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SECTION 23 71 19

THERVAL ENERGY STORAGE SYSTEM | CE-ON-CO L
05/18

NOTE: This gui de specification covers the

requi renent for ice-on-coil type thermal energy
storage systems, including the systemrefrigeration
controls, piping and el ectrical work.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel cone and shoul d be
submtted as a Criteria Change Request (CCR).

*% *%

PART 1

*% *% *% *% *% *% *% *% *% *% *%%

GENERAL

*kkkkkkkkkkkkkkk
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NOTE: The use of this specification will be

coordi nated with other sections as appropriate in
order to specify a conplete thermal energy storage
system These other sections include UFGS 23 05 93
TESTI NG, ADJUSTI NG AND BALANCI NG FOR HVAC, UFGS

23 64 10 WATER CHI LLERS, VAPRO COWPRESSI ON TYPE; and
UFGS 01 91 00.15 TOTAL BUI LDI NG COW SSI ONI NG The
desi gner should be famliar with ASHRAE s Design
Qui de for Cool Thermal Storage and AHRI Cuideline T
before preparing the design. Note that this is
tailored for ice-on-coil systens. This
specification will be a docunment that devel ops
further based on the needs of our custoners and
changi ng technol ogy.
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1 MODI FI CATI ON OF REFERENCES

In each of the publications referred to herein, interpret references to the
"authority having jurisdiction", or words of similar neaning, to nmean the
Contracting Oficer.

2 REFERENCES

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

AVERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE 150 (2000; R 2014) Method of Testing the
Per f ormance of Cool Storage Systens

ASHRAE HVAC APP | P HDBK (2016) HVAC Applications Handbook, I-P
Edition

ASHRAE HVAC APP SI HDBK (2016) HVAC Applications Handbook, S
Edition

ASTM | NTERNATI ONAL (ASTM

ASTM D638 (2014) Standard Test Method for Tensile
Properties of Plastics

NATI ONAL ELECTRI CAL MANUFACTURERS ASSCCI ATI ON ( NEMA)
NEVA MG 1 (2016; SUPP 2016) Mdtors and Generators

NEMA MG 11 (1977; R 2012) Energy Managenent QGuide for
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1.

NFPA 70

3

Sel ection and Use of Single Phase Mtors

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

(2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2;
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6;
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10;
TIA 17-11; TIA 17-12; TIA 17-13; TIA
17-14; TIA 17-15; TIA 17-16; TIA 17-17 )
Nati onal El ectrical Code

SUBMITTALS

*
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NOTE: Review subnittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submittals
required for the project.

The @uide Specification technical editors have
designated those itens that require Governnent
approval, due to their conplexity or criticality,
with a "G" Generally, other submittal itens can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the submttal
is sufficiently inmportant or conplex in context of

t he project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submttal tags may be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenent System (RMS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" following a submttal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandat ed sustai nabl e
requi renents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTI NG Locate the "S" subnmittal
under the SD nunber that best describes the
subnmittal item

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

Quantity and subm ssion requirenments for Operation
and Mai ntenance Data are identified in Section

01 33 00 for Navy projects. Select bracketed
quantity and submi ssion requirenments for Operation
and Mai ntenance Data for Arny projects only.

*%

*% *% *% *% *% *% * *%%
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CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation followi ng the "G
designation identifies the office that will review the submittal for the
Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG.  Submit the followi ng in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

G aphic layouts for dashboards; G, [___ 1]
Control s sequence of operation; ¢, [___ 1]
Point-to-point wiring diagranms; G, [___ 1]
Installation Drawings; C[, [___ 1]

Table C1; C[, [____ 1]

Table C2; C[, [____ 1]

Table 1; C[, [____ 1]

SD- 03 Product Data

Equi prent and Installation; G, [___ ]]

Test Procedures; G, [____ 1]

Fiel d Acceptance Test Procedures; G, [___ 1]
System Diagrans; CG[, [ 1]

Manuf acturer's Representative; ¢, [ 1]
Testing, Adjusting, and Balancing; ¢, [___ 1]
Field Training; C[, [___ 1]

Control Valves; C[, [____ 1]

Sensors; C[, [___ 1]

Mtors; G, [___ 1]

Integral disconnects; G, [____ 1]

Paint; ¢, [___ 1]

Gycol; ¢, [____ 1]

d ycol managenent system C[, [___ 1]

Ice Inventory System C[, [___ 11

Controls; ¢, [ 1]

SECTION 23 71 19 Page 6



1

1

1

Ice Storage Units; ¢, [___ 11
Liquid Chillers; ¢, [___ 1]

SD-06 Test Reports

System Perfornmance Tests Report; C[, [____ 1]
SD-07 Certificates
Installation Drawings; C[, [___ 1]
SD- 10 Operation and Mii ntenance Data
Thermal Energy Storage System C[, [ 1]
Training Schedul e and Content; ¢, [___ 1]
4 QUALI TY ASSURANCE
4.1 Manuf acturer's Representative

Performthe Performance testing work specified in this section under the
supervi sion of and certified by the Manufacturer's Representative. Provide
certification for installation draw ngs, test procedures, and test

results. The Manufacturer's Representative nmust have no | ess than 3

conti nuous years of experience directly involved in the design and
installation of thermal energy storage systens, and nust have served in
simlar capacity on no fewer than five projects of simlar size and scope
during that period. Submit the foll ow ng:

a. Aletter fromthe system manufacturer, at |east 2 weeks prior to the
start of work, listing the experience and training of the
Manuf acturer's Representative.

b. Installation Draw ngs consisting of equiprment |ayout including assenbly
and installation details and electrical connection diagrans; |ayout and
installation details of thermal storage units including support
structure, thernmal storage systemcircul ati on punps, distribution
mani fol ds and all piping, including support structure for system piping
and points of connection to storage units and to piping specified in
rel ated sections, controls sequence of operation, point-to-point wring
di agrans, graphic |ayouts for dashboards and schematic controls
diagram Include on the drawi ngs any information required to
denonstrate that the system has been coordi nated and will function
properly within the HVAC system and show equi pnment relationship to
other parts of the work, including clearances required for operation
and nmai ntenance. Concurrent with installation draw ngs, submt
manuf acturer's certification of installation draw ngs.

c. Proposed field acceptance test procedures for performance tests of
systens, at |east 2 weeks prior to the start of related testing.

4.2 Asbest os Prohi bition

Do not use asbestos and asbestos-containing products.
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5 EXTRA MATERI ALS

Provi de one set of special tools, calibration devices, and instrunents
requi red for operation, calibration, and maintenance of the equipment. In
addition, furnish a two year supply of all spare parts required for system
operation.

PART 2 PRODUCTS

2.

2.

