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NOTE: This guide specification covers the
requirenents for radio frequency (RF) interference
shi el ding for nagnetic resonance imagi ng (M)
facilities of copper construction with a del egated
design by the RF Shielding Vendor in conjunction
with a Medi cal Physicist/MR Scientist, and

eval uation of site conditions with el ectromagnetic
interference (EM) field measurenents.

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

Renove information and requirenments not required in
respective project, whether or not brackets are
present.

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

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

PART 1 GENERAL

1.1 REFERENCES

EE R R R S I R R I R I R I R S R R R R S R R I R R R S R S R R

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

t hi s paragraph by organization, designation, date,
and title.
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Use the Reference Wzard' s Check Reference feature
when you add a RI D outside of the Section's

Ref erence Article to automatically place the
reference in the Reference Article. Also use the
Ref erence 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 fication when you choose to reconcile
references in the publish print process.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

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

AVERI CAN COLLEGE OF RADI OLOGY ( ACR)

ACR MRl Accreditation Program Requirenents,
Latest Edition

ASTM | NTERNATI ONAL ( ASTM

ASTM B370 (2022) Standard Specification for Copper
Sheet and Strip for Building Construction

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE 142 (2007; Errata 2014) Recommended Practice
for Gounding of Industrial and Comercia
Power Systens - | EEE Green Book

| EEE 299 (2006; R 2012) Standard Met hod for
Measuring the Effectiveness of
El ect romagneti ¢ Shi el di ng Encl osures

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

NFPA 70 (2023; ERTA 7 2023; TIA 23-15) Nationa
El ectrical Code

UNDERWRI TERS LABORATORI ES (UL)

UL 486A-486B (2018; Reprint Jul 2023) UL Standard for
Safety Wre Connectors

UL 1283 (2017; Reprint Feb 2024) UL Standard for
Safety El ectromagnetic Interference Filters

1.2 SUBM TTALS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and corresponding subnitta

items in the text, to reflect only the submttals
required for the project. The CGuide Specification
techni cal editors have classified those itens that
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requi re Governnent approval, due to their conplexity
or criticality, with a "G" GCenerally, other
submttal items can be reviewed by the Contractor's
Quality Control System Only add a “G to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

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

The "S" classification indicates subnmittals required
as proof of conpliance for sustainability Guiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PROCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Arny projects.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Covernment approval is required for submttals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

SD-01 Preconstruction Subnmttals

RF Shi el ding Vendor Qualifications[; G [___ 1]

RF Shi el di ng Supervisor Qualifications[; G [___ 11

Medi cal Physicist/ VMR Scientist Qualifications[; G [___ 1]
Field Quality Control Plan[; G [___ 1]

RF Attenuation Perfornmance Requirenents[; G [___ 1]

SD- 02 Shop Drawi ngs
RF Shielding Shop Drawings[; G [___ 1]
SD- 03 Product Data
Mat eri al s, Equi prent, and Manufactured Units [; G [___ 1]

SD-06 Test Reports
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1

In Progress RF Testing[; G [___ 1]
Prelimnary RF Testing[; G [___ 1]
Final RF Testing[; G [___ 1]
SD- 10 Operation and Mi ntenance Data
Operating And Maintenance Manual[; G [__ 1]
SD-11 C oseout Submittals
RF Shi el ding Enclosure Warranty[; G [___ 1]
3 QUALI TY CONTROL

Supervi se and inspect all work under this section, approve all materials
and equi pnent, coordinate shielding work with all other work and trades.

Ensure that RF shielding systemfully conplies with the MR equi pnent
manuf acturer's requirenments, is fully conmpatible with ACR accreditation
and conmplies with all applicable codes.

. 3.1 Qualifications

Ensure m ni mum qualifications as indicated.

