure 
water flow through the economizer. Assure sufficient flow to prevent any unwarranted temperature and 
pressure buildup within the liquid side of the economizer. The economizer may be bypassed if it is first 
drained. After operating in bypass mode, before the economizer is returned to service it must be allowed 
to cool and must be filled with water. 
 
Q.2 (v) What do you understand by recycle ratio in FBC Boiler?  
Answer : 
For a given test condition and a narrow range of limestone to coal feed rate, one expects the total 
available mole of calcium to each mole of coal sulfur to increase as the recycle ratio (recycle rate/coal 
rate) increases. The total available calcium oxide is defined as the combined calcium oxide from the 
limestone feed and the unreacted calcium oxide in the recycle stream; it is designated as 
 (CaO)R + (CaO)L. the limestone feed rate or the recycle ratio.  
The expected trend of the effect of recycle ratio on sulfur capture for two different Ca/S feed ratios. 
Ideally, for a given set of conditions, sulfur capture should increase with increasing recycle ratio due to 
an increase in the total available calcium-to-sulfur ratio. The rate of increase in sulfur capture (slope of 
the curve) will gradually diminish as the reactivity of the recycled lime decreases due to higher calcium 
utilization.  
 
Q.2 (vi) What is meaning of DMW joint? Where is it used? 
Answer : 

DMW(Dissimilar metal weld) cracking produces a circumferential fracture in the joint. The fracture is 

parallel to the weld fusion line in the ferritic steel. The fracture surface will follow the shape similar to the 

weld beads and appear as though the ferritic steel had not been fused to the weld metal. Initiation of the 

crack can occur anywhere along the fusion line. A brittle, thick edged fracture results from the 

accumulation of creep voids adjacent to carbide precipitates along the grain boundaries. Dissimilar metal 

weld cracking may occur in Superheater and Reheater tubing at weld joints. 

 

Q.2 (vii) Why is it required to provide a epoxy coating/rubber lining in DM Water tank. 
Answer : 
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In DM water storage tank DM water being stored after the Mixed bed outlet water ,which is having about 
6.8 to 7.2 pH level and DM water has contain huge quantity of dissolved oxygen which will react with 
mild steel tank surface and start corrosion which is leading to leakage of DM storage tank. Hence to 
protect from oxidation process i.e. corrosion ,epoxy/ rubber lining being done inside the DM storage 
tank. 
 
Q.2 (viii) How is re-heater temp is controlled in a typical utility boiler? 
Answer : 
For reheat (RH) steam temperature control, many methods are being adopted namely 

1.  burner tilt 
2. gas recirculation 
3. divided back pass dampers 
4. Excess air and steam bypass as primary control  
5. Feed water attemperation is envisaged as emergency control. 

 
Q.2 (ix) If working pressure of boiler is 180kg/cm2, at what pressure would you conduct 
Hydraulic test after annual overhaul? 
Answer : 
During annual inspection hydraulic test being carried out at 1.25 to 1.5 times of working pressure. 
If working pressure is 180kg/cm2 test hydraulic test pressure would be at 225kg/cm2(1.25 times) to 
270kg/cm2(1.5times) ,it is depending upon the instructions of boiler inspectrate. 
 
Q.2 (x) Match the following: 
S No. Pr part item           Type of IBR certificate 
1  Boiler mounting & fittings       Form VI 
2  Boiler tube from well known tube maker    Form III C 
3  Economizer Coils         Form III E 
4  Certificate for the use of boiler-Licence to steam Form III B 
Answer : 

1. Form III C 
2. Form III E 
3. Form III B 
4. Form VI  

 
Q.3(i)  Write briefly about the provision available under IBR 376(ff) for running boiler for more 
than one year without taking shutdown. 
 
Answer : In the Indian Boiler Regulations, 1950 (hereinafter referred to as the said regulations), in 
regulation 376, after clause (ff) the following clause shall be inserted, namely:- 
          
“(fff) For Captive Boilers and Waste Heat Boilers (Fired and Unfired) used exclusively in continuous 
process plants, the inspection shall be carried out in accordance with the provisions of Appendix JB. The 
boilers used in corrosive environment such as Sulphuric acid plants shall not be covered under the 
provisions of Appendix JB. ”. 

