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SECTION 13 49 10

X-RAY SHIELDING
02/09

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  x- r ay shi el di ng f or  medi cal  and 
dent al  r adi ol ogi cal  f aci l i t i es.

Adher e t o UFC 1-300-02  Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Criteria Change Request (CCR) .

**************************************************************************

PART 1   GENERAL

**************************************************************************
NOTE:   Thi s speci f i cat i on essent i al l y  i mpl ement s t he 
r equi r ement s of  NCRP Repor t s 49,  102 and 145;  
however ,  desi gner s ar e caut i oned t o ensur e t hat  t he 
r equi r ement s of  TB MED 521 be met  i n addi t i on t o t he 
r equi r ement s of  appl i cabl e NCRP publ i cat i ons.   I n 
case of  conf l i c t  bet ween NCRP publ i cat i ons and TB 
MED 521,  t he mor e st r i ngent  r equi r ement s wi l l  be 
applied.

The i nst al l at i on syst ems gi ven i n t hi s gui de 
speci f i cat i on ar e t he syst ems mor e commonl y used.   
Wher e det ai l s of  const r uct i on r equi r e syst ems not  
i ncl uded i n t hi s gui de speci f i cat i on,  t he gui de 
speci f i cat i on r equi r ement s wi l l  be r evi sed t o 
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speci f y t he r equi r ed syst em.   Cr i t er i a f or  user s on 
r adi at i on pr ot ect i on sur veys i s cont ai ned i n TB MED 
521.

Desi gn or  modi f i cat i on of  di agnost i c x- r ay,  
t her apeut i c x- r ay,  or  gamma- beam t her apy f aci l i t i es 
must  onl y be under t aken by exper t s cer t i f i ed i n 
r adi ol ogi cal  physi cs or  t her apeut i c r adi o- l ogi cal  
physi cs by t he Amer i can Boar d of  Radi ol ogy or  t he 
Amer i can Boar d of  Heal t h Physi cs.

Wher e t he i ncr ease i n cost  can be j ust i f i ed by 
subst ant i al  i ncr eases i n f l exi bi l i t y  of  t he 
f aci l i t y ,  al l ow f or  f ut ur e r ear r angement  of  x- r ay 
equi pment  and f aci l i t i es by pr ovi di ng t he maxi mum 
t hi ckness of  shi el di ng whi ch pr ovi des t he mi ni mum 
pr ot ect i on i n al l  ar eas t hat  coul d be cover ed by t he 
pr i mar y beam.   I n any case,  l ead t hi ckness must  be 
uni f or m f or  t he ent i r e wal l ,  cei l i ng,  f l oor  or  
par t i t i on t o whi ch i t  i s  appl i ed.

Depar t ment  of  t he Ar my Techni cal  manual  5- 805- 12,  
" X- Ray Shi el di ng, "  has st andar d det ai l s.   I t  i s  
i ncl uded i n t he CCB.

I ncl ude on t he dr awi ngs:

1.  Ext ent  of  t he shi el di ng;  l engt h,  wi dt h,  and 
hei ght  of  t he l ead sheet i ng.

2.  Joi nt ,  openi ng,  and cor ner  det ai l s showi ng t he 
met hod of  cont i nuat i on of  pr ot ect i on.

3.  Door  and wi ndow det ai l s,  i ncl udi ng l ouver s and 
screens.

4.  Pi pe and condui t  chases and penet r at i on s l eeves.

5.  Locat i on of  al l  door  and wal l  pl aques.

6.  St ud spaci ng f or  l ead l i ned gypsum boar d or  l at h.
**************************************************************************

1.1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.
 
Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y 
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.
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Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y 
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

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

ASTM INTERNATIONAL (ASTM)

ASTM B749 (2014) Standard Specification for Lead and 
Lead Alloy Strip, Sheet and Plate Products

ASTM C129 (2017) Standard Specification for 
Nonloadbearing Concrete Masonry Units

ASTM C1396/C1396M (2017) Standard Specification for Gypsum 
Board

HARDWOOD PLYWOOD AND VENEER ASSOCIATION (HPVA)

HPVA HP-1 (2016) American National Standard for 
Hardwood and Decorative Plywood

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS (NCRP)

NCRP 102 (1989) Medical X-Ray, Electron Beam and 
Gamma-Ray Protection for Energies up to 50 
MeV (Equipment Design, Performance and Use)

NCRP 144 (2003) Radiation Protection for Particle 
Accelerator Facilities

NCRP 145 (2003) Radiation Protection in Dentistry

NCRP 147 (2004) Structural Shielding Design for 
Medical X-Ray Imaging Facilities

