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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. The MSEE receiver has a thermal capacity of
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 Albugquerque, 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 of the Steam
Generation Subsytem beginning in September 1982 and ending in June 1984.



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 Tline-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 line-focus tracking reflectors that concentrate sunlight onto receiver
tubes a]ong their focal lines. Concentrating collector modules can be used
alone or in a multi-module system The concentrated radiant energy absorbed by
the solar thermal receiver is transported to the convers1on process by a circu-
lating working fluid. Rece1ver temperatures range from 100°C in low-tempera-
ture troughs to over 1500°C in dish and central receiver systems.

The Solar Thermal Technology Program is directing efforts to advance and
improve promising system concepts through the research and development of solar
thermal materials, components, and subsystems, and the testing and performance
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. Components and system-level
performance targets have been developed as quantitative program goals. The
performance targets are used in planning research and development activities,
measuring progress, assessing alternative technology options, and making
optimal component developments. These targets will be pursued vigorously to
insure a successful program.

The work described in this report falls under Task 11, System
Experiments, of 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.

ii
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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 950°F (510°C) 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 10500F (566°C) is pumped through the superheater,

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

o
(304 C).



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 (454°C). Subcooled water from the steam drum is
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 (538°C). Pinal adjustment of the superheated steam temperature
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.

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 stéam delivery temperature and pressure. The
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.



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.
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2.0

2.1

5GS DESIGN

General Description

The Steam Generator Subsystem has been designed in accordance with
sandia National Laboratories Document 81-5100 (Reference 1) to be an
integral part of the Molten Salt Electric Experiment (MSEE) system. The
complete system experiment has the objectives of verifying the
feasibility of a molten salt central receiver system to produce electric
power and developing the automatic controls for this system. The
function of the Steam Generator Subsystem (SGS) is to generate
superheated steam as required for operation of the MSEE system. The
energy required to generate this steam is supplied by molten nitrate salt
flowing through the SGS.

In addition to the SGS, the MSEE system consists of the following
subsystems:

0 Receiver Subsystem (RS)

o Thermal Storage Subsystem (TSS)

o Heat Rejection and Feedwater Subsystem (HRFS)

o Electric Power Generation Subsystem (EPGS)

o) Master Control Subsystem (MCS)

o Collector Subsystem (CS)

With the exception of the turbine-generator set portion of the EPGS, each
of these subsystems was in place at the Central Receiver Test Facility in
Albuquerque, New Mexico from previous experimental work. The addition of
the SGS, together with changes to the existing subsystems, has upgraded
the CRTF capability to perform the Molten Salt Electric Experiment.

The SGS consists of a superheater, evaporator, steam drum, salt and

water/steam piping and valves, a boiler water circulation pump, a



circulation heater, heat tracing, controls and instrumentation, and
electrical equipment mounted on a structural steel skid assembly. The
skid assembly is located within the berm of the thermal storage area at
the CRTF. A general location plan is shown on Figure 2.1-1. The overall
arrangement of the skid assembly is shown on B&W drawings 405331E,
405332E, 405333E, 405338E, and 405345E. The SGS is supplied with a
Bailey Controls Company Network 90 control system. This system provides
for direct control of the steam generator subsystem from either the
Network 90 Operation Interface Unit (OIU) or from the EMCON control
console in the CRTF main control room.

Radiant energy from the MSEE Collector Subsystem is input to the
molten salt flowing through the solar receiver, where the salt
temperature is increased from 580°F (304°C) to 1050°F (566°C).

The receiver outlet flow is delivered to the TSS hot storage tank. The
SGS produces superheated steam at 1100 psig (7584 kPa) and 950°F

(510°C) for delivery to the HRFS and to the turbine in the EPGS by a
transfer of energy from molten salt flowing through the SGS superheater
and evaporator. Molten salt at 1050°F (566°C) from the hot salt

storage tank is pumped through the superheater, evaporator, and
associated salt piping. Moiten salt exiting the SGS at 580°F (304°C)

is returned to the cold salt storage tank. The flow of molten salt
through the SGS is regulated to maintain the steam delivery pressure at
1100 psig (7584 kPa). 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 (454°C). Subcooled water from the steam drum is
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 (538°C). Final adjustment of the superheated
steam temperature flowing to the turbine at 950°F (510°C) 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
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 (504°C) and
1050 psig (7240 kPa) based on flow from the condenser at 140°F (60°¢)
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
(288°C). The required total SGS steam flow is 11530 lbm/hr
(1.453 kg/sec). Energy input to the SGS is supplied by molten salt
flowing from the hot storage tank at 1050°F (566°C) and returning to
the cold storage tank at 580°F (304°C). The required hot salt flow
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 107 Btu/hr (3.109 MW).



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:

o Provide hot salt to the superheater inlet
o Provide cold salt for attemperation of the superheater salt outlet
temperature

o Provide for filling of the SGS with cold salt; provide venting of
air to cold salt storage tank during fill

e} Provide for increasing the superheater salt inlet temperature for
daily start-up from cold salt temperature to hot salt temperature

o Provide for complete salt system drainage by gravity

o Limit the salt system volume to be drained to the hot pump sump to
30 ft3 (0.85 m3)

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

flow conditions to 35 psi (241 kPa)

o Provide overpressure protection
o Provide heat tracing to maintain the salt system above 480°F
(249°)



The heat exchangers and the salt piping have been arranged to meet
the specification requirements noted above. Hot salt at 1050°F
(566°C) 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 (304°C) 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 FPCV-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 thé salt outlet piping is modulated during
normal load range operation to control steam delivery pressure (PT-321).

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



control piping and valve FCV-351 in the hot salt piping control salt flow
to provide proper mixing of hot and cold salt to ramp the superheater
salt inlet temperature at the desired rate. The cold salt control piping
and this mixing tee in the hot salt inlet piping also provide the flow
path for the daily fill of the SGS with cold salt.

The general arrangement of the salt piping and the heat exchangers
has been established to permit gravity drainage of the SGS salt inventory
to the hot salt pump sump with a minimum of additional piping, changes to
existing CRTF piping, and/or valves dedicated to the purpose of
drainage. The high point in the system is in the existing CRTF cold salt
return piping to the cold salt storage tank. The system is arranged such
that flow can drain from this location, in the reverse direction from
normal, to the hot pump sump. The evaporator is located above the
superheater, and all piping is sloped towards the hot salt inlet piping.
The SGS piping and heat exchanger elevations have been established to
permit the downward sloping drain path to be maintained at the interface
point between the SGS skid hot salt piping and the existing CRTF salt
piping. Drain piping and isolation valves FCV-381 and FCV-382 have been
installed to provide complete drainage of both the superheater and the
evaporator. The only salt inventory in the SGS not designed to be
drainable to the hot pump sump is that in the cold salt control piping.
Because the hot and cold pumps are essentially at the same elevation it
is basically not possible to drain this line to the hot sump, at least
not without an additional interconnecting piping/valve arrangement.
However, such measures are not necessary as the cold pump sump can easily

accommodate the drainage of the cold salt control piping.



The salt volume in the SGS and interconnecting piping which drains
to the pump sumps is 28.5 ft3 (0.81 m3). Of this total,
27.8 ft3 (0.79 m3) is drainable to the hot sump compared to the
specification allowable of 30 ft3 (0.85 m3). 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 ft3 (0.85 m3) had to be cpnsidered 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.



Certain clarifications were developed in regard to the allowable
pressure drop for the SGS salt system. The only stated pressure drop
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. On that basis other system losses in the
piping and valves would be additive to the components losses. 1In
discussions between B&W 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 1bm/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,
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14 psi (97 kPa) for the evaporator, and 16 psi (110 kPa) for the piping
and head losses. The total calculated pressure drop of 41 psi (283 kPa)
is approximately 10% below the allowable of 45 psi (310 kPa).

Overpressure protection for the SGS salt system is provided by two
overpressure piping/rupture disc assemblies. One assembly is connected
to the salt piping between the superheater and the evaporator; the other
assembly is connected to the evaporator salt outlet piping. Both
overpressure pipes are routed to the east edge of the SGS skid assembly
at which point additional piping, supplied and installed by CRTF, routes
the overpressure piping to the CRTF drain and blowdown tank located
within the berm near the southeast corner of the skid.

sizing of the overpressure piping was based on an evaluation of a
water side to salt side leak in one of the heat exchangers. To provide a
conservative estimate of the magnitude of the volumetric leak rate which
must be relieved through the overpressure piping, a double-ended tube
break was assumed to occur in the evaporator. Leakage was assumed to be
essentially unrestricted at the two locations where the water leaks into
the salt, and the entire evaporator tube was assumed to be filled with

subcooled water at 550°F (288°C) and 1200 psig (8274 kPa).

Based on an analysis of the instantaneous double-ended tube failure,
a design maximum leak rate of 0.6 £t3/sec (.017 m3/sec) must be
relieved through the overpressure protection piping. Two overpressure
lines have been provided. These are located as noted above to provide
essentially equivalent relief paths for both the evaporator and the
superheater. Each of the overpressure lines uses 4" Sch. 10 pipe between
the rupture disc and the overflow tank, resulting in a relieving
capability on the order of 30% higher than the maximum leak rate of 0.6

ft3/sec (.017 m3/sec).



The rupture disc assembly in each of the overpressure lines is
located as close as possible to the main salt piping to minimize stagnant
salt volume. Each 4" rupture disc assembly consists of a rupture disc
flange assembly, an inconel rupture disc, and a vacuum support. The
rupture disc is sized to meet the requirements of Reference 2 such that
the burst pressure does not exceed 110% of the salt system design
pressure of 175 psig (1207 kPa). The vacuum support is provided to
prevent any flexing or reverse buckling of the disc should any vacuum
occur at the disc location, for example during draining of the salt
system.

The entire SGS salt system is provided with a heat tracing system to
raise and maintain the system above the freezing point of the salt. Heat
tracing on existing CRTF hot salt and cold salt piping is provided by
CRTF and is not considered part of the SGS heat tracing. Discussion of

the SGS salt system heat tracing design is included in Section 2.11.
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SGS Water/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 requirements
is included in subsequent sections of this report. The design
requirements are:

o Design a recirculating steam generator which provides 11530 lbm/hr
(1.453 kg/sec) superheated steam to the HRFS and EPGS at 1100 psig
(7584 kPa) and 950°F (510°C) based on an equal supply of
feedwater from the HRFS at 550°p (288°c)

o Design the recirculation loop for a flow which precludes departure
from nucleate boiling in the evaporator

o Limit the overall pressure drop at full load in water/steam system
to 350 psi (2413 kPa)

o Provide sufficient subcooling in the downcomer of the recirculation

loop to prevent flashing during transient operation

(o] Provide for water/steam system drainage by gravity
o Provide overpressure protection
o Establish the power requirement for an electrical circulation heater

to heat the water/steam system from ambient conditions to the normal
operating pressure 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 f£low 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 HRFS 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 water/steam system is provided
by a safety relief valve located on top of the steam drum. 1In 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 1bm/hr (1.940 kg/sec), which represents a margin of 33%

over the full load steam generation capacity of the system.



2.5

Superheater

The superheater (B&W Drawing 405325E) is a U~tube, U-shell heat
exchanger oriented horizontally with both legs in the same horizontal
plane. The vessel is mounted to the skid support steel with two fixed
supports and two sliding supports. 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 (566°C)

Steam side

Steam flow = 10330 lbm/hr (1.302 kg/sec)
Steam outlet pressure = 1100 psig (7584 kPa)
Steam outlet temperature = 1000°F (538°C)

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 en§elope. 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 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 is 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 to account for various uncertainties affecting superheater heat
transfer. The arrangement of the superheater had to be such that the
salt and steam sides are drainable and ventable.

Based on previous studies, the basic configuration of the
superheater was established as a horizontal, U-tube, U-shell, counterflow
heat exchanger with shell side salt flow and tube side steam flow. B&W
steam generator design and analysis computer program VAGEN (Reference 3)
was used to develop the basic sizing of the superheater tube bundle.
Initially, tube sizes in the range of 1/2 inch OD (13 mm) to 3/4 inch OD
(19 mm) were considered. The 1/2 inch OD x .059 inch minimum wall tubes
(13 mm x 1.50 mm) were chosen for the superheater tube bundle because,
for a fixed steam side pressure drop, the required bundle length was
shorter, the salt side volume tended to be lower, and the salt side
pressure drop tended to be lower while still maintaining sufficient salt
velocity for turbulent flow. Also, the number of tubes increased as the
tube diameter decreased. For this design the number of tubes was in the
range of 10 to 30 for the tube diameter range of 3/4 inch (19 mm) to
1/2 inch (13 mm). When considering the effect of tube plugging on
available heat transfer surface with this low total number of tubes, it
was advantageous to choose a design with a greater number of tubes so
that if tube plugging becomes a necessity, either during the fabrication
process or at sometime during the operating life, the percentage of the
total surface affected by plugging a tube was reduced. With 1/2 inch
(13 mm) OD tubes on a 3/4 inch (19 mm) triangular pitch chosen as the
basic tube pattern, some further iteration on the number of tubes was
done to reach to the final tube bundle configuration of 23-1/2 inch

(13 mm) tubes. This configuration, together with the required bundle



shroud and tie rod arrangement, was suitable for use with a 6" Sch. 40
pipe as the heat exchanger shell. Based on preliminary estimates of the
required tube length the salt volume of the superheater, as part of the
total allowable salt volume of 30 ft3 (0.85 m3), was acceptable.

In finalizing the design of the salt side of the superheater, the
tube bundle shroud in the straight portions of the bundle was designed
such that the salt flow through the superheater passes through the tube
bundle with a uniform flow per tube. The .143 inch (3.6 mm) clearance
between the shroud I.D. and the tubes on the outer periphery of the
bundle was established based on uniform flow per tube. The looped end
portion of the tube bundle is not enclosed in a shroud. A tight-fitting
shroud in the looped end could result in tube to shroud interference due
to differential thermal expansion between the tubes and shroud. The tube
support plates are located at 35 inch (0.89 m) intervals along the bundle
length. With the salt pressure drop across each support plate greater
than salt pressure drop in each 35 inch (0.89 m) bundle section, each
support acts as a flow distribution plate which helps equalize the flow
per tube in the bundle. Equal salt flow per tube results in equal salt
temperature drop along the bundle length for all tubes, assuming an equal
overall heat transfer coefficient (Uo) for each tube. However, with
equal salt flow per tube there is a slight variation of Uo between the
tubes on the bundle periphery and the tubes within the bundle, which can
result in a minor variation in the salt temperature drop along the bundle
on the periphery as compared to within the bundle. However, the
distribution effect of the support plates tends to negate these small

temperature differences. Because the shroud section between each pair of
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support plates is welded to the support plates, there is no by-pass
around the edge of the support plates; all salt flow is forced to flow
through the lobes of the broached holes in the support plate. This flow
path tends to create mixing and uniform salt temperature on the
downstream side of each support plate. The lack of support plate by-pass
and the re-mixing at support plate effectively eliminate concern for
significant stratification of salt temperatures within the tube bundle.

The space between the shroud 0.D. and the shell I.D. in each of the
straight legs of the superheater is part of the salt volume. To minimize
any by-pass of superheater salt inlet flow through this annulus, flow
restrictors are installed at the two bundle support plates closest to the
looped end. Each restrictor (B&W Drawing 405334E) is a ring whose
outside diameter is machined to assure diametral clearance between the
shell I.D. and the restrictor of no greater than .010 inches (0.25 mm).
The vent and drain paths in the restrictors are of a labyrinth design to
increase flow resistance at these locations. The maximum by-pass of the
salt flow outside the shroud with these restrictors in place is 2-1/2%.

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). The baffles are similar to the tube support plates with the
exception that the tube holes are straight and close-fitting as opposed
to the broached holes in the support plates. These baffle plates form
two adjacent regions of essentially stagnant salt on the shell side
between the tubesheet and the salt flow path into (or out of) the

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 2zone, 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 B&W computer program VAGEN. A suitable margin was then
added to the nominal surfacé 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.
o Variation of the overall heat transfer coefficient, Uo
Each component of the overall heat transfer coefficient
was evaluated for possible variations which could affect
Uo. Variation of the salt flow heat transfer
coefficient due to the geometry variations of the tube
0.D. and of the shroud I.D. was considered together with

possible variation of the coefficient due to correlation



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. (106.06 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 séace 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 lOOOoF (538°C) is met for the reduced heat transfer case. The

steam side pressure drop and resulting saturated steam inlet pressure
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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 Standards of the Tubular Exchanger Manufacturers Association (TEMA),
5th Edition. The following design conditions apply:

o Tube side pressure 1310 psig (9032 kPa)

(o) Shell side pressure 175 psig (1207 kPa)

o Temperature 1075°F (579°C)

There are two fixed supports on the superheater shell located in the
vicinity of the salt inlet and outlet nozzles. The support near the salt
inlet nozzle is anchored to the external support steel. The other fixed
support is allowed to move in a horizontal plane to accommodate motion
due to thermal expansion. The fixed supports are fabricated of type 304
stainless steel which is compatible with the superheater shell material
and which minimizes the conduction heat loss from the shell to the
adjoining structural steel.

An additional pair of supports for the superheater shell is provided
near the return bend. These supports are designed to support the shell
from outside the insulation and to permit thermal expansion in the
horizontal plane. These supports are fabricated of structural steel.
Both pairs of superheater supports are mounted on structural pipe and

channel bents which are welded to the skid.
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2.6 Evaporator

The evaporator (B&W Drawing 405328E) is a U-tube, U-shell heat
exchanger oriented horizontally with both legs in the same horizontal
plane. The vessel is mounted to the skid support steel with two fixed
supports and four sliding supports. The material of construction is
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 (454°C)

Steam side

Steam flow = 11530 lbm/hr (1.453 kg/sec)

Saturated steam outlet pressure = 1175 psig (8101 kPa)
o o]

Feedwater temperature to steam drum = 550 F (288 C)

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—ftz—F/Btu (1.76 x 10-5 mz—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
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. B&W 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 (22 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 (22 mm) OD tubes on a 1.063 inch (27 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

2-32



establishing the total water flow through the evaporator. The nominal
tube I.D. for the 7/8 inch (22 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-ft2
(410 kw/mz). 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 106 lbm/hr--ft2
(1356 kg/sec—mz) 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.

The 1.0 x 10° 1bm/hr-£t® (1356 kg/sec-m®) 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 ft3 (0.85 m3) attributable to the evaporator was acceptable for



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=1/x= 3.76) and a mass velocity of

0.99 x 106 lbrn/hr-ft2 (1342 kg/sec-mz).

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 ft3 (0.85 m3) 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.

Finalizing the design of the salt side of the evaporator was done
using the same consiaerations as for the superheater as discussed in the
previous section. To estabiish uniform salt flow per tube the tube 0.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 44 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. This 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
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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 re-mixing
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%. As
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.
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) O0.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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o No fouling resistance on the salt side; .0001 hr-ftz—F/Btu
(1.76 x 10_5 m2 - 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 Uo’ and
maldistribution of water and salt flows established a requirement of 29%
margin on the baseline heat transfer surface. The installed average tube
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).

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%. As indicated by the plots the total evaporator flow, based on
recirculation loop flow 1os$es, 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 27s.

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



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 evaporator as
the salt outlet nozzle to assure complete drainage.

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:

0 Tube side pressure 1385 psig (9549 kPa)

o shell side pressure 175 psig (1207 kPa)
o o

o Temperature 960°F {482 °C)

Two fixed supports on the evaporator shell are located in the
vicinity of the salt inlet and ocutlet 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 to minimize the conduction heat loss from the evaporator
shell to the adjoining structural steel.

Two additional pairs of supports are provided for the evaporator
shell spaced at 161 inch (4.09 m) increments from the fixed supports.
These supports are designed to support the shell from outside the
insulation and to permit thermal expansion in the horizontal plane. The
supports are fabricated from structural steel. All three pairs of
supports are mounted on structural pipe and channel bents which are

welded to the skid.
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2.7

Steam Drum

The steam drum (B&W Drawings 405326E and 405327E) is a 24 inch
(0.610 m) I.D. cylindrical vessel with 2:1 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 lbm/hr (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 0%, 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)

o  Temperature 600°F (316%)

The steam drum—to-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.

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.
(LP&E) was chosen for serviée in the SGS. This pump occupies
considerably less floor space than a horizontal centrifugal pump with
external motor. The LP&E 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



approximately 12 to 15 GPM for a centrifugal pump. An ethylene
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.

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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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 for salt recirculation or manned operation at all times.

The power requirement for the circulation heater was determined for
the cold start-up operation based on a 500°F (278°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 NWH1-970E4XX, 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 405332E. The heater has nine heating elements with a total
power of 70 KW at 480 vac. The heaters are wired in five separate
circuits to permit partial power operation for maintenance of steam
pressure during diurnal shutdown conditions. The control of the heater
during diurnal shutdown is discussed in Section 2.12.8.2.1. (The
original heater design had 12 heaters in five circuits with a total power
of 70 KW. Subsequent to the circulation heater pressure boundary
failure, as discussed in Section 5.3, the heater was redesigned with the

nine heater elements noted above.)



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 ft3 (0.85 m3) 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 B3l.1 (Reference
5), for the design temperature and pressure indicated on the B&W piping

drawings referenced in the following subsections.

2.10.1.1 Hot Salt Inlet Line

The hot salt inlet piping (B&W 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 2.10.1.7), details of which are shown on B&W Drawing
405329E. This tee provides for 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 PCV~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 B&W 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 B&W
Drawing 405329E. 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 (454°C). The piping is sloped downward from the evaporator
inlet nozzle to the superheater outlet nozzle to allow drainage. Piping
material is 304 stainless steel.

2.10.1.3 Evaporator Salt Outlet Line

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 B&W 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. The valve body is 316 stainless steel

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



2.10.1.4 Cold salt Control Lines

The cold salt control piping (B&W Drawing 179938C) is 1-1/2" Sch 40
pipe which provides molten salt from the CRTF cold salt pump to the SGS.
The SGS piping interfaces with CRTF pipe 2"-SMC-1-FBA south of the SGS
skid at CRTF W.P. EL. 5587'-6-7/8". The main cold salt control piping
branches to the salt start-up mixing tee and to the salt attemperator
mixing tee as described in Sections 2.10.1.1 and 2.10.1.2, respectively.
The piping is sloped downward from the two mixing tees to provide
drainage to the cold salt pump sump. Piping material is carbon steel
with the exception of (1) the 304 stainless steel elbows at the end of
each branch line which provide transition to the ends of the stainless
steel mixing tees, and (2) the 304 stainless steel nipples on either side
of both control valves.

The start-up cold salt flow control valve FCV-341 is located in the
start-up branch of the cold salt control piping. The valve is a 1"
Valtek Mark 11 air operated, cylinder actuated valve. The valve body is
316 stainless steel with socket weld ends. This valve was sized and
supplied by SNL.

The evaporator salt inlet temperature control valve FCV-301 is
located in the attemperator branch of the cold salt control piping. The
valve is a 1" Valtek Mark 11 air operated, cylinder actuated valve. The
valve body is 316 stainless steel with socket weld ends. This valve was

been sized and supplied by SNL.

2.10.1.5 salt Drain Lines

The salt drain piping (B&W Drawing 179941C) permits complete
drainage of the salt side of the superheater and the evaporator as

described in Sections 2.5 and 2.6. The 1" Sch 40 drain pipes from
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the superheater and the evaporator combine into a common 1-1/2" Sch 40
line which is routed to the hot salt inlet piping upstream of the
start-up mixing tee (B&W Drawing 179936C). All drain piping is sloped
downward from the superheater and the evaporator to the hot salt piping
to allow drainage. Piping material is 304 stainless steel.

Each branch line has a remote-operated isolation valve. The
superheater valve is FCV-382; the evaporator valve is FCV-38l. Each
valve is a 1" Kieley and Mueller air operated, diaphragm actuated valve.
Each valve body is stainless steel with socket weld ends.

2.10.1.6 Salt Overpressure Lines

Overpressure protection of the molten salt side of the SGS is
provided by two 4" rupture discs as discussed in Section 2.3. One
rupture disc is located in the 4" salt overpressure piping which branches
from the evaporator salt inlet piping as shown on B&W Drawing 179937C;
this piping is 304 stainless steel. One rupture disc is located in the
4" salt overpressure piping which branches from the evaporator salt
outlet piping as shown on B&W Drawing 179940C; this piping is carbon
steel. From the SGS overpressure piping terminal points on the above
drawings, pipe is routed to the CRTF blowdown/drain tank located to the
east of the SGS skid. 1In the event of overpressure on the salt side and
attendant rupture disc failure, fluid from the salt side flows through
the overpressure piping to the blowdown/drain tank.

2.10.1.7 Salt Mixing Tees

Two mixing tees are required for the SGS salt system. A start-up
mixing tee is required upstream of the superheater. The function of this
tee is to provide a mixing point for cold salt flow at 580°F (304°C)
and hot salt flow at 1050°F (566°C) so that the éuperheater salt

inlet temperature can be ramped up during start-up from warm standby
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and ramped down during shutdown to warm standby. A mixing tee is
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 (454°C). 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.

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
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 4), 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.



The design of the SGS coaxial, perforated pipe mixing tee is shown
on B&W drawing 405329E. The hotter salt flow enters the tee through the
smaller 2" diameter inner pipe. The colder salt flow enters through the
larger 4" diameter outer pipe, passes through the perforations in the
inner pipe, and combines with the hotter flow in the mixing section of
the inner pipe downstream from the perforations. Concern for any thermal
striping or temperature fluctuation effects in the mixing zone is greatly
reduced because the mixing occurs in this non-pressure boundary pipe
section. After passing through the mixing section, the flow expands to a
4" diameter pipe to eliminate any unnecessary pressure drop and to mate
with salt system piping. The mixing tee has a calculated pressure drop
at full load flow of 1.0 psi (6.9 kPa). The configuration permits
drainage of salt when installed at an angle from the horizontal of 100.

The salt mixing tees were designed so that flexibility was built
into the interior 2" schedule 10 pipe to accommodate differential thermal

expansion between the inner and outer pipes.
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2.10.2 Water/steam System Piping and Valves

This section provides additional description and drawing references
for the water/steam system piping and valves. The water/steam system is
described in Section 2.4. Pipe sizing criteria in the various piping
sections are also discussed. All piping was designed in accordance with
the Power Piping code, ANSI B3l.1 (Reference 5), for the design
temperature and pressure indicated on the B&W piping drawings referenced
in the following subsections.

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°F (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
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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, PCV-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

drainage.



2.10.2.3 Dpowncomer Line

The downcomer line (B&W 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. The pipe size was established based on the full load design
conditions for the recirculation loop as discussed in Section 2.10.2.1.
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.

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 (B&W 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 B&W 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 HRFS feedwater piping. The
feedwater flow control valve FCV-41ll1 is located in the HRFS feedwater
piping.

A 3/4" Ssockolet 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 (B&W Drawing 179935C) delivers dry
saturated steam from the stéam 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 kPa).



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 HRFS
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). The
superheater was designed for an outlet steam temperature of 1000°F
(538°C) at full load. The flow of saturated steam required to produce

o
a steam delivery temperature of 950 F (510°C) is controlled by a
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1® Fisher Controls Type 657-EHS globe valve (FCV-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 (B&W Drawing 179932C) and is sloped downward from that point to the
pipe termination location on the east side of the skid assembly. From
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 is a 1" manually operated,

Y-pattern globe valve.



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. The blowdown line also allows adjustment of steam drum water
level during start-up. The blowdown line is 1" Sch 80 carbon steel
pipe. The piping is sloped downward from the steam drum to the point
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.

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 1b. raised

face inlet and outlet flanges on the circulation heater. The heater



inlet piping branches from the evaporator inlet piping upstream of 4"
isolation valve FCV-383 (B&W Drawing 179933C) and is routed to the lower
heater flange. The heater outlet piping connects the upper heater flange
to the evaporator inlet piping downstream of the 4" isolation valve.
Both the inlet and outlet piping are sloped to permit drainage to the
heater drain valve. Piping material is carbon steel.

A 2" Valtek Mark Two air operated, cylinder actuated valve (FCV-384)
is located in the heater inlet line. This valve is furnished by SNL.
The valve has 2500 1lb. raised face flanges for mounting the valve in the
piping. During periods of circulation heater operation, the valve is

open; otherwise the valve 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. This system allows the heat
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.

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 (278°C) 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

2-63



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/£t (151 w/m)
2" Pipe 37 w/ft (121 w/m)
1-1/2" Pipe 33 w/ft (108 w/m)
1" Pipe 28 w/ft (92 w/m)
Superheater 66 w/ft (217 w/m)
Superheater fixed 51 w

support
Evaporator 79 w/€t (259 w/m)
Evaporator fixed 74 w

support
1" Valve Bonnet 170 w

(FCV-~301, FCV-341,
FCV-381, FCV-382)

2" Valve Bonnet 185 w
(FCV-321)

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 2.11-1l. All the heat tracing,

with the exception of circuit 0-Q in zone HT-4, is Nelson Electric

Company 3/16 inch (4.8 mm) diameter, inconel sheath, mineral insulated
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cable with single conductors of nichrome wire. The heating cable in
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.

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 400—50°F (220—28°C) below the minimum
required 480°F (249°C). With the concurrence of SNL, the back-up
heat trace cable on valve FCV-341 was wired to a 110 vac. circuit which
included a Variac (B&W Drawing 405343E) to control cable power (heat
trace zone HT-3B on Table 2.11-1). The Variac was adjusted to increase
power input to the valve extension such that the extension temperature
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exceeded 480°F (249°C). 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

shutdown.

(o]

Heat tracing is sized to meet the following requirements:
Power input based on a temperature difference of approximately
100°F (56°C) between the feedwater 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

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. FPreeze protection is installed for the following:

Steam Drum Water Level LT-311
Steam Drum Pressure PT-~383
Main Steam Flow FT~311
Steam Delivery Pressure FT-321
Feedwater Pressure PT-386
Attemperation Steam Flow FT-381
Gage glass 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-10A on Table 2.11-1). A
complete discussion of these changes is included in B&W 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




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 2.11-1), 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 Inconel 600

25° Proc-
600 Volt Maximum ?gs Temp.
Resistance-
Ohms Per Tempera- Maximum
Cable Forms Cable Ft.  ture Curve Watts/Ft.
Number Available @25°C Number QHT-3
6278 AE .027 1
6408 AE .043 1
) 6708 AE .070 1
7108 AE .104 N.A.
AE .162 N.A.
AE .205 N.A.
AE .325 N.A.
AE .500 N.A.
AE .735 N.A.
AE 1.162 N.A.
AE 1.870 N.A.
AE 2.970 N.A.
AE 4.300 N.A.
AE 5.980 N.A.

3125 in. 0.D., Hot Section Wt. .22 Lbs/Ft., Cold Section Wt .22 Lbs/Ft.,
Maximum 45 Watts/Ft. w/o QHT-3 at 25°C Process Temperature.

Table 2
Two Conductor Inconel 600 @25° Proc-
300 Volt Maximum ess Temp.
Resistance-
Ohms Per Temperatura- Maximum
Cable Forms Cable Ft.  ture Curve Watts/Ft.
Number Available @25°C Number QHT-3
721K AE 213 3 N.A.
722K AE 213 1 50
732K AE 319 N.A. 50
742K AE 416 N.A, 50
752K AE 520 N.A. 50
774K AE .740 N.A. 50
810K AE 1.000 N.A. 50
813K A,E 1.300 N.A, 50
818K AE 1.800 N.A. 50
830K AE 2.960 N.A.
838K AE 3.700 N.A.
846K AE 4.720 N.A.
866K AE 6.600 N.A.
894K AE 9.000 N.A 50

1875 in O.D. Hot Section Wt. .07 Lbs/Ft., Cold Section Wt. .22 Lbs/Ft.
Maximum 30 Watts/Ft. w/o QHT-3 at 25°C Process Temperature.

‘ Table 4

‘ One Conductor Inconel 600 and Copper
Resistance-
Ohms Per Temperature Maxi-
Cable Forms Sheath Cable Ft. Curve mum 0.D.
Number Available Material @25°C Number Volts Inches
239K E Inconel .039 N.A. 600 .1875
250K E Inconel .050 N.A. 600 .1875
279K E Inconel .079 N.A. 600 .1875
310K E Inconel .095 N.A. 600 .1875
316K E inconel 157 N.A. 600 .1875
326K E Inconel .260 N.A. 600 .1875
333K E Inconel .330 N.A. 600 .1875
K E Inconel 457 N.A. 600 1875

372K E inconel 730 N.A. .
412K E inconel 1.170 N.A.
415K E Inconel 1.480 N.A.
423K E Inconel 2.360 N.A.

R 430K E Inconel 2.800 N.A.
447K E N.A.

inconel 4.500

Nelson Electric Company
Heat Trace Cable

Figure 2.11-1
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TABLE 2.11-1

SGS Heat Trace Zones

Location

Drawing

Hot Salt Inlet Piping
Hot Salt Inlet Piping

Salt Piping Between SH and EV
Salt Piping Between SH and EV

Salt Flow Transmitters
FT-321, FT-382

Valve FCV-341 Bonnet

EV Salt Outlet Piping
EV Salt Qutlet Piping
EV Salt Outlet Piping

Salt Drain Piping
salt Drain Piping
Salt Drain Piping

SH Outlet Overpress. Piping
EV Outlet Overpress. Piping

Superheater
Superheater

Evaporator
Evaporator

Feedwater Piping

Instrumentation Piping
FW Pressure
Drum Pressure
By-Pass Steam Flow
Steam Delivery Pressure
Drum Level
Gage Glass
Main Steam Flow

Instrumentation Piping
Drum Pressure
Chemical Feed Line

Heat Tracing
Zone No.