“APPENDIX  JB”    {See regulation 376 (fff)} 
Captive Boilers / Waste Heat Boilers (Fired)/HRSGs  working at a pressure more than 50 Kgs. /sq.cm & 
upto 20 years of age used exclusively in continuous process plant. 
(1) The Captive Boilers / Waste Heat Boilers (Fired) /HRSGs working at a pressure 50 kg/cm2 or more 
and up to 20 years of age, used exclusively in continuous process plant shall be inspected as detailed 
below after the expiry of twelve months from the date of inspection carried out in accordance with the 
procedure provided in regulation 390 and certification of fitness shall be issued by the concerned 
Inspector of Boilers in State, through inspection of the following records which shall be made available to 
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the Inspector of Boilers at least thirty days before the expiry of the operating certificate, provided he is 
satisfied that the boiler can be allowed to be operated for a further period of twelve months. 

(a) Operation data for superheater and reheater temperature excursions from the output of 
Data Acquisition System (DAS); 

(b) History of shut downs during the previous year with their causes and actions taken; 
(c) Records of any Non-Destructive test carried out on the boiler pressure parts during the 

year; 
(a) Water quality to the boiler is maintained as per the requirement of such boilers and on 

line data of the quality be provided through Data Acquisition System (DAS); 
(b) Boiler tube failure record (location, number of tubes repaired/replaced). 

(2) Inspection shall be carried out by the Inspector of Boilers at the expiry of twenty-four months as 
provided in regulation 390.  However, in case shutdown of fifteen days or more is planned any time 
before expiry of the certification period and after six months of the certification, the Inspector of Boilers 
shall be duly informed so that complete inspection can be scheduled during the said shut down period. 
 
Q.3(ii) In a 500MW unit, coal of 4000 kcal/kg GCV is fired. The un-burnt in bottom ash is 2.8%. and 
in fly ash is 0.4%. If the ash content in coal is 36%. Calculate the amount of loss due to 
combustibles in ash in terms kcal/kg coal fired. ( The GCV of carbon may be taken as 
8130kcal/kg and the ratio of bottom ash to fly ash collected is 15:85)  

 
Solution :  
Total ash in coal per kg=1x 36/100 =0.36 kg. 
Quantity of bottom ash per kg coal=0.36x0.15=0.054 Kg 
Quantity of fly ash per kg coal=0.36x0.85=0.306 kg 

Un-burnt in bottom ash =0.054 x 0.028= 0.001512 kg 
Un-burnt in fly ash=0.306 X 0.004=0.001224 kg 
Therefore, 
Amount of loss for un-burnt in bottom ash is= 0.001512 X 8130 
                                      =12.29256 kcal/kg coal burnt 
Amount of loss for un-burnt in bottom ash is= 0.001224 X 8130 
                                      =9.95112 kcal/kg coal burnt 
Total heat loss due to combustible in ash=12.29256+9.95112 

=22.24368 Kcal/kg of coal burnt(Ans.) 
 
Q.3(iii) What are the advantages of CFBC(Circulating Fluidized bed) over BFB(Bubbling Fluidized 
Bed) Boilers? 
Answer : 
Circulating Fluidised bed combustors (CFBC), where the bed medium is entrained and circulated with 
the combustion gases. A cyclone separates the bed material and returns it to the main chamber.  
Following are the advantages of CFBC over BFB Boiler :----- 

1. CFBCs can achieve combustion efficiencies greater than 98%.  
2. Typical fuels for CFBCs are coal, anthracite, petroleum coke, oil shale, biomass, shredded tyres, 

paper sludge, wood waste, high sulphur solid fuels, municipal sledges and industrial process 
waste.  

3. The ash is used as a cement aggregate or for other construction materials. It is generally inert 
and non-hazardous, although testing may be performed to detect any possible hazardous 
residuals.  

4. High availability and reliability with poor grade coal.  
5. Soot blowers are not required as it has minimum touching and slagging potential. 

Q.3(iv) Where are rifle tubes used in a boiler and why? 
 
Answer : 
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Rifled tubes are used in heat exchangers and boilers to provide highly energy efficient means of heat 
transfer. The presence of the internal rifling induces centrifugal forces in the mass flow thereby 
separating the water from the steam fraction and forcing the water towards the tube wall. As a result of 
this phenomenon and the increase in internal surface the following advantages occure: 

1. Improved heat transfer rate even at higher steam quality levels.  
2. Very good heat transfer even at low mass flux levels.  
3. Reduction in mean metal temperature of the tube wall.  
4. Ability to increase heat transfer rate by optimizing rifling geometry. 