STEEL DOOR INSTITUTE (SDI/DOOR)

SDI/DOOR A250.8 (2017) Specifications for Standard Steel 
Doors and Frames

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.1025 Lead

WINDOW AND DOOR MANUFACTURERS ASSOCIATION (WDMA)

ANSI/WDMA I.S.1A (2013) Interior Architectural Wood Flush 
Doors

1.2   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
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i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y or  cr i t i cal i t y,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i ct  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i ct  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for [Contractor Quality 
Control approval.] [information only.  When used, a designation following 
the "G" designation identifies the office that will review the submittal 
for the Government.]  Submittals with an "S" are for inclusion in the 
Sustainability eNotebook, in conformance to Section 01 33 29  
SUSTAINABILITY REPORTING.  Submit the following in accordance with Section 
01 33 00  SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

X-Ray Shielding ; G[, [_____]]

Operators Protective Screen ; G[, [_____]]

SD-03 Product Data

Leaded Glass

Lead-Lined Wood Doors
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Lead Window Frames

Lead Lightproof Louvers

Lead-Lined Steel Doors and Frames

Film Cassette Transfer Cabinets

SD-04 Samples

Lead-Lined Wood Panels

SD-06 Test Reports

Testing and Certification

  Submit four copies of surveyor's report.

SD-07 Certificates

X-Ray Shielding

1.3   QUALIFICATIONS

Work shall be performed by a company which specializes in the type of 
shielding work required by the Contract documents.  Company shall have a 
minimum of [5] [_____] years of documented successful experience.

1.4   DELIVERY, STORAGE, AND HANDLING

Deliver materials in the original containers bearing the name of the 
manufacturer 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 .  Remove damaged 
materials from the premises.  [Leave protective paper on acrylic panels 
until installation is complete.]

1.5   WARRANTY

Lead sheet shielding materials shall be warranted against sagging and 
curling for [10] [_____] years.

PART 2   PRODUCTS

2.1   SHIELDING SYSTEM

**************************************************************************
NOTE:   For  Navy pr oj ect s,  submi t  x- r ay shi el di ng 
desi gns and cal cul at i ons t o Chi ef ,  Bur eau Medi ci ne 
and Sur ger y,  2300 E St r eet  NW,  Washi ngt on,  D. C.   
20372- 5000,  f or  r evi ew and appr oval  pr i or  t o desi gn 
release.

Coor di nat e wor k of  t hi s sect i on wi t h Sect i ons 
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 shielding  unimpaired by joints, openings for ducts, pipes, 
or other openings through shielding, or conduits, service boxes, and other 
items embedded in the shielding.  The shielding shall appear to be 
continuous.  Install lead patches, lead sleeves, and/or mazes as required 
to provide continuity of the shielding.  Minimum lead lap shall be  25 mm  1 
inch .  Sleeves shall be not less than  25 mm  1 inch  in length.  Thicknesses 
indicated for shielding are minimum acceptable thickness.

a.  Submit shop drawings that indicate thickness of lead at all locations; 
construction at floor, walls, ceiling, and columns; details of lead 
laps and lap securing methods; fastenings, profiles, details of items 
and accessories penetrating the shielding materials; and any special 
method of construction.

b.  Certify the shielding materials supplied comply with specified quality 
and thicknesses

2.2   LEAD SHEET

Lead sheet shall conform to ASTM B749, Grade C, thickness as indicated.

2.3   LEAD-LINED CONCRETE MASONRY UNITS

**************************************************************************
NOTE:   Coor di nat e t he r equi r ement s of  t hi s Sect i on 
wi t h Sect i on 04 20 00 UNI T MASONRY.   Lead- l i ned 
masonr y uni t s have a br oad r ange of  l ead 
t hi cknesses.   Lead- l i ned masonr y uni t s of f er  t he 
advant ages t hat  t hey ar e r el at i vel y s i mpl e t o 
const r uct ,  pr ovi de consi der abl e st r uct ur al  st r engt h,  
and may be sur f aced easi l y wi t h pl ast er .   However ,  
t he cost  i s consi der abl y hi gher  ( up t o a speci f i c  
kV)  t han usi ng l ead- l i ned wal l boar d,  l at h,  panel s,  
concr et e,  or  ear t h.