1 SYSTEM DESCRI PTI ON

Provide a closed circuit, single source Thermal Energy Storage System

desi gned and assenbl ed by a manufacturer located in the United States and
regul arly engaged in the manufacturing of systenms that are of a simlar

desi gn, workmanshi p, capacity, and operation. The system nust be installed
by the system manufacturer or a service organization certified by the
system manufacturer. The manufacturer is responsible for the selection and

full integration of the major conponents of the thermal energy storage
system The nmj or conponents of the thermal energy storage system i ncl ude
ice storage units, liquid chillers, and systemcontrols. Systens of

simlar design and capacity must have been in satisfactory comrercial [or
industrial] use for 3 years before bid opening. The 3 years nust be
satisfactorily conpleted by a system which has been sold or is offered for
sal e on the comrercial market through advertisenents, manufacturers

catal ogs, or brochures. Systens having |ess than a 3-year field service
record will be acceptable if a certified record of satisfactory field
operation, for not |ess than 6000 hours exclusive of the manufacturer's
factory tests, can be shown.

.2 EQUIPMENT

. 2.1 Nameplates

Provide a nanmeplate on all equipment that identifies the nmanufacturer's
nane, address, type or style, nodel or serial nunber, and catal og nunber.

. 2.2 Equi prent Guards and Access

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Catwal ks, |adders, and guardrails may be
required. |f so, select the applicable itemand

i ndicate on drawings. |If not applicable, delete the
entire last sentence

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkkkhkhhkhkhkkkkkkkkkk

Ful ly enclose or guard belts, pulleys, chains, gears, couplings, projecting
setscrews, keys, and other rotating parts exposed to personnel contact
according to OSHA requirenents. Provide guards or cover high tenperature
equi pnent and pi pi ng exposed to contact by personnel or where it creates a
potential fire hazard with insulation of a type specified. The
requirenents for catwal ks, operating platfornms, |adders, and guardrails are
specified in Section [05 50 13 M SCELLANEQOUS METAL FABRI CATI ONS][05 51 33
METAL LADDERS]

3 SYSTEM OPERATI ON CHARACTERI STI CS

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Designers will include all energy efficient
applications that optim ze the conpl ete thernal
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2.

storage system and are technically feasible and
life cycle cost effective. The installation's
capability to operate and mmi ntai n proposed systens
will be a primary consideration in the life cycle
cost anal yses. Possible energy saving neasures

i ncl ude cool storage with provisions for heat

recl anati on for preheating donmestic hot water, or
in instances where both heating and cooling are
requi red during the heating season, rejected heat
fromthe cool storage system can be used to of fset
heati ng | oads.

Ice on coil internal nelt systens are typically used
on HVAC applications such as adnministrative
bui | di ngs, schools, day care facilities, and stores
where cooling requirenents are relatively constant
over a mnimum 6 hour period and operating control
systens need to be sinple. Ilce-on-coil externa

nelt systens are typically used on applications such
as process cooling where cooling requirements change
rapidly and for short on-peak demand periods of 2 to
6 hours. External nelt systems require nore conpl ex
controls and air agitation punps.

*% *% *% *% *% *% *% *% *%%

Provide a systemof the [internal][ or ]J[external] nelt ice-on-coil storage
system type as described in the ASHRAE HVAC APP SI HDBK

ASHRAE HVAC APP | P HDBK chapter on Thermal Storage. Base the system
performance on operation with a glycol solution (type and concentration)
that is reconmmended by both the refrigeration system manufacturer and the
storage system manufacturer to neet the systemcapacity profile at the
speci fied design conditions. Design all system conponents that are in
contact with glycol solution for use with the solution

3.1 Refrigeration System

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Section 23 64 10 WATER CHI LLERS, VAPCR
COVPRESSI ON TYPE nust be specifically tailored to
fit the needs of the type of storage system
specified. Designer should obtain detail ed
efficiency data for water chillers at design
operating conditions to specify m ni num energy
performance standards for the chiller. Typically
air-cooled chillers are used for this application
A table, such as the one below, should be filled in
and |ocated with the chiller specification to
specify mninum efficiency.

CHI LLER DESI GNATI ON MODE

ICE BU LD | ICE MELT
MODE MODE

Evaporator Fluid Type

SECTION 23 71 19 Page 9



CHI LLER DESI GNATI ON MODE

ICE BU LD | ICE MELT

MODE MODE
Evaporator Fluid Concentration
percentage
Efficiently (EER
Integrated Part Load Value (I1PLV) EER N/A
Non- St andard Part Load Val ue (NPLV) N/A

EER

Evapor at or Leavi ng Tenperature
(Degrees C) (Degrees F)

Evaporat or Entering Tenperature
(Degrees C) (Degrees F)

Evaporator Flow Rate (L/sec) (GPM

Anbi ent Tenperature (Degrees C)
(Degrees F)

In addition to neeting the capacity requirenments specified herein and on
the drawi ngs, the refrigeration systemnust be as specified in Section
23 64 10 WATER CHI LLERS, VAPOR COWPRESSI ON TYPE

2.3.2 Desi gner Specified Application Rate

*kkk *kkkkkkk kkkkkkkkkkkkkkkkkkkkkkkkhhhkkkkkkkkkkkkkhkhhhkkkkkkkkkk

NOTE: Designer of Record to conplete Table Cl and
C2. These tables cone from AHRI Guideline T

Table Cl1. Specification Information

Di scharge Fluid used to define the followi ng design data

Supply Tenperature to Load at peak conditions, T1, Degrees C
F

Return Tenperature from Load at peak conditions, T2, Degrees
CF

Flow rate to Load at peak conditions, L/sec gpm

Maxi mum al | owabl e pressure drop through storage device, kPa
psi

System Schemati c (shown on draw ngs)

Charge Fluid

SECTION 23 71 19 Page 10



Table Cl. Specification Information

Maxi mum time and m ni mum tenperature avail able to charge Thernal
Storage Device fromfully discharged condition (Initial Charge
Cycle), h and Degrees C F

*Design Heat Sink Rejection Tenperature Degrees C F

* denotes optional data for this table

Table C2. User-specified Data

Hour Thermal *Supply *Return *Flow *Heat Sink |[Thermal Storage
Storage Temp to Temp Rate to Rejection Refri geration Equi prent
System Load, from Load, L/s [Temp Use during this hour
Load kW [T1, Load, gpm (Wet-Bulb (Charge / Parti al
Tons Degrees C T2, or Cooling / Of

F Degrees C Dry-Bulb),
F Degrees C F

0-1

1-2

2-3

3-4

4-5

5-6

6-7

7-8

8-9

9-10

10-11

11-12

12-13

13-14

SECTION 23 71 19 Page 11




Table C2. User-specified Data

Hour Thermal *Supply *Return *Flow *Heat Sink |[Thermal Storage
Storage Temp to Temp Rate to Rejection Refri geration Equi prent
System Load, from Load, L/s [Temp Use during this hour
Load kW [T1, Load, gpm (Wet-Bulb (Charge / Parti al
Tons Degrees C T2, or Cooling / Of

F Degrees C Dry-Bulb),
F Degrees C F

0-1

14-15

15-16

16-17

17-18

18-19

19-20

20-21

21-22

22-23

23-0

Totals

* denotes optional data for this table

2. 3.

