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FOREWORD

In July 2013, the American Society ofMechanical Engineers (ASME) conducted a survey of industry professionals on

thermal energy storage (TES) . The results indicated interest in the development of standards or guidance documents for

the TES sector. ASME again surveyed industry professionals in May 2014 and determined that the proposed standard or

guide should focus on safety related to electrical utility applications, specifically TES systems. The results also suggested

that the standard should be suitable for use by manufacturers, owners, designers, and others concerned with or respon-

sible for the application of prescribed safety requirements.

A group was formed from the list of survey respondents to discuss the development of an initial TES standard or

guideline. This group met on a monthly basis throughout the latter part of 2014 until June 2015. Based on their efforts,

ASME formed a Safety Standards Committee for Thermal Energy Storage Systems (TES Safety Standards Committee) in

June 2015. At that time the TES committee charter and membership were approved by ASME.

The purpose of the committee is to develop and maintain safety standards covering the design, construction, installa-

tion, inspection, testing, commissioning, maintenance, operation, and decommissioning ofTES systems. Recognizing the

range of TES technologies, the TES Safety Standards Committee decided to initially focus on one technology, molten salt

TES systems. Following the completion ofthis task, the Committee will address standards or guides for other TES systems.

Since late 2015, the TES Safety Standards Committee has worked to develop a safety standard for molten salt TES

systems. ASME TES-1–2020 is the result of these efforts. The American National Standards Institute approved

ASME TES-1–2020 as an American National Standard on March 11, 2020.

ASME TES-1–2023 incorporates the revisions shown in the Summary of Changes. The American National Standards

Institute approved ASME TES-1–2023 as an American National Standard on August 21, 2023.
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CORRESPONDENCE WITH THE TES COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the

consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose

revisions or cases, report errata, or request interpretations. Correspondence for this Standard should be sent to the staff

secretary noted on the committee’s web page, accessible at https://go.asme.org/TEScommittee.

Revisions and Errata. The committee processes revisions to this Standard on a continuous basis to incorporate

changes that appear necessary or desirable as demonstrated by the experience gained from the application of the Stan-

dard. Approved revisions will be published in the next edition of the Standard.

In addition, the committee may post errata on the committee web page. Errata become effective on the date posted.

Users can register on the committee web page to receive e-mail notifications of posted errata.

This Standard is always open for comment, and the committee welcomes proposals for revisions. Such proposals

should be as specific as possible, citing the paragraph number, the proposed wording, and a detailed description of the

reasons for the proposal, including any pertinent background information and supporting documentation.

Cases. The committee does not issue cases for this Standard.

Interpretations. Upon request, the committee will issue an interpretation of any requirement of this Standard. An

interpretation can be issued only in response to a request submitted through the online Interpretation Submittal Form at

https://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail

confirming receipt.

ASME does not act as a consultant for specific engineering problems or for the general application or understanding of

the Standard requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer

should seek assistance, the requestwill be returnedwith the recommendation that such assistance be obtained. Inquirers

can track the status of their requests at https://go.asme.org/Interpretations.

ASME procedures provide for reconsideration ofany interpretation when or ifadditional information thatmight affect

an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME

committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary

device, or activity.

Interpretations are published in the ASME Interpretations Database athttps://go.asme.org/Interpretations as theyare

issued.

Committee Meetings. The TES Standards Committee regularly holds meetings that are open to the public. Persons

wishing to attend anymeeting should contact the secretary of the committee. Information on future committee meetings

can be found on the committee web page at https://go.asme.org/TEScommittee.
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INTRODUCTION

Solar energy may be the leading renewable energy source, but storage challenges have limited its adoption by, among

others, utilities. Thanks to innovations in thermal energy storage in megawatt-hour quantities, solar thermal energy has

become more feasible for large-scale applications.

Thermal energy can be stored in sensible, latent, or chemical form. The storage of industrial quantities of thermal

energy is in a nascent stage and primarily consists of sensible heat storage in nitrate salt eutectics and mixtures. The

requirements and guidance described in this Standard are for the safe implementation of thermal energy storage in the

generation of electrical power using a sensible heat method.

This Standard describes practices for designing and implementing thermal energy storage (TES) for large applications.

These usually involve two-tank sensible heat systems using molten salts. The practices described in this Standard are to

be used during factorymanufacture and on the jobsite. The team implementing the Standard is expected to have aworking

knowledge ofhydraulics, materials, electrical systems and controls, thermal energy fundamentals, applicable referenced

standards, field test measurement methods, and how to use test and measurement equipment needed to meet these

requirements.

This Standard was prepared with attention to other standards for energy storage systems. The tests described are

useful in establishing compliance with other related standards.

vii
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ASME TES-1–2023
SUMMARY OF CHANGES

Following approval by the ASME TES Committee and ASME, and after public review, ASME TES-1–2023 was approved by

the American National Standards Institute on August 21, 2023.

ASME TES-1–2023 includes the following changes identified by a margin note, (23) .

Page Location Change

1 2 Definitions of storage medium and thermal energy storage system

added

1 3 Updated

4 4 (1) In first paragraph, last sentence deleted

(2) Step 1 revised

5 4.2.3 .1 Subparagraph (g) added and subsequent subparagraphs

redesignated

7 4.2.3 .4 Subparagraph (b) added and subsequent subparagraphs

redesignated

8 4.2.3 .7 Revised in its entirety

9 4.2.5 Subparagraph (c) added and subsequent subparagraphs

redesignated

9 4.2.7 Subparagraph (b) added and subsequent subparagraphs

redesignated

11 5.2.1 (1) In first paragraph, last sentence deleted

(2) Subparagraph (c) revised

11 5.2.2 Revised in its entirety

11 6.1 Paragraphs 6.1.1 and 6.1.2 revised

12 6.2.3 Revised
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SAFETYSTANDARD FORTHERMALENERGYSTORAGE SYSTEMS:
MOLTEN SALT

1 SCOPE

This Standard establishes requirements for the design,

construction, installation, inspection, testing, commis-

sioning, maintenance, operation, and decommissioning

of molten salt thermal energy storage (TES) systems.

Molten salt thermal energy systems include the storage

medium and associated storage vessels , controls for

the system, and associated system components such as

circulation pumps, valves, piping, and heat exchangers

that are in contact with molten salt.

The following components are not included within the

scope of this Standard:

(a) the solar receiver and parabolic trough system and

associated heat transfer fluid piping

(b) solar field

(c) steam and water piping and associated pumps

(d) power block

(e) auxiliary heater

Figures 1-1 and 1-2 provide examples ofmolten salt TES

systems.