**************************************************************************

Provide lead-lined concrete masonry units conforming to ASTM C129, Type 
1.  Each unit shall have a single thickness of unpierced lead sheet bonded 
or anchored permanently in the center of the unit/block.  Construct blocks 
to provide an effective lead lap between adjoining blocks either by the 
overlapping of lead in adjoining blocks or by lead bars at block joints 
when erected.  Nominal dimensions for full-size units shall be  300 by 300 
by [100] [150] mm  12 by 12 by [4] [6] inch .  Nominal dimensions for 
half-size units shall be  150 by 300 by [100] [150] mm  6 by 12 by [4] [6] 
inch .  Units  100 mm  4 inch  thick shall be used for shielding requirements 
up to  6 mm  1/4 inch  of lead, and  150 mm  6 inch  thick units shall be used 
for shielding requirements above  6 mm  1/4 inch  of lead.

2.4   LEAD-LINED WOOD PANELS

**************************************************************************
NOTE:   When a mat chi ng f i ni sh i s not  r equi r ed,  
speci f y pr ef i ni shed panel s.

**************************************************************************

Lead-lined panels shall be unpierced sheet lead laminated to hardwood 
veneer plywood conforming to HPVA HP-1 , not less than  9 mm  3/8 inch  
thick.  The lead sheet shall extend the full height and width of the 
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panels except for applications at corners, frames, and other similar 
locations.  The lead sheet may extend beyond the edge of the panels to 
form effective lead laps.  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, lacquer, or 
synthetic coating].  Submit  200 by 250 mm  8 by 10 inch  sample of each 
specified panel.

2.5   LEAD-LINED LATH

Lead-lined lath shall have a single thickness unpierced sheet of lead 
laminated to gypsum lath, conforming to ASTM C1396/C1396M , Type 1, Grade 
R, Class 1, Form a, Style 1, 9 mm 3/8 inch  thick, so that the lead extends  
25 mm 1 inch  beyond lath on one long side and one short side.

2.6   LEAD-LINED GYPSUM WALLBOARD

Lead-lined gypsum wallboard shall be a single thickness of unpierced lead 
laminated to  [13][16] mm  [1/2][5/8] inch  thick gypsum board conforming to 
ASTM C1396/C1396M , Type III, Grade R, Class 1, Form a, [Style 1][Style 3].

2.7   LEADED GLASS

Leaded glass shall be clear X-ray protective quality glass in single or 
multiple thicknesses.  Leaded glass shall have lead equivalence required 
for the shield wall, door, or partition in which the leaded glass is 
installed.

2.8   LEAD-HEADED NAILS

**************************************************************************
NOTE:   Lead- headed nai l s ar e sel dom r equi r ed;  use i f  
r adi ol ogi cal  cal cul at i ons show a need f or  t hem.

**************************************************************************

Lead-headed nails may be used to accomplish shielding not less than that 
provided by the barrier.  The size, type and design shall be recommended 
by the manufacturer of material to be installed.

2.9   LEAD TABS OR CLIPS

Lead tabs or clips shall be unpierced sheet lead not less than the 
thickness of lead in the barrier.  Prior to folding, the tabs shall be 
rectangular in shape and shall be the required size to provide an 
effective lead lap over an unleaded nail, screw, or tie wire penetration 
when folded.

2.10   LEAD-LINED WOOD DOORS

Lead-lined wood doors shall be [premium grade, book matched] [good grade], 
hardwood veneer, solid core, in accordance with ANSI/WDMA I.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 lead-lined 
doors shall be [birch] [mahogany] [red gum] [red oak] [white oak] [_____] 
finished with [an approved natural finish] [_____].  Doors shall have 
filler strips, crossbanding face veneers and hardwood edge strips glued 
under heavy pressure with contact adhesive.
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2.10.1   Shielding

Secure cores together with [poured lead fasteners] [or] [steel bolts], 
using washers under heads and nuts.  Bolts shall be spaced not more than  
38 mm 1-1/2 inch  from edges around door perimeter and not more than  200 mm  
8 inch  on centers in both directions.  Bolts shall be countersunk and have 
poured lead or lead dowels covering heads and nuts flush with face of 
core.  Door thickness shall be manufacturer's standard for lead thickness 
used, unless shown otherwise.

2.10.2   Painting and Sealing Doors

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

2.10.3   Door Hardware

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

2.10.4   Thresholds

**************************************************************************
NOTE:   Thr eshol d const r uct i on i s det er mi ned by 
r adi ogr aphi c equi pment  r equi r ed,  wor k l oad,  and 
l ocat i on of  r adi at i on sour ce f r om t he door  ( i . e. ,  
t hr eshol d may not  be r equi r ed f or  i nst al l at i on 
oper at i ng bel ow 125 kVp i f  t he pr i mar y beam does not  
st r i ke t he door  ar ea) .