3

System Capacity Profile

*%

NOTE:

antici pated | oads,
such as unconfortable conditions,
functi ons,

*%

*%

It

*%

*% *%

is critical

cooling for critica

refrigeration equi pnent during periods that
demand charges coul d occur

*%

*% *%

*% *

that the hourly design day
requi renments |isted bel ow be adequate to neet

or

ot herwi se unwant ed consequences
i nsufficient
t he use of

i ncrease

The system capacity

should typically be optinmized with respect to the

installation el ectrical

demand r at her

t han that of

the building for which the systemis being install ed.

The desi gner should coordinate with the custoner as
to which demand profile (installation or

shoul d be used to determ ne system operation

bui | di ng)
Not e

that the design conditions for the refrigeration

SECTION 23 71 19 Page 12




system shoul d be determ ned in accordance with the
ASHRAE HVAC APP SI HDBK ASHRAE HVAC APP | P HDBK
chapter on Thernmal Storage. The design conditions
in nmost cases should not be less than 1 percent dry
bul b tenperature and the 1 percent wet bulb
tenperature for cooling towers, otherwise the 1
percent mean coi ncident wet bul b tenperature.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhhkhhhkkkkkx

xxxxx

The system manufacturer nust provide the data in Table 1 below at the
design day conditions listed for the refrigeration system The system nust
meet both system performance and m ni nrum schedul ed equi pnent capacities to
meet the design requirenents.[ Factory systemcapacity test results from
proto-type testing rmust be provided that denonstrate that system
performance neets or exceeds these requirenments. The manufacturer nust
provide calculations with the factory system capacity test that denonstrate
compliance with the systemprofile when installed as proposed at the
specified design conditions.] Include the follow ng anbient |oad | osses
where applicabl e: maxi num sol ar heat gain, heat gains fromsoil, and

equi prent room tenperatures of 5.5 degrees C 10 degrees F above the
refrigeration systemdesign dry bul b tenperature.

Design Day ([_ 1DB Degrees CF/ [___ ]1WB Degrees CF)

Net Usable Storage Capacity: [____ ] kW Ton-Hours (Total Columm D)

Heat Transfer Fluid: [___ ]

Specific Gavity: [___ ] Hours to Recharge from Fully
@[ _ ] Degrees CF Di scharged Condition: [____ ] hours
Speci fic Heat Cal orie/gnf Degrees C Hours to Recharge on Design Day:
Btu/lb/Degrees F [___ ]: [ 1 hours
@[____ ] Degrees CF
Table 1. Thernmal Energy Storage System Data
Hour A B C D E F
Thermal Refrigeration Storage Storage Parasitic Ambient
Storage Equipment Device Device and Heat Load
Syst em Load Load Charge Rate| Discharge Accessory into
kWt ons kWt ons kW t ons Ratel Heat Load Storage
kWt ons into Device
Storage kWt ons
Device
kWt ons
0-1
1-2
2-3
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Table 1. Thernmal Energy Storage System Data

5-6

6-7

7-8

8-9

9-10

10-11

11-12

12-13

13-14

14-15

15-16

16-17

17-18

18-19

19-20

20-21

21-22

22-23

23-0

Totals

Notes:

1. Greater Discharge Rates nmay not be possible at defined discharge tenperature
(T4).

2. Totals for Columm B nust be greater than or equal to the sumof totals for
Colums A, E and F.
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Tabl e 1.

Ther mal

Energy Storage System Data (continued)

Hour

G
Net
Storage
Inventory2
kW-hour
ton-hours

H
Supply
Temperature
to Load, T1
Degrees C F

|
Return
Temperature

from Load, T2

Degrees C F

J
Flow
Rate to
Load
L/'s gpm

K
Fluid
Temperature
Entering
Storage
Device
T3
Degrees C F

L
Fluid
Temperature
Leaving
Storage
Device
T4
Degrees C F

0-1

1-2

2-3

34

7-8

8-9

9-10

10-11

11-12

12-13

13-14

14-15

15-16

16-17

17-18

18-19

19-20

20-21
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Table 1. Thermal Energy Storage System Data (continued)
21-22
22-23
23-0
Totals
Notes:
3. Net Storage Inventory values are not avail abl e for instantaneous di scharge.
4. The values in Colum | nust always be | ess than maxi numtenperature defined
on the "User-Specified Data" Sheet.
Table 1. Thernmal Energy Storage System Data (continued)
Hour M N 0] P
Fl ow Rat e Pressure St orage Devi ce Saturated St orage Devi ce
through Drop for Refrigeration Suction Parasitics
Storage Service Energy I nput, kW Temperature5 Electrical
Device Device (electric chiller) Degrees C F Input
L/s gpm kPa psi or kWh kBtu
(gas-fired chiller)
0-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
8-9
9-10
10-11
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Table 1. Thernmal Energy Storage System Data (continued)

11-12

12-13

13-14

14-15

15-16

16-17

17-18

18-19

19-20

20-21

21-22

22-23

23-0

Totals

Notes:

Appl i cabl e where refrigerant is the charge fluid.

2.

4 CONTROLS

NOTE: The sequence of control for the thernal
energy storage system should be shown on the

drawi ngs in text as a perfornmance sequence so that
the system manufacturer's standard controls can be
used. The designer should investigate the

requi renent for connection of the thermal storage
systemto the installation's Uility Mnitoring
Control System (UMCS).

*kkk *kkkkkkk *kkkkkkkkkkkkkkkk kkkkkkkkkhkhkkkkkkkkkkkhkkhkkk

Coordinate and integrate controls for the thermal energy storage system
with the refrigeration systemcontrols package specified in Section 23 64 10
WATER CHI LLERS, VAPOR COWPRESSI ON TYPE. Design thermal energy storage
systemin accordance with the nmanufacturer's recomendati ons and to conply
with the sequence of controls indicated. Design controls, control
strategies, storage system configuration, piping, sensors and all ancillary
equi pnent to ensure that the systemperforns as specified during parti al
peak, and intermttent | oading.
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The controls for the thermal energy storage system nust continuously
measure the ice inventory of storage unit and relay this to the
refrigeration controls package.

a.

4.1

The controls nmust relay an alarmwhen; (a) any chiller fails to switch
to the operating node specified in the systemcapacity profile at any
hourly interval; or (b) the total ice inventory falls [20]] ]
percent below the [atent cooling storage specified in the system
capacity profile at any hourly interval.

The controls nmust relay alarmand initiate system shutdown when the
total ice inventory falls bel ow [40]] ] percent below the |atent
cooling storage specified in the systemcapacity profile at any hourly
interval.

Conmuni cati ng System Control | er

A fully programed [LonWorks] [BACnet] conpatible comruni cating system
controll er nust be furnished by the thermal energy storage nanufacturer to
provide conpletely integrated control of the thernal storage systemfor 24
hour system performance.

a.

Provide digital application controllers capable of advanced
preprogramed functions with all nmenory and cl ock backed up for mninum
72 hours without data loss. Interface with chiller microprocessor to
provi de | ead-1ag operation and partial |oading as required to neet
hourly load profile for the buil ding.

