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ABSTRACT 

The Molten Salt Electric Experiment (MSEE) is a full-system 
demonstration of a solar central receiver power generation plant which 
uses molten nitrate salt as the primary heat transfer fluid and also as 
the thermal storage medium. 
5 MWt, and the turbine-generator is rated at 750 kWe. The system has a 
two-tank thermal storage subsystem with a capacity of 6 MW-hours, and a 
steam generator rated at 3.1 MWt. The MSEE began in mid-1982, and 
testing was completed in July 1985 at the Central Receiver Test Facility 
in Albuquerque, New Mexico. Babcock and Wilcox was awarded the contract 
to supply a steam generator for the MSEE capable of producing 
superheated steam using molten salt as a heat source. This report 
covers the design, fabrication, installation, and testing o f  the Steam 
Generation Subsytem beginning in September 1982 and ending in June 1984. 

The MSEE receiver has a thermal capacity of 



SOLAR THERMAL TECHNOLOGY 
FOREWORD 

The research and development described in this document was conducted 
within the U.S. Department of Energy's (DOE) Solar Thermal Technology Program. 
The goal of the Solar Thermal Technology Program is to advance the engineering 
and scientific understanding of solar thermal technology, and to establish 
the technology base from which private industry can develop solar thermal 
power production options for introduction into the competitive energy market. 

Solar thermal technology concentrates solar radiation by means of tracking 
mirrors or lenses onto a receiver where the solar energy is absorbed as heat 
and converted into electricity or incorporated into products as process heat. 
The two primary solar thermal technologies, central receivers and distributed 
receivers, employ various point and line-focus optics to concentrate sunlight. 
Current central receiver systems use fields of heliostats (two-axis tracking 
mirrors) to focus the sun's radiant energy onto a single tower-mounted receiver. 
Parabolic dishes up to 17 meters in diameter track the sun in two axes and use 
mirrors or Fresnel lenses to focus radiant energy onto a receiver. Troughs and 
bowls are 1 ine-focus tracking reflectors that concentrate sunlight onto receiver 
tubes along their focal lines. 
alone or in a multi-module system. The concentrated radiant energy absorbed by 
the solar thermal receiver is transported to the conversion process by a circu- 
lating working fluid. Receiver temperatures range from 100°C in low-tempera- 
ture troughs to over 150OoC in dish and central receiver systems. 

Concentrating collector modules can be used 

The Solar Thermal Technology Program is directing efforts to advance and 
improve promi sing system concepts through the research and development of solar 
thermal mater i a1 s , components, and subsystems, and the testing and perf ormance 
evaluation of subsystems and systems. These efforts are carried out through 
the technical direction of DOE and its network of national laboratories who 
work with private industry. Together they have established a comprehensive, 
goal directed program to improve performance and provide technically proven 
options for eventual incorporation into the Nation's energy supply. 

To be successful in contributing to an adequate national energy supply at 
reasonable cost, solar thermal energy must eventually be economically competi- 
tive with a variety of other energy sources. 
performance targets have been developed as quantitative program goals. 
performance targets are used in planning research and development activities, 
measuring progress, assessing alternative technology options, and making 
optimal component developments. 
insure a successful program. 

Components and system-level 
The 

These targets will be pursued vigorously to 

The work described in this report falls under Task 11, System 
Experiments, o f  the Solar Thermal Technology Program. This report 
covers the design, fabrication, installation, and testing of the Steam 
Generator Subsystem of the Molten Salt Electric Experiment. This steam 
generator uses molten nitrate salt as a heat source to produce 3.1 MW of 
superheated steam to drive a conventional turbine-generator. The Molten 
Salt Electric Experiment is a full-system demonstration of a central 
receiver power plant that uses molten nitrate salt as both the primary 
heat transfer fluid and as the thermal storage medium. It is an 
important step toward the commercialization of solar thermal technology. 
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1.0 INTRODUCTION AND SUMMARY 

The objective of the Steam Generator Subsystem program for the 

Molten Salt Electric Experiment is to provide a reliable subsystem to 

generate superheated steam, using energy input from molten nitrate salt, 

for the purpose of verifying the feasibility of a molten salt central 

receiver electric system. An additional objective is to provide a 

control system for the Steam Generator Subsystem which can be integrated 

with the existing test facility control system such that automatic 

control for the entire Molten Salt Electric Experiment can be developed 

by Martin-Marietta Corporation and Sandia National Laboratories. 

The design, material procurement, and fabrication of the Steam 

Generator Subsystem (SGS) took place between September of 1982 and May of 

1983. The SGS is a skid mounted assembly which was shop-fabricated to 

the maximum extent possible prior to shipment to The Department of 

Energy's Central Receiver Test Facility (CRTF) in Albuquerque, New Mexico 

in May of 1983. Erection of the SGS, including all interface piping and 

wiring connections, and pre-operational checkout of the SGS took place 

from May of 1983 through August of 1983. Operational checkout testing 

and acceptance testing in accordance with SNL specification requirements 

were conducted between September of 1983 and May of 1984. 

A simplified flow schematic of the Steam Generator Subsystem is 

shown on Figure 1.0-1. The SGS produces superheated steam at 1100 psig 

(7584 kPa) and 95U°F (51O0C) for delivery to the turbine in the 

Electric Power Generation Subsystem by a transfer of energy from molten 

salt flowing through the SGS superheater and evaporator. Molten salt 

entering the SGS at 1050 F (566 C) is pumped through the superheater, 

evaporator, and associated salt pumping, exiting the SGS at 580 F 

(304 C). 

0 0 

0 

0 
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The flow of molten salt through the SGS is regulated to maintain the required 

steam delivery pressure, Salt from the cold salt storage tank is mixed with 

salt exiting from the superheater to control the evaporator salt inlet 

temperature to 850°F (454OC). 

circulated by the boiler water circulation pump into the evaporator. The 

steam-water mixture generated in the evaporator flows to the steam drum, The 

dry saturated steam removed from the mixture by the steam drum separation 

equipment flows to the superheater where it is superheated to approximately 

1000°F (538OC) . 
flowing to the turbine to 950 F (510 C )  is made by the steam attemperator 

which mixes saturated steam with the superheated steam exiting the 

superheater. Feedwater from the Heat Rejection and Feedwater Subsystem is 

added to the steam drum at a rate equal to steam flow to maintain a constant 

steam drum water level. An artist's rendering of the SGS showing the overall 

arrangement of the major subsystem components and piping is shown on Figure 

1.0-2. 

Subcooled water from the steam drum is 

Final adjustment of the superheated steam temperature 

0 0 

The Steam Generator Subsystem has performed well as an integral part of 

the Molten Salt Electric Experiment. The SGS successfully completed all 

steady-state and transient acceptance tests. Subsystem rated heat load has 

been exceeded by 8% at design steam delivery temperature and pressure. 

SGS Network 90 control system has maintained the subsystem set point 

parameters constant during steady-state and power change transients, The 

Network 90 interfaces well with the CRTF EMCON control system, allowing 

operation of the SGS from either the Network 90 control console or the EMCON 

console. 

The 

1- 2 



This final report provides a review of the major phases of SGS 

activity: design, fabrication, installation, pre-operational checkout, 

operational checkout, and acceptance testing. This report also discusses 

the performance of the SGS and compares that performance to specification 

requirements, 

1- 3 
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2.0 

2.1 

SGS DESIGN 

Genera l  Description 

The Steam Genera to r  Subsystem h a s  been des igned  i n  accordance  w i t h  

Sandia  N a t i o n a l  Laboratories Document 81-5100 (Reference  1) t o  be a n  

i n t e g r a l  par t  of t h e  Molten S a l t  Electric Experiment (MSEE) system. The 

complete system exper iment  h a s  t h e  o b j e c t i v e s  of v e r i f y i n g  t h e  

f e a s i b i l i t y  of a mol ten  s a l t  c e n t r a l  r e c e i v e r  system t o  produce e lectr ic  

power and developing  t h e  au tomat i c  c o n t r o l s  for t h i s  system. 

f u n c t i o n  of t h e  Steam Generator subsystem ( S G S )  is t o  g e n e r a t e  

supe rhea ted  steam as  required f o r  o p e r a t i o n  of t h e  MSEE system. The 

energy  r e q u i r e d  t o  g e n e r a t e  t h i s  steam is suppl ied by molten n i t r a t e  s a l t  

f lowing  th rough  t h e  SGS. 

The 

I n  a d d i t i o n  t o  t h e  SGS, t h e  MSEE system c o n s i s t s  of  t h e  fo l lowing  

subsystems:  

o Rece ive r  Subsystem ( R S )  

o Thermal S t o r a g e  Subsystem (TSS) 

o Heat R e j e c t i o n  and Feedwater Subsystem (HRFS)  

o Electric Power Genera t ion  Subsystem (EPGS) 

o Master C o n t r o l  Subsystem (MCS) 

o C o l l e c t o r  subsystem ( C s )  

With t h e  e x c e p t i o n  of t h e  tu rb ine -gene ra to r  set p o r t i o n  of t h e  EPGS, each  

of t h e s e  subsystems was i n  place a t  t h e  Central  Rece iver  T e s t  F a c i l i t y  i n  

Albuquerque, N e w  Mexico from p r e v i o u s  expe r imen ta l  work. The a d d i t i o n  of 

t h e  S G S ,  t o g e t h e r  w i t h  changes t o  t h e  e x i s t i n g  subsystems,  h a s  upgraded 

t h e  CRTF c a p a b i l i t y  t o  perform t h e  Molten S a l t  Electr ic  Experiment. 

The SGS c o n s i s t s  of a s u p e r h e a t e r ,  e v a p o r a t o r ,  steam drum, s a l t  and 

water/steam p i p i n g  and v a l v e s ,  a b o i l e r  water c i r c u l a t i o n  pump, a 

2- 1 



c i rcu la t ion  h e a t e r ,  h e a t  t r a c i n g ,  controls and in s t rumen ta t ion ,  and 

e lectr ical  equipment mounted on a s t ructural  steel  s k i d  assembly. The 

s k i d  assembly is l o c a t e d  w i t h i n  t h e  berm of t h e  thermal  s t o r a g e  area a t  

t h e  CRTF. A g e n e r a l  l o c a t i o n  p l a n  is shown on F i g u r e  2.1-1. The o v e r a l l  

arrangement of t h e  s k i d  assembly is shown on BLW drawings 4053313, 

4053323, 405333E, 4053383, and 4053453. The SGS is  s u p p l i e d  w i t h  a 

B a i l e y  Controls Company Ne twork  90 control system. T h i s  system p r o v i d e s  

for  d i r e c t  control of t h e  steam g e n e r a t o r  subsystem from e i t h e r  t h e  

N e t w o r k  90 Opera t ion  I n t e r f a c e  U n i t  (OIU) or from t h e  EMCON control 

c o n s o l e  i n  t h e  CRTF main control room. 

Radiant  energy  from t h e  MSEE Collector Subsystem is i n p u t  t o  t h e  

molten salt  f lowing through t h e  s o l a r  receiver, where t h e  s a l t  

temperature is i n c r e a s e d  from 58OoF (304OC) t o  1050°F (566'C)- 

The receiver ou t l e t  f low is d e l i v e r e d  t o  t h e  TSS h o t  s t o r a g e  tank.  The 

SGS produces superhea ted  steam a t  1100 p s i g  (7584 kPa) and 950°F 

(510 C )  f o r  d e l i v e r y  t o  t h e  HRFS and t o  t h e  t u r b i n e  i n  t h e  EPGS by a 

t r a n s f e r  of energy from molten s a l t  f lowing  through t h e  SGS s u p e r h e a t e r  

and evapora tor .  

s t o r a g e  t a n k  is pumped through t h e  s u p e r h e a t e r ,  e v a p o r a t o r ,  and 

a s s o c i a t e d  s a l t  p ip ing .  

i s  r e t u r n e d  t o  t h e  c o l d  s a l t  s t o r a g e  tank .  The f low of molten s a l t  

th rough t h e  SGS is r e g u l a t e d  t o  m a i n t a i n  t h e  steam d e l i v e r y  p r e s s u r e  a t  

1100 p s i g  (7584 kPa). S a l t  from t h e  c o l d  s a l t  s t o r a g e  t a n k  is mixed w i t h  

s a l t  e x i t i n g  from t h e  s u p e r h e a t e r  t o  c o n t r o l  t h e  e v a p o r a t o r  s a l t  i n l e t  

t empera ture  t o  85OoF (454OC). 

c i r c u l a t e d  by t h e  b o i l e r  water c i r c u l a t i o n  pump i n t o  t h e  evapora tor .  

steam-water m i x t u r e  g e n e r a t e d  i n  t h e  e v a p o r a t o r  f lows  t o  t h e  steam drum- 

0 

Molten s a l t  a t  1O5O0F (566OC) from t h e  h o t  s a l t  

Molten s a l t  e x i t i n g  t h e  SGS a t  580°F (304OC) 

Subcooled water  from t h e  steam drum is 

The 
- 
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The dry saturated steam removed from the mixture by the steam drum 

separation equipment flows to the superheater where it is superheated to 

approximately 1000°F (538OC) 

steam temperature flowing to the turbine at 950°F (510OC) is made by 

the steam attemperator which mixes saturated steam with the superheated 

steam exiting the superheater. Feedwater is added to the steam drum at a 

rate equal to steam flow to maintain a constant steam drum water level. 

A flow schematic of the SGS with applicable component nomenclature 

Final adjustment of the superheated 

and interfaces with other MSEE subsystems is shown on Figure 2.1-2. The 

subsystem nomenclature indicated on this figure will be referred to 

throughout this report. 
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2.2 Heat Balance 

The specification (Reference 1) provides the required thermal 

performance information for the Steam Generator Subsystem. The SGS 

provides sufficient energy input to produce 7800 lbm/hr (0.983 kg/sec) 

superheated steam for delivery to the turbine at 940°F (504OC) and 

1050 psig (7240 kPa) based on flow from the condenser at 140°F (60°C) 

and 250 psig (1724 kPa). The total SGS steam flow is sufficient to meet 

the turbine requirement and to provide heating of the feedwater flow 

(equal to steam flow) to SGS feedwater inlet temperature of 550°F 

(288OC). 

(1.453 kg/sec). Energy input to the SGS is supplied by molten salt 

flowing from the hot storage tank at 105OOF (566OC) and returning to 

the cold storage tank at 580°F (304OC). 

is 62310 lbm/hr (7.851 kg/sec). The rated heat load of the SGS based on 

the energy input requirements on the water/steam side is 

1.061 x 10 Btu/hr (3.109 MW). 

The required total SGS steam flow is 11530 lbm/hr 

The required hot salt flow 

7 
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2.3 sGS Molten Salt System 

The molten salt system of the SGS includes the superheater, the 

evaporator, and the interconnecting piping between these heat exchangers 

and the Thermal Storage Subsystem (TSS). The design of the overall SGS 

salt system discussed in this section is based on the specification 

requirements summarized below. Additional discussion of the design of 

various SGS components as related to these and other component-related 

salt system requirements is included in subsequent sections of this 

report, The design requirements are: 

Provide hot salt to the superheater inlet 

Provide cold salt for attemperation of the superheater salt outlet 

temperature 

Provide for filling of the SGS with cold salt: provide venting of 

air to cold salt storage tank during fill 

Provide for increasing the superheater salt inlet temperature for 

daily start-up from cold salt temperature to hot salt temperature 

Provide for complete salt system drainage by gravity 

Limit the salt system volume to be drained to the hot pump sump to 

30 ft (0-85 m 1 

Limit the salt side pressure drop of the components at full load 

flow conditions to 35 psi (241 kPa) 

Provide overpressure protection 

Provide heat tracing to maintain the salt system above 480 F 

( 249OC) 

3 3 

0 
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The heat exchangers and the salt piping have been arranged to meet 

the specification requirements noted above. 

(566OC) flows from the hot salt storage tank to the hot salt pump sump 

in the TSS. The hot salt pump has been designated as part of the SGS 

although the pump is existing equipment from previous experimental work. 

During normal load range operation hot salt flows from this pump through 

existing hot salt piping and the SGS skid hot salt piping to the 

superheater salt inlet nozzle. Salt exiting the superheater flows 

through interconnecting piping to the evaporator salt inlet nozzle. A 

mixing tee is located in this interconnecting piping to permit mixing of 

cold salt at 580°F (304OC) with the salt flow from the superheater 

outlet to control the salt inlet temperature to the evaporator. The cold 

salt flows from the cold salt storage tank to cold salt pump sump in the 

TSS. Cold salt flows from this pump through existing cold salt piping 

and through one of two branches on the SGS skid cold salt control piping 

to the mixing tee. Control valve FCV-301 in the cold salt control piping 

is modulated to regulate the evaporator salt inlet temperature (TE-301) 

to 850F (454C). Salt exiting the evaporator flows through the SGS salt 

outlet piping and existing TSS piping to the cold salt storage tank. 

Control valve FCV-321 in the salt outlet piping is modulated during 

normal load range operation to control steam delivery pressure (PT-321). 

Hot salt at 1050°F 

A mixing tee is located in the hot salt piping to permit the salt 

temperature at the superheater inlet (TE-382) to be increased to the 

normal operating hot salt temperature from the cold salt temperature 

which exists subsequent to daily filling of the SGS salt system. Salt 

from the cold salt pump flows to this mixing tee through the other branch 

of the SGS cold salt control piping- Valve FCV-341 in the cold salt 
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c o n t r o l  p i p i n g  and v a l v e  FCV-351 i n  t h e  h o t  s a l t  p i p i n g  c o n t r o l  sa l t  f l o w  

t o  p r o v i d e  p r o p e r  mixing of h o t  and c o l d  s a l t  t o  ramp t h e  s u p e r h e a t e r  

s a l t  i n l e t  t e m p e r a t u r e  a t  t h e  d e s i r e d  rate. 

and t h i s  mixing tee i n  t h e  h o t  s a l t  i n l e t  p i p i n g  a l so  p r o v i d e  t h e  f low 

p a t h  for  t h e  d a i l y  f i l l  of t h e  SGS w i t h  c o l d  salt.  

The c o l d  s a l t  c o n t r o l  p i p i n g  

The g e n e r a l  arrangement of t h e  s a l t  p i p i n g  and t h e  h e a t  exchangers  

h a s  been e s t a b l i s h e d  t o  permit g r a v i t y  d r a i n a g e  of t h e  SGS s a l t  i n v e n t o r y  

t o  t h e  h o t  s a l t  pump sump w i t h  a minimum of a d d i t i o n a l  p i p i n g ,  changes t o  

e x i s t i n g  CRTF p i p i n g ,  and/or v a l v e s  d e d i c a t e d  t o  t h e  purpose  of 

dra inage .  The h i g h  p o i n t  i n  t h e  system is  i n  t h e  e x i s t i n g  CRTF c o l d  s a l t  

r e t u r n  p i p i n g  t o  t h e  c o l d  s a l t  s t o r a g e  tank. The system is ar ranged  such 

t h a t  f low can d r a i n  from t h i s  l o c a t i o n ,  i n  t h e  r e v e r s e  d i r e c t i o n  from 

normal, t o  t h e  hot  pump sump. The e v a p o r a t o r  is  l o c a t e d  above t h e  

s u p e r h e a t e r ,  and a l l  p i p i n g  is s l o p e d  towards t h e  h o t  s a l t  i n l e t  p ip ing .  

The SGS p i p i n g  and h e a t  exchanger e l e v a t i o n s  have been e s t a b l i s h e d  t o  

permi t  t h e  downward s l o p i n g  d r a i n  p a t h  t o  be main ta ined  a t  t h e  i n t e r f a c e  

p o i n t  between t h e  SGS s k i d  h o t  sa l t  p i p i n g  and t h e  e x i s t i n g  CRTF s a l t  

p ip ing .  Drain p i p i n g  and i s o l a t i o n  v a l v e s  FCV-381 and FCV-382 have been 

i n s t a l l e d  t o  p r o v i d e  complete  d r a i n a g e  of bo th  t h e  s u p e r h e a t e r  and t h e  

evapora tor .  The only  s a l t  i n v e n t o r y  i n  t h e  SGS n o t  des igned  t o  be 

d r a i n a b l e  t o  t h e  h o t  pump sump is t h a t  i n  t h e  cold s a l t  c o n t r o l  p ip ing .  

Because t h e  h o t  and c o l d  pumps are e s s e n t i a l l y  a t  t h e  same e l e v a t i o n  it 

is b a s i c a l l y  n o t  p o s s i b l e  t o  d r a i n  t h i s  l i n e  t o  t h e  h o t  sump, a t  least 

n o t  wi thout  a n  a d d i t i o n a l  i n t e r c o n n e c t i n g  p ip ing/va lve  arrangement.  

However, such measures  are  n o t  n e c e s s a r y  as t h e  c o l d  pump sump can e a s i l y  

accommodate t h e  d r a i n a g e  of t h e  c o l d  s a l t  c o n t r o l  p i p i n g .  
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The salt volume in the SGS and interconnecting piping which drains 

3 3 to the pump sumps is 28.5 ft (0.81 m 1.  Of this total, 

27.8 ft (0 .79 m ) is drainable to the hot sump compared to the 

specification allowable of 30 ft (0.85 m 1. It should be noted that 

the original plan for SGS salt drainage to the hot sump was revised prior 

to initial operation of the SGS. The original procedure required salt 

drain to the hot sump at the end of the operating day without regard to 

the salt temperatures in the subsystem. A potential concern for 

thermally shocking the hot pump with cold salt during draining was 

noted. To minimize any possible thermal shock to either the hot pump or 

cold pump, the shutdown operating procedure was revised to provide for 

cooldown of the superheater salt inlet temperature by mixing hot and cold 

salt at the mixing tee upstream of the superheater until the salt flow 

through the SGS consists only of cold salt. The salt inventory is then 

drained to the cold pump sump without concern for thermal shock. The 

residual salt in the hot salt inlet piping is drained to the hot sump. 

In developing the design of the salt piping and the salt sides of 

the Superheater and evaporator, the maximum allowable system volume of 

30 ft (0.85 m ) had to be considered in parallel with the maximum 

allowable pressure drop constraint on the salt system. These two design 

constraints tended to produce opposing results when considered 

separately. For example, minimizing salt volume required smaller pipe 

diameters while minimizing pressure drop required larger pipe diameters. 

Therefore, it was necessary to iterate the design of the salt system 

components to achieve an arrangement which met both these requirements. 

3 3 

3 3 

3 3 
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Certain clarifications were developed in regard to the allowable 

The only stated pressure drop pressure drop for the SGS salt system. 

limit for the salt system was 35 psi (241 kPa) at full load (Section 3.4 

of Reference 1). That section of the specification listed requirements 

for the SGS components, which were defined as the superheater, 

evaporator, and steam drum. 

piping and valves would be additive to the components losses. 

discussions between BLW and SNL it was agreed that the total allowable 

salt system unrecoverable pressure loss should be based on the head 

generated by the hot salt pump at the specified full load hot salt flow 

of 62310 lbm/hr (7.851 kg/sec) at 1050°F (566 C). SNL provided the 

hot salt pump Characteristic curve (Figure 2.3-1); at the full load 

conditions, the pump generates 87.5 ft of head (65 psi) at 72.5 GPM. 

Therefore, the allowable unrecoverable pressure loss between the hot pump 

and the cold salt storage tank, based on a salt flow of 62310 lbm/hr 

(7.851 kg/sec) between the pump and the salt attemperation mixing tee and 

on a salt flow of 75840 lbm/hr (9.566 kg/sec) for the remainder, was 

65 psi (448 kPa). Of this total, approximately 20 psi (138 kPa) was 

reserved for the pressure drop across the main salt flow control valve 

FCV-321. This control valve was SNL-supplied equipment for which the 

flow-pressure drop characteristics had already been established. SNL 

indicated that margin was available in the 20 psi (138 kPa) value as the 

valve is less than 80% of full open at the full load condition. With the 

20 psi (138 kPa) allowance for FCV-321, 45 psi (310 kPa) pressure drop 

was allowable for the remainder of the salt system. The system as 

designed has pressure drops of 11 psi (76 kPa) for the Superheater, 

On that basis other system losses in the 

In 

0 
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1 4  p s i  (97 kPa)  f o r  t h e  e v a p o r a t o r ,  and 16 p s i  (110  kPa)  f o r  t h e  p i p i n g  

and head l o s s e s .  The t o t a l  calculated p r e s s u r e  drop  of  4 1  p s i  (283 kPa)  

is approximately 10% below t h e  allowable of 45 ps i  (310 kPa) .  

Overpressure  p r o t e c t i o n  f o r  t h e  SGS sa l t  system is  provided  by two 

o v e r p r e s s u r e  p i p i n g / r u p t u r e  d i s c  assemblies. One assembly is connected 

t o  t h e  s a l t  p i p i n g  between t h e  s u p e r h e a t e r  and t h e  evaporator: t h e  o t h e r  

assembly is  connected t o  t h e  e v a p o r a t o r  sa l t  o u t l e t  p ip ing .  Both 

o v e r p r e s s u r e  p i p e s  are routed t o  t h e  east edge of t h e  SGS s k i d  assembly 

a t  which p o i n t  a d d i t i o n a l  p i p i n g ,  s u p p l i e d  and i n s t a l l e d  by CRTF, routes 

t h e  o v e r p r e s s u r e  p i p i n g  t o  t h e  CRTF d r a i n  and blowdown t a n k  located 

w i t h i n  t h e  berm near  t h e  s o u t h e a s t  c o r n e r  of t h e  s k i d .  

S i z i n g  of t h e  overpressure p i p i n g  was based on a n  e v a l u a t i o n  of a 

water s i d e  t o  s a l t  side leak i n  one of t h e  heat exchangers.  T o  provide  a 

c o n s e r v a t i v e  estimate of t h e  magnitude of t h e  v o l u m e t r i c  l e a k  ra te  which 

must be relieved through t h e  o v e r p r e s s u r e  p i p i n g ,  a double-ended tube  

break was assumed t o  occur  i n  t h e  evapora tor .  Leakage was assumed t o  be 

e s s e n t i a l l y  u n r e s t r i c t e d  a t  t h e  two l o c a t i o n s  where t h e  water leaks i n t o  

t h e  s a l t ,  and t h e  e n t i r e  e v a p o r a t o r  t u b e  was assumed t o  be f i l l e d  w i t h  

subcooled water a t  550°F (288OC) and 1200 p s i g  (8274 kPa) .  

Based on an  a n a l y s i s  of t h e  i n s t a n t a n e o u s  double-ended tube  f a i lu re ,  

3 3 a d e s i g n  maximum leak rate of 0.6 f t  /sec ( - 0 1 7  m /sec) m u s t  be 

r e l i e v e d  through t h e  o v e r p r e s s u r e  p r o t e c t i o n  p ip ing .  Two o v e r p r e s s u r e  

l i n e s  have been provided.  These  are l o c a t e d  as noted above t o  p r o v i d e  

e s s e n t i a l l y  e q u i v a l e n t  re l ief  p a t h s  f o r  both t h e  e v a p o r a t o r  and t h e  

s u p e r h e a t e r .  Each of t h e  o v e r p r e s s u r e  l i n e s  u s e s  4" Sch. 10  p i p e  between 

t h e  r u p t u r e  d i s c  and t h e  overf low t a n k ,  r e s u l t i n g  i n  a r e l i e v i n g  

c a p a b i l i t y  on t h e  o r d e r  of 30% higher  t h a n  t h e  maximum leak ra te  of 0.6 

f t  /sec ( - 0 1 7  m /set). 
3 3 
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T h e  r u p t u r e  d i s c  assembly i n  each of t h e  o v e r p r e s s u r e  l i n e s  i s  

located as c l o s e  as possible t o  t h e  main s a l t  p i p i n g  t o  minimize s t a g n a n t  

s a l t  volume. Each 4' r u p t u r e  d i sc  assembly c o n s i s t s  of a r u p t u r e  d i s c  

f l a n g e  assembly, a n  i n c o n e l  r u p t u r e  d i s c ,  and a vacuum suppor t .  The  

r u p t u r e  disc is s i z e d  t o  meet t h e  requi rements  of Reference  2 such  tha t  

t h e  burst  p r e s s u r e  does n o t  exceed 110% of t h e  sa l t  system d e s i g n  

p r e s s u r e  of 175 ps ig  (1207 kPa). The vacuum s u p p o r t  is  provided  t o  

p r e v e n t  any f l e x i n g  or r e v e r s e  buckl ing  of t h e  d i s c  should any vacuum 

occur  a t  t h e  d i sc  l o c a t i o n ,  for  example d u r i n g  d r a i n i n g  of t h e  s a l t  

system. 

The e n t i r e  SGS s a l t  sys tem is provided  w i t h  a heat t r a c i n g  system t o  

r a i s e  and m a i n t a i n  t h e  system above t h e  f r e e z i n g  p o i n t  of t h e  s a l t ,  Heat 

t r a c i n g  on e x i s t i n g  CRTF hot  s a l t  and cold s a l t  p i p i n g  is provided  by 

CRTF and is n o t  c o n s i d e r e d  part  of t h e  SGS heat t r a c i n g .  D i s c u s s i o n  of 

t h e  SGS s a l t  system heat t r a c i n g  d e s i g n  is i n c l u d e d  i n  S e c t i o n  2.11, 
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2.4 SGS WateK/Steam System 

The water/steam system of the SGS includes the superheater, 

evaporator, steam drum, boiler water circulation pump, circulation 

heater, and interconnecting piping between these components and between 

the SGS and the Heat Rejection and Feedwater System (HRFS), The design 

of the overall water/steam system is discussed in this section based on 

the specification requirements summarized below. Additional discussion 

of the design of various SGS components as related to these xequirements 

is included in subsequent sections of this report. The design 

requirements are: 

Design a recirculating steam generator which provides 11530 lbm/hx 

(1.453 kg/sec) superheated steam to the HRFS and EPGS at 1100 psig 

(7584 kPa) and 95OoF (510OC) based on an equal supply of 

feedwater from the HRFS at 550°F (288OC) 

Design the recirculation loop for a flow which precludes departure 

from nucleate boiling in the evaporator 

Limit the overall pressure drop at full load in water/steam system 

to 350 psi (2413 kPa) 

Provide sufficient subcooling in the downcomer of the recirculation 

loop to prevent flashing during transient operation 

Provide for water/steam system drainage by gravity 

Provide overpressure protection 

Establish the power requirement for an electrical circulation heater 

to heat the water/steam system from ambient conditions to the normal 

operating pressuxe and to maintain water/steam system pressure 

during diurnal shutdown 
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The water/steam system components and piping have been designed to 

meet the requirements noted above. The SGS feedwater line which 

interfaces with the HRFS feedwater piping at the north edge of the skid 

supplies feedwater to the steam drum. The SGS circulation loop includes 

the steam drum, the evaporator, and the boiler water circulation 

pump (BWCP). The BWCP circulates fluid in this loop from the steam drum 

through the downcomer line, the evaporator, and the riser line back to 

the steam drum. Dry saturated steam flows from the drum to the 

superheater, and Superheated steam at the required temperature and 

pressure flows through the SGS steam outlet piping to the interface point 

with the HRFS steam line at the north edge of skid. The steam 

attemperator line provides a controlled flow of saturated steam, using 

FCV-331, for mixing with the superheater outlet steam flow to achieve the 

required steam delivery temperature (TE-332). The circulation heater is 

located in a by-pass loop between the BWCP and the evaporator water inlet 

nozzle which diverts recirculation loop flow through the heater during 

initial system heat-up and during diurnal shutdown. 

The general arrangement of the water/steam system components and 

piping has been established to permit gravity drainage of the SGS water 

inventory for shutdown. Drainage of the recirculation loop components 

and piping is accomplished through the water drain line routed to the 

CRTF drain and blowdown tank and through drain valves located at system 

low points in the BWCP and the circulation heater. The SGS feedwater 

piping is sloped to permit drainage to the low point in the HRFS 

feedwater line. Likewise, all SGS steam piping downstream of the drum is 

sloped to allow drainage to the low point in the HRFS steam piping. 
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The design of each of the components in the recirculation loop plays 

a role in developing a design which precludes departure from nucleate 

boiling in the evaporator. The overall design of the loop has been 

established to provide sufficient recirculation flow through the 

evaporator to meet this requirement; design consideration for the various 

components are discussed in subsequent sections. Likewise, the downcomer 

subcooling is related to the overall design of the recirculation loop and 

is also discussed in subsequent sections. 

The 350 psi (2413 kPa) limit on pressure drop is of no practical 

significance in the design of the water/steam system as the nominal full 

load steam drum pressure is about 1200 psig (8274 kPa) and the stated 

discharge pressure of the feedwater pump in the HRPS is 1250 psig 

(8619 kPa). With a steam delivery pressure of 1100 psig (7548 kPa), the 

total pressure drop is well below 350 psi (2413 kPa). 

Overpressure protection for the SGS watedsteam system is provided 

by a safety relief valve located on top of the steam drum. In accordance 

with Reference 2, the valve set pressure of 1310 psig (9032 kPa) is equal 

to the lowest design pressure in the system. The valve capacity at this 

pressure is 15400 lbm/hr (1.940 kg/sec), which represents a margin of 33% 

over the full load steam generation capacity of the system. 
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2.5 Superheater 

The superheater (B&W Drawing 4053253) is a U-tube, U-shell heat 

exchanger oriented horizontally with both legs in the same horizontal 

plane. 

supports and two sliding supports. 

The vessel is mounted to the skid support steel with two fixed 

The material of construction is 304 

stainless steel. 

Based on the full load heat balance (Section 2.2), the superheater 

was sized to the following requirements: 

salt side 

Salt flow = 62310 lbm/hr (7.851 kg/sec) 

Salt inlet temperature = 1050°F (566OC) 

Steam side 

Steam flow = 10330 lbm/hr (1.302 kg/sec) 

Steam outlet pressure = 1100 psig (7584 kPa) 

steam outlet temperature = 1000°F (538OC) 

Dry saturated steam at inlet 

Together with meeting these heat balance requirements, a number of other 

requirements had to be considered as the design of the superheater 

developed. The overall length of the heat exchanger had to be compatible 

with the available space envelope. The design of the salt side had to 

consider the contribution of both salt side pressure drop and salt volume 

to the total allowable fox the SGS. The steam side pressure drop had to 

be such that, when considered together with the steam piping pressure 

drop, the full load operating pressure in the steam drum i s  not greater 

than approximately 1200 psig (8274 kPa). The fouling resistance on both 

the salt and steam sides of the tubes was considered negligible. The 

tube bundle arrangement and surface area had to incorporate sufficient 
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margin t o  account  for  v a r i o u s  u n c e r t a i n t i e s  a f f e c t i n g  s u p e r h e a t e r  heat 

t r a n s f e r .  

s a l t  and steam sides are d r a i n a b l e  and ventab le .  

The arrangement of t h e  s u p e r h e a t e r  had t o  be s u c h  t h a t  t h e  

Based on p r e v i o u s  s t u d i e s ,  t h e  basic c o n f i g u r a t i o n  of t h e  

s u p e r h e a t e r  was es tab l i shed  as  a h o r i z o n t a l ,  U-tube, U-shel l ,  counter f low 

h e a t  exchanger w i t h  s h e l l  s ide sa l t  flow and t u b e  side steam flow. B&W 

steam g e n e r a t o r  d e s i g n  and a n a l y s i s  computer program VAGEN (Reference  3 )  

was used t o  d e v e l o p  t h e  basic s i z i n g  of t h e  s u p e r h e a t e r  t u b e  bundle. 

I n i t i a l l y ,  t u b e  s i z e s  i n  t h e  range of 1 / 2  i n c h  OD ( 1 3  mm) t o  3/4 i n c h  OD 

(19  mm) were cons idered .  The  1/2 i n c h  OD x -059 i n c h  minimum wall t u b e s  

(13 mm x 1.50 mm) were chosen f o r  t h e  s u p e r h e a t e r  t u b e  bundle  because, 

f o r  a f i x e d  steam s i d e  p r e s s u r e  drop,  t h e  r e q u i r e d  bundle  l e n g t h  was 

s h o r t e r ,  t h e  s a l t  s ide  volume tended t o  be lower,  and t h e  s a l t  side 

pressure drop  tended t o  be lower w h i l e  s t i l l  m a i n t a i n i n g  s u f f i c i e n t  s a l t  

v e l o c i t y  for  t u r b u l e n t  flow. Also, t h e  number of tubes  i n c r e a s e d  as t h e  

t u b e  d iameter  decreased. For t h i s  d e s i g n  t h e  number of tubes was i n  t h e  

range of 10 t o  30 f o r  t h e  t u b e  diameter range of 3/4 i n c h  (19  mm) t o  

1 / 2  i n c h  ( 1 3  mm). When c o n s i d e r i n g  t h e  effect  of t u b e  p lugging  on 

a v a i l a b l e  heat t r a n s f e r  s u r f a c e  w i t h  t h i s  low t o t a l  number of tubes,  it 

was advantageous t o  choose a d e s i g n  w i t h  a g r e a t e r  number of t u b e s  so  

t h a t  i f  t ube  p lugging  becomes a n e c e s s i t y ,  e i ther  d u r i n g  t h e  f a b r i c a t i o n  

p r o c e s s  or a t  sometime d u r i n g  t h e  o p e r a t i n g  l i f e ,  t h e  p e r c e n t a g e  of t h e  

t o t a l  s u r f a c e  affected by p lugging  a t u b e  was reduced. With  1/2 inch  

(13 mm) OD tubes  on a 3/4 i n c h  ( 1 9  mm) t r i a n g u l a r  p i t c h  chosen as t h e  

basic t u b e  p a t t e r n ,  some f u r t h e r  i t e r a t i o n  on t h e  number of tubes  was 

done t o  reach  t o  t h e  f i n a l  t ube  bundle  c o n f i g u r a t i o n  of 23-1/2 i n c h  

( 1 3  mm) tubes.  T h i s  c o n f i g u r a t i o n ,  together  w i t h  t h e  r e q u i r e d  bundle  
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shroud and t i e  rod arrangement,  was s u i t a b l e  f o r  u s e  w i t h  a 6”  Sch. 40 

pipe as t h e  heat exchanger s h e l l .  Based on p r e l i m i n a r y  estimates of t h e  

required t u b e  l e n g t h  t h e  s a l t  volume of t h e  s u p e r h e a t e r ,  as p a r t  of t h e  

t o t a l  allowable s a l t  volume of 30 f t  (0.85 m ),  was acceptable. 3 3 

I n  f i n a l i z i n g  t h e  d e s i g n  of t h e  s a l t  side of t h e  s u p e r h e a t e r ,  t h e  

tube bundle  shroud i n  t h e  s t r a i g h t  p o r t i o n s  of t h e  bundle  was des igned  

such  t h a t  t h e  sal t  flow through t h e  superheater passes through t h e  t u b e  

bundle  w i t h  a uniform flow per tube. The ,143 i n c h  (3.6 mm) c l e a r a n c e  

between t h e  shroud I.D. and t h e  t u b e s  on t h e  o u t e r  p e r i p h e r y  of t h e  

bundle  was e s t a b l i s h e d  based on uniform flow per tube. The  looped end 

p o r t i o n  of t h e  t u b e  bundle  is n o t  enc losed  i n  a shroud. A t i g h t - f i t t i n g  

shroud i n  t h e  looped end could  r e s u l t  i n  t u b e  t o  shroud i n t e r f e r e n c e  due 

t o  d i f f e r e n t i a l  thermal expansion between t h e  t u b e s  and shroud. The  t u b e  

s u p p o r t  p la tes  are l o c a t e d  a t  35 i n c h  (0.89 m )  i n t e r v a l s  a long  t h e  bundle  

length .  With t h e  sa l t  p r e s s u r e  drop across each support p la te  greater 

t h a n  s a l t  p r e s s u r e  drop i n  each 35 i n c h  (0.89 m )  bundle  s e c t i o n ,  each 

s u p p o r t  acts  as a flow d i s t r i b u t i o n  p la te  which helps e q u a l i z e  t h e  flow 

per tube i n  t h e  bundle. E q u a l  s a l t  flow per t u b e  r e s u l t s  i n  equal s a l t  

tempera ture  drop  a long  t h e  bundle  l e n g t h  f o r  a l l  t u b e s ,  assuming a n  e q u a l  

o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  (Uo) f o r  each  tube.  

equal s a l t  flow per tube there is a s l i g h t  v a r i a t i o n  of Uo between t h e  

tubes  on t h e  bundle  p e r i p h e r y  and t h e  t u b e s  w i t h i n  t h e  bundle ,  which can 

result  i n  a minor v a r i a t i o n  i n  t h e  s a l t  temperature drop a long  t h e  bundle  

on t h e  periphery a s  compared t o  w i t h i n  t h e  bundle. However, t h e  

d i s t r i b u t i o n  effect of t h e  s u p p o r t  plates t e n d s  t o  n e g a t e  these small 

tempera ture  d i f f e r e n c e s .  

However, w i t h  

Because t h e  shroud s e c t i o n  between each pair  of 
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s u p p o r t  plates is welded t o  t h e  s u p p o r t  plates, t h e r e  is no by-pass 

around t h e  edge of t h e  s u p p o r t  plates; a l l  s a l t  flow is f o r c e d  t o  flow 

th rough  t h e  l o b e s  of t h e  broached holes  i n  t h e  s u p p o r t  plate. 

pa th  t e n d s  t o  create mixing and uniform s a l t  temperature on t h e  

downstream s i d e  of each s u p p o r t  plate. The  lack of  s u p p o r t  plate by-pass 

and t h e  re-mixing a t  s u p p o r t  p la te  e f f e c t i v e l y  e l i m i n a t e  concern  fo r  

s i g n i f i c a n t  s t r a t i f i c a t i o n  of s a l t  t e m p e r a t u r e s  w i t h i n  t h e  t u b e  bundle. 

T h i s  flow 

The  space between t h e  shroud 0.D. and t h e  s h e l l  I .D.  i n  each of t h e  

s t r a i g h t  l e g s  of t h e  s u p e r h e a t e r  is  par t  of t h e  s a l t  volume. To minimize 

any by-pass of superheater sa l t  i n l e t  flow th rough  t h i s  annulus ,  flow 

restr ic tors  are i n s t a l l e d  a t  t h e  two bundle  s u p p o r t  p la tes  c l o s e s t  t o  t h e  

looped end. Each res t r ic tor  (BhW Drawing 4053343) i s  a r i n g  whose 

o u t s i d e  diameter is machined t o  a s s u r e  diametral c l e a r a n c e  between t h e  

s h e l l  I .D.  and t h e  res t r ic tor  of no g r e a t e r  t h a n  ,010 i n c h e s  (0.25 mm). 

T h e  ven t  and d r a i n  pa ths  i n  t h e  r e s t r i c to r s  are  of a l a b y r i n t h  d e s i g n  t o  

i n c r e a s e  f low r e s i s t a n c e  a t  t h e s e  l o c a t i o n s .  The maximum by-pass of t h e  

s a l t  flow o u t s i d e  t h e  shroud w i t h  these r e s t r i c t o r s  i n  place is  2-1/2%. 

The  1 2  i n c h  (0.305 m )  l e n g t h  of each l e g  of t h e  t u b e  bundle  closest  

t o  t h e  t u b e s h e e t  is provided  w i t h  two thermal b a f f l e s  spaced a t  6 i n c h e s  

(0.152 m). T h e  baffles are similar t o  t h e  t u b e  s u p p o r t  p la tes  w i t h  t h e  

e x c e p t i o n  t h a t  t h e  t u b e  holes are s t r a i g h t  and c l o s e - f i t t i n g  a s  opposed 

t o  t h e  broached holes i n  t h e  s u p p o r t  plates. T h e s e  b a f f l e  p la tes  form 

two a d j a c e n t  r e g i o n s  of e s s e n t i a l l y  s t a g n a n t  s a l t  on t h e  s h e l l  side 

between t h e  t u b e s h e e t  and t h e  s a l t  f low p a t h  i n t o  ( o r  o u t  o f )  t h e  

superheater. 
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An axial temperature gradient between the flowing salt temperature 

and the steam temperature is established in the salt in this zone, thus 

removing a large temperature gradient from the face of the tubesheet, 

This stagnant region also imposes the axial temperature gradient in the 

shell over a longer shell length, thereby reducing shell stresses, 

The salt-to-steam temperature difference of about 340F (189 C )  at 

the salt outlet-steam inlet end of the superheater is the largest 

steady-state temperature difference in either the superheater or 

evaporator. The plot on Figure 2.5-1 shows the predicted effect of the 

thermal baffle plates on the shell axial temperature gradient and on the 

salt temperature at the tubesheet face at the steam inlet end of the 

superheater. For transient salt temperature conditions, the stagnant 

zone provides a buffer for the tubesheet and moves the location of shell 

temperature gradients resulting from a transient away from the tubesheet 

to shell discontinuity. 

