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1.0  Introduction  
 

Heavy Water Plant, Kota  (HWPK) is the first indigenous heavy water plant built 

in India. It is situated on the eastern bank of the Rana Pratap Sagar lake on Chambal 

River (24o52’N latitude and 75o37’E longitude). The location of this plant is adjacent to  

the Rajasthan Atomic Power Station (RAPS). The land at site rises gradually from an 

elevation of 354.5 m to 396 m in the east over a distance of 3 km and there are steep hills 

of 122 m height in the west across the river about 2 km away. The land around the site is 

rocky with little soil cover. The plant started operation in the year 1985 and it is 

approaching the completion of its originally stipulated design life.  In view of the 

excellent record of plant operation for the past 15-16 years, it has been planned to carry 

out various exercises for the life extension of the plant. The strategy chalked out to 

achieve this objective was based on the following considerations:  

 

- Assessment of operating stress levels, which was done for the process critical layouts 

identified based on the process parameters and the operational history of the plant. 

  

- Fatigue life evaluation has been carried out for the various critical pipings of the 

plant, which are undergoing maximum number of cycles and also where thermal 

stresses are relatively higher. 



- Assessment of the health of the plant was carried out with due consideration to the 

material properties of the aged materials and the measured data regarding the 

corrosion rates at the various critical locations. 

 

- Increase in awareness about seismicity has been utilised to update the seismic 

considerations for the site. 

 

- Re-assessment of the plant for the new seismic loading has been carried out. These 

exercises have been carried out using site dependent ground motion corresponding to 

around 475 years return period (Ref.1).   

 

In view of the above requirements, life extension exercises  have  been planned in  

three-stages : 

 

(i) Stage-1: Evaluation of operating stresses was carried out for the process 

critical piping layouts and equipment. Fatigue life evaluation has been carried 

out to find out the Cumulative Usage Factor (CUF), which helps in arriving at 

a decision regarding the life extension of the plant.  

 

(ii) Stage-2: Seismic re-evaluation of the plant to assess its ability to maintain its 

integrity in case of the occurrence of the most probable earthquake. This 

exercise is further aimed at ensuring the adequacy of seismic supports to 

maintain the integrity of the system in case of a seismic event and to suggest 

some additional supports, if required. 

 

(iii) Stage-3: Walk-down of the plant to ensure the integrity of the other piping 

systems for which exercises have not been planned under the above two 

stages. The aim of this walk-through is two pronged, one is to ensure integrity 

of the system under normal operating condition and secondly, to ensure its 

integrity in case of a seismic event.  

 



 In Stage-1, piping systems associated with 25 process critical equipment nozzles 

were identified based on the pressure-temperature cycles and the operational history of 

the plant (Appendices I and II). Exercises were carried out on these process critical 

layouts for the evaluation of  stresses due to static loadings and subsequently to calculate 

fatigue life at locations showing higher thermal stresses. The results of this study have 

already been reported separately (Ref.2). 

 

This report deals with the Stage-2, wherein seismic re-evaluation exercises have 

been undertaken on these identified layouts. Seismic re-evaluation exercises on these 

piping systems involved the modelling of piping layouts using around 250 piping 

isometric drawings, which covers almost 60-70% of the total plant piping. This report 

gives the details of the systems analysed, their modelling, seismic inputs chosen and 

used, strategy adopted for the seismic re-evaluation, method of analysis, results of the 

analysis and the various conclusions arrived at based on these analyses. The remaining 

systems have been covered under Stage-3, the results of which will be reported 

separately.  

 

2.0  Process Description of the Plant 

 
           The Heavy Water Plant, Kota comprises mainly of exchange unit, distillation unit, 

H2S generation unit and other utilities (Fig.1). The plant’s annual production capacity is 

85 tons of 99.8% pure heavy water. This plant is based on Gridler’s Sulfide (GS) process 

which is a H2S-H2O dual temperature exchange process for initial enrichment to produce 

heavy water. Enrichment of deuterium present in natural water at the level of 145 ppm to 

99.8% is carried out as the result of two different processes in two separate stages as 

given below:  

 

(i) H2S-H2O exchange process to enrich from 145 ppm level to 15% heavy water, 

and 

(ii) Vacuum distillation to upgrade from 15% to 99.8% reactor grade heavy water. 

 



 

The exchange process between H2S and H2O is as given below: 

 

            30oC  

H2O (liquid) + HDS (gas)     →     HDO(liquid) + H2S 

  

             130oC  

H2O (liquid) + HDS (gas)     ←     HDO(liquid) + H2S 

 

 The enrichment of heavy water is obtained by making use of the fact that the 

equilibrium constant of the above reaction varies with temperature. The exchange unit is 

arranged in a three-stage cascade. The first stage, handling large quantities of process 

water and H2S gas, consists of three pairs of cold and hot towers operating approximately 

at 30oC and 130oC respectively. These towers are approximately 52 m tall, 4.5 m 

diameter and 45 mm thick. The second and third stages, each consist of one pair of cold 

and hot towers. Second stage tower sizes are approximately 33 m tall, 4.5 m diameter and 

42 mm thick whereas it is 43 m tall, 2.3 m diameter and 25 mm thick in case of third 

stage. The purified water enters the top of the first stage cold tower and travels down 

while hydrogen sulfide gas entering the bottom of the tower meets the water in a counter 

current flow in tower internals and the exchange of deuterium takes place. In the cold 

tower, the water gets enriched with respect to deuterium while the gas gets depleted in 

deuterium concentration. In the hot tower, the reverse reaction takes place, i.e. the gas 

gets enriched instead of liquid.  

