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X- RAY SHI ELDI NG
02/09
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NOTE: This gui de specification covers the
requi renents for x-ray shielding for nmedical and
dental radiological facilities.

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
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NOTE: This specification essentially inplenments the
requi renents of NCRP Reports 49, 102 and 145;
however, designers are cautioned to ensure that the
requi renents of TB MED 521 be net in addition to the
requi renents of applicable NCRP publications. In
case of conflict between NCRP publications and TB
MED 521, the nore stringent requirenments will be
applied.

The installation systens given in this guide
specification are the systens nore conmonly used.
Where details of construction require systens not
included in this guide specification, the guide
specification requirenents will be revised to

SECTI ON 13 49 10 Page 3



specify the required system Criteria for users on
radi ation protection surveys is contained in TB MED
521.

Design or nodification of diagnostic x-ray,

t herapeutic x-ray, or gamma-beamtherapy facilities
nmust only be undertaken by experts certified in
radi ol ogi cal physics or therapeutic radio-Iogical
physics by the American Board of Radiol ogy or the
Anerican Board of Health Physics.

Where the increase in cost can be justified by
substantial increases in flexibility of the
facility, allow for future rearrangenment of x-ray
equi prent and facilities by providing the maxi mum

t hi ckness of shi el di ng which provides the nininum
protection in all areas that could be covered by the
primary beam In any case, |ead thickness nmust be
uniformfor the entire wall, ceiling, floor or
partition to which it is applied.

Departnment of the Arnmy Techni cal manual 5-805-12,
"X-Ray Shielding," has standard details. It is
included in the CCB

I ncl ude on the draw ngs:

1. Extent of the shielding; length, w dth, and
hei ght of the |ead sheeting.

2. Joint, opening, and corner details showi ng the
nmet hod of continuation of protection

3. Door and wi ndow details, including | ouvers and
screens.

4. Pipe and conduit chases and penetration sl eeves.
5. Location of all door and wall plaques.

6. Stud spacing for lead |ined gypsum board or |ath.

*% *%

*% *% *% *% *%%

1.1 REFERENCES

*

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhhhkhkhkkkkkkkkkk

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 zati on, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RID) 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.
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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.

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

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.

ASTM | NTERNATI ONAL ( ASTM

ASTM B749 (2014) Standard Specification for Lead and
Lead Alloy Strip, Sheet and Plate Products
ASTM C129 (2017) Standard Specification for
Nonl oadbeari ng Concrete Masonry Units
ASTM C1396/ C1396M (2017) Standard Specification for Gypsum
Board

HARDWOOD PLYWOOD AND VENEER ASSCCI ATl ON ( HPVA)

HPVA HP- 1 (2016) Anmerican National Standard for
Har dwood and Decorative Pl ywood

NATI ONAL COUNCI L ON RADI ATI ON PROTECTI ON AND MEASUREMENTS ( NCRP)
NCRP 102 (1989) Medical X-Ray, Electron Beam and

Ganmma- Ray Protection for Energies up to 50
MeV (Equi prrent Design, Performance and Use)

NCRP 144 (2003) Radiation Protection for Particle
Accel erator Facilities

NCRP 145 (2003) Radiation Protection in Dentistry

NCRP 147 (2004) Structural Shielding Design for

Medi cal X-Ray lmaging Facilities
STEEL DOOR | NSTI TUTE ( SDI / DOOR)

SDI / DOOR A250. 8 (2003; R2008) Reconmended Specifications
for Standard Steel Doors and Franes

U S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)
29 CFR 1910. 1025 Lead
W NDOW AND DOOR MANUFACTURERS ASSOCI ATI ON ( V\DIVA)

ANSI /VWDMA | . S. 1A (2013) Interior Architectural Wod Fl ush
Doors

.2 SUBMITTALS

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk

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

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

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

t he project.

For submttals

requi ri ng Governnent approval on Arny

projects, a code of up to three characters within
the subnmittal tags nmay be used following the "G'

designation to
Codes for Arny

i ndi cate the approving authority.
proj ects using the Resident

Managenment System (RMB) 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 proj ects.

The "S" following a submittal itemindicates that

the submttal

is required for the Sustainability

eNot ebook to fulfill federally mandat ed sustai nabl e
requirenents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTING. Locate the "S" submittal
under the SD nunber that best describes the

submittal item

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

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkk
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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

Sust ai nabil ity eNot ebook,

in conformance to Section 01 33 29 SUSTAI NABI LI TY

REPORTI NG. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs

X- Ray Shi el di ng;

., [ 1]

Qperators Protective Screen; C[, [ 1]

SD- 03 Product Data

Leaded d ass

Lead- Li ned Wod Door s
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1.