The installed heat transfer surface (i-e, the tube length) for the 

23 tube bundle was finalized based on first establishing a surface 

requirement for a nominal set of heat transfer, fluid flow, and geometry 

conditions using BLW computer program VAGEN. A suitable margin was then 

added to the nominal surface to account for various actual or potential 

degradations of the nominal heat transfer capability of the surface, The 

nominal, or baseline, heat transfer surface area requirement was based on 

the following: 

o The full load conditions listed previously in this section 

o Equal salt flow per tube 

o Equal steam flow per tube 

o 23-1/2 inch (13 mm) OD tubes on a 3/4 inch (19 mm) triangular 

pitch with a wall thickness 10% over minimum 
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o Salt flow area per tube 3% over the maximum based on shroud 

tolerances 

o No fouling resistance on either the salt side or the steam side 

(a specification requirement) 

o With no shroud in the looped end, consider that surface 50% 

effective for heat transfer 

o Neglect surface in the thermal baffle regions for heat transfer 

To establish a suitable margin on the heat transfer surface area, 

several parameters were examined with regard to the effect of each on the 

heat transfer. Quantitative evaluation and engineering judgment were 

applied to the evaluation of each parameter as well as to the combination 

of the parameters to establish the required margin on the baseline heat 

transfer surface. The following effects were considered in establishing 

margin: 

o Tube plugging 

An allowance was made for  the reduction of heat transfer 

surface due to plugging two tubes. 

o By-pass of salt flow in the shroud-shell annulus 

An allowance was made considering worst case by-pass of 

salt flow in the shroud-shell annulus. 

' "0 
o Variation of the overall heat transfer coefficient 

Each component of the overall heat transfer coefficient 

was evaluated for possible variations which could affect 

. Variation of the salt flow heat transfer 
"0 

coefficient due to the geometry variations of the tube 

O.D. and of the shroud I.D. was considered together with 

possible variation of the coefficient due to correlation 
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accuracy. Variation of the tube wall conductance 

considered tube wall thickness and tube metal conductivity 

variations. The steam flow coefficient variation 

considered tube ID variation and correlation accuracy. 

o Maldistribution of the steam flow 

Consideration was given to the possibility of distribution 

of the total steam flow such that the flow per tube was 

not equal. 

o Maldistribution of salt flow 

Consideration was given to the effect of variations of 

shroud dimensions on salt flow distribution in the bundle 

and potential stratification of salt temperature in the 

bundle. 

Evaluation of these parameters with regard to the actual or potential 

effect on heat transfer established a requirement of 25% margin on the 

baseline heat transfer surface. The installed average tube length in the 

superheater of 33.0 ft. (10.06 m) has a 30% margin with regard to the 

baseline surface required for heat transfer. With a 33.0  ft. (10.06 m) 

tube length, the overall superheater length is 17'-9" (5.41 m) which is 

well within the available space envelope. 

Figures 2.5-2 through 2.5-4 plot the salt and steam parameter 

predictions based on VAGEN analysis over the range of 30% to 100% load. 

Plots are included for the nominal case of maximum predicted surface 

effectiveness and for the case of heat transfer effectiveness reduced by 

30%. As indicated on Figure 2.5-2a the required steam outlet temperature 

of 1000°F (538 C )  is met for the reduced heat transfer case. 

steam side pressure drop and resulting saturated steam inlet pressure 

0 The 
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of 1142 psig (7874 kPa) at 100% load are compatible with the requirements 

for the steam drum pressure. 

The salt outlet nozzle is oriented vertically upward and the salt 

inlet nozzle is oriented vertically downward to provide for venting and 

draining of the superheater and the salt system downstream of the 

superheater. The superheater internals, including support plates, baffle 

plates, and flow restrictors, are designed to permit venting and 

draining. A 1 inch salt drain nozzle, connected to the salt drain piping 

(B&W Drawing 179941C), is located in the same leg of the superheater as 

the salt outlet nozzle to allow complete drainage. 

The steam outlet nozzle of the superheater is designed with an 

eccentric reducer for connection to the steam outlet piping to permit 

drainage of the steam side of superheater to that piping. A 1 inch drain 

plug is provided at the bottom of the steam inlet nozzle to permit 

drainage of the small residual water volume in this head. 

The 6. Sch 40 heat exchanger shell is insulated with five inches 

(127 mm) of calcium-silicate insulation as required by the 

specification. The insulation is covered with a .016 inch (0.40 mm) 

aluminum jacket to protect the insulation from weather and mechanical 

abuse. 

The superheater was designed and fabricated in accordance with the 

requirements of Section VIII, Division 1 of the ASME Boiler and Pressure 

Vessel Code, 1980 Edition plus addenda through Winter 1981 and the Class 
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c S t a n d a r d s  of t h e  Tubular  Exchanger Manufac turers  A s s o c i a t i o n  (TEMA), 

5 t h  Ed i t ion .  The  fo l lowing  d e s i g n  c o n d i t i o n s  apply:  

o Tube  s i d e  pressure 1310 ps ig  (9032 kPa) 

o S h e l l  s i d e  pressure 175 psig (1207 kPa)  

o Temperature  1075'F (579OC) 

There are two f i x e d  s u p p o r t s  on t h e  s u p e r h e a t e r  s h e l l  located i n  t h e  

v i c i n i t y  of t h e  s a l t  i n l e t  and o u t l e t  nozz les .  The  s u p p o r t  near  t h e  s a l t  

i n l e t  n o z z l e  is anchored t o  t h e  e x t e r n a l  suppor t  steel. The other f i x e d  

s u p p o r t  i s  allowed t o  move i n  a h o r i z o n t a l  p l a n e  t o  accommodate motion 

due t o  thermal  expansion. 

s t a i n l e s s  steel which is  compatible w i t h  t h e  superheater s h e l l  material 

T h e  f i x e d  supports are fabricated of t y p e  304 

and which minimizes  t h e  conduct ion  heat loss  from t h e  s h e l l  t o  t h e  

a d j o i n i n g  s t r u c t u r a l  steel. 

An a d d i t i o n a l  pair  of s u p p o r t s  f o r  t h e  s u p e r h e a t e r  s h e l l  is provided  

nea r  t h e  r e t u r n  bend. These s u p p o r t s  are des igned  t o  s u p p o r t  t h e  s h e l l  

from outs ide  t h e  i n s u l a t i o n  and t o  permit thermal expans ion  i n  t h e  

h o r i z o n t a l  plane.  These  supports are fabricated of st ructural  steel. 

Both pairs  of superheater s u p p o r t s  are mounted on s t r u c t u r a l  pipe and 

channel  b e n t s  which are welded t o  t h e  sk id .  
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2.6 Evaporator 

The evaporator (BLW Drawing 4053283) is a U-tube, U-shell heat 

exchanger oriented horizontally with both legs in the same horizontal 

plane, 

supports and four sliding supports. The material of construction is 

The vessel is mounted to the skid support steel with two fixed 

2-1/4 Cr - 1 Mo. 
Based on the full load heat balance (Section 2.2) the evaporator was 

sized to the following requirements: 

Salt side 

Salt flow = 75840 lbm/hr (9.556 kg/sec) 

salt inlet temperature = 850°F (454OC) 

Steam side 

steam flow = 11530 lbm/hr (1,453 kg/sec) 

Saturated steam outlet pressure = 1175 psig (8101 kPa) 

Feedwater temperature to steam drum = 55OoP (288OC) 

Together with meeting these heat balance requirements, a number of other 

requirements had to be considered as the design of the evaporator was 

developed. The overall length of the heat exchanger had to be compatible with 

the available space envelope. The design of the salt side had to consider the 

contribution of both salt side pressure drop and salt volume to the total 

allowable for the SGS. The design had to preclude departure from nucleate 

boiling (DNB) from occurring in the evaporator tubes. The fouling resistance 

on the salt side of the tubes was considered negligible: the fouling 

resistance for the water side of the tubes was assumed as 

0.0001 hr-ft -F/Btu (1.76 x 10 m -C/w).The tube bundle arrangement and 

surface area had to incorporate sufficient margin to account for various 

uncertainties affecting evaporator heat transfer. The arrangement of the 

2 -5 2 

evaporator had to be such that the salt and steam sides are drainable and 

ventable. 
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Based on previous studies, the basic configuration of the evaporator 

was established as a horizontal, U-tube, U-shell, counterflow heat 

exchanger with shell side salt flow and tube side steam flow. BCW steam 

generator design and analysis program VAGEN (Reference 3 )  was used to 

develop the basic sizing of the evaporator tube bundle. One of the 

features of the evaporator design with regard to precluding DNB is the 

use of multi-lead ribbed (MLR) tubes in the high heat flux, two phase 

flow region of the bundle. The smallest diameter MLR tube readily 

available is a 7/8 inch ( 2 2  mm) OD tube. As with the superheater design 

discussed in the previous section, using the smallest tube diameter was 

advantageous. The basic tube pattern chosen for the evaporator was 

7/8 inch ( 2 2  mm) OD tubes on a 1.063 inch ( 2 7  mm) triangular pitch. The 

number of tubes was based on consideration of several design requirements 

for the salt and water sides of the bundle. 

Precluding DNB on the water side of the tube bundle was one of the 

requirements used to determine the number of evaporator tubes. 

Maintaining nucleate boiling throughout the boiling zone of the 

evaporator prevents dryout on the tube surfaces which can cause 

deposition of boiler water chemicals and suspended solids on the tubes 

surfaces, leading to tube corrosion. The parameters influencing the 

onset of DNB in boiler tubes are the saturation pressure, the heat flux, 

the mass velocity, the thermodynamic steam quality, the type of internal 

tube surface (smooth or ribbed), the tube orientation, and the tube 

inside diameter. The tube orientation for this design is horizontal. 

Tubing with a multi-lead ribbed pattern on the tube I.D. was chosen for 

use in the two phase flow region of the evaporator. For a fixed set of 

conditions, the onset of DNB occurs at higher steam quality in ribbed 

tubes as compared to smooth tubes, thus allowing more flexibility in 
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establishing the total water flow through the evaporator. The nominal 

tube I.D. for the 7/8 inch ( 2 2  mm) OD MLR tube is ,546 inches (14 mm). 

The full load outlet saturation pressure of the evaporator is 1175 psig 

(8101 kPa). With these four parameters fixed, the relationship between 

heat flux, mass velocity, and steam quality was examined to establish a 

design to preclude DNB. 

The maximum heat flux in the evaporator boiling zone occurs at the 

salt inlet/water outlet end of the bundle, where the salt to water 

temperature difference is the largest. The heat flux at the water outlet 

end, based on the tube inside surface, is 130000 Btu/hr-ft 

(410 kw/m ). Considering the information available on DNB in 

horizontal smooth tubes and allowing for some increase in the heat flux 

value due to local or upset effects, a maximum steam quality of about 30% 

at a mass velocity of approximately 1.0 x lo6 lbm/hr-ft 

(1356 kg/sec-m ) was established as a reasonable design point for the 

evaporator. The ribbed tubes added a significant margin to the design 

based on smooth tube information, i.e. the quality at which DNB would 

occur was well in excess of the 30% value noted above. 

2 

2 

2 

2 

6 2 2 The 1.0 x 10 lbdhr-ft (1356 kg/sec-m 1 mass velocity and 

the 30% quality were used to determine the total evaporator water flow 

and the number of tubes in the bundle. The shroud and tie rod 

arrangement, the required shell size and resulting salt volume, and the 

salt side pressure drop were also considered in establishing the number 

of tubes in the bundle. Based on a 27 tube bundle and a preliminary 

estimate of the required tube length, an 8' Sch 40 pipe was suitable for 

the heat exchanger shell. The portion of the total allowable salt volume 

of 30 ft (0.85 m 1 attributable to the evaporator was acceptable for 3 3 
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this arrangement. A total evaporator full load water flow of 

43300 lbm/hr (5.418 kg/sec) results in an exit quality, x, of 27% 

(Circulation Ratio, CR=l/x= 3.76) and a mass velocity of 

0.99 x 10 lbm/hr-ft (1342 kg/sec-m 1. 6 2 2 

The preliminary tube length and resulting evaporator length for the 

27 tube bundle arrangement together with the preliminary SGS skid 

arrangement resulted in an arrangement which exceeded the 30 foot 

(9.14 m) space envelope length available for the SGS within the existing 

Thermal Storage Subsystem berm. While it was possible to shorten the 

bundle by increasing the number of tubes, such an increase required a 

larger shell diameter with the net effect of increasing the evaporator 

salt volume to the extent of violating the 30 ft (0.85 m ) salt 

volume limit. SNL indicated that space was available north of the 

existing berm and that the berm could be moved north in the area of the 

SGS to accommodate a greater overall length requirement; the 30 ft. 

(9.14 m) length requirement on space envelope was waived, and the 27 tube 

bundle arrangement was maintained. 

3 3 

Finalizing the design of the salt side of the evaporator was done 

using the same considerations as for the superheater as discussed in the 

previous section. To establish uniform salt flow per tube the tube O.D. 

to shroud I.D. clearance was set at ,076 inches (1.93 mm). The basic 

spacing of the support plates in the bundle was established at 4 4  inches 

(1.12 m). At the salt inlet end of the evaporator, the rate of salt 

temperature drop along the bundle length is greater than in the 

superheater bundle because of the large salt to water temperature 

difference. T h i s  increases the potential for differences in salt 

temperature and for salt stratification in this region of the bundle. To 

reduce the potential for these concerns, the support plate spacing in the 

2-34 



. 

initial 25% of the bundle length was reduced to 22 inches (0.56 m) with 

four additional support plates. The additional support plates improve 

bundle flow distribution by increasing the ratio of support plate to 

bundle pressure drop and provide four additional locations for remixing 

of the bundle flow. Flow restrictors of the same design as on the 

superheater limit by-pass of salt flow outside the shroud to 1-1/2%. 

with the superheater, the 12 inch (0,305 m) length of each leg of the 

tube bundle closest to the tubesheet is provided with two thermal baffles 

spaced at 6 inches (0,152 m) to protect the tubesheet and establish 

acceptable axial thermal gradients in the shell near the tubesheet. 

As 

The installed heat transfer surface (i,e. the tube length) for the 

27 tube bundle was finalized based on first establishing a surface 

requirement for a nominal set of heat transfer, fluid flow, and geometry 

conditions using B&W computer program VAGEN. A suitable margin was then 

added to the nominal surface to account for various actual or potential 

degradations of the nominal heat transfer capability of the surface. The 

nominal, or baseline, heat transfer surface area requirement was based on 

the following: 

o The full load conditions listed previously in this section and 

a total water flow of 43300 lbm/hr (5.418 kg/sec) 

o Equal salt flow per tube 

o Equal water flow per tube 

o 27-7/8 inch (22 mm) O.D. tubes on a 1.063 inch (27 mm) 

triangular pitch with a wall thickness 11% over minimum 

o A ribbed tube length of 32 ft. (9.75 m) at the water outlet end 

of the bundle: smooth tubes for the remainder of the length 

o Salt flow area per tube 2% under the nominal 
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2 o No fouling resistance on the salt side; -0001 hr-ft -F/Btu 

-5 2 (1.76 x 10 m - C/w) fouling resistance on the water side 
o With no shroud in the looped end, consider that surface 40% 

effective for heat transfer 

o Neglect surface in the thermal baffle regions for heat transfer 

A suitable margin on the evaporator heat transfer surface area was 

established by evaluating parameters affecting heat transfer in the same 

manner as discussed for the superheater. Evaluation of tube plugging, 

by-pass of salt flow in the shroud-shell annulus, variation of U and 

maldistribution of water and salt flows established a requirement of 29% 

margin on the baseline heat transfer surface. 

length in the evaporator of 68.2 ft. (20.79 m) has a 30% margin on heat 

transfer surface. The overall evaporator length is 35'-6-3/4' (10.84 m). 

0' 

The installed average tube 

Figures 2.6-1 through 2.6-3 plot the salt and steam parameter 

predictions based on VAGEN analysis over the range of 30% to 100% load. 

Plots are included for the nominal case of maximum predicted surface 

effectiveness and for the case of heat transfer effectiveness reduced by 

30%. A s  indicated by the plots the total evaporator flow, based on 

recirculation loop flow losses, exceeds the design value of 43300 lbm/hr 

(5.418 kg/sec), thus the steam exit quality predicted for full load steam 

generation of 11530 lbm/hr (1.453 kg/sec) is lower than the design value 

of 27%. 

The salt outlet nozzle is oriented vertically upward and the salt 

inlet nozzle is oriented vertically downward to provide for venting and 

draining of the evaporator and the salt system downstream of the 

evaporator. The evaporator internals, including Support plates, baffle 

plates, and flow restrictors, are designed to permit venting and 
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draining. 

(B&W Drawing 179941C), is located in the same leg of the evaporator as 

the salt outlet nozzle to assure complete drainage. 

A 1 inch salt drain nozzle, connected to the salt drain piping 

The water inlet nozzle of the evaporator is designed with an 

eccentric reducer for connection to the water inlet piping to permit 

drainage of the water side of evaporator to that piping. A 1 inch drain 

plug is provided at the bottom of the water side outlet nozzle to permit 

drainage of the small residual water volume in this head. 

The 8' Sch. 40 heat exchanger shell is insulated with five inches 

(127 mm) of calcium-silicate insulation as required by the 

specification. The insulation is covered with a -016 inch (0.40 mm) 

aluminum jacket to protect the insulation from weather and mechanical 

abuse. 

The evaporator was designed and fabricated in accordance with the 

requirements of Section VIII, Division 1 of the ASME Boiler and Pressure 

Vessel Code, 1980 Edition plus addenda through Winter 1981 and the Class 

C Standards of the Tubular Exchanger Manufacturers Association (TEMA), 

5th Edition. The following design conditions apply: 

o Tube side pressure 1385 psig (9549 kPa) 

o Shell side pressure 175 psig (1207 kPa) 

o Temperature 90O0F (482OC) 

Two fixed supports on the evaporator shell are located in the 

vicinity of the salt inlet and outlet nozzles. The support near the salt 

outlet nozzle is anchored to the external support steel. The other fixed 

support is allowed to move in a horizontal plane in order to accommodate 

motion due to thermal expansion. A change in material from Croloy 2-1/4 

to Type 304 stainless steel is made in the fixed supports midway through 
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the insulation t o  minimize the conduction heat loss from the evaporator 

s h e l l  t o  the adjoining s t ructural  s tee l ,  

Two additional pa i r s  of Supports are  provided for  the evaporator 

she l l  spaced a t  1 6 1  i n c h  (4 .09  m )  increments  from t h e  f i x e d  supports. 

These supports are designed t o  support the s h e l l  from outside the 

insulation and t o  permit thermal expansion i n  the horizontal plane, The 

supports are fabricated from structural  steel .  A l l  three pairs  of 

supports are mounted on s t ructural  pipe and channel ben t s  which are  

welded t o  t h e  s k i d ,  
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2.7 steam Drum 

The steam drum (BLW Drawings 4053263 and 4053273) is a 24 inch 

(0.610 m) I.D. cylindrical vessel with 2:l elliptical heads. The vessel 

is mounted vertically on the skid assembly steam drum tower by means of 

four bolted supports. The material of construction is carbon steel, 

within the steam drum is standard B&W equipment for steam-water 

separation including a primary cyclone separator and primary and 

secondary steam scrubbers. At the full load drum operating pressure of 

1175 psig (8101 kPa), the steam flow of 11530 lbdhr (1.453 kg/sec) is 

well below the capacity limit of the separation equipment. The 

steam-water mixture from the evaporator enters the steam drum through the 

riser nozzle. The primary cyclone and the scrubbers remove the water 

from the mixture, allowing dry saturated steam to exit the steam drum 

through the steam outlet nozzle on the upper head. Feedwater enters the 

drum through the feedwater nozzle and distribution pipe and mixes with 

the saturated water from the separation equipment. The resulting 

subcooled mixture exits the steam drum through the downcomer nozzle and 

is recirculated to the evaporator by the boiler water circulation pump. 

The drum is fitted with a vortex inhibitor at the exit to the downcomer 

to prevent drawdown of steam into the downcomer piping. The steam drum 

is equipped with taps for remote water level sensing equipment as well as 

a gage glass for local observation of water level. The blowdown pipe 

permits periodic adjustment of boiler water chemistry as well as 

adjustment of water level during start-up from the empty condition. 

The elevation of the steam drum was established to maintain 

sufficient net positive suction head (NPSH) on the suction side of the 

boiler water circulation pump. For the pumps considered for SGS head and 
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flow requirements, locating the steam drum normal water level 

approximately 15 ft. (4.57 m) above the pump inlet provided sufficient 

margin to assure pump NPSH requirements would be met. 

The diameter and the overall height of the steam drum were 

established based on two factors. One was to provide sufficient space to 

install the required separation equipment and internal piping. The 

second was to provide sufficient water inventory in the drum such that, 

for an instantaneous load reduction from 100% to O%, water level was . 

maintained within the cylindrical portion of the drum. 

The steam drum was insulated with 6 inches (152 mm) of 

calcium-silicate insulation. The insulation is covered with a -016 inch 

(0.40 mm) aluminum jacket to protect the insulation from weather and 

mechanical abuse. 

The steam drum was designed and fabricated in accordance with the 

requirements of Section VIII, Division 1 of the ASME Boiler and Pressure 

Vessel Code, 1980 Edition plus addenda through Winter 1981. The 

following design conditions apply: 

o Pressure 1310 psig (9032 kPa) 

0 Temperature 60OoF (316OC) 

The steam drumto-tower interface was designed to accomodate the radial 

thermal growth of the drum. 
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2.8 Boiler Water Circulation Pump 

The boiler water circulation pump (BWCP) is located in the SGS water 

recirculation loop. The required hydraulic performance design point of 

the pump was established based on the required recirculated water flow at 

full load and on the net pressure drop in the recirculation loop based on 

that flow. The full load flow is 43300 lbm/hr (5.418 kg/sec) which was 

established in the evaporator design based on DNB considerations (see 

Section 2.6). The net pressure drop in the loop was based on pressure 

losses in the evaporator, steam drum, and interconnecting piping and on 

the static heads in the downcomer and riser legs of the loop. The net 

loop pressure drop was conservatively calculated at 35 psi (241 kPa). 

The downcomer flow temperature of 559 F (293 C )  was based on the full 

load feedwater temperature of 550 F (288 C), the 1175 psig (8101 kPa) 

saturation pressure, and a CR of 3.76. The design point of the pump is 

119 GPM and 111 ft. head at 559'F. 

0 0 

0 0 

Both horizontal centrifugal pumps and canned pumps were considered 

for BWCP service. Both types of pumps were available for the required 

design point conditions at comparable cost and delivery schedules. A 

canned pump designed and manufactured by Lawrence Pump and Engine Co. 

(LPLE) was chosen for service in the SGS. This pump occupies 

considerably less floor space than a horizontal centrifugal pump with 

external motor. The LPLE pump requires a space of approximately 

2 ft. x 3 ft. (0.610 m x 0.915 m) compared to an approximate 4 ft.x 8 ft. 

(1.22 m x 2.44 m) space required by the centrifugal pump. This was a 

significant factor in arranging the equipment on the skid assembly as the 

overall tight envelope put floor space at a premium. The LP&E pump 

coolant requirement for the bearings and motor is one GPM compared to 
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approximately 12 to 15 GPM for a centrifugal pump. 

glycol-water mixture is used for pump coolant to prevent freezing at low 

ambient temperatures, CRTF supplies the coolant to the BWCP from a 

closed loop coolant system. The canned pump coolant requirements are 

more compatible with existing CRTF coolant system capabilities. 

An ethylene 

The LP&E canned pump Model A2XD-X is designed to deliver 119 GPM at 

111 feet of head with a required NPSH of 6 ft. The 5 horsepower pump 

motor operates on 480 vac, 3 phase. The pump performance curve is shown 

on Figure 2.8-1. At the normal operating temperature the pump can 

operate over the entire range of the 5.5 inch diameter impeller operating 

curve on Figure 2.8-1 as required by the recirculation loop losses. 

The coolant source and connections to the pump are provided by 

CRTF. An electrical interlock from a flow switch in the coolant outlet 

line prevents pump operation with less than the minimum one GPM coolant 

flow to the pump. The pump inlet and outlet flanges and the volute are 

insulated. The pump and adjacent portions of the suction and discharge 

piping are drained through the drain valve on the lower portion of the 

pump volute. 
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i Pump Service Conditions 
Capacity 119 USGPM 
Total Head 111 ft 
Impeller Dia 5 5 in 

Temperature 70" - 559" F 
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2.9 Circulation Heater 

The circulation heater in the water/steam system was not part of the 

original design concept of the SGS. The SGS specification indicated that 

steam pressure during diurnal shutdown would be maintained by circulation 

of cold salt through the SGS. During the SGS design phase, SNL indicated 

that neither circulating salt by an automatic, unmanned system nor 

maintaining personnel on site around the clock to control salt 

circulation was an acceptable operating alternative. Also, during the 

design phase, the addition of a circulation heater to the SGS was being 

considered for heat-up of the water/steam system from ambient conditions, 

rather than using the HRFS to provide heat input for this cold start-up 

operation. The circulation heater could therefore serve the dual purpose 

of cold system start-up and overnight pressure maintenance without the 

need fox salt recirculation or manned operation at all times. 

The power requirement for the circulation heater was determined for 

0 0 the cold start-up operation based on a 500 F ( 2 7 8  C) increase of the 

SGS water/steam system temperature from ambient conditions in 12 hours. 

The power required is 70 KW. Steam pressure can be maintained by the 

heater during the diurnal shutdown condition using a fraction of the full 

heater power. 

The circulation heater was supplied by SNL. Other than the power 

input requirement established by B&W# SNL established the design 

conditions required for the heater. The heater was manufactured by 

Pacific Chromalox Division of Emerson Electric Co. The heater is a 

special 6' chamber type, Model NWH1-970E4XX8 which is mounted vertically 

on the skid assembly base plate. The heater is located downstream from 

the boiler water circulation pump in a 2' Sch 80 pipe line parallel to 

the main 4 '  Sch 80 water inlet line to the evaporator as shown on 
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B&W Drawing 4053323. The h e a t e r  h a s  n i n e  h e a t i n g  elements w i t h  a t o t a l  

power of 70 KW a t  480 vac. The h e a t e r s  are wired i n  f i v e  s e p a r a t e  

c i r cu i t s  t o  permi t  pa r t i a l  power o p e r a t i o n  for maintenance of steam 

p r e s s u r e  d u r i n g  d i u r n a l  shutdown c o n d i t i o n s .  The c o n t r o l  of t h e  h e a t e r  

d u r i n g  d i u r n a l  shutdown is d i s c u s s e d  i n  S e c t i o n  2.12.8.2.1. (The 

o r i g i n a l  h e a t e r  d e s i g n  had 12 h e a t e r s  i n  f i v e  circuits w i t h  a t o t a l  power 

of 70 KW. Subsequent t o  t h e  c i rculat ion h e a t e r  p r e s s u r e  boundary 

f a i l u r e ,  as d i s c u s s e d  i n  Section 5.3, t h e  h e a t e r  was redes igned  w i t h  t h e  

n i n e  h e a t e r  elements noted above.) 
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2.10 Piping and Valves 

2.10.1 Salt System Piping and Valves 

This section provides additional description and drawing references 

for the salt system piping and valves. The salt system is described in 

Section 2.3. Pipe sizing in the various pipe runs was based on meeting 

the SGS maximum salt volume requirement of 30 ft (0.85 m ) and the 

SGS salt pressure drop requirement of 45 psi (310 kPa), as well as 

considering the size of various other components. All piping was 

designed in accordance with the Power Piping code, ANSI B31.1 (Reference 

5), for the design temperature and pressure indicated on the BLW piping 

drawings referenced in the following subsections. 

3 3 

2.10.1.1 Hot Salt Inlet Line 

The hot salt inlet piping (BLW Drawing 179936C) provides molten salt 

from the CRTF hot salt pump to the superheater salt inlet nozzle. The 

SGS piping interfaces with existing CRTF pipe 3"-SMH-3-FSX at the south 

end of the skid assembly at CRTF work point elevation (W.P. EL.) 

5589'-5-7/16". The hot salt inlet line includes the salt start-up mixing 

tee (see Section 2.10.1.71, details of which are shown on BLW Drawing 

4053293. This tee provides f o r  mixing of salt from the cold salt control 

piping (see Section 2.10.1.4) with hot salt to provide controlled 

temperature increase or decrease of salt entering the superheater during 

start-up or shutdown from warm standby conditions. The start-up hot salt 

flow Control valve FCV-351 is located in the existing CRTF piping. Most 

of the hot salt line is 3" Sch 40 pipe; 4" Sch 40 pipe is used to connect 

the 4" mixing tee and 4" superheater inlet nozzle. The piping is sloped 

downward from the superheater inlet nozzle to the sump of the hot salt 

pump to allow drainage. Piping material is 304 stainless steel. 
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2.10.1.2 Evaporator salt Inlet Line 

Molten salt from the superheater salt outlet nozzle flows to the 

evaporator salt inlet nozzle through the evaporator salt inlet piping as 

shown on BLW Drawing 179937C. The entire pipe run is 4' Sch 40 pipe, 

which is compatible with the superheater outlet nozzle, evaporator inlet 

nozzle, mixing tee, and overpressure pipe. This salt piping includes a 

mixing tee (see Section 2.10.1.7), details of which are shown on BLW 

Drawing 4053293. This tee provides for mixing of salt from the cold salt 

control piping (See Section 2.10.1.4) with salt exiting from the 

superheater to control the salt temperature entering the evaporator to 

850°F (454OC). 

inlet nozzle to the superheater outlet nozzle to allow drainage. Piping 

material is 304 stainless steel. 

2.10.1.3 Evaporator Salt Outlet Line 

The piping is sloped downward from the evaporator 

Molten salt from the evaporator salt outlet nozzle flows to the CRTF 

cold salt storage tank through the evaporator salt outlet piping as shown 

on BLW Drawing 179940C. The SGS piping interfaces with CRTF pipe 

3"-SMC-2-FBA at the south end of the skid assembly at CRTF W.P. 

EL. 5598'-0". The piping is sloped downward from this work point to the 

evaporator salt outlet nozzle to allow drainage through the evaporator 

and superheater. CRTF piping from the above work point is sloped 

downward toward the cold storage tank to allow drainage. SGS piping 

material is carbon steel. 

The total salt flow control valve FCV-321 is located in the 

evaporator salt outlet line. The valve is a 2" Valtek Mark 11 air 

operated, cylinder actuated valve. 

with butt weld ends. This valve was sized and supplied by SNL. 

The valve body is 316 stainless steel 
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2.10.1.4 Cold S a l t  Control L i n e s  

The c o l d  s a l t  c o n t r o l  p i p i n g  (BLW Drawing 179938C) is  1-1/2" Sch 40 

p i p e  which p r o v i d e s  molten s a l t  from t h e  CRTF c o l d  s a l t  pump t o  t h e  SGS. 

The S G S  p i p i n g  i n t e r f a c e s  w i t h  CRTF p i p e  2'-SMC-l-FBA s o u t h  of t h e  SGS 

s k i d  a t  CRTF W.P. EL. 5587'-6-7/8'. The main c o l d  s a l t  control p i p i n g  

branches  t o  t h e  s a l t  s t a r t - u p  mixing tee and t o  t h e  s a l t  a t t e m p e r a t o r  

mixing tee a s  d e s c r i b e d  i n  S e c t i o n s  2.10.1.1 and 2.10.1.2, r e s p e c t i v e l y .  

The p i p i n g  is s l o p e d  downward from t h e  two mixing tees t o  p r o v i d e  

d r a i n a g e  t o  t h e  c o l d  s a l t  pump sump. P i p i n g  material is carbon steel 

w i t h  t h e  e x c e p t i o n  of (1) t h e  304 s ta in less  s tee l  elbows a t  t h e  end of 

each branch l i n e  which p r o v i d e  t r a n s i t i o n  t o  t h e  ends  of t h e  s ta in less  

steel  mixing tees, and ( 2 )  t h e  304 s ta in less  steel n i p p l e s  on e i t h e r  s i d e  

of both  control valves.  

The s t a r t - u p  c o l d  s a l t  f low c o n t r o l  v a l v e  FCV-341 is l o c a t e d  i n  t h e  

start-up branch of t h e  c o l d  s a l t  control p ip ing .  The v a l v e  is a 1" 

V a l t e k  Mark 11 a i r  o p e r a t e d ,  c y l i n d e r  a c t u a t e d  valve.  The va lve  body is 

316 s ta in less  steel  w i t h  socket weld ends. T h i s  v a l v e  was s i z e d  and 

s u p p l i e d  by SNL. 

The e v a p o r a t o r  s a l t  i n l e t  t empera ture  c o n t r o l  va lve  FCV-301 i s  

l o c a t e d  i n  t h e  a t t e m p e r a t o r  branch of t h e  c o l d  s a l t  c o n t r o l  p ip ing .  The 

v a l v e  is a 1' V a l t e k  Mark 11 a i r  o p e r a t e d ,  c y l i n d e r  a c t u a t e d  valve.  The 

v a l v e  body is 316 s ta in less  steel  w i t h  socket weld ends. T h i s  v a l v e  was 

been s i z e d  and s u p p l i e d  by SNL. 

2.10.1.5 s a l t  Dra in  L i n e s  

The s a l t  d r a i n  p i p i n g  (B&W Drawing 179941C) p e r m i t s  complete  

d r a i n a g e  of t h e  s a l t  s i d e  of t h e  s u p e r h e a t e r  and t h e  evaporator as 

d e s c r i b e d  i n  S e c t i o n s  2.5 and 2.6. The 1' Sch 40 d r a i n  p i p e s  from 
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t h e  superheater and t h e  evapora to r  combine i n t o  a common 1-1/2' Sch 40 

l i n e  which is rou ted  t o  t h e  h o t  s a l t  i n l e t  p i p i n g  upstream of t h e  

s t a r t - u p  mixing tee (BLW Drawing 179936C). A l l  d r a i n  p i p i n g  i s  s loped  

downward from t h e  s u p e r h e a t e r  and t h e  evaporator t o  t h e  h o t  s a l t  p i p i n g  

t o  allow dra inage .  P i p i n g  material is 304 s t a i n l e s s  steel. 

Each branch l i n e  has a remote-operated i s o l a t i o n  valve.  The 

s u p e r h e a t e r  v a l v e  is  FCV-382; t h e  evapora to r  v a l v e  is FCV-381. Each 

v a l v e  is a 1' Kie ley  and Mueller  a i r  operated, diaphragm actuated valve.  

Each va lve  body is s t a i n l e s s  steel wi th  socket weld ends.  

2.10.1.6 S a l t  Overpressure L i n e s  

Overpressure  p r o t e c t i o n  of  t h e  molten s a l t  side of t h e  SGS is 

provided by two 4' r u p t u r e  discs  as d i s c u s s e d  i n  S e c t i o n  2.3. One 

r u p t u r e  disc  i s  located i n  t h e  4' s a l t  o v e r p r e s s u r e  p i p i n g  which branches  

from t h e  evapora to r  sa l t  i n l e t  p i p i n g  as shown on BLW Drawing 179937C; 

t h i s  p i p i n g  i s  304 s t a i n l e s s  steel. One r u p t u r e  disc  i s  l o c a t e d  i n  t h e  

4' s a l t  o v e r p r e s s u r e  p i p i n g  which b ranches  from t h e  e v a p o r a t o r  sa l t  

o u t l e t  p i p i n g  as shown on BLW Drawing 179940C; t h i s  p i p i n g  is carbon 

steel. From t h e  SGS o v e r p r e s s u r e  p i p i n g  t e r m i n a l  p o i n t s  on t h e  above 

drawings,  pipe i s  routed t o  t h e  CRTF blowdown/drain t ank  located t o  t h e  

east of t h e  SGS sk id .  I n  t h e  even t  of o v e r p r e s s u r e  on  t h e  s a l t  s i d e  and 

a t t e n d a n t  r u p t u r e  d i s c  fa i lure ,  f l u i d  from t h e  s a l t  s i d e  flows through 

t h e  Overpressure  p i p i n g  t o  t h e  blowdown/drain tank. 

2.10.1.7 s a l t  Mixing Tees 

Two mixing tees are required f o r  t h e  SGS s a l t  system. A s t a r t - u p  

mixing tee is r e q u i r e d  upstream of t h e  supe rhea te r .  The  f u n c t i o n  of t h i s  

tee is t o  p rov ide  a mixing p o i n t  f o r  c o l d  sa l t  f low a t  580 F (304 C) 

and h o t  s a l t  f low a t  1050 F (566 C )  so t h a t  t h e  s u p e r h e a t e r  s a l t  

0 0 

0 0 

i n l e t  t empera ture  can  be ramped up d u r i n g  s t a r t - u p  from w a r m  s tandby 
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and ramped down during shutdown to warm standby. 

required in the salt piping between the superheater and the evaporator. 

The purpose of this tee is to mix cold salt flow at 580 F (304 C) 

with salt flow exiting the superheater (nominal 908 F (487 C) at full 

load) so that the evaporator salt inlet temperature can be controlled to 

850°F (454OC) . Maintaining the evaporator temperatures below 850 F 
(454 C) is important in minimizing corrosion of the 2-1/4 Cr - 1 Mo 
evaporator material over the life of the unit. 

A mixing tee is 

0 0 

0 0 

0 

0 

Several criteria were established for the design of the mixing 

tees. The tee was to have good mixing efficiency over a wide range of 

hot-to-cold salt flow ratios to minimize any downstream fluctuations of 

the pressure boundary pipe wall temperature. The tee was to be capable 

of sustaining a step change in fluid temperature between the cold and hot 

0 0 salt temperatures, nominally 500 F (278 C). The full load pressure 

drop was to be compatible with the total salt system pressure drop 

requirement; the nominal allowable tee pressure drop was established at 

one psi (6.9 kPa) for full load flow. The configuration was to be such 

that the tee and adjacent salt piping are drainable. 

A survey of mixing tee designs was made to establish some potential 

candidate designs. Tees designed for water service and for sodium 

service were reviewed, including standard tees, standard tees with 

thermal sleeves, injector-type tees, perforated plate tees, and coaxial 

perforated pipe tees. Based on the survey the coaxial, perforated pipe 

concept was selected. Based on test data (Reference 41, this type of 

mixing tee has good mixing efficiency over widely varying hot-to-cold 

flow ratios and can be designed to meet the nominal one psi (6.9 kPa) 

pressure drop requirement. 
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The d e s i g n  of t h e  SGS c o a x i a l ,  perforated pipe mixing tee is  shown 

on BLW drawing 4053293, The h o t t e r  s a l t  f low e n t e r s  t h e  tee t h r o u g h  t h e  

smaller 2' diameter i n n e r  pipe. The  colder sa l t  flow e n t e r s  th rough t h e  

larger 4' diameter outer pipe, passes through t h e  p e r f o r a t i o n s  i n  t h e  

i n n e r  pipe, and combines w i t h  t h e  hotter flow i n  t h e  mixing s e c t i o n  of 

t h e  i n n e r  p i p e  downstream from t h e  p e r f o r a t i o n s ,  Concern for  any thermal 

s t r i p i n g  OK tempera ture  f l u c t u a t i o n  effects i n  t h e  mixing zone is g r e a t l y  

reduced because t h e  mixing occurs i n  t h i s  non-pressure boundary pipe 

s e c t i o n .  After p a s s i n g  through t h e  mixing s e c t i o n ,  t h e  flow expands t o  a 

4' diameter pipe t o  e l i m i n a t e  any unnecessary pressure drop and t o  mate 

w i t h  s a l t  system piping.  The mixing tee has a c a l c u l a t e d  p r e s s u r e  drop 

a t  f u l l  load f low of 1.0 p s i  (6.9 kPa) .  The c o n f i g u r a t i o n  permits 

d r a i n a g e  of s a l t  when i n s t a l l e d  a t  an a n g l e  from t h e  h o r i z o n t a l  of 1 0  , 0 

The sal t  mixing tees were des igned  so t h a t  f l e x i b i l i t y  was b u i l t  

i n t o  t h e  i n t e r i o r  2' schedule 1 0  pipe t o  accommodate d i f f e r e n t i a l  thermal 

expansion between t h e  i n n e r  and outer pipes, 
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2.10.2 Water/Steam System Piping and Valves 

This section provides additional description and drawing references 

The water/steam system is for the water/steam system piping and valves. 

described in Section 2.4. Pipe sizing criteria in the various piping 

sections are also discussed, 

the Power Piping code, ANSI B31.1 (Reference 51,  for the design 

temperature and pressure indicated on the B&W piping drawings referenced 

in the following subsections. 

All piping was designed in accordance with 

2.10.2.1 Evaporator Water Inlet Line 

The evaporator water inlet line (B&W Drawing 179933C) provides 

subcooled water to the evaporator water inlet nozzle from the discharge 

of the boiler water circulation pump. The water inlet line is 4' Sch 80 

carbon steel pipe, The pipe size was established based on considering 

the net pressure loss in the recirculation loop for full load conditions 

and the physical arrangement requirements of the system. It was 

advantageous to minimize the net pressure loss in the recirculation loop 

to reduce pumping requirements for the boiler water circulation pump. 

The evaporator, steam drum, evaporator water inlet piping, riser piping, 

and downcomer piping contribute to the net pressure loss in the 

recirculation loop. The evaporator configuration established the full 

load design flow, temperature, and steam quality conditions in the 

recirculation loop: 43300 lbm/hr (5.418 kg/sec) flow with a downcomer 

temperature of 559 P (293 C) and an evaporator exit quality of 27% at 

a saturation pressure of 1175 psig (8101 kPa). Based on these conditions 

and the physical arrangement of the piping, the velocity and pressure 

drop in the evaporator inlet pipe, as well as the downcomer pipe and 

riser pipe, were calculated. Considering the velocities and net 

0 0 
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pressure losses in the total recirculation loop, 4" Sch 80 pipe was 

selected for the three piping runs in the loop. The net pressure loss in 

the recirculation loop with the 4 "  Sch 80 pipe was conservatively 

calculated at 35 psi (241 kPa). The evaporator water inlet line is 

sloped downward from the evaporator inlet nozzle to allow drainage 

through the water drain line (See Section 2.10.2.8), the circulation 

heater drain valve, and the pump drain valve. 

A 4" gate valve, FCV-383, is located in the evaporator water inlet 

line. This valve is a motor operated isolation valve. During normal SGS 

operation this valve is open. During periods when the circulation heater 

is in operation the valve is closed to route flow from the boiler water 

circulation pump through the heater to the evaporator inlet nozzle. This 

valve, together with HV-384 and FCV-384, can be used to isolate the 

boiler water circulation pump for maintenance while permitting the 

balance of the water/steam system to be maintained in a dry or wet layup 

condition. 

2.10.2.2 Riser Line 

The riser line (B&W Drawing 179934C) connects the evaporator 

water/steam outlet nozzle with the steam drum steam inlet nozzle. During 

normal operation, the water/steam mixture produced in the evaporator 

flows through the riser line to the steam separation equipment in the 

steam drum. The riser line is 4"  Sch 80 carbon steel pipe. The pipe 

size was established based on the full load design conditions for the 

recirculation loop as discussed in Section 2.10.2.1. The piping is 

sloped downward from the steam drum to the evaporator outlet nozzle for 

d r a i nag e . 
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2.10.2.3 Downcomer Line 

The downcomer line (BbW Drawing 179932C) connects the steam drum 

downcomer nozzle with the suction side of the boiler water circulation 

pump. Subcooled water from the steam drum inventory flows through the 

downcomer line to the pump. The downcomer line is 4" Sch 80 carbon steel 

pipe. 

conditions for the recirculation loop as discussed in Section 2.10.2,l. 