.3.1.1 RF Shi el di ng Vendor Qualifications

A firmthat has continuously executed the design installation
supervision, and testing of equivalent RF shielding systens for the
previous 5 years for all the RF shielding work

Submit a project experience list of projects of similar scope conpleted
during the previous 5 years for approval. Include project conpletion
dates, nanme and contact information of the user and/or owner. Include
installation nmaterials, construction system responsibilities, and

per f or mance.

.3.1.2 RF Shi el di ng Supervi sor Qualifications

RF Shi el di ng Vendor to provide a supervisor continuously engaged in the
design, installation, supervision, and testing of equivalent RF shiel ded
systenms for the previous 5 years to supervise all RF shielding

i nstal |l ati on work.

Submit the name, qualifications and a |ist of projects of simlar scope
conpl eted during the previous 5 years for approval. |[|nclude project
conpl etion dates, nane and contact information of the user and/or owner
Include field investigations and neasurenents, installation materials,
construction system testing method, responsibilities, and performance.

.3.1.3 Medi cal Physicist/ MR Scientist Qualifications

RF Shi el di ng Vendor to engage a Medi cal Physicist/MR Scientist, neeting
the m ni mum ACR requi renents, who has been continuously engaged in the
design, installation, supervision, and testing of equival ent RF shiel ded
systens for the previous 5 years.
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Submit the nanme, qualifications and a |ist of projects of simlar scope
conpl eted during the previous 5 years for approval. |[|nclude, project
conpl etion dates, nane and contact information of the user and/or owner
Include field investigations and nmeasurenents, installation materials,
construction system testing nmethod, responsibilities, and performance.

.3.2 RF Shi el di ng Shop Draw ngs

Submit shop drawings for the RF shielding systemincluding: the
construction method, materials, arrangement and attachnent of the RF

wal l's, ceiling and floor, nethod of RF sealing joints, the connection and
net hod of RF sealing RF shielding system conponents and any ot her
attachnent to the RF shield. Include attachment details for interior

el ements, including suspended ceiling, wall finish and floor finish

syst ens.

Locate and | abel all RF shielding system conmponents and equi prent
| ocati ons.

.3.3 Mat eri al and Conponent Certification

VWere certification is required, provide materials and equi pnment with
Underwriters Laboratories or other nationally recognized testing

| aboratory |abel and listing. Conply with NFPA 70, [UL 486A-486B, ]and
UL 1283 for filter and electrical work

.3.4 Field Quality Control Plan

Submit a field quality control plan to denonstrate conpliance wth
contract requirenments. |nclude: schedul e, personnel, nethodol ogy,

i nspection and testing stages and procedures, test equiprment and the
proposed test report fornat.

.3.5 Pre- Constructi on Conf erence

Hol d a pre-construction conference with all contractors and installers
associated with the RF shielding construction and fit out. Review
requi renents and coordination to ensure the integrity of the RF
shi el ding. Include: Sequence and schedul e, coordi nation of trades,
penetrations, attachnent of other construction and equi prent, and

nodi fication and notification procedures.

.4 DELI VERY, STORAGE, AND HANDLI NG

Del i ver equi pnent, conponents, and materials in original packaging,
| abel ed with the manufacturer/vendor, brand name and part nunber.

| nspect equi pnent, conponents, and nmaterials upon receipt. Renove and
repl ace danaged itens. M nor danage nmay be repaired at the discretion of
the Contracting Officer and the repair matches the new condition.

Conply wi th manufacturers/vendors instructions and recomendati ons for
storage and handling of all equi pment, components, and materials.

Protect materials and conponents from del eteri ous environnents includi ng

weat her, direct sunlight, nobisture, contamnation, corrosion, and
construction traffic.
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1.5 [ PROOECT] [ SI TE] CONDI TI ONS
Construct the RF shield in a weather encl osed building or environnental ly
control l ed building, according to the RF shielding vendor's or M
manuf acturers' requirenments, whichever is nore stringent.

1.6 MAI NTENANCE

1.6.1 Mai nt enance Materials

1.6.1.1 [Filters

Provi de one RF power filter and one comunications filter of each type
used on the project as a spare.