Provi de graphical software that shows all equi pnent, tenperatures and
system nodes/status. Provide software for automatic, schedul e based,
and nmanual operator control system System nust include preprogramed
control sequences, operator graphics reports, and draw ngs.

Prepr ogramred sequences nust include one chiller, no heat exchanger;
two chillers, no heat exchanger; one chiller with heat exchanger and
two distribution punps; and two chillers with heat exchanger and two
di stribution punps.

System nust include the follow ng control functions: system
schedul i ng; at |east six nodes of operation including off; chiller only
- single and nmultiple chillers; ice only; chiller and ice; nmake ice;
and make ice and cool

Control system nust have system node determination; chiller plan denand
limting; ice inventory system managenent; chilled fluid system
control; chiller/ice sequencing and control; col or graphic based
chiller and plant status screens; systemand chiller diagnostic
nmessages; systemand chiller reporting; [and] failure nodes and
recovery; [heat exchanger sequencing and control;] [and punp control

for water |oops].

System nust automatically switch between full ice storage node on coo
days, partial storage ice priority on warm days, and partial storage
chiller priority on hot hum d days as required to maintain indoor
design tenperature and relative humdity.

G aphi cal dashboards nust indicate real tine kWtons capacity, KWusage
by chillers and punps, ice inventory and nelt rate.

System nust have | ogging and trending capability to nonitor various
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control points, status points, setpoints, and nonitoring points.
2.4.2 Cust om Col or Graphics

Provide all information to show custom col or graphics of all system
conmponents and schematic piping with tenperature, pressure and diagnostics
and status. Gaphics include, but are not limted to

2.4.2.1 System Schemati c
I nclude tenperature, setpoints, valve positions, tank status and ice
i nventory, key system operating paraneters and hot |inks to other graphics
pages.
2.4.2.2 Trends and Gauges
Dashboard styl e graphical representation of chiller, tank and system
tenperatures with override hot |inks, gauges show ng instantaneous rea
time load on chiller, tanks, and building, with links to 7-day history
2.4.2.3 Savi ngs Summary

Graphs showi ng kW denmand, and kW usage savi ngs, including present day,
month to date and year to date.

2.4.2.4 Mode Chart
Printable matrix indication of nbdes as descri bed above and
position/status of punps, chillers, and valves, with present val ues
i ndicated and with present operating node highlighted.

2.4.2.5 Strategic Data
Recap of thernal storage performance, including tons and kW Kwh and
dol l ar savings, with hot Iinks to the followi ng trend | ogs and graphs.
Take data at 15 minute intervals:
a. Building | oad

b. Chiller |oad

c. |lce inventory

d. Ilce nelt rate

e. |lce freeze cycle
f. lce tank status

g. Chiller kW
h. End of day ice charge
i. kWshifted

2.5 | CE STORAGE UNI'TS

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk

NOTE: The nunber and size of storage units should

SECTION 23 71 19 Page 19



be based on the size of the |oad, the sequence of
operations, the space avail able for storage units,
and any reliability requirenents that are
applicable. The designer should identify the space
avail abl e for installation and mai ntenance of
storage units and necessary auxiliaries on the
drawings.

Tanks specified bel ow are constructed of plastic and
have a capacity range of | ] kWwh 50 to 500 ton
hours each. These can be manifol ded together to

i ncrease capacity. These are internal nelt type
storage units.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

Each ice storage unit nust have a net usable capacity of [___ ] kWwh
ton-hours. Design the ice storage tanks for a mininmm 25 year service life
and construct solely of corrosion-resistant nmaterials, consisting basically
of a cylindrical container, spiral tubular heat exchanger and supply and
return headers. Each tank nust have factory rated and published charge and
di scharge performance curves. The tanks nmust be suitable as standard for
[installation above ground] [partially buried as shown in partially buried
specifications] [fully buried as show in fully buried specifications] and
must produce a floor loading of no nore than [ __ ] kg/n2 pounds per square
foot.

Each tank nust be capable of being individually isolated fromthe thernal
storage system so that each may be serviced without interrupting the
operation of the total system Provide factory rated and published charge
and di scharge performance curves for each tank that clearly indicate usable
ton-hours of storage at the system design tenperatures shown in the plans
and specifications. Show usable kW ton-hours on these curves and subnit
with the submittal package. Average charging ethyl ene glycol temperature
(average over ice making hours) and final charging tenperature

must meet nini mum schedul ed performance as |isted.

[2.5.1 Pol yet hyl ene I ce Storage Unit

2.5.1.1 Tank Cont ai ner
Provide a cylindrical container constructed of polyethylene with an average
thickness of 9.5 M 3/8 inch and a mninumultimte strength of 18,000 kPa

2600 psi in accordance with ASTM D638. The tank nust be able to wthstand
total freezing of the water within it through repeated cycles without

damage. Insulate the bottom and sides of the tank with a m ni rum R-fact or
of [9]1 [____ ] and insulate the top with a mninum R-factor of [16]
[ ]. Standby | osses nust not exceed 1 percent of the total stored

capacity over an 29 Degrees C 85 Degrees F day. Cover the sides of the
tank with 0.8 nmm 0.032 inch textured al um num sheet; wei ghing no nore than
113 kg 250 pounds, with snmoot hed edges or handles for easy and safe
gripping. Design tanks to withstand, w thout damage or distortion

repeated cycles of total freezing of all water within it due to contro

mal functions or anbient tenperatures for warranty period. Warrant the tank
container for a period of 10 years.

2.5.1.2 Tank Heat Exchanger

Provi de tank of wel ded pol yet hyl ene construction. The tank nust contain a
spiral -wound, mat-type heat exchanger consisting of polyethylene tubing
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arranged in nultiple parallel circuits with opposite direction of flowin
adj oi ning tubes. The heat exchanger nust be capable of operating up to a
620 kPa 90 psi maxi num pressure and have a m ni num burst pressure rated for
4 tinmes the maxi mum operating pressure. Factory hydrostatically pressure
test each ice tank heat exchanger and its associated piping to a m ni num of
1724 kPa 250 psi after tank insertion, not prior

I 2.5.2 Steel Ice Storage Unit

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhkhkhkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: Steel tanks are used for larger capacity
thermal storage systems. They are available in
either internal nelt (primarily for HVAC
applications) or external nelt systems (primarily
for process applications)

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

The ice storage units nust be nodular in design. Unit design nust allow
units of different sizes to be installed in order to optimze unit

sel ection and mi nim ze space requirenments. Assure internal piping
arrangenents that create a bal anced fl ow due to uniform pressure drop
through the coil circuits allow nixed tank sizes

2.5.2.1 Tank Cont ai ner

Construct the tank of heavy-gauge gal vani zed steel panels and include
doubl e brake flanges for structural strength. Provide the tank walls with
a mninmumof 114 nm 4-1/2 inches of insulation that provides a tota
insulating value of R18. Uilize nultiple liners: the primary |iner
which forns the interior of the unit, nmust be of single piece construction
and be suitable for |ow tenperature applications; the secondary |iner/vapor
barrier must be separated fromthe primary liner by 38 nm1-1/2 inches of
extruded pol ystyrene insulation. Insulate the tank bottom nust be
insulated with 50 mm 2 i nches of expanded pol ystyrene insulation and 25 nm
1 inch of extruded polystyrene insulation

Provide the ice storage unit with watertight, sectional covers constructed
of hot-dip galvanized steel. Insulate the covers with a mninmmof 50 mMm 2
i nches of expanded pol ystyrene insul ation

2.5.2.2 Tank Heat Exchanger

Contained within the tank nmust be a steel heat exchanger that is
constructed of 27 nm 1.05 inch OD., all prinme surface serpentine steel
tubing encased in a steel franmework. Pneumatically test the coil, which is
hot - di p gal vani zed after fabrication, at 1310 kPa 190 psig and rated for
1034 kPa 150 psig operating pressure. Configure the coil circuits to
provi de maxi mum storage capacity. Provide the galvanized steel coi
connections on the unit that are grooved for nechanical coupling.