HT-1

HT-2

HT-3A

HT-3B

HT-4

HT-5

HT-6

HT-7

HT-8

HT-9

HT-10

HT-10A

2-74

B&W
Circuit

A-B 179936C
B-C-G 179936C
J-E-J 179937C
K-D=-K 179937¢C
N/A N/A

N/A 179938C
M-N 179940C
N-O 179940C
0-Q 179940C
R-S 179941¢C
U-T 179941C
S~V 179941cC
Y-32 179937C
W-X 179940C
AA-BB 405325E
AA-BB 405325E
CC-DD 405328E
CC-DD 405328E
EE-GG 179944cC
N/A N/A

N/A N/A



2.12 CONTROLS/INSTRUMENTATION/ELECTRICAL

2.12.1 Qverview

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. 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 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 90/EMCON interface.

2.12.2 Transmitters

The transmitters discussed below are located on the SGS skid
assembly. These transmitters measure flows, pressures, 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



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: X3423TD10264-02~-00~-10(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
DC702. 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. Main steam
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

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-CO5
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 B&W Drawing 179936C. The transmitter sensor mounted on the salt

piping converts the pressure to an electronic signal which is transmitted




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 wWiring 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 Qutlet 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 £ill 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: KAl5111
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: KAl4l2}

The transmitter senses the saturated steam gage pressure in the
steam drum through the pressure tap location shown on B&W Drawing
405326E. The transmitter is mounted adjacent to the steam drum and is
connected to the pressure tap. The saturation pressure is measured for
indicating and recording purposes.

Feedwater Pressure Transmitter PT-386

Manufacturer: Bailey Controls Company
Model: KAl4121
The transmitter senses the gage pressure of the feedwater upstream
of the steam drum feedwater nozzle as shown on B&W Drawing 179944C. The
transmitter is mounted adjacent to the pressure tap location and is
connected to 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 405326E. The
transmitter is mounted adjacent to the steam drum and is connected to the
pressure taps. The low pressure side of the transmitter is connected to
the upper of the two pressure taps on the steam drum. This tap is
located in the steam space above the drum water level. A reservoir, or

condensate pot, is located at the 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. As 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-41l1 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. The
4-20 ma signals to the PCV~411 positioner are routed directly to the
Network 90 control system from the valve. The hot salt isolation/control
valve PCV-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 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



of the pipe. The installation locations are indicated on the B&W
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 ié 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 is 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. Thermocouple lead
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.

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 control/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 0.30m), located as
shown on B&W Drawing 405332E. 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



consumption of the equipment on the SGS which is operated through this
junction box is 105 kw. The schematic for the power/control equipment is
on B&W Drawing 405343E.

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. 2zone HT-10
is energized when the ambient temperature falls below the
thermoswitch set point of 40°F (4°C).

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-3A, HT-3B, HT-9, HT-10, HT-10A

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-S

2-85



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 405332E. 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 chromel and alumel
terminal lugs. These terminals are used for connection of the
control, monitoring, and heat trace control thermocouples
located on the SGS (see B&W Drawing 405344E). 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-382
TE~-332 TE-301
TE-383 TE-384
TE-386 TE-388

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. Aall
terminals in this group are connected to the Network 90.
Eleven spare terminals have been provided.

o} 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 PCV-34l.

2.12.7 1Informational 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 0.61lm x 0.15m). It is located as shown on B&W drawing
405332E.

The internal arrangement of the junction box includes four rows of
terminal blocks with alternating chromel and alumel terminal lugs. These

terminals are used for connection of forty-six informational
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thermocouples mounted on the SGS. The thermocouple signals are sent to
the CRTF Accurex Data Logger from the informational thermocouple junction

box.

2.12.8 Network 90 Control System; Network 90/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. 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.

2.12.8.1 Network 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 (0IU), a driver cabinet for
the 01U, 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 étorage 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 90/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 Logic 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 D8083969
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 using the main salt flow control valve FCV-321l. The logic
diagram for load control is shown on Bailey Controls drawing
D566771. The SGS load is controlled using the steam delivery
pressure (PT-321), the main steam flow (FT-311), and the main salt
flow (PT-321) signals. The set point for load control is steam
delivery pressure (1100 psig/7584 kPa). A change in the steam flow
is used as an anticipatory signal of a change in steam pressure. As
the steam flow changes and steam pressure deviates from the set
point, the main salt flow control valve changes position to return
pressure to the set point. As the valve position begins to affect
the salt flow, the salt flow signal is used as a trim signal
together with the steam pressure and steam flow to set the valve
position required to match steam pressure to the set point.

The steam pressure, steam flow, and salt flow signals are sent
to both the Network 90 OIU and the EMCON control system for control
and indicating. The steam pressure set point may be set from the
OIU or from the EMCON system.

Steam Drum Water Level Control

Maintenance of the steam drum water level is accomplished by
adjusting the feedwater flow to the steam drum using the feedwater
flow control valve FCV-411 in the Heat Rejection and Feedwater
Subsystem. The logic diagram for steam drum water level control is
shown on Bailey Controls drawing D566770. The level is controlled
using the drum level (LT-311), feedwater flow (FT-411), and steam
flow (FT-311) signals. The control set point is the drum water

level (0 inches, normal water level).
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A change in the steam flow is used as an anticipatory signal of
a change in water level. As the steam flow changes and drum 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.

The drum level, steam flow, and feedwater flow signals are sent
to both the Network 90 OIU 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.

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 PCV-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/454°C). A deviation of the
evaporator salt inlet temperature changes the position of FCV-301 to
return the temperature to the set point.

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 OIU or

from the EMCON system.
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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 (950°F/510°C). A change in the
superheater steam outlet temperature, TE~-331, is used as an
anticipatory signal of a change in steam delivery temperature. As
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 OIU and the
EMCON system for control and indicating. The temperature set point
may be set from the OIU or from the EMCON system.

Superheater Salt Inlet Temperature Control

During start-up from standby conditions or during cooldown in
anticipation of drainihg 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°F (55°c) per six
minutes. 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 OIU or the EMCON
control system.

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 controller was changed from the saturation
pressure signal PT-383 to the saturation temperature signal TE-383.
This eliminates the concern of an erroneous PT-383 signal affecting
the heater operation. Circulation heater element circuit HR-1 was
deleted from the automatic pressure control; based on operating
experience, having HR-2 through HR-5 in EHAC is sufficient to
maintain steam pressure during diurnal shutdown. The heater
circuits are energized and de-energized at the TE-383 temperatures
indicated on Figure 2.12-2.

2.12.8.2.2 SGS Indicating Signals

In addition to the temperature, flow, pressure, and level indicating
signals associated with the control loops discussed in Section
2.12.8.2.1, various other signals from the SGS are provided for
indicating purposes. These signals are sent to the Network 90 from the
SGS and are available for display on both the Network 90 OIU and the
EMCON control system. These indicating signals are shown on Bailey
Controls drawings D566770 and D566772.

o Temperature

Feedwater Temperature TE-386
Steam Drum Saturation Temperature TE-383
Superheater Salt Inlet Temperature TE-382
Evaporator Salt Outlet Temperature TE-384

Circulation Heater Element Temperature TE-388
o Flow

Cold (or bypass) Salt Inlet Flow FT-382
Attemperation (or bypass) Steam Flow FT-381

(o] Pressure

Feedwater Pressure PT-386
Steam Drum Pressure PT-383
Superheater Salt Inlet Pressure PT-382
Evaporator Salt Outlet Pressure PT-384
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o] Valve Position 0 - 100%

Main Salt Flow Control Valve FCV-321
Evaporator Salt Inlet Temperature

Control Valve _ FCV-301
Cold Salt Startup Control Valve FCV-341
Hot Salt Isolation/Startup Control

Valve FCV-351
Steam Attemperation Flow Control Valve FCV-331
Feedwater Flow Control Valve FCV-411

o Valve Open or Closed

Evaporator Salt Drain Valve FCV-381
Superheater Salt Drain Valve FCV-382
Evaporator Inlet Isolation Valve FCV-383
Circulation Heater Inlet Isolation

Valve FCV-384

(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 8GS 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-411
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Evaporator Salt Inlet Temperature
Control Valve FCV-301
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 FCV-381
Superheater Salt Drain Valve FCV-382
Evaporator BWCP Isolation Valve FCV-383

Circulation Heater Inlet Isolation
Valve FCV-384
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. Thesé signals cause certain control system actions to occur in a
given segquence.

(e} 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.

2-96



Hot Salt Pump Running

Before salt side valve FCV-351 can be moved from the fully

closed position, a signal must be received by the SGS control

system indicating that the hot salt pump is running.

Salt Drain Permit

The Hot Salt Pump Running and Cold Salt Pump Running interlocks

described above prevent opening valves FCV-30l1, FCV-341, and

FCV-35]1 unless the appropriate pump is running. To drain salt

from the SGS to the pump sumps, those valves must be opened

with the pumps off. To allow these valves to be opened for SGS

salt draining, the Salt Drain Permit signal must be energized.

This will permit FCV-301, FCV-341, and FCV-351 to be opened as

required to drain salt with the pumps not running.

Circulation Heater Operation

l. Heater circuit HR-5 must be energized to permit any of the
remaining circuits HR-1 through HR-4 to be energized. This
interlock is included because temperature signal TE-388
(see below) is located on the heating element in HR-5.

2, Should heater element temperature TE-388 on circuit HR-5
exceed 565°F (296°C), all heater circuits are
de-energized.

3. Heater inlet valve FCV-384 must be open and valve FCV-383
must be closed to energize the circulation heater.

4. The boiler water circulation pump must be running to

energize the circulation heater.
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The quality of temperature signal TE~388 is monitored.
should the temperature signal indicate bad quality (e.g.
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. The
guality 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-31l1 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.

Boiler Water Circulation Pump Operation

1.

Ssufficient 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.

The low-low steam drum water (LT-311l) level alarm causes

the pump to stop.
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3. Either valve FCV-383 or valve PCV-384 must be open for the
BWCP to operate.

4. The gquality of level signal LT-311 is monitored. Should
the level signal exceed the range on either the high or low
end (e.g. freezing in transmitter lines, loose wire) the
BWCP will not run.

5. Temperature TE-~383 must be less than 350F to manually stop
the BWCP. This interlock keeps the pump running in the
higher operating temperature range, providing better
cooling to the pump bearings(see Section 5.2). The
interlocks in No. 1-4 above override this temperature
interlock and stop the pump.

o Steam Drum Water Level
The high/high and low/low steam drum water level alarms
initiate a trip by closing salt side valves FCV-301, PCV-34]1,
and FCV-351. In addition, the low/low alarm stops the BWCP.
2.12.8.5 Trips

Two trips are initiated within the SGS control system. One trip
occurs if the steam drum water level reaches either the high/high or the
low/low alarm point. The other trip is initiated if the BWCP stops
running. When either of these trips is initiated, salt system valves
FCV-351, PCV-341, and FCV-301 close. In addition, the BWCP is stopped on
the low/low water level alarm trip. When the turbine is on-line, this
trip will eventually result in a turbine trip 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. The SGS is brought to a Hot

Standby/Warm Standby condition by the operator in an orderly manner per
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the procedures in the Operating and Maintenance Manual (Reference 6).
Turbine trips, or other events in the system (e.g. 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. The SGS is brought to a
Hot Standby/Warm Standby condition by the operator in an orderly manner
per the procedures in the Operating and Maintenance Manual (Reference 6).
2.12.8.6 Alarms

Certain SGS flow, temperature, pressure, and level signals monitored
by the Network 90 control system are provided with alarm indications. An
alarm condition is indicated at the Network 90 OIU and at the EMCON
control system operator's station. An alarm serves to alert the operator
to a deviation of a parameter so that corrective action can be taken if
required. In certain instances an alarm will be accompanied by an
automatic action in the control system.

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 £he Operating and Maintenance Manual (Reference 6).
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Valve

Evaporator Salt
Inlet Temp. Control

Main Salt Flow
Control

Cold salt Start-up
Control

Hot Salt Isolation/
Control

Evaporator Salt Drain

Superheater Salt
Drain

Steam Attemperation
Flow Control

Evaporator Inlet
Line Isolation

Circulation Heater
Isolation

Feedwater Flow Control

TABLE 2.12-1

SGS Remote Operated Valves

Designation

FCV-301

PCV-321

FCV-341

FCV-351

FCV-381

FCV-382

FCV-331

FCV-383

FCV-384

FCV-411
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Mode

Control
Control
Control/

Isolation

Control/
Isolation

Isolation

Isolation

Control

Isolation

Isolation

Control

Position Indicator

Position Indicator

Position Indicator

Position Indicator

Limit Switches

Limit Switches

Position Indicator

Limit Switches

Limit Switches

Position Indicator



SGS Control/Monitoring Thermocouples

TABLE 2.12-2

Temperature
superheater salt
Inlet

Evaporator Ssalt
Inlet

Evaporator Salt
Outlet

saturated Steam

Superheater Steam
Outlet

Steam Delivery

Feedwater

Circulation Heater
Element HR-5

Designation
TE-382

TE-301

TE~-384

TE-383

TE-331

TE-332

TE-386

TE-388
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B&W _Drawing
179936C

179936C

179940C

179935C

179939C

179939¢C

179944cC

N/A



TABLE 2.12-3

SGS Heat Tracing Control Thermocouples

Location

Hot Salt Inlet Piping
Hot Salt Inlet Piping

Salt Piping Between SH and EV
Salt Piping Between SH and EV

Cold salt Control Piping
Cold Ssalt Control Piping
Cold Ssalt Control Piping

EV salt Outlet Piping
EV Salt Outlet Piping
EV Ssalt Outlet Piping

Salt Drain Piping
Salt Drain Piping
Salt Drain Piping

SH Outlet Overpress. Piping
EV Outlet Overpress. Piping

Superheater
Superheater

Evaporator
Evaporator

Feedwater Piping

Heat Tracing

Zone No.

HT-1

HT-2

HT-3

HT-5

HT-6

HT-7

HT-8

HT-9
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B&W
Circuit Drawing
A-B 179936C
B-C-G 179936C
J~E-J 179937C
K-D-K 179937¢C
P-G 179938C
I-J 179938C
F-L 179938C
M-N 179940cC
N-O 179940cC
0-Q 179940C
R-S 179941C
U=-T 179941cC
S-v 179941C
Y-2 179937¢C
W-X 179940C
AA-BB 405325E
AA-BB 405325E
CC-DD 405328E
CC-DD 405328E
EE-GG 179944cC



B&W Mark No.

6005
6006
6007
6008
6009
6010

6011 |
6012
6013
6014
6015
6016 _|
6017
6018
6019

6020 |

6021
6022

6023

6024
6025 _|

TABLE 2.12-4

SGS Informational Thermocouples

Location

DC Pipe Upstream of 4" Valve
EV Water Inlet Pipe

SH Salt Outlet Pipe

SH Shell @ approx.

25%, 50%, and 75% of length
between salt inlet/outlet

SH Shell in the area of
the baffle plates on
the salt outlet end

Spare
Spare
Spare

EV Shell @ approx.

20%, 40%, 50%, 70s%,

80%, and 90% of length
between salt inlet/outlet

Start-up (No. 2) Mixing Tee

vValve PCV-341 Body

Valve PCV-341 Bonnet

Valve FCV-301 Body

Valve FCV-301 Bonnet

Valve FCV-321 Body

Valve FCV-321 Bonnet

Valve FCV-381 Body

Valve FCV-381 Bonnet

Valve FCV-382 Body

Valve FCV-382 Bonnet

Salt Drain Pipe

SH Salt Drain Pipe

EV Salt Drain Pipe

SH Outlet Salt Overpress Pipe
Cold Salt Attemperation Piping

Cold Salt Start-up Piping
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B&W Drawing No.

179932C
179933C
179937C
405325E
405325E
405325E

405325E
405325E
405325E
405325E
405325E
405325E

405328E
405328E
405328E
405328E
405328E
405328E

179936C
179936C
179936C
179936C
179938cC
179938cC
179938C
179938cC
179940C
179940cC
179941C
179941cC
179941C
179941cC
179941cC
179941cC
179941cC
179937cC
179938C
179938C



TABLE 2.12-4 (Cont'd)

B&W Mark No. Location B&W Drawing No.
604?]_ Ssalt Attemperation (No. 1) 179937¢C
6047 Mixing Tee 179937¢C
6048 SH Salt Inlet Pipe 179937C
6049 EV Salt Inlet Pipe 179937C
6050 EV Salt Outlet Pipe 179940C
6051 Steam Drum Steam QOutlet Pipe 179935C
6052 SH Steam Outlet Pipe 179939C
6053 Main Steam Pipe, downstream of att. 179939cC
6054 Spare

NOTE: 1. Thermocouples are installed on outside surface of piping, heat
exchangers, valves, etc.

2. Spare thermocouples are purchased as hazard material and are not
installed.
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2.13 structural Steel

The components of the Steam Generator Subsystem (SGS) are mounted on
the structural steel skid assembly which is shown on B&W Drawing
405332E. The skid assembly is essentially a horizontal frame 8'-10" wide
by 37'-0" long (2.69m x 11.28m) fabricated from 12-inch structural
channels and covered by an open grating deck. The skid assembly rests
upon four structural steel pedestals which in turn are fastened to
individual concrete footers in accordance with B&W Drawing 405330E.

Bents fabricated from structural pipe and channels are welded to the
skid to provide supports for the evaporator and superheater. The details
of these supports are shown on B&W Drawing 405331E. The steam drum is
supported by a 17'-10" (5.44m) high open steel tower which has 6-inch
wide flange legs with 4'-1" (1l.24m) square spacing. The tower has a
horizontal bolted joint located 5'-6" (1.68m) above the skid. The joint
was added because the lower portion of the tower could not be field
installed due to a lack of clearance once the evaporator and superheater
were mounted on the skid and the insulation was applied. The tower has a
top platform to provide access around three sides of the steam drum.
Details of the.tower design are shown on B&W Drawings 405335E, 405336E,
and 405337E.

Supports are provided for the piping which was mounted on the skid
in the shop. These supports are fabricated of structural pipe, angles
and channels which are welded to the skid as shown on B&W Drawings
405333E and 405338E. Additional supports are provided for the piping
which was installed on the skid in the field and for the field piping
adjacent to the south end of the skid. These supports are shown on B&w

Drawing 405345E.
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3.0

SGS FABRICATION

The major components of the Steam Generating Subsystem were
fabricated and partially assembled prior to shipment to the test site.
This work was performed by Basic Systems, Inc. (BSI) located in Derwent,
Ohio. BSI is a fabricator experienced in small pressure vessels, piping
systems and associated electrical equipment. BSI is qualified to ASME
Section VIII, Section IV, and Piping Code B3l.1l; qualified materials
include carbon steel, low alloy steels, Incoloy, and stainless steel.
All BSI fabrication processing outlines were submitted to 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 skid by BSI while the steam
drum was shipped separately to the site for subsequent erection. All
vessels were completely fabricated by BSI.

The evaporator (B&W Dwg. 405328E) and superheater (B&W Dwg. 405325E)
were assembled from piping segments (straights, tees, reducers, U-bends,
and caps), tubing, and plate. Evaporator ribbed tubing was supplied by
B&W. B&W also fashioned the broached hole configuration in the tube
support plates for both units. The heat transfer tubing was expanded
into the tubesheets and seal welded. All welds performed on the vessels
received proper NDE according to ASME Section VIII. Stress relief was
performed on the evaporator after completion of fabrication; the
stainless steel superheater required no stress relief. Both heat
exchangers were subjected to pressure testing in accordance with Section

VIII requirements.



The steam drum (B&W Dwg. 405326E) 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).

fo} 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. BSI manufactured to their own
fabrication sketches based on the requirements and the limits of the B&W
drawings.

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.



4.0

SGS INSTALLATION AND PRE-OPERATIONAL CHECKOUT

The shop-fabricated SGS skid assembly and the remainder of the SGS
equipment to be field installed were shipped by truck to the CRTF
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 B&W 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



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 fipal
pump to piping connection to assure correct pump wiring. Any remaining
heat trace power wiring was completed. The final connections of the 480
vac power source for the SGS main power/control junction box were
completed. Compressed air connections were made to the various air
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 SGS Network 90 control system was installed in the Thermal

Storage Subsystem control room adjacent to the SGS skid. The Network 90



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, 0IU, 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 B&W 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




checked by allowing each zone to operate for half an hour. The current
flow in each circuit of the circulation heater was checked. The boiler
water circulation pump current draw was checked as was the operation of
the BWCP coolant flow switch and current sensing relay. Transmitters
were calibrated, and signals to the control system checked. All
electrical signals between the skid, Network 90, and EMCON were checked.
In general, the erection and pre-operational check phase of the
project proceeded well. The SGS erection and checkout was sufficiently
complete to permit the start of operational testing approximately two to
three weeks later than originally projected, due to an initially
optimistic estimate of the required erection span. Some minor erection
tasks, such as completion of insulation jacketing, remained to be
completed after the subsystem was ready for operation. During 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 in the salt piping to obtain an acceptable film for interpretation.



5.0

5.1

SGS OPERATIONAL CHECKOUT AND ACCEPTANCE TESTING

Qverview

Following the installation and pre-operational 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.



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 B&W 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. As testing proceeded and operating experience with the SGS and
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 each step of each SGITP was completed, the official test copy was
initialed by the test conductor. A copy of each of the signed off SGITP
is included in Appendix D.

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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GSGP

GSGP

GSGP

GSGP

GSGP

GSGP

GSGP

$#1

#2

#3

#4

$5

#6

7

TABLE 5.1~1

General Steam Generation Procedures (GSGP)

SGS Pretest Checklist

SGS startup (Manual)

SGS shutdown (Manual)

Fossil Fired Heater Demonstration
Emergency Shutdown

Post Test Checklist

MCS/Network 90 Integration of Control Checklist



TABLE 5.1-2

Steam Generator Integrated Test Procedures (SGITP)

SGITP #1 Initial Control Loop Checkout
(using Hot Salt less than 1050F)

SGITP #2 Hot Salt Flows with Transients
(includes Final Control Loop Tuning)

SGITP #3 Diurnal Shutdown (No Salt Flow) - Hold
overnight

SGITP #4 Load Following - 10%/Minute

SGITP #5 Alternate Diurnal Standby (with Salt Cycling) -~
Hold Overnight

SGITP #6 Feedwater Loss Safe Shutdown
SGITP #7 Salt Flow Loss Safe Shutdown
SGITP #8 Manual Segquence Demonstration

SGITP #9 Retest Under MCS Control
(SGITP #2 thru #8)

SGITP #10 Automatic Sequence Demonstration



5.2

SGITP #1 - 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. These procedures provided for
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.

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, thé SGS water/steam system was isolated and heated to a
saturation pressure/temperaﬁure of about 300 psig/417°F
(2068 kPa/214°C) using the circulation heater. The steam line
isolation valve FCV-491 was then opened, and steam was permitted to flow
through the HRPS 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 repressurized to 300 psig
(2068 kPa) for another cycle. Throughout the steam blow operation the

o o )
salt side of the SGS was maintained at about 400 F (204 C) with the

heat tracing.



e S 1 o

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-384 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
10), and a CRTF test engineer was assigned test conductor responsibility

for the steam blow operation.



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
(249°C). For the most part these cold spots were at valve locations in
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 FCV-341 was
provided to assure sufficient heating of that valve.

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 #l1l. 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



shutdown conditions, which stopped the flow of cooling water in the
bearing cavity to the bearings and raised bearing temperatures. There
was insufficient shaft/bearing clearance for these higher than normal
temperatures resulting in binding and ultimate failure of the bearings.
A new rotor-shaft and new bearings were installed in the BWCP on
September 27, 1983. Corrective action included increasing the
bearing/shaft clearance and changing the bearing material 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.

After completion of the BWCP repair the SGS was back on-line for
additional checkout sequences in the diurnal shutdown mode until a CRTF
electrical outage required suspension of testing from October 1 through
October 10, 1983. Shortly after coming back on-line for additional
checkout testing under SGITP #1, the BWCP failed to operate on
October 13, 1983. The 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. The BWCP was shipped back to the vendor for
installation of a new stator; the pump was re-installed in the SGS on
the November 1, 1983. To better assure adequate cooling of the pump,
operating procedures were modified to provide for pump operation during

diurnal shutdown conditions.



Subsequent to re-installation of the BWCP, checkout testing resumed
with SGITP #1 and #2. 1Initial salt flow through the SGS occurred on
November 5, 1983. During this flow test molten salt leaked at the
flanged bonnet-to~body connections on valves FCV-301] and FCV-351.
Investigation indicated improper assembly of the valves by the valve
supplier. The SGS was off-line while the assemblies were corrected, and
the valves were re-insulated.

The tuning of the SGS automatic control loops was completed on
November 18, 1983 as part of SGITP #1 and SGITP #2. The control loops
included the steam drum water level control, the evaporator salt inlet
temperature control, the steam delivery temperature control, and the
steam pressure (load) control. Tuning of the control loops was
accomplished very efficiently and essentially without problems. The only
problem incurred was receiving the feedback signal from the main salt
flow transmitter FT-321. 1Initially this was thought to be a problem with
the transmitter itself, and the transmitter was changed out for an
identical spare transmitter available at CRTF. In changing out the
transmitter it was determined that salt freezing in the standpipes was
the cause of ﬁhe erroneous salt flow signal to the control system. The
freezing problem was corrected by altering the as~installed insulation in
the area of the transmitter standpipes and adding a heat trace circuit to
the standpipes, as described in Section 2.1l. With molten salt in the
transmitter standpipes, tuning of the steam pressure control loop was
accomplished successfully.

The final, signed-off test procedure sheets for SGITP #1 and SGITP

42 are in Appendix D.
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SGITP #3 - Diurnal shutdown (No Salt Flow)

Beginning with SGITP #3, the remaining steam generator test
procedures encompassed all the elements of the SGS acceptance testing.
The purpose of SGITP #3 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 (249°C) 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 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 énd the low-low steam drum water level alarms has been
increased to 25 inches to permit more variation of watexr level during
diurnal shutdown without causing BWCP and circulation heater trips.
{Additional discussion of the performance of the SGS during diurnal
shutdown is included in Section 6.0.) 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.

5-12



From time to time excessive water loss during diurnal shutdown was
experienced due to steam or water leaks at locations such as valve
packing, instrument locations, or the pressure relief valve. For the
most part, each of the leak sites was not a recurring problem; once
fixed, leaks did not re-occur at most of the sites. Because of the
relatively small size of the SGS, such extraneous leaks can have a more
pronounced effect on water inventory during diurnal shutdown than might
be the case in larger systems. While initial water inventory for diurnal
shutdown is sufficient to tolerate a certain amount of such extraneous
leakage, it is prudent to repair any leaks noted at the first opportunity
to avoid excessive water loss with attendant trip of the BWCP and the
circulation heater and the resultant reduction of steam pressure.

A catastrophic failure of the circulation heater pressure boundary
on January 19, 1984 occurred during the diurnal shutdown operating mode.
A review of the incident, the causes of the failure, and the corrective
actions taken as a result of the failure is included in Appendix B of
this report.

The final signed off test procedure sheets for SGITP #3 are in

Appendix D.



5.4 SGITP #4 -~ Load Following Test

The purpose of SGITP #4 was to verify the SGS capability for
increasing and decreasing load at the maximum specified rate of
10%/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 10%/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 (83°C) low. Maximum steam flow generated with
the low feedwater temperature was on the order of 10000 lbm/hr
(1.260 kg/séc). 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.

The final signed-off test procedure sheets for SGITP #4 are in

Appendix D.
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5.5

SGITP #5 - Alternate Diurnal Shutdown (Salt Flow Cycling)

The purpose of SGITP 5 was to verify that the SGS could be
maintained in the alternate diurnal shutdown mode for a 12 hour overnight
shutdown period. The alternate diurnal shutdown mode is defined as
maintaining the SGS water/steam system at a nominal prssure of 1100 psig
(7584 kPa) during overnight shutdown by periodically cycling salt into
the SGS from the cold salt sump. This was the mode of diurnal shutdown
pressure maintenance called for in the SGS specification; however, this
was subsequently changed to the method used in SGITP #3 for the reasons
discussed in Section 2.9.

Because SGITP 45 was an alternate operating mode which would not be
used at CRTF, it was ultimately dropped from the SGS acceptance testing
by SNL to reduce the test span. Prior to deleting SGITP #5 from the
testing, one attempt to perform this test was planned. Alternate diurnal
shutdown was to be maintained for several hours subsequent to daily
system operation. However, on the day in question the propane heater was
used as the energy source for salt heating, rather than the receiver.
When the propane heater was drained to the cold pump sump, the resulting
salt temperature in the sump was well in excess of the normal cold salt
temperature. Based on the operating procedure required for SGITP #5, a
high cold salt temperature would have very likely caused high steam
pressure in the SGS with attendant relief valve lift; therefore, the
planned test was aborted.

Performance of alternate diurnal shutdown was planned for MSEE Phase
II. Because of the similarity of operating conditions between alternate
diurnal shutdown and warm standby, it is expected that the alternate

diurnal shutdown mode should present no problems.
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5.6 SGITP $6 - Feedwater Loss Safe Shutdown

The purpose of SGITP #6 was to demonstrate the safe shutdown of the
SGS from both 50% and 100% loads subsequent to a loss of feedwater flow
to 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 feedwater conditions.

The original procedure was amended to perform the SGITP #6 safe
shutdown only from the full load condition in the interest of reducing
the test span. Loss of feedwater was simulated by placing the feedwater
flow control valve FCV-411 in manual and allowing the steam drum water
level to reduce to the low-low alarm point, which initiated the trip.
(This simulation was performed to avoid having to re-start the feedwater
pump.) 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 #6 are in

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-181A), 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 #7 are in

Appendix D.



5.8

SGITP #8 - Manual Seguence 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 #8.

The final signed off test procedure sheets for SGITP #8 are in

Appendix D,
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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 #9 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 $2 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 $3,
SGITP #4, and SGITP #8 were repeated with S$GS 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 #9 are in

Appendix D.
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5.10 SGITP #10 - 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 #10 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 II. Automatic sequencing operation was not part
of the required acceptance program as outlined in the specification
(Reference 1) or the B&W Acceptance Test Plan (Reference 8). Completion
of SGITP #10 was not required to verify steam generator subsystem

performance.



SGS PERFORMANCE EVALUATION

Qverview
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.




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 (504°C) when
supplied with feedwater at 550°F (288°C) from the feedwater heater.

To satisfy these turbine inlet requirements, the SGS is rated at a power
level of 3.109 MW, to generate steam at 1100 psig (7584 kPa) and

t
950°F (510°C) at the superheater outlet. Additional requirements

include:
o) The evaporator salt inlet temperature shall be maintained at or
below 850°F (454°C).
o The molten salt returning to the cold tank should be no cooler

than 550°F (288°C) and no warmer than 600°F (316°C).



6.3 Conclusions

Conclusions based on the evaluation of the data are:

(o]

Full load steady-state performance of the Steam Generator
Subsystem meets gpecification requirements.

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 6-7 is well above the
design circulation ratio of 3.7.

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.

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.

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.



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. The steam/water
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 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 (566°C) 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.



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 (288°C). Feedwater temperatures were on the order of 100°F
(56°C) below the specification value.

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/1lbm=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.

o Calculate log mean temperature differences, Tm'

(Tin = Toug) - (Tout_f Tin)

Tm = loge (Tin - Tout)
out - “in
o] Calculate effective overall heat transfer coefficients, U.
U = Q Btu/hr-£t2-F
AX Ty

where:
Q is the heat load in Btu/hr

A is the heat transfer surface area, ft



From Cold Satt

Storage Tank
> _i_, To Cold Salt
From Hot Sait Superheater Evaporator Storage Tank
Storage Tank
M- feT T 1 M
| ' | |
| ' ' |
¥ ' | |
I I |
I I | |
I = I I [
. e —— — ———— | i
ttemperator Steam Attemperator | I |
Valve | I
I | |
I Steam I
l — Drum |
To Turbine | II
inlet
e J
FromHFeeaeig:vater L_ —_— @ gﬁﬁi’;u'aﬁng
Salt e——
Steam/Watel e o e e —

Steam Generator Flow Schematic
Figure 6.4-1

6-7



Feedwater Temperature

550+

450

4004

b

1,100+

Steam Pressure
psig

1,050

1,000

9501

900+

L4

:

Steam Teomeerature

8504

800

g2,
\.L.E.C
E33
8o Steam Pressure
wnk
-11,0004-
Steam
Temperature
- 10,5001 3¢
10,0001
Feedwater
Temperature
- 9,500+
4
- 90004
— [32] <
3 8 S
h S f
L L —te 1 1 'y L L 1 1 L ] L
¥ T L] 1 L] L) L] L] T 1 T 1 L]
1 2 3 4 5 6 7 8 9 10 1
Time (Min.)
Performance Data On Day 104

“Getting On The Grid”

Figure 6.4-2

6-8



Temperature - Degree F

Spec.