An additional consideration for sizing the downcomer line was to minimize 

unrecoverable pressure losses, consistent with the net positive suction 

head required by the boiler water circulation pump. The downcomer piping 

is sloped downward from the steam drum to the pump to allow drainage 

through the water drain line and the pump volute drain valve. 

The pipe size was established based on the full load design 

A 4' gate valve, HV-384, is located in the downcomer line. This is 

a manually operated isolation valve. During all SGS operating conditions 

this valve is locked open. This valve, together with FCV-383 and 

FCV-384, can be used to isolate the boiler water circulation pump for 

maintenance while permitting the balance of the water/steam system to be 

maintained in a dry or wet layup condition, 

2.10,2.4 Feedwater Line; Chemical Feed Line 

The feedwater line (BLW Drawing 179944C) supplies feedwater to the 

steam drum from the Heat Rejection and Feedwater Subsystem (HRFS), 

Feedwater combines with the saturated water from the steam drum 

separation equipment to form a subcooled mixture for the recirculation 

loop. Feedwater flow matches steam flow to maintain a constant drum 

water level. The feedwater line is 1-1/4" Sch 80 carbon steel pipe. The 

pipe size was based on the standard BLW design practice of limiting full 

load feedwater velocity to less than 10 ft/sec (3.0 m/sec) 
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and on minimizing the pressure drop in the SGS portion of the feedwater 

piping. The 1-1/4" Sch 80 pipe results in a full load feedwater velocity 

of less than 8 ft/sec (2.4 m/sec) with an unrecoverable pressure drop of 

less than 2 psi (14 kPa). The SGS feedwater pipe interfaces with the 

HRFS feedwater pipe at the north end of the SGS skid assembly. The 

feedwater pipe is sloped from the steam drum to the interface point to 

permit drainage at the low point in the HRPS feedwater piping. The 

feedwater flow control valve FCV-411 is located in the HRFS feedwater 

piping . 
A 3/4' Sockolet is provided on the feedwater line near the steam 

drum feedwater nozzle for connection of the chemical feed line. The 

chemical feed line is connected to the chemical feed pump supplied by 

CRTF. The pump is located adjacent to the west side of the SGS skid and 

the piping is run between the pump and the feedwater line connection to 

suit field connections. Boiler water chemicals are added based on the 

requirements and procedures of the SGS Operating and Maintenance Manual 

(Reference 6). 

2.10.2.5 Superheater Inlet Line; Water/Steam Side Vent Line 

The superheater inlet line (BLW Drawing 179935C) delivers dry 

saturated steam from the steam drum outlet nozzle to the superheater 

steam inlet nozzle. This pipe run includes the high point in the SGS 

steam/water system. The superheater inlet line is 2-1/2" Sch 80 carbon 

steel pipe. This pipe was sized consistent with the requirements of the 

physical arrangement and with maintaining acceptable pressure drop 

between the superheater steam inlet and the steam drum such that the full 

load steam drum pressure was not greater than about 1200 psig (8274 kea). 
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The piping is sloped downward from the high point to the superheater to 

allow drainage through the superheater and steam delivery piping. 

The vent piping for the water/steam side of the SGS is a vertical 

line off the high point horizontal run in the superheater inlet line, 

The piping material is carbon steel. The vent line isolation valve 

HV-385 is a 1" manually operated, Y-pattern globe valve, 

2.10.2.6 Superheater Steam Outlet Line 

The superheater steam outlet flow is delivered to the Heat Rejection 

and Feedwater subsystem (HRFS) through the piping shown on B&W Drawing 

179939C. This steam delivery line is 2-1/2" Sch 160 pipe made of 2-1/4 

Cr - 1 Mo material. This pipe was sized consistent with the requirements 

of the physical arrangement and with maintaining an acceptable pressure 

drop between the superheater outlet and the interface point with the HRPS 

steam piping. With the 2-1/2' Sch 160 pipe, the full load unrecoverable 

piping pressure drop is less than 8 psi (55 kPa). The SGS steam delivery 

pipe interfaces with the HRFS steam pipe at the north edge of the skid 

assembly. The steam pipe is sloped from the eccentric reducer on the 

superheater steam outlet nozzle to the interface point to permit drainage 

at the low point in the HRFS steam piping, 

2.10.2.7 Steam Attemperator Line 

The steam attemperator line (B&W Drawing 179939c) provides dry 

saturated steam from the superheater inlet line (B&W Drawing 179935C) to 

the superheater steam outlet line (B&W Drawing 179939C) to control the 

steam delivery temperature to the turbine to 950°F (510 C). 

superheater was designed for an outlet steam temperature of 1000 F 

(538 C) at full load, The flow of saturated steam required to produce 

a steam delivery temperature of 950 F (510 C) is controlled by a 

0 The 

0 

0 

0 0 

2-59 



1' Fisher Controls Type 657-EHS globe valve (PCV-331) located in the 

steam attemperator line. The valve is air operated, diaphragm actuated. 

Valve sizing was based on considering flow requirements between 30% and 

110% of full load. A range of saturated steam flow was established based 

on possible variation of the superheater steam outlet temperature due to 

both superheater performance margin and load. A pressure drop of 30 psi 

(207 kPa) across the valve was used for full load conditions. To provide 

some additional margin in valve sizing, the valve was sized based on 90% 

of full stroke at the maximum specified flow. 

The attemperator line piping is 1" Sch 80. Piping material is 

carbon steel upstream of valve FCV-331 and 2-1/4 Cr - 1 Mo downstream of 

the valve. The piping is sloped downward from the superheater inlet line 

connection to the superheater steam outlet line connection to allow 

drainage. 

2.10.2.8 Water Drain Line 

The water drain line (B&W Drawing 179943C) provides for drainage of 

certain portions of the water side of the SGS. The drain line is 1" Sch 

80 carbon steel pipe. The water drain piping tees from the downcomer 

line (BLW Drawing 179932C) and is sloped downward from that point to the 

pipe termination location on the east side of the skid assembly. 

this termination point, the piping is routed by SNL to the blowdown/drain 

tank located east of the SGS skid assembly. The steam drum blowdown line 

(See section 2.10.2.9) tees into the water drain line upstream of the 

skid termination point. Fluid from both the water drain line and the 

blowdown line flows to the blowdown/drain tank through the common pipe. 

The drain line isolation valve HV-381 i s  a 1" manually operated, 

From 

Y-pattern globe valve. 
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2.10.2.9 Blowdown Line; Boiler Water sample Line 

The steam drum blowdown line (B&W Drawing 179942C) provides for 

intermittent blowdown of boiler water to maintain correct boiler water 

chemistry. 

level during start-up. The blowdown line is 1" Sch 80 carbon steel 

pipe. 

where it is tied into the water drain line (See Section 2.10.2.8). 

Blowdown fluid is routed to the blowdown/drain tank located to the east 

of the SGS skid. The B&W/CRTF piping interface is described in Section 

2.10.2.8. The blowdown line isolation valve HV-383 is a 1" manually 

operated, Y-pattern globe valve. A manually operated 1" Yarway Hy-Drop 

throttling valve (HV-382) is located in the blowdown line to adjust 

blowdown flow rate. 

The blowdown line also allows adjustment of steam drum water 

The piping is sloped downward from the steam drum to the point 

A 3/4" Thredolet is provided on the blowdown line upstream of 

isolation valve HV-383 for connection of the boiler water sample line. 

The sample line terminates at a SNL supplied sampling station located in 

the thermal storage subsystem control room. Boiler water is sampled 

based on the requirements and procedures of the SGS Operating and 

Maintenance Manual (Reference 6). A 3/4" general purpose gate valve for 

sample line isolation is located in the sample line near the connection 

to the blowdown line. 

2.10.2.10 Circulation Heater Piping 

Inlet and outlet piping to the circulation heater is shown on B&W 

Drawings 179945C and 179946C. The circulation heater lines are 2" Sch 80 

carbon steel pipe. This piping is compatible with the 2 " ,  900 lb. raised 

face inlet and outlet flanges on the circulation heater. The heater 
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i n l e t  p i p i n g  branches  from t h e  e v a p o r a t o r  i n l e t  p i p i n g  upstream of 4 "  

i s o l a t i o n  v a l v e  FCV-383 (B&W Drawing 179933C) and is r o u t e d  t o  t h e  lower 

heater f lange .  The  heater o u t l e t  p i p i n g  c o n n e c t s  t h e  upper heater f l a n g e  

t o  t h e  evapora tor  i n l e t  p i p i n g  downstream of t h e  4"  i s o l a t i o n  valve.  

Both t h e  i n l e t  and o u t l e t  p i p i n g  are s loped  t o  permit d r a i n a g e  t o  t h e  

heater d r a i n  valve.  P i p i n g  material is carbon steel. 

A 2" V a l t e k  Mark Two a i r  o p e r a t e d ,  c y l i n d e r  a c t u a t e d  v a l v e  (FCV-384) 

is located i n  t h e  heater i n l e t  l i n e .  T h i s  v a l v e  is f u r n i s h e d  by SNL. 

The  v a l v e  h a s  2500 lb.  raised face f l a n g e s  for mounting t h e  v a l v e  i n  the 

pip ing .  During p e r i o d s  of c i r c u l a t i o n  heater o p e r a t i o n ,  t h e  v a l v e  i s  

open; o t h e r w i s e  t h e  v a l v e  is closed, 
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2.11 Heat Tracing 

The SGS superheater shell, evaporator shell, and salt system piping 

are provided with a trace heating system. 

exchangers and salt piping to be heated from ambient conditions to a 

temperature above the freezing point of the salt, prior to loading molten 

salt into the SGS, The heat tracing system also maintains the 

temperature of the system above the salt freezing point during periods of 

diurnal shutdown. 

This system allows the heat 

Based on discussions with SNL, the SGS specification requirements 

for salt system heat tracing were clarified and amplified, Heat tracing 

was sized to meet the following requirements: 

o Power input based on a 500°F (278OC) temperature difference 

between salt system component temperature and ambient 

temperature 

o 4' (102 mm) insulation thickness on piping: 5' (127 mm) 

insulation thickness on heat exchangers 

o Calcium-silicate insulation; assume conductivity 

is 0,055 Btu/hr-ft-F (0.095 w/m-C) 

o Heat trace cable to be Nelson Electric Co. Inconel sheath, 

mineral insulated cable with nichrome wire: 3/16" (4.8 mm) 

diameter, single conductor cable to be used wherever possible; 

3/16' (4.8 mm) diameter, two conductor cable wired in parallel 

as an alternate; based on system operating temperatures, choice 

of cables limited to those indicated on Figure 2.11-1. 

o Maximum cable power 45-50 w/ft (148 - 164 w/m) 
o Operating voltage 277 vac 
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o Additional heat trace cable length at locations of local 

additional heat loss such as fixed supports and valves 

The heat tracing power for the salt system piping and the heat 

exchangers was based on the above requirements with the exception that a 

conservatively higher insulation conductivity of 0.06 Btu/hr-ft-F 

(0.104 w/m-C) was used. The outside surface temperature of the 

insulation was assumed equal to ambient temperature. Following are the 

calculated salt system heat trace power requirements: 

4" Pipe 54 w/ft (177 w/m) 

3' Pipe 46 w/ft (151 w/m) 

2" Pipe 37 w/ft (121 w/m) 

1-1/2" Pipe 33 w/ft (108 w/m) 

1" Pipe 

Superheater 

Superheater fixed 
Support 

28 w/ft (92 w/m) 

66 w/ft (217 w/m) 

51 w 

Evaporator 79 w/ft (259 w/m) 

Evaporator fixed 
support 

74 w 

1" Valve Bonnet 170 w 
(FCV-301, FCV-341, 
FCV-381, FCV-382) 

2" Valve Bonnet 
(FCV-321) 

185 w 

The choice of heat trace cables and the design of heat trace circuitry 

were based on these power requirements and the previously listed heat 

trace requirements. 

There are ten heat tracing zones in the SGS salt system. Heat 

tracing information is summarized on Table 2.11-1, 

with the exception of circuit 0-Q in zone HT-4, is Nelson Electric 

A l l  the heat tracing, 

Company 3/16 inch (4.8 mm) diameter, inconel sheath, mineral insulated 
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. 

cable with single conductors of nichrome wire, 

circuit 0-Q is the same as described above except that the cable is two 

conductor, with the conductors wired in parallel. For each primary heat 

trace cable installed, a redundant (or back-up) cable is also installed. 

Both the primary and the back-up cables are terminated in the same field 

junction box; in the event of a failure of the primary cable the back-up 

cable can be placed in service by transferring the electrical power 

source from the primary to the back-up cable in the field junction box. 

In general, heat tracing cable is installed along the axis of the piping 

and the heat exchangers. The bonnet extensions on salt side valves 

FCV-301, FCV-321, FCV-341, FCV-381, and FCV-382 are heat traced to assure 

that salt in the bonnet extensions does not freeze. “Loops” are included 

in the heat exchanger cables at the fixed support locations to provide 

the required local heat input. 

The heating cable in 

In general, the salt system heat tracing has performed 

satisfactorily. Some re-work on the bonnet insulation of the valves was 

done to increase the temperature on the bonnets above the salt freezing 

temperature. The added insulation achieved the desired results except on 

valve FCV-341. On this particular valve local conditions at bonnet-yoke 

region of the valve prevented installing sufficient additional 

insulation. On certain days, the combined ambient temperature and wind 

conditions caused enough heat loss from the valve that the temperature of 

the bonnet extension was 40 -50 F (22 -28 C) below the minimum 

required 480 F (249OC). 

heat trace cable on valve FCV-341 was wired to a 110 vac. circuit which 

included a Variac (BbW Drawing 4053433) to control cable power (heat 

trace zone HT-3B on Table 2.11-1). The Variac was adjusted to increase 

0 0  0 0  

0 
With the concurrence of SNL, the back-up 

power input to the valve extension such that the extension temperature 
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exceeded 480°F (249OC). This proved to be a satisfactory fix. 

The SGS feedwater piping is heat traced to provide freeze protection 

during extended periods when the feedwater flow is zero, such as diurnal 

s hutdown. 

0 

0 

0 

0 

0 

0 

0 

Heat tracing is sized to meet the following requirements: 

Power input based on a temperature difference of approximately 

100°F (56OC) between the f eedwater pipe temperature and 

ambient temperature 

3' Insulation thickness on piping 

Calcium-silicate insulation; assume conductivity is 

0.06 Btu/hr-ft-F (0.104 w/m-C) 

Heat trace cable to be Nelson Electric Co. Inconel sheath, 

mineral insulated cable with nichrome wire; 3/16' (4.8 mm) 

diameter, single conductor cable to be used if possible; 

3/16" (4.8 mm) diameter, two conductor cable wired in parallel 

as an alternate 

Maximum cable power 45 - 50 w/ft (148 - 164 w/m) 
Operating voltage 110 vac 

Outside surface temperature of insulation assumed equal to 

ambient temperature 

The heat tracing power for the feedwater piping based on these 

requirements is 7.2 w/ft. The heat trace cable selected (Zone HT-9 on 

Table 2.11-1) has a power input of 6.8 w/ft, which maintains a 

0 0 temperature difference of 94 F (52 C) between the feedwater pipe and 

ambient . 
The instrument piping for the pressure, flow, and level transmitters 

in the water/steam system is provided with heat tracing for freeze 

protection (Zone HT-10 on Table 2.11-1) during periods when the ambient 
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temperature could result in freezing of the stagnant water in these 

instrument lines, Freeze protection is installed for the following: 

steam Drum Water Level 
steam Drum Pressure 
Main Steam Flow 
steam Delivery Pressure 
Feedwater Pressure 
Attemperation Steam Flow 
Gage glass 

LT-311 
PT-383 
FT-311 
FT-321 
PT-386 
FT-381 
LI-311 

The seven heat trace cables were initially sized to provide 2-3 w/ft, 

with the cables wired in series on a 110 vac, circuit. This power input 

proved inadequate for certain ambient temperature/wind conditions, and 

freezing occurred in some transmitter piping runs. A revised 

series-parallel circuit for the heat tracing cables was implemented to 

increase power input approximately 4 w/ft. This power increase was 

insufficient to prevent freezing in the transmitter lines. Additional 

evaluation of the freeze protection for the instrument piping was done, 

including a review of the as-installed heat trace cable lengths and 

locations and piping insulation locations and thicknesses. Based on this 

review, changes to insulation arrangements and heat tracing were made, 

and wind shields were added to the instrument piping isolation valves. 

Additional heat trace was placed on the steam drum pressure instrument 

line and on the chemical feed line (Zone HT-1OA on Table 2.11-1). A 

complete discussion of these changes is included in BbW Letter Report 

700-0027-45-LR-1 in Appendix B. 

The insulation at the main salt flow transmitter (FT-321) and the 

attemperation salt flow transmitter (FT-382) was to have been arranged as 

shown on Figures 2.11-2 through 2.11-5 to maintain the temperature of the 

salt in the standpipes above the salt freezing point. Periodic freezing 
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occurred in these standpipes as evidenced by faulty flow indications. A 

110 vac. heat trace circuit was added to heat the standpipes. A heat 

trace cable was added to each pair of standpipes: these cables were wired 

in series with a Variac (Zone HT-3A, Table 2.11-l), and power was 

adjusted to maintain standpipe temperature above 480F (249C) as indicated 

by thermocouples installed on the standpipes. When the insulation was 

disassembled to install the heat trace cables, it was discovered that the 

region around the standpipes was packed with blanket insulation rather 

than being empty as indicated on Figures 2.11-2 through 2.11-5; this 

undoubtedly caused the freezing problem in the standpipes. It was 

decided to proceed with installation of the heat trace as a more positive 

approach to maintaining standpipe temperature as opposed simply removing 

the insulation and establishing the configuration as shown on Figures 

2.11-2 through 2.11-5. This proved to be an effective fix and was 

subsequently used on other MSEE salt side transmitters, outside the SGS, 

to alleviate similar freezing problems. 
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Table 1 

Two Conductor Inconel600 
600 Vdt Maximum 

Cable 
Number 
627 8 
6408 
670 8 
7108 
7158 
7208 

Ohms Per 
Cable Ft. 
@2S°C 

.027 

.043 
,070 
. lo4 
.162 
.205 

Resistance- 
Tempera- 
ture Curve 
Number 
1 
1 
1 
N.A. 
N.A. 
N.A. 

@25O Proc- 
ess Temp. 

Maximum 
Watts/Ft. 
OHT-3 
N.A. 
N.A. 
N.A. 
70 
70 
70 

1.162 N.A. 
1.870 N.A. 
2.970 N.A. 
4.300 N.A. 
5.980 N.A. 

.3125 in. O.O., Hot Section Wt. .2!2 LbslFt., Cold Section Wt. .22 Lbs/Ft., 
Maximum 45 Watta/Ft. wlo  QHT-3 at 26% Process Temperature. 

Resistance- 
Temperatura- 
ture Curve 
Number 
3 
1 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

ElEK A:E 1 .a00 N.A. 50 

Table 2 

Two Conductor Inconel600 
300 Volt Maximum 

Ohms Per 
Cable Forms Cable Ft. 
Number Available @25OC 
721 K A.E .213 

.213 
,319 
,416 
.520 
.740 

810K A,E 1.000 
813K A.E 1.300 

@25O Proc- 
ess Temp. 

Maximum 
WattsIFt. 
QHT-3 
N.A. 
50 
50 
50 
50 
50 
50 
50 

722K A; E 
732K A.E 
742K APE 
752K A.E 
774K A.E 

.- - - .  

2.340 N.A. 50 
2.960 N.A. 50 

838K A,E 3.700 N.A. 50 
846K A.E 4.720 N.A. 50 
866K A; E 6.600 N.A. 50 
894K A,E 9.000 N.A. 50 
.le75 In O.D. Hot Section Wt. .07 LbslFt., Cold Section Wt. .22 Lbs/Ft. 
Maximum 30 Watts/Ft. w/o QHT-3 at 25'C Process Temperature. 

Table 4 

One Conductor Inconel600 and Copper 

Cable Forms Sheath 
Number Available Material 
239K E lnconel 
250K E lnconel 
279K E lnconel 
310K E lnconel 
316K E lnconel 
326K E lnconel 
333K E lnconel 

Ohms Per 
Cable Ft. 
@25oc 
.039 
.050 
.079 
.095 
.157 
.260 
,330 

Maxi- 
mum O.D. 
Volts Inches 
600 .la75 
600 ,1875 
600 .la75 
600 ,1875 
600 .la75 
600 ,1875 
600 ,1875 

Resistance- 
Temperature 
Curve 
Number 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

Nelson Electric Company 
Heat Trace Cable 

Figure 2.11 - 1 
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TABLE 2.11-1 

SGS Heat Trace  Zones 

Heat T r a c i n g  
Zone No. 

B&W 
C i r c u i t  Loca t ion  

D rawinq 

Hot S a l t  I n l e t  P i p i n g  
Hot S a l t  I n l e t  P i p i n g  

HT- 1 17 9936C 
179936C 

A- B 
B-C-G 

S a l t  P i p i n g  Between SH and EV 
S a l t  P i p i n g  Between S H  and EV 

HT- 2 J-E-J  
K-D-K 

179937C 
179937C 

S a l t  F l o w  T r a n s m i t t e r s  
FT-321, FT-382 

HT-3A N/A N/A 

valve FCV-341 Bonnet HT- 3 B 

HT- 4 

N/A 179938C 

EV S a l t  O u t l e t  P i p i n g  
EV S a l t  out le t  P i p i n g  
EV s a l t  ou t le t  P i p i n g  

179940C 
179940C 
179940C 

M- N 
N - 0  
0-Q 

s a l t  D r a i n  P ip ing  
s a l t  Dra in  P ip ing  
S a l t  Drain P i p i n g  

HT- 5 17 994 1C 
17 9 94 1 C  
179941C 

R-S 
U-T 
s-v 

HT- 6 SH O u t l e t  Overpress .  P i p i n g  
EV O u t l e t  Overpress .  P ip ing  

179937C 
179940C 

Y- Z 
w- x 

Superhea te r  
Supe rhea te r  

HT- 7 AA- BB 
AA-BB 

4053253 
4053253 

Evapora tor  
Evapora tor  

HT- 8 CC-DD 
CC-DD 

4053283 
4053283 

17 994 4C Feedwater P i p i n g  HT- 9 

HT-10 

EE-GG 

I n s t r u m e n t a t i o n  P i p i n g  
FW P r e s s u r e  
Drum P r e s s u r e  
By-Pass Steam Flow 
Steam De l ive ry  P r e s s u r e  
Drum L e v e l  
Gage G l a s s  
Main Steam Flow 

N/A 

I n s t r u m e n t a t i o n  P i p i n g  
D r u m  P r e s s u r e  
Chemical Feed L i n e  

HT-1OA N/A N/A 
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2.12 CONTROLS/INSTRUMENTATION/ELECTRICAL 

2.12.1 Overview 

The control and monitoring of the SGS as part of the overall MSEE 

system is accomplished through a Bailey Controls Company Network 90 

system. The Network 90 sends and receives signals from various 

components in the SGS as well as several components in other MSEE 

subsystems which are required for control of the SGS, 

system also interfaces with the CRTF EMCON control system such that the 

SGS may be operated directly from the EMCON control system in CRTF main 

control room. This section describes the transmitters, thermocouples, 

and other equipment which provide signals necessary for the control and 

monitoring of the SGS. The junction boxes mounted on the skid assembly 

to accommodate power/control components, signal wiring, and thermocouple 

wiring are discussed. The logic of the various SGS control loops and 

monitoring functions are described and related to both the Network 90 

control system and the Network 9O/EMCON interface. 

The Network 90 

2.12.2 Transmitters 

The transmitters discussed below are located on the SGS skid 

assembly. These transmitters measure flows, ptessures, and steam drum 

level and transmit signals through the SGS signal wiring junction box to 

the Network 90 control system. Unless otherwise noted, the signals 

transmitted to the signal wiring junction box are 4-20 ma. The 

designations for each of the transmitters discussed below are taken from 

the SGS flow schematic (see Figure 2.1-2). 

In addition to the transmitter signals from the SGS, the feedwater 

flow signal (FT-411) from the Heat Rejection and Feedwater System is 
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required as part of the steam drum level control loop, The feedwater 

flow transmitter is part of the CRTF equipment: the 4-20 ma. signal from 

this transmitter is supplied directly to the Network 90 control system, 

Main Salt Flow Transmitter FT-321 

Manufacturer: Taylor Instrument Company 

Model: X3423TDlO264-02-00-l0(146) 

The transmitter senses pressure drop across the Taylor segmental 

wedge flow element located in the evaporator salt outlet piping as shown 

on B&W Drawing 179940C. Salt flow rate is a function of this pressure 

drop. The main salt flow rate is part of the SGS load control loop as 

discussed in Section 2.12.8.2.1. The transmitter is mounted on the skid 

adjacent to the flow element. The transmitter assembly includes two 

diaphragm seal elements and capillary tubes which are filled with silicon 

~C702. The fill fluid in each capillary tube transmits the salt pressure 

to the transmitter while providing a barrier between the molten salt and 

the transmitter, 

By-Pass Salt Flow Transmitter FT-382 

Manufacturer: Taylor Instrument Company 

Model: X3423TD10264-02-00-10 (146) 

The transmitter senses the pressure drop across the Taylor segmental 

wedge flow element located in the cold salt control piping as shown on 

B&W Drawing 179938C. Salt flow rate is a function of this pressure 

drop. The by-pass salt flow is measured for indicating and recording 

purposes. The transmitter is mounted on the skid adjacent to the flow 

element. The transmitter assembly is the same as described for the main 

salt flow transmitter above. 
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Main steam Flow Transmitter 

Manufacturer: Bailey Controls Company 

Model: BQ75221 

The transmitter senses the pressure drop across the orifice plate 

located in the main steam outlet piping as shown on B&W Drawing 179939C. 

The transmitter is mounted adjacent to the orifice plate and is connected 

to the pressure taps on either side of the orifice plate. 

flow rate is a function of the pressure drop across the orifice plate. 

The main steam flow is part of both the SGS load control loop and the SGS 

drum water level control loop as discussed in Section 2.12.8.2.1. 

By-Pass steam Flow Transmitter FT-381 

Main steam 

Manufacturer: Bailey Controls Company 

Model: BQ75221 

The transmitter senses the pressure drop across the orifice plate 

located in the attemperator steam piping as shown on B&W Drawing 

179939C. The transmitter is mounted adjacent to the orifice plate and is 

connected to the pressure taps on either side of the orifice plate. 

By-pass steam flow is a function of the pressure drop across the orifice 

plate. The by-pass steam flow is measured for indicating and recording 

purposes . 
Superheater Salt Inlet Pressure Transmitter PT-382 

Manufacturer: Kaman Instrumentation Company 

Model: KP-1911-A200P-FW-C05 

The transmitter senses the absolute pressure of the molten salt in 

the hot salt inlet piping near the superheater salt inlet nozzle as shown 

on BLW Drawing 179936C. The transmitter sensor mounted on the salt 

piping converts the pressure to an electronic signal which is transmitted 

2-77 



to the signal conditioning electronics package mounted adjacent to the 

sensor location. A 15 vdc input signal to the signal conditioning 

electronics package is provided by the power supply located in the NEMA 4 

enclosure with the electronics package. The 0-1 vdc output signal of the 

electronics package indicates the pressure. The 0-1 vdc signal is 

converted to a 4-20 ma signal by the Acromag E/I Converter located in the 

Signal Wiring junction box mounted on the skid (see Section 2.12.6). The 

superheater salt inlet pressure is measured for indicating and recording 

purposes. 

Evaporator salt Outlet Pressure Transmitter PT-384 

Manufacturer: Taylor Instrument Company 

Model: X3443TF10222-02-10 (146) 

The transmitter senses the gage pressure of the molten salt in the 

salt outlet piping near the evaporator salt outlet nozzle as shown on B&W 

Drawing 179940C. The transmitter assembly includes a diaphragm seal 

element, which is mounted on the salt piping, and a capillary tube filled 

with silicon DC702. This fill fluid transmits the salt pressure to the 

transmitter while providing a barrier between the molten salt and the 

transmitter- The evaporator salt outlet pressure is measured for 

indicating and recording purposes. 

superheated Steam Delivery Pressure Transmitter PT-321 

Manufacturer: Bailey Controls Company 

Model: KA15111 

The transmitter senses the gage pressure of the superheated steam 

downstream of the steam attemperator location as shown on B&W Drawing 

179939C. The transmitter is mounted adjacent to the pressure tap 

location and is connected to that tap. The steam pressure is part of the 

SGS load control loop as discussed in Section 2.12.8.2.1. 
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Steam Drum Pressure Transmitter PT-383 

Manufacturer: Bailey Controls Company 

Model: K A 1 4 1 2 1  

The transmitter senses the saturated steam gage pressure i n  t h e  

steam drum through t h e  pressure tap location shown on B&W Drawing 

4053263. The transmitter is mounted adjacent t o  the steam drum and is  

connected t o  t h e  pressure tap. 

indicating and recording purposes. 

Feedwater Pressure Transmitter PT-386 

The  saturation pressure is measured for 

Manufacturer: Bailey Controls Company 

Model: K A 1 4 1 2 1  

The transmitter senses the gage pressure of the feedwater upstream 

of the steam drum feedwater nozzle as  shown on BLW Drawing 179944C. The 

transmitter is mounted adjacent t o  the pressure tap location and i s  

connected t o  that  tap. The feedwater pressure is measured for indicating 

and recording purposes. 

Steam Drum Water Level Transmitter LT-311 

Manufacturer: Bailey controls Company 

Model: BQ74221 

The transmitter senses the pressure difference between the steam 

drum water level indication taps shown on B&W Drawing 4053263. The 

transmitter i s  mounted adjacent to  t h e  steam drum and is connected t o  the 

pressure taps. The low pressure side of the transmitter is connected t o  

t h e  upper of the two pressure taps on t h e  steam drum. T h i s  tap i s  

located i n  the steam space above t h e  drum water level. A reservoir, or 

condensate pot, i s  located a t  t h e  elevation of the upper pressure tap. 
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This reservoir maintains the low pressure side instrument piping full of 

water and provides a constant, or reference, pressure head on the low 

pressure side of the transmitter. 

The high pressure side of the transmitter is connected to the lower 

of the two pressure taps on the steam drum. A s  the drum water level 

changes, the pressure head on the high side of the transmitter changes as 

does the pressure difference measured by the transmitter, which is 

indicative of drum water level. The drum level is part of the SGS drum 

level control loop as discussed in Section 2.12.8.2.1, 

2.12.3 Valve Positioners, Position Indicators, Limit Switches 

Pneumatically operated valves in the SGS are positioned by the 

control system by a 4-20 ma signal to the valve positioner. The 

positioner converts this signal to an air pressure applied to the valve 

diaphram or piston to move the valve between 0% and 100% of full open. 

Valves used for control purposes have position indicators which transmit 

a 4-20 ma feedback signal to the control system to indicate 0% to 100% of 

full open valve position. Valves used for isolation purposes 

(open/closed only) have limit switches which provide a positive 

indication to the control system that the valves are fully open or fully 

closed.. Table 2.12-1 lists the valves for which the SGS control system 

has signals to valve positioners and position indicators or limit 

switches. All signals between the valves and the control system for the 

valve positioners, position indicators, and limit switches for the SGS 

are routed through the signal wiring junction box, unless otherwise noted 

below. 
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The feedwater flow control valve FCV-411 is part of the Heat 

Rejection and Feedwater System; however, control of the feedwater flow is 

part of the SGS control system as discussed in Section 2.12.8.2.1. 

4-20 ma signals to the FCV-411 positioner are routed directly to the 

Network 90 control system from the valve. 

valve FCV-351 is nominally part of the Steam Generation Subsystem, and 

control of the valve position is part of the SGS control system. 

However, the valve was supplied and installed by SNL and is not part of 

the SGS skid assembly. Therefore, the positioner signals are routed 

directly to the Network 90 control system. 

The 

The hot salt isolation/control 

The 4" isolation valve FCV-383 is a motor operated isolation valve. 

The motor operator allows the valve to be placed only in the open or 

closed position. Limit switches provide indication to the control system 

that the valve is opened or closed. 

The location of the various SGS valves is included in Section 2.10, 

Piping and Valves. 

2.12.4 Thermocouples 

The thermocouples installed as part of the SGS are grouped into 

three categories: Control/indicating thermocouples, heat tracing control 

thermocouples, and informational thermocouples. 

2.12.4.1 Control/Indicating Thermocouples 

The thermocouples required for control of the SGS and for indicating 

and recording of various temperatures in the SGS are noted on the SGS 

flow schematic (see Figure 2.1-2) and are listed in Table 2.12-2. With 

the exception of the feedwater temperature and circulation heater element 

temperature thermocouples, the thermocouples are immersion-thermocouples 

which are installed in the fluid stream to approximately the centerline 
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of the pipe. The installation locations are indicated on the BLW 

drawings listed in Table 2.12-2. The thermocouples are ungrounded, type 

K, dual element (one functioning thermocouple, one back-up thermocouple) 

with a waterproof head located outside the pipe insulation. Thermocouple 

lead wire is routed from each head to the SGS signal wiring junction 

box. The thermocouples have been calibrated by the manufacturer. 

The feedwater temperature thermocouple is a pad-type thermocouple 

installed on the feedwater pipe. The thermocouple is ungrounded, type K, 

dual element (one functioning thermocouple, one back-up thermocouple) 

with a waterproof head located outside the pipe insulation. Thermocouple 

lead wire is routed from the head to the SGS signal wiring junction box. 

The circulation heater element temperature thermocouple is a 

sheath-type thermocouple installed on heater element HR-5 near the top of 

the heated portion of the element. The thermocouple is ungrounded, Type 

K. The thermocouple lead wire is routed to the SGS signal wiring 

junction box. 

In the event of a thermocouple failure, the back-up thermocouple can 

be placed in service by connecting its leads to the thermocouple lead 

wire in the waterproof head. 

2.12.4.2 Heat Tracing Thermocouples 

The operation of heat trace zones HT-1 through HT-9 i s  controlled by 

thermocouple signals transmitted to the CRTF Acurex Data Logger. The 

thermocouples are pad-type thermocouples. The pads are mounted on the 

pipe outside surfaces at the locations indicated on the drawings listed 

in Table 2.12-3. Each pad is contoured to conform to the particular pipe 

to which it is attached. The thermocouples are ungrounded, type K, dual 

element (one functioning thermocouple, one back-up thermocouple) with a 
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waterproof head located outside the pipe insulation. 

wire is routed from each head to the SGS signal wiring junction box. In 

the event of a thermocouple failure, the back-up thermocouple can be 

placed in service by connecting its leads to the thermocouple lead wire 

in the waterproof head, 

Thermocouple lead 

2.12.4.3 Informational Thermocouples 

Forty-six thermocouples are installed at various locations in the 

SGS to provide additional information on the operating characteristics of 

the system. The thermocouples are sheathed thermocouples located as 

indicated on the drawings listed in Table 2-12-4. The thermocouples are 

ungrounded, type K with a plug type connector located outside the 

insulation. Thermocouple lead wire with a mating plug type connector is 

routed to the SGS informational thermocouple junction box. Since the 

informational thermocouples are considered a temporary connection, the 

thermocouple lead wires are not run in conduit. From the junction box, 

the thermocouple signals are routed to the CRTF Acurex Data Logger 

located in the Salt Storage Control Room adjacent to the SGS. The Acurex 

Data Logger allows temperature data to be monitored and recorded. 

2.12.5 Control/Power Junction BOX 

A conttol/power junction box is provided on the SGS skid for 

monitoring and control signals of various equipment on the SGS. The 

junction box is a NEMA 4 enclosure which is approximately 84 inches high 

by 72 inches wide by 12 inches deep (2.13m x 1.83m x 0.30m1, located as 

shown on B&W Drawing 4053323, It is a double door enclosure with a 

manual disconnect switch provided in the upper right hand corner. All AC 

power to the SGS is provided through this junction box. The power source 

is 480 vac, 4 wire, 3 phase, 60 hz. The total estimated power 
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consumption of the equipment on the SGS which is operated through this 

junction box is 105 kw. 

on B&W Drawing 4053433. 

The schematic for the power/control equipment is 

The internal arrangement of the control/power junction box includes 

the following components: 

o A fusible main disconnect switch with three 150 amp fuses for 

480 vac service. 

o A motor starter for operation of the 480 vac, boiler water 

circulation pump motor. 

o A reversing motor starter for the operation of the 480 vac 

motor on the 4' isolation valve FCV-383. 

o Five contactors for control of the 480 vac circulation heater 

circuits HR-1 through HR-5. The contactors are operated by the 

control system via the 110 vac power source available in the 

junction box. 

o Eight contactors for control of eight zones (HT-1 through HT-8) 

of the salt side heat tracing. The contactors control a 277 

vac single phase power source for each zone. Heat trace 

monitoring thermocouples in each of the eight zones send 

signals to the CRTF Acurex Data Logger, which controls the 

contactors via 24 vdc relays located in the junction box. 

o One relay for control of heat tracing zone HT-9 on the 

feedwater line for freeze protection. This 24 vdc relay 

controls a 110 vac power source for the heat tracing and is 

located in the junction box. The relay is energized from the 

CRTF Acurex Data Logger in the same manner as described above. 
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o One thermoswitch and one relay for control of freeze protection 

zone HT-10 on various water/steam side transmitter piping 

runs. The thermoswitch sensing bulb for ambient temperature is 

mounted on the bottom surface of the junction box. zone HT-10 

is energized when the ambient temperature falls below the 

thermoswitch set point of 40 F ( 4  C). 
0 0 

o A 5 kva, 480 vac to 110 vac transformer is provided in the 

junction box for operation of the following components mounted 

on the SGS: 

Boiler Water Circulation Pump motor start and stop 

Boiler Water Circulation Pump motor thermal overload 

Boiler Water Circulation Pump coolant flow switch 

Boiler Water Circulation Pump current sensing relay 

Power for contactors HR-1 through HR-5 and contactors HT-1 

through HT-8 

Heat trace ZOneS HT-3At HT-3B8 HT-9, HT-10, HT-1OA 

Kaman remote power supply 

Thermoswitch and relay for HT-10 

Duplex receptacle 

Current sensing relay for circulation heater circuit HR-5 

Valve FCV-383 Motor stop and start 

The current sensing relay for the boiler water circulation pump 

motor (BWCP) provides a feedback signal to the Network 90 system as to 

whether or not the BWCP is running. This signal provides indication of 

the pump status to the operator and is used for interlocks related to the 

BWCP. The current sensing relay for circulation heater circuit HR-5 
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provides a feedback signal to the Network 90 system as to whether or not 

the single heater element in Circuit HR-5 is energized. This signal 

provides indication of HR-5 status to the operator and is used for 

interlocks related to heater operation. 

2.12.6 Signal Wiring Junction Box 

A signal wiring junction box is provided on the SGS skid for wire 

terminations used for monitoring and control of thermocouples, valves, 

transmitters, and switches. The junction box is a NEMA 4 enclosure which 

is 36 inches high by 30 inches wide by 8 inches deep (0.91m x 0.76m x 

0.20m), located as shown on B&W Drawing 4053323. All signals in this 

junction box are dc. 

The internal arrangement of this junction box includes the following 

components: 

o Seventy terminal blocks with alternate chrome1 and alumel 

terminal lugs. These terminals are used for connection of the 

control, monitoring, and heat trace control thermocouples 

located on the SGS (see BLW Drawing 4053443). Fourteen spare 

terminals have been provided. The following control and 

monitoring thermocouple signals are sent to the Network 90 from 

the signal wiring junction box: 

TE-331 
TE-332 
TE-383 
TE-386 

TE-382 
TE-301 
TE-384 
~ ~ - 3 8 8  

The following heat trace control thermocouple signals are sent 

to the CRTF Acurex Data Logger from the Signal Wiring Junction 

BOX : 

HTTC-AB-45-3117 HTTC-RS-45-3509 
HTTC-BCG-45-3118 HTTC-UT-45-3510 
HTTC-JEJ-45-3213 HTTC-SV-45-3511 
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HTTC-KDK-45-3214 HTTC-WX-45-3424 
HTTC-FG-45-3320 HTTC-YZ-45-3215 
HTTC-IJ-45-3321 HTTC-AABB-45-2219 
HTTC-FL-45-3322 HTTC-AABB-45-2220 
HTTC-MN-45-3421 HTTC-CCDD- 45- 2120 
HTTC-NO-45-3422 HTTC-CCDD-45-2121 
HTTC-QQ-45-3423 HTTC-EEGG-45-4117 

o One hundred and twelve terminals for connection of valve 

positioners, position indicators, limit switches, remote 

contacts, and pressure, flow, and level transmitters. All 

terminals in this group are connected to the Network 90. 

Eleven spare terminals have been provided. 

0 An Acromag converter, Series 530, is provided for transmitting 

the PT-382 pressure signal to the Network 90. The input and 

output signal and 24 vdc power source connect directly to the 

converter. 

o Three Actionpak converters for position indication of valves 

FCV-301, FCV-321, and FCV-341. 

2.12.7 Informational Thermocouple Junction Box 

An informational thermocouple junction box is provided on the SGS 

skid for wire terminations used for monitoring of thermocouples (see 

Section 2.12.4.3) mounted at various locations on piping, valves, valve 

extensions, the superheater, and the evaporator. The junction box is a 

NEMA 4 enclosure which is 30 inches high by 24 inches wide by 6 inches 

deep (0.76m x 0.61m x 0.15m). It is located as shown on B&W drawing 

4053323. 

The internal arrangement of the junction box includes four rows of 

terminal blocks with alternating chrome1 and alumel terminal lugs. These 

terminals are used for connection of forty-six informational 
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thermocouples mounted on the SGS. 

the CRTF ACCUKeX Data Logger from the informational thermocouple junction 

box . 

The thermocouple signals are sent to 

2.12.8 Network 90 Control System; Network 9O/EMCON Control System Interface 

The control and monitoring of the SGS as a part of the overall MSEE 

system is accomplished through a Bailey Controls Company Network 90 

controls system. The components discussed in the foregoing subsections 

provide the input and output signals for the Network 90. 

system also interfaces with the CRTF EMCON control system such that the 

SGS may be operated directly from the EMCON control system in the CRTF 

main control room. 

The Network 90 

2,12.8.1 Netwoxk 90 system Equipment 

All the Network 90 control system equipment was originally installed 

in the thermal storage system control room adjacent to the SGS, The 

equipment includes an operator interface unit (OIU), a driver cabinet for 

the OIU, two process control unit (PCU) cabinets, and a printer, About 

eight months after installation of the Network 90 SNL moved the OIU, the 

driver cabinet, and the printer to the main control room, SNL provided 

the necessary cabling to connect this equipment with the PCU cabinets, 

which remained in the salt storage control room. 

The OIU consists of a CRT console and keyboard for SGS operation 

overview, control, alarm indicating, trending of parameters, and tuning 

and configuration of the control system. The OIU driver cabinet contains 

the necessary electronics for OIU operation. The printer can produce a 

hard copy of any information displayed on the OIU CRT at any time by 

depressing the 'print' button. The PCU cabinets contain the required 
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power supply equipment, controller modules, logic master modules, 

configuration and tuning module, and termination units. Wiring cables 

from the SGS skid control/power and signal wiring junction boxes 

terminate in the PCU. Wiring terminations for the Network 9O/EMCON 

interface are located in the PCU, Interface with the EMCON control 

system is accomplished through wiring connections between the Network 90 

Pcu and the EMCON process control module (PCM) located in the salt 

storage control room. Two modes of SGS operation are available, The SGS 

can be operated directly from the Network 90 OIU console, or the Network 

90 can be placed in the cascade mode to transfer all control of the SGS 

to the EMCON control system, 

2.12.8.2 Control System Loqic and EMCON Interface 

This section discusses the principles of the various SGS control 

loops, indicating signals, equipment operation signals, interlock 

signals, and the interface of this control system logic with the EMCON 

control system. The control system logic, including EMCON interfaces, is 

shown on Bailey Controls Company drawings D566770, D566771, and D566772. 