**************************************************************************

Thresholds are specified in Section 08 71 00  DOOR HARDWARE.  Line 
thresholds with a single sheet of lead to provide required shielding.

2.11   LEAD WINDOW FRAMES

Construct lead window frames for viewing windows mounted in lead-lined 
doors from [lead extrusion welded in one piece] [extruded aluminum alloy 
with concealed lead lining], splayed on four sides for wide-angle 
viewing.  Frames shall form a minimum overlap of  9 mm  3/8 inch  at the 
perimeter of the lead glass or twice the thickness of the shielding, 
whichever is greater.  Thickness of lead shall be the same as the lead in 
the barrier in which they occur.  Frames can be either solid or 
telescoping type.  Lead stops shall be provided for glass or acrylic 
installation.  Clear acrylic panel shall be provided with lead equivalence 
[_____] [as required by unit in which panel is installed.] [  Provide a 
baffled slot for voice passage in the frame.]

2.12   LEAD LIGHTPROOF LOUVERS

Lead lightproof louvers for doors shall be fabricated entirely of lead of 
not less than the thickness of lead in barrier in which they are 
installed.  Louvers shall be one-unit construction designed with a 
maze-type blade to exclude the passage of light.  Louvers shall allow 30 
percent free area for air circulation.  Louvers shall be factory-fitted, 
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boxed separately, and shipped with door or assembled before shipment.

2.13   LEAD-LINED STEEL DOORS AND FRAMES

2.13.1   Doors

**************************************************************************
NOTE:   Thr eshol d const r uct i on i s det er mi ned by 
r adi ogr aphi c equi pment  r equi r ed,  wor k l oad,  and 
l ocat i on of  r adi at i on sour ce f r om t he door  ( i . e. ,  
t hr eshol d may not  be r equi r ed f or  i nst al l at i on 
oper at i ng bel ow 125 kVp i f  t he pr i mar y beam does not  
st r i ke t he door  ar ea) .

**************************************************************************

Doors shall conform to Section 08 11 13  STEEL DOORS AND FRAMES, in 
accordance with SDI/DOOR A250.8 , Grade II, heavy duty, Model 1, minimum 18 
gage faces with steel stiffeners throughout.  Apply unpierced lead sheet, 
of thickness equal to that used in the adjoining wall, in the center of 
the door between the two faces, continuously from top to bottom and edge 
to edge.  Shield cutouts for locksets with sheet lead of the same 
thickness as used in the door; lap lead lining of locksets and the door 
lining.  Prepare doors to receive viewing windows and louvers as 
indicated.  Provide removable stops for glazed openings.  Use Section 
08 71 00  DOOR HARDWARE for protective hardware requirements.  Line 
thresholds with a single sheet of lead to provide required shielding.

2.13.2   Frames

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

2.14   FILM CASSETTE TRANSFER CABINETS

Cassette transfer cabinet shall be double-wall steel cabinet divided into 
two compartments 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 from being opened at the same time.  Sheet lead lining of 
cassette cabinet shall provide x-ray absorption equal to the X-ray 
absorption provided by partition in which the cabinet is installed.  
Cabinets shall have identification marking.  Cabinet floor shall be 
corrugated rubber with chrome-plated door knobs.

2.15   OPERATORS PROTECTIVE SCREEN

Operators protective screen shall be constructed [of studs, surfaced with 
lead-lined [gypsum lath conform to ASTM C1396/C1396M ] [gypsum wallboard 
conforming to ASTM C1396/C1396M ] secured to studs with appropriate 
fasteners, with lead washer or tabs.] [of sheet lead laminated between 
plywood panels, 19 mm 3/4 inch  thick conforming to HPVA HP-1 .]
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2.16   DESIGNATING PLAQUES

2.16.1   Required Information

Furnish and install designating plaques as specified below in rooms and as 
indicated on the drawings.  Locations where shielding thickness changes, 
or is not continuous, shall be indicated on the plaque.  Plaque shall be 
of aluminum, plastic, bakelite, or other approved materials and shall be 
[_____]  mm inches  high by [_____]  mm inches  long to contain the required 
information as specified below.

2.16.2   X-Ray and Examination Rooms

One sign shall be provided for [dental x-ray room] [x-ray] [and] 
[examination rooms] lettered as follows:

: "THE PARTITIONS, THE DOORS, AND THE LEAD-LINED SHIELD OF THIS ROOM HAVE 
BEEN INSULATED WITH SHEET LEAD [_____]  mm INCH  THICK PROVIDING A TOTAL 
LEAD EQUIVALENT PROTECTION OF [_____]  mm INCH ."

