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1.0 INTRODUCTION 

The heating heat exchanger, designated BS-H-31, of the LOFT Slowdown 

Suppression Tank Spray System[l] was relocated outside of the tank shielding 

wall and off o( the floor. An analysis of the spray system piping affected 

by this relocation was conducted to determine the structural adequacy of the 

pipe and pipe supports for LOFT design loads. A schematic of the subject 

piping is shown 1n Figure 1. A detailed description can be found in Refer-

ence 1. 

2.0 METHOD OF ANALYSIS 

2.1 General Approach 

The structural integrity of the modified spray system piping can 

be assured by demonstrating that it complies with Section III of the ASME 

Boiler and Pressure Vessel Code. 

SAP IV[ 2J, a structural analysis computer program for the static 

and dynamic analysis of linear systems, was used to determine internal forces 

and bending moments in the piping system and supports. The results of the 

computer program were used with classical linear elastic analysis techniques 

to compute stresses. Allowable stresses and moments were established using 

the criteria of Section III, Subsection NC (Class 2 Piping) and NF (Compon­

ent Supports) of the ASME Boiler and Pressure Vessel Codei 3J. A comparison 

of calculated moments and stresses to Code allowables was used to verify 

the structural adequacy of the system. 

Computer program FLANGE[ 4J was used to determine stresses in the 

flanges with moments from the SAP run being used. for input. Allowable flange 

stresses were calculated using ASME Code criteria. 

1" 
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Isometric sketches of the SAP IV models used to simulate the pip­

ing system and its supports are shown in Figures 2 thru 5. Model geometry 

was defined by Drawing 208185, Rev. A[l]. To minimize the influence of one 

system on another, interfaces between models and adjoining piping were chosen 

such that the actual constraint at the interface point could be effectively 

modeled as a point fixed in both rotation and translation. When such a 

point was not available, models were extended beyond the area of interest 

sufficient distance to minimize the effect of end point fixity. 

2.2 Loading Conditions 

In considering Code requirements for design, normal, upset, and 

emergency conditions, the following loadings were investigated: design pres-

sure, system dead weight, thermal expansion and anchor movement, loads asso-

ciated with the Safe Shutdown Earthquake (SSE), and the Operating Basis 

Earthquake (OBE)[aJ. LOCE loads, which are introducted to the suppression 

tank spray system through the tank penetrations as a result of dynamic load­

ings on the tank, were not considered in this analysis. It was assumed that 

sufficient isolation from the tank penetrations existed for the subject piping 

that the effects of a LOCE could be neglected. The Loss-of-Coolant Accident 

(LOCA), a faulted condition~ was not analyzed since the suppression tank 

spray system is isolated from the primary system. A LOCA in the primary 

system would result in negligible loading of the spray system. Anchor move­

ments resulting from thermal expansion of the heat exchanger BS-H-31 are 

calculated in Appendix B. 

Piping line designations and design conditions for the suppression 

tank spray system are given in Table I. Design temperatures and pressures 

were obtained from Reference 5. Load conditions applied to each model in­

cluded: 

[a] Meeting the requirements for SSE satisfies OBE - see Appendix A calculations. 

3 
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(1) Design pressure and system dead weight 

(2) Thermal expansion and anchor movements . 

LTR 112-123 

(3) Design pressure, deadweight, and SSE loads. 

2.3 ASME Code Analysis 

2.3.1 Class 2 Pipe 

Analysis of the suppression tank spray system piping 

modifications followed the requirements of Article NC-3650 of the 1974 ASME 

Co.de, Section III, for Class 2 Piping. Equations 8 thru 11 of that article 
I 

were used to evaluate allowable resultant moments on the piping cross sec-

tions for the load conditions described in Paragraph 2.2. The allowable 

moments were compared directly to the pipe bending moments predicted by 

the computer analysis to determine if Code requirements had been met. Cal­

culation of allowable moments per Article NC-3650 are presented in Appen­

dix C. Predicted pipe.bendfng moments for the loadings discussed can be 

found in Appendix E. 

Stress due to internal pressure and deadweight loads 

were accounted for using Equation 8 of Article NC-3650. LOFT design pres­

sures were used as input. Pipe and pipe fitting weight, valve and valve 

operator weight, fluid weight, and insulation were included as deadweight 

loads. 

Thermal expansion loads were determined using SAP IV 

and inputing material coefficients of thermal expansion, LOFT design tem­

peratures, and a stress free temperature of 70°F. In addition, thermal 

growth was accounted for at those anchor points which experience substan­

tial movement as the system is brought up to temperature. In particular, 

significant thermal growth occurs at the heat exchanger BS-H-31 ports. 

Movements at these points are calculated in Appendix B and summarized in 

Table II. 

9 
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LTR 112-123 

Either Equation 10 of Article NC-3650, which deals with 

thermal stresses only, or Equation 11 which deals with both thermal stresses 

and pressure. plus deadweight stresses may be used to satisfy the Code re­

quirements for thermal loads. Equation 11 was used for this_analysis. 

Analysis for the dynamic earthquake loads associated 

with the SSE and OBE was conducted using static equivalent loads in SAP IV. 

Static equivalent loads were determined following the guidelines of Reference 

6. Calculation of these equivalent loads can be found in Appendix A. Equa­

tion 9 of Article NC-3650 was used to satisfy the SSE plus pressure and dead­

weight loads for the Emergency condition~ Equation 9 must also be satif1ed 

for the occasional loading condition using pressure, deadweight, and OBE 

loads. However, as shown in Appendix A, this condition·is automatically 

satisfied if the SSE Emergency condition satisfies the requirements of Equa­

tion 9. 

2.3.2 Pipe Flanges 

·The pipe flanges involved in the spray system piping 

modifications were analyzed per Article NC-3647 of the Code. Computer pro­

gram FLANGE[ 4J was used to compute bolt and flange stresses for comparison 

to Code allowables. 

2.3.3 Pipe Supports· 

Pipe supports were analyzed per Subsection NF of Sec­

tion III of the 1974 ASME Code for the loading condition previously dis-

. cussed. Most of the hangers involved in the piping modifications were not 

changed significantly from the original support system and were analyzed 

simply by comparing the new hanger loads with those reported in Reference 7. 

For the remaining supports, appropriate stress-load relationships were used 

to establish hanger stresses from the SAP IV program lond output. These 

stresses were then compared to allowable stresses calculated per Article 

11 
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XVII-2000, Equations 1 .thru 23, for linear elastic supports to determine the 

structural adequacy of the hangers. Hanger analysis can be found in Appen­

dix D. 

3.0 RESULTS AND CONCLUSIONS 

Details of the ASME Section III Code analysis for the LOFT Suppression 

Tank Spray System Heat Exchanger BS-H-31 piping modifications can be found 

in Appendices C and D. The piping and supports described were found to com­

ply with the requirements of the 1974 ASME Code. 

When installing the subject piping, an interference between Lines P22 

and P7 near the heat exchanger ports was discovered. Line P22 was modified 

slightly, as shown in Figure 4, to correct this problem. The change made 

to Line P22 w~s judged satisfactory without reanalysis of the entire line. 
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APPENDIX A 

SEISMIC LOAD CALCULATIONS 
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