The configuration of control system components in the Network 90 process 

control unit cabinets and the wiring connections from these cabinets to 

the SGS skid junction boxes and to the EMCON process control module, are 

detailed on Bailey Controls Company drawings D8083958 through ~8083969 

and D8084086, All Bailey Controls drawings are in the O&M Manual 

(Reference 6). 

2.12.8.2.1 SGS Control Loops 

o Steam Delivery Pressure (Load) Control 

As the MSEE system turbine load demand changes, the heat load 

on the SGS is changed by control of the molten salt flow through the 
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SGS us ing  t h e  main s a l t  flow c o n t r o l  v a l v e  FCV-321. 

diagram for  load c o n t r o l  is shown on B a i l e y  C o n t r o l s  drawing 

~ 5 6 6 7 7 1 .  The SGS load is c o n t r o l l e d  u s i n g  t h e  steam d e l i v e r y  

pressure (PT-321),  t h e  main steam flow (FT-3111, and t h e  main sa l t  

flow (PT-321) s i g n a l s .  The set  p o i n t  for load c o n t r o l  is steam 

d e l i v e r y  p r e s s u r e  (1100 psig/7584 kPa). 

is used as a n  a n t i c i p a t o r y  s i g n a l  of a change i n  steam pressure .  

t h e  steam flow changes and steam p r e s s u r e  d e v i a t e s  from t h e  set 

p o i n t ,  t h e  main s a l t  flow c o n t r o l  v a l v e  changes p o s i t i o n  t o  r e t u r n  

p r e s s u r e  t o  t h e  set poin t .  As t h e  v a l v e  p o s i t i o n  b e g i n s  t o  affect  

t h e  s a l t  flow, t h e  s a l t  flow s i g n a l  is used as a trim s i g n a l  

together w i t h  t h e  steam pressure and steam flow t o  set t h e  v a l v e  

p o s i t i o n  r e q u i r e d  t o  match steam p r e s s u r e  t o  t h e  set poin t .  

The  logic 

A change i n  t h e  steam flow 

As 

The steam p r e s s u r e ,  steam flow, and s a l t  flow s i g n a l s  are s e n t  

t o  both t h e  Network 90 OIU and t h e  EMCON c o n t r o l  system f o r  c o n t r o l  

and i n d i c a t i n g .  

OIU or from t h e  EMCON system. 

The steam p r e s s u r e  set p o i n t  may be set from t h e  

o Steam Drum Water Level  C o n t r o l  

Maintenance of t h e  steam drum water l e v e l  is accomplished by 

a d j u s t i n g  t h e  feedwater flow t o  t h e  steam drum u s i n g  t h e  feedwater 

flow c o n t r o l  v a l v e  FCV-411 i n  t h e  Heat R e j e c t i o n  and Feedwater 

Subsystem. The logic  diagram for  steam drum water l e v e l  c o n t r o l  is 

shown on B a i l e y  C o n t r o l s  drawing ~ 5 6 6 7 7 0 .  The l e v e l  is COnttOlled 

us ing  t h e  drum l e v e l  (LT-3111, feedwater flow (FT-4111, and steam 

flow (FT-311) s i g n a l s .  The c o n t r o l  set p o i n t  is t h e  drum water 

l e v e l  ( 0  i n c h e s ,  normal water l e v e l ) .  
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A change in the steam flow is used as an anticipatory signal of 

a change in water level. 

deviates from the set point, the feedwater flow control valve 

changes position to bring the level back to the set point, As the 

valve position begins to affect feedwater flow, the feedwater flow 

signal is used as a trim signal together with the drum level and 

steam flow signals to set the valve position required to match the 

steam drum level set point. 

As the steam flow changes and drum level 

The drum level, steam flow, and feedwater flow signals are sent 

to both the Network 90 O I U  and the EMCON control system for control 

and indicating. The drum level set point may be set from the OIU or 

from the EMCON system, 

o Evaporator Salt Inlet Temperature Control 

Control of the evaporator salt inlet temperature is 

accomplished by adjusting the flow rate of cold salt which mixes 

with the superheater salt outlet flow. Cold salt flow is adjusted 

by control valve FCV-301. The logic diagram for evaporator salt 

inlet temperature control is shown on Bailey Controls drawing 

D566770. The control set point is the evaporator salt inlet 

temperature, TE-301 ( 850°F/4540C) . 
evaporator salt inlet temperature changes the position of FCV-301 to 

return the temperature to the set point. 

A deviation of the 

The evaporator salt inlet temperature signal is sent to both 

the Network 90 OIU and the EMCON control system for control and 

indicating. The temperature set point may be set from the O I U  or 

from the EMCON system. 
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o steam Delivery Temperature Control 

Control of the steam delivery (or turbine throttle) temperature 

is accomplished by adjusting the flow of saturated steam to the 

steam attemperator using steam attemperator control valve FCV-331. 

The logic diagram for steam delivery temperature control is shown on 

Bailey Controls drawing D566771, The control set point is the steam 

delivery temperature, TE-332 (95O0F/5lO0C). A change in the 

superheater steam outlet temperature, TE-331, is used as an 

anticipatory signal of a change in steam delivery temperature. A 8  

this temperature changes and the steam delivery temperature deviates 

from the set point, the position of FCV-331 is adjusted to change 

flow rate of saturated steam mixing with the steam from the 

superheater until the steam delivery temperature set point is 

matched . 
The steam delivery temperature and superheater steam outlet 

temperature signals are sent to both the Network 90 O I U  and the 

EMCON system for control and indicating. The temperature set point 

may be set from the OIU or from the EMCON system. 

o Superheater Salt Inlet Temperature Control 

During start-up from standby conditions or during cooldown in 

anticipation of draining salt, the SGS salt flow and the salt inlet 

temperature to the superheater are controlled in a manual mode from 

either the Network 90 OIU or from the EMCON Control system. The 

flows of hot and cold salt to the mixing tee upstream of the 

superheater are controlled by independently adjusting the positions 

of valves FCV-351 and FCV-341 to obtain a ramp rate on superheater 

inlet temperature of not greater than 100 P (55 C) per six 

minutes. 

0 0 

The specific valve positions for FCV-341 and FCV-351 are 
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detailed in the Operating and Maintenance Manual (Reference 6). As 

shown on Bailey Controls drawing D566771, manual control of these 

valves is available from either the Network 90 O I U  or the EMCON 

control system. 

o Steam Pressure Control During Diurnal Shutdown 

As discussed in Section 2.9 the circulation heater is used to 

maintain SGS steam pressure during diurnal shutdown. The original 

concept of steam pressure maintenance during diurnal shutdown was to 

activate one or more of the five heater circuits at the end of the 

operating day to maintain approximately 1100 psig (7584 kPa) steam 

pressure overnight. The number of heater elements required to be 

activated was to be based on operating experience. There was no 

active control on heater element operation during diurnal shutdown. 

Operating experience indicated that the heat input required to 

have steam pressure reasonably close to 1100 psig (7584 kPa) at the 

end of the diurnal shutdown period tended to vary somewhat with such 

things as ambient conditions and length of the diurnal shutdown 

period. An automatic pressure controller for diurnal shutdown 

(EHAC) was incorporated into the control system to maintain a 

nominal steam pressure of 1100 psig (7584 kPa). Using the steam 

drum pressure signal (PT-383) as the controller set point signal, 

each of five circulation heater circuits was energized and 

de-energized at specified steam pressures as indicated on Figure 

2.12-1. 

Subsequent to the failure of the circulation heater pressure 

boundary (See Appendix B) the controller set point signal for the 
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automatic pressure c o n t r o l l e r  was changed from t h e  s a t u r a t i o n  

pressure s i g n a l  PT-383 t o  t h e  saturat ion temperature s i g n a l  TE-383. 

T h i s  eliminates t h e  concern o f  an  erroneous PT-383 s i g n a l  a f f e c t i n g  

t h e  h e a t e r  operation. Ci rcu la t ion  h e a t e r  element c i rcu i t  HR-1 was 

d e l e t e d  from t h e  automatic pressure control;  based on o p e r a t i n g  

experience, having HR-2 th rough  HR-5 i n  EEIAC is s u f f i c i e n t  t o  

main ta in  steam pressure d u r i n g  d i u r n a l  shutdown. The h e a t e r  

c i rcu i t s  are ene rg ized  and de-energized a t  t h e  TE-383 temperatures 

i n d i c a t e d  on F i g u r e  2.12-2. 

2.12.8.2.2 SGS I n d i c a t i n g  S i g n a l s  

I n  a d d i t i o n  t o  t h e  temperature, f low,  pressure, and l e v e l  i n d i c a t i n g  

s i g n a l s  a s s o c i a t e d  w i t h  t h e  c o n t r o l  loops d i s c u s s e d  i n  S e c t i o n  

2.12.8.2.1, various o t h e r  s i g n a l s  from t h e  SGS are  p rov ided  f o r  

i n d i c a t i n g  purposes. These s i g n a l s  are s e n t  t o  t h e  N e t w o r k  90 from t h e  

SGS and are a v a i l a b l e  f o r  d i s p l a y  on bo th  t h e  N e t w o r k  90 OIU and t h e  

EMCON c o n t r o l  system. These i n d i c a t i n g  s i g n a l s  are shown on B a i l e y  

Controls drawings D566770 and ~ 5 6 6 7 7 2 .  

o Temperature 

Feedwater Temperature  
Steam D r u m  S a t u r a t i o n  Temperature  
Supe rhea te r  Sa l t  I n l e t  Temperature  
Evapora tor  S a l t  O u t l e t  Temperature 
C i r c u l a t i o n  Heater Element Temperature  

0 F l o w  

Cold (or  bypass)  S a l t  I n l e t  Flow 
Attemperation ( o r  bypass)  steam Flow 

o P r e s s u r e  

Feedwater P r e s s u r e  
Steam D r u m  P r e s s u r e  
Supe rhea te r  S a l t  I n l e t  P r e s s u r e  
Evapora tor  S a l t  O u t l e t  P r e s s u r e  

TE-386 
TE-383 
TE-382 
TE-384 
TE-388 

FT-382 
FT-381 

PT-386 
PT-383 
PT-382 
PT-384 
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o Valve Position 0 - 100% 
Main salt Flow Control Valve FCV- 3 2 1 

Control Valve FCV-3 0 1 
FCV- 3 4 1 

Hot Salt Isolation/Startup Control 
Valve FCV-351 

Steam Attemperation Flow Control Valve FCV-331 
Feedwater Flow Control Valve FCV-4 11 

Evaporator salt Inlet Temperature 

Cold Salt Startup Control Valve 

o Valve Open OK Closed 

Evaporator Salt Drain Valve FCV- 38 1 
superheater Salt Drain Valve FCV-382 
Evaporator Inlet Isolation Valve FCV- 3 83 

Valve FCV- 38 4 
Circulation Heater Inlet Isolation 

o Boiler Water Circulation Pump 

Pump started 
Pump Stopped 
Pump Running 
Pump Not Running 

o Circulation Heater Circuits On or Off 

Separate indication for each of the five circuits, HR-1 through 
HR- 5 

2.12.8.3 SGS Equipment Operation 

Various SGS equipment can be operated from either the Network 90 OIU 

or the EMCON control system. 

o Control Valves 

The following valves are part of the control loops discussed in 

Section 2.12.8.2.1. Manual positioning capability for these 

valves is available from both the Network 90 OIU and the EMCON 

control system. 

Main Salt Flow Control Valve FCV-321 

Feedwater Flow Control Valve FCV- 4 11 
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Evaporator Salt Inlet Temperature 

Control Valve FCV- 3 0 1 

steam Attemperator Control Valve FCV- 331 

Valves FCV-341 and FCV-351 are positioned manually from either 

the Network 90 OIU or the EMCON control system as discussed in 

section 2.12 . 8.2.1. 
o Isolation Valves Open or Closed 

Evaporator Salt Drain Valve 

Superheater Salt Drain Valve 

Evaporator BWCP Isolation Valve 

Circulation Heater Inlet Isolation 

Valve FCV-384 

FCV- 3 8 1 

FCV- 3 8 2 

FCV- 3 8 3 

o Boiler Water Circulation Pump Start/Stop 

o Circulation Heater on/off 

Separate on/off for each of the five circuits, HR-1 through 

HR- 5 . 
2.12.8.4 SGS Interlock and Permissive Signals 

Certain interlock and permissive signals are part of the SGS control 

system. These signals cause certain control system actions to occur in a 

given sequence. 

o Cold Salt Pump Running 

Before salt side valves FCV-301 and FCV-341 can be moved from 

the fully closed position, a signal must be received by the SGS 

control system indicating that the cold salt pump is running. 
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o Hot Sa l t  Pump Running 

Before s a l t  s i d e  v a l v e  PCV-351 c a n  be moved from t h e  f u l l y  

closed p o s i t i o n ,  a s i g n a l  must be r e c e i v e d  by t h e  SGS c o n t r o l  

system i n d i c a t i n g  t h a t  t h e  hot  s a l t  pump is running. 

o sa l t  Dra in  Permit 

The Hot Sa l t  Pump Running and Cold Sal t  Pump Running i n t e r l o c k s  

described above p r e v e n t  opening v a l v e s  FCV-301, FCV-341, and 

FCV-351 u n l e s s  t h e  appropriate pump is running. To d r a i n  s a l t  

from t h e  SGS t o  t h e  pump sumps# those v a l v e s  must be opened 

w i t h  t h e  pumps o f f .  

s a l t  d r a i n i n g ,  t h e  Sa l t  Dra in  Permi t  s i g n a l  must be energized.  

T h i s  w i l l  permit FCV-301, FCv-341, and FCV-351 t o  be opened as 

r e q u i r e d  t o  d r a i n  s a l t  w i t h  t h e  pumps n o t  running. 

T o  allow these v a l v e s  t o  be opened f o r  SGS 

o C i r c u l a t i o n  Heater O p e r a t i o n  

1. Heater c i r c u i t  HR-5 must be e n e r g i z e d  t o  permit any of t h e  

remaining c i r c u i t s  HR-1 th rough HR-4 t o  be energ ized .  T h i s  

i n t e r l o c k  is i n c l u d e d  because temperature s i g n a l  TE-388 

(see below) is located on t h e  h e a t i n g  element  i n  HR-5. 

2. Should heater element  t e m p e r a t u r e  TE-388 on c i r cu i t  HR-5 

exceed 565'F (296Oc), a l l  heater c i r cu i t s  are 

de-energized. 

3. Heater i n l e t  v a l v e  FCV-384 must be open and v a l v e  FCV-383 

m u s t  be closed t o  e n e r g i z e  t h e  c i r c u l a t i o n  heater. 

4. The b o i l e r  water c i r c u l a t i o n  pump m u s t  be running t o  

e n e r g i z e  t h e  c i r c u l a t i o n  heater. 
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5. 

6. 

7. 

8.  

9. 

The quality of temperature signal TE-388 is monitored. 

should the temperature signal indicate bad quality (e.9. 

thermocouple failure, loose wire), all power to the 

circulation heater goes off. 

Automatic heater operation during diurnal shutdown (EHAC) 

is controlled by saturation temperature TE-383. 

quality of temperature signal TE-383 is monitored. Should 

the temperature signal indicate bad quality, all power to 

the circulation heater goes off .  

The low-low (L-L) steam drum water level (LT-311) alarm 

de-energizes all heater circuits through the BWCP trip due 

to L-L water level alarm (see below), If EHAC is on at the 

time of a L-L water level trip, EHAC is turned off .  

The quality of water level signal LT-311 is monitored. 

Should the level signal exceed the range on either the high 

or low end (e.g, frozen line, loose wire), all power to the 

circulation heater goes off. 

Re-start of all heater circuits must be by manual, operator 

action; no automatic re-start of heaters is permitted. 

The 

o Boiler Water Circulation Pump Operation 

1. Sufficient pump coolant flow is required to close flow 

switch FS-381 in the coolant outlet line. The pump will 

operate only with FS-381 closed. 

2. The low-low steam drum water (LT-311) level alarm causes 

the pump to stop. 
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3. E i t h e r  valve FCV-383 or valve FCV-384 m u s t  be open f o r  t h e  

BWCP t o  opera te .  

4, The q u a l i t y  of l e v e l  s i g n a l  LT-311 is monitored. Should 

t h e  l e v e l  s i g n a l  exceed t h e  range on e i t h e r  t h e  h i g h  or low 

end (egg .  f r e e z i n g  i n  transmitter l i n e s ,  loose wire) t h e  

BWCP w i l l  no t  run. 

5. Temperature  TE-383 m u s t  b e  less t h a n  350F t o  manually s t o p  

t h e  BWCP. T h i s  interlock keeps t h e  pump running i n  t h e  

h i g h e r  o p e r a t i n g  temperature range,  p r o v i d i n g  better 

c o o l i n g  t o  t h e  pump b e a r i n g s ( s e e  S e c t i o n  5.2). The 

interlocks i n  No. 1-4 above o v e r r i d e  t h i s  t e m p e r a t u r e  

interlock and stop t h e  pump. 

o Steam Drum Water Level  

The high/high and low/low steam drum water l e v e l  alarms 

in i t ia te  a t r i p  by c l o s i n g  s a l t  s i d e  va lves  FCV-301, FCV-341, 

and FCV-351. I n  a d d i t i o n ,  t h e  low/low alarm stops t h e  BWCP. 

2.12.8.5 T r i p s  

Two t r i p s  are i n i t i a t e d  w i t h i n  t h e  SGS c o n t r o l  system. One t r i p  

occurs i f  t h e  steam drum water l e v e l  r e a c h e s  e i t h e r  t h e  high/high or t h e  

low/low alarm point. The o t h e r  t r i p  is i n i t i a t e d  i f  t h e  BWCP stops 

running. When e i t h e r  of t h e s e  t r i p s  is i n i t i a t e d ,  s a l t  system v a l v e s  

FCV-351, FCV-341, and FCV-301 close. I n  a d d i t i o n ,  t h e  BWCP is  stopped on 

t h e  low/low water l e v e l  alarm t r i p .  When t h e  t u r b i n e  i s  on- l ine ,  t h i s  

t r i p  w i l l  e v e n t u a l l y  result  i n  a t u r b i n e  t r i p  i n i t i a t e d  o u t s i d e  t h e  SGS 

control system. When t h e  t u r b i n e  tr ips,  steam flow from t h e  SGS is 

d i v e r t e d  t o  t h e  HRFS desuperheater/deaerator, and steam p r e s s u r e  is 

c o n t r o l l e d  by HRFS va lve  FCV-431. The SGS is brought  t o  a Hot 

Standby/Warm s t a n d b y  c o n d i t i o n  by t h e  o p e r a t o r  i n  a n  o r d e r l y  manner per 
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the procedures in the Operating and Maintenance Manual (Reference 6). 

Turbine trips, or other events in the system (egg. loss of salt 

flow, loss of feedwater) which may lead to a turbine trip, are initiated 

outside the SGS control system. When the turbine trips, steam flow from 

the SGS is diverted to the HRFS desuperheater/deaerator, and steam 

pressure is controlled by HRFS valve FCV-431. 

Hot Standby/Warm Standby condition by the operator in an orderly manner 

per the procedures in the Operating and Maintenance Manual (Reference 6). 

The SGS is brought to a 

2.12.8.6 AlatmS 

Certain SGS flow, temperature, pressure, and level signals monitored 

An by the Network 90 control system are provided with alarm indications. 

alarm condition is indicated at the Network 90 OIU and at the EMCON 

control system operator's station. 

to a deviation of a parameter so that corrective action can be taken if 

required. 

automatic action in the control system. 

An alarm serves to alert the operator 

In certain instances an alarm will be accompanied by an 

The SGS alarm points, together with guidelines on corrective action 

which can be taken to clear an alarm in various operating modes, are 

discussed in the Operating and Maintenance Manual (Reference 6 ) .  
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TABLE 2.12-1 
SGS Remote Operated Valves 

Valve 

Evaporator Sal t  
In l e t  Temp. Control 

Main s a l t  Flow 
Control 

Cold Sa l t  Start-up 
Control 

not Sa l t  Isolation/ 
Control 

Evaporator Sal t  Drain 

Superheater Sa l t  
Drain 

Steam Attemperation 
Flow Control 

Evaporator In l e t  
Line Isolation 

circulat ion Heater 
Isolation 

Feedwater Flow Control 

Designation 

FCV-301 

FCV- 3 2 1  

FCV-341 

PCV-351 

FCV- 3 8 1 

FCV-382 

FCV- 33 1 

FCV- 3 8 3 

FCV-384 

FCV-411 

Mode 

Control 

- 

Control 

Control/ 
I so la t  ion 

Control/ 
Isolation 

Isolation 

Isolation 

Control 

I solat  ion 

Isolation 

Control 

Position Indicator 

Position Indicator 

Position Indicator 

Position Indicator 

L i m i t  Switches 

L i m i t  Switches 

Position Indicator 

L i m i t  Switches 

L i m i t  Switches 

Position Indicator 
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TABLE 2.12-2 

SGS Control/Monitoring Thermocouples 

Temperature 
Superheater Salt 
Inlet 

Bvaporator salt 
Inlet 

Evaporator salt 
Outlet 

Saturated Steam 

Superheater Steam 
Outlet 

steam Delivery 

F eedwat e r 

Circulation Heater 
E 1 ement HR- 5 

~esisnation 
TE-382 

T~-301 

TE-384 

TE-383 

TE-331 

TE-332 

TE-386 

TE-388 

B&W Drawing 
17 993 6C 

17 99 36C 

179940C 

179935C 

17993 9C 

179939C 

17 99 4 4C 

N/A 
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TABLE 2.12-3 

Locat i o n  

Hot s a l t  I n l e t  P i p i n g  
Hot S a l t  I n l e t  P i p i n g  

SGS Heat Tracing C o n t r o l  Thermocouples 

Heat Trac ing  
Zone NO. 

HT- 1 

s a l t  P i p i n g  Between S H  and EV HT-2 
S a l t  P i p i n g  Between SH and EV 

Cold S a l t  Con t ro l  P i p i n g  
Cold S a l t  Control P i p i n g  
Cold S a l t  Control  P i p i n g  

EV S a l t  out le t  P i p i n g  
EV S a l t  O u t l e t  P i p i n g  
EV s a l t  O u t l e t  P i p i n g  

sa l t  Dra in  P i p i n g  
S a l t  Drain P i p i n g  
S a l t  Dra in  P i p i n g  

SH O u t l e t  Overpress. P i p i n g  
EV O u t l e t  Overpress .  P i p i n g  

Super  h e a t  e x  
Supe rhea te r  

Evapora tor  
Evapora tor  

Feedwater P i p i n g  

HT-3 

HT- 4 

HT-5 

HT- 6 

HT- 7 

HT- 8 

HT- 9 

c i rcu i t  

A- B 
B-C-G 

J-E-J  
K-D-K 

F- G 
I-J 
F-L 

M-N 
N - 0  
0-9 

R- S 
U- T 
s-v 

Y- 2 
w-x 

AA-BB 
AA- BB 

CC-DD 
CC-DD 

EE-GG 

B&W 
D r a w  i n q  

1 7  993 6C 
179936C 

1799 37C 
179937C 

179938C 
179938C 
179938C 

179940C 
1 7  9940C 
179940C 

179941C 
179941C 
17  9941C 

179937C 
179940C 

4053253 
4053253 

4053283 
4053283 

179944C 
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TABLE 2.12-4 

SGS I n f o r m a t i o n a l  Thermocouples 

B&W Mark NO- 

6005 
6006 
6007 
6008 
6009 
6010 

6014 
6015 
6016 
6017 
6018 
6019 

6023 
6024 
6025 

6026 1 
6028 6027 t 
6029 J 
6030 
6031 
6032 
6033 
6034 
6035 
6036 
6037 
6038 
6039 
6040 
6041 
6042 
6043 
6044 
6045 

Locat ion  

DC P i p e  Upstream of 4" Valve 
EV Water I n l e t  P i p e  
SH S a l t  O u t l e t  P i p e  
SH S h e l l  @ approx. 
25%? 50%, and 75% of l e n g t h  
between sa l t  i n l e t / o u t l e t  

SH S h e l l  i n  t h e  area of 
t h e  b a f f l e  plates on 
t h e  sa l t  o u t l e t  end 

Spare 
s p a r e  
s p a r e  

EV S h e l l  @ approx. 

80%, and 90% of l e n g t h  
between sa l t  i n l e t / o u t l e t  

20%, 40%, SO%, 70%, 

Start-up (No. 2)  Mixing T e e  

Valve PCV-341 Body 
Valve FCV-341 Bonnet 
Valve FCV-301 Body 
Valve PCV-301 Bonnet 
Valve FCV-321 Body 
Valve FCV-321 Bonnet 
Va lve  FCV-381 Body 
Valve  FCV-381 Bonnet 
Va lve  FCV-382 Body 
Va lve  FCV-382 Bonnet 
S a l t  Dra in  P i p e  
SH S a l t  D r a i n  P i p e  
EV S a l t  Drain P i p e  
SH O u t l e t  S a l t  Overpress P i p e  
Cold S a l t  At tempera t ion  P i p i n g  
Cold S a l t  S t a r t - u p  P i p i n g  

B&W Drawing No. 

179932C 
179933C 
179937C 
4053253 
4053253 
4053253 

4 0532 5E 
4053253 
4053253 
4053253 
4053253 
4053253 

4053283 
4053283 
4053283 

4053283 
4053283 

4053283 

179936C 
179936C 
179936C 
179936C 
179938C 
179938C 
179938C 
179938C 
179940C 
179940C 
179941C 
17994 1 C  
17  99 4 1 C  
179941C 
179941C 
1799416 
179941C 
179937C 
17 9938C 
179938C 
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TABLE 2.12-4 (Cont 'd )  

B&W Mark No. 

6048 
6049 
6050 
6051 
6052 
6053 
6054 

Locat  i o n  

Sa l t  Attemperation (No. 1) 
Mixing Tee 
SH S a l t  I n l e t  P i p e  
EV S a l t  I n l e t  P i p e  
EV s a l t  O u t l e t  P i p e  
Steam Drum Steam O u t l e t  P i p e  
SH Steam O u t l e t  P i p e  
Main Steam Pipe ,  downstream of a t t .  
spare 

B&W Drawing No. 

17 99 3 7C 
179937C 
179937C 
179937C 
1 7  9 94 OC 
179935C 
179939C 
179939C 

NOTE: 1. Thermocouples are i n s t a l l e d  on o u t s i d e  s u r f a c e  of p i p i n g ,  h e a t  
exchangers ,  valves ,  etc. 

2 .  Spare  thermocouples  are purchased as  hazard material and are not 
i n s t a l l e d .  

2- 107 



2.13 s t ructural  S t e e l  

The components of t h e  Steam Generator Subsystem (SGS) are mounted on 

t h e  s t ruc tura l  steel s k i d  assembly which is shown on B&W Drawing 

405332E, The s k i d  assembly is e s s e n t i a l l y  a h o r i z o n t a l  f rame 8'-10' wide 

by 37'-0' long  (2.69m x 11.28m) f a b r i c a t e d  from 12-inch s t r u c t u r a l  

c h a n n e l s  and covered by an  open g r a t i n g  deck. The s k i d  assembly rests 

upon four structural steel p e d e s t a l s  which i n  t u r n  are f a s t e n e d  t o  

i n d i v i d u a l  concrete f o o t e r s  i n  accordance w i t h  B&W Drawing 4053303, 

B e n t s  f a b r i c a t e d  from s t ruc tura l  p i p e  and c h a n n e l s  are welded t o  t h e  

s k i d  to  p r o v i d e  supports for t h e  evaporator and s u p e r h e a t e r .  The details 

of t h e s e  Suppor ts  are shown on B&W Drawing 4053313. The steam drum is 

suppor ted  by a 17'-10" (5.44m) h i g h  open steel  tower which h a s  6-inch 

wide f l a n g e  l e g s  w i t h  4l-1' (1.24m) square spacing.  The tower h a s  a 

h o r i z o n t a l  b o l t e d  j o i n t  l o c a t e d  5'-6" (1.68m) above t h e  s k i d ,  The j o i n t  

was added because t h e  lower p o r t i o n  of t h e  tower c o u l d  n o t  be f i e l d  

i n s t a l l e d  due t o  a lack of clearance once t h e  e v a p o r a t o r  and s u p e r h e a t e r  

were mounted on t h e  s k i d  and t h e  i n s u l a t i o n  was a p p l i e d ,  The tower h a s  a 

t o p  p l a t f o r m  t o  p r o v i d e  access around t h r e e  s i d e s  of t h e  steam drum. 

Details of t h e  tower d e s i g n  are shown on B&W Drawings 4053353, 4053363, 

and 4053373. 

s u p p o r t s  are provided  f o r  t h e  p i p i n g  which was mounted on t h e  s k i d  

i n  t h e  shop. These s u p p o r t s  are f a b r i c a t e d  of s t ructural  p i p e ,  a n g l e s  

and c h a n n e l s  which are welded t o  t h e  s k i d  as shown on B&W Drawings 

4053333 and 4053383, A d d i t i o n a l  s u p p o r t s  are provided for t h e  p i p i n g  

which was i n s t a l l e d  on t h e  s k i d  i n  t h e  f i e l d  and f o r  t h e  f i e l d  p i p i n g  

a d j a c e n t  t o  t h e  s o u t h  end of t h e  s k i d .  

Drawing 4053453. 

These s u p p o r t s  are shown on BLW 
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3.0 SGS FABRICATION 

The major components of the Steam Generating Subsystem were 

fabricated and par t ia l ly  assembled prior t o  shipment t o  the t e s t  s i te .  

T h i s  work was performed by Basic Systems, Inc.  ( B S I )  located i n  Derwent, 

Ohio. B S I  i s  a fabricator experienced i n  small pressure vessels, piping 

systems and associated e lec t r ica l  equipment. B S I  i s  qualified to  ASME 

section V I I I ,  Section I V ,  and Piping Code B31.1: qualified materials 

inc lude  carbon steel, low alloy steels, Incoloy, and s ta in less  steel. 

A l l  BSI  fabrication processing outlines were submitted t o  SNL for review 

and information, 

The three main pressure vessels of the system are the evaporator, 

superheater, and steam drum. The evaporator, superheater, and 

interconnecting piping were attached to  the s k i d  by B S I  while the steam 

drum was shipped separately t o  the s i t e  for subsequent erection, A l l  

vessels were completely fabricated by BSI .  

The evaporator (B&W Dwg. 4053283) and superheater (BLW Dwg. 4053253) 

were assembled from piping segments (s t ra ights ,  tees,  reducers, U-bends, 

and caps), t u b i n g ,  and plate, Evaporator ribbed t u b i n g  was supplied by 

B6W. B&W also fashioned t h e  broached hole configuration i n  the tube 

support plates for both u n i t s .  The heat transfer t u b i n g  was expanded 

into the tubesheets and seal  welded. 

received proper NDE according t o  ASME Section V I I I .  Stress re l ief  was 

performed on the evaporator a f t e r  completion of fabrication: the 

s ta inless  s t ee l  superheater required no s t r e s s  re l ie f .  Both heat 

exchangers were subjected to  pressure testing i n  accordance w i t h  Section 

V I 1 1  requirements. 

A l l  welds performed on the vessels 
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The steam drum (B&W DWg. 4053263) was assembled from piping Segments 

(straights, caps, elbows, and reducers), structural steel, and steam 

separation equipment. The separation components (cyclone separator, 

scrubbers, etc.) were fabricated and supplied by B&W. Welding, NDE, 

stress relief, and hydrostatic testing were performed by BSI. 

The skid assembly proceeded through the following major steps: 

o Fabrication of the skid and piping supports. 

o Installation of the evaporator, superheater, boiler water 

circulation pump, and lower half of steam drum tower. 

o Installation of piping, valves and instrumentation 

o Pressure testing of shop-installed piping 

o Installation of electrical equipment (cabinets, heat tracing, 

thermocouples, transmitters, etc). 

o Installation of insulation and jacketing. 

The remaining SGS components fabricated by BSI were shipped separately 

for erection at CRTF. 

All fabrication, assembly, erection, and quality assurance was under 

the management of B&W personnel. 

fabrication sketches based on the requirements and the limits of the B&W 

drawings. 

BSI manufactured to their own 

The fabrication and assembly of the subsystem at BSI went smoothly 

for the most part. No major problems were encountered; minor problems 

were resolved on an on-going basis with consulation between B&W and BSI 

personnel. The SGS was shipped to CRTF early in May, 1983. 
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4.0 SGS INSTALLATION AND PRE-OPERATIONAL CHECKOUT 

The shopfabricated SGS skid assembly and the remainder of the SGS 

equipment to be field installed were shipped by truck to the CRTP 

facility. All equipment arrived on the site by May 16, 1983. Prior to 

erection, the CRTF site was prepared for installation of the SGS. Piping 

connections to the existing air cooler were severed, and the air cooler 

was removed. The northern boundary of the earthen berm around the 

perimeter of Thermal Storage Subsystem was reconstructed to provide the 

additional space required for the SGS (see Section 2.6). An additional 

concrete footer, identical to the three footers which supported the air 

cooler, was installed at the north end of the expanded berm area to 

provide the required support for the skid assembly. 

The detailed requirements for the installation of the SGS are 

described in the BLW SGS Erection Specification No. DAE-700-0027-45-3 

(included in Reference 6). The following is an overview of SGS 

installation. A skid support was bolted to each of the concrete footers, 

and the shop fabricated skid assembly was bolted to the top of these 

supports. The upper portion of the steam drum tower was bolted to the 

lower tower section which was part of the as-shipped skid assembly. The 

steam drum was lowered into the tower structure, secured to the tower 

with bolted connections at the four steam drum legs, and insulated. The 

circulation heater, supplied by SNL, was installed on the skid. Several 

sections of water/steam system piping were welded into place; these 

piping runs required field installation either because they were 

connected to the steam drum or because they were required to be mounted 

in the field to CRTF piping interface locations. SGS water/steam system 
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piping connections to the CRTF piping were made by others. Essentially 

all the SGS salt system piping was shop-installed on the skid assembly. 

Final connection welds were made to the CRTF salt piping by B&W, After 

piping installation, any remaining heat trace cables were installed, and 

the piping was insulated and covered with aluminum jacketing. Several 

pipe hangers and associated support steel were installed as part of the 

piping installation task. 

The steam drum water level and steam drum pressure transmitters and 

associated instrument piping were installed. Signal wiring between these 

transmitters and the signal wiring junction box was completed. Wiring 

from the plug-in connectors on each of the informational thermocouples 

was routed to the main informational thermocouple junction box located on 

the skid; CRTF was responsible for installation of the wiring from this 

junction box to the Acurex Data Logger located in the Thermal Storage 

Subsystem Control Room. Final AC electrical wiring was completed for the 

circulation heater and the boiler water circulation pump. A visual check 

for correct pump impeller rotation was made before completing the final 

pump to piping connection to assure correct pump wiring. Any remaining 

heat trace power wiring was completed. 

vac power source for the SGS main power/control junction box were 

completed. 

operated valves from the CRTF compressed air supply line. Coolant lines 

for  the boiler water circulation pump were routed to the CRTF coolant 

source. 

The final connections of the 480 

Compressed air connections were made to the various air 

The SGS Network 90 control system was installed in the Thermal 

Storage Subsystem control room adjacent to the SGS skid. The Network 90 
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equipment includes two process control units (PCU), an operator interface 

unit (oIU), a driver cabinet, and a printer. Thermocouple wiring, 24 vdc 

signal wiring, and 110 vac wiring between the PCU and the power/control 

and signal junction boxes were installed, as well as 110 vac power input 

for the PCU, OIU, and driver cabinet. Signal wiring connections between 

the Network 90 PCU and the EMCON control system process Control module 

(PCM No. 3), located adjacent to the Network 90 PCU, were completed. 

Signal wiring for operation of the SGS heat trace circuits from the 

AcCUreX Data Logger was installed. 

Those portions of the pre-operational checkout not completed during 

shop fabrication were completed during the erection phase. The checkout 

requirements are outlined in the BLW Checkout Plan (Reference 7 ) .  

Subsequent to completing all water/steam system piping welds, and before 

installing insulation, the SGS water/steam system was successfully 

hydrotested at 2100 psig (14480 kPa). After the hydrotest, the pressure 

relief valve was installed on the steam drum. Although the SGS 

specification calls for a pneumatic test of the SGS salt system, the 

Sandia Safety Department would not permit such a test at the facility. 

In lieu of the pneumatic test, all salt system welds made during the 

erection phase were radiographically inspected and cleared. 

Checkout items completed at the site are listed in Appendix C with 

pertinent information on these checks. Calibration of all remotely 

operated control and isolation valves was completed. All thermocouple 

indications and channels were verified, and EMCON and Network 90 readings 

were compared. Resistances, megger checks, and current readings for each 

heat trace zone were taken, and the heating capability of each zone was 
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checked by allowing each zone t o  operate for half an hour. The current 

flow i n  each c i r cu i t  of t h e  circulation heater was checked. The boiler 

water circulation pump current draw was checked as  was t h e  operation of 

the BWCP coolant flow switch and current sensing relay. Transmitters 

were calibrated, and signals t o  the control system checked. A l l  

e lec t r ica l  signals between the s k i d ,  Network 90, and EMCON were checked. 

I n  general, the erection and pre-operational check phase of the 

project proceeded well. 

complete t o  permit the s t a r t  of operational tes t ing approximately two t o  

three weeks l a t e r  than originally projected, due to  an i n i t i a l l y  

optimistic estimate of the required erection span. Some minor erection 

tasks, such as  completion of insulation jacketing, remained to  be 

completed a f t e r  the subsystem was ready for  operation. Dur ing  erection 

several minor problems arose, which were corrected without undue delay. 

These included minor interferences between pipe supports and pipe 

insulation, and the need to  repeat radiographic examination of several 

welds i n  the s a l t  p ip ing  t o  obtain an acceptable f i l m  for interpretation. 

The  SGS erection and checkout was suff ic ient ly  

4- 4 



5.0 SGS OPERATIONAL CHECKOUT AND ACCEPTANCE TESTING 

5.1 Overview 

Following the installation and preoperational check-out of the 

steam Generator Subsystem, performance of the subsystem was demonstrated 

through completion of the Acceptance Test Plan (Reference 8) .  The 

requirements of this test plan are outlined in the SGS specification 

(Reference 1); the plan is structured into three major phases: 

o Demonstration of full load operation 

o Demonstration of load following capability 

o Demonstration of safe shutdown during normal transients 

Prior to initiation of the acceptance testing, subsystem operational 

checkout was performed to verify that all equipment was operating 

satisfactorily. Performance of SGS operational checkout and acceptance 

testing required that the Thermal Storage Subsystem be in an operational 

mode, capable of supplying hot and cold salt to the SGS. Also, the Heat 

Rejection and Feedwater Subsystem had to be in operation to provide 

feedwater to the SGS at the required temperature, pressure, and flowrate 

and to provide heat rejection equipment into which steam generated by the 

SGS could flow. 

The Operational checkout requirements for the SGS are outlined in 

the B&W Checkout Plan (Reference 7 ) .  Operational checks of heat tracing, 

valve operation, pump operation, circulation heater operation and 

instrumentation were performed. In addition, the feedback control loops 

in the SGS control system were tuned. The acceptance test requirements 

are outlined in the B&W Acceptance Test Plan (Reference 8 ) .  A 

description of each of the individual test sequences in each of the three 

test phases is included in that document. 
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All operational checkout and acceptance testing was conducted under 

the supervision of the MSEE system integrator, Martin-Marietta (MMC). 

Integrated Test Procedures (Reference 9) for all steam generator 

subsystem operational checkout and acceptance testing were prepared by 

MMC. These procedures were necessary to integrate the detailed SGS 

operating procedures developed by BbW in the SGS Operating and 

Maintenance Manual with operating procedures required in other subsystems 

in the MSEE system. The integrated procedures provided the step-by-step 

requirements which system operators followed to conduct a specific test 

procedure. The Integrated Test Procedures document encompassed two broad 

categories of test procedures: General Steam Generator Procedures (GSGP) 

and Steam Generator Integrated Test Procedures (SGITP). The GSGP 

detailed the various procedures required to bring the SGS from ambient 

conditions to normal load range operation and to return the SGS to 

ambient conditions, as well as pretest and posttest checklists. Also 

included were procedures for demonstrating the fossil-fired (propane) 

heater and for various shutdown conditions. A list of the GSGP is shown 

on Table 5.1-1. The SGITP detailed the steps required to perform the 

specific checkout and acceptance testing defined in the Acceptance Test 

Plan. A list of the SGITP is shown on Table 5.1-2. The GSGP provided 

the foundation for developing the specific testing sequences for the 

SGITP. 

other subsystems was gained, changes to the original procedures were 

made. Such changes were incorporated either by formal revision to the 

procedure or by redlining the official test copy of the procedures. 

As testing proceeded and operating experience with the SGS and 
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As each step of each SGITP was completed, the official test copy was 

initialed by the test conductor. 

is included in Appendix D. 

A copy of each of the signed off SGITP 

The following paragraphs provide a summary of the purpose, 

description, and objectives of each SGITP. Also included is discussion 

on the results of the SGITP. Specific evaluation of subsystem 

performance based on the Acceptance Testing is discussed in Section 6.0. 
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TABLE 5.1-1 

General  steam Generat ion Procedures (GSGP) 

GSGP #1 SGS P r e t e s t  C h e c k l i s t  

GSGP 12 SGS Star tup  (Manual) 

GSGP 13 SGS Shutdown (Manual) 

GSGP Y4 Foss i l  F ired  Heater Demonstration 

GSGP # 5  Emergency shutdown 

GSGP #6 Post T e s t  C h e c k l i s t  

GSGP f 7  MCS/Network 90  I n t e g r a t i o n  of Control  C h e c k l i s t  
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TABLE 5.1-2 

Steam Generator I n t e g x a t e d  T e s t  P rocedures  (SGITP) 

SGITP #I I n i t i a l  Cont ro l  Loop Checkout 
( u s i n g  Hot S a l t  less t h a n  1050F) 

SGITP # 2  Hot S a l t  F l o w s  w i t h  T r a n s i e n t s  
( i n c l u d e s  F i n a l  C o n t r o l  Loop Tun ing)  

SGITP #3 D i u r n a l  Shutdown (No S a l t  Flow) - Hold 
Overn ight  

SGITP 1 4  Load Fol lowing - lO%/Minute 

SGITP # 5  A l t e r n a t e  D i u r n a l  Standby ( w i t h  Sa l t  Cyc l ing )  - 
Hold Overn ight  

SGITP Y6 Feedwater Loss S a f e  Shutdown 

SGITP Y7 S a l t  F l o w  Loss S a f e  Shutdown 

SGITP # 8  Manual Sequence Demonstration 

SGITP 9 9  Retest Under MCS Cont ro l  
(SGITP 9 2  t h r u  #8)  

SGITP # l o  Automatic Sequence Demonstration 

I 
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5.2 SGITP Y1 - Initial Control Loop Checkout 
SGITP #2 - Hot Salt Flows with Transients 

Taken together, these two integrated test procedures encompassed all 

the elements of the SGS operational checkout as well as providing 

checkout of operation in the TSS and HRFS. 

heat-up of the SGS from ambient conditions to the diurnal shutdown, for 

initial flow of cold salt into the SGS, and for initial flow of hot salt 

into the SGS. During these procedures, operational checkout of the SGS 

equipment was performed, and all the SGS automatic Control loops were 

tuned. To provide a complete picture of the activities related to 

Operational checkout of the SGS, the steam blow operation performed prior 

to beginning the integrated test procedures is also discussed. 

