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FOREWORD

In July 2013, the American Society of Mechanical 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 seetor—ASMEagain-surveyvedindu professionalsinMay2014-and-de pine at-the andard or
guide should focus on safety related to electrical utility applications, specifically TES systems. The results also suiggested
that the sandard should be suitable for use by manufacturers, owners, designers, and others concerned witlrertefpon-
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 standdrd or
guideline] This group met on a monthly basis throughout the latter part of 2014 until June 2015. Baséd on their ef
ASME formed a Safety Standards Committee for Thermal Energy Storage Systems (TES Safety Standards Committge) in
June 201%. 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, ingtalla-
tion, inspgction, testing, commissioning, maintenance, operation, and decommissioning of TES systems. Recognizing the
range of TES technologies, the TES Safety Standards Committee decided to initially focus on one technology, moltep salt
TES systems. Following the completion of this task, the Committee will address standands or guides for other TES sysfems.

Since l3te 2015, the TES Safety Standards Committee has worked to develop< safety standard for molten salg TES
systems. JASME TES-1-2020 is the result of these efforts. The AmericamNational Standards Institute appifjoved
ASME TEP-1-2020 as an American National Standard on March 11, 2020.
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CORRESPONDENCE WITH THE TES COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing

revisions

Propos

or desiraBle, as demonstrated by the experience gained from the application of the Standard: Approved revisions w
published periodically.

The Co

citing thel paragraph number(s), the proposed wording, and a detailed description of the reasons for the pro

including

Propos

an approyed revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are eff¢
immediately upon ASME approval and shall be posted on the ASME/Committee web page.
Requestts for Cases shall provide a Statement of Need and Background Information. The request should identi

Standard

existing (ases. Requests for Cases should also indicate the.applicable edition(s) of the Standard to which the proj
Case applies.

Interpr

Standard|Interpretations can only be rendered ih response to a written request sent to the Secretary of the TES Stan
Committdge.

or-a-—case—and-attandina Cormmittaataatinac - Corracnandanca-—chould - ba-addraescadta-
T cOHteeehe z e5 €511 55

O CaStarrtrareertg S TOTT POt crrero ettt 0O~

Secretary, TES Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Ing Revisions. Revisions are made periodically to the Standard to incorporate chahgées that appear nece

mmittee welcomes proposals for revisions to this Standard. Such proposals'should be as specific as pos

any pertinent documentation.

IngaCase. Casesmay be issued to provide alternative rules when justified, to permit early implementat

and the paragraph, figure, or table number(s), and be*written as a Question and Reply in the same forn

etations. Upon request, the TES Standards Committee will render an interpretation of any requirement

Ssary
rill be

sible,
bosal,

on of
ctive

y the
hat as
osed

bf the
Hards

Requestts for interpretation should preferably be submitted through the online Interpretation Submittal Forn}. The
form is adcessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will recejve an
automati¢ e-mail confirming receipt.

If the Ihquirer is unable to use-the online form, he/she may mail the request to the Secretary of the TES Stanflards
Committde at the above address=The request for an interpretation should be clear and unambiguous. It is furthef rec-
ommenddd that the Inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.

Edition: Cite the applicable edition of the Standard for which the interpretation is being requ¢sted.

Question: Phrase the question as a request for an interpretation of a specific requirement suitable for
general understanding and use, not as a request for an approval of a proprietary desjgn or
situation, Please provide a condensed and precise question, composed in such a waythata
“yes” or “no” reply is acceptable.

Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Committee in

understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

information.

vi


https://asmenormdoc.com/api2/?name=ASME TES-1 2020.pdf

Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, 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 inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary

deViT, Ot a\,tivit_y.

Attending Committee Meetings. The TES Standards Committee regularly holds meetings and/or telephope confer-
enceg that are open to the public. Persons wishing to attend any meeting and/or telephone conference should cpntact the
Secrdtary of the TES Standards Committee.

vii
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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
Therm:
energy is
requirem
generatio
This Stz
These usy

1l energy can be stored in sensible, latent, or chemical form. The storage of industrial quantities of'th
in a nascent stage and primarily consists of sensible heat storage in nitrate salt eutectics and mixture
bnts and guidance described in this Standard are for the safe implementation of thermal energy storage

h of electrical power using a sensible heat method.

