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Division 8
Door s and Windows

0800 GENERAL

See Section 0110-12, Energy Conservation, for coefficients of heat transmission, shading of
?Iass, double and triple glazing, air infiltration and exfiltration, thermal break framesand
raming members, weatherstripping, and vestibules and protected entrances for exterior doors.

Door s and windows located in pot_entialflj corrosive environments, such asin close proximity
to saltwater or in areas of acid rain, shall be corrosion resistant or protected against
corrosion.

See Section 0101-4, Handicapped Provisions.

0800-1 DOORS
0800-1.1 General

Frequently used doors shall have a vision panel except where privacy, security, or fire safety
requirements preclude ingtallation.

Doors shall offer substantial resistance to unauthorized entry but need not be more resistant
to penetration than adjoining walls, ceiling, and floors. If visual access is not a factor, doors
with %ass panels may be used; however, they shall comply with Section 0800-2, Windows, or
shall be equipped with wire mesh fastened securely to the door, preferably on the inside.
When visual access is a factor, a sight baffle shall be used when a door is open and should
also block the view of the area when the door is closed. When doors are used in pairs, an
overlap molding is required where the doors meet. Door jambs shall be reinforced when
necessary to make it more difficult to open by use of a wedge, jimmy, or similar tool.

0800-1.2 Fire Protection

Firedoors, frames, and hardware shall be either tested and listed by UL or similar nationally
accredited testing laboratories or approved by FM or similar national insurance
organizations. Fire doors, frames, and hardware shall be installed with |abel attached in
accordance with NFPA 80.
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0800-1.3 Security

Where more than one door isrequired for a security area, single doors or double doorswith
a removable mullion between them shall be used.

Doorsthat seine exclusively as exits from security area shall not be operable from outside
the security area.

Where primary reliance is placed on doorsas physical security barriers, they shall providea

penetration resistance equal to that specified in the site-specific security plan for adjoining
walls, cellings, and floors.

Doorsthat serve as exits from security areas shall comply with NFPA 101, Chapter 5, and
with DOE security requirements, except the use of panic hardware on doors from security
areas shall belimited to assembly, educational, and hazar dous occupancy classifications of
UBC as determined by the cognizant DOE authority.

Openingsin doorsshall be covered to provide the necessary barrier delay rating required by
the site-specific security plan for that door. Various materials and configurations may be
used, if they are approved by the cognizant DOE safeguards and security authority.

Doorsthat seine as emergency exits from spaces snould not open into spaces of greater
Security.

Where used to enhance penetration resistance, wire mesh shall be 2-inch square or smaller
mesh of No. 11 American Wire Gauge or heavier steel wire or expanded metal.

Doors of offices or rooms constituting security area perimeters where Secret or Top Secret
information is discussed on a recurring or routine basis shall be constructed of materials of
low sound conductivita/, or shall otherwise be soundproof in accordance with DOE 5636.3A
and the DOE TSCM Procedural Guide so asto prevent a person outside the room with
reasonable access to the wall from overhearing a conversation at normal voice level within
the room without the use of hearing instruments or equipment.

Access doors to security posts shall be provided with positive locking devices to prevent
unauthorized entry.

0800-2 WINDOWS

0800-2.1 General

All facilities shall have operable windows for ventilation except those facilities with year-

round air-conditioning such as some computer rooms, where windows shall not be operable

except for window cleaning pur poses.

Operable windows used for ventilation shall have insect screens.

Vl\/h_ere double or triple glazing is required, insulating glass units shall be used, not multiple
glazing.
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Windows and curtain walls shall be designed for wind loads in accordance with UBC.

Windows shall offer substantial resistance to unauthorized entry but need not be more
resistant to penetration than adjoining walls, cellings, and floors.

0800-2.2 Fire Protection

Whererequired by code, firewindows, frames, and hardware shall be either tested and listed
by UL or similar nationally accredited testing laboratories or approved by FM or similar
national insurance organizations. Such fire windows, frames, and hardware shall be installed
with |abel attached in accor dance with NFPA 80.

0800-2.3 Safety

Operable outside windows and operable windows at air shafts, atriums, and courtyards shall
have guards conforming to NFPA 101, Chapter 5.

Window cleaning provisions shall comply with ANSI A39.1.

Outside windows and glazed curtain walls shall comply with NFPA 101, Chapter 22, and
shall have clear openings that qualify as second means of escape.

0800-2.4 Maintenance and Repair

Operating mechanisms, parts, and equipment in operable windows shall have a history of
reliability and readily available replacement parts, and shall not be made of zinc.

0800-2.5 Screens

Whereinsect screens are used, they shall not require seasonal removal and storage, and they
shall not interfere with normal window operations.

Screen frames of aluminum may be used with wood, aluminum, or steel windows. Screen
frames of wood shall be used only with wood windows. Screen frames of steel shall be used

onl;(/jwith wood or steel windows. Screen frames of bronze shall be used only with bronze
windows.

Aluminum and plastic coated or impregnated fibrous glassinsect screen shall be used with
wood, aluminum, bronze, or steel screen frames. Aluminum insect screen shall not be used
where it is exposed to a saltwater atmosphere. Bronze insect screen shall be used only with

v[\;%%%ébronze, or steel screen frames. Glass fabric insect screening shall comply with ASTM

0800-2.6 Security

Where primary reliance is placed on windows as physical security barriers, they shall provide

a penetration resistance equal to that specified in the site-specific security plan for adjoining
walls, ceilings, and floors.
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Whereprimary relianceis placed on windows as physical barriers, they shall be constructed
of shatter-resistant, laminated glass panes of 9/32-inch minimum thicknessor other material
providing an equal degree of resistance, and installed in fried (e.g., unopenable) frames so
that the panes are not removable from outside the area being protected. The frames must be
securely anchored in the walls, and windows should lock from the inside. Swingout steel sash

(industrial-type) is acceptable for window installation provided the windows can be securely
locked or are permanently sealed shut.

Where used to increase penetration resistance, wire mesh shall be 2-inch square or smaller
mesh of No. 11 AWG or heavier steel wire or expanded metal.

0810 METAL DOORSAND FRAMES

0810-1 STEEL DOORS AND FRAMES
Hollow steel doors and frames shall comply with SDI 100 and SDI 108.
Insulated steel door systems shall comply with 1SDSI 102.

Stedl exterior doors shall not be used in saltwater environments.

0810-2 ALUMINUM DOORSAND FRAMES

Aluminum diding glass doors shall comply with AAMA 101

Insulating aluminum productsfor sliding glass doors shall comply with AAMA 1002.10.
Aluminum dliding screen doors shall comply with SMA 2005.

Aluminum swinging screen doors shall comply with SMA 3001.

Aluminum storm doors shall comply with AAMA 1102.7.

Aluminum exterior doorsshall not be used in saltwater environments.

0820 WOOD AND PLASTIC DOORS

0820-1 WOOD DOORS

Exterior doorsand interior doorswhere significant moisture is normally present (such as
shower rooms, drying rooms, and dishwashing rooms) shall not be faced with hardboard or

have unimpregnated paper honeycomb door coresor paper honeycomb door coreswith foam
plastic fill or vermiculitefill.
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Wood doors shall comply either with NWWDA 1S-1 and NWWDA [S-3, and NWWDA | S-6.

Wood er>]<ter|or doorsand plastic-faced exterior doors shall be protected from direct exposure
to weather

0830 SPECIAL DOORS

Single-leaf double-acting doors shall have vision panels.

Single-leaf double-acting doors shall not be used except asinterior personnel passage doors
between work spacesthat have no security requirements, that haverelatively few people, and
that do not receive, store, or transfer hazardous, critical, or fragile material or equipment.

Wherea sm%leleaf doubleactlng door isfunctionally needed but otherwise unacceptable,
one of the following shall be used

« A pair of manually or automatically operated single-acting doors, with each door
swinging in a different direction

= An automatic single horizontal sliding door or pair of horizontal sliding doors

Pairs of double-acting doors shall have a vision panel in each |eaf.

Pairs of double-acting doors shall not be used except asinterior passage door s between
industrial type areas that have no security requirements, that have relatively few people and

little crosstraffic, and that do not receive, store, or transfer hazardous, critical, or fragile
material or equment

Wherea loalr of doubleactseC? doorsisfunctionally needed but otherwise unacceptable, one
of the following shall be u

» Two pairsof single-acting doors, with each pair swinging in a different direction
» A pair of automatic horizontal diding doors

» Anautomatic overhead coiling door

0833 COILING DOORS

Exterior overhead rolling metal curtain doors shall be fully weatherstripped.
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0836 SECTION OVERHEAD DOORS

Sectional overhead doors shall comply with ANSI A216.1.

0839 SCREEN AND STORM DOORS

Storm doors shall not be used at exterior exits from boiler rooms, mechanical and electrical
equipment rooms, storage rooms, and similar normally unoccupied rooms.

Aluminum and plastic coated or impregnated fibrous glass insect screen shall be used with
wood, aluminum, or stedl screen frames. Aluminum insect screen shall not be used where it

s exposed to a saltwater atmosphere. Bronze insect screen shall be used only with wood,
bronze, or stedl screen frames. Glassfabric insect screening shall comply with ASTM D3656.

0850 METAL WINDOWS

0850-1 STEEL WINDOWS

All steal insect screen frames shall be hot dipped galvanized sheet steel with a durable baked
enamel finish.

Steel windows shall comply with SWI Specifications Brochure for Steel Windows.

0850-2 ALUMINUM WINDOWS
Aluminum windows shall comply with AAMA 101.

?(I)ggwi(r)\um storm products for windows and diding glass doors shall comply with AAMA

0860 WOOD AND PLASTIC WINDOWS

0860-1 WOOD WINDOWS
Wood windows shall comply with NWWDA [S-2 and NWWDA 1S-7.
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0870 HARDWARE
Door and window hardware shall comply with the ANSI A156 series.

The preparation of doorsand frames for theinstallation of bolts, closers, latches, locks,
pivots, and strikes shall comply with the ANS A115 series.

Keying systems for new and renovated facilities and new additions shall be coor dinated with
existing facilitieson a site.

Doorsthat arepart of afire-rated wall assembly and exterior swinging doorsthat open out
shall have door closers.

Zinc hardware shall not be used.

Operable windows located more than 6 feet above the finished floor shall be provided with
extension operatorsor poles.

The locks on at |east one door of any room shall be equipped to prevent personnel from
bein Ic()jcked inside, except as otherwise required to satisfy DOE safeguards and security
standards.

Door silencers shall be used on all metal door frames except those for double-acting doors
and those for doorsin roomswith acoustical security.

Where primary reliance is placed on doors or windows as physical security barriers, heavy-
duty builders’ hardware shall be used, and all screws, nuts, bolts, hasps, clamps, bars, wire
mesh, hinges, and hinge pins shall be fastened securely to preclude surreptitious removal and
assure visual evidence of tampering. Har dwar e accessible from outside the area shall be
Peen_ed_, brazed, or spot welded to preclude removal or be otherwise secured by hardware
hat isinaccessible to unauthorized tampering (e.g., nonrenewable hinge pins).

Where primary relianceis placed on doors as physical security barriers, locks shall meet the
following requirements:

s A combination lock shall meet UL 768, Group I-R.

s A combination padlock shall meet FS FF-P-110 and 41 CFR 101.

e A key padlock shall meet MIL-P-43951 or FS FF-P-001480.

» A key lockset shall meet the ANSI A156 series.

» Paniclocksused on emergenc?/ exit doorsin security area perimeters shall be operable
onla/ from the inside and shall be equipped with at least aloud local alarm. Door locks
and latches shall comply with NFPA 101.

s Magnetic-typelocks shall have at least 1200-pound holding for ce.



Doors and Windows DOE 6430-1A
Page 8-8 4-6-

« Locksnot covered by the above requirementsand that meet protection objectives may be
used with DOE field element approval.

0880 GLAZING

Glazing materials with reflective matings or films shall not be used where they cause
disorientation and unsafe conditions.

Glazing materials adjacent to unattended entrances and exits shall be protected from damage.

Glazing methods and materials shall comply with FGMA Glazing Manual and FGMA
Sealant Manual.

Flat glass shall comply with ASTM C1036.
For protective glazing, see Section 0800-2.6, Security.
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Division 9
Finishes
0900 GENERAL
0900-1 GENERAL

The underside of floor and roof construction shall be exposed to view except where
acoustical treatment, heating, ventilating, air-conditioning, cleanliness, or the containment or
dispersion of contaminantsrequires the installation of a ceiling.

In the planning and design of new facilities, economy in finishes shall be considered in terms
of thefollowing factors:

» Thecharacter of the facility
» Functional requirements
« LCC

0900-2 FIRE PROTECTION

LCC calculations shall include the renewal of fireretardant coatings asrequired by NFPA
101, Chapter 31.

0900-3 HAZARDOUSMATERIALSCONTAMINATION

Where radioactive or other hazardous materials are processed or handled, and contamination
can occur, washable or strippable finishes shall be used on walls, floors, and cellings.

Whereradiological contamination can occur, paint finishes shall comply with ANSI N512.

0900-4 INDOOR AIR QUALITY

Finish material and its support, backup, and substrate shall be selected, designed, fabricated,
assembled, and installed to exclude or prevent the escape of fibers, such as ashestos, and the
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@ca%e of emissions from volatile organic compounds, such as formaldehyde, and

ﬁom énatlons of volatile organic compounds that have been determined to be a health
azard.

0900-99 SPECIAL FACILITIES

0900-99.0 Nonreactor Nuclear Facilites-General

Rounded cornersand epoxy coated concrete walls and floors shall be considered for nuclear
materials storage and work areas.

In addition to the coating requirements provided in Section 0950, Acoustical Treatment, the
desfgnlﬁ).r_of nal shall consider the coating guidelinesin ASTM D4256 and ANSI N512
for facilities that require coatings to enhance decontamination of surfaces or because of
environmental conditions.

090049.4 Exlosives Facilities
0900-99.4.1  Radiological Design Requirements

These design requirementsareto be applied specifically where explosives and plutonium are
present in the same bay (except magazines) and shall be in addition to requirementsand
practices associated with the use of other radioactive materials such as uranium and tritium.

Ease of radiological decontamination shall be provided for in the selection of floor and wall
coverings. Where paints are to be used, they shall comply with ANSI N512. To the extent
practicable, floor-to-wall interfaces shall be coved for ease of decontamination

0900-99.7 Occupational Health Facilities
0900-99.7.1 General

The functional shall dictate the selection of interior finishes for Occupational Health Facilities.
Particular care shall betaken to assurethe privacy of conver sations between doctor or
medical professional and patient.

See Section 1300-11.1, Decontamination, for interior finish criteria applicableto
contaminated areas in Occupational Health Facilities.

0900-99.7.2 Floors

Finished floors shall beresilient flooring except in special areas. In such areassuch as
laboratories and dark rooms, vinyl composition and rubber or vinyl cove base shall be used.

qugency rooms or surgical areas shall have vinyl, all-purpose, static-proof, conductive
ooring.

Stairways, entries, and service and utility areas shall generally be concrete (concrete cove
base in janitor’s closet).
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Corridor rooringnmai/] be concrete or resilient flooring with rubber or vinyl cove base. Toilet
and washrooms snall have ceramic tile floor and base.

0900-99.7.3  Walls

The use of plaster shall generally be avoided except asrequired in potentially contaminated
areasto facilitate decontamination and in such areasasemergency, X-ray, treatment, or dark
rooms. Painted finishes shall be used throughout the remainder of the facility, such as on
masonry walls, dry wall, and factory finished panels. Stairways and corridors may be protected
wﬂ&hardbog]rld wainscot. Portland cement plaster or tile may be used for wainscots in built-
in shower stalls,

Wheretileisto be used, structural facing units shall be considered. Proper radiation
shielding shall be provided for X-ray and control rooms. The services of persons qualified in
radiation shielding, particularly asrelated to X-ray shieldins, shall be used for design.

0900-99.7.4  Callings

The use of plaster for ceilings shall be limited to those rooms where it is used as a wall
finish. Acoustical treatment shall be used wher e functionally needed. Acoustical materials
shall be noncombustible and shall be applied directly to the ceiling unless other methods of
installation are more economical, or where suspended celling is justified for sanitary or other
reasons.

090049.7.5  Doorsand Frames

Wood or combination steel buck and frame shall be used with wood flush doors. The use of

sliding doorsin medical units should be avoided because of difficulty in maintaining
cleanliness. Doors shall be sized to allow passage of stretchers, where needed.

0910 METAL SUPPORT SYSTEMS

0910-1 NON-LOAD BEARING WALL FRAMING SYSTEMS

(S:tﬁel framin%esgajl comply with the ML SFA Steel Flaming Systems Manual and UBC
apter 23. See Section 0111, Structural Design Requirements.

0910-2 CEILING SUSPENSION SYSTEMS

Suspended cellings shall be earthquake resistant. They shall comply with:

s UBC Standard No. 47-18

. |CBO Report 4071
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s ASTM C635
«  ASTM C63%6
s ASTMES580

Nonstructural suspended systems, including cellings, electrical components, and equipment,
shall be considered in terms of UCRL 15714, Section V.

0920 LATH AND PLASTER

0920-1 VENEER PLASTER
Veneer plaster shall comply with GA Manual of Gypsum Veneer Plaster.

0925 GYPSUM BOARD

Theapplication and finishing of gypsum shall comply with ASTM C840. See Section 0111,
Structural Design Requirements.

0930 TILE

0930-1 CERAMICTILE
Ceramic tile shall comply with TCA Handbook for Ceramic Tile Installation.

0950 ACOUSTICAL TREATMENT

0950-1 GENERAL

Acoustical analyses shall be made for areaswith high sound levels, areaswhere speech
intelligibility is important to occupant performance, and for areas where speech privacy is
important to occupant performance or required for security. These areasinclude but are not
limited to industrial facilities, data processing centers, word processing centers, large

conference rooms, auditoriums, audio-video studios, program control centers, open offices,
and secure rooms.
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A continuous | AS shall be provided for occupiable spaces above suspended ceilings within
prc1te(;ted areasand, asrequired by the site-specific security plan, within limited and
exclusion areas.

Acoustical treatmentsin industrial facilities and other high noise occupancies shall comply
with 29 CFR 1926 and 29 CFR 1910.

Facilities with low sound levels shall be provided with acoustical treatments that produce
balanced acoustical environments and promote occupant productivity.

No acoustical treatment shall be provided to control the acoustical environment within
|norel mally unoccupied storage areas, service areas, or support areasthat have lower sound
evels.

Acoustical treatment and administrative control in areasthat require periodic occupancy by
operations or maintenance personnel (for example, utility rooms, equipment rooms, storage
areas, service areas, support areas, and industrial process areas) and have such high soun
levelsthat personnel would beinjured by periodic short-duration exposur e shall comply with
29 CFR 1926 and 29 CFR 1910.

Acoustical material shall not be in contact with the underside of roof decks where moisture
can collect, or where the deck is exposed to extreme heat.

Where window treatments and office landscaping are used for acoustical treatments, see
gectlon 1250, Window Treatment, and Section 1260-1, L andscape Partitions and
omponents.

Accougtical cellings shall comply with CISCA Acoustical Ceiling-Use and Practice.
Acoustic plaster ceilings shall not be used.

In areas subject to moisture or high humidity, such as shower rooms, kitchens, and spaces
with industrial processes using water, any metal suspension system shall be corrosion
resistant, and ceiling materials shall be protected from moisture or be moisture resistant.

0950-99 SPECIAL FACILITIES
0950-99.10 Secure Conference Rooms

Walls, ceiling, and doors of offices or room constituting security area perimeters where
classified infor mation is discussed, handled, or processed on arecurring or routine basis shall
be constructed of materials of low sound conductivity, and shall be acoustically treated in
accor dance with DOE 5636.3A and the DOE TSCM Procedural Guide so asto prevent a
person outside the room with reasonable access to the wall from overhearing a conver sation
at normal level within the room without the use of hearing instruments or equipment. (See
Section 0110-99.10, Secure Conference Rooms, for additional requirementsfor soundproofing
of secure conference rooms.)
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0950-99.11 Secure Offices

Walls, ceilings, and doors of offices or rooms congtituting security area perimeterswhere
classified information is discussed, handled, or proc onarecurring or routine basis shall
be constructed of materials of low sound conductivityr, or shall otherwise be acoustically
treated in accordance with DOE 5636.3A and DOE TSCM Procedural Guide, so asto
prevent a person outside the room with reasonable access to the wall from overhearing a
conversation at normal level within the room without the use of hearing instruments or
equipment. (See Section 0110-99.11, secure Offices, for additional requirements for
soundproofing of secure offices)

0965 RESILIENT FLOORING

Resilient flooring ingtallation shall comply with the RFCI Recommended Work Procedures
for Resilient Floor Covering.

\é\éggreseamlesssheet flooring isrequired, seams shall be sealed in accor dance with ASTM

Electrically conductive floors shall comply with UL 779.

0968 Carpet

Carpet shall comply with CRI Gar|oet Specifiers Handbook and CRI Standard for Installation
of Textile Floor Covering Materials.

Flame spread shall not be greater than 75 when tested in accordance with ASTM E84. For
computer facilities, flame spread shall not be greater than 25 per DOE/EP 0108.

Flame propagation index shall be less than 4.0 when tested in accordance with UL 992, or
the minimum average critical radiant flux shall be 0.45 watt per square centimeter when
tested in accordance with ASTM E648.

0970 PECIAL FLOORIN

0970-1 RESINOUS FLOORING

Indugtrial resinous flooring (s[eamless coating) and conductive spark-proof industrial resinous
flooring shall comply with NTMA requirements.
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0970-2 CONDUCTIVE FLOORING

Conductive flooring shall comply with Section 1660-99.4.3, Static Electricity.

0970-99 SPECIAL FACILITIES

0970-99.4 Exlosives Facilities

In addition to the requirements of Chapter Il Section 7.5 of DOE/EV 06194, a resilient
floor covering shall beinstalled in all HE bays (including explosives-plutonium bays) where
uncased HE components are handled. Open joints that might trap HE particles shall be

avoided. The resilient floor covering used shall be one that has been found to be acceptable

in either the LANL or LLNL skid tests. Information can be obtained from the WX Division,
LANL, or the Hazards Control Department, LLNL.

0980 SPECIAL COATINGS

Special coatings shall comply with the following guides:

s AA Aluminum Finishes for Architecture

s AAFinishes for Aluminum in Building

« NAAMM Metal Finishes Manual

s PCA Clear Coatingsfor Exposed Architectural Concrete

s PCA Effect of Substances on Concrete and Guide to Protective Treatment
s PCA Surface Treatmentsfor Concrete Floors

« NCMA Waterproofing Coatingsfor Concrete Masonry

e ACI Guideto the Use of Waterproofing, Dampproofing, Protective, and Decor ative
Barrier Systems for Concrete

0990 PAINTING
Painting shall comply with PDCA Architectural Painting and Wall Covering Manual.
Painting of concrete shall comply with PCA Painting Concrete.
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0995 WALL
Wall coverings shall conform to NFPA 101,
Painting shall comply with PDCA Architectural Painting and Wall Covering Manual.
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Division 10
Specialties

1015 COMPARTMENTS AND CUBICLES

Where significant moistureisnormally present (such asin shower rooms, drying rooms, and
dishwashing rooms), compartments and cubicles shall not use the following:

s Hardboard facings
« Unimpregnated paper honeycomb cores

« Paper honeycomb coreswith foam plastic fill or vermiculitefill

1020 LOUVERS AND VENTS

Lowers and vents located in potentially corrosive environments, such asin close proximity
to saltwater or in areasof acid rain, shall be corrosion-resistant or protected against
corrosion.

For louversand ventsthat are a part of a mechanical system, see Division 15, Mechanical.

1024 GRILLESAND SCREENS

Grilles and screens located ir](j)otentially corrosive environments, such asin close proximity
to saltwater or in areas of acid rain, shall be corrosion-resistant or protected against
corrosion.

For grilles and screensthat are a part of a mechanical system, see Division 15, Mechanical.
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1027 ACCESSFLOORING

An LCC analysis of raked access flooring shall be made to determine its use.

The design and construction of raised access flooring shall comply with UBC Chapter 23 and
DOE/EP 0108.

A continuous | AS shall be provided for occupiable spaces below raised access flooring within

protected areasand, asrequired by the site-specific security plan, within limited and
exclusion areas.

1030 FIREPLACES AND STOVES

Fireplaces and stoves shall be tested and listed by UL or similar nationally accredited testing
labor atories.

1040 IDENTIFYING DEVICES

1040-1 GENERAL

| dentifying devices for buildings and facilities, including site and street facilities, shall comply
W|thht_he DOE Design Guide. This standard shall not apply to displays or related areasin the
graphic arts.

Idenlti{ying devices shall beinformational and shall provide direction, identification, and
regulation.

To accommodate futur e changes, identifying devices shall incor por ate flexibility, and

ideTjtifying device components and materials shall be commercially available, nonproprietary
products.

Exterior identifyng devices located in potentialg/qcorrosjve environments, such asin close

proximity to saltwater or in areas of acid rain, shall be corrosion-resistant or protected
against corrosion.

1040.2 NAMING DOE BUILDINGS AFTER INDIVIDUALS

Theindividual or individuals for which the building is named must be deceased.
Theindividual or individuals for which the building will be named shall be preeminent
persons who have contributed substantially to the advancement of the activities being

performed in the building, to the functional areas for which the site is responsible, or to
other related fields where some relationship to the activity or to the site can be established.
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The chain of approval shall be as follows. 1) nomination by the Director of the site,

2) concurrence by the DOE Oper ations Office Manager, 3) concurrence by the Headquarters
program sponsor office, 4) concurrent by Congressional Affairsto determineif any
Congressional notification is necessary, and 5) approval by the Secretary of Energy.

All Headquarters action shall be coordinated by the Director of Administration.

1050 LOCKERS

Where significant moistureisnormally present (such asin shower rooms, drying rooms, and
dishwashing rooms), lockers shall not use the following

« Hardboard facings
s Unimpregnated paper honeycomb cores

» Paper honeycomb coreswith foam plastic fill or vermiculitefill

1052 FIRE PROTECTION SPECIALTIES

Fire protection specialties shall be tested and listed by UL or similar nationally accredited
testing laboratories or approved by FM or similar national insurance organizations.

Reguirements for portable fire extinguishers appear in Section 1530-7, Portable Fire
Extinguishers.

1053 PROTECTIVE COVERS

Protective coverslocated in potentially corrosive environments, such asin close proximity to
saltwater or in areasof acid rain, shall be corrosion-resistant or protected against corrosion.

1055 POSTAL SPECIALTIES

USPS standards shall govern the selection and installation of postal equipment to be used by
USPS.

1060 PARTITIONS

Where significant moistureisnormally present (such asin shower rooms, drying rooms, and
dishwashing rooms), partitions shall not use the following:
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s Hardboard facings
» Unimpregnated paper honeycomb cores

» Paper honeycomb cores with foam plastic fill or vermiculite fill

1065 OPERABLE PARTITIONS

Where significant moistureisnormally present (such asin shower rooms, drying rooms, and
dishwashing rooms), operable partitions shall not use the following

« Hardboard facing
» Unimpregnated paper honeycomb cores
« Paper honeycomb cores with foam plastic fill or vermiculite fill

Operable partitions shall comply with Division 9, Finishes, and Section 1260, Furniture and
Accessories.

1070 EXTERIOR SUN CONTROL DEVICES

Thetﬁpe and use of exterior sun control devices for natural illumination and solar control

shall be determined in the energy conservation analysis discussed in Section 0110-12, Ener gy
Conservation.

Exterior sun control devices located in potentially corrosive environments, such asin close

proximity to saltwater or in areasof acid rain, shall be corrosive-resistant or protected
against corrosion.

1075 TELEPHONE FACILITIES

Telephone specialties shall be listed by UL or similar nationally accredited testing
laboratories.

1080 TOILET AND BATH ACCESSORIES

In public and employee toilet rooms, accessories attached to toilet partitions shall be
through-bolted to partitions.

Die-cast zinc alloy accessories shall not be used, except as toilet paper holder doors.
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Only double toilet tissue holders shall be uesd.

In facilitiesrequired to be accessible to physially handicapped persons, bathroom accessories
shall comply with UFAS.
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Division 11
Equipment

1100 GENERAL

Equipment specifications shall reflect standard, commercially available equipment that allows
a reasonable range of competitive bidding. At least three companies shall be capable of
manufacturing equipment. In addition, major equipment, eg., boilers and chillers, shall have
had a satisfactory commercial or industrial operational experience of at least 6,000 oper ating
hours prior to bid opening.

SPeciaJ equipment that isnot a standard product of a recognized manufacturer or isnot
orfered competitively shall not be used unless it complies with 48 CFR 10.

Full-load and part-load enggy efficiencies shall be given special consideration in evaluating

equipment performance. (Refer to ASHRAE Standard 90 and Section 0110-12, Ener gy
Conservation).

All air-conditioning equipment shall comply with applicable ARI standards asa minimum
requirement.

1161 ENCLOSURES

1161-1 GENERAL CONSIDERATIONS

Enclosuresasused hereare ﬁhysical barriers (eg., cubicles, gloveboxes, fume hoods,
conveyor tunnels) that, together with their ventilation and operating systems, prevent the
release of radioactive or other hazardous material to the work space or the environment.
Accordingly, their structural and confinement integrity shall be primary design consideration.

DOE project manager shall provide the design professional criteria on the location, Size,
fume imposition, and operating schedule for enclosures. Unless more specific design
guidanceis provided to the design professional from DOE project manager, the primary
reference source shall bethe ACGIH Industrial Ventilation Manual.

The design objective shall be to prevent exposure of the plant personnel to airborne
contamination and shall implement ALARA concepts as practical to minimize oper ator
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exposures. The enclosure s?;stem, including its internal and external support structures, shall
be designed to withstand the effects of normal operating conditions and the environment.
Also, DBAs such asfire, explosion, crltlcah_t?_/, and natural phenomena shall be considered in
the design of the enclosure. Enclosure stability during a seismic event shall be based on the
seismic parameters described in Section 0111-99.0.4, Earthquakes. The criticality
considerations should include water or other liquid sour ces, pot_entiaJ.Iiﬂuid level in the
encllosure(durlng operationsor firefighting), and drainsto limit liquid level in the
enclosure,

Where practical and without penetrating the enclosure, all equipment components not
functionally required to operate directly in the presence of radioactive materials shall be
located outside the enclosure. All equipment that must be located within the enclosure shall
be designed to allow for in-place maintenance and/or replacement.

Thedesign and oPeration of support and protection systems, such asfire protection, shall
not promote the railure of the enclosure system integrity or the loss of confinement.

1161-2 CONSTRUCTION

Noncombustible or fire-resistant and corrosion-resistant materials shall be used for
enclosures and, to the maximum extent practicable, for any required radiation shielding. In
no case snall the total combustible loading located in afire area exceed the fire resistance
rating of the structural envelope (see Section 0110-99.0.6, Fire Resistance). This shall be
documented in afirerisk analysslgerformed accordingtoa methodolo?y approved by the
DOE Fire Protection Authority. Thisanalyss should include estimated fire area combustible
loadings, ventilation parameters, room dimensions, maximum average gas temperature, fire
duration, maximum average heat flux, and the calculational method used. Enclosures (except
open-face hoods) shall be designed with the objective of being leak-tight. In conjunction with
their ventilation systems, all enclosures shall be capable of maintaining confinement (i.e.,
negative pressurewith respect to the surrounding oper ating area). Without their associated
ventilation systems enclosures shall be designed with appropriate physical featuresto provide
an essentially leak-tight confinement (except open-face hoods, which shall providefiltered
confinementg/for the contaminants they handle.

Enclosure specifications should include the following standardized features, where applicable:
« Windows and mountings
» Gloveports(size, location and height)

« Ease of cleaning (radius corners, smooth interior and exterior surfaces, minimal
protuberanas, and accessibility of all parts)

s Adequate interior illumination (from fixtures mounted on the exterior where feasible)
s Connections for services lines, conduits, instrument leads and ductwork

« Firebarriersand filter installation
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« Sampleremoval ports
s Pressuredifferential readouts
« Attachmentsfor interconnection of enclosures

Appropriatellﬁsilzed and located windows shall be part of the enclosure design to provide
operatorswith visual accessto the enclosure interior. Viewing windowsin enclosures shall be
assmall as practicable. The windows shall be constricted of noncombustible or approved
fire-resistant materials as specified in Section 0727, Firestopping. Consideration shall be
given to resistance of the selected material to impact and radiation damage. The use of
Mylar-glasslaminates shall be considered for use as viewing windows and lighting fixture
coverswherehydrofluoric acid environments are present. Window design shall be such that it
will enable replacement with minimum risk of releasing contamination to the working area.
The selection of appropriate window material shall be based on specific process, combustible
loading, and radiological safety considerations.

Glove ports shall be located to facilitate both operations and maintenance work inside the
enclosure. They shall have flexible gloves attached to allow operating per sonnel access to all
interior surfacesand equipment. They shall be designed to allow replacement of gloves
without losing contamination control and with minimum exposur e to the operator. When

gIoveds e3re not in place, a noncombustible shield or cover for each glove port shall be
provided.

To reduce migration of contamination, closure devices or permanent seals shall be provided
on entrances and exits of piping, ducts, or conduits penetrating confinement barriers. Such
closuresor seals shall have an integrity equal to or greater than the barrier itself.

Where pertinent to safety, the enclosure design shall consider the heat generation in the
enclosure. Such heat sources may be from processes, lighting, and the decay of radioactive

material. Consideration of radioactive material asa heat sourceisparticularly applicableto
storage enclosures.

Consideration shall be given to incorporating transfer systems such as a double-door, sealed

transfer system for removal of hazardous material from a glove box. Various types of

removal and transfer systemsappear in IAEA Safet?; SeriesNo. 30. These systems are

gesgned to allow entry and removal of material without breaching the integrity of the glove
OX.

Consideration shall be given to modular instruction, versatility, relocation, and

incor poration of shielding. Structural support shall be provided to accommodate any
anticipated |oading resulting from shielding. The design ﬁrofon_al shall consider
techniques for limiting size to anticipate limitations on the dimensions of packing crates for
disposal (e.g., current DOE criteria limit the size of TRU containers that will be accepted at
the WIPP repository to 4 ft. x 4 ft. x 7 ft.).

Discrete work stations or process areas shall be separated from each other by a barrier
designed to ﬁ_revent the spread of fire based on safety analysis review. Generally, thefire
barrierswithin and between enclosures will be normally closed. Where operationsrequire
that the fire barrier be in the open position, it shall automatically close on activation of the
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fire detection system or by release of a fusible device. Design of the enclosure system shall
allow automatic closure of thefire barrier without loss of confinement, without degradation
of the enclosure system’sintegrity, and without injury to personnel. Thefire barrier shall be
caPabIe of being opened or closed manually from the exterior and interior of the enclosure.
Allowable open area around a fire barrier shall be minimized.

1161-3 FIRE PROTECTION

Automatic fire suppression provisions shall comply with Section 1530-99, Special Facilities.
When an automatic fire suppression system is mandator?/ and protection against lossfrom
fire originating within the enclosure system is required, a hl%h y reliable, fast-acting system
shall be provided. Instead of such a system, an inert atmosphere can be used within the
enclosure, provided its reliability is commensurate with an approved fire suppresson system
(e.g., dedicated gas supsﬂly, component quality, and redundancy where appropuate?. The
oxygen concentration shall be lessthan the minimum concentration that would allow ignition
or combustion of the enclosure contents. Where automatic systemsare not required, fire
detection shall beinstalled. Provisions shall also be made for manual fire suppression where
deemed necessary. Fire detection systems shall be integrated with any central alarm location
and any associated automatic fire suppression systems.

1161-4 VENTILATION

A ventilation system shall beinstalled on all enclosure systems to maintain a minimum
negative pressure differential of 0.3 in. of water inside the enclosure (except open-face
hoods) with respect to the operating area. Open-face hoods shall be ventilated such that flow
from the operating area into the hood is maintained. Safety classitems of the ventilation
system shall be supplied with emer gency power. Failure of any single component or control
function shall not compromise minimum adequate ventilation. The design professional shall
consider the possible necessity to remove maisture, heat, and explosive and corr osive gases,
%Wg“ as otréer contaminants. Perchloric acid fume exhaust systems shall comply with NFPA
, Chapter 6.

HEPA filters shall be provided at the interface of the enclosure outlet and the ventilation
system to minimize the contamination of ductwork and at the enclosure inlet to prevent
movement of contamination within the enclosure to the operating area in the event of a flow
reversal. A roughing filter should beinstalled to reduce HEPA filter loading. The system
shall be designed to automatically ensure adequate inflow of air through a credible breach in
the enclosure system. Minimum inward air velocity shall be 125 plusor minus 25 linear ft/

min or as determined from guidance provided in the ACGIH Industrial Ventilation Manual
The design of the enclosure ventilation flow pattern shall minimize the spread of fire, and

fire screens shall be provided where necessary.

For enclosures where overpressurization is possible, a system shall be provided to ensure
that confinement isnot breached. Small enclosure systemswith positive-pressure supplied
gases shall have positive-acting, pressure-relief devices (connected into the exhaust system) to
prevent pressurization of the enclosure.



DOE 6430.1A Equipment
4-6-89 Page 11-5 (and 11-6)

Hood faces shall not be located within 10 ft. of the closest air supply or exhaust paint.
Hoods shall not be located in or along normal traffic routes. An open-faced hood shall be
designed and located to provide a minimum air velocity of 125 plus or minus 25 linear ft/
min over the hood face area. A hood should not be used in alocation whereroom air
currents of >50 linear ft/min at the face of the hood will disrupt uniform air entrance. All
open-face hoods shall be designed to provide %’pproprlate face velocity to ensure caEture of
contaminantsin the hood exhaust (see the ACGIH Industrial Ventilation Manual). Exhaust
air from a hood shall not be recirculated to occupied areas.

1161-5 OPERATIONAL COMPATIBILITY

Shielding, shape, size, and any other pertinent design criteria for all enclosures, glove boxes,
conveyor tunnels, hoods, and process equipment should be coor dinated with oép;eratlons
requirementsto ensure continuity and performance of operations; and by the Safeguards and
Security Group (function) to ensure that SNM control and accountability consider ations have
been considered along with other DOE physical protection requirements (DOE 5632 series).
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Division 12
Furnishings

1201 GENERAL

Therenewal of fire retardant coatings asrequired by NFPA 101, Chapter 31, shall be
included in LCC calculations.

Furnishings shall be designed and constructed to exclude or prevent the escape of emissions
from volatile organic compounds, such as formaJdehh/de, and combinations of volatile organic
compounds that have been determined to be a health hazard.

1230 MANUFACTURED CASEWORK

The design of manufactured casework shall consider competitive types using standard stock
sizes, materials, and finishes; modules and dimensionally interchangeable elements; and
construction tolerances.

The design of manufactured casework for use with radioactive materials shall consider
radioactive shielding requirements.

1250 WINDOW TREATMENT
Window treatments shall comply with NFPA 101, Chapter 31,

Thetyf)e and use of window treatments with respect to natural illumination and solar
control shall be determined in the energy conservation analysis; see Section 0110-12, Energy
Conservation, and Division 15, Mechanical.

Where window treatments are used as a part of the acoustical treatment, or are to be used
where acoustical treatment is required, such asin open offices or landscaped offices, they
shall beincluded in the acoustical analysis; see Section 0950, Acoustical Treatment.
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1250-1 DRAPERY AND CURTAIN HARDWARE
Drapery and curtain hardware shall comply with UL 325.

1260 FURNITURE AND ACCESSORIES

1260-1 LANDSCAPE PARTITIONS AND COMPONENTS

Office landscape partitions and components shall comply with NFPA 101, Chapter 31, and
UBC Chapter 17.

Where office landscape partitions and components ar e used, they shall be included in the
acoustical analysis, see Section 0950, Acoustical Treatment. They shall also beincluded in
theanalysisand design of natural and artificial illumination; see Section 0110-12, Ener gy
Conservation, and Section 1655, Interior Lighting.

Office landscape partitions and components shall be designed to accommodate task lighting
when it isdetermined that task lighting is necessary; see Section 1655, Interior Lighting.

1260-2 FURNITURE

Furniture shall comply with NFPA 101, Chapter 31 (sections concer ning finishings,

dec?_rt_ations, and treated finishes), and UBC Chapter 17 for folding, portable, and movable
partitions.

1260-3 FURNITURE SYSTEMS

Furniture systems shall comply with NFPA 101, Chapter 31 (sections concerning finishings,
decorations, and treated finishes), and UBC Chapter 17 for folding, portable, and movable
partitions.

Where furniture systems are used, they shall be included in the acoustical analysis, and in
the analysisand design of natural and artificial illumination; see Section 0950, Acoustical
Treatment, and Section 1655, Interior Lighting.

1260-4 RUGS AND MATS

Rugs and mats shall complg asfurnishir;gswit_h NFPA 101, Chapter 31 (sections concerning
finishings, decorations, and treated finisnes), in all occupancy classifications except those of
storage and industrial.

Rugs and mats used in storage or industrial occupancies shall have a critical radiant flux not
less than the following:
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Division 13
Special Facilities

1300 GENERAL REQUIREMENTS
1300-1 COVERAGE AND OBJECTIVES
1300-1.1 Coverage

Special facilities as used in Division 13 include the following:
» Nuclear facilitiesasdefined in the Glossary and in DOE 5480.5
» Explosivesfacilities

The criteria in this section of Division 13 (Section 1300, General Requirements) apply to all
nonreactor nuclear facilities and to explosives facilities. Subsequent sections provide
additional criteria that are applicable to specific types of nonreactor nuclear facilities and to
explosives facilities. (Reactorsand their safety systems shall be sited and designed accor ding
to DOE 5480.6.)

There may be some facilities for which these criteria are not sufficient and for which
additional criteria must be satisfied in the interest of safety. Also, some criteria may be
determined by safety analysisto be unnecessary or mapaf)roprjatefqr a specific facility. For
facilities such asthese, departures from the criteria shall be identified and justified. See
Section 0101-2, Criteria Deviations.

1300-1.2 Using Division 13

The other divisions of these criteria correspond to the CSI MASTERFORMAT organization,
which reflectsthe major building systems and design specialties. Criteria for special facilities
in those divisions appear under a “-99" system. For example, Division 15, Mechanical,
contains mechanical criteria that apply to all DOE facilities, both non-special and special.
Mechanical criteriafor all facilities are numbered 15xx. In addition, mechanical criteria that
apply only to special facilities are numbered 15xx-99.

Witkg)in the -99 sectionsin the various divisions, facility types are designated by the following
numbers:

e 99.0, Nonreactor Nuclear Facilities-General
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« 99.1, Laboratory Facilities (Including Hot L aboratories)

« 99.2, Emergency Preparedness Facilities

s 99.3, Plutonium Processing and Handling Facilities

s 994, Explosives Facilities

s 99.5 Unirradiatad Enriched Uranium Storage Facilities

« 99.6, Plutonium Storage Facilities

» 99.7, Occupational Health Facilities

» 99.8, Telecommunications, Alarm, and ADP Centersand Radio Repeater Stations
» 99.9, Vaultsand Vault-Type Roomsfor Storage of Classified Matter

» 99.10, Secure Conference Rooms

s 99.11, Secure Offices

» 99.12, Uranium Enrichment Facilities

s 99.13, Uranium Processing and Handling Facilities

s 99.14, Irradiated Fissile Material Storage Facilities

» 99.15, Reprocessing Facilities

» 99.16, Uranium Conversion and Recovery Facilities

» 99.17, Radioactive Liquid Waste Facilities

» 99.18, Radioactive Solid Waste Facilities

e 99.19, Tritium Facilities

» 99.20, Fusion Facilities

The remaining sections of Division 13 cover nonreactor nuclear facilities (which as used here
includes laboratory facilitieshot laboratories) and explosives facilities criteria that do not
relate to the major buildinﬂqsystems or other design specialties covered in the other

divisions. When designing these facilities, Division 13 criteria shall be applied in addition to
applicable criteriain other divisions.

Dlesign criteria for nonreactor nuclear facilitiesand explosives facilities thus appear in three
places.
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« Intheconventional sections of the other criteria divisions-e.g., Section 1550 provides
criteriaon HVAC systemsthat apply to all DOE facilities.

» Inthe-99.0,-99.1, and -99.4 sections of the non-Division 13 divisons-e.g., Sections
1550-99.0 and 1550-99.4 provide additional criteriaon HVAC systemsthat apply only to
nonreactor nuclear facilities and explosives facilities, respectively.

« InDivison 13-eg., special criteria that do not relate to the building systems and design
specialties covered in the other criteria divisions

See Section 0101-3, Organization and Use of These Criteria.
1300-1.3 Objectives
The design of special facilities shall:

= Protect the public and facility personnel from hazards associated with the use of
radioactive and other hazardous materialsasaresult of normal operations, anticipated
operational occurrences, and DBA conditions, including the effects of natural phenomena
pertinent to the site, and maintain these effects ALARA

= Ensure compliance with DOE policies regarding nuclear safety, criticality safety, radiation
safety, explosives safety, industrial safety, fire protection, environmental protection, and
Safeguardsand Security (S& S) protection for special nuclear material

» Protect government property and essential operations from the effects of potential
accidents

= Minimize exposures of personnel and the general public to hazardous materials by
emphaﬁzmlg ALARA concernsduring all design, construction, and operational phases of
special facilities

The design of new or modification of existing special facilities shall address the health
hazards represented by all hazardous materials in enclosures, general work areas, and
noncontaminated areas.

Therelease of hazardous materials under normal operating conditions and anticipated
operational upset occurrences shall be designed to be less than release guideline limits
contained in applicable orders, regulations, and requirements. In addition, to the extent
practical, such releases shall be maintained ALARA.

Consideration shall be given to the frequency of occurrence and the effects of DBAs in the
design features of special facilities. The depth of the risk analysisinvolved in this
consideration should be in some measure proportional to the level of risk at the facility
under consideration.

Protection of employees within the facility and at nearby facilities shall be a requirement in
all aspects of the design. Protection shall be provided for normal operation and for those
accidentsthat can be anticipated as occurring during the facility lifetime such as radioactive
material spillsand small fires controlled by the facility fire suppression system. Occupational
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exposure to radiation shall be limited according to DOE 5480.11. Design goals shall be
established to maintain radiation exposure of employees ALARA. The nature of the

hazar dous materialsin the facility, including radionuclides, shall be considered in the
assessment of potential employee exposure.

For mixed-use facilities, such as those combining PPHFs and PSFs, the design of either part
of that facility shall not jeopardize the safety requirements of the other.

1300-1.4 Guidance on Limiting Exposure of the Public
1300-1.4.1 General

The confinement of hazardous materials produced, processed, or stored in special facilities
shall be designed to minimize dose to a maximally exposed member of the public,

1300-1.4.2 Accidental Releases

Releases of hazardous materials postulated to occur asa result of DBAS shall be limited by
designing facilities such that at least one confinement system remains fully functional
following any credible DBA (i.e., unfiltered/unmitigated releases of hazar dous levels of such
materials shall not be allowed following such accidents). Facility design shall provide
attenuation features for postulated accidents (up to and including DBAS) that preclude
offsite releases that would cause doses in excess of the DOE 5400 series limits for public
exposure. To the extent practical, ALARA concepts shall be applied when desgnm% special
facilities to mitigate post-DBA releases of hazardous materials. For facilities whose hazard
Botential is determined to be extremely low, deviations from the criteria of this section may
e considered in accordance with Section 0101-2, Criteria Deviations.

1300-1.4.3 Routine Releases

The annual dose resulting from postulated, planned, or exPected releases from the proposed
facility shall be considered in combination with the annual doses resulting from planned or
expected releases from other facilities at the same site. The sum of the doses from the site
shall be limited according to DOE Radiation Standards of Protection of the Public in the
Vicinity of DOE Facilities or subsequent guidance included in the directive on Radiation
Protection of the Public and the Environment in the DOE 5400 series.

1300-1.4.4 Monitoring of Releases

Releases shall be monitored in accor dance with the directive on Radiological Effluent
Monitoring and Environmental Surveillance in the DOE 5400 series.

1300-2 SAFETY ANALYSIS
Safety analysis shall comply with DOE 5481.1B. See also Section 0110-5.2, Safety Analysis.



DOE 6430.1A Special Facilities
4-6-89 Page 13-5

1300-3 SAFETY CLASSCRITERIA
1300-3.1 General

Special facility components, systems, and structures shall be designed, fabricated, erected, and
tested to standards and quality commensurate with the hazards and potential consequences
associated with both thefacility and the role of each component, system, and structurein
mitigating the consequences of DBAS.

1300-3.2 Safety Class [tems

Safety class items are systems, components, and structures, including portions of process
systems, whose failure could adver sely affect the environment or the safety and health of the

Publiq. Specifically, safety class items are those systems, components, and structures with the
ollowing characteristics.

» Thosewhosefailurewould produce exposure consequences that would exceed the

guidelines in Section 1300-1.4, Guidance on Limiting Exposure of the Public, at the site
oundary or nearest point of public access

« Thoserequired to maintain operating parameterswithin the safety limits specified in the
OSRs during normal operations and anticipated operational occurrences

» Thoserequired for nuclear criticality safety

s Thoserequired to monitor the release of radioactive materialsto the environment during
and after a DBA

» Thoserequired to achieve and maintain the facility in a safe shutdown condition

» Thosethat control the safety classitems described above

DOE/TIC 11603, Rev. 1, presents examples of safety classification of plant systems,
structures, and components in its appendixes, however, for comparable sections in DOE/TIC
11603, Rev. 1, and DOE 6430.1A. the design criteria in DOE 6430.1A shall govern.

Safety class items shall be subject to apﬁropriately higher-quality desi%n, fabrication, and
industrial test standards and codes such as those specified in Section 0106, RegulatoQ/
Requirements, and Section 0109, Reference Standar ds and Guides, to increase the refiability
of the item and allow credit to be taken for its caBab|I|t|es in a safety analysis. Safety class
items shall be designed to the ASME Boiler and Pressure Vessel Code (Section |11, Class 1)

or to other comparable safety-related codes and standards that are appropriate for the system
being designed.

Safety class and non-safety class items shall comply with Section 0140, Quality Assurance.
The design of systems, componentsand structuresthat are not safety classitemsshall, asa
minimum, be subject to conventional industrial design standards, codes, and quality
standards. Failure of theseitems shall not adver sely affect the environment or the safety and
health of the public. In addition, their failure shall not prevent safety classitems from
performing ther required functions.
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1300-3.3 Single Failure Criterion and Redundancy

The design shall ensure that a single failure (see Glossary) does not result in the loss of
capability of a safety c|a$§yst_em to accomplish itsrequired safety functions. To protect
against single failures, the design shall include appropriate redundancy and shall consider

diversity to minimize the possibility of concurrent common-mode failures of redundant items.

1300-34 Equipment Environment Considerations
1300-3.4.1 General

Safety classitems shall be designed to withstand the effects of, and be compatible with, the
environmental conditions associated with operation, maintenance, shutdown, testing, and
accidents. The environmental capability of equipment shall be demonstrated by appropriate
testing, analysis, and oper ating experience, or other methodsthat can be supported by
auditable documentation, or a combination of these methods.

1300-3.4.2 Environmental Qualification of Equipment

Equipment qualification snall provide assurance that safety classitems will be capable of
performing required safety functions under DBA conditions. The qualification shall
demonstrate that the equipment can at least perform for the period of time that its safety

functions are required. Subsequent equipment failure, after its safety function is no longer
required, may be allowable.

Temperature, pressure, and humidity environments shall be based on the most severe
postulated accident aff_ectlngbthe particular item. The postulated environment shall reflect an
environment that considers both radiological composition (e.g., elements, isotopics, total
radioactivity) and chemical composition ?e.g., abrasives, acids, smoke, caustic vapors) of all
material physical formslikely to affect the equipment.

1300-34.3 Equipment Operability Qualification

Testing or a combination of testing and analysis shall be the preferred method of
demonstrating the operability of fluid system components, mechanical equipment, .
instrumentation, and electrical equipment that are required to operate during and following a
DBE. Seismic experience data may be used as an alternative to testing or dynamic analysis
where. such data have been documented and validated. See Section 0111-99.0, Nonreactor
Nuclear FacilitiesGeneral.

1300-35 Maintenance

The desi%n shall consider the maintainability factors peculiar to the specific equipment to be
used in the facility. Facility design shall provide for routine maintenance, repair, or
replacement of equipment subject to failure.

Safety class items shall be designed to allow inspection, maintenance, and testing to ensure
their continued functioning, readiness for operation, and accuracy. Ancillary equipment, such
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aspumps, blowers, motors, compressors, gear trains, and controls, shall be located in an area
least likely to be contaminated.

The design of equipment that must be [ocated within confinement systems shall allow for in-
place maintenance or replacement.

The capability shall be provided for the maintenance of contaminated equipment that cannot

berepaired inJ)lace. This caﬁ)ability shall include the necessary provisionsfor confinement,
ventilation, and waste contral.

The design of all process equipment shall include features to minimize self-contamination of
the e(aument, piping, and confinement areas. The design of process equipment shall also
include features to minimize the spread of contamination out of local areas.

1300-3.6 Testing

The desig?n snall include provisions for periodic testing of monitoring, surveillance, and alarm
systems. In addition, the design shall provide the capability to test periodically, under
smulated emer gency conditions, safety classitemsthat arerequired to function under
emergency conditions.

All systems for which credit is taken to meet the criteria of Section 1300-1.4.2, Accidental
Releases, shall be |gﬁlacetamle in terms of pressure, filtration or removal efficiency,

alarm capability, leak resistance, and thelike. Safety classitems shall be designed to be
testable on a regular schedule.

The facility design snall allow for routine in-place testing of HEPA filtration systems as
outlined by ASME N510.

1300-4 NUCLEAR CRITICALITY SAFETY

An assessment of a design shall be made as early as practical to determine if the potential
for nuclear criticality exists. When such potential exists, the design of nuclear criticality
control provisions, including equipment and procedures, shall meet, asa minimum, the
requirements of DOE 5480.5 and the ANS 8 series on Nuclear Criticality Safety.

Nuclear g:riticalit?/ safety shall be achieved by exercising control over both the quantity and
distribution of all fissile materialsand other materials capable of sustaining a chain reaction,
and over the quantities, distributions, and nuclear propertiesof all other materials with
which the fissile materials and other materials capable of sustaining a chain reaction are
associated. Design consider ations for establishing such controls shall be mass, density,
geometry, moderation, reflection, enrichment, interaction, material types, and nuclear poison.

The design shall ensure that material shall not be displaced or allowed to accumulate to
form acritical massin the event of an internal or external accident. The design shall
emphasize geometrically favorable compartments or spacing to minimize reliance on
administrative control, and shall prevent the unsafe accumulation of moderator or reflection
materials (e.g., water from afire sprinkler system). Also, heating or cooling jacketsin the
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safe dimension of geometrically safe vessels shall preclude a leak in the jacket that causes an
increase in the system'’s reactivity.

Process designs shall incor por ate sufficient factors of safety so that at least two unlikely and
independent concurrent changes must occur in process conditions before a criticality accident
is possible.

Structures, systems, and components that provide nuclear criticality safety shall be designed
as safety class systems and be capable of performing their criticality safety functions during
and following design basis accidents and events. A criticality monitoring and alarm system
(gamma and/or neutron) shall be provided where necessary to meet the requirements of
DOE 5480.5 and ANS 8.3.

Nuclear criticality safety shall be controlled, in decreasing priority, by geometric spacing,
density and/or mass limitation, fixed neutron absorber, soluble neutron absorber, and
adminigtrative control. The design of the facility shall emphasize engineered safeguards and
shall not rely strictly on administrative controls.

Process systems shall be designed to prevent the carryover of fissile material and other
material capable of sustaining a chain reaction from geometrically favorable portions of the
facility to other areas.

A system of positive control and backflow prevention, such asair gaps (siphon breakers)
snall be used to prevent inadvertent transfer of fissile material and other material capable of

sustaining a chain reaction from geometrically favorable or poisoned containersto unsafe
containers.

L ocations where a potential critical mass could occur in the event of accidental flooding by
water from fire protection systems shall be protected by geometrically favorable curbed areas
or collection systems.

Where frequency estimates for a specific operation at a specific location shows the frequency
of a criticality accident to exceed 10-6 per year, the combination of shield design and facility
layout shall minimize radiation dosesto adjacent work stationsand exit routes. Egressroutes
shall be provided that take into account the locations where postulated criticality accidents
would normally be expected to occur. The design objective should be to provide escape
routes that have the lowest potential for radiation exposure to exiting personnel. For
facilities where the des(?n' cannot avoid evacuation through areas of potentially high
exposure, the use of additional shielding in such areas shall be considered. All barriersalong
egressroutes shall be designed to allow crash exiting of evacuating personnel (i.e., operator
safety should take priority over security concerns).

1300-5 SOURCE AND SPECIAL NUCLEAR MATERIAL

When the safety analysis identifies the source and SNM that will be handled, the criteria for
the most hazardous material shall be aBpIied to the design. The criteria of ANSI N16.1 shall
apply. In-process sour ce or SNM shall be stored in storage containersto be approved by
facility management, and simple physical barriers shall be used to segregate materials and
provide a level of confinement and safety consistent with the hazard of the material. See also
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E/lectio_na]l300-10, Physical Protection, Material Safeguards, and Storage of Special Nuclear
aterial.

1300-6 RADIATION PROTECTION
1300-6.1 General

Special facilities shall be designed to minimize personnel exposures to external and internal
radiological hazards, provide adequate radiation monitoring and alarm systems, and provide
adequate space for health physics activities. Primary radiation protection shall be provided by
the use of engineered controls (e.g., confinement, ventilation, remote handling, equipment
layout, and shielding); secondary radiation protection shall be provided by administrative
control. ALARA concepts shall be applied to minimize exposures wher e cost-effective.