2.16.3   Radiographic, Fluoroscopic, and Cystoscopic Rooms

One sign shall be provided for each room insulated with sheet lead 
lettered as follows:

: "SURFACES OF THIS ROOM HAVE BEEN INSULATED WITH SHEET LEAD OF FOLLOWING 
THICKNESS TO A HEIGHT OF  2.1 m  7 FEET  ABOVE FLOOR SLAB:

LEAD
THICKNESS

TOTAL LEAD
EQUIVALENT
PROTECTION

DOORS [_____]  mm inches [_____]  mm inches

PARTITIONS [_____]  mm inches [_____]  mm inches

FLOORS [_____]  mm inches [_____]  mm inches

2.16.4   Deep Therapy Room

One sign shall be provided for each deep therapy room lettered as follows:

"ALL SURFACES OF THIS ROOM HAVE BEEN SHIELDED WITH AN EQUIVALENT SHEET 
LEAD OF THE FOLLOWING THICKNESS:

TOTAL LEAD EQUIVALENT PROTECTION

DOORS [_____]  mm inches

PARTITIONS [_____]  mm inches

FLOOR [_____]  mm inches
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TOTAL LEAD EQUIVALENT PROTECTION

CEILING [_____]  mm inches

2.16.5   Rooms With Nonshielded Partitions

Provide one sign for each lead-shielded partition in a room for which all 
partitions are not shielded.  A sign shall be located on lead-insulated 
partition and lettered as follows:

: "THIS PARTITION HAS BEEN SHIELDED THE [FULL HEIGHT] [HEIGHT OF [_____]  m 
FEET] WITH SHEET LEAD [_____]  mm INCH  THICK, PROVIDING A TOTAL LEAD 
EQUIVALENT PROTECTION OF [_____] mm."

2.16.6   Cardiac Fluoroscopy Room

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

: "THIS DOOR HAS BEEN SHIELDED WITH SHEET LEAD OF [_____]  mm INCH ."

2.17   CONCRETE

[Concrete shielding material shall be uniform density of  2355 kg/cubic 
meter  147 pcf ] [High-density concrete shielding material shall be of 
uniform density in the range of  3045 to 3445 kg/cubic meter  190 to 340 pcf
].

PART 3   EXECUTION

3.1   INSTALLATION

**************************************************************************
NOTE:   NCRP Repor t s 49,  and 144 or  102 wi l l  be 
i ncl uded f or  medi cal  f aci l i t i es.   NCRP Repor t  145 
wi l l  be i ncl uded f or  dent al  c l i ni cs.   For  f aci l i t i es 
wi t h bot h medi cal  and dent al  x- r ay const r uct i on,  
NCRP Repor t s 145,  49 and 144 or  102 wi l l  be 
i ncl uded.   Thi s Sect i on i s appl i cabl e onl y t o t he 
desi gn of  medi cal  and dent al  f aci l i t i es;  ot her  t ype 
f aci l i t i es ar e r equi r ed t o meet  di f f er ent  r adi at i on 
pr ot ect i on st andar ds,  and must  be coor di nat ed wi t h 
NAVSEASYSCOM Det achment ,  Radi ol ogi cal  Af f ai r s 
Suppor t  Of f i ce,  Yor kt own,  VA 23691- 5098 f or  Navy 
projects.

**************************************************************************

Perform installation of materials and assemblies in accordance with 
drawings and approved manufacturer's recommendations and [ NCRP 145] [
NCRP 147] [ NCRP 102][ or ][ NCRP 144].

3.1.1   Workmanship

Install sheet lead free of waves, lumps, and wrinkles and with a minimum 
of joints.  Joints in sheet lead shall provide protection equivalent to 
the protection provided by the adjacent sheet lead.  Joints shall be 
finished smooth and neat.
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3.1.2   Protection

Use lead shields to maintain continuity of protection where unshielded 
built-in items penetrate lead linings.  Where outlet boxes, junction 
boxes, ducts, conduits, and similar items prevent the use of shields, lead 
sleeves or lead lining shall be used.  Fasteners shall not disrupt the 
continuity of shielding.