ndard describes practices for designing and implementing thermal energy storage (TES) forlarge applica
ally involve two-tank sensible heat systems using molten salts. The practices describedinthis Standard

be used dyiring factory manufacture and on the jobsite. The team implementing the Standard is expected to have awo|

knowledg
standardg
requirem
This St
useful in

e of hydraulics, materials, electrical systems and controls, thermal energy fundamentals, applicable refer¢
, field test measurement methods, and how to use test and measurement equipment needed to meet
Ents.

hndard was prepared with attention to other standards for energy storage systems. The tests describe
establishing compliance with other related standards.
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SAFETY STANDARD FORTHERMAL ENERGY STORAGE SYSTEMS:
MOLTEN SALT

1 SCOPE

Thjs Standard establishes requirements for the design,
consfruction, installation, inspection, testing, commis-
sionihg, maintenance, operation, and decommissioning
of mplten salt thermal energy storage (TES) systems.
Moltg¢n 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 @re in contact with molten salt.

The following components are not included within the
scopeg of this Standard:

(a)| the solar receiver and parabolic trough system and
assodiated 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 of molten salt TES
systems.

2 DEFINITIONS

cladding: the weather-proof jacketing on the outside of

ner-defined criteria (objectives, conditions, needs,
ements, etc.) the design-engineering organization
into account when¢designing the project.

er: the person pirorganization in charge of the engi-
neering design. The-designer is responsible for complying
with |standards.and’'regulations and demonstrating this
comgpliance with-equations when such equations are man-
dato

manyfdcturer: the person or organization responsible for

owner: for the purposes of this Standard, the\party ulti-
mately responsible for the operation of“alfagility. 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 prgvider to
operate and maintain the\TES system on its bghalf.

purchaser: the owner, of the TES system or thp owner’s
designated agent.

NOTE: A single€ntity may fill one or more of the roleg defined in
the Definitiofis)list.

3 REFERENCES

The codes, standards, and specifications listed in this
section contain provisions that, to the extent rgferenced
in this Standard, constitute requirements of this{Standard.

API 510-2014, Pressure Vessel Inspection Lode: In-
Service Inspection, Rating, Repair, and Alterjation
API 570-2016, Piping Inspection Code: In-Servife Inspec-
tion, Rating, Repair, and Alteration of Piping Systems
API RP 580-2009, Risk-Based Inspection
API RP 2003-2015, Protection Against Ignitions Arising
Out of Static, Lightning, and Stray Currents
API STD 610-2010, Centrifugal Pumps for Pgtroleum,
Petrochemical and Natural Gas Industries
API STD 620-2013, Design and Construction|of Large,
Welded, Low-Pressure Storage Tanks
API STD 650-2013, Welded Tanks for Oil Storpge
API STD 653-2014, Tank Inspection, Repair, Alteration,
and Reconstruction
API STD 2000-2014, Venting Atmospheric and Low-Pres-
sure Storage Tanks
API STD 2015-2018, Requirements for Safe Entry and

the comstruction of tie Structurat, mechanicat, piping,
and/or electrical equipment and components in accor-
dance with the rules of this 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.

Cleaning of Petroleum Storage Tanks

Publisher: American Petroleum Institute (API), 200
Massachusetts Avenue NW, Suite 1100, Washington,
DC 20001-5571 (www.api.org)

ASME A13.1-2015, Scheme for the Identification of Piping
Systems

ASME B31.1-2018, Power Piping

ASME B31.3-2016, Process Piping
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Figure 1-1 TES for a Concentrated Solar Power Tower System
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GENERAL NOTES:

(a) Graphi¢ courtesy of SolarPACES Guideline for Bamkalx?l
(b) Terms [for molten-salt power tower subsystems ar('dj ned as follows:
AH = [auxiliary heater .
PB = |power block @ ‘
SF = [solar field O
TES = [thermal energy storage ge
(c) Blue d3shed box indicates the systecs) covered in this Standard.

ASME Boller and Pressu@ssel Code (BPVC) 2019
t D

Section| II, Materia

Section|VIII, Rul $ Construction of Pressure Vessels,

Divisiops 1 a
ASME PC(-3

Methods

, Inspection Planning Using Risk-Based

Yield Assessment.