1300-6.2 Shidding Design

The shielding design basis shall be to limit the maximum exposure to an individual worker
to one-fifth of the annual occupational external exposure limits specified in DOE 5480.11.
Within this design basis, personnel exposur es shall be maintained ALARA. Specifically, the
shielding shall be designed with the objective of limiting the total EDE to lessthan 1 rem
prer year to workers, based on their predicted exposuretimein the normally occupied area.

he EDE shall be the sum of all contributing external penetrating radiation (Jamma and
neutron), In addition, z;]opropri_ate shielding shall beinstalled, if necessary, to minimize
nonpenetrating external radiation exposuresto the skin and lens of the eye of the worker. In
most cases, the confinement barrier or process equipment providesthis shielding.

Shielding and other radiation protection measures shall be provided for areasrequiring
inter mittent access, such asfor preventive maintenance, component changes, adjustment of
systems and equipment, and so forth. The projected dose rates based on occupancy, time,
and frequency of exposure shall not exceed 1 remly.

Concrete radiation shielding design shall complg with ANS 6.4 and ACI 349 and shall
consider the material specifications of ANS 6.4.2 whereit providesa critical confinement or

fstru[%tglrzaf fuorllcnon. For other shields, ACI 318 isappropriate and provides adequate strength
or oads.

Straightline penetration of shield walls shall be avoided to prevent radiation streaming.
1300-6.3 Hand and Forearm Protection

Remote shielded operation (i.e., with remote handling equipment such as remote
manipulators) shall be considered whereit isanticipated that exposuresto hands and

forearmswould otherwise approach the dose guidance in 5480.11 or where contaminated
puncture wounds could occur.
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1300-6.4 Internal Radiation Exposure

The design shall ensure that occupied operating areas do not exceed the airborne
concentration limits of the DOE 5480 series for normal operating conditions. In addition, to
the extent practical, the concept of ALARA shall be used when designing confinement and
ventilation systemsto limit airbor ne contamination levels. The design shall ensure that
respiratorsare not required to meet the dose limitsfor normal operations. En?ineered
controlsand features shall also be provided to minimize potential inhalation of radioactive
and other hazardous materials under all conditions.

1300-6.5 Monitoring Warning and Alarm Systems
1300-6.5.1 General

All' monitoring systems shall be calibrated annually with appropriate national standards to
ensure validity of reported values. Environmental monitoring is discussed in Section 1300-9,
Effluent Control and Monitoring. All radiation monitoring, alarm, and warning systems that
arerequired to function during a loss of normal power shall be provided with an emergency
UPS (internal or external on-line) unlessit is demonstrated that they can tolerate a
temporary loss of function without losing needed data and they are provided with standby or
a:S%rdgency (S\NitChedP power. Determination of the power supply type and quality shall be
based on the safety classification of the monitoring system or device. The sampling
motivation (vacuum) shall be installed to the samerequirement.

1300-6.5.2 Air Monitoring and Warning Systems

Air monitoring and warning systems shall be installed in work areas where hazardous
materials are stored or handled and where hazardous airborne particles or vapors may be
present. Air sampling heads shall be located to provide a representative sample of potential
%\lbglrr,llelga?oacnve materials being breathed. Air monitoring systems shall comply with

1300-6.5.3 Personnel Monitoring and Warning Devices

Use of devicesto warn personnel of possible contamination or other hazardous materials
shall be evaluated and such devices shall be provided in accordance with this evaluation.
Provisions shall be made for personnel monitoring devices, such ashand and foot counters,
in the vicinity of work stations. Installed monitors (supplemented with personal monitoring
methods if necessary) shall be used to monitor personnel exiting an operating area through
accessways. CAM Ssshall be provided to detect and to alarm at prescribed airborne
radioactivity levels.

1300-6.5.4 lonizing Radiation Monitoring System

Whereionizing radiation is present (due to process material, equipment, or operations), an
arearadiation monitoring and alarm system shall be provided to alert personnel of
unexpected increases in ionizing radiation levels.
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1300-6.5.5 Warning and Alarm System Features

Warning and alarm systems shall be designed, installed, and tested to ensure that they can be

heard in the ambient conditions of the area they are intended to cover. Evacuation alarm
systems shall comply with ANSI N2.3.

1300-6.5.6 Nuclear Accident Dosimetry

Wheretherek the potential for a criticality excursion causing personnel exposures, nuclear

accident dosimeters shall be provided with performance featuresand placement consistent
with DOE 5480.11.

1300-6.5.7 Central Radiation Monitoring and Alarm Readout

In addition to a local station alarm, radiation monitoring systems (criticality alarms, CAMSs,
alarmsassociated with stack monitoring systems, and so on) shall have central (i.e., control

room or radiation monitoring office) readout and alarm panelsthat are accessible after a
DBA to evaluate internal conditions.

1300-6.6 Decontamination of Personnel

Design shall provide for personnel decontamination facilities close to areas that represent
sour ces of potential contamination.

1300-6.7 Meteorological Equipment

Meteorological equipment shall be provided to measure and record wind speed and direction.
Cosideration shall be given to the need for additional equipment to provide meteorologgcal
parameters such as humidity data and wind direction frequencies for hel_?hts related to the
estimated heights at which stack effluents and cooling tower moisture will be dispersed. As
necessary, special equipment for stack effluent dispersal and tracking shall be considered for
installation. Central site meteorological monitoring capability shall be considered asa
substitute for individual facility monitoring.

1300-6.8 Charge Rooms

Men'sand women’s chan(I]e rooms shall be provided for changing into and from protective
clothing. These areas shall be adjacent to shower facilities. Change rooms shall be designed
to ensure that clean clothing (e.g., personal clothing) and protective cIothmg? are segregated.
The design shall ensure that storage of contaminated protective clothing will control
contamination so that it does not spread beyond the storage container. The change room

exhaugt air shall be HEPA-filtered if dispersible radionuclides are handled in the process
areas it serves,

1300-6.9 Breathing Air Sysem

Operation and maintenance of special facilities may lead to Situations (e.g., accidents, special
maintenance, spill recovery) where alr-sup?hed respiratory Erotecnon IS required. Breathing
air supply systems shall comply with ANSI Z88.2 and 29 CFR 1910.134.
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1300-7 CONFINEMENT SYSTEMS

1300-7.1 Objectives
Confinement systems shall accomplish the following:

s Minimize the spread of radioactive and other hazardous materials within the unoccupied
r OCeSs areas

s Prevent, if possible, or else minimize the spread of radioactive and other hazardous
materials to occupied areas

= Minimize the release of radioactive and other hazardous materials in facility effluents
during normal operation and anticipated operational occurrences

» Limit the release of radioactive and other hazardous materials resulting from DBAS
including severe natural phenomena and man-made events in compliance with the
guidelines contained in Section 1300-1.4.2, Accidental Releases.

1300-7.2 General

Confinement capabilities, including confinement barriers and associated ventilation systems,
shall maintain a controlled, continuous airflow pattern from the environment into the
confinement building, and then from noncontaminated areas of the building to potentially
contaminated areas, and then to normally contaminated areas.

For a specific nuclear facility, the number and arrangement of confinement barriers and their
required design features and characteristics shall be determined on a case-by-case basis.
Typical factors that affect confinement system design are the type, quantity, form, and
conditions for dispersing the hazardous material, including the type and severity of DBAS. In
addition, alternative process and facility designs may reduce the potential hazards and the
requirements for confinement system design. Engineering evaluations, trade-offs, and

experience shall be used to develop a practical design that achieves confinement system
obj ectives.

The number of confinement systems required in different locations of a facility may vary
depending on the potential consequences from hazards during normal operation, anticipated
operational occurrences, and DBAs. Although individual confinement systems are not
required to withstand the effects of every accident, they shall effectively perform their
required functions for the DBAs they are required to withstand. Sufficient redundancy shall
be provided in the unlikely event of a confinement system failure. At least one of the
confinement systems shall be designed to ensure that it can withstand the effects of severe
natural phenomena and man-made events (see Section 0111-99.0, Nonreactor Nuclear
Facilities-General), including the postulated DBAs and DBF initiated by these events, and
remain functional to the extent that the guidelines of Section 1300-1.4.2 Accidental
Releases, are not violated. The adequacy of the design of these confinement systemsto
effectively perform ther required functions shall be demonstrated by the safety analysis. To
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the extent practical, the ALARA concept shall be applied to the design of all confinement
systems to minimize exposur es to hazar dous materials.

Because the number and arrangement of confinement systemsthat shall be reguired for a
specific nuclear facility design cannot be predicted, these general criteriadescribea

conser vative confinement design that usesthree principal confinement systems. In general,
the primary confinement system consists of the process enclosures and their ventilation
system. In special cases where the processes require the use of corrosive or noxious
materials the process system shall be totally enclosed (ie., pipes and vessels) and provided
with its own ventilation and off-gas cleanup system. In such cases, the process system shall
be treated asthe primary confinement system. The secondary confinement system consists of
the barriersthat enclose the areas that house the primary confinement and the system that
ventilates those areas. These areas may be referred to as operatm? areasor operating area
compartments. Thetertiary or final confinement system isthe building structure and its
ventilation system.

The secondary and tertiary barriersmay exist in common such asa single structural envelope
(e.g., walls, roof dab, floor dab), provided the barrier can withstand the effects of man-made
events and DBAs including the DBE, and does not contain access ways that allow the
routine transfer of personnel, equipment, or materials directly from the exterior of the
facility. Access ways into the interior of the single structural envelope are allowed, provided
that entrance into the access way is gained from another level of confinement.

The confinement system requirements specified for the various types of nuclear facilitiesin
the facility-specific sections that follow are typical for that type of nuclear facility. The actual
confinement system design requirements shall be determined as described in this section.

Design of confinement areas shall provide adeguate means for decontamination of the areas
prior toentry or breaching for maintenance and repair purposes.

Confinement system ventilation and off-gas system requirements are provided in Section
1550-99, Special Facilities, For enclosure of radioactive and other hazardous materials, see
Section 1161, Enclosures.

1300-7.3 Access Ways

Special features (e.g., air locks, enclosed vestibulea) shall be considered for access through
confinement barriersto minimize the impact of facility accessrequirementson the
ventilation system and to prevent the release of radioactive airborne materials. Provision for
normal and emer gency equipment shall be provided in or adjacent to the access ways.
Consideration shall be given to emergency lighting, pagi nC? systems, automatic access door
switches, hand and foot monitors, storage for clothing and emer gency equipment, warning
lights, air sampling, and breathing air outlets.

1300-7.4 Trander Pipes and Encasements

Double-walled pipes or pipes within a secondary confinement structure encasement shall be
used in all areaswherethe primary pipe leaves the facility. In areas within the facility, the
use of double-walled pipe shall be considered. L eakage monitoring shall be provided to
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gete_ct leakage into the space between the primary pipe and the secondary confinement
arrier.

1300-8 WASTE MANAGEMENT
1300-8.1 General

Wastes from special facilities may include both radioactive and nonradioactive materials and
may be in the form of liquid or airborne effluents, or solids. For SNM declared to be waste,
theterm "wastes' shall be defined in accordance with the DOE 5632 series. The process
systems shall minimize the production of wastes at the sour ces and minimize the mixing of
radioactive and nonradioactive hazardous wastes. The waste management systems shall
provide facilities and equipment (or incor porate existing facilities and equipment) to handle
those wastes safely and effectively. VVolume reduction equipment for both liquid and solid
wastes shall be required wherefeasible and shall be designed for process capability and
capac@; commensurate with the types and quantities of wastes expected. Waste handling
areas snall comply with the standards of confinement and ventilation requirements
commensurate with the potential for spreading contamination by the waste packages/forms
handled. Specific DOE design and operating requirements for radioactive wastes %HLW,
LLW, and TRU) appear in DOE 5820.2A.

See also Section 0273, Water Pollution Controls; Section 0275, Industrial Wastewater

Treatment; Section 0285, Solid Waste Systems; Section 1540, Plumbing and Service Piping;
and Section 1589, Air Pollution Contral.

1300-8.2 Hazardous Waste Requirements

Hazar dous waste requirements appear in thedirectivein DOE 5480.1B, Chapter 2.
Additionally, the RCRA, as amended, 40 CFR 264 and 40 CFR 265, contain specific design
and operating requirements and standards for owners and operators of hazardous waste TSD
facilities. Part 267 of RCRA containsinterim standards for ownersand operatorsof new
hazar dous waste land disposal facilities. Part 268 of RCRA containsland disposal restrictions
and treatment standards for hazardous waste.

1300-8.3 Mixed Waste

Radioactive mixed waste, i.e., waste containing radioactive materials and other hazardous
waste, shall be avoided where practicable. Mixed waste that cannot be avoided shall be
identified and considered in the design at the earliest possible time. Mixed waste shall be
segregated and handled separately from other types of waste in accordance with DOE 5400.3.

1300-8.4 Waste Seqregation

Facility design shall provide for the segregation of hazar dous wastes into compatible groups
for stor_aqe in accor dance with the DOE 5400 series and DOE 5480 series. Suggested
compatibility groups are acids, caustics, flammable materials, and organic materials.
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1300-8.5 Spill Prevention and Control

Spill prevention and control shall be considered in the design stage of the facility to
minimize the possibility of accidentally releasing hazar dous waste to the environment.

1300-8.6 Approvals and Permits

The construction of a new facility or modification of an existing facility that either releases
hazar dous wastes (including air bor ne radioactive effluents (see 40 CFR 61, Subpart H) to the
environment or manages hazar dous wastes shall in most cases be approved by the EPA or
authorized State agency prior to the beginning of construction In addition to obtaining
aBpr_ovaI for construction or modification of a facility, operating permits shall also be
ootained for facilities that manage hazar dous wastes as specified in RCRA.

Environmental discharges of any effluent, including hazardous and nonhazardous wastes, shall
meet applicable Federal and State laws and regulations and DOE orders. The limits specified
in discharge permits for these effluents shall be considered during the design of the facility.

1300-9 EFFLUENT CONTROL AND MONITORING

Routine wastes from special facilities will normally bein the form of solids, liquids, and
gases. The waste management systems shall provide facilities and equipment to handle these
wastes safely, effectively, and in-an environmentally responsible manner.

Hazar dous effluents released to the environment (radioactive and nonradioactive) shall not
exceed the limits referenced in DOE 5400.1 and the directive on Radiation Protection of the
Public and the Environment in the DOE 5400 series. Emphasis shall be placed on reducing
effluents released to the environment to ALARA levels using the best technolo?y
economically available at the time of design. Effluents shall comply with all applicable
Federal, State, and local laws and regulations. State and local laws and regulations shall be
careflul_ly consulted, asthey may provide morerestrictive limitsthan Federal lawsand
regulations.

During normal operations, the effluent concentrations of radionuclides measured at the site
boundary shall not exceed the DCGs specified in the directive on Radiation Protection of
the Public and the Environment in the DOE 5400 series. At the point of discharge of the
facility, i.e,, stack or equivalent, the effluent concentration shall not exceed the DCGs
specified in DOE 5480.11. The guidance on radiation protection referenced in Section 1300-
1.4.3, Routine Releases, shall also apply to effluent treatment and dischar ge systems.

All effluent streams shall be sampled or monitored in accordance with the requirements of
5400.1, the directive on Radiation Protection of the Public and the Environment in the DOE
5400 series, and the directive on Radiological Effluent Monitoring and Environmental
Surveillance in the DOE 5400 series. Sampling and monitoring shall ensure adequate and
accurate réleasurements under normal operations, anticipated operational occurrences, and
DBA conditions.
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Thedesign of thefacilitK_shaJI include egpro riate groundwater monitoring unlessa site-wide
program is provided. This monitoring shall be designed to detect releases of contaminantsto
the ground or ground water. Groundwater protection programsshall comply with DOE
5400.1, DOE 5400.3, and the directive on Radiation Protection of the Public and the
Environment in the DOE 5400 series.

See also Section 0273, Water Pollution Controls, Section 0275, Industrial Wastewater
Treatn}ent; Section 1540, Plumbing and Service Piping; and Section 1589, Air Pollution
Contral.

1300-10 PHYSICAL PROTECTION, MATERIAL SAFEGUARDS, AND STORAGE
OF SPECIAL NUCLEAR MATERIAL

1300-10.1 General

The objective of safeguards and security systemsisto protect SNM from theft or diversion
and the material or facilities from sabotage. Safequardsand security systemsare also
designed to provide protection of classified material. Safeguards and security systemsare
concerned with malevolent activities that may be undertaken by both insider and outsider
adversaries. Physical protection systems (see Section 1300-10.2, Physical Protection) are also
integrated with material control and accountability systems (see Section 1300-10.3, Material
Control and Accountability Safeguards) to provide a balanced safeguards and security system.

The safeguar ds and security system is designed to provide baseline protection against a
potential threat essentially consisting of the following:

= A determined, violent, external assault, attack by stealth, or deceptive action by several
personsor a small group

» Anadversary group that is dedicated and well-trained in military skillsand that may
have the aid of an insider in either an active or passive role, suitable weapons, and
hand-carried equipment such as explosives and tools for breaking barriers

= Aninternal threat of an insider, including any employee who may attempt SNM theft or
sabotage, or a conspiracy of employees to commit stich acts

More details are contained in the DOE Threat Statement.

Thethreat statement is meant to provide a basis from which to plan security system

Berform_anc_e re(wlrement_s and capabilities. StesF&|f|c threat spectra should be developed
1Eyconadermgt egeneric threat guidance aswell asvariouslocal and facility/site-specitic
actors.

Detailed requirements for physical protection and material control and accountability systems
are contained in the DOE 5632 series and the DOE 5633 series of orders. A standardized
approach to protection program planning is documented in DOE 5630.11. (See also Section
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0283-2, Physical Protection Planning.) This_standardized_afproach provides defensein depth
through theintegration of physical protection and material control and accountability
systemsand practicesto provide a balanced safeguards and security system. The defense-in-
depth concept uses a systems approach that calls for deploying protective forcesor features
in sufficient strength to constitute more than a single layer of security for atarget.

This philosophy for safeguardsand security system design should be implemented in

accor dance with a graded approach for providing protection of Departmental assets. Under
the graded safeguards and security approach, a system isto be designed to provide varying
degrees of physical protection, material control, and accountability for SNM and SNM
facilities. Levels of protection shall be established consistent with the attractiveness of the
asset and in such a manner asto minimize inherent risks on a cost-effective basis.

Appropriate levels of protection are determined through a risk evaluation process using
vulner ability assessments. Risks to Departmental assess are evaluated in consider ation of the
degree of protection system effectiveness and the consequent of the loss of a Departmental
asset in the event of an adversarial act. The overall goal of the vulnerability assessment isto
identify weaknesses that may be exploited by adversarieswithin the threat spectrum. The
threat can include potential sabotage and/or theft perpetrated by either insider or outsider
adversaries or a combination of the two working in collusion.

Risk and vulnerability analyses can be used to identify targets that are essential to ensure the
oper ability of safety-classitems and the security of critical programs or facilities (i.e.,
facilities having high value or vital importance to DOE pro_?ram_s as defined in DOE 5480.7).
In addition, cost-henefit analyses can be conducted to identify efficient and cost-effective
measur esto meet site-specific safeguards and security requirements. Targets shall be
prioritized so as to determine those to be afforded the greatest level of security in
accordance with the graded safeguards and security approach.

The results of these methodologies and analyses are documented in site-specific protection
program plansand/or MSSAs. MSSAs ar e formal agreements between the responsible DOE
Headquartersand Field Elementsregarding safeguards and security intereststo be protected,
prescribed levels of protection, accepted risk, and plans to increase protection system
effectiveness, if required (see DOE 5630.13).

See also Section 0283, Physical Protection, and Section 0110-13, Physical Protection.
1300-10.2 Physical Protection
1300-10.2.1 General Protection Philosophy

The potential threat of SNM theft requires the adversary to obtain access to the SNM,
gather a sufficient quantity for the intended misuse, and leave the facility unhindered to a
safelocation. Hence, for materials, it may be appropriateto interrupt the adversary anywhere
in this chain of events. However, the general z;pagroach has been to deny accessto very
attractive material at all times. In the case of sabotage of a facility, it is necessary to prevent
access to certain vital equipment that, if compromised or destroyed, can lead to release of
radioactive material or substantial reduction of program productivity. In most DOE facilities,
the items of vital equipment have been identified, and protection for these vital areasis
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required. In most cases, the physical protection systemsare similar whether the concerniis
from theft of SNM or sabotage.

All Proposed SNM protection systems and equipment shall be reviewed by safety and health
staff personnel to assure that personnel are adequately protected and that the systems do not
present an undue risk.

Specific hogtile actions to be protected against involving SNM and vital equipment include:

» Theft of SNM, e.g., unauthorized removal from a material access area, protected areas,
or an SNM shipment

s Diverson of SNM, e.g., unauthorized placement of SNM within a material accessarea or
protected area

» Sabotage of an SNM facility or vital equipment, including nuclear facilities or shipments,
that would result in an unacceptable impact on national security or on the health and
safety of the public

« Theinterruption of ﬁ_rogrammatic activity that resultsin an unacceptable impact on
national security (which shall be defined gt_he Head of the Field Element and agreed
to by appropriate Headquarters Program Offices)

s Thedetermination of an unacceptable impact on the health and safety of the public
based on radiological exposure (which shall be defined by the Head of the Field Element
and a&rceed to ba/ the appropriate Headquarters Program Offices and shall be consistent
with Section 0200-1, Facility Siting)

Security areas shall be established to protect SNM and vital equipment as follows:

s A protected area shall be established to control Category | and Il quantities of SNM and
to provide protection for vital equipment.

« Material access areas shall be established to control access to areas containing Category |
quantities of SNM.

» Vital areasshall be established to provide protection for vital equipment.

» Central alarm station access control areas shall be establisned to protect alarm
monitoring and communications capabilities.

The protection afforded SNM shall be graded according to the category of SNM involved.
Vital equipment shall be identified by the Field Element and agreed to by the appropriate
Headquarters Program Offices.

Nuclear facilities and fuel shall be protected from theft, diversion, and sabotage consistent
with the category of SNM involved and the potential impact on national security and the
health and safety of the public.



6430.1A Special Facilities
9 Page 13-19

» When nucler facilities contain SNM that is not self-protecting, the SNM shall be

protlecetded from theft or diversion at a level consistent with the category of SNM
Involved.

« When Sabotage of nuclear facilitieshasthe potential tolead to radiological releasesin
excess of the limitsin Section 0200-1, Facility Siting, or to an unacceptable impact on
national security, the facilities (including equipment and components essential to prevent
sabotage) shall be protected asvital equipment.

« When the sabotage of nuclear facilities does not have credible potential to lead to an
unacceptable impact to national security and the health and-safety of the public, the
facilities and associated equipment and components shall be protected from sabotagein
amanner consistent with the protection needs and acceptable risks as defined by the

Head of the Field Element and with concurrence of the applicable Headquarters
Program Offices.

Protection strategies for each security interest shall be documented in applicable SSSPs and/

or MSSAs, including appropriate exclusion, containment, and neutralization strategies for the
range of hostile activities.

SNM that is classified because of its configuration or content, or that ispart of a classified
item, shall receive, at a minimum, the physical protection required for the category of SNM
involved, or that required for the assigned classification, whichever isgreater.

1300-10.2.2 Basic Physical Protection Requirements

Themajor elements of a physical protection system are the following:

» Detection System: A system pr_oviding the capability to detect an adversary action or
anomalous behavior (see Section 1300-10.2.5, Detection and Alarm Systems)

Assessment System: A system providing the capability to assess the nature of the
adversary action (see Section 1300-10.2.6, Assessment Systems)

Communication System: A system providing the capability to communicate to response
forcesand other personnel (see Section 1300-10.2.7, Communication Systems)

Barriers: A system of barriersor other impediments to delay, channel personnel, or deny
gc& t)o SNM or vital areas (see section 1300-10.2.4, Barriers and Access Control
sems

Response: The capability of the security organization to neutralize the adversary (see
Section 1300-10.2.8, Response Systems)

1300-10.2.3 Baseline Protection Requirements

See Section 0110-13.2, Access Control and Security Areas, for specific security area
requirements.
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Category | Quantities of SNM

Category | quantities of SNM shall be used, processed, or stored only within material access
areasor controlled and alarmed processes enclosed within a protected area.

Category | quantities of SNM shall be stored in SNM vaults equipped with Departmental-
approved intrusion alarm systemsor in a vault-type room so equipped.

Category | quantities of SNM in use or process snall be under material surveillance
proceduresin process under alarm %rotecnon_, or with the approval of the responsible Heads
of the Field Elements, protected with alternative means which can be demonstrated to
provide equivalent protection.

Category |1 Quantities of SNM
Category Il quantities of SNM shall be used, processed, and stored in a protected area.

Category |1 quantities of SNM shall be stored in vaults, vault-t)gerooms, or security
containers which are protected with Departmental-approved [ASs.

Category Il quantities of SNM in use or process shall be under material surveillance
procedures, in process under Department-approved alarm protection, or, with the approval of
the responsible Head of the Field Element, protected by alternative means which can be
demonstrated to provide equivalent protection.

Category Il Quantities of SNM

When unattended, Category |11 quantities of SNM shall be secured within a locked
Departmental-approved security container or within a locked room.

When unattended, the container or locked room containing the Category |11 material shall
be under the protection of a Departmental-approved intrusion detection alarm system, or
patrolled at intervals not to exceed 2 hours, or located in a protected area.

Category 111 quantities of SNM shall be used, processed, and stored in a protected area or
other security areawhich hasa clearly defined perimeter barrier, personnel and vehicle
access control at the entrance, and sear ch procedur es.

Category |1V Quantities of SNM

C_ateg_ory |V quantities of SNM shall be received, used, processed and stored in accor dance
with Field Element-approved security plans.

Vital Equipment

All vital equipment shall be contained within vital areas which are located within protected
areas. More than one vital area may be needed within a given protected area.
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1300-10.2.4 Barriers and Access Control Systems
See also Section 0110-13.2, Access Control and Security Areas.

An important part of the physical protection system are barriersthat impede, defay, or in
some cases essentially deny accessto SNM in accordance with the DOE 5632 series of
orders. Most barriersare passive, designed to require the use of special tools and high
explosives to penetrate them. Sophisticated barriers have been tested ggamjst afull range of
potential adversary toolsand tactics. These barriers provide consider able time defay to allow
sufficient response-for ce strength to be assembled to neutralize the adver sary force.
Specialized barriers have also been developed to delay or stop vehicles, aircraft, and

water craft. Some barriers have been developed that have an active component designed to

further frustrate the adversary. These systems may dispense an obscuration agent, a viscous
barrier, or a sensory irritant.

In addition to barriers, entry and access portals shall provide equivalent delay to vehiclesand
personnel. For most protected-area perimeters, electrically operated fence gates shall be
considered. Protection shall be provided against vehicle ramming. Techniques used to fulfill
these requirements include speed reducing curves, hydraulic bollards, specially designed gates
and vehicle traps, and steel cables attached to perimeter fence posts. See Section 1300-10,
Physical Protection, Material Safeguards, and Stora%e of Special Nuclear Material, for
specific requirements concer ning the construction of vaults and vault-type roomsfor the
storage of SNM and classified materials.

Protected Areas

Clearly defined physical barrierssuch asfences, walls, and doors shall be utilized to contral,
|m§ede, or deny access to protected areas. (See Section 0110-13.3, Physical Barriers, Section
0283-3, Permanent Security Fencing, Section 0283-5.2, Entry Control Points, and Section
0283-5.3, Vehicle Barriers, for more specific requirements). Permanent barriers shall be used
to enclose protected areas except during construction or transient activities, when temporary
barriers shall be erected. Barriers and other delay systems shall provide assurance that:

= Personnel and vehicles are channeled through designated portals.
« Penetration by motorized vehiclesinto or out of the security area is deterred and/or

prevented where vehicular access would significantly enhance the likelihood that
adversaries could successfully steal SNM or sabotage vital equipment.
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Adequate spare shall be designed for inspection/sear ch of personnel, hand-carried items, and
vehiclesastollows:

= Entrance inspections/sear ches of all personnel and of all vehicles and hand-carried items
shall be conducted to provide reasonable assurance that explosives, weapons, or other
prohibited articlesare not introduced without authorization. Inspection/sear chers may be
accomplished through the use of X-ray equipment and portal monitors.

» EXxit inspection/sear ches shall be accomplished to prevent the unauthorized removal of
SNM at any protected area that contains Category || o_regr_eater categories of SNM not
within amaterial access area. All personnel, hand-carried items (e.g., briefcases, lunch
pails, handbags) and all vehicles shall be inspected/sear ched. Personnel inspections/
gearch&e may be accomplished through the use of SNM portal monitors and metal

etectors.

» Specific search proceduresand SNM/metal detection levels shall be established, justified,
and documented in SSSPs and/or MSSAs.

Material Access Areas

Material access areas shall be contained within protected areas. Material access areas shall
have clearly defined barriers sufficient to direct the flow of personnel and vehiclesthrough
desgnated portals and allow effective searches by providing reasonable assurance that

prohibited articles are not introduced and SNM cannot be transported outside of the
material access area without detection.

Adequate space shall be designed for exit inspections/sear ches of all personnel, vehicles, and
hand-carried items, including packages, briefcases, and lunch pails to prevent unauthorized
removal of SNM. Personnel miecuons/searches may be accomplished through the use of
SNM portal monitorsand metal detectors.

Specific SNM/metal detection levels shall be established, justified, and documented in SSSPs
and/or MSSAs.

Vital Areas

Vital areas shall be contained within protected areas. A vital area shall have a clearly defined
perimeter.

1300-10.2.5 Detection and Alarm Systems
See also Section 0110-13.4, Intrusion Detection.

The detection sensor system shall be designed to signal an attempted intrusion, unauthorized
attempt at access, or other anomalous situation.

The detection system shall include access-control facilities at each access portal, where the
identify of each employee s verified and provision ismade for searches of persons and hand-
carried packages. Access portals are usually attended by security inspectors and searches are
made for contraband or prohibited articles.
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On detection of an anomaly, the information shall be displayed on an alarm console or the
plant protective force shall be signaled in a way to assist in developing timely and
appropriate response measur es. ?See Section 0110-99.8.7, Security Alarm Control Centers,
Section 0110-99.9.4, Alarm Systems, and Section 0110-99.8.5, Radio Control Centers, for
additional security alarm control center requirements.)

Thefollowing shall be considered in configuring and designing alarm systems:

» Required probability of detection and false alarm rates

e« Circuitry to detect tampering with sensors, wiring, or other systems components

s Backup electrical power supplies when sSite power is lost

s Wiring and system component placement to be contained inside the protected area

s Us of suitable conduit and tamper protected enclosuresfor alarm wiring

» The ability to test detection sensors weekly

Intrusion detection systems shall be designed as follows:

= A reliableand continuous Departmental-approved | AS sufficient to provide timely
detection or intrusion into the protected area shall be provided.

« Rooms, buildings, or portions of a building within a material access area or controlled
and alarmed process containing unattended Category | quantities of in-process SNM
shall be equipped with Departmental-approved |ASs or other equally effective means of
detection approved by theresponsible Field Element.

« Vital areascontaining vita] equipment shall be equipped with a DepartmentaJ-aEproved
IIE,?S, or other equally effective means of detection approved by the responsible Field
ement.

» Vaultsand vault-type rooms used to store Category | or Il quantities of SNM snall be
protected with a Departmental-approved [AS.



ecial Facilities DOE 6430.1A
age 13-24 4-6-89

Electronic detection systems shall meet site-specific protection needs and the following
requirements:

= All detection/alarm devices shall be connected to monitor/display panelsin the hardened
central alarm station (and protective force communications center).

= An alternative alarm annunciation point to the central alarm station (or a comparable
alternative capability) shall be provided in a location that is continuously manned by
Ber_sqn_nel and which provides a second indication of an alarm such that a response can
einitiated in the event the primary station is compromised.

When used, devices and equipment for interior IDSsrequired for storage of SNM shall
meet FSW-A-450B or be approved by the Field Element.

Exterior sensorsthat serve asthe primary means of detection at a security area.
perimeter shall be designed to provide assurance that a person crossing the perimeter
will be detected whether walking, running, jumping, crawling, rolling, or climbing the
fence at any point in the detection zone.

All detection/alarm devices, including transmission linesto annunciators, shall be failure-
and tamper-indicating in both the access and secure modes.

Alarm lines shall be continuously supervised so as to detect any attempts to short, open,
or substitute a bogus signal for the legitimate “no alarm” signal in a surreptitious
attempt to bypassthe alarms system.

|ASssnall have both a primary and an auxiliary power source. Switchover tothe
auxiliary power source shall be automatic upon failure of the primary power source. An
alarm condition shall beindicated at the monitor on failure of all power sour ces.

The protection program shall include means to assess alarms and activities of adversaries
promptly, accurately and reliably.

1300-1026 ~ Assessment Systems
On receipt of an alarm or detection of an intrusion, the nature of the threat can be assessed
to initiate an appropriate response. Generally, the assessment is done visually by dispatching

a security ingpector. In the more critical facilities, rapid assessment shall be accomplished by
the use of CCTV systems where the monitor islocated in the central alarm station.

1300-10.2.7  Communication Systems

See also Section 0110-13.5, Communications Equipment.
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Following assessment of the nature of the threat, the intrusion shall be communicated to
response forces. Communications between the CAS and the response for ce security
inspectors are generally by two-way radio, telephone, or other signaling system.
Communication to local law enforcement agencies is by telephone or radio. Special response
teams shall be equipped with voice privacy or digital equipment two-way radio operation.

The CASand SAS shall be desg;ned with substantial walls, ceilings and floorsto provide
protection for security personnel and communications equipment.

All communications systems shall be tested at the required frequency to assure readiness.

Security inspectors at fixed posts shall have both normal telephone services and two-way
gommtﬂlréhcanons with CASs, and with alternate positions from which backup forceswill be
ispatched.

Security inspector at mobile and fried posts shall be provided with duress systems. This
requirement may be met with hand-held radios equipped with a duressfeature.

A hardened CAS (and protective force communications center) shall be equipped with radio
and telephone channels of communication with local law enforcement agencies. An

emer gency alternate communications capability from a secondary station shall be provided
for usein the event the primary station is compromised. Radio communications equipment
shall remain operablein the event of a loss of primary electric power.

Communications equipment shall allow rapid, reliable, and protected information exchange
between on-site protective forces, between on-site protective forces and the CASs and
secondary communications station; and between the CASs, secondary communications
stations, and local law enfor cement agencies.

1300-10.2.8 Response Systems

The primary and first response to an overt intrusion or attempt at SNM theft or sabotage
snall be by facility security force. The security force also conducts access control checks and
sear ches, patrols security areas, maintains liaison with local law enforcement agencies, checks
barriers and other security hardware, and provides limited law enforcement and traffic
control services. Its primary mission, however, isto prevent the theft of SNM or the
sabotage of facilities.

To support the facility security force, provisions shall be designed for security inspector posts
at access portals, fixed and mobile defensive positions, and guard towers. The need and
location for these shall be determined on a facility-specific basisin consideration of the

DOE 5632 series of orders, the Departmental threat guidance, and the nature of the
materials and facilities being protected.

Security inspector posts, both mobile and fixed, for protected areas shall be equipped with
duress systems and be designed and located in accor dance with applicable requirements
contained in DOE orders. Security inspector posts shall be located to provide an
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unobstructed view of the surrounding terrain. The exterior walls, windows, and doors shall be
constructed of reinforced materialswhich have a bullet penetration resistance equivalent to
“high-powered rifle rating” as given in UL 752,

Whenever practial, containers for the storage of weapons and ammunition shall be GSA-
approved weapons stor age containerswhich are bolted or otherwise secured to the structure.

For guard towersthat areintended to serve asfighting positions and emerfqe_ncy defensive
positions for security inspectors, consider ation shall be given to protected firing postsand

;;rovide)a minimum of 60 square feet of floor area per person. (See Section 0283-6.2, Guard
owers.

1300-10.2.9 Lighting Systems

See also Section 0283-7, Lighting.

Adequateillumination may also assist in detection of adver saries as well as assessing the
nature of previoudly detected intrusions. When properly designed, security Ightmg S0
provides a deterrent. Where required, I|%ht|ng systems shall have a backup eectrical power
system to minimize the interruption of illumination in case of a loss of site power.
1300-10.3

1300-10.3.1 General

The objective of domestic safeguardsisto protect sensitive nuclear materials from theft or
diversion and the material or facilities from sabotage. MC& A safeguards activities are
concerned with malevolent activities that might be undertaken by authorized personnel

(insider s), although such activities overlap with those carried out for the purposes of physical
protection.

Themajor objective of the MC& A system isto provide the capability to detect, deter, and
assist in the prevention of unauthorized use or removal of SNM from the facility or its
authorized location, in a graded approach; that is, in a manner appropriateto thetgpes_and

uantities of material at risk and asappropriate to the threat involved. DOE 5633.3 defines
the basic requirementsfor MC&A at DOE facilities. Also relevant are DOE 5633.2 and
DOE 5633.4.

The systems used to carry out the MC& A safeguards function can be divided into the
categories of material accounting, material control, personnel control, and process/
monitoring/near-real-time accounting. The emphasis that is placed on these different aspects
of MC&A shall differ depending on the nature of the facility and the safeguards approach
adopted for the facility as specified in site M SSA and SSSP documents Provisions shall be
considered very early In the design, and continuously evaluated throu?h the various design
stagesto ensure that all requirements are met. The design team should include per sonnel
with extensive knowledge of MC& A requirements. The design management pr ocess shall
provide adequate review and integration of the concerns of the cognizant DOE Safeguards
and Security Coordinator (S) throughout the cour se of design.
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1300-10.32  Material Control Systems

Material control systems shall alert the facility to unauthorized activities. Physical barriers
should be employed for containment of materials. Detection should be implemented using a
variety of surveillance and monitoring techniques.

A number of boundaries shall be considered to control the movement of material:
e Theboundary defined by the surface of the process equipment

s Theboundary defined by the walls of rooms containing process equipment

s Theboundary of the " material accessarea” as defined in DOE 5633.3

= Theboundary of the protected area as described in physical protection orders
= Theboundary defined by specially constructed areas such as storage vaults

The reliance placed on each of these boundaries to prevent or detect the theft or diversion
of material will depend on the safeguards strategy ot the facility involved; however, the
material access area boundary and the integrity of vaults shall generally be the most
important in terms of design.

Material AccessArea (MAA) Boundary

The objective of the MAA boundary is to prevent or detect the unauthorized movement of

material throuC?h it, while allowing for authorized per sonnel access, authorized material

movement, and emer gency evacuation asnecessary. This means that desqned-m penetrations

of the MAA boundary shall either be monitored, or not present a credible path for material

(rjgetnot\gaél, and that malevolent penetration of the MAA boundary is either not credible or is
ectable.

» Walls defining the MAA boundary shall be designed/constructed so that penetration
within the specified delay times is not credible. Some type of monitoring shall be
provided where penetration is credible. Designsin which the walls are easily penetrated
are hidden from view are not advisable. MAA walls shall not provide hiding places or
redoubt-like structures for adversaries.

» Penetrationsin the floor and ceiling for piping, heating, ventingB and air conditioning,
and other support systems shall not be large enough or accessible enough to create
credible paths for the removal of material. Aswith walls, ceilings should not provide
placesto hide material.

» Portal systemsshall allow for the passage of personnel while detecting the presence of
nuclear material and metal. (While material control and accountability concerns generally
relate to insiders bringing material out, physical security concernsat portalsinclude the
detection of explosives or weapons.) Sometimes, in addition, equipment/package portals
are used so that tools and packages can be monitored separately. The following should
apply to the design of portals.
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- Special nuclear material portal monitors should be distanced from or
shielded from nuclear materialsin the processarea. Thisappliesnot only to
locations of static storage, but to passa?eways or conveyer systemsthat allow
the passage of materials within the facility.

- Portal monitors shall be located so that it is not physically possible to pass
items around the portal without those objects’ undergoing some sort of
surveillance (e.g., passing through the guard station).

- Portal monitorsare generally co-located with guards stations, so that an
adequateresponseto an alarm is available. Unattended portalsrequire
careful design to assureresponse to and resolution of alarms. The guard
gtations serve to control the flow of personnel into the area via |.D. badges,
etc. When thisisthe case, the guard station should provide an unobstructed
view of the portal. Electronic communication between the guard/station and
the central security station shall enable the monitoring of power, alarms, etc.
Ggis\rd stations shall be designed using physical security design criteria as
well.

= In processing areas, provisions shall be made for planned and emergency evacuations.
herethis evacuation occursthrough the MAA boundary, alarmed doors shall be

provided, asit istoo expensive (and probably not operationally sound) to try to use
personnel portal monitors. In such cases, provision shall be made to assure that
evacuations do not provide a theft opportunity. One strategy isto provide a fenced
evacuation zone outside the alarmed door. This evacuation area is placed under
surveillance by the guard force during evacuation conditionsand swept with SNM
detectors afterward to make sure no material has been left behind. Effective use of the
SNM detectors requires that these areas be not too large and that they have low
background radiation levels.

s Nuclear material shall be transferred into and out of the MAA at well-defined locations
(usually loading docks) subject to specific procedures that prevent unauthorized transfers.
Transfer operations are smplified if the transporting vehicle can discharge directly into
the MAA. Such transfer |ocations shall involve alarmed doors and communications
capability with the central guard station. NDA capability at the site shall be considered
for verification or confirmation of the shipment or receipt. Health physics measurements
may also be involved in the processing of the receipt.

Depending on the types of materials to be received, more elaborate procedures or
capabilities such as sampling shall be considered.

Storage Areasand Vaults

Material awaiting processing shall be stored in a graded system with appropriate access
controls. Facilities shall be designed to minimize the amount of attractive material located in
accessible locations for long periods of time. Recent vault design has emphasized automation
asthislimits hands-on accessto materials and provides automatic documentation of material
movements. Vaults containing attractive material should prevent hands-on access to material
and should provide hookup to central station and appropriate lockouts. Other strategies
(such aslocked carts) are used for short-term storage of less attractive material.
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Physical relationships should be considered in determining locations of vaults, processing
arr]eas,hmmpmg/recelvmg areas and NDA stations as materials will flow from one of these to
the other.

Containment of Material in Process Equipment and Material Transfer Systems

Process equipment often provides a natural barrier to the acquisition of material. To the
extent that this function can be enhanced it canplay a supplementing or compensating role
to other material containment strategies. Thus if there is no need to have direct accessto
material in a process or transport step, access can be denied using appropriate physical
barriers. If areas where materials need to be accessed (e.g., loadout areas) are few, strategies
such as two-person rules or two-person interlocks shall be considered for attractive materials.

Surveillance Systems

Electronic surveillance systems (CCTV) shall be considered for usein sensitive areas such as

loadout stationsand transfer locations. Adequate I|ﬂht|ng and field-of-view aretwo of the

0 E;e]rlaltjmg desugne%ntena in such locations. Areaswhere an individual could work unobserved
e minimized.

Tamper Indicating Devices (T1Ds)

The design of MAA exit doors, vault doors, vault racks, containers, etc., snould provide for
seal (TIDs) mechanisms. Requirements for use of TIDs are contained in DOE 5633.3.
DOE/EP/0035 should be considered.

The design of the facility shall accommodate procedures that address abnormal situations.
Mechanisms shall be provided to prevent uncontrolled egressor SNM removal from the
protected area should a crash out (broken TID and Alarm) from an MAA occur.

Protected Area (PA) Boundary

The PA boundary is generally viewed in terms of outsider attack; it may also be designed to
prevent material from being removed by an insider. In this case, design shall allow for
appropriate personnel and vehicle portals. The fence system shall he designed so that
material cannot be thrown over it for later retrieval. Proximity to buildingsor other
overhanging structures shall be consider ed.

1300-10.3.3 Material Accounting Systems

Material accounting systemstrack nuclear material itemsthrough the facility and provide
quantitative data on material flows and inventories throughout the facility. Facilities are
subdivided into MBAs; on aregular basis the flows of nuclear materialsinto and out of
these MBAs are compared with the measured nuclear material inventoriesto establish that
material has not been removed from the system.



ecial Facilities DOE 6430.1A
age 13-30 4-6-89

Difficult-to-measure materials pose problems for accountability systems. One category of
difficult-to-measure materials is holdup, which is addressed below. Other such categories are
scrap and waste. Such materials should not be allowed to accumulate. Scrap-recovery
facilities should be sized to enable timely recovery of materials. Similarly, waste-measurement
facilities should be adequately sized.

MBA Boundary Definition

The purpose of subdividing the facility into MBAs is to enable the facility to localize losses
toaparticular process step or stgPS. MBAs are generally defined around specific processes
(e.g., cadting, recovery) and therefore cover a specific %eographmal area. DOE orders specify
that MBA boundariesdo not crossMAA boundaries. An important criterion for defining
MBA boundaries, however, isthat material entering or leaving the MBA should dosoon
measur ed values. Sometimes these goals may conflict; for example, small amounts of material
may exit the MAA in ventsto be caught in filters. Thesefilters shall be considered to be
within the MBA for the sake of maintaining good MBA accountability, even though the
boundary-crossing rule is technically violated. MBA boundaries may be conceptual but are
fundamentally physical. Materials often move physically out of the geo?raphical MBA

brc])ur':/(lzlgr&/ before they are measured, although they are still conceptually considered to bein
the .

However, the location of MBA boundaries do imply measurement requirements, and this
shall be considered in facility design. If the measurement is by NDA, the material will have
to be brought to the NDA equipment or vice versa. If the measurement is destructive,
similar considerations apply to sampling capability.

M easurement Systems

Measurement systems shall be either installed in the process equipment, located in the
process area, or located in an entirely separate laboratory area. Small weighing systems,
volume measur ement systems, and some NDA equipment are generally installed in the
process equipment itself. Other NDA equ]Jipment (wchascalonmetersgaregeneral_ly _
Installed within the MAA. Destructive chemistry, mass spectroscopy, etc., arecarried out in
separ ate laboratories.

» Weighing systems should be installed in areas that are free from mechanical vibration.

Adequate space should be allocated for weight standards.

s Invesselsholding solutions containing special nuclear material at inventory, volume
measurement and sampling capability are necessary to establish the contents of the tank.
Thefollowing shall be considered in designing such systems.

- The capability should be available to mix the tank to a state of homogeneity.
This can be accoPhs_h_ed by mechanical mixing or sparging techniques.
Considerations of criticality safety and mixing are often in conflict. Some
tanks are extremely difficult to homogenize. Slab tanks may need more than
one agitation device to provide for adequate mixing.
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The sampling systems used should not dilute or concentrate the sample they
are generating. Recirculating samplersare used to make sure samplesare
representative and not bi by previoudy drawn samples. In systems that
will lift Iiguid streams in recirculating samplers by injecting air into the
upflow side, the possibility exists that evaporation will occur, especially if
circulation is for some reason slowed.

Pltégging of sampling lines can cause problems at some facilities; procedures
and designs should be in place to prevent this.

Provisions shall be made for removal and transportation of the sample.

Tank geometry also contributesto the ability to measure volumes accur ately.
Tanks oriented horizontally are very difficult to measure.

Liquid-level measurementsin tanks are generally established by either sight
glasses, capacitance probes, or bubbler systems (whose back-pressureis
measured in avariety of ways). Bubbler-probe systems are generally the most
accurate, but provision has to be made for connection to the plant air
supply. Tanks containing nuclear material at the time of an inventory or

tanks used to establish the input or output values for an MBA shall be
recalibrated regularly.

Large heelsin tanks should be avoided.

NDA techniques at nuclear processing facilities generally involve radiation measurement

(active or passive) or calorimetry. Facility design shall provide such instrumentation with
a suitable environment as follows:

Specialized NDA instruments sometimes require friendly environmentsin
terms of temperature, humidity and vibration Specifications set down by the
instrument manufacturer shall be consulted. It may be necessary to isolate
theinstrument against electromagnetic interference. High-resolution gamma
ray systemswill need to be supplied with liquid nitrogen.

Background radiation levels %Joth static and transitory spikes caused by
movement of material) shall be considered in choosing the location of all
radiation-sensing equipment.

Thelocation of the NDA station should take into account the need to
transport materials to the station from theProc&ss, and the health/safety
impacts of such movement. Certain types of measurements may be
impractical if materials have to be repackaged smply to measure them.
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Holdup

In broad terms, holdup isnuclear material that isretained in process equipment at inventory
time. Poor accountancy results when the amount of holdup islarge and uncertain. Holdup
can be either eliminated, measured, or modeled to improve accountant, but the design goal
shall be to minimize nuclear material holdup. For example:

s Minimize the use of horizontal piping runsfor high concentration solutions, and allow
enough dope for the pipe to drain.

« Eliminate piping configurations where material can collect, especially dead-end piping.

« Design equipment for easy cleanout; this applies especially to gloveboxes and
incinerators. Minimize sharp angles and hard-to-access corners where material can
collect. Provide adequate lighting.

» Where material cannot be cleaned out, but potential exists for significant holdup,
designed-in NDA measurement capabilities shall be considered. It is often important to
experiment with the response of these instruments and establish calibration data before
the process goes hot.

Data Acquisition/Data Processing Systems

Material accounting systems generally require a mainframe computer and remote data-entry
stationsin the process area. Data may be acquired directly from in-lineinstruments. The
design of such data acquisition systems is beyond the scope of this document. However, the
spatial and environmental requirementsfor operation of data-entry terminals shall be
considered. In many cases the data involved will be classified, and appropriate ordersand
gtégdar;ce on the characteristics of classified data processing equipment consulted (see DOE
5637.1).

1300-10.34  Other Systems
Process Monitoring/Near-Real-Time Accountancy (NRTA)

Process monitorin? systems collect data on process variables (liquid levels, densities, valve
positions) and perform consistency checksthat may reveal anomaliesif material isdiverted
or if other important procedures are not being followed (for example, if a tank is not
sampled before transfer, or not sparged beforeit is sampled). Processes involving lar ge tanks
can beinstrumented in this manner relatively easily, resulting in an additional detection
mechanism aswell as better (morereliable) accountability measurements. Such
instrumentation shall be consider ed.
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Because of the need for frequent computation of material balances, NDA instrumentation
shall be provided.

Personnel Control

Personnel access to various parts of a facility (and materials within the facility) are often
controlled at afiner level than the MAA; to accomplish this, it is necessary to subdivide the
MAA into rooms or sets of rooms to which access is granted by electronic card systems,
keypads, guard stations, or other devices. This reduces the number of people having access to
a wide range of materials.

1300-11 DECONTAMINATION AND DECOMMISSIONING

1300-11.1 Decontamination

Design of the areas in a facility that may become contaminated with radioactive or other
hazar dous materials under normal or abnormal ogerating conditions shall incor porate
measures to simplify future decontamination. Such items as service piping, conduits, and
ductwork shall be kept to a minimum in these areas and shall be arranged to facilitate
decontamination. Filters shall be positioned in ventilation systemsin locations that minimize
contamination of ductwork. Walls, ceilings, and floors shall be finished with washable or
strippable coverings. In some areas, metal linersshall berequired. If necessary all cracks,
crevices, and joints shall be caulked or sealed and finished smooth to prevent contaminated
material accumulation in inaccessible areas. Finishes shall comply with Section 0900-99,
Special Facilities.

1300-11.2 Decommissioning

Designs consistent with the program requirements of DOE 5820.2A shall be developed
during the planning and design ﬁhases based on a proposed decommissioning method or a
conversion method leading to other uses.

Decommissioning of special facilities is of utmost importance. The facility design shall
include features that will facilitate decontamination for future decommissioning, increase the
potential for other uses, or both. In addition to the requirements of Section 0205,
Demolition, Decontamination, and Decommissioning, the following design principles shall be
considered for facilities handling radioactive and other hazardous materials:

s Use of modular, separable confinements for radioactive and other hazardous materials to
preclude contamination of fixed portions of the structure

» Useof localized liquid transfer systems that avoid long runs of buried contaminated
piping; emphasis on |ocalized batch solidification of liquid waste. Special provisions
should be included in the design to ensure the integrity of jointsin buried pipelines.

» Location of exhaust filtration components of the ventilation systems at or near individual
enclosures so asto minimize long runs of internality contaminated ductwork
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« Equipment, including effluent decontamination equipment, that precludes, to the extent
practicable, the accumulation of radioactive or other hazardous materials in relatively
Inaccessible areas including curves and turns in piping and ductwork. Accessible,
removable inspection covers are encouraged to allow visual inspection.

» Materialsthat reduce the amount of radioactive and other hazardous materialsrequiring
disposal and that are easily decontaminated

» Designsthat ease cut-up, dismantlement, removal and Fackaging of contaminated
equipment from thefacility (e.g., removal and dismantlement of gloveboxes, air filtration
equipment, lar ge tanks, vessels, equipment and ductwork)

. U;’ﬁ of modular radiation shielding, in lieu of or in addition to monolithic shielding
walls

« Useof lifting lugs on large tanks and equipment

. :?ull)éI drainable piping systems that carry contaminated or potentially contaminated
iquids

1300-12 HUMAN FACTORS ENGINEERING
1300-12.1 Coverage

It is DOE policy to ensure that appropriate human factorstechnoloPy is considered in the
design, operation, and maintenance of Departmental nonreactor nuclear facilities. The
criteria and requirements provided in this section are applicable to the design of the work
environment and human-machine systems at DOE facilities. These criteria shall apply to new
construction and to retrofitting of existing facilities. These criteria shall be considered for
upgrading existing facilities where cost-benefit or risk-tradeoff analyses indicate justification
for such expenditures.

This section outlinesa?eneraj criteria for incorporating human factors engineering into the
system design process. In addition, it provides human factors engineering consider ations for
system and component displays, controls, alarms, labeling, and communicationsthat are
generally applicable to a wide range of human-machine systems, and for the work
environment for personnel, including such matters as ventilation, lighting, noise control,
work space layout, and equipment design and layout.

1300-12.2 Objectives

The primary objective of human factors engineering isto improve human performance
th_rough enhancementsin the work environment and human-machine interfaces. To achieve
this objective, human factors engineering consideration shall be included during the
conceptual, preliminary, and design phases of a project.

Enhancementsto thework environment and human-machine interfaces will reduce human
error and its consequences and lead to increased productivity, lower costs, efter product
quality, decreased equipment and property damage, improved program schedules, personal
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job satisfaction, and, perhaps more important, to further improvementsin the safe operation
and maintenance of DOE facilities.

1300-12.3 System Development

1300-1231  Generdl

Theintegration of human factors engineering into system development shall begin at the
point when the detailed system goals and objectives have been defined. Thisintegration into
the system development process shall proceed through four phases: planning, requirements
analysis, system design, and system test and evaluation.

Throughout this process, it isimportant to provide a mechanism that incorporates the
knowledge and input of the personnel who have used or will be using the types of
equipment, systems, or facilities being designed. Their |g,out shall be systematically developed
and applied from the beginning of the requirements analysis phase.

1300-12.3.2 Planning the Human Factors Engineering Role in System Development

A human factors engineering program plan appropriate to the level of importance of a
facility or system shall be developed during the system development process (i.e., as an
integral part of the conceptual design phase). The plan shall detail the kinds of human
factors engineering analyses and evaluations necessary for the design and shall reflect the
integration of the human factors engineering effort with the other disciplines having design
input. Theinformation inputsinclude a description of system objectives, applicable standar ds
and specifications, and other project-specific information.

1300-1233  Requirements Analyses

A systems requirements analysis appr opriate to the level of importance of the system and the
level of risk associated with system failure shall be performed as an integral part of the
design process and shall include human factors engineering consider ations.

The needs and requirements of the system user or operator shall be systematically examined
asan integral part of the design process. Appropriate requirements shall be selected and
analyses performed for systemsthat are important to safety to ensure that the public, the
facility, and facility personnel risksare minimized. These analyses shall be directed primarily
to the areas of human-machine function allocation and task analysis. A variety of human
factors engineering analysis techniques are discussed in NUREG CR-3331 and Meister and
Rabideau, Human Factors Evaluation in System Development.

Decisions concer nin%which system functions to allocate to the human ver sus the machine
shall be determined by analyses of system functions required, impact of error or no action on
safety, and a comparison of human capabilities and equipment capabilities for the separate
system functions. Factors that shall be considered during the function allocation decision

process include system performance criteria, safety, cost, maintainability, scheduling, and
training.

For functions allocated 10 an operator, there shall be a systematic analysis of those vital
activity tasks that must be performed by the operator to satisfactorily complete the function.



ecial Facilities DOE 6430.1A
age 13-36 4-6-89

given a proposed system design. Thistask analysis shall develop a list of operator needsand
requirements necessary for successful task completion. The list shall include not only
information and control requirements, but also the number and types of staff required by the
variousfunctions, knowledge requirements and special skills, operator aids, decisionsto be
made by the operator, communication requirements, necessary operator interactions, and any
potential safety hazards.

|n the development of operator requirements, task conditions associated with high work load
features, concurrent emergency conditions and those tasks that must be performed _
concurrently, to a high degree of accuracy, without error, in short time periods, and/or with a
high degree of skill shall be considered for proper function allocation.

1300-12.34  Process System Design Interfaces

The design or the selection of equipment to be operated and maintained by personnel shall

include the application of human factorsengineering criteria together with other appropriate
design criteria.

These criteria shall include the list of information and control requirements developed from
thetask analysis. More generic human factors engineering criteria pertaining to desirable
equipment characteristics, availablein the form of checklists or text descriptions, shall also
be cpdnweldted. Studies performed to examine special features of the system design shall be
considered.

Human factors engineering data, requirements, or other input to be incor porated into the
design shall be made available at the very begmnmP of the design process. Human factors
engineering input to the system design process shall be presented as specific and quantitative
design requirements where possible.

The system design process consists of numer ous decision points at which choices between
options and alternatives are necessary. To the extent possible, these decision points shall be
anticipated and the aPpro riate human factors engineering criteria shall be made available,
particularly where sarety factors or other important functional features are involved.