 

 With the proper liquid and gas flow rates and the gas in closed circuit in a pair of 

towers, a small quantity of enriched liquid is withdrawn from the bottom of the cold 

towers as a net product. This is further enriched in a similar way in the second and third 

stages. The liquid coming out from the bottom of the first stage hot towers is divided into 

two parts. One part is recycled to the top of humidification section located at the bottom 

of hot tower for heat recovery, while the other part constitutes the waste. Before 

discarding the waste to the environment, it is necessary to recover the H2S dissolved in 



the waste. For this purpose, a waste stripper is provided to strip H2S by direct steam 

stripping and the evolved gas and steam are put back to the first stage hot towers. The 

enriched water from the third stage is stripped off its H2S content in a product stripper 

and fed to the distillation unit for further enrichment upto nuclear grade. The isotopic 

exchange process operates at about 20-atmosphere pressure and at a temperature of 30oC 

to 130oC, while the vacuum distillation plant works at a pressure of 100 mm Hg absolute.  

 

3.0 Need for Seismic Re-evaluation  

 
Existing facilities usually require seismic re-evaluation under two circumstances, 

viz. when the design level earthquake differs from the present seismicity at the site or 

when it is required to assess the remaining life of an existing plant in its as-built condition 

as a part of its life extension. The aim of this exercise is to assess the effects of the 

maximum probable earthquake at the plant site on the various systems and components of 

the plant. The potential options for the re-evaluation of existing facilities include a 

rigorous analytical study to reduce the conservatism and strengthening of the facilities as 

required so as to enhance the resistance to seismic hazard.  Seismic re-evaluation of the 

plant involves a re-assessment of the structural integrity of various structures and 

components of the plant for the review basis ground motion. Wherever, the re-assessment 

indicates that the structural integrity is not satisfied, suitable retrofitting measures are to 

be implemented.  

 

4.0 Review Basis Earthquake Motion  
 

Seismic re-evaluation requires a realistic determination of the ground motion 

without unnecessary conservatism. It also requires defining various parameters used in 

the analysis, such as damping values, allowable stresses etc., more realistically. The re-

evaluation exercises can be performed by permitting the induced stresses to be as close as 

the allowable limits while considering seismic loading.  Since the plant happens to be in 

close  proximity  to  the four nuclear power plants at the site, it is all the more essential to  



 

ensure that any mishap at HWPK does not affect the operation of nuclear plants. With 

these objectives in mind, the seismic risk at Rawatbhata site was examined in great 

details. 

  

Based on this study, it was observed that the site had experienced an earthquake 

having maximum felt acceleration of 0.028g within an epicentral distance of 300 km. 

Moreover, the mean recurrence interval has been estimated to be around 475 years for an 

earthquake with PGA of 0.02g. Based on these observations, the following decisions 

were arrived at regarding the seismic motion to be used for the seismic re-evaluation of 

the HWPK plant: 

 

(1) The PGA for seismic re-evaluation should be taken as 0.03g for the horizontal 

motion. 

 

(2) The spectral shape to be used for the seismic re-evaluation of the HWPK plant should 

be same as that for the RAPP-3 & 4 ground motion spectrum. 

 

(3) The two horizontal components of earthquake should be equal and the vertical 

component should be two-third of this value. 

 

Keeping  these  decisions  in  mind,  the  site specific ground motion spectra for  a 

peak ground acceleration  of 0.03g in horizontal direction for 5% damping is considered 

as the review basis ground motion (Table 1). Proposed values of damping used in seismic 

re-evaluation of an old process plant are taken from the report NUREG / CR-0098 

(Ref.3) and from ASME boiler and pressure vessel code (Ref.4). Based on this, a 

damping value of 5% has been used for the analysis of piping systems connected with the 

equipment. Response spectrum (Fig.2) analysis has been carried out for the re-evaluation 

of piping systems.  

 

 



5.0 Methodology Adopted for Seismic Re-evaluation 
 

Seismic re-evaluation of the plant involves a re-assessment of the structural 

integrity of various structures and components of the existing plant for the review basis 

ground motion. This assumes a great importance in the case of HWPK since it is located 

adjacent to the nuclear power plants at RAPS site. The plant was originally designed 

using ANSI B-31.3 (Ref.5) code, which is meant for chemical plant and petroleum 

refinery pipinigs.  This code specifies an increase of 33% on allowable stress for 

occasional loads such as the earthquake load. However, it is difficult to qualify the 

system with this low value of allowable stress for seismic loading. 

 

The basis adopted for seismic re-qualification of the piping and equipment of this 

plant, in the present work, is to make use of the latest provisions of ASME Sec-III, 

subsection–ND, wherein the earthquake loading has been classified as a reversing 

dynamic load (Ref.6). For such reversing type of loads, the recent revision to ASME code 

has permitted the use of higher damping values (5% of critical damping) while 

performing response spectrum analysis using 15% peak broadened spectra. In addition to 

this, it also permits the induced stress due to seismic (inertial), pressure and dead weight 

to be 4.5Sm during service level-D. In order to take advantages of the new changes in the 

ASME design philosophy which are supposed to be consistent with the observed 

behavior of the system during an earthquake, analysis of HWPK piping alongwith the 

equipment has been performed using the current provisions of ASME Sec-III, 

Subsection-ND. This strategy is well supported by the fact that the design, fabrication 

and NDE of the HWPK equipment and piping are consistent with the provisions of 

ASME Section III, ND. The resultant stress due to static loading and dynamic loading has 

been calculated as per the following equation (Ref.6): 

 

t
PDB
21 + 

Z
MB2 < mS5.4  

    where,  

                P  =   Pressure occurring  coincident with the reversing dynamic load. 



                        M  =  Amplitude of the resultant moment due to weight and the inertial 

                                  loading from the earthquake. 

                  1B , 2B   =  Primary stress  indices for the specific product  under investigation. 

                         =  Allowable design stress intensity value mS

                          D  =  Outside diameter of pipe 

               t   =  Nominal  wall thickness  of the piping component 

  

 Dynamic response analysis has been carried out using lumped mass approach. 