 
Q.3(v) What do you understand by the term Stress Corrosion Cracking? 
 
Answer : Stress Corrosion Cracking (SCC)  
Symptoms: Failures from SCC are characterized by a thick wall, brittle-type crack. May be found at 
locations of higher external stresses, such as near attachments.  
 
Causes: SCC most commonly is associated with austenitic (stainless steel) super-heater materials and 
can lead to either trans-granular or inter-granular crack propagation in the tube wall. It occurs where a 
combination of high-tensile stresses and a corrosive fluid are present. The damage results from cracks 
that propagate from the ID. The source of corrosive fluid may be carryover into the super-heater from 
the steam drum or from contamination during boiler acid cleaning if the super-heater is not properly 
protected. 
 
Q.3(vi) What is the oxidation temperature of SA210 GrA1, SA213 T22? Give which filler wire and 
electrode is used for welding there materials?  
 
Answer : 
Maximum useful temperature of SA210 Gr A1 is 850*C. 
Maximum useful temperature of SA213 T22  is 1075*C. 
Filler wire/Electrode used for SA210 Gr A1 is E-7018 
Filler wire/Electrode used for SA213 T22 is  E-9018 
 
Q.3(vii) Describe reaction that involves Sox absorption in a FBC boiler with lime as sorbent? 
What is the typical SO2 capture efficiency? 
 
Answer : 
A water-mixed limestone slurry is reacted with SO2 within the exhaust gas for the recovery of sulfur 
contents as gypsum (CaSO4-2H2O). The overall reaction is as follows: 
CaCO3+SO2+0.5H2O= CaSO3-0.5H2O+CO2 
CaSO3-0.5H2O+0.5O2+1.5H2O= CaSO4-2H2O 
There are two types of absorption towers :---  

1. CaSO3-0.5H2O separate tower oxidation system  
2. Comprehensive single tower oxidation system.  

 
At present, single tower oxidation systems are less expensive to install and operate and their use is 
increasing annually. There are several methods to have recycled absorption liquid come into contact 
with SO2 in the absorption tower section; the "spray method," which sprays the absorption liquid, the 
"grid method," which spreads absorption liquid on the surface of a grid-like pad, the "jet-bubbling 
method," which blows exhaust gas into the absorption liquid, and the "water-column method," in which 
absorption liquid flows in the absorption tower. 

A strategy to improve SO2 capture through tuning the electro-negativity of the interaction site in ILs has 

been presented. Two types of imidazolium ionic liquids that include less electronegative sulfur or carbon 
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sites were used for the capture of SO2, which exhibit extremely highly available capacity, rapid absorption 

rate and excellent reversibility. 

 
 

 
 
Q.4(i) Which IBR regulation talks about ageing of boiler? After how many hours of operation is 
RLA carried out? Mention at least six tests with reason that are carried out under this regulation 
to ascertain the healthiness of the water tube Boiler?  
 
Answer :  
IBR rule 391A talks about ageing of boilers. 
 
The boilers which are operating at a temperature of 400*c and above including utility or industrial boilers 
and all boilers parts operating in the creep range of the boiler shall be non-destructively tested after they 
are in operation for 1,00,000hrs(One Lacks hours) for assessment of the remament life of the parts. 
 
Types of Non-destructive Test :---- 

1. Shearo-graphy  
2. Eddy Current test  
3. Acoustic Emission  
4. Thermo-graphic  
5. Ultrasonic Testing  
6. Visual Inspection 

 
1. Shearography 

• The object under study is illuminated by laser light, and a camera produces two sheared images that 
interfere with each other, causing a speckle pattern. 
• When the object is deformed (sheared), the speckle pattern changes. 
• The two speckle patterns interfere to produce a fringe pattern that depicts the surface gradient of the 
deformed object. 
• Though the images obtained are good, this method is time-consuming 
 

2. Eddy Current Principle 
• When an energized coil is brought near to the surface of a metal or conducting component, eddy 
currents are induced into the specimen. These currents set-up magnetic field that tend to oppose the 
original magnetic field. The impedance of coil in close proximity to the specimen is affected by the 
presence of the induced eddy currents in the specimen. 
• When the eddy currents in the specimen are distorted by the presence of the flaws or material 
variations, the impedance in the coil is altered. This change is measured and displayed in a manner that 
indicates the type of flaw or material condition. 
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3. Acoustic Emission Principle 

• Sounds made by a material, structure, or machine in use or under load are heard and 
analyzed to determine its "state of health". 
• One or more ultrasonic microphones are attached to the object and the sounds are analyzed using 
computer based instruments. 
• Noises may arise from: 
– friction (including bearing wear) 
– crack growth 
– material changes (such as corrosion) 
 

4. Thermographic Principle 
• Heat flow in a material is altered by the presence of some types of anomalies. 
• These changes in heat flow cause localized temperature differences in the material. 
• Slow heating of part reveals these anomalies. 
 