Day 104 = —= — — =
t=14:56:53
1100 1
1058
FW Temperature 1032
550F (Spec)
1000 T 457F (Day 104)
900 1
800 A
700 1
6007 Water/ St
se0 ater/Steam
-
500 4
400 +
Evaporator Superheater
300 T'( (Spec.) (Spec.) .
(— — —— — — = =(Day 104)m = e — — — - — 4+ — (Day104) — < —»
200 +
100 T
- 1 L L 2 Y —b " 2 "
- T T L T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
Heat Load - Btu/hr x 106 —3.36 MW
L-'3.12MW

MSEE - SGS Performance
Figure 6.4-3

6-9

4



Drum Level - inch

+4T
+34

+2 4

+1 4

0+

-24
3t
4}

Steamn Pressure
psig

1,100+

1,000t

900 4+

8001

700 T

6001+

5001

400+

300 4

100 4

t Day 118

p
‘2
o
B
2%
£
2
@ /Sfeam Pressure
amm——————— \ -1 '411,000
Steam Flow
T Steam
1,0004 /- emperature 410,000
900 + Salt Temperature -+ 9,000
To Evaporator
mmm——————
800 4 Drum Level 4 8,000
7004+ 4+ 7,000
6004 . <4 6,000
500 4- +5,000
400 4+ -+ 4,000
3004 ' 3,000
200 4+ +-2,000
100 4- 41,000
] [ L 1 L L 1 i L )
I T T T T ¥ 1 A LIy
0 1 2 3 4 5 6 7 8
Time (Min.)

Increasing Power Ramp
Response of Controlied Parameters

Figure 6.4-4

6-10

Steam FlowTo Turbine - Ib/hr



Drum Level - inch

+H44
+34
+2 4+

+1¥

Steam Pressure
- psig

T

1,100 7

1,000+

9004

8001

7001

6001

5001

400+

2001+

Day 118

g

3

'.é 1]

8

Eo

o

€

3

[7p]

‘ / Steam Pressure
/ 1, 1'000
Steam
1,000 /'Temperature 410000
1 Salt Temperature 49,000
To Evaporator
8001 Drum Level 18000
T + 7,000
00T +6,000
7 45,000
| 44,000
| 4-3,000
2001+ | .
T 11,000
0 1 2 3 4 5 6 7 8 o
Time (Min.)

Decreasing Power Ramp
Response of Controlled Parameters

Figure 6.4-5

6-11

Steam Flow To Turbine - ib/hr



Performance

100% Load

100% Load

Power Maneuvers
Up/Down

Mixing Tees
(Cooldown)

Thermal Baffles
(Cooldown)

TABLE 6.4-1

Selected MSEE - SGS Performance Data

104 (4/13/84)

118 (4/27/84)

118 (4/27/84)

118 (4/27/84)

118 (4/27/84)
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Time

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



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

Location

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.

Flow to Attemp.

Flow to Turbine

Steam
Steam
Steam
Steam
Steam
Steam

Temp.
Press.

to Turbine
to Turbine

Drum Press.

Temp.

from Steam Drum to SH

FW. Flow to Steam Drum
FW. Temp. to Steam Drum

FW Press.

to Steam Drum
Cold Salt Flow to Mixing Tees (Evap.)

Steam Drum Level
Sec. Downcomer Temp.
Cold Salt Temp. from Attemp. to

Evap.

Inlet
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Table 6.4-3
SGS Steady State Performance Data

100% Load
Day 104 Day 118

No. 14:56:53 13:54:35
TE-382 1058 1057
PT-382 76 68
6007 919 915

(1) 62,100 57,600
TE-331 1032 1030
TE-301 849 854
TE~384 560 562
PT-384 22 17
FT-321 (2)79,700 (2)74,900
FT-381 (2) 1,590 (2) 1,480
FT-311 11,070 10,480
TE-332 948 948
PT-321 1,087 1,120
PT-383 1,146 1,167
TE-383 560 564
FT-411 9,870 10,450
TE-386 457 452
PT-386 1,161 1,189
FT-382 (2)17,600 (2)17,300
LT-311 .24 ~.33
6005 546 548
6032 569 596

(1) salt flow (1lb/hr) through SH based on heat balance
(2) Corrected value based on heat 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-ftz-F (1436
w/mZ-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:

R Tsat = Tgy
Tsat = Tde
where:
T = Satuartion Temperature
sat
wa = Peedwater Temperature
Tdc = Downcomer Temperature

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).



Table 6.5-1
SGS Evaporator

Comparison of Full Load Sizing Parameters
and Operating Parameters

100% Load Sizing

Item 0% Margin 30% Margin Day 104 Day 118
Salt Flow (lbm/hr) 72,136 74,217 79,700 74,900
Tin (°F) 850 850 849 854
Tout (°F) 567 575 560 562
Water Flow (lbm/hr) 56,000 53,250 - -
Tin (OF) 560 559 546 548
Tout (°F) 563 563 560 564
Q (Btu/hr) 7,350,000 7,350,000 8,291,500 7,877,740
Tp (OF) 75.4 93.8 90.8 91.1
A (£ft2) 406.7 406.7 406.7 406.7
U(Btu/hr-ft2-F) 240 193 215 213
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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
272 Btu/hr—ftz—F (1817 w/mz—C) is approximately 10% less

than was predicted based on 0% sizing calculations.



Table 6.6-1
SGS Superheater

Comparison of Full Load Sizing Parameters
and Operating Parameters

100% Load Sizing

Item 0% Margin 30% Margin Day 104 Day 118
Salt Flow (lbm/hr) 60,900 61,900 62,100 57,600
Tin (°F) 1,050 1,050 1,058 1,057
Tout (OF) 902 905 919 915
Steam Flow (lbm/hr) 9,922 10,375 9,480 9,000
Tin (OF) 562 563 560 564
Tout (°F) 1,030 | 1,004 1,032 1,030
Att. Flow (1lbm/hr) 1,609 1,156 1,590 1,480
T (°F) 562 563 560 564
Steam
To Turbine(lbm/hr) 11,531 11,531 11,070 91.1
T (°F) 950 950 948 948
P (psig) 1,100 1,100 1,087 1,120
Q (Btu/hr) 3,304,000 3,294,000 3,166,000 3,000,500
T (OF) 113.1 147 126.6 126.3
A (£t2) 92.1 . 92.1 92.1 92.1
U (Btu/hr-ft2-F) 317 243 272 258
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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
(204°C) exist at this location in salt mixing tee no. 2 during cooldown

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.

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
(BaW Drawing 179936C) which is fixed in the vertical direction. At
14:39:54 the temperature difference between TE-6026 and TE-6027 is

367°F (204°C). 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
(46°C).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 (B&W Drawing 179938C). The adjacent supports in the branches
are spring hangers, and the piping itself is relatively flexible in the
vertical direction. The top-to-bottom temperature difference of 367°F
(204°C) 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.
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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Day 118 Cooldown Data

14: 15:
35: 38: 41: 45: 48: 51: 53: 57: 0: 4: 6:

No. 46 46 46 25 6 16 57 7 59 48 36 36
TE-382 1050 1024 878 767 723 639 601 600 600 669 689 704
TE-331 1014 1011 929 795 746 672 638 621 603 583 578 573
TE-301 849 851 843 756 725 661 639 621 608 592 581 576
TE-384 577 563 560 555 554 550 553 551 528 545 545 546
FT-311 1990 2500 2540 2060 1650 10 430 10 10 10 10 10
TE~-332 948 948 944 848 798 733 709 681 669 670 667 661
PT-321 1093 1093 1098 1071 1068 1025 1035 1056 1016 1003 997 987
PT-383 1102 1107 1109 1082 10680 1032 1048 1071 1030 1013 1005 998
TE-383 574 567 564 559 559 551 555 555 552 548 546 545
TE-386 471 451 443 439 436 452 463 481 485 475 470 466
FT-382 4220 5440 9540 16000 16000 16000 16000 16000 16000 3770 3620 3680

o]
Temperatures, F

Pressures, psig

Flows, lbm/hr



6.8

Thermal Baffles

In the U-tube, U-shell superheater and evaporator, the 1l2-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 Fiqure 6.8-1 are located on the shell
O0.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 255°F (142°C) exist in the thermal baffle region closest to the
salt inlet. Temperature gradients of up to 88°F (49°C) exist in the
region of the tubesheet.

A structural analysis was performed on the superheater based on the
temperature distributions shown on Figure 6.8-1. The effect of shell
temperature gfadients 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



provided by the salt inlet piping and the steam outlet piping. The salt
inlet nozzle is located relatively close (18.0 inches) to the superheater
support.

A conservative assumption was made that the maximum vertical
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). The
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 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
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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(49°C), 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 (2l°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.

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.
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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 acéumulates in the water/steam system downstream of the drum,
which limits drum water levél 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.



As noted above, with trap T-482 closed during diurnal shutdown, the
drum water level reduction is limited to about 12 inches. This is
equivalent to about 3 ft3 (0.085m3) 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., Data from a number of diurnal shutdown
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.

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



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 deneration
system. The SGS successfully completed all steady-state and transient
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.

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. Full load steady-state performance of the steam generator
subsystem meets specification requirements.

b. The SGS exceeds the rated heat load of 3.11 MWt by 8% at design
steam delivery temperature and pressure.

C. 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.

d. 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.



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. The BWCP was shipped back to the manufacturer for

installation of a new stator. To better assure adequate cooling of the



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. The
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 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. There was no water flow through the heater because the heater

inlet valve was inadvertently left closed by the operator.

b. Due to an incorrectly set trip point, the control system failed

to cut off power on the high heater element temperature signal.

Ce 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.

d. 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.

Qe

b.

Co

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:

Qe

Improper location of the heater element high temperature
theimocouple at the bottom rather than the top of the heater
bundle. (It shouid 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).
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b. Freezing in some water/steam system instrumentation lines with
resulting improper signals to the control system.

Ce Insufficient control system interlocks on heater operation.

Several corrective actions were taken as the result of the second

heater failure.

a. SNL had the heater manufacturer locate the element temperature
thermocouple near the top end of the heated section of the
heater bundle.

b. Improved freeze protection on the water/steam system instrument
lines was incorporated in terms of higher heat trace power
input and improved insulation.

C. 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-off 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.



b.

Ce

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 moltén 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

ae

The remotely operated steam attemperator control, circulation
heater isolation, and BWCP isolation valves performed as
expected with no significant problems.

Several of the small, hand operated isolation valves developed
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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.

Ce 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-341l, 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
(249°c). 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. 1In 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.,

Ce 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



€.

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:

Qe

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:

Qe

b.

Coe

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.



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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CABLES T0 BE mwsTAULED Fon? ) 70

B) . 7o 721 DOUBLE CABES 70 & MSTAUED

ot 70 (3) . SE£ wear TRACING
WORKSCOPE BfW SPECIFICRTION

AT M At 2o e
SKID RSSEMELY SH*/ RO533/1E
PIPING ARRANGEMENT Sw */ LO5 FFOE

TITLE DWG. N2,
REFERENCES

SANDIA NATIDNAL LABORATORIES
PURCHASE ORDER NO. 81-500

y - MOLTEN SALT
s LR SURSYSTEM
len a2 3| FropomaroR SALT

m_ INMLET LIVE ggm

BSSEMELY - TE0O ' 2'
&wvm‘u‘m scae /12 | 179937 c




oT-Y

HANGER (CORDINATES Foore Sourw eno of S#i0 |

REVISIONS

X Y TYPE

4 DESCRIPYION DATE APPROVAL |5

sez2-#2 | 9°-14°| 796" | sAtm6

=
(B-2) oeD 512471 12 -4, |y, VAL - (4

l E-) RO SE2-H2, (027

se2-H3 | 16w’ 7-955 | sAUME

Ke-w#E |0 -0k’ | -5 | Freeomw & oRecov

FODED HINGER COORDINAFES . (-2 ) REVISED MOTE # 4
PICTORIRLLY REWSELD PIPING SCHEMRTIC 1 DIMEN S/
70 SUIT-(8-2) ADDEL NOTE PS5 s* G, W18 ~5/(C-3)

ALED WEARMATIONAL THERMOCOPrELE A87D g /‘dék“l)

RAD - TYAE THFRAITYNAALS. (C-2) 1DOES A%
(D -FIALDED INFORMATIONAYL. THERMODUMES. (A-¢1

ALDED [ Y2° SCH 40 £R 45 °FUL .

14
NOTED '6CH 40 PIPE NIPPLES, [4) - 1
2 ]uzeLao Fov ¥ ¢ TYPE(SS) /236‘]" iy, LJ

2 INSULATION 7O BE INSTAIULLD N ACCORCANE
WITH Bf W SPECIFICATION OFE- 200 -0021- 954

NOTES

/. R CENERRL NOTES EE REF * /.

2 DESIGN CONDITION & .
PIPING DESIGN FRESSURE » /0 RS/

PIPING OESIGN TEMARRTURE &
£ 780°F 1 Vg VES TO FEKS
> BSOF FEYNVD FTVS
3. ALl DIMENSIONS RREY
A CONSIOERED NOMINRL UNLESS
OTHERWISE NOTEQR
& N RCCORDCE WITH ANS! V14.5- 1977
C. FoR ART TEMPERRTURE OF &8 °F

P SYMBOL DESIGNATIN &
O — £1TTING TERMNALS

P - FIELO WED
R = Q00 12" RANGOM LVGTH TO RLLOW FOR FIELL FITUP

5. HEAT TRACING
T - 3F/3 CHBLES 70 BE NI LELD FROM
Fl 70 |6). 7w - 2315 caBLEs 72 BE
JNSTALLED Fromt [Z] ro Y. 7wo -3237 7
CABLES 70 8 WSTALLED FRom [E) 72
[£]. 522 #EAar 7RG WORNSCOFE
SHECIFICATION LD - 700 -0027- 5 ~7-

G,  THE THERMOCOUFLES SHALL EE WS7RLLED
AND WIRED 1V ACCOROMNWCE WITH E7/WN
SPECIFICATION FLD -700-0087 -5 -/ .
LOCATION OF THEEMOCOUPLES 030,603,
LOTF2 F GORT IN B¥W SPECIFICATION

RLD -700 -0027 - 45 - /1.
2. | SHID RSSEMBLY SH*/ FAA7IIE
7\ PIPING ARRANGEMENT FOITIOE
NO. TITLE WG VO,
EFERENCES
SANDIR NATIONRL (REBORATORIES
PURCHRSE OROER NO. &/ - 500
ALIAL T8 MAUTEN SALT e e 1 it mavmTy 00
ELECTRIC EXPERIMENT TR i e
sasero ’ STERM GEMERBTOR % Ral TR e Sl
SUBSYSTEM o M
y SALT PIPING LEEEERELS WS
COLD SRLT CONTRU. LIMES [ pes v,
00 -0087- 45 ASSEMBLY - 7300 93 >




’ RTTEMPERRTOR STERM FLOW

3, SCw 80 PIFE *

|
4
WaLo Buip-uP \
B -PLALES NTH
;& J' \ —L

L ) ] _—© Mﬂ‘Vj]Em FLow
(- —

1 SCH 80 PIFE
by SCH 160 PRF—. .
1Y SCH 160 APE t /—/'x D4" SCH 80 REONER

A\
F ~ — Ty
%a OF _/ \, 3. SoH 80 AP
DRULED HOLE D,
VIEW A ﬁﬁgmgfg’g
RUES
SC NS A ML5 ’ ufH .

HANGER COORDINATES FROM SOUTH END OF SkiD

REVISIONS l

X Y TYPE

- DESCMIPTION DATR APPROV =

WL5-H4| 9-1% | &°7" |FIXED IN ZDIRECTION

. '8-1) ADDED WL5-H8 { MS-H6 . V7
/ ((a-z)ﬁooea Wi5-H7. (8-3 4"’ k

wis-H5 | 16'-11" | 67" | SPRING

RDDED WLS-H9 ¢ NLS-HS . (5-33 RODED WLS-He.
/D-2Y RODED HAMNGER COORDINARTES./18-2)

wLs-He | 29~0"| 57" |SPRING

REVISED WOTE # & (B9 12) ADOCL TEANERA TUREN
SMOICATOR, (4-+) ADDED ARESSURE TRANSPITTER (C-2)

WLE-HT | 30-6"] 1-7" |FIXED IN B DIRECTION

WXED £LOW TRANSMITTER. ROOED No¥E 5. (8- 4(C -3}

T " Ty AQODED WFORMATIONAL THERMOQOUFLES (C -1
wLs-H8 | F o -7 ANCHOR mmlsé'fa&%zv‘maﬁ D(2) 2Y2" SCH /Miﬁé;‘e‘?ﬁrp
wsne 209157 SPRING MAIWPEPITDRI OMBNSIONS T SULTY

ZHANGED DIMENSION OF WLS- 4 iy
2 To 5'-5% ADDED WELD “oct 1Y
\LD-UP NoTe N VIEW A, 4*

L. THE INSULATION SHALL BE INSTALLED N
ALEORRANCE WITH BIN SPECIFICATTON
DAE -700 -0027 - 95 ~/.

7 HOLES MW PIPING AT THREDOLETS AND WELDOLE IS
70 BE FREE OF B75, ECT.

WNOTES

! FOR GENERRL MOTES SEE REF* /.

2 DESIBN CONDITIONS :
PIPING DESIGN PRESSURE : 1325 Rs/
PIPNG DESIEN TEMPERATURE 1000 °F

3 ALl OMENSIONS ARE {

A COVSIDERED NOMINAL UNLESS
OTHERWISE NOTED.

B, /N ACCORDANCE WITH ANS/ Y/4.5-1973

. FOR PRRT TEMPERRTURE OF &8 °F.

& SIMEBOL DESIGNRTION .
® - FITTING TERMINALS

P -FIELD WELD
R - 400 /2" REONDOM LENETH 70 ALLoW
17 FIELD FITUR
5. THE THERMOCOUES SHALL BE WSTAUED ANL
NIRED 1V ACCORRINEE WITH Brévy SECF/EATION

ALO- 700 -002 7-25-//.

S| SKID RSSEMBLY SH*/

/ NG ARTANGEMENT SH# ! | 2053F0E

NO. 7ITLE

REFERENCES

SAONLIR NATIONAL  ( ABORATORIES
LLRCHASE VR (O B/ -500

MOLTEN SRLT -
ELECTRIC EXPERIMENT ™E BABCOCK
STERM CENERR TOR -
SUBSYSTEN e bt
BTERM FIPING e e e
SUPERHERTER STERM OUTLET| tuamiuctlid™ ™ ==

¢ RITEMPERRIOR (IWES R
RSSEMEBLY ~ PO )

0O NOT SCALE - USS DIBNEIONS
oY,

st /RS |




AL

HANGER COORDINHTES FROM SOUTH ENG OF SK1O

g

X Y 7rPE

e

SUI-HI| 7%-¢” &7 | FINEO W Z DRECTIOV

(B-Z)R0OEO Sti-HZ ¢ SLI - K3, fé’/ %0 <
(8-2) AOOED SLI-NHe)» /r-4}ma’fo e"“‘*

Se1-we| 3~gn | 67"

St-#2 Y(o-1 ) ¢ -s-

sei-we o1 ) e -7)

SLI - H5,(89) RODED SLI-W1\(D-2) RDOED HANEER
COORDINRTES (8 -2) REVISED NoyE ® o, ACTOIXLY
REVISED PFPING SCHENRTIC ¢ DN SIONS TO SHT.

VC -2) ACDED MOTE %G (8-2) ADDED NOTE * 5, (A -4)
ADOED INFORMATIONAL IMOCOUPLES(A 1 O-4) £(A-2)
ADDED FPRO -TYPE THERMOCOUPLES (€ 504

PRESSURE TRANSMITIER 1 TEM) TURE WNCATOR -
(€ -2) ADRED MOTE #7043, (O-3)ADAED WFRORMATIONAL

{2 ADDED FIELD WELO NS 3401, %ﬂuo{_&%

A

MAT' TYPE TO VA, 8403

6.

-4

THE THERMOCOUPLES SHALL BE INSTALLED AND
WIRED IN ACCORDANCE WITH Brw
SPECIFICATION RLD-00-0027-%5 /1.
LOCATIONS OF THERMOCOUPLES G039 D S035)
W BIW SAECIFILATION RLO- 700 -0027-35 = //.
HOLES IN PIAING AT WELDOLET AND THREDOLET |
FOR INSTRUMENTATION 70 BE RREE OF BURRS,

INSUATION 70 BE WSTALED W ACCORINCE
WITH Bt SFECIFICATION LRE - 700- 0027~ 45~/

NITES

& LESIGY Cavey7ioN ¢

FA7 OENERRL MOTES SEE FEF # /.

FIPING DESIGN FRESSURE : /R0 FS/
PIPING DESION TEMPERRTURE, 750°F

RLL DIMENSIONS RRE:
R CONSIDERED WNOMINRL UNLESS
OTHERIWISE NOTED.
B N ALCORDRNVCE WITH ANS/ YR.5 - 1973,

O FOR PRRT TEMPERRTURE OF 68K

SYMEOL DESIENRTION &
® - F/TTING TERMINRLS
P - fEL0 weLD
R - 400D /2" ANDON LENETH 70 ALlOW
FOR FIELO FITVP
FOUR=3%/ (ABLES 7D 8 WSTAUED ~#ovr [
. 200 - 7203 camas 70 a5 wsrauer sams
V7] o THO - 3918 CABLES 70 BE mWSTALLED
frort (0] 70 (@), o F#E 70 BE WSTHLLED FROM
70 (K. SEE HEAT TRACING WORKSLOAE BIN
SPECIFIEATION RO -700 - 0027 -9 -9.

Z. |SKID ASSEMBLY SH *] 405331E

PIPING ARRANGEMENT SH*| 1405340

MO, TITZE MG NO.

FEFERENICES

SANLYR NATIONAL (LRBOKATOXIES
PURCHRSE OFDER NMO. &I - 500

OLTEN SRLT - -
ELECTRIC EXPERIMENT il 2800 & WACOK Co.
STERM BENERATOR T O e
SUBSVSTEM A ke

|
|

e| EVRPORRIOR SALT AERSEIEEE
| OUTLET ¢ OVERPRESSURE

0O NOT SCALE « UBE DINENMIONS
ooy

s y7s |

ASSEMBLY-3400 /79940 c 2




€1-Y

HANGER COORDINGRITES FROM SOUTH EMP dF SH7D| REVISIONS
X Y TYPE ol DescriPTIoN DATE T
Sa- w230 757 | Arxep m Z Drmrecrion (8-3)ROOED SC3-H2 (€ ~$)ROND| %’ W ]
Set-HZ | 17:6 § N\ 7-7" \pueo w Z orecTion l g_ Q‘Zﬁfﬁf’;’% ﬁfo W,’ﬁ s | e
ATDED NOTE $16.0C 1 8-3)1(0 - &) ADCED IVFRCIAT I VAL 4

THERMOLOUALES (87 A -8 ALOED P8 [T
(C-3) 0%~ WAS gy REFC-2) ADCED NOTE =740 .
(B-NADDED 14" ICH POLR 64./°EUL 15 Sov 0 LR e85 £Us|
INFORMATIONAL THERMOLOUMLE e FVAGDED /WO UTIONAL
| REVISED ACTORALLY WITH ENS/ONS

A7

ADOBD C.vA. OFFSET SI1E ¢/ ”5'4 Iv

2 lwveo 'rbuw'rmu;a e, Z";lt,\, &
CHINGED DIM. | OCATION OF 3502

G. THE THERMOCOUPLES SHALL BE IMSTALLED
AND WIRED IV ACCORDANCE WITH G ¢ ¥
SPECIFICATION RLO - 700-~0027 -¥#5~/.

WSULATION 70 BE INSTALLED v

z
ACCORDANCE WITH Br W SAELCIFICATION
LAE- 700-0027 35 ~/.
8. LOLATION OF 7”[1?/’/0(‘00;’?[5 4030, 0037, 6038
_ | aTion 0F THERMIOUALES (036, 40 ¢
NOTES
I. FOR GENERAL NOTES SEE REF 1.
o0 o
2. DESIGN CONDITIONS:

PIPING DESIGN PPESSURE: 190 PSIA.
PIPING DESIGN TEMPERATURE : 900°F

3. ALL DIMENSIONS ARE:
A. CONSIDERED NOMINAL UNLESS OTHERWISE

NOTED.
B. IN ACCORDANCE WITH ANSI Y14.5-1973.

C. FOR PART TEMPERATURt OF LB8°F.

4. SYMBDL DESIGNATION:
@- FITTING TERMINAL
P - FIELDWELD
R - ADD 12" RANDOM LENGTH TO ALLOW
FOR FIELD FITUP

5. HEAT TRACING :
TWO - RDS CABLES 70 & WNSTALLED
o (B 70(3) . Two - 2506 CABLES
70 BE NSTALLED FROM 70 .
TG - 507 CABLES TO BE INSTALLED
R [ Z] 70 (V). SEE HEAT TRACING
WOARKSCOPE BiW SPECIFICRTION

0
1':,12‘)350” Y o ‘R g, RLO 700-0027-%5-9.
0 ¢ P‘ve (e; " { Z | 5KID ASSEMBLY SH *1 405331 E
) _1,(170 co()ﬁoffo GQ,D;‘S,E T | PIPING ARRANGEMENT SH *1 405340E
PT/;‘E«L"T o w NS, TITLE DWG. N2,
WouE 7 REFERENCES
G SANDIA NATIONAL LABORATORIES
PURCHASE ORDER WO0. 81-500.
e AUGLISTVNENCH MOLTEN SALT e TS .
ELECTRIC EXPERIMENT s ewasAncn oacw
STEAM GENERATOR LIRS
perey : SUBSYS fErEEres
Wi SALT PIPING e
SALT DRAIN LINES ; -,
700-0071-45 ASSEMBLY - 3500 ) 2
e e o e | acais 1728 179941 C




yi-v

HANGER COORDINATES FRM SoUH V0 oF Kl | REVISIONS

X Y TYPE W DESCRWTION 3 ] oars | arewovauld ¥
N o i ((-2)REVISED MOTE #2 (8-2) .
we-wl /76" 77w SPRING [ | (EURVISED AaTE o2 . *._%%Io
WG-H2 | 1-2% | 2'-3" | FIXED W Z DRECTION ET, (C-F)ALOED WU VE e, (&-T)
Wo-47 | 572, 23" |rmeo w7 amecrion 412, REVISED PICTORIALLYy DIMEISIONS TO SorT
HEa?
1R NE°
3 ;"ﬁg 4
- |
ok, NOTES

FOR GENERAL NOTES SEE REF #/.

LESTGN CONDITIONS

FIANE DESIEGN FRESSURE & 1400 PS/
PIFING DESIGN TEMPERATURE > 00 *F

. AL OIMENSIONS ARE.

A (ONSIOERED MOAMINAL UMLESS

OTHERWISE NVOTED.

B IV ACCORMNEE WITH ANS/ V14.5 - 1973
C. FOR ART TEMPERATURE OF &8 °F.

SIMBA DESIENATION !
O — £ITTING TERMNALS
P - AL WELD

R -ADD 12 RINOOM LEVETH 70 ALlow

FOR FIELOD F77UR

5. INSULATION 7D SE INSTALLED /W A0CORDINCGE
WITH BIW SFECHFICATAW DAL -700-0027 %5 -/,

2\ SO ASSEMBLY SH*/ 0533/ |
/.| PIPING ARFANGENMENT HOS30E
N, 7772E WG NO.
AEFERENCES

SANDIA NVATIONAL ( ABORATORIES
PULHASE ORAR MO &Y - 500

Al | MOLTEN SALT O
oo diedid | CLECTRIC EXDERIMENT | ™ BSOS LD To.
S : STEAM GENERATOR FLLiNE Sm o
. SUBSYSTEM B i e e
A STEAM P/P//vcé_ AT S

, N BLOWDOWN £ IN: e .

700-0027 %5 | Lsseraly - #7200

B2 #OT SCALE. .UBE BiMEeSIOwe m/i',/'_oll /7974Z C |




ST-¥Y

HANGER CUOROWATES FROM SOUTH END 0F Sk | REVISIONS

X Y TVrRE W oEsCRIPTION [ oare T arrmovaug
N " o b CHANGED DIMENSION TG 3" Y7z
WOHI | 72 | 40T FaED I Z ORECTIOV| | | G O e w7 v “'“’l%’@ L
wr-H2 | 71" | ©-5* ANCHOR

NOTES

/. FOR GENERAL NOIES SEE REF */ .

o 3 - 2. DESIGN CONQITION:!
cf! . IOING LESIEN PRESSURE * /325 ASI

. : PIFING DESIGN TEMARATURE & 566 F
3 ALl DIMENSIONS ARE 2

A. CONSIDERED NOMMNAL WLESS
OTHERWISE NOTED -

B IV ACCORDANCE WITH ANSY V/$.5 - /973
C. FOR FRART TEMPAERATURE OF &8°F,

9 SIMBOL OESIGNATION °
® = FITTING TERMNVAL

P -Fret 0 wELo

2| SHID ASSEMBLY SH*7 FO5T57 &
(/| PANG ARRANGEMENT. FO5T7OE
0. TILE W M.
FEFERENVCES
SANDIA NATIONAL LABORATORIES
PURCHASE ORAR MO &/ - 500
[ o oA ¥ | MOLTEN SALT e e 8 e o0
o ne P ELECTRIC EXPERIMENT THE A tnon sxows
[—_ STEAM GENERATOR 2o, tanwan ron omeron ey
arrve.s y SUGSYSTEM. R i o S
iy o STEAM PIANG ISR TS
WATER ORAIN 3 =
700 -0027-95 | 4SSEMELY - #8500 |
BONTT SCALS. LS Bisanarens w_@"_/:o1 /79943 C




91-¥

1 i

HANGER (OORDINRTES FRONM SOUTH END oF SK/1O REVISIONS

X Yy TYPE - LERRIPT IV o | aveow
WL/~ HI 3| 6 -7 (C-2) ROOEL ML/~ . 44
WLI-HE ;:'-./%” i; . f/xajtjgmg CTIoN / t‘-.?)) ROOED ;::‘/ ;/.g.’ /;’L—/_ffz' %{’l R
7 AODED  HRNGER (OQROWRTES. &-2 REVISED
W/-HS | -0 |6°-7" ANCHOR 7E * LOED ¥ 30004 SOCKET:

cﬂo (e (cel YADDED ACESS. 7704, ”~ 4 =
el - 5) 400D 5. A Ay Ll
(O-31R0LE0 NOTE 28, Apsbag

STEAM O
I NOTES
—— /0. 682" REF /. FOR GENERAL MOTES SEE REFERENCE #1.
2. OESIGV CONDITIONS:
PIPING DESIGN FRESSLIRE: 1400 FS/A
PIPING DESIGN TEMPERATURE: 600 °F
\/—’5 R 3. ALL DIMENSIONS ARE:
VP EL 12°-5 216" A" CONSTIERED NOMINAL LMLESS
s . 8. IN ACCORDANCE WITH ANSI YI4.5-1973.
P, él;f -1 7716 C. FOR PART TEMPERATURE OF 68°F.
] 4 FH0° SOCHOLET e N ——— GRS O LES.
— = FOR CHEMICAL FEED. N M e T s,
PUD-TYRE THERMOCOURLE Fore P CFIELO WELD
) R - 200 /2" RWOOM LENSTH 7D ALLOW FOR
TEMPERATURE WOICATOR TE-38¢ (4116
@ MOUNT ON BOT7OM FIELD FITUR
) 5. HEAT TRACING
" AD - TVPE THERMOCOUALE o 4 CABLES 70 BE WSTALLED FROM
" MOUNT o BOTTOM ZZ] 0 [GE), SE€ HEAT TRACING
'}' ‘ ;g‘ 4 ﬁm el WAWSCOPE BIW SPECIFICRATION
d 3% THK INSULATION RLD-T00-0027 -5 -9,
Y 5x D/A BENDS MIN L0 7000027 %5 -7
“ G. THE THERMOLOUPLES SHALL BE INSTALLED AMD
% (7] WIRED 1N ACCORBANCE WITH B W SEEC/F/CATION
re TAN OF BEND RO -700-0027-45 /1,
| 7 HOLE INPYPINE AT THREDOLET FOR /N STRUMENIATION|
om LONNECTION 70 BE FREE oF BuRRS, £TC.
A — y.P, £ 3°-9
v.P, EL 3711 14 §WLi-H1 WL/ -HE WLl -H3 B IVSUATION TO BE INSTALLED W ACCARDANCE
| WITH BF W SPECIFICATION DAE -700 -0027 45~ /.
Iy ~NPT- 3000 # THREQDLET — Jo" 12" l-2¢
FOR PRESSURE TRANSMI TTER . ) .
or - 56 it 7°-104 710 2"
MONT OV EAST
SIDE OF HORIZONTAL £ 2 \SKH/D ASSEMA Y SHEET #/ SO533/E
170-9" | I _NPIPING ARRAMOEMENT SHEET #./ | 205340
M. T/7LE OWG. MO,
FEFERENCES
SAND/A NATIGNAL LABCRATOR/ES
PURCHASE QROER NO. 81-500
MATEN SALT
ELECTRIC EXPERIMENT
STEAM GENERATOR
YSTEM

= e led Bl srEm pIeNG
700-0027-45‘ Asﬁ-‘ay - 4/00

EEEL ™ lous o | 179944C




LT-Y

REVISIONS
DESCIPTION o | Aoy

M

MOTES
/. FOR GEMERAL MOTES SEE REFEREMCE #1.

2. OES/GN CONDITIONS:
PIPING DES/GN FPRESSURE= 1400 FPS/A
PIPIMG DESIGN TEMPERATURE = 600°F

F. ALL D/MENSIONS ARE:
A. CONSIOERED NOWMINAL UMLESS
OTHERW/SE MOTED.
8. [N ACCORANCE WITH ANS/ YI4.5-1873.
C. FOR PART TEMPERATURE OF 68°F.

1. SYMBOL DESIGNATION:
O -FITTING TERMINALS.
1 P - F/ELD MELD

R -~ ADD 127 RANDOM LENGTH TO ALLOW FOR
FIELD FITWP.

