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X- RAY SHI ELDI NG
11/ 20

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: This guide specification covers the
requi renents for x-ray shielding for nmedical and
dental radiological facilities.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Format 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
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation 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
submtted as a Criteria Change Request (CCR)

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

PART 1 GENERAL

1.1 REFERENCES

EE R I R R S I R R I R I R S R R R R R S I R R I R R R R R R 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 organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (R 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
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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 S R R I R R R R R S 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.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )
ANSI 797.1 (2015) Safety G azing Materials Used in
Bui | di ngs - Safety Performance

Speci ficati ons and Methods of Test

ASTM | NTERNATI ONAL (ASTM

ASTM B749 (2020) Standard Specification for Lead and
Lead Alloy Strip, Sheet and Plate Products
ASTM C129 (2023) Standard Specification for
Nonl oadbeari ng Concrete Masonry Units
ASTM C840 (2023) Standard Specification for
Application and Finishing of Gypsum Board
ASTM C1396/ C1396M (2017) Standard Specification for Gypsum
Boar d
ASTM E84 (2023) Standard Test Method for Surface
Burni ng Characteristics of Building
Materi al s

HARDWOCD PLYWOCD AND VENEER ASSCCI ATl ON ( HPVA)

HPVA HP- 1 (2020) Anmerican National Standard for
Har dwood and Decorative Pl ywood

NATI ONAL COUNCI L ON RADI ATI ON PROTECTI ON AND MEASUREMENTS ( NCRP)

NCRP 145 (2003) Radiation Protection in Dentistry

NCRP 147 (2004) Structural Shielding Design for
Medi cal X-Ray I nmaging Facilities

NCRP 148 (2004) Radiation Protection in Veterinary
Medi ci nes

STEEL DOOR | NSTI TUTE ( SDI / DOOR)

SDI / DOOR A250. 8 (2023) Specifications for Standard Steel
Doors and Franes

U.S. NATI ONAL ARCH VES AND RECCRDS ADM NI STRATI ON ( NARA)

16 CFR 1201 Safety Standard for Architectural d azing
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Material s
W NDOW AND DOOR MANUFACTURERS ASSCCI ATI ON ( V\DVA)

ANSI/VWDNA | . S. 1A (2013) Interior Architectural Wod Fl ush
Door s

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 correspondi ng subnittal
items in the text, to reflect only the subnmttals
required for the project. The CGuide Specification
techni cal editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G" GCenerally, other
submittal 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 O fice; 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 CQuiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCCEDURES.

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 submittals 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
Shi el di ng Del egated Design; C, [ 1]

Instal |l er Experience
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1

1

SD- 03 Product Data
Lead- Li ned Concrete Masonry Units
Lead Li ned Pl ywood
Lead- Li ned Gypsum Wal | board
Interlocking Lead Bricks
Lead G ass
Lead- Li ned Wbod Door s
Lead- Li ned Steel Doors
Door Frames
W ndow Fr anes
Louvers
SD- 06 Test Reports
Testing and Certification
3 QUALI TY CONTROL
3.1 Preinstallation Meeting
Hold a pre-installation neeting with the subcontractors and installers
working in, on, or near the X-Ray Shielding. Review requirenents and
coordi nation to ensure the integrity of the shielding including sequence,

schedul e, penetrations, nethods of attachment, service installations and
unaut hori zed nodifications.

[1.3.2 Shi el di ng Del egat ed Desi gn

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: This section is used when the contractor
designs the x-ray shielding protection. Typically
del ete this section

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

Shi el di ng design in accordance with [ NCRP 145][ NCRP 147][ NCRP 148] by a
qualified medi cal or health physicist. Calculate, design, detail and
specify the x-ray shielding systemrequirenments conprising of walls,
[partitions, floor[s], ceiling, ]doors, w ndow s], joints, patches,

sl eeves, and mazes as necessary to ensure shielding continuity at
penetrations as well as enbedded itens including ducts, pipes, conduits,
servi ce boxes and hardware. Include the thickness of |ead, concrete, |ead
gl ass and any other relevant materials.