Publisher: Institute of Electrical and Electronics Engiheers
(IEEE), 445 Hoes Lane, Piscataway, NJ 08854-4141
(www.ieee.org)

ISO 12212:2012, Petroleum, petrochemical and ngtural
gas industries — Hairpin-type heat exchangers

ASME PTCT9.T-ZU0T8, Test Uncertainty

ASME PTC 19.2-2015, Pressure Measurement

ASME PTC 19.3 TW-2016, Thermowells

ASME PTC 19.5-2013, Flow Measurement

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

IEEE 515-2017, IEEE Standard for the Testing, Design,
Installation, and Maintenance of Electrical Resistance
Trace Heating for Industrial Applications

1S0-155471:2005Retroleumpetrochemical-andnatural
gas industries — Plate-type heat exchangers — Part 1:
Plate-and-frame heat exchangers

Publisher: International Organization for Standardization
(1SO), Central Secretariat, Chemin de Blandonnet 8, Case
Postale 401, 1214 Vernier, Geneva, Switzerland

(www.iso.org)

NBBI NB23-2017, National Board Inspection Code
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Figure 1-2 TES for Parabolic Trough Plant
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GENERAL NOTES:

(a) Graphic courtesy of SolarPACES Guideline for Bankable STE Yield Assessment.
(b) T¢rms for parabolic trough plant subsystems are‘defined as follows:

AH = auxiliary heater
BB = power block
F = solar field
TES = thermal energy storage

Publisher: The NationakBpard of Boiler and Pressure
Vepsel InspectorssNBBI), 1055 Crupper Avenue,
Columbus, Ohio,43229-1183 (www.nationalboard.org)

NFPA 70-2017, National Electric Code

NFPA 704-2017, Standard System for the Identification of
thq Hazards of Materials for Emergency Response

NFPA 780-2017, Standard for the Installation of Lightning

4 PLANNING AND DESIGN

4.1 Planning

Planning shall be conducted in a manner tha§ supports
the safety of the molten salt TES system fron system
design initiation through construction, insfallation,
testing, commissioning, maintenance, and ojperation,

Protection Systems

Publisher: National Fire Protection Association (NFPA), 1
Batterymarch Park, Quincy, MA 02169-7471
(www.nfpa.org)

TEMA-2019, Standards of the Tubular Exchanger Manu-
facturers Association

Publisher: Tubular Exchanger Manufacturers Association,
Inc. (TEMA), 25 North Broadway, Tarrytown, NY 10591
(www.tema.org)

eaing witiT ttsdecommissiomng. Pranmng sitall identify
special precautions that shall be taken to protect operating
personnel and personnel working near the molten salt TES
system.
The designer shall take the following steps during the
planning phase of the project:
Step 1. Develop a design basis document that includes
(a) system description
(b) scope of supply
(c) design codes and standards
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(d) general design requirements
(e) specific design requirements (e.g., design
temperature, heat rate, thermal cycles)
(f) material requirements
(g) salt specification
Step 2. ldentify and consider environmental and rele-
vant site-related issues associated with the proposed
project.
Step 3. Conduct hazard analysis, such as failure modes

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 of salt in the tank by

and effec aua}_yaia (FMEA), hazardsatrd opct qblllty atuC‘l_y
(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 contyols intended to ensure that the molten salt TES
system caj be operated in a manner that protects workers,
the publi¢, 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 gs 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 fystem.

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 ether
componehts comprising the system. Any change iri«design
requirempgnts or material substitutions by the\manufac-
turer shall be approved by the designer.

4.2.1 General

(a) Thp system shall be designed-to withstand the
specified|temperature and pressure conditions of the
molten sglt.

(b) Sydtems employingenitrate 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|decompasition.

(c) The system~shall be designed to take into consid-
eration the quality and level of impurity of the molten salt
and any fgossible contaminants that could be introduced

VVCis}lt
(5) maximum operating pressure and temperpture

(b) All heat exchangers shall have signs indicatirg the
maximum operating temperature of the heat exchanger in
accordance with the standard to which it is manufacfured.
Signage shall include the chemicalformula or tyges of
salt(s) that are suitable for use iri\thé system.
(c) All system components with a heat tracing system
shall have labels indicating the‘presence of heat tracing.
The heat trace itself shall‘ihclude a permanent majrking
indicating its maximum operating temperature. Claflding
shall be marked with the heat trace manufactyrer’s
warning label indicating that the equipment is|heat
traced. Stainl€ss/steel tags shall be affixed to allj heat
trace elements‘indicating circuit information.