Lead W ndow Franes
Lead Li ght proof Louvers
Lead- Li ned Steel Doors and Franes
Fil m Cassette Transfer Cabinets
SD- 04 Sanpl es
Lead- Li ned Whod Panel s
SD-06 Test Reports
Testing and Certification
Submit four copies of surveyor's report.
SD-07 Certificates
X- Ray Shi el di ng
3 QUALIFICATIONS
Work shall be performed by a conpany which specializes in the type of

shiel ding work required by the Contract docunents. Conpany shall have a
m ni mum of [5] [ ] years of docunented successful experience.

.4 DELI VERY, STCORAGE, AND HANDLI NG

Deliver materials in the original containers bearing the nane of the

manuf acturer and brand name. Store shielding materials off the ground
under watertight cover. Handle materials preventing damage to edges, ends
or surfaces in conformance with 29 CFR 1910.1025. Renove danaged material s
fromthe prem ses. [Leave protective paper on acrylic panels unti
installation is conplete.]

.5 WARRANTY

Lead sheet shielding naterials shall be warranted agai nst saggi ng and
curling for [10] |

PART 2 PRODUCTS

2.

1 SHI ELDI NG SYSTEM

NOTE: For Navy projects, submt x-ray shielding
designs and cal cul ati ons to Chief, Bureau Medicine
and Surgery, 2300 E Street NW Washington, D.C
20372-5000, for review and approval prior to design
release.

Coordi nate work of this section with Sections

11 27 13 RADI OGRAPHI C DARKROOM EQUI PMENT and 11 70 00
GENERAL REQUI REMENTS FOR MEDI CAL AND DENTAL
EQUIPMENT.

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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Construct X-ray shi el ding uninpaired by joints, openings for ducts, pipes,
or ot her openings through shielding, or conduits, service boxes, and other
items enbedded in the shielding. The shielding shall appear to be
continuous. Install |lead patches, |ead sleeves, and/or nmazes as required
to provide continuity of the shieldingg Mninumlead lap shall be 25 mfm 1
inch. Sleeves shall be not less than 25 nm 1 inch in | ength. Thicknesses
i ndi cated for shielding are mini mum acceptabl e thi ckness.

a. Subnit shop drawi ngs that indicate thickness of |ead at all |ocations;
construction at floor, walls, ceiling, and colums; details of |ead
| aps and | ap securing nmethods; fastenings, profiles, details of itens
and accessories penetrating the shielding materials; and any speci al
nmet hod of construction.

b. Certify the shielding materials supplied conply with specified quality
and thi cknesses

.2 LEAD SHEET
Lead sheet shall conformto ASTM B749, Grade C, thickness as indicated.

.3 LEAD- LI NED CONCRETE MASONRY UNI TS

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

NOTE: Coordi nate the requirenents of this Section
with Section 04 20 00 UNIT MASONRY. Lead-1ined
masonry units have a broad range of |ead

t hi cknesses. Lead-lined nmasonry units offer the
advantages that they are relatively sinple to
construct, provide considerable structural strength,
and may be surfaced easily with plaster. However,
the cost is considerably higher (up to a specific
kV) than using |ead-lined wallboard, |ath, panels,
concrete, or earth.

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

Provi de | ead-1ined concrete nmasonry units conform ng to ASTM C129, Type 1.
Each unit shall have a single thickness of unpierced | ead sheet bonded or
anchored permanently in the center of the unit/block. Construct blocks to
provide an effective |l ead | ap between adjoi ni ng bl ocks either by the

overl apping of lead in adjoining blocks or by |ead bars at block joints
when erected. Nomi nal dinensions for full-size units shall be 300 by 300
by [100] [150] nm 12 by 12 by [4] [6] inch. Noninal dinensions for

hal f-size units shall be 150 by 300 by [100] [150] mm 6 by 12 by [4] [6]
inch. Units 100 nm 4 inch thick shall be used for shielding requirements
up to 6 Mm 1/4 inch of lead, and 150 mMmm 6 inch thick units shall be used
for shielding requirenents above 6 mm 1/4 inch of | ead.

.4 LEAD- LI NED WOOD PANELS

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkkkhkhhkhkhkkkkkkkkkk

NOTE: When a matching finish is not required,
speci fy prefinished panels.