3.2   LEAD-LINING FOR CONCRETE FLOORS

**************************************************************************
NOTE:   I n r ooms schedul ed f or  sheet  l ead cei l i ng,  
t he sheet  l ead l i ni ng shal l  be pl aced on t op of  t he 
f l oor  s l ab above t he r oom pr ot ect ed,  unl ess a 
suspended l ead cei l i ng i s r equi r ed.   Ver t i cal  wal l  
shi el di ngs shal l  be er ect ed on l ead st r i ps pr i or  t o 
t he i nst al l at i on of  f l oor  l i ni ngs i n t he shi el ded 
r oom.   Lead st r i ps shal l  pr oj ect  appr oxi mat el y 75 mm 
3 i nches i nt o t he shi el ded r oom ar ea.   Lead l i ni ng 
at  t he door  s i l l  openi ng shal l  be not  l ess t han 600 
mm 2 f eet  wi der  t han t he openi ng and shal l  ext end 
not  l ess t hen 300 mm 1 f oot  beyond t he door  j amb 
openings.

**************************************************************************

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

3.2.1   Shielding

Sheet lead less than  3 mm  1/8 inch  thick shall be applied in a single 
layer with a  38 mm  1-1/2 inch  minimum lap at joints.  Sheet lead more than  
3 mm 1/8 inch  thick shall be applied in two or more layers  3 mm  1/8 inch  
or less in thickness with  38 mm  1-1/2 inch  minimum lap at joints or shall 
be applied in a single layer with joints butted and covered with lead 
strips not less than the thickness required for floor lining and as 
detailed.

3.2.2   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.

3.3   LEAD-LINED BLOCKS

Lead-lined blocks shall be laid in running bond courses with staggered 
vertical joints.  Blocks designed for lead laps at joints shall be erected 
to provide minimum  25 mm  1 inch  tight lead laps without soldering or 
burning or provide lead bars in vertical and horizontal joints.  Blocks 
designed to have lead bars in joints shall be erected to permit lead bars 
with a thickness not less than the lead sheet thickness in block to be 
inserted in horizontal and vertical joints.
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3.3.1   Joints

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

3.3.2   Blocks

Extend blocks into frame openings, with lead projecting into rabbets of 
frames to effectively lap with lead frames of frame linings.  Voids around 
frames shall be filled with mortar.

3.3.3   Pipe and Conduit Chases

Where pipe and conduit chases occur within the blocks, concrete may be 
removed from one side of the partition as required to permit pipe 
installation.  Where necessary to remove lead lining for pipe or conduit 
installations, continuous sheet lead shall be installed and overlapped on 
the adjoining construction.  Voids around pipe and conduit chases within 
the blocks shall be filled with mortar.  Voids shall be finished flush 
with the face of partition.  Pipe and conduit chases shall not be 
installed directly opposite each other within the same partition.

3.4   LEAD-LINED PANELS

**************************************************************************
NOTE:   When t he f i ni sh of  t he panel s must  mat ch t he 
f i ni sh of  ot her  woodwor k,  t he pol i sh sandi ng f or  
f i ni sh on t he j ob wi l l  be speci f i ed.   Lengt h and 
wi dt h of  panel s and j oi nt  pat t er n wi l l  be i ndi cat ed 
on t he dr awi ngs and wi l l  be sel ect ed t o keep wei ght s 
of  panel s t o r easonabl e mi ni mums.

**************************************************************************

Lead-lined panels shall be applied over supports specified in Section 
06 10 00  ROUGH CARPENTRY.  The method of predrilling or drilling pilot 
holes for fasteners shall prevent deformation of the fastener and shall 
prevent distortion of the panel.  Lead-lined panels shall be butt-jointed 
and shall be placed over supports with lead linings placed next to 
supports.  Effective lead laps at corners and around frames of openings 
shall be made with panels having lead extensions or with sheet-lead strips 
not less than the thickness of the lead in the panel.  Fasteners shall be 
set  2 mm  1/16 inch  below the face of panel or joint strip.  Fasteners 
shall be finished with filler or plugs to match the panel.  Sides and ends 
of panels shall be secured at approximately  200 mm  8 inch  on centers with 
fasteners to penetrate  40 mm  1-1/2 inch  into supports.  At intermediate 
supports, panels shall be fastened in a uniform pattern at approximately  
400 mm 16 inch  on centers.  Fastening at joints shall conform to one of 
the following methods:

3.4.1   Joints With Lead-Lined Joint Strips

Cover joints with sheet-lead strips not less than the panel thickness and 
not less than  50 mm  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.
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3.4.2   Joints Backed with Lead Strips

Sheet-lead strips not less than the panel thickness and not less 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 molding strips 
shall match the panel finish.  Finish molding strips shall be installed to 
cover joints and shall be secured with fasteners at approximately  200 mm  8 
inch  on centers.