Asthe design evolves from the preliminary concept through the detailed states, there will be
modificationsin earlier basic decisions and assumptions made by the design team. Human
factors engineering requirements shall berefined and design recommendations made more
specific during the system design evolution.

Design teamsand design review teams shall include or have resour ce support available from
per sons knowledgeable in human factor s engineering. Human factors personnel shall also be
Included in the system validation process.

1300-1235  Test and Evaluation
Thetest and evaluation phase shall focus on verifying that the system can be operated and

maintained by theintended user personnel under the conditions for which it was designed.
The system shall meet applicable human factors engineering design criteria.
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Human factors engineering evaluation and testing shall preferably begin early during the
design development and shall be a continuing activity throughout design and construction.

Tests shall be planned to observe the system in smulation or in actual use based on normal
and abnormal procedures and scenarios.

Any findings from these tests and evaluations shall be incorporated into the system design
and into a final testing phase after completion of system development. Discrepancies between
desired and observed system performance shall be documented together with proposed
corrections.

1300-12.4 General Human Factors Implementation Criteria and Consider ations
1300-12.4.1 General

This section provides generic human factors engineering considerations. Facility- or system-
specific human factor s engineering requirements shall be gener ated through the requirements
analysis discussed in Section 1300-12.3, System Development. The ?enenc considerationsin
this section shall be combined with the requirements analysis results to ensure that all
appropriate human factor s consider ations have been identified and addr essed.

Human factors engineering principlesand criteria shall be integrated into the design of
systems and the facilities that house and support these systems.

The organization of operator movementsand the arrangement and accessibility of equipment
and controlsin the work area shall facilitate convenient access to each system component for
operation and maintenance.

1300-12.4.2 Human Dimension Considerations

Equipment that is to be used by personnel shall be designed or selected to accommodate
their body dimensions. This equipment includes control panels, work tablesand counters,
enclosures, seating, storage, special clothing, and any other equipment designed for an
operator. The design of equipment for personnel shall accommodate a wide variety of body
dimensions. Generally, it isrecommended that equipment dimensions accommodate the fifth
to ninety-fifth percentile of the user population. For recommended data representing these
per centiles (from military studies), see NUREG 0700, Section 6.1, and MIL-STD-14/2C,
Section 5.6. These references also provide recommended dimensions and other guidance for
stand-up and sit-down consoles and other work stations, for accessibility of equipment and
instrumentation, for furniture and equipment layout, and for traffic flow.

1300-12.4.3 Environmental Considerations
Temperature and Humidity
An effective climate control system shall maintain temperature and humidity at an acceptable

level between the human and the environment. Temperature and humidity tolerance limits

for recommended comfort zones are provided in NUREG 0700, Section 6.1, and UCRL
15673, Section 3.2.4.5.
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Ventilation

See Section 1550-1.5, Ventilation-Exhaust Systems Design Requirements.
Lighting

Adequate light levels are necessary to ensure optimum performancein all work areas. Glare
and shadowing shall be avoided. For recommended control room illumination levels,
luminanceratios, reflectance levels and further lighting considerations, see Section 1655,
Interior Lighting, and NUREG 0700, Section 6.1.

Lighting design shall consider environmental degradation effects (such asdust or radiation
gn viewing ports) to ensure adequate lighting intensities can be provided on a long-term
asis.

Emergency Lighting

Emergency Ii%hting systems shall be provided asrequired by NFPA 101. A control room
emeregency lighting system shall be automatically activated and immediately available for a
stated minimum length of time on failure of the normal lighting system. The emergency
lighting system for vital areas shall be an eectrically independent system that is not degraded
by failure of the normal lighting system. Control room emergency lighting levels shall bein
accor dance with NUREG 0700, Section 6.1.5.4.

Noise

Acoustic design shall:

s M inLrgdiég noise levels where practical and ensure that the limits of DOE 5480.10 are not
exc

» Ensurethat verbal communications are not impaired
s Ensurethat auditory signals are readily detectable
= Minimize auditory distraction and irritation that can cause operator fatigue

For further noise level and protection considerations, see NUREG 0700, Section 6, and
UCRL 15673, Section 3.2.4.2

Vibration

Vibration shall be reduced to the extent practical to minimize operator irritation and
distraction. Vibration considerations shall include %uipment and tool design, potential
effects of vertical and horizontal vibrations on seated and standing operators, and use of
appropriate protective devices (e.g., isolation, damping materials). For recommended
vibration level limitsand further considerations see UCRL 15673, Section 3.2.4.3.
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Aesthetes

Cosmetic and aesthetic design consider ations shall be reviewed for Compatibility with the
work area.

1300-12.4.4 Component Arrangement

The arrangement of controls and displays on a control panel shall promote efficient use of
task-related components, rapid |ocation of any given component, and maximum oper ator
awareness of plant conditions. EPRI NP-3659, Chapter 4, and NUREG 0700, Sections 6.8
and 6.9, discussthese concersand related items.

Components shall be grouped together on the basis of specific criteria appropriate for the
required task or tasks. Useful grouping alternativesto be considered include g_rouging b
system member ship, which allows subgrouping and mimic methods, and grou?mg y task
relationships such as sequence of use or frequency of use. The groupings shall be emphasized
and defined by consistently applied graphic-spatial methods such as demarcation and spacing
of components, particularly when there are many components.

Components shall not be hidden within component groupings. Unbroken strings of similar
components on the panel shall be avoided. Matrices of components shall have labeled axes
to identify any component in the grid. Recurring component subsystems (e.g., Loop A, Loop
B....) shall each be arranged as consistently as possible. Mirror image arrangements of
components shall be avoided.

Component arrangement shall promote easy association of related controlsand displays or
otelher eélelated ﬁomponents Displays are usually placed above and relatively close to the
related control.

Component arrangement conventions shall also be considered, particularIP/ when mimic
displays are not used. For instance, when several componentsrelated by flow direction (e..,
valve-pump-valve) are placed in sequence, the direction of the sequence (e.g., top-to-bottom,
|left-to-right) shall be consistent for each similar situation.

1300-12.4.5 Protective Equipment

Personnel who work in a hazardous environment (e.g., an environment subject to radiation,
gas, air borne particles) or who may be temporarily-exposed to such hazards shall have
convenient access to the appropriate protective equipment including proper garments,
equipment such as emergency showersand eyewashes, and any other protective equipment
necessary for the successtul and safe completion of their work.

Provisions shall be made for access and maintenance of protective equipment. Protective
equipment shall be periodically checked and shall be maintained in good condition. Storage
spaces shall be provided and shall be easily accessible to required personnel.

Personal protection equipment such as garments and breathing apai)aratus shall be compatible
with the body sizes of personnel performing their tasks. There shall be sufficient quantity of
this equipment in the proper sizesfor the required number of users. Equipment and
garmentsof different sizes shall have permanent size labelslocated wherethey areeasy to
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read. Thereshall be provisionsfor an adgua_te supply of personal protective equipment
expendables, such asfilters, that are stored with the related protective equipment. Guidance
is presented in NUREG 0700, Section 6.1.4.

The design or selection of protective equipment shall be such that it minimizesthe
impairment of operational and maintenance performance. It shall provide adeguate tactile
sensitivity and provide the ability to see, reach, move, communicate, and hear. Other
considerations include operability and accessibility of equipment by users of protective
equmeent, provision of an adequate level of safety for the user, and user comfort while
working.

1300-124.6  Display Devices

Operator task analysis results shall be the basis for establishing operator information needs.
D|sple<'3/s shall provide only the information about system status and parameter values that is
needed to meet task requirements in normal, abnormal and emergency situations. Status,
rather than demand information, shall be displayed for important parameters. Displays shall
indicate whether they reflect demand or actual status.

Each display device, including meters, CRTs, L CDs, consoles, and other electronic or
mechanical media shall be formatted and designed to ensure that both the display and
display content are readable, understandable, and accessible.

Variables important to the adequacy of displays include letter size, font, contrast, viewing
distance and angle, lighting, color, and complexity of the task. For additional infor mation see
NUREG 0700, Section 6.5, and MIL-STD-1472C, Section 5.2,

Failure of adisplay of any type shall be easily recognized and shall not affect equipment or
system performance.

Where CRTsare used, rapid, error-free accessto theinformation required for the task shall
be accomplished by ensuring that system response to any query islessthan 2 seconds and
that user feedback to control action islessthan 0.2 seconds or taster wherever possible.
M ore specific information is contained in NUREG CR-2496. The use of CRT displays also
allows removing hardwired displays except those that are essential for various backup
functions. Analyses shall be performed to determine where hardwired displays are required
za\ndlwherethose displays shall be located relative to the corresponding controlsand to CRT
isplays.

1300-12.4.7 System Controls

The equipment used by an operator to control a complex system is often a composite of
many systems. A control panel operator shall be ableto rapidly locate each component on a
panel. To achieve this, the design shall take full advantage of several techniques of control
display integration including various component grouping techniques, system mimics, system
demarcation, and hierarchical labeling.

Spurious or ancillary information and data may contribute to operator information overload.
Prioritized coding, organization of data by system and subsystem, demarcation of system and
subsystem components, and removal or relocation of marginally useful data shall be used to
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reduce operator information overload. For additional information, see EPRI NP 3659,
Chapter 4, NUREG 0700, Sections 6.1, 6.3, 6.7, and 6.9; and Van Cott and Kincade, Human
Engineering Guide to Equipment Design, Chapter 9.

Component Controls

Each control device shall provide the appropriate control capability, range, and sensitivity for
necessary control settings and manipulations. Control operatinq characteristics shall conform
with operator expectations. Control components shall be durable, compatible with nontypical
apparel whererequired, and not proneto accidental activation.

Selection of a control device shall fulfill any control requirements described in the task
analysis of system functions. In addition, selection shall consider whether a discrete or
continuous function is present, and the compatibility relationship between the control and
any corresponding displays, the ease with which the function of the control can be identified,
the ease of identifying the control actuation mode provided by the control (e.g., on, off,
auto), the force necessary to activate the control, and the tactile feedback provided by
control actuation.

Selection of controls shall consider the use of coding methods. Codinc71 methods include
location, size, shape, and color. For coding guidelines, see NUREG 0700, Section 6.4.

Specific criteria shall be applied to various types of common controls such asrotary controls,
toggle switches, push buttons, rocker switches, and linear switches. NUREG 0700, Section
6.4, MIL-STD-1472C, Section 5.4; and Van Cott and Kincade, Chapter 8 describe these
criteria. The latter reference also discusses conditions requiring unconventional controls.

1300-1248  Warning and Annunciator Systems

An effective warning system shall alert personnel to a problem or abnormal condition and

shalleﬁqrowde sufficient time to respond appropriately to the problem. General warning

guidelinesare found in MIL-STD-1472C, Section 5.3. For the special case of control room

S%Sngéaéqrs, %egNUREG 0700, Section 6.3. For auditory signals guidelines, see NUREG
, Section 6.

To provide an effective alerting stimulus, it isfirst necessary to determine whether both
auditory and visual stimuli shall be used or just one. Guidelinesfor determining stimulus
modality are provided in Van Cott and Kincade, Chapter 4. For instance, a visual signal shall
be used If the message is complex, long, or hasto bereferred to later. An auditory stimulus
is usually provided for warnings requiring rapid response, especially with a mobile operator

in an information-rich environment.

Each stimulus shall be easily distinguishable from other stimuli in the same modality but it
shall not bea distraction. If an alarm can be one of many similar alarmsthat may occur
simultaneoudly, it shall be easy to locate.

Any specific stimulus shall have only one meaning. It can either designate one problem or it
can bea signal to look at a particular place to define the alarm further. When there are
many annunciator alarms, priority coding such as “first infout” shall be used to assist in
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determining message significance, False alarms and nuisance alarms shall be removed. Set
point determination shall allow sufficient response time to the operator.

Provision shall be made for active acknowledgment and for silencing of auditory alarms after
they have been acknowledged.

Provision shall be made for maintaining per sonnel awar eness of alarm conditions until they
have been corrected or "cleared.” Clearing of the alarm shall require a positive response from
the assigned personnel.

Visual alarm tiles shall be grouped by function or system within panels having horizontal
and vertical alphanumeric labeling for ready coordinate designation of individual tiles.
Legends shall be unambiguous and address specific conditions. Viewing distance to operator,
legend contradt, type style, and letter dimension and spacing shall be considered.

It shall be possible to test the warning system periodically.
1300-12.4.9 Communication Systems

A communication system shall allow the usersto transmit and receive infor mation accur ately
and conveniently with minimum distraction from the user’s other tasks. A user requirements
analysis shall be performed to determine which of the various types of communication
systemsis most appropriate for the user conditions and what char acteristics the selected
system shall have.

Factorsto be addressed in the requirements analysis shall include the number of intended
recipients, the need for private conver sations, mode of information transmittal (e.g., visual,
aural, tactile), locations and levels of noise or other interference, and the necessity for
recording the message. Any special needs of the users (e.g., necessity to keep the hands free,
inability to be at a constant location, classification of data) shall be considered.

General criteria that shall be satisfied by most auditory systems include a minimum
frequency response, feedback, sufficient dynamic range and g?am to handle instantaneous
pressures characteristic of speech, and sutficient speech intelligibility. The system shall have
provisionsfor periodic maintenance tests, instructions for the use of each system used, and
procedures for handling emergency communications where applicable.

Specific criteria shall be applied to each type of communications system. For instance, public
announcing systems shall have carefully planned Loudspeaker locations to eliminate dead
spots. Headsets for sound-power ed telephones shall leave the hands free. Switching
mechanismsin conventional telephones shall minimize delay in making connections. These
criteria are discussed extensively in MIL-STD-1472C; Van Cott and Kincade, Chapter 5; and
NUREG 0700, Section 6.2,

1300-124.10  Maintainability

The design of equipment shall incor porate the objective of efficient maintainability. The
surveillance, testing, and maintenance of a system and itsrestoration to operational
effectiveness shall be achieved at minimum cost with a minimum level of support services.
UCRL 15673 shall be considered for system design.
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1300-124.11  Labds

Equipment and any parts of that equipment to be used by personnel shall be identified with
appropriate labels. Equipment and equipment partsinclude, but are not limited to, system
and subsystem component groupings, individual components, control positions or modes,
display markings, instructions, procedure manuals, storage spaces, access panels, and toals.

The label shall indicate clearly and concisely the function and purpose of the item being
labeled. Unneccessary information (e.g., information used only for manufacturing purposes)
shall not beincluded. Hierarchical labeling also shall be used to facilitate component
location on control panels.

The label information shall be easg_to understand. Words, symbols, and other markingsin a
label or ingtruction shall be unambiguous and accurate. The terminology used shall have
commonly accepted meaning for all users.

L abel design shall be consistent. The use of abbreviations and acronyms shall be minimized.

Various equipment labels placed on the same or similar pieces of equipment and serving
similar functions shall use the same material, color, font type, relative location to

clomponent, general format, and other configuration featuresto promote simplicity and avoid
clutter.

Theterminology used for equipment, procedures, and training materials shall be the same
for each case.

Permanent labels shall be attached to the specific component or equipment in such a

lrgggner that environmental conditions or usage by personnel will not remove or destroy the

Temporary labels shall be used only when necessary and shall be controlled administratively.
They shall not obscure other information or equipment, and they shall be attached securely.
If atemporary label isto designate a device that isout of service, the label shall be applied
so that it prevents the use of that device. Other label criteria described in this section shall
apply to temporary labels.

L abeling shall be legible and conform to human visual capabilitiesand limitationsin regard
to pitgysc_zél r(]:haracterlsncs such asletter and symbol size, contragt, font simplicity, spacing and
stroke width.

Prsct)perly designed mimic displays shall be used to improve the users under standing of the
system.

Specific guidelines for addressing labeling considerations are contained in NUREG 0700,
Section 6.6.; and MIL-STD-1472C, Section 5.5.

See Section 1040, Identifying Devices.
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1300-13 ACCESSIBILITY AND USABILITY BY THE PHYSICALLY HANDICAPPED

Although special facilities may not generally offer opportunitiesfor employment of physically
handicapped per sonswithin hazardous areas, consider ation shall be given to employment
opportunitiesin such areas as officesand other administrative or support areas. Suitable
ﬁrow_sons shall be madein these areas where such opportunitiesexist and where

andicapped persons would not be subjected to undue risk because of the need for rapid
evacuation in the event of fire, explosion, or radiological or other hazards.

1304 PLUTONIUM PROCESSING AND HANDLING FACILITIE

1304-1 COVERAGE

Section 1300, General Requirements, shall apply. The requirements of Section 1300 are in
addition to the requirements of that section and other applicable sections of these criteria,
particularly those sections numbered -99.0, Nonreactor Nuclear Facilities-General.

PPHFsinclude facilities principally dedicated to processing and handling plutonium in

substantial quantities, e.g., to be used in nuclear explosives production, nuclear reactor fuel

assemblies, or heat source packages. What congtitutes a " substantial quantity" or a " small

quantity" dependson the quantity of each isotope, the physical and chemical form, and the

iecmc processinvolved. A consideration of the hazard determines whether the facility
ould be classified as a PPHF.

These criteria shall be used for facilities processing and handling other transuranic
radionuclides, such as americium, curium, neptunium, and californium. The activity and mass
criteria stated above shall apply.

1304-2 OBJECTIVES

The design objective shall be to ensure that conservatively estimated consequences of normal
oper ations and credible accidents are limited in accor dance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposure of the Public.

1304-3 NUCLEAR CRITICALITY SAFETY

Enclosuresand material transport and transfer control systems shall be designed so that
plutonium and moderating material in excess of posted limits cannot be added to otherwise
criticality-favorable enclosures or areas.
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1304-4 RADIATION PROTECTION

Because of the special characteristics of plutonium or possibly other materialswith high
Spe(lz'lf!a% |actlwty or radiotoxicity, PPHFs shall meet the following requirementswhen they are
applicable.

Facility design shall provide for the continuous monitoring of external radiation exposure
levelsin process areas such as hot cellsand canyonsduring entriesrequired for maintenance
Or repair operations.

The_desi_?_n professional shall consider the criteria provided in USNRC R.G. 3.35 for
applicability to PPHFs.

Neutron shieldsin the form of water jackets shall be monitored for water loss.

Installed (fixedE)air monitorsfor radioactive materials shall be designed with a minimum
sengitivity of 8 DAC-hours.

1304-5 SPECIAL DESIGN FEATURES

In general, only hazardous ﬁm or liquidsthat are necessary for a process shall be used in
PPHFs. No natural gas for heating purposes shall be used unless the heating occursin a
separate building that is clearly isolated from the primary facility. Other flammable,
explosive, corrosive, or toxic gases or liquidsthat are necessary to the process shall be
handled under special control and isolated to avoid releases or reactions that might cause
injury to workers, the public, or the environment. Those flammable gases that are necessary
for a process shall be provided by a hard-piped system with the gas supply located outside of
thefacility in %Imders rather than from large capacity sources so asto limit the total
quantity availablein the event of a fire or explosion.

The design shall accommodate all planned plutonium handling (e.g., chemical or NDA
analysis, shipping and receiving operations, packaging and unpackaging, as well as in-process
storage). Provisions shall be made to minimize the buildup of packaging materials or
packaged materials.

Pipes or other conduits for the transfer of plutonium in a product or waste liquid shall be at
least double-walled or run within art enclosurethat shall provide a second |eak-tight barrier

in the event of a DBA. Leakage from the primary pipe shall be collected in a geometrically
favorable location. It shall be continuously detectable by a liquid-detection system or by a
radiation-detection system.

Exhaust ventilation systems shall be provided with HEPA filtration to minimize the release
of plutonium and other hazardous material _thro_ugh the exhaust path. In addition, intake

ventilation systems shall also be provided with either HEPA filtration or fail-safe backflow
prevention to minimize the release of plutonium and other hazardous material through the

|nIet| path. Additional requirementsand guidanceare provided in Section 1550-99, Special
Facilities.
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Structures housing safety classitems such as emergency diesel generators, the UPS, and the
e%(haust ventilation filtration system shall be designed to withstand the DBAS postulated for
the PPHF.

The_d&ei%n professional shall consider the criteria presented in the following guides for
applicability to PPHFs.

» RG312
« RG3H4
s RG3

The design professional shall also consider the following criteria to ensure adequate
materials control and accountability:

= Inorder to prevent the accumulation of nuclear materials containing scrap and/or off-
standard process recyclable material within the facility equipment, space shall be
provided for expeditioustreatment or processing of these materials, asnecessary, to
allow their return to the main process.

» Space shall be provided within each MAA that is adequate for receiving, handling,
storing, and measuring receipts.

» For processes involving solids, the process desi_Pn shall facilitate efficient collection of
spilled solids, performance of timely accountability measurements, and expeditious return
of such solidsto the processing line or scrap recovery system.

» Totheextent practical, the shape of the building process areas shall be designed to
facilitate survelllance. Irregular shapesshall be avoided as much as possible (i.e., cubes,
cylinders, or parallel pipesshall be considered).

1304-6 CONFINEMENT SYSTEMS
1304-6.1 General

The following provisions shall be considered astypical for a PPHF confinement system. The
actual confinement system requirementsfor a specific plutonium facility shall be determined
on a case-by-case basis.

Generally, three confinement systems are used to achieve the confinement system objectives
at PPHFs. They consist of the following:

= Primary confinement. Primary confinement is provided by piping, tanks, ?Iove boxes,
encapsulating material, and the like, and any off-gas system that controls effluent from
within the primary confinement. It provides confinement of hazardous material to the
vicinity of Its processing.
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s Secondary confinement. Secondary confinement is Frovided by walls, floors, roofs, and
associated ventilation exhaust systems of the cell or enclosure surrounding the process
material or equipment. Except in the case of glove box operations, the area inside this
barrier is usually unoccupied; it provides protection for operating personnel.

« Tertiary confinement. Tertiary confinement is provided by the walls, floor, roof, and
associated ventilation exhaust system of the facility. It providesafinal barrier against
release of hazar dous material to the environment.

Which (if not all) of several barriers shall be designed to withstand a particular DBA shall
be determined on a case-by-case basis. For example, the cell structure may be a more
appropriate barrier than the process vessels in the instance of the DBE.

The effectiveness of each confinement barrier shall be checked analytically against all
challengesiit is expected to withstand without loss of function. This e%pplles_to any form of
the hazardous material (gaseous, liquid, or solid) and its carring medium (i.e., airborne or
spilled in aliquid).

Operation of support and protection systems such as the fire protection system shall not
promote a failure of the principal confinement systems. Confinement systems shall be
designed in accordance with ALARA concepts.

1304-6.2 Primary Confinement System

Primary confinement shall consist of barriers, enclosures, glove boxes, piping, vessels, tanks,
and the like that contain plutonium. Its principal function isto prevent release of plutonium
to areas other than where processing oper ations are normally conducted.

Primary confinement of plutonium processes that involvesreadily dispersible forms (e.%.,
solutions, powder or small fragments, gases) shall be provided by arqlov.e boxes or other fully
confining enclosures. Hoods shall be used only when a hazard evaluation indicates the risk
involved s acceptable. This evaluation shall consider the ?uantlt of the material involved,
the specific operation to be performed, and the chemical form of plutonium involved.

Primary confinement shall be designed, fabricated, tested, and maintained to a degree of
quality assurance commensur ate with itsimportance. QA criteria shall be specified at the
ﬁrellmlnary design stage. Design featuresincor porated into the confinement system shall

ave been proven effective by extensive experiencein smilar applications or by formal
prototype testing.

Theintegrity of the primary confinement system shall be maintainable through all normal
operations, anticipated operational occurrences, and any DBA the primary barrier is required
to withstand. Breachesin the primary confinement barrier that cannot be totally avoided or

ruled out _(e.P., due to glove or seal failure) must be compensated for by provision of
adequate inflow of air or safe collection of spilled liquid.

Occasional breachesthat arerequired for antici Bated maintenance shall be made only under
carefully controlled conditions. Provisions shall be made for stor_a%e of in-process material
elsewhere, for temporary alternative barriers, and for adequate intlow of air to ensure
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contamination control. The exhaust ventilation system shall be sized to ensure radiological
doses are maintained at ALARA levelsin the event of the largest credible breach.

The process equipment and the processitself shall be designed to minimize the probability
of fire, explosion, or corrosion that m|g?ht breach the confinement barrier. Confinement
enclosuresfor combustible metals shall provide self-contained fire detection and
extinguishing capability. An inert atmosphere shall be required when pyrophoric forms (..,
chips, filings, dust) of materials are being handled in the confinement enclosure. Halon
systems shall not be used for enclosures handling pyrophoric metals dueto its oxidizing
reaction with the hot metal.

Primary confinement barrier (s) shall be provided between the process material and any
auxiliary system (e.g., a cooling system) in a manner that minimizesrisk of material transfer
to an unsafe location or introduction of an undesirable medium into the process area.
Differential pressure acrossthe barrier(s) shall be used where appropriate.

The confinement philosophy represented by the foregoing requirements shall also be applied
to other componentsthat servea primary confinement function, such as conveyor systems,
material transfer stations, and ventilation/off-gas systems.

Special ventilation problems related to volatile organic liquids or finely divided pyrophoric
metal areindirectly related to primary confinement and are discussed in Section 1550-99,
Special Facilities.

For further primary confinement design criteria, see Section 1161, Enclosures.

1304-6.3 Secondary Confinement System

The secondary confinement system shall consist of the confinement barriers and associated
ventilation systemsthat confine any potential release of hazardous material from primary
confinement. Because plutonium processing commonly is conducted in glove boxes as the
primary confinement, the functional requirements below refer to the operating area boundary
and the ventilation system serving the operating area as the secondary confinement system.

Theintegrity of the secondary confinement shall be maintainable through all normal

oper ations, anticipated operational occurrences, and any DBA the secondary barrier is

required to withstand. If the secondary barrier isrequired to withstand the DBE, it shall be
designed in accordance with criteria in Section 0111-99.0, Nonreactor Nuclear Facilities-
General. Other DBAS, such as the design basis fire, shall also be considered as potential

causes of loss of secondary confinement. ALARA concepts shall be incorporated in

secondary confinement system design to minimize consequences on the operators and the
public and environment.

Design features incor por ated into the confinement system shall have been proven effective by
extensive experiencein similar applicationsor by formal prototype testing.

Continuous monitoring capability shall be provided to detect loss of proper differential
pressure with respect to the process area. Release of hazardous material to the operating
area shall also be continuously monitored. Commensurate with the potential hazards,
consider ation shall be given to the use of redundant sensors.
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Penetrations of the secondary barrier shall have positive seals on permanent penetrations
(e.0., pipes, ducts) or double closure with controlled secondary to primary leakage on pass-
through penetrations (e.g., personnel air locks and enclosed vestibules).

Ventilation systems associated with confinement shall be designed with adequate capacity to

et?s%re proper direction and velocity of air flow in the event of the largest credible breach in
the barrier.

1304-6.4 Tertiary Confinement System

Tertiar?/ confinement shall be provided by the building or outer structure of the facility. For
some of the DBASs, it represents the final barrier to release of hazardous material to the
environment; for others, such asthe design basis tornado, it isthe barrier that protectsthe
rest of the facility from damage.

Theintegrity of thetertiary confinement system shall be maintainable throughout normal

oper ations, anticipated operational occurrences, and any DBA thetertiary barrier isrequired
to withstand.

ALARA concepts shall beincorporated in tertiary confinement system design to minimize
consequences on operators, the public, and the environment.

1304-7 EFFLUENT CONTROL AND MONITORING
1304-7.1 Radioactive Solid Wade

The solid waste typically associated with a PPHF (e.g., discar ded equipment, tools, rags,
filters, and gloves) may be contaminated with plutonium metal (fragments or t_urnmg%jor
varlouasJ compoundsinpowder form. It may contain contaminated liquid in solid absorbent
material.

Plutonium-contaminated solid waste shall be collected and handled in a location specifically

designed to provide favorable geometry for criticality safety and meansfor packing and safe
transfer of TRU waste.

Assay capability shall be provided to allow identification of TRU waste. M easur ement
Sensitivity shall satisfy both waste management and material accountability requirements.

Volume reduction capability shall be provided where analysis demonstrates that cost benefits
will offset installation costs.

Cleaning capability to reduce typical waste from TRU category to low-level category shall be
provided unlessit can be demonstrated that such capability isnot necessary or practical.

Trarr:s(fjer capability shall include transfer of TRU wastein approved containers by approved
methods.
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1304-7.2 Radioactive Liguid Waste

Theliquid radioactive wastes typically associated with PPHFs are plutonium-contaminated
liquids and nonrecoverable amounts of process liquids (e.g., liquid filter Sudge, wet grinding
effluent, and contaminated solvents and ails). It may include contaminated laundry waste.

The design of the liquid waste handling system shall consider these formsand others specific
to the process.

Plutonium-contaminated liquid waste shall be collected in favorable geometry tanks with
stirrersor other accepted mixing methods, sampling devices, and volume measuring devices.
An appropriate transfer system shall be provided that includes sufficient holdup capacity to
allow conclusive sampling befor e transfer to treatment locations. Fire suppression water
drains shall be designed to minimize transfer of SNM to other locations. The tankage for
this purposeisnot required to be critically favorable.

Liquid radioactive wastes reguire treatment for removal of plutonium. Adequate holdup of
liquid effluents shall be provided to accommodate any anticipated treatment defays or
monitoring breakdowns. Appropriate design, monitoring, and administrative controls shall
ensure that liquid effluent radioactive concentrations are below the limits on discharge
specified in the directive on Radiation Protection of the Public and the Environment in the
DOE 5400 series. In addition, to the extent practical, releases of radioactive liquid wastes
shall be maintained at ALARA levels.

The_desi_?n professional shall consider the criteria provided in USNRC R.G. 3.10 for
applicability to PPHFs.

1304-7.3 Effluents
1304-7.3.1 Airborne Effluents

Theairborneradioactive effluents typically associated with PPHFs are furnace off-gas,
airborne dust, off-gas from solvent processes, and corrosive vapor or mists from dissolvers.
The design of airborne effluent systems shall consider and minimize plutonium holdup at
locations in off-gas and ventilation ductwork and include provisions to detect and monitor
the buildup of material and for itsrecovery. Appropriate nuclear criticality safety provisions
shall be applied to the airborne effluent systems. Effluent monitoring and controls shall
comPIy with the requirements of 40 CFR 61, the directive on Radiation Protection of the
Public and the Environment in the DOE 5400 series; the directive on Radiological Effluent
Monitoring and Environmental Surveillance in the DOE 5400 series; and all applicable
Federal, State, and local reguirements. In addition, releases of airborne effluents shall be
minimized by application of ALARA design principles.

All exhaust outlets that may contain plutonium contaminants shall be provided with two
monitoring systems. These monitoring systems shall comply with Section 1589-99.0.1,
Radioactive Airbor ne Effluents. The monitoring capability shall cover therange from normal
efeliluent concentrations to the maximum concentration expected from a credible accidental
release.
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1304-8 DECONTAMINATION AND DECOMMISSIONING

The PPHF shall include a decontamination area within the process or operating area. This
area shall be furnished with all necessary cleaning eciwpment,_ radioactivity monitors, waste
handling capability, and safety featuresto safely pertorm equipment cleaning tasks.

Air cleaning devices shall be located as close to the source of contamination as practicable
to avoid the unnecessary spreading of the contamination into ducts, conveyors, or other
process areas. Thiswould include the filtration of glovebox exhaust air prior to the exhaust
air entering a duct leading to a plenum.

Protection shall be provided for barefloors, walls, and ceilings, particularly for structurally
important parts of the building. Protection shall be in the form of strippable coatings or
durable coatings for which effective cleaning methods have been developed.

Surffaces in operating or process areas shall have no seams, cracks, or rough or absor bent
surfaces,

In areasthat are most likely to become contaminated, adequate access shall be provided,

such as crawl spaces, piping tunnels, and hatches into ductwork, to facilitate
decontamination.

The design of equipment shall include features and characteristics to minimize its
contamination and facilitate decontamination.

1305 PLUTONIUM STORAGE FACILITIES

1305-1 COVERAGE

Section 1300, General Requirements, shall apply. These requirements are in addition to the
requirements of that section and other applicable sections of these criteria, particularly those
sections numbered -99.0, Nonreactor Nuclear Facilities-General.

These criteria shall be applied in the planning and design of PSF that will contain strategic
(Category | as defined in the DOE 5632 series) amounts of plutonium. They are not
applicableto"in process' or "in use" material, to material in assembly cellsfor usein
weapons, or to material that is packaged in accordance with the requirements of DOE
5480.3 and is awaiting transportation or has been received and is awaiting disposition.
However, these criteria do apply to joint storage with other transuranic elementsand
uranium. The stored plutonium can be in the form of a liquid, solid, or gas.

These general design criteria shall also be considered for application to facilities storing
other transuranic radionuclides, such as neptunium and californium.
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1305-2 OBJECTIVES

The design objective shall be to ensure that conservatively estimated consequences of normal
oper ations and credible accidents are limited in accor dance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposure of the Public.

1305-3 NUCLEAR CRITICALITY SAFETY

ANS 8.6 shall apply. Favor able geometry, asimplemented by stor atge rack design, isthe
preferred method of ensuring nuclear criticality safety. The use of fixed neutron absorbin
materials shall be considered. When fried neutron absor bers are used, the rack design shall
include provisions to verify the absorber’s continual efficacy and to prevent their inadvertent
removal 2}/ mechanical or chemical action. Storageracks all be designed to maintain their
integrity during and following a DBE, and the DBAs they are required to withstand.

In addition, the design professional shall consider the criteria provided in R.G. 3.43 for
applicability to PSFs.

1305-4 SPECIAL DESIGN FEATURES

PSF systems, components, and structures shall be designed to provide confinement of
radioactive materials under normal operations, anticipated operational occurrences, and the
DBA conditions they are required to withstand. The design shall ensure that the degree of
confinement is sufficient to limit releases to the environment to the extent that the
guidelinesreferenced in Section 1300-1.4, Guidance on Limiting Exposure of the Public, are
not violated. PSF systems shall be designed incorporating ALARA concepts.

The design shall accommodate all planned Elut_onium handling (e.g., analysis, shigﬁing and
receiving operations, packaging and unpackaging, aswell as storage). Provisions shall be
made to minimize the bunduP of packaged materials or packaging materials. Receiving
operationsinvolving removal of radioactive material from protective shipping containers shall
be performed in the unpackaging room(s).

Facility design, to the maximum extent practical, shall provide sufficient versatility to
accommodate equipment for programmatic changes and modifications and for multishift
operations.

To expedite recovery from DBAs and provide facility versatility, modular construction
concepts shall be used, where feasible.

The design shall provide sufficient spacing between compartments to facilitate relocation and
maintenance of equipment and case of manual or automatic storage operations.

No hazardous gases or liquids shall be used in PSFs. No natural gas for heat'in%; purposes
shall be used unlessthe heating occursin a separate building that is clearly isolated from the

primary facility. The storage building(s), where practical, shall be rectangular, windowless and
arranged in repetitive bays and compartments.
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Facility layout shall provide for efficient cleaning, maintenance, and ease of inspection.

Facility design shall facilitate expeditious identification, inventory, placement, and retrieval of
storage containers.

New storage facilities shall be physically separated from process operations, stor age of
nonnuclear materialsor equipment, and functionsnot directly required for storage
operations.

Combustible packaging materials shall be stored in metal containersor structures outside of
a PSF in alocation that shall not endanger the storage facility or stored material if afire
occursin the packaging material. The need to provide automatic fire suppression systems for
these areas shall be considered in accordance with Section 1530-2.3, Maximum Possible Fire
L oss.

Layout of floor and access areas shall consider the requirements for secure location of
storage containers, traffic control, and segregation.

Design of storage tanks for aqueous solutions of plutonium shall ensure that they are
geometrically favorable with respect to nuclear criticality. When thereisatendency for solids
to precipitate, vessels shall be instrumented to detect the buildup of solids and designed to
facilitate removal of solids.

Suitable physical compartmentalization shall be provided, as determined from the safety
analysis, to limit the quantity of stored materialsin each compartment to safe levels, ensure
the necessary access features and controls; and satisfy the loss limitation criteriain Section
0110-99.0.7, Loss Limitations.

Cautionary systems (e.g., visual or audible alarms, or other warning systems) or interlocks
shall be provided to prevent inadvertent entry into hazardous areas.

All safety alarm systems shall annunciate inside and outside of the PSF so as to_identi_f%_
hazar dous areas to anyone present in either area. The need for visual alarm devices within
the facility, in addition to audible alarm devices, shall be considered.

Storage racks snall be noncombustible and designed to securely hold storage containersin
place, ensure proper separation of storage containers, and maintain structural integrity under
normal (gaerations, anticipated operational occurrences, and DBA conditions. Theseracks
shall be designed as safety class items.

Door locations shall be coordinated with aisles to facilitate access to stored material for

loading and unloading of material, for use of fire fighting equipment, and for compliance
with I\ﬂ:PA 101. . g P P

Bumpers shall be provided where necessary to minimize potential damage to the structure of
racks from handling equipment.

The design shall provide for sufficient spacing and arrangement of compartments and/or
containersto facilitate the taking of inventories. Vault doors, racks, and containers shall be
designed to accommodate the application of TIDs. Adequate space for measurement
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capability shall be provided for the required inventory verification and/or confirmation. An
automated vault surviellance system shall be provided where excessive radiation exposure
would result from entering for material control and accountability purposes. The design of
the vault and/or system shall facilitate the daily and other inventory requirements of DOE
5633.3. Those ar eas of the facility where attractive SNM isstored (e.g., plutonium product
storage) should be located in the least accessible (to an intrusion force) area of the plant.

1305-5 CONFINEMENT SYSTEMS
1305-5.1 General

The following provisions are typical for a PSF confinement system. The actual confinement
system requirements for a specific PSF shall be determined on a case-by-case basis.

The degree of confinement rettjire_d shall suit the most restrictive hazards anticipated.
Therefore, consideration shall be given to the type, quantity, physical and chemical form, and
packaging of the materialsto be stored. For materialsin a form that isnot readily
dispersible, a single confinement barrier may be sufficient. However, for more readily
dispersible materials such as liquids and powders and for materials with inherent dispersal
mechanisms, such as pressurized cases and pyrophoric forms, multiple confinement barriers

are required. Qualified packages (such as encapsulation or DOT-approved shipping
containers) may be considered to be barriers.

Generally, for themost restrictive cases anticipated, the use of three confinement systems
shall be considered. The primary confinement shall be the cladding or the storage container
(eg., canning). Secondary confinement shall be established by compartments with their
ventilation systems. Thetertiary or final confinement shall be the building structure and its
ventilation system.

Operation of support and protection systems such asfire protection shall not promote the
fallure of the principal confinement systems.

Coding systems shall be provided, as required.

Ingressand egressto the com\oartments shall be controlled through the use of access ways
(e, airlocks, enclosed vestibules).

Exhaust ventilation systemsshall be provided with HEPA filtration to minimize the release
of plutonium and other hazardous material through the exhaust path. In addition, inlet
ventilation systems shall also be provided with either HEPA filtration or fail-safe backflow

prleventiﬁ)n to minimize therelease of plutonium and other hazar dous material through the
Inlet path.

1305-5.2 Primary Confinement System

Cladding or storage containers, as appropriate, shall provide Frimary confinement during

notrhrgal gperation, anticipated operational occurrences, and for all DBAsthey arerequired to
withstand.
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The cladding or storage containers shall be designed to provide a corrosion-resistant

confing”nent for fuel assemblies and to prevent an uncontrolled release of radioactive
material.

SPeciaI design features shall be considered to ensure safeintroduction, removal, and handling
of stored plutonium. These handling systems and equr_nent shall be designed to protect
against the dropping of storage containers, fuel assemblies, and other items on the stored
plutonium.

1305-5.3 Secondary Confinement System

The compartmentsand their ventilation systems make up the secondary confinement system.

The secondary confinement system shall be desigSed to function during normal operations,
anticipated operational occurrences, and for all DBAsit isrequired to withstand. It shall be

designed as a safety class system and be capable of performing its necessary functions
following a DBE.

Penetrations of the secondary confinement barrier shall have positive seals to prevent the
m|g1r ation of contamination. The use of positive seals shall be considered for penetration of
enclosures within the facility building to ensure the availability of proper ventilation flow
pathsand to prevent the migration of contamination within the facility.

The need for special ventilation systems for confinement purposes shall be based on the
results of the safety analysis. In general, each compartment shall be supplied with ventilation
air from the bwldmg ventilation system, and shall be provided with separ ate exhaust
ventilation handled by a system with sufficient capacity to ensure an adequate ventilation
flow in the event of a credible breach in the compartment confinement barrier. Pressurein
the compartments shall be negative with respect to the building ventilation system.

1305-5.4 Tertiary Confinement Sygem

The facility building and its ventilation system compose the tertiary confinement system.

Thetertiary confinement system is not required to be protected from tornado missiles or
missilesfrom other external sources (e.g., explosions on nearby transportation routes), but
shall be designed to prevent massive collapse of building structures or the dropping of heavy
objects onto the stored plutonium as a result of building structural failures and remain

functional to the extent that the guidelinesin Section 1300-1.4.2, Accidental Releases, are
not violated.

Penetrations of the building confinement barriers shall have positive sealsto prevent the
migration of contamination.

Air locks or enclosed vestibules shall be provided for accessthrough confinement barriers.
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1305-6 EFFLUENT CONTROL AND MONITORING

1305-6.1 General

Routine wastes from PSFs will nor_mallg. bein the form of uncontaminated and radioactive
solids and liquids. A principal design objective for the waste management systems shall be to
provide facilities and equipment to handle these wastes safely and effectively.

1305-6.2 Radioactive Solid Waste

The design shall include provisionsfor the safe collection, packaging, inventory of, storage,
and loading for transport of solid waste that is contaminated with radioactive material. These
provisions shall include allocation of adequate space for sorting and safe temporary storage
of solid waste, equipment for assay of the waste, and facilities for volume reduction
appropriateto the typesand quantities of solid waste expected to be produced. All packages
containing radioactive solid waste are required to be monitored, both before being mov

from generation sitesand volume reduction processes to temporary storage locations and
before being loaded for transport to a disposal site.

1305-6.3 Radioactive Liquid Waste
1305-6.3.1 Industrial Wastes

Industrial wastes such as dischar ge from mop sinks shall be collected and transferred toa
liquid waste treatment facility or similar type of treatment area. Consideration shall be given
to the installation of a retention system. The treatment process shall be designed to reduce
radioactive materials to concentrations well below the guidelinesin the directive on
Radiation Protection of the Public and the Environment in the DOE 5400 series, using the
best available technology economically achievable.

1305-6.3.2 Decontamination Wastes

Decontamination wastes shall be collected and monitored near the source of generation
before batch-wise discharge through appropriate pipelines or by tank transfer to a liquid
waste treatment facility or area. These wastes shall be individually collected at the PSF in
storage tanksthat are equipped with stirrersor other accepted mixing methods, sampling
devices, volume measuring devices, and transfer systems. Waste storage tanks and transfer
lines shall be designed and constructed so that any leakage shall be detected and contained
before it reaches the environment. Transfer lines shall have inspection/collection pits at
practicable intervals into which leakage can drain by gravity. The use of double-walled
transfer pipelines or multi-pipe encasements as specified in Section 1300-7.4, Transfer Pipes
and Encasements, shall be considered. Nuclear criticality safety shall be considered in the
design of these collection and monitoring systems.
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1305-6.4 Effluents
1305-6.4.1 Airborne Effluents

All airborne effluents from confinement areas shall be exhausted through a ventilation

system designed to remove particulate material, vapors, and gases as needed to comply with
Section 1300-1.4.3, Routine Releases.

All exhaust outlets that may contain plutonium contaminants shall be provided with two

monitoring %stems. These monitoring systems shall comply with Section 1589-99.0.1,
Radioactive Airborne Effluents.

1306 UNIRRADIATED ENRICHED URANIUM STORAGE FACILITIES

1306-1 COVERAGE

Section 1300, General Requirements, shall apply. These requirementsare in addition to the
requirements of that section and other applicable sections of these criteria, particularly those
sections numbered -99.0, Nonreactor Nuclear Facilities-General.

This section is specifically applicable to dry type UEUSF used for the storage of UEU. The
UEU may bein theform of a solid, liquid or gas.

These criteria are not applicable to "in process' or "in use" material, to material in assembly
cellsfor use in weapons, or to material that is packaged in accordance with the requirements
of DOE 5480.3 and is awaiting transportation or hasbeen received and is awaiting
disposition. In addition, UEU fuel storage facilities that are part of a reactor facility are not
covered by this section. They are covered by DOE 5480.6.

1306-2 OBJECTIVES

The design objectives shall ensurethat conservatively estimated radiological accident
consequences are limited in accordance with the guidelines contained in Section 1300-1.4.2,
Accidental Releasss.

1306-3 NUCLEAR CRITICALITY SAFETY

Favor able geometry, asimplemented by storagerack design, isthe preferred method of
ensuring nuclear criticality safety. The use of fixed neutron absorbing materials shall be
considered. When fixed neutron absorbersare used, therack design shall include provisions
to verify the absorbers' continual efficacy and to prevent their inadvertent removal by
mechanical or chemical action. Storage racks shall be designed to maintain their integrity
during and following a DBE and the DBAs they are required to withstand.
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The_desi_?_n professional shall consider the criteria provided in USNRC R.G. 3.43 for
applicability.

1306-4 RADIATION PROTECTION

Radiation protection provisions for UEUSF shall take into account that the combination of
the radioactivity level of UEU, its confinement in cladding or storage containers, and the

Ilzj\%kuongi gnificant operationsinvolving the UEU may reduce the radiation hazardsat

1306-5 SPECIAL DESIGN FEATURES

UEUSF systems, components, and structures shall be designed to provide confinement of
radioactive materials under normal operations, anticipated operational occurrences, and the
DBA conditionsthey arerequired to withstand. The design shall ensure that the degree of
confinement is sufficient to limit releases to the environment to the extent that the dose
guidelinesreferenced in Section 1300-1.4, Guidance on Limiting Exposure of the Public, are

not exceeded. The design shall incorporate ALARA concepts to minimize overall impacts on
operators, the public, and the environment.

The design shall accommodate all planned UEU handling (e.g., analysis, shipping and
receiving operations, packaging and unpackaging, as well as storage). Provisions shall be
made to minimize the buildup of packaged materials or packaging materials. Receiving

operations involving removal of radioactive material from protective shipping containers shall
be performed in the unpackaging room(s).

Facility design, to the maximum extent practical, shall provide sufficient versatility to

accommodate eguipment for programmatic changes and modifications and for multishift
operations.

To expedite recovery from DBAs and provide facility versatility, modular construction
concepts shall be used, where feasible.

The design shall provide sufficient spacing between compartments to facilitate relocation and
maintenance of equipment and ease of manual or automatic storage operations.

No hazardous gases or liquids shall be used in UEUSFs. No natural gas for heating purposes

snall be used unless the heating occursin a separate building that is clearly isolated from the
primary facility.

The s_tc_)ra%e building(s), where practical, shall be rectangular, windowless and arranged in
repetitive bays and compartments.

Facility layout shall providefor efficient cleaning, maintenance, and ease of inspection.

Facility design shall facilitate expeditious identification, inventory, placement, and retrieval of
storage containers.
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New storage facilities shall be physically separated from process operations, stor age of
nonnuclear materials or equipment, and functions not directly required for storage
operations.

Combustible packaging materials shall be stored in metal containersor structures outside of
aUEUSF in a location that shall not endanger the storage facility or stored material should
afireoccur in the packaging material. The need to provide automatic fire suppression
systems for these areas snall be considered in accordance with Section 1530-2.3, Maximum
Possible Fire Loss,

Layout of floor and access areas shall consider the requirementsfor secure location of
storage containers, traffic control, and segregation.

Design of storage tanks for agueous solutions of enriched uranium shall ensurethat they are
geometrically favorable with respect to nuclear criticality safety. When there is a tendency for
solids to precipitate, vessels shall beinstrumented to detect the buildup of solids and
designed to facilitate removal of solids.

Suitable physical compartmentalization shall be provided, as determined from the safety
analysis, tolimit the quantity of stored materialsin each compartment to safe levels, ensure
the necessary access featuresand controls; and satisfy theloss limitation criteriain Section
0110-99.0.7, Loss Limitations.

Cautionary systems (e.g., visible or audible alarms, or other warning systems) or interlocks
shall be provided to prevent inadvertent entry into hazardous areas.

All safety alarm systems shall annunciate inside and outside of the UEUSF so asto identify
hazar dous areasto anyone present in either area. The need for visual alarm deviceswithin
thefacility, in addition to audible alarm devices, shall be considered.

Storage racks shall be noncombustible and designed to securely hold storage containersin
place, ensure proper separation of storage containers, and maintain structural integrity under
normal operations, anticipated operational occurrences, and DBA conditions. These racks
shall be designed as safety class items,

Door |ocations shall be coordinated with aisesto facilitate access to stored material, for

loading and unloading of material, for usc of fire fighting equipment, and for compliance
with I\ﬁ:PA 101. ! NG EUIp P

Bumpers shall be provided where necessary to minimize potential damage to the structure or
racks from handling equipment.

The design shall provide for sufficient spacing and arrangement of compartments and/or
containersto facilitate the taking of inventories. Vault doors, racks, and containers shall be
des;%r}ed to accommodate the apﬁllcatm_n of TIDs. Adequate space for measur ement

cap: |I|t¥ shall be provided for the required inventory verification and/or confirmation. The
design o the vault system shall facilitate the daily and other inventory requirements of DOE
5633.3. Those areas of the facility where attractive SNM is stored shall be located in the
least accessible (to an intrusion force) area of the plant.
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1306-6 CONFINEMENT SYSTEMS
1306-6.1 General

Thefollowing provisions are typical for a UEUSF confinement system. The actual

confinement system requirements for a specific UEUSF shall be determined on a case-by-
case basss.

The degree of confinement required shall suit the most restrictive hazards anticipated.
Therefore, consideration shall be given to thetype, quantity, and physical and chemical form

of the materialsto be stored. For materialsin aform that isnot readily dispersible, a single
confinement barrier may be sufficient. However, for more readily dispersible materials sucl

as liquids and powders and for materials with inherent dispersal mechanisms, such as
pressurized cases and pyrophoric forms, multiple confinement barriers shall be considered.

Generally, for the most restrictive case anticipated, the use of three confinement systems
shall be considered. The primary confinement shall be the UEU cladding or the storage
container ﬁe.g_., canning). Secondary confinement shall be established by compartments with
their ventilation systems. Thetertiary or final confinement shall be the building structure and
its ventilation system.

Operation of support and protection systems such asfire protection shall not promote the
fallure of the principal confinement systems.

Cooling systems shall be provided, asrequired.

Ingressand egress to the compartments shall be controlled through the use of access ways
(e.g., airlock, enclosed vestibules).

1306-6.2 Primary Confinement System

The UEU cladding or storage containers, asappropriate, shall provide primary confinement
during normal operations, anticipated operational occurrences, and for all DBAsthey are
required to withstand.

The UEU cladding or storage containers shall be designed to provide a corrosion-resistant

confinement for the fuel assemblies and other UEU to prevent an uncontrolled release of
radioactive material.

SPeciaJ design features shall be considered to ensure safe introduction, removal, and handling
of UEU. These handling systems and equipment shall be designed to protect against the
dropping of storage containers, UEU assemblies, and other items on the stored UEU. The
design shall consider the use of geometric constraintsto avoid criticality accidents.

1306-6.3 Secondary Confinement System

The compartments and their ventilation systems make up the secondary confinement system.
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The secondary confinement system shall be designed to function during normal operations,
anticipated operational occurrences, and for all DBAsit isrequired to withstand. It shall be

deg' Eed asa safety class system and capable of performing its necessary functions following
aDBE.

Penetrations of the secondary confinement barrier shall have positive sealsto prevent the
migration of contamination. The use of positive seals shall be considered for penetration of
enclosures within the facility buildin? to ensure the availability of proper ventilation flow
pathsand to prevent the migration of contamination within the facility.

The need for special ventilation systemsfor confinement purposes shall be determined by the
safety analysis In general, each compartment shall be supplied with ventilation air from the
building ventilation system, and shall be provided with separate exhaust ventilation handled
by a system with sufficient capacity to ensure an adequate ventilation flow in the event of a
credible breach in the compartment confinement barrier. Pressure in the compartments shall
be negative with respect to the building ventilation system.

1306-6.4 Tertiary Confinement System

Thefacility'sbuilding and its ventilation system compose the tertiary confinement system.

Thetertiary confinement system isnot required to be protected from tornado missiles or
missiles from other external sources (e.?., explosions on near by transportation routes), but
snall be designed to prevent massive collapse of building structuresor the droppln? of heavy
objects onto the stored UEU as a result of building structural failuresand remain functional
to the extent that the guidelinesin Section 1300-1.4.2, Accidental Releases, are not violated.

Penetrations of the building confinement barriers shall have positive seals to prevent the
migration of contamination.

1306-7 WASTE MANAGEMENT

Waste management provisions for UEUSFs shall take into consider ation that, generally, the
quangtles of radioactive waste generated are small because of the passive nature of a
UEUSF.

The decontamination of storage and handling equipment will result in solid and liquid wastes
of low specific activity. Packaging and shipping materials may also be a sour ce of solid waste.

1306-8 EFFLUENT CONTROL AND MONITORING
1306-8.1 Radioactive Solid Waste
The solid radioactive wastes typically associated with UEUSFsthat shall be considered

during the design include but are not limited to packaging and shipping materials, gloves,

ra?_s, and mops. Nuclear criticality safety shall be considered in the design of the radioactive
solid waste processing facility.
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1306-8.2 Radioactive Liguid W.

1306-8.2.1 Process Wastes

Theliquid radioactive wastes typically associated with UEUSFsthat shall be considered
during the design include but are not limited to floor wash down liquids accumulated from
equipment maintenance and leaks. Nuclear criticality safety shall be considered in the design
of theliquid radioactive waste processing facility.

1306-8.3 Effluents
1306-8.3.1 Airborne Effluents

The airborne radioactive wastes associated with UEUSFs that shall be considered during the
design include but are not limited to the airborne releases associated with the venting of
storage containers. Cladding or canning failure during dry storageisalso a sour ce of such
wastes.

All airborne effluents from confinement areas shall be exhausted through a ventilation
sKstem designed to remove particulate material, vapors, and gases as needed to comply with
the requirements referenced in Section 1300-1.4.3, Routine Releases.

All exhaust ducts and stacks that may contain enriched uranium contaminants shall be

provided with two monitoring systems. These monitoring systems shall comply with Section
1589-99.0.1, Radioactive Airborne Effluents.

1307 EXPLOSIVES FACILITIES

1307-1 COVERAGE
1307-11 General

Section 1300, General Requirements, shall apply. These requirements arein addition to the

requirements of that section and other api:)hcab e sections of these criteria, particularly those

Is:ect_ilg)ns numbered -99.0, Nonreactor Nuclear Facilities-General, and -99.4, Explosives
acilities.

These criteria apply to DOE explosives facilities, with specific applicability to DOE nuclear
munitions (explosives-plutonium) facilities.

1307-1.2 Applicability
These criteria shall be followed in:

» Siting, planning, and design of any new facilities in which explosives are stored, handled,
or processed
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= Redesign of any existing facilities wher e changesin activitieswill result in a changeto a
mor e hazardous class (e.g., a change from Class |1 to Class I?]. See Glossary for
definition of explosives hazard Class| and Class 1. Where changes in activities will not
result in a change to a more hazar dous class, these criteria are not mandatory.

1307-1.3 Nonapplicability
These design criteria are not applicable to:

« Portablebuildingsused at specific nuclear test shot locations

= Facilitiesin which experimental or |aboratory-type operations are conducted and where
no more than 500 grams of explosives are involved, as further described in ﬁa) and (),
below. However, quantity-distance separation must be provided between thelaboratory
and other buildings cqntamln? explosives based on the quantlt?/ of ex?losves in those
buildings; such operationsinclude, but are not limited to, small scale formulation work,
chemical, physical and thermal analysis, and sengitivity tests.

(@) Experimental and laboratory facilities are exempt from quantity-distance
criteria where operations involving explosives in quantities of 10 gramsor
less (plutonium may be present) are conducted under DOE operating-
contractor-approved SOPs.

(b) Experimental and laboratory facilities are exempt from quantity-distance
criteria where operationsinvolving explosives in quantities between 10 and
500 grams (plutonium shall not be present) are conducted, subject to formal
waivers approved by the operating contractor safety organization and issued
in writing by the operating contractor management.

1307-2 OBJECTIVES

The objectives of these criteria are to ensure that facility design will achieve a level of safet
for DOE explosives facilities specified in DOE/EV 06194 to reduce the risk of an accident
detonation and, in such an event, prevent fatalities, minimize injuries, control plutonium
dispersal, prevent propagation, and minimize property 10ss.

The cardinal principle to be observed in any location or operation involving explosives,
ammunition, severefire hazards, or hazardous materialsisto limit the exposure of a
minimum number of people, for a minimum time, to a minimum amount of material
consistent with safe and efficient operation.

1307-3 NUCLEAR CRITICALITY SAFETY
Where nuclear criticality isa consideration, the design of criticality alarm systems shall

comply with ANS 8.3. Other nuclear criticality safety measures shall comply with DOE/DNA
TP 20-7.
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1307-4 SPECIAL DESIGN FEATURES
1307-4.1 General Criteria
1307-4.11 Siting of Explosives Facilities
General

The design of all new explosives buildings shall conform to the DOE explosives safety
requirements established in DOE/EV 06194 and implemented in these criteria. For a tabular
summary of thetypes ofJ)rotectwe design established by these criteria, see Table 1307-4.1.1.
Protective construction design features are specified in TM 5-1300 and DOE/TIC 11268.
Studies necessary to provide the technical basis for location, engineering, design, and
operation (under normal and potential DBA conditions) of the buildings shall follow DOE/
EV 06194 and DOD 6055.9 for establishing explosives quantity-distance separation DOE
4300.1B and Section 0200-1, Facility Siting, for the requirements for new site selections; and
Section 1300-1.4.2, Accidental Releases, for radiological guidelinesfor accidental releases.