Submit conplete x-ray shiel ding systemdesi gn conprising of calcul ations,
detail draw ngs, specifications and product data sufficient to validate

t he design and for construction, to the Contracting O ficer for approval

prior to construction.
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a. Medical or Health Physicist Qualifications: Regularly engaged in the
design of radiation shielding, and certified by Anerican Board of
Radi ol ogy, American Board of Medi cal Physics, Anerican Board of Health
Physi cs, or Canadi an Col | ege of Physicists in Medicine.

11.3.3 Instal |l er Experience

An experienced firmthat has been regularly and successfully engaged in
the installation of radiation protection systens, simlar to the work
required, for at least the previous 5 years.

a. Subnit a project experience list on projects of sinilar scope
conpl eted during the previous 5 years for approval. |I|nclude project
conpl etion dates, nane and tel ephone nunber of the user and/or owner.

.3.4 Source Responsibility

Procure radi ation protection materials, conponents and accessories as
standard products. Obtain each type of product froma single nanufacturer

.4 DELI VERY, STORAGE, AND HANDLI NG

Deliver materials and components in original packaging, |abeled with the
manuf act urer/vendor, brand name and part nunber as appropriate.

I nspect nmaterials and conponents upon receipt. Renbve and repl ace damaged
items. M nor damage may be repaired at the discretion of the Contracting
O ficer where repair matches new condition.

Conply wi th nmanufacturers/vendors instructions and recommendati ons for
storage and handling of all materials and conponents.

Protect materials and components from del eteri ous environnents including
weat her, direct sunlight, noisture, contam nation, corrosion, and
construction traffic.

PART 2 PRODUCTS

2.

1 X- RAY SHI ELDI NG SYSTEM

A continuous x-ray shielding systemin accordance with [ NCRP 145][ NCRP 147
][ NCRP 148], comprising of walls, [partitions, floor[s], ceiling, ]doors,
wi ndow[ s], joints, patches, sleeves, and nmazes as necessary to ensure
shielding continuity at penetrations as well as enbedded itens including
ducts, pipes, conduits, service boxes and hardware.

M ni mum sheet | ead thi ckness as indi cated.

Nom nal sheet |ead overlap as indicated to achieve a mninumoverlap of
not less than 0.4 inch in the field including sheet to sheet joints, sheet
to shiel ded el ement/conponent joints, and sheet to patches, sleeves, and
mazes, unl ess specified otherw se.

.2 LEAD SHEET

Sheet Lead: conformto ASTM B749, Grade C, thickness as indicated.
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2.3 LEAD- LI NED CONCRETE NMASONRY UNI TS

Si ngl e t hi ckness of unpierced sheet | ead bonded or permanently anchored to
concrete masonry units conformng to ASTM C129, Type 1. Nom nal sheet

| ead overl ap between blocks [1 inch][1-1/2 inch]. Provide preforned half
bl ock |l engths to ensure bond and shielding without cutting in the field.
300 by 300 by [100] [150] mr 150 by 300 by [100] [150] nm 100 mm

2.4 LEAD LI NED PLYWOCD

Si ngl e t hi ckness of unpierced sheet |ead | am nated to plywood, PS 1
Structural grade, Grade C-C or better, sanded; APA span rated to suit
application, [5/8 inch] [3/4 inch] thick conformng to HPVA HP-1

a. Fire-Retardant Treated Plywood: Where indicated, fire-retardant
treated plywood conplying with performance requirements in ASTM E84,
Interior Type A

2.5 LEAD- LI NED GYPSUM WALLBOARD
Si ngl e t hi ckness of unpierced sheet lead lam nated to [13][16] mr
[1/2][5/8] inch thick gypsum board conform ng to ASTM C1396/ C1396l, Type
11, Gade R, Cass 1, Forma, [Style 1][Style 3].
[2.6 CONCRETE SHI ELDI NG MATERI AL

2355 kg/cubic neterRefer to Section 03 30 00 CAST-1 N PLACE CONCRETE.
1[2.7 | NTERLOCKI NG LEAD BRI CKS

99.9 percent pure lead, free frominclusions, scale, |annations,
blisters, cracks, and projections that could affect interlock. Nomina
| ead overlap between bricks [1 inch].