5. Ultrasonic Testing 
• The use of ultrasonic waves to evaluate the condition of a material. 
• Anomalies absorb or deflect the sound waves, which are then detected as changes in the waves. 
– holes, delaminations, voids 
– damage, debonds 
– resin-rich, -poor areas 
 

6. Visual Inspection 
• Basic principle: 
– illuminate the test specimen with light 
– examine the specimen with the eye 
• Used to: 
– to magnify defects which can not be detected by the unaided eye 
– to assist in the inspection of defects 
– to permit visual checks of areas not accessible to unaided eye 
• Most widely used of all the nondestructive tests. 
• Simple, easy to apply, quickly carried out and usually low in cost. 
 
Q.4(ii) The following terms describe the functioning of milling system in a modern utility Boiler : 
Classifying, Transporting, Circulating, Grinding, Drying and Feeding.  
Arrange them in the order of first activity to last activity.(For example feeding will be first activity). 
Explain how each of the above activity are accomplished along with the control mechanism 
available. 
 
Answer : 
Sequential activity in milling system is a follows :- 
 “Feeding-> Drying-> Grinding->Circulating->Classifying->Transportation” 
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Q.4(iii) When is post operational chemical cleaning of the Boiler recommended? Explain the 
steps involve in a single stage chemical cleaning process. 
 
Answer :  
 
Post operational chemical cleaning of boiler recommended on following conditions : 

1. Steam generation could not get achieved upto 100% MCR. 
2. Frequent boiler tube failures. 
3. Boiler exit flue gas temperature is very high. 
4. Boiler was running wide range of lower water treatment. 

PREPARATION BEFORE CHEMICAL CLEANING 

The Following system must normally be put into operation separately and have corresponding operation 
measurement. 

1. The water treatment system of power plant has been finished for commissioning and 
could be put into normal operation. Water treatment plant can supply enough and good 
quality fresh water and dematerialised water. 

2. Start up boiler and start up steam system could supply 0.8 – 1.0 MPa pressure steam. 

3. Waste water treatment system. 

 

The boiler chemical cleaning process flow:  

1. Water flushing  

2. Alkali circulation  

3. Cleaning  

4. Water flushing after alkali circulation cleaning  

5. Hydrochloride acid circulation cleaning 

6.  Water flushing  

7. Rinsing and Passivation. 
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CHEMICAL CLEANING PROCESS 

2. Boiler Water Flush 

3. Alkali Cleaning 

Dissolve the following chemical in the cleaning tank. The first concentration of chemicals used in alkali 
cleaning stage as the following: 

 0.4% w t trisodium phosphate. 

 0.2% w t disodium (hydrogen) phosphate. 

 Use the clean pump feed alkali cleaning solution from economizer into the boiler. 

Adjust drum level to normal operation level strictly after alkali cleaning solution was feed to boiler. 

Check boiler and temporary system valve condition is ready. 

Keeps alkali cleaning time for 8 to 10 hours temperature: 80 – 900 C 

The drum level is controlled at the top of level (about + 205 mm). 

Concentration of phosphate in boiler water should be periodically analyzed during alkali cleaning stage. 
If the concentration of the chemical reagent decreases to 0.1% w t, the chemical reagent can be suitably 
filled in. 

4. Water Flushing after Alkali Cleaning 

5. Boiler Acid Cleaning  

6. Filling Chemicals 

1. Establish following cycle flow: cleaning tank – cleaning pump – economizer – drum – boiler water 
wall – lower ring header – cleaning tank. 

2. Control water temperature to 50 – 600C. Adjust drum level below centre point 100mm and the 
cleaning tank at lower level. 

3. Fill inhibitor 800kg to cleaning tank, wait for 1 hour and than add HCI. Take sample from return 
tube. Analyze HCI concentration control the HCI concentration is less than 5.5% w t. when the 
HCI concentration in the return tube reaches above 3.0%, begin the time record for filling acid, 
put the cleaning monitoring system into operation. 