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

Lead-1ined panels shall be unpierced sheet |ead |aninated to hardwod
veneer plywood conform ng to HPVA HP-1, not less than 9 mm 3/8 inch thick.
The | ead sheet shall extend the full height and width of the panels except
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for applications at corners, franes, and other sinmilar |locations. The |ead
sheet may extend beyond the edge of the panels to formeffective |ead

| aps. Face veneer shall be [birch] [mahogany] [red gum [red oak] [white
oak]. Face veneer shall [have an approved natural finish] [be polished
sanded] [have a primary coat of varnish, |acquer, or synthetic coating].
Subnmit 200 by 250 mm 8 by 10 inch sanpl e of each specified panel

.5 LEAD- LI NED LATH

Lead-lined Iath shall have a single thickness unpierced sheet of |ead

| am nated to gypsum |l ath, conformng to ASTM C1396/ C1396N, Type 1, G ade R,
Class 1, Forma, Style 1, 9 nm3/8 inch thick, so that the | ead extends 25
mm 1 inch beyond lath on one | ong side and one short side.

.6 LEAD- LI NED GYPSUM WALLBOARD

Lead-|i ned gypsum wal | board shall be a single thickness of unpierced | ead
lamnated to [13][16] mm [1/2][5/8] inch thick gypsum board confornmng to
ASTM C1396/ C1396N, Type Ill, Gade R Class 1, Forma, [Style 1][Style 3].

.7 LEADED GLASS

Leaded gl ass shall be clear X-ray protective quality glass in single or
mul tiple thicknesses. Leaded glass shall have | ead equival ence required
for the shield wall, door, or partition in which the | eaded glass is
installed.

. 8 LEAD- HEADED NAI LS

NOTE: Lead-headed nails are seldomrequired; use if
radi ol ogi cal cal cul ati ons show a need for them

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

Lead- headed nails may be used to acconplish shielding not | ess than that
provided by the barrier. The size, type and design shall be recommended by
the manufacturer of material to be install ed.

.9 LEAD TABS OR CLI PS

Lead tabs or clips shall be unpierced sheet |ead not |ess than the
thickness of lead in the barrier. Prior to folding, the tabs shall be
rectangul ar in shape and shall be the required size to provide an effective
| ead | ap over an unleaded nail, screw, or tie wire penetration when fol ded.

.10 LEAD- LI NED WOOD DOORS

Lead-|i ned wood doors shall be [prem um grade, book matched] [good grade],
har dwood veneer, solid core, in accordance with ANSI/WDMA |.S. 1A. Lead
sheet shall extend to door edges and provide x-ray absorption equal to the
partition in which the door is installed. Face veneer for |ead-1ined doors
shall be [birch] [rmahogany] [red gun] [red oak] [white oak] [__ ]
finished with [an approved natural finish] [__ ]. Doors shall have
filler strips, crosshanding face veneers and hardwood edge strips gl ued
under heavy pressure with contact adhesive.

.10.1 Shielding

Secure cores together with [poured | ead fasteners] [or] [steel bolts],
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usi ng washers under heads and nuts. Bolts shall be spaced not nore than 38
mm 1-1/2 inch from edges around door perinmeter and not nore than 200 mm 8
inch on centers in both directions. Bolts shall be countersunk and have
poured | ead or | ead dowels covering heads and nuts flush with face of

core. Door thickness shall be nmanufacturer's standard for |ead thickness
used, unl ess shown ot herw se.

.10. 2 Pai nti ng and Seal i ng Doors

Top and bottom edges of doors to be painted shall receive two factory coats
of spar varnish before shipnent to jobsite. Doors to be stained or have a
natural finish shall receive two shop coats of water-resistant seal er
before shipnent to jobsite.

.10.3 Door Har dwar e

Door hardware shall be as specified in Section 08 71 00 DOOR HARDWARE
Mortises for floor hinge arns and top pivots with sheet |ead and necessary
| ead plugs, sheet |ead, stainless steel pans, bolts and screws shall be
provided.

.10. 4 Thresholds

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

NOTE: Threshold construction is determi ned by

r adi ogr aphi ¢ equi pnent required, work |oad, and

| ocation of radiation source fromthe door (i.e.
threshold may not be required for installation
operating below 125 kVp if the prinmary beam does not
strike the door area).

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

Threshol ds are specified in Section 08 71 00 DOOR HARDWARE. Li ne
thresholds with a single sheet of |ead to provide required shielding.