12.8 LEAD GLASS

Clear x-ray protective quality glass in single or multiple thicknesses.
Shi el di ng equi val ent not | ess than the adjacent construction. Permanently
| abel ed as "X-Ray Lead d ass" and with the equival ent | ead shiel ding

t hi ckness identified.

a. Lead Safety dass: Lanm nated clear float glass, pernmanently | abel ed as
i mpact resistant in conpliance with ANSI Z97.1 and 16 CFR 1201, CAT I1.

2.9 LEAD- LI NED WOOD DOORS
[ Har dwood veneer, solid core, |lead-lined wood doors to ANSI/VDVA |.S. 1A,
wi th manufacturer's standard | ead core thickness to achieve shielding
equi valent to not |ess than the adjacent construction.][Add door
description.][Refer to Section 08 14 00 WOOD DOORS. ]

2.9.1 Door Har dware
Provi de sheet |lead and | ead plugs to nmmintain shielding at hardware

| ocations not |less than the shielding equivalent in the adjacent
construction.
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[2.9.2 Thr eshol ds

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: Threshold construction may not be required
for installations operating below critical power

| evel s where the primry beam does not strike the
door area.

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

Line thresholds with a single thickness of sheet |ead to provide not |ess
than the shielding equivalent in the adjacent construction

]2.10 LEAD- LI NED STEEL DOORS

[ SDI / DOOR A250. 8, Level 2 Heavy Duty, Mdel 1, mnimm0.042 inch faces
with vertical steel stiffeners throughout and manufacturer's standard | ead
core thickness to achi eve shielding equivalent to not |ess than the

adj acent construction.][Add door description.][Refer to Section 08 11 13
STEEL DOORS AND FRAMES. ]

2.10.1 Door Har dwar e

Provi de sheet |ead and | ead plugs to maintain shielding at hardware
| ocations not |less than the shielding equivalent in the adjacent
construction.

[2.10.2 Thr eshol ds

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: Threshold construction may not be required
for installations operating below critical power
| evel s where the primry beam does not strike the

door area.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

Line thresholds with a single thickness of sheet |ead to provide not |ess
than the shielding equivalent in the adjacent construction

]2.11 DOOR FRAMES

[ SDI / DOOR A250. 8, Level 2 welded frane, mninmum 0.053 inch frane thickness
and manufacturer's standard | ead core thickness to achieve shielding

equi valent to not | ess than the adjacent construction.][Add door frane
description.][Refer to Section 08 11 13 STEEL DOORS AND FRAMES. ]

Continuously lined with a single thickness of factory installed sheet |ead
to provide the shielding equivalent not |ess than the adjacent
construction. Include sheet |lead and | ead plugs to nmmintain shielding at
hardware | ocati ons and adj oi ning | ead shi el di ng.

2.12 W NDOW FRAMES

[ Add wi ndow frane description.][Refer to Section 08 51 13 ALUM NUM
W NDOAS. | [ Refer to Section 08 51 23 STEEL W NDOWS. ]

Continuously lined with manufacturer's standard | ead core thickness to
provi de the shiel ding equival ent not | ess than the adjacent construction
Overlap frames a mnimumof 9 mr 3/8 inch at the perimeter of the |ead
glass or twice the thickness of the sheet |ead shielding, whichever is
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greater. Lead frames and gl azi ng panel to provide shielding equival ent
not |less than the adjacent construction. Include sheet |ead and | ead
plugs to maintain shielding to adjoining | ead shiel ding.

.13 LOUVERS

[ Add | ouver description]

One-unit with a maze-type blade to allow [30 percent] free area and
continuously lined with a single thickness of factory installed sheet |ead

to provide the shielding equivalent not | ess than the adjacent
construction.

.14 DESI GNATI NG PLAQUES

Al umi num plastic, or other durable material recording the shielding
t hi cknesses for the enclosure types |listed bel ow.