4. Control the drum level above centre point 200 ± 50 mm during filling acid and after finishing filling 
acid. 

Acid Cleaning Requirements  

Control the drum level above centre point 200 ± 50 mm after finishing filling acid. Adjust cleaning 
solution temperature at 50 – 600C by auxiliary steam heating. Analyze solution sample for acid strength 
and iron concentration in cleaning pump outlet and return tube and recode the temperature periodically. 
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Acid Cleaning End Point Estimation 

End the acid cleaning when there is basically no change of ferrous ion and HCI concentration. 

7. Flush after Acid Cleaning 

8. Rinsing and Passivation 

REQUIREMENTS OF THE CONCERNED LABORATORY TESTS 

NO. PROGRAM ITEM STANDARD INTERVAL 

1. Water flushing Appearance Delivery water is 
clear without 
colour and 
impurity 

10 min 

2. Alkali cleaning Na3PO4.12H2O 
Na2HPO4.12H2O 

0.1 – 0.2% w t 60 min 
 

3. Flushing after alkali 
boil-out 

Appearance pH Delivery water is 
transparent <9.0 

20 min 

4. Acid cleaning HCl 
Fe3+ 
Fe2+ 
0C 

3.5 – 4.5% 
 
50 – 600C 

20 min 

5. Flushing after acid 
cleaning 

Appearance 
pH 
Fe 

No particles 
basically 3.5 – 4.0 

20 min 

6. Passivation pH 9.0 – 9.5 30 min 

 
Q.4(iv) The following is the typical data of APH in a power plant 
O2 in flue gas inlet -2.8%    O2 in flue flue gas outlet-5.7% 
Flue gas inlet temp-333.5*C    Flue gas outlet temp-133.8*C 
Air inlet temp-36.1*C      Air outlet temp-288*C 
Assume mean specific heat of Air and gas as same.  
Calculate the following 

(a) Leakage of APH in % 
(b) Flue gas outlet temp at no leakage 
(c) Gas side efficiency of APH 
(d) X-ratio of APH 

 
Solution :  

(a)  Air heater leakage is determined by an empirical approximation as following.  
   
AL     = (O2 gl – O2 ge) x 0.9 x 100  
      (21 - O2 gl)  
          Where  AL = air heater leakage (%)  

O2ge = percent O 2 in gas entering air heater (2.8 %)  
O2gl = percent O 2  in gas leaving air heater (5.7 %)  

  
= 5.7 – 2.8 * 90/ (21-5.7) = 17.1 %  
 
 

(b) The numerical average of the air heater’s gas inlet, gas outlet and air inlet temperatures is 
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calculated. Then the corrected air heater gas outlet temperature is calculated using the following 
formula.  

  
Tgnl  = AL x Cpa x (Tgl – Tae) + Tgl  

 100 x Cpg  
          Where  Tgnl = gas outlet temperature corrected for no leakage  

Cpa = the mean specific heat between Tae and Tgl  
Tae = temperature of air entering air heater (36.1 C)  
Tgl = temp of gas leaving air heater (133.8 C)  
Cpg = mean specific heat between Tgl and Tgnl  

 Tgnl = 17.1 * (133.8 – 36.1) + 133.8 = 150.5*C  
    100  

(c) The gas side efficiency is defined as the ratio of the temperature drop, corrected for leakage, to 
the temperature head, expressed as a percentage. Temperature drop is obtained by subtracting 
the corrected gas outlet temperature from the gas inlet temperature. Temperature head is 
obtained by subtracting air inlet temperature from the gas inlet temperature. The corrected gas 
outlet temperature is defined as the outlet gas temperature calculated for ‘no air heater leakage’.  

  
Gas Side Efficiency (GSE)  = (Temp drop / Temperature head) * 100  
      GSE  = (Tge – Tgnl) x 100  

 (Tge – Tae)  
Where  Tae = Temperature of air entering air heater (36.1 C)  

Tgnl = gas out temp corrected for no leakage (150.5 C)  
  
GSE = (333.5-150.5) / (333.5-36.1) X100 = 61.5 %  
  

(d) X ratio is the ratio of heat capacity of air passing through the air heater to the heat capacity of 
flue gas passing through the air heater and is calculated using the following formulae  

  
   = Wair out * Cpa  

  Wgas in * Cpg  
  
   = Tgas in - Tgas out (at no leakage)  
      Tair out - Tair in  
  
 = (333.5 – 150.5) / (288 –36.1) = 0.73  
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