2ð23Þ DEFINITIONS

cladding: the weather-proof jacketing on the outside of

any thermal insulation.

design basis document: the set of instructions establishing

the owner-defined criteria (objectives, conditions, needs,

requirements, etc.) the design engineering organization

takes into account when designing the project.

designer: the person or organization in charge of the engi-

neering design. The designer is responsible for complying

with standards and regulations and demonstrating this

compliance with equations when such equations are man-

datory.

manufacturer: the person or organization responsible for

the construction of the structural, mechanical, piping,

and/or electrical equipment and components in accor-

dancewith the rules ofthis Standard and the requirements

of the design.

molten salt: the liquid state of a salt mixture such as

sodium nitrate and potassium nitrate. Molten salts are

useful as a thermal storage medium and heat transfer

fluid in TES systems.

owner: for the purposes of this Standard, the party ulti-

mately responsible for the operation of a facility. The

owner is the party licensed by the regulatory authority

having jurisdiction; that is, the party with administrative

and operational responsibility for the facility, including

the planning activities described in para. 4 .1 . The

owner may hire a third-party service provider to

operate and maintain the TES system on its behalf.

purchaser: the owner of the TES system or the owner’s

designated agent.

storage medium:matter used to store energy in the form of

heat for use at a later time.

thermal energy storage system: an engineered system that

stores energy captured in the form of heat to be used at a

later time.

NOTE: A single entity may fill one or more of the roles defined in

the Definitions list.

3 ð23ÞREFERENCES

The codes, standards, and specifications listed in this

section contain provisions that, to the extent referenced

in this Standard, constitute requirements ofthis Standard.

API 510-2014. Pressure Vessel Inspection Code: In-

service Inspection, Rating, Repair, and Alteration.

American Petroleum Institute.

API 570-2016. Piping Inspection Code: In-service Inspec-

tion, Rating, Repair, and Alteration of Piping Systems.

American Petroleum Institute.

API RP 580-2009. Risk-Based Inspection. American Petro-

leum Institute.

API RP 2003-2015. Protection Against Ignitions Arising

Out of Static, Lightning, and Stray Currents. American

Petroleum Institute.

API STD 610-2010. Centrifugal Pumps for Petroleum,

Petrochemical and Natural Gas Industries. American

Petroleum Institute.

API STD 620-2013. Design and Construction of Large,

Welded, Low-Pressure Storage Tanks. American Petro-

leum Institute.

API STD 650-2013. Welded Tanks for Oil Storage. Amer-

ican Petroleum Institute.

API STD 653-2014. Tank Inspection, Repair, Alteration,

and Reconstruction. American Petroleum Institute.
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Figure 1-1
TES for a Concentrated Solar Power Tower System

GENERAL NOTES:

(a) Graphic courtesy of SolarPACES Guideline for Bankable STE Yield Assessment.

(b) Terms for molten-salt power tower subsystems are defined as follows:

AH = auxiliary heater

PB = power block

SF = solar field

TES = thermal energy storage

(c) Blue dashed box indicates the systems covered in this Standard.

ASME TES-1–2023
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Figure 1-2
TES for Parabolic Trough Plant

GENERAL NOTES:

(a) Graphic courtesy of SolarPACES Guideline for Bankable STE Yield Assessment.

(b) Terms for parabolic trough plant subsystems are defined as follows:

AH = auxiliary heater

PB = power block

SF = solar field

TES = thermal energy storage

ASME TES-1–2023
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API STD 2000-2014. Venting Atmospheric and Low-Pres-

sure Storage Tanks. American Petroleum Institute.

API STD 2015-2018. Requirements for Safe Entry and

Cleaning of Petroleum Storage Tanks. American Petro-

leum Institute.

ASME A13 .1 -2015 . Scheme for the Identification of

Piping Systems. The American Society of Mechanical

Engineers.

ASME B31.1-2018. Power Piping. The American Society of

Mechanical Engineers.

ASME B31.3-2016. Process Piping. The American Society

of Mechanical Engineers.

ASME Boiler and Pressure Vessel Code, Section II (2019) .

Materials — PartD. The American Society ofMechanical

Engineers.

ASME Boiler and Pressure Vessel Code, Section VIII. Rules

for Construction of Pressure Vessels — Divisions 1 and

2. The American Society of Mechanical Engineers.

ASME PCC-3–2017. Inspection Planning Using Risk-

Based Methods. The American Society of Mechanical

Engineers.

ASME PTC 19.1-2018. Test Uncertainty. The American

Society of Mechanical Engineers.

ASME PTC 19.2-2015. Pressure Measurement. The Amer-

ican Society of Mechanical Engineers.

ASME PTC 19.3 TW-2016. Thermowells. The American

Society of Mechanical Engineers.

ASME PTC 19.5-2013. Flow Measurement. The American

Society of Mechanical Engineers.

IEEE 515-2017. IEEE Standard for the Testing, Design,

Installation, and Maintenance of Electrical Resistance

Trace Heating for Industrial Applications. Institute of

Electrical and Electronics Engineers.

ISO 12212:2012. Petroleum, petrochemical and natural

gas industries — Hairpin-type heat exchangers. Inter-

national Organization for Standardization.

ISO 15547-1:2005. Petroleum, petrochemical and natural

gas industries — Plate-type heat exchangers — Part 1:

Plate-and-frame heat exchangers. International Organi-

zation for Standardization.

NBBI NB23 -2017 . National Board Inspection Code.

Nati ona l B oard o f Bo i l e r and Pre s sure Ves s e l

Inspectors.

NFPA 70-2017. National Electric Code. National Fire

Protection Association.

NFPA 704-2017. Standard System for the Identification of

the Hazards of Materials for Emergency Response.

National Fire Protection Association.

NFPA 780 -2 01 7 . S tandard for the Ins tal l ation o f

Lightning Protection Systems. National Fire Protection

Association.

TEMA-2019. Standards of the Tubular Exchanger Manu-

facturers Association. Tubular Exchanger Manufac-

turers Association.

4 ð23ÞPLANNING AND DESIGN

4.1 Planning

Planning shall be conducted in a manner that supports

the safety of the molten salt TES system from system

design initiation through construction, instal lation,

testing, commissioning, maintenance, and operation,

ending with its decommissioning.

The designer shall take the following steps during the

planning phase of the project:

Step 1 . Obtain a project design basis document that

shall include

(a) system description

(b) scope of supply

(c) design codes and standards

(d) general design requirements

(e) specific des ign requirements (e .g. , des ign

temperature, heat rate, thermal cycles)

(f) material requirements

(g) salt specification

Step 2. Identify and consider environmental and rele-

vant site-related issues associated with the proposed

project.

Step 3. Conduct hazard analysis, such as failure modes

and effects analysis (FMEA), hazards and operability study

(HAZOP) , or hazard mitigation analysis (HMA).

Step 4. Prepare a project-specific safety-basis docu-

ment that defines the safety analysis and hazard mitiga-

tion controls intended to ensure that the molten salt TES

system can be operated in amanner thatprotects workers,

the public, and the environment.

Step 5. Identify and comply with laws, rules, and regu-

lations applicable to the project site and the proposed

project.

Step 6. Preliminarily develop a commissioning plan as

described in para. 5 .2 , an operations and maintenance

manual as described in para. 6.3 , and an emergency

response plan as described in para. 5.2 .4.

Step 7. Provide means to contain any possible leaks

from the system.