2.5.2.3 Si ght Tube
Provi de each ice storage unit with a sight tube. Fabricate the sight tube
fromclear plastic pipe to display the tank water | evel and correspondi ng
ice inventory.

12.6 Pl PI NG COVPONENTS

Provi de piping conponents as specified in Sections 23 64 26 CH LLED
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CHI LLED- HOT, AND CONDENSER WATER PI PI NG SYSTEMS and 23 23 00 REFRI GERANT
PIPING Provide all heat tracing tape required for inventory neters, site
gl asses, and connecti ons.

2.7 ELECTRI CAL WORK

NOTE: Show the el ectrical characteristics, notor
starter type(s), enclosure type, and naxi mumrpm on
the drawi ngs in the equi pnrent schedul es.

Where reduced-voltage notor starters are reconmended
by the manufacturer or required otherw se, specify
and coordinate the type(s) required in Section

26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM

Reduced-vol tage starting is required when ful
voltage starting will interfere with other

el ectrical equipnment and circuits and when
recomended by the manufacturer. Were adjustable
speed drives (SD) are specified, reference Section
26 29 23 VARI ABLE FREQUENCY DRI VE SYSTEMS UNDER 600
VOLTS.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide notors, controllers, integral disconnects, contactors, and controls
with their respective pieces of equi pnent, except controllers indicated as
part of motor control centers. Provide electrical equipnent, including
motors and wiring, as specified in Section 26 20 00 | NTERI OR DI STRI BUTI ON
SYSTEM and in accordance with NFPA 70. Provide manual or automatic contro
and protective or signal devices required for the operation specified and
control wiring required for controls and devi ces specified, but not shown.
For packaged equi pnent, the manufacturer must provide controllers including
the required nonitors and tined restart.

a. For single-phase notors, provide high-efficiency type,
fractional -horsepower alternating-current motors, including notors that
are part of a system in accordance with NEVA MG 11

b. For pol yphase notors, provide squirrel-cage nedi uminduction notors,
including notors that are part of a system that neet the efficiency
ratings for premiumefficiency notors in accordance with NEMA MG 1.

c. Provide nmotors in accordance with NEMA MG 1 and of sufficient size to
drive the |l oad at the specified capacity w thout exceeding the
namepl ate rating of the notor. Mdtors nust be rated for continuous
duty with the enclosure specified. Mot or duty requirenents must all ow
for maxi mum frequency start-stop operation and m ni nrum encount ered
i nterval between start and stop. Modtor torque nmust be capabl e of
accel erating the connected |load within 20 seconds with 80 percent of
the rated voltage maintained at notor terminals during one starting
period. Provide notor starters conplete with thermal overl oad
protection and other necessary appurtenances. Fit notor bearings with
grease supply fittings and grease relief to outside of the enclosure.

d. [Wiere two-speed or variabl e-speed notors are indicated, solid-state
vari abl e-speed controllers may be provided to acconplish the sane
function. Use solid-state variabl e-speed controllers for notors rated
7.45 kW (10 hp) or less and adjustable frequency drives for |arger
notors. ]J[Provide variable frequency drives for notors as specified in
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Section 26 29 23 VARI ABLE FREQUENCY DRI VE SYSTEMS UNDER 600 VOLTS.]
2.8 FACTORY FI NIl SH SYSTEM

Coat new equi prent with a manufacturer's factory-applied finish that neets
the follow ng requirenents:

a. The [factory paint systen] [gal vanized netal] finish system designed
for the equi pnent nust have been tested in accordance with Federal Test
Met hod Standard No. 141 (Method 6061) and passed the 125-hour
salt-spray fog test of that standard, except that equi pnment | ocated
out doors nust have passed the 500-hour salt-spray fog test of that
standard. [Equipnent located in a sea coast environnment nust w thstand
3,000 hours in a salt-spray fog test.]

b. The filmthickness of the factory painting systemapplied on the
equi pnment nmust not be less than the filmthickness used on the
successful test specinens.

c. |If manufacturer's standard factory painting systemis being proposed
for use on surfaces subject to tenperatures above 50 degrees C 120
degrees F, the factory painting system nust be designed for the
tenperature service

2.9 GLYCOL

Provide a fully formul ated, inhibited ethylene, or propylene glycol-based,
i ndustrial heat transfer fluid specifically designed for use in HVAC and
ice storage systens. The fluid nust contain a conpl ete package of
corrosion inhibitors, buffers (reserve alkalinity), antifoam agent to

| essen pitting and erosion, and a fluorescent dye to hel p detect |eaks.

[2.10 GLYCOL TO WATER PLATE AND FRAME HEAT EXCHANGER

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Choose either this option or the next subpart
option.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

Provi de heat exchanger consisting of enbossed (pressed) plates with
V-shaped herringbone pattern. Build the exchanger for design operating
pressure, tenperatures, capacities and fluids. Heat exchanger nust be
produced and supplied by thermal energy storage system manufacturer. The
heat exchanger construction nust consist of a frame, plate pack, fixed
head, noveable follower, carrying bar, guiding bar, support columm and
tightening bolts. Construct plates of cold formed 316 stainl ess steel
Gaskets nust be single piece nolded design of Nitrile Rubber (NBR), EPDM or
Viton. due gaskets to keep gasket in place during opening and cl osing.
Arrange the plates and gaskets to ensure that the fluids do not intermx
and any | eaks are to the outside of the heat exchanger

I 211 GLYCOL MANAGEMENT SYSTEM

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Choose either this option or the previous
subpart option.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

d ycol nmanagenent system nust pressurize systemto maintain proper vol une
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of liquid in the building circulating | oop, nonitor the system pressure,
and add fluid froma reservoir to the systemwhen the pressure drops bel ow
the set point. The liquid pressurization system nust be factory engi neered
and tested as a conplete unit. Provide a unit approved for outdoor use
usi ng a TEFC punp notor and hot-di pped gal vani zed franme. |nclude a mnimum
225 L 60 gallon covered, vented, reservoir with 30 L 10 gallon

graduations. Provide systemwi th an adjustable pressure relief valve which
protects against accidental over-pressurization by the managenment system
and a check val ve between building and filling systemalong with a service
val ve between reservoir and punp. Provide alarms with both visua
indicating lights and renote contact points indicating the follow ng
conditions: |ow systempressure, lowliquid level in reservoir, high
liquid | evel, |oss of power and | ow solution level. The m ni rum punpi ng
capacity nust be 0.2 L per second 3 gallons per nminute at 550 kPa 80 psig.