Hazardous Fragments

DOD 6055.9 requires that the minimum distance for protection from hazar dous fragmentsto
facility boundaries and Sfecmc critical facility and personnel exposureswill be 1250 feet for
explosives quantities of 101 to 30,000 Ibs and 670 feet for 100 Ibs or less of hazard Class/
Division 1.1 explosives, unlessit can be shown that there will be no hazar dous fragments or
debris at lesser distances. It isnot intended that these minimum fragment distances be
applied to operating facilities or dedicated support functions within an operating line. For
these exposures, the DOE criteria for Class!, I1, 11, or IV activities with appropriate
quantity-distance separations are the required protection levels.

Buildings or areasthat are separated from explosives bays by inhabited building distances as
determined by blast overpressures may provide an adequate degree of protection to

personnel and facilities from fragment hazar ds from an explosives accident. However, for

some explosives activities, the separation distance to inhabited buildings, public traffic routes,
and open areas where personnel congregate may have to be increased beyond the distances
specified for blast overpressures because of these potential fragment hazards.

1307-4.1.2 Hazard Class Activity

New facilities shall be designed and constructed to accommodate the highest hazard class
activity for which they areto be used. Where an activity can be assigned to more than one

hazard class, the facility shall be designed and constructed to meet the criteria of the most
stringent hazard class.

The contract administrator (Head of Field Organization) shall be responsible for approving
the hazard classification of all explosives activities prior to the design of the facilitiesin
which the activities are to be conducted.
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Table 1307-4.1.1 Explosives Facilities: Protective Design Requirements by Type of

Activity

Type of
Activity

Class | Activities
Explosives Only
HE-Pu® Cased

HE-Pu® Uncased

Class 11 Activities
Explosives Only
HE-Pu Cased
HE-Pu Uncased

Class 11l Activities
Explosives Only
HE-Pu Cased

HE-Pu Uncased
Class IV Activities
Explosives Only
HE-Pu Cased

HE-Pu Uncased

Support Ares

Protective Design Required
DOE/EV06194 Expiosion Eaxplosion Pro-  Control of High Level Normal Radiolog-
Operatonal Protection tection for Plutonive in Protecti P P cat Consi-
Requirements for Personnet AR Personnel Event of an from from derations
for Acuivity In Other (Remote Explosion ~ Naturad Natural
Inolved Occupicd Areas Operation) Phenca Pb ooe
Including
Adjacent Bay
X X X X
X X
X
X X
X X
--------------- NOT PERMITTED - - - - - --cvcccven
--------------- NOT PERMITTED -« == e vvecnnnn
x.'
x”
x..
X X

Class 1 activities with either cased or uncased HE-Pu or THE-Pu are not permitted, except where such activities

are justified [rom a nuclear explosives safety study performed in accordance with DOE 5610.3.

Class IV bays need only to be sited and designed to withstand the effects of blast overpressure, structural

collapse and missiles (hazardous fragments) from an adjacent bay.

*** These facilitics nced only be designed 10 provide protection acceptable with normal DOE loss criteria.

Definitions of explosives hazard classes by activity are found in the Glossary.
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1307-4.13 Design Basis

The appropriate DBAs shall be postulated and the design of new explosives buildings shall
ensure that any structure, confinement system(s), ventilation systems, fire suppression/
detection systems, or other systems required to be safety class will meet the conditions
imposed by the consequences of the DBASs.

1307-4.1.4 Unproven Facility Design

For an unproven facility design, either a validated model or full-scale test isrequired to
ensure structural adeguacy unless a high degree of confidence can be provided by
calculationsor other means. The contract administrator (Head of Field Organization) shall
concur in any determination regarding test requirements.

1307-4.15 Support Buildings

Support buildings are not specifically addressed in these criteria because the degree of
protection afforded must be based on the function housed and its effect on the
accomplishment of the mission of the installation. Siting of support buildings shall conform
to the requirements of DOE/EV 06194 and DOD 6055.9.

1307-4.2 Facility Criteria
1307-42.1 General

Thesecriteria are presented below in two categories.

s Facilitiesthat deal with explosives only

» Facilitieswith explosives and nuclear material present, specifically plutonium.
1307-4.2.2 Explosives-Only Bays-Facilities for Storage, Handling, and Processing

In the planning of explosives activities to be performed and in the design of explosives bays
to satisfy these activity requirements, a basic tenet shall beto limit explosives activity hazards
exposure to a minimum number of personnel. Additionally, each bay housing an explosives
activity shall have levels of protection based on the explosives hazard class (see Glossary)
determined for the activity. The levels of protection may be accomplished by equipment
design, structural design, operation separation and/or the provision of operational shields as
defined in DOE/EV 06194.

Class IV Explosives Bays

Baysfor Class|V (negligible probability of accidental initiation) activities shall provide
protection from fire hazar ds effects. Because accidental detonation isnot considered credible,
Class 1V bay shall be sited and designed to withstand the effects of blast overpressure,
structural collapse, and missiles (hazardous fragments) from adjacent facilities.
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Class 11 Explosives Bays

Baysfor Class1l! (low accident potential) activities shall provide protection from explosion
propagation from bay to bay within buildings and between buildingsthat are located at the
Intraline or magazine separation distance. Minimum separ ation distances may be reduced
when explosives bays are designed to adequately contain the effects of an accident (blast
over pressuresand missiles).

Class Il Explosives Bays

Bays for Classl| ﬁmoder ate accident potential) activities shall, in addition to complying with
therequirementstor Class!I1 bays, include design to prevent fatalitiesand severeinjury to
personnel in all occupied areas other than the bay of occurrence. For the purpose of the
Class|| category, accessrampsand plant roadsare not considered occupied areas.
Prevention of fatalities and severe mﬂunes is satisfied where personnel in occupied areas
other than the bay of occurrence will not be exposed to:

» Overpressures greater than 15 ps maximal effective pressure. Thisisthe threshold
pressurefor lung damage.

» Structural collapse resulting from overpressuresor debrisimpact. Structural collapseis
theloss of structural integrity from the failure of a structural component as a direct
result of the facility's being subjected to variousloadings (judged in accordance with the
ability of the structure to remain intact so that explosion propagation, fatalities, and
severeinjuries will not occur).

» Secondary missiles (hazardous fragments) generated in the occupied areas. Hazar dous
fragmentsfor fatalitiesand severeinjuriesare defined asthose having greater than 58 ft-
Ib impact energy.

Class | Explosives Bays

Bays for Class | (hilgh accident potential) activities shall, in addition to complying with the
requirements for Class |1 Bays, provide protection to prevent seriousinjuriesto all
personnel, including personnel performing the activity, personnel in other occupied areas,
and all transient personnel. This protection may be achieved by controlling blast and debris
through suppression and containment or by establishing an exclusion area with positive

access control. Prevention of seriousinjuriesis provided where personnel will not be exposed
to:

« Overpressuresgreater than 5 psi maximal effective pressure and should not exceed 2.3

ps peak positiveincident pressure. The 5 ps value isthe threshold pressure for eardrum
rupture.

» Structural collapse of the building from overpressure or debrisimpact. Structural
collapseis the loss of structural integrity from failure of a structural component asa
direct result of the facility’s being subjected to various loadings (judged in accor dance
with the ability of the structure to remain intact so that explosion propagation and
seriousinjury to personnel will not occur).
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s M issil&s(h.azardousfragmentsz. Hazar dous fragmentsfor seriousinjuriesare defined as
those having greater than 11 ft-Ib impact energy.

1307-4.2.3 Joint Explosives-Plutonium Bays/Facilities
General

Bagsfor joint explosives-plutonium activities shall comply with the requirements of Section
1307-4.2.2, Explosives-Only Bays-Facilities for Storage, Handling, and Processing, for the
class of explosives activity involved and DOE-DNA TP-20-7. Additionally, because of the
plutonium contamination potential, they shall comply with the following requirements.

Bays for Uncased Explosives-Plutonium

Whereit isnecessary to store, handle, or process uncased explosives assembliesin the same
bay with plutonium, the enclosing structure and its associated ventilation, electrical, fire
protection, and utility systems shall be designed to ensure that in the event that all the
explosives detonate the guidelinesin Section 1300-1.4.2, Accidental Releases, are not
violated. Radiation protection features shall beincluded to provide worker protection
equivalent to that specified for plutonium facilities.

The quantity of plutonium allowed in this baa/ will be governed b&/ a safety analysis of the

specific activities to be conducted therein and therisk to the workers. Activities may be

P]erformed in Class|V baysif only IHE, IHE subassemblies, or IHE weapons are present;
owever, thelimit of plutonium allowed will be governed by criticality consider ations.

Bays for Cased Explosives-Plutonium Activities

For those bays whereit is necessary to conduct operations or to process cased explosive
component assemblies that contain plutonium, a Class |1-level of protection shall be
provided. Storage shall conform to Class |11 requirements. The limit of plutonium shall be
25 kilograms per bay. The plutonium limits for magazines are specified in DOE/DNA TP-20-
7. Activitiesmay be performed in Class|V baysif only IHE, IHE subassemblies, IHE
weapons, or test devices are present; however, the limit of plutonium allowed will be
governed by criticality considerations.

Staging Bays (in-process)

The practice of using staging baysis permissible aslong as the bay(s) is (arc) designed to
provide Class || level of protection.

Design for Natural Phenomena

A hi?h_ level of protection from natural phenomena for HE-Pu baysisrequired. Bays
involving the coincident storage, handling, or processing of HE and plutonium, whether the
HE is cased or not, are considered sensitive operations with respect to the potential hazards
from high winds, tornadoes, and seismic phenomena. Structures, systems, and associated
equipment involved in these activities shall be designed to protect the HE from the loads
induced by such forces, including missile loads. The application of these criteria shall not
have an adver se effect on the explosion protection design features of the structure. The
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degree of protection afforded IHE-plutonium bays or explosives-only bays and their support
bundm%s shall be based on a determination of the function housed and its effect on the
accomplishment of the mission of the installation. See Section 0111-99.0, Nonreactor Nuclear

Facilities-General, for design details for specific natural phenomena. Also see Section 1660-
99.4.4, Lightning Protection.

1307-4.2.4 Explosives Design Basis

Blast-resistant design for personnel and facili&/ Eprotection shall be based on the TNT
equivalency of the maximum quantity of HE to be used in the bay. For example, based on
heat of detonation, one pound of one of the most energetic plastic-bonded explosivesis
equivalent to 1.3 pounds of TNT. It isrecommended bK TM 5-1300 that the " effective charge
weight" or the " actual charge weight," depending on the method used to determinethe TN
equivalent, beincreased by 20 percent for design purposes.

For total containment facilities, the internal ?as pressure produced in an accident may bethe
controlling design requirement rather than blast pressure. For internal pressure calculations,
the TNT equivalency for blast pressures may not be applicable.

1307-4.2.5 Utilities

Thedesign of utility servicesfor explosives facilities shall provide reliability consistent with
operational requirements, value, and potential hazard.

1307-5 DECONTAMINATION AND DECOMMISSIONING

Installations handling explosives and radioactive material shall havea personnel
decontamination facility for emergency use. Minimum requirements shall include sinks,
showers, and change areas. Provisions shall be made for radiation monitoring equipment to
be located in the decontamination room and at specified locations where workers exit from
potentially contaminated areas.

1307-6 PHYSICAL PROTECTION AND MATERIAL SAFEGUARDS

Explosives facilities shall conéply with the DOE 5632 series. Advice and guidance shall be
obtained from cognizant DOE safeguar ds and security personnel during the planning and
design of explosives facilities.

1318 URANIUM ENRICHMENT FACILITIES

1318-1 COVERAGE

Section 1300, General Requirements, shall z_appI?/. These requirements are in addition to the
requirements of that section and other applicable sections of these criteria, particularly those
sect ions numbered -99.0, Nonreactor Nuclear Facilities-General.
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This section is applicable to facilities that enrich uranium by the gaseous diffusion, gas
centrifuge, or AVLIS process. UEFsinclude

» Storage capability for incoming feed material

s A sampling station

o Afeedsystem

» Equipment for the enrichment process

» A product withdrawl system

« Atailswithdrawal system

» Product packaging, storing, and shipping areas
« Cleaning and decontamination areas

s Assembly/disassembly areas

» Maintenance and storage areas

« A central control station

» A complexto provide technical service and administration

These criteria shall apply to all levels of uranium-235 enrichment. The following arethree
popular assay levels of uranium-235 enrichment:

» Reactor grade assay (2.5t0 5 percent)
« High enrichment assay (5to 94 percent)

= Very high enrichment assay (above 94 per cent)

1318-2 OBJECTIVES
Thedesign Olﬂ ective shall beto ensurethat conservatively estimated consequences of normal

operations and credible accidents are limited in accordance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposur e of the Public.

1318-3 NUCLEAR CRITICALITY SAFETY

For low (<4%}) uranium-235 enrichment product, a criticality event is unlikely; but shall be
considered. For high (>4% but <20%) and very high (>20%¥enr|ched uranium, nuclear
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criticality safety shall be achieved by favorable geometry, minimization of neutron
moderation, and administrative procedures.

Favorable geometry shall be achieved by cylinder/vessel size and shape, by limiting the
number of cylindersvessels that can be stacked in a single array, and by establishing a
minimum distance between arrays.

Moderation of neutrons shall be minimized by reducing the quantity of hydrogenous
materials.

Process systems shall be designed to prevent the carry-over of fissile material and other

material capable of sustaining a chain reaction from geometrically safe portions of the facility
to other areas of the facility.

A system of positive control and backflow prevention shall be provided in all process systems
to prevent inadvertent transfer of fissile material and other material capable of sustaining a
chain reaction from geometrically favorable or poisoned containers to unsafe containers.

1318-4 SPECIAL DESIGN FEATURES
1318-4.1 General

A system design that is not susceptible to the freeze-out or solidification of UFin the gas
processing streams or equipment shall be provided.

Special consideration shall be given to the handling of flammable and other hazar dous gases
and chemicals to minimize their hazard.

Optimum working inventory shall be part of the design for controlling and confini_n?
hazardous substances. Optimum working inventory is defined as the minimum feasible
inventory considering operational reguirements and resulting frequency of material transfer
activities. See CONF-86-09116-1 for a risk assessment of hazardous substances that are found
in enrichment facilities.

Water from fire sprinkler systems shall be shielded from mixing with UF.,

Standby power shall be provided automatically on loss of normal power. The standby power
system shall be safety class and capable of providing continuous power for thetimerequired
to achieve a safe shutdown condition or for the period of time that components require
power to perform their necessary safety functions, whichever is greater. The electric power
gener ating capacity shall be the sum of all er_nerPency power loadsand provide adequate
reserve capacity for future loads. The inductive [oads from equipment startup, such as
induction motor starts, shall be considered in the standby power system design.

1318-4.2 UF, Cylinder Handling Areas

Equipment for handling cylinders shall be designed to ensure;

«  Aminimum potential for ~ UF, release
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» Safeoperationswith cylinders, including storage, movement, receipt, shipment, and
sampling

s Strict adherenceto the requirementsfor nuclear criticality safety

Facility design shall include an area for cylinder inspection (internal and external),
hydrostatic testing, and repair.

1318-4.3 Sampling, Feed, Conversion, and Preparation Areas

Adequate provisions for cylinder sampling shall be provided for in the design. The normal
sampling operation design shall include instrumentation for determining cylinder pressure,
autoclaves for heating the cylinders, capability for thorough mixing of the contents, and
equipment for vapor and I|(Lwd sampling, as appropriate. Cooling of the cylinder (for
solidification of UF,) shall be part of the design for the sampling station.

A sampling area shall belocated in or adjacent to the receiving-shipping area of the facility.
This area snall be equucgaed with steam-heated, self-contained autoclaves, special material-
handling equipment, and weight measurement scales with automatic time and weight printout
to accommodate the DOT-approved 2-1/2-ton, 10-ton, or 14-ton shipping containers. The
autoclaves shall be equipped with a sensor system to automatically shut off the steam in case
of overheating, cylinder leakage, or cylinder rupture.

The feed preparation area for gaseous diffusion and gas centrifuge facilities shall consist of
self-contained autoclaves with appropriate instrumentation and safety systems to control the
steam heating of inspected UF, c?llmders_placed_ln the autoclaves. Autoclave shall be
designed to contain therupture of auranium cylinder. A sensor system shall sensethe
release of UF, insde the autoclave and shut off the steam and water to the autoclave.

The gas centrifuge process is mor e sensitive than the gaseous diffusion processto the
presence of "light gas' impurities (i.e, air, CO,, HF, and N,).The quantity of " light gases'
shall bereduced as needed to satisfy the requirements of the centrifuge being used.

For the conversion of UF;to feed material for AVLIS facilities, the design of UF,reduction
towers and surrounding area shall include confinement integrity, hydrogen monitoring, and
explosion venting. UF,transfer lines shall be designed for complete confinement with
consideration given to maintenance operations. The UF,transfer system shall beresistant to
HF acid. Removal of uranium debristrom the reduction vessels shall be performed within
ventilated enclosures. If the chosen feed conversion process differsfrom the concept of UF,
to UF,conversion, then the design criteria for this chosen process shall be consistent with

the intent of DOE 6430.1A.

Feed for AVLIS facilities shall be metal billets. The separator feedstock shall be stored in a
manner that prevents the dispersion of uranium. The billet fabrication process, starting with
the preparation of feed material through the removal of billets from theinduction furnace,
shall be performed under an inert gas cover. Cleaning and refurbishing of induction furnace
graphite crucibles shall be performed within ventilated enclosures.



DOE 6430.1A Special Facilities
4-6-89 Page 13-73

1318-4.4 Uranium Enrichment Areas

These requirements shall apply to all levels of uranium-235 enrichment. The major areas for
design consideration in a gaseous diffusion facility shall be equipment, i.e., compressors,
converter, motors, electric power, cooling, instrumentation and controls, piping, purge, and
support facilities. The designer shall incorporate the latest improvements for optimum-sized
equipment to meet the design requirements and provide high reliability (99+ percent on-
stream efficiency). Compressors snall be Browded with high temperature sensors and
vibration detectorsto indicate problems befor e the equipment is destroyed.

Themajor areasfor design consideration in a gas centrifuge facility include centrifuge
machines, electric power, cooling, instrumentation and controls, piping, purge, and support
facilities. The design shall incor por ate the beat available improvementsfor optimum sized
equipment to meet the des%n requirements and provide for reliable operations. Centrifuge
uneléa shall be equipped with speed sensorsto indicate any unusual or undesired changein
speed.

Themajor areasfor design consideration in an AVLISfacility shall belaser systems, electric
power, AVLIS separator system, cooling, instrumentation and control, protective enclosures,
and support facilities. The design shall incor por ate the latest improvements for optimum-
sized equipment to meet the design requirementsand provide for reliable operations.

All high-powered laser light pathsin the AVLIS facility shall be designed as enclosed lasers.
Interlocks shall be provided on all laser system enclosures.

The AVLIS separator module shall be designed to withstand the desi?.n.basis molten-metal
water reaction (see FAI/83-9). The module wail thickness shall be sufficiently thick to reduce
external X-ray exposureratestolessthan 0.5 mR/h. Additional shielding shall be provided,
asrequired, at module penetrationsto eliminate leakage radiation. Separator pods shall be
disassembled and cleaned within ventilated enclosures or work areas.

1318-4.5 Pr t TailsPr ing Ar

At gaseous diffusion and gas centrifuge facilities, the UF,gas product shall be withdrawn at
thetop of the cascade (highest assay stage), condensed, and drained into a DOT-approved
shipping container. The equipment necessary to perform this operation shall include the
mass spectrometer to analyze the assay sample, equipment for liquefaction or condensing the
product stream, flllmg?]statlonswnh weighing scales, DOT-approved  URghipping containers,

a shipping container handling and transport system, and a cooling area. Transuranic
iImpurities are unwanted in the high assay material and shall be removed by a physical

adsorption trapping system. Feed level impurities are acceptable for most reactor grade assay
material under 5 percent.

At gaseous diffusion and gas centrifuge facilities, the equipment required for thetails
processing shall be similar to the equipment required for product processing, but larger in
size and volume-handling capacity. Stream impurities and favorable geometry containers are
not a design consideration for the tails processing.
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Product conversion in AVL IS facilities shall be designed to meet performance and nuclear
criticality safety including favorable geometry requirements Tails ingots shall be packaged
and stored in amanner that will minimize the formation and dispersion of uranium oxide.

1318-5 CONFINEMENT SYSTEMS
1318-5.1 General

The actual confinement system requirements for a specific UEF shall be determined on a
case-hy-case basis.

Generally, UEFs use two confinement systems. The primar%/ confinement system consists of
the Process system pressure boundary and its purge and off-gas connections. The secondary
continement system isthe barriersthat enclose the areasin which the process system
components are located and includes the associated system that ventilates the enclosed areas.

The degree of confinement required for UFwill generally depend on the physical state of
the UF, (eg., solid, liquid, or gas).

1318-5.2 Primary Confinement System

The primary confinement isthe process system pressure boundary and its associated purge
and off-gas systems.

Theintegrity of the primary confinement shall be ensured for all normal operations and
anticipated operational occurrences such as loss of electric power, loss of cooling, and loss of
instrument and control air, and for the DBAsit isrequired to withstand.

1318-5.3 Secondary Confinement System

The secondary confinement system consists of the barriersthat enclose the areasin which

the process system components are located and the associated ventilation system that
ventilates the enclosed areas.

The secondary confinement system shall remain functional for all normal operations,
anticipated operational occurrences, and the DBAsit isrequired to withstand.

The secondary confinement barriers snall be designed and located to allow accessto all Sides
of enclosed equipment to facilitate equipment maintenance, inspection, installation, and
removal. Asrequired, access panels shall be provided to allow operation and observation of
equipment inside an enclosed area by personnel outside the enclosure. The secondary
confinement areas shall be equipped with sensors to detect releases of UF,from the primary
confinement boundary and provide appropriate alarms.

Penetrations of the secondary confinement barriers shall be minimized. To the extent
practical, all equipment components not functionally required to operate directly in the
presence of the UF,shall be located outside the secondary confinement. The design of
equipment that must be located within the secondary confinement area shall, to the extent
practical, allow for in-place maintenance and/or replacement. Penetrations of the secondary
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confinement barriers shall have positive sealsto prevent the migration of contamination out
of the confinement area if thereisa failure of the process system or primary confinement.

Each secondary confinement area shall be supplied ventilation air from the building
ventilation system. The area shall be provided with exhaust ventilation with sufficient
capacity to ensure an adeguately controlled ventilation flow as required in the event of a
credible breach in the secondary confinement barrier. Pressure in the compartments shall be
negative with respect to the building ventilation system.

1318-6 EFFLUENT CONTROL AND MONITORING
1318-6.1 Radioactive Salid Wade

The solid radioactive waste typically associated with a UEF that shall be considered during
the design include but are not limited to uranium contaminated waste such as alumina and
other traps, classified waste (e.g., barrier materials, failed centrifuge parts), and nonuranium
contaminated waste. Nuclear criticality safety shall be considered in the design of the
radioactive solid waste processing facility.

The major waste-handling problem will be an excess of fluoridesin solids and solutions.
Design considerations shall be given for methods that maximize recoverY and recycle of the

fluorides. Any remaining fluoride in solid waste that isto be permanently disposed of shall
be immobilized.

1318-6.2 Radioactive Liquid Waste
1318-6.2.1 Process Wastes

Theliquid radioactive wastes typically associated with a UEF that shall be considered during
the design include but are not limited to liquid decontamination and cleaning waste and

contaminated laundry wastes. Nuclear criticality safety shall be considered in the design of
the liquid radioactive waste processing facility.

1318-6.3 Effluents
1318-6.3.1 Airborne Effluents

Theairborne radioactive wastes typically associated with a UEF that shall be considered
during the design include but are not limited to contaminants in the purge cascade vent
system such as UF,and contaminantsin other process vent streams (e.g., cold recovery,
buffer seal exhaust). Nuclear criticality safety shall be considered in the design of the
airborne effluent system.

All exhaust outletsthat may contain uranium contamination shall be provided with two

monitoring %stems. These'monitoring systems shall comply with Section 1589-99.0.1,
Radioactive Airborne Effluents.
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1318-7 STORAGE FACILITIES

Stacking requirements for cylinder storage arraKs and separation distances between arrays
shall be determined before preliminary design has begun. The criterion for determination of
these parameters shall be criticality prevention and shall be considered based on the greatest
enrichment expected to be present in a given array.

arate storage areas shall be provided for " feed" cylinders, " product” cylinders, and " tails'
cylinders. In addition, different storage areas shall be provided for products with differing
enrichment assays.

UFshall be stored and transported in DOT -approved containers. Other toxic substances
jshgll be contained, stored, and transported in containersthat are standard for the chemical
industry.

The desjqr_\ professional shall consider the criteria provided in USNRC R.G. 3.13 for
applicability to UEFs.

1319 URANIUM PROCESSING AND HANDLING FACILITIES

1319-1 COVERAGE

Section 1300 General Requirements, shall apply. These requirements are in addition to the
requirements of that section and other applicable sections of these criteria, particularly those
sections numbered -99.0, Nonreactor Nuclear FacilitiesGeneral.

A UPHF is afacility that receives feed material from sources such as a conversion facility, a
reprocessing facility, or fuel/target storage material. It processes, handles, and produces
products such as UO,, UF,, - uranium metal, reactor fuel assemblies, target assemblies, and
nuclear weapons components.

This section is not process specific. It is aé)é)licable to facilities that handle and process
t

uranium; however, it isprincipally directed at facilitiesthat process and handle uranium
enriched in U-235.

1319-2 OBJECTIVES

The design objective shall be to ensure that conservatively estimated consequences of normal
operations and credible accidents are limited in accordance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposure of the Public.
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1319-3 NUCLEAR CRITICALITY SAFETY

Nuclear criticality safety shall be controlled, in decreasing Friority, by geometric spacing,
density and/or mass limitation, fried neutron absorbers, soluble neutron absorbers, and
administrative contral.

Enclosuresand material transport and transfer systems shall be designed so that enriched
uranium and moder ating material in excess of safety limits cannot be added to otherwise
criticality-safe enclosures or areas.

Process systems shall be designed to prevent the carry-over of fissile material and other
material capable of sustaining a chain reaction from geometrically favorable portions of the
facility to other areasof thefacility.

A g\{aan of positive control and backflow prevention, such asair gaps (siphon breakers),
shall be designed to prevent the inadvertent transfer of fissle material and other material
capable of sustaining a chain reaction from geometrically favorable or poisoned containersto
unsafe containers.

Process enclosure floor drains shall be designed to preclude the accumulation of fissile
material and other material capable of sustaining a chain reaction in associated traps and
piping.

lTJrll’?-ldFeSign professional shall consider the criteria provided in R.G. 3.34 for applicability to
S.

13194 SPECIAL DESIGN FEATURES

Materials of different uranium assays shall be handled in physically different trains of
equipment even though duplication of equipment results. If thisis not possible, the
equipment shall be sized for criticality control of the most restrictive condition.

A definite isotopic specification for reactor returns shall be established before facility design
isstarted for refabrication of enriched uranium that hasbeen irradiated and reprocessed.

Metallurgical processesand ceramic materials processing are the two principal types of
processes for fabrication of uranium products. The hazards associated with each of these
processes shall be considered during the design of the fire protection, ventilation, and
confinement systems. In addition, the chemical toxicity of uranium shall be considered during
the design of the facility. The design shall provide specific control and isolation of
}‘Iar{]mable, toxic, and explosive gases, chemicals, and materials admitted to the areas of the
acility.

The design shall provide space for snielding, both permanent and temporary, for personnel
and/or remote operations of equipment and processes.

The primary confinement system shall be congtructed of fire-resistant materials, and the =
process equipment and process being confined shall be designed to prevent or minimize the
probability of potential flammable or explosive conditions. Confinement enclosur es for
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flammable metals shall be designed with self-contained fire protection and extinguishing
equipment; in some cases, inert atmospheres may be desirable within the enclosures.

The design professional shall ensure that all work that could subject personnel to possible
inhalation exposuresis performed in process confinement enclosures by using appropriate
designs. Glove boxes shall be the preferred enclosure.

When glove boxes are used, their design and construction shall allow replacement of parts
and/or relocation of the box(es) within the facility or system(s) with a minimum of
contamination (see Section 1161, Enclosures).

Tothe extent practical, discrete processing steps shall be performed in individual process
confinements to reduce the amount of hazardous material capable of being released by a
single or local failure of the confinement system.

Processand auxiliary system differential pressure shall be maintained to inhibit backflow of
hazar dous materials into auxiliary systems.

All process operations that involve oxide powder or that can generate powder or dust shall
be provided with sPeuaJ confinement to prevent contamination spread. Facility design shall
preclude the handling of uranium oxidesin large open rooms.

When inert confinement system atmospheres are used, consideration shall be given to the

treatment bP/ purification and moistureremoval systems of the inert atmospheresto allow
their recirculation.

Small-volume process enclosures shall be designed to prevent the enclosed atmosphere from
being pressurized by rapid insertion of gloves into the enclosure.

Equipment design shall facilitate decontamination and appropriate interlocks to prevent
spills and cross-contamination.

LnstaJled (fixed) airborne radioactivity monitors shall have a minimum sensitivity of 8 DAC-
ours.

Safeguar ds ability should be considered in the selection of the preferred processng
alternative. Factorssuch aslocation of the facility, material holdup, vulnerability to diversion,
and ease of inventory must be evaluated.

1319-5 CONFINEMENT SYSTEMS
1319-5.1 General

The following provisions are typical for a UPHF confinement system. The actual
gon_flnement system requirements for a specific UPHF shall be determined on a case-by-case
ass.

Generally, facilitiesthat process and handle unirradiated enriched uranium usetwo
confinement systems. The primary confinement system enclosesor confinesthe uranium
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materials being fabricated and the equipment used to process the uranium. The secondary
confinement consists of the structures and associated ventilation systemsthat surround the
operating areasthat house the primary confinement system. The secondary confinement
system barriersarethose that separate the outside environment and free access areas, such
as offices and lunch rooms, from potential contamination.

1319-5.2 Primary Confinement System

The primary confinement system includes barriers, enclosur es (including their associated
ventilation or atmosphere control systems), and process piping and vessels. Its principal
function isto prevent the release of hazardous substances into the operating areas.

Theintegrity of the primary confinement system shall be ensured for all normal operations,
anticipated operational occurrences, and for the DBAsit is re(?u_lred to withstand. Breaches
of the primary confinement barrier (e.g., due to glove or seal failure) are acceptable if the
off-gas treatment system is capable of maintaining an adequate inflow of air for the specified
breach size and location. Some portions of the primary confinement may not form a
complete physical enclosure. For these, the primary confinement function shall be ensured by
adequateair flow and appropriate process equipment design.

If needed, conveyors shall be used to inter connect ?Iove boxes or other primary confinement
enclosuresto minimize introduction and removal of materials from the system. The primary
confinement system criteria shall be applied to these interconnections.

Special design features shall be considered to ensure safe introduction and removal of
materials from process confinements.

All process vessels that amid contain uranium shall vent to the process off-gas system,
which, in turn, shall pass through pretreatment, if needed, and HEPA filtration.

Threetypes of metallurgical processes require special ventilation considerations.
e Processesthat usevolatile or easly entrained organic liquids

s Processesthat produce either finely divided particles of metal or small metal chips
s Processesthat use corrosive chemicals (e.g., acids, perchlorates)

Thefirst type of process shall have ventilation that provides sufficient air movement around
the process area to prevent exposure of personnel to the hazardous liquid or vapor. The
design shall incorporate roughing filtersand/or other tyﬁes of traps to remove entrained
organic liquid droplets from the process off-gas befor e the off-gas enters the main ventilation
ducting toPrevent ventilation ducts from becoming coated with the organic, and thus,
creating afire hazard.

The second type of process shall have the same kind of front-end ventilation adaptations as
for hazardous vapors and liquids to prevent metal accumulationsin the off-gas ducting or in

the final filtration train#s). Roughing filters or centrifugal separators may be sufficient to
remove metal particles from the off-gas.
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The third type of process shall use off-gas scrubbers to preclude the possibility of damage to
the exhaust air cleaning system (e.g., HEPA filtration train).

Metallurgical processing equipment shall have dedicated ventilation systemsthat exhaust toa
common, final filtration train. If airborne particle captureisrequired, a high linear velocity
will _ble necessary to ventilate these process areas due to the greater densities of metal
particles.

Ceramic processes involve oxide powder that is finely divided The exposure of Fersonne_l to
the powder inhalation hazard shall be prevented. Even processesthat handle bulk ceramics
such as pellets are not dust-free operations, and thus, adequate ventilation shall be required.

1319-5.3 Secondary Confinement System

The secondary confinement system generally consists of the confinement barriers and
associated ventilation systemsthat surround or confine the operating areas that house the
process system and its primary confinement.

The secondary confinement system shall remain functional during normal operations and
ar_ltrllupa(tjed operational occurrences, and during and following the DBAs it isrequired to
withstand.

The operating area compartments shall have sensorsto detect releases of hazardous materials

from the primary confinement system and provide appropriate alarms. Commensurate with
the potential hazard, consideration shall be given to the use of redundant sensors.

Penetrations of the operating area confinement barriersshall be minimized. When practical,
all equipment components not functionally required to operate directly in the presence of
radioactive materials shall belocated outside the operating area compartments. Al
penetrations of the secondary confinement shall have positive seals to prevent the migration
of contamination out of the operating area.

Each secondary confinement compartment shall be supplied with ventilation air from the
building ventilation system and shall have exhaust ventilation with sufficient capacity to
‘ensure an adequately controlled ventilation flow as required in the event of a credible breach
in the operating compartment confinement barrier. Pressure in the compartments shall be
negative with respect to the building ventilation system.

1319-6 EFFLUENT CONTROL AND MONITORING
1319-6.1 Radioactive Solid Waste
The solid radioactive wastes typically associated with UPHFsthat shall be considered during

the design include but are not limited to uranium, uranium-contaminated solid waste and
nonrecoverable scrap (eg., prefilters, HEPA filters, used gloves). In addition, there will be
general processtrash (e.g., waste, paper, plastic bags). Nuclear criticality safety shall be

considered in the design of the radioactive solid waste processing facility.
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1319-6.2 Radioactive Liquid Waste

Theliquid radioactive wastes typically associated with UPHFs that shall be considered during
the design include but are not limited to uranium-contaminated liquid waste and
nonrecoverable scrap (e.g., liquid filter sudge, wet grinding effluent, contaminated solvents,
contaminated ail), and contaminated laundry waste. Nuclear criticality safety shall be
considered in the design of the liquid radioactive waste processing facility.

1319-6.3 Effluents
1319-6.3.1 Airborne Effluents

Theairborne radioactive wastes typically associated with UPHFs that shall be considered
during the design include but arenot limited to airborne particulate material generated by
fabrication processes (e.g., airborne grinding dust). Nuclear criticality safety shall be
considered in the design of the airborne effluent system.

All exhaust outlets that may contain uranium contamination shall be provided with two
monitoring systems. These monitoring systems shall be comply with Section 1589-99.0.1,
Radioactive Airborne Effluent.

1319-7 DECONTAMINATION AND DECOMMISSIONING

The UPHF design shall include a special, permanent decontamination process capability in a
dedicated areathat isfurnished with the appropriate equipment and utilities for
decontamination of tools and equipment.

1319-8 STORAGE FACILITIES

Storage of enriched uranium shall comply with the storage requirements of Section 1306,
Unirradiated Enriched Uranium Storage Facilities.

1320 |IRRADIATED FISSILE MATERIAL STORAGE FACILITIES

1320+ COVERAGE

Section 1300, General Requirements, shall appIY. These requirements are in addition to the
requirements of that section and other apf)llcab e sections of these criteria, particularly those
sections numbered -99.0, Nonreactor Nuclear FacilitiesGeneral.

|FM SFs are self-contained installations for storage of highly radioactive fissile material (e.g.,
spent fuel and target elements) that has been exposed to a neutron fluence usually in a
nuclear reactor. Theirradiated material isproperly clad or canned when received such that
leakage from the assemblies is minimized and remains within specified limits. The [FM SF
storesthe material in a manner that ensures the integrity of the cladding or canning. The
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stored material isshipped to facilities such asa reprocessing facility, hot laboratory, or high-
level solid radioactive waste facility.

This section appliesto a water pool type or dry type of storage facility. Spent fuel storage
Lacigg%s tSQzéltsaErpe part of a reactpor fagili)ity arenot covered by this %ct?/on. They are covered
y 6.

These criteria shall be ap;glied in the planning and design of new or modification of existing
IFM SFsto contain [FM. They do not apply to in-process or in-use materials.

13202 OBJECTIVES

The design objective shall beto ensurethat conservatively estimated consequences of normal
operations and credible accidents are limited in accor dance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposure of the Public.

1320-3 NUCLEAR CRITICALITY SAFETY

Favorable geometry, asimplemented by storagerack design, isthe preferred method of
implementing nuclear criticality safety. When fixed neutron absorbers are used, the rack
design shall include provisionsto verify the absorber’s continual efficacy and to prevent their
inadvertent removal by mechanical or chemical action. Storage racks shall be designed as
safety classitemsand shall their integrity during and following a DBA.

1320-4 SPECIAL DESIGN FEATURES

To ensure that adequate water is available to cool and shield the stored IFM, the pool shall
be designed as a safety classstructureand structural integrity ensured following a DBE.

The coding waler system for a water pool type | FMSF shall perform itsrequired functions
during normal and anticipated operating conditions, and shall be capable of limiting the
maximum pool temperatureto 110°F.

For awater pool type facility, the cooling water system shall be designed as a safety class
system unlessthereis a safety class emergency sour ce of makeup water for the storage pool
and it can be demonstrated that, under emergency conditions, the pool structure can
withstand the stresses imposed by the loss of cooling (i.e., bailing of pool water) and the
integrity of the stored IFM isnot affected. If the emergency makeup system is not
permanently installed, the time required to implement its operation shall be less than the
time required to lower the pool water level to the minimum allowable depth or raise the
pool temper ature to bailing.

A pool water cleanup system shall be provided to maintain water clarity, ensurelong-term
cladding integrity, ensure structural integrity of the storage racks and other submerged
structures, and maintain exposur e rates and air bor ne contamination levels on the operatinﬁ
floor within the guidelines specified in DOE 5480.11. In addition, to the extent practical, the
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design of this system shall use ALARA principles to minimize overall exposures and
contamination levels.

The piping configuration for the pool cooling water and cleanup system shall be designed to
eliminate thesﬁpssblllty of siphoning the pool water to a level below the minimum depth
required for shielding and/or cooling.

To the extent practicable, passive cooling means shall be used at dry type storage facilities. If
a cooling water jacket or air system is provided to ensure an acceptable temperature of the
stored material within the dry type storage facility, it shall be designed as a safety class
system.

The design professional shall consider the following:

» Filterscapable of being either remotely backflushed or designed so that cartridges can be
removed directly into a shielded container

= Instrumentation for periodic functional testing of the pool water cleanup system
performance

» Instrumentation for periodic functional testing of the heat exchanger (9).

A system shall be incorporated into the design that can detect leakage from stored [FM in
the event of a cladding or canning failure that could allow the escape of fission products and
?tner radioactive material greater than specified limits. This system shall include the
ollowing:

s Thesystem shall allow for the sampling of coolant such that an individual leaking
assembly can be identified.

» System components, piping, and instrumentation shall be appropriately shielded to
maintain operator exposures within the guidelines specified in DOE 5480.11 and shall
use ALARA design principles to minimize overall exposures.

= The storage facility shall contain provisionsthat allow the temporary storage of a leaky
assembly. These provisions shall limit the spread of contamination by a leaky assembly
and provide adequate cooling and shielding of the assembly.

s Thedesign professional of the IFMSF shall consider provisions that allow for the
interim canning of leaking assemblies until disposal.

The design professional shall consider the criteria provided in 10 CFR 72 and the following
guidesfor applicability to |FM SFs.

« RG.349
» RG.3Y4
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1320-5 CONFINEMENT SYSTEMS
1320-5.1 General

Thefollowing provisionsaretypical for alFMSF confinement system. The actual

Bon_finement system requirements for a specific IFMSF shall be determined on a case-by-case
asis.

In %eneral, the primary confinement shall be the IFM cladding or canning. Secondary
confinement shall be established by the facility buildingsthat enclose the dry storage area
and/or the storage pool and auxiliary systems.

1320-5.2 Primary Confinement System

The IFM cladding or cans, as appropriate, shall provide primary confinement during normal
and anticipated operational occurrences.

The|FM cladding or canning shall be designed to provide a corrosion-resistant confinement
for thelFM material to prevent an uncontrolled release of radioactive material.

Special design features shall be considered to ensure safe Ioadin?, removal, and handling of

IFM. These systems and eguipment shall be designed as safety classitemsand shall protect

against the dropping of shipping casks, |FM assemblies, and other itemson the stored IFM.

In water pool type facilities, damage to the pool during loading and unloading operations

shall not allow the pool level to drop below the minimum allowable depth. Consideration

ghall Eﬁ given to featuresthat will prevent breaching the pool integrity if a shipping cask is
ropped.

1320-5.3 Secondary Confinement System
The facility building and ventilation make up the secondary confinement system.

The secondary confinement system shall be designed to function during normal operations
and anticipated operational occurrences. It shall also be capable of performing its necessary
safety functions during and following the DBASsit isrequired to withstand.

Penetrations of the secondary confinement barrier shall have positive sealsto prevent the
m|g1r ation of contamination. The use of positive seals shall be considered for penetration of
enclosures within the facility building to ensure the proper ventilation flow paths and
prevent the uncontrolled migration of contamination.

Ventilation Csjystemsshall providefor inlet air filtration (roughing filters) for the main:
storage building to prevent dust accumulation, thus reducing theload on other filtersin the
facility. Recirculated air in the main storage building shall befiltered through a HEPA filter
to reduce the buildup of radioactive material in theair. Areaswith higher potential airborne
radioactive contamination (e.g., POOl water purification and waste treatment system areas)
shall use only once-through air flow. Supply air to these facilities shall be drawn from the
main storage building if such design isfeasible. Exhaust air shall be HEPA filtered prior to
release. If safety analysisindicatesthat the guidelines specified in Section 1300-1.4.2,
Accidental Releases, could credibly be violated dueto a release of radioiodine from a DBA.
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1320-7 DECONTAMINATION AND DECOMMISSIONING

Decommissioning of the IFMSF is of utmost importance. The facility design shall include
features that will facilitate decontamination for future decommissioning.

For water pool tylpefacilities, the design professional shall consider providing the pool liner
with a leakage collection system that will allow leakage detection and limit absor ption of
contaminated pool water by concrete structures.

1321 REPROCESSING FACILITIES

1321-1 COVERAGE

Section 1300, General Requirements, shall apply. Theserequirementsarein addition to the
requirements of that section and other apf)llcab e sections of these criteria, particularly those
sectionsnumbered -99.0, Nonreactor Nuclear Facilities-General.

A reprocessing facility recovers uranium, plutonium, and other selected actinides, and
selected fisson products from irradiated fissle fuel material and target material, and
separates them from each other and from any remaining actinides and fission products.

1321-2 OBJECTIVES

The design objective shall be to ensure that conservatively estimated consequences of normal
operationsand credible accidents are limited in accor dance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposure of the Public.

1321-3 NUCLEAR CRITICALITY SAFETY

Process systems shall be designed to prevent the carry-over of sudges, fines, or precipitates
of fissile material and other material capable of sustaining a chain reaction from
geometrically favorable portions of the facility to other areas of the facility (e.g., from a
uranyl nitrate concentrator to the acid recovery system).

A system of positive control and backflow prevention, such asair gaps ésiphon breakers),
shall be provided to prevent inadvertent transfer of fissle materialsand other material

capable of sustaining a chain reaction from geometrically favorable or poisoned containersto
unsafe containers.

Heating or cooling jacketsin the favorable dimension of geometrically favorable vessels shall
beincorporated into the design to preclude a leak in the jacket causing an unacceptable
reduction of the margin of subcriticality.
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Sumps shall be designed so that nuclear criticality safety isensured if a credible mechanism
existsfor accumulating fissle material or other material capable of sustaining a chain
reaction (e.g., dueto leakage from or failure of the primary confinement boundary).

Structures, systems, and components whose failure could in any way result in a criticality
?hﬁll bedes rI]BGICEj as safety classitemsand shall be capable of providing their function
ollowing a DBE.

The design professional shall consider the criteria provided in R.G. 3.33 for applicability to
reprocessing facilities.

1321-4 SPECIAL DESIGN FEATURES

Process system and auxiliary system differential pressure shall be maintained to inhibit
backflow of contamination into auxiliary systems.

The process equipment for transferring toxic and corrosive fluids shall use vacuum and

gravity where possible. Pumpsand jets shall have pressure capacity no greater than 10
percent above needed transfer capacity.

Theintegrity of process equipment off-gas treatment systems shall be ensured for normal
opehratlogs, anticipated operational occurrences, and the DBAsthey arerequired to
withstand.

The use of directed airflow and backflow preventersto feed areas (i.e., shear and dissolver
areas) is required.

Mechanical chopper and dissolver off-gasand other process vents shall be treated by an off-
as treatment system for removal of nuclides. As a minimum, the treatment system shall be
esigned for particulate removal and shall control the release of airborneradionuclidesto

the extent that the guidelines referenced in Section 1300-1.4.3, Routine Releases, are not

exceeded. In addition, the design shall incorporate ALARA concepts to minimize impacts on
operators and the public/environment.

Radioiodine adsorber unitsin the exhaust ventilation/off-gas system arerequired to reduce
the radioiodine concentration in the effluent to the extent that the guidelines ﬁ)emﬂed in the
references. listed in Section 1300-1.4.3, Routine Releases, are not exceeded. Additionally,
E\I_S%egel%a%els shall be ALARA. Acceptable criteria for the design of these units are found in

To reduce the amount of hazardous material capable of being released by a single or local
failure of the process equipment, the following design provisions shall be consider ed:

« Grouping or compartmentalizing process equipment to form unitsthat can isolate the
process inventory into modular units

« Provisionsfor the capability to detect leakage from process equipment
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« Seection of the method (e.g., manual, remote-manual, or automatic) of performing

cor rective actions (e.g., process shutdown) accor ding to the potential hazar ds associated
with a particular release

Design featuresthat shall be considered to ensure maintenance of the principal confinement
systemsinclude the following:

» Theuseof electrical equipment that precludes or minimizes the introduction of an
ignition sourcein flammable or potentially flammable locations

» Measuresto ensurethat operation of support and protection systems such asafire
protection system do not promote the failure of the principal confinement systems

» Provisions for sprinklers, water fog, or other suitable systems within the secondary
confinement to provide for rapid heat removal and minimum pressurization of the
process cell or canyon and to minimize the loading of ventilation system filterswith
combustion products

Process equipment shall be designed to operate under process conditions that prevent or
minimize the probability of potentially explosive chemical reactions (e.g., solvent vapor
explosions, nitrate-solvent reactions).

Process system design shall include provisionsfor all fission product oxidation states expected
durmngrocng (e.g., suppression of the volatilization of ruthenium, the prevention o
iodate formation).

Systems shall be provided to minimize the probability and consequences of pressurizing a
primary confinement component asa result of an anticipated operational occurrence or
DBA.

Thedesign professional shall consider the criteria provided in the following USNRC
Regulatory Guides for applicability to reprocessing facilities.

« RG34
« RG.317
« RG.320
» RG.322

« RG327
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1321-5 CONFINEMENT SYSTEMS
1321-5.1 General

Thefollowing provisions are typical for areprocessing facility confinement system. The
actual confinement system requirements for a specific reprocessing system shall be
determined on a case-hy-case basis.

The degree of confinement required in various locations of the facility depends on the
potential hazards associated with the process being carried out and shall suit the most
restrictive case anticipated. Consideration shall be given to the characteristics of the
hazardous material involved such as type, quantities, physical and chemical forms,
dispersibility, and energy available for dispersion.

In agfeneral, for the most restrictive case anticipated, the use of three confinement systems
shall be considered. In reprocessing facilities wher e the processes require the use of corrosive
or noxious materials, the process system shall be totally enclosed and provided with its own
vent system and off-gas cleanup system. In such cases, the process system shall be treated as
the primary confinement system. Secondary confinement shall be the process cellsand their
ventilation system. Thetertiary or final confinement shall be the building structure and its
ventilation system. In addition to these principal confinement systems, features such as
change rooms and special access ways shall be used to minimize the spread of contamination
within the facility.

The effectiveness of each confinement barrier shall be checked analytically against all
challengesiit is expected to withstand without loss of function. This applies to any form of
the hazardous material (gas, liquid, or solid) and its carrying medium (i.e., airborne or
spilled in aliquid).

In addition, the design professional shall consider the criteria provided in the following
guides for applicability to reprocessing facilities:

« RG.318
= RG.3R
1321-5.2 Primary Confinement System

The primary confinement system consists of process systems equipment and its associated off-
gas system.

Theintegrity of the primary confinement system shall be ensured for all normal operations,
anticipated operational occurrences, and for the DBAsit isrequired to withstand.

Failures of process equipment shall not cause failure of the secondary confinement system.

The process equipment shall be designed to operate under process conditions that prevent or
minimize the probability of potential explosive chemical reactions.
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1321-5.3 Secondary Confinement System

The secondary confinement system consists of the process cell barriers and the ventilation
systems assoclated with the cells.

The secondary confinement shall be designed to remain functional during normal operations
and anticipated operational occurrences. It shall be capable of performing its necessary safety
functions during and following the DBAs it isrequired to withstand.

Secondary confinement areas shall be equipped with sensorsto detect abnormal releases of
hazardous material from the primary confinement boundary and provide apﬁropnate alarms.
Commensurate with the potential hazard, consideration shall be given to the use of
redundant sensors.

All penetrations of the secondary confinement shall have positive seals to prevent the
migration of contamination out of the secondary confinement area.

The ventilation system shall be designed to maintain a negative differential pressure during
the removal of cell coversand for normal in-leakage at cell cover joints.

Process cells shall be supplied ventilation air from the building ventilation system, and shall
have exhaust ventilation with sufficient capacity to ensure an adequate controlled ventilation
flow asrequired in the event of a credible breach in the secondary confinement barrier.
Pressure in the compartments shall be negative with respect to the building ventilation

sKstem. Special features (e.g., air locks, enclosed vestibules) shall be considered for access
through secondary and tertiary confinement barriers.

1321-5.4 Tertiary Confinement System
1321-54.1 General

The process building and associated ventilation system compose the tertiary confinement
system.

Thet_ertiz(rjy confinement system shall be designed to function during normal operations and
anticipated operational occurrences. It shall be capable of Jaerformmg its necessary functions
during and following the DBAs it is required to withstand.

The tertiary confinement shall be designed to ensure that it can withstand the effects of
severe natural phenomena and man-made events, including the postulated DBAs and DBF
initiated by those events, and remain functional to the extent that guidelinesin Section 1300-
1.4.2, Accidental Releases, are not violated.

1321-5.4.2 Penetrations

Penetrations of the building confinement barriers shall have positive sealsto prevent the
migration of contamination.
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1321-6 EFFLUENT CONTROL AND MONITORING
1321-6.1 Radioactive Solid Waste

The solid hazardous wastes typically associated with reprocessing facilities that shall be
considered during the design include but are not limited to fuel cladding hulls, iodine
adsorber waste (e.g., charcoal, silver zeolite), filter media, nontransuranic waste ﬁe.g., waste
dryer solids, nonfuel bearing components), and general trash (e.g., P e, rags, gloves).
Nuclear criticality safety shall be considered in the design of the soli

processing facility.

radioactive waste

1321-6.2 Radioactive Liquid Waste
1321-6.2.1 Process Wastes

The liquid hazardous wastes typically associated with reprocessing facilities that shall be
considered during the design include but are not limited to fir st-cycle co-decontamination
waste, concentrated second- and third-cycles waste, general concentrator bottoms, iodine
scrubber waste (e.g., sodium hydroxide, silver mtrate()J and contaminated laundry waste.
Nuclear criticality safety shall be considered in the design of theliquid radioactive waste
processing facility.

1321-6.3 Effluents
1321-6.3.1 Airborne Effluents

The airborneradioactive effluents typically associated with reprocessing facilities that shall be
considered during the design include but are not limited to dissolver off-gas, process vessel
vents, and high-level liquid radioactive waste collection and storage tank vents. Effluent
system designs shall preclude the holdup or collection of fissile material and other material
capable of sustaining a chain reaction in pinions of the system that are not geometrically
favorable. Nuclear criticality safety shall be considered in the design of airborne radioactive
effluent systems.

All exhaust outletsthat may contain transuranicsor fisson products shall be provided with
two monitoring systems. These monitoring systems shall comply with Section 1589-99.0.1,
Radioactive Airborne Effluents.

1321-7 DECONTAMINATION AND DECOMMISSIONING

Thefacility shall include a special, permanent decontamination process capability in a
dedicated area that has the appropriate equipment and utilities for decontamination of all or
as much equipment as practical.
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1322 URANIUM CONVERSION AND RECOVERY FACILITIES
1322-1 COVERAGE

Section 1300, General Requirements, shall apply. These requirementsare in addition to the
requirements of that section and other api)llcab e sections of these criteria, particularly those
sections numbered -99.0, Nonreactor Nuclear Facilities-General.

Uranium conversion facilitiesreceive feed materialssuchas ~ UF,, uranyl nitrateor  UO,,
process these materials chemically and produce uranium metal, UO? and UF. Uranium
recovery facilities receive and handle scrap feed materialsthat are of different types, shapes,
Sizes, uranium contents, and enrichments. The kind of scrap and therefore the process to
facilitate recovery of uranium may vary asfrequently asdaily. This section isnot process-
specific. It isprincipally directed at facilities that produce productsthat arc feed materials
for uranium processing and handling facilities and those facilities that receive scrap from
uranium process and handling facilitiesfor the purpose of recovering the uranium.

1322-2 OBJECTIVES

The design objective snall be to ensure that conservatively estimated consequences of normal
operations and credible accidents are limited in accordance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposure of the Public.

1322-3 NUCLEAR CRITICALITY SAFETY

Enclosures and material transport and transfer systems shall be designed so that enriched
uranium and moder ating material in excess of posted limits cannot be added to these
enclosures or areas.

Process systems shall be designed to minimize the carry-over of fissile material and other
material capable of sustaining a chain reaction from geometrically favorable portions of the
UCRF to other areasof the UCRF.

A system of OPositive control and backflow prevention, such asair gaps (sphon breakers), to

prevent inadvertent transfer of fissile material and other material capable of sustaining a

gham lregecélon from geometrically favorable or poisoned containersto unsafe containers shall
e included.

Process enclosure floor drains shall be designed to preclude the accumulation of fissile
material and other material capable of sustaining a chain reaction in associated traps and
piping.

For uranium conversion facilities and UF.feed cylinders containing low enriched uranium, a
criticality event isunlikely, but shall be considered. For high enriched uranium, nuclear
criticality safety provisions shall be achieved bly favorablg(?eomet_ry and minimization of
neutron moderation. Favorable geometry shall be achieved by cylinder/vessel size and shape,
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limiting the number of cylindersivessels that can be stacked in a single array, and establishing
a minimum distance between arrays.

Nuclear criticality safety geometric restrictions shall be the major consideration in the design
of the principal processing equipment units.

For auranium recovery facility, nuclear criticality safety control ismore complex because of
the variety of materials and greater range of both uranium concentration and total mass of
uranium that can be contained in the scrap. Therefore, administrative controls must be
implemented to augment the limitations of design contrals.

Bré%?:eggn professional shall consider the criteria provided in R.G. 3.34 for applicability to
S.

1322-4 SPECIAL DESIGN FEATURES
1322-4.1 General

The design shall provide special control and isolation of flammable, toxic, and explosive
gases, chemicals, and materials admitted to the areas of the facility.

Tothe extentdpractical, the primary confinement system shall be constructed of fire-resistant
materials, and the process equipment and process being confined shall be designed to
prevent or minimize the probability of potential flammable or explosive conditions.
Confinement enclosurestor flammable metals shall be designed with self-contained fire
protection and extinguishing equipment; in some eases, inert atmospher es may be desirable
within the enclosures.

The design snall ensure that all work that could subject personnel to possible inhalation
exposuresis performed in process confinement enclosures. Glove boxes shall be the preferred
enclosure, but are not always practical. Alternative systems may have to be consider ed.

When glove boxes are used, their design and construction snall be such asto allow
replacement of parts and/or refocation of the box(es) within the facility or system(s) with a
minimum of contamination or exposure.

Tothe extent practical, discrete processing steps shall be performed in individual process
confinements to reduce the amount of hazardous material capable of being released by a
single or local failure of the confinement system.

Process and auxiliary system differential pressure shall be maintained to inhibit backflow of
hazar dous materials into auxiliary systems.

Equipment design shall facilitate decontamination and shall include appropriateinterlocksto
prevent spills and cross-contamination.

The design of process systems shall minimize the production of scrap and waste.
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Commercially available, standard equipment with necessary modifications shall be used
whenever possible.

Geometric restrictions for nuclear criticality safety shall be applicable to various units of
equipment for the different processes used. In addition, other considerations such as
provision for sufficient agitation in a process vessel to prevent uranium material from
settling out shall be considered for nuclear criticality safety.

L eakage of enriched uranium material from processing equiPment shall be prevented. Design
considerations shall include, but not be limited to, the use of corrosion-resistant materials of

construction and features less vulnerable to leakage, e.g., of flanged and/or welded
congtruction.