4.2 Design

Molten salt TES systems shall be designed in accordance

with the provisions of this Standard. The design of the

system shall also comply with the instructions provided

by the manufacturer of the equipment, controls, and other

components comprising the system. Any change in design

requirements or material substitutions by the manufac-

turer shall be approved by the designer.

4.2.1 General

(a) The system shall be designed to withstand the

specified temperature and pressure conditions of the

molten salt.

ASME TES-1–2023
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(b) Systems employing nitrate salts that may exceed

450°C (842°F) shall be designed to safely manage vapor-

ization of the salt and production of oxygen and NOx gas

from salt decomposition.

(c) The system shall be designed to take into consid-

eration the quality and level of impurity of the molten salt

and any possible contaminants that could be introduced

into the molten salt.

(d) The system shall be designed to relieve excessive

internal pressure caused by accidental steam flashing or

chemical reactions of the nitrate molten salt system.

(e) The system shall be designed to safely contain or

relieve pressures where there is a possibility that the salts

and the heat transfer fluids can be mixed.

4.2.2 Signs and Labeling. All equipment shall be

labeled and signage shall be provided in accordance

with ASME A13.1 or in accordance with local regulations.

(a) Molten salt storage tanks shall be marked to iden-

tify the

(1) associated hazards in accordance with NFPA 704

(2) tank number

(3) type of molten salt

(4) maximum allowable amount ofsalt in the tank by

weight

(5) maximum operating pressure and temperature

(b) All heat exchangers shall have signs indicating the

maximum operating temperature ofthe heat exchanger in

accordance with the standard to which it is manufactured.

Signage shall include the chemical formula or types ofsalts

that are suitable for use in the system.

(c) All system components with a heat tracing system

shall have labels indicating the presence of heat tracing.

The heat trace itself shall include a permanent marking

indicating its maximum operating temperature. Cladding

shall be marked with the heat trace manufacturer’s

warning label indicating that the equipment is heat

traced. Stainless steel tags shall be affixed to all heat

trace elements indicating circuit information.

4.2.3 Storage Tank Systems

4.2.3.1ð23Þ Tank Requirements. The minimum require-

ments for the design, construction, installation, commis-

sioning, inspection, and decommissioning of molten salt

storage tanks are provided herein. These requirements

shall also apply to piping connected internally or exter-

nally to the roof, shell, or bottom of the tank up to the face

of the first flange of bolted connections, the first threaded

joint on threaded pipe connections, and the first circum-

ferential joint in welding-end pipe connections that are

not welded to a flange.

Compliance with the following requirements shall be

the responsibility of the tank designer:

(a) Tanks shall be made of metal of welded construc-

tion.

(b) Tanks shall be designed for an internal pressure not

exceeding 103 kPa (15 psi) in the tank or portions of the

tank enclosing gas or vapor.

(c) Tanks shall be freestanding with fixed roofs.

(d) Tanks shall be designed in anticipation ofcorrosion

problems during the life of the TES system and in accor-

dance with the applicable requirements ofAPI STD 620 or

API STD 650, subject to the modifications and limitations

regarding high temperatures in this Standard.

(e) Tanks shall be evaluated for thermal stress with

consideration for the start-up procedure (preheating of

the tank) , the initial filling of the tank, temperature stra-

tification limits and other temperature conditions, and the

frictional resistance between the tankbottom and the tank

foundation associated with radial thermal expansion.

(f) Tanks shall be evaluated for anticipated fatigue due

to cyclic temperature and filling conditions during the life

of the tank in accordance with ASME BPVC, Section VIII,

Division 2.

(g) Consider the effects oftemperature gradients in the

tank and document the gradient level at which damage

may occur. Means shall be provided to maintain tempera-

ture gradients within the allowable limits determined.

Monitoring devices shall be in place to monitor the

tank wall and floor temperature distribution as well as

the molten salt temperature distribution. Means shall

be in place to reduce temperature gradients within the

allowable limits considered in the design of the tank.

(h) The size and dimensions of each tank shall account

for

(1) volume and density of the salt

(2) expected heat loss through the tank

(3) net positive suction head associated with the

molten salt pumps

(4) soil conditions associated with the site

(5) any limitations associated with applicable zoning

or construction regulations

(6) restrictions associated with the site that will

affect the fabrication and erection of the tank

(i) The metallic materials used in the construction of

tanks shall be selected based on the TES process and

mechanical requirements at the system operating

temperatures. The following shall also be considered:

(1) mechanical properties relevant to the tank such

as tensile strength, Young’s modulus, toughness, hardness,

fatigue resistance, and creep resistance

(2) the effects of normal operating temperatures as

well as maximum possible temperatures on the mechan-

ical properties

(3) corrosion resistance and salt contamination

(j) When determining the maximum allowable stress

on the tank material at design temperature, the effects

of anticipated temperatures on the tensile strength,

yield strength, and creep resistance of the material

shall be taken into consideration. The tensile and yield

strength values and physical properties for materials
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used in tank construction as a function of temperature

shall be obtained from ASME BPVC, Section II , Part D.

When not listed there, those values shall be provided

with the plans and specifications for the tank. Each

tank shall be designed using the quality factors and

welded-joint efficiency factors of API STD 620 or API

STD 650, subject to the modifications and limitations

regarding high temperatures in this Standard.

(k) The welded joints associated with the shell and

bottom ofthe tank shall be butt joints with complete pene-

tration and complete fusion attained by double welding or

other means that obtain the same quality of deposited

metal throughout the weld. The roof of the tank shall

be either lap welded or butt welded.

(l) All tank construction shal l have butt-welded

annular bottom plates.

(m) The attachment between the bottom edge of the

lowest course shell plate and the tank bottom shall be

a double fillet-groove weld.

(n ) Nondestructive examination, inspection, and

hydrostatic testing ofall tanks shall be done in accordance

with API STD 620 or API STD 650, subject to the modifica-

tions and limitations regarding high temperatures in this

Standard.

(o) Tanks shall be identified by a nameplate containing,

a t a m i n i m um , t h e i n fo rm a t i o n d e p i c t e d i n

Figure 4.2 .3 .1-1 . Information on the nameplate shall be

clearly stamped using letters and numerals not less

than 4 mm (5∕32 in.) high. At the purchaser’s request,

or at the manufacturer’s discretion, additional pertinent

information may be shown on the nameplate, and the size

of the nameplate may be increased proportionately. The

nameplate shall be displayed in such a manner that it is

visible after insulation has been installed.

(p) All tanks shall be provided with a minimum of four

grounding lugs equally spaced at a maximum of 30 m

(100 ft) apart in accordance with API RP 2003 and

NFPA 780.

(q) In addition to the requirements in (a) through (p) ,

the tank designer shall consider

(1 ) whether to choose an external , internal , or

combined external-internal tank insulation system

(2) whether to apply a system capable of preheating

the empty tank prior to initial filling with salt

(3) the manner in which tank appurtenances have

been designed to withstand anticipated external loads

4.2.3.2 Tank Foundation. The requirements herein

apply to the structures that provide a foundation for tanks

storing molten salt.