During the analysis, it has been ensured that 90% of the total mass gets excited within the 

specified modes and the missing mass correction has been applied, wherever it is found 

that the mass excitation is less. The final response has been evaluated by combining all 

the modal responses by the 10% Square Root Sum of Squares (SRSS) method. Spatial 

responses have been combined using the SRSS method. 

    

6.0 Mathematical Modelling  
  

 Mathematical modelling of  the piping layouts has been carried out alongwith the 

connected equipment so as to include their dynamic interaction effects. The pipe and 

other components have been discretised using pipe elements. All the valves and nozzles 

have been modeled at their respective locations. Proper support conditions have been 

considered in order to model rod hangers, anchors etc.  The finite element code 

CAESAR-II (Ref.7) has been used to calculate the static and dynamic responses. 

Modelling has been carried out based on the following considerations: 

 

(1) Towers alongwith their skirt supports have been modelled using pipe elements. 

 

(2) Nozzle to the vessel center line connection has been modelled using rigid links of 

zero weight.  

 

(3) Temperature and pressure gradients within the towers have been ignored and constant 

temperature and pressure have been assumed for the present analysis (Ref.8).  



 

(4) Temperature and pressure changes at the branching of pipes have been assumed as a 

sudden step change for modelling purpose (Ref.8). 

 

(5) Dimensions indicated in the isometric drawings have been used irrespective of 

standard valve length as per ANSI standards. 

 

(6) Weight of the flanges has been taken from Tube-Turn flange catalogue (Ref.9). 

 

            Based on the above considerations and using the various inputs supplied 

by Heavy Water Plant Kota / Heavy Water Board such as isometric drawings, support 

location details, support details, sketches of equipment and nozzle connections, insulation 

details and process conditions, etc. mathematical models were prepared for all the 11 

layouts (Appendix I), covering the 25 identified process critical nozzles (Appendix II). 

Static analyses have been carried out to evaluate the response of the piping due to weight, 

internal pressure and thermal loading. Subsequently, seismic analyses have been carried 

out by response spectrum method utilizing the review basis earthquake spectra (Fig.2). 

Since the software CAESAR-II does not provide load combination facility as per ASME 

Section-III subsection-ND, load combinations have been carried out analytically with the 

help of a post-processor.  

 

7.0 Brief Description of the Results  

 
7.1 Layout-1 (Piping related to Nozzles N1, N2 and N15): The first layout consists of 

gas lines connecting the waste stripper and three hot towers (HT1, HT2, HT3) (Fig.3). 

This layout is connecting nozzles N1 (waste stripper gas inlet), N2 (gas nozzle on HT3) 

and N15 (tee joint) (Refs.10-11).  

 

This layout has been analysed for the first 100 modes of vibration with the 

frequency for the hundredth mode as 19.81 Hz. The first natural frequency for this layout 

is 0.28 Hz (Table 2.0). Mode shapes for first and second modes are shown in Figs 4 and 5 



respectively. The cumulative mass participation upto 100 modes have been estimated to 

be 98.34%, 95.16% and 98.33% in X, Y and Z directions respectively (Table 3). Stresses 

due to dead weight and pressure loading have been combined with the seismic stresses as 

shown in Table 4.  The maximum total stress occurring at tee location node no. 2310 

(Fig.6) is 46.77 kgf/mm2, which is less than the allowable stress 4.5 Sm (54.0 kgf/mm2). 

  

7.2 Layout-2 (Piping related to Nozzles N3, N4, N5 and N6):  This   layout    connects 

nozzle N3, the waste  stripper  liquid outlet to the nozzle  N4 (3731 EX1A shell inlet) and 

nozzle  N5 (3731 EX1B shell outlet) (Figs.7-9). Another independent loop connecting N6 

(3731 EX6B tube inlet) has also been modelled and analysed  (Fig.10) (Refs.12-13).  The 

pipe size for this layout varies from 3 inch Sch. 80 to 16 inch Sch.60. This layout has 

been analysed for the first 249 modes of vibration with the natural frequencies of   the 1st 

and   249th    modes   being    0.03 Hz and    33.11 Hz   respectively (Table 5). The 

cumulative mass   participation upto   the   249th mode is 87.46%, 71.64%, and 86.83% in 

the X, Y, and Z directions respectively (Table 6). The maximum combined stress due to 

static and dynamic loading occurring at location node no. 3310 (Figs.11-12) is 17.50 

kgf/mm2, which is well within the allowable limit of 4.5 Sm (Table 7). The maximum 

displacements in the X, Y and Z directions are 169 mm, 4.8 mm and 143 mm 

respectively (Table 8). 

 

7.3 Layout-3 (Piping related to Nozzles N7, N8 and N9): This layout connects nozzle 

N9 that is a waste stripper liquid inlet to nozzles N7 (3731 EX7B tube inlet) and N8 

(3731 EX9B tube inlet) (Refs. 14-16). The pipe size varies from 4 inch Sch. 80 to 16 inch 

Sch. 60 (Figs.13-14). This layout has been analysed for the first 341 modes of vibration 

with the natural frequencies of the 1st and 341st modes being 0.17 Hz (Fig.15) and 33.11 

Hz respectively  (Table 9). The cumulative mass participation upto the 341st mode is 

92.92 %, 80.42 %, and 91.56 % in the X, Y and Z directions respectively (Table10). The 

maximum combined stress due to static and dynamic loading occurring at location node 

no. 110 (Fig.16) is 15.92 Kgf/mm2, which is well within the allowable limit of 4.5 Sm 

(Table 11). The maximum displacements in the X, Y and Z directions are 144 mm, 7 mm 

and 159 mm respectively (Table12). 