S, THE INSUATION TO BE INSTALLED IN ACCORDAMCE
WITH BIN SPECIFICATION DAE 700-0027-45-1.

2 |SHID ASSEMEL Y SHEET #7 20533/

/! _|PIPING ARRAMGEMENT SHEET #/ | 4053406

M. T/7LE OWG. NO.
REFERENCES

SANMDIA NATIONAL LABORATOR/ES
PURCHASE OROER MO. 8/ -500

ar MI-L, ELECTR/C W/r‘avr
oo o
Asg__;y, v, ~ STEAM GENERATOR
m\ SLBSYSTENM

l-1

CIRCULATION HEATER
LIPING /INLET
700-0027-45 | 45SeMBLY 9350-~5HT / oF 2

ALY
P Zo 1789945C |0




81-Y

REV/S/ONS

= T

5

DESORIPTIOV

MNOTES

/.
&

‘.

FOR GEMERAL MNOTES SEE REFERENCE #/.

DES/GN CONDI TIONS:
PIPING DES/GN PRESSURE = 1400 PS/A
PIPING DESION TEMFPERATURE: 600°F

ALL DIIG\GIO\G ARE:
amw MWINAL LMLESS

8.

OTHERW/SE

MOTED,
v ACW/\CE N/TH ANS/ YI4.5-1973.
T TEMPERATURE OF 68°F.

C. FOR FPAR
SNBAL. LES/GNATIOV:

[}
rF-

- AQD 127 RANOOYW LEMGTH TO ALLON FOR

~FITTIMG TERMINALS.
FIELD WELD

FIELD FITUP.

S, THE INSULATION 70 BE INSTALLED IN A

WITH BN SFECIFICATIONV DAE 700-0027-45-1.

KD ASSEMBL Y SHEET #/

PIPING ARRAMGEMENT SHEET #/

T/TLE

FEFEREMCES

SAND/A M TIONAL LABORATOR/ES
PURCHASE OROER MO. 81 -500

700-0027 -45

AMATEN SALT
ELECTRIC EXFER/IMENT
STEAM GENERATOR

SLBSYSTEM

CIRCULRTION HEATER
FIPING OUTLET
ASSEMBLY #3250 ~SHT 2 aF 2

P

Pz 1



!
!
H
i
i
H

6 X 2 1/2 SCH 160
CONCE|

WELD
Ko\ APART IN RETURN
T W—

X 2 1/2 SCH 180
ENTRIC REDUCER
REQ'D (OUTLET)

PT WELD PREP
PT EDGE

SPACER -

5 SCH_40 PIPE X 2,000 LG v
VELD 2 PLACES 180° APART | /_ LT 220 THeE

OF PLATE ADJACENT TO WELD AFTER WELDING (TYP 2 PLACES)
24.31° TYP
A

.375 SCH 40 PIPE
(SEE DETAIL FI

BROACHED SUPPORT PLATE

TACK WELD NUT TO TIE
WND THERMAL

6.000
S ( IN CONSECUTIVE ORDER)
RO TS,

INSPECTION OPENING
DOLET WITH PLUG

ROD
BARRIER (.188 X ,.250 LG)

SECTION A-A

4 SPACES (35.375) = 141,500
TYP

SPACER - .375 SCH 40 PIPE
B8 REQ'D (SEE DETAIL F)

SUPPORT PLATE WITH VEN
ON TOP AND DRAIN GROOVE ON

FLOW RESTRICTOR WI1TH VENT GROO
DRAIN GROOVE_ON BOTTOM TO MATCH
PLATE IN SALT INLET LEG [SEE REF 1}

SUPPORY PLATE WITH VENT
1.250 OPENING AT TOP!}
SALT OUTLET LEG ONLY

VE ON TOP AND
LAST SUPPORT

IT GROOVE
BOTTOM

(C-4) SOH

g ] 40 X
2 PIPE1ID-3) ORAINE mm
C-10) FLOW RESTRICTOR 18M3 _NOTE @
IEIS-#iln.lﬂ DiN. REVISED! NOE Re-
aimm 1F-4} 0,0,
ROTETMAL SARRIERS 3 AU 71

B T ABleR L S R RS

MAR/ WY

2 s ALL THEMMOCOUPLES:

INOTES 9,10 & 113 t1-12)
ASSEMBLY-21003 |€-7) .1202,007 YYP DiM.
IA-4]1 DELETED RT TYP. REVISED NOTE 6.

CRETTN

MAR/bwmy
RELOCATED 60li THRY 6OIG E I:f-——_‘-’i
2 W Zouss bic-t " b 4

FLOW RESTRICTOR WITH VENT
GROQVE AT TOP TO_MATCH
LAST SUPPORT PLATE IN .
SALT QUTLET LEG ISEE REF 1)

SALT QUTLET

8 X 6 X 4 SCH 40 TEE
2 REQ'D

212.937
~

/—s SCH 40 PIPE

INSPECTION OPENING
1" 3000¢ THREDOLET
wITH PLUG

toaur
ey fi——-

—]
— 3.313
PT
T

n n ]
1750 su_r:r‘
3.000 INLET
9.375

e e e r

FIXED SUPPORT PT 3
8.000 2 REQ'D
DRAIN 1" - 30008
18.000 C soc)

KOLET

8 X 6 X 4 SCH 160 TEE
WITH 4 SCH 160 PIPE CAP
2 REG'D

Eo3fordord i contecure =
6

89.625

PAD-TYPE THERMOCOUPLE
MOUNT ON BOTTOM OF
SALT INLET LEG

6T-V

SECTIONS

SECTION B-8B

{STEAM INLET LEG!
SCAL /1

[
!
|
[ 1
|
!

WITH VENT AND
SEE ZONE B-11

PLATE - 4.000

X 7

SHROUD -

CTIONS REQ'D
. 188 FILLET WELD ALL AROUND
OUTSIDE OF SHROUD

0.0. = ACTUAL I.D, OF PIPE -.062.
UNBROACHED

{
2 REQ'D AT SALT INLET NOZZLE
2 l;ESO;_E“AT SALT QUTLET NOZZLE

AT SALT INLET
125 THK.
BE 2.50C WIDE
— . SLOT
TO BE LOCATED ADJACENT
BARRIER
AND ON NOZZLE SIDE.
. 188 FILLET WELD ALL AROUND
OUTSIDE OF SHROUD
(2 REQ'D)

TUBE O.D. TO SHROUD CLEARANCE
.143:.031 TYP FOR ALL SHROUD

L.ZSO!.OGZ TYP -
FOR ALL THERMAL BARRIERS
AND TUBE SUPPORT PLA
1 SUPPORT PLATI

DRAINAGE/VENT CUT

FULL
REQ'D AT SHELL & BASE PL.
US .125 FILLET REG'D AT

BASE PLATE (BOTH SIDES]

.125 THK X 35.000 LG

RMAL BARRIER]

—=i 1.250

ELEVATION

2.000 THIS LOBE,THIS TUBE ONL
REGD : TO BE GROUND FLUSH WITH
TN BROOVE SHROUD 1.D.

FOR BROACHING

~
N

OUTLET
(ON_HORTZONTAL
CENTERL INE}

.120+.007 TYP

PLATE 375 THK
(10 REQ'D)

TYP
.020 MAX R TYP
.010 MIN R TYP

200" TYP
SEE DETAIL D

PT TYP

| .625 DIA BOLT
/4 R€a°D

]

! J
/ /F'LATE-4.000X.500X9.IWLGi
2 REG'D

SECTION C-C

SCALE: 1/]

86,500

PAD-TYPE THERMOCOUPLE
INLET MOUNT ON BOTTOM OF
SALT INLET LEG

LIGAMENT THICKNESS st_#
5.971¢.03] DIA DETAIL E
BROACHED_TUBE SUPPORT TUBE TO TUBESHEET WELD

171

TICAL
30°0" TYP

¢ HORIZONTAL

%‘ TYP

>l'0' TYP

DETAIL D

TYP_23 PLACES (BASED ON_.750 TRIANGULAR

PITCH] PER BROACHED SUPPORT PLATE
SCALES 2/1

{ON_HORIZONTAL
CENTERL INE)

ALL WELDS TO BE VISUALLY
EXAMINED IN ADDITION TO THE NDE AS NOTED
MATERIALS!

PIPE - SA 312, TYP 304 ISST)

TUBE - SA 213, TYP 304 (SST)

FITTINGS - SA 403,W 304

PLATE - A240, TYP_304_(SST)

HAEDOLE T, 500K 304

1.THE_THERMOCOUPLES SHALL BE INSTALLED AND

®iTH BAW SPECIFICATION

[
FLOW RESTRICTOR
TITLE

A05334E
D¥G, NO.

REFERENCES

SANDIA NATIONAL LABORATORIES
PURCHASE ORDER

NO. 81-500

405325 E |3
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2
231 ELLIPTIC

NT
1" SCH 160 PRESSURE
GAGE NOZZLE

1
000 _THK

18" —t—18"

1/2" XXS SAFETY VALVE NOZZLE

Yk 12" - 900% WELD NECK FLANGE

~

MT

8.000—

ON REF

SEE_VIEW F 3
L3 \ \

/ REDUCER

STEAM OUTLET NOZ
4" X 2 172" SCH
CONCENTRIC REDUCER

4" SCH 120 PIPE
7 (6" LG! MACHINE TO
MATE W/SCH BO

1 172" SCH
LEVEL GAGE
NOZZLE

160

172"

B.B71

SEE VIEW E
r-4

[s) 1W/5G. ENDS) .
4¥'5cH 120 STEAM INLET 750016 |
|~ (MACHINE TO MATE W/SCH 80 PIPE)
PLAN VIEW
J _ =
000 -
LOWER LEVEL
GAGE NOZZLE
£ ]
~ 3 |
N
12.250
I— LOWER REMOTE
LEVEL NOZZLE
4-PLCS
7 T 0
i MT
: 2-PLCS
2" X 250 X 4" LG A
SUPPORTS +-PLCS v
4"SCH 120
TMACHINE TO WATE
¥/SCH 80 PIPE) SECTION B-B s
SECTION A-A e-a) .
—_—— | 1/4" 20008
SCREWED 907 ELL

FULL PENETRATION

2 1/2" SCH 160 PIPE

WELD DEPOSITS
TO CENTER SLEEVES
3-PLCS 120" APART

FEEDWATER INLET NOZ
1 1/4" SCH 80
ON =2" AXIS

VIEW E

1

(G-11

1 174" SCH 40 PIPE

1 174" 2000¢
SCREWED TEE

1™ SCH EO
tw/sa., El

XXS

1 SCH
SAFETY VALVE NOZ2LE

BLOWDOWN NOZZLE

1
REMOTE LEVEL NOZZLE
NDS |

1

STEAM INLET
NOZZLE

* Wi 12,500
D ) 7.5

oos alts (4o |
HA- DIACOFD | M2
FLANGE (1 -12)

1 U2~ 900% WD
IADCED ASSEMERY - 2900

;——1.594
Y

(B -.250 DIA HOLES
FACING VORTEX INHIBITOR
EQUALLY SPACED ON 1™
SYMMETRICAL

T W-Y AXIS

2-PLCS

VORTEX INHIBITOR
SEE REF ¢|

2375 | IUNC-2
HEX HD BOLTS
/NUTS 4-PLCS
1" 890"

CALCIUM STLICATE
W/ALUMINUM JACKET 1.016" THK)

5] nozze5 are ROTATED INTO SECTION FOR
CLARITY.

[B] THEsE 17EMs ARe FURNISHED BY B & ¥ TO vENDOR.

a. ARE 1IN

QERED INOMI[NAL OTHERW[SE NOTED
) IN WITH ANS] Yi14.5 -1973

(C) FOR PART TEMPERATURE OF €8°F

9. INSULATION SHALL BE IN ACCORDANCE WI1TH SAND)A
::F‘l‘}uﬁ«‘é geomm DOCUMENT ¢ 81-5100,

ALL OIMENSIONS
(A) CONS1

SCH 40 PIPE LipecH 40 | oA weLDs SUAL_ EXAM
10.500 LG NIPRLE & RE01 TTON 0 ok A NoTepe ATION TN
-ALCs 5.760 2-PLCS 11.SYMBOL DESIGNATIONI
. AT - RADIOGRAPHIC INSPECTION
MT - MAGNETIC PARTICLE INSPECTION
SECTION D-D -+
HEX BOLT [15eser |
PERFORATED CONE [7mezi8-1 |
| S | SCRUBBER ELEMENTS 793830-15
4 |CONNECTION BOX 119782C-7
3 _|CONE RING 110812C-2
2 |CYCLONE STEAM SEPARATOR 1962176-8
1 ;STEAM DRUM SHEET 2 OF 2 2053276
NO.j TITLE DWG, NO.

L.4 MOLTEN T
Sveomas JELECTRIC EXPERIMENT
A & Piowes TEAM T
Y SUBSYSTEM

ASSEMBLY -2300
STEAM DRUM
iH 0
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cc—Y

MT WELD PREP
T EDGE OF PLA
TO 'ELD AFTER WELDING

HANOHOLE

(2 PLACI
RT 2,000 —= 2.750
TYP 2 PLACES
STEAM OUTLET
NOZZLE
DIA VENT HOLES

250
EWALLY SPACED 90" APART
ONG LENGTH OF SPACER

+375 SCH 40 PIPE
20 REQ'0

WATER INLET
NOZZLE

DETAIL Fe-s
SCALEt 1/2

4 PLACES
TUBESHEE T
2 REQ'D

&

THERMAL._BARRIER

SUPPORT PLATE WITH VENT CUT
TE ADJACENT ON TOP ANG DRAIN CUT ON BOTTOM |
|a 000 8 SPACES (22.000): 4 SPACES 144.0001: .e2s X
029) |=—300.000 fe024) BZ2;30° 152.0%0 9-000 % PLaces .
3 TG TNGT LINE -
' o et Lt MoT Line P e T Tt
- 4 : (IZ M |. ” -8) {2 REQ'D) WAS (8 REQ'DI|
HE- FLON RESTRICTOR NiTH VENT 81, SODED, T NOTE & aeLD cw O,
z 0.\, GROOVE ON T AIN d ! heRERTR AN e ]
TN\ BROOVE AT BT TN T ATCH o& sl
' N\ LAST SUPPORT PLATE IN Ehiry AL THErRO0PES -
TUBE BUTT 'ELD\‘ 022" \\\ INLET LEG (SEE REF #1) : .082¢.007 TYP DIM: fhumnd
. o At NOTES 9,10 & ASSEMBLY - 2200,
- RIBBED TUBE : 300.7850 ——————————— = /[ | \\,'\\ - Revize: '(o"s) 'LotAT Ion f
Fy(8-1) [ 8 SPAGES 1440001 : 352.000 ! /I;/H
579);
.
3 :4-,’4 g FLOW RESTRICTOR WITH VENT
= 1 GROOVE AT TOP TO_MATCH
5 = LAST SUPPORT PLATE IN
SALT OUTLET LEG
I SEE REF o1
%KT&AFJ;A;%ER S T AT 78- suPPOR
AND_THERMAL B 226..000 T_PLATE WITH

To T™nGT Ling (8021

SECTIONTA-A_

OPENING AT TOP)
A- ONLY

VENT (.250
SALT WTLEG LEG
B SCH 40 PIPE

8 SCH 40 PIPE X 2,000 LG
WELD 2 PLACES 1BO' APART

426.750 \-

OUTLET NOZZLE) .. /,
8 X B X 4 SCH 40 TEE
WELD 2 PLACES 180° —SALT OUTLET pAD TYPE ;.F:T?aocoxét.sa 2 REQ'D e <0 PIPE MT. 4.312——__ |NSPECTION OPENING
SALT QUTLET G ~-3000#  THREDOL
@@ SALTYIPLET LEG~/ UT r N ;ITH pu:c 2 Rgogg)
10.777 I g P I TOTES
'/ 5.000 P 162.000 ————] A |. VESSEL TO BE DESIONED AND FABRICATED IN
SALT INET 17 o0 8 SCH 40 * ACCORDANCE WITH THE REGUIREMENTS OF SECTION
8 x SOCKOLET | 180" LR RETURN vili, DIVISION
ECCENYRIC FEDUCER 15 s62 PAD-TYPE THERMOCOUPLE Vesed “R82 Nodo ol Tion & Aot oo+
SALT INLET T ON_BOTTOM OF WINTER [081.
DRAIN INE? RozZie) FIXED SUPPORT (2 REQG'D) TS S 2. ces
- THREDOLET . 082 . TGN ml"lﬂs_l
; 5 BT PRESSURE TUBE-SIDE : 1400 PSIA
WITH PLUG X B X 3 X85 TeE 171.438 PRESSUE STELL-SIE ¢ 190 PSIA
‘
END VIEW "TH oS PIFE C ELEVATION - 3. APPROXIMATE DRY WEIGHT : S400 LBS.

SALT QUTLET

7 687+.03t DJ
375

5. MATERIALS:
TUBE TO TUBESHEET WELD PIPE - SA33S, P22
0.D. = ACTUAL [.D. OF PIPE -.062 R - 35S
375 {UNBROACHED) THERMAL BARRIER SEE DETAIL O (6-9) SCALE: NTS FiTrnes < 8183 rzz
.313-18UNC-2A_TIE ROD 27REQ'D AT SALT INLET PLATE - Adtomabcll
A 7.140 DIA B,C. 2 REQ'D AT SALT OUTLET T ST ERTICAL SUPPORT
14 REQ'D TOTAL) g2z.007 Tvp fveRTiCAL Rty e s
2 PLACES AS SHOMN WIT SHROUD AT SALT QUTLET 1188 THC) LIGAMENT THICKNESS .888%,003 DIA INSUATION - 5 T CALCIlM s teate
. . +.000,
4 Re0’0) SLOT TO BE LOCATED ADJACENT TO -855 g3 TYP A‘ 6. sneo oesiaarions
> Tﬁ%@"?hf&?"v‘éﬁu ALL _AROUND -020 MAX R TYP MT - MAGNETIC PARTICLE INSPECTION
~ o SF SHROUD EXCEP -- .010 MIN R TYP £ HORIZONTAL ET : LIQUID PERETRANT INSPECTION
FOR NUT CLEARANCE. 200 LS T e,
. 7.1 ATION SHALL BE IN
20 e {581,000, 14 s e SRS ST
4 PLACES BASED ON 1.062 TRIANGULAR 20° TYP ALOU T R 1 COVERS “SALL B B0V IGED AT
PI EACH INSPECTION AND DRAIN PLUG OPENING.
_ - B. ALL DIMENSIONS ARE IN INCHES AND:
L AL CONSIDERED NOMINAL UNLESS
OTMERWISE NOTED
. 300 B. IN ACCORDANCE WITH AlSl Yl‘ 5 1973
MT (TYP) DETAIL D (F-7) C. FOR PART TEMPERATURE
.0761.031 T(Y)P FOR ALELEQSQSCE {2 PLACES! ON 1.062 TRIANGULAR 9. HEAT

.375 lGUNC 2A TIE

3 PLACES AS_SHOWN
+375-18UNC-28 NUT (8 REQ'D)

cdy s

Hé (BROACHED)

1€
DIA 8, ci(s REG'D TOTALI

—F=.125
DETAIL E ¢-4

- .188 TI
SECTION AS REG'D

ASETORT PLATE 1168 FILLET WELD AL
AROUND U OF SHROUD

TYP 27 PLACES (BASED qpaCiNG:
PIT R SUPPORT PLATE (22 REQ'D) m@g@ Gooues T0 0F INSTALLED frow X
ICATION ALD-700-0027-45-9.
10. INGULATION TO BE INSTALLED ACCORDING TO BAw
SPECIFICATION DAE-700-0027-45-1.
5.000 .

2o 082 T SHROUD AT SALT INLET (. ) |

DRAINAGE/VENT CUT FOR ALL
THERMAL BARRIERS AND SUPPORT .
PLATES. ADDITIONAL VENT ,
CUT ON TOP FOR ONE :

OUTSIDE OF S

SUPPORT PLATE —//"_"_“—‘"
SALT INLET FOR NUT CLEARANCE.

SECTION B-B (&-s
TYP 2 PLACES EXCEPT AS NOTED
SCALE: 3/4

SLOT TO BE 3.825 WIDE X 5 000 LG
SLOT TO BE LOCATED ADJACENT TO
THERMAL BARRIER.
.188 FILLET WELD ALL AROUND
HROUD EXCEP

THE THERMOCOUR £S5 SHALL BE [NSTALLED AND
N WIRED IN ACCORDANCE WITH BAW SPECIFICATION
| RLD-700-0027-45-11.
l i i —% PLATE .500 X 4.000 X 12,000 LG
‘ 12 REQTD) 1_|[FLOW RESTRICTOR [405334€
L 27 u-tuees_,875 0.0, x ™~ 625 DIA BOLT N TITLE [DWG6. NO.

598
MIN WAL RiBeED TUBE 380,750 88200
SMOOTH TUBE 437,750 AVG LGTH.

LG. SANDIA NATIONAL LABORATORIES
ICHASE ORDER NO. BIl-S00

PLATE .500 X 4.000 X 7.500 LG.
{4 REQ'D) FULL PEPETRATION WELD

REQ'D AT SHELL & BASE PLATE PLUS ASGED ©Y)
.125 FILLET REQ'D BASE PLATE (BOTH SIDES) (nrovD BY -
SECTION C-C (p-41 00002745 | EVAPORATOR

ASSEMBLY -2200
2

SCALE: 3/4 405328E |2
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137.500
11'-5 172"

FOOTER
IEXISTING)

4

i
L

EXISTING FOOTER WITH
BOLTS

3/4"DIA ANCHOR

?_ PEDESTAL

137.500
11*-s 2"

FOOTER
(EXISTING)

L"_"_"T“—”—"J

FOUNDATION PLAN
SHOWING ANCHOR BOLT LOCATIONS

144,500
12°-0 1s2"

FOOTER
(EXISTING)

9.000 TYP—=f

4,500 —=
(TYP}

L T
!
|
i
i
[

—={ [=—3.000
(TYP)

38.000(TYPI

38.0001TYP)

()
S

3.000 —| b—
1TYP)

W PEDESTAL BY ERECTOR

NE!
(SEE VIEW A-Al

; § PEDESTAL I THK PLATE
I | /4" OINBOLTS W/NUTS
! SKID(SEE REF 2) ! 2 st s T 2
~———38.500 39,500 ——! X N - OLE
33 1/z0 | 3.3 172" I 8-REQ°D (TYPI 4 = LT YRR N
. : 11 .
7 ———— — o —r_r_— - COVER PLATE 1
T "B + ! T 3/4" SHIM 1y 147X 1aoX17 TH § o —-Frit3-r
TOP OF PEDESTAL EL. 5586°- S U “%.J_ (/4 AND /B8 SHIMS) ISEE VIEW "C-C !.‘! [ i
—x3/8" : 2/47- 10UNC- uom
.S WAL Mol "C” (6-9)| 1 NUT_W/WASHER 21.375 wizxes W19 T l§ 6.000 T 2.0
BOTH S10ES i . & REG'D i ! 8a fe—1-7.000
== T f ] " snour—l 5™ : 14.000
B . ~
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THREADED END : . L conehe SCALE: 1/12
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L
| 18.000 -
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- ng" T 15.000
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108.000
9 on
VIEW "A-A" c-er SECTION "B-B" -3 7
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SCALE: 1/18 |

FOOTER RE-BAR DETAILS

18} WAS (41,
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SCALE: 1/18

PEDESTAL SUPPORT
N 4

FOUNDATION PLAN




Q=Y

s «

LIRS ~ b .
MEVHNONS
%-0
22-7
——— N -7
9%
ha VOREF ——e]
- L o
. R 1
| (i
- J“ - Vi (F-6) b ALSY
-| -! SCALE: | V2's 1-0"
> o
h
- i - NOTES
. oy TO CONFORM WITH
J K s L R s
AS REQI P 2k 2 ALL MATERIAL TO BE AMo
3 SKID_PLAN VIEW % % . 3 ALL WELDS T0 BE E10%X ELECTRODES
7y 'I‘\\&'. ~ —'7'%. WITH VISUAL INSPECTION
T 3 Ty
3T Tve —] Fly— n e
s m:l‘q 0\ % i N AS REOD I—_:;s“ £
] F 3 T Sl e "
. £ SINA0
b Du)'m N0 el 6% H'&;l ’—_HM o' ——- ¢ e
. P T
f ; Do 4 T - : ’
e Fule 3¥6 s weany, L N ' © SCH 4D .
1 240 ke ?l- P ey sTons PIPE
3432 i 55‘ R-VT1L 1YY 3T, -/ {4 RED
STOPS (4 : N
il e 17 VTR Ly T—zr—-I—nr— @@@ -
219 SﬂIM e NUT@
™, ™
! N . VA WEATHER COVER
SEAREL 9" Fs J\II (Y / V1137 Ry [ 1 s
WA \ —#3), NOTCH TYP e
N 1 e }7:‘“?33(: . _ o’ WEATHER COVER
; i v l CovER T |'|' i /—zsuuom:
My W ! ! \ 7 NUT — - ‘f’t}/ _L-.,i-
N |wosmedd Risg” | R3¢ @137 ; =2 :
2 MR | 5 SCMJ4D PIPE T ¥ L :z'lz‘ bY .
o . A Pavry | o & & SCH40 o =2ty e
l . i ~ vowener 5 ”i e e A
' . /& WEATH| < ' &
| P [ ™ @ L = pr 4| COVER [ 2 u'-l»na*——l—- 187~ N bl"z' 3 SCH 40 AR
| [Bu-s “ Ty et - & i R gt PIPE o
' e L s 3/ d e L \
e } £ 5CH A PIPE ke s 40 PIPE ——=f Y7 sl |
} l T ,J[ | 3 PLACES
2PLAES)~TY o — Lo rve | obs ;.- . | 5
b ‘1‘P—.J—“5' FEF —— 3_’LL—4TIKF R TV iy == P L — = eew o 1
it-4 1 1c-bl scrioN Lebes
SO VT8 SLE 1D SEALE /6D @@ SRE: V-0
[ . 2 PLACES
J ﬁ 4 W, (REF) —wy
4" MIN
SHIMS E N T 2PNES
¥ == (3 || SKID ASSEMBLY SHEET 2 OF 5 405332E
CoxB.L N U ﬁ [Ne TILE NG WD),
5 p—— W Y UDLWM SALT ELECTRIC
13N oy 7 4 STEAM GENERKT!
SECTION M- M (E-2) @PLS) CTION (6-21
SCALE 1YL = 10" SCALE : 3/4+V O 7 D A%s%_a%u
SHEET !
T00-0027-4%

‘ecan UT 00




INFORMATIONAL THERMOCOUALE
JUNCTION B0

&)

/— SIGNAL WIRE JUNCTION BOX @

1-D*REF

[~~~ CONTROL/ POWER
JUNCTION BOR

370 .
\ 27-1%. _.Z.,OI/A/
N ol ] 1-shp s Yy -y
e &1 % o3l —eta— 4 bo— -0V ——
(At RO i
-
I L3430 16-0" € pETML |j
1 & OF PEDESTAL ) ,xgmzsm (Ra203 ROFPECESTAL | /| /™ k o
” 3 H Y .y 173 !
I]r—téf‘r - | e \N ‘\L m\\ [] 2436 —
1l } r~ g
o ISIT!EAM r 1y T ] g =
e /. ] L z 3 . N
ooy Egnum\t c2201 Y 5 - 5 " M0 a0, 31 5
=) mnl] < 9 =
= r~| ) Wi Y ot
n ® ~ e i ~ - A O (' b
5 45 B3 : ST T - ,!,!,L’
A2 e SET= s g "
o J ~l [x] ~| R &
1 25 ow voues ) L] i "fa‘m g ] B »
[y 2] iR gy ° | I | |
7T ol Y J . .
4 @ RAED RN Ty IR] =
= ovy Q¢ m Tt et
) u des) in s e
R I vEm DISCHARGE ~ (REF) (& STEAM DROM
| e
¢ uncmmm%% SHID PLAN VIEW
e KEATER
ﬂﬁL’i g see vewM
HOLES FOR
2" MAR
T‘"’ TYP 3
) TOP OF SKID > Sl \\ _-".— ..
EL O-1Tr7 b} Uzs201
g!_, REF /—
o o 1
P THK ~]
AT 57.\* Larny Yy
({4:3!3/”5‘2 R W Z Ci12420.7
SECTION A A (8-0) =4
SOALE: | (Grlo} |' T
- E7 AS SHOWN
DETAIL_IE e
Ci2x20.7 SOLE 1 7+ V0
i7" MAX
TOP OF SKD S \ /i \ _‘”‘_
EO-+ V2 ST o9\ e
£3:3:Y% R-1'x BIA 1Y
[T €12 %207
-’%‘ AYg
M [T
LLa;ax%;sr
ci2s207 CREF
T B-3 (8-9) 5
T TR €12 x20.7 Ta
SECTION IF = 17 e
0220 SCNLE: (Y710
\ Vg MAR
= 6".\5"2_- = 22201
. l r YP _\ e == Y7 A%
e} alg ] TRAN LA TOP OF SKID
- SWD
—x EL. O-1 1%’
N )iy
Clz«20.7 {433 ‘3/8 7
l~t+-4REF —
scnion €= un I xady T
4" REF

secTion 1= 1w

NOTES

2. ALL MATERWL TO BE AML.

1. STEEL ¢ FABRICATION OF SKID TO CONFORM WITH
AISC STAMDARDS.

3 ALL WELDS TD BE E7DXK ELECTRODES WITH
VISUAL INSPECTION.

SKID ASSEMBLY SMEET S OF S 405 345€
SKID ASSEMBAY SHEET 4 OF S 403 338E
SKID ASSEMBLY SHEET 3 OF 6 408333

SKD ASSEMBLY
SHEET20F S5

=as VI8 |




LT=Y

. . s . .
REVISIONS
) T sove | arvenn.
— N — HRANGER COORDNATES F"i =1 *ﬂ
i l AIH ND. 14
= 3 = - 4 o /- HE - 5}‘;
L2 HE [T [ iK1 -HE S5¢2-HE 7-9
e 18] 1 ! "'f-'.] :{ntr sia-m} H2-H3 7-%%
:-‘ f ¥ St H2 AL ._:‘.. S5t2-He a5
s e W Sct-u - HZHE PR
BT AR .2_2‘-/4%‘/5-41 H X, (-6 4‘ " 5o SEERF 2IC -G) S(F-HI 574
‘ c-8){3=4 ! 53 HE v-0°
-4 gj Tt \ " -
yir MSHIN S5 n20m-9) Sed-H/ 7-7
! SEAF = - 77
{ SEE HANGER ”/4.4, ey Ne-HE
COORONATES F-3) b h_/L_‘f 7 SEE pe wei-H2 -7
) -5
e k2 1) s 2 e we-ue r-5-
{ Vo d e |} AT | WS-HF .-0"
> < au S -4 67"
WL7-HE - ——~.
;‘ ’ e DN 2b ou st (77 WS e 57
r:29-2% —-"’Luwms w57 77"
£ (6 wIHI EXYy
(SEE HANGER COOAVNATE SI£-3)) FLAN VIEW PV 7
LEL v
SCALE: 140 WG -H3 -3
W7-H1 a5
A wer-wZ2 | 7w | 075"
’ B o794 DT R R
x: 0§ [ S ¥ p—— LI I s 1276 A
r
£ e i K i NOTES
CLLix A N e ¢ PrE AR A L STEEL ¢ FABATION TO CONDRY WITH A STAMDARAS]
U 7 a5% 1076 e ‘\ ¢ I3 x5 405 2 AU MATERIAL TO BE A-%.
—f£02s AL & o ! T AL WELDS TO OE ETOXX ELECTRODES WITH WSUAL
- — ASAELTION.
" SCH B8 AE i % i
4
U —
- 1 | B B
. ; o7z
- 94’& : g it rensr [ R
— L 12 X POT(EXIST) kX 2
T R . sip-pz _acsg | rowengasls
%5) g\l 14 r:0-0f DLEMZF7 DL _HZ 7 —
T g, EREEE) (SEEREF* &) N
;/’13"3‘5‘/" (23
; 5'& e SO S -
z :ézz»o (AP YRR VF Y PR YD
> . £ AT VELELE YR
A .
.. /;
C3x5 K 106 ffz.o-_ib .
s 5"5}(’/(_40}7/?
SLE-HE(r) L. rag-07 6
(SEE AEF * #) aso
B (4 - HEr-6)
9§ R 5K b K VLG (6 REF*6)
PR VTR ST Y] 1 - X131
.
7 4 * srnbn g arei6—
VEW A-A — .
r- 2308 H‘ H‘K
(2 AACES)
N te £mE 4 - K
h ~— L 12 X20.7(EX1ST) YA
I 54 90 AREUERST) S | Lreneoqiex 504 R0 £ STEAM PPNE ASTEMBLY 3500 | 77989 )
L2 M5 G A 5-05ee R SHIC ASSEMBLY SHT & oF 5. POSIICE.
. (S2F aEF = 3) . FRPPRT 6 | SALT POING  ASSEMY 3500 7799
L s9rsad sancafn 6" . . 5 | ST AEING _ ASSENRY 390 779%40C
Il \:’ roLE r3-54 ﬂ-di FSCH 40 ARE(ERIST) 0 & | SALT APNG  ASSEMRY 200 779970
- . . I SuT PIPNG__ASSEMBLY 7200 1799F7C
[ FuSx /0t L3uFwkn 706 fas-55 L3S x ol 2 | ST PG ASSEMBLY 300 1799FeC
r | Smi0 ASSEMHR Y _SHT £ 055 425336
cet e
T F7 [ 2 x20.7(6xs5T) . e )
- H VEVEVE PIL" 772 . - )
reo-0h "4 L— 7 | Bk SHx by X 116 AZFEAMES
S pAT (ARORIORIES
L x 20 7EnST) % p 343 _HE 3'”{’;“’ “? ol P
YR AL WL - HIE-7) *E HEE) o o, ﬂfz‘m/cnmr Pubost & Mo
(SEE REF#2) IHE-Hirs) (EE B A P ]
(SEE REF ) e
SHIO ASSEMRY =
700-0027-45 SHT 3 oF & - "
b TTTE e 405333 E [0




VENT/DRAIN GROOVE

.125 R 14 PLACES)
wa

ﬁ 125 R 18 PLACES) /—vsmzmuu GROOVE
.250 m ‘\ |
17 PLACES) L ‘
. [=]
&
250—’ 1 L_ s H3ES) N
. . t ACES)
(2 PLACES| 250 18 PLACE ; l
I .125 18 PLACES) _] [l |—-
.250
2 B0, .250 (5 PLACES)
125 15 PLACES)
1
FULL_PENETRATION | 250 +.
LOCATION OPTIONAL h 250 £.003
FULL PENETRATION
LOCATION OPTIONAL 250 +.003
6.731 1.0. MINIMUM
4.815 1.D. MINIMM

MACHINE 0.D. TO ACTUAL
EVAPORATOR !.D. AT FLOW RESTRICTOR -
INSTALLATION LOCATION -.010 MAX MACHINE 0O.0. TO ACTUAL
» SUPERHEATER 1,D. AT_FLOW
1 RESTRICTOR INSTALLATION
ro LOCATION -.010 MAX
[e0] —

.625 THK PLATE
PRIOR TO MACHINING O0.D.