4.2.3,Storage Tank Systems

4:2.3.1 Tank Requirements. The minimum require-
ments for the design, construction, installation, commis-
sioning, inspection, and decommissioning of molteh salt
storage tanks are provided herein. These requirerhents
shall also apply to piping connected internally or ¢xter-
nally to the roof, shell, or bottom of the tank up to th¢ face
of the first flange of bolted connections, the first thr¢aded
joint on threaded pipe connections, and the first cifcum-
ferential joint in welding-end pipe connections thgt 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 congtruc-
tion.
(b) Tanksshall be designed for an internal pressuye not
exceeding 103 kPa (15 psi) in the tank or portions ¢f the
tank enclosing gas or vapor.
(c) Tanks shall be freestanding with fixed roofs
(d) Tanks shall be designed in anticipation of corrpsion
problems during the life of the TES system and in dccor-

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.

dance with the applicable requirements of API 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 strat-
ification limits and other temperature conditions, and the
frictional resistance between the tank bottom and the tank
foundation associated with radial thermal expansion.
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(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) 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

(n) Tanks shall be identified by a nameplate containing
ataminimum the information depicted in Figure 4.2.3.1-1.
Information on the nameplate shall be clearly stamped
using letters and numerals not less than 4 mm (%,
in.) high. At the purchaser’s request, or at the manufac-
turer’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 thatitis visible after insulation

molterrsatt pamps

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

(h)] The metallic materials used in the construction of
tankg 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 teqjsile strength, Young’s modulus, toughness, hardness,
fatigye resistance, and creep resistance
2) the effects of normal operating temperatures as
well §s maximum possible temperatures on the mechan-
ical groperties
3) corrosion resistance and salt contamination

(i)|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 andwyield
strenjgth values and physical properties for materials
used|[in tank construction as a function of téemperature
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
weldpd-joint efficiency factors)of API STD 620 or API
STD p50, subject to the modifications and limitations
regarding high temperatuves in this Standard.

()| The welded joints associated with the shell and
bottgm of the tank(shall be butt joints with complete pene-
tratign and coniplete fusion attained by double welding or
othel} means.that obtain the same quality of deposited
metal throtighout the weld. The roof of the tank shall
be eitherlap welded or butt welded.

(o) All tanks shall be provided with a minimym of four
grounding lugs equally spaced at a makiminy of 30 m
(100 ft) apart in accordance with ARF RP 2003 and
NFPA 780.

(p) In addition to the requirements in (a) thfough (o),
the tank designer shall consider

(1) whether to chodse an external, infernal, or
combined external-internal tank insulation sygtem

(2) whether to apply a system capable of preheating
the empty tank priof to initial filling with salt

(3) the manner in which tank appurtenapces have
been designed{to withstand anticipated exterral loads

4.2.3:2 Tank Foundation. The requirements herein
apply toithe structures that provide a foundation for tanks
storing molten salt.
{d) The tank designer shall provide the following infor-
mation to the individual(s) responsible for the|design of
the tank foundation:
(1) all static and dynamic tank loads to be gupported
by the foundation structure for both test and joperating
conditions, including applicable wind and seispic loads
(2) the tank’s dimensional toleranceq and the
minimum dimensions necessary to ensure the fpundation
and interface elements will accommodate the ftank
(3) the operating temperature of the tank bottom
and any insulation to be installed under the tafgk bottom
(4) expected thermal expansion of the tapk during
test and operating conditions
(b) The tank foundation drawings shall prpvide the
necessary information to document complidnce with
(a) and include the following:
(1) reference to project specification
(2) reference to any necessary geotechhical/soil
reports
(3) table of loads imposed on the foundatjon by the
tank and bearing values of the soil supporting the founda-

(kJ At Tank construction shail Tave butt-werded
annular bottom plates.

(1) The attachment between the bottom edge of the
lowest course shell plate and the tank bottom shall be
a double fillet-groove weld.

(m) Nondestructive examination, inspection, and
hydrostatic testing of all tanks shall be done in accordance
with APISTD 620 or API STD 650, subject to the modifica-
tions and limitations regarding high temperatures in this
Standard.

tion and tank

(4) statements defining responsibilities for
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 backfill
materials
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(9) tplerances for placement of embedded items and
for ensur|ng that the top of the foundation is level

(c) The tank shall rest on an engineered grade or engi-
neered pgrimeter ringwall. The tank foundation shall be
designed fo account for anticipated uneven settling'of the
tank and |to minimize corrosion to any part of the tank
resting ol the foundation.