(a) The tank designer shall provide the following infor-

mation to the individuals responsible for the design of the

tank foundation:

(1) all static and dynamic tank loads to be supported

by the foundation structure for both test and operating

conditions, including applicable wind and seismic loads

Figure 4.2.3.1-1
Tank Name Plate

A S M E  T E S T  TA N K

A S M E  T E S - 1  S TA N D A R D

A P I  S TA N D A R D

N O M I N A L  D I A M E T E R

D E S I G N  P R O D U C T  L E V E L

D E S I G N  P R E S S U R E

P U R C H A S E R ’ S  TA N K N O .

Y E A R  C O M P L E T E D

TA N K  S H E L L  M AT E R I A L

E D I T I O N

E D I T I O N

N O M I N A L  H E I G H T

D E S I G N  S P E C I F I C  G R AV I T Y

D E S I G N  M E TA L  T E M P.

M A N U FA C T U R E R ’ S  S /N

TA N K R O O F  M AT E R I A L

TA N K B O T T O M  M AT E R I A L

FA B R I C AT E D  B Y

E R E C T E D  B Y
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(2) the tank’s dimens ional to lerances and the

minimum dimensions necessary to ensure the foundation

and interface elements will accommodate the tank

(3) the operating temperature of the tank bottom

and any insulation to be installed under the tank bottom

(4) expected thermal expansion of the tank during

test and operating conditions

(b) The tank foundation drawings shall provide the

necessary information to document compliance with

(a) and include the following:

(1) reference to project specification

(2) reference to any necessary geotechnical/soil

reports

(3) table of loads imposed on the foundation by the

tank and bearing values of the soil supporting the founda-

tion and tank

(4) s tatements de fin ing re spons ib i l i ti e s fo r

furnishing and installation of materials

(5) the required compressive strength of concrete

(6) the reinforcing steel specification

(7) specifications for other material in the founda-

tion

(8) methods of placing and compacting backfil l

materials

(9) tolerances for placement ofembedded items and

for ensuring that the top of the foundation is level

(c) The tank shall rest on an engineered grade or engi-

neered perimeter ringwall. The tank foundation shall be

designed to account for anticipated uneven settling of the

tank and to minimize corrosion to any part of the tank

resting on the foundation.

(d) The tank foundation shal l be des igned and

constructed to support the tank at the design tempera-

tures associated with the tank contents. Any insulating

system and associated cooling systems intended to

isolate the foundation from the temperatures in the

tank shall be considered while determining the tempera-

tures to which the foundation materials will be exposed.

(e) A foundation cooling system shall be used when

required to maintain the foundation at a temperature ac-

ceptable to the foundation materials selected (e. g., forced-

air, passive air, or water-cooled system).

(f) The tank purchaser shall specify whether the area

under the tank is to be constructed for leak detection and

the methods to be employed.

(g) The foundation design shall incorporate grounding

and bonding provisions designed to function in conjunc-

tion with para. 4.2.3 .1(p) .

4.2.3.3 Tank Insulation. The requirements herein

apply to the insulation system used to control heat

loss from the tank storing molten salt to both surrounding

ambient conditions and the foundational structures

supporting the tank.

(a) Insulation shal l be suitab le for the intended

temperatures associated with the service.

(b) Insulation located on the exterior of the tank or

exposed to the weather or other exterior conditions

shall have weathering, UV, and mechanical resistance

properties necessary to withstand the anticipated

service conditions of the tank.

(c) Insulation located on the interior of the tank shall

have the ability to withstand the anticipated mechanical

loads and offer chemical resistance to corrosion antici-

pated from long-term exposure to the type of molten

salt stored in the tank.

(d) The operating temperature of exposed tank

surfaces during normal operation shall not exceed

60oC (140oF) ; otherwise, the tank surfaces shall be

protected to preclude contact.

4.2.3.4 ð23ÞTank Immersion Heaters. The requirements

herein apply to the heaters immersed into tanks storing

molten salt.

(a) Immersion heaters shall have the capacity to

produce make-up heat to account for thermal loss asso-

ciated with the overall tank system.

(b) Depending on the type of salt used, appropriately

designed tank immersion heaters may be used to melt salt

or remelt frozen salt. The designer shall take into consid-

eration that heating frozen salt from the bottom ofthe TES

tank alone may result in the overpressurization and

rupture of the TES tank.

(c) Immersion heaters shall have a sheath surface

temperature consistent with the tank contents , and

shall have temperature controls to ensure the heater

will maintain the molten salt within its design tempera-

ture range.

(d) Immersion heaters shall be protected against over-

heating of the heating element.

(e) Immersion heaters shall automatically shut off

when the molten salt reaches its temperature set point.

(f) The design of the molten salt system shall prevent

physical access to the immersion heater while any pres-

sure exists in the tank.

(g) The design shall make it possible to isolate the

heater for maintenance.

(h) Immersion heaters shall have automatic controls to

ensure the heaters are operational only when the

elements of the heater are fully submersed in molten salt.

(i) Immersion heaters shall have ground fault protec-

tion and a manual means of disconnection in accordance

with NFPA 70.

(j) When an immersion heater uses a thyristor/silicon-

controlled rectifier (SCR) to provide power switching, the

SCR controller shall automatically detect a shorted SCR

condition, provide alarm indication, and shut down the

heater.
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4.2.3.5 Tank Venting and Blanketing

(a) Molten salt storage tanks shall be vented to prevent

the development of a vacuum or pressure sufficient to

distort the tank during filling or emptying. The vents

shall be sized in accordance with API STD 2000.

(b) Molten salt storage tanks shall have a means to

relieve internal pressure above themaximum design pres-

sure.

(c) Molten salt storage tank relief devices shall be

protected against the solidification of salt mist within

or at the inlet to the device.

(d) Vent piping shall direct the effluent from the device

to a safe location and away from personnel, areas of the

system providing essential services, and other equipment.

(e) Venting of the gas stream to the environment shall

be in accordance with local regulations.

(1 ) Where regulations allow direct NOx discharge,

vents shall discharge the gas stream at a height and loca-

tion that prevents drift into areas associated with the

system that are providing essential services, such as

building and system controls and the receiver system

tower structure.

(2) Systems that use nitrate salts and exceed 480°C

(900°F) during normal operation shall have the venting

system and its component parts designed to resist degra-

dation from nitric acid.

(f) When the molten salt storage tanks are provided

with blanketing, the blanketing shall be compatible

with the salt composition.

4.2.3.6 Tank Instrumentation

(a) The tank shall have instrumentation to measure

and report the level and temperature of the molten

salt and pressure inside the tank. This instrumentation

shall meet the requirements of ASME PTC 19 .2 and

ASME PTC 19.3.

(b) Instrumentation for tank pressure and salt level

shall be protected to prevent salt solidification on the in-

strumentation.

(c) The number and location of temperature measure-

ments shall consider variation of temperature within the

tank.

4.2.3.7ð23Þ Tank Leakage

(a) Secondary containment for the TES tanks shall be

provided to contain any possible leaks from the tanks. The

containment shall have adequate capacity to hold the

maximum amount of salt that could leak based on a

single tank failure event.