Use of thermal insulation on the equipment that processes uranium solutions of high
enrichment shall be minimized because it absorbs the solution in the event a leak occurs.
The uranium-impregnated insulation would be subject to scrap recovery operations. Because
theinsulation isconsidered asa “full reflector,” the equipment together with the insulation
may not be geometrically favorable for highly enriched uranium solutions.

Storage tanks for aqueous solution of enriched uranium shall be designed to ensure
favorable geometry with respect to nuclear criticality safety. Wherethereisa tendency for
solids to precipitate, vessels shall be instrumented to detect settling of solids and be designed
to facilitate periodic removal of solids.

1322-4.2 Uranium Conversion Facilities

Piping s?/stems, surge vessels, and control instruments with associated piping that carry UR
gas shall be equEed with heat tracing or heated enclosures wherever necessary to prevent
solidification of UF  Steam may be used as the primary heating agent where low-enrichment
material (lessthan or equal to 2 percent uranium-235) isinvolved. At higher enrichments, a
dry radiant heat source shall be the preferred means of supplying the heating requirements.

1322-4.3 Uranium Recovery Facilities

The design of a uranium recovery facility shall be approached on a case-by-case basis, and
shall consider all possible forms of scrap and different assays of material that could be
received for processing and all possible methods that could be used for enriched uranium
recovery.

Materials of different uranium assays shall be handled in physically different trains of
equipment even though duplication of equipment results. If thisis not possible, the
equipment shall be sized for criticality control of the greatest uranium enrichment.

For enriched uranium that has been irradiated and reprocessed a definitive isotopic
specification for the uranium shall be adopted before facility design is begun.

In addition to provisionsfor handling uranium and other radioactive materials such astrace
quantities of fission productsand transuranics, the design shall provide for the safe handling
of other hazardous materials (e.g., acids, bases, organic solvents, fluorine, hydrogen, hydrogen
fluoride, and magnesium) used or generated during recovery oper ations.



DOE_6430.1A Special Facilities
4-6-89 Page 13-95

1322-5 CONFINEMENT SYSTEMS
1322-51 General

The following provisions are considered typical for a UCRF confinement system. The actual
confinement system requirements for a specific UCRF shall be determined on a case-by-case
basis. Generally, UCRFs use two confinement systems. The primary confinement system
encloses or confines the uranium materials being processed and the materials used to process
the uranium. The secondary confinement consists of the structures and associated ventilation
systemsthat surround the operating areas that house the primary confinement system. The
operating areas shall include those areas that are not normally expected to become
contaminated. The secondary confinement system barriersare those that separate the outside
environment and free access areas, such as offices and lunch rooms, from potential
contamination.

1322-5.2 Primary Confinement System

The primary confinement system consists of barriers, enclosures, including their associated
ventilation or atmosphere control systems, process piping and vessels, and so forth. Its
principal function isto prevent the release of hazardous substances into the operating areas.

The integrity of the primary confinement system shall be ensured for all normal operations,
anticipated operational occurrences, and for the DBAsit is re?uwed to withstand. Breaches
of the primary confinement barrier (e.g., due to glove or seal failure) are acceptable if the
off-gas treatment system is capable of maintaining an adequate inflow of air for the specified
breach size and location. Some portions of the primary confinement may not form a
complete physical enclosure. For these, the primary confinement function shall be ensured by
adequateair flow and appropriate process equipment design.

If needed, conveyors shall be used to interconnect ?Iove boxes or other primary confinement
enclosures to minimize introduction and removal of materials from the system. The primary
confinement system criteria shall be applied to these interconnections.

Special design features shall be considered to ensure safe introduction and removal of
materials from process confinements.

All process vessels that could contain uranium shall be vented to the process off-gas system,
which shall route off-gas through pretreatment, if needed, and HEPA filtration. Typical
pretreatment systems include features such as cyclone dust collection systems, different types
of filters, cold traps, liquid condensers, solvent adsor ption systems, and aqueous solution
scrubbers. Nuclear criticality safety shall be considered during the design of the pretreatment
and HEPA filtration systems.

1322-5.3 Secondary Confinement System

The secondary confinement system generally consists of the confinement barriersand
associated ventilation systemsthat surround or confine the operating areas that house the
process system and its primary confinement.
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The secondary confinement system shall be designed to remain functional during normal
operations and anticipated operational occurrences. It shall be capable of performing its
necessary safety functions during and following the DBAsit isrequired to withstand.

The operating area compartments shall be equipped with sensorsto detect releases of
hazardous materials from the primary confinement system and provide appropriate alarms.
Commensurate with the potential hazard, consideration shall be given to the use of
redundant sensors.

Penetrations of the operating area confinement barriers shall be minimized. When practical,
all equipment components not functionally reci]uired to operatedirectly in the presence of
radioactive materials shall be located outside the operating area compartments. All
penetrations of the secondary confinement shall have positive sealsto prevent the migration
of contamination out of the operating area.

Each secondary confinement compartment shall be supplied with ventilation air from the
building ventilation system. Exhaust ventilation shall be handled by a system with sufficient
capacity to ensure an adequately controlled ventilation flow asrequired in the event of a
credible breach in the operating compartment confinement barrier. Pressure in the
compartments shall be negative with respect to the building ventilation system. The
secondary confinement exhaust ventilation system shall be equipped with HEPA filtration.

1322-6 EFFLUENT CONTROL AND MONITORING
1322-6.1 Radioactive Solid Waste

The solid radioactive wastes typically associated with UCRFs that shall be considered during
the design include but are not limited to uranium, uranium-contaminated solid waste, and
nonrecoverable scrap (e.g., prefilters, HEPA filters, used gloves). In addition, there will be
the general process trash %e.(};]., waste, paper, F_Iasnc bags). Nuclear criticality safety shall be
consdered in the design of the radioactive solid waste processing facility.

1322-6.2 Radioactive Liquid Waste

The liquid radioactive wastes typically associated with UCRFs that shall be considered during
the design include but are not limited to uranium-contaminated liquid waste and
nonrecover able scrap eée.g., liquid filter sludge, effluent contaminated solvents, contaminated
oil), and contaminated laundry waste. Nuclear criticality safety shall be considered in the
design of the liquid radioactive waste processing facility.

1322-6.3 Effluents
1322-63.1 Airborne Effluents

The airborne radioactive wastes typically associated with UCRFs that shall be considered
during the design include but are not limited to airborne particulate material generated
during processing (e.g., airborne grinding dust) and vapors and gases used or generated
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during the processing. Nuclear criticality safety shall reconsidered in the design of the
airborne effluent systerm.

All exhaust outlets that may contain uranium shall be é)rovided with two monitoring systems.
These monitoring systems shall comply with Section 1589-99.0.1, Radioactive Airborne
Effluents.

1322-7 DECONTAMINATION AND DECOMMISSIONING

Thefacility shall include a special, permanent decontamination process capability in a

dedicated area that has the appropriate equipment and utilities for decontamination of
equipment.

1322-8 STORAGE FACILITIES

The storage requirements of Section 1306, Unirradiated Enriched Uranium Storage Facilities,
shall be considered for the storage of enriched uranium.

1323 RADIOACTIVE LIQUID WASTE FACILITIES

1323-1 COVERAGE

Section 1300, General Requirements, shall apply. These requirements are in addition to the
requirements of that section and other applicable sections of these criteria, particularly those
sections numbered -99.0, Nonreactor Nuclear Facilities-General.

RLWFs are used to store, treat, and dispose of the range of liquid wastes generated by DOE
nuclear facilitiesand reactor facilities. This waste includes low-level, high-level, and
transuranic-contaminated (to include enriched uranium and uranium-233) liquid waste. These
radioactive liquid waste facilities may be separate facilities or they may be an adjunct to
another type of a nuclear facility (e.g., a high-level waste processing line associated with a
reFroc ng facility). The environmental, and safety, and health concernsto be addressed to
fulfill the design requirements for these facilities vary significantly according to the natur e of
tHe }Na,T_e, the waste management techniques that are implemented, and the characteristics of
the facility site.

1323-2 OBJECTIVES

The design objective shall be to ensure that conservatively estimated consequences of normal
oper ations and credible accidents are limited in accordance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposure of the Public.
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1323-3 NUCLEAR CRITICALITY SAFETY

Nuclear criticality safety at radioactive liquid waste facilities is applicable to those facilities
that store or process enriched uranium, uranium-233 or transuranic-contaminated liquid
waste. For other radioactive liquid waste facilities, nuclear criticality safety is not a design or
operational consideration.

Nuclear criticality control provisions for a radioactive liquid waste facility shall include the
following:

» Radioactive liquid waste process systems shall minimize the carry-over of dudges, fines,
or precipitates of fissile material and other material capable of sustaining a chain
reaction from geometrically favorable portions of the facility to other areas of the facility
(e.g., from a waste concentrator or evaporator to the low-level storage system).

« A system of positive control and backflow prevention, such as air gaps (e.g., Siphon
breakers), shall prevent inadvertent transfer of fissile materials and other material
capable of sustaining a chain reaction from geometrically favorable or poisoned
containers to unsafe containers.

» Heating or cooling jackets in the favorable dimension of geometrically favorable vessels
shall preclude a leak in the jacket that causes an unacceptable reduction of the margin
of subcriticality.

s Process enclosures and floor drain designs shall preclude the accumulation of fissile
material and other material capable of sustaining a chain reaction in the associated traps
and piping (e.g., dams and drain plugs).

» Sumps shall be designed for nuclear criticality safety if a credible mechanism exists for

accumulating fissile material and other material capable of sustaining a chain reaction
(e.g., due to leakage from or failure of the primary confinement boundary).

1323-4 SPECIAL DESIGN FEATURES
1323-4.1 General

The use of multiple barriers shall be emphasized when necessary to restrict the movement of
radioactive liquid waste that has the potential for human contact or for reducing
groundwater quality below the requirements in DOE 5400.1.

1323-4.2 Collection Systems

Measurement capability shall be provided to determine the volume and radioactivity of
wastes fed to collection tank(s).

Individual lines shall be used for each waste stream fed to central collection tanks, where
necessary, to prevent chemical reactions or introduction of contaminants such as complexing
agents that could interfere with waste decontamination.
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The use of trapsin radioactive liquid waste lines shall be avoided, and piping shall be
designed to minimize entrapment and buildup of solidsin the system.

Bypgesgesthat would allow waste streams to be routed around collection tanks shall be
avoided.

1323-4.3 Storage and Transfer Systems

Equipment, waste routing, and spare storage volume shall be installed and available to
transfer the contents of one tank to another if a tank shows indications of excessive leakage
or other conditionsthat warrant taking the tank out of service. The minimum spare volume
shall exceed the maximum liquid content of any one tank.

Provisions shall be made so that liquids can be analyzed prior to transfer.
All transfer lines shall have individual identification.
132344 Treatment Systems

Basic liquid waste treatment concepts include volume reduction, immobilization of
radioactive material, change of composition, and removal of radioactive material from waste.
The waste treatment concept(s) for a particular application shall be selected on a case-by-
case basis. To the extent practical, however, features shall be included to allow volume
retzlluqtion and/or waste solidification (immobilization) to formsrequired for long-term
isolation.

Provisions shall be made to adjust liquid waste characterigtics prior to treatment to minimize
adverse chemical reactionsin the treatment system.

There shall be no bypassesor drainsin the radioactive liquid waste treatment system by
which waste may inadvertently be released directly to the environment.

Provisions shall be made so that effluents from a treatment system can be analyzed.

Recir culating closed-loop cooling systems shall be required for facilities and equipment
associated with the storage or treatment of h%gh_eat, high-level radioactive liquid waste. As
aminimum, these systems shall comply with Section 1540-99, Special Facilities.

Instrumentation and control systems shall berequired at a RL\WF to provide monitoring and
control capabilities associated with confinement, nuclear criticality safety, and/or radiation
projection.

13235 CONFINEMENT SYSTEMS

1323-5.1 General

The following provisions arc typical for a RLWF confinement system (see Table 1323-5.1).
The actual confinement system requirements for a specific RLWF shall be determined on a
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Table 1323-5.1 Typical Confinement Provisions for Radioactive Liquid Waste

Facilities

Material
Being Confined

High-level liquid
waste

Low-level liquid

Transuranic waste

1. Double wall under
primary and secon

Primary

Primary storage
vessel!

or

Treatment system
equipment’

Storage vessel* or
basineé

or

Treatment system?
Storage vessd’

or

Treatment systems$

Confinement Barriers

Secondary
Secondary storage
vessd!

or
Process cell

Dike or berm around

vessdl

or

Dike or berm
Storage building’
or

Process building

Tertiary
Sail
barrier’
or

Process
building’

None
None

None

None

round storage tanks and transfer piping are typically used to establish
ary confinement barriers. Primary storage tanks have condensers and/

or filtersin their vent stream. The space between tanksis also ventilated and the exhaust

is filtered.

2. Soil barrier isthe engineered backfill material and natural setting surrounding the waste
storage tanks. A monitoring capability should be available to detect leakage from the
storage tanksinto the soil. Credit for soil barrierscan not betaken in accident analysis.

3. Typical treatment equipment includes waste calciner, evaporator, or waste fractionization
equipment. Treatment also occurswithin the storage vessel (e.g., precipitation).

4, Single wall storage tank.

5. Typical treatment concepts include volume reduction, immobilization of radioactive
material, change of composition and removal of radioactive material from waste.

6. Interim storage in retention or settling basins.

7. With elevated threshold or other means of confinement.
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case-hy-case basis.

The degree of confinement required in aradioactive liquid waste facility is both storage-
specific and process-specific, but in either case shall suit the most restrictive case anticipated.

Systems, components, and structures that compose the process system and/or primary storage
tanks shall be designed to ensurethelr integrity for all normal operations, anticipated
operational occurrences, and DBAsthey arerequired to withstand.

Unlessit can be demonstrated that therisk isacceptable, the process system and/or primary
storage tanks and associated supports shall be designed to remain fictional following a
DBE, and shall facilitate the maintenance of a safe snutdown condition. Asa minimum,
portions of the process system and/or primary storage tanks whose failure would result in an
unacceptablerisk and whose functions are necessary to facilitate a safe shutdown condition
snall be designed to remain functional following a DBE. Enriched uranium, uranium-233,
and transuranic liquid waste processes and/or primar storagie tanks shall meet these
requirements. The need to meet these requirements for low-level liquid wastes shall be
determined on a case-by-case basis and shall be commensurate with the potential hazards
associated with thewaste.

The primar{) confinement system consisting of the process equipment and/or primary storage
tanks shall be designed to operate under process conditionsthat prevent or minimize the
probability of potential explosive chemical reactions.

Spills, overflow, or |eakage from storage vessels or other primary confinement structures
shall be collected and retained within a suitable secondary confinement structure (e.g.,
secondary vessel, dike or berm, elevated threshold within a storage or process building, etc.).
The secondary confinement structure shall be capable of retaining the maximum radioactive
liquid wasteinventory that may be released by a spill, overflow, or leak from the primary
confinement structure. For outdoor applications, the capacity must also include maximum
predicted precipitation. The structure shall also be desgned to preclude overtopping due to
wave action from the primary vessel failure and, in outdoor applications, to wind-driven wave
action. The capability shall exist to transfer such collected liquid from the secondary
confinement structureto a suitable storage location.

Directly buried storage tanks shall be designed in accor dance with the applicable

requirements slpecified in DOE 5400.1. The use of directly buried storage tanks should be
avoided if at all possible.

1323-5.2 High-Level Liguid Waste Confinement

Thefollowing shall apply to the high-level liquid waste confinement system:

» At least one confinement system shall be designed to Withstand the effects of man-made
eventsand DBAs.

« Theprocesscell and/or secondary storage tank confinement and associated ventilation
systems shall be designed to remain functional during normal oper ations, anticipated
operational occurrences and for the DBAsthey arerequired to withstand.
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» Thetertiary confinement system shall be designed to function during normal operations,
anticipated operational occurrencesand for the DBAsit isrequired to withstand. It shall
be designed to ensurethat it can withstand the effects of severe natural phenomena and
man-made events, including the DBAs and the DBF initiated by these events, and
remain functional to the extent that the guidelinesin Section 1300-1.4.2, Accidental
Releases, are not violated.

« Tank and piping sytems used for high-level liquid waste collection, treatment, and
storage shall be of welded construction to thetullest extent practical. Materials of
construction shall be selected to minimize all forms of corrosion. Consideration shall be
given to stress relieving, welding parameter controls, etc., depending on the materials
used. Fatigue failure should be a design consideration where temperature cycling is
required (1.e, evaporator systems, etcg.

= Potential nonuniform distribution of decay heat caused by solidsin the waste shall be
considered in the design of storage tanks and any associated cooling system. Agitation of
tank contents shall be provided, when necessary, to maintain temperature gradients in
the waste within acceptable limits.

= Double-walled piping, multi-pipe encasements, and double-walled tanks shall be used to
establish the primary and secondary confinement boundaries in underground portions of
high-level I|?_U|d waste systems. Provisions shall be made to detect leakage from the
primary confinement to the interspace.

= Ingtallation of spare pipelines between transfer points shall be considered.

Process and waste storage vessels shall be vented thFOLgf]h appropriate treatment systems that
control the release of radioactive material in gaseous effluents to the extent that the
guidelinesreferenced in Section 1300-1.4.3, Routine Releases, are not exceeded and these
releasesare ALARA. The design shall ensure the following:

» Off-gaswill be suitably pretreated upstream of off-gastreatment equipment to remove or
reduce the concentration of chemicals that may adversely affect system operation.

» Theventing system will prevent overpressure or vacuum conditions from occurring
within vessels.

= Theventing system will prevent the buildup of hydrogen from radiolysis.
« Tank overflows will be directed to collection systems.

| ntegrity of the primary confinement boundary shall be determined by some or all of the
following measures:

= Vessd inventory monitoring (e.g., liquid level sensors)

» On-lineleakage monitoring for theinter space between double-walled vessels (e.g.,
airborne activity monitors, sump level sensors, conductivity calls)

» Leakage monitoring outside confinement vessels (e.g., surveillance wellsto detect leakage
into ground water)
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. gg_prz%/bility for periodic visual surveillance, including remote visual surveillance with

» Periodic evaluation of test coupons of primary tank construction materialsthat were
installed before the tank was placed in service

« Other survellance or testing measures, as appropriate
1323-5.3 Low-Level Liguid Waste Confinement
Thefollowing shall be applicable to the low-level liquid waste confinement system:

« Adikeor berm around the process system shall provide secondary confinement for low-
level liquid wastes.

« Atertiary confinement systemisnot required for the low-level liquid waste system.

« Processand waste storage vessel vents shall be provided asdiscussed in Section 1323-5.2,
High-Level Liquid Waste Confinement.

» Retention basins shall comply with DOE 5400.1 and shall be lined, fenced, and posted

with appropriate radiation warning signs. A system for monitoring radionuclide migration
from%rr)]% bgsin shall be available. I 59 Y ! ’

» Animperviousberm or dike shall be capable of retaining the maximum radioactive
liquid waste inventory that may bereleased by a leak or failure of a primary confinement
ves?el. A capability shall exist to transfer waste that hasleaked into the secondary
confinement.

1323-5.4 Transuranic-Contaminated Liquid Waste Confinement

Thefollowing shall be applicable to the transuranic-contaminated (to include enriched
uranium and uranium-233) liquid waste confinement system:

« A gtorage or process building shall provide ssecondary confinement for transuranic-
contaminated liquid wastes.

s Transuranic-contaminated liquid waste systems do not require tertiary confinement.

» Tank and pipir;? systems used for transuranic-contaminated waste collection, treatment,
and storage shall be of welded construction to the fullest extent practical. Materials of
congtruction shall be selected to minimize all forms of corrosion. Consideration shall be
given to stressrelieving, welding parameter controls, etc., depending on the materials
used. Fatigue failure should be a design consider ation wher e temperature cycling is
required (1., evaporator systems, etc.()].

» Processand waste storage vessel vents shall be provided asdiscussed in Section 1323-5.2,
High-Level Liquid Waste Confinement.

» Integrity of the primary confinement boundary shall be determined as discussed in
Section 1323-5.2, High-Level Liquid Waste Confinement.
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« Nuclear criticality safety shall be considered in the design of primary and secondary
confinement structures and components.

1323-6 EFFLUENT CONTROL AND MONITORING

1323-6.1 Contaminated Solid Waste

The solid radioactivewastestylpically associated with RLWFsthat shall be considered during

the design include but are not limited to waste calciner products, evaporator bottoms, and

gen,eral trash (e.g., paper, rags, gloves). Nuclear criticality safety shall be considered in the

esign of the solid radioactive waste processing facility.
1323-6.2 Contaminated Liquid Waste

1323-6.2.1 Process Wastes

Disposal operations involving discharge of low-level liquid waste directly to the environment
or on natural soil columnsis prohibited, unless specifically approved by the cognizant DOE

guthsc()ardity. Techniques such as solidification prior to disposal or in-plain immobilization shall
e used.

Theliquid radioactive wastes typically associated with RLWFsthat shall be considered
during the design include but are not limited to low-level, high-level, and transuranic-
contaminated liquid wastes. Nuclear criticality safety shall be considered in the design of the
liquid radioactive waste processing facility.

1323-6.3 Effluents
1323-6.3.1 Airborne Effluents

Theairborne radioactive waste sour ces typically associated with RLWFsthat shall be
considered durm%_the design include but are not limited to radioactive liquid waste process
vessel vents, and high-level liquid radioactive waste collection and storage tank vents.

Effluent system designs shall preclude the holdup or collection of fissile material or other
material caPabIe of sustaining a chain reaction insﬂortions of the system that arenot
geometrically favorable. Nuclear criticality safety shall be consideréd in the design of airborne
effluent systems.

All exhaust outlets that may contain radioisotopes other than ambient levels of those
naturally occurring in the environment shall be provided with two monitoring systems. These
monitoring systems shall comply with Section 1589-99.0.1, Radioactive Airbor ne Effluents.
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1324 RADIOACTIVE SOLID WASTE FACILITIES

1324-1 COVERAGE

Section 1300, General Requirements, shall apply. Theserequirementsare in addition to the
requirements of that section and other applicable sections of these criteria, particularly those
sections numbered -99.0, Nonreactor Nuclear Facilities-General.

Radioactive solid waste facilities store, treat, and dispose of the range of solid waste
generated by DOE nuclear facilitiesand reactor facilities. Thiswaste contains high-level, low-
level, and transuranic-contaminated solid waste including radioactive mixed waste. These
radioactive solid waste facilities may be separ ate facilities or they may be adjunct to another
type of nuclear facility (ﬁ.g., ahigh-level solid waste stor age facility associated with a
re[)_rocng facility). The environmental, safety, and health concernsto be addressed to
fulfill the design requirementsfor these facilities vary significantly according to the nature of
tﬂe\]{va_slte, the waste management techniques that areimplemented, and the char acteristics of
the facility site.

For those DOE facilities rfgulated by the NRC (see 10 CFR 60.1 and 10 CFR 61), the

requirements specified in 10 CFR 60 and 10 CFR 61 shall take precedence if a conflict
arises between those regulations and these criteria.

1324-2 OBJECTIVES
1324-2.1 General

The design objective shall be to ensure that conser vatively estimated consequences of normal
operations and credible accidents are limited in accor dance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposur e of the Public.

1324-2.2 Siting Des En Dose Ob'! ectives for Normal Operations and Anticipated
Operationa

1324-22.1 Disposal (Permanent | solation) Facilities

For those DOE facilities not regulated by the NRC, the combined annual dose equivalent to
any member of the publicin the general environment resulting from discharges o
radioactive material and direct radiation shall not exceed 25 mrem 80.25 mSv) to the whole
body and 75 mrem (0.75 mSv) to any organ (40 CFR 191.03 (b)). WIPP operationsare
subject to these dose limits. Section 1300-1.4.3, Routine Releases, provides references for
additional limitsthat are applicableto these facilities.

For those DOE facilities regulated by the NRC, the combined annual dose e?uivalent to any
member of the public in the general environment resulting from dischar ges of radioactive
material and direct radiation shall not exceed 25 mrer (0.25 mSv) to the whole body, 75
mrem (0.75 mSv) to the thyroid, and 25 mrem (0.25 mSvi to any other organ (40 CFR

191.03 @p Additional requirements specific to these facilities are provided in 10 CFR 60
and 10 CFR 61.
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1324-2.2.2 Waste Management and Storage Facilities (Not to Include Disposal)

The references specified in Section 1300-1.4.3, Routine Releases, provide the appropriate
dose limits for members of the public for these facilities.

1324-3 NUCLEAR CRITICALITY SAFETY

Nuclear criticality safety at RSWFsis applicable to those facilities that store or ﬁrocess
enriched uranium, uranium-233, or transuranic contaminated solid waste. For other

radioactive solid waste facilities, nuclear criticality safety isnot a design or operational
consideration.

Nuclear criticality control provisionsfor a RSWF shall consider the following:

« Design of radioactive solid waste storage and/or process systemsto prevent the carry-over
of fissle material and other material capable of sustaining a chain reaction from
geometrically favorable portions of the facility to other areas of the facility (e.g., from a
compaction areato a storage areq)

« A system of positive control and backflow preventers, such asair gaps (siphon breakers),
to prevent inadvertent transfer of fissle materialsand other material capable of

sustaining a chain reaction from geometrically favorable or poisoned containersto unsafe
containers

» Inclusion of heating or cooling jacketsin the favorable dimension of geometrically
favorable vesselsto preclude a leak in the jacket from causing an unacceptable reduction
of themargin of subcriticality

« Thedesign of sumpsfor nuclear criticality safety if a credible mechanism exists for
accumulatln[q fisslematerial and other material capable of sustaining a chain reaction
(e.g., duetoleakage from or failure of the primary confinement boundary and/or cooling
water system)

1324-4 RADIATION PROTECTION

For those DOE facilities regulated by the NRC, the occupational radiation protection

requirements specified in 10 CFR 20 and DOE 5480.11, both apply (the most conservative
limits taking precedent).
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1324-5 SPECIAL DESIGN FEATURES
1324-5.1 General

Process equipment off-gas treatment systems shall be designed to ensure their integrity for
norr_nﬁl op%ranons, anticipated operational occurrences, and for the DBAsthey arerequired
to withstana.

Cooling water systemsor cooling air systemsshall be provided, whererequired, for facilities
and equipment associated with theinterim storage or treatment of high-level radioactive
solid waste, and to ensure the long-term integrity of the primary confinement boundary. Asa
minimum, cooling water systems shall comply with Section 1540-99, Special Facilities. To the
extent practicable, passive cooling means snall be used for air cooling systems. If a cooling
air system is provided to ensure an acceptable temperature of the stored material, it shall be
designed as a safety class system.

Instrumentation and control systems shall berequired at a RSWF to provide monitoring and

control capabilities associated with confinement, nuclear criticality safety, and radiation
protection.

1324-52 High-L evel Waste Disposal Facility Confinement

During the short-term period following emplacement when short-lived nuclides dominate the
hazar d associated with a disposal famlétg/,t eengineered system of barriersshall remain
effective and shall contain the emplaced wastes. Thistime period is considered to include at
|least _SOSJears but not more than 1,000 year s following permanent closure. Technical criteria
associated with the engineered system of barriers shall address the following:

« Edtablishment of a high-integrity confinement system during emplacement (limit therate
of release of radionuclides from the system)

» In-sSitu stresses affecting the engineered system of barriers

» Corrosion affecting the engineered system of barriers

» Radiological effectson barrier integrity

«  Contact with groundwater

During the long-term period, reliance shall not be placed on the engineered system of
barriersto contain emplaced waste. Confinement during the long-term period shall be
accomplished by the geologic setting. Technical criteria associated with the geologic setting
shall address the following:

» Leaching characteristics of waste and waste binders

« Steand soil characterigtics, including fractures, porosity, hydraulic conductivity, sorption,
hydraulic gradient, and thermal gradient

« Long-term geologic stability
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e« Groundwater travel time
a Absence of resources that would be an incentive for human intrusion
»  Stability of rock mass

The facility shall be designed to allow retrieval of wastes during the 50-year period following
emplacement and before permanent closure of the facility.

1324-5.3 Low-Level Waste Disposal Facility Confinement

L ow-level solid waste that is disposed to the ground shall be confined by a site-specific
system of barriersthat may include, but not necessarily be limited to, waste form, waste
packaging, and the geologic setting.

When site permeability char acteristics do not provide the required confinement capabilities,
the confinement system shall be augmented by the following:

» Congtructing low permeability walls around the low-level waste

« Lining thewallsand bottom of the excavated area with low permeability material

» Other suitable methods for reducing per meability

Means shall be provided to minimize contact of emplaced low-level waste with water. Active
water control measures shall not be required following permanent closure. Typical
requirements for water control are as follows.

» Placing alayer of highly permeable material (e.g., sand, gravel) beneath the low-level
waste to channel any permeating water to a sump

» Mounding the soil surface to facilitate surface water runoff

« Useof asuitable low-permeability cover material (e.g., clay) over the disposal areato
prevent contact of the waste by infiltrating rainwater. This cover material shall be
protected by alayer of overburden (e.g., sand, gravel, top soil).

« Agtediverson system for surface water runoff during operation of the facility. (This
system shall not be required following Site permanent closure.)

= Temporary protective covers (e.g., tarpaulin) before the completion of the natural in-
place soil barrier over the low-level waste

» Revegetation of the overburden layer

v Other suitable and reliable means for minimizing water contact with low-level waste
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1324-6 CONFINEMENT SYSTEMS
1324-6.1 General

Thefollowing provisionsaretypical for a RSWF confinement system. The actual
gon_fmement system requirements for a specific RSWF shall be determined on a case-by-case
asis.

The degree of confinement required in a radioactive solid waste facility is both storage-
specific and process-specific, but in either case shall suit the most restrictive case anticipated.

In general, the primary contamination confinement shall be the radioactive solid waste
process systems equipment and associated off-gas or vent systems during the treatment stage
of processing. In special cases, such as radioactive solid waste facilities wher e the processes
or storage include corrosive or noxious materials, the radioactive solid waste process or
storage system shall be totally enclosed and provided with its own ventilation system and off-
gas cleanup system. In such cases, the radioactive solid waste process or storage system shall
be treated asthe primary confinement system. However, depending on the waste being
processed and stored, the primary confinement and secondary confinement shall consist of a
Site-specific engineered system of barriers(e.g., drums, liners, concrete casks) when the
primary confinement described above is not required.

Secondary confinement for radioactive solid waste during treatment shall be a process cell or
building and its ventilation system, while for such waste during interim storage, a storage
building or structure shall be used.

Tertiary confinements are not required in most cases for radioactive solid waste during the
treatment or interim storage phase of the radioactive solid waste management process.
However, the final repository for all such solid wastes shall be tertiary confinement by the
natural geologic setting that has been selected as a site and for the specific solid wastes
processed at the facility.

In addition to these principal confinement systems, features such aschangeroomsand
etfnal_laccess ways shall be used to minimize the spread of radioactive contamination within
the facility.

1324-6.2 Primary Confinement System

The primary confinement system consists of process systems equipment and its associated
\éentlllatlon and off-gas system, storage containers, or other waste and site-specific engineer ed
arriers.

Systems, components, and structuresthat compose the process system and/or storage
containers shall be designed to ensure their integrity for normal operations, anticipated
operational occurrences, and for the DBAsthey arerequired to withstand.

Asa minimum, portions of the process system and/or storage containers whose failure would
result in an unacceptable risk and whose functions are necessary to facilitate a safe shutdown
condition shall be designed to remain functional following a DBE. High-level enriched
uranium, uranium-233, and transuranic solid waste processes and/or storage containers shall
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meet these requirements. The need to meet these requirements for other solid wastes shall
be deter mined on a case-by-case basis and shall be commensurate with the potential hazards
associated with the waste,

1324-6.3 Secondary Confinement System

The secondary confinement system consists of the process cell barriersand the ventilation
systems associated with the cells or building, or a storage building or structure. In some
cases, a drum, cask, or other waste and site-specific engineered barrier shall provide
secondary confinement.

The process cell and/or building confinement barriersand associated ventilation systems shall
be capable of performing their necessary functionsfollowing a DBE. Other secondary
confinements shall be considered to determine the need to meet these requirements
commensur ate with the hazar ds associated with the radioactive solid waste to be confined.

The secondag?/ confinement shall be deségned to ensure that it can withstand the effects of
severe natural phenomena and man-made events, including the DBAsand DBF initiated by
these events, and remain functional to the extent that the guidelinesin Section 1300-1.4.2,
Accidental Releases, arenot violated.

All penetrations of the secondary confinement shall have positive seals to prevent the
migration of contamination out of the secondary confinement area.

Process cells shall be supplied with ventilation air from the building ventilation system, and
shall be provided exhaust ventilation with sufficient capacity to ensure an adequate
controlled ventilation flow as required in the event of a credible breach in the secondary
confinement barrier. Pressurein the compartments shall be negative with respect to the
building ventilation system. Special features (e.g., air locks or enclosed vestibules) shall be
considered for access through secondary and tertiary confinement barriers.

1324-6.4 Tertiary Confinement System

Thenatural geologic setting composesthe tertiary confinement system.

The teftiarar confinement system shall function during normal operations, anticipated
operational occurrences, and the DBAs it isrequired to withstand. It shall be capable of
performing its necessary functions following a DBE.

Thetertiary confinement shall remain functional following DBAs and the severe natural
phenomena |oostu|ated for the facility site. In addition, the tertiary confinement systerm shall
meet the following performance objectives.

» Following permanent closure, ongoing site maintenance shall not be needed.
« Intheabsence of unplanned natural processes or human contact with a low-level waste

disposal facility, calculated contaminant levelsin groundwater at the site boundary shall
not exceed the maximum contaminant levels established in 40 CFR 141.
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» Intheevent of human-induced activities following permanent closure, or reasonably
foreseeable but unplanned natural processes, the guidelines of Section 1300-1.4.2,
Accidental Releases, shall not be violated. Institutional controls may relied on for a
limited time following closure to preclude reclamation activities at a low-level waste
disposal site. For the purposes of calculation, these controls shall not be relied on for
mor e than 100 year s following permanent closure.

1324-7 EFFLUENT CONTROL AND MONITORING
1324-7.1 Radioactive Solid Waste

The fundamental radioactive solid waste treatment concepts include volume reduction,
immobilization of, change of imposition, and removal of radioactive material from the
waste. The waste treatment concept(s) for a particular application shall be selected on an
individual case basis. To the extent practicable, however, teatures shall be included to allow
volume reduction and/or immobilization.

The solid radioactive wastes typically associated with RSWFsthat shall be considered during
the design include but are not limited to fuel cladding hulls, spent fuel elements intended for
disposal, solidified high-level liquid waste, nontransuranic waste (e.?., waste dryer solids,
nonfuel bearing components), and general trash (e.g., paper, rags, gloves). Nuclear criticality
safety shall be considered in the design of the solid radioactive waste processing facility.

1324-7.2 Radioactive Liguid W
1324-72.1 Process Wastes

Theliquid radioactive wastes typically associated with RSWTsthat shall be considered during
the desigin include but are not limited to decontamination soutions, wash down solutions,
water collection systems, and contaminated laundry waste. Nuclear criticality safety shall be
considered in the design of the radioactive liquid waste processing facility.

1324-7.3 Effluents
1324-731 Airborne Effluents

The airborneradioactive wastes typically associated with radioactive solid waste facilities that
shall be considered during the design include but are not limited to the airborne effluents
from process system vents and fission product gases. Effluent system designs shall preclude
the holdup or collection of fissile material and other material capable of sustaining a chain
reaction in portions of the system not geometrically favorable. Nuclear criticality safety shall
be considered in the design of airborne effluent systems.

Exhaust outletsthat may contain transuranicsor fission products shall be provided with two
monitoring systems. These monitoring systems shall comply with Section 1589-99.0.1,
Radioactive Airborne Effluents,
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1325 LABORATORY FACILITIES (INCLUDING HOT LABORATORIES)

13251 COVERAGE

Section 1300, General Requirements, shall applr. Theserequirementsare in addition to the
requirements of that section and other applicable sections of these criteria, particularly those
sections numbered -99.0, Non reactor Nuclear Facilities-General, and -99.1, Laboratory
Facilities (Including Hot Laboratories).

Hot laboratories include those facilities where hot cells, glove boxes, hoods, and other

similar enclosuresare used for such laboratory work asisotope production, inspection of
spent reactor fuel, prototype processes, metallurgical testing, etc., and areincluded under the
general category of “Laboratory Facilities.”

13252 OBJECTIVES

The design objective shall be to ensure that conservatively estimated consequences of normal
oper ations and credible accidents are limited in accor dance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposure of the Public.

1325-3 NUCLEAR CRITICALITY SAFETY

Because the spectrum of processes and hazards that may be present at Iaborat_cé;?(_ facilities
§|nclud|ng hot |aboratories) is usually large, specific guidelines for nuclear criticality safety
or these facilitiesare not possible. The specific requirementsfor nuclear criticality safety at
these facilities shall be considered on a case-hy-case basis.

1325-4 CONFINEMENT SYSTEMS
132541 General

A special feature of a laboratory facility to be considered in the design criteriais
confinement of the process or operation. The following provisions are typical for a
laboratory facility confinement system. The actual confinement system requirements for a
specific laboratory facility shall be determined on a case-by-case basis.

Thefollowing aretypical characteristics of the three principal confinement systems. The
number and arrangement of these confinement systems shall be determined on an individual
basis considering the potential hazardous material associated with the facility.

Consideration shall be given to the installation of radioiodine adsorber unitsin the exhaust
ventllatlonloff-gias system to reduce the radioiodine concentration in the effluent to the
extent that the limitsin the references specified in Section 1300-1.4.3, Routine Releases, are
not exceeded. Additionally, the design shall incorporate ALARA concepts to minimize
impact on both the operators, the public, and the environment. Acceptable criteria for the
design of these unitsis found in ERDA 76-21.
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1325-4.2 Primary Confinement System

In hot [aboratories, the primary confinement usually consists of items such as a hot cell,
glove box, process piping, tank, fume hood, etc., and the volume enclosed is normally
contaminated.

Theintegrity of the primary confinement system shall be ensured for normal operationsand
anticipated operational occurrences. The primary confinement volume and isolation systems,
asappropriate, shall be compartmentalized to isolate high-risk areas and to minimize the
potential effects of the DBAS they are required to withstand.

The primary confinement system, including the ventilation and off-gas system, shall be
shielded, asqe%loropnate, to maintain occupational radiation exposure ALARA and within the
limits specified in DOE 5480.11.

The primary confinement system(s) shall be designed to operate under process renditions
that prevent or minimize the probability of potential explosive chemical reactions and shall
use ALARA design principles to minimize exposur es.

Design featuresfor primary confinement for laboratory facilities and processes ar e facility-
specific. The following requirements shall be appropriately applied in the design of a
laboratory facility primary confinement system(s):

» Design featuresfor introduction and removal stationsto ensure the safe introduction and
removal of material and maintenance equipment to and from the primary confinement

« Separateventilation system or off-gastreatment system with appropriate air-cleaning
capability (e.g., HEPA filtration, radioiodine adsorbers, scrubbers). The use of an inert
gas atmospher e within the primary confinement shall be considered when handling
pyrophoric material or tritium.

« Theventilation and cleanup systems associated with the primary confinement shall
generally not be shared with secondary and tertiary confinement systems.

= Theoperating pressure in the primary confinement shall be negative with respect to the
secondary confinement.

« Tankswithin the primary confinement shall vent to the off-gas treatment system.
» Gloveboxes

« Hotcels

Glove boxes shall meet the following criteria:

. Corrosi_v%gases or particlesfrom vats, scrubbers, and similar equipment shall be
neutralized prior to reaching HEPA off-gas filters.
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» Asdinglefiltered exhaust path shall be acceptable when working with low-toxicity
materialsthat do not requiredilution or continuous coding.

» Reguired exhaust flow rates (for air-ventilated glove boxes) shall have the ability to
safely confinein-box contaminants when an access port is opened or a glove ruptures
(minimum air velocity of 125 linear ft per minute).

» Iftheglove box isfilled with an inert atmosphere, specific design criteriafor _
emergencies (i.e., ruptured glove) shall be incorporated on a ease-hy-case basisto suit a
particular situation (eg., pyrophoric materials).

Hot cells shall meet the following criteria:

» Space and equipment shall be provided as needed to support accountability, process
monitoring, and material control requirements and to meet the performance
requirements contained in DOE 5633.3.

» Exhaust prefiltersand HEPA filters shall beinstalled in such a manner asto facilitate
filter changing and repairs.

« Stand-by filters shall be incorporated for backup protection during filter changes to allow
filter changing without shutting down the exhaust fans. Stand-by filters shall be installed
outside the cell and sealed in an acceptable enclosurefor direct maintenance.

« All exhaust ﬁlstems shall have monitorsthat will provide an alarm if the concentration
of the hazardous material in the exhaust exeeedsthe limits specified in the facility OSR.

» Sufficient holdup capacity shall be provided for theretention of liquid process wastes
until they can be analyzed to determine the need for processing or shown to be within
acceptable discharge limits.

1325-4.3 Secondary Confinement System

The secondary confinement system usually consists of the facility operating compartments
and associated ventilation systems. the secondary confinement houses the hot cells, glove
boxes, fume hoods, €tc.

The secondary confinement system shall remain functional for all normal operations,
anticipated operational occurrences, and for the DBAsit isrequired to withstand.

The following design requirements shall be incorporated into secondary confinement systems:

» Design featuresto minimize the probability of the spread of potential contamination
from vv_|th|2dthe laboratory facility operating areas to areas that are not normally
contaminat

« Theuscof aventilation system separate from the primary confinement ventilation

system with appropriate air-cleaning capability (e.g., HEPA filtration, radioiodine
adsorbers, scrubbers)
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« Measuresto ensure that the operating pressure in the secondary confinement shall be
negative with respect to the tertiary confinement

1325-4.4 Tertiary Confinement System

Thetertiary confinement system typically isthe exterior laboratory building and its associated
ventilation 'system. It is an"area that is ot contaminated and houses offices and other clean
laboratory facilities.

Thefollowing design requirements shall be incorporated into tertiary confinement systems.

« Measuresto ensure that the confinement buiIdinP provides protection for the primar
and secondary confinement barriers and for enclosed equipment against the effects o
severe natural phenomena and missiles

« Measuresto ensure that the tertiary confinement can withstand the effects of severe
natural phenomena and man-made events, including the DBAs and DBF initiated b
these events, and remain functional to the extent that the guidelines in Section 1300-
1.4.2, Accidental Releases, are not violated

» Theuseof aventilation system separate from the primary confinement ventilation
system with apBropnate air-cleaning capabilities (e.g., HEPA filtration, radioiodine
adsorbers, scrubbers)

« Measuresto ensure that the operating pressure in the tertiary confinement is negative
with respect to the atmosphere

The secondary and tertiary confinement ventilation systems may be shared if safety analysis
indicates that this type of design is acceptable.

13255 EFFLUENT CONTROL AND MONITORING

1325-5.1 Radioactive Solid Waste

The solid radioactive Wastestypica(lelg associated with laboratory facilitiesincluding hot
laboratories that shall be considered during the design include but are not limited to broken
and/or obsolete |aboratory eqlwp_ment from primary confinements, general processtrash (e.g.,
filters, waste paper, gloves, plastic bags). Since hot laboratories often contain a large variet
of processes within the facilities, the potential solid radioactive wastes to be processed shal
be considered on a facility-specific basis.

1325-5.2 Radioactive Liquid Waste
1325521 Process Wastes

The liquid radioactive wastes typically associated with hot laboratories that shall be
considered during the design include but arc not limited to uranium, plutonium, and other
radioactive contaminated liquid wastes, contaminated solvents, contaminated oils, and
decontamination solutions. Since hot |aboratories often contain a large variety of processes
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within the facilities, the potential liquid radioactive wastes to be processed shall be
considered on a facility-specific basis.

1325-5.3 Effluents
1325-5.3.1 Airborne Effluents

The airborne radioactive wastes typically associated with hot laboratories that shall be
considered durmgthe design include but arenot limited to relatively short-lived fission
product gasesand airborne r[])arnc_u_la_lte matter. Since hot labor atories often contain alarge
variety of processes within the facilities, the potential airborne radioactive wastes to be
processed shall be considered on a facility-specific basis.

All exhaust outletsthat may contain radiological contamination shall be provided with two
monitoring systems. These monitoring systems shall meet with the requirements specified in
Section 1589-90.0.1, Radioactive Airborne Effluents.

1325-6 DECONTAMINATION AND DECOMMISSIONING

Dueto the nature of some laboratory facilities (including hot laboratories), their life times
may be relatively short when compa[qd to production-scale facilities; thus, consideration shall
be given during'the design of the facility to plans for decommissioning. All designs shall
provide for ease of decontamination for this purpose.

1326 TRITIUM FACILITIES

1326-1 COVERAGE

Section 1300, General Requirements, shall apply. Theserequirementsare in addition to the
requirements of that section and other applicable sections of these criteria, particular) those
sections numbered -99.0, Nonreactor Nuclear Facilities-General.

A tritium facility is a facility that processes, handles, or stores large inventories of tritium in
ether gaseous, oxide, or hydride forms. Examples of these facilities include tritium tar get
Proc ng facilities, tritium storage facilities, tritium loading facilitiesand fusion gastest
oops. A facility shall be classified asa tritium facility rather than alaboratory-scale facility
based on the quantity of tritium involved and the scope of tritium handling/processing
operations as determined by a safety analysis.

1326-2 OBJECTIVES

The design objective shall be to ensure that conser vatively estimated consequences of normal
operations and credible accidentsarc limited in accordance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposur e of the Public.
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1326-3 NUCLEAR CRITICALITY SAFETY

The general design requirements for nuclear criticality safety in Section 1300-4, Nuclear
Criticality Safety, do not pertain to a tritium facility unless the facility can be expected to
handle fissile materials. Tritium facilities generally do not contain quantities of fissile
materials and material capable of sustaining a chain reaction that warrant a program for
nuclear criticality safety.

1326-4 SOURCE AND SPECIAL NUCLEAR MATERIAL

If the safety analysisindicates that either source or special nuclear materials will be handled,
then the criteria for the most hazar dous material, including that given in ANSI N16.1, shall
be applied to the design.

1326-5 RADIATION PROTECTION

1326-5.1 Design Features

Design consider ations shall evaluate all maintenance operations offering a potential for
significant exposure and where practical they should be designed for remote repair or service.
In those instances in which remote or enclosed maintenance cannot be achieved,a
compr essed-air breathing air system shall beProwded to allow the use of supplied-air suits
by maintenance personnel. However, every effort shall be made to allow routine maintenance
activities to be conducted without the need for supplied breathing air.

Systems shall be designed, to the extent practical, to minimize the conversion of elemental
tritium to releasable tritium oxide, which poses a greater radiological risk than elemental
tritium,

Althoug shielding may not be required to maintain occupational radiation exposures
ALARA, shielding may be required for other radionuclides that may present a dir ect
radiation hazard, shielding may berequired in facilitiesthat handleIrradiated tritium
production assemblies.

1326-5.2 Radiation Monitoring Systems

Criticality alarm systems and nuclear accident dosimetry are usually not required. However,
area radiation monitoring shall be provided as appropriate.
1326-6 SPECIAL DESIGN FEATURES

Special consideration shall be given to the potential explosive mixtures of hydrogen during
the handling, processing, and storage of tritium gas.

When tritium is stored in vesselsin the solid form (i.e., as uranium tritide), the design shall
ensure that the temperatures of the storage vessels do not reach the eutectic temperature for
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irond_and uranium during normal operations, anticipated operational occurrences, and DBA
conditions.

Process s.)lfstem components (i.e, piping, valves, and vessels) shall be designed to minimize
leakage. The use of packless (metal diaphragm or bellows) valves shall be considered. If
valve packing or soft seat inserts are required, the use of nonhalogenated plastics shall be
considered. Unless confined within a recir culating glovebox, process system component
connections shall be welded to the fullest extent practicable.

In the event ﬁrocess hoods are used, they shall be designed so that the number of personnel
entering the hood for equipment removal can be minimized.

When glove boxes are used, the following design features shall be consider ed:

« Air should not be used for the atmosphere of a recirculating tritium glovebox because of
the potential for tritiated water production. Argon or nitrogen isrecommended.

« Theglovebox atmosphere should be maintained at a pressure lower than that of the
surroundings and diffusion-resistant material should be used to the maximum extent
possible to limit tritium leakage.

To reduce the amount of tritium releasedctg a single equipment failure, the design shall
include the following provisions, as practical:

= Thecapability of completely isolating areas containing tritium process and handling
systems from areas normally occupied by personnel

» The capability of isolating the source of tritium

» Thelocation of tritium monitors to allow the detection of conditions requiring corrective
or protective actions

Primary confinement barrier design shall avoid the use of materialsthat are subject to
hydrogen embrittlement.

Tritium process and handling systems shall use, wherever possible, nonflammable hydraulic
lubricating, and cooling fluids.

The design of facilitiesthat uselarge quantities of tritium shall include an _emerghency tritium
gas cleanup system to reduce tritium releases to the environment and mitigate the
consequences of an accident involving a failur e of atritiume%/stem pressure boundary, unless
a safety analysis demonstrates that the system isnot required.

A surveillance system shall be provided to monitor theintegrity of all process piping, tanks,
and other containment equipment, including those used for liquid effluents, and other
primary confinement components.
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1326-7 CONFINEMENT SYSTEMS
1326-7.1 General

Thefollowing provisons aretypical for atritium facility confinement system. The actual

(t:)on_finement system requirementsfor a specific facility shall be determined on a case-by-case
asis.

The degree of confinement required at an individual tritium facility will depend on the form
and quantity of tritium that could potentially bereleased. In general, tritium gas shall be.
contained in tanks and piping systems that are enclosed in a secondary confinement building
or totally within primary confinement enclosures such as glove boxes and fume hoods.

When pressure or missile- roducin%accidentswithin aglove box are credible accidents and
would result in failure of the glove box or process room, consideration shall be given to
using an alternative confinement technique.

1326-7.2 Primary Confinement System

The method of establishing primary confinement shall be compatible with the intended
operations. Primary confinement systems shall consist of process piping and vessels, process
barriersand enclosures such as fume hoods and glove boxes, and their associated off-gasand
ventilation systems. When practical, glove boxesrather than fume hoods shall be used.

Theintegrity of the primary confinement shall be ensured for all normal operations,
anticipated operational occurrences, and for the DBAsit isrequired to withstand.

The use of stack-vented rupture disks, pressurerelief valves, seal pots, or bubbler traps shall

be considered to prevent over pressurization and subsequent explosive disruption of the
primary confinement system.

Features shall be provided to ensure safe introduction and removal of materials from process
confinements.

Suitabletrapsor other effluent recovery systems shall be provided for process equipment
vents to reduce tritium releases.

1326-7.3 Secondary Confinement System

The secondary confinement systems shall include with their associated ventilation systems, a
confinement building or appropriate confinement barriersthat enclosethe primary
confinement system.

The secondary confinement system shall be designed to remain functional during normal
oper ations, anticipated operational occurrences, and during and following the DBASit is
required to withstand.

The use of stack-vented rupture disks, pressurerelief valves, seal pots, or bubbler traps shall

be considered to prevent overpressurization and subsequent explosive disruption of the
secondary confinement system.
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If the facility building is not part of the secondary confinement system, its failure as a result
of severe natural phenomena or other postulated DBAs shall not prevent the secondary
confinement system from performing its necessary safety functions.

Facilitiesthat contain large quantities of tritium shall include an emergency tritium gas
cleanup system in the secondary confinement areas to reduce the release of tritium resulting

from pri_mggy confinement failures, unless a safety analysis demonstrates that the system is
not required.

Penetrations of the secondary confinement harriers shall be minimized. All penetr ations shall
revent the migration of tritium contamination and ensure the proper differential pressure
or confinement ventilation flow.

When gloveboxes are used as secondary confinements, a tritium effluent removal system to
handletritium leakage from primary confinement systems shall berequired unless safety
analysisindicatesthat it isnot required.

Each secondary confinement area or compartment shall be supplied with ventilation air with
sufficient capacity to ensure an adequately controlled ventilation flow asrequired in the
event of a credible accident breach in a secondary confinement barrier.

1326-8 EFFLUENT CONTROL AND MONITORING

1326-8.1 General

All exhaust stacksthat may contain tritium shall be provided with appropriate monitoring
systems.

1326-8.2 Contaminated Solid Waste

The solid radioactive waste typically associated with tritium facilities that shall be considered
during the design include materials used to absorb liquid tritium waste, adsor ber materials
used in molecular sieves, and adsorber beds to remove oxidized tritium gas that cannot be
recovered from equipment ventsand exhaust systems.

The potential pressure buildup because of radiolysisin sealed containers of tritium-
contaminated waste shall be considered in the design of these canisters, waste storage areas,
and in the development of waste-handling equipment.

1326-8.3 Contaminated Liquid Waste

Theliquid radioactive wastes typically associated with tritium facilitiesthat shall be
considered during the design include tritium-contaminated ails, liquid tritium resulting from
the oxidation of tritium gas, and contaminated liquids from decontamination operations.
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1326-8.4 Effluents

1326 -84.1 Airborne Effluents

Theairborneradioactive effluents typically associated with tritium facilities that shall be
considered during the design includetritium gasand oxidesthat are not removed by
molecular sieves or adsorber beds from process system vents and exhaust systems.

All exhaust outlets that may maintain tritium shall be (;)rovided with two monitorinﬁ systems.
These monitoring systems shall comply with 1589-99.0.1, Radioactive Airborne Effluents.
1326-9 DECONTAMINATION AND DECOMMISSIONING

A dedicated area furnished with appropriate equipment and utilities for decontamination of
tools and as much equipment as practical shall be considered for inclusion in the design of
the facility. Tritium adsor bed on metal surfaces can be rap|d|?/ liber ated when the metal is
heated wher eas water, deter gents, and certain solventsare only moder ately effectivein
removing tritium contamination. This property should be considered in the design of
decontamination facilities.

1326-10 STORAGE FACILITIES

Although tritium is classified as “ Other Nuclear Material,” \_/vhichdqeneraJIy requires
safeguarding at Category 1V levels, depending on the quantity and form, tritium requires
safeguarding at the Category 111 level.

The %opropriate special design featuresin Section 1326-6, Special Design Features, shall be
considered for the storage of tritium in vesselsin the solid form.

1326-11 PHYSICAL PROTECTION AND MATERIAL SAFEGUARDS

Tritium is classified as “ Other Nuclear Material.”

1328 FUSION TEST FACILITIES

1328-1 COVERAGE

Section 1300, General Requirements, shall .apple/. Theserequirementsare in addition to the
requirements of this section and other applicable sections of these criteria, particularly those
sections numbered -99.0, Nonreactor Nuclear FacilitiesGeneral.

Theserequirementsare primarily concerned with the potential radiological hazard because of
the intense neutron radiation associated with fusion machine operation, activated structural
and blanket material, in some cases, activated nuclides in the atmospher e of the test cell,
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and, in the case of tritium fusion facilities, because of the radioactive material inventory of
thefacility consisting largely of tritium.

It should be noted that some fusion facilities use deuterium rather than tritium as the fuel.
Because these facilities do not produce significant radiation fields or contain significant

uantities of radioactive materials, the application of the criteria provided in this section to
these types of fusion facilities shall be considered on a case-by-case bass.

Examples of fusion facilities are facilities that include magnetic confinement and inertial
confinement fusion devices. Fusion devices of interest range from experimental machines that
are intended to e(gjerate below the break-even point, to experimental or demonstration
facilities intended to operate at or beyond the break-even point. It is recognized that an
electric power-producing fusion reactor will not exist for many years, and technical

advancementsduring thisperiod can have a significant impact on safety consider ations
related to such facilities.

Potential hazards that shall be considered in the design of a fusion facility include intense
magnetic fields, an intense radiation sour ce, activation products, cr%ogem_cflu!ds, high-voltage
electric power systems, tritium, and in some facilities, laser light. Thetritium inventory in a
fusion machine and associated primary systems may contain as much as 10 to 100 grams of
tritium for small experimental to large demonstration facilities. Tritium processing systems
may contain léP to 100 grams of tritium, and storage facilities several thousand grams of
tritium. Therefore, thetotal tritium inventory of atusion facility may range up to 109 curies.

1328-2 OBJECTIVES

The design objective shall be to ensure that conservatively estimated consequences of normal
operations and credible accidents are limited in accordance with the guidelines contained in
Section 1300-1.4, Guidance on Limiting Exposure of the Public.

13283 NUCLEAR CRITICALITY SAFETY

The general design requirement for nuclear criticality safety in Section 1300-4, Nuclear
Criticality Safety, are not applicable. A fusion facility does not require a program for nuclear

criticality safety.
1328-4 SOURCE AND SPECIAL NUCLEAR MATERIAL

The general design requirements for source and special nuclear material in Section 1300-5,
Source and Specral Nuclear Material, are not applicable.
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1328-5 RADIATION PROTECTION

1328-5.1 Design Features

Systems should be designed, to the extent practical, to minimize the conversion of elemental
tritium to releasable tritium oxide, which posesa greater radiological risk than elemental
tritium. Furthermore, to reduce radiation exposure due to inhalation and adsor ption of
tritium through the skin, the provision of an independent compr essed-air brea_thm? ar
&ﬁstem_shaJl be considered to allow the use of air-supplied suits by personnel involved with
the maintenance of tritium systems and equipment.

The design shall incor por ate shielding where the potential for substantial neutron or gamma
radiation is postulated to exigt.

1328-5.2 Radiation Monitoring Systems

A criticality alarm system and nuclear accident dosimetry are not required. However, area
tritium monitors shall be required.

1328-6 SPECIAL DESIGN FEATURES

Section 1326-6, Special Design Features, shall be considered in the design of tritium process
and storage facilities.

Cooling systems shall be provided, asrequired, for removal of heat from the fusion machine
first wall (vacuum vessdl), blanket, or other ancillary equipment.