(d) Thee tank foundation shall be-designed and
constructed to support the tank at thedesign tempera-
tures asspciated with the tank contents. Any insulating
system and associated cooling\systems intended to
isolate the foundation from tlie temperatures in the
tank shall be considered while determining the tempera-
tures to which the foundation materials will be exposed.

(e) A fpundation eooling system shall be used when
required fo maintdin‘the foundation at a temperature ac-
ceptable tpo the foundation materials selected (e. g., forced-
air, passiye_dir;)or water-cooled system).

(f) The tank purchaser shall specify whether the area

ambient conditions and the foundational strucfures
supporting the tank.

(a) Insulation shall be suitable for the intepded
temperatures associated with the service.

(b) Insulation located on the exterior of the tahk or
exposed to the weather or other exterior conditions
shall have weathering, UV, and mechanical resisfance
properties necessary to withstand the anticipated
service conditions of the tank.

(c) Insulation located on the interior of the tankjshall
have the ability to withstand the anticipated mechgnical
loads and offer chemical resistance to corrosion antici-
pated from long-term exposure to the type of mplten
salt stored in the tank.

(d) The operating temperature of exposed|tank
surfaces during normal operation shall not ejceed
60°C (140°F); otherwise, the tank surfaces shdll be
protected to preclude contact.

under the tank is to be constructed for leak detection and
the method(s) 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(0).

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

4.2-34TFankimmersionHeaters—Therequirements

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) Immersion heaters shall have a sheath surface
temperature consistent with the tank contents, and
shall have temperature controls to ensure the heater
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will maintain the molten salt within its design tempera-
ture range.

(c) Immersion heaters shall be protected against over-
heating of the heating element.

(d) Immersion heaters shall automatically shut off
when the molten salt reaches its temperature set point.

(e) The design of the molten salt system shall prevent
physical access to the immersion heater while any pres-
sure exists in the tank.

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.

Tl A . loall 1 e ileol ot . DRI |
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heatdr for maintenance.

heatdr.

.2.3.5 Tank Venting and Blanketing

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
relieye internal pressure above the maximum designgpres-
sure.

(c)] Molten salt storage tank relief devices shall be
protgcted against the solidification of salt mist within
or at|the inlet to the device.

(d)| Vent piping shall direct the efflfent from the device
to a 4afe location and away from/personnel, areas of the
system providing essential seryices;and other equipment.

(e)| Venting of the gas stream-to the environment shall
be infaccordance with local*regulations.

1) Where regulations allow direct NOx discharge,
ventq shall dischargé the gas stream at a height and loca-
tion that prevents_drift into areas associated with the
systdm that are providing essential services, such as
ing and\system controls and the receiver system
tower structure.

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

(c) The number and location of temperature|measure-
ments shall consider variation of temperature yvithin the
tank.

4.2.3.7 Tank Leakage

(a) Means shall be provided<to contain any possible
leaks from the tank. Such,means shall be chpable of
containing the entire volumeé of salt in the tanfk.

(b) Thelocation of thejcontainment area shalllminimize
the impact of any leaks on the external environment and
shall be designedtofacilitate removing tank corjtents that
have solidified-as a result of a leak.

4.2.3.8 Sampling. Access shall be providefl to allow
periodic:sampling of the salt to detect salt confaminants
and mienitor 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 nozzle(q) shall be
designed for the maximum operating pressure troughout
the expected operating temperature ranjge, from
minimum ambient to maximum design tempgeratures,
and include a pump deadhead pressure condition.

(c) Pump assembly anchorage shall be siz¢d for the
maximum operational loads, heat dissipation, fand envi-
ronmental site conditions associated with tle molten
salt system.

(d) Heat tracing and insulation shall be used where
required to prevent solidification of the salt. flacement
of the insulation for the pump assembly shall b¢ in accor-
dance with the specifications provided by the puinp manu-
facturer.

(e) Pumps shall have means to connect to aphd lift the
pump at the maximum design temperature.

(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.

(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.
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(g9) 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 have means to prevent frozen salt conditions in
the pump volute.