]
1.6.1.2 RF Shi el ded Doors

Provi de one set of manufacturer reconmended spare parts for each type of
RF shi el ded door[ and 2 sets of knife edge RF door seal s].

Provide one full set of tools required to maintain the doors if not
typically available fromtool vendors.

1.6.2 Operating And Mai nt enance Manua

Submit an Operation and Mai ntenance Manual for the RF Shiel ding system
Address all components and aspects of the RF shielding and including:

a. The system RF attenuati on performance requirenents.
b. The RF shielding shop draw ngs.
c. The construction specification for the RF shielding.
d. RF shielding penetration schedul e.
e. RF power filter schedul e.
f. RF signal filter schedul e.
g. RF test plan.
h. Vendor/ manuf act urer nmi ntenance dat a.
i. Spare parts data.
1.7 RF SHI ELDI NG ENCLOSURE WARRANTY
Submit an RF shielding systemwarranty for the RF attenuation perfornmance
of the conplete RF shielding system to neet the MR equi prent
manuf acturer's requirements and be fully conpatible with ACR accreditation

of [5] [ ] years fromdate of conpletion of the final RF test for
defective design, materials and/or workmanship
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PART 2 PRODUCTS

2.

2.

1  SYSTEM DESCRI PTI ON

1.1 RF Shi el di ng Syst em Conmponent s

The RF shielding systemincludes, but is not limted to:

a. RF conplete netallic enclosure including walls, floor and ceiling.
b. RF shiel ded doors.

c. RF shielded w ndows.

d. Over-pressure relief hatch

e. Magnet delivery access panel

f. Al electrical, nmechanical, utility, signal, and cryogen ventilation
penetrations, penetration plates and wave gui des.

g. Dielectric fittings.
h. Power filters.
i. Signal filters.

j. Access panels.

1.2 RF Attenuation Performance Requirenments

Submit RF attenuation perfornance requirenents based on Medica
Physi ci st/ MR Sci enti st el ectromagnetic interference (EM) field

nmeasur enent s, and eval uation of site conditions, in consultation with the
MRl equi prent manufacturer. Ensure that RF shielding systemfully
conplies with the MRl equi prent manufacturer's requirenents and is fully
conpatible with ACR accreditation

.2 MATERI ALS

2.1 Mat eri al s, Equi prent, And Manufactured Units

Provi de equi pnent and manufactured units that have been continuously in
producti on and docunented for at |east 2 years, with a service
organi zati on that provi des mai nt enance, parts and support.

Submit product data for all materials, equipnment, and manufactured units
formng or integrated with the RF shielding including the RF shielding

wal I's, floor and ceiling material s/construction, doors, w ndows,
overpressure relief hatch, power filters, signal filters, and wave gui des.

. 2.2 Nanepl at es

Provi de the manufacturers' nameplate including: nanme, nodel type, nodel
nunber, and serial nunber, on all itenms of equi pnment and nanufactured
units.
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2.

2.

3 RF SHI ELDI NG ENCLOSURE CONSTRUCTI ON

3.1 Copper Encl osure Construction

Form a conti nuous RF shielding enclosure including floor, walls, and
ceiling, incorporating all RF shielding systemconponents, and conform ng
to the Medical Physicist/MR Scientist RF attenuation perfornmance

requi renents. Acceptable encl osure types:

a. Solid copper sheet conformng to ASTM B370 on non-ferrous sub-frane.
b. Anneal ed copper foil on non-ferrous panel or conposite substrate.

c. Oher enclosure types pre-approved in witing.

Use sol dered connections only on horizontal joints of solid copper sheet.
Overl ap copper a m nimumof 51 mr 2 inches at all joints, and continuously
sol der.

Use continuously fastened nechani cal connections on all vertical or
overhead joints. Seal over all mechanical connection fastener
penetrations with not less than 51 mr 2 i nches w de conductive copper foi
tape with conductive adhesive.