(b) The secondary containment for the TES tanks shall

be capable ofholding spilled salt in a safe manner until the

spill can be remediated.

(c) The secondary containment shall not contain any

materials incompatible with the salt.

4.2.3.8 Sampling. Access shall be provided to allow

periodic sampling of the salt to detect salt contaminants

and monitor salt composition.

4.2.4 Molten Salt Circulation Pumps

(a) All materials used in the pump assembly, including

the bellows, shall be suitable for the design life, tempera-

tures, and pressures associated with contact with the salt.

(b) The pump pressure casing and nozzles shall be

designed for themaximum operating pressure throughout

the expected operating temperature range , from

minimum ambient to maximum design temperatures,

and include a pump deadhead pressure condition.

(c) Pump assembly anchorage shall be sized for the

maximum operational loads, heat dissipation, and envir-

onmental site conditions associated with the molten salt

system.

(d) Heat tracing and insulation shall be used where

required to prevent solidification of the salt. Placement

of the insulation for the pump assembly shall be in accor-

dancewith the specifications provided by the pumpmanu-

facturer.

(e) Pumps shall have means to connect to and lift the

pump at the maximum design temperature.

(f) For pumps mounted in a vertical position, the shaft

seal arrangement associated with the pump assembly and

all system connections to the pump shall be designed to

prevent leakage of molten salt and shall include both a

primary and secondary seal. The pump-to-tank bellows

associated with the pump shall be sized in accordance

with the specifications provided by the manufacturer

of the pump and with the design and installation of

the salt tank and foundation structure for the pump.

(g) The pump assembly that circulates molten salt shall

be hydrostatically tested by the manufacturer in accor-

dance with API STD 610.

(h) The pump shall be designed and installed to prevent

thrust loads from the pump or thermal expansion of the

pump shaft from stressing the pump driver.

(i) When a pump is not submerged in molten salt, the

pump shall havemeans to prevent frozen salt conditions in

the pump volute.

(j) The lower radial bearings and journal sleeves shall

be capable of dry running at start-up and shutdown.

(k) The pump design shall permit the replacement of

the thrust bearing without removal of the molten salt

pump from the tank.

(l) Pumps and motors shall have vibration monitoring

and protections.

(m) Pumps and motors shall have bearing temperature

monitoring and protection to prevent fai lure. Over

temperature trips shall shut down a pump.

(n) Motors shall have current-monitoring system that

shall shut down themotor ifthe currentexceeds a set limit.

(o) Reverse rotation protection shall be provided.
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4.2.5ð23Þ TES Piping Systems

(a) Piping systems shall be designed, fabricated, exam-

ined, and tested in accordance with the requirements of

ASME B31.1 or ASME B31.3.

(b) The materials used in piping systems shall be of

suitable design for the anticipated operating pressures

and temperatures in the system. Materials shall be compa-

tible with the type of molten salt used in the system.

(c) Welded joints are preferred. Mechanical joints are

prone to leak. Mechanical joints shall be used only where

joints need to be parted frequently such as where compo-

nent replacement is routine.

(d) Piping systems shall be provided with valves to

allow isolation from the tanks, pumps, and heat exchan-

gers associated with the molten salt system. Valves, seats,

packing, and seals shall be selected based on material

compatibility with the type of molten salt used in the

system. Valves shall not be capable of an adverse reaction

to the type ofmolten salt used in the system; such adverse

reactions include, but are not limited to, metal fires.

(e) Each separate piece of equipment in the system

shall be capable of being iso lated and shall have a

drain plug or valve to allow for drainage.

(f) The piping system shall be designed to

(1) minimize the number of dead-end branches that

can result in stagnation of the molten salt flow

(2) withstand pressure, weight, seismic, wind,

thermal expansion, and other anticipated loads

(3) ensure that the entire system can be drained by

gravity back into one of the storage tanks or a tank desig-

nated for that purpose

(4) avoid loads on joints and interfaces with equip-

ment that would exceed the allowable force and moment

limitations at all anticipated system pressures and

temperatures

(5) ensure any bellows located in a piping system

shall accommodate anticipated movement

(6) include zones with heat-tracing and tempera-

ture-monitoring system that will immediately alert the

control room when the salt temperature falls below

the minimum operating temperature of the system.

(g) The operating temperature of exposed p ipe

surfaces during normal operation shall not exceed

60oC (140oF) ; otherwise, the pipe surfaces shall be

protected to preclude contact.

4.2.6 Heat Exchanger Systems

(a) Heat exchangers that handle molten salt shall be

made of materials and be of a design that will support

the temperature and pressure conditions and liquids

or gases to which they will be subjected during operation,

construction, commissioning, and testing.

(b) Tubular-type heat exchangers shall be built in

accordance with TEMA Class R standards. Shell construc-

tion types shall be selected from the TEMA-designated

shell types for single-phase and phase-change heat

exchangers, including shell type K (kettle reboilers) .

Front- and rear-head types and all other features of

tubular-type heat exchangers shall be built in accordance

with the TEMA-defined types for these units. Hairpin

exchangers shall be constructed in accordance with

I SO 1 2 2 1 2 . P l a te - typ e heat exchangers s ha l l b e

constructed in accordance with ISO 15547-1.

(c) Heat exchangers shall have a pressure relief device

to relieve the pressure on both the tube and the shell sides

ofthe heat exchangers. The molten salt discharge from the

pressure relief device shall be directed to a safe area.

(d) Heat exchangers shall have a means to monitor,

warn, and automatical ly shut down the system or

bypass the exchanger when leaks are detected.

(e) Heat exchangers shall have a means of detecting

leaks in the system. A pressure-sensing device shall be

installed ata suitable location to detect an increase in pres-

sure due to tube leakage.

(f) The shell side relief mechanism for shell, tube, and

hairpin heat exchangers shall be designed to accommo-

date a single tube rupture.

(g) Insulation and heat tracing shall be used on the heat

exchanger to reduce heat losses through the heat

exchanger and prevent solidification of the molten salt.

(h) Heat exchangers shall be capable of being drained

by gravity and located so that what is drained is directed

into themolten salt tankor into the drainage tankrequired

by para. 4.2 .5(f)(3) .

(i) Heat exchangers shall have an austenitic stainless

s tee l namep late permanently attached in such a

manner that it is visible after insulation has been installed

on the heat exchanger.

4.2.7 ð23ÞInstrumentation and Controls

(a) All required temperature, pressure, and flow

measurement devices shall be selected based on their

compatibility with the molten salt and the conditions

they will be subjected to during the operation of the

system. Means shal l be provided to protect these

devices and prevent them from being affected by salt soli-

dification and scaling or corrosion. All temperature, flow,

and pressure instrumentation shall meet the provisions of

the respective standard: ASME PTC 19.2, ASME PTC 19.3,

or ASME PTC 19.5.