 

7.4 Layout-4 (Piping related to Nozzle N10):  This layout connects nozzle N10 that is a 

waste stripper steam inlet (Figs.17-18) (Refs. 17-19). This layout has been analysed for 

the first 50 modes of vibration with the natural frequencies of the 1st and 50th modes 

being 0.60 Hz (Fig.19) and 35.72 Hz respectively  (Table 13). The cumulative mass 

participation upto the 50th mode is 79.15%, 54.65%, and 79.15% in the X, Y, and Z 

directions respectively (Table14). The maximum combined stress due to static and 

dynamic loading occurring at node no. 70 (Fig.20) is 8.35 kgf/mm2, which is well within 

the allowable limit of 4.5 Sm (Table 15). The maximum displacements in the X, Y and Z 

directions are 34 mm, 5.7 mm and 25 mm respectively (Table16). 

 

7.5 Layout-5 (Piping related to Nozzles N11, N12 and N13): Piping loop selected for 

this analysis comprises of nozzles N11 (3105 RX5 process inlet), N12 (3105 RX5 

process outlet) and N13 (3105 HT3 recirculation inlet) (Refs. 20-22). The model consists 

of 429 no. of nodes (Figs 21-24). This layout has been analysed for the first 215 modes of 

vibration with the natural frequencies of the 1st and 215th modes being 0.31 Hz and 33.13 

Hz respectively (Table 17). A typical mode shape for 2nd mode (0.36 Hz) is shown in 

Fig.25. The cumulative mass participation upto the 215th mode is 96.96%, 81.39% and 

97.48% in the X, Y, and Z directions respectively (Table18). The maximum combined 

stress due to static and dynamic loading occurring at node no. 490 (Fig.26) is 15.87 

kgf/mm2, which is well within the allowable limit of 4.5 Sm (Table 19). The maximum 

displacements in the X, Y and Z directions are 96 mm, 9.46 mm and 116 mm 

respectively (Table 20). 

 

7.6 Layout-6 (Piping related to Nozzle N14): This is the piping loop connected with the 

direct steam inlet to hot tower 3105 HT3. This is a small loop consisting of only single 

steam line. In the course of the analysis, the site informed that this line has been removed 

at the plant and that this line exists no more. Therefore, the results of this layout have not 

been included in this report.  

 



7.7 Layout-7 (Pipings related to Nozzles N16, N17 and N23): Piping loop selected for 

this analysis comprises of nozzles N16 (3105 HT3 gas outlet), N17 (3205 HT1 gas inlet) 

and N23 (3105 CT3 gas inlet) (Figs. 27-28) (Refs 23-25). Piping associated with this 

layout carry H2S gas and these lines are the largest size lines in the plant. Therefore, it is 

essential to maintain the integrity of these lines in case of any seismic event. This layout 

has been analysed for the first 63 modes of vibration with the natural frequencies of the 

1st and 63rd modes being 1.01Hz (Fig.29) and 32.53Hz respectively (Table 21). The 

cumulative mass participation upto the 63rd   mode is 94.36%, 86.8% and 94.46% in the 

X, Y, and Z directions respectively (Table 22). The maximum combined stress due to 

static and dynamic loading occurring at location shown as node no. 220 in Fig.30 is 16.85 

kgf/mm2, which is well within the allowable limit of 4.5 Sm (Table 23). The maximum 

displacements in the X, Y and Z directions are 42 mm, 2.7 mm and 30 mm respectively 

(Table 24). 

 

7.8 Layout-8 (Piping related to Nozzles N18, N19 and N20, N21):  This layout consists 

of two different layouts connecting two process critical nozzles each and handling H2S 

gas (Refs. 26-28). One of the layout henceforth referred to as layout-8.1, is connected to 

the nozzles N18 (3205-HT1 gas outlet) and N19 (3305-HT1 gas inlet). This layout starts 

from the top of 3205 HT1 and ends at 3205 CT1 and 3305 HT1 (Fig.31). The diameter of 

the pipe is mostly 36.0 inch except for a portion where it is 16.0 inch. The other layout, 

henceforth referred to as layout-8.2, is connected to the nozzles N20 (3305-HT1 gas 

outlet) and N21 (3305-CT1 gas inlet). This pipeline starts from the top of 3305 HT1 and 

ends at the bottom of 3305 CT1 (Fig.32). The diameter of this pipe is 18.0 inch.  

  The layout-8.1 has been analysed for the first 55 modes of vibration with the 

natural frequencies for the first and the fifty-fifth modes as 0.53 Hz (Fig.33) and 33.20 

Hz respectively (Table 25). The cumulative mass participation upto 55 modes have been 

estimated to be 91.47%, 85.02% and 91.47% in X, Y and Z directions respectively (Table 

26). The maximum total stress due to static and dynamic loadings occurring at the tee 

location node no. 200 (Fig.34) is 30.39 kgf/mm2, which is well within the allowable limit 

of 4.5 Sm (Table 27). 

 



The layout-8.2 has been analysed for the first 96 modes of vibration with natural 

frequencies for the first and ninety-sixth modes as 0.18 Hz (Fig.35) and 33.03 Hz 

respectively (Table 28). The cumulative mass participation upto 96 modes are 97.33%, 

86.86% and 97.31% in X, Y and Z directions respectively (Table 29). The maximum total 

stress due to static and dynamic loadings occurring at bend location node no.120 (Fig.36) 

is 14.56 kgf/mm2 that is well below the 4.5 Sm limit (Table 27). 

 

7.9 Layout-9 (Piping related to Nozzle N22):  Nozzle N22 is liquid outlet from cold 

tower 3305 CT1 (Refs.29-31). The piping Layout-9 is connected with this nozzle at one 

end and at the other end, with four pumps (3302-P7, P8, P9 and P10) (Fig 37). This 

layout has been analysed for the first 11 modes of vibration with the natural frequencies 

of the 1st and 11th modes being 6.50 Hz (Fig.38) and 36.21 Hz respectively (Table 30). 

The cumulative mass participation upto the 11th  mode is 44.58%, 9.92% and 85.08% in 

the X, Y, and Z directions respectively (Table 31). The maximum combined stress due to 

static and dynamic loading occurring at various locations are found to be very low.  