() Th

bearing without removal of the molten salt
the tank.

ps and motors shall have vibration monitoring
and protgctions.

(m) Pumps and motors shall have bearing temperature
monitorLiEg and protection to prevent failure. Over
temperatfire trips shall shut down a pump.

(n) Motors shall have current-monitoring system that
shall shutjJdown the motor ifthe current exceeds a set limit.

(o) Reyerse rotation protection shall be provided.

4.2.5 TES Piping Systems

(a) Piping systems shall be designed, fabricated, exam-
ined, and|tested in accordance with the requirements of
ASME B3[l.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) Piping systems shall be provided with valfes to
allow isolation from the tanks, pumps, and heat exchan-
gers asso¢iated with the molten salt system,Valves, seats,
packing, ind seals shall be selected based: on material
compatibjility with the type of molten\salt used in the
system. Vhlves shall not be capable.of an' adverse reaction
to the typg of molten salt used inthe-system; such adverse
reactions|include, but are not'limited to, metal fires.

(d) Eagh separate piece.of '€quipment in the system
shall be [capable of being'isolated and shall have a
drain pluf or valve to\allow for drainage.

(e) The piping system shall be designed to

(1) rpinimize.the number of dead-end branches that
can resulf in(stagnation of the molten salt flow
(2) yithstand pressure, weight, seismic, wind,

(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.

(f) Theoperating temperature of exposed pipe surfaces
during normal operation shall not exceed 60°C (140°F);
otherwise, the pipe surfaces shall be protected to preclude
contact.

(a) Heat exchangers that handle molten saltyshall 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 opergtion,
construction, commissioning, and tésting.
(b) Tubular-type heat exchahgers shall be bujlt in
accordance with TEMA Class R'standards. Shell congtruc-
tion types shall be selected“from the TEMA-desighated
shell types for single-phase and phase-change|heat
exchangers, including shell type K (kettle reboilers).
Front- and rear-head types and all other featurfes of
tubular-type heat-exchangers shall be built in accordlance
with the TEMA-defined types for these units. Hfirpin
exchangers.shall be constructed in accordance|with
ISO 12242. Plate-type heat exchangers shalll be
constricted in accordance with ISO 15547-1.
(¢)-Heat exchangers shall have a pressure relief device
toirelieve the pressure on both the tube and the shell|sides
of the heat exchangers. The molten salt discharge from the
pressure relief device shall be directed to a safe afea.
(d) Heat exchangers shall have a means to mohitor,
warn, and automatically shut down the system or
bypass the exchanger when leaks are detected.
(e) Heat exchangers shall have a means of detdcting
leaks in the system. A pressure-sensing device shjll be
installed at a suitable location to detectan increase injpres-
sure due to tube leakage.
(f) The shell side relief mechanism for shell, tubg, and
hairpin heat exchangers shall be designed to accopnmo-
date a single tube rupture.
(g) Insulation and heattracing shall be used on th¢ heat
exchanger to reduce heat losses through thelheat
exchanger and prevent solidification of the molten| salt.
(h) Heat exchangers shall be capable of being drhined
by gravity and located so that what is drained is directed
into the molten salt tank or into the drainage tank required

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

by para. 4.2.5(e)(3).

(i) Heat exchangers shall have an austenitic stainless
steel nameplate permanently attached in such a
manner that it is visible after insulation has been installed
on the heat exchanger.

4.2.7 Instrumentation 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
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they will be subjected to during the operation of the
system. Means shall be provided to protect these
devices and prevent them from being affected by salt so-
lidification 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) The TES system shall have an audible alarm and
visual indication at the energy storage control panel

(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
immediately before the installation of the piping
system components into the system.

5.1.3 Installation of Immersion Heaters

uponj fattureof any-cr ticat LUllllJUllCllt.

(c)| Controls shall be provided to safely shut down
operdtions in the correct sequence. The designer shall
consider the overall system design and any redundancies
built |into the system.

(d) The control system shall show the operational
statuf of all controls.

4.2.8 Heat Trace

(b)| Heat tracing shall be installed in accordance with
the mjanufacturer’s instructions and IEEE 515 or any other
natiophally recognized standard.