(b) Temperaturemonitoring devices shall be in place to

monitor the tank wall and floor temperature distribution

as well as the molten salt temperature distribution. Means

shall be in place to reduce temperature gradients within

the allowable limits considered in the design of the tank.

(c) The TES system shall have an audible alarm and

visual indication at the energy storage control panel

upon failure of any critical component.

(d) Controls shall be provided to safely shut down

operations in the correct sequence. The designer shall

consider the overall system design and any redundancies

built into the system.
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(e) The control system shall show the operational

status of all controls.

4.2.8 Heat Trace

(a) Heat tracing systems shall be designed to withstand

the design temperatures associatedwith the portion ofthe

system on which they are installed.

(b) Heat tracing shall be installed in accordance with

themanufacturer’s instructions and IEEE 515 or any other

nationally recognized standard.

5 CONSTRUCTION, INSTALLATION, AND
COMMISSIONING

5.1 Molten Salt Storage System Construction and
Installation

The requirements herein shall apply to the construction

and installation of a molten salt system based on system

components meeting the provisions of section 4 and the

approved plans and specifications for the system.

5.1.1 Tanks and Tank Foundations

(a) Fabrication, erection, inspection, examination, and

testing ofmolten salt storage tanks shall meet the require-

ments ofAPI STD 620 or API STD 650, subject to the modi-

fications and limitations regarding high temperatures

indicated in this Standard.

(b) When the tank foundation is turned over to the tank

manufacturer, the tankmanufacturer shall check the foun-

dation level and contour to ensure the foundation

provided will properly support the tank before starting

the work and shall notify the purchaser of any deficiency

thatmight affect the quality ofthe finished work. Deficien-

cies shall be rectified.

5.1.2 Piping System Assembly, Testing, and Labeling

(a) All components associated with the piping system

shall be assembled and sealed to prevent leakage.

(b) The assembled piping system shall be tested in

accordance with either ASME B31.1 or ASME B31.3 as ap-

plicable based on the standard used for the piping system

design.

(c) Connection protectors shall not be removed until

immediate ly before the ins tal lation of the p ip ing

system components into the system.

5.1.3 Installation of Immersion Heaters

(a) All enclosures, seals, and joints between the immer-

sion heater and the tank shall be assembled and sealed to

prevent leakage. Threaded and flanged connections shall

be protected against the entry ofwater or corrosive fluids.

(b) The immersion heater shall be grounded and shall

be tested to ensure it is working properly.

(c) All electrical circuits shall be checked after installa-

tion to verify that they are in conformance with the heater

wiring diagram and to ensure that all electrical connec-

tions are tight and that required clearances exist between

live and electrical parts and live to ground.

(d) All required electrical protection shall be checked

after installation to verify that it is in conformancewith the

approved electrical plans and specifications. All cables and

glands shall be checked to ensure that they show no signs

of damage and are adequate for the stated electrical duty.

(e) The heater terminal box shall be separated from the

tankmating flange to ensure the terminal box temperature

will not exceed the maximum allowable temperature

spec i fi ed by the box manufacture r . The a i r gap

between the terminal box and immers ion heater

element flange shall not be lagged or closed off and

shall provide free air circulation during operation.

(f) The immersion heater tube bundle shall be posi-

tioned and installed into the tank in a manner that

provides the necessary clearance for the removal of

the tube bundle from the tank for servicing purposes.

When removed, a new gasket shall be applied between

the tube bundle and the tank.

(g) The heating elements shall be installed in accor-

dance with the manufacturer’s installation instructions.

(h) The connection of the immersion heater assembly

and the tank shall account for the expected thermal expan-

sion and contraction between the heating elements and

their support structures.

(i) Bolts used to connect the immersion heater with the

tank mating flange shall be tightened in accordance with

the immersion heater manufacturer’s installation instruc-

tions.

(j) When immersion heaters are installed in areas

where condensation occurs , an anticondensation

heater shall be installed in the immersion heater terminal

enclosure.

5.1.4 Installation and Testing of the Circulation
Pumps

(a) The circulation pump manufacturer’s recommend-

ed heat-up rate shall be confirmed prior to heating of the

tank environment and ensured during the operation to

heat up the tank environment. The rate of heating of

the pump established by the pump manufacturer shall

be followed when lowering the pump assembly into

the tank containing molten salt or during heat-up opera-

tion.

(b) When ins ta l l ing the pump as semb ly into a

preheated tank, caution shall be used when removing

the tank cover to prevent personnel contact with

heated exhaust gas. Pumps shall be installed in accordance

with the manufacturer’s instructions.
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(c) When installing the pump assembly into a tank at

ambient temperature, the depth of the storage tank shall

be confirmed in relation to the location of the pump

assembly prior to the installation.

(d) Piping and valves associated with the pumps shall

be preheated to the system operating temperature before

the pump is put into operation. Pumps shall be tested in

accordance with themanufacturer’s instructions and their

operation within the limits provided by the manufacturer

verified. After determining that all circulation pumps are

installed properly, the pumps and all piping between the

pumps, tank, and heat exchangers shall be brought up to

the operating temperature of the system using heat

tracing of the system or other approved means and main-

tained at that temperature until the remainder of the

system is ready for initial operation.

(e) The first critical speed of the pump shall be a

minimum of 25% above the pump nominal operating

condition.

(f) Pumps shall have an operating speed range of 10%

to 115% of nominal speed.

5.2 Commissioning

The TES system shall be commissioned prior to being

placed in service in accordance with a TES commissioning

plan that includes the following:

(a) a narrative description of the measures to be

accomplished during each phase of commissioning,

including the personnel designated to accomplish each

of these measures

(b) a listing of the specific components, controls, and

safety-related devices to be tested, a description of the

tests to be performed, and the functions to be tested

(c) verification that required equipment and systems

are installed in accordance with the approved plans and

specifications

(d) testing of all associated protection systems

(e) training offacility operations andmaintenance staff

5.2.1ð23Þ Melting the Salt and Filling the Tank. The salt

shall be melted and the tank filled in accordance with the

provisions herein as a component of the commissioning

process. Any proposed methods of filling the TES tanks

and melting salts shall take into account the safety provi-

sions of this document.

(a) The salts used in the system shall be heated to a

temperature in accordance with the salt manufacturer’s

specifications. Ventilation and exhaust air in sufficient

quantities to maintain air quality consistent with that

in the ambient air surrounding the installation shall be

provided when heating devices produce by-products of

combustion. As salt is introduced into the tank, the

temperature of the salts shall be maintained within the

temperature range specified by the designer.

(b) During the filling process, the level ofsalt in the tank

shall be monitored, and the temperature stratification

throughout the tank shall be maintainedwithin tolerances

of the internal tank surface and salts in the tank as speci-

fied by the tank designer. Monitoring of temperature stra-

tification shall be done in a manner agreed upon by the

owner and the parties responsible for design, construc-

tion, and commissioning of the tanks.

(c) Consideration shall be given to the potential for

toxic gas formation that may occur during the initial

salt-heating process . Vent piping shall be located to

direct effluent gas from the melting system to a safe loca-

tion away from personnel, areas of the system providing

essential services, and other equipment, and in accor-

dance with local environmental regulation.