]12.12 | CE | NVENTORY METER

Provide an ice inventory neter to neasure the quantity of ice in the
thermal storage tank and provide both a visual indication and an el ectronic
signal (4-20mA) suitable for remote nonitoring. The inventory meter nust
consi st of a weather resistant control box, air punp, tank probe and twn
tubing. Supply [115V] [230V] power to the control box and draw | ess than
one anp. Provide neter with an anal og nmagnehelic type visual indicator
factory calibrated at 0 to 100 percent and the 4-20mA signal nust also be
factory adjusted to the sane range. Avoid requiring field adjustment of
the anal og neter or electronic transducer. Munt and position the

measur enent probe (air supply tube) in a thernmal storage tank cover in
accordance with manufacturer's instructions.[ Provide special adaptors as
required for buried thermal storage tank.] Include factory supplied twin
tubing to connect it to tank probe. Instrument nust be accurate to within
plus or mnus 5 percent and provide data required to deternine renaining
ice inventory. Do not use the instrument to indicate full charge for the
purpose of terminating the ice buil ding process.

2.13 SOURCE QUALI TY CONTROL

Subnmit test reports for the factory tests in booklet form upon conpletion
of testing. Docunment all phases of tests performed including initial test
summary, all corrections and adjustnents nmade, and final test results.

PART 3 EXECUTI ON

3.1 INSTALLATION
Installed as indicated and according to the manufacturer's system di agrans
and recomendati ons, including space required for maintenance. Submnit
proposed diagrans, at |least 2 weeks prior to start of related testing and
as specified.

3.1.1 Piping
Install piping as specified in Section 23 64 26 CH LLED, CHI LLED- HOT, AND
CONDENSER WATER PI PI NG SYSTEMS. Arrange piping for easy dismantling to
pernmt tube cl eaning.

3.1.2 Equi prent and Installation

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk

NOTE: Provide seismc requirenents, if a Governnment

SECTION 23 71 19 Page 24



designer (either Corps office or AAE) is the

Engi neer of Record, and show on the draw ngs.

Del ete the bracketed phrase if seisnmic details are
not provided. Pertinent portions of Sections

13 48 00, 23 05 48.19, 22 05 48.00 20 properly
edited, must be included in the contract docunents.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Install all equipment within the space allotted on the drawi ngs. |nclude
adequat e space in the |ayout to accommpdate the nai ntenance requirenments as
recomended by the manufacturer. Set floor-nounted equi pnent, unless
otherw se indicated, on not less than 150 mMmm 6 inch thick concrete pads or
curbs dowel ed in place. Concrete foundations for equi pnent nust be heavy
enough to minimze the intensity of the vibrations transnitted to attached
pi pi ng, equipnent, or the surrounding structure, as recommended by the

equi prrent manufacturer. In lieu of a concrete pad foundation, a concrete
pedestal block with isolators placed between the pedestal block and the
floor may be provided. The concrete foundation or concrete pedestal bl ock
must be of a mass not less than three tinmes the weight of the conponents to
be supported.

a. Provide piping connections to equi pnent nmounted on pedestal bl ocks and
pi pi ng connections to storage units with flexible connectors. Furnish
foundati on drawi ngs, bolt setting information, and foundation bolts
prior to concrete foundation construction for all equi pnment indicated
or required to have concrete foundations.

b. Provide concrete for all foundations as specified in Section 03 30 00
CAST-I N-PLACE CONCRETE. [In addition, install tanks, conpressors,
punps, val ves, heat exchangers, and other sinilar itens as specified
under [Section 13 48 00 [ SEI SM C] BRACI NG FOR M SCELLANEOUS EQUI PMVENT, ]
[23 05 48.19 [SEISM C] BRACI NG FOR HVZC,] [22 05 48.00 20 MECHANI CAL
SCUND, VI BRATI ON, AND SEI SM C CONTROL,] [and as shown on the draw ngs].]

c. Provide structural steel required for reinforcenent to properly support
pi pi ng, headers, and equi pnent but not shown under this section
Mat eri al used for support nust be as specified under Section 05 21 00
STEEL JO ST FRAM NG. The nethod of anchoring and fastening nmust be in
accordance with manufacturer's instructions unless otherw se indicated.

d. Subnit proposed test procedures for perfornance tests of systens, at
| east 2 weeks prior to the start of related testing.

e. Subnmit nmanufacturer's catalog data included with the detail draw ngs
for the following itens. Highlight the data to show nodel, size,
options, etc., that are intended for consideration. Provide adequate
data to denonstrate conpliance with contract requirenments for the
following:

(1) Controls.
(2) Storage Units (including heat exchanger).

(3) Maxi mum charge and di scharge rates and | atent cooling capacity of
each unit.

(4) Type of glycol recomrended for use by both the refrigeration

system and the storage system nmanufacturers. Provide information
that lists the latent storage capacity. Highlight the recommended
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concentration of glycol for optimal perfornmance based on the
system capacity profile at the specified design conditions.

Protect units on site from physical damage. Conply with manufacturer's
installation instructions for rigging, unloading, and transporting
units.

Level and support tank bottonms over the entire area and insulate from
their supporting surface with insulation supplied by the tank

manuf acturer. Set non-plastic tanks on pressure treated Douglas Fir
sl eepers. Metal tank manufacturers nust provide a factory applied
mastic coating for corrosion protection.]

kkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkhkhhkkkkrkkkx

NOTE: Include follow ng paragraph for burying of
corrosion resistant ice storage units with covers
exposed above ground | evel

*% *% *% *% *% *% *% *% *% *% *% *%%

Only tanks that are certified by manufacturer as being designed for
partial below ground installation are allowed. Install tanks in
accordance with manufacturer's instructions.

(1) Place tanks in the bottomof a pit on a | evel placed concrete pad
base which has a mnimum | oad bearing capacity required by the
manuf acturer. Construct the pit so that no water will accumul ate
above the bottom of the base. Backfill with sand.

(2) After the concrete pad has set, the tanks can be lowered into the
pit using a crane, rigging planks and straps. Fill the tanks with
water to a height just covering the top of the heat exchanger tube
in accordance with manufacturer's installation manual, then
backfill with sand. The sand nmust be put into the pit in a
uni form fashi on, never creating nore than a 300 mm 1 f oot
difference in the sand level in any portion of the pit. Instal
headers and then pipe themto the rest of the system][

kkkkkkkkkkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhkhkkkkkk

NOTE: Include follow ng paragraph for burying of
corrosion resistant ice storage units totally buried
bel ow ground | evel .