625 THK PLATE 4
PRIOR TO MACHINING 0.D. l
|

E FLOW RESTRICTOR

SUPERHEATER
(2 REQ'D)
FLOW RESTRICTOR ONE WITH VENT ON TOP
EVAPORATOR ONE WITH VENT ON TOP AND BOTTOM
(2 REQ'D)

ONE W!TH VENT ON TOP
ONE WITH VENT ON TOP AND BOTTOM

1. FOR GENERAL NOTES SEE APPLICABLE REF DWGS.
2. MATERIALY
PLATE - A387 GRZ2,CL1 FOR EVAPORATOR
AZ40 TP 334 FOR SUPERHEATER

3. ALL DIMENSIONS ARE I[N INCHES AND:
A. CONSIDERED NOMINAL LM_ESS
CTHERWISE NOTED
8. IN ACCORDANCE WITH ANSI Y14.5-i073
C. FOR PART TEMPERATURE OF 88°F

2 | EVAPORATOR 405328E

405325E

NO | TITLE DWG. NO.
REFERENCES

SANDIA NATIONAL LABORATORIES
ORDER NO. B1-500, PROJECT NO.

MOLTEN SALT
ELECTRIC EXPERIMENT
T GEl TOR

700-0027-45

171 T




Msae - Senick In Tower CoLuMng

Geaca : Yo - 1'-0"

£&+82

{

gy .

SPLiLE B ——te \1/

f '

)

.50

L

Columyl SPLice DeTa
Scae B

=3

»
I3

TION A-A, BAST o

| |PAR VIEW_CUANGED AVES. [%, t@he?
S8 ;.
2 |weeT SLavaTion Laid ; e, J‘
coihin
Towee

SALILS View Folt

PLAN Wi

2000 REF
R
“e
b
g ¢
uj L%D
T —
V 7
® Ll i s
DA A- Rﬂ HEX HEAD BOT ¢ NUT
£ or e -,
Te 82 N NOTES
i - . STEEL { FABRICATON TO CONFORM WITH
o 41 REF %@éjb—ﬂ ¢ AISC STANDARDS
i ﬂﬁﬂ_ﬂfa R 2 AL MATERW. TD BE ASG
AL WELDS TO BE E70NI ELECTRODES
1o ot PE— WITH VISUAL NSPECTION.
0 — e A T 4 IMESS SECFED GRATING 15 TO COVER
c 3 H PLATFORU WITH EXCEPTIONS A
0% PIFE , VESSEL¢ SUPFORT LOCATI
r» — “‘ / <-| VEW e 5 FABRICATOR TO ADD GRATNG sA'gM -
H SUPFORTS WHERE DEEMED APPL
) 5’”"”5"’“") SCALE: J2. G GRATING FOR PLATFORM SHALL BE OF
¥ — RECTANGULAR_WELDED STEEL NON-
F A2, STEAM Al ‘F # I e ) 4000 BAOING BAR LI A I Fr s S
f p LACES e BARS S
e | - DM AXIS, L [6:82 (6-344 REF %2) e { . = N WITH CA0S3 BARS SPACED ON 4"
7. 2 + ¥
2.250 (2 e -l 5 ' I= { 1 BoiTs AZE %4-10 INC 24, AB0T
wolh — MATERIAL Or BETTER.
20t o ‘ B e '"&’-’/o) /’“ 26.000 REF 8. ToRQUE BALTS o 05 FT/LB
XIf peonm 44 ’ / 1 \ ﬁECIm.Qﬂ(G-W 2. BOLT HOLES: "Y' DIAMETER,
3 " . /
X o Z 1 l| . {vesseL
e ] | ORECTON OF BARS \ ! /
1) '
D s
»7- 4 1 | - ! 24.500 REF
p's _ 400002 | I
IRELTENCF 6485 (c:82 ] = ‘ Sk n S
resaz | i
o } VY 2,000 4PLAE)— le
§[sTEme cRum aus
- INDRAL
sz | N3 2 & o
1F-11} Q - +,
R VEWAA oo wer) 4 [ SHiD ASSEWBLY SHEET 20F & 405332E
| \ 3 [STEAM DRIN_SHEET | OF 2 405326E
- - - [ TTOWER PLATFORM HANDRAILS ST 3 0F 405337 E
E v Terb2 A6 AE o ) [ TTOWER ASSEWELY ELFVATN SHT 2 GFF 40533 E
L w T
bieiohe REFERENCES
T N —~G— <J e B DR
u
C(om rer¥e) PLAN VIEW M2 rerr2) % TOWER AS%’IE.Y

SHEET 1 OF 3

= =
405335 € [?

woun 0P |




= — =
Imwnw Coxst O 0 Hw 13

| | SAST ELaWTION . SHOWRD W-,‘"
m.uh‘uh.}l M o ) =~
2801 9o

BLEVATION : e0(R)

®(LD: ) AO ADORO
% ZL nl-f'i'uwu Tregs

T4 REF

+-1"REF

pe————— 41 REF ——=

Cee82 ELEV I7-74 [6:82

-

NOTES
I STEEL AND FABRICATION TO CONFORM WITH AISC
STANDARDS.

2. ALL MATERAL TO BE AZG.

m 3 3 ALL WELDS TO BE E7DXX ELECTRODES
8% VIGUAL INSPECTION. WITH

0E-Y"

‘E /
g [6+82 -

Coxd2

t /
i r‘_i J h

¥/
i '/
: | gec Towee ghce -\ \ //
! tais (oW
: ; == @ To‘f:a_iis) “
o188

8'-67s

WG5S
Weri§

@ SKiD (SEE REF23)

|/ eeveourk) A r o]
( ¥

F—

_*Aow REF *1)

SOUTH ELEVATION EAST ELEWTION

— e e P TS0 ] 405336 E




TE-Y

— |
355’/2" Pa
5R
. TP
] ? ¢
, — = 27REF
1Lk
1222 10- 2%
2 0™
! | N /_@
4 |4
w- |
kg =
¥ I K [/4° KICKPLATE
J—i—dua , ya
v v il ‘lﬂ
- i
!
K([.,) SEE DETAIL M.xd\
vwE-E
REF ® | (H#5)
the SeH 4D PIPE
FOR HANDRAIL
e -
\ 5R j
Tve
5'6 Y, REF.

o 20-0"—d

“jﬂ»w KICKPLATE

X

{10V SEE DETAIL P

. |
\s& e M a

HI I g VIEW F 'F
[T Y REF O1 (F-NS)
LU Wi g~ HARDRALL DOST
thg SOL40 ; g=) HANDRALL POST
el SLERVE 172" BALKOF CHANNEL TO
£0GE OF LRATING
1 N e
IIREF Lt—yy
CloxB1 rJ KICKPLATE
P ] b-th.a2
secr K=K
V&GN 144" THK. KICKPLATE Ty oy
VIEW J -J [(23]
SENLE: Yy 10

1/4° KICKPLATE

-G

VIEW Q

REF & ] (E41-) g
T 1% REF
249 5“R—, /\<
f e} - t
rs% 707 rer ) | I s
i | o /—@
!

F— 7-3%

1/4° KICRPLATE l————
Il
i

]

SEE DETAIL M(!»H-’

view H-

HANDRAIL REF &Y (E41
POST

r-} i /_

T e

TYP REMOVABLE HANORAIL
SCALE: 8- 1.0°

/— 114

peTAl M ew

H

-5)

172" & HOLE BOTH
SIDES OF POST.PLUG
WELD IN SHOP

V4" 0.0. SPLE TURE.

1+ 47 KICKPLATE

W N

NOTES
STEEL AD FABRICATION TO CONFORM WITH AISC
STANDARDS.

ALL WELDS T0 BE E0AN ELECTROUES WITH VISUAL
INSPECTION.

FOR LADDER WIFORMATION REF. BAW STANDARD
OWG.. 196304 C REV. |

ALL WELDS ON HORIZONTAL RALLS SHALL BE CROUND
SMOOTH,

S FOR 14, @ SN 40 WANDRAL PIPE USE 14" 0.0
SPUCE TR
G« MATERIALSt
STRICTURAL STEEL- A'3b
BuTe 4O WiTs - A3
HANORAIL -1 Ug™ atil. 4D
SPLICE TUBE - 144" 0.0.
T AL EATERNAL SURFACES OF HANDRAL PIPING.

TO BE PAINTED.

L1882

oo

¥

secT R=R_wn
T e

SCALE:{ ¥~ 4-07

3/8" HEX, BOLT/NUT

WITH 172" HOLE. Clx8.2

1Vig SCH AD HANDRAIL
PIPE SLEEVE

R(G-m
Rann

1/2° HEX MI.T/DI.IT—-/
WITH 5/8° HOLE

(LBl

ilpmyog § _Jﬁf"‘

DETAIL E %)
SEALE : 1 ¥y 10"

24 1]
{700-0027-45




Yar2-2"

BAR G x ly ¥ 1276

Crarualixnk &

4 Z'-J'—j

& PFE
a2l . l B8R Gx B 26

— [ 2 x20.7(6x157)

LI UHT NG & retE

PANAEY/
——1 £ A
i -

. —
BR tuhr 4476

r:«'-//f'—.l/w‘%
& 3% l =
¥ /—54/75-:[4 2°t6
7 7\ ;1'/13-;5-14':/»710
s !
[ 2N

m

12 :
IELELs Y2 —M
Craziexsry

CIr&ar67L6 -

L:2x2D.7(EXs5T) -

_WLT - HE SEE REF#1(£-7)

(ExiST)

WLG - H3 SEEREF *1 1€-7) 1SEE AEF *4)
WK 2AUEXIST) (S e 5) WLT - HI SEE RF? I(E-7}
(SEE AEF 0 6)
SHE SEEREFRIE-G)
(SEEREF #5)
r.z9‘-o'-——1 T ST
rig-7" £ ArE / LR |
22" i l
v -
. — £6 1-2%
>?V'\ 1 [f{_J'-aé LA ke I___
]
‘ ral| 5 y 1 \
- & 13 >_1 4 -
o L aey § 5 3006 N eas ! VEOTDOF Y]
l 3 ‘ - e
w IR PEL Y %] cvise ¥ x -85
to I
G SCH 90 PIFE (EXIST) - ] i J C exoonExsn)
lKC/mzamrw‘n s
WS -HE_SEC REF #( (£-7)
(SE€ AEF # %) WS - SEE REF */¢F-5)
(SEE REF # %) LS -HT SEEREF#1(E-4)
(SEE REF #4)
7%
- e n 1, 3055 . yerge
4 (I T AU 2R ”j/gmr
(2RACES 4 L3 UTa g VLG (2 RDD)
. & 57" Y-
£ 30t . 4 L RE TIN5 L2 REOD) e
i Yy re 9ok
. Lomr 04" £ AFE
& _r-3% 1 4 ] '
X --T y>\e—ﬁ7</zm:£5) P >—4§ )
T L3I Ak 649162 RECD) e Sk O £ 5L | & ga 5
. ¢ e (e 37 ar wri6 10 QD) 248 5§ 5E >,_zb ‘
.- :
reén7 — (2 AuES) ‘
“q 2 ‘ \L YRITDOT YO 7
T = ! [Sx6.7x9°¢C
% JI)‘\C 12 X 20 7(EX1ST) G SUH 90 AFE

L HE S R
(SEEAEF#7)

i
LRxOTEXNIST)
L_— -5 — <l

*#/(F-5)

WL 3 - HE SEEREF 18-7)
(€5 REF 2 2)

WLE-H 3 SEEREF"I (F-7)
(SEEREF#.3)

F — |—|-—ﬁ
| L
—re0"-5*

b2

e

e —

5
AN

<

NOTES

£ STEEL ¢ FAERUCATION D CONFADS Wil AUSE STANGARAS.,
2 AL MATERIAL 70 EE A-%.

I AU WELOS TO 8 ETOXX ELECTROOES WTH WSUAL
INSAECTION.

SHID ASSEMBLY SHT 2 OF 5
STEAM PHING ASSEMELY 4700
STEAM PIPNG ASSEMBLY 4800
STEAM APING ASSEMBLY 2700
STEAM AIPING _ASSEMELY 4600
STEAM PIPING _ASSEMBLY +50079900
STEAM PIPIMG_ASSEMBLY +300
SHID ASSEMELY _SHT 7 0F 5
TIRE DhE MO,
REFERENCES.
SAND/IA NATIONAL LATORATOIES
FUNCHASE QR MO 8/ - S00.

EI NN Y NN

ALTEN SALT
ELECTRIC EXRERINENT
SEVERATOR
SogsrsTEm
IHIO ASSEMBLY
SHT 4 &S

700 -0027-¥5'

[sem e oy AR




T — N ——S—

ILLUM\NATOR—['

the= 51 80 P
2 REQD

3Yp

go CNSIJLA‘r«aU(-.DNll

MM\ / ~y

LADDER W/ SAFETY CAGE

€e-v

X '\IL £y
I 13/
L) ¥ i -
| I . -_
AL
’ .
wg:{rm Tasx
TOWER SUPPORT ——{2308) !
'_‘._(04.»
PLAN VIEW

STEAM DRUM

|
|
‘ gy zuioo\

ﬁ 8 'GREF —
@ LA

~ l"SC 80 PPE
{3 T INSLATION

b

«E

r‘—:-» 18" REF ———=

" INSULATION ——a

|
|
|
|
|
|
|
[

1

DRAIN
VALVE

142"SCH 30 PPE
3 TIK INGULATION|

! .
Jo MSULATIN —— /~5
\
T/ 3000 % ——— A /T 3000
C?N%[NTR\C REDUCER \r .// S0°EL THD.
H

€ STEAM DRUM 2|

C LOWER NOZLLE 7

M I AT TC

SURRNND BOTH PIPES
WHERE PIPES ARE TANGENT

(h 3)

LOWER PORTION OF WATER LEVEL
TRANSMITTER ASSENIBLY
SCALE 1°+10*

GASKE
1%-900 LB
WA FLANGE. REF

e
VEW A*A o
WUER LOVEL CAGE GLASS ASSEMBLY 2300
SOALE 2+ 10

a3%

scrion 13°Beaa

SAFETY VALYE ASSEMBLY 4900
SCALE: %4107

TRANSMITTER
RESERVOIR

2o VT SOH 8D

L33, rer
XTaLuC vz QEMDED —

/2" SCH 80 PPE
CARB STL

EL -Gy {23
TRANSMITIE R SUPPDRT ')
er &L
ey N X

STRUCTURAL .
STEEL
Ve

secion 13 e

| 0L

| FIELD BOLT- UN‘
N

)

]

STEAM DRUM PRESSIRE. TRARSMITTER, ASSEMBLY 2300

SCALE 2. I'D”

3 INSILATIONTT)

CARR STL PIPE.

VALVES AND PIPING.
RDTATED NTD VIEW

7SN 80 I r\
CARB $TL

LR EL

TO SuIT

E
2
e IS
=
3

PLLG

\
K TDT" OPTIONAL

™
f ™~ % INSULATION
Hl U-BOLTS
A

NOTES

' 1/2° SCH 80
ICONCENTRIC

e gEMER
SEE VIEW |'.'|'./ AR STL
VIEW (=€5icn |

[4) sTErnt DM WATIR LEVEL TRANSMITTER ASSEMBLY 2200
SCALE: 71"

L FOR CENERAL NDTES SEE REFERENCE %1,

T DESIGN CONOITIONS:
PIPING. DESIGN PRESSURE +1325 PSIA
PIPING DESIGN TEMPERATURE «4,00°F
3. ALL DIVENSIONS ARE:
A CONSIERED NOMINAL UNLESS
OTHERWISE SPECIFIED.
B. N ACCORDANCE WITH ANS! YI4.6-N73.
C. FOR PART TEMPERATURE
@ sr:m mu WATER um TRANSMITTER PIPING
RE FABRCATED W ALORDANCE WITH BAW
TORANT RS 00007 48

(5] STEAM DRUM PRESSIRE TRAKSMITTER PIPING
SUALL BE FARRVATED N ACLORDANCE WITW BAW
DOCMENT RLD-70D-0027-46-2.

& HEAT TRACLING SPEC\FICATION - REFERENCE
FDR LEVEL AND PRESSURE LINES- Bew
SPECWICATION RLD-700-0027-45-49.

INSULATION SPECIFICATION FDR INSTRUMENT
LINES- BtW SPECIFICATION DAE-TD0-0027-45-1.

[T TME
—_REFERENCES
o NOLTEN SALT ELECTRIC
e fT] EXPERWENT STEAM GENERATOR
A 5

700- DOZ7 45

STEAM DRUM
ACLESSORIES

e T 405339 E




—— N — (=

N
REF 19 S}EAM DRUM

% ¢ STEAM DRUM
TOWER REF 16 —- 1A~ F--—-- Y /
- - L8be

—NOTES 1
PIPING DESION AND FABRICATION TO BE IN
WITH ANS] B31.i1 - POWER PIPING,
1980 EDITION WITH WINTER 1081 ADDENDA.

PIPING DESIGN CONDITIONSY
SEE REFERENCE DWeS 1 THAU 13

—t
kf_ OF PUMP @
yr-dv ger PER DWG_A-342733
2 AWRENCE PUMP & 3. BOLT HOLES IN FLANBES TO STRADOLE MORIZONTAL

L,
4'-8% REF ENGINE CO. & VERTICAL AXIS OF THE PIPES.
4. ALL FLANGE BOLYS TO 8E LUBRICATED ¥ITH NEOLLBE °

w pe———————— 10" -5* REF OR EOUIVALENT.
1 b izr-3lemEF S. PIPING SHALL BE PREPARED FOR SHIPMENT IN
8 ¥)TH GOOD COMMERCIAL PAACTICES AND
w 13'-1" REF WITH ALL OPENINGS SEALED,
>

103~ ReF o, AL EXTERNAL SURFACES OF THE PIPING ARE TO €€
14 -102" REl BRINTED MERe APPLICABLE

7. SKID ASSEMALY SHIPPING WEIGHT - 25,000 LBS.

8. SEE_"HARDWARE LIST" FOR A COMPLETE LIST OF
MATERIALS.

9. ELECTRICAL 1S PER BAW SPECIFICATION NO. RLOD
700-0027-45-11, "S85 SKID ELECTRICAL mm

i 10. cumu.s AND SIGNAL. WIRING IS PER Bl' mlFlCA
nm - 700! ooz7 45-10,"S0S CONTROL SIENAL

37'-0" REF

i 11.PIPING SUPPORTS ARE_PER M' S’ECIFXCATKN
H VTL-700-0027-45-1, "PIPING SUPPORTS

i 12.SHOP INSULATION 1S PER B‘l SECIF!CAYIGC OAE -~
i 700-0027-45-1, "S05 SKID INSULATION®.

4350 |CIRCULATION HEATER PIPING INLET
4350 |CIRCULATION HEATER PIPING OUTLET
LIST OF DRAWINGS

2301 |STEAM DRUM ACCESSORIES
PIPNG_ ARRANGEMENT S10E ELEVATION |
PIPING ARRANGEMENT FRONT ELEVATION
TOWER ASSEMBLY PLAN VIEW
SK1D Y
PEDESTAL SUPP'T & FOUNDATION PLAN
STEAM PIPING WATER DRAIN
STEAM PIPING
SALT PIPING SALT DRAIN

T PIPING EV SALT OUT & OVERPRES
STEAM PIPING SH STEAM QUT & ATTEMP
SALT PIPING COLD SALT CONTROL
SALT PIPING EVAPORATOR SALT INLET

3

i

F4

SANDIA NATIONAL LABORATORIES
PURHASE ORDER NO. B1-500

""F?FFFFFJ@FFIEIEE?EF

3100 [SALT PIPING HOT SALT INLET

4500 |STEAM PIPING SUPERMEATER INLET oY .. PEBISN ML TEN T o —re—|
4400 !STEAM PIPING RISER ".' - EL§CTRIC Elgg‘ﬁ}gﬂ -.-=.—-" 3
4300 |STEAM PIPING EVAPORATOR WTR INLET ) " SUBSYSTEM a2l

4200 |STEAM PIPING DOWNCOMER e PIPH:‘E- AHRA{ESE)ENY SIS .

4100 |STEAM PIPING FEEDWATER 179844C AN VIEW =1 =
|ASS'Y TITLE DWG, NO.| /00-0027-45 SHEET 1 OF 3

(B FFETT TP EERFFFERERRER

REF| 405340E |O




se-¥Y

REVISIONS
] awerec " Toow [ v W)

A0 P Y

/
.(.E.........

4301

H

7
|

[P EPSRIN PSP |
h

=
S
3

I

CIACWATION HEATER PIPING OUTLET [j7994eC |
CINCULATION HEATER PIPINS IMET | 179945C |
LIST OF DRAWINGS [170040c |
STEAM DFRM ACCESSORIES [so5300e |
PIPNG ARRANGEMENT SIOE ELEVATION | 408342€ |
PIPING AMRANGEMENT FRONT ELEVATION [405341E ]
TOWER ASSEMPLY PLAN VIEW [somame ]

agee

FOOTER

EEEEERRERER

~o-}-~~

]

.

t
§ FOOTER ¢ PP STEAM PIPING WATER DRAIN L 170042c |
STEAM PIPING B OWOOWN
SALT PIPING BALT DRAIN [17eeeic |
[SALT PiFine Ev SALT QUT ¢ Ovempres | 179940C
STEAM PIPING SiH STEAM OUT & ATTEMP | 170939C |
SAT PIPING COLD SALT CONTROL [179e30c |
[SALT PIFING EVAPORATOR LT INCET ||70037C !
SALT PIFING HOT SALT INLET [179e3ec |}
STEAM PIPING SUPERHEATER INET 179935 |
STEAM PIFING RISER 117999¢¢ |
STEAM PIPING EVAPORATOR WTR INLET |179933C |
STEAM PIFING DOWNCOMER [17eeaec |
STEAM PIPING FEEDWATER

TITLE

F

g

18*-3" REF

37°-0" REF

BT

FEFERENCES
SANDIA NATIONAL LABORATORIES
PURCHASE ORDER NO. 81 -500

o evidide oA L
e T m?T75] PIPING ARRANGEMENT [risgetoed
(o O ad

| Fl T EVATION
700-0027-45 | | SEET 2 OF 3
[ 36

405341 E |©




9e-Y

STEAM DRUM &

TOP OF VENT VALVE EL. 23°9 3/8" REF

¢ STEAM OUTLET EL. 21°2" REF

TOP OF PLATFORM 17'7 1/4" REF

¢ STEAM INLET EL. 16'4 7/8" REF

£ BLOWDOWN LINE EL. 144 3/4" REF

s
H -b-

DOWNCOMER LINE EL. 12°8 3/4™ REF

REF 10

£ EVAPORATOR EL. 5°9" REF
REF 3

+
3 —rer 22

REF 7

vl ¢ SUPERHEATER EL. 3'3" REF
REF 20

REF 6
REF 23

REF 13
BASE OF PUMP EL. 0’0" REF

TOP OF SKID EL. (0°-1 1/2") REF

_SOUTH ELEVATION

REVISIONS

CIRCULATION HEATER PIPING INLET
CIRCULATION HEATER PIPING OUTLET

| CIRCULATION HEATER i e s

LIST OF DRAWINGS

SKID ASSEMBLY SHEET |

STEAM DRUM 1ES

P1PNG ARRANGEMENT S1DE ELEVATION
PIFING ARRANGEMENT FRONT ELEVATION |

EFFFFEERERE

BT FFETLRER

TOWER ASSEMBLY PLAN VIEW
SK1D ASSEMBLY

[PEDESTAL SuPP T & FOLNDATION PLAN |
STEAM PIPING WATER DRAIN

PIPING
SALT PIPING SALT DRAIN

| SALT PICING SALT DPAIN e
SALY PIPING EV SALT QUT & OVERPRES
STEAM PIPING SH STEAM OUT 4 ATTEMP

| STEAM PIPING SH STEM O & A e

SALT PIPING COLD SALT CONTROL

| SALT PIPING COLD SA 7 O et

SALY PIPING EVAPORATOR SALT INLET
SALY PIPING HOT SALT IMLET

STEAM PIPING SUPERHEATER INLET
STEAM PIPING RISER

PIPING EVAPORATOR WTR INLET
PIPING DOWNCOMER

LILING IATER
TITLE

700-0027 -45 SHEET 3

SANDIA NATIONAL LABORATORIES
PURCHASE ORDER NO. B1-500
1 WOLTEN SALT

ELECTRIC_EXPERIMENT
STEAM BENERATOR

PIPING ARRANGEMENT
SOUTH ELEV&TI;?! ows w0

o

405342E |O




LE-Y

)
< tane
N LYY o m
— L . TEACING CABLES IN WT-3
m = {h)"&"f"xﬂ st e AND MT-5. hriad
\kﬂfb u " un anr o @m SN
—
i m"m P frd¥anke
~ a . -
. ! m‘w‘*‘b‘_ » l 2 xmammzxrnsnmlyy‘l B
uI ol o ol :,:}a WIRIALG CONAIGNTA
w " x
e |
w 00 .
e ot - P oy
w[redane Tole b -x-H
[t} L4 wl af Ny 38 A
A e e O H o, Cms
i3y B s ; - E g
s 5 wra - ! n p ey
o o é p U ‘T—% 2w e TThite- %74
. . : D mmpad, % il o
K Son S o (.
*u a0 m: -L""J e N " }0-:3* UL AR NOTES
LIHite- ﬁfﬁ o g ) - ‘“—‘U:D‘("" .74 1. KEDUNDANT HEAT TRACING (ABLED ARE PROVIDED
g e ! e ON TUE PIPING a5 A REPLACEMENT FOR THE
[ED“"‘ Gt H 8w -t w (e, PRIMAZY WEAT TROCING CABLES. IN THE EVENT
bo-- 2] sy L 480 AC = to- Biw TUAT CEOUNDANY HEAT TRAZING CABLES MUST
bl Ty '_ﬁ}“”‘ 1 > .74 N ) } (see wote () @ USED, THE OPERATDR NEED ONLY MOVE THE
=, plesy wre .. .74 POWEX CONNECTION FROM TWe PEIMARY SVSTEM
ﬁ:u'\' 03 e -, oow R U ™ TO THE CORRE SPONDING CONNECTION OM THE
LA o (e 32 }“'"" e [ELLE] REDUNDANT SYSTEM DESIGNATED SY &N “K°.
3 .
neyoma hhind Bev o we-£cXa 2. THE CONTROL /POWER JUNCTION BOX SauL 8E
— - 0 inc A NEMA 4 ENCLOSURE FABEICATED IN ACCORBONCE
b e %A WITu BW SPECTFICATION RULD-700-002T- 45-10.
“ s
ﬁ" N2 o> PEREL 3. THE CONTROL / FOWER. TNTERCONNECT IMG WIRING
SHALL BE TN ACCORANCE WITH Biw SPECIFICATION
- RLD-T00-0027-45-11 AND ERECTION SPECIFICATION
vy s OAE- 700-0027-35-3.
—{tﬂ-‘-ﬂo-w 4. ALL BLECTRICAL WIRING SHALL BE IN
w3 s ACCORDANCE WITH THE LATEST EDITION
- oF THE NATIONAL EVECTRIC COGE.
W
.u::‘”"’ ssa “ o—l 5. FUSES USED TN THIS JUNCTTON BOX ARE
i 1.. W SN
——{11H -
v L) U 803 -145D
b - w 26U NOS-10
-or bt E } afu NON - 45
- " aFu ROV-4
: LY -~ °—J
e ._% -s sfy NON-3
. Py KAB-10
Aiadt :!, s vy A4
w bl ‘e 8Fu NON-6
s— : a afu NOS-6
o ::s“h e v toFu NO&-1D
x e &ﬁ"’a Acck :;:: NOS-&
———0— - - . | i =
w 14FU NOS-6
THIS BACK-uP }-s-:m SR NOS-0
p—t—t ) case s om0 “hy "0s-2%
£0 70 Home — T v "y "05-30
™ Foe A v-34/. . wFy NOS-20
'-‘—"'—’—@—— see wore [ By "y NOS-20
h #5-3208 hitid - -} ury NOS- 2D
»—O-ﬁo—"‘—@— or : m°_I. . . ar ru::'.
. - Saxo . e soru Ao~
.—.k.—n—@—— [ e S
5 @
»_q.ﬂ.._n_@___. “ "
a4 ez wr-r & & DESIGNATES. TERMINAL CONMECTION FOR
._.g._'s_@___ ey = THE BATLEY CONTRILS NETWORK 90
s o 7 TE-388 1S ATTACHED TD WEKTING ELEMENT HR-S.
T-e—tie) P “ 8. THE CMROMALOR THERMAL SWITCH 1S FACTORY
A [ .:"‘:2‘\ SET AT 40°F AND 15 ADJUSTARLE.
L CONTROL COuT
fadid P - # TE CRONT sOisIMe DEVICE (ACCK) 15
FACTORY SCT O (L0S€ THE OONTALT
WA 2AWPS DECREN
- E wo— -
VL) e uta B TME CUBRENIT SENSIANS DEVICE ON ME-5-(CR IS
ooty o SET 7D CLOIE TNE CONTACT AT 1D AMPS
. - DECREASIAK.