(d) The melting system used shal l be capable of

removing insoluble solids from molten salt before the

molten salt is put into the main storage tanks.

5.2.2 ð23ÞInitial Functional Performance and Acceptance
Testing. The components of the TES system shall be eval-

uated for proper installation and operation in accordance

with the manufacturer’s instructions and the commis-

sioning plan. This shall include

(a) verifying proper installation of molten salt storage

tanks, piping, heaters, pumps, heat exchangers, insulation,

etc.

(b) on-site melting of the salt and filling the molten salt

storage tanks

(c) placing TES system in operation and verification of

performance

(d) final acceptance

5.2.3 Commissioning Report. A report describing the

results of the system commissioning, including the results

of the testing required by para. 5.2, shall be provided and

retained as part of the project documentation.

5.2.4 Emergency Response Plan. The emergency

response plan shall describe the emergency response

procedures that are in place, including communication

and interaction with owners of adjacent and potentially

affected properties and local emergency response offi-

cials.

The emergency response plan shall be provided to the

owners or their authorized agent and the system operator

before the system is put into operation.

6 INSPECTION, MAINTENANCE, AND OPERATION

6.1 ð23ÞGeneral

After all equipment, components, and controls asso-

ciated with the energy storage system are designed in

accordance with section 4, and the entire system has

been constructed, installed, tested, and commissioned

as provided in section 5 , the system and associated
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equipment, components, and controls shall be operated

and maintained in accordance with this section.

6.1.1 Personal Protective Equipment. Personnel
responsible for operation and maintenance and asso-

ciated inspection and testing activities shall use appro-

priate personal protective equipment consistent with

the authority having jurisdiction.

6.1.2 Personnel Training. All personnel involved in the
operation andmaintenance ofthe system or anyportion of

the system shall be trained for their job duties by the

system owner or the owner’s designated agent consistent

with the authority having jurisdiction.

6.2 Inspection

6.2.1 Inspection Plans. Inspection plans shall be devel-
oped in accordance with ASME PCC-3, API RP 580, or other

recognized good engineering practices and included in the

maintenance manual required under para 6.3 .

Piping inspections shall be performed in accordance

with API RP 570. Tank inspections shall be performed

in accordance with API STD 653. Pressure vessel inspec-

tions shall be performed in accordance with API 510 or

NBBI NB23 . These inspection plans shall provide the

frequency of inspection as covered in para. 6.2 .2 . The

inspection of specific components of the system shall

be in accordance with para. 6.2.3 .

Systems that monitor and protect the TES installation

shall be inspected and tested in accordance with the

manufacturer’s instructions and the operating and main-

tenance manual. Inspection and testing reports with the

results recorded shall be maintained in the operation and

maintenance manual.

6.2.2 Inspection Frequency

(a) A daily inspection checklist shall be created from

the requirements in the maintenance manual. The check-

list shall include checks of liquid levels and areas to be

examined for leaks or spil ls . A daily inspection log

based on this checklist shall be maintained by those

responsible for the operation of the system. The log

must provide away to fill in who conducted the inspection,

the findings associated with the daily inspection, and any

actions recommended and taken as a result of the daily

inspection.

(b) Periodic and daily inspection checklists shall be

compiled from the inspections plan. The checklists

shall include inspection requirements for pumps, controls,

heat tracing, electrical cabinets, insulation, and other

equipment and components as described by the designer,

manufacturer, or applicable regulations . A periodic

inspection log based on the checklists shall be maintained

by those responsible for the operation of the system. The

logmust provide a way to fill in who conducted the inspec-

tion, the findings associated with each periodic inspection,

and any actions recommended and taken as a result of the

periodic inspection.

6.2.3 ð23ÞInspection of Parts of the System. The inspec-

tion of insulated parts of the system shall be conducted in

accordance with paras. 6.2 .3 .1 through 6.2 .3 .3 , respec-

tively, and included in the checklist required by para.

6.2 .2(b) . Inspection ports may be installed to allow for

visual inspection and ultrasonic thickness measurement.

The number and location of inspection ports shall be

selected to provide the desired confidence in the inspec-

tion data. More inspection ports may be required to

monitor higher risk locations.

6.2.3 .1 When ultrasonic thickness checking is

required by the inspection plan, the maximum tempera-

ture of the ultrasonic couplants during in-service NDT

thickness gauging and corrosion mapping shall be deter-

mined and checked against themetal surface temperature.

When the temperature ofthe test object is above the speci-

fied operating temperature range, the inspection of the

part shal l be delayed unti l the temperature of the

object is reduced to within an acceptable range.

6.2.3.2 Immersion heaters shall be inspected at the

frequency required in the specifications provided by the

heater manufacturer and maintained in accordance with

para. 6.4.6.

6.2 .3 .3 Heat exchangers shal l be periodical ly

inspected at the frequency required in the inspection

plan and maintained in accordance with para. 6.4.7.

6.3 Operation and Maintenance

Operating and maintenance documentation shall be

provided to the owner or the owner’s authorized agent

and to the system operator before the system is put

into operation. This documentation shall include the

sections and information described herein. The TES

system shall be operated and maintained in accordance

with this manual, which shall also include and retain a

record of the operation and maintenance actions taken.

6.3.1 Operation

(a) A section covering the regular start-up of the

system, including temperature profile of the system

during start-up for heat exchangers, pumps, all piping,

and associated valves and controls.

(b) A section covering the regular shutdown of the

system, including temperature profile of the system

during shutdown for heat exchangers , pumps , al l

piping, and associated valves and controls.

(c) A section covering the normal operation of the

system, including

(1) standard operating procedures

(2) control set points
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(3) temperature profi le of the system for heat

exchangers, pumps, all piping, and associated valves

and controls

(d) A section and checklist covering the possible emer-

gency situations and what to do to address each situation,

including a description of actions for first response and

hazmat operations. This section should be made widely

available in hard copies. This section shall comply with

paras. 4.2 .7(c) and 4.2.7(d) .

(1) The first responders’ information shall include a

checklist covering

(-a) possible scenarios a first responder would

face, such as fire and smoke and piping, tank, or heat

exchanger rupture.

(-b) what to do and not to do in responding to each

possible scenario.

This information shal l be pub l i shed as a “Firs t

Responder Actions Book” and posted throughout the

site and adjacent to appropriate parts of the system in

visible enclosures marked “First Responder Actions

Book.” In addition, a copy shall be provided to each

first responder agencyoutside the site thatwould typically

be asked to respond to an incident associated with the

system.

(2) The hazmat operations information shall include a

checklist covering

(-a) possible scenarios a responder called to address

a hazmat incident would face, such as a spill of hazardous

materials

(-b) what to do and not to do in responding to each

possible scenario

This information shall be provided to each hazmat

agency outside the site that would typically be asked

to respond to an incident associated with the system.

(e) A statement indicating that heat exchangers shall

not be operated at conditions that exceed those specified

on the name plate, and the heat exchanger start-up and

shutdown operations shall be done in accordance with

TEMA requirements.