These procedures provided for 

The steam blow operation was the initial procedure for which the SGS 

was heated up from ambient conditions. The purpose of this operation was 

to remove any scale from the steam piping between the SGS and the 

turbine. The operation was not part of SGS operational checkout per se; 

the SGS was simply used as the source of steam for this operation. The 

requirements for the steam blow were developed by Black and Veatch. 

Basically, the SGS water/steam system was isolated and heated to a 

saturation pressure/temperature of about 300 psig/417 F 

(2068 kPa/214OC) using the circulation heater. 

isolation valve FCV-491 was then opened, and steam was permitted to flow 

through the HRFS and EPGS steam piping until the saturation 

pressure/temperature reduced to about 175 psig/370 F (1207 kPa/188 C) 

at which point the SGS was isolated and KepKeSSUKiZed to 300 psig 

(2068 kPa) f o r  another cycle. Throughout the steam blow operation the 

salt side of the SGS was maintained at about 400 E' (204 C) with the 

0 

The steam line 

0 0 

0 0 

heat tracing, 
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. 

The initial steam blow operation on July 30, 1983 resulted in 

burning out all the circulation heater elements due to steam formation in 

the heater and resulting excessive element temperature. Several factors 

contributed to the elements' failure. There was no water flow through 

the heater because the heater inlet valve FCV-304 was inadvertently not 

opened. Due to an incorrectly set trip point, the control system failed 

to cut off power on the high heater element temperature (TE-388) signal. 

It was subsequently discovered that the element temperature thermocouple 

was incorrectly located near the bottom, rather than the top, of the 

element, allowing the upper portion of the element to overheat while the 

lower portion was still covered with water. No formal test procedure had 

been established for the steam blow operation, and no individual had been 

assigned overall responsibility for conducting the test. 

Replacement elements were installed in the circulation heater on 

August 31, 1983, and the steam blow operation was successfully completed 

on September 2, 1983, Several corrective actions were taken as a result 

of the heater failure. A control system interlock was added to prevent 

energizing the heaters unless the heater inlet valve FCV-384 was open. 

SNL instructed the heater vendor to locate the element temperature 

thermocouple near the top of the heated section of the element, and the 

power-off trip point for the thermocouple was reduced. A formal test 

procedure for the steam blow operation was prepared by SNL (Reference 

101, and a CRTF test engineer was assigned test conductor responsibility 

for the steam blow operation. 
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subsequent to the steam blow operation, the initial heat-up from 

ambient conditions to the diurnal shutdown condition commenced. During 

this initial heat-up temperature readings at several locations on the SGS 

salt system indicated cold spots where the heat tracing was not raising 

the salt system temperature to the required minimum of 480 F 

(249OC). 

the salt system, together with a couple of locations on the piping. The 

piping cold spots were corrected with repairs to the pipe insulation such 

as filling local gaps in the insulation with insulating blanket. Cold 

spots on the valves were corrected by adding insulation at the bonnet 

extension-yoke area of the valves, It should be noted that additional 

adjustments to salt valves' insulation were made later during the 

acceptance testing when colder ambient temperatures during the winter 

months again caused local cold spots on the salt system valves. As noted 

in Section 2.11 additional heat trace input to salt valve PCV-341 was 

provided to assure sufficient heating of that valve, 

0 

For the most part these cold spots were at valve locations in 

The diurnal shutdown condition for the SGS was achieved on September 

15, 1983, permitting the start of the checkout procedures for the SGS and 

other subsystems as outlined in SGITP Y1. shortly after this time, 

difficulty was encountered in re-starting the boiler water circulation 

pump (BWCP) after overnight shutdown. High current draw was popping the 

pump motor starter fuses. Subsequent inspection indicated a failure of 

the BWCP bearings, The most probable cause for the failure was 

determined to be higher than normal temperatures at the front bearing, 

resulting in bearing/shaft binding. Contributing to this higher bearing 

temperature was the fact that the pump was not running during diurnal 
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shutdown c o n d i t i o n s ,  which s topped t h e  flow of c o o l i n g  water i n  t h e  

b e a r i n g  c a v i t y  t o  t h e  b e a r i n g s  and raised b e a r i n g  temperatures .  There 

was i n s u f f i c i e n t  s h a f t / b e a r i n g  c l e a r a n c e  f o r  these h igher  t h a n  normal 

t e m p e r a t u r e s  r e s u l t i n g  i n  b i n d i n g  and ultimate f a i l u r e  of t h e  bear ings .  

A new r o t o r - s h a f t  and new b e a r i n g s  were i n s t a l l e d  i n  t h e  BWCP on 

September 27, 1983. C o r r e c t i v e  a c t i o n  i n c l u d e d  i n c r e a s i n g  t h e  

b e a r i n g / s h a f t  c l e a r a n c e  and changing t h e  b e a r i n g  material t o  reduce t h e  

d i f f e r e n c e  i n  thermal expansion c o e f f i c i e n t s  between b e a r i n g s  and s h a f t .  

The e x t e r n a l  pump c o o l a n t  p i p i n g  was a lso r e v i s e d  t o  bet ter  a s s u r e  

adequate  c o o l a n t  supply  t o  t h e  pump. 

After complet ion of t h e  BWCP r e p a i r  t h e  SGS was back o n - l i n e  for 

a d d i t i o n a l  checkout  sequences i n  t h e  d i u r n a l  shutdown mode u n t i l  a CRTF 

e lec t r ica l  o u t a g e  r e q u i r e d  suspens ion  of t e s t i n g  from October  1 through 

October 10, 1983. S h o r t l y  a f te r  coming back on- l ine  for  a d d i t i o n a l  

checkout  t e s t i n g  under SGITP Y 1 ,  t h e  BWCP f a i l e d  t o  o p e r a t e  on 

October  13, 1983. The f a i l u r e  was t r a c e d  t o  a s h o r t  i n  t h e  motor s t a t o r  

windings. While  t h e  c a u s e  of t h e  f a i l u r e  was n o t  p i n p o i n t e d ,  t h e  most 

l i k e l y  cause appeared t o  be a d e f e c t i v e  a s - b u i l t  s t a t o r  which 

deteriorated o v e r  time, p o s s i b l y  aggrava ted  by local o v e r h e a t i n g  which 

migh t  have occurred as a r e s u l t  of t h e  p r e v i o u s  problem w i t h  

s h a f t / b e a r i n g  binding.  The BWCP was sh ipped  back t o  t h e  vendor f o r  

i n s t a l l a t i o n  of a new s t a t o r ;  t h e  pump was r e - i n s t a l l e d  i n  t h e  SGS on 

t h e  November 1, 1983. To bet ter  a s s u r e  adequate c o o l i n g  of t h e  pump, 

o p e r a t i n g  procedures  were modified t o  p r o v i d e  for pump o p e r a t i o n  d u r i n g  

d i u r n a l  shutdown c o n d i t i o n s .  
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Subsequent t o  r e - i n s t a l l a t i o n  of t h e  BWCP, checkout  t e s t i n g  resumed 

w i t h  SGITP Y 1  and 12. I n i t i a l  salt  flow through t h e  SGS o c c u r r e d  on 

November 5 ,  1983. During t h i s  flow tes t  molten s a l t  leaked a t  t h e  

f l a n g e d  bonnet-to-body c o n n e c t i o n s  on v a l v e s  FCV-301 and FCV-351. 

I n v e s t i g a t i o n  i n d i c a t e d  improper assembly of t h e  v a l v e s  by t h e  v a l v e  

s u p p l i e r .  

t h e  v a l v e s  were re- insu la ted .  

The  S G S  was o f f - l i n e  w h i l e  t h e  assemblies were corrected, and 

The  t u n i n g  of t he  SGS a u t o m a t i c  c o n t r o l  loops was completed on 

November 18, 1983 as  par t  of SGITP #l and SGITP X2. The c o n t r o l  loops 

inc luded  t h e  steam drum water level c o n t r o l ,  t h e  e v a p o r a t o r  s a l t  i n l e t  

t empera ture  c o n t r o l ,  t h e  steam d e l i v e r y  tempera ture  c o n t r o l ,  and t h e  

steam pressure (load) c o n t r o l .  Tuning of t h e  c o n t r o l  loops was 

accomplished v e r y  e f f i c i e n t l y  and e s s e n t i a l l y  wi thout  problems. 

problem i n c u r r e d  was r e c e i v i n g  t h e  feedback s i g n a l  from t h e  main s a l t  

flow t r a n s m i t t e r  FT-321. 

t h e  t r a n s m i t t e r  i t se l f ,  and t h e  t r a n s m i t t e r  was changed out for  a n  

i d e n t i c a l  spare t r a n s m i t t e r  a v a i l a b l e  a t  CRTF. I n  changing out  t h e  

t r a n s m i t t e r  it was determined t h a t  sa l t  f r e e z i n g  i n  t h e  s t a n d p i p e s  was 

t h e  c a u s e  of t h e  e r r o n e o u s  s a l t  f low s i g n a l  t o  t h e  c o n t r o l  system. The  

f r e e z i n g  problem was corrected by a l t e r i n g  t h e  a s - i n s t a l l e d  i n s u l a t i o n  i n  

t h e  area of t h e  t r a n s m i t t e r  s t a n d p i p e s  and adding a heat trace c i rcu i t  t o  

t h e  s t a n d p i p e s ,  as described i n  S e c t i o n  2.11. Wi th  molten s a l t  i n  t h e  

t r a n s m i t t e r  s t a n d p i p e s ,  t u n i n g  of t h e  steam p r e s s u r e  c o n t r o l  loop was 

accomplished s u c c e s s f u l l y .  

The  o n l y  

I n i t i a l l y  t h i s  was thought  t o  be a problem w i t h  

The  f i n a l ,  s igned-off  test procedure sheets f o r  SGITP #l and SGITP 

#2 are i n  Appendix I). 
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5.3 SGITP # 3  - Diurnal Shutdown (No Salt Flow) 
Beginning with SGITP Y3, the remaining steam generator test 

procedures encompassed all the elements of the SGS acceptance testing. 

The purpose of SGITP Y3 was to verify that the SGS could be maintained in 

the diurnal shutdown mode for a 12 hour overnight shutdown period. The 

diurnal shutdown mode is defined as maintaining the SGS water/steam 

system at a nominal pressure of 1100 psig (7584 kPa) during overnight 

shutdown using energy input from the circulation heater; the SGS salt 

system is drained in this mode with salt system temperatures maintained 

above 480°F (249OC) with heat tracing. 

The original concept for steam pressure maintenance during diurnal 

shutdown using the circulation heater was to activate one or more of the 

five heater circuits at the start of the diurnal shutdown to maintain 

approximately 1100 psig (7584 kPa) steam pressure. The number of heater 

elements required to be activated was to be based on operating 

experience. There was no active control on heater element operation 

during diurnal shutdown. Operating experience indicated that the heat 

input required to have steam pressure reasonably close to 1100 psig 

(7584 kPa) at the end of the diurnal shutdown period tended to vary 

somewhat with ambient temperature and wind conditions and with the length 

of the diurnal shutdown period. An automatic pressure controller for 

diurnal shutdown (EHAC) was incorporated into the control system to 

maintain a nominal steam pressure of 1100 psig (7584 kPa). This 

automatic pressure controller is discussed in Section 2.12.8.2.1. 

During diurnal shutdown, heat losses from the steam drum above the 

water level and from the water/steam system downstream of the drum are 
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balanced by condensing s a t u r a t e d  steam. The o r i g i n a l  procedure  f o r  

d i u r n a l  shutdown called for  removing t h i s  condensa te  through t h e  HRFS 

steam t rap  T-482 located off t h e  main steam p i p i n g  n e a r  t h e  HRFS/SGS 

i n t e r f a c e  p o i n t  a t  t h e  n o r t h  end of t h e  s k i d .  

open r e s u l t e d  i n  unacceptab le  d e p l e t i o n  of t h e  SGS water inventory ,  t o  

t h e  p o i n t  where t h e  drum water l e v e l  reached t h e  low-low alarm p o i n t  

which  tripped t h e  BWCP and t h e  c i r c u l a t i o n  heater w i t h  subsequent  

r e d u c t i o n  of steam p r e s s u r e .  I t  has  never  been c l e a r l y  established 

whether t h e  e x c e s s i v e  water loss  rate d u r i n g  d i u r n a l  shutdown w i t h  t rap  

open was due t o  f a u l t y  t rap o p e r a t i o n  which permitted steam leak-by a long  

w i t h  condensa te  removal or t o  heat losses which were i n  e x c e s s  of 

a n a l y t i c a l  p r e d i c t i o n s ,  or t o  a combinat ion of both. To m a i n t a i n  a n  

acceptable water i n v e n t o r y  d u r i n g  d i u r n a l  shutdown, t h e  o p e r a t i n g  

procedure  was altered t o  comple te ly  isolate  t h e  SGS water/steam system 

d u r i n g  d i u r n a l  shutdown by c l o s i n g  T-482. Using t h i s  procedure,  

condensa te  accumulates  i n  t h e  water/steam system downstream of t h e  drum, 

which l i m i t s  drum water l e v e l  r e d u c t i o n  t o  approximately 1 2  i n c h e s  d u r i n g  

d i u r n a l  shutdown. The i n i t i a l l y  c o n s e r v a t i v e  range of 13 i n c h e s  between 

t h e  high-high and t h e  low-low steam drum water l e v e l  alarms has been 

Opera t ing  w i t h  t h i s  t r a p  

i n c r e a s e d  t o  25 i n c h e s  t o  permi t  more v a r i a t i o n  of water l e v e l  d u r i n g  

d i u r n a l  shutdown w i t h o u t  caus ing  BWCP and c i r c u l a t i o n  heater t r ips .  

( A d d i t i o n a l  d i s c u s s i o n  of t h e  performance of t h e  SGS d u r i n g  d i u r n a l  

shutdown is  i n c l u d e d  i n  S e c t i o n  6.0.) A t  t h e  end of t h e  d i u r n a l  shutdown 

period, t h e  t r ap  is  opened t o  remove accumulated condensa te  and t o  permit 

steam t o  reheat t h e  SGS watex/steam system downstream of t h e  steam drum. 
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From time t o  time e x c e s s i v e  water loss  dur ing  d i u r n a l  shutdown was 

expe r i enced  due t o  steam o r  water leaks a t  l o c a t i o n s  such  a s  v a l v e  

packing ,  i n s t rumen t  l o c a t i o n s ,  or t h e  pressure relief va lve .  For t h e  

most part ,  each of t h e  leak si tes was n o t  a r e c u r r i n g  problem; once 

f i x e d ,  leaks d i d  n o t  re-occur a t  most of t h e  si tes.  Because of t h e  

r e l a t i v e l y  small s i z e  of t h e  SGS, such  e x t r a n e o u s  leaks can  have a more 

pronounced effect  on water i n v e n t o r y  d u r i n g  d i u r n a l  shutdown t h a n  might  

be t h e  case i n  larger systems.  While i n i t i a l  water i n v e n t o r y  for d i u r n a l  

shutdown is s u f f i c i e n t  t o  t o l e r a t e  a c e r t a i n  amount of such  ex t r aneous  

leakage, it is p ruden t  t o  repair  any leaks noted  a t  t h e  f i r s t  o p p o r t u n i t y  

t o  avoid  e x c e s s i v e  water l o s s  w i t h  a t t e n d a n t  t r i p  of t h e  BWCP and t h e  

c i r c u l a t i o n  heater and t h e  r e s u l t a n t  r e d u c t i o n  of steam p r e s s u r e .  

A catastrophic f a i l u r e  of t h e  c i r c u l a t i o n  heater p r e s s u r e  boundary 

on Janua ry  1 9 ,  1984 occur red  d u r i n g  t h e  d i u r n a l  shutdown o p e r a t i n g  mode. 

A review of t h e  i n c i d e n t ,  t h e  causes of t h e  f a i l u r e ,  and t h e  c o r r e c t i v e  

a c t i o n s  t a k e n  a s  a resul t  of t h e  f a i l u r e  is inc luded  i n  Appendix B of 

t h i s  r e p o r t .  

The f i n a l  s igned  off test  p rocedure  sheets for  SGITP # 3  are i n  

Appendix D. 
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5.4 SGITP Y4 - Load Following Test 
The purpose of SGITP Y4 was to verify the SGS capability for 

increasing and decreasing load at the maximum specified rate of 

lO%/minute between the 30% load and 100% load steady-state conditions. 

Also, steady-state conditions at 30%, 50% and 100% loads were maintained 

for 30 minutes. 

The load following acceptance test was completed with good results. 

The SGS operates in a boiler following mode over the normal operating 

range of 30% to 100% load. Load changes are initiated by changing the 

steam demand of the turbine (or in the case of testing, the deaerator). 

The four SGS automatic control loops responded well during lO%/minute 

power change transients; operation at the various steady-state loads was 

acceptable. Full load steam flow of 11530 lbm/hr (1.453 kg/sec) was not 

generated by the SGS due to low feedwater temperature. For reasons as 

yet undetermined the HRFS feedwater heater was unable to provide 

sufficient energy input to feedwater, resulting in feedwater temperatures 

on the order of 150°F (83OC) low. 

the low feedwater temperature was on the order of 10000 lbm/hr 

(1.260 kg/sec). The steam generator subsystem did meet or exceed the 

rated heat load of 3.11 MWt with the low feedwater temperature 

conditions. Additional discussion of steam generator performance in the 

normal load range is included in Section 6.0. 

Maximum steam flow generated with 

The final signed-off test procedure sheets for SGITP Y4 are in 

Appendix D. 
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5.5 SGITP #5 - A l t e r n a t e  Diu rna l  Shutdown ( S a l t  Flow Cyc l ing )  

The purpose  of SGITP #5 was t o  v e r i f y  t h a t  t h e  SGS cou ld  be 

main ta ined  i n  t h e  a l t e r n a t e  d i u r n a l  shutdown mode for a 1 2  hour o v e r n i g h t  

shutdown period. 

ma in ta in ing  t h e  SGS water/steam sys tem a t  a nominal p r s s u r e  of  1100 p s i g  

(7584 k P a )  d u r i n g  o v e r n i g h t  shutdown by p e r i o d i c a l l y  c y c l i n g  s a l t  i n t o  

t h e  SGS from t h e  cold s a l t  sump. T h i s  was t h e  mode of d i u r n a l  shutdown 

p r e s s u r e  maintenance called for i n  t h e  SGS s p e c i f i c a t i o n ;  however, t h i s  

was subsequen t ly  changed t o  t h e  method used i n  SGITP Y3 for t h e  r e a s o n s  

d i scussed  i n  S e c t i o n  2.9. 

The a l t e r n a t e  d i u r n a l  shutdown mode is d e f i n e d  as 

Because SGITP #5 was an  a l t e r n a t e  o p e r a t i n g  mode which would n o t  be 

used a t  CRTF, it was u l t i m a t e l y  dropped from t h e  SGS accep tance  t e s t i n g  

by SNL t o  reduce  t h e  test  span. 

t e s t i n g ,  one attempt t o  perform t h i s  t es t  was planned. A l t e r n a t e  d i u r n a l  

Prior t o  d e l e t i n g  SGITP 15  from t h e  

shutdown was t o  be main ta ined  for s e v e r a l  hours  subsequent  t o  d a i l y  

system o p e r a t i o n .  However, on t h e  day i n  q u e s t i o n  t h e  propane  heater was 

used as  t h e  ene rgy  s o u r c e  for  s a l t  h e a t i n g ,  rather t h a n  t h e  r e c e i v e r .  

When t h e  propane heater was d r a i n e d  t o  t h e  cold pump sump, t h e  r e s u l t i n g  

s a l t  t empera tu re  i n  t h e  sump was w e l l  i n  e x c e s s  of t h e  normal cold s a l t  

temperature. Based on t h e  o p e r a t i n g  procedure required for SGITP 15, a 

h i g h  cold s a l t  t empera tu re  would have ve ry  l i k e l y  caused h igh  steam 

p r e s s u r e  i n  t h e  SGS w i t h  a t t e n d a n t  relief va lve  l i f t ;  therefore, t h e  

planned test was abor t ed .  

Performance of a l t e r n a t e  d i u r n a l  shutdown was p lanned  f o r  MSEE Phase 

11. Because  of t h e  s i m i l a r i t y  of o p e r a t i n g  c o n d i t i o n s  between a l t e r n a t e  

d i u r n a l  shutdown and w a r m  s tandby,  it is expec ted  t h a t  t h e  a l t e r n a t e  

d i u r n a l  shutdown mode shou ld  p r e s e n t  no problems. 
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5.6 SGITP # 6  - Feedwater Loss Safe Shutdown 

The purpose of SGITP # 6  was t o  demonst ra te  t h e  safe shutdown of t h e  

SGS from both 50% and 100% l o a d s  subsequent  t o  a loss  of feedwater flow 

t o  SGS. T h i s  t e s t  demonstrated t h e  c o n t r o l  system performance of t h e  

Equipment P r o t e c t i o n  System, t h e  Master Cont ro l  System, and t h e  Network 

90  i n  response  t o  a l o s s  of feedwater c o n d i t i o n s .  

The o r i g i n a l  procedure was amended t o  perform t h e  SGITP # 6  safe 

shutdown only  from t h e  f u l l  load c o n d i t i o n  i n  t h e  i n t e r e s t  of reducing  

t h e  tes t  span. 

flow c o n t r o l  v a l v e  FCV-411 i n  manual and a l l o w i n g  t h e  steam drum water 

l e v e l  t o  reduce t o  t h e  low-low alarm p o i n t ,  which i n i t i a t e d  t h e  t r i p .  

( T h i s  s i m u l a t i o n  was performed t o  avoid  having t o  re-start t h e  feedwater 

pump.) The c o n t r o l  system responded t o  t h e  t r i p  as  expec ted  and s h u t  t h e  

system down i n  a n  o r d e r l y  manner as  required. 

Loss of feedwater was s i m u l a t e d  by p l a c i n g  t h e  feedwater 

The f i n a l  s igned-off  tes t  procedure sheets for SGITP f 6  are i n  

Appendix D. 
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5.7 SGITP #7 - Salt Flow Loss Safe Shutdown 

The purpose of SGITP #7 was to demonstrate the safe shutdown of the 

SGS from both 50% and 100% loads subsequent to a loss of salt flow to the 

SGS. This test demonstrated the control system performance of the 

Equipment Protection System, the Master Control System, and the Network 

90 in response to a loss of salt flow condition. 

The original procedure was amended to perform SGITP #7 safe shutdown 

only from the full load condition in the interest of reducing the test 

span. Loss of salt flow was initiated by introducing a high signal on 

the cold salt boost pump sump vent temperature (TE-l81A), which initiated 

a loss of salt flow trip through the Equipment Protection System. The 

control system responded to the trip as expected and shut the system down 

in an orderly manner as required. 

The final signed-off test procedure sheets for SGITP Y7 are in 

Appendix D. 
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5.8 SGITP # 8  - Manual Sequence Demonstration 
The purpose of SGITP # 8  was to perform the uninterrupted operation 

of the SGS from Diurnal Shutdown through Warm Standby to On-Line 

Operation, back to Warm Standby, and then to the Diurnal Shutdown 

condition. The test combined previously tested operating modes into a 

single sequence of events which permitted verification of all the 

operating steps required to be incorporated in the automatic sequence 

operation (see Section 5.10). 

Performance of SGITP #8 was completed without any problems. Each of 

the individual sequences in the procedure, such as Diurnal Shutdown to 

Warm Standby, had been tested previously and any adjustments to operating 

procedures required based on operating experience had been incorporated 

prior to performing SGITP P8. 

The final signed off test procedure sheets for SGITP 48  are in 

Appendix D. 



5.9 SGITP #9  - MCS Control Demonstration 
SGITP #1 through SGITP # 8  were conducted with operation of the SGS 

from the Network 90 operator's console. The purpose of SGITP Y9 was to 

retest SGITP # 2  through SGITP # 8  to demonstrate the Master Control System 

(MCS) capability of controlling the SGS by sending all operational 

commands from the EMCON operator's console to the SGS via the Network 

90. There was no 'hands-on" control activities from the Network 90  

operator's console. 

Because SGITP X2 was part of the operational checkout of the SGS, it 

was not necessary to repeat the entire procedure. Only the last portion 

of the procedure was repeated, in which low to medium amplitude pressure 

transients to main steam pressure were introduced and control response 

was verified. This procedure was successfully completed. SGITP Y3, 

SGITP # 4 ,  and SGITP #8 were repeated with SGS control from the EMCON 

console and were successfully completed. Testing of SGITP # 6  and SGITP 

#7 (Sections 5.6 and 5.7) was performed from the EMCON operator's console 

and as such the successful completion of these tests also fulfilled the 

requirements of performing the tests as part of SGITP #9. 

The final signed-off test procedure sheets for SGITP Y9 are in 

Appendix D. 
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5.10 SGITP #lo - Automatic Sequence Demonstration 
The automatic sequence operation was designed to take the SGS, TSS, 

and HRFS from the diurnal shutdown mode to on-line operation and back to 

the diurnal shutdown mode with a minimum of operator input. Automatic 

sequences were programmed into the MCS to perform the following 

operations: 

o SGS Fill-Start-up Sequence 

o SGS On-Line Sequence 

o SGS Off-Line Sequence 

o SGS Warmdown Sequence 

o SGS Drain Sequence 

SGITP #lo was ultimately dropped from the SGS acceptance testing as 

all the necessary controls programming for  automatic sequencing had not 

yet been completed by SNL. Performance of automatic sequencing was 

tested during MSEE Phase 11. 

of the required acceptance program as outlined in the specification 

(Reference 1) or the B&W Acceptance Test Plan (Reference 8 ) .  Completion 

of SGITP #lo was not required to verify steam generator subsystem 

Automatic sequencing operation was not part 

performance. 
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6.0 SGS PERFORMANCE EVALUATION 

6.1 Overview 

Based on data selected from the Steam Generator Subsystem (SGS) 

acceptance testing, thermal/hydraulic performance of the system was 

evaluated. Areas of evaluation include: 

o System Operating Characteristics 

o Evaporator Performance 

o Superheater Performance 

o Mixing Tees 

o Thermal Baffles 

o Diurnal Shutdown 

Data selected from the Steam Generator Subsystem acceptance testing 

on day 104 (4/13/84) and day 118 (4/27/84) was evaluated. Day 104 was 

the day the Electric Power Generation Subsystem was successfully 

synchronized with the commercial power grid. On day 118, 10% per minute 

power changes were run. 
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6.2 System Requirements 

The function of the SGS is to transfer energy from molten nitrate 

salt to water/steam for subsequent use in a turbine-generator for 

electric power generation. The SGS is designed to supply superheated 

steam at the turbine at 1050 psig (7240 kPa) and 940°F (504OC) when 

supplied with feedwater at 550°F (288OC) from the feedwater heater. 

To satisfy these turbine inlet requirements, the SGS is rated at a power 

level of 3.109 MWt to generate steam at 1100 psig (7584 kPa) and 

950°F ( 51OoC 1 at the superheater outlet. 

include : 

Additional requirements 

o The evaporator salt inlet temperature shall be maintained at or 

below 850°F ( 454OC 1. 

o The molten salt returning to the cold tank should be no cooler 

than 550°F (288OC) and no warmer than 600°F (316OC). 
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6.3 Conclusions 

Conclusions based on the evaluation of the data are: 

o Full load steady-state performance of the Steam Generator 

Subsystem meets specification requirements. 

o The overall effective heat transfer coefficient of both the 

superheater and the evaporator is approximately 10% less than 

was predicted based on the 0% margin sizing calculations. 

30% margin sizing was used in the designs. 

A 

o The actual full load circulation ratio of 6-7 is well above the 

design circulation ratio of 3.7. 

o During the 10% per minute up and down power changes, steam 

temperature and pressure, drum level, and salt inlet 

temperature to the evaporator were controlled at essentially 

constant values. 

o The temperature gradients existing in salt mixing tee No. 2 (at 

the inlet to the superheater) during the cooldown to diurnal 

shutdown transient are structurally acceptable for the three 

year design life of the SGS. 

o The temperature gradients existing in the thermal baffle region 

of the superheater steam outlet leg during the cooldown to 

diurnal shutdown transient are structurally acceptable for the 

three year design life of the SGS. 

. 

1 
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6.4 Subsystem Operating Characteristics 

Figure 6.4-1 is the steam generator process flow schematic. Hot 

molten salt is pumped to the SGS from the hot salt thermal storage tank. 

The evaporator salt inlet temperature is controlled by mixing cold salt 

with the salt exiting the superheater. The cold salt exiting the 

evaporator is then returned to the Thermal Storage Subsystem cold tank. 

Feedwater from the feedwater heater is pumped to the steam drum. In 

the drum, the feedwater is mixed with recirculated water and pumped to 

the evaporator where a steam/water mixture is produced. 

mixture is returned to the drum where the steam and water phases are 

separated. The saturated steam is then superheated and sent to the 

turbine. Final adjustment of the superheated steam temperature flowing 

to the turbine is made by the steam attemperator which mixes saturated 

steam with the superheated steam exiting the superheater. 

The steam/water 

The design steam flowrate from the superheater is 11530 lbm/hr 

(1.453 kg/sec). The inlet salt temperature from the hot salt storage 

tank is 1050°F (566OC) at 62310 lbm/hr (7.851 kg/sec). 

Data selected to assess performance of the SGS is listed in Table 

6.4-1. A list of the instrumentation used to evaluate SGS performance is 

given in Table 6.4-2. SGS steady-state performance data is listed in 

Table 6.4-3. The data listed for day 104 is peak load performance on the 

day that the Electric Power Generation Subsystem was successfully 

synchronized with the commercial power grid. Steam side operating 

characteristics before and after the time selected (14:56:53) as being 

closest to full load performance requirements are also plotted in Figure 

6.4-2. 
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Maximum steam flow from the SGS was limited to 11070 lbm/hr 

(1.395 kg/sec) compared to the full load rated steam flow of 

11530 lbm/hr (1.453 kg/sec). This limitation resulted from the feedwater 

heater not being able to produce the specified feedwater temperature of 

550°F ( 2 8 8 O C ) .  

(56OC) below the specification value. 

0 Feedwater temperatures were on the order of 100 F 

The overall system heat balance is calculated to be approximately 

3.36 MWt compared to a specification requirement of 3.11 MWt, or 8% over 

required. A plot of temperatures versus heat load is shown in Figure 

6.4-3. 

A plot of the response of controlled parameters during an increasing 

power ramp is given in Figure 6.4-4. A plot of the response of 

controlled parameters during a decreasing power ramp is given in Figure 

6.4-5. Both of these plots indicate that the Network 90 control system 

maintains subsystem set point parameters for the prescribed maximum rate 

power changes. 

The method used to calculate the effective overall heat transfer 

coefficients for the evaporator and the superheater is as follows: 

o Use the recorded steam conditions to the turbine (flow rate, 

pressure and temperature) and recorded feedwater temperature to 

calculate the overall heat balance. 

o By attemperator heat balance equations, calculate steam flow to 

the superheater. 

o Calculate salt flow to the superheater using recorded inlet and 

outlet salt temperatures and an average salt specific heat of 

0.367 Btu/lbm-F (1537 J/kg-C). 



o Calculate salt flow to the evaporator using recorded inlet and 

outlet temperatures and an average salt specific heat of 

0.360 Btu/lbm-F (1507 J/kg-C). Check salt side heat balances 

based on cold salt mixing with the salt exiting the superheater 

prior to entering the evaporator. 

Calculate log mean temperature differences, Tm. o 

o Calculate effective overall heat transfer coefficients, U. 

u =  Q =mi Btu/hr-f t2-F 

where : 

Q is the heat load in Btu/hr 

A is the heat transfer surface area, ft 
2 
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Performance 

100% Load 

100% Load 

Power Maneuvers 
Up/Down 

Mixing Tees 
(Cooldown) 

Thermal Baffles 
(Cooldown) 

TABLE 6.4-1 

Selected MSEE - SGS Performance Data 

Day 

104 (4/13/84) 

118 (4/27/84) 

118 (4/27/84) 

118 (4/27/84) 

118 (4/27/84) 

Time 
7 

14: 56: 53 

13:54:35 

11:13:38 through 
11:29:7 

14:35:54 through 
15:09:36 

14:35:54 through 
15:09:36 
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NO 

TE-382 
PT-382 
6007 

TE-331 
TE-301 
TE-384 
PT-384 
FT-321 
FT-381 
FT-311 
TE-332 
PT-321 
PT-383 
TE-383 
FT-411 
TE-386 
PT-386 
FT-382 
LT-311 
6005 
6032 

- 

TABLE 6.4-2 
MSEE - SGS List of Instrumentation 

Locat ion 

Salt Inlet Temp. to SH 
Salt Inlet Press. to SH 
Salt Outlet Temp. from SH 
Salt Flow to SH 
SH Outlet Temp. 
Salt Inlet Temp. to Evap. 
Salt Outlet Temp. from Evap. 
Salt Outlet Press. from Evap. 
Salt Flow from Evap. 
Steam Flow to Attemp. 
Steam Flow to Turbine 
Steam Temp. to Turbine 
Steam Press. to Turbine 
Steam Drum Press. 
Steam Temp. from Steam Drum to SH 
FW. Flow to Steam Drum 
FW. Temp. to Steam Drum 
FW Press. to Steam Drum 

Unit - 
OF 
psia 
OF 
lb/hr 
OF 
OF 
OF 
PS ig 
lb/hr 
lb/hr 
lb/hr 
OF 
Psig 
Psig 
OF 
lb/hr 
OF 
Psig 

Cold Salt Flow to Mixing Tees (Evap.) lb/hr 
Steam Drum Level in. 
Sec. Downcomer Temp. OF 
Cold Salt Temp. from Attemp. to OF 
Evap. Inlet 
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NO 

TE-382 
PT-382 
6007 

(1) 

TE-331 
TE-301 
TE-384 
PT-384 
FT-321 
FT-381 
FT-311 
TE-3 3 2 
PT-321 
PT-383 
TE-383 
FT-411 
TE-386 
PT-386 
FT-382 
LT-311 
6005 
6032 

Tab le  6.4-3 
SGS Steady State Performance Data 

100% Load 
Day 104 Day 118 
14:56:53 13:54:35 

1058 
76 

919 
62,100 

1032 
849 
560 

22 
( 2)79,700 
( 2 )  1,590 

11,070 
948 

1 , 087 
1,146 

560 
9,870 

457 
1 ,161  

( 2 )  17,600 
.24 
546 
569 

1057 
68 

915 
57,600 

1030 
854 
562 

1 7  
( 2 )  74,900 
( 2 )  1,480 

10,480 
948 

1, 120 
1,167 

564 
10,450 

452 
1,189 

( 2 )  17,300 -. 33 
548 
596 

(1) S a l t  flow ( l b / h r )  t h rough  SH based  on h e a t  balance 
( 2 )  Cor rec t ed  va lue  based  on h e a t  balance 
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6.5 Evaporator 

To assess component performance, the calculated overall heat transfer 

coefficient for the evaporator is compared with 100% load sizing (0% and 

30% margin). The results of this analysis are presented in Table 6.5-1. 

As shown on day 104 the overall heat transfer in the evaporator is 

8,291,500 Btu/hr (2.43 MW) compared to the 100% sizing requirement of 

7,350,000 (2.15 MW) or about 13% over the specification value. The 

calculated overall heat transfer coefficient of 215 Btu/hr-ft -F (1436 
2 

w/m2-C) is approximately 10% less than was predicted based on 0% sizing 

calculations. It should be noted that a direct comparison of overall 

heat transfer coefficients is difficult since the lower than design 

feedwater temperature results in a change in the overall operating 

parameters. The SGS circulation ratio is estimated by a steam drum heat 

balance using the following equation: 

Tsat - Tfw 
Tsat - Tdc CR = 

where : 

= Satuartion Temperature Tsat 

T = Feedwater Temperature fw 
T = Downcomer Temperature dc 

The calculated circulation ratio of 6 to 7 is well above the design 

circulation ratio of 3.7 established to preclude departure from nucleate 

boiling in the evaporator (see Section 2.6). 
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Table 6.5-1 
SGS Evaporator 

Item 

Comparison of Full Load Sizins Parameters 
and Operating Parameters 

100% Load Sizing 
0% Margin 30% Margin Day 104 Day 118 

Salt Flow (lbm/hr) 

Water Flow (lbm/hr) 

Q (Btu/hr) 

A (ft2) 

U( Btu/hr-ft2-F) 

72,136 
850 
567 

56 , 000 
56 0 
56 3 

7,350,000 

75.4 

406.7 

240 

74,217 
8 50 
575 

53,250 
559 
56 3 

7,350,000 

93.8 

406.7 

193 

79,700 74,900 
8 49 854 
560 56 2 

546 548 
560 564 

8,291,500 7,817,740 

90.8 91.1 

406.7 406.7 

21 5 21 3 
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6.6 Superheater 

A comparison of the effective overall heat transfer coefficient for 

the superheater with 100% load sizing ( 0 %  and 30% margin) is presented in 

Table 6.6-1. 

As shown on day 104: 

o Steam flow is 11070 lbm/hr (1.395 kg/sec) or about 4% below the 

design value of 11530 lbm/hr (1.453 kg/sec). The steam flow to 

the superheater is dependent on steam generated in the 

evaporator; flow is less than design because of the low 

feedwater temperature(see Section 6.5). 

o The calculated overall heat transfer coefficient of 
2 2 272 Btu/hr-ft -F (1817 w/m -C) is approximately 10% less 

than was predicted based on 0% sizing calculations. 
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Table 6.6-1 
SGS Superheater 

Comparison of Full Load Sizing Parameters 
and Operatinq Parameters 

100% Load Sizing 
Item 0% Margin 30% Margin Day 104 Day 118 

Salt Flow (lbm/hr) 60,900 
1, 050 

902 

Steam Flow (lbm/hr) 9,922 

Steam 
To Turbine(lbm/hr) 

T (OF) 
P (psig) 

Q (Btu/hr) 

Tm (OF) 

A (ft2) 

U (Btu/hr-ft2-F) 

562 
1, 030 

61,900 
1 , 050 

9 05 

10,375 
563 

1,004 

1,609 1,156 
56 2 56 3 

11 , 531 
9 50 

1 , 100 
11 , 531 

9 50 
1,100 

3,304,000 3,294,000 

113.1 147 

92.1 92.1 

317 243 

62,100 
1,058 

919 

9,480 
560 

1, 032 

1,590 
560 

11 , 070 
9 48 

1,087 

3,166,000 

126.6 

92.1 

27 2 

57 , 600 
915 

1,057 

9,000 
564 

1,030 

1,480 
564 

91.1 
9 48 

1,120 

3,00Of5OO 

126.3 

92.1 

258 
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6.7 Mixing Tees 

Salt mixing tees are located in the inlet piping to both the 

superheater and the evaporator to control the salt temperature entering 

these units as described in Section 2.10.1.7. 

Mixing tee no. 2 is located in the hot salt piping at the superheater 

inlet. This tee permits increasing the salt temperature to the 

superheater inlet during start-up and decreasing the salt temperature 

during cooldown. 

Four thermocouples are attached to mixing tee no. 2 to evaluate 

temperature profiles. Cooldown data for day 118 is listed in Table 6.7-1. 

The two thermocouples shown in Figure 6.7-1 are located on the outside 

surface of the tee upstream of the holes in the hot salt pipe. As shown 

in Figure 6.7-1, temperature gradients (top to bottom) of up to 367 F 

(204OC) exist at this location in salt mixing tee no. 2 during cooldown 

0 

The two thermocouples shown in Figure 6.7-2 are located on the outside 

surface of the tee downstream of the holes in the hot salt pipe. As 

shown in Figure 6.7-2, temperature gradients of up to 82 F (46 C) 

exist at this location. 

0 0 

A structural evaluation was made of mixing tee no. 2 subjected to the 

temperature distributions shown on Figures 6.7-1 and 6.7-2. The maximum 

difference in temperatures occurs between TE-6026 (top) and TE-6027 

(bottom) at time 14:39:54 (18 minutes on Figure 6.7-1). 

Thermocouples TE-6026 and TE-6027 are located near pipe hanger SL3-H2 

(BLW Drawing 179936C) which is fixed in the vertical direction. At 

14:39:54 the temperature difference between TE-6026 and TE-6027 is 

367OF (204OC). At the same time the temperature difference between 
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TE-6028 and TE-6029, located 18 inches (0.457m) downstream, is 82'F 

(46OC) .The structural evaluation assumed a beam supported at the 

superheater salt inlet nozzle and at hanger SL3-H2, with springs at the 

hot salt line branch (B&W Drawing 179936C) and at the cold salt control 

line branch (BLW Drawing 1799386). 

are spring hangers, and the piping itself is relatively flexible in the 

vertical direction. The top-to-bottom temperature difference of 367 F 

(204OC) was assumed to exist over a length of 18 inches (0.457m) in the 

vicinity of hanger SL3-H2. A curvature was calculated for the pipe, and 

the moment which would produce that curvature was then calculated. The 

direction of curvature is such that the resistance to the curvature 

provided by the hot salt line and the cold salt control line is 

relatively low. An approximate spring constant was calculated for these 

lines, and bending stresses were calculated in the mixing tee line. 

The adjacent supports in the branches 

0 

Using temperature response charts, stresses were calculated for the 

through-thickness temperature gradient induced by the rapid temperature 

change between 18 minutes and 21 minutes shown on Figure 6.7-1. These 

stresses were combined with the beam stresses discussed in the preceding 

paragraph and with the pressure stresses. Stress intensities were then 

calculated from the combined stresses. It should be noted that the 

piping flexibility stresses at the top and bottom of the mixing tee run 

are negligible. A stress intensification factor for a welding tee was 

applied to the maximum stress intensity, and a fatigue evaluation was 

made. The results indicate an acceptable fatigue damage factor on the 

basis of a daily cycle over the three year design life of the SGS. 
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Table 6.7-1 
Day 118 Cooldown Data 

14: 15: 
35: 38: 41 : 45: 48: 51 : 53: 57 : 0: 4: 6: 9: 

NO 46 46 46 25 6 16 57 7 59 48 36 36 - - - - - - - - - - - - -  
TE-382 
TE-331 
TE-301 
TE-384 
FT-311 
TE-332 
PT-321 
PT-383 
TE-383 
TE-386 
FT-382 

1050 1024 878 767 723 639 601 600 600 669 689 704 
1014 1011 929 795 746 672 638 621 603 583 578 573 
849 851 843 756 725 661 639 621 608 592 581 576 
577 563 560 555 554 550 553 551 528 545 545 546 

1990 2500 2540 2060 1650 10 430 10 10 10 10 10 
948 948 944 848 798 733 709 681 669 670 667 661 

1093 1093 1098 1071 1068 1025 1035 1056 1016 1003 997 987 
1102 1107 1109 1082 1080 1032 1048 1071 1030 1013 1005 998 
574 567 564 559 559 551 555 555 552 548 546 545 
471 451 443 439 436 45 2 463 481 485 475 470 466 

4220 5440 9540 16000 16000 16000 16000 16000 16000 3770 3620 3680 

0 Temperatures, F 

Pressures, psig 

Flows, lbm/hr 
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6.8 Thermal Baffles 

In the U-tube, U-shell superheater and evaporator, the 12-inch 

(.305m) length of each leg of the tube bundle closest to the tubesheet is 

provided with two thermal baffles spaced at 6 inches (.152m). The intent 

of these baffle plates is to form two adjacent regions of essentially 

stagnant salt on the shell side between the tubesheet and the salt path 

into (or out of) the heat exchangers (see Sections 2.5 and 2.6) .  

The six thermocouples shown in Figure 6.8-1 are located on the shell 

O.D. of the salt inlet leg in the thermal baffle region of the 

superheater. Superheater shell temperatures in this region during 

cooldown on day 118 are shown in Figure 6.8-1. Temperature gradients 

from top to bottom of the shell exist in the thermal baffle region, which 

likely indicates a salt stratification effect. Temperature gradients of 

up to 255OF (142OC) exist in the thermal baffle region closest to the 

salt inlet. 

region of the tubesheet. 