Maximum stress observed is also less than 1 kgf/mm2, hence these values have not been 

reported in tabular form as has been done for the other layouts.  The maximum 

displacements in the X, Y and Z directions are 0.8 mm, 0.1 mm and 0.5 mm respectively 

(Fig.39) (Table 32). 

 

7.10 Layout-10 (Pipings related to Nozzle N24):  Piping loop selected for this analysis 

comprises of nozzle N24 on the cold tower 3105 CT3 and the connected piping (Refs.32-

34) (Figs.40-41). Nozzle N24 is 3105 CT3 feed inlet. The cold tower 3105 CT3 is of 

outside diameter 4334 mm and thickness 42 mm. For this layout, the pipe size varies 

from 3 inches Sch. 40 to 12 inches Sch. 40. This layout has been analysed for the first 

181 modes of vibration with the frequency for the 181st mode being 33.19 Hz.  The first 

natural frequency for this layout is 0.07 Hz (Table 33) (Fig.42). The cumulative mass 

participation has been found out to be 91.52%, 77.26 % and 91.44 % in the X, Y, and Z 

directions respectively (Table 34). Stresses due to dead weight and pressure loading have 

been combined with the seismic stresses as shown in Table 35 .The maximum combined 

stress occurring at the reducer location node no. 1000 (Fig 43) is 18.80 kgf/mm2 which is 



less than 4.5 Sm (54 kgf/mm2). The maximum displacements in the X, Y, and Z directions 

are 164 mm, 2 mm, and 118 mm respectively (Table 36). 

 

7.11 Layout-11 (Pipings related to Nozzle N25): The piping in this layout is connected 

with the nozzle N25. This nozzle is feed inlet connected to third stage cold tower 3305 

CT1. This loop is liquid line connecting tower 3305CT1 to various heat exchangers and 

pumps (Figs. 44-45) (Refs. 35-37). 3305 CT1 is a cold tower of outer diameter 2350 mm 

and of thickness 25 mm. The pipe size for this layout varies from 4 inches Sch. 80 to 8 

inches Sch. 40. This layout has been analysed for the first 207 modes of vibration with 

the natural frequencies of the 1st and 207th modes being 0.29 Hz (Fig. 46) and 33.20 Hz 

respectively  (Table 37). The  cumulative  mass  participation upto the  207th mode  is 

83.7 %, 76.5 % and 83.7 % in the X, Y, and Z directions respectively (Table 38). The 

maximum combined stress due to static and dynamic loading occurring at location node 

no. 650 (Fig.47) is 32.34 kgf/mm2, which is well within the allowable limit of 4.5 Sm 

(Table 39). The maximum displacements in the X, Y and Z directions are 92 mm, 7 mm 

and 100 mm respectively (Table 40). 

 

8.0 Conclusions 

 

Qualification of the piping of Heavy Water Plant, Kota has been performed taking 

into account the interaction effects from the connected equipment. Each layout has been 

qualified using the latest provisions of ASME Code Section III, Subsection ND that is 

more realistic in terms of assessing the seismic vulnerability of various piping 

components. Following conclusions can be drawn from the seismic analyses carried out 

for the above piping layouts: 

 

(a) The maximum stresses for all the layouts due to pressure, weight and seismic loadings 

have been found to be well within the allowable limit of 4.5 Sm. Therefore, it is 

concluded that during a maximum probable seismic event, the possibility of pipe 

rupture can be safely ruled out. 

 



(b) The results obtained from the exercises on the layouts connected to 25 process critical 

nozzle locations further corroborate the strategy to be adopted in Stage-3 wherein the 

remaining layouts can be qualified using the similarity analysis by carrying out 

seismic walk-down of the plant.  

 

(c) The seismic re-evaluation results showed that the plant is in a very healthy state to 

withstand even the most probable earthquake. Hence, this fact further substantiates 

the endeavour towards the life extension of the plant. 
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    (a) HWPK/30000/2958 
    (b) DOD/PG1/ED/114 
    (c) DOD/PG1/ED/124 
    (d) DOD/PG1/ED/122 
    (e) DOD/PG1/SK/12 
    (f) DOD/PG1/ED/123  
 

(12) Sketches of equipment ST1 and Nozzle N3 
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    (b) DOD/PL1/ED/101 
    (c) DOD/PL1/ED/105 
    (d) DOD/PL1/ED/107 
    (e) DOD/PL1/ED/108 
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    (k) DOD/PL1/ED/131 
    (l) DOD/PL1/ED/144 
    (m) DOD/PL1/ED/142 
    (n) DOD/PL1/ED/132 
    (o) DOD/PL1/SK/2 
 

(14) Drawings of equipment: 

  
(i)  3715 ST1 Drg. No. HWPK/37150/4001/GA/A1/01 
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(i)  DOD/PL2/ED/102 
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(k)  DOD/PL4/ED/107 
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(m) DOD/PL2/ED/107 
(n)  DOD/PL4/ED/101 
(o)  DOD/PL4/ED/109 
 

(16) Sketches of nozzles N7 (3731 EX7B tube inlet), N8 (3731 EX9B tube inlet) and  N9 

        (Waste Stripper liquid inlet). 

 

(17) Drawings of equipment: 

  
(i)  3715 ST1 Drg. No. HWPK/37150/4001/GA/A1/01 

 

(18) Drawing Nos.: 

 
(a)  HWPK/30000/2958 



(b)  DOD/S2/ED/106 
(c)  DOD/PL1/ED/171 

 

(19) Sketch of nozzle N10 (Waste Stripper liquid inlet). 