11 LEAD W NDOW FRAMES

Construct |ead wi ndow frames for viewi ng wi ndows nmounted in | ead-1ined
doors from|[lead extrusion welded in one piece] [extruded al um num all oy
with concealed lead lining], splayed on four sides for w de-angle view ng.
Frames shall forma mninmumoverlap of 9 nm 3/8 inch at the perineter of
the |l ead glass or twice the thickness of the shielding, whichever is
greater. Thickness of |ead shall be the sane as the lead in the barrier in
whi ch they occur. Frames can be either solid or tel escoping type. Lead
stops shall be provided for glass or acrylic installation. Cear acrylic
panel shall be provided with |ead equivalence [ ] [as required by unit
in which panel is installed.] [ Provide a baffled slot for voice passage
in the frane.]

.12 LEAD LI GHTPROOF LOUVERS

Lead |ightproof |ouvers for doors shall be fabricated entirely of |ead of
not |ess than the thickness of lead in barrier in which they are
installed. Louvers shall be one-unit construction designed with a
maze-type bl ade to exclude the passage of light. Louvers shall allow 30
percent free area for air circulation. Louvers shall be factory-fitted,
boxed separately, and shipped with door or assenbl ed before shipnent.
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2.13 LEAD- LI NED STEEL DOORS AND FRAMES

2.13.1 Doors

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

NOTE: Threshold construction is determ ned by

radi ographi ¢ equi pnent required, work |oad, and

| ocation of radiation source fromthe door (i.e.
threshold may not be required for installation
operating below 125 kVp if the primary beam does not
strike the door area).

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

Doors shall conformto Section 08 11 13 STEEL DOORS AND FRAMES, in

accordance with SDI/DOOR A250.8, Grade Il, heavy duty, Mdel 1, mininmm 18
gage faces with steel stiffeners throughout. Apply unpierced |ead sheet,
of thickness equal to that used in the adjoining wall, in the center of the

door between the two faces, continuously fromtop to bottom and edge to
edge. Shield cutouts for |ocksets with sheet | ead of the sane thickness as
used in the door; lap lead lining of |ocksets and the door lining. Prepare
doors to receive viewi ng windows and | ouvers as indicated. Provide
renovabl e stops for gl azed openings. Use Section 08 71 00 DOOR HARDWARE
for protective hardware requirenents. Line thresholds with a single sheet
of lead to provide required shi el di ng.

2.13.2 Frames

Provide steel frames as specified in Section 08 11 13 STEEL DOORS AND
FRAMES. The inside of franes shall be lined with a single thickness of
sheet | ead. The thickness of the lead lining shall be the sane as the | ead
lining of the systemin which the franes are used. Linings shall be
installed at the factory, and shall be continuous. Lining shall be forned
to contour of frame. Lead shields shall be formed around areas prepared to
receive hardware. Each lining shall be w de enough to provide and naintain
an effective lead lap with the |l ead of the adjoining shielding units.

2.14 FI LM CASSETTE TRANSFER CABI NETS

Cassette transfer cabinet shall be double-wall steel cabinet divided into
two conpartnents with doors of one cabinet plainly marked for exposed
cassettes and doors of the other cabinet plainly marked for unexposed
cassettes. Interlocking device shall prevent the doors on opposite ends of
the cabinets frombeing opened at the sane tine. Sheet |ead |ining of
cassette cabinet shall provide x-ray absorption equal to the X-ray
absorption provided by partition in which the cabinet is installed.

Cabi nets shall have identification marking. Cabinet floor shall be
corrugated rubber with chrone-plated door knobs.

2.15 OPERATORS PROTECTI VE SCREEN

Operators protective screen shall be constructed [of studs, surfaced with
| ead-lined [gypsumlath conformto ASTM C1396/ C1396N] [gypsum wal | board
conform ng to ASTM C1396/ C1396N] secured to studs with appropriate
fasteners, with | ead washer or tabs.] [of sheet |ead | am nated between

pl ywood panels, 19 mm 3/4 inch thick conformng to HPVA HP-1]
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.16  DESI GNATI NG PLAQUES
.16.1 Requi red I nformation

Furni sh and install designating plaques as specified belowin roons and as
i ndi cated on the drawi ngs. Locations where shielding thickness changes, or
is not continuous, shall be indicated on the plaque. Plaque shall be of

al umi num plastic, bakelite, or other approved materials and shall be
[ ] mminches high by [__ ] mminches long to contain the required

i nformati on as specified bel ow.