To reduce the amount of tritium released ge/ asingle equipment failure, the design shall
include the following provisions, as practical:

« Thecapability of completely isolating areas that house equipment containing tritium
from areas normally occupied by personnel

» Thecapability of isolating sources of tritium

» Thelocation of tritium monitors to allow the prompt detection of conditions requiring
corrective or protective actions

When the severity of DBAS require that a containment structure be used, the design
pressure and temperature for fusion machine secondary confinement or containment shall be
determined cong ering? the effects of ener%y transport and chemical reactions that may occur
following the failure of a fluid system inside the containment. The containment shall be.
designed to allow periodic leak ratetesting. To minimize the release of hazar dous materials
to the atmosphere, means shall be provided to isolate the primary containment following
DBAs that release hazardous material to the containment atmosphere.

The design of fusion facilities' secondary confinement or containment where large quantities
of tritium are used shall include an emergency tritium cleanup system to mitigate the



ecial Facilities DOE 6430.1A
age 13-124 4-6-89

conseguences of an accident involving a failure of atritiumesgstem pressure boundary, unless
a safety analysis demonstrates that the system isnot required.

Tritium auxiliary and other systems containing hazardous materialsthat arelocated outside
of the fusion machine secondary confinement building or containment structure shall be
confined by a secondary confinement system.

The secondary confinement system shall be capable of collecting and processing tritium
leakage that may occur from tritium auxiliary systems.

The possibly harmful effects of large magnetic fields on operating personnel and equipment

snall be considered in the deae'gn of the facility. Individuals knowledgeable in the effects of
these fields should be consulted for appropriate guidance.

1328-7 CONFINEMENT SYSTEMS
1328-7.1 General

Thefollowing provisions aretypical for a fusion facility confinement system. The actual

confinement system requirements for a specific fusion facility shall be determined on a case-
by-case basis.

Confinement of tritium at a fusion facility is the essential element in minimizing potential
environmental, safety, and health risks. The degree of confinement required at various
locations in a fusion facility will depend on the quantity of tritium that may potentially be
released. When significant inventories of tritium (a{Jproachmgtntlum inventoriesat large
demonstration faC|I|t|e_s? areinvolved, the use of a low-leakage containment building rather
than a confinement building shall be used for housing the fusion machine, unless a safety
analysis demonstratesthat containment isnot required. In general, the primary confinement
shall be provided by the pressure boundary of the fusion machine, its associated vacuum
system, and the various tritium systems.

The fusion machine shall be housed in either a secondary confinement or low-leakage
containment structure. Theauxiliary tritium systemslocated outside the fusion machine
building shall be housed in a secondary confinement structure.

1328-7.2 Primary Confinement System

The primary confinement system shall consist of the primary vacuum vessel and associated
vacuum system, tritium (fuel) injection system, and tritium transfer, cleanup, and storage
systems.

The confinement shall be designed to withstand a potential hydrogen explosion without loss
of confinement function.

Theintegrity of primary confinement systems, components, and structures shall be ensured
for normal operations, anticipated operational occurrences, and for the DBAsthey are
required to withstand.
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1328-7.3 Secondary Confinement System
1328-7.3.1 General

The secondary confinement systems shall consist of a confinement building or low-leakage
containment structure that houses the fusion machine. The severity of DBAs and their
potential consequences as demonstrated by safety analysiswill determineif alow-leakage
containment structureis needed. Auxiliary tritium systems|located outside the fusion machine
building shall be housed in a confinement system.

1328-7.3.2 Fusion Machine Building

The secondary confinement or containment building shall be designed to remain functional
during normal operations and anticipated operational occurrences. It shall be designed to
ensure that it can withstand the effects of severe natural phenomena and man-made events,
including the DBAsit isrequired to withstand, and remain fictional to the extent that the
guidelinesin Section 1300-1.4.2, Accidental Releases, are not violated.

The confinement or containment shall operate at a negative pressure with respect to
atmospheric pressure.

Penetrations thr;)elg];h secondary confinement barriers and containment structures shall be
minimized and sealed.

Provisions for isolating the fluid system penetrations through the fusion machine building,
secondary confinement building or containment structure to minimize the release of
hazar dous materials to the environment through fluid system lines shall be consider ed.

Each secondary confinement area shall be provided with an exhaust ventilation system with
sufficient capacity to ensure an adequately controlled ventilation flow asrequired in the
event of a credible breach in a secondary confinement barrier. Exhaust systems shall contain
appropriate cleanup systemsto minimize the release of hazardous materials. Ventilation
systems of containment structures shall include provisions for isolating the supply and
exhaust connections.

1328-7.3.3 Auxiliary Systems L ocated Outside the Fusion Machine Building

The secondary confinement system shall be designed to remain functional during normal
operations and anticipated operational occurrences. It shall be designed to ensurethat it can
withstand the effects of severe natural phenomena and man-made events, including the DBAS
it isrequired to withstand, and remain functional to the extent that the guidelinesin Section
1300-1.4.2, Accidental Releases, are not violated.

If the facility building isnot part of the secondary confinement system, itsfailure asaresult
of severe natural phenomena or other postulated accidents shall not prevent the secondary
confinement system from performing its necessary safety functions.

Each secondary confinement area or compartment shall be supplied with ventilation air from
the building ventilation system and shall provide exhaust ventilation by a system with-
sufficient capacity to ensure an adequately controlled ventilation flow asrequired in the
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event of a credible breach in a secondary confinement barrier. Pressure in the ;seconda{?/ _
confinement areas or compartments shall be negative with respect to the building ventilation
system and/or atmosphere.

1328-8 EFFLUENT CONTROL AND MONITORING
1328-8.1 Radioactive Solid Waste

The solid wastes typically associated with fusion facilities that shall be considered during the
daﬂn include components and materials used in the first wall, blanket, or magnets activated
by the fusion neutrons, materials used to absorb liquid tritium waste, and adsorber materials
used in molecular sieves and adsorber bedsto remove oxidized tritium gasthat could not be
recovered from equipment vents and exhaust systems.

The potential pressure buildup because of radiolysisin sealed containers of tritium-
contaminated waste shall be considered in the design of these containers and waste storage
areas and in the development of waste-handling equipment.

1328-8.2 Radioactive Liquid Waste

Theliquid wastes typically associated with fusion facilitiesthat shall be considered during the
design include tritium-contaminated oils, liquid tritium resulting from the oxidation of
tritium gas, and contaminated fluids from decontamination operations.

1328-8.3 Effluents
1328-8.3.1 Airborne Effluents

Theairborne radioactive effluents typically associated with fusion facilities that shall be
considered during the design includetritium gasand oxidesthat are not removed by
molecular Sleves or adsorber beds from process system vents and exhaust systems, and
activated nuclidesin the atmosphere in the fusion machine building.

1328-9 DECONTAMINATION AND DECOMMISSIONING

The facility design shall include a dedicated area furnished with appropriate equipment and
utilitiesfor decontamination of tools and as much equipment as practical. Tritium adsor bed
on metal surfaces can be very rapidly liberated when the metal is heated, wher eas water,
detergents, and certain solvents are only moderately effective in removing tritium
contamination. This property shall be considered in the design of decontamination facilities.
1328-10 STORAGE FACILITIES

Tritium is classified as" Other Nuclear Material."

When tritium isstored in vesselsin the solid forméi.e., as uranium tritide), the design shall
ensure that the temperature of the storage vessels does not reach the eutectic temperature



ecial Facilities
2%E8843 014 Page 13-127 (and 13-128)

for iron and uranium during normal operations, anticipated operational occurrences, and
DBA conditions.

1328-11 PHYSICAL PROTECTION AND MATERIAL SAFEGUARDS

Tritium is classified as “Other Nuclear Material.”
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Division 14
Conveying Systems

1401 General

Elevators, dumb waiters, wheelchair lifts, escalators, and moving walks shall comply with:
» ASMEAIL7.1

« NFPAT0

« ANSIC2

UBC, Chapter 51, except enclosures
« 29 CFR 1926

« 29CFR 1910

« UFAS

« NEMA standards

« NFPA 101, Chapter 6

Hoisting, conveying, and material handling Systems and equipment for hazardous materials
shall meet the requirements established by the cognizant DOE authority.

Hoisting, conveying, and material handling systems that penetrate one or more security
barriers shall provide at each such barrier the same degree of Penetratlon resistance and
intrusion detection asisrequired for that barrier by the stespeu ic security plan. The power
distribution and control circuitsfor such elevatorsshall meet the design requirements for
securecircuits as specified in Section 1640-3, Power Service for Security, Communications,
and Alarm Systems.
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1420 ELEVATORS

Passenger elevatorsincluding those designed to carry freight shall be automatic with push-
button controlsfor each call station.

At least one elevator in each bank of elevators shall be equipped and arranged for fire
service operation so that firefightersand other emergency forces can have manual control.
The power distribution and control circuits for that elevator or those elevators shall meet
the design requirements for secure circuits as specified in Section 1640-3, Power Service for
Security, Communications, and Alarm Systems.

Thenumber, size, capacity, type of machinery, types of controls, and other operating
characteristics of the elevatorsto beinstalled shall be based on an elevator analysis that
considers such factors as the following:

» Buildingsize

« Configuration

»«  Circulation

» Trafficpatterns

« Population

»  Spacing conditions

» Elevator service functions

Where passenger elevator serviceisprovided and no separate freight elevator serviceis

provided, at least one passenger elevator in each bank shall be designed to carry freight in
accordance with Rule 207.1B of ASME A17.1.

All passenger elevators designed to carry freight shall be equipped with hooks to hang
protective mats.

All passe_ngier elevators and those deségned to carry freight in facilities that arerequired to
be accessible to physically handicapped persons shall comply with UFAS.

Where elevators are designed to be used to transport rescue personnel to and from
hazar dous areas, they shall be designed and constructed for ease of decontamination.

Where passenger elevator serviceis provided, an access control system shall be established
that meets the requirements specified in the site-specific security plan for the most restrictive
security barrier penetrated by that elevator system.

For elevator ventilation, see Section 1550-1.5, Ventilation-Exhaust Systems Design
Requirements.
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1440 LIFTS

1440-1 WHEELCHAIR LIFTS

In facilitieswithout passenger elevator service where access by physically handicapped
personsisrequired, platform lifts shall be considered for use.

All wheelchair lifts used in facilities that are required to be accessible to physically
handicapped persons shall comply with UFAS.

1460 CRANES

All cranes shall be designed consistent with CMAA-70 requirements. Over head cranes and
related equipment for special facilities shall be designed and installed to the same
r%qelgrernents in effect in the building location in which they areinstalled. Cranes shall have
wheel restrainers.
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Division 15
M echanical

1525 MECHANICAL INSULATION

1525-1 APPLICABILITY

Insulation shall be considered for equipment, ductwork, piping, flue pi#)e, and breeching to
minimize ener gy loss, to prevent condensation, and to provide safe surface temperatures.

All insulation material, media used to apply insulation, and jacketing material shall havea
maximum flame spread of not more than 25 fuel-contributed and smoke-developed ratings of
not over 50 when tested using UL 723 Test Methods. Exception to the smoke-developed
rating of 50 shall be made for exterior underground piping and exterior above-ground piping
beyond 15 feet from buildings or individual supports (stanchions).

Asbestos or asbestos-containing materials shall not be used.

1525-2 MINIMIZATION OF ENERGY LOSS

ASHRAE Standard 90 shall be the basis for determining insulation thicknessin HVAC
systems, service water heaters, and recirculation piping in buildings.

Insulation thicknesses for exterior and under%/rlound distribution systems and equipment shall
be based on the TIMA Economic Thickness Manual.

15253 CONDENSATION PREVENTION

Insulation material, thickness, and jacketing shall be designed to provide an exterior skin
surface temperature greater than the minimum anticipated ambient dew point.

1525-4 SAFE SURFACE TEMPERATURES

Insulation shall be provided on hot and colddgeneration equipment, ductwork, piping, flues
or breeching, using a material, thickness, and surface treatment that will maintain the surface
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temper ature between 35°F and 125°F for highly conductive (metal) surfaces or between 32°F
and 1500°F for nonconductive surfaces. See also Section 1555-2.6.8, Plant Insulation.

1530 FIRE PROTECTION

1530-1 GENERAL
Fire protection systems shall comply with DOE 5480.7.

1530-2 IMPROVED RISK CONCEPT FOR FIRE PROTECTION SYSTEMS
1530-2.1 General

Fire protection design shall incorporate an “improved risk” level of fire protection as directed
in DOE 5480.7 aswell as Section 0110-5, Health and Safety.

1530-2.2 Vital Programs

Fire protection systems for vital programs shall incorporate a “higher standard of protection”
than the “improved risk” level as directed by DOE 5480.7.

1530-2.3 Maximum Possible Fire L0ss
1530-2.3.1 General

The “improved risk” level of protection requires that the “ maximum possible fire loss’ shall
bethebasisfor determining the need to provide automatic fire suppression systemsand for
additional fire protection systems and features. “Maximum possible fire loss” is defined in
DOE 5480.7. Criteria | through V asdiscussed in DOE 5480.7 correspond with Section
1530-2.3.2, Criterion |, through Section 1530-2.3.6, Criterion V. The application of these
criteria shall be considered by an experienced fire protection engineer.

1530-2.3.2 Criterion |

Whenever the maximum possible fire loss exceeds $1 million, automatic fire suppression
systems shall be provided.

1530-2.3.3 Criterion 1

The need for automatic fire suppression systems shall be considered when the maximum
possiblefirelossisbelow $1 million.

Some examples of situations where automatic fire suppression systems may be warranted for
potential fire losses below $1 million are:

« Facilities that contain critical or long-procurement-time construction items
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» Atemporary-usetrailer used asa control center for avital one-time activity

« A facility with high public visibility or sensitivity

» Electric power transformers with combustible contents that, if damaged, could result in
an extended shut-down of the facilities they serve

« Facilitiesin which afire could result in the accidental refease of toxic or hazar dous
materials or emissions

« Cooling towersof combustible construction

« Facilities that can be easily protected by extending automatic sprinkler systems from an
adjacent protected facility at alow incremental cost

« Facilities in which afire could damage moreimportant adjacent facilities

» Facilities that may warrant automatic fire suppression systems in the future
« Facilities whererequired for protection of human life

1530-2.34 Criterion 11l

Autsfqgatic fire suppression systemsarenot required if all of the following conditions are
satisiieq:

« Themaximum possible fire loss is less than $250,000.
s Thereisnohazard to human life.

» Thereisnodanger of afireresulting in release of toxic or hazardous materials or
emissions,

Adeguate separation from other facilitiesis provided

Important oBerations or program missionswill not suffer unacceptable delays asa result
of fire (see DOE 5480.7 for qualification criteria).

1530-2.3.5 Criterion IV

Whenever the maximum possible fire loss exceeds $25 million, the area shall be subdivided
with free-standing fire rated walls or suitable redundant fire protection systemsto limit the
credibleloss to less than $25 million even in the event the primary system fails. In no case
shall the maximum loss potential exceed the $75 million loss limit established in DOE

5480.b7.;|.fai|ureproof systems such as physical separations shall be provided to prevent this
possibility.

Response capability of on-site fire departments and availability of adequate water quantity
and pressure at well-located hydrants may he the principal basic method of redundant fire
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protection for most DOE facilities, but automatic redundant protection systems may be
needed to meet or exceed “improved risk” levels of protection for some facilities.
Redundant fire protection systems may include dual water supplies to sprinkler systems, dual
piping risers, or valving systems such that adequate redundancy in water supply to the
sprinkler headsis provided to cover maintenance or emergency outages of either of the
water supply systems; or, may include multiple types of automatic fire suppression systems
(eg., water sprinklers and Halon).

Some DOE sites or facilitiesmust rely on local (e, city or county) fire department
response caoablhty for redundant protection. The fire department capability to reduce loss
dueto awell-developed fire shall be considered in terms of the following factors:

» Location of fire station(s) with respect to the facility to be protected

« Staffing of stations (e.g., continuoudly or “on-call” volunteer)

s Ability to perform initial fire attack asoutlined in NFPA 1410

« Method(s) of fire department notification or alarm reception

« Familiarity of station staff with the DOE facility, and training in preparation for effective
response to an alarm at the DOE facility

» Degreeof commitment that fire department(s) make to respond to fire emergenciesin
DOE facilities. This factor shall be emphasized.

Portable fire extinguishers, interior fire hose systems, or interior fire detection and alarm
systems do not meet the definition of a redundant fire protection system.

1530-2.3.6 Criterion V

The need for redundant fire protection systems or methods, or for supplementing existing
redundant fire ,orotection capability, shall be considered on a case-hy-case basis when the
maximum fire loss potential is below $25 million. Factors to be considered include:

» Firedepartment response capability

» Hazardsinvolved in the operation

» Operating and program-mission effect of interruption and delays duetofire

1530-3 WATER FLOW AND PRESSURE REQUIREMENTS FOR FIRE
PROTECTION

1530-3.1 General

Total volume, pressure, and design flow rate of water necessary to provide fire protection for
facilities shall be determined by the methods described in the following paragraphs. All
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sprinkler or other automatic fire suppression system components shall be UL- or FM-
approved for the particular application chosen.

1530-3.2 Occupancy Hazard Classfication

NFPA 13 shall be used to determine the Occupancy Hazard Classification for any facility.
Light hazard occupancy rules are prohibited.

1530-3.3 Writer Demands for Sprinklered Facilities
1530-3.3.1 Schedule-Designed Sprinkler Systems
For systems designed using pipe schedule methods, NFPA 13 shall be used for calculating

water demand in the absence of spegific requirements provided by the cognizant DOE fire
protection authorities based on unusual occupancies or special hazards.

Precautions shall be taken to ensure that adequate residual pressure exists at full demand
flow rateto fulfill the density and coverage requirementsfor schedule-designed systems. If
water supply or pressure ismarginal the pressure loss from the base of the riser to the most
remote head should be calculated to confirm that the schedule designed-system will meet
requirements, or the system shall be hydraulically designed.

1530-3.3.2 Hydraulically Designed Sprinkler Systems

NFPA 13 shall be used to determine water supply requirements for hose streams (gpm) and
duration (min). Density curves presented in NFPA 13 shall be used for calculating sprinkler
demand for hydraulically designed systems. For hazard classifications not covered in NFPA

13 and certain other special occupanciesor hazards, design density and area of cover age shall
be as specified by other more appropriate standards referenced in NFPA 13 or project-
specific requirements as determined by the cognizant DOE fire protection engineer. For
ordinary hazard occupancies and above, hose stream requirements shall be a minimum of 500
gpm regardless of the hose stream demands listed in the above references unless otherwise
specified by the DOE project criteria.

Determination of adequacy of water supply shall be made on the basis of actual flow test
data gathered using the methodsin NFPA 13, Appendix B.

1530-3.3.3 Fire Hydrant Demand

Whererélianceis placed on fire department response, either for protection of unsprinklered
bUIldIr;?S or wherethefire department will serveasredundant (backup) protection, asa
general rulethe water supply should be adequate to supply at least 0.03 gpm per cubic foot
of fuel (building and contents) in the largest fire area (for hhqh-BTU_-content fuels, convert

to equivalent ordinary BTU loads). Thiswater supply should be available at 20 psig residual
pressure at the hydrants.
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1530-4 AUTOMATIC SPRINKLER PROTECTION
1530-4.1 General

All sprinkler systems shall comply with NFPA 13.

1530-4.2 Tvpesof Sprinkler Systems
1530-4.2.1 Wet Pipe

Sprinkler systems shall normally be wet pipe using pipe schedule sizeslisted in NFPA 13 for
ordinary installations. Hydraulic designs shall be considered for all systems. The system shall

be hydraulically designed where residual pressure is marginal, water application rate is high,

responsetimeiscritical, or special risksareinvolved.

1530-4.2.2 Dry Pipe

In unheated areasor other areas subject threezin%]temperatur%, dry pipe systems shall be
provided. Because of the time delays associated with release of the air in the system, water
demandsfor dry pipe systems shall be computed over areas 30 percent greater than for
compar able wet pipe systems. Where the unheated area is small it may be cost effective to
install an antifreeze system or small dry pipe system supplied from the wet pipe system in
themain heated area.

1530-4.2.3 Preaction

A preaction system shall be used whereit is particularly important to prevent the accidental
discharge of water. Need for a preaction system shall be based on review by and
recommendation of a professional fire protection engineer. The detection system chosen to
activate the preaction valve shall have high reliability and a separate alarm/supervisory signal
to indicate status. The detection system must be designed to be more sensitive than the
closed sprinklersin the preaction system, but should not be so sensitive as to cause false
alarms and unnecessary actuation of the preaction valve.

1530-4.2.4 Deluge

For extra hazard areas and specific hard-to-extinguish fuels such as explosives and pyrophoric
metals, a deluge system with open sprinkler heads may be used to wet down the entire
protected area smultaneously. Deluge systems shall comply with NFPA 13. If quick response
ISrequired deluge system piping may be primed with water. The nozzles must be provided
with blow-off caps for water-filled deluge systems.

1530-4.2.5 Sdf-Restoring

Self-restoring sprinkler systems, such as the on-off multicycle sysem or sytems using
individual on-off sprinkler heads, shall be considered where the water from sprinklers will
become contaminated by contact with room contents, wherethere isa concern for water
damage, or wherewater supply or storage volumeismarginal.
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1530-4.2.6 Quick-Response

Where there are high-value concentrations (values per square foot), quick-response sprinklers
shall be considered in lieu of conventional sprinklers.

1530-5 SPECIAL PROTECTION SYSTEMS

1530-5.1 General

Special protection systems may be used to extinguish or control firein easly ignited, fast-
burning substances such as flammable liquids, some gases, and chemicals. They shall also be
used to protect ordinary combustibles in certain high-value occupancies especially susceptible
to damage. Special protection systems supplement automatic sprinklers as described by

NFPA and shall not be used to substitute for them except where water is not available for

rinkler protection. The added expense of the supplementary system shall be supported by
ocumented justification.

The selection of a particular special suppression system shall be based on:
s The effectiveness of that system or agent for the type of hazard

« Thedamagelikely to be caused by the extinguishing agent, including cleanup and
downtime

1530-5.2

1530-5.2.1 Water Spray

Ingtallation of water spray systems shall comply with NFPA 15.

1530-5.2.2 Carbon Dioxide

Agent quantity requirementsand installation procedures shall comply with NFPA 12.
1530-5.2.3 Dry Chemical

Systems shall comply with NFPA 17.

1530-5.2.4 Foam

Zggm systems shall comply with NFPA 11, NFPA 11A, NFPA 16, NFPA 16A, and NFPA

1530-5.2.5 Halon

Theinstallation of Halon 1301 systems and Halon 1211 systems shall comply with NFPA
12A and NFPA 12B, respectively.
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1530-6 STANDPIPES AND HOSE SYSTEMS
Installation of standpipe systems shall comply with NFPA 14,

1530-7 PORTABLE FIRE EXTINGUISHERS
Portable fire extinguishers shall comply with NFPA 10.

1530-8 FIRE DETECTION AND ALARM SYSTEMS
1530-8.1 General

All fire detection and alarm devices shall have UL -listed components or be FM-approved.

Devices and systems shall compII:y with NFPA 71, NFPA 72A, NFPA 72B, NFPA 72C, NFPA
72D, NFPA 72E, NFPA 72F, NFPA 72G and NFPA 72H as applicable.

1530-8.2 Alarm Systems

1530-8.2.1 General

Firealarm systems shall have the following basic features.

" condantly alande ot onsin o GEnce Wh eopptopy e NFPA Sgnaing
O e appropriate gnaling

« Local alarmsfor the building or zonein alarm

s Trouble signals as required by the appropriate NFPA Signaling Systems Standard

» Emergency battery backup for system operation

» Electric supervision of all circuitsasrequired by the appropriate NFPA standard

' Supervisory devicesfor all critical functions (valve position switches, water level,
temperature).

« Capability of annunciating at least three separate conditions; 1) afirealarm, 2) a
supervisory alarm, and 3) a trouble signal indicating a fault in either of the first two.
Annunciation of each condition shall be separate and distinct from the other two.

Fire alarm systems for new D.OE_buiIdin?s snall be compatible with those for the DOE
complex where the new building is to be located.
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1530-8.2.2 Alarm Actuating Devices

» Alarmsthat respond to flow of water shall be provided wherever ag)rinkler system is
installed and shall comply with requirements of the NFPA standard for the type of
signaling system used.

» A manual firenatification method such as manual fire alarm boxes shall be provided and
located in accordance with the appropriate NFPA standard

« Combined watch reportirag and firealarm systems, if used, shall bein accordance with
the appropriate NFPA standard

1530-8.3 Automatic Fire Detection Systems
1530-8.3.1 General

Automatic detection systems may be used to supplement or to actuate extinguishing systems.
Automatic fire detectors shall comply with NFPA 72E. Detector spacing shall bein
accordance with NFPA 72E, AppendicesA, B, and C.

1530-8.3.2 Heat-Actuated Detectors

Heat-actuated detectors are appropriate when any of the following conditions exists:
. Speed of detection isnot the prime consideration

. The spaceis small or confined and rapid heat build-up is expected

s Ambient conditionsdo not allow the use of other detection devices

1530-8.3.3 Flame-Actuated Detectors

Flame-actuated detectorsare appropriate when rapid detection isof primeimportancein
high hazard areas, such as.

Fuel-loading platforms

Industrial process areas

Hyperbaric chambers

High ceiling areas

»  Atmosphereswhere explosionsor very rapid fires may occur

Sincethistype of device must " see” the flame to oper ate, the number of devices and their
aiming must be carefully engineered. False trips from extraneous radiation sources are also
possible. For the above reasons use of this type of device shall require coordination among
the fire protection engineer, DOE project manager, and the equipment manufacturer.
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1530-8.3.4 Smoke Detectors

Smoke detectors shall beinstalled in all areaswhererequired by the appropriate NFPA
standard or by the cognizant DOE fire protection authority. Smoke detectors shall be of a
type operating on one of the principles described in NFPA 72E. A mixture of detector types
may be appropriate. L ocation and required spacing of smoke detectors shall be determined
by the methods of NFPA 72E and its Appendix C. Spacing shall be based on threshold fire
size, firegrowth rate, and celling height as described in these standards.

1530-9 WATER STORAGE AND DISTRIBUTION

Wherever Practicaj, dedicated fire water storage and distribution systems shall be used. If a
dedicated fire water supply system cannot be provided, the fire protection water supply shall
assure availability regardless of smultaneous process and domestic water usage.

Where automatic sprinkler systemsor standpipes are fed from a potable water system,
approved check valves shall beinstalled in sprinkler lead-insto preclude theintroduction of
pollutants from systems or regirculation of stagnant water that would contaminate the
domestic water system.

Underground fire water mains or combined fire and domestic water mains, including valves,
hydrants, and fittings, shall be installed, flushed, sterilized, and tested in accordance with

FPA 24 and Section 0260, Piped Utility Materials. Water storage tanks shall comply with
NFPA 22. Fire pumps shall comply with NFPA 20. Water storage shall be sufficient to meet
the density, pressure, and duration requirements of NFPA 13,

Whenever feasible, all water distribution systems shall be of the looped g?rid type providing
two-way flow with sectional valving arranged to provide alternate water flow paths to any
paint in the system.

Fire mains (except those supplying a single hydrant or extensions of existing smaller mains)
shall be at least 8 inches. Mains snall be sized to supply the largest fire demand plus the
largest domestic and process demand with consideration for residual sprinkler system
pressure requirements.

Sprinkler supply lead-ins should be at least 6 inches, except lead-ins of 4 inches may be used
for very small sprinkler systems when substantiated by hydraulic calculations. In no case shall
the lead-in be smaller than the sprinkler riser.

Wher e combined fire and domestic-process water systems are used, the suppliesto each
building shall be arranged and valved so that the domestic and process systems can be shut
down without shutting off the fire system supply.

Sprinkler risersshould belocated at an exterior wall. Sprinkler supply lead-insshould run
under buildings the minimum distance possible. Whereariser must belocatedina
potentially contaminated area, consideration should be given to locating theriser exterior to
the building in a heated enclosure.
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Outside control valves that can be locked open shall be provided on each supply lead-

in,
located if possible a minimum distance of 40 feet from the building. PIVs should be used
where possible. If site conditions preclude the use of PIVs, such as where they would be

wslééect to mechanical damage and cannot be properly guarded, OS&Y valvesin pits may be
used.

K ey-operated buried valves shall not be used for sprinkler control valves. In no case shall
there be more than one valve controlling a sprinkler supply lead-in.

All lead-ins shall be connected with the sprinkler system at the base of the riser. Alarm
valves shall be located as close as practical to the building entry point. Hydrants shall be
provided so that hose lays from hydrantsto all exterior portions of a protected building are
no more than 300 feet. Hydrants shall not be closer to buildings than 50 feet.

1530-99 SPECIAL FACILITIES
1530-99.0 Nonr r Nuclear Faciliti

An assessment shall be made early in the desi[qn or modification to determine the facility
structures, systems, and components that shall be protected against the effects of a DBF and
explosion. A fire protection engineer or person knowledgeable in _appIng the principles of
fire protection shall develop the fire protection system. To maximize the protection against

fire, the system shall contain art appropriate integration of fire prevention, detection, and
suppression features.

Fire protection systems shall not: (1) prevent a facility from achieving and maintaining a safe
shutdown condition, (2) prevent the mitigation of DBA consequences, or (3) cause an
inadvertent nuclear criticality.

Total reliance shall not be placed on a single fire suppression system. Appropriate backup
capability shall be provided.

To ensure that redundant safety class components shall be capable of performingthe
necessary safety functions, the facility design shall provide appropriate separation againgt fire,
explosion, and failure of fire suppression systems.

Fire protection systems, or portions of them, that must function to control effects of a DBA
event (as determined by safety analysis accident scenarios) shall be designed to be functional
for all conditions included in the accident scenario. This shall include both the event initial
cause and its consequences.

Mechanical- and fluid-system portions of the fire protection system shall meet the
appropriate NFPA requirements.

The operation or failure of a fire protection system that interfaces with a safety class system,
such as a safety class water system, shall not prevent the safety class system from completing
its safety functionswhen required. Wherever practical, special facilities shall be designed and
constructed using building components of fire-resistant and noncombustible material,
particularly in locations vital to the functioning of confinement systems. To the extent
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practicable, combustible materials shall not be used in the construction of process system
confinement barriers.

Confinement systems, particularly the building structural shell and its associated ventilation
%/BstFem, shall be designed with the capability of retaining the confinement function during the

When the use of water sprinkler coverageis precluded because of nuclear criticality or other
hazar ds, nonaqueous extinguishing systems (i.e., inert gas, carbon dioxide, high-expansion
foam, or halogenated organics) shall be used.

Fire protection systems shall be designed so that the failure of any active component
(equipment or control dG\/ICE? shall not disable the fire protection system. Fire protection
systems and components shall have fail-safe featuresand audible and visual alarmsfor
oper ability and trouble indications.

An emergency source of electric power shall be provided to operate fire protection systems.
Fire protection systems shall be capable of operating during a normal power outage. The
emer gency power sourcesand the electrical distribution circuits shall have independence and
testability to ensure performance of their safety functions assuming any single failure.

The designers of the fire protection system shall consider the fire and explosion potential of
the materials being processed and the solvents used during processing. In addition, the
design shall include facility-specific fire protection systemsto mitigate the damage from:
pyrophoric and other materials that are fire hazards, (e.g., mag?nesum, ion exchange resins,
nitrate solvent and nitrate reduction reactions, and zirconium fuel element cladding hulls).

When the process uses or produces combustible gases or vapors, the design shall include
featuressuch asinert gas purging, premixing hydrogen to a nonflammable percent with inert
gas, and increasing the air flow within process confinement barriersto provide the dilution
required to maintain the concentration of gases or vapors below the lower limit for
flammability.

Entry of air into furnaces operating with reducing gas shall be precluded by the use of inert-
gaspurged locks or other suitable means at the furnace entry and exit. Furnace gas shall be
exhausted through a filtered exhaust system.

Process furnaces shall be provided with a sklstem for automatically shutting off the furnace
gas and purging with inert gasin the event of power failure, loss of coolant water, loss of
exhaust ventilation, overtemperature, or detection of hydrogen in the vicinity of the furnace.

Automatic water sprinkler coverage shall be provided throughout the facility except in areas
wherenuclear criticality or other hazards specifically precludeits use or where Halon systems
arerequired to reduce equipment damage.

The water supply for the permanent fire protection installation shall have a minimum of two
reliable, independent sour ces each with sufficient capacity (based on maximum demand) for
firefighting until other sour ces become available. Only time of these two sources shall be
required to be DBE qualified.
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To protect the integrity of process confinement systems. fire protection systems shall include
thefollowing features:

# Automatic and redundant fire detection devices

» A fire-extinguishing system to rapidly remove heat produced by fire to prevent or
minimize the Fressurlzatlon of a process confinement and to rapidly extinguish a fire to
minimize the loading of ventilation system filters with combustion products

= Theintroduction of the extinguishing agent in a way that doesnot result in
overpressurization of the confinement barriers

Wherefirebarriersare penetrated by the confinement system’s ventilation ducting, fire
dampersshall be appropriately used to maintain the barrier integrity. However, the closure
of such dampers shall not compromise the functions of the confinement system where the
loss of confinement might pose a greater threat than the spread of fire. In such cases,
alternative fire protection means ?e.g., duct wrapping) shall be used as a subgtitute for fire

barrier closure. In no case shall a sprinkler system (including safety class sprinklers) be
consdered afirebarrier subgtitute.

Wheretherisk of uranium or plutonium metal fireis high, the operator shall be provided

with a supplementary capability to extinguish afire (e.g., dousing with carbon microspheres
or magnesium oxide sand).

Because of flammable or potentially flammable atmospheres, electrical installationsin

hazar dous ﬁrocess locations shall be designed to preclude the introduction of any ignition
source by the electrical equipment.

1530-99.2 Emergency Preparedness Facilities

Emergency prepar edness facilities containing telecommunication equipment, alarm
transmission equipment, or ADP equipment shall be protected according to the criteria of
1530-99.8, Telecommunications, Alarm, and ADP Centersand Radio Repeater Stations.

1530-99.4 Explosives Facilities

Thehazards from firein buildings (except storage magazines) containing explosives and
plutonium require the installation of automatic& e suppression systems. For buildings
containing only explosives, fire suppression systems are required asdictated by DOE-
"improved risk" criteria and misson requirements. Additional protection, such as automatic
defuge systems, shall be provided where appropriate. Advice and guidance shall be obtained
from cognizant DOE fire protection personnel during the planning and design of explosives
facilitiesto ensure that necessary protection is provided.

Wherefire suppression isrequired, each explosives bay shall have an individual feed with
controls protectively located outside the bay to remain operable in the event of an explosion
in any bay. The design of the fire suppression systems shall comply with these criteria.
Specific operations conducted on explosives shall be considered and fire protection features
provided to mitigate unfit risk. In addition, early warning of fire shall be considered where
such early warning might reasonably aid in prevention or mitigation of an accident.
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Transmitted alarms shall distinguish between explosives and non-explosives areas through the
use of annunciator panels at safe locations.

1530-99.8 Telecommunications, Alarm, and ADP Centers and Radio Repeater Stations

An automatic sprinkler system shall be provided in all centerswhere water availability is
adequate based on enginéering analysis. Systems should normally be wet pipe with smoke
detection. Other automatic suppression systems such as hajo?enated fire extinguishing agent
systems or carbon dioxide systems shall be supplementary only.

Thefire protection system shall comply with DOE/EP 0108 and NFPA 75. All sprinkler

systems should be hydraulically designed for the appropriate water density based on
occupancy.

Automatic fire detection systems shall be provided in all centers. Each system shall provide
for automatic alarm transmission to local sounding devices and to the cognizant firealarm
center.

The detection system shall perform the following functions:

= Initiate an alarm to the building alarm system and to the local fire alarm control center
» Shut off electric power to computer-electronic data processing equipment in those areas

wherefire may operate sprinkler heads before manual power shutdown could be
accomplished

» Activate the appropriate HVAC system control sequence to provide smoke evacuation
A manual reset shall be provided to reenergize the interrupted electrical systems.
1530-99.12 Uranium Enrichment Facilities

1530-99.121  Gaseous Diffusion and Centrifuge Facilities

Stora%e areas for UF,and process areas handling UF,shall besﬂr;}/sj cally isolated from other
areasby fire-resstant barriers. In additionoF, storage areas shall be protected by water
sprinklers designed to keep the UF,area cool In case of fire.

Fire-resistant physical-isolation barriers shall be desiﬁned for both the fluorine gas storage
area and process areas that use fluorine. All off-gas that can contain fluorine (or hydrogen
fluoride) shall be scrubbed with a caustic (or equivalent) solution in a scrubber to reduce
hydrogen fluoride, fluorine, and ozone (minor product resulting from reaction between
fluorine and moisture) in the off-gas to less than the allowable EPA emission limits.

Jet exhaustersand caustic- or soda-lime traps shall be provided to purge manifold pigtail
connections.

Nitrogen shall be used as a fluorine system purge.
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Fluorine and hydrogen fluoride monitors shall be provided at strategic points to detect and
tgl cut)off fluorine flow at the source (by self-activation of the monitor and positive shutoff
valves).

1530-99.12.2  Atomic Vapor Laser |sotopes Separation Facilities

The laser dye areas of AVLIS facilities contain ethyl alcohol and shall be classified as
hazar dous [ocations accor ding to Article 500 of the NEC. Electrical equipment and wiring
shall meet the requirements for use in a Group D atmosphere.

Ethyl alcohol shall be confined to a closed system that prevents exposure to the atmosphere
under normal operating conditions. The dye flow system shall be egregated into small flow
loops with interlocked stop and shunt valves actuated by signals from tlow, level, and
pressure Sensors.

1530-99.16 Uranium Conversion and Recovery Facilities
Thefire protection provisions for UCRF shall meet the following requirements:

« Physical isolation barriersshall be designed for process areasthat use hydrogen.
Pressurized hydrogen gas storage areas shall be surrounded with fire-resstant barriers.
The pressurized hydrogen storage tanks shall be capable of being isolated from the
distribution system using positive shutoff valves. The distribution system shall either be
double pg)ed $p|pe within a pipe) or have hydrogen detectors |located at strategic points,
with the detector-activated capability of shutting off hydrogen flow at the source.

= Fireresistant, physical isolation barriers shall be designed for both the fluorine gas
storage area and process areas that use fluorine. All off-gas that can contain fluorine (or
hydrogen fluoride) shall be scrubbed with a caustic (or equivalent) solution in a scrubber
to reduce hydrogen fluoride, fluorine, and ozone Ymmor product resulting from reaction
|between fluorine and moisture) in the off-gas to less than the allowable EPA emission
imits.

» Jet exhaustersand caustic- or soda-limetraps shall be provided to purge manifold pigtail
connections.

« Nitrogen shall be used as a fluorine system purge.

« Fluorine and hydrogen fluoride monitors shall be provided at strategic points to detect

and to cut off fluorine flow at the source (by self-activation of the monitor and positive
shutoff valves).

« For ametal fire, water shall not be used except to keep the fire from spreading or asa
last resort to save the facility. Effective extinguishing agents for small metal fires shall
include inert gasin an enclosure, carbon microsphere for blanketing the burning metal,
and magnesium oxide for blanketing thefire.

» All flammable materials shall be stored separately from one another and in-process
inventories minimized.
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» Sources of heat or ignition shall not be designed for inclusion near metal storage or
holdup areas. Facilities fires shall be kept from spreading to metals, and fire-resistant
barriersshall be designed into facilities to isolate metal storage ar eas.

1530-99.19 Tritium Facilities

Thefire protection provisionsfor tritium facilities shall meet the following requirements:

» Consideration of unique fire sources (e.g., uranium traps used for tritium storage)

= Compatibility of fire extinguishing agents with the fire sourcesin a tritium facility

. Ha?]dling requirements for expended fire fighting agents that may become contaminated
with tritium

1540 PLUMBING/SERVICE PIPING

1540-1 PLUMBING
1540-1.1 General

These criteria apply to interior plumbinfq systems (fixtures, supply, drain, waste and vent
piping, service water heating system, safety devices, and appurtenances) up to 5 feet beyond
the building exterior wall.

Domestic water shall be supplied by a separate service line and not be a combined fire

protection and potable water service or a combined process water and potable water system
within the building.

Plumbing shall comply with the NSPC (or other locally adopted nationally recognized
plumbing code), ASHRAE Handbooks, and ASHRAE Standard 90.

Design criteria for special systemsrelated to the facility process or research requirements
shall be provided by the cognizant DOE authority.

Penetrations of piping through security barriers shall be minimized. Such penetrations more
than 96 square inchesin area and morethan 6 inchesin minimum dimension shall providea
penetration delay equa] to that required for the security barrier. The physical attributes and
Intended service of the p|p|n%and the axial configuration of the barrier penetration shall be
considered when evaluating that penetration delay.

1540-1.2 Eixtures
All fixtures shall comply with FS WW-P-541.

Fixtures and appurtenances suitable for usc by handicapped persons shall comply with
Section 0110-8, Accommodations for the Physically Handicapped. Self-contained” mechanical-
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refrigerated coolers shall be provided wherever a need for drinking fountains exists. Ratings
shall be based on ARI 1010. Electrical equipment shall be UL listed.

1540-1.3 Piping
1540-13.1 Supply

TypeK copper tubing shall be used below grade. Type L copper tubing shall be used above
grade. CPVC and PB plastic pipe and tubing may be used in lieu of copper tubing above
grade where not subject to impact damage or otherwise prohibited by DOE project criteria.

Fittingsfor TypeK shall beflared brass, solder-type bronze or wrought copper. Fittings for
Type L shall be solder-type bronze or wrought copper. Fittingsfor plastic pipe and tubin
snall be solvent cemented or shall use other forms of joining (such as electric heat fusion% at
the direction of the cognizant DOE authority or shall use Schedule 80 threaded. No lead
solder shall be used for copper pipein potable water systems.

Stop valves shall be provided at each fixture. Accessible shut-off valves shall be Ip_rovided at
branches serving floorsor fixture batteriesfor isolation, or at risers serving multiplefloors.

Shut-off valves snall be provided to isolate equipment, valves, or appurtenances for ease of
maintenance.

Accessibledrain valves shall be provided to drain the entire system. Manual air vents shall
be provided at high pointsin the system.

Provision for expansion compensation shall be included where thermal expansion and
contraction cause piping systemsto move. The movement shall be accommodated by using

theinherent flexibility of the piping system aslaid out, by loops, by manufactured expansion
joints, or by couplings.

Accessible manufactured water hammer arresters shall be provided. Dielectric connections
shall be made between ferrous and non-ferrous metallic pipe.

Where domestic or fire water servicelinesenter buildings, suitable flexibility shall be

provided to protect against differential settlement or seismic activity in accor dance with the
NSPC or NFPA 13, respectively.

1540-1.3.2 Drain, Waste and Vent

Underground lines snall be service weight cast iron soil pipe hub-type (with gasket); hubless
cast iron soil pipe may be used in locations where piping is accessible. Aboveground (above
rade) linesthat are 1-1/2 inch in diameter and larger shall be either hubles or hub-type
with gasket) service weight cast iron soil pipe, Lines 1-1/2 inch through 6 inch in diameter
maa¥ be ABSor PVC plastic pipe where allowed by DOE project criteria. Pipe and fittings
shall be joined using solvent cement or elastomeric seals. Lines smaller than 1-1/2 inch in
diameter shall beeither 1) TypeL copper with solder-type bronze or wrought copper fittings
or 2) galvanized stee with galvanized malleableiron recessed threaded and coupled fittings.
Cast iron soil pipe fittings and connections shall comply with CISPI guidelines.

Provisionsfor expansion compensation shall beincluded as above.
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1540-1.4 Service Water Heating Equipment

The service water heating system shall provide flow within 10 seconds of approximately
110F at the most remote outlet from generation equipment, except where thisis deemed
unnecessary by the cognizant DOE authority.

Booster heaters shall be ﬁrovided where sanitizing for dishwashing or where a temperature
above the normal water heater outlet temperature is required.

Generation equipment and system selection shall be based on LCC analysisand available
ener gy sour ces.

1540-1.5 Safety Devices
Tempering valves shall be the fail-safe pressure balance type.

As directed by project criteria, emergency eye washes, emergency showers, or combination
emergency eye wash-shower s shall be provided in areaswhere corrosive or other skin or eye
irritant chemicals are stored, handled, used or dispensed. Equipment shall comply with ANSI
Z358.1 and be serviced by the potable water system.

Hot water generation equipment shall be provided with ASME code-stamped tanks, when of
sufficient capacity, water temperature, or hot input rate to be within thejurisdiction of the
ASME Boiler and Pressure Vessel Code. Approved relief devices, combination temperature-
pressure or separate units, depending on the application, shall be provided.

Backflow preventersand air gaps shall be used to prevent cross-connection (contamination)

of potable water supplies. Vacuum breakers (Ito prevent back-siphonage) shall be used only
in conjunction with administrative controls.

1540-1.6 Appurtenances
1540-1.6.1 Pressure Modification

Pressure-reducing valves shall be provided where service pressure at fixtures or devices
exceeds the normal operating range recommended by the manufacturer.

Wherever a pressure-reducing valve's failure may cause equipment damage or unsafe
conditions, a pressure-relief valve shall be provided downstream of the reducing valve.

A meansto increase the system water pressure shall be provided when incoming water
service pressure will provide less than the minimum operating flow and pressure
recommended by the manufacturer.

The basic pressure-boosting system should be a manufactured package composed of an
ASME-rated hydropneumatic, non-rechargeable tank, mulgfle alternating pumps, and low-
flow/demand tank operation (without pump). Manufactured packages shall include all
required operational and safety features.
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Booster system pressure-flow reguirements shall be based on existing water main hydraulic
data, static pressure, and residual pressure at flow, at the approximate anticipated tap-in
connection point. The cognizant DOE authority shall provide this information to the design
professional.

1540-1.6.2 Water Treatment

The cognizant DOE authority shall provide the design professional with current water quality
analysis data on which to base the method of water treatment, if needed.

The system shall be selected on an LCC basis considering equipment first cost, operating and
maintenance costs, and chemical cost.

1540-1.6.3 Trap Seal Protection

A trap primer valve and floor/funnel drain with trap primer valve discharge connection shall
be used where there is the possibility of the loss of the seal in floor/funnel drain traps.

1540-1.6.4 Hose Bibbs, Wall Hose Outlets, and Yard Hose Outlets

Project criteria shall indicate number, location and preferred type of hose bibbs and
hydrants. All units served by potable water systems shall have integral vacuum breakers, and
in addition, administrative controlsin the form of signs and scheduled maintenance testing of
vacuum breakers.

1540-1.6.5 Insulation

See Section 1525, Mechanical Insulation.

1540-1.6.6 Sterilization

New supply %stems or rehabilitation to existing supply systems shall require sterilization as
per AWWA C652, AWWA C5186, or local governing plumbing code.

1540-1.6.7 Miscellaneous

Access panels shall be provided where maintenance or replacement of equipment, valves, or
other devices are necessary.

Escutcheons shall be provided at wall, ceiling, and floor penetrations of piping in occupied
areas.
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1540-99 SPECIAL FACILITIES
1540.99.0 Nonreactor Nuclear Facilities-General
1540-99.0.1 General Coding System Criteria

These criteria and requirements are for cooling water and water supply systems including all
componentsthat transfer heat from sourcesin the facility to the ultimate heat sink that are
classified as safety class items in accordance with Section 1300-3.2, Safety Class Items. The

function of the safet}r/1 classwater system isto providea sufficient quantity of water to satisfy
the safety needs of the following:

« Cooling systems that remove heat from storage pools or process vessels that contain
radioactive liquids

» Cooling needs of other equipment or systems requiring a supply of water to perform
their safety functions

Water systems shall be designed to incorporate sufficient redundancy and independence to
ensure that served systems and structures are adeguately cooled and that adequate emergenq
supplies of water are available during normal operations, anticipated operational occurrences,

and DBA conditions with the addition of a single failure of a component in the water
system.

The cooling water system shall have a heat utilization capability at least equal to the

maximum heat load imposed under any mode of normal operations, anticipated operational
occurrences, and DBA conditions.

Thewater supply system shall be capable of supplying the long-term water needs of a facility
following a loss of normal water supply or other accident.

Thewater system shall be designed to a national;iping code (i.e, ASME Boiler and
Pressure Vessel Code, Section [11 or ASME B31.3). The design of systemsthat must provide
cooling water following a DBE shall include the for ces resulting from a DBE.

The cooling water system shall be provided with at least two sour ce of motive power.

Thewater system design shall include provisions for isolating leaking components such as
heat exchangers.

Adequate instrumentation and controls shall be provided to assess water system performance
and allow the necessary control of system operation.

Components of the water system that are powered by eectricity only shall be considered as
safety class loads.

Asrequired to provide necessary cooling, the water system and the ultimate heat sink shall
be protected against the effects of severe natural phenomena and man-made events.
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Equipment in the cooling water system shall be appropriately qualified to ensurereliable

ope(rjat_ion under normal operations, anticipated operaPionaJ occurrences, and DBA
conditions.

Thedesign of cooling and water supply systems shall require the following:
» Theperformance of initial and periodic hydrostatic tests to verify system integrity
=  Theperformance of periodic operational tests of system performance

= In-serviceinspection of system components

Pumps, valves, filters, and other components associated with cooling and water supply
systems shall be readily accessible for maintenance.

System redundancy requirements include the following:

» Thecooling system shall be composed of at least two water sources, each capable of
performing the necessary safety functions, unlessit can be demonstrated by safety

analysisthat thereisan extremely low probability of losing the capability of a single
sour ce.

« Whereconduitsand pumps arerequired asa part of the cooling system, the use of at
least two complete delivery systems shall be considered.

Means shall be provided to detect and control leakage of radioactive material into the

coolant. The consequences of such leakage shall not significantly degrade system performance
or endanger personnel.

L eakage of coolant into waste storage vessels shall be detectable, and the volume of coolant
that may enter the waste tank shall be controlled to prevent overflow.

To the extent practicable, all coding system components shall be accessible during all
operating modes.

1540-99.02  Water Collection System

Collection systems shall be provided for water runoff, such asfrom firefighting activities,
from areas within special facilities containing radioactive material. Nuclear criticality
i)_rev_ention (if necessar& confinement, sam{)lin , volume determination, and retrievability of
iquids and solids shall be provided for in the design of collection systems. The size of the
collection system for firefightinﬁ water shall be based on the maximum amount of water that
would be collected in fighting the DBF. The configuration of the system components shall be
based on conservative assumptions as to the concentration of fissile or other materials
capable of sustaining a chain reaction that might collect in the system. Recirculating systems
shall also be considered when thereisno possibility of contamination.

For facilitiesthat process, handle, or storefissile or other material capable of sustaining a
chain reaction, the water runoff collection system shall be designed with the following
nuclear criticality safety considerations:
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s Themaximum material mass loading that could bein the runoff system

« Themost disadvantageous material concentrations, particle size, and material dispersion
in the water durry

» Thechangein concentration of material and geometric configuration of the durry asthe
particulate matter settles out of the water

1540-99.0.3  Other Collection Systems

Consideration shall be given to the collection and monitoring of radioactive and
nonradioactive contaminants in natural runoff (eg., roof drainage) and blowdowns from
heating and cooling systems befor e dischar ge to the environment.

Safety shower water and personnel decontamination shower water shall drain to the
contaminated process water waste system.

1540-99.04  Equipment Operability Qualification

Testing or a combination of testing and analysis shall be the preferred method of
demonstrating the operability of fluid system components, mechanical equipment, _
instrumentation, and electrical equipment that are required to operate during and following a
DBE. Seismic experience data may be used asan alternative to testing or dynamic analysis
wher e such data have been documented and validated.

1540-99.05  Water Suppliesand Other Utility Services

On-sitewater suppliesand other utilities shall be provided as necessary for emergency use.
The design of each utility service or coding water system shall consider the demands for
normal operations, anticipated operational occurrences, and DBA conditions.

1540-99.06  System Ingtallation

Thefollowing design featuresrepresent recommended practicesfor the installation of piping

and valves carring hazardous process fluids. In addition, the design professional shall

considelr the applicability of thecriteriain R.G. 8.8 for piping systems carrying radioactive
materials.

s Pipeand valvelocations as specified on approved drawings (not located at the discretion
of the installer)

« Valvesdesigned and installed to operate in the stem-up orientation

« Valvesand other connections located to minimize the consequences of leaks
» Block valvesin pipesthat enter or exit a process area

s Piping not enbedded in concrete dabs

» Pipedeeveswhere piping passes through nonshielding concrete walls, floors, and roofs
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Sleeves doped to drain toward the controlled area

Space between the pipe and Seeve to be packed and sealed

s Processvalves not located at low pointsin the piping

Corrosion resistance of block valve and/or check valve and associated process piping
equivalent and adequate

Welded jointsrather than flanged connections wherever possible; butt-welded joints
rather than socket-welded joints

1540-99.4 Explosives Facilities
1540-99.4.1 Drainsand Sumps

All drain lines handling explosive wastes shall be provided with sumps or basins of adequate
design and capacity for theremoval of explosivesby settling. The drains shall be of adequate
capacity, free of pockets, and have sufficient slope (at least 1/4 inch Fer foot) to prevent the
seitling out of explosivesin the line until it reaches the sump or settling basin.

Drain gutterswithin buildings may be constructed with a sope of 1/8 inch per foot.

However, a satisfactory program of cleaning must be developed to ensurethat all hazardous
material is removed from drain gutters.

Sumps must be designed so that suspended solid explosive material and solid explosive
material capable of settling out cannot be carried in the wash waters beyond the sumps. The
design shall allow sufficient settlm? time on the basis of the settlmg? rate of the material and
the usual flow rate. The sump shall be constructed so that the overtlow will not disturb any

floating solids. The design must also allow easy removal of collected explosives that float on
water &nul it can be skimmed off).

Explosives collection trays for sumps shall be constructed of nonferrous metal. Hoisting
equipment used for I|ft|n% the trays shall be designed to prevent the trays from binding on
the sides of the sump. Bolted sump tanks or other types of construction that allow the
explosives to settlein obscure or hidden spaces are prohibited.

Drains between the sour ce of explosives and the sump shall be troughs with rounded
bottoms and removable ventilated covers to facilitate inspection for accumulation of
explosives, Short sections of closed pipe or trough are acceptable if they can be visually
inspected for blockage or explosives buildup. Explosives or explosive-contaminated waste
liquids shall not berun into closed drainsand sawers.

Drains contai ningi]explosive waste materials must not be connected in a manner to empty
such wastes into the normal sewage systems carrying inert or sanitary wastes. Wastewater
that might contain explosives materials shalt be kept from contaminating potable water or
conventional wastewater systems. If pumping isinvolved in removing the settled explosives
from a durry settling tank, the operation shall be arranged to preclude exposure of the
explosive material to any pinching in the operation.
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Care must be taken to avoid the possibility of deposition of explosives from sump effluent
due to drying, temperature changes, or interaction with other industrial contamination. When
ex[)losw&sthat areappreciably soluble in water are handled, sweeping and other dry
collecting measures shall be used to keep it out of the drainage system.

The combination of sumps, settling ponds, etc., must remove explosives so that outflows (if
allowed) meet environmental standards.

1540-99.12 Uranium Enrichment Facilities

UEF require cooling systemsto remove the heat of compression fr orwF, in the process
system and to liquefy UF,at product, tails, and withdrawal stations. This cooling is
accomplished by a compatible coolant (e.g., Freon) in an intermediate loop between the
p.rclicess equipment and a cooling water system that transfersthe heat to an ultimate heat
sink.

UEF cooling systems are not generally required to be designed as safety class systems
because their continued operation is not essential for protecting the health and safety of the
public. Corrective actions or automatic protective actions may, however, be required to
ensuretheintegrity of the process equipment (primary confinement) boundary following
transients associated with the cooling system.

1540-99.14 Irradiated Fissile Material Storage Facilities

An IFMSF (water pool type) requires a safety class cooling water system, unlessthereisa
safety class emergency source of makeup water to the storage pool and it can be
demonstrated that, under emergency conditions, the pool structure can withstand the stresses
imposed by loss of cooling and other considerations addressed in Section 1320, Irradiated
Fissle Material Storage Facilities.

To the extent practicable, passive cooling means shall be used at dry storage facilities. If a
cooling water jacket or air system isprovided to ensure an acgtable temperature of stored
material within the dry type storagetacility, it shall be designed as a safety class system.

A safety class emergency makeup water system shall be provided when the cooling water
system is not designed as a safety class system.

1540-99.15 Reprocessing Facilities

A cooling %{stem shall be provided asa heat sink for heat removal from high-level liquid
waste handling and storage systems.

1540-99.18 Radioactive Solid Waste Facilities

Facilities and eguipment associated with the interim storage or treatment of high-level
radioactive solid waste shall require a safety classwater cooling system to remove decay heat
from the waste and to ensure the long-term integrity of the primary confinement boundary.
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Other radioactive solid waste facilities, including a hiPh-IeveI radioactive solid waste
repository, do not generally require a safety class cooling system.

1550 HEATING, VENTILATING AND AIR-CONDITIONING SYSTEMS

1550-1 GENERAL SIZING AND DESIGN CRITERIA

1550-1.1 General Selection Proceduresfor HVAC Systems

The design professional shall evaluate building HVAC systems and sub-systems and select
major HVAC equipment components based on a consideration of health and safety
requirements, initial costs. operating costs, and maintenance costs according to the
procedures listed in 0110-12.7, Building Design Analyss.

HVAC equipment shall be sized to satisfy the building heatigg and coolingload
requirements and to meet all general equipment design and sefection criteria contained in
the ASHRAE Fundamentals handbook, ASHRAE Equipment handbook, ASHRAE Systems
handbook, ASHRAE Applications handbook, and ASHRAE Refrigeration handbook.
Calculations and equipment selection shall be made according to the procedures given in
ASHRAE GRP 158 and appropriate chapters of the ASHRAE Fundamentals handbook.