.14.1 Conti nuous X-Ray Shi el ding System

Provi de one sign, [ ] mr inches tall by | ] mr inches w de, for
each shi el ded room as foll ows:

"SURFACES OF THI S ROOM HAVE BEEN | NSULATED W TH SHEET LEAD OF THE
FOLLOW NG THI CKNESSES

LEAD TOTAL LEAD
THI CKNESS EQUI VALENT
SHI ELDI NG
DOORS [ Jinches [ Jinches
WALLS TO [ 7] [ linches [ Jinches
FEET ABOVE
FLOOR SLAB
FLOOR [ Jinches [ linches

DO NOT REMOVE"
.14.2 Shi el ded Partitions

Provi de one sign, [ ] mr inches tall by | ] mr inches w de, for
each shielded partition as foll ows:

"THI S PARTI TI ON HAS X- RAY SHI ELDI NG

[ FULL HEI GHT] [ FROM FLOOR SLAB TO A HEI GHT OF[ 1 FEET]
LEAD SHI ELDI NG THI CKNESS: [ ] m I NCH
TOTAL LEAD EQUI VALENT SHI ELDI NG [ 1 I NCHES

DO NOT REMOVE"
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PART 3 EXECUTI ON

3.

1 | NSTALLATI ON

Performinstallation in accordance with draw ngs, manufacturer's
i nstructions and reconmendati ons, and [ NCRP 145][ NCRP 147] [ NCRP 148].

1.1 Wor kmanshi p

Install sheet |ead free of waves, lunps, and winkles and with a m ni mum
nunber of joints. Finish joints snoboth and neat.

.1.2 Prot ecti on

Provi de patches, plugs, sleeves, and mazes to ensure shielding continuity
at penetrations and enbedded itemns including ducts, pipes, conduits,
servi ce boxes, and hardware. Coordinate service installations.

Nom nal sheet |ead overlap as indicated to achieve a mninumoverlap of
not less than 0.4 inch in the field, including sheet to sheet joints,
sheet to shielded el ement/conmponent joints, and sheet to patches, sleeves,
and nmazes. Use sheet |ead not | ess than the thickness of the sheet |ead
being jointed. Ensure all joints are robust and close fitting.

.2 LEAD- LI NED CONCRETE FLOORS

2.1 Preparation

Ensure concrete surface is clean, dry, and free of projections that could
deform damage or penetrate the sheet |ead. Wen necessary, apply self

| evel i ng underl aynment over rough or uneven concrete surfaces. Apply a
coat of [asphalt][latex] paint to the concrete surface prior to
installation of the sheet | ead.

. 2.2 Shi el di ng

Apply sheet lead 1/8 inch thick or less in a single layer with a 1-1/2 inch
nomnal lap at joints. Apply sheet lead nore than 1/8 inch thick in two

or nore layers 1/8 inch or less in thickness with 1-1/2 inch nom nal |ap

at joints, or in a single layer with joints butted and covered with | ead

strips 2 inches wide, placed centrally over the joint. Strip thickness

not less than the thickness specified for the floor

. 2.3 Protecti on from Danage

Apply a coat of [asphalt][latex] paint to the top surface of the sheet
| ead prior to application of [concrete Jsurfacing. Do not permt traffic
or work in the area until protection is applied over the sheet |ead.

.3 LEAD- LI NED BLOCKS

Lay | ead-lined bl ocks in running bond courses with staggered vertica
joints. Erect blocks with mninumO0.40 inch wide tight sheet |lead |ap
Use preforned half block lengths to ensure bond and shi el di ng without
cutting in the field.

.3.1 Joints

Fill nortar joints solid with 3/8 inch thick Type N nortar. Do not place
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nortar between |ead | aps.

.3.2 Pi pe and Conduit Chases

Renove concrete from one side of the block only as needed to permt
installation. Fill voids with nortar and finish flush. Reinstal

conti nuous sheet |ead and overlap the adjoi ning sheet a m ni nrum of 0.40
inch. Do not install pipe and conduit chases directly opposite each other
within the sane wall.