.16.2 X-Ray and Exami nati on Roons

One sign shall be provided for [dental x-ray roon] [x-ray] [and]
[exami nation roons] lettered as foll ows:

: "THE PARTI TI ONS, THE DOORS, AND THE LEAD- LI NED SHI ELD OF THI S ROOM HAVE
BEEN | NSULATED W TH SHEET LEAD [
EQUI VALENT PROTECTI ON OF [ ] nm INCH. "

.16.3 Radi ogr aphi ¢, Fl uoroscopic, and Cystoscopi c Roons

One sign shall be provided for each roominsulated with sheet lead |ettered
as follows:

: "SURFACES OF THI S ROOM HAVE BEEN | NSULATED W TH SHEET LEAD OF FOLLOW NG
THI CKNESS TO A HEIGHT OF 2.1 m 7 FEET ABOVE FLOOR SLAB:

LEAD TOTAL LEAD

THICKNESS EQUIVALENT

PROTECTION
DOORS [ ] mminches [ ] mminches
PARTITIONS [ ] mminches [ ] mminches
FLOORS [ ] mminches [ ] mminches

.16.4 Deep Therapy Room
One sign shall be provided for each deep therapy roomlettered as foll ows:

"ALL SURFACES OF THI S ROOM HAVE BEEN SHI ELDED W TH AN EQUI VALENT SHEET LEAD
OF THE FOLLOW NG THI CKNESS:

TOTAL LEAD EQUI VALENT PROTECTI ON

DOORS [ ] mminches
PARTITIONS [ ] mminches
FLOOR [ ] mminches
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TOTAL LEAD EQUI VALENT PROTECTI ON

CEILING [ ] mminches

2.16.5 Rooms Wth Nonshielded Partitions

Provi de one sign for each | ead-shielded partition in a roomfor which all
partitions are not shielded. A sign shall be |ocated on |ead-insul ated
partition and lettered as foll ows:

: "THI'S PARTI TI ON HAS BEEN SHI ELDED THE [FULL HEI GHT] [HEIGHT OF [
FEET] WTH SHEET LEAD [ ] nm INCH THI CK, PROVI DI NG A TOTAL LEAD
EQUI VALENT PROTECTION OF [____

2.16.6 Car di ac Fl uoroscopy Room

One sign shall be provided for the door to cardiac fluoroscopy or other
roomto which only the door is shielded, lettered as foll ows:

"TH S DOOR HAS BEEN SHI ELDED W TH SHEET LEAD OF [__
2.17 CONCRETE
[ Concrete shielding material shall be uniformdensity of 2355 kg/cubic neter
147 pcf] [Hi gh-density concrete shielding nmaterial shall be of uniform
density in the range of 3045 to 3445 kg/cubic nmeter 190 to 340 pcf].
PART 3 EXECUTI ON

3.1 INSTALLATION

NOTE: NCRP Reports 49, and 144 or 102 will be

i ncluded for nedical facilities. NCRP Report 145
will be included for dental clinics. For facilities
wi th both nmedical and dental x-ray construction,
NCRP Reports 145, 49 and 144 or 102 will be

i ncluded. This Section is applicable only to the
design of nedical and dental facilities; other type
facilities are required to neet different radiation
protection standards, and nust be coordinated with
NAVSEASYSCOM Det achnent, Radi ol ogi cal Affairs
Support O fice, Yorktown, VA 23691-5098 for Navy
projects.
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Performinstallation of materials and assenblies in accordance with
drawi ngs and approved nmanufacturer's recommendati ons and [ NCRP 145] |
NCRP 147] [NCRP 102][ or ][ NCRP 144].

3.1.1 Workmanship
Install sheet lead free of waves, lunps, and winkles and with a m ni mum of
joints. Joints in sheet lead shall provide protection equivalent to the

protection provided by the adjacent sheet lead. Joints shall be finished
smoot h and neat .
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3.

1.2 Protection

Use |l ead shields to maintain continuity of protection where unshiel ded
built-in itens penetrate lead linings. Were outlet boxes, junction boxes,
ducts, conduits, and simlar itens prevent the use of shields, |ead sleeves
or lead lining shall be used. Fasteners shall not disrupt the continuity
of shi el di ng.

.2 LEAD- LI NI NG FOR CONCRETE FLOORS

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

NOTE: In roons schedul ed for sheet |ead ceiling,
the sheet lead lining shall be placed on top of the
floor slab above the room protected, unless a
suspended lead ceiling is required. Vertical wal
shi el di ngs shall be erected on lead strips prior to
the installation of floor linings in the shielded
room Lead strips shall project approximtely 75 mm
3 inches into the shielded roomarea. Lead |lining
at the door sill opening shall be not |ess than 600
mm 2 feet wi der than the opening and shall extend
not less then 300 nm 1 foot beyond the door janb
openings.