 

(20) Drawings of equipments: 

  
    (i) 3105 HT3 Drg.No. HWPK/31150/4002/GA/A1/Rev.D  
   (ii) 3101 RX5 Drg.No. HWPK/30010/4001/DD/A0/Rev.3 
 

(21) Sketches of nozzles N11, N12 and N13. 
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    (b) DOD/PL4/ED/108 
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    (e) DOD/PL1/ED/148 
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    (g) DOD/PL1/ED/128 
    (h) DOD/PL1/ED/154 
    (i) DOD/PL3/ED/138 
    (j) DOD/PL3/ED/146 
    (k) DOD/PL1/ED/156 
    (l) DOD/PL1/SK/10 
    (m) DOD/PL1/SK/3 
    (n) DOD/PL1/ED/120 
 

(23) Drawings of equipment: 

  
    (i) 3105 HT3 Drg.No. HWPK/31150/4002/GA/A1/Rev.D  
   (ii) 3205 HT1 Drg.No. HWPK/32050/4002/GA/A1/Rev.8 
  (iii) 3105 CT3 Drg.No. HWPK/33050/4002/GA/A1/Rev.F 
 

(24) Sketches of nozzles N16, N17 and N23. 

 
(25) Drawing Nos.: 

 
    (a) HWPK/30000/2958 



    (b) DOD/PG/ED/107 
 

(26) Drawings of equipments: 

  
    (i) 3305 CT1 Drg.No. HWPK/33050/4001/GA/A1/Rev.8 
   (ii) 3205 HT1 Drg.No. HWPK/32050/4002/GA/A1/Rev.8 
  (iii) 3305 HT1 Drg.No. HWPK/33050/4002/GA/A1/Rev.8  
 

(27) Sketches of nozzles N18, N19, N20 and N21. 

 

(28) Drawing Nos.: 

 
    (a) HWPK/30000/2958 
    (b) DOD/PG/ED/109 
    (c) DOD/PG/ED/111 
 

(29) Drawings of equipment: 

  
         (i) 3305 CT1 Drg.No. HWPK/33050/4001/GA/A1/Rev.B 

 

(30) Drawing Nos.: 

 
    (a) HWPK/30000/2958 

(b)  DOD/PL3/ED/111 
 

(31) Sketch of nozzle N22, 3305 CT1 liquid outlet. 

 

(32) Drawings of equipment: 

  
(i)  3105 CT3 Drg. No. HWPK/33050/4002/GA/A1/Rev. F 

 

(33) Drawing Nos.: 

 
(a)  HWPK/30000/2958 
(b)  DOD/PF1/ED/101 
(c)  DOD/PL1/ED/135 
(d)  DOD/PL1/ED/115 



(e)  DOD/PL3/ED/103 
(f)  DOD/PF1/ED/104 
(g)  DOD/PL1/ED/110 
(h)  DOD/PF1/ED/103 
(i)  DOD/PF1/ED/102 
(j)  DOD/PF1/ED/105 
(k)  DOD/PL1/ED/138 
(l)  DOD/PF1/SK/5 
(m) DOD/PF1/ED/115 
 

(34) Sketch of nozzle N24 (3105 CT3 feed inlet). 

 

(35) Drawings of equipment: 

 
     (i) 3305 CT1 Drg.No. HWPK/33050/4001/GA/A1/Rev.8 

 

(36) Detail of Nozzle No. 25, Feed Inlet, 3305 CT1 (Sketch).  

 

(37) Drawing Nos.: 

 
(a) HWPK/30000/2958 
(b) DOD/PL1/ED/164 
(c) DOD/PL1/ED/169 
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(e) DOD/PL3/ED/150 
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(g) DOD/PL1/SK/15 
(h) DOD/PL3/ED/145 
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(j) DOD/PL1/ED/161 
(k) DOD/PL3/ED/167 

 
 

 

 

 

 

 

 



Appendix-I  

 Details of Various Layouts 

 

Layout 
No. 

Nozzles 
covered 

** 
Process fluid 

Size of 
the pipe 

line 

Design 
pressure 
Kgf/cm2 

Design 
temperature 

Fig No. 
(layout) 

1 
N1, N2, 

N15 
 

Process gas, dry 
H2S 

6" to 
16" NB 20.4 209 oC 

 3-6 

2 
N3, N4, 
N5, N6 

 

Process liquid with 
H2S 

4" to 
14" NB 

10.5 to 
54.4 

ambient to 
219 oC 7-12 

3 
N7, N8, 

N9 
 

Process liquid with 
H2S and Process 
feed (DM water) 

4" to 
16" NB 

54.4 to 
64.4 

70 oC to  
219 oC 13-16 

4 N10 Process steam 10" NB 23 to 40 219 oC to   
250  oC 17-20 

5 

N11 
N12 
N13 

 

Process liquid with 
H2S 

6" to 
12" NB 

34.4 to 
39.4 

70 oC to 
200 oC 21-26 

6 N14 Process steam 4" to 
10" NB 22 to 40 200 oC to   

250  oC - 

7 

N16 
N17 
N23 

 

Process gas, dry 
H2S 

30" to 
36" NB 20.4 41 oC to 

130 oC 27-30 

8 

N18 
N19 
N20 
N21 

 

Process gas, dry 
H2S 

16"to 
36"NB 20.4 130 oC 

 31-36 

9 N22 Process liquid with 
H2S 6" NB 20.4 125 oC 

 37-39 

10 N24 Process liquid with 
H2S & Process feed 

8" to 
14"NB 

22.4 to 
31.4 

28 oC to     
30 oC 40-43 

11 N25 Process liquid with 
H2S 

2" to 6" 
NB 

1.5 to 
33.2 

ambient to 
214 oC 44-47 

 
** nozzle nomenclature and respective details are as listed in the Appendix-II 

 
 
 
 
 