0 Temperature gradients of up to 88 F (49OC) exist in the 

A structural analysis was performed on the superheater based on the 

temperature distributions shown on Figure 6.8-1. The effect of shell 

temperature gradients both in the vertical direction and in the 

longitudinal direction were evaluated. 

The effect of the vertical temperature difference was evaluated 

first. The data on Figure 6.8-1 shows that the maximum temperature 

differences between the thermocouples located on top of the superheater 

and those on the bottom occur at 18 minutes past the initial time point 

on the plot of 14:34:55. If the steam outlet end of the superheater is 

considered as a free body, the vertical temperature difference causes the 

superheater shell to rotate downward in the region from the superheater 

support to the steam outlet nozzle. Resistance to this motion is 
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provided by the salt inlet piping and the steam outlet piping, 

inlet nozzle is located relatively close (18.0 inches) to the superheater 

support. 

The salt 

A conservative assumption was made that the maximum vertical 
0 0 

temperature difference between TE-6015 and TE-6016 of 255 F (142 C )  

existed in the superheater shell from the salt inlet nozzle to the end of 

the superheater steam outlet nozzle, a distance of 39.0 inches (0.991m). 

The resulting free body displacements at the superheater outlet nozzle 

were calculated for this condition. Influence coefficients for loading 

in the vertical direction were calculated for the superheater and the 

steam outlet piping up to hanger WL5-H4 (B&W Drawing 139939C). 

superheater was assumed to be fixed at its first support. Hanger WL5-H4 

is fixed in the vertical direction; however, for this evaluation the 

steam outlet pipe was assumed to be totally fixed at hanger WL5-H4. An 

interaction analysis was made at the interface between the superheater 

and the steam outlet pipe with the deflection and rotation of the 

superheater due to superheater bowing imposed as free body displacements. 

The 

The results of the interaction analysis indicate that the 

superheater is substantially free to do whatever it wants to because the 

piping is much more flexible. Thus, the stresses induced in the 

superheater by this event are negligible. The stresses induced in the 

piping were conservatively combined with the flexibility stresses at full 

load operating conditions and were found to be acceptable. As a result 

of this event, the hanger load at WL5-H4 was found to increase by about 

130 pounds, which is reasonable and acceptable. 

The longitudinal temperature difference in the superheater shell 

adjacent to the tubesheet in the salt inlet leg was also evaluated for 

the structural effects of the cooldown on day 118. From Figure 6.8-1, the 

6-25 



maximum longitudinal temperature differences are developed at 18 minutes 

past the intial plot point of 14:34:55. The maximum temperature 

difference between two adjacent thermocouples on the same surface is 

88°F(490C), which occurs between TE-6011 and TE-6013 on top of the 

shell. The corresponding temperature difference between TE-6012 and 

TE-6014 on the bottom surface is 37 F (21 C). An assumption was made 

that the 88 F (49 C) temperature difference existed around the entire 

circumference of the superheater shell. A further assumption was made 

that a linear longitudinal gradient existed between the location of 

TE-6013 and the tubesheet. 

0 0 

0 0 

An interaction analysis was made between the salt side shell and the 

tubesheet. The results of the analysis show that the structural effects 

are minor for a daily occurrence over the three year design life of the 

SGS. As noted previously, the superheater shell is essentially 

unrestrained in the vertical direction so the structural effect of the 

vertical temperature difference in the shell is negligible. 

In addition, an interaction analysis was made for the junction of 

the steam side shell and the tubesheet. In this evaluation, the average 

temperature of the tubesheet rim was taken as the average of 

thermocouples TE-6011 and TE-6012. The rate of change of the steam 

temperature was derived from the data at TE-331 in the steam outlet 

pipe. This steam temperature change was found to be -330 F (-183 C) 

in the interval between 5 minutes and 18 minutes following the start of 

cooldown. This rate of change of steam temperature was used to calculate 

the average steam side shell temperature at 18 minutes using the 

temperature response charts. The results of the interaction analysis 

indicate an acceptable structural condition for a similar daily cooldown 

over a period of three years. 

0 0 

6-26 



4 
,Salt Outlet 

J 

---t--- 
Steam II Ild 

In 

Thermal Baffles 

1 - 
Steam 
out Salt Inlet Plan View 

601160136015 
Salt Outlet 

Salt Inlet Elevation View 

601260146016 

500 5501 
- 
0 

14:54:55 

I I I I I 

5 10 15 20 25 
Time (Min) 

I 

30 
I 

3-5 - 

Superheater Shell Temperatures 
In Thermal Baffle Region 

During Cooldown - Day 118 
Figure 6.8-1 

6-27 



6.9 SGS Diurnal Shutdown 

During diurnal shutdown heat losses from the steam drum above the 

water level and from the water/steam system downstream of the drum are 

balanced by condensing saturated steam. The original procedure for 

diurnal shutdown called for removing this condensate through the HRFS 

steam trap T-482 located off the main steam piping near the HRFS/SGS 

interface point at the north end of the skid. Operating with this trap 

open resulted in unacceptable depletion of the SGS water inventory, to 

the point where the drum water level reached the low-low alarm point 

which tripped the BWCP and the circulation heater with subsequent 

reduction of steam pressure. It has never been clearly established 

whether the excessive water loss rate during diurnal shutdown with trap 

open was due to faulty trap operation which permitted steam leak-by along 

with condensate removal or to heat losses which were in excess of 

analytical predictions, or to a combination of both. To maintain an 

acceptable water inventory during diurnal shutdown, the operating 

procedure was altered to completely isolate the SGS water/steam system 

during diurnal shutdown by closing T-482. Using this procedure, 

condensate accumulates in the water/steam system downstream of the drum, 

which limits drum water level reduction to approximately 12 inches during 

diurnal shutdown. The initially conservative range of 13 inches between 

the high-high and the low-low steam drum water level alarms has been 

increased to 25 inches to permit more variation of water level during 

diurnal shutdown without causing BWCP and circulation heater trips. At 

the end of the diurnal shutdown period, the trap is opened to remove 

accumulated condensate and to permit steam to reheat the SGS water/steam 

system downstream of the steam drum. 
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As noted above, with trap T-482 closed during diurnal shutdown, the 

drum water level reduction is limited to about 12 inches. This is 
3 

equivalent to about 3 ft3 (0.085m 1 of water which is the volume of 

the steam/water system between the high point in the superheater steam 

inlet pipe and trap T-482. 

periods have been reviewed to try to estimate the rate of heat loss from 

the steam/water system piping and to compare that heat loss with the 

calculated value. Steam line temperature values from TE-331 and TE-332 

(B&W Drawing 179939C) can be used as an indication of both the rate of 

condensate accumulation in the piping and of the heat loss from piping. 

When each of these temperatures drops below the diurnal shutdown 

saturation temperature this provides an indication that condensate has 

accumulated to that location in the piping. Figure 6.9-1 (Day 10, 

January 10, 1984) shows a typical example. Points A and B on the figure 

indicate where TE-332 and TE-331 drop below the saturation temperature. 

Data from a number of diurnal shutdown 

The review of the diurnal shutdown heat losses indicates that the 

"effective conductivity" of the pipe insulation is on the order of two 

and a half times higher than the "book value" for calcium silicate 

insulation, which is about 0.04 Btu/hr-ft-F (0.07 w/m-C) and on the order 

of one and a half times the value of 0.055 Btu/hr-ft-F (0.095 w/m-C) 

suggested by SNL for heat trace sizing (see Section 2.11). 

A possible explanation for this difference is poor insulation 

installation at local spots, allowing air infiltration with attendant 

higher heat losses. This points out the need for the use of good 

installation techniques and suggests the use of a layer of blanket 

insulation between the piping and the rigid calcium-silicate insulation 
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to eliminate potential air gaps. Also, the use of double layers of 

calcium silicate insulation with the joints of the two layers offset 

could help reduce air infiltration. 
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7.0 CONCLUSIONS, RECOMMENDATIONS, AND LESSONS LEARNED 

The Steam Generator Subsystem has performed well as an integral part 

of the Molten Salt Electric Experiment. The MSEE has verified the 

feasibility of a molten salt central receiver electric power generation 

system. 

acceptance tests. The SGS Bailey Controls Network 90 system has 

performed well and interfaces well with the CRTF EMCON control system for 

total MSEE system control. 

The SGS successfully completed all steady-state and transient 

Throughout the period of SGS checkout and acceptance testing, a 

great deal of experience and information related to the design, the 

hardware, and the operation of the subsystem was accumulated. The 

following are conclusions, recommendations, and lessons learned from that 

experience. 

1. Overall Subsystem Performance 

a. 

b. 

C. 

do 

Full load steady-state performance of the steam generator 

subsystem meets specification requirements. 

The SGS exceeds the rated heat load of 3.11 MWt by 8% at design 

steam delivery temperature and pressure. 

The overall effective heat transfer coefficient of both the 

superheater and the evaporator is approximately 10% less than 

was predicted based on the 0% margin sizing calculations. A 

30% margin sizing was used in the designs. 

The actual full load circulation ratio of 6 to 7 is well above 

the design circulation ratio of 3.7 established to preclude DNB 

in the evaporator. 
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e. During the 10% per minute up and down power changes, steam 

temperature and pressure, drum level, and evaporator salt inlet 

temperature were controlled at essentially constant values by 

the Network 90 control system. 

2 .  Boiler Water Circulation Pump 

The boiler water circulation pump (BWCP) is a canned pump designed 

and manufactured by Lawerence Pump and Engine Company. Lessons learned 

with regard to the BWCP resulted from two failures suffered in close 

succession near the beginning of operational testing. 

The first failure was a failure of the BWCP bearings due to higher 

than normal temperatures at the front bearing. Contributing to this 

higher bearing temperature was the fact that the pump was not running 

during diurnal shutdown conditions, which stopped the flow of cooling 

water in the bearing cavity to the bearings. There was insufficient 

shaft/bearing clearance for these higher than normal temperatures, 

resulting in binding and ultimate failure of the bearings. Corrective 

action included increasing the bearing/shaft clearance and changing the 

bearing material from silicon-carbide to carbon to reduce the difference 

in thermal expansion coefficients between bearings and shaft. The 

external pump coolant piping was also revised to better assure adequate 

coolant supply to the pump. 

The second BWCP failure was traced to a short in the motor stator 

windings. While the cause of the failure was not pinpointed, the most 

likely cause appeared to be a defective as-built stator which 

deteriorated over time, possibly aggravated by local overheating which 

might have occurred as a result of the previous problem with 

shaft/bearing binding. 

installation of a new stator. To better assure adequate cooling of the 

The BWCP was shipped back to the manufacturer for 
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pump, operating procedures were modified to provide for pump 

operation during diurnal shutdown conditions. 

Subsequent to these failures, the BWCP has operated without incident 

since November of 1983. 

In future applications, better definition of all potential pump 

operating conditions must be made to assure a correct pump design and to 

provide correct system and pump operating procedures. 

3.  Circulation Heater 

The circulation heater was supplied to the SGS program by SNL. 

heater was designed and manufactured by the Pacific Chromalox Division of 

Emerson Electric Company. Two failures relative to the circulation 

heater occurred during operational checkout and acceptance testing. 

The 

The first failure occurred during the initial steam blow operation. 

All the circulation heater elements burned out due to steam formation in 

the heater and resulting excessive element temperature. Several factors 

contributed to the elements' failure: 

a. 

b. 

C. 

d. 

There was no water flow through the heater because the heater 

inlet valve was inadvertently left closed by the operator. 

Due to an incorrectly set trip point, the control system failed 

to cut off power on the high heater element temperature signal. 

The heater element temperature thermocouple was incorrectly 

located near the bottom, rather than the top, of the heater 

bundle allowing the upper portion of the elements to overheat 

while the lower portion was still covered with water. 

No formal test procedure had been established for this steam 

blow operation, and no individual had been assigned overall 

responsibilty for conducting the test. 
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Several corrective actions were taken as a result of this heater 

failure. 

a. 

bo 

C. 

d.  

A control system interlock was added to prevent energizing the 

heaters unless the heater inlet valve was open to assure water 

flow to the heater. 

SNL had the heater manufacturer locate the element temperature 

thermocouple near the top of the heated section of the heater 

bundle. 

The power-off trip point for the thermocouple was reduced. 

A formal test procedure for the steam blow operation was 

prepared by SNL, and a CRTF test engineer was assigned test 

conductor responsibility for the steam blow operation. 

The second failure occurred during diurnal shutdown conditions. The 

circulation heater pressure boundary failed due to localized heating of 

the pressure boundary well in excess of its design temperature. Causes 

leading to the depletion of water inventory in the heater and subsequent 

overheating can be summarized as follows: 

a. Improper location of the heater element high temperature 

thermocouple at the bottom rather than the top of the heater 

bundle. (It should be noted that at the time of the first 

heater bundle failure a cold lap was discovered on the surface 

of the heater vessel pressure boundary. The replacement heater 

bundle was inserted into that original heater vessel; the high 

element temperature thermocouple was located correctly on that 
heater bundle. Subsequently, the heater supplier replaced the 

entire circulation heater (vessel and heater bundle); on that 

replacement heater, the high element temperature thermocouple 

was again improperly located at the bottom of the heater 

bundle 1. 
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b. Freezing in some water/steam system instrumentation lines with 

resulting improper signals to the control system. 

C. Insufficient control system interlocks on heater operation. 

Several corrective actions were taken as the result of the second 

heater failure. 

a. 

b o  

C. 

SNL had the heater manufacturer locate the element temperature 

thermocouple near the top end of the heated section of the 

heater bundle. 

Improved freeze protection on the watedsteam system instrument 

lines was incorporated in terms of higher heat trace power 

input and improved insulation. 

Additional interlocks on heater operation were incorporated 

into the control system. In addition, a feature was 

incorporated requiring manual re-start of the heaters following 

any power-of f trip. 

Subsequent to the second failure, the circulation heater has 

operated without incident. 

For future applications, additional care should be exercised with 

regard to the specification requirements, control, and inspection of such 

equipment. 

4. Salt System Valves 

With the exception of the two Kieley and Mueller valves on the heat 

exchangers’ drain lines, all salt system valves were specified and 

purchased by SNL from Valtek. In general, all salt system valves 

associated with the SGS performed their basic function (i.e. control 

and/or isolation) as expected. However, several problems were noted 

which should be addressed in future designs. 
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a. 

b. 

C. 

Two of the Valtek valves developed leaks at the bonnet-to-body 

junction subsequent to field assembly of the valves by the 

vendor. These leaks were caused by improper field assembly. 

Any unnecessary field assembly of valves should be eliminated, 

and vendor field technicians should be closely monitored during 

field assembly work. 

Valve position feedback indicators and limit switches 

functioned poorly. The signals could not be relied on for 

consistency, and the mounting hardware was of poor quality. 

The need to insulate the top of the valve bonnet in the region 

of the actuator yoke to reduce heat losses also caused problems 

with these mounting brackets. The need for better hardware for 

indicators and limit switches should be addressed in future 

programs . 
Valve heat losses must be addressed in a manner which assures 

valve operating temperatures above the freezing point of the 

salt for the applicable ambient temperature and wind 

conditions. System designers should assure that valve 

suppliers are aware of the problems associated with valve 

operation in molten salt systems and should have those 

suppliers provide design information required for proper 

evaluation of valve heat losses. (See also Heat Trace 

recommendations following.) 

5. Water/Steam System Valves 

a. The remotely operated steam attemperator control, circulation 

heater isolation, and BWCP isolation valves performed as 

expected with no significant problems. 

b. Several of the small, hand operated isolation valves developed 

7-6 



. 

leaks around the stem packing from time to time. Normally, 

tightening the packing gland was sufficient to eliminate the 

leakage. Such leaks, if allowed to become significant, can 

cause excess SGS water loss during diurnal shutdown conditions, 

resulting in shutdown of the circulation heater and reduction 

of system steam pressure. Such occurrences point out the need 

for a continuing program of daily inspection and preventative 

maintenance on the SGS. 

C. Several of the small, hand operated isolation valves developed 

leaks at the threaded pipe-to-valve junctions. The teflon tape 

used to seal these connections is marginal or unacceptable at 

the SGS operating temperatures. As leaks of this type 

occurred, the valve-to-pipe joint was seal-welded. In the 

future, socket welded valves should be used in these 

applications. 

6. Heat Trace 

The heat tracing on the SGS is Nelson Electric Co. Inconel sheath, 

mineral insulated cable with nichrome conductors. Each heating zone has 

a primary cable, together with a back-up cable for use in the event of 

failure of the primary cable. 

Overall, the heat trace system performed well in maintaining system 

temperature above the salt freezing point. At a couple of locations on 

the piping, re-work on the insulation was required after initial start-up 

to achieve the required temperatures. Some re-work on the bonnet 

insulation of the valves was required to increase the bonnet temperatures 

above the salt freezing temperature. This re-work achieved the desired 

results on all valves except FCV-341. On this valve, the back-up heat 
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trace cable was wired to a separate 110 vac circuit which included a 

Variac to control cable power. The Variac was adjusted to increase power 

input to the valve bonnet such that its temperature exceeded 480°F 

(249OC). This proved to be a satisfactory fix. 

Two cable failures occurred out of a total of 30 primary cables in 

the system. One cable was inoperative at initial start-up although it 

passed several megger and continuity tests during installation. The 

cable was apparently damaged at some time during the SGS erection. The 

second cable failed shortly after initial start-up. The failure was 

apparently due to insulation being packed around the cable in the area 

where the cable exited the insulation, resulting in overheating the 

cable. In both instances, the back-up cable was placed in service. 

The experience with the SGS heat trace has suggested a number of 

recommendations for future heat trace systems. 

a. Care must be exercised in specifying and carrying out installation 

requirements of the cable. 

b. Improvements in insulating methods for piping and valves can improve 

heat trace effectiveness. Using an inner layer of blanket 

insulation over the piping and the heat trace may be effective in 

eliminating air gaps. When multiple outer layers of 

calcium-silicate insulation are used, the insulation joints should 

be staggered to reduce the potential for heat losses. 

C. The MSEE heat trace uses passive control. Consideration should be 

given to active heat trace control as a potential for increasing 

cable life and for reducing power consumption. Both the "on-off" 

and the proportional types of active control should be considered. 

d. Consideration should be given to trace heating valves independently 

from the adjacent piping. Such an approach will provide more 
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e. 

7. 

flexibility in designing both the valve heat trace and the valve 

insulation. 

For future installations, particularly those with relative long design 

life such as the proposed repowering plants, other types of heat trace 

hardware, other suppliers, and other installation techniques should be 

evaluated. 

Controls And Instrumentation 

Overall, the Bailey Network 90 control system performed well in 

controlling and monitoring the SGS and in interfacing with the CRTF EMCON 

control system. The following observations apply to the SGS control 

system: 

a. 

b. 

During operational checkout and acceptance testing some differences 

in the operation of the SGS from the EMCON console compared to 

operation of the SGS from the Network 90 console became apparent, 

necessitating slightly different operating procedure wording for the 

two consoles. 

The Network 90 system proved valuable in providing local, 

stand-alone operating capability during steam generator subsystem 

checkout, thus freeing the EMCON consoles for other tasks. 

Lessons learned for future applications include the following: 

a. 

bo 

C. 

The need for control system-based interlock and permissive signals 

should be carefully considered when designing the control system. 

A reasonable margin of unused control system logic capacity should 

be provided to accommodate modifications to the control system based 

on experience gained during operation. 

Control system equipment from a single supplier would simplify 

control system checkout and process operation. 
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d. When control system equipment from more than one supplier is used, 

as is often the case for a variety of reasons, this equipment can be 

successfully interfaced for total process operation. 
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1.0 Introduction 

A catastrophic failure of the pressure boundary of the Chromalox 

circulation heater in the Steam Generator Subsystem (SGS) of the Molten Salt 

Electric Experiment (MSEE) occurred on January 19, 1984. Representatives of 

SNLL, CRTF, B&W, M-M, and Chromalox met at CRTF on January 24, 1984 to try to 

establish what led to the heater pressure boundary failure, to determine 

actions required to prevent reoccurrence of such an incident, and to determine 

actions necessary to get the SGS back on line. 

of the meeting were: 

BLW action items as a result 

1) Assess the SGS for any possible damage as a result of this 

occurrence. 

2) Review water/steam system freeze protection and refurbish as 

required to improve freeze protection. 

3 )  Review SGS controls and interlocks and revise as necessary. 

4 )  Review SGS operating procedures and revise as necessary. 

The purpose of this letter report is to address these action items. As 

background to these action items this report includes summary discussion of 

(1) subsystem conditions prior to the incident, (2) the scenario of subsystem 

conditions during the incident which led to the pressure boundary failure, and 

( 3 )  the evaluation of temperature transients during the incident. As a matter 

of definition, the “incident’ covers the time period from roughly 1500 hr. on 

January 18 to 0730 hr. on January 19. 
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2.0 SGS Conditions Prior to the Incident 

On the night of January 17-18 the SGS was placed in diurnal shutdown. 

During the night the circulation heater was de-energized on a false low-low 

steam drum water level signal (LT-311) caused by freezing in the water level 

transmitter piping. Subsequent to this heater trip SGS steam pressure gradually 

reduced. Original plans had been to perform SGITP No. 9 on January 18; however, 

on the morning of January 18 the CRTP H-P data acquisition was down for 

maintenance so it was decided to postpone SGITP No. 9. 

B&W site engineer R. L. Dowling used this down time to implement a planned 

circuit change on the water/steam transmitters' piping freeze protection circuit 

HT-10. The circuit change was designed to increase heat trace power on the 

transmitter piping due to previous instances of freezing in transmitter lines 

during overnight diurnal shutdown conditions. Throughout the day on January 18 

the circulation heater remained de-energized, and the saturated steam 

temperature/pressure continued to reduce gradually. 

on HT-10 were completed and HT-10 was activated, level transmitter LT-311 thawed 

out and was providing a correct level indication. Steam drum pressure 

transmitter (PT-383) piping, which had also frozen on the night of January 

17-18, was thawed using a propane torch and was providing a correct reading when 

compared to saturation temperature. The superheater and all steam piping 

downstream of the steam drum remained filled with condensate generated the night 

of January 17-18, therefore it was judged that water inventory in the steam drum 

was sufficient for the diurnal shutdown operation for the night of January 

18-19; no feedwater was added. The diurnal shutdown automatic pressure 

controller (EHAC) for the circulation heater was activated; this energized the 

circulation heater to increase the steam pressure and then to maintain the 

pressure overnight at a nominal value of 1100 psig. Subsequent to activating 

the automatic pressure controller the SGS was left unattended. 

After the circuit changes 
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3.0 Steam Pressure Control During Diurnal Shutdown 

A s  a preface to the discussion of the circulation heater pressure 

boundary failure, a review of the use of the heater for maintenance of steam 

pressure during diurnal shutdown is in order. The SGS specification indicates 

that steam pressure during diurnal shutdown would be maintained by circulation 

of cold salt through the SGS. During the SGS design phase, SNL indicated that 

neither circulating salt by an automatic, unmanned system nor maintaining 

personnel on site around the clock to control salt circulation was an 

acceptable operating alternative. During this same time period the addition 

of the circulation heater to the SGS was being considered for heat-up of the 

water/steam system from ambient conditions, rather than using the HRFS to 

provide heat input for this cold start-up operation. The circulation heater 

could therefore serve the dual purpose of cold system start-up and overnight 

pressure maintenance without the need for salt recirculation or manned 

operation at all times. 

The original concept of steam pressure maintenance during diurnal 

shutdown was to activate one or more of the five heater circuits at the end of 

the operating day to maintain approximately 1100 psig steam pressure 

overnight. The number of heater elements required to be activated was to be 

based on operating experience. 

operation during diurnal shutdown. Interlocks in the control system 

de-energized the heaters for several conditions: (a) low-low steam drum water 

level (LT-3111, (b) boiler water circulation pump (BWCP) not running, (c) 

heater inlet valve FCV-384 closed, or (d) high heater element temperature 

(TE-3881. Each of these heater trip signals required a manual re-start of the 

There was no active control on heater element 

heater subsequent to clearing the cause of the trip. 
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operating experience indicated that the heat input required to have steam 

pressure reasonably close to 1100 psig at the end of the diurnal shutdown 

period tended to vary somewhat with such things as ambient conditions and 

length of the diurnal shutdown period. An automatic pressure controller for 

diurnal shutdown (EHAC) was incorporated into the control system to maintain a 

nominal steam pressure of 1100 psi. using the steam drum pressure signal 

(PT-383) as the controller set point signal, each of five circulation heater 

circuits was energized and de-energized at specified steam pressures as 

indicated on Figure 3.1. 

The same interlocks as noted previously for the manual operation of the 

heaters de-energized the heaters with EHAC 'on'; however, when any of those 

trips was cleared, heaters would re-energize automatically. With EHAC "offn, 

heater operaton was the same as described in the original control system, 

including the manual heater re-start requirement following a clear of any trip. 
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4.0 Circulation Heater Pressure Boundary Failure Incident 

The scenario for the cause of the circulation heater pressure boundary 

failure was developed based on a review of data available subsequent to the 

incident. A s  noted previously, the CRTF H-P data acquisition system was down 

for maintenance on January 18; the system was not placed back in service for 

the night of January 18-19. 

were stored at three minute intervals during the incident; this allowed 

trending plots of this data to be made. 

to the ACUKeX data logger were recorded at one hour intervals during the 

incident. The Network 90 trend plots and plots of the recorded Acurex 

temperature data as a function of time were provided to the attendees at the 

January 24 meeting at CRTF. At this meeting D. C. Smith, CRTF SGS Test 

Engineer, presented a review of the available data and a scenario for the 

cause of the pressure boundary failure based on that data. There was general 

agreement among the meeting attendees that the scenario presented was 

consistent with the data available. Following is a summary of the events 

which occurred during the incident. Figure 4.1 is a composite plot of the 

temperatures of interest as a function of time of day. 

SGS data signals which are fed to the Network 90 

SGS temperature signals which are fed 

When the diurnal shutdown pressure controller (EHAC) was activated about 

1500 hours on January 18, all circulation heater circuits (70 kw) were 

energized because of the low steam pressure in the SGS. 

from 1500 to 2000 hours the saturated steam temperature (TE-383) rose at about 

a constant rate. During this period freezing occurred in both the steam drum 

pressure transmitter (PT-383) piping and steam drum water level transmitter 

(LT-311) piping. 

while LT-311 froze with a signal out of range on the high water level end of 

the scale. The false low PT-383 signal continued to demand the full 70 KW 

During the period 

PT-383 froze with a relatively low signal of about 300 psi, 

heater power from the EHAC throughout the incident. 
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During the period from 2000 to 2330 hours saturated steam temperature 

(and pressure) remained about constant. Circulation heater element 

temperature TE-388 can be used as an indicator of whether or not the heaters 

were energized. The TE-388 interlock on the heater de-energizes the heaters 

above 5651; when TE-383 reduces below 5651 the heaters are re-energized (with 

EHAC 'on'). During this time period TE-388 reads about a constant 565F, 

indicating the heater was either on or cycling on/off during the period. 

Operating experience has indicated that on the order of 15 KW input from the 

heater is required to balance subsystem heat losses to maintain steam 

pressure. With 70 KW heater input when the heater is on, the steam produced 

by excess heater input was trying to raise subsystem steam pressure. At some 

pressure below the set pressure (1310 psig) of the pressure relief valve 

(PSV-381), this valve will start to 'simmer', allowing steam to exit the SGS. 

With loss of steam through PSV-381, the SGS water inventory was being depleted 

throughout this period of time. When drum water level reached the low-low 

alarm point of -15 inches, the alarm interlock on heater operation would have 

de-energized the heaters; however, with the LT-311 signal frozen at the high 

end of the water level range this interlock was not activated, and water 

inventory continued to be depleted. 

During the period from 2330 hours on January 18 to 0130 hours on January 

19, the saturation temperature (and pressure) remained approximately 

constant. Based on TE-388 the heater was energized during the first half of 

this time period. 

(T/C 6006; Acurex Channel 231) up to 829F occurred at 0030 hours. T/C 6006 is 

located near the evaporator water inlet nozzle, about 13 feet downstream from 

the circulation heater outlet. On the basis of this high temperature it is 

A spike in the temperature of the evaporator inlet pipe 
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hypothesized that steam temperatures in excess of this value were generated in 

the circulation heater for some time during the initial part of the 2330 to 

0130 hour time period. As SGS water inventory continued to be depleted, the 

water level reduced to the top of the heated portion of the heater elements. 

As water level dropped below this elevation, steam production by boiling below 

the water level decreased, and the steam produced was superheated by the 

elements' surface above the water level. The exposed elements and the 

superheated steam increased the heater pressure boundary temperature to well 

in excess of the heater vessel design temperature of 566F. Heater element 

temperature thermocouple TE-388 was improperly located by the circulation 

heater vendor at the bottom of the element heated length rather than at the 

top. Had TE-388 been located at the top, when the heated portion of the 

elements became uncovered the resulting immediate rise in sheath temperature 

would have de-energized the heaters. (Had TE-388 been located at the top and 

caused the heaters to be de-energized when TE-388 exceeded 565F, the heaters, 

with EHAC on, would have re-energized when TE-388 dropped below 565F. 

heater would have operated in an on/off cycling mode: however, further water 

inventory depletion would likely have been small, and the on cycle of the 

heater would likely have been short enough to prevent excessive pressure 

boundary temperature increases.) With TE-388 located at the bottom, the 

thermocouple remained in a water environment and below the trip temperature 

for some period of time while the upper portion of the heaters were 

uncovered. Eventually the combination of reducing water level in the heater 

and conduction axially in the heater sheaths was sufficient to raise TE-388 

above the trip temperature and de-energize the heaters. During the latter 

portion of the 2330 to 0130 hr. period the heater remained de-energized, and 

the pipe temperature at the evaporator water inlet reduced to near the value 

at the beginning of the period. 

The 
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Around 0130 hours the saturated steam temperature (and pressure) started 

Based on TE-388, the circulation heater appears to remain to reduce. 

de-energized until about 0330 hr. 

heat input from the cooling of the heater pressure boundary and elements. 

After 0330 hr. the TE-388 data indicated that the heater was cycling on/off. 

The saturation temperature (and pressure) continued to decrease. This seems 

to indicate that water level in the heater was quite low. With low water 

level, insufficient steam was generated to maintain pressure, during heater on 

cycles. Also TE-388 heated up fairly rapidly causing heater cycling. During 

this on/off cycling, steam in the heater and the heater pressure boundary 

itself could again have been heated to temperatures in excess of the vessel 

design temperature. However, because of the low rate of steam production such 

temperatures were not in evidence in the evaporator inlet piping as indicated 

by T/C 6006. 

TE-388 may have remained above 565F due to 

At about 0456 hr., there was a rapid decrease in the saturation 

temperature which reflected the depressurization of the SGS due to the failure 

of the circulation heater pressure boundary. It is hypothesized that the 

failure was the result of the pressure boundary being at temperatures in 

excess of the heater design temperatures during all or part of the period from 

about midnight to 0500 hr. When R. L. Dowling arrived at the site at about 

0700 hr. and discovered the failure, the boiler water circulation pump (BWCP) 

was still running, and the heater elements were continuing to cycle on/off. 

The BWCP was still running because the false drum water level signal prevented 

pump trip on low-low water level alarm. At about 0715 hK., the BWCP was 

stopped, and the heaters were de-energized. 
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5.0 Temperature Transients During the Incident 

There are two temperature transients during the incident which are of 

interest in evaluating the effect of the incident on the Steam Generator 

Subsystem. The first is the temperature excursion which occurred sometime 

during the period between 2330 and 0130 hours as indicated by the change in 

the temperature of the evaporator inlet pipe. 

decrease in saturation temperature which occurred at about 0500 hours as the 

result of the rapid depressurization of the subsystem. 

The second is the rapid 

Making an accurate assessment of the steam temperatures and component 

metal temperatures downstream of the circulation heater for the first 

temperature excursion is limited by the scarcity of data. 

temperature profiles must be based on three T/C 6006 data points (580F, 829F, 

640F) spaced at one hour intervals. Because of this large interval the 8293 

temperature does not necessarily represent the maximum temperature at T/C 

6006. A180, T/C 6006 is not necessarily representative of the pipe 

temperature at the circulation heater outlet end of the piping. A steam 

temperature vs. time profile is estimated both at the circulation heater 

outlet end of the pipe and at the evaporator water inlet end of the pipe. The 

up ramp portion of these temperature ramps is affected by such things as the 

relationship between steam production rate and degrees superheat generated in 

the heater, the heat transfer coefficient on the pipe I.D. and its relation to 

steam flow rate and degrees superheat, the heat capacity of the piping, the 

temperature difference between the sheath surface and the superheated steam 

temperature in the heater, the heat loss from the heater through the 

insulation and the uninsulated heater element flanges, and potential churning 

and carryover of water droplets into the steam space above the water level in 

Development of 
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the heater. 

controlled by heat losses to the ambient, as the heaters are de-energized 

during the down temperature ramp. At the end of the down temperaure ramp the 

steam temperature and pipe temperature will be essentially equal because the 

pipe insulation is the controlling resistance to heat transfer. 

quantitative and qualitative evaluations and judgments were made considering 

the above noted effects to develop the estimated steam temperature vs, time 

profiles at the heater outlet and at the evaporator inlet as shown on Figure 

5.1. The maximum steam temperature at the heater outlet end is 950F and at 

the evaporator inlet end is 900F. 

The down ramp portion of these temperature ramps is essentially 

Various 

The data for the temperature excursion at the time of heater pressure 

boundary failure (0500 hr) indicate a decrease in saturation temperature from 

472F to 240F in about 7 minutes. 

decrease, the steam temperature is assumed to decrease instantaneously from 

472F to 212F. 

To conservatively bound this temperature 



6.0 Assessment of the SGS for Damage as a Result of the Incident 

6.1 Structural Assessment 

Those portions of the SGS which might have been subjected to the 

effects of one or both of the temperature excursions discussed in Section 

5.0 were evaluated for possible structural damage. 

Effect on Pipinq 

The list of pipe sizes in Table 6.1 includes those sizes which were 

affected by the high steam temperature increase/decrease transient 

(see Figure 6.1). 

equal to the steam temperature. 

~ 1 0 6  Grade B piping material. 

this material above 800F. Also, the allowance for variation of 

pressure and/or temperature above design conditions in Par. 102.2.4 

is related to the maximum allowable stress values in appendix A for 

the coincident temperature. The highest temperature in Appendix A 

for which an allowable stress value is given is 800F. This is 

significantly lower than the peak of 950F to which some of the 

piping was exposed. 

Table 6.3 contains the stresses calculated for the various pipe 

sizes listed in Table 6.1 due to an internal pressure of 1180 psig. 

The stresses are calculated using the minimum pipe wall thickness 

(-875 x nominal thickness); however, no reduction is made for 

corrosion since the piping is at the beginning of its life cycle. 

The highest hoop stress occurs in the 4' schedule 80 piping with a 

Value of 8.5 ksi. This is significantly higher than the allowable 

stress values at 950P listed in Table 6.2 for either ASME Section I 

(3.0 ksi) or for petroleum refinery piping (4.5 ksi). However, the 

For conservatism the pipe temperature was assumed 

All of the piping in the list is 

ANSI B31.1 does not permit the use of 
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yield stress at 950F for the piping material is 16.7 ksi and 

8.5/16.7 = -509. Therefore, it is judged that no significant damage 

occurred to the A106 Grade B piping during the short term thermal 

transient to 950F as concerns the basic hoop stress. 

Piping expansion stresses are adjusted in Table 6.4. 

condition occurs in the evaporator inlet pipe at the 4' x 4' x 2' 

tee fitting because of the stress intensification factor. The 

values of 2Sy = 42800 psi and Su = 39600 psi are not exceeded at 

950F. The stress range of 35159 psi consists of the stresses due to 

dead load, pressure and thermal expansion, none of which is 

reversible. Therefore the adjusted alternating stress is: 

The worst 

The value of S ' exceeds Sy, therefore the mean stress = 0. From 

the fatigue curve in Fig. 1-9.1 of ASME Section 111, the allowable 

4 number of cycles N 2.5 x 10 . The contribution to fatigue 
damage for one cycle is not significant. 

The increased piping forces and moments due to the temperature spike 

appear to be acceptable on the evaporator and steam drum nozzles. 

Table 6.5 shows the maximum service pressure ratings for the flanged 

joints at temperatures over the range of the thermal transient. 

This table indicates that the 2' 900 lb flange at the circulation 

heater outlet connection should be examined for damage. The gasket 

seating surface should be checked for flatness to assure proper 

gasket sealing. The bolt circle should be checked for any 

out-of-flatness which could induce bending in the bolts. R. L. 

Dowling requested CRTF to inspect the flange. The results of the 

a 
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inspection indicate no distortion to the gasket seating surface or 

bolt circle region. As a matter of interest, inspection of the 

circulation heater outlet flange also showed no distortion. 

The instantaneous drop in steam temperature and pressure at the time 

of heater pressure boundary failure should not have had a 

significant effect on the structural integrity of the piping. 

Effect on Evaporator 

The evaporator was analyzed for the steam temperature transient 

shown on Figure 6.1. The method of analysis of this transient as it 

applies to the evaporator envelopes the instantaneous down 

temperature ramp which occurs when the circulation heater pressure 

boundary failed. 

A. Tubesheets 

The effect of the temperature transient shown in Figure 6.1 was 

evaluated for the evaporator water inlet tubesheet. The evaluation 

was made using assumptions of a step change from 580F to 900F 

followed by a steady state condition and then a step change from 

900F to 640F. 

conservatively assumed. The tubesheet was assumed to be a flat 

unperforated plate in the evaluation. The fatigue usage factor for 

one cycle of this transient is negligible. 

B. Water Side Shell 

A film coefficient of 1000 Btu/hr-ft'-OF was 

The evaporator shell on the water side is 0.875 inch thick 

compared with 2.0 inches thick for the tubesheet. Therefore, the 

thinner shell responds more quickly to a temperature change with a 

consequent reduction in stresses due to a through thickness thermal 
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gradient. 

significant effect on the structural integrity of the evaporator 

shell. 

C. Water Side Shell to Tubesheet Juncture 

One cycle of the above described transient has no 

The effect of the transient on the discontinuity stresses at the 

juncture of the shell and tubesheet on the water side was 

investigated. 

small, i.e., on the order of -0025 for a single cycle. 

D. Salt Side Shell 

The contribution to fatigue damage was found to be 

The evaporator shell on the salt side is 0.322 inch thick 

compared with 0.875 inch thick on the water side. The effect of the 

water side transient on the salt side shell is buffered by the tubes 

and shroud. 

caused by the water side transient will be caused by temperature 

changes in the rim of the tubesheet (2.0 inches thick). The shell 

is much thinner and will closely follow the tubesheet temperature so 

that no significant discontinuity stresses will develop. 

E. Tube-to-Tubesheet Welds 

Any thermal motion at the shell to tubesheet juncture 

Fabrication data on tube expanding into the tubesheets were 

examined in conjunction with the tube contraction during the 'down" 

thermal transient. It was found that the tube-to-tubesheet welds 

were not significantly affected even in the condition of the worst 

tolerance stack-up. 

F. Water Side Heads, Handholes, and Drain Connections 

The water side heads, handhole and drain connections have not 

been significantly affected by the single cycle of the transient 

which was described above. 
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Tubes 

The tube design temperature is SOOF, therefore the steam 

temperature transient on Figure 6.1 is not a concern for the 

evaporator tubes. The possibility of a tube to shell interference 

at the looped end of the evaporator was checked for the conditions 

of the tube being hotter than the shell such as might occur for the 

transient shown on Figure 6.1. 

580B, an average tube temperature of 844B would be required for the 

outer-wet tube in the bundle to just contact the shell I.D. at the 

U-bend. using a conservative approach to estimate the maximum 

average tube temperature during the transient on Figure 6.1 results 

in a tube temperature less than 844F: therefore, no interference 

occurs. 

Effect on Steam Drum 

The steam drum is subjected to the instantaneous down ramp of steam 

temperature and pressure which occurs at the point of circulation 

heater pressure boundary failure. 

structural effect to any of the steam drum shells, heads, nozzles, 

or internals attachments as a result of one cycle of this transient. 

G= - 

With an average shell temperature of 

There is no significant 

6.2 Boiler Water circulation Pump 

As noted previously, the boiler water circulation pump (BWCP) 

operated throughout the incident, raising concerns about potential damage 

to pump internals. The fact that the pump continued to operate was 

viewed as an indication that sufficient water remained in the bearing 

cavity to maintain cooling and lubrication on the bearings. The pump was 

inspected on January 30. Visual inspection of the shaft and bearing 
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surfaces i n d i c a t e d  no damage. 

found t o  be w i t h i n  t h e  a l l o w a b l e  t o l e r a n c e  range  as noted below. 

The s h a f t  and b e a r i n g s  were measured and 

F ron t  bea r ing  I .D.  

A c t u a l  
Diameter 

. 996' 

Allowable 
Diameter Range 

.9955" - 1.000. 

Rear bea r ing  I.D. . 9985. .9955. - 1.000. 

Shaf t  O.D. @ f r o n t  bea r ing  . 993" .990. - -993. 

S h a f t  O.D. @ rear bea r ing  .993. .990* - .993* 

A few very  minor p i t s  were noted on t h e  pump impeller. These p i t s  were 

judged t o  be acceptable. 

6 . 3 Water/Steam System Hydrotest 

A h y d r o t e s t  of t h e  SGS water/steam system a t  2100 p s i  was performed 

on February 1. No e x t e r n a l  p r e s s u r e  boundary leaks were noted ,  excep t  a t  

s e v e r a l  l o c a t i o n s  w i t h  mechanical  connec t ions  such  as gaske t s  and v a l v e  

packing. One of t h e  f l a n g e  gaskets on c i r c u l a t i o n  heater i n l e t  v a l v e  

FCV-384 leaked;  t h e  g a s k e t  w i l l  be rep laced .  There was a slow leak 

through t h e  v a l v e  seat on t h e  chemical feed i s o l a t i o n  v a l v e  HV-388; t h e  

v a l v e  w i l l  be disassembled and t h e  seat area c l eaned  up. S e v e r a l  minor 

leaks through v a l v e  packing were c o r r e c t e d  by t i g h t e n i n g  t h e  packing nuts .  
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7.0 Review of the Water/Steam System Freeze Protection 

7.1 Transmitters and Associated Piping 

Each of the water/steam system transmitters and associated piping 

has been provided with an arrangement of heat tracing and insulation to 

maintain water in the transmitter lines above freezing. As described 

previously, on the night of the circulation heater pressure boundary 

failure, freezing in the drum water level (LT-311) and steam drum 

pressure (PT-383) transmitter lines resulted in false signals to the 

control system. 

The following transmitters are located in the water/steam system: 

Steam Drum Water Level LT-311 

Steam Drum Pressure PT-383 

Main steam Flow FT-311 

Steam Delivery Pressure PT-321 

Feedwater Pressure PT-386 

Attemperation Steam Flow FT-381 

Sketches of the as-built conditions for the transmitters, piping, 

insulation, and heat tracing were prepared by the B&W site engineer for 

use in evaluating the freeze protection. These sketches are shown on 

Figures 7.1 through 7.5. 

The following criteria were used to review the transmitter/piping 

freeze protection and to establish any refurbishment requirements: 

0 1) For a minimum ambient temperature of 0 F combined with the 

minimum SGS operating temperature at the transmitter piping 

connection location, no freezing in the transmitters/piping 

For the maximum ambient temperaure at which the freeze 

protection heat tracing operates (40F) combined with the 

2 )  
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maximum SGS operating temperature at the transmitter piping 

connection location, transmitter temperature to be less than 

200F (to avoid transitter damage). 

3) FOK a maximum ambient temperature of 115F combined with the 

maximum SGS operating temperature at the transmitter piping 

connection locations, transmitter temperature to be less than 

200F. 

4) Use of a range of insulation conductivity of .03 - .06 
Btu/hr-f t-F. 