5 CONSTRUCTION, INSTALLATION, AND
COMMISSIONING

5.1 Molten Salt Storage System Construction and

nstallation

Th requirements herein shall apply to the construction
and ipstallation of a molten salt system based\on system
components meeting the provisions of section 4 and the
appr¢ved plans and specifications for.the system.

5.1.1 Tanks and Tank Foundations

(a)| Fabrication, erection, inspection, examination, and
testinjg of molten salt storage tanks shall meet the require-
ments of API STD 620 ortARI STD 650, subject to the modi-
ficatipons and limitations regarding high temperatures
indicgted in this Standard.

(b)] When thestank foundation is turned over to the tank
manyfacturer;the tank manufacturer shall check the foun-
datidn level' and contour to ensure the foundation
provided.will properly support the tank before starting

(aJ All'enclosures, seals, andjoints between the immer-
sion heater and the tank shall be assembledand sealed to
prevent leakage. Threaded and flanged connections shall
be protected against the entry of water orCorrogive 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 aftdr installa-
tion to verify that they are jm’conformance with the heater
wiring diagram and to-ensure that all electricgl connec-
tions are tight and that required clearances exisf between
live and electricalparts and live to ground.

(d) All required electrical protection shall bg checked
after installation to verify thatitis in conformande with the
approvedelectrical plans and specifications. All ¢ables and
glands:shall be checked to ensure that they shoy no signs
of daimage and are adequate for the stated electfical duty.

(e) The heater terminal box shall be separategl from the
tank mating flange to ensure the terminal box terhperature
will not exceed the maximum allowable tenjperature
specified by the box manufacturer. Thq air gap
between the terminal box and immersiopn heater
element flange shall not be lagged or closef off and
shall provide free air circulation during operafion.

(f) The immersion heater tube bundle shall be posi-
tioned and installed into the tank in a mapner that
provides the necessary clearance for the rgmoval 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 insfructions.

(h) The connection of the immersion heater|assembly
and the tank shall account for the expected thermal expan-
sion and contraction between the heating elerhents and
their support structures.

(i) Boltsused to connect the immersion heatdr with the
tank mating flange shall be tightened in accordpnce with

the workard-stratt motify-thepurchaser of anydeficrency
that might affect the quality of the 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.

the immersion heater manufacturer’s installation instruc-
tions.

(i) When immersion heaters are installed in areas
where condensation occurs, an anticondensation
heater shall be installed in the immersion heater terminal
enclosure.
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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-

5.2.1 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.

(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

tlon PlUvidCd VV}ICll llcatius dCViLCD lJl UduLC 1Uy Pl UC‘lu.tS Of
(I;) When installine the oump assemblv into a combustion. As salt is introduced into the tan}, the
preheatefl tank cautior% shallrt))e uEed when r};moving temperature of the salts shall be maintained within the

the tank| cover to prevent personnel contact with
heated exhaust gas. Pumps shall be installed in accordance
with the manufacturer’s instructions.

(c) When installing the pump assembly into a tank at
ambient gemperature, the depth of the storage tank shall
be confinmed in relation to the location of the pump
assembly|prior to the installation.

(d) Piping and valves associated with the pumps shall
be prehedted to the system operating temperature before
the pump| is put into operation. Pumps shall be tested in
accordang¢e with the manufacturer’s instructions and their
operationy 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
minimun] of 25% above the pump nominal eperating
condition

(f) Pumps shall have an operating speed.range of 10%
to 115% pf nominal speed.

5.2 Com

The TEP system shall be ¢commissioned prior to being
placed in fervice in accoxdance with a TES commissioning
plan that|includes the(following:

(a) a yarrative description of the measures to be
accomplished dufing each phase of commissioning,
including| the-personnel designated to accomplish each
of these heasutes

missioning

temperature range specified by the designer:

(b) Duringthefilling process, thelevel of saltin th¢ tank
shall be monitored, and the temperature stratifigation
throughout the tank shall be maintained within tolerances
of the internal tank surface and salts in the tank as §peci-
fied by the tank designer. Monitoring of temperature ptrat-
ification shall be done in_amanner agreed upon by the
owner and the parties.résponsible for design, congtruc-
tion, and commissjoning of the tanks.

(c) Systems thatuse nitrate salts shall take into cdnsid-
eration gas fefmation that will occur during the initial
heating pregess. Vent piping shall be located to direct
effluent gas'from the melting system to a safe lodation
away from personnel, areas of the system providing gssen-
tial services, and other equipment, and in accordancg with
local environmental regulation.