Appendix-II 
 

Nozzle Details 
 

Sl. No. Nozzle No. Description of the nozzle 

1 N1 Waste stripper gas inlet 

2 N2 Hot tower HT3 inlet 

3 N3 Waste stripper liquid outlet 

4 N4 3731 EX-1A shell inlet 

5 N5 3731 EX-1B shell outlet 

6 N6 3731 EX-6B tube inlet 

7 N7 3731 EX-7B tube inlet 

8 N8 3731 EX-9B tube inlet 

9 N9 Waste stripper liquid inlet 

10 N10 Waste stripper steam inlet 

11 N11 3105 RX5 process inlet 

12 N12 3105 RX5 process outlet 

13 N13 3105 HT3 recirculation inlet 

14 N14 3105 HT3 direct steam inlet 

15 N15 T-joint to overhead to HT3 and condensate pot inlet 

16 N16 3105 HT3 gas outlet 

17 N17 3205 HT1 gas inlet 

18 N18 3205 HT1 gas outlet 

19 N19 3305 HT1 gas inlet 

20 N20 3305 HT1 gas outlet 

21 N21 3305 CT1 gas inlet 

22 N22 3305 CT1 liquid outlet 

23 N23 3105 CT3 gas inlet from HT3 

24 N24 3105 CT3 feed inlet 

25 N25 3305 CT1 feed inlet 

 



 

Table 1.0: Spectral Motion used for Seismic Re-evaluation of HWPK 
(Horizontal direction - 5% damping) 

 
Period (secs) Acceleration (mm/sec2) 

0.000001 294.30 
0.12 882.90 
0.18 941.76 
0.20 941.76 
0.23 882.90 
0.30 765.18 
0.40 677.46 
0.45 588.60 
0.60 470.88 
0.80 412.02 
1.00 367.89 
2.40 221.34 
4.00 221.34 

 
 
 
 

TABLE 2.0: Frequencies for Layout -1 
 

Mode Frequency ( Hz) 
1 0.28 
2 0.29 
3 0.32 
4 0.32 
5 0.40 
6 0.66 
7 0.76 
10 0.76 
13 1.16 
15 1.29 
20 2.73 
25 3.40 
30 3.72 
50 7.18 
100 19.81 

           
 
 

 



 
TABLE 3.0: Mass Participation for Layout -1 

 
Direction Mass Participation (%) 

X 98.34 
Y 95.16 
Z 98.33 

 
 
 
 
 
TABLE 4.0: Maximum Stresses for Some Typical Locations for Layout-1 (kgf/mm2) 
 

Node No. PD/2t Dead Load Seismic Total Allowable 
2280  2.23 4.69 9.60 16.52 54 
2310  2.23 9.44 35.10 46.77 54 

 
 
 
 

TABLE 5.0: Frequencies for Layout -2 
 

Mode Frequency (Hz) 
1 0.03 
2 0.06 
10 0.48 
20 1.41 
30 2.40 
40 3.27 
60 4.99 
70 6.07 
80 7.13 
90 8.22 
100 9.19 
120 10.85 
150 15.47 
177 20.45 
200 23.52 
210 25.11 
220 27.34 
230 29.21 
240 30.54 
249 33.11 

           



TABLE 6:Mass Participation for Layout -2 
Direction Mass Participation (%) 

X 87.46 
Y 71.64 
Z 86.83 

 
TABLE 7.0: Maximum Stresses for Some Typical Locations for Layout-2 (kgf/mm2) 

Node No. B1.PD/2t Dead Load Seismic Total Allowable 
3310 5.88 4.42 7.2 17.50 54 
3440 1.54 1.04 5 7.58 54 
4900 2.26 5.30 0 7.56 54 

 
TABLE 8.0: Maximum Displacement with their respective Locations for Layout-2 

Direction Maximum Displacement (mm) Node No. 
X 169 5000 
Y 4.8 189 
Z 143 4520 

 
                                                TABLE 9: Frequencies for the Layout-3 

Mode Frequency (Hz) 
1 0.17 
2 0.25 
10 0.52 
17 0.85 
30 1.85 
50 3.31 
70 4.38 
80 4.97 
90 5.79 
100 6.54 
120 8.13 
140 9.63 
160 11.88 
180 13.84 
200 15.85 
220 18.22 
240 20.06 
260 22.12 
280 24.47 
300 27.55 
320 30.15 
340 32.99 
341 33.11 

 



TABLE 10: Mass Participation for Layout-3 
 

Direction Mass Participation (%) 
X 92.92 
Y 80.42 
Z 91.56 

 
 
TABLE 11: Maximum Stresses for Some Typical Locations for Layout-3 (kgf/mm2) 
 

Node No. B1.P.D/2t Dead Wt. Seismic Total Allowable 
110  3.62 5.3 7 15.92 54 
2010  2.19 2.47 10 14.66 54 

 
 
TABLE 12: Maximum Displacement with their respective Locations for Layout -3 

 
Direction   Displacement (mm) Node No. 

X 144 1540 
Y 7 5800 
Z 159 1820 

 
 

TABLE 13: Frequencies for the Layout-4 
 

Mode Frequency (Hz) 
1 0.60 
2 0.63 
5 1.20 
15 4.16 
20 5.77 
25 8.83 
44 23.58 
47 26.92 
49 31.92 
50 35.72 

 
 

TABLE 14: Mass Participation for Layout-4 
 

Direction Mass Participation (%) 
X 79.15 
Y 54.65 
Z 79.15 

 



 
TABLE 15: Maximum Stresses for Some Typical Locations for Layout-4 (kgf/mm2) 
 

Node B1.PD/2t Dead 
Weight 

Seismic Total Allowable 

70 2.02 5.16 1.17 8.35 54 
59 0 2.82 4.69 7.51 54 

 
 
 

TABLE 16: Maximum Displacement with their respective Locations for Layout-4 
 

Direction Displacement (mm) Node 
X 34 458 
Y 5.7 288 
Z 25 739 

 
 
 

TABLE 17: Frequencies for the Layout-5 
 

Mode Frequency (Hz) 
1 0.31 
10 0.93 
20 1.56 
30 2.62 
50 4.32 
60 5.69 
100 10.43 
150 19.65 
170 22.99 
180 25.07 
200 28.96 
215 33.13 

 
 
 

TABLE 18: Mass Participation (%) for Layout-5 
 

Direction Mass Participation 
X 96.96 
Y 81.39 
Z 97.48 

 
 