1550-1.2 Heat Gain and Heat L oss Calculations
1550-1.2.1 Building Envelope Thermal Transmittance ("U") Values

See Section 0110-12.3, Building Envelope Thermal Transmittance Values, for criteriato be
applied in building planning and design.

1550-1.2.2 Inside Design Temperature and Relative Humidities

Environmental design temperaturesand relative humidities for special space uses other than
those listed here shall be designated in the project criteria. The design professional shall
verify that the recommended design values are within the criteria bounds of ASHRAE
Standard 55 and that the values are within energy conservation criteria guidelines as stated
in Section 0110-12, Energy Conservation. The design professional shall alert the cognizant
DOE authority if the recommended DOE design values will result in energy inefficiency or
occupant discomfort.

When space cooling isrequired, the inside design temperature to maintain personnel comfort
snall be 78°Fdry bulb unless otherwise indicated by project criteria. The design relative
humidity shall be 50 percent. Summer humidification shall not be provided for personnel
comfort. Cooling systems shall be designed to maintain space relative humidity conditions
through the normal cooling process and should not have controls to limit the maximum
relative humidity unless project specific criteria dictate.

See Section 1550-1.4, Use of Evapor ative/Adiabatic Cooling, for inside design temperature
and humidity conditions applicable for adiabatic cooling systems.
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Theinside wintertime dese'gn temperature for personnel comfort shall be ~ 72°F dry .bU|b
unless otherwise indicated here or directed by the project criteria. The following design
temperatures shall be used for the space usagesindicated in Table 1550-1.2.2.

Table 1550-1.2.2 Inside Design Temperatures

Temperature fF db) Space
Asindicated by DOE Storage (unoccupied)
project criteria
55° Storage (occupied)
50° Warehouses
60° Kitchens
Rl T—
° ops (high work activi
70° Toilgts X _ y _
75° Change Rooms (heating only when occupied)

Except whereit can be substantiated from recordings or engineering computations that the
inside relative humidity will be lessthan 30 percent, winter humidification for personnel
comfort and health shall not be provided. Where such renditions have been substantiated, a

design relative humidity of 30 percent shall be used in establishing minimum humidification
equipment requirements.

1550-1.2.3 Outside Design Temperatures

The design professional shall design the HVAC system equipment using outside design
temperaturesasindicated in Table 1550-1.2.3 for the particular application. The per centage

dry bulb (db) and wet bulb gwb) temperaturesrefer to the sources of tabulated weather data
described in Section 1550-1.2.5, Weather Data. Where data for a particular location are not

listed, design conditions shall be estimated from data available at nearby weather stations or
by interpolation between stations, taking into account elevation and other local conditions
affecting design data.

1550-1.2.4 Infiltration Calculations

Infiltration for heating and cooling design loads shall be calculated accor ding to the methods
provided by ASHRAE Publication GRP 158 and the ASHRAE Fundamentals handbook.

1550-1.2.5 Weather Data

}/\/”eather data for usein sizing HVAC equipment shall be obtained from one or more of the
ollowing;

s Local weather station
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Table 1550-1.2.3 Outside Design Conditions

Winter Summer Application
99% db 1% db and mean Process, laboratory and other useswhere
coincident wb close_temgerature and_humidity control is
required by project criteria.
97-1/2% db  2-1/2%db mean Personnel comfort systems
coincident wb
-- 1% whb Cooling towers* and research, technical-
type systems
-- 1% db plus °F Air-cooled condenser st

*Temperature should be verified by actual site conditions.

s AFM 8829
« "Climatic Conditionsfor the United States," ASHRAE Fundamentals handbook

. Nz%téé)rl]al Climatic Data Center, NOAA, Federal Building, Asheville, North Carolina

1550-1.3 Heating and Air-Conditioning Equipment Sizing and Performance

The capacity of central heating, refrigeration, and ventilation equipment shall be sized for
the peak block building or the maximum simultaneous zone heating and cooling design loads
and in accordance with the ASHRAE Fundamentals handbook. The equipment shall not be
sized for future additional capacity nor redundancy unlessindicated in DOE project criteria.
Individual zone equipment shall be sized accor ding to the peak zone load. The requirements
of ASHRAE Standard 62 concerning minimum outside air requirements shall also be
considered during the sizing process.

All HVAC equipment shall meet the performance and efficiency standards of ASHRAE
Standard 90, Section 6.

Thermal storage systems shall be considered according to the requirements of 0110-12.7,
Building Design Analysis, when required by DOE project criteria.

1550-1.4 Use of Evapor ative/Adiabatic Cooling

In locations where a wide variation exists between the dry and wet bulb temperatures for
extended periods of time, evapor ative/adiabatic cooling shall be considered for the
applications listed below. Selection of cooler types shall depend on the system configurateion,
user experience, and LCC analysis. All evaForatl_ve coolers shall maintain a positive water -
bleed and water-makeup system for control of mineral buildup.
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Applications that shall be considered include war ehouses, shops not requiring close (plus or
minus 5°F) temperature control, non-residential sizekitchens, makeup air ventilation units,
and mechanical equipment spaces.

Air duct desj%n, number and location of coolers, and relief of the higher rate of air sug{)ly
to the atmospher e shall be considered to ensure a satisfactory operating system. Multi-stage
evaporative cooling systems shall also be considered.

For shopsand similar large open bay areas, the heatinag] and cooling systems shall not be
combined except where it is economically or operationally justified. Two-speed fan operation
shall be used: feet speed and higher cfm air flow rate during the coolmél (%ycle and slow
speed and lower cfm air flow rate during the heating cycle. Where the difference between
heating and cooling air flow requirementsistoo great to allow for adequate air outlet device
perfpéergance at thelower air flow requirement, separate heating and cooling systems shall be
provided.

Indoor design dry bulb temperatures for spaces air-conditioned by adiabatic cooling systems
shall be as specified by PYOJ ect-specific criteria. Design operating efficiency of adiabatic
cooling equipment shall be a minimum of 70 percent. System-installed capacity shall be
based on the conditioned space peak design cooling load. An arbitrary air-change rate for
design air flow shall not be used. Adiabatic cooler specifications shall be stated in terms of
the air capacity and the entering ambient dry and wet bulb temperatures and leaving dry
bulb temperature.

1550-1.5 Ventilation-Exhaust Systems Design Reqirements
1550-1.5.1 General

The design professional shall select ventilation-exhaust systemsfor the effective removal of
noxious odor s, hazar dous gases, vapors, fumes, dusts, mists, and excessive heat and for the
rovision of fresh air to occupants. The design criteria contained in this section shall be
ollowed in determining the required air quantity and quality for ventilation and exhaust
%/_stems. Further design criteria are contained in Section 1550-2.5, Air Handling and Air.
istribution System; Section 1550-99, Special Facilities, Section 1550-3, Testing, Adjusting
and Balancing; Section 1595-6, Control of Air Handling Systems, NFPA 90A; and NFPA 9L1.

The use of exhaust stack(s) shall be considered to provide dispersion and preclude exhaust-
to-intake return of air to thisor an adjacent facility. L ocal weather and site conditions along
with guidance found in ASHRAE Fundamentals shall be used to determine requirements.

1550-1.5.2 Outdoor Air Quality

Outdoor air shall be used to provide makeup air, dilute non-toxic contaminantsand provide
acceptableindoor air quality in spaces served by ventilation systems. The outdoor air shall
meet the quality required by ASHRAE Standard 62. DOE project criteria shall include test
data on ambient air c1uality. If the outdoor air does not meet the ambient air quality
standards for particulate, gases, or other contaminants, it shall be treated to remove
part(;cledsand gasesand vaporsasrequired to meet the minimum ambient air quality
standards.
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1550-1.5.3 Personnel Ventilation Air Requirements

The outdoor air shall be provided in the quantitiesindicated for conditioned offices and
other occupied spacesin ASHRAE Standard 62. Outdoor air in addition to the quantities
required by ASHRAE Standard 62 shall be provided when required to balance a building's
or space’s exhaust air rate or to maintain the building or space under a positive pressure.
Proper ventilation rates shall be demonstrated by calculation if natural ventilation or
infiltration is used as the outdoor air introduction method.

gf)ecial attention shall be given to design of ventilation systems where smoking will be
lowed. For these spaces, the outside air ventilation rate designated for smoking areas by
ASHRAE Standard 62 shall be provided or the appropriate air cleaning used.

1550-15.4 Recirculation

When air is supplied to a space, the portion of the total supply air that exceeds the required
outdoor air quantity shall berecirculated through the ventilation ertem except from areasin
which recirculation is specifically prohibited. If the indoor air quality does not meet or
exceed tgde limits given in ASHRAE Standard 62, the recirculated air must be treated and
monitored.

Areas from which air shall not be recirculated include areas that produce or emit dust
particles, heat, odors, fumes, s[[))ray, gases, smoke, or other contaminants that cannot be
sufficiently treated and could be potentially injurious to health and safety of personnel or are
potentially damaging to equipment. These areas shall be 100-per cent exhausted. Project
criteria shall indicate other areas of non-recirculation.

Ventilation and exhaust air systems serving these areas or other special areas shall meet all
the deliverable-air quantity requirements of ASHRAE Standard 62 and any other specific
equipment requirements as discussed in Section 1550-2.5, Air Handling and Air Distribution
Systems, and Section 1550-99, Special Facilities.

Rest rooms, janitor’s closets, garbage rooms, and other malodorous gﬁaces shall be exhausted
at arateof not less than 2 cfm per square foot or as specified in ASHRAE Standard 62,
whichever isthe more stringent, regardless of any other calculated ventilation requirements.
Space ventilation air from adjacent spaces should be used as the ventilation supply air for
the 100-per cent exhausted spaces, aslong as:

» Ventilation by thismethod does not violate any requirements of NFPA 90A, NFPA 101,
or special space pressurization requirements

s Theair supplied is not potentially more hazardous than the air from the space exhausted
1550-15.5 Industrial Ventilation Requirements

Industrial-type facilities and laboratories shall be provided with ventilation (supplyand

exhaust) systemsasrequired for heat exposure comtrol, or dilution ventilation. Ventilation air
shall be provided in the quantities required to maintain OSHA air quality limits, all the

PEL s established by 29 CFR 1910 and all ACGIH TLVs. Design air quantitiesand transport
velocities shall be calculated according to the calculation methods prescribed by the
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ASHRAE Systems handbook, the ASHRAE Applications handbook, the ACGIH Industrial
Ventilation Manual, 29 CFR 1910, and NFPA 45. Designers shall consider ASHRAE
Applications Chapter 14, “Laboratories,” when designing laboratories and laboratory
buildings. Makeup air shall be provided in the quantities required to maintain requirded

positive or n?(anve room static pressurerequirements and to offset local exhaust air
quantities. Makeup air shall be tempered.

1550-1.5.6 Local Exhaust Systems

DOE project-specific criteria shall provide information on the source, quantity, and type of
contaminants. Local exhaust systems shall be designed to maintain the required capture air
velocitiesfor source contaminant control. Air quantitiesand transport shall be calculated

based on the calculation methods prescribed by the ASHRAE Systems handbook, the

ASHRAE Applications handbook and the ACGIH Industrial Ventilation Manual. Further

design criteriafor local exhaust systemsare contained in Section 1550-2.5, Air Handling and

Air Digtribution Systems, and Section 1550-99, Special Facilities.

1550-1.5.7 Equipment Room Ventilation

Mechanical and electrical equipment rooms shall be exhausted so that room temperature
does not exceed NEMA equipment ratings. DOE project criteria shall provide the space
temperature limit criterion. Where mechanical ventilation cannot maintain a satisfactory
environment, evapor ative cooling systems or other mechanical cooling systems shall be
provided. Exhaust air openings should be located adjacent to heat-producing equipment to
minimize ambient thermal loads.

Thermostatic controls shall be used to operate the ventilation or exhaust systems as
discussed in Section 1595, Controls.

Egﬂ&ment rooms containing refrigeration equipment shall be ventilated in accordance with
ASHRAE Standard 15.

Combustion air for fuel-burning appliances and equipment shall be provided to all

equipment rooms with thistype of equipment in accor dance with BOCA Basic/National
Mechanical Code.

1550-1.6 Energy Conservation-Waste Heat Recovery Systems

Specific ener gy-efficient features and waste heat recovery systemsfor all types of heating,
ventilating, and air-conditioning equipment shall be consider ed accor ding to the methods
prescribed in Section 0110-12.7, Building Analysis Procedures, and in Section 1550-1.1,
General Selection Procedures for HVAC Systems. Special consideration shall be given to

ener gy conservation systemsif they affect health and safety, for example, corrosiveness of
exhaust air to heat recovery coils.

Energy conservation-waste heat recovery systems shall be considered and designed accordin
to the procedures outlined in specific chapters of the ASHRE Fundamentals handbook, the
ASHRAE Systems handbook, the ASHRAE Applications handbook, ASHRAE Equipment
handbook, ASHRAE Refrigeration handbook, and the SMACNA Energy Recovery
Equipment and Systems Manual.
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The following types of heat-recovery systems shall be considered for incorporation into the
building HVAC system design wher e applicable:

o Useof rotary heat exchanger, heat pipe, or coil run-around systems for heating and air-

conditioning air handling systems with more than 4000 CFM of outside ventilation-
exhaust air

» Recovery of rejected heat from the condenser systems of central station cooling
equipment for usein heating the remainder of the building when the central station
cooling equipment must operate during the heating season to cool computer rooms, high
internal heat gain areas, or process requirements

» Useof thermal heat from the condenser systems of kitchen or other continuously

operated refrigeration equipment for space heating or domestic hot water heating when
the rejected heat from the equipment is greater than 35,000 BTUh

» Useof afreecooling system using cooling tower water (water side economizer) when
air-side economizer systems are not feasible

s Useof aheat pump run-around loop

These evaluations shall beincluded in the “Energy Conservation Report” detailed in Section
0110-12.8, Energy Conservation Report Requirements.

1550-2 HEATING VENTILATING AND AIR-CONDITIONING SYSTEMS
SELECTION

1550-2.1 Central Station Cooling Equipment and Systems
1550-2.1.1 General

Selection of central station coolin_? systems shall be based on the LCC analysis procedures
outlined in Section 0110-12.7, Bui dmg?]AnaJyss Procedures. Size, selection and design shall
be based on ASHRAE Fundamentals handbook, ASHRAE Systems handbook, ASHRAE
Applications handbook, and ASHRAE Equipment handbook. Refrigeration equipment shall
comply with ARI 520, ARI 550, and ARI 590.

Central chilled water plants shall be considered wheretwo or more adjacent buildingsareto
be air-conditioned. The number and size of central station cooling units shall be based on

the annual estimated partial-load operation of the plant to assure the most economical
operation.

DOE project design criteria snall provide direction on installed standby chiller capacity. The
design professional shall consider the use of multiple chillersfor all chilled water loads
greater than 400 tons. Wherever possible, the central station chilled water equipment shall

be designed into the chilled water distribution systemsaspart of a primary-secondary loop
system maintaining chilled water inlet temperature befow a maximum predetermined value,
preferably with the central station cooling equipment as a secondary portion of the loop.
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Temperature-critical areas, as determined by project criteria, such as laboratories and
computer centers, shall be provided with independent refrigeration systems with backup
systemsif involved with vital programs. The design professional shall consider use of off-
peak cooling systems in areas having high electric peak demand charges.

1550-2.1.2 Water Chillers

The sdlection of either centrifugal, reciprocating, helical, rotary-screw, absorption, or steam-
powered chillers shall be consider ed based on coefficients of performance at full load and
part-load conditions using the L CC methods as described in Section 0110-12.7, Building
Analysis Procedures. The LCC analysis shall also consider chilled water and condenser water
system pumping energy burdens as part of the evaluation. Compression refrigeration

machines shall be designed with the safety controls, relief valves, and rupture disks noted
below and in compliance with the procedures prescribed by ASHRAE Standard 15 and UL

207. Controls shall at @ minimum include:
» High discharge refrigerant pressure cutout switch
« Low evaporator refrigerant pressure or temperature cutout switch
s Highand low ail pressure switches
«  Chilled water flow interlock switch
s Condenser water flow interlock switch (on water cooled equipment)
»  Chilled water low temperature cutout switch
Centrifugal compressor s shall be designed to operate with inlet vane control or variable
eed control for capacity modulation. Units shall be capable of modulating to 20 percent of

esign capacity without surge. Reciprocating compressors shall be designed for capacity
control by cylinder unloading. Design using hot gas bypass contr ol of compressors for
capacity modulation shall not be used except when capacity modulation isrequired below 10
percent of rated load. Compressor motorsfor refrigeration equipment shall be selected in
compliance with all requirements of the NEC.

Absor Ftion refrigeration machines shall at a minimum be provided with the following safety
controls:

» Condenser water flow switch

» Chilled water flow switch

« Evaporation refrigerant level switch

» Generator high temperature limit switch (gasfired units)

« Generator shell bursting disc (high temperature water or steam)

s Concentration limit controls
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Liquid coolers (evaporators) shall be designed to meet design pressure, material, welding,
tegt;sré? and relief requirements of ASHRAE Standard 15 and ASME Boiler and Pressure

Vessel Code, Section VIII. The design professional shall select evaporators according to the
requirements of ASHRAE Standard 24-78.

The design professional shall sefect chilled water system temperature controls according to
the procedur es described in Section 1595-7, Control of Chilled Water and Hot Water
Digtribution Systems.

1550-2.1.3 Condenser gCondensing Units

Water cooled condensers shall comply with ASHRAE Standard 15 and ASME Boiler and
Pressure Vessel Code, Section VII1. The design professional shall select condensers based on
the cooling factorsrecommended in ARI 450. Water-cooled condenser shell and tube types
shall be designed and specified with removable heads, if available, to allow tube cleaning.

Air-cooled condensersand condensing units shall meet the standards, rating, and testing
requirements of ARI 460 and ASHRAE Standard 20. Unless project-specific criteria dictate
otherwise, these units shall not be located on roofs. The des%n professional shall locate air-
cooled condenser intakes away from any obstructionsthat will restrict the air flow and from
locations that receive peak solar heat gain. Air-cooled equipment shall be located away from
noise-sensitive areas, and air-cooled condensers shall have refrigerant low head pressure
control to maintain satisfactory operation during light loading.

1550-2.1.4 Cooling Towers

The des:'jgn professional shall locate and place cooling towersto avoid problems with water
drift and deposition of water treatment chemicals. Unless project-specific criteria dictate
otherwise, towers shall not be located on roofs. Cooling towers shall have ample clearance
from any obstructions that would restrict air flow, cause recirculation of discharge air, or
inhibit maintenance.

The design professional shall specify cooling tower acceptance and factory rating tests
conducted in accordance with CTI Bulletin ATC-105.

An automatic-controlled water bleed shall be designed for all coding towers. A cooling
tower water treatment Program should be selected by a specialist. Cooling tower components

shall be selected to prolong cooling tower life by use of neoprene-fiberglass fill and one of
the following:

» Chemical treatment of tower members constructed of wood to form a coating insoluble
in water

« Pressuretreatment of the tower members constructed of wood with chemicals that are
toxic to the organisms that cause wood decay

» Use of noncorroding ceramic, plastic, and metal components instead of wood

Cooling tower s shall be specified with sump water heating systemsif they will operate during
freezing weather conditions.
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1550-2.2 Central Station Heating Equipment and Systems
1550-2.2.1 General

This section applies to heat-generating equipment or heat-transfer equipment and accessories
located in individual buildings. Information on central plant heat-generation equipment

serving several buildings is contained in Section 1555, Central Plant Heat Generation/
Distribution.

A building heat generation system shall not be provided unless one the following conditions
exigs.

« Connection to the central plant distribution system isnot cost effective

= Thecentral plant hasinsufficient capacity to accept the building load

« Theuseof the building precludes connection to a potentially interruptible central system
DOE project criteria shall direct the design professional regarding factors to be considered
in the selection of beating system capacity, including redundancy, future expansion or
building modification, thermal storage or solar assistance, or other project-specific

congderations. If maintaining building design temperature is critical, the design professional

shall desj'?_n for a “stand alone” heating system with backup capability with no dependence on
other facility systems.

1550-2.2.2 Interfacing with Central Plant Heat Generation/Distribution Systems

Where buildings are connected to the central plant heat generation/distribution system, one
of the following shall be provided:

« Steam-to-building hot water heat exchanger
e HTW-to-building hot water heat exchanger

s Steam-pressure-reducing station

Where appropriate a pressure-reducing (back-pressure) turbine shall be considered in
accordance with DOE 4330.2C.

For space heating by hot water, conversion of the central heating plant steam or HTW shall
be made to provide a maximum 200 F heating-water supply temperature to serve the
building terminal units. For spare heating by steam, the building steam supply shall be
reduced to 15 psig unless a higher supply isrequired for processrequirements.

For processrelated or other high temperature reguirements, the DOE project criteria shall
indicate the capacities and temperature and pressure requirements.

For facilities with a central plant condensate return system, a condensate receiver with
duplex pumps shall be specified.
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Steam-to-hot water or HTW-to-building heating water converters shall be selected based on
design criteria contained in ASHRAE Systems handbook, ASHRAE Applications handbook
and ASHRAE Equipment handbook.

1550-2.2.3 Building Heat Generation Equipment/Distribution Systems

The_desi%n professional shall consider the use of direct and indirect gas-fired units, electric
heating, heat-pumps (air-cooled and water-cooled), low temperature gas infrared heating, and
hot water radiant heating and hot water distribution to terminal units depending on the
building type, the DOE facility preference, and LCC. Office buildings or buildings with
occupants Sitting near fenestration shall be designed with perimeter finned-tube radiation
heating systems or other perimeter heating systems. If the optimum heating system selected
includes a hot water or steam distribution system and the heating medium is gener ated
within the building and distributed to terminal units, the following requirements shall be
met:

s Hydronic or steam boilers shall be selected based on LCC analysis considering fuel
availability, boiler construction (e.g., steel or cast iron), space availability, and cognizant
DOE authority preferences.

s Two or more boilersshall be provided, with the proportion of load each handlesto be
determined based on energy, redundancy and maintenance requirements (suggested
proportioning 70 percent and 30 per cent) and with staging of boilers, internal heating

steps, and borler sequencing as discussed in Section 1595-7.4, Load Control for Hot
Water Systems.

s |f the selected fuel isfud ail, under?ro_und storage tanks installed in accor dance with
national, state, and local EPA regulations shall provide for 30 days of full beatin
capacity. Tank shall be fully trimmed for safety and operating conditions and sh
include aremote level gauge. Tank shall comply with NFPA 30 requirements.

1550-2.3 Water Didribution Systems
1550-2.3.1 General

The design professional shall select chilled water, hot water, condenser water, boiler feed,
and condensate return systems designed for economical pipe sizes based on allowable
pressuredrop, flow rate, and pump selection criteria as prescribed by the ASHRAE
Fundamentals handbook, ASHRAE Equipment handbook, and ASHRAE Systems handbook,
ASHRAE Applications handbook. Insulation shall be provided on all water distribution
piping and system components. Strainersshall be provided at the suction side of each pump
and each control valve. The design professional shall specify flexible connectorsto be
installed on the suction and discharge piping of base-mounted end suction type pumps.

Water distribution systems shall comply with the requirements of Section 0266-1, General,
regarding location markers and cross-connections between distribution systems.

Check valves and balancing valves or combination check-shut-off-balance valves shall be
installed in the discharge plpin(]; of all pumps operating in parallel pumping systems.
Balancing valves shall be installed in the discharge piping of solitary pump systems.
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Service valves shall beinstalled in the suction and dischar ge piping of all major pieces of

equipment. Balancing valves shall be provided in the discharge piping of all cails, and central
station cooling equipment.

Air elimination pressure control, venting, and automatic filling system (with backflow
prevention) shall be provided for each hot water and chilled water distribution system,
Including provision of water treatment injection if required.

Expansion or compression tanks and fill piping connections shall be located on the suction
side of the distribution system pump or pumps. Expansion tanks and air separation devices
shall be sized according to the methods in the ASHRAE Systems handbook and specified in
accordance with ther gguirements of ASME B31.1. Gauge glasses, drain valvesand vent
valves shall be provided for all expansion tank systems.

Water treatment design information for chilled water, hot water, and boiler feed water
systems shall be provided by a specialist based on project criteria (tested water condition).

1550-2.3.2 Pumpsand Pumping Systems

Pumps for chilled water, hot water, condenser water, boiler feed-water and condensate
systems shall be of the centrifugal type selected based on criteriain ASHRAE handbooks.
Materials, types of seals, bearings, wear rings, shaftsand other features shall be selected
based on specific system requirements and economic evaluation. The design professional shall
consider the use o pnmar?/-secondar / type pumping systems and high-efficiency motors for
pumpsfor all hot and chilled water distribution systems.

On systems where system pumping hor sepower regquirements are greater than 20 bhp, the
design profonal shall consider the use of variable speed drivesor parallel pumping
arrangement.

Standby pumps shall be provided for all systems as dictated by project-specific criteria.
Pumpsyst?aJI cl?omply witthI standards. Y Y PTOSES

1550-2.3.3 Piping, Fittingsand Accessories

Piping size shall comply with Section 1550-23.1, General. Selection of materials, installation
of piping, fittings, valves, and accessories, aswell as methods of joining and suspending
piping systems, shall be based on pressure requirements, pipe size, and type of serviceas
recommended by ASHRAE Equipment handbook and ASME B16 series, ASTM G46 and
ASME B3L.1. The design professional shall calculate and design for egf)anson of piping
systems. Chilled water, heating water, and condenser water piping shall be Schedule 40
piping with flanged, screwed, grooved-end or welded fittings ﬁendmg on pipe sizesand
oper ating conditions. Boiler feed water and condensate piping shall be schedule 80 black
steel with appropriate fittings depending on pipe Sizes.
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1550-2.4 Steam Didribution Systems

All steam piping shall comply with ASME B31.1 and be a minimum of Schedule 40 black

steel. Fittings, valves, and accessories shall be selected based on pipe size and temperature
and pressure conditions.

1550-2.5 Air Handling and Air Distribution Systems
1550-2.5.1 General

The design professional shall consider and design air handling equipment and air distribution
systems sized to optimize both initial cost and air handling system operating and
maintenance costs accor ding to the procedures outlined here and in Section 0110-12.7,
Building Analysis Procedures.

The desi?n professional shall provideall air handlin? system equipment (fans, terminal units,
air handling units, etc.) with vibration isolators and flexible ductwork connectorsto minimize
transmission of vibration and noise. Systems shall satisfy the NC levels recommended for
various types of spacesand vibration criteria aslisted in the ASHRAE handbooks. Where
air_handling equipment and air distribution systems cannot meet these requirements, sound
attenuation devices shall beinstalled in theair handling systems.

Air flow diagrams shall be developed and provided in the greliminary design phase unless
waived by the DOE project criteria. These diagrams shall be provided for each air handling
and air distribution system, and shall include capacities and locations of fans, cails, filters,
terminal devices, and other major air distribution system equipment, aswell asair flowsand
system air pressures and space pressure differentials.

Airflow velocities shall be designed to minimize settling of entrained particles asoutlined in
the ACGIH Industrial Ventilation Manual.

Air handling and air distribution systems shall meet the energy conservation requirements for
transport enerj?/ in ASHRAE Standard 90. Controls for air handling and air distribution
equipment shall comply with Section 1595-6, Control of Air Handling Systems. Supply and
outdoor air intakes shall be located a minimum of 10 feet from any exhaust opening.

1550-2.5.2 Air Handling Units

The design professional shall select packaged air handling units complete with filters, coils,
mixing boxes, fan section, and other accessories or built-up air. handling units based on an
L CC evaluation and the requirements of NFPA 90A, AMCA Publication 99, AMCA
Publication 261, and ARI 430.

1550.2.5.3 FansgMotors

Fans shall be designed and specified to assure stable, nonpulsing aer odynamic operation in
the range of operation over varying speeds. Air handling unitsand fansin sizesover 1 hp
shall use belt drives. Fans with motors of 10 hp or less snall be designed with adjustable
motoralpulley'sheav&eto assist in air balancing of systems. Fanswith motorsgreater than 10
hp shall use fixed é_non-adj ustable) drivesthat can be adjusted by substituting fixed motor
pulley sheaves of different diameters. Supply air handling units and return air fansin
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variable-air-volume systems shall control capacity through the use of variable-speed drives,
inlet vanes or scroll bypass dampers. All fans shall comply with AMCA Standard 210,
ASHRAE Standard 51, and ASHRAE Equipment handbook.

Fans shall be located within the ductwork system according to the requirements of AMCA
Publication 201 and ACGIH Industrial Ventilation Manual. The design professional shall
consider the use of variable-speed drives on fansin variable-air-volume systems wher e the
supply fansarelarger than 5 BHP. Motors shall be sized according to properly calculated
BHP fan requirements and shall not use oversized fans and motors to meet future capacity
needs unless so directed by DOE project criteria.

The design professional shall consider the selection of fan construction materials based on

corrzsion resistance and cost. Spark-resistant construction shall be used whererequired by
NFPA.

All fans and accessories shall be designed and specified to meet all smoke and flame spread
requirements of NFPA 255,

1550-2.5.4 Coails

Heating and cooling cails shall comply with ARI 410. Heating or cooling coil selection shall
not conflict with ASHRAE Fundamentals handbook or ASHRAE Equipment handbook. The
design professional shall specify that coil manufacturers certify coil performance by ARI
certification or provide written certification from a nationally recognized independent testing
firm that will verify coil performance to be in accordance with ARI 410.

Heating and cooling coils shall be specified of materials appropriate for corrosive
atmosphere in which they are contained.

Cooling coils shall be designed with a maximum face velocity of 600 fpm. Coils designed
with face velocities exceeding 500 fpm shall be specified with provisions to prevent
condensate carryover, or use moisture eliminators. Coils shall be specified with drain feature.

Reqirculatin%air systemswith outside air winter design temperatures below freezing shall be
designed with a preheat coil located either in the outside air intake or in the mixed air
stream upstream of the cooling cail, unless the theoretical mixed air temperature is
calculated to be above 3%F. In this ease, the preheat coils may be omitted if adequate:
baffling is provided to guarantee positive mixing of the return and outdoor air. Preheating
coils shall be specified and designed to maintain discharge air temperature without
modulation of the steam or hot water flow through use of modulating face and bypass
dampers. Steam modulation may be used for control of steam coilsin moderate climates
where proven to be reliable without concern of coil freeze-up.

1550-2.5.5 Air Cleaning Devices
General

Air_cleanin? equipment for ductwork installation shall be easily removable, servicable, and
maintainable. Air cleaning equipment shall have face velocities as recommended by thefilter
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manufacturer and the design manuals recommended above to achieve maximum efficiency
and minimum pressure drop.

Filters shall be constructed of noncombustible materials meeting the requirements for UL
900, Class L Air filters shall be located on the suction side of fans and coils and in other
ecial Iocationsasreguiredfor air treatment. Air-filter pressure drop gauges of the
ajlla?Pragm-actgjlated, 1al-type (preferred) or theinclined manometer type shall be located on
ilter assemblies.

High-Efficiency Particulate Air Filters
HEPA filter assemblies shall comply with ASME N509.

HEPA filtration systems shall be used to minimize the release of particulate contaminants
such as carcinogens, infectious agents, radioisotopes, or highly toxic materials when
determined by safety analysis to be necessary.

The design professional shall design for a location that facilitates in-place testing of HEPA
filters, with particular attention given to plenum hardware provisionsthat allow for testing of
the HEPA filter bank without requiring the testing personnel to enter the plenum. Utility
services shall be extended to the plenum location (e.g., electrical receptacles and compressed
air) to facilitate testing work. In-place testing design requirements shall meet all the
recommendations of UL 586, ASME N510, and ERDA 76-21. HEPA filtration systems shall
be designed with prefiltersinstalled upstream of HEPA filtersto extend the HEPA filter’s
life. The design professional may eliminate the installation of pre-filtersif an analysis of
filtration requirementsand consideration of thefilter assembly justifies omission.

Filtersfor Air Handling Systems Serving I nhabited Spaces

Filtersincludeair filter devicesand air filter media used in building environmental air
handling systems for removing particulate matter from atmospheric air. These filters shall be
specified to meet minimum efficiencies required by the ASHRAE Dust Spot method using
atmospheric dust for medium-efficiency af)phcauons. Filtersshall be specified and installed
for useas prefilters, medium-efficiency filters, or high-efficiency filters. Thesefilters shall
comply with ARI 850.

High-efficiency filtersand assemblies shall comply with DOE project criteria. Electronic air
cleaners and extended dry-surface filters shall be considered for use as high-efficiency filters.
Prefilters are normally provided, being either prefilter or medium-efficiency filters
depending on the upstream air particle size distribution.

Air-Cleaning Devices for Special Applications

Filtersinclude dry type dust collectors, wet collectors, centrifugal collectors, adsorbers,
absorbers, oxidizers, and chemical treatment filters that are used primarily in industrial and
process-type applications associated with air or gasesthat have heavy dust loadingsin
exhaust systemsor stack gas effluents. Filters shall be designed accor ding to the requirements
g/iven_ in DOE project criteria, ASHRAE Equipment handbook, and ACGIH Indugtrial

entilation Manual. Adsorbersfor nuclear or toxic applications should comply with ERDA
76-21, ASME N509, and ASME N510.
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Fire Protection of HEPA Filter Assemblies

In providing fire protection for the HEPA filters, the design shall separate prefiltersor fire
screens equipped with water spray sufficiently from the HEPA filtersto restrict impingement
of moisture on the HEPA filters. Under conditions of limited separation, moisture
eliminatorsor other means of reducing entrained moisture shall be provided. Moisture
eliminators may be omitted where system design provides sufficient filter redundancy to
ensure continued effluent filtration in the event of fire within any portion of the system. The
HEPA filter fire protection system shall be activated in a manner consistent with the fire
protection system in the room or building in which the filtersare located and as directed by
the cognizant DOE fire protection authority.

1550-2.5.6 Ductwork Systems

Ductwork systems shall be designed for efficient distribution of air to and from the
conditioned spaces with consider ation of noise, available space, maintenance, air quality and
quantity, and an optimum balance between expenditure of fan energy (annual operating cost)
and duct size (initial investment).

Ductwork systems shall be designed to meet the leakage rate requirements of SMACNA
HVAC Air Duct Leakage Test Manual.

Ductwork accessories, and support systems shall be designed to comply with the following:
» ASHRAE Fundamentals handbook

s SMACNA HVAC Duct Congtruction Standards-Metal and Flexible

» SMACNA Fibrous Glass Duct Congtruction Standards

s SMACNA Round Industrial Duct Construction Standards

s SMACNA HVAC Duct Design Manual

s ACGIH Industrial Ventilation Manual

s NFPAZS

« ERDA76-21

Ductwork shall also be designed to compl}/_ with NFPA 90A, including specification and
installation of smoke and fire dampersat fire wall penetrations and smoke pressurization/
containment daégg)ers as required tor smoke pressurization/evacuation systems. Fire dampers
shall not be used on exhaust system ducting if it isrequired to maintain confinement of
hazardous materials during and after a fire event.

Exhaust ductwork shall comply with NFPA 91. Ductwork for kitchen exhaust systems shall
comply with NFPA 96.
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Ductwork shall be designed to resist corrosive contaminantsiif present. Ductwork that
handlesair exhausted from shower rooms, dishwashing areas, or other areas causing
condensation on the duct interior shall be of aluminum construction, have welded joints and
seams, and have drainage at low points.

Ductwork thermal insulation snall comply with ASHRAE Standard 90. Ductwork shall be
acoustically insulated to meet acceptable noise criteria.

Ductwork systems shall have testing and balancing dampers and accessories specified and
installed as discussed in Section 1550-3.2, Testing and Balancing Devices. The design’
professional shall specify automatic controls for ductwork systemsand providethem in
required locations as discussed in Section 1595, Control of Air Handling Systems.

Penetrations of ductwork through security barriers shall be minimized. Such penetrations
more than 96 square inchesin area and more than 6 inchesin minimum dimension shall
provide a penetration defay equal to that required for the security barrier. The physical
attributesand intended service of the ductwork and the axial configuration of the barrier
penetration shall be considered when considering that penetration delay.

Table 1550-3.2a Required Balancing Devices for Air Distribution Systems

System Components Required System Devices
Diffusers, grilles, Round butterfly or square/rectangular QPposeo_I
registers blade volume damper, either integral with device
or in spin-in take offs
Branch ductwork runs Rectangular/square or round (with more than one
opposed blade damper and terminal device).
ed test holefor pitot tubetraverse

Sealed test holesfor pitot tubetraver se. Sealed test

Fan discharge ductwork
hole for static pressure measurements

Fan suction ductwork

Cooaling coil suction and
discharge airstreams

Heating coil suction and
discharge airstreams

Mixed air plenum
airstream

Sealed test hole for static pressure measurement
Duct-mounted airstream thermometer

Duct-mounted airstream thermometer

Duct-mounted airstream thermometer
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1550-3 TESTING, ADJUSTING AND BALANCING
1550-3.1 System Performance Tedts

The design professional shall specify system performance tests for mechanical air distribution
and HVAC water distribution systemsto verify compliance with DOE project criteria. These
tests shall be performed by an independent AABC testing organization in accordance with
the guidelines contained in ASHRAE Systems handbook and AABC Volume A-82 or by
others as dictated in project-specific criteria.

1550-3.2 Tedtin Balancing Devi

HVAC air and water distribution systemsshall be provided with permanently installed
calibrated testing and balancing devices and access as needed to accur ately measure and
adjust water flows or air flows, pressures, or temperatures as required. The desugn
professional shall provide asa minimum the balancing devicesin Table 1550-3.2a and Table
1550-3.2b. Test devices shall be located and installed according to AABC Volume A-82.

1550-3.3 General_Guideines

Test and measuring locations shall be noted on construction drawings. The use of duct
mounted air flow monitoring stations shall be considered where limited duct spaceor
configuration restrict the use of pitot tube traverse procedures or where especially sensitive
measuring requirements are dictated by the DOE project criteria.

1550-99 SPECIAL FACILITIES
1550-99.0 Nonr r Nuclear Faciliti
1550-99.0.1 General Ventilation and Off-Gas Criteria

These criteria cover ventilation and off-gas systems, or portions of them, that are classified as
safety classitemsin accordance with Section 1300-3.2, Safety Class Items. Safety class
ventilation and off-gas systems are generally designed to opérate in conjunction with physical
barriersto form a confinement system to limit the release of radioactive or other hazardous

rﬂatferi_zid to the environment and to prevent or minimize the spread of contamination within
the facility.

Ventilation and air-conditioning systems designed to provide a comfortable working
environment and whose functions are not necessary to provide confinement are generally not
designed as safety class systems.

Ventilation systems shall be designed toProvide a continuous airflow pattern from the
environment into the building and then from noncontaminated areas of the building to
potentially contaminated areas and then to normally contaminated areas. Thus, the airflow is
toward areas of higher radioactive or hazardous material contamination, Dampers shall be
located so that cross-contamination will not occur in case of a localized release of material.

Electronic air cleanersshall not be used in systemsrecirculating air.
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Table 1550-3.2b Required Balancing Devices for Water and Steam Distribution

Systems

&%stem Components
(Water)

Pump suction and
discharge piping

Pump discharge piping

Chiller evaporator water
suction and discharge
pIping

Chiller condenser water
suction and discharge
pIping

Boiler or heat exchanger
suction and discharge

piping

Heating or cooling coil
(AHU) suction and
discharge piping

Heating or cooling coil
(AHU) discharge piping

Reheat coil, fan coail
unit, unit heater,
ortsand o
inned tube radiation,
convector: 1) discharge
piping 2) suction piping

Three-way control valves
(each port) suction and
discharge piping

Sgtstem Component
(Steam)

Boiler discharge piping

Required System Devices

Manifold pressure gauge with pressure taps
Flow measuring device (type depending on
accuracy required)

Thermometer/test well and pressure gauge and

gaugecock

Same devices as required for chiller evaporator
pIping

Same devices as required for chiller evaporator
piping. Note: Simple, easy-to-install, state-of-
the-art equipment such as magnetic vanes
should also reconsidered.

tThermometer/tes.t well; pressure gauge/pressure
ap

Presentable calibrated balancing valve with
integral pressure test ports

1) Presentable calibrated balancing valve with

integral pressure test ports 2) temperature test
3) pressuretap

Pressure tap

Required System Devices

Flow measuring device (orifice or venturi type)
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Ventilation system balancing shall be specified to ensure that the building air pressureis
always negative with respect to the outside atmosphere.

Portions of ventilation and off-gas systems that provide required functionsfollowing a
seismic event shall be designed to be functional following a DBE.

The use of downdraft ventilation within occupied process areas shall be considered asa
means to reduce the potential inhalation of contamination.

Thefailure of ventilation and off-gas systems not designed as safety class systems shall not
prevent other facility safety class systems from performing their required safety functions.

Hydrogen gas storage areas and process areas that use hydrogen shall have provisions for
sufficient ventilation to ensure that under all conditions er/wormal oper ations, anticipated
oPeratlor_]aI occurrences, and DBA conditions), the hydrogen concentration in the air and/or
orf-gas will never exceed 4 percent by volume.

Gas storage areas and process areas that use hazar dous materials shall have ventilation
systems designed to ensure that the hazardous material concentrations do not exceed the
limits referenced in DOE 5480.10 and are ALARA in the workplace environment. Effective
loss-of-ventilation alarms shall be provided in all of these areas.

Suitable off-gas stream pretreatment shall be provided upstream of the off-gas cleanup

system to remove or reduce the concentration of chemicals that would adversely affect system
oper ation.

Components of ventilation and off-gas systemsthat require electric power to perform their
safety functions shall be considered safety class loads.

Adequate instrumentation and controls shall be provided to assess ventilation or off-gas
system performance and allow the necessary control of system oper ation.

Equipment in ventilation and off-gas systems shall be appropriately qualified to ensure
reliable operation during normal operating conditions, anticipated operational occurrences,
and during and following a DBE.

1550-99.02  Confinement Ventilation Systems

The design of a confinement ventilation system shall ensure the ability to maintain desired
airflow characteristics when personnel accessdoorsor hatches are open. When necessary, air
locks or enclosed vestibules shall be used to minimize the impact of this on the ventilation
system and to prevent the spread of airborne contamination within the facility. The _
ventilation system design shall prowdetherequwed confinement capability under all credible
circumstances with the addition of a single failurein the system.

If the maintenance of a controlled continuous confinement airflow isrequired, electrical

equipment and componentsrequired to provide thisairflow shall be supplied with safety
class electric power and provided with an emergency power source.
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Air cleanup systems shall be provided in confinement ventilation exhaust systemsto limit the
release of radioactive or other hazardous material to the environment and to minimize the
spread of contamination within the facility as determined by the safety analysis. The

following general cleanup system requirements shall be met, asappropriate, for ventilation
system design:

Thelevel of radioactive material in confinement exhaust systems shall be continuously
monitored. Alarms shall be provided that will annunciate In the event that activity levels
above specified limits are detected in the exhaust stream. Appropriate manual or _
automatic protective featuresthat prevent an uncontrolled release of radioactive material

~ totheenvironment or workplace shall be provided.

To limit onsite doses and to reduce offsite doses by enhancing atmospheric dispersion,
elevated confinement exhaust dischar ge locations arerequired. The height of the exhaust
discharge location shall ensure that the calculated consequences of normal or accidental
releases shall not exceed the radiological guidance contained in Section 1300-1.4,
Guidance on Limiting Exposure of the Public. In addition, to the extent practical, all
normal and accidental releases shall be maintained at ALARA levels.

An elevated stack shall be used for confinement exhaust discharge. Provisions shall be
made to ensure an adeguate ventilation exhaust discharge path in the event of stack
failure. The stack shall be located so that it can not fall on the facility or an adjacent
facility containing safety classitems. The alternative is the construction of a stack that
snall remain functional following a DBE, severe natural phenomena, and man-made
events. Stack location and height shall also consider intakes on the facility and adjacent
facilitiesto preclude uptake.

Safety classair filtration units snall be designed to remain functional throughout DBAS
and to retain collected radioactive material after the accident.

Air sampling locations shall meet ACGIH/ASHRAE criteria. Sample collecting devices
shall be located as close to the sampling probe as possible.

The number of air filtration stagesrequired for any area of a facility shall be determined
by safety analysis based on the quantity and type of radioactive materialsto be confined.

Air filtration units shall be installed as dose as practical to the source of contaminants
to minimize the contamination of ventilation system ductwork.

Ducts shall be sized for the transport velocities needed to convey, without settling, all
particulate contaminants.

Air filtration units shall belocated and provided with appropriate radiation shielding to
maintain occupational doses ALARA during operations and maintenance.

Air filtration units shall be designed for ease of recovery of fissile material and other
materials capable of sustaining a chain reaction in case of an accident aswell asduring
normal operations.
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The cleanup system shall have installed test and measuring devices and shall facilitate
monitoring operations, maintenance, and periodic inspection and testing during
equipment operation or shutdown, as appropriate.

Where spaces, such asa control room, areto be occupied during abnormal events, safety
classfiltration systems shall be provided on the air inletsto protect the occupants. Asa
minimum, air inlets shall befiltered to limit the loading of exhaust filters with normal
atmospheric dust.

Either HEPA filtration or fail-safe backflow prevention for process area intake
ventilation systems shall be provided.

Congideration shall be given to providing roughing filtersor prefilters upstream of a
HI|EPA filter to maximize the useful life of the HEPA filter and reduce radioactive waste
volume.

Hot cell exhaust systemsshall be asfollows:

» Exhaudt prefiltersand HEPA filters shall be installed in such a manner asto facilitate
filter changing and repairs.

» Standby filters provide backup protection and facilitate chan?ing_the primary filters
without shutting down the exhaust fans. Standby filters shall beinstalled outside the cell
and sealed in an acceptable enclosure for direct maintenance.

s All exhaust systems shall have monitorsthat provide an alarm if the concentration of the
hazardous material in the exhaust exceeds specified limits.

In facilities where plutonium or enriched uranium is processed, the following additional
requirements shall be met:

» Wherever possible, the designer shall provide enclosures for confinin? the processwork
on plutonium and enriched uranium. Design criteria for enclosures of radioactive and
other hazardous materialsare provided in Section 1161, Enclosures. When these
confinement enclosures are specified and designed, consideration shall begivento
whether room ventilation air can be recirculated. I a recirculation ventilation system is
provided, the design shall provide a suitable means for switching from the recirculation
mode to a once-through ventilation system.

» A safety analysisunder DOE direction shall establish the minimum acceptable
performance requirements for the ventilation system and the response requirements of
system components, instrumentation, and controls under normal operations, anticipated
operational occurrences, and DBA conditions.

The safety analysis shall determine system requirements such as the need for redundant
components, emergency power for fans, dampers, special filters, and fail-safe valvel
damper postions. The safety analysis and the guidelines provided by the cognizant DOE
authority shall determinethetype of exhaust filtration required for any area of the
faC|(|j|_ty uring normal operations, anticipated operational occurrences, and DBA
conditions.
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If advantageous to operations, maintenance, or emergency personnel, the ventilation
system shall have provisions for independent shutdown. Shutdown of a ventilation system
under such conditions shall be considered in light of the effects on air flowsin other
interfacing ventilation systems. When a system is shut down, positive means of
controlling backflow of air to noncontaminated spaces shall be provided by positive
shutoff dampers, blind flanges, or other devices.

Equipment to continuously monitor oxygen levels shall be provided for occupied working

areas of facilities equipped with significant quantities of inerted or oxygen-deficient
process glovebox lines.

The supply air to enclosuresthat confine the processing of plutonium and enriched
uranium shall befiltered by HEPA filtersat the ventilation inlets to the enclosures and
area confinement barriersto prevent the transport of radioactive contamination in the
event of a flow reversal.

If room air isrecirculated, at least one stage of HEPA filtration shall be provided in the
recirculation circuit. The design shall include redundant filter banks and fans that shall
be located based on the results of the safety analysis. If recirculation systemsare used, a
means shall be provided to prevent contaminated process enclosure air from exhausting
into the working area rooms. Process enclosure air (from hoods, gloveboxes, etc.) shall
be treated and exhausted without any potential for recirculation to occupied areas.

Ventilation system components and controlsthat require electric power to perform safety
functions shall be supplied with a safety class UPS and/or emergency power supply asis
determined to be required by a systems design/safety analysis.

The designer shall specify and locate components in the exhaust systems to remove
radioactive materials and noxious chemicals beforetheair isdischarged to the
environment. These components shall be capable of safely handling products of .
combustion. These systems shall be designed to operate under DBA conditions including
the DBF. The exhaust system design shall ensurethat effluents are safely directed
through the appropriate ventilation ducts and not spread beyond the physical boundary
of the ventilation system until treated.

The number of required exhaust filtration stagesto limit theguantity and concentration
of airborneradioactive or other hazardous materialsrel to the environment from
any area of thefacility shall be determined by the safety analysis. The design shall
include all necessary cleaning and detection equipment for detection and removal of
noxious chemicals from the exhaust ventilation system.

HEPA filters shall be installed at the interface between the enclosures that confine the
process and the exhaust ventilation system to minimize the contamination of exhaust
ductwork. Prefilters shall beinstalled ahead of HEPA filtersto reduce HEPA filter
loading. Thefiltration system shall be designed to allow reliable in-place testing of the
HEPA filter and simplify filter replacement.

Separate exhaust ventilation system ductwork and the initial two stages of filtration shall
be designed for exhaust air from enclosuresthat confine the process (e.g., gloveboxes).
These systems shall maintain a negative pressure inside the enclosure with respect to the
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operating area. These systems shall be designed to remove moisture, heat, and explosive
and corrosive gases, aswell asother contaminants. These systems shall be designed to
aut?_matlcally ensure adequate inflow of air through a credible breach in the enclosure
confinement.

» Enclosuresthat confine the processand are supplied with gasesat positive pressure shall
have positive-acting pressure-relief valves that relieve to the exhaust system to prevent
over-pressurization of the process confinement system.

e Thedesign of air cleaning systems for normal operations, anticiﬁnated operational
occurrences, and DBA conditions shall include the use of the following equipment as
directed by the cognizant DOE authority and these criteria:

- Prefilters
- Scrubbers

- Process vessel vent systems-HEPA filters
- Sand filters
- Glass filters
- Radioiodine adsorbers
- Demigters
- Condensers
- Distribution baffles
- Pressure and flow measurement devices
« Airborne contaminant cleaning systems shall be designed for convenient maintenance and
the ability to decontaminate components and replace componentsin the supply, exhaust,
and cl_eanug_ systems without exposure of maintenance or service personnel to hazardous
materials. Filtration systems shall be designed so that a bank of filters can be completely
isolated from the ventilation systems during filter element replacement.
1550-99.0.3 Off-Gas Systems
The sources and characteristics of radioactive material in off-gas systems shall be identified.
The design of an off-gas system shall be commensurate with the characteristics of the
radioactive material in the off-gasand therisk associated with itsrelease as an effluent.
The design of the off-gas system shall ensure that off-site doses resulting from normal system

oper ation are maintained within the guidelines referenced in Section 1300-1.4.3, Routine
Releases, and are ALARA.
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Portions of off-gas systems and components that are required to control or limit the release
of radioactive material to the environment or for safe operation of the system shall be
provided with redundancy.

Electrical equipment and components of off-gas e?/stemsthat require electric power to
perform their safety functions shall be considered safety classloads.

Adeguate instrumentation shall be provided to monitor and assess system per formance and
to provide necessary alarms. Appropriate manual or automatic protective features shall be
provided to prevent an uncontrolled release of radioactive material to the environment and
to minimize the spread of contamination within the facility.

The off-gas system shall be designed to allow periodic maintenance, inspection, and testing of
components.

The system’s capacity shall be consistent with the needs for handling off-gas from
components and systems during normal operations, anticipated operational occurrences, and
DﬁBA conditions. Process system tanks and other sealed components shall be vented to an
off-gas system.

The design of process confinement off-gas treatment systems shall preclude the accumulation
of potentially flammable quantities of hydrogen generated by radiolysisor chemical reactions
within procéss equipment.

Ventsfrom liquid components shall be provided with trapsand drainsto prevent inadvertent
flooding of off-gas systems.

Adequate shielding shall be provided for filters, absorbers, scrubbers, and other off-gas
treatment %stem components to maintain occupational exposureswithin the limits i»euﬂed
in DOE 5480.11. In addition, to the extent practical, the snielding design shall use ALARA
principlesto minimize overall exposures.

Corrosive gases and particles from vats, scrubbers, and similar equipment in gloveboxes shall
be neutralized prior to reaching the HEPA off-gasfilters.

Air ventilated gloveboxes shall have the ability to safely contain in-box contaminants when
an access port I1s opened or a glove ruptures.

Vent streams containing UF,shall be equiﬂped with chemical traps to remove radionuclides
from the gases before they are vented to the atmosphere. The following are typical ventsto
be equipped with traps.

» Purgecascade

s Cold recovery

» Buffer seal exhaust stations

=« Wet-air evaluation stations
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Trapsshall be designed for nuclear criticality safety under conditions of design loading of
fissile or other materials capable of sustaining a chain reaction. The design shall also
minimize the spread of contamination during replacement.

All vent streams having the potential of containing significant quantities of radioactive
material shall be processed by an off-gas cleanup system before being exhausted to the
environment. The cleanup systems shall be designed to remove particulate and noxious
chemicalsand control the release of gaseous radionuclides.

1550-99.4 Explosive Facilities
1550-99.4.1 Ventilation Requirements

The ventilation requirementsfor an explosivesfacility shall be determined by the safety
analysisfor the proposed facility.

Exhaust ventilation shall be used to control explosivesdust (or other hazardous materials
used in or resulting from explosives oper ations) that may create a hazard to operating
personnel or contaminate the operating area. When exhaust ventilation is used to remove

explosives dust, an approved dust collection system isrequired to prevent therelease of dust
outside the building.

Exhaust ventilation and collection systemsfor control of explosives dust and materials
associated with explosives production shall be designed to meet minimum requirements
established in these criteriaand ACGIH Ventilation Manual. The exhaust ventilation system
shall have sufficient capture and adequate makeup air to reduce exposure to explosives dusts,
or materials used in conjunction with explosives, to ALARA. This s particularity important
when toxicity information and occupational exposure limitsare not available for the
explosivesin use.

The ventilation system shall be constructed of materialsthat are compatible with explosives
work. The ducting system shall be designed to allow for inspection and disassembly without
encour aging collection of exef)losives material in the system. The need for filtration shall be
considered to ensure that release of contamination is minimized.

Thefollowing radiological criteria shall beincorporated into the design of ventilation systems
where both explosives and radiological hazardsarerelevant. For the DBA, the ventilation
%/escte_m in the affected area snall be designed to ensure that the radiological requirements of
tion 1300-1.4.2, Accidental Releases, are satisfied. To minimize the dispersal of
contamination from accidents less severe than an explosion, supply and exhaust air shall be
filtered to ensurethat airborne releases to the environment do not exceed the concentration
guides specified in the directive on Radiation Protection of the Public and the Environment

In the DOE 5400 series. Air supply flows shall be directed toward the areas of the highest
potential concentration.

1550-99.4.2 Collection of Explosives Wastes

Provision shall be made for the removal of ex?lo_siveswastefrom any area in which _
explosiveswaste is generated. Removal of explosives waste may be accomplished by collecting
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dust/fines in a wet or dry vacuum system; collecting dust, fines, or chips in aslurry of water
or nonflammable solvent; or by collecting solid waste in receptacles.

Explosives waste shall be collected and maintained separately from conventional waste.

Mixing of incompatible explosives shall be avoided. Receptacles snall be clearly labeled to
indicate the type of permissible waste.

Vacuum Collection of Explosives Dusts

When using a wet system, the design of that system shall provide for the following:

s Thedust shall be maintained in a wet form and in close proximity to its point of origin.
s Thedust shall be maintained in a wet form until removed for disposal.

» Water-soluble explosives shall not be collected in a wet system.

Storage compatibility Group A explosives (for definition see DOE/EV 06194) may be
collected by a vacuum system provided they are maintained in a wet form usmP awetting
agent that is kept close to the |[;))oi nt of intake. Use of a vacuum system for collecting these
molre_sensitive materials shall be confined to operationsinvolving small quantitieso
explosives.

Dry-type dust collection chambers, except portable units, should be located in the open and
outside operating _t)undm?s, or in buildings exclusively set aside for that purpose. The
quantity of explosives collected shall not exceed the capacné/ of the shielding to protect
oper ating personnel. Thislimit shall be determined by the degree of barricading and the
appropriate intraline distance.

If dry dust collection outside the building is not practical, a separate room within the
building shall be designated for the purpose. Thisroom shall not contain other operations,
nor shall it be used asa communicating corridor or pasm?eway between other operating
locations within the building when explosives are being collected.

Stationary and portable wet-type collectors may be placed in the explosives operating bays or
cubiclesif the quantity of explosivesin the collectors does not exceed 2 kg. If placed in
separate cubicles, the explosives weight limits may be increased by an amount determined by
the capabilities of the cubicle walls to serve as operational shields.

Collection systems and chambers shall be designed to prevent pinching explosives between
metal parts.

There shall be no screw threads, recesses, or cracksthat may be exposed to explosives
contamination in a dust collection system. Dust collection lines should be equipped with
flanged connectorsand inspection ports. Pipesor ductsthrough which explosivesare
conveyed shall have long radius bendswith a Centerlineradius of at least four timesthe
diameter of the pipe or duct.

Dust collectors shall be designed in such a manner that explosives dust is prevented from
reaching any mechanical power sour ce of the collection system. Two collection chambers
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shall beinstalled in series ahead of the pump or exhauster to prevent explosives dust from

entering the vacuum producer in dry vacuum collection systems. In addition, non-sparking
fansand dust-tight motors shall be used.