5) To account for a range of calm to high wind conditions, use a 

2 convection coefficient range of 0.5 - 22 Btu/hr-ft -F. 

6) Make any required refurbishment consistent with getting the SGS 

back on-line at the time the new circulation heater is delivered. 

A review of the transmitter, piping, insulation, and heat tracing 

arrangements indicates that the general thrust of improving freeze 

protection while keeping transmitter temperatures below 200F should be to 

reduce heat losses as opposed to simply increasing power input to the 

heat tracing. One source of potential large variations in heat loss 

depending on ambient temperature and wind conditions is the uninsulated 

valve yokes and handwheels on the various shutoff valves on the 

instrument piping. By placing a wind shield over the portion of the 

valves which extends beyond the insulation, the heat loss and variability 

of the heat loss can be reduced. These wind shields will be simple metal 

'cans' placed over the valves which can easily be removed when valve 

opening/closing is required. To further reduce heat loss and improve 

heat tracing effectiveness, some previously uninsulated portions 
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of instrument piping and valves will be insulated. Some short 

uninsulated sections of piping may remain on some transmitter piping to 

assure that the transmitter temperature does not exceed 200F at maximum 

ambient temperature conditions. The present wiring circuit for heat 

trace protection (HT-10) will remain as is. Thermocouples which can be 

read with a hand-held meter will be added at various locations to aid in 

evaluation of the freeze protection arrangements. Following is a summary 

of the planned refurbishment for each of the transmitter/piping 

arrangements. 

Steam Drum Pressure Transmitter PT-383 

Refer to Figure 7.1. 

Add a 30" long, 7 ohm heat trace cable on the upper portion of the 
piping, starting at the upper termination point of the existing heat 
trace cable. 

Add 3" insulation to presently uninsulated upper portion of the 
piping. 

Add 3" insulation to the drain leg and valve. 

Add valve wind shields as noted. 

Add local T/C's as noted ( * I .  

Note: The new heat trace cable will be wired on a new circuit; see 
discussion in Section 7.2. 

steam Drum Level Transmitter LT-311 

Refer to Figure 7.2 

Add 3" insulation to presently uninsulated section of upper 
horizontal piping. 

Add 3" insulation to within 3" of the reservoir on the vertical 
piping. 

On the lower horizontal piping connection to the steam drum, remove 
a 3" length of insulation as measured from the OD of steam drum 
insulation. 
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Add 3. insulation to drain legs and valves. 

Add valve wind shields. 

Add local T/C's as noted (*I 

steam Delivery Pressure Transmitter PT-321 

Refer to Figure 7.3 

Add 3' insulation to presently uninsulated piping on the lower 
horizontal run at the transmitter. 

Add valve wind shields as noted. 

Note: 
operating temperature of 950F in the steam delivery pipe, the 
vertical section of instrument piping must remain uninsulated. With 
a minimum SGS operating temperature of about 200F in the steam 
delivery pipe during diurnal shutdown combined with extreme ambient 
temperature and wind conditions, freezing may occur in this 
uninsulated pipe run. However, PT-321 serves no control or 
monitoring functon during diurnal shutdown. When the steam delivery 
temperature increases at the time the SGS is brought on-line for 
normal operation, any freezing incurred during diurnal shutdown will 
likely clear itself. Operating experience to date has never 
indicated a problem with the availability of the PT-321 signal for 
control/monitoring during normal operation. 

To prevent overheating the transmitter with the maximum SGS 

Main Steam Flow Transmitter FT-311 

Refer to Figure 7.4. 

Add valve wind shields as noted. 

Add local T/C's as noted ( * )  

Same note as for PT-321 above applies to FT-311. 

Feedwater Pressure Transmitter PT-386 

Refer to Figure 7.5. 

Add 3' insulation to all uninsulated piping. 

Add valve wind shields. 

Add local T/C's as noted ( * )  

Note: With minimum operating temperature in the feedwater pipe 
during diurnal shutdown combined with extreme ambient temperature 
and wind conditions, freezing may occur in the upper horizontal run 
of the instrument piping. However, PT-386 serves no control 
function at any time. When the feedwater line temperature increases 
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for normal operation, any freezing incurred during diurnal shutdown 
will likely clear itself. 

Attempexator steam Flow Transmitter FT-381 

During preparations fOK changing the HT-10 circuit wiring in January 

it was discovered that the heat trace cable for the transmitter 

FT-381 transmitter piping had actually been installed on the steam 

attemperator piping. A s  FT-381 serves no control function 

(monitoring only), it has been decided to take the following course 

of action : 

1) Evaluate the effectiveness of the refurbishment of the freeze 

protection on the other transmitters. 

2) Using the lessons learned from the other transmitters, evaluate 

the freeze protection requirements for FT-381 including the 

requirement for heat trace cable. 

Install a new heat trace cable for FT-381 freeze protection; 

t h i s  is the preferable course of action to removing the existing 

cable which would require removing and re-installing the 

attemperator pipe inpulation. 

3 )  

4 )  Install the heat trace cable and re-insulate the transmitter 

piping 
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7.2 Chemical Feed P i p i n g  

The  chemical feed p i p i n g  from t h e  chemical feed pump t o  t h e  

feedwater p i p e  r e q u i r e s  f r e e z e  p r o t e c t i o n .  

p r o t e c t o n  from t h e  pump t o  i s o l a t i o n  v a l v e  HV-388; B&W w i l l  p r o v i d e  

f r e e z e  p r o t e c t i o n  from t h e  i s o l a t i o n  v a l v e  t o  t h e  feedwater pipe. The 

o r i g i n a l  concept  had been t o  locate HV-388 ve ry  close t o  t h e  feedwater 

pipe connec t ion  p o i n t  so t h a t  heat t r a c i n g  between t h e  v a l v e  and t h e  

feedwater p i p e  would n o t  be r equ i r ed .  Because of i n t e r f e r e n c e  problems 

w i t h  o t h e r  p ip ing ,  t h e  v a l v e  had t o  be located f u r t h e r  away from t h e  

feedwater p ipe ,  as  shown on F i g u r e  7.6. 

CRTF is prov id ing  f r e e z e  

A 30 i n c h  long ,  7 ohm heat trace cable w i l l  be added t o  t h e  chemical 

feed pipe between HV-388 and t h e  feedwater  p i p e  and t h e  3 i n c h  i n s u l a t i o n  

w i l l  be r e - i n s t a l l e d .  T h i s  cable w i l l  be wired i n  series w i t h  t h e  7 ohm 

cable be ing  added t o  t h e  PT-383 t r a n s m i t t e r  p ip ing .  A Variac w i l l  be 

used t o  c o n t r o l  t h e  power o u t p u t  of these cables. Power t o  these cables 

w i l l  run con t inuous ly .  

p o r t i o n  of v a l v e  HV-388. 

A wind s h i e l d  w i l l  be added t o  t h e  exposed 

As noted on F i g u r e  7.6, check v a l v e  CV-381 w i l l  be deleted from t h e  

p ip ing .  The chemical feed pump has an  i n t e g r a l  check  va lve ,  e l i m i n a t i n g  

t h e  need for CV-381. A ven t  v a l v e  has a l s o  been added t o  t h e  l i n e  t o  

fac i l i t a te  d ra inage .  
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8.0 Review of SGS Controls and Interlocks 

The SGS controls and interlocks have been reviewed. The following 

modifications will be made to the control system. 

1. SNL will assure that the heater vendor locates heater element 

thermocouple TE-388 near the top of the heated portion of heater 

element HR-5. As discussed in Secton 4.0, this is a key element in 

preventing depletion of water inventory in the heater. 

2. A quality check on the TE-388 signal will be added. Should the 

temperature signal go bad (e.g. T/C failure, loose wire), all power 

to the circulation heater will go off. 

3. A current sensing relay will be added to the 480v. line on HR-5. 

should current flow to HR-5 be disrupted (e.g. blown fuse, heater 

failure), the current sensing relay will cause all power to the 

heaters to go off. Because HR-5 has TE-388 on it, should HR-5 be 

de-energized while other heaters are operating, TE-388 would not be 

representative of the sheath temperature of an operating heater 

element, and therefore the ability of TE-388 to protect against 

element failure would be reduced. 

4. A quality check on the LT-311 signal will be added. should the 

water level signal go bad when EHAC is on (e.g. freezing in 

transmitter lines, loose Wire), EHAC will go off and all power to 

the circulation heater will go off. 

differential across LT-311 is very small compared to the absolute 

system pressure, freezing in a transmitter line will cause a bad 

signal in virtually all cases. (Note: Heater elements can be 

energized manually with EHAC off and an LT-311 bad quality signal. 

This is necessary for heat-up from empty, prior to placing LT-311 in 

service . 1 

Because the pressure 
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5. The controller set point signal for the automatic pressure 

controller (EHAC) will be changed from the saturation pressure 

signal PT-383 to the saturation temperature signal TE-383. 

eliminates the concern of an erroneous PT-383 signal caused by 

freezing in the transmitter lines affecting the heater operation. 

The heater circuits will be energized and de-energized at the TE-383 

temperatures indicated on Figure 8.1. 

A quality check on the TE-383 signal will be added. 

temperature signal go bad (e.g. T/C failure, loose wire), all power 

to the circulation heater will go off. 

A pulse signal has been added to the Network 90 to prevent the BWCP 

from restarting automatically when a BWCP trip signal is cleared and 

the BWCP 'on' signal is coming from EMCON. This change makes the 

pump starting requirements following a trip the same from both EMCON 

and Network 90. 

This 

6 .  Should the 

7. 

8. Circulation heater element circuit BR-1 will be deleted from the 

diurnal shutdown automatic pressure control (EHAC). Based on 

Operating experience, having HR-2 through HR-5 in EHAC is sufficient 

to maintain steam pressure in diurnal shutdown. 

9. Interlocks in the control system will now de-energize the 

Circulation heater for the following conditions: 

a) Low-low drum water alarm (LT-311) 

b) BWCP not running 

c) Heater inlet valve FCV-384 closed 

d) High heater element temperature (TE-388) 

e) Bad quality signal on TE-388 
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f) Loss of current flow to heater circuit HR-5 

g) 

h) Bad quality signal on TE-383 

Bad quality signal on LT-311 with EHAC on 

The control system will be configured such that the heaters must be 

energized by a manual signal subsequent to clearing any of the heater trip 

conditions; no automatic reenergizing of heaters will occur. 

8.2 



9.0 Review of SGS Operating Procedures 

The original SGS operating procedures were delineated in Revision 0 of 

the SGS Operating and Maintenance Manual. 

into the General Steam Generation Procedures (GSGP) in Martin-Marietta 

document MCR-83-548, 'Integrated Test Procedures for the Steam Generation 

Acceptance Testing'. 

together with the other subsystems, during testing. Throughout the period of 

SGS operation, revisions to the GSGP have been made to improve the procedures 

based on operating experience. 

These procedures were incorporated 

These are the procedures used to operate the SGS, 

B&W is currently completing a review of the latest version of the GSGP. 

In general these procedures are acceptable. A marked copy of these procedures 

with B&W comments will be submitted under separate cover. With regard to 

potential operation of the SGS with frozen transmitters, cautionary 

statement(s1 will be added at appropriate places in the procedures t o  indicate 

necessary operator action. 
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APPENDIX C 

Pre-Operational Checkout List 
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I. Valve Calibration hi.tials/hte 

A FCV-301 
B FCV-321 
C FCV-331 
D FCV-341 
E Fcv-384 
F FCJ-381 
G FW-382 
H FCV-351 (CRTF System) 
I F(N-411 (CKI'F System) 

€B 7/2*1kg 

Rco 7/&?/P3 

11. ThenrPcarple Indication - Verify reading, pr-r &amel, and mnparison of 
m N  and Network 90, if applicable. 

A. Cbntrol T /C ' s  READINGAME. O F  

1 TE-382 
2 Tk383 
3 TE-384 
4 TE-386 
5 TE-331 
6 TEi332 
7 "73-301 
8 TE-388 

68 
83 
78 
91 
68 
78 
90 

B. Heat Trace T/C' 8 

1 AB 3117 ml 
2 B(X 8118 

READING AMB. 

63.7 
63.7 

3 JEJ 3213 m-2 
4 KDK 3214 

5 FG 3320 
6 IJ 3321 HT-3 
7 EL 3322 

8 PN3421 
9 NO 3422 -4 

10 OQ 3423 

65.2 
63.4 

78.4 
74.6 
75.1 

70.8 
91.2 
63.6 U 
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59.7 
15 W 3424 66.7 

63.3 
59.7 

58.5 
57.5 

20 EEx;G 41177HF9 60.1 

Rm?uxs: 

C. Infornational T / C ' s  AMB. READIN3 OF 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

6005 
6006 
6007 
6008 
6009 
6010 
6011 
6012 
601 3 
6014 
601 5 
6016 
6017 
60 18 
6019 
6020 
6021 
6022 
6023 
6024 
6025 
6026 
6027 
6028 
6029 
6030 
6031 
6032 
6033 

82 
102 
81.3 

DEFECTIVE NUI' USED 
83.1 

D E E " I V E  NOT USED 
81.3 ~~ ~ 

81.1 
81.6 
81.0 
79.8 
79.5 

T/C Wl' USED 
T/C NU" USED 
T/C NU" USED 

82.4 
88.6 
86.3 
78.2 
82.4 
81.7 
85.8 
78.4 
79.4 
79.6 
85.7 
93.8 
95.8 
95.0 
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30 6034 
31 6035 
32 6036 
33 6037 
34 6038 
35 6039 
36 6040 
37 6041 
38 6042 
39 6043 
40 6044 
41 6045 
42 6046 
43 6047 
44 6048 
45 6049 
46 6050 
47 6051 
48 6052 
49 6053 
50 6054 

95.0 
95.2 - -  - 
81.6 
90.4 

86.8 
81.6 
80.7 
84.6 
83.1 

101.7 
82.4 
83.5 
83.3 - -  - 
81.4 
83.2 

111.1 
99.3 
83.4 
87.3 

T/C NUI' USED 

111. Heat Trace  Cable -- Chedk resistance, mgger, and heating capability for 
1/2 hour. 

A. me& resistance, mgger, and A W  of each circuit 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
0. 
9. 
10 

H F 1  
HT-2 
HT-3 
m 4  
HT-5 
-6 
HT-7 
-8 
W 9  
HF10 

40.91 
74.15 
47.82 
38.83 
54.48 
91.11 
26.48 
12.65 
64.68 
67. f 7 

OK 
OK 
OK 
OK 
OK 
OK 
O K .  
OK 
OK 
O K  

6A 
3 . m  
4.8A 
6.04 
4.2A 
2.5A 
9.OA 
20 A 
1.1 
f.4 
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B. Verify heating capability or each heat trace zone for 1/2 h a x  of 
operation. 

INITIAL - OF 
1. m1 94.9 

97.8 
86.7 
88.8 _ _  - 

108.3 
121.9 
99.5 
90 
98.1 

108.9 
129.1 
132.2 
103.4 
99 

101.4 
88.2 
85 
87.6 
87.5 
86.1 

FINAL - OF 
158.9 
152.1 
109.0 
130.9 
209.3 
233.1 
203.7 
136.9 
181.6 
243 
238.8 
237 
172.8 
110 
117.7 
98 
95.4 

100.3 
107.1 
93.6 

RlWiRKS: Zones W 7  and 8 lag the rest of the system and w i l l  probably be 
turned on early to permit uniform heating. 
evaporator and superheater. 

M\-7 and 8 a re  the 

IV. Circulaticn H e a t e r  - Energize each c i r c u i t  and monitor arrperage. 
TEI-388 on Mt-5 heater. 

V e r i f y  

A HR-1 
B -2 
c HR-3 
D I i R - 4  
E HE5 

39/37/39 

V 1 
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V. 

VI. 

VII. 

REmlKS : 

Bailer water ciralation p m p  - Verify rotation, verify sensing relay 
cperational, verify coolant flw witch contact closed, and Anp per m e .  

A. Rotation 
B. Sensing Relay Energized 

C. Coolant F l w  Wit& Closed 
D. Anperage/Phase 4 - L /  

4.s- LZ 
4 - L 3  

FtEMwKS : 

Transmitters -- Calibrate 
A FT-311 
B FT-381 
C LF311 
D P'P-386 
E -383 
F P'P-321 
G FT-321 
H -382 
I -382 
J P'F384 

Electrical Chedc SGS toN9O/l?2423N 

A. 
B. 

Q~edc m u a l  signals and s e t  points from EM33N 
Chedk wlve, transmitter, and T/C signals to 
EM33N and N90 for consistance 

~ 
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APPENDIX D 

Signed O f f  SGS Integrated T e s t  Procedures 
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4.3.1 SCITPlrl Ini ti a1 Control Loop Checkout - 

PURPOSE: me control loop checkout of 9 controllers. Fach control 
laop w i l l  be tegted a t  normal conditions and w i t h  steps 
response tests tb introduce transient flaws, temperatures 
or pressures. 

DESCRIPTION: V s l n g  p a r t s  of CSGPI2 (mantial SCS Startup), the SGS, HRFS, 
and TSS w i l l  be brought up t o  h Line (30% loading) fncre- 
mentally. Each o f  the 6 HRFS and 2 o f  the TSS control loops 
w i l l  be checked out during the startup, once the s y s t a a  
condi tfons w i l l  allow their automatic control The system 
condition a t  the end o f  the tes t  is On Line a t  30% loading. 

OBJECTIVES: a )  Checkout of  s y s t e m  and components 

b) Control loop tuning of: 
Immersion Heater Control 
Feedwa ter Pump Pressure 
&aerator Pressure Control (partial) 
Cold S m p  Level Control 
Hot Sump L e v e l  Control ( p a r t i a l )  
Feedwater Plw/Steam Drum Lewd Control 
Steam Pressure Control 
Feedwater Temperature Control ( p a r t i a l )  

c) Instrumentation checkout 

d )  Demonstration of control s t a b i l f  t y  

e )  Test crew familiarization vi t h  s y s t e m  operation 

CONTROL LDOP 
TUNING SUCCESS 
CRITERIA: A feedback control loop s h a l l  have a response time that  

is suitable for the function being performed, and the 
response s h a l l  be well-damped over the operating range. 
I t  s h a l l  he a design goal t h a t  closed-loop reqponses 
e x h i b i t  damping equivalent t o  0.5 t o  1.0 i n  a second- 
order system over the operating ranger w i t h  no l i m i  t 
cycling under s t e a d y  s t a t e  conditions. 

Each of the instruntentation channels involped in t h i s  test w i l l  be checked out 
b y  observing the d i s p l a y s  on the E X O N  console. The actual  measurements w i l l  
be checked for reasonableness w i t h  Netclrork 90 readings and expected values. 

When going through a complete SCS startup, the HRFS requires a =hours 
wannup period w i t h  390.F water circulation prior t o  acceptfng SGS s t em f l o w .  
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DESCRIPTION * VERIFICATION STEP 

I .  

2. 

Using CSGPI2 (manual SGS itartup) Empty t o  Diurnal 
Shutdown sequence, perform s t e p s  1 thru  6 .  

NOTE - 
,J 

The next activity w i l l  be the checkout OP the 
DTC-451 Deaerator Immersf on Reater Control . 

Perform the control loop tuning activity o f  the b~c-451 
Deaerator Temperature Control . * W r b  

wtd $G$ srrirl*)d 
NOTE - 

Perform CSCPll2 ( E m p t y  t o  D i  urnal Shutdown sequence) 
s t e p  10 prior t o  reaching 17O.F ( T l c 4 5 1 ) .  - P- 

4 .  Perform a step response test to introduce step changes 
in  the DTC-451 temperature set p o i n t  (normally 390'F 
With 21 7 P S f )  

a )  Set FCV 432 i n  manual w i t h  100% output ( a l l  flow 
t o  DA).  

h )  Increase the set point t o  39.5.F (232 psi). 

c) Increase the set point t o  400.F 1246 p s i ) .  

dJ Return the set point to  390.F. 

The next activity w i l l  be a partial control loop 
checkout of the FCV 401 ?etedwater Pump Pressure 
Control. Should the control l o o p ,  during the 
pressure variation tests,  show incorrect response, 
accomplish the control loop tuning engineering 
a c t f  v i t y .  ?ollowfng this, return to the in f  t f a l  
portion of the checkout and reaccomplish the 
control loop checkout . 

FW Pump pressure range: 1230 ' to  128n p s i g  

5. Activate FCV 432 Deaerator Pressure Control w i t h  a set 
point of 233 p s i .  
and temperature t o  390.P.) 

(Pressure should return to  233 p s f  
a a a  ( ldR/@) 
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STEP DESCRIPTION VER IF ICA TION 

6.  W i t h  the DA a t  390.F and 233 p s i ,  perform a step response 
tes t  t o  introduce lcw amplitude pressure changes into the 
partial feedwater flow (FCV 411 is closed). Using incre- 
ments, change the FCV 401 'set points a s  specified helow. 
Maintain the s p e d  f f ed  condi tian untll the pressure control 
set t les .  

a )  

b) 

I230 

\S,O 1270 
Ikcrease,the set point from 1250 t o  w p s i  

Increase the set p i n t  from -to W p s i .  
1276 

c) Decrease the set point €rum 43& t o  1250 psi  

7.  Repeat step 6 except change to  higher amplitude pressure 
changes 

a )  Decrease the set point to 1210 p s i .  

b) Increase the set point t o  1290 psi . 
c) Decrease the set point t o  1210 psi . 
d )  Increase the set point t o  1250 p s i .  

Continue to monitor PP401 pressure un t i l  the FWP 
Pressure control loop is f u l l y  checked out. If the 
control loop shows an indication o f  being unstable, 
accomplish the control loop tun ing  activf t y .  

7 
8 .  Perform GSGPU2 ( E m p t y  t o  Diurnal Shutdown) s teps ,dthru 

9 d  

The next activity w i l l  be a p a r t i a l  control loop 
checkout of the FCV 432 beaerator Pressure Cantrol. 
Should the control loop, during the pressure and 
f l o w  variation tests,  show fncorrect response, 
accomplish the control loop tunfng engineering 
activity. Follwing thls ,  return to  the i n i t i a l  
portion o f  the checkout and reaccomplish the 
control l o o p  checkout 

. &aerator pressure range: 0 t o  275 p i g  

. Deaerator .operational temperature range: 
390 t o  41O.F 

9.  Perform the FCV 432 Deaerator Pressure Control l o o p  
tuning activity using a set point of 233 p s i  -$&GYM6 Bq C;m 

?eltYL.ra scs t € W I A 4  
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STBP DESCRXPTION VER IFICATIOIP 

* w u e b  i&m 
temperature set point t o  41O.P t o  increase the deaerator 

Perform a step response test t o  introduce law amplitude 
pressure changes i n  the DeOerator. Xncreaso the DTC-451 

pressure to  275 p s i .  
pressure control set t les .  

s ~ n w  15 3 P m* i Z*OY\b- , *  

10. 

Maintain conditions u n t i l  the 

a) Decrease,the FCV 432 deaerator pressure set point t o  
220 p d g .  (391.F) 

b) becrease the FCV 432 deaerator pressure set point t o  
210 PSigm (388.F) 

c) Reset the FCV 432 deaerator pressure set point t o  
233 psi (395.F) 

Continue to  monitor P-432 pressure u n t i l  the 
&aerator Pressure control loop f s frrl . ly checked 
out. I f  the control loop shows an indlcatfon of 
being unstable, accomplish the control l o o p  tuning 
4 C t i  v i  t y  

K) 
11. Perform CSCpW2 ( E m p t y  t o  Diurnal Shutdovn) steps#thru 

22. 

Manually position FCV 431 t o  control delivery steam 
pressure (PT-321) a t  1100 psi9 and FCV 421 t o  
control feedwater temperature a t  54fi.F throughout 
the following steps until the control l o o p s  are 
actual 1 y checked out . 
If feedwater flow is not the same a s  the steam f l o w ,  
the steam drum water level w i l l  either became too 
high or too low; hence, the operator should expec t  a 
low or hiuh level alarm from LZr-311.  

12. V e r i f y  t h a t  a l l  TSS (Tahle A )  heat traced systems and 
the RS beat trace systems ( in  Table 4.2-1) are operating 
dnd t h a t  a l l  temperatures, w i t h  the exception o f  the  
following l is t ,  are greater than 480.F. * (zGS) L- - bulb 

TER 217 TEH 236 LIOCS c4w.b W t w  -5 = a r c .  
TEII 223 TEH 238 
TER 224 TEN 239 
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. -  

STEP DESCRIPTXON W7R IFICA TION 

13. A l d g n / v e r f f y  valves a s  follows: t 

valve -serf p t i o n  Posl ti on - 

F N  101 S a l t  FIaW CIont. Closed 
fcv  1 0 2 ,  .hit FLOW C I o n t m  C1 osed 
pcv 191 CST -vel Cont- C l  osed 
F c v  1 5 2  CSBP B y p s s s  open 
FCV 161 Rot s a l t  Flaw Obnt. C1 osed 
F N  1 6 2  Cold S a l t  f l o w  Carrt.  @en 
FCV 1 9 9  Bypass Valve @en 

Thermal Storage 

FCV 201 
FCV 211 
fcv 221 
FCV 231 
?CV 2 4 1 ,  

FCV 2 4 2  
h 281 
KV 282, 

HV 283 

cold S a l t  ?law Cbnt. C1 osed 
CST Isolation Closed 
not S a l t  F l o w  Cont. C1 osed 
HST Is01 a t f on Closed 
Prop. Htr. Isolation C1 osed 

Hot Sump B y p a s s  C1 osed 
Closed O l i n  Sa l t  Loop A 

1 4 .  P e r f o r m  CSCPkr2, Diurnal Shutdown to Warm Standby 
J&!J&ro117/83 

ACVREX 

sequence, steps 2 t h r u  

T/C DESCRIPTION CHANEL # 

TER-I 30 Oowncomer - Heater X 305 

TEU-131 Rf ser - Heater R 300 

TEH-1 32 Dovncomer - Heater t 306 

TER-133 R1 ser - Heater I 301 

TER-134 Riser - Heater I 302 

TER-135 Riser - Heater J 303 

TER-I 36 Rf ser - Heater J 304 

ThT-13 7 borncomer - Heater EI 30 7 

TEH-138 Dawncomer - Heater W 308 

TEH-139 bowncooaer - Heater L 309 

Table 4.2=1 R S  Heat Trace Instrumentation ( P a r t i a l )  
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STEP DESCRIPTIO# VERIFICATIOlo 

9 

I S .  Verify that Cold S a l t  Storage Tank Level i s  greater 
than 36 inches. a 

I f  the salt  l e m l  is less  than 30 inches ensure the 
fkt Salt; Storage Tank level i s  commensurate w i t h  
test requirements ( a s  determined i n  the Pretest 
Meeting) . 

16. Verify FCV 201 i s  closed. 

17. open ?cV 211. 

CAUTION 

If s a l t  level f s the Cold Sump i s greater than 60 
inches, visually check the Cold .Sump Vent. 

18. Verify Cold Sump Level (LT 201) is less  than  60 inches. difi 

19. Verify the Cold Sump Level (LT 201) is greater than 
SO inches prior t o  continuing (open FCV 201 t o  obtain 
s a l t  level f f  required.) d1h 

TH\S b o p  U N S  

nu* w b c m  

imG9kI4-  6 
buy buairX 

engineering activity.  Follwing t h i s ,  return t o  

The next activity w i l l  be the control loop checkout 
of the Cold Sump Level Control. should the control 
loop, during f l a w  rate changes or step response 
tests. show incorrect response or inadequate 
damping, accomplish the control loop tuning 

lw level sal t  f l a w  condition a d  reaccomplish the 
control loop checkout. (If this activity has been, 
previously accomplished, continue a t  step 33.) 

Cold Sump Level (LT 201) l i m i t s :  60 inches 
maximum . 

20. Verify the s a l t  level in  the Cold Storaqe Tank f s  
between 30 t o  135 inches. 

21. S t a r t  the Cold Sa l t  P m p  and verify outlet pressure 
(PT fRO) i s  greater than 170 psi prior to COntlnUdnge 

@en ?cV 1% t o  20% t o  provide a low level salt f low.  22. 

23. Perform the Cold S m p  Level dontrol ( F N  201) tuning 
activity using a set point of 25 inches. 

D- 7 
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STEP DESCRIPTION VERIFICATION 

8 

34. Perform a 8tep response teat t o  introduce l o w  amplitude 
flow transients in to  the 2?% salt € 1 0 ~  rate. Using 10% 
increments, change the ?CV 151 setting as specified 

below. Maintain the specified setting until the level 
sett les.  

a )  Decrease t o  10% 
b) Increase t o  20% 
c) Increase to  30% 
d )  Decrease t o  20% 

# 

+ 
25 .  Over a 1 0  second time period, change the F N  151 

setting from 20% t o  50% (medium f l o w ) .  

Repeat step 24 for the 50% flaw rate a s  follows: 

a )  Decrease to  40% 
b) Increase t o  50% 
c)  Increase to  60% 
d )  becrease to  50% 

26. 

27. Over a 10 second time period, change the FCV 1 5 1  
setting from 50% to 90% (h igh  f l o w ) .  

28. Repeat step 24 for the 90% flow rate as f o l l o w s :  

a )  Decrease t o  80% 
b) Decrease t o  70% 
c) Increase t o  80% 
d )  Increase to 90% 
e )  Increase to  100% 

29. Perform a step response test t o  introduce higher 
amplitude f lw  transients into the s a l t  f lw  rate. 
Change the FCV 151 setting as specified below, 
maintaining the setting u n t i l  the level sett les.  

a )  Decrease to 80% 
b) Decrease to  60% 
c) Increase t o  80% 
d )  Increase to  100% 
e) Decrease to 703 

30. Perform CSCPkr2 (Diurnal Shutdown to Warm Standby sequence) 
steps 15  thru 37. 
fn s t e p s  31 and 32 - the f l o w ,  temperature, and pressure 
controls must be manually maintained until the control 

Disregard the control loops activation 

loops are checked out. EJh 
5- r4 BlaLI-% 
lu LD31C(L.6. 
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STEP 

31 

32 

3.3 . 

34 

35; 

DESCRIPTION 

NOTE - 
THE SGS IS N W  IN THE. WARN STANDBY CONDITION. 

V e r i f y  t h a t  the Rot  S torage  Tank Level i s  g r e a t e r  than 
d f n c h e s  (determined i n  Pretest meeting) . . 

cr 
NOTE 

Go - 

VERIFICATION 

# 

Ihe not Sump s a l t  level w i l l  be manua l l y  controlled 
by FCV 221 un t i l  the control l o o p  is checked o u t .  
Maintain the Hot Sump level a t  15 - + 3 inches. 

Perform G S M 2  (Warm Standby t o  On L i n e  Condition) 
s t e p s  1 thru fl 
buring the f o l l o w i n g  a c t i v i t y  of i n c r e a s i n g  s a l t  
t empera ture ,  verify the o p e r a t i o n  of controls of PzC4332 
for controlling FCV 432 so t h a t  d e a e r a t o r  pressure fs 
held constant a t  233 p s i  and a l l  energy  is being rejected 
b y  the  cooling water  circuit and the d r y  c o o l i n g  twers. Sdt& ,,/,,/e3 

g r a d u a l l y  and s imul taneous ly  open FCV 3 S 1  while closing 

inlet Temperature)  . Maintain approximate ly  a cons tan t  m 5-Lf 

Using a t emperature  ramp r a t e  of 100'F p e r  6 minutes ,  

FCV 311 to  ach ieve  850.F a t  TE-382 ( superhea te r  s a l t  

10% s a l t  f l o w  (7600 lbs/hr) through the SGS. 

TSIS d& ~ - - o L ' 5 e *  
6 q  *+,a aaOm+J* --- 
bkx TWC =-Q- 

7 A r E  X ImmF/~e. 
3 

NOTE - 
h e  s a l t  temperature w f l l  be main ta ined  a t  850.F 
to provide a minimum steam f lw  t o  the HRFS and 
a l l o w  the f o l l o w i n g  control l o o p  checkou t s .  

*\+ LmP 
'NIJ- c d  
1&5/03 iwb 

I I I Ib le3. 

condition and reaccomplish the control l o o p  checkout .  

lIhc next a c t i v i t y  w i l l  be a p a r t i a l  control l o o p  
checkout of the H o t  Sump Level Control I t  w i l l  be 
tested now a t  10% s a l t  f l o w  and l a t e r  a t  s a l t  f l o w s  
t h a t  prov ide  30% and 60% steam loads. 
control l o o p ,  during f l o w  r a t e  changes or s t e p  response 
tests, shcu incorrect resonse or inadegua te damping, 
accompl ish  the control l o o p  t u n f n g  engfneering a c t i v i t y .  
P o l l w i n g  t h i s ,  r e t u r n  t o  the law level s a l t  f lw  

Should t h e  

Rot Sump level ( t -221)  l i m i t s :  15 t o  41 i n c h e s  

Note the FCV 221 se t t ing  t o  marlnually m a i n t a i n  the 1 5  inch 
s a l t  level t - %. 
Hot sump hve l  Control  using a set p i n t  of 1 5  inches. 

Perfom the c o n t r o l  l o o p  t u n i n g  of the 
x-4 \ ~ l r ~ l ~  
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STEP DESCRIPTION VERIFICATION 

I 

36. perform a step response test to introduce l o w  amplitude 

~ l v e  setting changes on F& 221 ( t o  change Rot Sump 
level) and verify correct recovery. Change the FCV 221 
settings as specified below and then activate automat ic  
control. 
changing con$tions. 

Allow the control loop to se t t le  prior to  

a )  Decrease 10% from the step 35 retting and a l l w  the 
sump level t o  decrease. Activate the Hot Sump -vel 
Control 

b) Increase 10% from the step 3s setting and allow the 
sump level t o  increase. 
Control . Activate the Hot sump k v e l  

c )  Increase 20% front the s t e p  35 setting and a l l w  the 
sump level to increase. 
Control I I  I d s 3  

A c t i v a t e  the Hot Sump -vel 

NOTE - 

7Ueb o*s 

I t  lr7J83 

The next activity w i l l  be a p a r t i a l  control loop 
checkout o f  the FCV 411 Feedwater Flow/Steam Drum 
Level Control. (This FCV 411 checkout w i l l  be u s f n g  
level feedback only w i t h  low steam N o w  rate. A 
more complete checkout, usfng the 3-term controller, 
w i l l  be accomplished i n  SCITP#2 w i t h  higher steam 
f low . )  Should the control l o o p ,  during € 1 ~  rate 
changes or step response tests, show incorrect 
response, accomplish the contro2 l o o p  tuning 
engineering activity. Following this, return to  the 
i n i t i a l  portion of the checkout and reaccomplish the 
control 1 oop checkout . 

Steam Drum water level (LT-311) limits: 
0 - + 4 inches 

. Feedwater operational temperature (TE-386) l i m f  ts: 
500 t o  575.F 

37. Perform a step response test t o  introduce water level 
changes i n  the steam drum. 
level by blwfng down, as required, usfng IV-382 and 
HV-383 to the levels specified below. Maintain each 
condition until the level control sett les.  

Decrease the steam drum water 

a) Decrease to -1 inch. Activate the Steam Drum Level 
dontrol . 

D-10 



STEP DESCRIPTION VERIFICATION 

, 
b) essctivate the control. Decrease t o  -2 inches. 

Activate the Steam Drm & Leml Control. 

c) Jhactfvate the control. Decrease t o  -4 inches. 
Activate the Steam Drum L e v e l  Cbntrol. 3wcc ,\I,,/t33 

38. Note the FWM411 settfng f r o m  37.c) once the level 

Brform a step response test  t o  introduce low t o  medium 
amplitude flow changes i n  t h e  feeduater flow and veri fy  
correct recovery. Using 10% increments, change FCV 411 
sett fngs a s  specified belw,  maintaining each setting 
until the control sett les.  

control settles: 4k t -3 

*-w- b a r  
39. ha- s- 

F=- 

a )  lbcrease 10% from the s t e p  38 se t t i ng .  Activate the 
?eedwater Now Control. 

b) Increase 10% from the step 38 s e t t i n g .  Activate the 
Feedwater Flow Control. 

c )  Decrease 20% from the s t e p  38 setting. Activate the 
Feedka ter F l o w  co3) trol . 

d )  Increase 30% from the step 38 setting. Activate the 
Feedwater F l w  Control. 

e )  Decrease 30% from the step 38 setting. Activate the 
Feedwater Flow Control. 

Xf feedwater f l o w  i s  not the same ds the steam flow, 
the steam drum w a t e r  level w i l l  ef ther become too 
h i g h  or too lw; hence, the operator should expect a 
l o w  or high level alarm from L l c 3 1 1 .  Beware: large 
pressure swings can also a f f e c t  deviations i n  drum 
1 eve1 . 

The next several steps are t o  verify the FCV 401 
feedwater Pump Pressure Control performance. 

40. hbte the feedwater flow rate a t  FT-411: * lbm/hr. aol& 1\1&3 
*FusA JWdb 

41 . Perform a step response test t o  introduce law ampl i  tude bWe,* Lr-3,, 
f l o w  changes into the feedwater flow (FP411). Change c e  c*ec!LbSr 
the FCV 411 valve settlngs to  achieve the flow rates 
s p e d  fied below. 
the pressure control settles. 

Maintain the sped f l e d  condition until 

D-11 



STEP DESCRIPTION VERIFICATION 

B 

a) beactivate the Steam Drum Level Control (FCV 4 1 1 ) .  

b)  becrease the feedwater. flow through rF-411 b y  
5bc~ - l h / h r  f r m  the step 40 flow rate. 

c)  Zncrease the feeaater  flow through F P 4 1 1  b y  
lb&r from the s t e p  40  flow rate. 

d )  b r e a s e  the feedwater flow through F F 4 1 1  b y  
l b a o  lbm/hr from the step 4 0  flow rate. - 

e) Increase the feedwater f l o w  through FIc411 b y  - I C u o  lbm/hr from the s t e p  40 flow rate. 34 Il/17/83 

42.  Activate the FCV 411 Steam Drum Level Control w i t h  
a set point o f  0 inchest verify proper recovery. -& 11117/03 

Should the control l o o p ,  durfng the step response TWS mp * 5  

Arab c- acyd 

maC3 e d  \ \ / lb /83  

reaccamplish the control l o o p  checkout 

f u l l y  checked out until steam i s  generated a t  full 

The next activity w i l l  be a partial control loop 
checkout of the FCV 431 S t e a m  Pressure Control. 

t e s t ,  show incorrect response, accomplish the 
control l o o p  tuning a c t f  vi t y .  
return to  the i n f  r i a l  portion of the checkout and 

t o  manually control the feedwater temperature, 
FCV 421, a t  545.F). mis control loop cannot be 

rated f l a w  (greater than 11,500 lhmfir). 

Following th f  s, 

4 4 .  Perform a step response test to fntroduce low to  medium - uw Foa. 
cmaGrn4 La& 
WhS w 3 A w  w . 
5- F-103 
n-311) l%W 95 N 

settings a s  specified be lw.  A l l o w  the control to se t t le  

amplitude valve setting changes on.FCV 431 and verify 
correct recovery. 

prior to changing condi ti on 

a )  Activate the Steam Pressure Control. 

bJ Increase 5 %  from the step 4 3  settfng. Activate the 

3 Using 5% increments, change FCV 431 

r 8 . 0 ~ ~ -  Ik. 
steam Pressure Control. 

c) Increase 10% from the step 43 setting. Activate the 
Steam Pressure Can trol 

d )  Decrease 5% from the step 43 setting. Activate the 
Steam Pressure Cbn trod 

e) Decrease 10% from the s t e p  4 3  setting. Activate the  
Steam Pressure Control 



STEP DESCRIPTION VER INCATION 

f) Increase 208 from the step 43 setting. ' Actfvate the 
steam Pressure Control.. .&de3 

43. a c e  the Steam Pressure dnntrol sett les,  note the FCV 421 
setting: b 

* - NOTE 

The next activity w i l l  be a partial control loop checkout 
of the FCV 421 Feedwater lkmperature abntrol. 
the control loop ,  during the step response teats, shw 
incorrect response, accomplish the control loop tuning 
engineering actlvltym Following this, return to  the 
init ial  portfon of the checkout. (This control l o o p  
cannot he f u l l y  checked out u n t i l  the salt/steam 
temperatures are a t  rated values.) 

Should 

Fee&ater Heater operatlonal temperature l i m i t s :  
540 t o  5 6 0 V  

46. Per€om the FCV 421 Feedbater Temperature Control loop 
m f n g  activity us ing  a set point o f  560 .F .  

47.  Perform a step response test t o  introduce lw to  medium 
amplitude valve setting changes on FCV 421 and verify 
correct recovery. Using 10% increments, change TCV 421 
settings a s  specified below. Allow the control to  
set t le  prior t o  changing condi tlon. 

a) Activate the Feedwater Temperature Control 

b) Increase 10% from the step 45 setting. Activate the 
Feedwater lkmperature mntrol. 

c )  Decrease 10% from the step 45 setting. Actfvate the 
Feedwa t er lbmpera t ure Control a 

d )  Increase 20% from the step 4 5  setting. Activate the 
Feedkdter Tkmperature antral. 

e )  &!crease 20% from the step 45 setting. Activate the 
Feedwater 2kmperature Control 

f) Increase 30% from the step 45 setting. Activate the 
Feedwa ter lbmpera t ure CXm t rol . 

48. Repeat step 4 7  except th i s  time FCV 331 w i l l  be varied 
a t  20% increments t o  provide temperature changes. The 
FCV 421 control loop i s  still actlvated; verify correct 
respanse 



STEP DESCRIPTION 1 VERIFICATION 

a) Decrease to  80% 
b) Decrease to  60% 
e) Decrease t o  40% 
d )  Increase to  60% 
e) Increase,to 100% 

mis completes the init ial  control l o o p  checkout, SGITPdl. I t  is now the Test 
Conductor's option to  Continue into SCITPR2 (Hot -Salt Flow w i t h  Transients) or 
ahutdown the system to  Diurnal Shutdown. 

a )  To shutdown the system, perform CSGPW3 starting 
a t  step 3. 

b) lb continue into SCITPAZ, maintain the present 
condi ti on and Perf f y  s a l t  levels in the Cold and 
Hot Storage Tanks are commensurate w i t h  test 
requirements (as determined i n  the Pretest 

. Meting). 



4.2.9 SCXTP 12 tbt S a l t  Flow8 v i t h  h a n r f e n t r  I 

?UOPOSt: Thlr t e a t  vi11 checkout t h e  remain ing  SCS control loop, 
d u r i n g  the i n i t i a l ,  low level h o t  s a l t  flowr. 
w i l l  be b t o , q h t  up t o  t h e  Oa Line, loot load cond i t ion .  

S t a r t i -  w i t h  the SCS fa the 08 l i n e  302 loading ,  1 TSS 
and 2 SCS controA loopr a r e  checked out, The SCS ateam 
l o a d i n 8  ir  them increased  t o  60%. and 100% vi th  
traarient hot r d t  frovr i n t r o d u c e d  8t each l e v e l .  The 
SCS ir M h t A i U e d  iu t h e  Oa Line, 100% load conditloa 
for  1 hour. Following th ir  tert a c t i v i t y ,  t h e  SCS 
opcrat iorr  t r a u a i t l o a r  to  the Dlurn.1 Shutdown Mode. 

The SCS 

DZSCIIPTIOt4: 

OBJECTfVES¶ a) Checkout of ryrtea and component& 
b) Control l oop  tuning: 

Steam Delivery Tempera ture  Control 
Steam P r e r r u r e  C o n t r o l  

Bot Sump k v d  Control (final p o r t i o n )  

Evaporator Salt In le t  Trmper8 tu t e  Control  

c) Xartrtmentatfoa Checkout 

d )  
e) D~onrtt8Clon o f  c o n t r o l  s t a b i l i t y  

W S  rcsponrc t o  r t e p  i n p u t  change r  

f )  Teat crew f u n i l i r r l r a t i o o  v i t h  r i o t e m  ope ra t ion  

COmot LOOP 
TUNWC SUCCESS 
CR ITER U i A p r o p o t t l o ~ l  feedback c o n t r o l  loop rhal l  have A 

r e rponre  time t h a t  i r  r u i t a b l c  for the f u n c t i o a  k f n g  
performed, and thc  response shall be well-damped over  
t h e  oper8ting range. 
c lo red - loop  respoorer e x h i b i t  damping cquivaleat t o  0.5 
to 1.0 i n  a recoad-order r y r t e r  over t h e  operating 
range,  v i t h  no limit c y c l i n g  unde r  s t e a d y  r t r ta  
coadl t lonr . 