6.3.2 Maintenance

(a) A summary of maintenance requirements for each

component of the system that clearly identifies the

required routine maintenance actions, including a sched-

ule for inspecting and recalibrating controls and protec-

tion sys tems . I nspection p lans shal l comply with

para. 6.2 .1 .

(b) A service record that lists the schedule for all

required servicing and maintenance actions and includes

space for logging such actions, which can be completed

over time and retained on site.

(c) Names and addresses of service agencies that have

been contracted to service the TES system components,

including its safety systems.

6.3.3 Information

(a) Drawings, including updated as-built drawings of

all subsystems, specifications, and other relevant informa-

tion related to the operation, maintenance inspection,

testing, adjustments, and repairs of components.

(b) Manufacturer’s operation manuals for equipment,

instruments, and other components.

(c) Manufacturer’s maintenance manuals for equip-

ment, instruments, and other components that include

calibration information, wiring diagrams, control draw-

ings , schematics , system programming instructions ,

and control sequence descriptions.

(d) A list ofspare parts needed to operate and maintain

the system.

(e) The necessary education, knowledge, training, and

physical qualifications for those responsible for operating

and maintaining the system.

6.4 Maintenance and Service

6.4.1 Preventative Maintenance Program. A preven-

tive maintenance program shall be established based on

the requirements ofthe system and its componentparts as

determined by the designer based on the information

provided by the manufacturers of the system and

system components.

6.4.2 Servicing the System/Components. Prior to

service personnel entering an electrical enclosure,

breaking a pressurized connection, or performing any

maintenance on the system or its component parts, the

system or component being serviced shall be locked

out and tagged as “Out of Service.”

6.4.3 Adjustments and Repairs. All adjustments and

repairs to the system and its equipment, components,

or controls shall be in accordance with the maintenance

manual and the recommendations of the manufacturer of

either the system or the equipment, component, or control

being adjusted or repaired.

6.4.4 Replacement. Any equipment, component,

contro l , o r other item that is associated with the

system that is replaced shall be replaced in accordance

with the system manufacturer’s instructions and in accor-

dance with the manufacturer of the replacement item’s

instructions. Where the system was not manufactured

and supplied by a single entity, the replacement shall

be in accordance with the instructions of the designer

overseeing the replacement and the manufacturer of

the replacement item.

6.4.5 Servicing the Molten Salt Pump. Molten salt

pumps shall be removed, serviced, and reinstalled in

accordance with paras. 6.4.5.1 through 6.4.5.3.
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6.4.5.1 Removal

(a) Pumps shall be removed in such a way as to avoid

thermal shock and remain in a vertical position until

cooled to ambient temperature.

(b) Pumps shall be removed, cleaned, and stored in

accordance with the pump manufacturer’s instructions.

(c) The lifting device used to remove the pump shall be

designed to withstand the anticipated temperatures

during removal and to ensure the safety of the personnel

removing the pump in relation to the environmental

conditions at the site and the design and securement

of cranes used to lift the pump.

(d) After a pump is removed, any openings in the tank

associated with the pump shall be sealed using a cover

with insulation having a thermal resistance consistent

with the insulation on the tank.

6.4.5.2 Disassembly and Reassembly

(a) The pump shall be disassembled into its component

parts (e.g., bolts, sleeves, bearings, impellers, shafts) in

accordance with the pump manufacturer’s instructions.

Unless those instructions provide specific requirements

concerning the use of heat during disassembly, the

pump and its component parts shall not be heated

during this process.

(b) All welded areas associated with the pump compo-

nents shall have dye penetration and visual inspections

before reassembly.

(c) Cracks or pitting ofthe structural components ofthe

pump shall be repaired in accordance with instructions

provided by the pump manufacturer.

(d) Journal s leeves and radial bearings shal l be

inspected and replaced if warranted. When replacing

bearings , the new bearings shal l be des igned and

mounted properly in the bearing carriers for ease of re-

placement and proper lubrication.

(e) Shaft runout shall be checked at least every 450 mm

(17.7 in. ) and between bearing fits and the results

recorded in the maintenance record required by

para. 6.3 . When runout conditions exceed the pumpmanu-

facturer’s tolerances, shafts shall be replaced or mechani-

cally straightened.

(f) Single-stage pump impellers shall be rechecked for

balance. Multi-staged pumps shall have the impellers and

the lower shaft rebalanced as an assembly.

(g) The sealing system associated with the pump shall

be inspected and all sealing materials removed and

replaced with new sealing materials before reassembly.

6.4.5.3 Reinstallation

(a) When reinstalling the pump, the horizontal and

vertical position of the pump shall be considered as

well as the number of cranes needed in regard to the

length of the pump.

(b) Once the pump is in the vertical position, the

rotating assembly shall be rotated by hand to ensure

freedom of movement and that the axial movement is

checked and recorded in the maintenance record required

by para. 6.3 .

(c) The pump impeller shall be set in an ambient

temperature condition and in accordance with the

pump manufacturer’s instructions.

(d) The pump shall be uniformly preheated in accor-

dance with the pump manufacturer’ s instructions

before being placed into a tank containing molten salt.

(e) Care shall be taken in opening the pump hatch and

lowering the pump into the tank containing molten salt.

After placement in the tank, the pumpmounting plate shall

be aligned and tightened, and then the discharge spool

pieces shall be aligned and attached.

(f) After installation, the pump shall be commissioned

in accordance with the applicable provisions of para. 5.2 .

6.4.6 Immersion Heaters. Immersion heaters shall be

maintained in accordance with this section using the

results of the inspections required by para. 6.2 .3 .2 .

(a) Prior to service personnel entering the heater’s

electrical enclosure, the immersion heater shall be

locked out and tagged as “Out of Service.”

(b) All terminal connections and associated wire insu-

lation that is visible shall be inspected for damage, loos-

eness, fraying, and other defects. Any defects found shall

be eliminated.

(c) Temperature sensors shall be checked for accuracy

and replaced if found to be defective.

(d) All cabling shall be checked for visible damage and

replaced if found defective.

(e) The tightness of termination nuts, fittings, and

glands shall be checked and tightened where necessary.

(f) The condition ofthe flameproofbox shall be checked

and a light coating of an approved copper-based lubri-

cating compound shall be applied to all flameproof box

threads.

(g) The heater shall be unbolted from its mating flange

and the condition of the heating elements checked and

serviced or replaced if found defective.

(h) The ohms per phase on each heater stage shall be

measured and compared against those provided in the

manufacturer’s specifications. When there is a discre-

pancy, each element shall be checked individually to deter-

mine the ones with unacceptable readings, which shall

then be serviced or replaced.

(i) Mating surfaces and bolting shall be inspected, and if

found to contain corrosion, they shall be covered with a

rust preventative suited for the materials in accordance

with the heater manufacturer’s recommendations.

6.4.7 Heat Exchangers. Heat exchangers shall be

maintained in accordance with this section using the

results of the inspections required by para. 6.2 .3 .3.
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