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

Surfaces of concrete floors receiving lead linings shall be clean, dry, and
free of sharp projections that will damage or penetrate the sheet |ead.
When necessary, a snooth screed coat of concrete shall be applied over
rough concrete surfaces. A coat of asphalt or |atex paint shall be applied
to the concrete surfaces prior to installation of the sheet |ead.

2.1 Shielding

Sheet lead less than 3 nm 1/8 inch thick shall be applied in a single |ayer
with a 38 M 1-1/2 inch mninumlap at joints. Sheet |lead nore than 3 mm
1/8 inch thick shall be applied in two or nore layers 3 mm1/8 inch or |ess
in thickness with 38 mMm 1-1/2 inch minimumlap at joints or shall be
applied in a single layer with joints butted and covered with |lead strips
not | ess than the thickness required for floor lining and as detail ed.

. 2.2 Protection from Damage

Apply a coat of asphalt paint to the top surface of the sheet lead prior to
application of concrete surfacing. Traffic or other work will not be
permitted in the area until concrete is applied over lining.

.3 LEAD- LI NED BLOCKS

Lead-|ined bl ocks shall be laid in running bond courses with staggered
vertical joints. Blocks designed for |lead | aps at joints shall be erected
to provide minimum25 mm 1 inch tight |ead | aps w thout sol dering or
burning or provide lead bars in vertical and horizontal joints. Blocks
designed to have lead bars in joints shall be erected to permt |ead bars
with a thickness not less than the | ead sheet thickness in block to be
inserted in horizontal and vertical joints.

.3.1 Joints

Mortar joints shall be 9 M 3/8 inch thick and shall be filled solid with
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Type N nortar as specified under Section 04 20 00 UNIT MASONRY. DMortar
between lead laps will not be pernitted.

.3.2 Blocks

Extend bl ocks into franme openings, with |l ead projecting into rabbets of
franes to effectively lap with lead frames of frane linings. Voids around
franes shall be filled with nortar.

.3.3 Pi pe and Conduit Chases

Where pipe and conduit chases occur within the blocks, concrete may be
renoved fromone side of the partition as required to pernit pipe
installation. Were necessary to renove lead |ining for pipe or conduit
installations, continuous sheet |ead shall be installed and overl apped on
the adjoining construction. Voids around pipe and conduit chases within
the blocks shall be filled with nortar. Voids shall be finished flush with
the face of partition. Pipe and conduit chases shall not be installed
directly opposite each other within the sane partition

.4 LEAD- LI NED PANELS

NOTE: When the finish of the panels nust natch the
finish of other woodwork, the polish sanding for
finish on the job will be specified. Length and

wi dth of panels and joint pattern will be indicated
on the drawings and will be selected to keep weights
of panels to reasonabl e m ni nuns.

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

Lead-|ined panels shall be applied over supports specified in Section

06 10 00 ROUGH CARPENTRY. The nmethod of predrilling or drilling pilot

hol es for fasteners shall prevent deformation of the fastener and shal
prevent distortion of the panel. Lead-lined panels shall be butt-jointed
and shall be placed over supports with lead |inings placed next to
supports. Effective lead laps at corners and around franes of openings
shal |l be nade with panels having | ead extensions or with sheet-lead strips

not |ess than the thickness of the lead in the panel. Fasteners shall be
set 2 nm1/16 inch below the face of panel or joint strip. Fasteners shal
be finished with filler or plugs to match the panel. Sides and ends of

panel s shall be secured at approximately 200 nm 8 inch on centers with
fasteners to penetrate 40 nm 1-1/2 inch into supports. At internediate
supports, panels shall be fastened in a uniformpattern at approxi mately
400 nm 16 inch on centers. Fastening at joints shall conformto one of the
fol |l owi ng et hods:

4.1 Joints Wth Lead-Lined Joint Strips
Cover joints with sheet-lead strips not |less than the panel thickness and
not less than 50 nm 2 inch wide. Secure joint strips to supports with

fasteners located in the center of joint strip at approximately 200 mm 8
inch on center.

. 4.2 Joints Backed with Lead Strips
Sheet-1lead strips not |ess than the panel thickness and not |ess than 40 mm

1-1/2 inch wide shall be installed on supports at panel joints. Lead
strips shall be secured at outer edges of strips. Finish nolding strips
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3.

shall match the panel finish. Finish nolding strips shall be installed to
cover joints and shall be secured with fasteners at approxi mately 200 mm 8
inch on centers.