Use stainless steel screws to attach RF doors, w ndows, overpressure
relief hatch, and other opening frane assenblies or attachments.

Provide a mnimumnr 51 mr 2 inches deep isol ation space between the back of
the RF shielding walls and any adjacent building walls or structure.

Provi de vapor barrier isolation nmenbrane bel ow RF shielding fl oor where
requi red/ reconmended.

Provi de isol ated support for RF shielding walls and ceiling as required by
t he Medi cal Physicist/MR Scientist.

Use copper nmaterial free of oil, dents, and defects.
Conply with all applicable codes. |

I ncl ude seismic bracing as required by code. ]

. 3.2 Di el ectric Decoupling

Provi de dielectric decoupling of conductive services including piping and
ductwork. Do not penetrate RF shielding with continuously conductive
el enent s.

.3.3 Groundi ng

Electrically ground the shielding enclosure at a single point, with a
m ni mum resi stance to alternate ground of 1,000 ohnms. Coordinate with
Medi cal Physici st/ MR Scientist.

.4 RF SHI ELDED DOCORS

Provi de door[s], frane[s], hardware and threshold[s] as indicated with
pur pose manufactured MRl door systemw th a denonstrated |ife cycle test
rating of at least [10,000] operational cycles wthout |oss of specified
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RF attenuation, froma single manufacturer with a mninumof 5 years track
record[ and 2 years for the products supplied]. Supply assenblies
conplete with a rigid structural frame, hardware, seals and parts
necessary for operation

Provi de door[s] neeting MR nanufacturer's acoustic
requi renent s/ recomendat i ons.

.5 RF SHI ELDED W NDOWS

Provi de wi ndow s] as indicated with purpose manufactured high visibility
MRl wi ndow system from a single manufacturer with a nminimumof 5 years
track record[ and 2 years for the products supplied]. Supply assenblies
conplete with frane, glazing, and seals.

.6 OVERPRESSURE REL| EF HATCH

Provide a clearly visible, easily accessible and instantly operable
overpressure relief hatch for an overpressure energency. Operate from

i nside by pushing the hatch. Operate fromoutside by pulling the hatch
with an appropriate device operated by a person | ocated a mi ni mum of four
feet fromthe hatch. Mtigate the effects of the outfl ow of super-cool ed
gas when |l ocating the hatch to avoid injury or hazardous conditions in
adj acent areas.

Provi de pernmanent signage inside and outside the MRl room stating:
" OVERPRESSURE RELI EF HATCH OPEN | N CASE OF EMERGENCY"

.7 MAGNET DELI VERY ACCESS PANEL

Provi de a nagnet delivery access panel for renoval and replacenent of the
MRl magnet w thout dismantling the RF shielding enclosure. Coordinate the
| ocation and di nensions with the magnet delivery path, the MR equi pnent
manuf acturer and cl earances for rigging.

. 8 PONER AND COPPER SI GNAL RF FI LTERS

Provide a filter for each power, and cable signal |ine penetrating the
encl osure, including power, lighting, HVAC control, alarnms, and
conmuni cati ons to achieve RF attenuation specified. Factory test
filters. Comply with NFPA 70, UL 486A-486B, and UL 1283.

.9  WAVEGQUI DE ASSEMBLI ES

Provi de wavegui de- bel owcut of f (WBC) protection for all piping,
ventilation, fiber signal and cable penetrations of the RF shielding to
achieve RF attenuation performance requirenments. Use no less than 1.5

ti mes the highest frequency of the RF attenuation perfornmance requirenents
for the cutoff frequency.

Provide exterior dielectric collars to maintain a mninmumof [1,000] ohns
DC resistance to ground earth.

Provi de exhaust cryogenic gas wavegui de assenblies of sufficient
structural strength for nagnet quench
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PART 3 EXECUTI ON

3.

3.

3.

1 EXAM NATI ON

Verify site dinensions, conditions, and el ectromagnetic interference (EM)
nmeasur enents before comenci ng worKk.