*% *% *% *% *% *% *% *% *% *% *% *%%

Only tanks that are certified by manufacturer as being designed for
full below ground installation are allowed. Install tanks in
accordance with manufacturer's instructions.

(1) Place tanks in the bottomof a pit on a | evel placed concrete pad
base which has a mnimum | oad bearing capacity required by the
manuf acturer. Construct the pit so that no water will accumul ate

above the bottom of the base. Backfill with sand.
(2) Place no nore than [ ] mminches of fill on top of the tank
covers. Backfill with sand up to the tops of the tanks. Instal

an inspection port pipe extension on each tank for checking the
water level in the tank. [Provide a special inspection port
extension for an ice inventory neter internally housing the
nmeter's insertion probe. ]This extension can also be used to
check the depth of backfill above the tank
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3.

(3) After the concrete pad is set, the tanks can be lowered into the
pit using a crane, rigging planks and straps. Fill the tanks with
water to a height just covering the top of the heat exchanger tube
in accordance with the manufacturer's installation nanual; then

backfill the pit with sand. Place the sand into the pit in a
uni form fashi on, never creating nore than a 300 mm 1 f oot
difference in the sand level in any portion of the pit. Instal

headers and then pipe themto the rest of the system

(4) Charge the systemwith glycol/water mxture. Before burying the
headers, run the systemfor a week at normal operating pressure
with no | oss of heat transfer fluid. After no loss is detected,

i nsul ate and cover the headers with sand flush to the tops of the

pi pes. Install inspection port extension pipes and then apply
sand on top of the tank covers enough to just cover them Fil
final [ ] mminches with [wood chips] [top soil]. Make the

area above the tanks inaccessible to heavy equi pment or wheel ed
vehi cl es that coul d danage tanks.]

1.3 Access Panel s

Provi de access panels for all conceal ed val ves, vents, controls, and itens
requiring inspection or nmintenance. Mke access panels of sufficient size
and | ocate so that the concealed itens nay be serviced and nmaintai ned or
compl etely renoved and replaced. Provide access panels as specified in
Section 05 50 13 M SCELLANEOUS METAL FABRI CATI ONS

.1.4 Insulation

Unl ess ot herwi se specified, provide thickness and application of insulation
mat eri al s for piping and equi pment according to Section 23 07 O00THERMAL
| NSULATI ON FOR MECHANI CAL SYSTEMS

.1.5 Speci al Requirenents

Install the manufacturer's special requirenents and recommendati ons,
including field-applied insulation and vapor barriers, storage tank
installation, distribution and air agitation system clearances, materials,
appurtenances, and all other necessary features to provide a conplete and
operational thermal storage system

.2 FI ELD PAI NTI NG

Finish paint itens only primed at the factory or surfaces not specifically
not ed otherw se as specified in Section 09 90 00 PAINTS AND CQATI NGS

.3 CLEANI NG AND ADJUSTI NG

W pe equi pment clean, with all traces of oil, dust, dirt, or paint spots
renoved. Miintain the systemin this clean condition until fina
acceptance. Lubricate bearings with oil or grease as recomended by the
manuf acturer. Tighten belts proper tension. Adjust control valves and

ot her m scel |l aneous equi pnent requiring adjustnent to setting indicated or
directed. Adjust fans to the speed indicated by the manufacturer to neet
speci fied conditions.
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3.

4 GLYCOL SYSTEM FI LL

Install, clean, test and drain the piping systemin accordance w th good
industry practice. Isolate the thermal storage tanks fromthe system
during all cleaning and flushing prior to the final fill. Have sufficient

new, enpty drunms at the job site to accommbdate any overage of the fluid.

.4.1 Fill for Flush

Measure the volume of the initial fill for flush with a water neter. The
next to last drain nmust be an all low points drain. Mter the last fil
for flush. Use high quality water, such as deionized, distilled or
muni ci pal water with |l ess than 100 ppm cal ci um car bonat e hardness and | ess
than 50 ppm chloride plus sulfate ions.

Conpare the water volunme of the initial fill for flush with the water
volunme of the final fill for flush. Forward these two volune figures to
the manufacturer's representative for the heat transfer fluid. Also,
informthe manufacturer's representative if the storage tanks have been
filled with water. Concentrated heat transfer fluid is required to adjust
for the volume of water in the storage tanks.

4.2 Flush

Renove residue fromcleaning solutions and corrosives. The final drain
must be an all low points drain. |If a hydrostatic pressure test is
specified for the storage tanks prior to filling the systemw th heat

transfer fluid, it should be perfornmed only with high quality water after
flushing the systemsince the water will remain in the storage tanks.

.4.3 Heat Transfer Fluid

Order the heat transfer fluid by an option of three methods:
a. Prenixed with deionized water and furnished in 208 L 55-gallon druns

b. Prenm xed with deioni zed water and delivered in vol unes above 7570 L
2000 gallons via tanker truck

c. Furnished in 208 L 55-gallon drunms of concentrate to be site-mixed with
high quality water as specified above before adding to the system

Fill out and return to the heat transfer fluid nanufacturer a questionnaire
detailing site conditions before bul k delivery.

.4. 4 Heat Transfer Fluid Filling

Wth the thermal storage tanks opened to the system punp the heat transfer
fluid into the fill connection. Before starting the fill punp, high points
of the system nust have vents open. Unlike filling with water, these vent

| ocations nust be manned at all times during the filling process in case
the heat transfer fluid is inadvertently spilled. Wen the fluid reaches
the vent, manually close the vent and stop the fill punp. Installers nust
take care to not pressurize the system above 620 kPa 90 psi

.4.5 Removing Air

Turn on the system punp for a few mnutes at | ow speed or valve back to
half flow. This action will nove nbst air to the systemhigh points. Wth
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the system punp off, open the vents and start the fill punp again. Repeat
this procedure a fewtimes. Wen nost of the air is elimnated, run the
system punp at full flow.

Use the systemair elimnator to renove final anpbunts of air.
.5  TESTING ADJUSTI NG AND BALANCI NG

The requirenments for testing, adjusting, and balancing are specified in
Section 23 05 93 TESTI NG ADJUSTI NG AND BALANCI NG OF HVAC SYSTEMS. Begin
testing, adjusting, and bal anci ng when the entire HVAC system incl uding
controls, has been conpleted with the exception of perfornmance tests.

Subnmit proposed test schedul es for Perfornance Test and Operational Test,

at least 2 weeks prior to the start of related testing. Charge the thernmal
energy storage systemw th prenixed glycol solution (type and concentration
as specified by the manufacturers of both the refrigeration and storage
systens) prior to testing, adjusting, and bal ancing.

.6 FI ELD TRAI NI NG

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: The nunber of hours of instruction should be
det erm ned based of the nunber and conplexity of the
systens specified.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The Manufacturer's Representative for the thernmal energy storage system
must conduct a training course for operating and nai ntenance personnel as
designated by the Contracting Oficer. Subnit proposed schedul e and
training material for field training at | east 2 weeks prior to the start of
related training. Provide training for a period of [ ] hours of nornal
working time and start after the systemis functionally conplete but prior
to the performance tests. The field instruction nmust cover all of the
items contained in the approved Operating and Mintenance | nstructions.