3.5   LEAD-LINED LATH

**************************************************************************
NOTE:   Lead- l i ned l at h wi t h l ead 8 mm 5/ 16 i nch 
t hi ck or  l ess wi l l  be 400 x 1220 mm 16 x 48 i nches 
wi t h l ead ext ensi ons on t wo si des f or  l appi ng and 
i nst al l ed wi t h t he l ong di mensi on at  r i ght  angl es t o 
suppor t s.   Lead- l i ned l at h wi t h l ead over  8 mm 5/ 16 
inch  t hi ck wi l l  be 300 mm 12 i nches wi de by 
manuf act ur er ' s st andar d l engt h wi t h l ead cut  t he 
same si ze as t he l at h i nst al l ed wi t h t he l ong 
di mensi on par al l el  t o suppor t s.   Dr awi ngs wi l l  
i ndi cat e suppor t  spaci ng at  300 mm 12 i nches on 
cent er s wher e t he 300 mm 12 i nches wi de l at h i s used.

**************************************************************************

Lead-lined lath shall be applied over supports specified in Section 
06 10 00  ROUGH CARPENTRY and Section 09 22 00  METAL SUPPORT ASSEMBLIES.  
The method of predrilling or drilling the pilot holes shall prevent 
deformation of the fastener and shall prevent distortion of the lath.  
Lead-lined lath shall be applied with long edges at right angles to 
supports and with lead linings placed next to supports.

3.5.1   Joints

[Place end joints over supports staggered in alternate courses.][  Wall 
joints shall not coincide with the ceiling joints.][  Each sheet shall 
overlap the lead extension on the adjacent sheet, providing an effective 
lead lap.][  Lead-lined lath shall be applied with long edges parallel to 
supports and with lead linings placed next to supports.  Blocking shall be 
provided at end joints.  Sheet-lead strips, not less than the lath 
thickness and not less than  40 mm  1-1/2 inch  wide, shall be applied on 
blocking and on supports at joints.  Lead strips shall be secured to 
blocking and supports at outer edges of strips.]  Lath shall be close 
fitted and uniformly secured to supports.  Approximately  6 mm  1/4 inch  
shall be allowed between horizontal joint to form key for plaster.

3.5.2   Frames and Corners

Lath shall extend into frames of openings effectively lapping with lead 
frames or frame linings.  Unless otherwise approved, lath shall be 
arranged around openings such that neither horizontal nor vertical joints 
occur at corners of openings.  External corners shall be reinforced with 
corner bead.  Internal corners, except at unrestrained suspended ceilings, 
shall be reinforced as required and shall be installed with lead-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.
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3.5.3   Wood Supports

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

3.5.4   Metal Supports

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

3.6   LEAD-LINED GYPSUM WALLBOARD

**************************************************************************
NOTE:   A nonl ead- l i ned f i ni sh pl y of  gypsum 
wal l boar d may be i nst al l ed wher e r equi r ed by desi gn 
r equi r ement s.   St y l e 1,  but t - j oi nt s,  wi l l  be used 
f or  t he base pl y of  t wo- pl y const r uct i on.   The 
f i ni sh pl y shal l  be bonded t o t he f i r st  pl y wi t h 
l ami nat i ng adhesi ve appl i ed as r ecommended by t he 
manuf act ur er  of  t he wal l boar d.   A shor i ng syst em 
shal l  be used t o hol d t he f i ni sh pl y i n pl ace dur i ng 
t he adhesi ve dr yi ng per i od.   Shor i ng shal l  be l ef t  
i n pl ace at  l east  24 hour s.   Nai l i ng of  t he f i ni sh 
pl y wi l l  not  be per mi t t ed.   Joi nt  and cor ner  
t r eat ment  shal l  be as speci f i ed i n Sect i on 09 29 00 
GYPSUM BOARD.

**************************************************************************

Lead-lined gypsum wallboard shall be applied over supports specified in 
Section 06 10 00  ROUGH CARPENTRY and Section 09 22 00  METAL SUPPORT 
ASSEMBLIES.  Method of predrilling or drilling pilot holes shall not cause 
deformation of the fastener and shall not cause distortion of wallboard.  
Wallboard shall be applied vertically, with long edges parallel to 
supports, and with lead linings placed next to supports.  Blocking shall 
be provided at end joints.