(d) The melting system used shall be capalle of
removing insoluble solids from molten salt beforfe the
molten salt is put into the main storage tanks.

5.2.2 Initial Functional Performance and Acceptance
Testing. The components of the TES system shall beJeval-
uated for proper operation in accordance with the manu-
facturer’s instructions and the commissioning plan [prior
to final approval.

5.2.3 Commissioning Report. A report describing the
results of the system commissioning, including the r¢sults
of the testing required by para. 5.2, shall be providefl 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 communidation
and interaction with owners of adjacent and poterftially
affected properties and local emergency responsd offi-

(b) ali
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 of facility operations and maintenance staff

: £l ¥ 1 1
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cials.

The emergency response plan shall be provided to the
owner(s) or their authorized agent and the system
operator before the system is put into operation.
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6 INSPECTION, MAINTENANCE, AND OPERATION

6.1 General

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 equip-
ment, components, and controls shall be operated and

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
log must 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 Inspection of Parts of the System. The inspec-

mainfained in accordance with this section.

6.1.1 Personal Protective Equipment. Personnel
resp¢nsible for operation and maintenance and asso-
ciatedl inspection and testing activities shall use appro-
priatg personal protective equipment.

6.1.2 Personnel Training. All personnel involved in the
operdtion and maintenance of the system or any portion of
the slystem shall be trained for their job duties by the
system owner or the owner’s designated agent.

6.2

6.3.1 Inspection Plans. Inspection plans shall be devel-
oped|in accordance with ASME PCC-3, APIRP 580, or other
recognized good engineering practices and included in the
mainfenance manual required under para 6.3.

Piging inspections shall be performed in accordance
with |API RP 570. Tank inspections shall be performed
in ac¢ordance with API STD 653. Pressure vessel inspect
tions|shall be performed in accordance with API 510 or
NBBJ NB23. These inspection plans shall provide’the
freqyency of inspection as covered in para. 6.2:2. The
inspgction of specific components of the~system shall
be infaccordance with para. 6.2.3.

Systems that monitor and protect the.TES installation
shall|be inspected and tested in @ccordance with the
manyfacturer’s instructions and thé operating and main-
tenarjce manual. Inspection afidytesting reports with the
resulfs recorded shall be maintained in the operation and
mainfenance manual.

nspection

6.2
(a)

ther

.2 Inspection-Frequency

A daily inspection checklist shall be created from
bquirenents in the maintenance manual. The check-
list shalldnclude checks of liquid levels and areas to be
exanjined for leaks or spills. A daily inspection log

tion of insulated parts of the system, immersioh heaters,
and heat exchangers shall be conducted in a¢cordance
with paras. 6.2.3.1 through 6.2.3.3 respectiyely, and
included in the checklist required bjxpara. 6.22(b).

6.2.3.1 When ultrasonig thickness chpcking is
required by the inspection plan,*the maximum|tempera-
ture of the ultrasonic couplants during in-seqvice NDT
thickness gauging and cerresion mapping shalllbe deter-
mined and checked against the metal surface tenjperature.
When the temperaturie of the test object is above|the speci-
fied operating, temperature range, the inspectfon of the
part shall bed{delayed until the temperatufe of the
object is a'educed to within an acceptable range.

6.2:3.2 Immersion heaters shall be inspedted at the
frequency required in the specifications provided by the
heater manufacturer and maintained in accordpnce with
para. 6.4.6.

6.2.3.3 Heat exchangers shall be peifiodically
inspected at the frequency required in the ihspection
plan and maintained in accordance with para.|6.4.7.

6.3 Operation and Maintenance

shall be
ed agent
bm is put
rlude the
The TES
cordance
l retain a
ns taken.

Operating and maintenance documentatio

provided to the owner or the owner’s authorilt
and to the system operator before the syst
into operation. This documentation shall in
sections and information described herein.
system shall be operated and maintained in a
with this manual, which shall also include an
record of the operation and maintenance actig

6.3.1 Operation

(a) A section covering the regular start-hp of the
system, including temperature profile of thle system
during start-up for heat exchangers, pumps, ll piping,

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
shallinclude inspection requirements for pumps, controls,
heat tracing, electrical cabinets, insulation, and other

11

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, all
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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