.6.1 Vi deo Recordi ng

Provide to the Contracting Officer two copies of the training course in DVD
video recording. The recording nmust record in video and audi o all
instructors' training presentations including question and answer periods
with the trainees

.6.2 Unr esol ved Questi ons From Trai nees

If, at the end of the training course, there are questions fromtrainees
that remain unresol ved, the instructor nmust send the answer, in witing, to
the Contracting Oficer for transmttal to the trainees

LT PERFORMANCE TESTS

After testing, adjusting, and bal anci ng has been conpl eted as specified,
test the systemas a whole to see that all itenms performas integral parts
of the systemand that operation is as specified. Submt detailed test
pl an for the cool energy storage systemas part of

the overall Conm ssioning Plan. Submit system perfornmance tests report for
performance tests in booklet form upon conpletion of testing. Test report
must have a Statenent of Design Intent that includes:

a. Narrative description of the system
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b. Performance goals for energy consunption and el ectric denmand

c. Hourly operating profile for design day and mini nrum| oad day

d. Schematic diagram of piping system including cool storage system

e. Description of control strategies for all possible nodes and conditions
f. Maxi num usabl e ice storage discharge tenperature

g. Maxi mum usabl e cooling supply tenperature

h. Criteria for deternmining fully charged and fully di scharged conditions
i. Mximm anmount of time available for charging storage

Docurent all phases of tests perforned in the report, including initia
test summary, all corrections and adjustnents nade, and final test

results. Make corrections and adjustnments as necessary to produce the
conditions indicated or specified, and test(s) repeated in entirety unti
results are satisfactory. Tests nust be conducted by the thernmal energy
storage systemand chiller manufacturer's representative. Furnish al
instrunments required for tests. The accuracy of test instrunments nust be
as specified in Section 23 05 93 TESTI NG, ADJUSTI NG AND BALANCI NG
Performtests as described in the paragraphs bel ow

7.1 Oper ational Test

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Operational Test should be perfornmed when
tenperatures are approaching or exceedi ng desi gn day
conditions and all lights are on in building so that
there is a significant building cooling load to
utilize the cool storage energy and denponstrate the
vari ous nodes of operation.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Denonstrate that the entire systemis functioning according to the
specifications in all nodes of operation such as charging (ice naking
only), partial storage - ice priority (warmday with both ice storage and
suppl enental chiller), partial storage - chiller priority (hot, humd
design day with both chiller and supplenental ice storage), discharge
(cooling fromice storage only), and chiller off (cold day) nodes of
operation. Were the systemis designed for high cost on-peak w ndow
utility rate structure, denonstrate appropriate nodes of operation at
specified tinmes of day. Al other systens such as hot day/nild day/cold
day control schene nust al so denonstrate appropriate nodes of operation at
specified tinmes of day. Test systens designed for proportional control to
divide the | oad between chiller and ice storage to denonstrate conponents
are proportionally | oaded per specification. The operational test nust
cover a period of not less than [72]]__ ] continuous hours of operation
using only systemcontrols in nornmal node and specified sequence of
operation. Make ice inventory recordings in each storage unit at hourly
intervals for the duration of the tinme period. |In addition, record weather
controls, including the anbient tenperature and humidity in a shaded and
weat her protected area at hourly intervals along with ice inventory. Also
record the building tenperature and relative humdity for all zones served
at hourly intervals.
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7.2 Di scharge Test
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NOTE: Discharge testing under field conditions wll
usual Iy not provide accurate results. Were tank
manuf acturer already has factory rated and publi shed
di scharge performance curves, consider whether

di scharge testing adds value. Discharge testing
nmust al so be schedul ed during the cooling season so
that there is a building cooling | oad for

di schargi ng the cool storage energy and chiller

cool ing capacity.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

Conduct di scharge test in accordance with ASHRAE 150 with the exception of
staying within acceptabl e deviations fromthe Specified Load Profile. The
actual field tested profile may be done on a best effort basis allow ng for
reduced building cooling |load conditions. This test is intended to neasure
the amount of cooling energy that can be delivered fromthe thermal storage
device to nmeet the building cooling |load. Begin the test with the therma
storage device in the fully charged condition. Continue the test until the
thermal storage device can no | onger provide the maxi nrum | eavi ng storage
wat er tenperature. Record data and determ ne total discharge cooling
capacity in accordance with ASHRAE 150. In addition, record weat her

condi tions, including anmbient tenperature and humdity in a shaded and

weat her protected area and all other pertinent tenperatures and weat her
conditions at hourly intervals along with ice inventory.

7.3 Charge Test
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NOTE: Charge testing under field conditions wll
usual Iy not provide accurate results. Were tank
manuf acturer has factory rated and published charge
performance curves, consider whether charge testing
adds value. Charge testing should only be used on
"full storage" systems where the chiller operates
only during the 12-hour unoccupi ed period to charge
the ice storage and there is no building cooling
load. Mbre often,"partial storage" systens in which
a fully loaded chiller operates continuously

t hr oughout a design cooling day both charging the

i ce storage and cooling the building are used, which
woul d be difficult to replicate in a field test
unless it occurs on a design day.

*% *% *% *% *% *% *% *% *% *% *% *%%

Conduct charge testing in accordance with ASHRAE 150. The test is intended
to neasure the anount of cooling that can be stored in the thernal storage
device within the time period available for charging. Begin the Charge
Test with the thernmal storage device in the fully discharged condition
Supply chilled fluid to the thernal storage device at the rate and at the
tenperatures specified for the design day. Continue the charge test unti
the thermal storage device reaches the fully charged condition or until the
maxi mum al | owabl e chargi ng period has el apsed. Record data and determni ne
total discharge cooling capacity in accordance with ASHRAE 150.
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8  OPERATI ONS AND MAI NTENANCE
8.1 Oper ati on Manual

Submt [six] [__ ] operation nmanuals listing step-by-step procedures
required for systemstartup, and shutdown, at |east 2 weeks prior to field
training. Include in the manual s the manufacturer's nane, nodel nunber,
parts list, list of parts and tools that should be kept in stock by the
owner for routine maintenance including the name of a | ocal supplier,
simplified wiring and control s diagrans, troubl eshooting gui de, and
recomended service organi zation (including address and tel ephone nunber)
for each item of equipnment. |[Each service organization subnitted nust be
capabl e of providing [4] [ ] hour on-site response to a service call on
an energency basis.]

.8.2 Mai nt enance Manua

Submt [six] [__ ] mai ntenance manuals at | east 2 weeks prior to field
training, Data Package 3, and data conplying with the requirenents
specified in Section 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

.8.3 Operation and Mai ntenance Trai ni ng

Provide training in accordance with Section 01 78 23 OPERATI ON AND

MAI NTENANCE DATA. Training nust also include preventative nai ntenance
procedures to mnimnze Legionella contam nation in accordance with
manufacturer. Submit training schedul e and content for review and approva
prior to training.

-- End of Section --
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