5 LEAD- LI NED LATH

NOTE: Lead-lined lath with lead 8 mm 5/16 inch
thick or less will be 400 x 1220 mm 16 x 48 inches
with [ ead extensions on two sides for |apping and
installed with the long dinension at right angles to
supports. Lead-lined lath with |lead over 8 nm 5/ 16
inch thick will be 300 nm 12 inches w de by

manuf acturer's standard length with | ead cut the
sane size as the lath installed with the |ong

di nension parallel to supports. Draw ngs wll

i ndi cate support spacing at 300 nm 12 i nches on
centers where the 300 nm 12 inches wide lath is used.

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

Lead-lined lath shall be applied over supports specified in Section 06 10 00
ROUGH CARPENTRY and Section 09 22 00 METAL SUPPORT ASSEMBLI ES. The nethod

of predrilling or drilling the pilot holes shall prevent deformation of the

fastener and shall prevent distortion of the lath. Lead-lined |ath shal

be applied with long edges at right angles to supports and with | ead

I'inings placed next to supports.

.5.1 Joints

[Place end joints over supports staggered in alternate courses.][ Wal
joints shall not coincide with the ceiling joints.][ Each sheet shal
overlap the | ead extension on the adjacent sheet, providing an effective
lead lap.][ Lead-lined lath shall be applied with | ong edges parallel to
supports and with lead |inings placed next to supports. Blocking shall be
provided at end joints. Sheet-lead strips, not less than the lath

thi ckness and not less than 40 mm 1-1/2 inch wide, shall be applied on

bl ocki ng and on supports at joints. Lead strips shall be secured to

bl ocki ng and supports at outer edges of strips.] Lath shall be close
fitted and uniformy secured to supports. Approxinmately 6 mm 1/4 inch
shall be all owed between horizontal joint to formkey for plaster

.5.2 Franes and Corners

Lath shall extend into franes of openings effectively lapping with | ead
franmes or frame linings. Unless otherw se approved, |ath shall be arranged
around openi ngs such that neither horizontal nor vertical joints occur at
corners of openings. External corners shall be reinforced with corner

bead. Internal corners, except at unrestrai ned suspended ceilings, shal

be reinforced as required and shall be installed with | ead-headed nails or
tie wires and lead tabs. At unrestrained ceilings, square-nosed casing
beads shall be installed at the junction of walls and suspended ceilings.

.5.3 Wbod Supports

Lath shall be uniformy nailed to wood supports at approximately 175 mm 7
inch on centers with | ead-headed nails. Nail heads shall be flush with
lath surface.
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3.

5.4 Met al Supports

Lath shall be uniformy secured to [wood furring strips which are secured
at right angles to the metal supports with bolts or screws. Lath shall be
secured with | ead-headed nails with the nail heads flush with lath surface]
[metal supports with 25 mm 1 inch screws or tie wire and | ead tabs fol ded
over the fasteners].

.6 LEAD- LI NED GYPSUM WALLBOARD

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

NOTE: A nonlead-lined finish ply of gypsum
wal | board may be installed where required by design
requi renents. Style 1, butt-joints, will be used
for the base ply of two-ply construction. The
finish ply shall be bonded to the first ply with

| am nati ng adhesive applied as recommended by the
manuf acturer of the wallboard. A shoring system
shal|l be used to hold the finish ply in place during
t he adhesive drying period. Shoring shall be left
in place at least 24 hours. Nailing of the finish
ply will not be pernmitted. Joint and corner
treatment shall be as specified in Section 09 29 00
GYPSUM BOARD.

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

Lead-lined gypsum wal | board shall be applied over supports specified in
Section 06 10 00 ROUGH CARPENTRY and Section 09 22 00 METAL SUPPORT
ASSEMBLI ES. Method of predrilling or drilling pilot holes shall not cause
deformation of the fastener and shall not cause distortion of wall board.
Wal | board shall be applied vertically, with long edges parallel to
supports, and with lead linings placed next to supports. Blocking shall be
provi ded at end j oi nts.

.6.1 Joints

Sheet-lead strips not |less than the | ead thickness used for wall board and
not less than 38 nm 1-1/2 inches wi de shall be installed on bl ocking and
supports at all joints.

.6.2 Cor ner Joints

Corner joints shall consist of 45 by 45 mm 1-3/4 by 1-3/4 inch | ead angle.

.6.3 Wbod Supports

The sheet-lead strips shall be secured to blocking and supports at outer
edges with wire nails. Edges of wallboard shall then be butt-jointed and
fastened to supports with | ead-headed nails at approximately 200 nm 8 i nch
on centers at joints and 300 mm 12 inch on center at internediate supports
with nail heads driven slightly bel ow the surface of wall board.