-
vk scam com
wr-g EAT TaCiNG
MEATEX  CouTROL W cETE
Conreon
-

LT-300 (2325)

SANDIA NATIONAL LABORATORIES
A“‘“”‘L@ (g;',’)’ PURCHASE ORDER NO. 84-500
o 3 Pr83 FIAEr PR ATH: PrISe
- @324) (#29) (4450) (4628) C9118) | e, gy TIFoAm | MOLTEN SALT

ELECTRIC EXPERIMENT

W SUBSYSTEM
am lom
-5 -£8A z

T00-0027-45

>
]
§
B




8e~¥Y

"
2

TE-3
(s5-402¢)
SH STEAM

:
i
i
[

/!
0-1200°F

4
n
"
3
4

237
e
S
Q

4
2
&

&~
EEER
"EiE
D

.
2

WT-2 MEATER T/C
WTTC- JE-45-3213

~
N
I

WTZ MEATER T/C
WTTC-KDK- 45-3214

[
|

»
]
@

HT-3 WEATER T/C
WTTC-FG- 46-3320

N
s

HT 3 WEATER T/C
HTTC. SV-25-951)

-
g

WT-4 MEATER T/C
HTTC-WX-45-3424

&

e

HEAT
WTTC V- 45-3215

ﬂt

FCV-331 VALVE
PUSITIONER.
4-20 Ma

Fev-23 valve

POSITION

INDICATOR
4-20 Mo

FCV-321 vaLvE
POSTTIONER
4-20 Mo

—F—0 32

aHLD

—_—a——0303
Ty

R S
o

o5

T oo

|t

— Ao
{Fr-r-EVN) Ty e
FLOW TRANIMITTER a2z
4-20Ma SuLd
0-16000 LBS/WR
T30
(FT rs-sm) o

fLow -rnusm'vn—‘t_——; 24
a-20m suLp

0- 15000 L@S/HR

FT-381
—a o
(rT £5-a1) ] d

oW T TEE Ao
SHLD

0-&00F 0250 Cas/vk
zor w7 247
TE-304 FLV-321 VALVE ———fa—0 307 FT-32t —— o7
(o5-a116) HT-3 HEATER T/C HT-Y WEATER T/C POSITION ] Fr-r-se H
FEEDWATER 208 HTTC-L-45-3324 28 T TCAMBB-Q5-2119 248 INDICATOR —1::301 FLOW TRANSMITTER ——‘szu
T/C 4-20Ma Smp 4-20 Ma. LD
©-600'F 0-90000 LBS/MR
ez 209 229 249 iToan
(4%- 3116) —f—0309 T-iW-D)
(J ’m} HT-3 WEATER T/C W7 weaTER T/C FEV-301 VALVE. HA o (“'_“[L )
INET 250 WTTC-FL-45-3322 230 WTTC-AABB-45-2220 250 POSITIONER _'c: TRANSMITTER
T/c 4-20 M SHLo 4-20%
©-1200F . STT0 0 TO W
TE-301 m (2 251
- FCV-308 VALVE om0 361 m
%‘;‘3 WT-4 WEATER T/C HT-8 HEATER T/C POS1TION 1 i —r—= oy
IMET 212 WTTC-UN-45- 3421 212 HTTC-LCO0- 462120 252 InND1CATOR _:2 TEANSMITTER '_t:
N 4-20 Mo, SHLD 4-20Ma L
a-1100F 0-1500 PS16
e 3 233 253 o1 383
—_—— -Ps- e 33
(glﬂ WT- 4 WENTER, T/C WT.9 HEATER T/ Fev-141 vaLve 7 :2 (PT-Ps-0) . 33;:
WTTC-NO-45- 3422 72 WTTC-CCO0-45-2024 254 POSIT IokEX ———*Cz = —l—0
CUTLET 218 oy b TRANSMITTER 1 o
T/ 420 M.
0-900F ©-1500 PS16
215 235 255 [
- FOV-341 VALVE  come im0 31! (FT-Ps- 51) — oS
m.v:i\::m olio il e HT-Q WEKTER T/C POSITIoN H ;: (vlsssuxs) Y e
WEKTER e M- 00- 453423 % HTTC-E£68-45-4117 25 INDICATOR _': TRANSMITTER
T/C 4-20m0 SHLD 420 Ma LD
0-1400°F 0-1500 P56
n 237 .
—— (PT- P_EVO) ——A—0 337
HT-4 WEATER T/C MT-5 HEATER T/C FCv-381 waLve o m (,,EESSJ’!% 7 23
HTTC-AB-a5-3117 - UTTC- RS- 453500 28 POSLTIONCR T:m URE e _:na
4-20 Ma SHLD 4-20 Ma. bl
0- 2000516
28 23
— o9 FCv-384 ——03®
T HEATER T/C HT-5 HEATER T/C vt oner " D LveE ot
WTTC-BCG 45-31% 220 WTTC-uT- 45-3510 240 POSTT 1ONER —-‘1:2 POSIT IONER
4.20ma sHLo %20 Mo SHD
- TV -4l TV % FCV-35T
FEEoMTER ——a—o 50t FECONATER. ————0503 FEED FLOW  ———fa—0 505 POSITION — 0507 VAL ———o500
FLOW CONTROL o FLOW CONTROL H sou TRANSMITTER ] S0 FEELBALK so8 POSITLOMER ! 510
S0z POSTT IONER 4-20Ma. I : INDICATOR 1 ° 4-20Ma.
;:‘nxlx'\?;. E 4-20Ma SHLD SWD 4-20Ma SHLD SuD
4.20Ma
s 518 X
coo saT Sy o512 WEAT REJECTION I35 o S FEED e 5o oSt TErmaL 20 o woT pump 395 o5
PUMP AND FEEDWATEE RUNNING STORAGE RUNNING
RUNNING SUBSYSTEM SUBSYSTEM
OPERATIONAL (400) OPERAT10NAL (200)

Fov- At oPEN

LIMIT swiTon 2oy o—90F

AV

FCY-381 CLOSED
Ll-l‘r m‘rcu 203 20

Tiv-WL OPEN
LIMIT SWITCH 25—0,2—-"3
v

FLV-382 CLOSED
LIMLY swITen 30T oupes 408
Ve

FCv-1me

184 OPEN
LIWIT SwTen ]

FLv-364 CLOSED
LIMIT switen 2omottE
U Ve

FCY-383 OPEN
LIMIT SWITCHM —q

24V

FCV-33 CLOSED .
LT swrten 2o it

24Va

“—Z— SeE NOTE

NOTES

|

2

3

4. TERMINATIONS AWMILABLE FOR SIGNAL WIRING
Ay LETE FBX INPUT TO TME BAILEY CONTRAS

5. TERMINATIONS BETWEEN TME SISMAL WIRING
90 ARE

THE SIGNAL WIRING JUNCTION BOX SHALL BE

A NEMa 4 ENCLOSURE FABRICATED IN

ACCORDANCE WITH B/W SPECIFICATION

RLD-700-0027- 45-10 .

THE SIGNAL INTERCOMECTING WIRING
SHALL BE IN ACCORDANCE WITH Biw
SPELIFICATION RLD-T00-0027-4§- 1t

AND ERECTION SHECIFICATION DAE-700-0077-45-3.

AL ELECTRICAL WIRING SHALL BE IN

ACLORDANCE WITH THE 1 ATEST EDITION

OF THE NATIONGL EARCTRIC COOE.

NETWORK 90, AS AN ALTERNATE , THESE
SIGNALS MAY BE WIRED DIRECTLVY To
BEL 96 TERMINATIONS.

TUROUEM BOBINETA AND EDBAOBGA .

- THE SIENAL FOR THE 20 TWERWMOCOUMLES

DEMOTED “WEATER T/C° ARE SENT TO TwE

CRTF DATA LOGGER: WIRING BY (KKTF.

Samp. i . DOWLING

SANDIA NATIONAL LABORATORIES

PURCHASE. ORDER NO. 81-500

MOLTEN SALT

T00-0027-45

STEAM GENERAWR
SUBSYSTEM

ELECTRIC EXPERIMEN

SIGNAL. WIRING

SCHEMATIC
S




SCALE:37=/-0" " Ol HOLE

Py vy of PLATFOR
-t Tl Te ok 14 W - 10 NG B
— P ey 3 2436 u¥e ’F * Lash W le g
IRACH $)| seace ELELTRICAL GO
__.no'-s'——-L_[ 37, o EAET || s L A é u-:u;u f- ™ ;: }: i [
P Act-& - HIC-4) ) N gt At I —ﬂj . S \ Wik y-orless)
NI = = 1 DI TACYP4) -
§ § & 4 ¢ H i H ff] otaser e
& Y * [ C 0‘&"_ K2-H " = i (< 31 °%] iy .
48 ) Juxijios st E!;uﬂ Reacsae T W, i | — st o : >
' s t &L y! -a) oo scaws Vo ™ E wose Ak (2 2EQD)
4 Aabatoo ol 4)
o ] = h oo - = g 7\ vt M
yer e : ‘; ;__’  nez 42 § M3 me-wr T \ f‘%l' e :z::*xfl.ﬁ.
-8t _ s L H - / . ]
¥ Tleaa f o 6)[] P _‘!_Y_‘ '//. L 4 H L Mo 10 URIC. 24 (2 PLACES)
§ rar Ll aewe gl i) yeral I 1 Fragawr — >
b - i : i
x - - I 1 -
¥er8” it -
N’ A e
cexaxsm—/ PLAN VIEW % Section A-A
SCALEIS 10" SCALE W e1-0°
Xt} ———
. - Ja-3
” ’” 4 4 ‘I .
r_tasa 2?0 r_ 7aS & 16" -.I r_ Tas & 16" r ZAS £ 00" ‘1 . 4 S0 (S )
' —
a " et HOLE %o sos 100 HUE 7700 MUE | 4‘
L [T B
SECTION C-C (¢-7) SECTIOV D-D (€-6) SECTION. £ (£-¢) CTION f-F (67
SCUE 310" SCALE: T 10" SCALE 3/ 0" SCALED 30"
- Scu 40
h h e
1 ""] [" NOTES
W 1as & w0 o 1 STEEL ¢ FABRCATION O CoNIAN TN A45C
0 - it 2y STANGARDS.
Fout o 2 AL PATERIAL T B A-Fo.
L 2 AL MELOS TD 85 EXOXK ELECTROOES WITH WSUAL
r INSPECTION.
W(E-!} H 4. ALL BOLTS To BE AS07
cT 00 f 5. BOLT ToRQUE T0tS FT/LB.
. . . J
L +x 3 g 30 3 124 ~J
Gea-7) | ~ N L& x20.7(Ear5T)
& Nk %5 VIEW H-Hir-7)
| rasas-o $ § § SCALET 0"
L2 3 ] ] i y (TYP 5 PLACES)
P ¥ i [ A i il
FSH 40 , Y i
\ E PP zunj| j I
43 ' ! (/ "Dk hOLE | i
K A4 .
Sy _r_ims& & 0% L
AN 7 —[/{ - -
§ fommr 4 ou e DETANL_Kis-6) § 74 A

SO £ (0+1)
=

8RS Y 1100 5;_]

VIEW A A7) saee s -
SCALE; § 10" 175077

KE VIEW K (B-5)

N ¥0 AIFE

Vil B-Bec-7
AL G210

JET

17N LEERIST
L& r & HERIST?

PR i Fayry

25
LBRALE 845"

VIEW L -Lie-&

W#}“-/'-ﬂ'

3 L
4 /| SAIOASSEMELY ST 2arS | POSIIZE
0] TIRE [ owms mo
RELERENCES.
fite SANDIA NATIONAL (ABORATORIES
PITUSE DR N0, 81500
Caasd —— -
P ELECTRIC EXSERIMENT [
STEANM msmmea ey
SUBSYSTEM St
H;/tw iﬁcfsp’s
w0-007-45 SHT 5 &S - y
 Caioadevand [=7] 1 SO5345 E




APPENDIX B
B&W Letter Report 700-0027-45-LR-1

*B&W Action Items Relative to Circulation Heater Failure"



LETTER REPORT
B&W ACTION ITEMS RELATIVE TO CIRCULATION HEATER FAILURE

Report No. 700-0027-45-LR-1

MOLTEN SALT ELECTRIC EXPERIMENT
STEAM GENERATING SUBSYSTEM

for

Sandia National Laboratories
Central Receiver Test Facility
Albuquerque, New Mexico

B&W Contract No. 700-0027-45
Sandia Purchase Order 81-~5100

Reviewed By | Approved By
Revision Date Prepared By | Checked By (Engr. Mgr.)

@) 2-22.-Q49 \N(}\Qx3¢~___a— :?T[> = IZZ:JSZQCC77cf)f%éééézkigé

BABCOCK & WILCOX
A McDermott Company
Nuclear Equipment Division
Barberton, Ohio

20551



1.0 Introduction .

2.0

6.0
the Incident .

7.0
8.0
9.0

Figures and Tables

Table of Contents

SGS Conditions Prior to the Incident

Review of SGS Controls and Interlocks

Review of SGS Operating Procedures .

Assessment of the SGS Damage as a Result of

Steam Pressure Control During Diurnal Shutdown . .

Temperature Transients During the Incident . . . .

Review of the Water/Steam System Freeze Protection

Circulation Heater Pressure Boundary Failure Incident

Page
1.0

2.0

3.0 - 3.1
4.0 - 4.3
5.0 - 5.1
6.0 - 6.5
7.0 - 7.5
8.0 - 8.2
9.0



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. B&W action items as a result
of the meeting were:

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 $GS Conditions Prior to the Incident

Oon 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 CRTF 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 1lines
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. After the circuit changes
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.

2.0



3.0 Steam Pressure Control During Diurnal Shutdown

As 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. There was no active control on heater element
operation during diurnal shutdown. Interlocks in the control system
de-energized the heaters for several conditions: (a) low-low steam drum water
level (LT-311), (b) boiler water circulation pump (BWCP) not running, (c)
heater inlet valve FCV-384 closed, or (d) high heater element temperature
(TE-388). Each of these heater trip signals required a manual re-start of the

heater subsequent to clearing the cause of the trip.



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 "“off",
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. As 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. SGS data signals which are fed to the Network 90
were stored at three minute intervals during the incident; this allowed
trending plots of this data to be made. SGS temperature signals which are fed
to the Acurex 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.

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. During the period
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. PT-383 froze with a relatively low signal of about 300 psi,
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

heater power from the EHAC throughout the incident.
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puring 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 565F; when TE-383 reduces below 565F 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. A spike in the temperature of the evaporator inlet pipe
(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



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. The
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.



Around 0130 hours the saturated steam temperature (and pressure) started
to reduce. Based on TE-388, the circulation heater appears to remain
de-energized until about 0330 hr. TE-388 may have remained above 565F due to
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.

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 hr., the BWCP was

stopped, and the heaters were de-energized.



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. The second is the rapid
decrease in saturation temperature which occurred at about 0500 hours as the
result of the rapid depressurization of the subsystem.

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. Development of
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 829F
temperature does not necessarily represent the maximum temperature at T/C
6006. Also, 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



the heater. The down ramp portion of these temperature ramps is essentially
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. Various
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. Thé maximum steam temperature at the heater outlet end is 950F and at
the evaporator inlet end is 900F.

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. To conservatively bound this temperature
decrease, the steam temperature is assumed to decrease instantaneously from

472F to 212F.
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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 oﬁe or both of the temperature excursions discussed in Section
5.0 were evaluated for possible structural damage.

Effect on Piping

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). Por conservatism the pipe temperature was assumed

equal to the steam temperature. All of the piping in the list is

Al106 Grade B piping material. ANSI B3l.l does not permit the use of

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 950F listed in Table 6.2 for either ASME Section I

(3.0 ksi) or for petroleum refinery piping (4.5 ksi). However, the



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 Al06 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. The worst
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:

' 1 30.0 x 106 )
S = 2 (35159) (18.5 X 105) = 28500 psi

The value of sa' exceeds Sy, therefore the mean stress = 0. From
the fatigue curve in Fig. I-9.1 of ASME Section III, the allowable
number of cycles N 2.5 x 104. 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 1b 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



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. A film coefficient of 1000 Btu/hr-ft>-°F was
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

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. One cycle of the above described transient has no
significant effect on the structural integrity of the evaporator

shell.

C. Water Side Shell to Tubesheet Juncture

The effect of the transient on the discontinuity stresses at the
juncture of the shell and tubesheet on the water side was
investigated. The contribution to fatigue damage was found to be
small, i.e., on the order of .0025 for a single cycle.

D. Salt Side Shell

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. Any thermal motion at the shell to tubesheet juncture
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

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.

6.3



G. Tubes

The tube design temperature is 900F, 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 Pigure 6.1. With an average shell temperature of
580F, an average tube temperature of 844F would be required for the
outer-most 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 B44F; 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. There is no significant
structural effect to any of the steam drum shells, heads, nozzles,
or internals attachments as a result of one cycle of this transient.

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 indicated no damage. The shaft and bearings were measured and

found to be within the allowable tolerance range as noted below.

Actual Allowable

Diameter Diameter Range
Front bearing I.D. .996" .9955" ~ 1.000"
Rear bearing I.D. .9985" .9955" -~ 1.000"
Sshaft 0.D. @€ front bearing .993" .990" - _993"
Shaft 0.D. € rear bearing 993" .990" - .993*

A few very minor pits were noted on the pump impeller. These pits were
judged to be acceptable.

6.3 Water/Steam System Hydrotest

A hydrotest of the SGS water/steam system at 2100 psi was performed
on February 1. No external pressure boundary leaks were noted, except at
several locations with mechanical connections such as gaskets and valve
packing. One of the flange gaskets on circulation heater inlet valve
FCV-384 leaked; the gasket will be replaced. There was a slow leak
through the valve seat on the chemical feed isolation valve HV-388; the
valve will be disassembled and the seat area cleaned up. Several minor

leaks through valve packing were corrected by tightening the packing nuts.



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:

1) For a minimum ambient temperature of OOF combined with the
minimum SGS operating temperature at the transmitter piping
connection location, no freezing in the transmitters/piping

2) For the maximum ambient temperaure at which the freeze

protection heat tracing operates (40F) combined with the
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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) For 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-ft-F.

5) To account for a range of calm to high wind conditions, use a
convection coefficient range of 0.5 - 22 Btu/hr—ftZ-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

arrandgements 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



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 (*).

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.



Add 3" insulation to drain legs and valves.
Add valve wind shields.
Add local T/C's as noted (*)

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: To prevent overheating the transmitter with the maximum SGS
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.

Main Steam Flow Transmitter PT-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



for normal operation, any freezing incurred during diurnal shutdown
will likely clear itself.

Attemperator Steam Flow Transmitter FT-381

During preparations for 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. As FT-381 serves no control function

(monitoring only), it has been decided to take the following course

of action:

1)

2)

3)

4)

Evaluate the effectiveness of the refurbishment of the freeze
protection on the other transmitters.

Using the lessons learned from the other transmitters, evaluate
the freeze protection requirements for FPT-381 including the
requirement for heat trace cable.

Install a new heat trace cable for FT-381 freeze protection;
this is the preferable course of action to removing the existing
cable which would require removing and re-installing the
attemperator pipe insulation.

Install the heat trace cable and re-insulate the transmitter

piping.



7.2 Chemical Feed Piping
The chemical feed piping from the chemical feed pump to the

feedwater pipe requires freeze protection. CRTF is providing freeze
protecton from the pump to isolation valve HV-388; B&W will provide
freeze protection from the isolation valve to the feedwater pipe. The
original concept had been to locate HV-~-388 very close to the feedwater
pipe connection point so that heat tracing between the valve and the
feedwater pipe would not be required. Because of interference problems
with other piping, the valve had to be located further away from the
feedwater pipe, as shown on Figure 7.6.

A 30 inch long, 7 ohm heat trace cable will be added to the chemical
feed pipe between HV-388 and the feedwater pipe and the 3 inch insulation
will be re-installed. This cable will be wired in series with the 7 ohm
cable being added to the PT-383 transmitter piping. A Variac will be
used to control the power output of these cables. Power to these cables
will run continuously. A wind shield will be added to the exposed
portion of valve HV-388.

As noted on Figure 7.6, check valve CV-381 will be deleted from the
piping. The chemical feed pump has an integral check valve, eliminating
the need for CV-38l1. A vent valve has also been added to the line to

facilitate drainage.



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 guality 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. Because the pressure
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-31ll in

service.)



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. This
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. Should the
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.

Circﬁlation heater element circuit HR-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,

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



f) Loss of current flow to heater circuit HR-5
g) Bad quality signal on LT=-311 with EHAC on

h) Bad quality signal on TE-383

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 re-energizing of heaters will occur.



9.0 Review of SGS Operating Procedures

The original SGS operating procedures were delineated in Revision 0 of
the SGS Operating and Maintenance Manual. These procedures were incorporated
into the General Steam Generation Procedures (GSGP) in Martin-Marietta
document MCR-83-548, "Integrated Test Procedures for the Steam Generation
Acceptance Testing®. These are the procedures used to operate the SGS,
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.

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(s) will be added at appropriate places in the procedures to indicate

necessary operator action.
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TABLE 6.\ PIPING EXPOSED To THE ELEVATED

MSEE '
TEMPENATUVIIRE TRANSIENT
pDwa
e \rewm
176633C EVAP WATER INLET PIPING
/17949 3¢C ” ” ovrter n (RISER)
119925C SH INCET FPIPING
1799ve < CIRC MTR OUTLeT 12 1IN G.
ANOTES Y

Wotes PIVE <13E

‘/"SCH 80
¥ Scit §o

) 'scH Bo
21 "scH Bo

2" scH 8o

A\OG Qr-©

"

o

14

(. vceupes 27 ISCO"RFWN FLe $ 4" WeLvE AR ¥3of.

Z. .
3 "

-
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MSEE: TABLE 6.2 ALLOWARLE STRESS VALUES Foil Aloe 6r B

SE = maximUM ALLowWARLE STILESS VALUE IN TeNSIoN Pek

TABGLE A-1 ofFf ARSI 832\ .) 1271771 &4 PWS ADDENDA THROU 6N
WINTB "4,

E =10 FOR seAnless PiIve. !

-

TEMP, °F = =20 2&S0 100 50 @00 QS Qoo QSo
"s& , kst = 16,0 4.3 124 0. )y W W)

Su ,Kst=> bb.0 (0.0 54.Y SS.| soz YY%.6 4.6
& LSoF
Sy, kst —~ 154 25,2 ¢ 23,3 22.5 422 214

Exro®ksi— 257 2¢.8 2wtz 234 22.] 18.5 167

S& |, kst 150 144 13.0 10,8 (1.8) (50 (3.0)
&)

SE) s IS, o ,qv‘f 'SID Io/& ®.6 (D:S ‘4,5

U ANSI B3) ) apviseEs THAT A0l 62 B AMATIL SHOULD NOT
BT USED AT DVESIGN TEMF ABOUE THOSE FOR WHICH STIESS YAWES AFE Gives
@) DATA EROAL ASME-SECT I, TABLE PG-23.t o SA-Io6Gr B.
() 5Tizess VYALUES ARE PERMISSIBLE BUT, EXCErT FOR TURVLAR PIRoPULTS
3 0.0, OR LESS ENCLESED LWTIHIN THE BOILES SETTING ,use ©f THE

MATERIAL AT THESE TEUPEUATURES (5 NUT CURRENT prALTICE LNIER SEUT. 1
&) FoRr peTROLCUM REEINERY VIPING .
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TABLE ©.3 HooP STRESS IN PIPES.

(2) Ly
p‘PE Sl%e"{ DO, £NoM tM‘”T Sé,

1N IN | N ksl
I"scH 8o |l.31s |.Ma },Is66] 4.S

2"scn 80 |2.315 | .218 |, 1908 6.9

r Ut

235 SCH Bo |2.876 |.216 |.MIS .S

Y "ScH 80 |[4.S00|.337 |.2444}| 8.S

NOo7TE<S !
(1) <7/ /-*//J/nd niateviel (s ASTAT 106 Grad-
(‘) {Mlh’ = ,87./ fNo/V.
(3) Hoop stress in the pipe vs calaulated usiny ASIB2LI,
Yar 104,1,2 ,e;mw‘-um L{

= P (2= -y)
where , A=©.0, Y = .y )

. E =\o for seamless pipe
avnd Y = n\Ro psis.
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TABRE 6.4 ADIUSTED PIPING STRESSES,

Ty NEW (3)
Pipe | ReF. | seq | I Umvermrd| rame., | Krn  [KnQm, |Sromac
I he Psi | Psi °F Pt
EVAV. <)
INLET [DAPCTOR| GEND | 8215 | 1484S| Q5© |.B1S | 264994 35159
| (we3) | CTee) ’
| \(\Rggo SS2Y | 12942 7330%| 28832
R
(453'»«%?? SIMS | qoeZ6 121S2 | V144
S
IEV (3:,27) 5305 1653 3609 B3\4
(i?& ZE;?_) s3] 28] pYe| Q213
f}i’TOR B‘:& RGLI] 2831 ¥y v 16313 186G3¢%
= :j
RI\SER D(Aif’ﬁ%v 257%) 4qz1| oeg? qo00 z.(A§ QA6NQ | 1451S
5(5%@ Ulo4 | B4y \M €Y | 1ass!
{I €ENDo
L o) s4zo| 5568 QusYy | \uBY
DEMK |IDAPST62 | o] REG de61 3217 Ltac=2 l iises
(wtz) (s TV DRIAY) >3-
HRESS TS 2ot Yore—4 S b
T ED T8 26] 22SU3
s (AL 2TGU3--23.269
SH 1y ©APG Beo
LEX (WLJS“)’J:AM ron] 2807 g4y Isot1 | 1884
(M env
sk N L) 3 604 2718% v [ 2 432 o626
« . 2. ~©Y(4s=-1
W) Kyl = (o€ BT leger _ (( T )(ase °) - 8IS
aser  JOU ¢ BT\ ooe 12 x/eTE ) (eeome) =
@) k- \ - \CK.'ET\qoo (Q.auxrom=)la00-70) 1,698
™laso e (o - BT | goor T Qasc) (eov-10) = 10-9
(3) Sy = Y2goopsi & . ¢ ’ 3Q GO OYPS ‘4‘-/600 =1
4 950% ¢ u¥ocysi 5 Su = Jeo0hE s & Qo0
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Msc€e: TABLE ©.8 MAXIMUM NON-SHOC/K seRVICE FfFressURE RATING S

FOR cARBoN STEEL ELANGES (caTatos UALUES)

MAX. PRESSULE, P516,

) go0o0°fF RSo Goo°k qzs'e 9s0°¢
2" doo0® RF WN FLG ftoe | Qoo 1o | 565 vés
2" (g% « ¢ w 12206 1560 (1S q¢s 170
2" 2s0c® o v M 3056 2500 18€5 Is7o 12 85

"
3 I1Seo™® o« w | 220 1S00 11s Q4s 770
|
The change M wllowcble yressures ove as SToilows :
] p = 222%¢ ©.2182 ¢
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APPENDIX C

Pre-Operational Checkout List

c-1



I. Valve Calibration

FCV-301
FCV-321
FCV-331
FCV-341
FCv-384
FCv-381
FCV-382

HIQOQMEOOmP

II. Thermocouple Indication

SGS STAND-ALONE CHECKOUT

FCV-351 (CRTF System)
FCV-411 (CRTF System)

A. Control T/C's

FAGE /

Initials/Date

&2 7,/2& /53

yIw>) 7/29/?3 Leosed

2o J/29/%3 ]‘:&*‘/

2D 7/29/78 e rd

O 7/2% /93

- Verify reading, proper channel, and conparison of
EMOON and Network 90, if applicable.

READING AMB. °F

1 TE-382 68 2o 7/7/¢3
2 TE-383 83

3 TE-384 78

4 TE-386 51

5 TE-331 68

6 TE-332 78

7 TE-301 30 —

8 TE-388 ¥Z °F RO 7/2% /¥3

REMARKS :
B. Heat Trace T/C's READING AMB.

1 AB 3117 63.7 R.o 7/13/%3
2 B 8118 63.7

3 JEJ 3213 . 65.2

2 KK 3214 T2 63.4

5 FG 3320 78.4

6 1IJ 3321 HT-3 74.6

7 FL 3322 75.1

8 MV 3421 70.8

9 NO 3422 HT-4 51.2

10 0Q 3423 63.6 +




11 RS 3509 | 59.9 RuD 7/ /83
12 UT 3510 |HT-5 55.8
13 SV 3511 _ 55.6
14  YZ 3215 g 59.7
15 WX 3424 | HI-6 66.7
16  AABB 2219| . - 63.3
17  AABB 2220 59.7
18 oD 2120] 58.5
19 CCDD 2121 HI-8 57.5
20 EBGG 4117} Hr-9 60.1

REMARKS :

C. Informational T/C's AMB. READING °F
1 6005 82 2o 7/03/93
2 6006 102 ’
3 6007 B81.3
4 6008 DEFECTIVE NOT USED
5 6009 83.1
6 6010 DEFECTIVE NOT USED
7 6011 81.3
8 6012 81.1
9 6013 81.6

10 6014 81.0

11 6015 79.8

12 6016 79.5

13 6017 T/C NOT USED
14 6018 T/C NOT USED
15 6019 T/C NOT USED
16 6020 82.4

17 6021 88.6

18 6022 86. 3

19 6023 78.2

20 6024  82.4

21 6025 B81.7

22 6026 85.8

23 6027 78.4

24 6028 79.4

25 6029 79.6

26 6030 85.7

27 6031 93.8

28 6032 95.8

29 6033 5.0 —




FAGE T

30 6034 95.0 pco  7/i3/%s

31 6035 95.2

32 6036 81.6

33 6037 20.4

34 6038 81.2

35 6039 86.8

36 6040 81.6

37 6041 80.7

38 6042 84.6

39 6043 83.1

40 6044 101.7

41 6045 82.4

42 6046 83.5

43 6047 83.3

44 6048 81.4

45 6049 83.2

46 6050 111.1

47 6051 99,3

48 6052 83.4

49 6053 87.3 L8

50 6054 T/C NOT USED
REMARKS :

Ceceto £Lato 7 Enro Foo~r SGS 7o Acoeex

ons 7/18/F3 yo sA/Sore  Peomsee Cala~lal€c

conS % CT/OAJ/. 4‘-& TEAres Co e TR e NS

Keasonra8c e LRa~/Ges,

III. H7at Trace Cable -~ Chedk resistance, megger, and heating capability for
1/2 hour.

A. Check resistance, megger, and AMP of each circuit

RESISTANCE MEGGER AMP
1. H1 40.91 OK 6A gL  7io/8%
2. HT-2 74.15 OK 3.1A
3. HI-3 47.82 oK 4.8A
4. HT-4 38.83 oK ¢.0A
5. HI-5 54.48 oK 4.7h
6. HT-6 91.11 oK 2.5A
7. HI7 26.48 K . 9.0A
8. HT-8 12.65 X 20 A
9. HI-9 64.68 oK 1.1
10. HT-10 67.:7 ox /.4




FPAGE 4

REMARKS: A7~ E PRIAARY (A8 & IT9¥/2 Loo~D DEFECTIVE
AALD SWiTCH O Wit TF/2 Leooa/DANST. OrE FTH/2
LeoonroawT ca8ce Lentamsn/s. H7-70 cA8c€
Fe28 Ao7 /i~ FRECZE LRo7E&cCTion/ CrRC 7 4T

721rS 7r-7E&,
B. Verify heating capability or each heat trace zone for 1/2 hour of
operation.
INITIAL - °F FINAL - °F
1. HI1 94.9 158.9 RD  7/2,/¢3

97.8 T152.1
86.7 109.0
88.8 130.9
108.3 ~209.9
121.9 233.1
99.5 203.7
50 136.9
98. 1 181.6
108.9 243
129.1 ' 238.8
132.2 237
103.4 172.8
99 110
101.4 117.7
88.2 58
85 —o5.4
87.6 100.3
87.5 107.1
86.1 T 93.6

REMARKS: Zones HT-7 and 8 lag the rest of the system and will probably be
turned on early to permit uniform heating. HT-7 and 8 are the
evaporator and superheater.

Circulation Heater - Energize each circuit and monitor amperage. Verify
TE-388 on HR-5 heater.

AMP.
A HR-1 ' 39/37/39 Rus  7/30/s3
B HR-2 : ZOfl‘\on
C HR-3 14/ 4
D HR4 13 /13
E HR-5 {2/ i




FAGE O

REMARKS : OHEN ENERGIZING HMHR-S 7we TE-39§
TEAAPERATIRE /o7 ~T1LOIQTELY TO1PS
JOCL 1 dOrcqTnsG TRQT THE 7e- 3&£F
THER~91D COUPCt +S Ol T2/% FPROAER HEQTE R

V. Boiler water circulation pump — Verify rotation, verify sensing relay
operational, verify coolant flow switch contact closed, and Amp per phase.

A. Rotation Lo ¢/7/393
B. Sensing Relay Energized e  7/30/F3
C. Coolant Flow Switch Closed geo  7/20/53
D. Amperage/Phase & =Ly Reo  72/30 /F¥F3
g.5-02
¥ - ¢3
REMARKS :

VI. Transmitters -- Calibrate

A Fr-311 Lo &/f28/¥3

B FT-381 ko ¢/23/%3

cC Lr-311 Rwo  &/23/%3

D PT-386 RBE ¢f22/93

E Pr-383 Be 6/24/%3

F PT-321 ~75 7/:5/52

G  FT-321 Faciony CAc:/804T%0
H FT-382 Ldcrvore~vy Cac: 847 %0

I PT-382 Facroky Cac: 8247%0

J PT~384 Facroey C4es gea7%0

REMARKS : FTr-F2/ trce REOQUIRE AOVOIT AT ~STS sa/
CE€EO Aar O SP,PALS DOR'~n/G OPeLlTrO. -, Pr.-s252
2&RO &AS Se7 foe A L pos;) Siikr ./
77k KLe Ao o~/ THe ANO

VII. Electrical Check SGS to N90O/EMCON

A. Chedk manual signals and set paints from EMOON 2w /76 6/37/?3

B. Check valve, transmitter, and T/C signals to
EMOON and N90 for consistance 160/7'4 4/27/5’3

REMARKS:




APPENDIX D

Signed Off SGS Integrated Test Procedures



R Et? Rt -

4.2.1 ScIrp#l Initial Control Loop Checkout

’

PURPOSE: The control loop checkout of 9 controllers. Each control
loop will be tested at normal conditions and with steps
response tests to introduce transient flows, temperatures
or pressures.

DESCRIPTION: Usjng parts of GSGPK2 (manual SGS Startup), the SGS, HRFS,
and TSS will be brought up to On Line (30% loading) incre-
mentally. Fach of the 6 HRFS and 2 of the TSS control loops
will be checked out during the startup, once the system
conditions will allow their automatic control, The system
condition at the end of the test is On Line at 30% loading.

OBJECTIVES: a) Checkout of system and components

b) Control loop tuning of:

Immersion Heater Control

Feedwater Pump Pressure

Deaerator Pressure Control (partial)
Cold Sump Level Control

Hot Sump Level Control (partial)
Feedwater Flow/Steam Drum Level Control
Steam Pressure Control

Feedwater Temperature Control (partial)

¢c) Instrumentation checkout
d) Demonstration of control stability

e) Test crew familiarization with system operation

CONTROL LOOP

TUNING SUCCESS .

CRITERIA: A feedback control loop shall have a response time that
is suitable for the function being performed, and the
response shall be well-damped over the operating range.
It shall be a design goal that closed-loop responses
exhibit damping equivalent to 0.5 to 1.0 in a second-
order system over the operating range, with no limit
cycling under steady state conditions.

SGITPH1
Each of the instrumentation channels involved in this test will be checked out
by observing the displays on the EMCON console. The actual measurements will

be checked for reasonableness with Network 90 readings and expected values.

When going through a complete SGS startup, the HRFS requires a TBD hours
warmup period with 390°F water circulation prior to accepting SGS steam flow.

D-2



STEP

1.

2.

DESCRIPTION '

Using GSGPA2 (manual SGS élartup) Empty to Diurnal
Shutdown sequence, perform steps 1 thru 6.

NOTE

A
The next activity will be the checkout of the
DTC~45]1 Deaerator Immersion Reater Control.

Perform the control loop tuning activity of the DTC-451
Deaerator Temperature Control.