. 
It r h a l l  be a d e r i g a  goa l  that 

I 

4 
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SC If P#2 

tach of the  lortrumcotatloo c b n n e l r  involved io thir test vi11 be checked out  
by obrervirrl, the displayr on the EMCOB console. 
b. checked f o r  raaroaableocrr w i t h  Network 90 reading8 and expected valuer .  

The a c t u a l  mea~urements u i l l  

sn? DESCRIPTIOI VERIFICATIObl 

If th. ryrtem var r h u t d o m  t o  D i u r d  Shutdovo 8t  
t& .ab of s G f T P # l t  

a) ?erform CSGP#l ? to to r t  ChecUfrt ,  and 

b) Perfom CSCP12 (manual SCS SCartup), Diurnal 
Shutdoua t o  Warn Standby rcqueace and Warm 
Standby t o  On t i n e  requence thm s t e p  

If goiw frba s I t l#& r t r a f s h t  i a t o  SCITPlZ, v e r f f y  
r a l t  l e v e l r  in t b  8ot and Cold Storale  Tanka are 
comDCn8urate wi th  test requfreaentr  (8r determined 
ta the  P r r t e r t  k e t i n ~ ) .  

1. Verify tlut a l l  TSS (Table A) heat traced sy r t ca r  are 
operat ing and that a l l  temperatuter,  with the axceptioa 
of the fol loving I lr t ,  are g r e a t e r  than S W t .  

217 

TWI 223 

TEE 224 

T X  236 . 
TEfl 238 

TEE 239 

2. Verify ttut the l o t  Storage Tank k v c l  lr grea te r  than  - TBD inchar. d I4 

WOTE - 
Xanually cont ro l  PCV 301 to achieve and maintain 
ralt temperature of 850.F a t  IE-301. 
cont ro l  FCV 331 to  8chfcve and u f n t a i n  a oteam 
temperature of 950'1 a t  TS-332. 

m ~ . 1 1 7  
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Sn? DESCUnIOS YERIPICATION 

3. Turn on the Eot Salt Pump i f  t u r n e d  off f o l l o w i n g  
SC1TPl1, aad verify out le t  p r e r r u r e  (PT-382) i r  
sreatet tho TBD p r i  p r i o t  to  cont inuing .  

Gradual ly  open FCV 3S1 w h i l e  c l o r i n g  FCV 341 to  achieve  
t h e  temperature  ramp rate r p c c l f i c d  b l o w  a t  tha 
urpetheatet r d t  inlet a-382 .  b i n t a i a  approximately a 
c o n s t a n t  102 r a l t  f low (7600 l b r l h r )  t h r u  t h e  SCS. 

t empera ture  ramp rate: 100'? (rt-382) s t e p r  a t  6 

Veri fy  full c l o s u r e  of FCV 341* 

miaute i n t a m a h  (1000.?/br) 

5. 

6. When the r a l t  inlet flow t o  t h e  ruperhcacer  c o n s i r t r  of 
o n l y  hot sal t  (valve PCV 341 c l o r e d ;  v a l v e  FCV 351 
p o r i t i o n e d  for 102 ra l t  flow (7600 lbdht)), t r a n s f e r  
control of  the r t e m  d e l i v e r y  prtrsure to  FCV 321 a8 
f 01 lour : 

a) De~ctivate t hc  PCV 431 Steam Plow Control .  Manually 
porition PCV 431 t o  a l l o w  t h e  r p e c i f i e d  rteaa flou. 

b) Ctadual ly  open valve  FCV 3% vblle r d j u r t l n g  va lve  
tCV 321 p o r i t l o a  t o  r a i n t a i n  SGS r t e m  del ivery  
pres su re  (PT-321) a t  1100 +SO, -0 prig. 

NQn 

Uhco PCV 351 i r  100% open, rtear d e l i v e r y  
p r e r r u r e  i r  conctollad by poritloairy PCV 321. 

&.lord i n c r e a r e r ,  c o a t r o l  rteam del ivery  prerrure t o  
1100 p r i g  by u n r u l l y  porltiooiry FCV 321. 

- 

7. 

NOTE - 
To rimlate the t u r b i n e  loading, FCV 431 w i l l  
be var ied  t o  increase t h e  atcan volume being 
dumped t o  the d e 8 e t 8 t O t  ( a u t o ~ n a t i c a l t y  by 
changing ret p o i n t s  or manually by changing 
the valve pO8itlOn). The re  r p t c l f l c  valve 
rettingr will be de te rmined  by e x p e r i e n c e  in 
c h m g i q  FCP 431 t o  obtain t h e  r e q u i t e d  ra l t  
flow rate a t  FT-311. 
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L - '  

8 .  Cradul ly  open FCV 321 and modulate PCV 431 t o  achieve 
a FT-311 rteaa flou rate of rpproximtc ly  3,500 l b r l h r  
(3OX load). 

9. l o t .  the PCW 221 retting (automatic control) :  2 COUPL>> , f ] d j  

f & b +  

10. Perform 8 rtep re rpowe t e a t  to  introduce l o w  asp l i tude  
valve retting changer on FCV 221 ( to  change Bot Sump 
l e v e l )  aad ver i fy  co r rec t  r ecoveq .  Change the  FCV 221 

cootrol .  
8Ottfng8 88 8pccfficd below 8Dd then a c t i v a t e  8 U t o Q l t l C  

C b q i n g  C O a d i t i O C l 8 :  
Allow the  c o o t r o l  loop t o  rcttle p r i o r  t o  

a) Deerrare 10% from thr r tep 9 rettiry and 8 1 1 0 ~  the 
rump level to decteare. 
Coactol. 

Act ivate  t h e  6oC S m p  Level 

b) Xacreare 10% from the  atep 9 r e t t i n g  and d10u the 
rump level t o  iWraA.8b 
Control. 

Activate the Bot  Sump Level 

c )  Iacreare  20% from the  r t e p  9 r e t t i n g  and allow the 
rump l e v e l  t o  1ncreareb 
Control. -I b - ; I & t ~ ~ -  .-- - ddS3 

Activate  the Bot Sump Level 

The aext a c t i v i t y  w i l l  be the cont ro l  loop checkout 

Control. Should the  con t ro l  loop, dur ing  flow rate 
or  temperature variationr, rhov incor rec t  rerponre, 

of the FCV 301 Evaporator S a l t  I n l e t  Temperature 

accomplish the con t ro l  loop tuning engineering 
activity. 
por t ion  of t h e  cbeckout rad reaccomplirh the 
complete cont ro l  loop checkout. 

J 

4 f I f 7 h  I F o l h v i n g  t h i r ,  r e t u r n  t o  the  i n i t i a l  

Evaporator salt  i n l e t  temperature (n-301)  
i initr :  so0 t o  aao *P 

11. Activate  the Evaporator S a l t  I n l e t  ttmperature Control 
PCV 301 vith 8 ac t  point of 8SO'p. --- 
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STEP DESCRIPTION VERfFICAl i O N  

12. Perform a rtep rerponre test t o  int roduce temperature 
tranmientr t o  the  evaporator r a f t  i n l e t  temperature and 
v e r i f y  cor rec t  cont ro l  rerponre.  
obtain the  temperoturer s p e c i f i e d  b e l o w  (TE-301) and 
then a c t i v a t e  automatic con t ro l .  
mettle p r io r  t o  chaqfng conditioa. 

Change FCV 301 t o  

A l l o w  the  cont ro l  to  

13 . 

1017 

a)  Deactivate the FCV 301 c o n t r o l  and increase i t 8  4 G=14 C S O ' F  

44:04  %oO'c r e t t i n g  t o  decrease t h e  temperature t o  800.F. 
Activate the  Evaporator Salt I n l e t  Temperature 
Control. b r l u  b 0 4 . G  

b) Deactivate the  PCV 301 c o n t r o l  and increase  l t r  
v+h~ ~ ~ ) L T U  A T I o U  To *: 5 4  - 0 o . C  

Actlvatc the  Evaporator Sal t  Inlet Temperature 5 3 : 2 0  7 5 7 -  

S7Q 7 5 7  06. p 1 P O C Q L '  

a e t t l n g  t o  increase  the  t e a p e r r t u r e  t o  M . P .  #p c 4 c k  OG c o b 0 5 4  
Activate the  Evaporator S a l t  In le t  Temperature ccow pc%tr.lo 9 

C O L O  tu - r  pJo* 
*5s:Sb '160.. 
9\90. OM'. 

r e t t i n g  t o  decrease the  temperature t o  7SO.P. 

Control. gh,lfi Dtc/LcchrC 

e) Deactivate the PCV 301 control and decreare  i t s  7SO'c t 0 6 T 4  *e' b'9 

. Control. 

the  TE-382 ruperheater salt I n l e t  temperature t o  800.F. 
Haintain the  sa l t  f l o w  (FT-321) approximately constant 
throughout. bo not exceed the  temperature ramp rate of 
100'F/6 minutes. Verify c o r r e c t  Evaporator S a l t  I n l e t  
Temperature Control response. 

Gradually open FCV 341 while  c losl tq  FCV 3% t o  reduce 

&*.,e , d C R A C k L  ' 
**+  -4 k * T c  

70 C > T ' P  k&C'C 

NOlE - vq 
+control .  

, bQ:V q 0 4  
13\44 

FCV 321 i s  con t ro l l i ng  steam pressure under manual 
With a l a v e r  SEI s a l t  i n l e t  temperature, ' steam pressure w i l l  want t o  drop,  and must be 

coapensated f o r  by FCV 321. 
maintained by manually pos i t i on ing  FCV 431. 

Steam f l o w  Is vJ 
14. Reverrc the  r t e p  13 a c t i v i t y  t o  r ec lose  FCV 341 and open 

FCV 351. Again maintain t h e  r a l t  flw rate constant and 
do not exceed 1 0 0 ' F / 6  minutes. 

NOTE - 
The next a c t i v i t y  w i l l  be t h e  con t ro l  loop checkout 
of t he  Steam Delivery Temperature Control FCV 331. 
Should t h e  control loop, during f low r a t e  or  
C emperature varia tionm, rhov inco r rec t  responseI 
accomplish the  c o n t r o l  loop tuning angianr ic rg  
a c t i v i t y .  Follouing t N a ,  r e t u r n  t o  t h e  l a l t i a l  
por t ion  of the  checkout and reaccoapl i rh  the  
complete cont ro l  loop checkout. 

- b J  

+ r 11 7 la 3 

P' 
Steam Delivery temperature (IE-332) llmltr: ) 
950 - + 40 'F. 
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STEP DESCRI~~IOY PERIFICATIOY 

15. Act iva te  the Steam Delivery Te~iper8ture Control  VCV 331 
with ret point of 950.t. J W 4  12lQ7/8f 

16. h r f o r 8  8 rtep rerpoarc tert to  introduce temperature t rans ien t6  to  the 
del ivet l ,  ateam temperature and Verify c o r r e c t  c o n t r o l  reaponH. Ch8nge 
ICV 331 to obtain the temperaturea spec i f i ed  below (TE-332) and then 
u t i v a t e  automatic control. Allow the  c o n t r o l  t o  settle p r io r  t o  
cbOn(ia CotrdltiOne 

a k  5 f . w  4 (O 

3 4 - 1 7  y''c/A 

mv uJot 'Csd  
A*Jd5f<* 4d4' e 

8) De8ctiv8te the P c 9  331 con t ro l  and increase  i t a  

eu" o e t t i q  to decrease the  temperature to  900'?. 
Activate  the  Steam Delivery Temperature Control.  

b) Deactivate the FCV 331 con t ro l  and iucrease i t 8  
rettLw t o  decrease the  temperature t o  850.P. To .p 9Qo 
Activate the  Steam t k l i v e r p  temperature Control.  &S6' 

/ o  S C I  

\ I!p 
e) Deactivate the tCV 331 cont ro l  8nd decrcare  i t a  

retting t o  inereare the  temperature to 990.F. 
Activate the  Steam Delivery temperature Control .  x a  lZb7/83 

37:@ /em. ' * e I' '' b p e a t  rtepr 13 and 14 t o  ve r i fy  correct Steam Delivery 
temperature Control respoare. 
th louor TE-382 temperature. 

Cr8durrlly open FCV 321 and modulate PCV 431 t o  achieve 8 
Ft-311 ateam f low rate of approximately 7,000 l b r / h t  

mir time u n  950.P f o r  

6 3 4  6.77srg 

--- (60% load). Note the FCV 321 r e t t i ng :  b0 2 
492 
i- 

19. Bote tho PCV 2 2 1  r e t t i n g  (automatic control): - 2 
Repeat r t e p  10 using t h i r  uev r e t t i n g  88 t h e  bo8c from 
which to u k e  the valve retting changer. 

correct operat ioa of 811 r c t l v r t c d  con t ro l  loopr .  
temperaturea, p re r ru r r r ,  and flow rb teo  to  r t 8 b i l i r e  

e m a m  t&&3 

20. V 8 q  th8 Pcv 321 Setting6 88 rpec i f ied  k l W  and v e r i f y  
Allov 

p r i o r  to  changioq condition. g q - 3 \ 1  ~ ~ - 3 - 1  ~ ~ - 3 3  i ~ 6 4 3 5 ~  Tk-9 

,/ \%', 4~ a) Decrease IOX from s t ep  i a  r e t t i n g .  6.27 @ O S  ,312 w 5 b' 
co-*C%Te. 7 4 - 3 % *  b) Decrcue 202 from r t c p  18 r e t t i n g .  C w b ~  1-T 

o&ccrce; 79 Lo-. LrgeS.J4 5-7- =a%' 
I SI * p c )  Return t o  rtep 18 re t t i ng .  c*6s I040 103% qso 6'. 

r$o.Go d )  Increase  10% from r t c p  18 retting. 1 2 ~ 2 ~ ~  41- p7-3S3 ~ t - 8 7 '  Us 
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22. 

23. 

DESCRIPTION 

Gradually open PCV 321 and modulate FCV 631 t o  achieve a 
?T-311 rtean f low rate of 11,SSO lb r /h r  (100% lord). 
pr- 321 Gc.r - 3  1) 7 L - t o l  7k-33’ w-3)) * \ I* 2 %so lsQ +, .z“ 

TuurEb Or3 

11.5 
9’sThe next a c t i v i t y  w i l l  be the c o a t r o l  loop checkout 
qbtof  tbo S e e u  Pres ru re  Control PCV 321. Should the 

c o n t r o l  loop, during ateam t l o v  rata rariotioar, 
ahoun i n c o r r e c t  rerponre,  accmpl i rh  the  c o n t r o l  
tupfw engineer ing ac t iv i ty .  ?o1loviag th i r ,  r e t u r n  
t o  tho i n i t i a l  por t ion  of the checkout and reaccomplirh 
the  c o n t r o l  loop checkout. 

-ads, 

Steam P r e r r u r e  (IT-321) operat ional  limitr: 
1100 - + 30 pr i8 .  

A C t i V 8 t e  the FCV 321 S t e a r  Prerrure Control with a set 
point of 1100 pr ig .  L e  

Perform 8 s t e p  responre t e a t  to  introduce low t o  medium 
amplitude pressure  t r a n s i e n t r  t o  the main rtcam pres su re  
and ve r i fy  c o r r e c t  c o n t r o l  rerponse. 
PCV 431 to  o b t a l a  t h e  flov rater specif ied belov a t  
PT-311. Allow the  c o n t r o l  loop t o  r c t t l e  p r i o r  t o  

a) Clore FCV 431  t o  obtain an l&& l b d h r  flow ra te .  

Manually change 

changing conditions. ~ ~ - 3 t j  QT-321 -k-s* -N&.Q’ -k-3, 

f 
VQ.+ 

flow r a t e .  

Close PCV 431 t o  o b t a i n  a 10,000 l b d h r  flow ra t e .  

Open 1CV 431 t o  obtain aa 11,OOO l b d h r  flow rate. 

5” 
4 (,t , Z * W . b )  Close PCV 431 to o b t a i n  a 

‘ r .  \o / 

I c.c c G 4  

c.9 4 bb. 

4@$ p 0 ~ 9 c )  

2“ d) 

24. 

2 5. 

26. . 

VERIFICATION 

gg 
e) Open ICV 431 to o b t a i n  a A2, 

f )  Close PCV 431 t o  t e t u r a  to  11,580 l b d h r  flow rate. 

lbe/hr  flow rate. 
10, 7 3 .  

Xaia ta ie  t h i r  Oa Line, 100% load condition for  1 hour. 
Monitor c o n t r o l  loop performance la  t h l r  r teody r ta te  
opera t ioa.  

Perfom CSCP13 (manual SCS rhutdovrr) from the  On Lioe 
condi t ion t o  Diurnal Shutdown. 

Perform CSCPt6, SCS Por t  Teat Checklist  ( app l i cab le  
rect ioos only)  . 
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4.2.3 SCITP#3 Diurnal Shutdown (No Salt Plow) - Hold overnight 
PURPOSE: Maintain tha SCS in the Diurnal Shutdown mode for a 

12 hour, hght time period to verify SCS integrity. 

DESCRIPTION: The SCS will be brought to the Diurnal Shutdown mode 
following SCITPIZ. In thir operating rtate, the SCS 
will be maintained for a 12 hour period to verify 
subsyetem performance. Note: Thir teat doer not have 
to be performed overnight. It can be performed during 
the day when tcrt personnel are available. 

OBJECTIVES : a) Checkout of ryrtem and components 

b) Verify ryrtem performonce at minimum operating 
conditionr 

c )  Teat crew familiarization with maintaining SCS in 
the Diurnal Shutdown mode 
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TEST PHASE: S G I  7€ ST 16 

TEST IDEWIIPICATION : 

DATE OP TEST: f2 107 183 - r z I o a I ~ 3  

PLANNED START TIME: f60o 

:(. 177 *3 

PLANNED COMPLETION TIME: f t / o e / 8 3  0800 

RESPONSIBLE OPERATING PeRSONNEL: PRIHARY BACKUP 

TEST CONDUCTOR (WC) 

CONTROLS ENGINEER (MHC) 

CONSOLE OPEBATOR (CRTF) 

OPEBATION/ SAFETY ENCINEEB ( 

RS/liRPS OPERATOR (CRTF) 

SGS/TSS OPERATOR (CRTF) 

TEST FILE: Test File Nrrpber d h  ha8 been approved for thia teat. 
Startup include8 3ih heliostatr. 
The higheat llqufd outlet temperature expected for the 
test i r  ~ I A  'F salt, SSS 'P water/ateam. 

APPROVALS : * 

f2 loa I8 J 
MXC Tert Conductor Date 

A 

e ' f p  W S  Engineer / Dite 
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SGfTPl3 

Thio t e a t  a c t l v i t y  involver the ~ i n t a l n l n g  of the rteady r t a t c  Diurrul  
Shutdown mode f o r  a 12 hour periM. 
w i l l  require a minimum t e r t  team involvement t o  monitor the  three  r u b r ~ r t e m r  

Once t he  configurat ion 1 0  achieved, i t  

during 

STEP 

1. 

2. 

3 .  

4 .  

t he  n ight  time ac t iv i ty .  

DESCRIPTION VERIFICATION 

NOTE - 
The SGITPl2 f i n a l  configurat ion i o  to  r e tu rn  the 
SCS, TSS, and tiRPS t o  the  D l ~ r t ~ ~ l  Shutdo- mode. 
en te r ing  th io  t e s t  from any o the r  tert 
configurat ion,  perform the  appropr ia te  port lonr  of 
SCSPl2 (manual SCS Star tup)  or CSGPl3 (manual SCS 
Shutdown) . 

If 

Verify operation of the t r ace  hea ter  c i r c u i t r  on the SGS 
r8lt l iner ,  r h e l l r  of evaporator and ruperher te r  (ree 
Table 4.1-1), and the  TSS ( m e  Table A) except f o r  those 
l i s t e d  belov. 
than$&& 7-F 

. 
Ensure t h a t  a11 temperatures are g rea t e r  

TEH 217 TEH 236 7 = * 3 \ 8  

TEH 223 
TEH 224 

42/07/83 

V e r i f y  operation of U - 5  c i r cu la t ion  hea ter  c i r c u i t  by 
checldng f o r  a contact c lorure  on the  OIU. XI4 

+ 1G 
Bring the  steam drum water l e v e l  t o , , d i n c h e a  (The l e v e l  
should remain above 4 i n c h e s  throughout the  t e s t  period. ) 

Maintain t h i s  configuration f o r  a ,&hour period. 
IG 

-K 

a )  Honitor the  SGS and TSS heat trace c i r c u i t r  ( r t e p  1) 
and ensure they remain grea te r  than fU 

460v 

The i n t e n t  of Diurml Shutdown 10 t o  be able  t o  
"walk away" from the ryrtem overnight.  
during t h i o  t e s t  no water l e v e l  or prer rure  
adjuetoentr  rhould be required.  
observed t o  amrure the ahutdoun condi t ion  i m  
maintained properly, or d e t e r r i n a t i o n r  made t h a t  
adjustmento t o  the operat lag procedure are required. 

Therefore, 

The unit  rhould be 
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4.2.4 MlITP#b b a d  lollwim Teat - lOZ/Waute 

tuR?Osg: Thir t e r t  vi11 verify 8cs p e t f o r u a c e  d u t f v  (I 10% 
m t o ~  load por minute tauping. S c a t t i n g  8t 8 302 l a d ,  
th. SCS vi11 b. tamp loaded up t o  1002 a d  back dorm to  
sox. 

oDJBCT1m4 8 )  Chckou t  of wrtem and corpooento 

d) Tar t  crew f u i l i a t f t 8 t f o n  vfth ryrtem p8tfomance 

p r  3*sJ 

. 
'. 
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ZQL 

Perform C8CP#2 (uourl SCS atrttup) D - u m l  Shutdown t o  
w 8 t .  rt8adby Hqwace. 

Petforr GSGPdZ (uaual IC1 Strttup) Uam Standby to  On 
tino Sequraco, (TMa vi11 rcUeve t& on t h e ,  30% 
Load condition,). 

Hafntaia the 30% mtedy atate lord condition for'% 3J 
6= 

riauter. )baitor a l l  control toop performance. i Z D  c 
8oTE - 

' 
88ft 8CtfVity Will br th load fo1fovin8 C 8 r t  an 

vhich th. SCS rteaa loadin8 w i l l  be rampod up to 
1oOX at a IOX/minute rate, Verify control toop 
p.rfotunco duriw tho rampin$. 

Uriw 8 ramp rat. of la SCd rtru loadiw per minute, 
modulate ICV 431 to achieve the a t e u  flou rater 
r p a c i f i d  blow at  m-311. lore th ?CY 431 rettfn6r t o  
achieve ttum rpecified flour, 

8 )  4,630 lbr/hr (40% load). 

b) S.790 lbdhr  (50% load), 

c) 6,950 lbrlbt (60% load), 

d) . 8,100 lbdhr (70% load). 

0 )  9,270 lbr/hr (80% l a d ) ,  

f )  10,420 lbr/ht (90% 10.6). 

2 - 8 )  11,580 lbr/hr (100% toad). ?CV 431 

)kitatria tba 100% 

/#. ' 5s- 
ateam l o a d l q  for 30 miauter. 
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VERIFXCATXON 

GS rtr8r toadin8 pet mlnute, 
roduiate 431 to achieve elm rtran llov tatem rpecffiad 
bdou at  ?T-311. 
ba w e d  to obtal. tha requited flow. 

Tbe tCV a1 r e t t f w s  noted before nay 
s-s 

This capleter the Load ?0110Wing Te8t, SCITP #bo 
activity vi11 continue into SCITPIS (Alternate Diurnal Shurdom - 8old 
Overnight) from the Warm Standby mode. 

It 10 arrumed that the test 

D-2 7 
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b.2.6 SCITP16 teadwter toe8 Safe Shutdown 

0mCTmt 

?tom 502 and full  rt0.91 load eoaditfonr, upon reduciag 
the foad&tet flow to seto, tlu control ryrtem u f r l y  
abuts down th. SGS to the Dfure81 Shutdm d e .  

a) Daoartrrrtr control r7stem performance i n  reacting 

)kster Coattol S7,rt.o 
lo.tvork 90 

b) Verify the rttucturd lnte8rity of tha SCS --. 
c) Demoartrate proper toteraction betveaa the 3cS, 

TSSS and ms 
d) Test craw familiatiutioa vith 87rtem re8ction to 

t r i p s  

D-28 



, 
)i)lc Control8 - ioret h t e  
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Identif i r t  h l c r i p t  i o n  

I 
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Te8t ID Dnt. 
f 

.. Test T i t l e  
\ 

1. S i t e  Occupant8 o/s - 
Coaarnicatfonr Establirhed t o  a l l  manned control p i n t o  2 
Safe ty  Equipmeat In  Place 

1. OSHA Protect ive Clover 
2. Pita Retardant Coveral18 
3. Hard Hatr/Face Shield8 
4. Approved Fire Extfngui8hets 

2. Solar  Only 

"Test In Progress" Li8htr ON i n  t h e  t o m t  

t 
d 

Noa-?cot Perronnel faforaed and I n  Secure tocat ion 

Generator ON (Pteq. OK) 

Fie ld  Monitor oa cal l  a f t e r  oolat a t a r t u p  

Communications Establ i rhtd 

Tower Top Barac.de up 

Cotes Closed and ported vith red l ight .  O t  r ignr  

F ie ld  Cleat ,  Ready f o r  St8ttup 

3. Control born Locked 

6. Beam UP Command Shal l  Be Civea Only After Above Checklirt 
Is completed By O/S Engimat 

Syrtem Returned To A Safe ConffgutatiOn 
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BESPONSIEU OPERATIlVC PERSONNZL: 

TZST CONDUCTOR (WC) 

PB-Y BACKUP 

RS/XRFS OPERATOU (CRTF) 

SGS/TSS OPERATOR (CRT?) G k f L  
har been approved for thir test. 

hrllortatr. 
TEST taE: Teat Pile Nlnber 

Startup includes 
The highest'-liqutd outlet temperature expected for tha 
teat i o  .? mlt, .t watetlrteam. 

TEST CONFIGURATXON: fw&- #-e 

APPROVALS? 

XMC Coutrols D8te 
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XTP PUTEIT XERINC 

Uelry tho XCS Speclf i~a t ion '  r fnrtrument8tioa Li8ting8, def iae tho data 
to be recordrd and th. data r4ta rrquirrd durint the pcrfonuaca o f  the 
r p c i f i c  intagrated to r t .  

Identifier baacription 
D i t 8  
Rate - 

D-33 



CR'fP/HMC SAFETY CHECKLIST 

01s 1. S i t e  Occupants - 
Communications Es t ab l i shed  t o  a l l  manned control pointr  L4F 
Safety Equipment In Place 

1. OSHA P r o t e c t i v e  Cloves 
2. Fire Retardent  b V e r 8 1 h  
3. Hard HatsIFace S h i e l d s  
4. Approved Fire Extlngulsherr 

2. Sola r  Only 

"Test In Progrcsr-  L i g h t s  ON i n  the  tower 

Non-Test Personnel Informed and I n  Secure tocrtioa 

Genera t o r  ON ( Freq. OK) 

Fie ld  Monitor on call after  solar s t a r t u p  

Communications Es t ab l i shed  

Tower Top Baracada up 

Gates Closed and por t ed  vi th  red l i g h t s  or 8fgn8 

Field Clear, Ready for Star tup  

3. Control Room Locked 

6. Beam UP Command Shall Be Given Only After Above Checklist 
Is completed By O/S Engineer 

~~ 

System Returned To A Safe Configuration 
J 



d 

e) h t w r k  90 ' 

Shut off  r8lt flaw by c t o 8 i q  ?CV 301, ?Ctt 341, 8nd ?CV 351 

d )  Operator Action (at EMCON conrole) 
Shutdown SGS, =I, and t S S  t o  Diurnal Shutdown Mode 

STEP DESCPIPTZON 

1. Perform CSCP#l Retest  Ch.drtfrt .  

,& m 2. Perform CSCPl2 (Manual SC3 Startup),  Warm Standby t o  
Oa Line aequcnce. 
30% load condition.) 

Gradually manually inc re r r e  ?Of 431 t o  achieve 8 PT-311 
rteam flow rate o f  approximately 3,790 l b r l h r  
(50% load). M i n t a i n  thir condition for  5 minuter. 

( T h i ~  vi11 rehiroe t he  on l i ne ,  

/5Yos; 
3. 
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CRTF/EMC PRETEST CHECKLIST 

RESPONSIBLE OPERATING PERSONNEL: 

TZST CONDUCTOR (WIC) 

BACKUP PRIMARY 

CONSOU OPEUTOU (CRI?) ULzzsd 
OPERATION/SAFCTY ENGINEER (CRTP) 

RECEIVER/WS OPERATOR (CRTF) 

SCS/TSS OPERATOR (CRTP) 

FIELD HONXTORS (CRTP) 134- 
TEST FILE: Test Pile Number v' has been approved for  t h i s  t e s t .  

Startup includes ht l ios tats .  

The highest l iquid outlet temperature expected for  the 

MUC Controlr Ensfaear Date 

?/pd ' M a  a/ 
CRTF O/S Engineer 
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CRTF/WC SAFETY CHECKLIST 

1 .  S i t e  Occupants 

9- Cormpunications Established to a l l  manned control points 

Safety Equipment In Place 

1. OSHA Protect ive Clover 

2.  Fire Retardent Coveralls 
3 .  Hard Hato/Face Shield8 

4. Approved Fire Extinguishers 

2. Solar Only 

"Test IA Progress- t i g h t 8  ON i n  the  tower 

Non-Test Personnel Inforpled and In Secure Location 

Ccnerator ON (Frcq. OK) 

Field Nonitor on ca l l  after so lar  startup 

Communications Established 

Tower Top Baracade up 

Gates Closed and posted v i t h  rtd l i g h t s  O r  8ignS 

F i e l d  Clear, Ready for Startup 

3.  Control Room Locked 

4. Beam UP Coamand Sha l l  Be Given Only After Above Checklist  
Is completed By O/S Engineer 

System Returned To A Safe Configuration 
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condition (3,500 l b r / h r ) :  

SGITPt9 3 j ~ o I 8 C t  
This test procedure w i l l  set up the conditionr f o r  performing SCITPlZ and 4 Y ?+?ql~+ 
then d i r ec t  which SCITPr t o  perform and the order. 
actual 8pecified SGITP, obta in  a new copy of that SCITP and i n s e r t  i t  i n  the 
OFFICIAL TEST COPY BOOK immediately fOll0Uhg SCITPt9. 

During the  performance of t h i r  test, there  i r  t o  be no ac t ions  made from the 
Bailey Opcratorgr  Console. 
ensure the tert  Conductor ha8 approved t h i s  function. 

Verify ou f f i c i en t  hot ralt t o  rupport test  requfrancntr.  I f  more hot u l t  ir 
required,  use CSCP#4 (Propane Reater) or the aS/CS to  charge and build up the  
hot salt supply. 

The Pretest and Post Test Checkl is ts  ca l led  out f o r  performance by the 
individual  SCITPs may be dirregarded (Tert Team dec i r ion)  i f  proceeding 
d i r e c t l y  from one SCITP i n t o  another. 

When accwpl i rh ing  the 

If there  a r e  any "MONITORS" a t  t h i s  console, 

4% 
F'-Y2I WID& O B C ~  

q-g 4zr L3!P 

STEP 

1. 

2. 

3. 

4. 

DESCRIPTION VERIFICATION 
* ~ > f l a e l e  d* G ~ w J ~ z A  + 

Perf om ~ ~ X S / l e t w o r k  90 In tegra t ion  of Control NaS 3 / 2 0  
Checklirt .  

Perform CSCPPl SCS Pretest Checklist. 
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STEP DESCRIPTION VERIFICATION 

5.  Vary the  FCV 431 r e t t i n g s  (from the rtcp 4 s e t t i n g )  as 
rpec i f ied  

a) Decrease t o  25% loading (2,900 l b d h r )  -;?.,dp& 
c )  Iucrease to  20% loadiag (2,300 lbs /hr )  - 7; 
d)  Return t o  s t e p  4 valve r e t t i n g  (30% loading) 

below and ve r i fy  cor rec t  cont ro l  loop operation. 
Allow temperatures, pressures ,  and flow rates 
pr ior  to  changing condition. 30% -r3.J( 

b) Decrease t o  15% loading (1,800 l b d h r )  - i , g \  37% 

6. Gradually manually Increase FCV 431 to  achieve 
a PT-311 steam f l o v  rate of approximately 7 A O  lbs /hr  
(60% load)* 6 0 8 K(b5 74% 

7. Note the  FCV 431 valve s e t t i n g  t o  maintain the 60% load 
condition (7,000 lbs /hr ) :  7f.X 

8. Vary the  PCV 431 settings (from the  s t e p  7 s e t t i n g )  as 
epeclf ied below and ve r i fy  cor rec t  cont ro l  loop operation. 
Allow temperaturea, pressurea,  and flow r a t e s  t o  8 t a b i l i z e  

a )  Decrease t o  50% loading (5,800.1bs/hr) mc ~ ~ ~ ~ ~ / b s  

pms b) Decrease t o  40% loading (4,600 Ibs lh r )  c3q 4.7 / C / b s  
c )  Increase'  t o  50% loading (3,800 lbs/hr) G70. 
d) 

p r io r  t o  changing condition. F('d - q 3/ 

Return t o  s t e p  7 valve s e t t i n g  (60% load) 

vv 9 .  Gradually manually increase FCV-431 t o  achieve a FT-311 

lo .  Perform SGITPl2 (Hot S a l t  ow with Transients)  s t e p  23 

Fy3qdOF- steam flow rate of 11,580 1 s /h r  (100% load). 
y.Y&5&c ,t-[ - 7d fc'V3J 

+ I .  thru the end of the  procedure. 

11. Perform SGITP13 Diurnal 
Test . 
Perform SCITPI4 Load Following Test. 12. 

* l  . '.) 

I 

-& Perform SGITPIS Alternate Diurnal Shutdown ( v i t h  sal 
cycl ing)  - Overnight Teat. 

14. Perform SGITPI6 Feedwater Loss Safe Shutdown Test. 

15. Perform SCITPI7 S a l t  Flow Lore Safe Shutdown Test. 

16. Perform SGITP#8 Manual Sequence Demonstration. 
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. '  
s m  DESCRIPTION VERIFICATION 

21. C r a d u l l y  open FCV 321 rnd modulate FCV 431 t o  achieve 8 

PI-311 .#team flow rate of 11,580 l b r / h r  (100% load). 

NOTE - 
The next a c t i v i t y  w i l l  be the  con t ro l  loop checkout 
of the Steam Prerrure Control FCV 321. 
con t ro l  loop, during ateam f l o v  rate va r i a t ions ,  
rhom incor rec t  rasponre, accomplirh the  c o a t r o l  loop 
tuaiag engineering ac t iv i ty .  
t o  the i n i t i a l  portion of the checkout and reaccoapliah 
the  cont ro l  loop checkout. 

Should the 

?allowing t h i s ,  r e tu rn  

Steam Pressure (PI-321) opera t iona l  limits: 
1100 - + 50 psig .  

22. Activate  the FCV 321 S t e m  Prer ru te  Control with a ret 
point  O f  1100 prig. 

Perform 8 s t e p  response t e a t  to  introduce low t o  medium 
ampl i tude  prersure  t ranr fen te  t o  the main a t e a r  prereure 

FCV 431 t o  obtain the flow rate6 spec i f i ed  below a t  
FT-311. Allov the  control  loop t o  settle pr ior  t o  

q.4 a) Close FCV 431 t o  obtain an 11,000 lb s /h r  flow rate. 6 2 %  

9.6 Close FCV 431 t o  obtain a 10,500 l b d h r  flow ra te .  8 1% 

and v e r i f y  co r rec t  cont ro l  response. b n u 8 l l y  cbnge 

fq-31\ changing conditions.  kw- $3)  

so"), 
82% 

m b) 

$.v4c) Close FCV 431 t o  obtain a 10,000 l b d h r  flow ra te .  

q,%%Jd) Open FCV 431 t o  obtain a n  11,000 l b d h r  flow rate. 

' 74 e)  Open FCV 431 t o  obtain a 12,000 l b d h r  flow ra te .  gsz 
f )  Close FCV 431 t o  re turn t o  11,580 l b s / h r  f lov  r a t e . ] f z  fl 

r3:$3 - I+-' 
2 4 .  Maintain t h i s  On Line, 100% load condi t ioa f o r  

Monitor con t ro l  loop performance in this rtea 
operat ion.  

25. Perform CSCP#3 (manual SGS rhutdovn) from the  On Line 
condi t ion  t o  D i u r n a l  Shutdown. 

Perform C S C P 1 6 ,  SCS Port Test Checklist  (appl icable  
r e c t l o n s  only).  

26. 
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STEP DESCRIPTXON VERIFICATION 

1. Perform CSCPlZ (manual SCS s t a r t u p )  Diurnal Shutdown t o  
Warm standby s e q u e n ~ e ,  

Perform CSCPl2 (manual SCS S t a r t u p )  Warm Standby t o  On 
Line Sequence, (Thir vi11 achieve the on l iae ,  30% 
load  condi t ion.  ). 

alnutccl. Monitor all c o a t r o l  loop performance. 

2. 

a lv  C& 
3. h i n t a i n  the  30% s teady  state load condi t ion  f o r  30 ?fl&,*c.2 bh T23+ n7DA'; 

NOTE - 
The next a c t i v i t y  w i l l  be t h e  load following test  i n  
which the SCS steam loading will ba ramped up t o  
100% a t  a lOX/ainute rate. 
performance during the  ramping. 

Ver i fy  con t ro l  loop 

Uilag a ramp rate of 10% SGS steam loading per mlnute, 
modulate PCV 431 t o  achieve t h e  steam flow rates 
s p e c i f i e d  below at  FT-311. 
achieve  the  m e c i f i e d  flows. 

a) 4,630 l b s / h r  (40X load) .  FCV 431 - 5% X IC\ .55 
/ W? L- /q-- 311 

- - I  254 
3- 7 

2 
Note t h e  FCV 431 s e t t i n g s  t o  

= 3 c 7 ,  i ! J -  

4, 9 b) 5,790 l b d h r  (50% load) .  FCV 431 O b  X 1 y, >z 5w 

G', 3 d )  8,100 l b d h r  (70% load).  FCV 631 -75 X q ' 5 8  74 
e) 9,270 lb s /h r  (80% load) .  FCV 431 76 % I q'37 7-7 % 

FCV 431 qz X ( 5 :  oo  3 7  

5, 9 c)  6,950 lbe /hr  (60% load).  FCV 4 3 1 3 /  X Iq 6. o t  

7, b 
,$, 8 f )  10,420 l b d h r  (90% load).  

% 6 g) 11,580 lba /h r  (100% load).  
/ /  

PCV 431 fb/ X 

Maintain the  100% SGS steam loading  for @minute€#. 
/ o  

5. 
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p - *  

Step DESCRIPTION VERIP I CATION 

6. Uaia8 a tamp rate of 10% SGS ,tea8 loading per  minute, 
modulate 431 t o  achieve the ateam flow rates rDcci f i rd  
below at ?T-311. 
be w e d  t o  obtain the required flow. Ttwe 

The FCV 431 8ettiQgr ooted &fore may 
F r - 3 1  I 

193 
8, 8 a) 10,420 l b d h r  (90% l o r d )  I q . 3 2  Gj IJ 7 
7($ b) 9,270 l b d h r  (80% load) l$33 @ 7.0 
br 9 c )  8,100 l b d h t  (70% load) I $ ? +  @ -7.0 
5, 9 d)  6,950 Ibs/hr (60X load) && @ 6.2 

/&3e - 
,MA * -  

8 .  Gradually close FCV 321 t o  achieve a 10% ~ a l t  flow rate 
(7600 lbs/hr a t  FT-321). 

A &  S G s t - Q c  9.  Perform GSCP#3 (manual SCS Shutdown) rteps 1 th ru  8. 
This w i l l  bring the SCS t o  Warm Standby. b J L  

This cou~plater  the Load Following Tes t ,  SCITP 14 .  
a c t i v i t y  w i l l  continue i n t o  SCITPI5 (Alternate  Diurnal Shutdovn - Hold 
Overnight) from the  Warm Standby mode. 

It is arsmcd t h a t  the  test 
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A7 
PMWSBI -full, r t o u  load conditionr, upon reducing 

th. ralt  lw t o  aero, tha coatrol ryrtra rafoly ,huts 
do- tho t O  th. SCWldb7 mad.. 

DUCBTPTIOlf8 Starti- from th. Diurnal Shutdm wdr, the SCS f 8  
manually brwht  to the On LZndpM toad  coadttion. 
ralt flou t r i p  w a l l  bo performed d, 
oporator actlom, t& SCS taken t o  tho Yam Standby 
mode. v 

coafiguratiou ut11 k tha Warm Standby d e .  

A 
automatic and 

Upon rhuttiug doul, th. SCS, the fi-1 

mater Control Sy ,rta  
Hatvork 9Q 

b) Verify rtructural fntesritt of the SCS 
e )  Demoartrate proper interactian brtwren tha 
sa, T u ,  and m s  

d)  Test crew tm~iliatitatloa vith 87stem ta~ctfon to  
trip,. 

. 
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o p m ! r r o l r / m  mcrrrtn (am) 
W / W S  SUPPORT OPERATOR (ClT?) 

S C S / T S S  OPERATQR (Cam) 

TEST FILE: Teat  ?fro 8bb.r  
Startup lncludoo 
The &heat l iquid  outlet tomperatutr cxpcceod for the 

h u  h n  approved t o t  thfa tort. 4 Iloriort. tr . 
O F  vater/rtaun. teat i r  .I ult, 

TEST CONFICUBA'LTOI: FieIyI &!+ 

APPROVALS: 
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biq tha S S  Spe~lfic8tioa*r Xartnrwntatioa Urt ingr ,  define tha data to 
be rrcotdrd a d  cbe data race requlrrd dutin8 the petformnee o f  t& 
D p C i f i C  ht-ratrd t88t. 

Identifier Dercription 
Dat a 
k C 8  - 

I 
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CRTPIHNC SAFETY CHECKLIST 

1. 

2. 

3. 

4. 

S i t e  Occupants 

Comarunlcationa Established t o  a11 unned cont ro l  po ia t r  2m 
Safety Equipmeut In Place 

1. OSHA Protec t ive  Clover 

2. F ire Retardant Covetal l r  
3. Hard HatrIFace Shields 
4. Approved Fire Extiaguirkerr 

Solar Only 

"Test I n  Progress" t ight8  ON in the tower 

t 

A Non-Teat Perronnel faforred and In Secure Location 

Generator ON (Fteg. OK) 

Field Monitor on c a l l  a f t e r  r0l.t r t a t t u p  

Comuntcationa Eatabliehed 

Tower Top €Sarac.de up 

Cotes Closed and ported v i t h  red l igh t8  o r  signa 

Field Clear,  Ready f o r  S ta r tup  

Control Room Locked 

I 
f- 

&am UP Command Sha l l  Be Given Oaly After Above Checklirt  
Is completed By O/S Engineer 

System Returned To A S8fe Configuration 
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,i/ ~ o p o ~ ~ e u e r a t o t  circuit breaker 
&ut off  ;tur flou to turbiuo (?CY 501) 

c )  *orator k t f o n  (at MCON conaole) 
Bring the SCS, TSS, and BZVS eo the w8m StaadbY mode 

STE? DESCRIPTION 

1. Perfora GSCPII Pretest Chclit irt .  
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