.6.4 Met al Supports

Edges of gypsum wal | board at netal studs shall be fastened with 25 mMm 1 inch
| ong | ead- headed screws. Heads shall be covered with 13 mm 1/2 inch

di ameter |ead disc cenmented to wall board and installed flush with surface

of wal | board.
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6.5 Finish Ply

Gypsum wal | board not schedul ed to be plastered shall receive a finish ply

of gypsum wal | board bonded to the first ply with |aninating adhesive as
recomended by the wal |l board manufacturer. Nailing the finish ply will not
be permtted. A shoring systemshall be used to hold finish ply in place

during adhesive drying period. Shoring shall be left in place at |east 24
hours. Joint and corner treatnent shall be as specified in Section 09 29 00
GYPSUM BQOARD.

LT SUSPENDED LEAD- LI NED CEI LI NGS

Provi de suspended | ead-1ined ceilings consisting of |ead-lined |ath,
ceiling bars, and hangers. Continuous bars shall be spaced approxi mately
[315] [415] mm[12-1/2] [16-1/2] inch on center and supported by stee
hangers from overhead structure. Lead in the ceiling shall lap lead in the
wal | by not |less than 38 mm 1-1/2 inch

. 8 LEAD DOOR THRESHOLDS

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Drawi ngs should indicate type of threshold
for each specified radi ographic or therapy room
Threshol ds will be included in installations where
floor lining is not installed and if required by
desi gn conditions.
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Threshol ds shall be installed in accordance with approved detail draw ngs.
Prior to installation, lead threshold surfaces in contact with concrete
shall be painted with a coat of asphalt paint or |atex material

.9 LEAD- LI NED WOOD DOORS

Doors shall be fit, hung, and trimmed as required. Doors shall be

installed with a clearance of 2 mMmm 1/16 inch at sides and top and m ni mum

adequat e cl earance at bottom Lock edge shall be beveled 3 nm 1/8 inch

and hardware shall be adjusted as required. Warp or twist of |ead-Iined

doors after doors have been hung and finished shall not exceed 6 mm 1/4 inch
in any face dinmension of door including full diagonal. Cuts required for
installation shall be sealed with a clear varnish or sealer

.9.1 Door Har dwar e

Bolts and screws which penetrate lead lining shall be recessed on the side
of the door opposite hardware and shall be plugged with [ead plugs to match
face of door. Nuts for securing surface-applied hardware such as hinges,
door closers and automatic door operators shall be countersunk and covered
with lead-lined 1.59 nm 16 gauge thick stainless steel pans. Stainless
steel pans shall be secured with round-head screws with dul

chromiumplated finish. Cutouts for |ock sets and |latch cases shall be
patched with sheet lead. Lead Iining of the lock set and |l ead |ining of
the door shall be |l apped to provide x-ray absorption equal to the door

.9.2 Vi ew W ndows

Vi ew wi ndows shall be installed in doors with hardwood stops to match face
veneer. Stops shall be glued to door on corridor side and shall be
fastened with countersunk oval head screws or finishing nails.
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9.3 Lead Louvers

Lead | ouvers shall be installed in doors with cadnmi um pl ated or
chrom um pl ated screws. Fastenings shall not penetrate |lead |lining of the

door.

.10 OPERATOR S PROTECTI VE SCREEN

Fi ni sh pl ywood- hi nged screens and fixed screens after installation in the
same nmanner as that specified for doors. Edge strips are not required for
fixed screens. At corners or where screen abuts a wall or floor, provide a
lap of lead. [Build-in view ng wi ndow of |ead glass or acrylic with | ead
equi val ence [indicated.] [matching adjacent panel].]

11 TESTI NG AND CERTI FI CATI ON

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

NOTE: NCRP Reports 49, 144, and 102 will be

i ncluded for surveying nedical facilities. NCRP
Report 145 will be included for surveying denta
clinics. For facilities incorporating nmedical and
dental x-ray installations, NCRP Reports 145, 49 and
144 or 102 will be included.

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

Before and after x-ray equi pnent has been installed and placed in operating
condition, the x-ray installation shall be surveyed by a qualified expert
as defined in [ NCRP 145] [NCRP 147] [NCRP 102] [or] [NCRP 144]. Survey
shal |l be performed in accordance with [ NCRP 145] [NCRP 147] [NCRP 102] [or]
[NCRP 144]. Any part of x-ray shielding work found to be defective shal

be corrected or replaced, including all other work affected thereby.

-- End of Section --
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