NOTE

Perform GSGP#2 (Empty to Diurnal Shutdown sequence)
step 10 prior to reaching 170°r (TT-451).

dr———>Perform—-G5aPI2—{Enptyto Diurnal—Shutdown—sequence)

4.

5.

stop—F—thro—Iibve

Perform a step response test to introduce step changes
in the DTC-451 temperature set point (normally 390°F
with 217 psi).

a) Set FCV 432 in manual with 100% output (all flow
to DA).

b) Increase the set point to 395°F (232 psi).
c¢) Increase the set point to 400°F (246 psi).
d) Return the set point to 390°F.

NOTE

The next activity will be a partial control loop
checkout of the FCV 401 Peedwater Pump Pressure
Control. Should the control loop, during the
pressure variation tests, show incorrect response,
accomplish the control loop tuning engineering
activity. Pollowing this, return to the initial
portion of the checkout and reaccomplish the
control loop checkout.

e FW Pump pressure range: 1230 to 1280 psig
Activate FCV 432 Deaerator Pressure Control with a set

point of 233 psi. (Pressure should return to 233 psi
and temperature to 390°F.)

VERIFICATION

RY) (uﬂuleaﬁ)

?é‘thb BY CRTF
TRiok 1O SG 5 TEITd

v (10 12/e3)
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STEP

6.

7.

8.

9.

DESCRIPTION

VERIFICATION

with the DA at 390°F and 233 psi, perform a step response
test to Introduce low amplitude pressure changes into the

partial feedwater flow (FCV 411 is closed).

ments, change the FCV 401 set points as specified below.
Maintain the specified condition until the pressure control

settles.
12%
a) Decrease,the set point from 1250 to 4240 psi.
\23 1270
b) Increase the set point from +24€’to 3266 psi.
1270
c) Decrease the set point from 3260°to 1250 psi.

Repeat step 6 except change to higher amplitude pressure
changes.

a)
b)
c)

d)

Decrease the set point to 1210 psi.
Increase the set point to 1290 psi.
Decrease the set point to 1210 psi.
Increase the set point to 1250 psi.
NOTE
Continue to monitor PT-401 pressure until the FWP
Pressure control loop is fully checked out. If the

control loop shows an indication of belng unstable,
accomplish the control loop tuning activity.

Perform GSGPH#2 (Empty to Diurnal Shutdown) steps}l!’thru

9 +37

NOTE

The next activity will be a partial control loop
checkout of the FCV 432 Deaerator Pressure Control.
Should the control loop, during the pressure and
flow variation tests, show lncorrect respoanse,
accomplish the control loop tuning engineering
activity. Following this, return to the initial
portion of the checkout and reaccomplish the.
control loop checkout. '

e Deaerator pressure range: 0 to 275 psig

e Deaerator operational temperature range:
390 to 410°F

Perform the FCV 432 Deaerator Pressure Control loop
tuning activity using a set point of 233 psi.

-

D-4
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STEP

10.

11.

l2.

DESCRIPTION

Perform a step response test to introduce low amplitude
pressure changes in the Degerator. Increase the DTC-451
temperature set point to 410°F to Increase the deaerator
pressure to 275 psi. Naintain conditions until the
pressure control settles.

a) Decrease ,the FCV 432 deaerator pressure set point to
220 psig. (391°F)

b) Decrease the FCV 432 deaerator pressure set point to
210 psig. (388°F)

¢) Reset the FCV 432 deaerator pressure set point to
233 psi. (395°F)

R0 b-the-DPc—451-get—poiTt—tO 390 P+
NOTE

Continue to monitor PT-432 pressure until the
Deaerator Pressure control loop is fully checked
out. If the control loop shows an indication of
being unstable, accomplish the control loop tuning
activity.

10
Perform GSGPH2 (Empty to Diurnal Shutdown) steps,d6 thru

287
22

NOTE
Manually position FCV 431 to control delivery steam
pressure (PTr-321) at 1100 psig and FCV 421 to
control feedwater temperature at 545°F throughout
the following steps until the control loops are
actually checked out.

NOTE

If feedwater flow is not the same as the steam flow,
the steam drum water level will either become too
high or too low; hence, the operator should expect a
low or high level alarm from LT-311.

Verify that all TSS (Tabhle A) heat traced systems and
the RS heat trace systems (in Table 4.2-1) are operating
and that all temperatures, with the exception of the
following list, are greater than 480°F.

VERIFICATION

PR ForMe WHES
sSTER M FODWS \S '
> 8oo% { 2.0k .

~JH u/n/es

* (2-‘05') Lowd — v e bR
TER 217 TEH 236 LIDES ofen Dulidd L% il

TER 223 TEH 238
TER 224 TEH 239

—Tout ulizfes



STEP

13.

14.

DESCRIPTION

Align/verify valves as follows:

valve

Receliver

Fcv 101

rcv 102,

Fcv 151
FCV 152
Fcv 161
Fcv 162
FCv 199

Thermal Storage

Fcv 201
Fcv 211
rcv 221
FCv 231
FCcV 241,

FCcv 242

RV 281
HV 282,
HV 283

Descri Eu on

Salt Flow Cont.

Salt Flow
CST Level

Cont.
Cont.

CSBP Bypass

Hot Salt Flow Cont,
Cold Salt Flow Cont.

Bypass Valve

Cold Salt Flow Cont.

CST Isolation

Hot Salt Flow Cont.

HST Isolation

Prop. Htr. Isolation

Hot Sump Bypass

Olin Ssalt

Loop

Position

Closed
Closed
Closed
Open
Closed
Open
Open

Closed
Closed
Closed
Closed
Closed

Closed
Closed

Perform GSGP#2, Diurnal Shutdown to Warm Standby
sequence, steps 2 thrui—gf

VERIFICATION
VR
Ry 7/83

T/C DESCRIPTION
TER-130 Downcomer -
TER-131 Riser -
TEH-132 Downcomer -
TER-133 Riser -
TEA-134 Riser -
TER-135 Riser -
TER-136 Riser -
TER-137 Downcomer =
TER-~138 Downcomer -
TER~139 Downcomer -

Table 4.2-1

Heater
Heater
Heater
Heater
Heater
Heater
Heater
Reater
Heater

Heater

D-6
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ACUREX
CHANEL #

305
300
306
301

302
303
304
307
308

309

RS Heat Trace Instrumentation (Partial)



STEP

15.

16.

17.

18.

19.

20,

21,

22.

23.

DESCRIPTION

Verify that Cold Salt Storage Tank Level is greater
than 30 inches. 1

NOTE

If the salt level is less than 30 inches ensure the

Hot Salf, Storage Tank level is commensurate with
test requirements (as determined in the Pretest
MNeeting).

Verify FCV 201 is closed.

Open FCV 211.

CAUTION

If salt level is the Cold Sump {s greater than 60

inches, visually check the Cold Sump Vent.

Verify Cold Sump Level (LT 201) is less than 60 inches.

Verify the Cold Sump Level (LT 201) is greater than
50 inches prior to continuing (open FCV 201 to obtain
salt level If required.)

NOTE

The next activity will be the control loop checkout
of the Cold Sump Level Control. Should the control

loop, during flow rate changes or step response
tests, show incorrect response or inadequate
damping, accomplish the control loop tuning

engineering activity. Following this, return to the
low level salt flow condition and reaccomplish the
control loop checkout. (If this activity has been.

previously accomplished, continue at step 33.)

e Cold Sump Level (LT 201) limits: 60 inches
maximum.

Verify the salt level in the Cold Storaqe Tank is
between 30 to 135 inches.

‘Start the Cold Salt Pump and verify outlet pressure

(PT 180) is greater than 170 psi prior to continuing.
Open FCV 151 to 20% to provide a low level salt flow.

Perform the Cold Sump Level Control (FCV 201) tuning
activity using a set point of 25 inches.

VERIFICATION

N/A

u)g

Ola

Dl
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STEP

24.

25.

26.

27

28.

29.

30.

DESCRIPTION VERIFICATION'
. ' '
Perform a step response test to introduce low amplitude

flow translents into the 20% salt flow rate. Using 10%
increments, change the FCV 151 setting as specified

below. Maintain the specified setting until the level
settles.

yl
a) Decrease to 10%

b) Increase to 20% AewdY ComPuzren
c) Increase to 30% RITPE L

d) Decrease to 20%

Over a 10 second time period, change the FCV 151
setting from 20% to 50% (medium flow).

Repeat step 24 for the 50% flow rate as follows:

a) Decrease to 40%
b) Increase to 50%
¢) Increase to 60%
d) Decrease to 50%

Over a 10 second time period, change the FCV 151
setting from 50% to 90% (high flow).

Repeat step 24 for the 90% flow rate as follows:

a) Decrease to 80%
b) Decrease to 70%
c) Increase to 80%
d) Increase to 90%
e) Increase to 100%

Perform a step response test to introduce higher
amplitude flow transients into the salt flow rate.
Change the FCV 151 setting as specified below,
maintaining the setting until the level settles.

a) Decrease to 80%
b) Decrease to 60%
¢c) Increase to 80% .
d) Increase to 100%

e) Decrease to 70% ' : &

Perform GSGP¥2 (Diurnal Shutdown to Warm Standby sequence)

steps 15 thru 37. Disregard the control loops activation

in steps 31 and 32 - the flow, temperature, and pressure

controls must be manually maintained until the control

loops are checked out. RYi

“0X 4 RSvrLineh
T Lo twWi S |




STEP

3.

32.

33.

34.

3s.

DESCRIPTION VERIFICATI ON’

NOTE
THE SGS IS NOW IN THS. NARM STANDBY CONDITION.

Verify that the Hot Storage Tank Level is greater than

287 inches (determined in Pretest meeting). . Jwtk | ![7/8'5

y
NOTE

The Hot Sump salt level will be manually controlled
by FCv 221 until the control loop is checked out.
Maintain the Hot Sump level at 15 + 3 inches.

Perform GSGPH2 (Warm Standby to On Line Condition)

steps 1 thru .htf' RYYY ‘[| .3
During the following activity of increasing salt

temperature, verify the operation of controls of PT-432

for controlling FCV 432 so that deaerator pressure is

held constant at 233 psi and all energy is being rejected

by the cooling water circuit and the dry cooling towers. Jwd t"l&s

Using a temperature ramp rate of 100°F per 6 minutes, e
gradually and simultaneously open FCV 351 while closing( TS was hccoms PLISHE™

FCV 341 to achieve 850°F at TE-382 (superheater salt BV usiNg PRoPAVE :“
inlet Temperature). Maintain approximately a constant T SwousLf ’“"Pw
10% salt flow (7600 lbs/hr) through the SGS. Mot TAR K TEMT-
RATE X 100°F /e
NOTE

The salt temperature will be maintained at 850°F
to provide a minimum steam flow to the HRFS and
allow the following control loop checkouts.

NOTE

The next activity will be a partial control loop
checkout of the Hot Sump Level Control. It will be
tested now at 10% salt flow and later at salt flows
that provide 30% and 60% steam loads. Should the
control loop, during flow rate changes or step response ||II€I6‘5 heab>
tests, show incorrect resonse or inadequate damping, u/]glg?,,
accomplish the control loop tuning englneering activity. |

Following this, return to the low level salt flow

condition and reaccomplish the control loop checkout.

TH15 LaoP waS
Ty o)

e Hot Sump level (LT-221) limits: 15 to 41 inches

Note the FCV 221 setting to mannually maintain the 15 inch
salt level: %. Perfom the control loop tuning of the
Hot Sump Level Control using a set point of 15 inches. Ttk ltllql&




STEP

3¢.

37.

DESCRIPTION VERIFICATION

Perform a step response test to introduce low amplitude

valve setting changes on FCV 221 (to change Rot Sump
level) and verify correct recovery. Change the FCV 221
settings as speciflied below and then activate automatic
control. Allow the control loop to settle prior to
changing conditions.

a) Decrease 10% from the step 35 setting and allow the
sump level to decrease. Activate the Hot Sump Level
Ccontrol.

b) Increase 10% from the step 35 setting and allow the
sump level to Increase. Activate the Hot Sump Level
Control.

c) Increase 20% from the step 35 setting and allow the
sump level to increase. Activate the Hot Sump Level

Control. 1 ]lb[83

NOTE

The next activity will be a partial control loop
checkout of the FCV 411 Feedwater Flow/Steam Drum
Level Control. (This FCV 411 checkout will be using
level feedback only with low steam flow rate. A
more complete checkout, using the 3-term controller,
will be accomplished in SGITP#2 with higher steam
flow.) Should the control loop, during flow rate Tunes o
changes or step response tests, show lncorrect ||h7[&3
response, accomplish the control loop tuning

engineering activity. Following this, return to the

initial portion of the checkout and reaccomplish the

control loop checkout.

e Steam Drum water level (LT-311) limits:
0+ 4 inches

e Feedwater operational temperature (TE-386) limits:
500 to 575°F

Perform a step response test to introduce water level
changes in the steam drum. Decrease the steam drum water
level by blowing down, as required, using HV-382 and
HV~383 to the levels specified below. Mailntain each
condition until the level control settles.

a) Decrease to ~l1 inch. Activate the Steam Drum Level
Control.

D-10



STFP  DESCRIPTION VERIFICATION

d) Deactivate the control. Decrease to =2 inches.
Activate the Steam th‘l Level Control.

c) Deactivate the control. Decrease to -4 inches.
Activate the Steam Drum Level Control. B yRY'Y |\|,7{33

35. Note the rcv,al setting from 37.c) once the level

control settles: ] % Juou ll"’!BS

~ Reonsaarys b
39. Perform a step response test to Introduce low to medium WM. STt

amplitude flow changes in the feedwater flow and verify Flows @ATE
correct recovery. Using 10% increments, change FCV 411
settings as specified below, maintaining each setting
until the control settles.

a) Decrease 10% from the step 38 setting. Activate the
Feedwater Flow Control.

b) Increase 10% from the step 38 setting. Activate the
Feedwater Flow Control.

c) Decrease 20% from the step 38 setting. Activate the
Feedwater Flow Control.

d) Increase 20% from the step 38 setting. Activate the
Feedwater Flow Control.

e) Decrease 30% from the step 38 setting. Activate the
Feedwater Flow Control. TuwH Hll7/83

NOTE

If feedwater flow is not the same as the steam flow,
the steam drum water level will efther become too
high or too low; hence, the operator should expect a
low or high level alarm from LT-311. Beware: large
pressure swings can also affect deviations in drum
level.

NOTE

The next several steps are to verify the FCV 401
Feedwater Pump Pressure Control performance.

40. Note the feedwater flow rate at FT-4ll: ¥* 1bm/hr. Tl 1 23

* FLuow) JARI1ED

bulidg  Lv-3y
CONLOL cnec bt

41. Perform a step response test to introduce low amplitude
flow changes into the feedwater flow (FT-41l1). Change
the FCV 411 valve settings to achieve the flow rates
specified below. Maintain the specified condition until
the pressure control settles.

D-11



STFEP

42.

43.

44.

DESCRIPTION VERIFICATION

T

a) Deactivate the Steam Drum Level Control (FCV 411).

b) Decrease the feedwater. flow through Fr-411 by
S 1bm/hr from the step 40 flow rate.

c) Increase the feedwater flow through FT-411 by
Svo _lbmjhr from the step 40 flow rate.

d) Decrease the feedwater flow through FT-411 by
1000 1bm/hr from the step 40 flow rate.

e) Increase the feedwater flow through FT-411 by

i8oc 1bm/hr from the step 40 flow rate. T "117183
Activate the FCV 411 Steam Drum Level Control with
a set point of 0 inches; verify proper recovery. TR b ull?[&‘b
Note the FCV 431 setting: e JriES % T W l(h?{S?
NOTE

The next activity will be a partial control loop

checkout of the FCV 431 Steam Pressure Control.

Should the control loop, during the step response TS LeooP wiS
test, show incorrect response, accomplish the Tues o | te/83
control loop tuning activity. Following this, AOD  CHEED Bt owd
return to the initial portion of the checkout and

reaccomplish the control loop checkout. (Continue W 117/85.

to manually control the feedwater temperature,

FCv 421, at 545°F). This control loop cannot be

fully checked out until steam Is generated at full

rated flow (greater than 11,500 lbm/hr). :

Perform a step response test to Introduce low to medium THE MeTHODL ok
amplitude valve setting changes on:FCV 431 and verify . O THeS Lol
correct recovery. Using 5% increments, change FCV 431

settings as specified below. Allow the control to settle WAS IO VAR THE
prior to changing condition. st=i Flowd (oo

Fr31) Feow & T

a) Activate the Steam Pressure Control.
£ 8.0 finr,

b) Increase 5% from the step 43 setting. Activate the
Steam Pressure Control.

c) Increase 10% from the step 43 setting. Activate the
Steam Pressure Control.

d) Decrease 5% from the step 43 setting. Activate the
Steam Pressure Control.

e) Decrease 10% from the atep 43 setting. Activate the
Steam Pressure Controle.



STEP  DESCRIPTION VERIFICATINN

:

£) Increase 20% from the step 43 setting. “Activate the

Steam Pressure Control. Judd ) lgz’a:’;

45. Once the Steam Pressure Control settles, note the FCV 421
setting: % *  ulA

* cce DoTeE O
. NOTE Vet PG

The next activity will be a partial control loop checkout
of the FCV 421 Feedwater Temperature Control. Should
the control loop, during the step response tests, show
incorrect response, accomplish the control loop tuning
engineering activity. Following this, return to the
initial portion of the checkout. (This control loop
cannot be fully checked out until the salt/steam
temperatures are at rated values.)

e Peedvater Heater operational temperature limits:
540 to S6o°r

46. Perform the FCV 42] Peedwater Temperature Control loop
Tuning activity using a set point of 560°F. llh

47. Perform a step response test to introduce low to medium
amplitude valve setting changes on FCV 421 and verify
correct recovery. Using 10% increments, change FCV 421
settings as specified below. Allow the control to
settle prior to changing condition.

a) Activate the Feedwater Temperature Control.

b) Increase 10% from the step 45 setting. Activate the
Feedwater Temperature Control.

c) Decrease 10% from the step 45 setting. Activate the
Feedwater Temperature Control.

d) Increase 20% from the step 45 setting. Activate the
Feedwater Temperature Control.

e) Decrease 20% from the step 45 setting. Activate the
Peedwater Temperature Control.

f) Increase 30% from the step 45 setting. Activate the
Feedwater Temperature Control. kUk

48. Repeat step 47 except this time FCV 331 will be varled
at 20% increments to provide temperature changes. The
FCV 421 control loop is still activated; verify correct
response.



STEP  DESCRIPTION . VERIFICATION

a)
b)
c)
d)
e)

.

Decrease to 80%
Decrease to 60%
Decrease to 40%
Increase to 60%
Increase,to 100% N/a

This completes the initial control loop checkout, SGITPKl. It is now the Test
Conductor's option to continue into SGITP#2 (Hot Salt Flow with Transients) or
shutdown the system to Diurnal Shutdown.

NOTE

a) To shutdown the system, perform GSGPH¥3 starting

b)

at step 3.

To continue into SGITP#2, maintain the present

condition and verify salt levels in the Cold and
Hot Storage Tanks are commensurate with test
regquirements (as determined in the Pretest
MNeeting).

47./08/83 - Feou ie Resutsd oF Vesmeehav's 565 tesmiod (aon

AMTTMPT TS TunE Fal 4213, TS Loo? wwL ver BRE

Funeno &L 10 $6% oPerRaTiend, TWE Fed 4zt VALVE

PO THE  Fernuwhree NEAT EXerdlds el CAS WOV TRoobs

TWE DESWREDN WREATIVE oF Tue FEEDWATR. GaIlG O

THE S90S, TEST REBUTS S TudT  HMAxi MUKy

Fown whre®  ReEATIdG | DELWERY STAM AT RATEYS TP

b Fond)  wAS  owuy:

— S05°F At Te-421 ANT  poiuuid Frewd (# 4.0 tbafinr
AT FT-371),

- 430°F ar Te<42! AT  dek Flow (x 11.> I’..lhu./kr
AT Er-n(f),

WM D6 CHAOLE D TUE  HR2FS  ConFuulaATed | Fewbusimed

HEATINA WL  CodSIST oF Kawhildd FeN 42T pPeny AoD

MOSPTIOG WA SVan. HENTIDE  TWE  Fw W Crenned TR,
ChD “PROVIBE,
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4,2,2 SGITP #2 Hot Salt Flows vith Transients

PURPOSL:

DESCRIPTION:

OBJECTIVES:

CONTROL LOOP
TUNING SUCCESS
CRITERIA:

VR

I

This test will checkout the remaining SGS control loops
during the i{nitial, lov level hot salt flows. The SGS
will be brought up to the Ou Line, 100% load condition,

Starting with the SGS {n the on line 30X loading, 1 TSS
and 2 SGS control loops are checked out. The SGS stean
loading is then increased to 60, and 100% with
trans{ent hot salt flows introduced at sach level. The
SGS is maintained {n the On Line, 100 load condition
for 1 hour. PFollowing this test activity, the SGS
operatfon transitions to the Diurnal Shutdown Mode.

a) Checkout of system and components.
b) Control loop tuning:
* Hot Sump Level Control (final portion)

Evaporator Salt Inlet Temperature Control

Stean Delivery Temperature Conttrol

Steam Pressure Control

¢) Ianstrumentation Checkout

d) HRFS response to step input changes

e¢) Demonstration of control stability

£) Test crev familiarization with systéu operation

A proportional feedback control loop shall have a
response time that 1s suitable for the function being
performed, and the response shall bde well-damped over
the operating range. It shall be a design goal that
closed-loop responses exhibit damping equivalent to 0.5
to 1.0 in a second-order system over the operating
range, with no limit cycling under steady state
conditions.

- a
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scren

Zach of the instrumentation channels involved in this test will bde checked out
by observing the displays on the EMCON console. The actual measurements will
be checked for reasonableness with Network 90 readings and expected values.

sTEP

1.

2,

DESCRIPTION VERIFICATION
NOTE

1f the system vas shutdown to Diurnal Shutdowvu at
the end of SGITP#1:

a) Perform CSCPfl Pretest Checklist, and

b) Perform GSGP#2 (manual SCS Startup), Diurnal
Shutdown to Warm Standby sequence and Wara
Standby to On Line sequence thru step > 9.

If going fros SGITP#1 straight into SCITP#2, verify
salt levels in the Hot and Cold Storage Tanks are
commensurate with test requirements (as daterained
in the Pretest Meeting).

Verify that all TSS (Table A) heat traced systeas are
operating and that all temperatures, with the exception
of the following list, are greater than 500°F,

TEH 217 TER 236 . T Zetmaw g
TEH 223 TER 238 T Mooy T
TER 224 TEH 239 ol
Verify that the Hot Storage Tank level is greater than
TBD faches. Nk
NOTE

Manually control FCV 301 to achieve and maintain e
salt temperature of 850°F at TE-30l. Manually
control FCV 331 to achieve and saintain a steam
tenperature of 950°F at TE-332, ‘

D-16



STEP
3.

S.

DESCRIPTION VERIFICATION

Turn on the Hot Salt Pump {f turned off following
SGLTP#1l, and verify outlet pressure (PT-382) {is
greater than TBD psi prior to continuing. . d[&

Cradually open FCV 351 while closing FCV 341 to achieve
the temperature ramp rate specified dbelov at the
superheater salt inlet TE-382, Maintain approximately a
constant 10X salt flow (7600 1lbe/hr) thru the SGS.

¢  Temperature ramp rate: 100°F (TE-382) steps at 6
miaute intervals (1000°F/hr)

Verify full closure of FCV 341,

When the salt {nlet flow to the superheater consists of
only hot salt (valve FCV 341 closed; valve FCV 351
positioned for 10X salt flow (7600 lbs/hr)), transfer
control of the steam delivery pressure to FCV 321 as
follovws:

a) Deactivate the FCV 431 Steanm Flovw Control, Manually
position FCV 431 to allov the specified steam flov,

b) Gradually open valve FCV 351 vhile adjusting valve

FCV 321 position to maintain SGS steam delivery
pressure (PT-321) at 1100 +50, -0 psig.

NOTE
When FCV 351 {s 1002 open, steam delivery
pressure is controlled by positioning FCV 321.
As .load increases, control steaa delivery pressure to
1100 psig by manually positioning FCV 321.

NOTE

To simulate the turbine loading, FCV 431 will
be varied to increase the steam volume being
dumped to the deaerator (automatically by
changing set points or manually by changing
the valve position). These specific valve
settings will be determined by experience in
changing FCV 431 to obtain the required salt
flow rate at FT-311.



.....

STEP DESCRIPTION VERIFICATION

8. Gradually opea FCV 321 and modulate FCV 431 to achieve
a FT-3]11 steas flow rate of approximately 3,500 1lbs/hr

(30X load).
9. Note the FCV 221 setting (autoamatic control)! 4 couvﬁsvus 11/30];;
Tk
10. Perform & step response test to introduce low aaplitude

valve setting changes on FCV 221 (to change Hot Sump

level) and verify correct recovery. Change the FCV 221

settings as specified below and then activate sutomatie

control., Allov the control loop to settle prior to

changing conditions:

a) Decrease 10X from the step 9 setting and allow the
sunp level to decrease., Activate the Hot Sump Level
Control.

b) Increase 10X from the step 9 setting and allow the
sump level to increase., Activate the Hot Sump Lavel
Coatrol.

¢) Increase 20X froa the step 9 setting and allow the
suzp level to increase. Activate the Hot Sump Level .
Control. __Cg_..-:!gn___gfﬂs‘,

Tu2
NOTE e

The next activity will be the control loop checkout
of the FCV 301 Evaporator Salt Inlet Temperature
Control., Should the coatrol loop, during flow rate
or temperature variations, shov incorrect response, Tunwey s
accomplish the control loop tuning engineering 11]174

activity, Following this, return to the initial
portion of the checkout and reaccoaplish the
complete control loop checkout.

o Evaporator salt inlet temperature (TE-301)
limits: 500 co 880 °F

11. Activate the Evaporator Salt Inlet Temperature Control
FCV 301 with s set point of 850°F,

A " e G —————
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DESCRIPTION : VERIFICATION

Perform a step response test to introduce temperature
transients to the evaporator salt inlet tempersture and
verify correct control response. Change FCV 301 to
obtain the temperatures specified below (TE-301) and
then activate automatic control. Allow the control to
settle prior to changing condition.

a) Deactivate the FCV 301 control and increase its 46149 f350°
setting to decrease the temperature to 800°F. . .
Activate the Evaporator Salt Inlet Temperature 4a:04 Yo0° €

N FrocTuATion TO ¥C

b) Deactivate the FCV 301 control and increase its ™ _ Yo0°F
setting to decrease the temperature to 750°F. 3%: 5%

Activate the Evaporstor Salt Inlet Temperature s3.120 157°F

Control. <70 Baeip D&ctiens & T

gEICcvLy

€) Deactivate the FCV 301 control and decrease its 737 °F. O *ct

o
oATAIR MO 7%
Lacik o & cou.0o S4

Feow gestryo 3

setting to increase the temperature to A80°F,
Activate the Evaporator Salt Inlet Temperature

Coutrol. .
Lot © Sw P 2_55'5 F
Gradually open FCV 341 while closing FCV 351 to reduce Msg:.5% 760"
the TE-382 superheater salt inlet temperature to 800°F, Y X
Ma{ntain the salt flow (FT-321) approximately constant 54 30 —~ T
throughout, Do not exceed the temperature ramp rate of Rasio 1t it

ey T THO] e T

100°F/6 minutes. Verify correct Evaporator Salt Inlet To §3%° o k6L F

Tenperature Control response.

,\qt‘ NOTE

4"’ FCV 321 1s controlling steam pressure under manual
‘p"'control. With a lover SH salt inlet temperature,
steam pressure will wvant to drop, and must be
compensated for by FCV 321. Steam flow is
maintained by manually positioning FCV 411,

Reverse the step 13 activity to recloge FCV 341 and open
FCV 351. Again maintain the salt flow rate constant and
do not exceed 100°F/6 minutes,

The next activity will be the control loop checkout

of the Steam Delivery Temperature Control FCV 331,

Should the control loop, during flow rate or

temperature variations, show incorrect response,

accomplish the control loop tuning engineering Twe» o
activity. Following this, return to the initial 1thr/es
portion of the checkout and reaccomplish the

complete control loop checkout.

* Stean Delivery temperature (TE-332) limits:
950 + 40 °F,
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STEP
13.

16.

o

37:42 /o397,
13: 4L a7
47/[)’/

\

19,

20,

DESCRIPTION VERIFICATION
Activate the Steam Delivery Temperature Control FCV 331 '
vith e set point of 950°F, e (114 12.[01/3;
Perform & step response test to introduce temperature transients to the
delivery steas teaperature and verify correct control response. Change
PCV 331 to obtain the temperatures specified below (TE-332) and then
sctivate sutomatic control, Allov the control to settle prior to
changing coadition,

8) Deactivate the FCV 331 control and increase its
setting to decrease the temperature to 900°F,
Activate the Steam Delivery Temperature Control.
b) Deactivate the FCV 331 control and increase its
setting to decrease the temperature to 850°F,
Activate the Steam Delivery Temperature Control.
e) Deactivate the FCV 331 control and decrease its
setting to increase the temperature to 990°F.

Activate the Steam Delivery Temperature Control. Toon 12[:7/83

Repeat steps 13 and 14 to verify correct Steam Delivery
Temperature Control respoase. This time use 950°F for
the lower TE-382 temperature.

64 6.7

Gradually open FCV 321 and modulate FCV 431 to achieve a
FT-311 steam flow rate of approximately 7,000 1bs/hr
(60X load). Note the FCV 321 setting: 6% 4

Sva

Note the FCV 221 setting (automatic comtrol): _ 2
Repeat step 10 using this nevw setting as the base from
vhich to msake the valve setting changes. DL wies
Vary the FCV 321 settings as specified below and verify

correct operation of all activated control loops. Allow

temperatures, pressures, and flov rates to stabilize

prior to changing condition.
a)
b)

-8 PT-3w TC-330 Thk-37L T.&-f
3INQ

Decrease 103 from step 18 setting. 032

Ta-
Decrease 20Z from step 18 setting., CovnO r—ioT cOMmeLeT €. Ts
DL ALADe T W=, CAUSwIty SaT £ne"

c) Return to step 18 setting. ¢3¢ 040 \o3%  ago St
d) Increase 10X from step 18 setting. |2 Czpst aT P71-353 Cimrms O
) R 18 1 Goi=ty TO O DQ:,(‘ 1O \FTimd |
e eturn to ste setting. > N
L A5 Jea 103 450 S23
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STEP
21.

22.

23,

DESCRIPTION VERIFICATION

Cradually open FCV 321 and modulate FCV 431 to achieve a
FT-311 stean flow rate of 11,580 lbs/hr (100X load).

{71‘-32\ f—foa\) Th-30! Th-32) &1-311
= W2 $so NOTE 4.0 "
\ ioz

\.9
ﬁ’lqm next activity will be the coantrol loop checkout

Qb* of the Steam Pressure Control FCV 321, Should the

control loop, during steam flow rate variatioaus, T 80
shown incorrect response, accouplish the control loop 12./o1 -02. /8>
tuning engineering activity. Following this, return

to the initial portion of the checkout and reaccomplish
the control loop checkout.

e Steanm Pressure (PT-321) operational liamits:

Activate the FCV 321 Steam Pressure Control with a set
point of 1100 psig. Qv»

Perform a step response test to introduce low to medium

amplitude pressure transients to the main steam pressure

and verify correct control response. Manually change

FCV 431 to obtain the flow rates specified below at

FT=311. Allow the control loop to settle prior to

changing conditions. (T3l PT-31) “eodve AR Tl

a) Close FCV 431 to obtain an 1‘&——6&0 1bs/hr flow rate.

' ©.¢ 20 [ WY
2™ %o.b) Close FCV 431 to obtain a 10.5&) 1bs/hr flovqrate. 10%% 5 Yo

$.%4 be-3 \ S:§ tote =
JVe #49c) Close FCV 431 to obtain a 10,000 1bs/hr flow rate. o

2%
3&

24,

25,

26,

Ssé¢ a .
d) Open FCV 431 to obtain an 11,000 lbs/hr flow cute. lloo S0 (av®
. &4
e) Open PCV 431 to obtain a 12.800 1be/hr flow rate, 16477 SU jov ¢ °n

lo.) 73%.
f) Close FCV 431 to return to 11,580 lbs/hr flow rate, !'©\ =7 10440 g

Maiatain this On Line, 100X load condition for 1 houyr.

Monitor control loop perforuance in this steady state
operation,

Perfora GSGP#3 (manual SGS shutdown) from the On Line
conditdon to Diurnal Shutdowm,

Perform GSGCP#6, SGCS Post Test Checklist (applicable
sections only).

s \ \( A
\ "-))“ >,



4,2,3 SGITP#3 Diurnal Shutdown (No Salt Flow) - Hold Overnight

PURPOSE:

DESCRIPTION:

OBJECTIVES:

Maintain the SGS {in the Diurnal Shutdown mode for a
12 hour, night time period to verify SGS integrity.