 
TABLE 19: Maximum Stresses for Some Typical Locations for Layout-5 (kgf/mm2) 
 

Node No. B1.PD/2t Dead Weight Seismic Total Allowable 
429 0 1.29 12 13.29 54 
3879 0 4.20 3 7.20 54 
490 2.87 2.00 11 15.87 54 

 
 

TABLE 20: Maximum Displacement with their respective Locations for Layout-5 
 

Direction Displacement (mm) Node No. 
X 96 1510 
Y 9.46 459 
Z 116 3370 

 
 
 
 
 

TABLE 21: Frequencies for the Layout-7 
 

Mode Frequency (Hz) 
1 1.01 
5 1.15 
10 2.31 
20 6.54 
30 10.61 
50 23.62 
55 27.12 
60 30.19 
63 32.53 

 
 
 

TABLE 22: Mass Participation (%) for Layout-7 
 

Direction Mass Participation 
X 94.36 
Y 86.80 
Z 94.46 

 
 
 
 



TABLE 23: Maximum Stresses for Some Typical Locations for Layout-7 (kgf/mm2) 
 

Node B1.PD/2t Dead Weight Seismic Total Allowable 
220 6.35 6.50 4.00 16.85 54 
180 5.72 1.84 6.86 14.42 54 

 
 
 
 

TABLE 24: Maximum Displacement with their respective Locations for Layout-7 
 

Direction Displacement (mm) Node 
X 42 460 
Y 2.7 430 
Z 30 490 

 
 

 
 
 
 

Table 25 : Frequencies for Layout-8.1 
 

Mode Frequency ( Hz) 
1 0.53 
2 0.54 
3 0.64 
4 0.65 
5 1.28 
6 1.17 
7 1.25 
8 1.35 
9 2.06 
10 2.43 
55 33.20 

 
 
 

TABLE 26: Mass Participation (%) for Layout-8.1 
 

Direction Mass Participation 
X 91.47 
Y 85.02 
Z 91.47 

 



 
 
 
 

Table 27 : Maximum Stresses for Layout-8.1 and Layout-8.2  (Kgf/ mm2) 
  

     Node No. PD/2t Dead Load  Seismic Total Allowable 

200 (Layout-8.1) 7.62 9.58 13.19 30.39 54 
120 (Layout-8.2) 3.03 1.08   10.45 14.56 54 

 
 
 
 

Table 28 : Frequencies for Layout-8.2 
 

Mode Frequency (Hz) 
1 0.18 
2 0.36 
3 0.36 
4 0.43 
5 0.48 
6 0.51 
7 0.55 
8 0.57 
9 0.68 
10 0.69 
96 33.03 

 
 

                                        
TABLE 29: Mass Participation for Layout-8.2 

 
Direction Mass Participation (%) 

X 97.33 
Y 86.86 
Z 97.31 

 
 
 
 
 
 
 
 



TABLE 30: Frequencies for the Layout-9 
 

Mode Frequency (Hz) 
1 6.50 
2 7.63 
3 13.47 
4 18.56 
5 23.52 
6 28.52 
7 29.41 
8 30.42 
9 31.07 
10 31.97 
11 36.21 

 
 
 
 
 
 

TABLE 31: Mass Participation for Layout-9 
 

Direction Mass Participation (%) 
X 44.58 
Y 9.92 
Z 85.08 

 
 
 
 
 
 

TABLE 32: Maximum Displacement with their respective Locations for Layout-9 
 

Direction Displacement (mm) Node no. 
X 0.8 147 
Y 0.1 119 
Z 0.5 140 

 
 
 
 
 
 
 



TABLE 33: Frequencies for Layout-10 
  

Mode Frequency  (Hz) 
1 0.07 
2 0.14 
3 0.33 
4 0.47 
5 0.53 
6 0.62 
7 0.78 
10 1.13 
21 2.01 
29 3.09 
35 4.11 
42 5.02 
49 6.08 
57 7.07 
63 8.12 
71 9.07 
105 14.78  
132 20.14 
150 24.52 
170 31.06 
181 33.19 

 
 
 
 

TABLE 34: Mass Participation for Layout-10 
 

Direction Mass Participation (%) 
X 91.52 
Y 77.26 
Z 91.44 

 
 
 
TABLE 35: Maximum Stresses with respective Locations for Layout -10 (kgf/mm2)  

 
     Node No. B1.PD/2t Dead Load  Seismic Total Allowable 

340 2.28 4.0 0 6.28 54 
440 2.08 2.64    5 9.72 54 
1000  5.58 7.6  5.7 18.8 54 

 
 



TABLE 36: Maximum Displacement  with respective Locations for Layout-10 
 

Direction Maximum Displacement (mm) Node No. 
X 164 1130 
Y 2.0 830 
Z 118 940 

 
 

TABLE 37: Frequencies for the Layout-11 
 

Mode Frequency (Hz) 
1 0.29 
2 0.31 
10 0.86 
20 2.02 
38 3.58 
42 4.02 
60 5.67 
70 7.06 
80 8.71 
90 10.06 
120 14.48 
140 18.57 
150 20.14 
175 25.28 
185 26.99 
195 29.55 
199 30.58 
205 32.08 
207 33.20 

                            
TABLE 38: Mass Participation for Layout-11 

 
Direction Mass Participation (%) 

X 83.7 
Y 76.5 
Z 83.7 

 
 
TABLE 39: Maximum Stresses with respective Locations for Layout -11 (kgf/mm2) 

 
Node No. B1.PD/2.t Dead Wt.   Seismic Total Allowable 

580 0 0 23 23.00 54 
1710  1.0 6.1 23 30.10 54 
650  3.68 0 28.66 32.34 54 



 
TABLE 40: Maximum Displacement with their respective Location for Layout-11 

 
Direction Displacement (mm) Node No. 

X 92 248 
Y 7 2098 
Z 100 3325 
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