.4 LEAD- LI NED PLYWOCD

Provide studs at vertical joint |ocations[ and bl ocking at horizontal

joint locations]. Secure 2 inch wide sheet lead strips, not less than the
shi el ding thickness, centrally at the | ocation of each panel vertical[ and
hori zontal] joint. Butt joint lead |lined plywod centrally over |ead
strips, with shielding on inside face and | ong edges parallel to vertica
supports. Use bent 4 inch wi de sheet |ead strips at corners. Fasten
edges at 8 inch on center and 16 inch on center in the field. Finish
fasteners flush to the surface w thout distortion

.5 LEAD- LI NED GYPSUM WALLBOARD

Provide studs at vertical joint |ocations[ and bl ocking at horizontal

joint locations]. Secure 2 inch wide sheet |ead strips, not less than the
shi el ding thickness, centrally at the | ocation of each panel vertical[ and
hori zontal] joint. Butt joint lead |ined gypsumwallboard centrally over
lead strips, with shielding on inside face and | ong edges parallel to
vertical supports. Use bent 4 inch wide sheet |ead strips at corners.
Fasten edges at 8 inch on center and 12 inch on center in the field.

Install and finish |ead-lined gypsumwal | board in accordance with ASTM C840.

[3.6 | NTERLOCKI NG LEAD BRI CKS

Apply a coat of [asphalt][latex] paint to the concrete floor surface prior
to installation of |ead bricks. FErect bricks with mnimmO0.40 inch wde
tight lead |lap. Use preforned half block | engths to ensure bond and
shi el ding without cutting in the field.

103.7 SUSPENDED LEAD- LI NED CEI LI NGS

Provi de suspended | ead-lined ceilings consisting of ceiling bars, and
hangers. Space continuous bars approxi mately [315] [415] nm
[12-1/2][16-1/2] inch on center and supported by steel hangers from
overhead structure. Use bent 4 inch wide sheet lead strips at ceiling to
wal | junctions.

13.8 LEAD DOOR THRESHOLDS

3.

Install thresholds in accordance with approved detail drawi ngs. Apply a
coat of [asphalt][latex] paint to the concrete surface prior to
installation of the sheet | ead.

9 LEAD- LI NED DOORS
Install doors with a clearance of 1/16 inch at sides and top and m ni num
cl earance at bottom Provide 1/8 inch bevel ed | ock edge and adj ust

hardware as required. Do not exceed a warp or twi st of 1/4 inch in any
face di mension of door including full diagonal, after doors have been hung
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and finished. [Seal cuts required for installation with a clear varnish
or sealer.]

.9.1 Door Har dwar e

Patch cutouts for lock sets and latch cases with sheet |ead not |ess than
t he thickness of the door shielding. Lap sheet lead |ining of the | ock
set and sheet lead |ining of the door to achieve a mninumoverlap of not
| ess than 0.4 inch.

.9.2 Vi ew W ndows

Provi de stops and nol di ngs around gl azed vi ew wi ndows where i ndi cat ed.
Install view wi ndows in doors with hardwood stops to natch face veneer

G ue stops to door on corridor side and fasten with countersunk[ oval head
screws][ finishing nails].

[a. Install view windows in doors with hardwood stops to natch face
veneer. G ue stops to corridor side of door(s) and fasten with
count ersunk[ oval head screws][ finishing nails].]

[b. Install view wi ndows in doors with fixed frame nol di ngs on corridor
side of door(s). Provide | oose stops and nol di ngs on inside of
hol | ow- netal doors and fasten with countersunk [flat-] [or]
[oval -] head machi ne screws spaced uniformy not nore than [9] inches
o.c. and not nore than [2] inches o.c. fromeach corner.]

.9.3 Lead Louvers

Install lead |ouvers in doors with [cadmum] [or] [chrom um]pl ated
SCrews.

.10 TESTI NG AND CERTI FI CATI ON

Perform shielding verification, by a qualified nedical or health
physicist, to deternmine that the barrier requirenents specified in the
shi el ding design were correctly installed. Performthe verification
during construction by physically observing and docunenting the
installation of the barrier materials or after construction by taking
transm ssion measurenments. Prior to building occupancy, submit this
shielding verification to the Contracting O ficer for approval. Correct or
repl ace any part of x-ray shielding work found to be defective.

-- End of Section --
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