3.6.1   Joints

Sheet-lead strips not less than the lead thickness used for wallboard and 
not less than  38 mm  1-1/2 inches  wide shall be installed on blocking and 
supports at all joints.

3.6.2   Corner Joints

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

3.6.3   Wood 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 lead-headed nails at approximately  200 mm  8 inch  
on centers at joints and  300 mm  12 inch  on center at intermediate supports 
with nail heads driven slightly below the surface of wallboard.
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3.6.4   Metal Supports

Edges of gypsum wallboard at metal studs shall be fastened with  25 mm  1 
inch  long lead-headed screws.  Heads shall be covered with  13 mm  1/2 inch  
diameter lead disc cemented to wallboard and installed flush with surface 
of wallboard.

3.6.5   Finish Ply

Gypsum wallboard not scheduled to be plastered shall receive a finish ply 
of gypsum wallboard bonded to the first ply with laminating adhesive as 
recommended by the wallboard manufacturer.  Nailing the finish ply will 
not be permitted.  A shoring system shall be used to hold finish ply in 
place during adhesive drying period.  Shoring shall be left in place at 
least 24 hours.  Joint and corner treatment shall be as specified in 
Section 09 29 00  GYPSUM BOARD.

3.7   SUSPENDED LEAD-LINED CEILINGS

Provide suspended lead-lined ceilings consisting of lead-lined lath, 
ceiling bars, and hangers.  Continuous bars shall be spaced approximately  
[315] [415] mm  [12-1/2] [16-1/2] inch  on center and supported by steel 
hangers from overhead structure.  Lead in the ceiling shall lap lead in 
the wall by not less than  38 mm  1-1/2 inch .

3.8   LEAD DOOR THRESHOLDS

**************************************************************************
NOTE:   Dr awi ngs shoul d i ndi cat e t ype of  t hr eshol d 
f or  each speci f i ed r adi ogr aphi c or  t her apy r oom.  
Thr eshol ds wi l l  be i ncl uded i n i nst al l at i ons wher e 
f l oor  l i ni ng i s not  i nst al l ed and i f  r equi r ed by 
desi gn condi t i ons.

**************************************************************************

Thresholds shall be installed in accordance with approved detail 
drawings.  Prior to installation, lead threshold surfaces in contact with 
concrete shall be painted with a coat of asphalt paint or latex material.

3.9   LEAD-LINED WOOD DOORS

Doors shall be fit, hung, and trimmed as required.  Doors shall be 
installed with a clearance of  2 mm  1/16 inch  at sides and top and minimum 
adequate clearance at bottom.  Lock edge shall be beveled  3 mm  1/8 inch , 
and hardware shall be adjusted as required.  Warp or twist of lead-lined 
doors after doors have been hung and finished shall not exceed  6 mm  1/4 
inch  in any face dimension of door including full diagonal.  Cuts required 
for installation shall be sealed with a clear varnish or sealer.

3.9.1   Door Hardware

Bolts and screws which penetrate lead lining shall be recessed on the side 
of the door opposite hardware and shall be plugged with lead 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 mm  16 gauge  thick stainless steel pans.  
Stainless steel pans shall be secured with round-head screws with dull 
chromium-plated finish.  Cutouts for lock sets and latch cases shall be 
patched with sheet lead.  Lead lining of the lock set and lead lining of 
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the door shall be lapped to provide x-ray absorption equal to the door.

3.9.2   View Windows

View windows 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.

3.9.3   Lead Louvers

Lead louvers shall be installed in doors with cadmium-plated or 
chromium-plated screws.  Fastenings shall not penetrate lead lining of the 
door.

3.10   OPERATOR'S PROTECTIVE SCREEN

Finish plywood-hinged screens and fixed screens after installation in the 
same manner 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 viewing window of lead glass or acrylic with 
lead equivalence [indicated.] [matching adjacent panel].]

3.11   TESTING AND CERTIFICATION

**************************************************************************
NOTE:   NCRP Repor t s 49,  144,  and 102 wi l l  be 
i ncl uded f or  sur veyi ng medi cal  f aci l i t i es.   NCRP 
Repor t  145 wi l l  be i ncl uded f or  sur veyi ng dent al  
c l i ni cs.   For  f aci l i t i es i ncor por at i ng medi cal  and 
dent al  x- r ay i nst al l at i ons,  NCRP Repor t s 145,  49 and 
144 or  102 wi l l  be i ncl uded.

**************************************************************************

Before and after x-ray equipment 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 shall 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 shall be corrected or replaced, including all other 
work affected thereby.

        -- End of Section --
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