The SGS will be brought to the Diurnal Shutdown mode
following SGITP#2. In this operating state, the SGS
will be maintained for a 12 hour period to verify
subsystem performance., Note: This test does not have
to be performed overnight. It can be performed during
the day when test personnel are available.

a) Checkout of system and components

b) Verify system performance at minimum operating
conditions

¢) Test crevw familiarization with maintaining SGS {n
the Diurnal Shutdown mode

D-22



CRTF/MMC PRETEST CHECKLIST
TEST PHASE: S4S  TESTING
TEST IDENTIFICATION: SGTP*3

DATE OF TEST: 12 o783 - 12/oales

PLANNED START TIME: {600

PLANNED COMPLETION TIME: _ #2 [oa/ | 0o

RESPONSIBLE OPERATING PERSONNEL: PRIMARY BACKUP
TEST CONDUCTOR (MMC) Heve, Lenz
CONTROLS ENGINEER (MMC) N4

CONSOLE OPERATOR (CRTF) __Evans
OPERATION/SAFETY ENGINEER (CRTP) Hoiues EIndS
RS/HRFS OPERATOR (CRTF) Greao

SGS/TSS OPERATOR (CRTF) MaTTuend S

TEST PILE: Test File Number _w/A has been approved for this test.
Startup includes  wlin heliostats,
The highest liquid outlet temperature expected for the
test 18 _wla °F salt, _SSS  °F vater/stean.

TEST CONFIGURATION: Diuzoar suurbewdd)  confiduzarieod (6ser*2)

_LT-31 Bamsed Yo 1SS! FoR puet 01GHT  MAIWTAID A,

X TvE  TEST wnt NOT WBE MAMINEL vl LUT

4) Aol
7&4%@:0: LZJ%%

QM L Mﬁ v/ ox/<3

APPROVALS:

Bé vl J0K-Conctols Enginesr " Date
(o5 /63
ézk'fr 0/S Engineer Date
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SGITP#3

This test activity involves the maintaining of the steady state Diurnal
Shutdown mode for a 12 hour period. Once the configuration is achieved, it
vill require a minimum test tesm involvement to monitor the three subsystems
during the night time activity.

STEP

DESCRIPTION VERIFICATION
NOTE

The SGITP#2 final configuration is to return the
SGS, TSS, and HRFS to the Diurnal Shutdown mode. 1f
entering this test from any other test
configuration, perform the appropriate portions of
SGSP#2 (manual SGS Startup) or GSGP#3 (manual SGS
Shutdown).

Verify operation of the trace heater circuits on the SGS
salt lines, shells of evaporator and superheater (see

Table 4.1-1), and the TSS (see Table A) except for those
listed below. Ensure that all temperatures are greater

than W ¢tincluding-dreain-lines—and—valves): 412 /07/83
TEH 217 TEH 236 TCw 318
TEH 223 TEW 238 2 o9
TEH 224 TEH 239 (040 (043 (weo) Toovk

Verify operation of HR-5 circulation heater circuit by
checking for a contact closure on the OIU. oM

+10
Bring the steam drum water level toA+6’1nches (The level
should remain above ;;’lnches throughout the test period.) Tk

o
Maintain this configuration for uﬁliﬁhour period.

a) Monitor the SGS and TSS heat trace circuits (step 1)
and ensure they remain greater than oL _ —Tuadk
480

NOTE

The intent of Diurnal Shutdown is to be able to
“walk away” from the system overnight. Therefore,
during this test no water level or pressure
adjustments should be required. The unit should bde
observed to assure the shutdown condition is
maintained properly, or determinations made that
adjustuments to the operating procedure are required.

NOTE: LT-21( DBRePed bowad T 0.5 " RY 08:00
12JoBfes wWWLE pMAOTAIRG  $4s TeuP. ¢

Tre&ssues. Caww 1zlo£la3




4,2.4 SCITPI4 load Yollowing Test = 10%/Minute g

DESCRIPTION:

OBJECTIVES:

This test will verify SGS performance during a 102

stean load per minute ramping. Starting at s 302 load,
the SCS will be raap loaded up to 1002 and back down to

30%. / /0/5) ‘_(

The SCS will be started fros the Diurnal Shutdown
mode. Using the manual 8GS Startup procedure (GSGP#2),
the SGS is first brought up to the On Line, 10X load
condition and then to a 302 load. 1t {s then rasped up
to 100% and back to 302, The 30Z, 100X, and 30% steady
state load conditions will each be maintained for 30
minutes. The test vill end with the SGS being returned
to the Wara Standby sode.

a) Checkout of system and components

) Verification of coatrol loop performance during
1oad raaping

e) Demonstration of control stability

d) Test crev familiarization with system performance

DﬂT??’ 7 28%<

Fr— 32/ |
FT 9 J -
'FT 271 . ‘ \
e 38Y¢ P 32/ N\ 7 56/
& 332 pr 84 '




sTZ?
1.

3.

3.

serreis

DESCRIPTION

Perforn CSGP#2 (manual SGS startup) Diurnal Shutdown to
Wara standby sequence.

Perform GSGP#2 (manual SCS Startup) Waram Standby to On
Line Sequence, (This will achieve the on 1ine, 302

VERIFICATION

L

load condition.). = yarls
Mafatain the 30X steady state load condition for 3& 3vU >
sinutes. Monitor all control loop performance. [CL Zg -
NOTE
The aext activity will be the load following test in
which the SCS stean loading will de raaped wp to
1002 at a 10Z/minute rate, Verify control loop
performance during the ramping.
Using a ramp rate of 102 SCS steas loading per aninute,
modulate FCV 431 to achieve the steam flov rates
specified below at FT-311, Note the FCV 431 gettings to
achieve the specified flowvs.
e
a) 4,630 1ba/hr (40X load). revann 64 250
d) 5,790 1bs/hr (502 load). rcv . ([ 4 o 7
’ _— , -
c) 6,950 1bs/hr (60% load). pevanl /S 2T
-
d) - 8,100 1bs/hr (70% load). revan 729 2 7
e) 9,270 1ds/hr (80% load). FCV 431 Eﬁ 2 75
£) 10,420 1bs/hr (90X load). reven 8.z /0,670
g) 11,580 1bs/hr (100X load). FCV 431 4 /ZD(— —
/S SS

Maintain the 100% 3CS steam loading for 30 minutes.
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STEP
6.

7.

9.

DESCRIPTION VERIFICATION
Using a ramp tate of 10X SGS steam loading per minute, \{
sodulate 431 to achieve the stean flov rates specified N
belov at FT-311. The FCV 431 settings noted before may %
be used to obdtaia the required flow. s Seven e -~

a) 10,420 Ybe/hr (90 load) <o coar 5 19 Sl
b) 9,270 1bs/br (80X load) [F=ETE /5. ottt
¢) 8,100 1bs/hr (702 load)

S /U C
e
d) 6,950 1bs/br (603 load) . o5 /o %ge
e) 5,790 1ds/he (502 load) /50230 2¢ {1,0 [C’DL
) 3
Maintain the 50 8GS steas loading for 30 minutes. C (_-

Cradually close FCV 321 to achieve a 10X salt flow rate :
(7600 1bs/hr at FT-321), | =%

Perfora GSGP#3 (manual SGS Shutdown) steps 1 thru 8.
This will bring the SGCS to Warm Standbdy.

This coapletes the Load Following Test, SCITP #4, 1t is assumed that the test
activity will coantinue into SGITP#S (Alternate Diurnal Shutdown - Hold
Overnight) from the Warm Standby mode.

D-27
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4.2.6 SGITP#6 Peedwater Loss Safe Shutdown

PURPOSRE:

DESCRIPTION:

OBJECTIVES:

Prom 502 and full steam load conditions, upon reducing
the feedvater flov to szero, the control system safely
shuts down the $GS to the Diurnal Shutdown mode.

A

Starting from the Warm Standby mode, the SGS is

msanually brought to the On Line, 30 load condition. A
feedwater flov trip will de performed and, by automatic

and operator sctions, the 8GS taken to the Diurnel Wibem S7DwWe

‘ Shutdovn- node. The 8CS fs then dDrought to the On Line,

100X load condition and again tripped by a feedvater
loss indication. Upon shutting down the SGS, the final
configuration will be the Diurnal Shutdown mode.

a) Demonstrate control system performance in reacting
to & 5z’dsuz ? trip

Protection Systea
Master Control Systea
® Network 90
b) Verify the structural integrity of tha SGS -

c) Demonstrate propsr interaction betweea the $GS,
TSS, and HRYFS

d) Test crev familiarization with system reaction to
trips

D-28



CRTZ/MMC PRETEST CHECKLIS?T

TEST PHASE: j . zo#é
TEST IDENTIFICATIONS el [ES ,%’FZ‘ 45‘/7"0_7‘@00/1/

DATE OF TEST: /0 9f
FLANNED START TIMK: ('/4[ /5

PLANNED COMPLETIOR TIME: /ff 45

RESPORSIBLE OPERATING PERSOMNEL: PRIMARY BACKUP
TEST CONDUCTOR (MiC) 5—4{ ofF—

CONTROLS ENGINEER (MIC) /‘/E

CONSOLE OPERATOR (CRTT) | N&2580/
OPERATION/SAFETY ENGINEER (CRTY) W/ﬁ&

8S/ERFS SUPPORT OPERATOR (CRTY) YA

$GS/TSS OPERATOR (CRT?) .@éﬁﬁ

TEST FILE: Test File Number 4@_ has been approved for this test.
Startup includes heliostats.
The highest 11quid outlet tempersture expected for the
test is °? sale, °F vater/stessm,

TesT courtcwraTIons A7 IALT FRem A07 54/!//(/ )
CURBING OFF L0

APPROVALS:
<//0
est Conduct ate
.
MMC Controls Eaginser Date

M'f



ITP PRETEST MEETING

ot e 5/447/# A

TSt YIS 4 ’*,{//ﬁ :

Using the MCS Spoeilication'l !uottulcntation Liscings, define the data to
be recorded and the data rate required during the performance of the
specific integrated test,

Data
‘ Identifier Description Rate

D-30



2.

3.

Test ID ;EZ2{2523Z754¥42 Date f§7?%/§§77
M | !

Test Title

"CRTF/MMC SAFETY CHECKLIST

77

Site Occupants

Communications Established to all manned control points

Safety Equipment In Place

1.
2.
3.
4,

OSHA Protective CGloves

Fire Retardent Coveralls
Hard Hats/Face Shields
Approved FPire Extingulshers

Solar Only

“"Test In Progress” Lights ON fn the tower

Non-Test Personnel Informed and In Secure Location

Generator ON (Freq. OK)

Field Monitor on call after solar startup

Communications Estadblished

Tower Top Baracade up

Gates Closed and posted with vred lights or signs

Field Clear, Ready for Startup

Control Room Locked

Beam UP Command Shall Be Given Only After Above Checklist
Is completed By 0/S Engineer

System Returned To A Safe Configuration

D-31



CRTF/MMC PRETEST CHECRLIST

TEST PHASE: ég’g 7P

TEST IDENTIPICATION: @? TP wr/
DATE OF TEST: <, Z?/fﬁ{

S 77
PLANNED START TDME: ___ /3,00
PLARNED compreTIoN TRME: /. DO

RESPONSIBLE OPERATING PERSONNELS PRIMARY BACKUP

TEST CONDUCTOR (MMC)

CONTROLS ENGINEER (MMC) //AL

CONSOLE OPERATOR (CRT?) %
OPERATION/SAFETY ENGINEER (CRTF) 4 Vi
RS/HRFS OPERATOR (CRTF) AP

SGS/TSS OPERATOR (CRTP) _62[53_&_

TEST FILE: Test File Number whau been approved for this test.
Startup includes heliostats.
Tb§ highut.‘nquid outlet temperature expected for the
test is °Y salt, °F vater/stesn.

TEST CONPIGURATION: ;EK()/M A/ﬂ(ﬁz SusLy b
i v 5//44 Z TR BNG DA Life,

APPROVALS: :

WAl

MMC Controls Eagifieer "~ Date

., ‘?Ja:a Z oD 117 /87
CRIF 0/S Enginesr ‘/ Date
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ITP PRETEST MEETING

TEST 1/D: fgz7@lé
Y p/p

TEST PILE #:

k4

Using the MCS s;;ccittccuon'l Instrumentation Listings, define the data

to be recorded and the dats rate required during the performance of the
specific integrated tast,

. Data
ldentifier * Description Rate
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CRTF/MMC SAFETY CHECKLIST

it SKITP L e /2757
Test Title FZZ—ZE?_? WATEE. Loss %jﬁ%’ﬁwﬂ

1, Site Occupants

Communications Established to all manned control points

Safety Equipment In Place

1. OSHA Protective Gloves

2. Fire Retardent Coveralls

3. Hard Hats/Face Shields

4. Approved Fire Extinguishers

2. Solar Only NA

"Test In Progress™ Lights ON {n the tower

Non-Test Personnel Informed and In Secure Location
Cenerator ON (Freq. OK)
Field Monitor on call after solar startup
Communications Establighed
Tower Top Baracade up
Gateg Cloged and posted with vred lights or signs
Field Clear, Ready for Startup

3. Control Room Locked

4, Beam UP Command Shall Be Given Only After Above Checklist
1s completed By 0/S Engineer

System Returned To A Safe Configuration

T ‘HﬂH’W
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SG1TPI6

-

-

This integrated test can be accomplished at any point following complation of

ow
When encountering a feedvater loss trip (steaa drva level”or BNCP failure),
the contzol systems will accomplish the following actions:

&pvibneny -
a) ~Unit Protection System
< Turn-eff the-Hot-SsitPuap—2-
Shut off stesm flow to turbine (FCV 501) 900 }75/
b) JBMCO¥ (automatic)
°  Dump steam to the Deaerator (FCV 431)
Maintain control of the HRFS
e) DNetwork 90 -
*  Shut off salt flow by elosing FCV 301, FCV 341, and FCV 351
d) Operator Action (at EMCON cousole)
*  Shutdown SGS, HRFS, and TSS to Diurnal Shutdown Mode

STEP  DESCRIPTION

VERIFICATION A
1. Perform GSGP#1 Pretest Checklist. M/

2. Perform GSGP#2 (Manual SGS Startup), Werm Standby to

On Line sequence. (This will achieve the on line, %}7
30% load condition.)

3. Gradually manually increase FCV 431 to achieve a FTI-311 / 4’ 0S
steanm flow rate of approximately $,790 lbs/hr , /4 )&
(S0% load). Maintain this condition for J minutes.

WM

fr , place the
FCV 411 control in manual and reduce the feedwater flovw
until the crip level is reached.

L7301 (%)
S. Verify pr?.z:-uponéc of 2!:. followi rol systems: /3 .
a) %’fm?;‘g{;cuon Systes yﬂ 35)3 \)‘ 47\3 // i
b) Master Control System 0 < M Fé‘/ 7// C&vt_(

c) Network 90  / ZQI{)
S ’4//0 /b4 // ;{;J V498 é@
7(12 _58 8 T W




STEP DESCRIPTION . VERIFICATION

6.  Verify all SGS-¢Fedle—A.1s1)and 158 (Table-A)irace
heater circuits are operaling and that sll temperacures,
wvith the exception of the folloving list, are greatesr
than 500°Y. Qs &/5T6P /n/ orzRPC Room FREZTES” @étkélsﬁ

 HAMEL CHOvVEL
TER 217 37 ™ 236 /4O

TER 223 /38 TER 238 /4 / ;
TEH 224 (3D TEH 239 492 C ’%fz/@ /5 ’
=

<

The-§CS-1e—aow—ia-the-Divrnsl—Shurdown wodes

8. Perform GSGP#2 (manual SGS Startup), following sequences:
—a)—Dbucasl-Shutdown—to-Vern—Stenddy,—aad2
b) Warm Standby to On Line condition. 7@ K2 9oo°F %p{ ;7/ J

Fv-32/ 100%

9. Gradually manually increase FCV 431 to achieve a>,?> . /!
FT=311 stesa flov rate of approximately—11;586-1bs/hz % /5 ‘¢
(1002 load). Maintain this condition for 3 minutes. ‘-

10, Wto trip the systen. ' % 5//0
D scommeTr JURRSNT SEMSOR. ors BW P

11. . Vorgy proper response of the following control systea:
a) Turs (TR~342

:; ::ivorkw \\i | % 9//0

12. Perform GSGP#3 (manual SGS Shutdown)<steps=8 thru the end [”/ ﬂ _

of the sequence.

13, Perform GSGP#6 Post tllt Checklist. _ %
‘ - Go 70 U7 st

THo SELTV LonpBl)

N A




CRTF/MMC PRETEST CHECKLIST
TEST PHASE: ‘S_g,fT"P*& ()}
TEST IDENTIFIGATION:  Sttdm Ceno Jests T EM GO
DATE OF TEST: 3j§q'l &y
PLANNED START TIME: 100

PLANNED COMPLETION TIME: 171 00 .

RESPONSIBLE OPERATING PERSONNEL: PRIMARY BACKUP
TEST CONDUCTOR (MMC) Rurmade oo
CONTROLS ENGINEER (MMC) \ )R

CONSOLE OPERATOR (CRTF) VA
OPERATION/SAFETY ENGINEER (CRTF) _&p\m_e;__
RECEIVER/HRFS OPERATOR (CRTF) - Qe

5GS/TSS OPERATOR (CRTF) L C\wek M att--
FIELD MONITORS (CRTF) o

TEST FILE: Test File Number __"_J_ﬁ has been approved for this test.
Startup includes heliostats.
The highest liquid outlet temperature expected for the
test is °F salt.

TEST CONFIGURATION: L )¢ (E)oo?fl \DU “:Q) 1;4 Lo
S“"‘”n’«gww @@@wv CQAATLGE oD _SCS
b?(fz’@:’*‘w*

APPROVALS:

/®MC Test Conductor

o A

MMC Controls Engineer Date
2 % '7/7;4.?6/
CRTF 0/S Engineer . 7 e



Tesc 10 __ SRR

CRTF/MMC SAFETY CHECKLIST

“The
Date :?//;;;>‘? xY
/ 7/ 4

Test Title S G O’Q zraltol.

Site Occupants

Communications Established to all manned control points :EE;2/4’;7

Safety Equipment In Place

1. OSHA Protective Gloves

2. Fire Retardent Coveralls

3. Hard Hats/Face Shields

4, Approved Fire Extinguishers
Solar Only

"Test In Progress”™ Lights ON {n the tower

Non-Test Personnel Informed and In Secure Location

Cenerator ON (Freq. OK)

Field Monitor on call after solar startup

Communications Established

Tower Top Baracade up

Gates Closed and posted with red 1ights or signs

Fileld Clear, Ready for Startup

Control Room Locked

Beam UP Command Shall Be Given Only After Above Checklist
Is completed By 0/S Engineer

o

S

—

L]

|
|

System Returned To A Safe Configuration

D-38




SGITP#9 3) zo | 8?’
Thi 3 295+
s test procedure will set up the conditions for performing SGITP#2 and wiIl
then direct which SGITPs to perform and the order. When aczomplishing the
actual specified SGITP, obtain a new copy of that SGITP and insert it in the
OFFICIAL TEST COPY BOOK immediately following SGITP#9.

During the performance of this test, there is to be no actions made from the
Bailey Operator's Console, If there are any "MONITORS™ at this console,
ensure the Test Conductor has approved this function.

Verify sufficient hot salt to support test requirements. If more hot salt is
required, use GSGP#4 (Propane Heater) or the RS/CS to charge and build up the
hot salt supply.

The Pretest and Post Test Checklists called out for performance by the
individual SGITPs may be disregarded (Test Team decision) if proceeding
directly from one SGITP into another.

STEP  DESCRIFTION VERIFICATION
- gsmagkes AND GSEPHZA -

1. Perform Mhmsluetvork 90 Integration of Control [!Las 3‘ 20
Checklist,

2. Perform GSGP#1l SGS Pretest Checklist. Mﬁﬁ 3!?0

NOTE

Because the initial portion of GSITP#2 (Hot Salt
Flow with Transients) includes the control loop
tuning of 4 controllers, the following steps will
start up the SGS to the On Line, 30X load condition
and then direct the accomplishment of portions of

SGITP#2.
3. Perform GSGP#2 (manual SGS Startup) for the following
sequences:
a) Diurnal Shutdown to Warm Standby sequence, M‘fﬂ) 3 lib

FCV "

b) Warm Standby to On Line sequence. /wt”% 3 20

4, Note the FCV 431 valve setting to maintain the 302 load

condition (3,500 1ba/hr){ 457 McD 3o

.

FCV-4LL wing o pe™

|Te 421 350
\

pov-431 = 557/
Fr-ol) - 24 K/L -
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STEP

3.

8.

12,
e
14,

15,

16.

(2 Y3 ¢ el 72"7

DESCRIPTION VERIFICATION

Vary the FCV 431 settings (from the step 4 getting) as
specified below and verify correct control loop operation.
Allow temperatures, pressures, and flow rates to sta ilize
prior to changing condition. 2% ~3.4{ s> 2

Decrease to 25% loading (2,900 lbs/hr) __Z‘LH%

5{75 Peo-y 3

a)

b) Decrease to 15% loading (1,800 lbs/hr) — (,g\ 37";

¢) Increase to 20X loading (2,300 lbs/hr) —— 7, 4%

d) Return to step 4 valve setting (30Z loading) MED 3/29/,_

Gradually manually increase FCV 431 to achieve
a FT-311 steam flow rate of approximately 7,000 1lbs/hr

(60% load). (.8 Klbs @ 4%,

Note the FCV 431 valve setting to maintain the 60X load
condition (7,000 lbs/hr): Zi x4

Vary the FCV 431 settings (from the step 7 setting) as
specified below and verify correct control loop operatiom.
Allov temperatures, pressures, and flow rates to stabilize
prior to changing condition. F(v -3/

a) Decrease to 50X loading (5,800 1e/hr)  OJ2°  <.alclbs
b) Decrease to 40% loading (4,600 1bs/hr) (,}'Z 1{1 ibs .
¢) Increase to 50% loading (5,800 1bs/hr) (,5'\70‘ s8¢ lbs
d) Return to step 7 valve setting (60% load) M«b’(é B/ﬂ/f«:

WENZ 685 Ibs

Gradually manually increase FCV-431 to achieve a FT-311
steam flow rate of 11,580 lbs/hr (1002 load).

Q5o o &l B3 7 FCV L
Perform SGITP#2 (Hot Salt Flow with Transients) step 23

thru the end of the procedure. :
Hins Beano Meem,

S%xtdown ¢ Salt Flow) - Overanight b“; , \// 2
3 - v .
g o ; 'ﬁ!olﬁf /%5, — 2 e

- ovre s
Perform SGITP#4 Load Foilowing Test. /’L’fé 3/ 2‘// 7

Wes 323
Hen 39,

Perform SGITP#3 Diurnal
Test.

Perform SGITP#S Alternate Diurnal Shutdown (with sal
cycling) - Overnight Test.

Perform SGITP#6 Feedwater Loss Safe Shutdown Test.

Perform SGITP#7 Salt Flow Losa Safe Shutdown Test.

Perform SGITP#8 Manual Sequence Demonstration.

'w\’luir( Lc’bal vp Avwd
cedl o ‘“‘Lm 1,.0> 1o
117°33

Sl/\w‘ﬁ&wu . 1oo
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STEP

21.

22,

23,

SCLT¢™
DESCRIPTION VERIFICATION

Gradually open FCV 321 and modulate FCV 431 to achicve a
FT-311 steam flow rate of 11,580 1bs/hr (100X load).

NOTE

The next activity will be the control loop checkout

of the Steam Pressure Control FCV 321. Should the
control loop, during steam flow rate vartiations,

shown incorrect response, accomplish the control loop
tuning engineering activity. Following this, return

to the initial portion of the checkout and reaccomplish
the control loop checkout. :

« Steam Pressure (PT-321) operational liaits:
1100 + 50 psig.

Activate the FCV 321 Steam Pressure Control with a set
point of 1100 psig.

Perform a step response test to introduce lovw to medium
OP anplitude pressure transients to the main steam pressure

77)4\77 and verify correct control response. HManuslly change

{

f1—3“

g4
q

FCV 431 to obtain the flow rates specified below at
FT-311. Allow the control loop to settle prior to
changing conditions, Fou- “_3/

a) Close FCV 431 to obtain an 11,000 1bs/hr flow rate. ?zﬂb

b) Close FCV 431 to obtain a 10,500 1lbs/hr flow rate. 8 \070
*.‘l/ ¢c) Close FCV 431 to obtain a 10,000 lbs/hr flow rate. EOC?O
qg){ld) Open FCV 431 to obtain an 11,000 1bs/hr flow rate. 82%

V(/’y" (\(L e) Open FCV 431 to obtain a 12,000 1bs/hr flow rate. 5/57() & /
< . 3/ y
y; O\b\ f) Close FCV 431 to return to 11,580 lbs/hr flow ra:g.j}7 M(:,ﬁ_ 2

18

‘§0 v

24,

25,

26,

(343 — (411§ —
Maintain this On Line, 100X load condition for X hour. 5/2ql

Monitor control loop performance in this steady gtat
operation. . /ﬂ (.’7’)
30 + wmond

Perform GSGP#3 (manual SGS shutdown) from the On Line U A
condition to Diurnal Shutdown.

Perform GSGP#6, SGS Post Test Checklist (applicable
sections only).

Go Zo‘ Sé_l”rp 7
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STEP

1.

SGITP#4

DESCRIPTION

Perform GSGP#2 (manual SGS startup) Diurnal Shutdown to
Warn standby sequence,

Perform GSGP#2 (manual SGS Startup) Warm Standby to On

Line Sequence, (This will achieve the on lime, 30X v
load condition.). ON (’/‘JC
Maintain the 30 steady state load condition for 30 ?(CFV'OV‘-'-"
minutes. Monitor all coantrol loop performance. UA Tl'}+ TobDgs
NOTE

The next activity will be the load following test in

which the SGS steam loading will be ramped up to

100% at a 10Z/minute rate. Verify control loop

performance during the ramping.
Using a ramp rate of 102 SGS steam loading per aminute,
modulate FCV 431 to achieve the steam flow rates
specified below at FT-31l, Note the FCV 431 settings to :
achieve the specified flows. _ Z/""L FT’ 311
- gc"?u . ) '
a) 4,630 1lbs/hr (40X load). FCV 431 5% X W 3Y 3-7
b) 5,790 1bs/hr (50% load). FOV 431 Ul % 1§ S¢ 5409
¢) 6,950 1bs/hr (60 load). FCv 431 7f 2 ARy Lot
d) 8,100 1bs/hr (70% load). FCv 431 /5 % 5% 7]
e) 9,270 1bs/hr (80% load). rev 431 75 2 13 59 79t
£) 10,420 lbs/hr (902 load). Fov 431 Y7 g [S. 00 b

- .

g) 11,580 lbs/hr (100X load). FCV 431 f:) X ”f.o//% q’ ‘I

/O

for @minutes.

Maintain the 100% SGS steam loading

it

o -
57 y
A

VERIFICATION

ALk




STEP  DESCRIPTION

6. Using s ramp rate of 10X SGS steam loading per minute,
modulate 431 to achieve the steam flow rates specified

. Tomf below at FT-311. The FCV 431 settings noted before may
w , ? be used to obtain the required flow. Tiw< FT 3%
34q('f Y~ joo % 1431

£, B 8) 10,420 1bs/hr (90X load) %z @ 31
7.8 b) 9,270 lbs/br (80X load) N3 @ PG

&, 9 € 8,100 lva/hr (70X load) (¥3¢ @ 7].°
5,9 d) 6,950 1bs/hr (60X load) Kzt @ 1

4( 9 e) 5,790 1bs/hr (50X load)/% r4./50 S‘l
Yesnsly A | St o V43005 fSY
1. Maiatain the 502 SGS stean loading for 3 minutes.
38 — 14:49
8. Cradually close FCV 321 to achieve a 10 salt flow rate
(7600 1bs/hr at FI-321).

9. Perform GSGP#3 (manusl SGS Shutdown) steps 1 thru 8.
This will bring the SGS to Warm Standby.

VERIFICATION

& 3, ‘//i?

Yo 2L ot
VA -
i e'Vl {o SGite«

This completes the Load Following Test, SGITP #4. It is assumed that the test
activity will continue into SGITP#5 (Alternate Diurnal Shutdown - Hold

Overnight) from the Warm Standby mode.



4,2.7 SGITP#7 Salt Plow loss Safe Shutdown

AT
PURPOSE: ~Srow—50%-and’full steam load conditions, upon reducing
ths salt €lov to sero, the control systea uhly shuts
down the to the Varu Standby mode.

DESCRIPTION: Starting from the Diurnal Shutdown mode, the SGS is
manually brought to the On Lind“°50% load condition. A
salt flow trip will de performed and, by automatic and
operator sctioans, the SGS taken to the Warm Standby
mode. 3

-iadigatien® Upon shutting down the SCS, the final
configuration will be the Warm Standdy mode.

OBJECTIVES: a) Demonstrate control systea performance in rescting
to a salt flow trip

¢ otection System
° Master Control Systea
*  Network 90
b) Verify structural integrity of the SGS

¢) Demonstrate proper interaction batween the
8GS, 7SS, and HRFS

d) Test crew familiarization with system reaction to
trips.
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TEST PHASE: %?}’7“‘?;’ mc;m

TEST IDENTIFICATION: ﬂgz # M@/"S ffﬁFE' 59/07@5“/“/
DATR OF TREST: 5//0/ﬁ7

PLANNED START TIME: /// /5

PLANNED COMPLETION TIME: _ /S L G5

RESPONSIBLE OPERATING PERSONNEL: PRIMARY BACKUP
TEST CONDUCTOR (MMC) /5//4/ =
CONTROLS ENGINEER (MMC) /tm
/
COMSOLE OPERATOR (CRTP) . Afs2ssn/
OPERATION/SAFETY ENCINEER (CRTY) ARson/
RS/HRPS SUPPORT OPERATOR (CRIT) //ﬂ
/
SGS/TSS OPERATOR (CRTF) é@g Q.
TEST FILE: Test Pile Number _4@ has deen approved for this test.
Startup includes heliostats.
The highest 12quid outlet temperaturs expected for the
test is _____ °F salt, ____ °F vater/esteam.

TEST CONPIGURATION: ﬁé 4 ‘_5_247 Fom 07 f

TR ENE  OFF Lo

APPROVALS:
est Conductor T /Date
MMC Controls Engiunaer - Date




ITP PRETEST MEETING

I 5@}7/7# 7

TEST FILE lz ’74L/ /42

Using the MCS Spccttication'l Instrumentation Listings, define the data to

de Tecorded and the data rate required during the performance of the
specific integrated teast,

Data
Identifier Description Rate
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CRTF/MMC SAFETY CHECKLIST

Test ID 52){2‘7‘#7{7! 7 Date ?//Q/ﬁ |
rest Titte __ IHT ﬁﬂ/ ZOSSQZ?‘FS W&W/{/

1. Site Occupants

Communications Established to all manned control points
Safety Equipment In Place
1. OSHA Protective Gloves
2. Fire Retardent Coveralls
3. Hard Hats/Face Shields
4, Approved Fire Extinguishers
2. Solar Only
“Test In Progress”™ Lights ON in the tower
Non-Test Personnel Informed and In Secure Lo;atiou
Cenerator ON (Freq. OK)
Fileld Monitor on call after solar startup
Communications Established
Tower Top Baracade up
categ Closed and posted with red lights or signs
Field Clear, Ready for Startup

3. Control Room Locked

4. Beam UP Command Shall Be Given Only After Above Checklist
Is completed By 0/S Engineer

0/$

System Returned To A Safe Configuration

D-47
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SGITP #7

This integrated test can be sccomplished at any poist following the completion
of SC1TP#2,

‘-
When encountering & loes of salt ‘flov trip (Hot, Cold or Booster Punp Sump
Level~high), the control systems will accowplish the folloving actions. These

are worst case actions and 8G3 test configuration specific.
EuIPmen7”

8) Protection System m "'/953
L"‘T*”W”. b V4 .
, __7&//;;,? \/Turn offCold Salt Pusp

Sl g

Shut off steam flow to turbiae (FCV 301) \/
¢ M—ervhﬂop‘nfnuntor eircuit breaker \/
») Master Control System
*  Dump steam to Deserator (FCV 431)
Maintain control of ERFS
c¢) Operator Action (at EMCON console)

* Bring the SGS, TSS, and HRFS to the Warm Standby mode

STEP  DESCRIPTION

' : VERIFICATION _
1. Parform GSGP#1 Pretest Checklist. %

2. Perforn GSCP#2 (manual 8GS Startup) for the following
sequencess

a) Diurnal Shutdown to Wara Staaddy.
b) Warm Standby to On Line condition. (This vill Y /4

achieve the on line, 30% load condition.)
/0
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STEP DESCRIPTIOR . VERIFICATION

Verify all SG8 (Tabiw47i-1R and TSS (Tediut)Cerace
heater circuits are operating aand that all temperatures,

with the exception of the c;llovtng 1ist, are greate
Rty K UIST:

than 500°7, 43 asﬁv/ﬂ W7o ( Loom
m a1 " mmae GEHYC
e 223 /39 ™8 238 /9¥/
g 224 /33 e 23 /€2 &‘f
p i A

T ol

weoR /& 562 Joo’¥

o,
.u.-o-—ua.,-soz-ma—«umuf{ ,:g V~22( /OQé;A_A\
/1,
8. Cradually manuslly increase FCV 43 :o .chhn a rT-311 /57
stean flow rate of approximately s/hr (100X load). /0 9
Maiatain this condition for 5 minutes. / t

7e 8/, oF > 300°f~
9. Iapue M’hlml’\(lou of salt flov) to trip the systesm.

&
10.  Verify proper response of the UPS and MCs, AKX 7 7em a) P10s; 2& 5?/0

11. - Perfora GSGP#3 (manual $GS Shutdown) -steps—6Rthru the
end of the sequence. _ /0
12, Perform GSGP#6 Post Test Checklist, é\[ﬂ
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