2 | NSTALLATI ON
2.1 Coor di nati on

Ensure that all relevant construction, testing, and supply organi zati ons,
and personnel are aware of RF attenuation critical installation
requi renents.

Co-ordi nate internal services and finishes to MRl equi pment manufacturer's
requi renents, all applicable codes and to be fully conmpatible with ACR
accreditation.

Ensure that the interior suspended ceiling and walls within the RF
shi el ding encl osure are constructed entirely with non-ferrous materials.

Ensure that fluorescent fixtures, nmagnetic ballasts, magnetic di mers or
simlar equiprment are not |located within the RF shielding enclosure.

Ensure that building elenments or equiprment that require access,
mai nt enance or servicing are not |ocated in inaccessible spaces including
bet ween the RF shiel ding enclosure and adj acent walls, floors or ceilings.

Ensure that building services that cross the MR room pass[ in the
interstitial space] above the RF shielding enclosure and do not pass
t hrough the encl osure.

.2.2 Process

Verify the installation process for conpliance with the contract
docunent ati on, shop draw ngs, equipnent and material subm ssions and
specifications, and coordinate the work of all trades.

.3 FI ELD QUALI TY CONTRCL

. 3.1 I nspection

I nspect installation for conpliance with the contract docunentation, shop
drawi ngs, equi pnent and material subm ssions and specifications. Inspect
prior, during and follow ng the application of coverings and finishes.

. 3.2 Ground Isolation Mnitoring

Continuously nonitor alternate ground earth isolation for a m ni num of
[1,000] ohns DC resistance prior to connection to ground earth.

.3.3 RF Attenuation Field Testing

Perform systematic field control inspection and testing. |nclude the
net hod of inspection and testing, equi pnent used, personnel, |ocation of
tests, test results and corrective action taken or to be taken within RF
test reports.
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3.3.3.1 In Progress RF Testing

Performin-progress RF enclosure inspection and testing by the RF
shi el di ng vendor as construction proceeds to nonitor shielding

ef fecti veness and rectify shielding defects as shielding construction
progresses. Include visual inspection and where possible, RF shielded
encl osure | eak detection system (SELDS) testing of all conponent parts

i ncludi ng seans, penetrations and installations as work progresses.|
Submit in progress RF test reports within 3 days of inspection/testing.]
Conduct testing to | EEE 299, to validate the m ni mum RF attenuation
performance requirenents.

3.3.3.2 Prelimnary RF Testing

Perform prelininary RF enclosure inspection and testing, by the[ RF
shi el ding vendor,][ and the Medi cal Physicist/MR Scientist,][ and the M
equi prent manufacturer,] prior to the application of coverings and
finishes to denpbnstrate conpleted RF shielding RF attenuation prior to
installation of any closure over the RF shield. Include visual inspection
and RF SELDS testing of all conponent parts including seans, corners,
penetrations and installations. Conduct testing to | EEE 299 to validate
the m ni mum RF attenuati on performance requirenments. Submit prelimnary
RF test report for approval prior to installation of any closure or finish.

3.3.3.3 Fi nal RF Testing

Perform final RF enclosure inspection and testing, by[ RF shielding
vendor,][ and the Medical Physicist/M Scientist,][ and MR equi pnent
manuf acturer,] follow ng the application of all coverings and finishes,
when the facility is conplete and is ready for occupancy to denonstrate
conpl eted construction RF attenuation. Include visual inspection and RF
SELDS testing of all conmponent parts including seans, corners,
penetrations and installations. Conduct testing to | EEE 299 to validate
the m ni mum RF attenuati on performance requirenments. [Notify the
Contracting Officer in witing 14 days prior to tests and assi st
nonitoring by client representatives.] Submit the final RF test report.

3.4 GROUNDI NG

Use an equi potential grounding plane nmethod in accordance with | EEE 142,
NFPA 70, and UL 1283.

-- End of Section --
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