Theentire explosives-dust collecting system shall be electrically bonded and grounded with
resistance-to-ground not exceeding 10 ohms. The grounds shall be tested periodically.

1550-99.43  Air Monitoring Requirements for Explosives/Plutonium Bays

Where explosives and plutonium are present in the same bay, continuous air monitoring
systems shall be provided in work locationsfor airborne contamination detection. The
systems shall be equipped with audible and visual alarms at both theimmediate work
location and a location external to theimmediate area. The systems shall be sensitive to
radionuclides associated with the operation and shall sampleair representative of the air
breathed by the worker for whom the monitoring is provided.

1550-99.8 Telecommunications, Alarm, and ADP Centers and Radio Repeater Stations
1550-99.8.1 General

These criteria shall apply to telephone switching centers, teletype, data, and facsimile centers,
computer or ADP centers, radio control centers, security alarm control centers, and radio
repeater stations.

Heat recovery optionsfor utilization of the heat produced by equipment such asrectifier-
charger bays, radio and microwave transmitters, and ADP equipment to conserve energy in
the heating season shall be considered on the basis of LCC as described in 0110-12.7.1. The
ventilation design shall also consider directly exhausting heat gains from this equipment
during the cooling season to minimize air-conditioning requirements.

1550-99.8.2  Air-Conditioning and Ventilating Systems

Air-conditioning systems for telecommunications, alarm, and automatic data processing
centers shall comply with NFPA 90A and shall be completely separate and independent from
other air distribution systems. Initial equipment heat loads for telecommunicationsand
computer rooms shall beincreased by 25 percent or to satisfy a five-year growth forecast
(whichever isgreater) in sizing the systems. Noncombustible duct construction materials shall
be specified. Air ducts serving other spaces shall be designed to bypass these areas or shall
Rﬁzle:)nAcaSS%m afireresstant enclosure with suitable fire doorsand dampersasrequired by

Operating and equipment areas that contain dust-sensitive equipment shall be designed with

a ventilation system that will maintain positive pressuresand is provided with HEPA
filtration systems.

Telephone Switching Centers
Where switchboard or console operatorsare seated higher than other employees within the

room, the air-conditioniré? stem shall be designed to minimize temperature imbalances
between the working levels tor employee comfort.
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Power control boards, rectifiers, storage batteries, battery chargers, ringing machines and
tone generators snall be located in rooms seBarate from the switching equipment and shall
be provided with separate exhaust systems. Power equipment room ventilation systems shall
be designed to maintain a positive air pressure in the equipment area.

Storage Battery Areas

Storage battery areas shall be ventilated according to the NEC, Section 4808(a) and
ASHRAE handbooks. Where storage batteries are to be located in the same room with
telecommunications or alarm equipment, in lieu of providing a separate (and separ ately
ventilated) battery room, the design professional shall consider the adequacy of the normal
room ventilation system and the need for supplemental or emergency backup ventilation
during scheduled or emergency shutdown of the central ventilation system.

Security Alarm Control Centers

HVAC systems shall be designed with air filtration featuresto protect against infiltration of
aerosol and gas incapacitating agents.

Radio Repeater Stations

HVAC systems shall be designed to use heat gains from equipment for maintaining the

oper ating room ambient temperature at not lessthan 4eF during the heating season.
Auxiliary heaters shall be provided with adequate capacity to maintain an insde temperature
of at least 70°F in the operating room at design outdoor winter conditions assuming a power
outage to the radio equipment. Auxiliary heaters shall maintain temperaturein the

emer gency engine-generator room at not lessthan 4g°F.

Exhaust fans shall provide sufficient ventilation during the g:oolinﬂ season to maintain the
internal station temperatures required for equipment operation. The primary ventilating air
system shall be designed with a backup system. Air-conditioning and dehumidification
equipment shall be designed to meet environmental control requirementsif an exhaust
system cannot do o.

Air intakes equipped with replaceable glass-fiber type filters shall be located to provide
makeup air for the heat exhaust system. A separate exhaust or air-conditioning system snall
be provided for the engine-generator room to provide cooling in accordance with the
manufacturer’s recommendations.

1550-99.10 Secure Conference Rooms

Based on the project-specific criteria, either an independent heatinﬁ-cooling_g/stem with
minimal utility service penetration through the room envelope shall be specified and _
designed or special sound attenuation devices shall be provided in the central heating-cooling
system around the conference room.

These systems should reduce airborne or structure-borne sound transmission paths. Suitable
sound traps, metal air duct isolation material on the secure side, packing around pipe
penetrations and fixed pipe flanges on both sides of the penetrations, personnel access
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barriergcontrols for exterior ductwork or other security devices shall be specified and
designed asrequired and directed in the DOE project criteria.

See also Section 0110-99.10, Secure Conference Rooms

1555 CENTRAL PLANT HEAT GENERATION/DISTRIBUTION

1555-1 PLANNING
1555-1.1 General

These criteria shall be applied in the planning and design of steam and HTW generation and
distribution systems and cogener ation facilities.

DOE/MA 0129 shall be used as a general reference.

1555-1.2 Facility Sizing

New facilities shall be sized to accommodate all present enerqg/ needsaswell asall
confirmed future needs within two years. Consideration shall be given to a plant design that
can be easily expanded should potential futureloadsin addition to confirmed short-term
|oads become a reality. Load computations to establish boiler capacity shall be based on the
building design heating load as developed in confor mance with ASHRAE Fundamentals
handbook, Chapter 25. To this snall be added process heating loads (if any) and an
allowance for piping losses where heat loss through piping does not transfer to the heated
space. For process plants, the ;gocess heat losses shall be investigated durmg the design
Stage to determine If heat can be recovered, thereby reducing the boiler load.

A load analysis should be performed, including determination of the peak, average, and
baseload demand. The load factor, which isthe ratio of peak demand to average demand,
should be maintained as close to unity as practical.

The amount of installed excess boiler capacity shall be considered on a case-by-case basis
depending on the effect of loss of a boiler. For heating and process loads of a critical nature
for vital programs such asweapons production and uranium enrichment, the applicable DOE

prog_r%l;njw agency shall determine whether 100-percent redundant heat generation capacity is
required.

For routine office heating applications, no redundant capacity is allowed.

Modular boiler installations shall be considered for all applicationsto maintain a high
operating plant efficiency throughout the year. Number and size of the boilers shall be based
on the number of operable hoursat full and part load operation, turn-down ratio of the
boiler being considered, efficiency at part load, and year round process or summer |oads. Use
of a baseload boiler shall be considered when a year-round process demand exists. The
gstem shall be designed to satisfy peak demand by operating over its maximum rating for

ort periods of time.
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The possibility of operating small local boilersrather than the central plant to satisfy
summer |oads shall also be considered as well as the possibility of using excess summer
capacity for satisfying air-conditioning requirements using absorption chillers.

Sufficient capacity shall be furnished to allow one bailer to be down for inspection,
maintenance, or on standby, while the remaining boiler (s) maintain normal operations.

1555-1.3 Generating Facility Location

The generating facilities shall be located to allow efficient steam/hot water distribution
throughout the site and allow for future expansion of the generating and distribution system.
The facility shall also be located to minimize problems associated with the following:

« Nos

e Dirt

= Air pollution

« Harmful effects to adjacent property owners

» Accommodate fuel deliveriesand storage

« Totakeadvantage of prevailing winds

1555-1.4 Central Facilities Versus Satellite Facilities

The ingtallation of one or more satellite boiler facilities rather than a single central boiler
g)c()ig:[:)lex shall be evaluated by L CC analysis when one or more of the following conditions
s Art extensive distribution system connecting several separate steam usersisrequired

s Requirementsexist for several different steam pressures

» Variable steam loadings exist with respect to time or quantity

Alternate ener gy supgly_ distribution systems such asnatural gas, steam, and condensate
return systems shall beincluded in the analysis. Consider ation shall be given to convertibility
to noncritical fuelsin accordance with DOE 4330.2C.

1555-1.5 Sdlection of Fuels

Selection of fuels shall comply with DOE 4330.2C. Fuel-burning installations with input of
100 million BTU per hour or greater shall comply with FUA.
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1555-1.6 Cogeneration

The use of a cogeneration plant as a possible alter native shall be considered in the planning
of any large steam generation facility. The feasibility of cogeneration with HTW or HTW
boilersor HTW to steam generators shall be considered.

In deter mining the feasibility of cogeneration, the following factors shall be considered:

» Energy demand and cost, peak load, average load, seasonal variations, and utility rate
sructures

= Regulatory concerns: PURPA, relevant environmental regulations, and current local
regulations

Generation plants shall be sized to accommodate existing loads.

1555-2 STEAM AND HIGH-TEMPERATURE WATER GENERATION
1555-2.1 General

All boilers shall comply with the ASME Boiler and Pressure Vessel Code.

The recommendations of FCC Technical Report No. 71 shall be followed when specifing
packaged boilers.

Boiler efficiency and capacity shall be tested in accordance with ASME PTC 4.1. The " Input-
Output (direct) Method" of measuring boiler efficiency and capacity in ASME PTC 4.1 shall

be used. In the case of boilers 5 million BTU per hour or less, the * Short-Form (indirect)

Method" in ASME PTC 4.1 s acceptable when radiation and other losses are calculated in

accor dance with charts obtained from ABMA. Under test conditions, the minimum

acceptable boiler efficiencies shall be as shown in FCC Technical Report No. 71, Table 3.

1555-2.2 Package-Type Versus Field-Erected Boilers

AnLCC analgsi.s shall be performed to determine whether to select a field-erected or a
package-type boailer.

Field-erected boilers shall provide for furnace volumes adequate under continuous oper ation
to comply with Table 1555-2.2. Criteria prescribed in FCC Technical Report No. 51 shall
apply to package and field-erected boilers.

1555-2.3 Comparison of Steam and High-Temperature Water Systems

In determining whether to select a steam or HTW system, the following factors shall be
considered asa minimum:

s Whether the system will be operated intermittently or continuously

s Whether fast response to significant load variation isimportant
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Pumping costs

s Length, size, and configuration of piping required
LCC

In afacility where a few of the processes require steam, the possibility of usng HTW to
gener ate the steam at its point of use

1555-2.4 Steam Generation Units

ﬂeam boiler ratings shall comply with the recommendations in FCC Technical Report No.

Boilers shall be designed to provide dry, saturated steam unless specific economic
requirements for electric generation, process reguirements, or extensive distribution systems
require superheated steam.

If required for process, the use of high-pressure satellite boilers located close to the high-

pressure process requirement shall be considered in lieu of distribution of high pressure
Steam.

1555-2.5 High-Temperature Water Generation Units
1555-25.1 Definition
A HTW system is a system that generates beating or process water in excess of 300°F.

1555-2.5.2 General

HTW boilers snall be of the controlled forced-circulation type, specifically designed for high-
temperature water service, in accordance with FCC Technical Report No. 37.

Table 1555-2.2 Field-Erected Boiler Continuous Heat Release Rates (BT U/Hr/Cubic
Foot of Furnace Volume)

Field-Erected Boiler Type Heat Release Rate
Pulverized Coal 15,000 to 30,000
GadOil 20,000 to 30,000
Oil 25,000 to 30,000
Gas 20,000 to 30,000
Spreader Stoker 25,000 to 35,000
Single-Retort Stoker 30,000 to 40,000
Multiple-Retort Stoker 30,000 to 30,000
Chain-Grate Stoker 40,000 to 55,000

Traveling-Grate Stoker 40,000 to 55,000
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Because of costs associated with high-pressure pipe, valves, and fittings, HTW systems should
not be designed for temperatures and pressures higher than absolutely necessary.

1555.2.5.3 System Pressurization

In agas-pressurized HTW system, an inert gas such as nitrogen shall be used, and the
pressurizing tank shall beinstalled vertically to reduce the area of contact between gas and
water, thus reducing the absor ption of gasinto the liquid.

Gas- r%wr.izeda%stemsshould be maintained at a pressure well above the pressure at which
the HTW will flash to steam.

Pump pressurization is generally restricted to small process heating systems. In larger HTW
systems, pump pressurization can be combined with gas pressurization.

1555-2.5.4 Circulating Pumps
Theenergy efficiency of circulation pumps shall be emphasized.

In steam-pressurized systems, circulating pumps snall be located in the supply linesto
maintain pressure above the flashpoint of the hottest water in the distribution system.

A mixing connection that b)g)asses some of the cool return water into the supply line at the
pump suction shall be provided to safeguard against flashing or cavitation at the pump(s).

Inagas-pressurized HTW system, the circulating pumps may beinstalled in either the
supply or return lines.

1555-2.6 Asociated Systems for Steam and High-Temperature Water Generation
1555-2.6.1 Fuel Storage and Handling Systems

Fuel storage and handling shall comply with the recommendationsin FCC Technical Report
No. 51, Chapter 111, Sections 2.0, 3.0, and 4.0.

Control, containment, and treatment of rainwater runoff from coal storage yards shall comply
VCViIErF]eez{ggmt guidelinesand standards for steam-electric power generating point sour ces, 40

The relative economy of a central natural gas-fired plant compared to a gas distribution
system serving the individual requirements of each building shall be consider ed.

Thelong-range availability of the gas supply and the possible need for a secondary fuel shall
be established. The economics of interruptible versus uninterruptible gas service relative to
availability of a secondary fuel shall be considered.

1555-2.6.2 Fuel Burning Systems

Fully automatic mechaniml-firing equipment and mechanical draft equipment shall be
provided. Mechanical-firing equipment shall be specified to develop 100 per cent to 125
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ercent of the boiler capacity. Fuel burning systems shall comply with FCC Technical Report
Rlo. 51, Chapter 111, Sgcptiony&O. 9 Py ?

1555-2.6.3 Ash Handling Systems
éih handling systems shall comply with FCC Technical Report No. 51, Chapter 111, Section

Land availability for storage or disposal, water availability, nearnessto residential areas, the
possglhéé/ of the sale of ash as a means of disposal, and environmental regulations shall be
considered.

Collection and treatment of ash-carrying liquid effluents shall comply with 40 CFR 423,
1555-2.6.4 Combustion Auxiliaries

ggmbustion auxiliaries shall comply with FCC Technical Report No. 51, Chapter 111, Section

1555-2.6.5 Boiler Water Treatment

Boiler water treatment shall be provided to prevent deposits on or corrosion of internal
boiler surfaces and to prevent the carry-over of boiler water solids into the steam.

A boiler water treatment specialist shall be consulted in determining corrective treatment

measures. Water quality measuresfor the steam plant and other Site process water users
should be coordinated.

The design of thealolant shall provide for daily sampling to determine internal water
conditions. A small |aboratory shall be CProwded for on-the-spot analyses of the samples and
preparation of check samplesfor outside analyses.

Provisions shall be made for introducing treatment chemicals into the feed water. The plant
shall contain adequate space and equipment for storing, handling, and mixing chemicals.

Continuous ver susintermittent blowdown operations shall be considered to determine which
system will keep the concentration of total solids within acceptable limits. For continuous
blowdown operations, the economics of installing a heat recovery system shall be considered.

1555-2.6.6 Boiler Water Makeup

The decision to waste or return condensate shall be based on a consideration of the cost of
construction and maintenance of return lines and pumps, the danger of returnin
contaminated condensate, and the costs of treating and heating make up water. See Section
1555-3.2, Steam Distribution Systems, for additional condensate-line economic considerations.

A minimum of two boiler feed pumps, each sized to handle the peak load, shall be provided
to allow one pump to be out of service.

The feasibility of duplicate pumpswith different drives (steam turbine, reciprocating steam
engine, or electric motor) shall be considered.
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Pumps shall be equipped with automatic controlsto regulate feed water flow to maintain
required water level range, and with arelief valve preset to lift at lower pressure than the
boiler safety valve setting plus static and friction heads.

1555-2.6.7 Boiler Room Controlsand Instrumentation

Boiler plant instrumentation and control panels shall include devices for monitoring the
combustion process and consoles in which such devices are mounted. Combustion controls
shall comply with "improved risk" criteria as defined in DOE 5480.7.

Boiler room controls and instrumentation shall comply with the appropriate standard from
among NFPA 85A, NFPA 85B, NFPA 85D, and NFPA 85E.

1555-2.6.8 Plant Insulation

All hot surfaces within 7 feet of the plant floor or any catwalk shall be insulated to prevent
surface temperatures above 140°F where contact would be inadvertent and 120°F where
contact islikely or necessary for equipment operation. Insulation shall bein accordance with
the manufacturer’'s recommendations and ASHRAE Fundamentals handbook. See also
Section 1525-4, Safe Surface Temperatures

1555-3 STEAM AND HIGH-TEMPERATURE WATER DISTRIBUTION
1555-3.1 General

Steam and HTW distribution systems shall be sized to accommodate future expansion
without extensive modification.

An economic compar ative cost analysis shall be made to determine whether torun
d|str|e|but|on piping aboveground or underground by direct burial in conduits, trenches, or
tunnels.

When aboveground steam or HTW distribution systems areto be constructed, pipe shall be
installed on concrete pedestals, concrete/steel starichions, or on poles. Where piping crosses
over roadways, a minimum of 14 feet of clearance snall be provided.

Provisions shall be made for expansion and contraction in the piping system. Expansion
loops shall be provided where space allows. Wher e space does not a?low, expansion joints
may be used. Expansion joints shall be limited to the packless bellows-type joints or ball
joints.

Piping shall comply with ASME B3L.1.

1555-3.2 Steam Didfribution Systems

Steam shall be supplied to the distribution system at the lowest pressure that will adequately
serve the connected load unless economics dictate otherwise. The economics of higher
pressure distribution shall be considered. Processes requiring higher pressures shall be
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serviced, where practical, by a separate section of the distribution system to avoid operating
the entire system at pressures higher than necessary.

Warmup bypass valves shall be provided at all shutoff valvesin steam distribution lines,
Steam velocities shall be selected for the type of service being considered, but shall not
exceed 10,000 feet per minute.

Steam and condensate pipe shall, where possible, be graded a minimum of 1 inch in 40 feet
in the F_II‘OC’[IOI’] of flow. Drip stations and steam traps shall be provided at all low pointsin
steam lines.

To assure tightness of the steam system, all joints to valves and fittings for sizeslarger than
1-1/4 inches shall be welded, except in the boiler house, where flanges shall be used to
facilitate maintenance of equipment, connections, or valves.

The decision to use more expensive corrosion-resistant materials or heavier schedule pipe for
condensate return systems shall be consider ed against the cost of corrective chemical
treatment of boiler water. Where soil and climatic conditions allow, under ground condensate
lines may be coated or wrapped, installed separate from steam lines, and buried directly
without insulation. Where the potential for severe corrosion exists, the need for cathodic
protection should be examined, and the cost shall be one of the economic factors used to

determine if condensate should be returned or wasted as discussed in Section 1555-2.6.6,
Boiler Water Makeup.

1555-3.3 HTW Distribution Systems

HTW piping shall be sized for an average velocity of 5 feet per second, a maximum velocity
of 10 feet per second, and a minimum velocity of 2 feet per second. HTW piping shall be
sized so that each zone or circuit has equal friction loss.

To assure tightness of the HTW system, all joints to valves and fittings for sizeslarger than
1-1/4 inches shall be welded, except in the boiler house, where flanges shall be used to
facilitate maintenance at equipment connections and valves.

Unlike steam piping, HTW piping may follow the natural terrain; however, proper provisions
shall be made to drain and vent the piping.

1555-34 Piping I nsulation
Insulation containing asbestos materials shall be prohibited.

Insulation thickness of exterior above-ground and underground distribution systems and
equipment shall be based on the TIMA Economic Thickness Manual.

The possibility that water infiltration will cause S|Eg?/sical damage or loss of thermal
pharlaqterlsucs of underground pipe insulation shall be considered in the selection of
insulation.

All insulation installed aboveground, in tunnels, and in manholes shall be provided with a
metal jacket, either factory or field installed, or provided with a hard cement finish.
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1565 REFRIGERATION
15651 CHLOROFLUORCARBON (CFC) LIMITATION ASA REFRIGERANT

1565-1.1 Coverage

These criteria provide guidance to reduce DOE dependence on regulated CFCsas
refrigerantsin HVAC systems. CFC-22 isthe only refrigerant in common use for HVAC

stems not subject to international regulation due to environmental concerns Sozone

epletion). Production of regulated CFCs (CFC-11, CFC-12, CFC-113, CFC-114, CFC-115,
and, indirectly, refrégerant mixtures of those regulated CFCs such as CFC-500, CFC-501, and
CFC-502) will be reduced 50 percent by 1993, with corresponding reduction of availability
and increase in cost. Requirementsto recycleand recover theseregulated CFCsis expected
in the near future. Continued installation of HVAC systems using regulated CFCsis
unacceptable from operational and environmental viewpointsand shall be minimized to the
maximum extent feasible.

Alternativesto CFC-11 and CFC-12 are being developed for usein existing equipment and
future new equipment; however, significant technical problems have yet to be overcome. As
technically proven alternative refrigerants become commercially available, these criteria will
be updated to include their application. With present technology, the only feasible course to
reduce DOE HVAC dependence on regulated CFCsisto limit new equipmentto
unregulated CFCs (CFC-22) where feasible and replace the existing inventory with equipment
designed for CFC-22 asexisting unitsfail.

1565-1.2 Effective Date
These criteria are to be implemented as of the date of this Order. Application is as follows:

« Projectsin planning or programming and thosein Title | design or less: Comply with
these criteria.

= Projectsin Titlell desj'%n and those under construction: Implement where technically
and economically feasible.

1565-1.3 | mplementation

These criteria require immediate implementation to reduce DOE dependence on regulated
CFCsto aminimum. The limitation of refrigerantsto CFC-22 will be reviewed and relaxed
to include alternative enwronmentallE acceptable refrigerants as they become available. These
criteria limit the use of CFCsin DOE design and construction and operations and
maintenance programs to nonregulated compounds as follows:

= New mechanical refrigeration equipment: Use CFC-22 astherefrigerant where feasible.

» Repair-by-replacement projectsinvolving the completerefrigerant side of existing
equipment: The replacement equipment shall use CFC-22 as the refrigerant.
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1565-1.4 Exceptions

Exceptions shall be as follows:

» New absorption equipment or replacing existing equipment with absor ption equipment
« Equipmentinsize rangleswhere CFC-22 equipment isnot commer cially available by a

minimum of two supﬁ iers with adequate operational experience. All available equipment

types (reciprocating, helical screw, and centrifugal) shall be considered before making
this decision.

« Repair projectsinvolving partial replacement of therefrigerant side of a system, such as
compressor or coil replacement only can use the existing refrigerant.

1574 CRYOGENIC SYSTEMS

1574-1 COVERAGE
These criteria shall apply to cryogenics as defined by the NBS, that is, involving temperatures
below 120°K (-124°F).  Systemsinvolving hydrogen and methane are not covered by these

criteria. Systems involving oxygen and fluorine (because of their reactivity) may require
special design and cleanlinessrequirementsin addition to these basic criteria.

1574-2 SYSTEM DESIGN

1574-2.1 General

Liquefaction plantsfor DOE facilities shall be designed, supplied, and installed by
experienced manufacturers specializing in complete, installed, and fully tested systems. All
components shall be furnished and assembled by a single responsible contractor or
manufacturer. Specifications for these systems shall be performance-based. Liquid and gas
production rates, purity, storage volumes, and special equipment features and materials to be
supplied shall be specified.

1574-2.2 Compressors

1574-2.2.1 Screw or Lobe Compressors

Screw or lobe compressors shall be considered when the following characteristics are desired:
o Low specific weight and space requirements

. Low ordersof vibration or pulsation

= Postive displacement without surge limitations
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s Low maintenance

To reduce oil carrgover to less than 1 ppm charcoal filters, oil separators, absorbers and/or
coalescers should be specified.

1574-2.2.2 Reciprocating Compressors

For continuous service, first consideration shall be given to water-coded, heavy-duty, long-
life, low-maintenance reciprocating compressors. Lighter, higher-speed air-cooled types shall
be considered for mobile or intermittent duty. Non-lubricated compressors shall be
considered in terms of the cost of oil removal systemswhere oil free gasisrequired. A

hermetic type compressor with heavy duty water cooling should be considered when
Impressing low molecular weight gases.

1574-2.2.3 Centrifugal Compressors

Centrifugal compressors should normally be used as the main air supply for separation

pelgntc?: These should be equipped with adjustable inlet guide vanes to facilitate capacity
reduction.

1574-2.2.4 High-Pressure Centrifugal Compressors

Vertically split case compressor s shall be considered to produce output pressurein therange
2000-3000 psig. The design professional shall pay particular attention to shaft seal typeand
application when this type of compressor isused. These machines should not be specified for
service on low molecular weight gases.

1574-2.2.5 Axial Compressors

Gasor steam-turbinedriven axial compressors shall be considered for the main air supply to
very large plants. They have capacities of approximately 120,000 ACFM at 100 psig.

1574-2.2.6 Diaphragm Compressors

A diaphragm compressor shall be considered for applicationsrequiring relatively low flow
rates (5to 60 cfm) and discharge pressures up to 15,000 psig, whereit is especially

iImportant that the gas being processed not comeinto contact with any lubricant.

1574-2.2.7 Multistage Compressors

Where high capacity and high pressure serviceisrequired, (up to 20,000 scfm and 3000 psig
discharge pressure) the design professional should combine compressor typesin a multistage
configuration. Centrifugal or screw compressors are appropriate for lower stages with
reciprocating compressors used for higher pressure stages.

1574-2.2.8 Compressor Support and |solation

Large compressors used in conjunction with a liquefier or refrigerator and its driver shall be
properly aligned and isolated from the building structural members. The manufacturer’s
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standard foundation design shall be considered in the context of local soil conditionsand
modified as appropriate.

1574-2.3 Pumps
1575-2.3.1 Axial-Piston Pumps

Axial-piston pumps shall be considered for transferring cryogenic fluids at high pressure and
low flow rate. Piston sealsand frictional energy dissipation are disadvantagesto be
considered in design applications.

1574-2.3.2 Centrifugal Pumps

Centrifugal pumB_s should be used for transferring cryogenic fluids at high flow rate and low
discharge head. Disadvantages include higher frequency of shaft bearing and seal failure.

1574-2.3.3 Pressure Vessel Pumping

Consideration should also be given to transferring cryogenic fluids using pressurizing tanks as
transfer pumps. Batch transfer of cryogens may use vaporizers in combination with tanks or
dual tank systems with internal heating.

1574-2.4 Vaporizers

1574-24.1 Ambient Air Vaporizers

Ambient air vaporizerswork well at ambient temperatures greater than ~ 244°K (-20°F).
Electric defrost may berequired to prevent ice-over. They shall be used only as part of a
system containing other vaporizers.

1574-2.4.2 Forced-Flow Ambient Air Vaporizers

Automatic electric defrost shall be considered for forced-flow ambient air vaporizers
depending on intended use cycles.

1574-2.4.3 Electric Vaporizers

Electric vaporizersare smple, compact, and capable of handling very high flow rates (up to
500,000 scfm). Electric vaporizers shall be provided with safety interlocks for protection
during power outage.

Electrical demand and power consumption can be very high for these units.
1574-2.4.4 Steam Vaporizers
Steam vaporizers are complex relative to the electric units and are subject to freezing if

steam supply isinterrupted or flow isinadequate. These shall be used only for speci
applications.
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1574-25 Storage Vessels
1574-25.1 General

Section VII1 of the ASME Boiler and Pressure Vessel Code shall be used in specifying the
design of the cryogen storage vessel that isinside another vessel that servesas a vacuum
jacket. For classification of cryogenic storage vessels and recommended vessel insulation for

\ﬁriousfluids, sizes, and application see ASHRAE Applications handbook, Chapter 38, Table

1574-2.5.2 Inner Vessel Design

Theinner vessdl shall be designed according to the rules for vessels under internal pressure
loading. To provide for bail-off, a minimum 10 percent ullage (i.e., the amount a vessel lacks
of being fulls)shall be used. Vacuum jacketed storage vessels shall be eqU|me with two
pressurerelief devices: onefor use under normal conditions and a second, larger oneto
protect the vessel from the rapid boil-off that would occur in the event of a sudden loss of
vacuum. If theinner vessel isto be contained within a vacuum vessel, an additional 14.7 ps
shall be added to the design working pressure for the inner vessel.

Materials used for theinner vessel that contains the cryogen shall be suitable for the

temper atures encountered, and not be brittle. Austenitic stainless steel (Al'SI 300 Series) and
aluminum shall be the principal materials used.

1574-25.3 Outer Vessel Design

The outer vessel shall be designed according to therulesfor failure by elastic instability
rather than excessive stress. Pressurerelief devices shall be provided to protect the vacuum

jacket from large positive pressuresthat could result from small leaks from theinner vessel
?erl'[al ning the cryogen into the vacuum jacket and for the case of complete inner vessd
ailure.

1574-2.6 [ngtrum ion ntrol

Advantages and disadvantages of the various %eneric types of temperature, pressure, flow,
and liquid level instrumentation and control devices are listed in Tables 6-1 through 6-8 of
TM-5-810-7/AFM 88-12, Chapter 4.

1574-2.7 Piping and Fittings

Thelow temperaturesin cryogenic systems present problemsnot commonly encountered in

otger systems. The following shall be considered when specifying and designing piping
systems.

s Linespartly filled with aliquid cryogen are subject to upward bowing. This occurswhen
the wetted bottom of the pipe is much colder than the unwetted top portion, and
differential thermal expansion causesthe pipeto rise between supports. Restraints shall
be designed to withstand this phenomenon.
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« Cryogenic piging materials shall be suitable for the temperatures encountered, and they
shall not be brittle. Austenitic stainless steel (AlSI 300 Series% and copper shall be used.
Stainless steel pipe shall comply with ASTM A312 Type 304 or 316. If schedule 5Sor
10S pipe is specified it shall bereinforced at the anchor attachment paintsif loads
exceed oneKkip. In very special circumstances, aluminum or titanium alloy piping may be
appropriate.

» Dueto weight of extended stems, bonnets, and operators, support requirements for
cryogenic valves shall be carefully analyzed, and if necessary valves shall be supported
separ ately from piping. Depending on operator weight, separate, flexible mounting of
operators may be required.

» Pipelines shall be sized for both cool down requirements and steady state conditions.

s Cryogenic valves shall be of the Slow opening type.

» Cryogenic piping sections between shut off valves shall include relief devices to allow for
venting of trapped cryogen boil-off vapors. Relief devices should be redundant and each
of different design.

1574-2.8 Joining Methods

1574-28.1 Welded Joints

Welded jointsand silver brazed joints shall be used except wher e disassembly isrequired.
The design and inspection requirements shall comply with ASME B31.1 or ASME B31.3.

1574-2.8.2 Reweldable Joints

Reweldable joints featuring an outer can welded to sealed closure rings shall be used where
periodic but infrequent disassembly is required.

1574-2.8.3 Bayonet Joints
High-performance bayonet joints shall be used where frequent disassembly is required.
1574-2.8.4 Flanged Joints

Where Eossible, fIangedHoi nts shall be avoided dueto high thermal stressesintroduced
within the flange assembly during cooldown.

1574-2.85 Compression Jaints

Compression joints may be used for small bore tubing, but shall not be used for high
pressure service (downstream for postive displacement pumps, for example).

1574-2.8.6 Copper Shear Seals
Copper shear seals shall be used for larger diameter tubing.
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1574-2.8.7 Vacuum Seals

Either single or double O-ring elastomer seals shall be used for most general vacuum

installations because of their availability and low cost. For ultrahigh vacuum systems, metallic
seals shall be used.

1574-2.8.8 Transtion Couplings

Transition couplings shall be used to join aluminum and stainless steel piping in cryogenic
systems, eg.,, where aluminum heat exchangers are used.

1574-2.9 Valves and Pressure Relief Devices

Extended stem valves shall be used to allow ambient temper ature stem packing and minimize
heat leakage in vacuum jacketed valves.

Valve materials selection shall ensure ductility, minimum heat influx, and gasket
compatibility with cryogenic fluid temperature extremes. For a comprehensive guide to valve
selection consult TM 5-810-7, Table 4-6. Pressure relief devices shall comply with ASME
Boiler and Pressure Vessel Code, Section VIII, ASME B31.1 or ASME B31.3 as applicable,
and CGA Pamphlet S-1.1, CGA Pamphlet S-1.2, and CGA Pamphlet S-1.3. Devices shall be
code certified. Relief devices shall be installed on stainless steel risersat least 8 inches from
the pipe or component they are designed to protect.

1574-2.10 Miscellaneous Materials

Bolts, gaskets, pipe, fittings, castings, and forg}r;%sfor temperaturesfrom  -20°F to -150°F
shall comply with TM 5-810-7/AFM 88-12, Tables 4-7 through 4-9.

1574-2.11 Lnsulation

Except when equipment is located outside of buildings, all insulation material, media used to
apply insulation, and jacketing material shall have a maximum flame spread of 25 and
maximum smoke development of 50 when tested using UL 723 Test Methods.

The following insulation methods for exterior application to cryogenic equipment are listed
in order of increasing cost and increasing effectiveness:

1. expanded foams

2. gasilled powders . . _

3. gasilled fibers (loosely compacted fibrous insulation)
4. vacuum alone (both static and dynamic vacuum systems)
5. vacuum with powder

6. vacuum with opacified powders

7. vacuum with multilayer insulation

Non-vacuum insulating systems should generally be specified for short-term storage and
transfer of lessvolatileliquids, storage of Iardger quantifies such asin field-erected tanks and
production plants. Evacuated systems should be specified for long-term storage of more
volatile fluids, especially of small quantities.
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A good vapor barrier shall be used to prevent air and moisture from diffusing through the
insulation when using expanded foams, gas-filial powders, or gas-illed fibers. Insulation or
expanded metal shall be used to protect personnel from cold piping and equipment.

1574-3 FACILITY SITING AND EQUIPMENT INSTALLATION
1574-3.1 General

Installation of cg?;ogfenic oxygen systems shall comply with NFPA 50. Liquid nitrogen and
helium systems snall comply with CGA Pamphlet P-1.

1574-3.2 Siting

Siting considerations shall include:

e Noiselevelsduring facility operation

s Proximity to public roadsand public land

s Spill consequences

e Adequate maintenance access and staging space

s Accesshility to cranes and other heavy equipment

e Adjacent clear spaceto allow future plant capacity increase

The requirement for liquefaction towersand associated equipment to be within buildings
shall be considered for cost effectiveness based on geographic siting and anticipated use
cycles. When liquefaction towers and associated equipment and controls areto be located
within buildings they shall bein a dedicated area. Bulk storage tanks may be located above
ground outdoorsor indoors. Buildings or catch basins housing bulk oxygen tanks or oxygen
gener ation equipment shall be of fireresistive, noncombustible, or limited-combustible
construction, adequately vented, and used exclusively for that purpose.

Relief devices shall be located away from walkways and normally or potentially occupied
areasand at anglesto avoid injury dueto release of cryogens.

1574-3.3 Noise

Acoustical control and structural considerations for vibrating equipment shall comply with
DOE 5480.1B.

1574-34 Spills
Cryogen "burns' can result from direct contact with either a cryogen or uninsulated piping or

equipment containing a cryogen. The large evolution of gases associated with the cryogenic
spill can result in asphyxiation. Facilities that will house cryogenic storage vessels shall have
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collection sumps, adequate ventilation equipment for controlling vaporization pressurization
and precluding asphyxiation, oxygen deficiency alarms, and rapid means of egress.

Air can contaminate the cryogen, creating a potential explosive either directly aswhen air
mixes with I|gU|d hydrogen or liquid methane, or indirectly by transforming an inert cryogen
such asliquid nitrogen into an oxidant (a potential hazard for combustible insulation). When
liquid oxygen spills on asphalt it tends to cause the asphalt to e>;FIode. When cryogen falls
on concrete it tends to spall. A 6-inch layer of crushed stone shall be placed in areas where
a cryogenic spill could occur.

1574-4 QUALITY ASSURANCE
1574-4.1 General

The special hazar dsinherent with cryogenic system make quality assurancein design,
cleaning, and testing extremely important. |n addition to sEemaJ requirements listed herein,
quality assurance shall bein accordance with DOE 5700.6B.

1574-4.2 Cleaning

Cleaning procedures shall include, as a minimum, blowdown, flushing, decreasing, drying, and
stande/lpressumzatlon. For cleaning standards consult CGA Pamphlet G-4.1, CGA Pamphlet
G-4.4, MIL-STD-1330 and MIL-STD-1630, and NASA SP-3072.

1574-4.3 Teding

Cryogenic components and systems shall be tested prior to acceptance. Piping and piping
components shall be tested per ASME B31.3, and vessels per ASME Boiler and Pressure
Vessel Code, Section VII1. Testing shall include, but not be limited to, thermal shock,
thermal performance, pressure, leakage, welding quality, and vacuum retention.

1574-5 SAFETY REVIEW

All cryogenic systems shall be subjected to a safety review in accordance with DOE 5481.1B.
These considerations must include the potential for ODHs. All cr8yoc1;en|c systems shall be
categorized asaminimum of " low hazard" asdefined in DOE 5481.1B unless sufficient
analysis has been doneto justify alower classification.
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1589 AIRPOLLUTION CONTROL
1589-1 GENERAL

These criteria shall be applied to the control, treatment, and subsequent disposal of all
airborne and gaseous wastes to assur e compliance with the following:

» DOE 5400.1
» DOE 5440IC.
» DOE 54804

« Federal, Stateand local s_tandardsincludin%restrictions on sulfur content of fuel and
other requirements specifically related to the control of air pollutants, asreferred toin
Executive Order 12088

1589-2 IMPROVED RISK CONCEPT

At aminimum, facility confinement systems, including filters and ventilation systems, shall
comply with the “improved risk” criteria defined in DOE 5480.7 and shall preclude offsite
release of greater than TLV amounts of toxic materials during the maximum crediblefire
loss conditions. As defined in DOE 5480.7, “maximum crediblefireloss’ isthe maximum loss
that could occur from a combination of events resulting from a single fire assuming installed
fire P_rotectlon systems function as designed. The effect of emergency response (i.e., manual
firefighting actions) is generally omitted except for post-fire actions.

1589-3 PLANNING FOR AIR POLLUTION CONTROL
Air pollution control planning shall include:

» ldentification of potential sources of air pollution

= Analyss of the characteristics of the pollutants and the feasibility of conversion to usable
or salable products

» Analysisof alternative methods available for control and treatment of emissions

» Consderation of alternative methods of ultimate disposal of wastes

Priority snall be given to the potentials for conservation and recovery of resources. The
technical and economic feasibility of conversion systemsfor recovery of usable products shall
be determined during the planning or early design phase for a project. The potential adverse
environmental impacts on land and water ‘shall also be taken into account.

Any system that may dischar ge dust, fumes, gases, or other contaminantsto the environment
shall be considered in terms ot applicable regulations or standards.
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Theseinclude the following:

« Combustion processinstallations

s INCcinerators

e Volatile product storage facilities

s Fumeexhaust systems

1589-4 COMBUSTION PROCESSINSTALLATIONS

1589-4.1 Selection of Fuel

Fuel selection for heat-generating equipment shall comply with DOE 4330.2C. General
gwdance on effects of fuel choice on air pollution is contained in FCC Technical Report No.

7. Fuel choice shall be made on the basis of economic analysis, weighing the added cost of
pollution control equipment as well as sulfur removal against cheaper coals and oils of high
sulfur and nitrogen content.

1589-4.2 Firing Equipment

All combustion process systems shall have fully automatic firing, and shall beinstalled in
accordance with manufacturer’s recommendations. Stoker-fired installations shall provide for
over-fire, secondary air jets controlled by a photoelectric smoke-detecting device.

Combustion process equipment shall complxé with NFPA 30, NFPA 31, NFPA 54, NFPA
85A, NFPA 85B, NFPA 85D, NFPA 85E, NFPA 85F, and NFPA 85G for the appropriate
fuel and equipment type.

Combustion controlsto maintain proper fuel/air ratio shall be provided for firing equipment
regardless of design, capacity, or fuel burned. The design and construction of firing
equipment, or wament conversions, shall ensure that the necessary burning time,
temperature, turbulence, and fuel-air ratio are maintained to minimize hydrocarbon
componentsin the flue gas. Combustion controls shall comply with “improved risk” criteria
defined in DOE 5480.7.

quﬁipment shall reduce NO, emissions below permissible levels with combustion refinements
such as.

= Two-stage (off-stoichiometric) combustion
s Low-excess-air operation
« Gasrecirculation in the combustion zone (oil- and gas-fired units)

« Useof dual-register burner for delayed air and fuel mixing
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1589-4.3 Draft Auxjliaries

Combustion products from gas-, ail-, or solid fuel-fired installations shall be dischar ged to
the atmosphere at sufficient height and in such manner as to maximize the dispersion of
stack effluent. Requirementsfor dispersing stack effluent may frequently influence the

selection of natural draft rather than mechanical draft methods. Determination of discharge
height shall be based on:

» Air quality criteria

e« Landuse
s Meteorology
s Aesthetics

Operating parameters

Exhaust stack height shall comply with:

s EPA 600/8-81-009

» EPA 450/4-80-023

s EPA 450/4-81/003

1589-4.4 Emission Detectors

CEM systems for measuring the opacity of emissions, sulfur dioxide emissions, NO,

emissions, and either oxygen or carbon dioxide for fossil-fuel fired equipment arerequired
for most operations under current NSPS.

All coal- and ail-fired combustion equipment shall be equipped with continuous emission

opacity monitorsand alarms. See Section 1589-4.2, Firing Equipment, for use of a smoke
detector to control over-firejets.

Opacity monitors may be traditional photoelectric or feature fiberoptic cable to connect
transmitter and receiver. All componentsthat must be cleaned shall be accessible.

Flue gas monitorsmay be extractive (gas sample removed from stack for analysis? or in-situ
(analyzer mounted on the stack with sampling appar atus directly in contact with flue gas).

Sulfur dioxide and NO, are traditionally analyzed by instruments that rely on ultraviolet
light. Recent developmentsin analyzer technology have presented other options such as.

e Electrochemical cell analyzers
»  Pulsed fluorescent analyzers

s  Chemiluminescent analyzers
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Because of rapidly changing technology, direction cannot be given for specification of
emissions monitori né; equipment. Instruments shall be selected after consideration of
advantages and disadvantages of each type of device.

158945  Coal and Ash Handling

Systemsfor storage and handling of coal and ash shall prevent therelease of significant
quantities of dust to the atmosphere. Dust collectors shall be located at vents on pneumatic
ash handling systems as well as at material transfer points such as:

s  Car dumper

s Samplehouse
s Crusher house
« Reclaim tunnel
s  Conveyor room

Conveyor transfer towersand car dumpers shall be totally enclosed. Telescoping chutes shall
be used wher e applicable. Support structures shall have concrete floorswith drainsto
facilitate washdown.

Conveyor enclosures shall be designed to minimize exposed structural steel where dust can
accumulate. Openingsin building upper floorsshall be curbed. Drain trenches shall be
designed for positive cleanout. (Conditioning/agglomeration systems shall be considered where
dust from dust collectorsis being re-entrained at the conveyors.

Dust collection equipment for coal and ash shall be selected from recommended collector
typesin ACGIH Industrial Ventilation Manual, Figures 11-18. Coal and ash handling
equipment shall comply with NFPA 68, NFPA 85E, and NFPA 85F as appropriate.

1589-4.6 Eacilities for Testing

Access oPenings, platforms, ladders, man lifts, or elevatorsshall be provided for periodic
testing of combustion equipment. Instrumentation shall be accessible for cleaning and easily
removable for repair.

1589-5 REFUSE DISPOSAL FACILITIES
1589-5.1 |ncinerators

Incinerators for refuse disposal shall burn efficiently with minimum environmental impact
based on best available technology. Air emissions snall meet or exceed the requirements of
theair quality permit for the State in which it is |ocated. If the State does not have a vested
air quality program, theincinerator shall be required to meet Federal standards. The
manufacturer snall berequired to submit, with its quotation, certified test results for similar
incinerators demonstrating experience meeting applicable standards and regulations.
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Incinerators used to dispose of toxic or other hazardous waste shall comply with 40 CFR
260, et seq, and Subpart O of 40 CFR 264. Sufficient incinerator capacity shall be provided
to ensure adequate pollution control capabilities. Emission control and monitoring features,
aswell asfiring-rate limit controls, shall prevent operation in excess of design capacity.

Incinerators shall be considered as a means of thermal energy generation, particularly those
handling lar ge volumes of waste. The use of wet processdestructors, pulverizers, shredders,
and compactors as alter natives to inciner ation shall be considered for disposal of paper
wastes. These methods shall be for disposal of classified paper wastes only with the approval
of the cognizant DOE security officer.

1589-5.2 Off-Site Disposal

Near by public and commercial disposal facility capabilities shall be considered and used if
economically and operationally feasible. Such facilities shall comply with applicable air and
water quality standards, regulations, and permit requirements.

1589-5.3 Landfill and Dumping

Any land disposal shall comply with RCRA, as amended, and implementing regulationsin 40
CFR 241, et seqg. The appropriate State environmental agency or regional EPA office shall
be consulted when wastes will be generated and not incinerated.

1589-6 GAS-CLEANING EQUIPMENT AND EMISSION CONTROL DEVICES
1589-6.1 Gases

Exides of nitrogen are controlled by combustion refinements as discussed in 1589-4.2, Firing
quipment.

Since flue-gas desulfurization technology is changing rapidly, a single criterion for choosing a
flue-gas desulfurization process cannot be given. In keeping with previous criteria, the system
shall be chosen based on economic analysis among those systems that satisfy current
emissions requirements,

1589-6.2 Particulates

Selection of an air cleaning device for a given particulate shall be based on the _
recommendation of the ASHRAE Equipment handbook, Section I, Chapter I1, Industrial
Gas Cleaning and Air Pollution Control, and ACGIH Industrial Ventilation Manual.
Equipment shall be selected to achieve removal efficiencies that will produce emissions
within applicable Federal, State, or local regulations.

1589-7 STORAGE FACILITIESFOR VOLATILE LIQUIDS
Vapor emission control devices shall be installed on volatile liquid storage facilities as

required. Submerged fill-piping shall be provided on new storage tanks. Compliance with
CAA, RCRA and other State, regional or local requirements shall also be satisfied.
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1589-99 SPECIAL FACILITIES
1589-99.0 Nonreaetor Nuclear Facilities-General
1589-99.0.1 Radioactive Airborne Effluents

All airborne effluents from confinement areas shall be exhausted through a ventilation
%stem_ designed to remove particulate material, vapors, and gases as needed to comply with
the guidance provided in Section 1300-1.4.3, Routine Releases, and, if other hazardous
materials are additionally present, with DOE 5400.1. ALARA design principles shall be
|mp|emfanted to minimize effluent concentrations and quantities released for all hazardous
materials.

All exhaust ducts (or stacks) that may contain radioactive air bor ne effluents shall be
provided with effluent monitoring systems that are designed in accordance with the
applicable requirements contained in the directive on Radiation Protection of the Public and
the Environment in the DOE 5400 series and and the directive on Radiological Effluent
Monitoring and Environmental Surveillance in the DOE 5400 series. Backup capability for
monitoring systems shall be considered in the design of each system Se. ., redundant
detectors, additional sample line ports, additional sampler trains, etc). Continuous stack
mphgg and continuous radiation detection shall be considered. Sampling systems shall be
designed in accordance with ANSI N13.1 and associated aBpend|x_es to ensure representative
sampling of the effluent stream. | sokinetic sampling shall be provided for effluent streams
that are expected to contain particulate radionuclides. The range capability of continuous
monitors shall rover from routineto potential DBA releases of radionuclides. Nuclear
criticality safety shall be considered in the design of equipment used to treat and discharge
radioactive airborne effluents.

1589-99.0.2 Nonradioactive Airborne Effluents

For nonradioactive hazardous %aseous or airborne effluents, the point of release shall be
considered the point at which the effluent exits the stack, vent, etc. Nonradioactive gaseous
or airborne effluent releases shall not exceed the guidelines contained in DOE 5400.1 and
shall comply with all other applicable Federal, State, and local requirements. To the extent

practical, ALARA principles shall be applied to minimize adver seimpactsto the public and
the environment.
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1595 CONTROLS
1595-1 GENERAL

This section cover s safety and operating controls, automatic temperature and humidity -
controls, energy monitoring and (central supervisory) control systems, energy conservation
requirementsfor controls, and inning requirements and restrictions.

Specific safety control system requirements for individual types of equipment are discussed in
Section 1550, Heating, Ventilating and Air-Conditioning Systems. Lighting, security, and fire
rotection control systemsrelated to central supervisory control systems are discussed in
tion 0110-12, Energy Conservation, and Division 16, Electrical.

Special control requirements shall be indicated in DOE project-specific criteria. Selection of

control system types and associated equipment, shall be based on the most economical and
maintainable system.

Control systems shall be designed to use the closed-loop feedback method of control. Open-
loop systems shall not be used. Proportional-type control shall be used for all control
systems; other eE}/pe control systems shall be used as needed according to the degree of
control required.

All control equipment shall be easily accessible. One temperature control panel shall he
provided for each system, complete with panel-face-mounted indicators, switches, pilot lights,
and tags. All control interlocks shall be through HOA switches.

Control air compressors shall be duplex non-lubricated type with oil lubricated crankcase and
distance piece. Air shall be filtered and dried using refrigerated air dryersfor dew point of
15F and regenerativesilica typefor dew point below 15°F.

may be used If installed in conduit). Air leakage shall not exceed 5 percent of pressure in 24
hours. Transmitters shall be capable of field calibration and thermometersor pressure gauges
shall be provided at transmitters. All controllers and thermostats shall be pilot-bleed type.

Copper pipin% shall be used for hi(?;hf_reswre air in inaccessible locations (plastic piping
Al

1595-2 ZONING

Zoning for automatic control of space temperatures, static pressures, humidities, ventilation,
smoke and fire detection, security, and lighting shall satisfy health and safety requirements as
indicated in DOE project criteria, NFPA 101, space operational and occupancy requirements,
and zoning exposure with relation to building size, orientation and configuration.

Zoning requirementsare asfollows:

» Each HVAC system shall have a separate thermostat for space temperature regulation
and a separate humidistat if humidity control is provided.

s No zone shall contain more than a single building floor regardless of floor space.
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« Automatic controls shall be provided to shut off heating or cooling to any individual
Zone.

s Interior zones shall not be combined with external zones.

Interior space zones shall be placed on separate air handling systems from external, if
cost effective. External space zones shall be selected for each individual exposure.

« For office facilitiesand similar occupancies, each major orientation shall be zoned to
have no more than 2,000 squar e feet of floor area with exterior exposure, and no more
than 3,000 square feet of floor areawith no exterior exposure.

1595-3 CONTROL SETBACK AND SHUTOFF DEVICES

With the exception of research, process, or other environmentally sensitive spaces identified
by DOE project criteria as requiring constant year-round temperature or humidity control,
automatic control setback and shutdown devices with manual override feature shall be
provided for all HVAC systems. Use of seﬁarate or dual setting thermostats, switches, time
clocks, or connectionsfor on/off control through EM Ss shall be considered for control of
air-conditioning to raise cooling setpoint with humidity override during summer unoccupied
periods and to control the heating setpoint during winter unoccupied periods.

1595-4 HUMIDITY CONTROL

Summer and winter space or zone humidity control shall be provided only on a space-by-
space or zone-hy-zone basisand not for the entire central ventilation system unlessrequired
for project-specific humidity requirements as tated in the DOE project criteria. No controls
shall be provided to dehumidify spacesto below 50-per cent relative space humidity or to
humidify spaces to greater than 30-percent relative space humidity unless reguired on a

proj ect-specific bagis.

15955 SIMULTANEOUSHEATING AND COOLING

Simultaneous heating and cooling shall not be used to control comfort conditions within a

space by reheating or recoding supply air or by concurrent operation of independent heating

and cooling systems serving a common zone except under the following conditions.

» Renewable energy sources are used to control temperature or humidity.

« Project-specific temperature, humidity, or ventilation conditions require smultaneous
heating or cooling to prevent space relative humidity from rising above special-space
relative humidity requirements.

» Project-specific building congtruction constraints as determined in DOE project criteria
prohibit installation of other typesof HVAC systems.
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Where simultaneous heating and cooling must be used, the temperature and humidity

controls shall be designed to limit energy consumption by the methods given in ASHRAE
Standard 90.

1595-6 CONTROL OF AIR HANDLING SYSTEMS
1595-6.1 Mechanical Ventilation Control

All supply, return, and exhaust ventilation systems shall be equipped with automatic and
manual control of fan operation to shut off the fan when ventilation is not required. These
systems shall also be provided with manual gravity-operated or automatic control of dampers
for outside air intake and exhaust or relief to prevent introduction of outside air when
ventilation is not required. Systems that circulate air shall be provided with minimum
outdoor air damper position control to assure that the minimum outdoor air quantity is

being introduced to the system. Automatic dampers should fail open for return air and fail
closed for outside air.

1595-6.2 Outdoor Air Cooaling Control (Economizer Cycle)

All air handling systems that recirculate air and are used for sPace cooling shall be d_esi?ned
to automatically use outside air quantities up to 100 Igercent of the fan system capacity for
cooling the space, with the exceptions noted in ASHRAE Standard 90. Economizer cycle
control shall not be used for air handling systems where introduction of the additional
outside air would actually increase energy consumption.

The economizer-cycle control system shall have a reset feature.

The economizer cycle control system shall be designed with a relief air control cycle to
positively relieve the supply air from the space by sequencing return or relief fans or
dampersto maintain a constant room static pressure. Systems using the economizer-cycle
should be provided with adequate air filtration to handle the quality of the outside air.

1595-6.3 Automatic Control Dampers

Automatic air control dampers shall be specified to be the low-leakage type with a maximum
leakage of 6 CFM/Square foot at maximum system velocity of 1500 FPM and 1-inch pressure
differential. The dampers shall be opposed-blade type for modul_atln%; control, but may be
parallel-blade type for two-position control. Dampers shall be sized for at least 20 percent of
the total ductwork resistance pressure drop. Return air dampers shall never be sized less
than 1500 FPM. Pilot positioners and operators shall be out of airstream.

1595-6.4 Variable-Air-Volume System Fan Control

Variable-air-volume systems shall be designed with control devices to sense ductwork static
air pressureand velocity air pressure and control supply fan airflow and static pressure
output through modulation of variable inlet vanes, mechanical speed drive controls, or
variable frequency electric drive controls. These control systems shall have a minimum of one
static pressure sensor mounted in ductwork downstream of the fan and one static pressure
controller to vary fan output either through inlet vane, damper, belt modulator, or speed
control. Exhaust fans, supply fans, and return or relief fans shall have control devicesthat
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interface the operation of thefansto “track” air volumes and maintain fixed minimum
outdoor air ventilation requirements.

1595-6.5 Eire and Smoke Detection and Protection Controls

Engineered smoke pressurization and evacuation systems shall comply with the following:
= NFPA 90A

. NFPA 72E

s ASHRAE Manual, Design of Smoke Control Systems for Buildings

s  ASHRAE Systems handbook

All air handlianPsAystems shall be provided with the smoke and fire protection controls
required by N 101.

All supply, return, relief, and exhaust air ventilation systemssnall haveinterlock controls

that interface with fire and smoke detection system controlsand either turn off or selectively
oper ate fansand dampersto prevent the spread of smoke and fire throughout the building.

These controls shall comply with NFPA 90A.

Special exhaust systems shall be designed to include fire and smoke safety controls as _
required by NFPA 91. Kitchen exhaust ductwork systems shall be designed to include all fire
and smoke safety controlsasrequired by NFPA 96.

1595-6.6 Fired Air Handling Unit Control

Gasfired air handling units shall be specified with operating limit, safety controls, and
combustion control systems.

Gas burner and combustion controls shall comply with FM Loss Prevention Data Sheets and
be listed in the FM Approval Guide. Gas-fired air handling units shall be specified with
controls to lock out the gas supply in the following conditions:

s Mainor pilot flamefailure

» Unsafe discharge temperature  (high-limit)

» Highor low gaspressure

» Noproof of air flow over heat exchanger

s Combustion air loss

» Lossof control system actuating energy
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1595-7 CONTROL OF CHILLED WATER AND HOT WATER DISTRIBUTION
SYSTEMS

1595-7.1 Zone Control/Distribution System Control

Each zone or air handling system shall be designed with individual terminal unit valved
control. Use of either two-way or three-way valves shall be considered based on part-load
Bump ﬁerformance requirements and potential pump bhp savings. If the pumping system

rake horsepower isgreater than 20 bhp, an LCC analysis of variable speed pumping control
shall be performed.

Water systemsthat vary theload to the terminal devices by varying water flow ratesusing
two-way control valves shall be provided with differential pressure controlsto reduce system
pressure build-up and save energy. These controls shall either signal control valvesto route
water flow around terminal devices, signal variable-speed pumping controlsto reduce pump
speed, or turn off one or several pumps working in parallel or series.

1595-7.2 Control Valve Selection

Temperature control valves shall be either two-way or three-way, two-position or
proport!on!ng-tyé?e valves. Valves controlling modulation shall be equal-percent_a?e
proportioning valves. Control valves shall be sized for a5 ps pressure differential acrossthe
valve or a pressure differential of 50 percent of the combined branch piping and cail
pressure drop, whichever is greater. Selection of valve sizes shall be based on flow coefficient
'C " capacities, where" C v" is defined as the flow of water in gallons per minute divided by
the square root of the pressure drop in psi. Control valves shall use either pneumatic,
electric, electronic, or self-contained controllers. Valvesin cooling and heating systems shall
be fail-safe. Valve operators shall be selected to close against pump shutoff head for two-way
valves, and one-half pump shut off head for three-way valves.

Setpoints shall be selected to maintain either a fried space temperature or a fixed coil-

dischar ge temperature, with the dischar ge temperatur e setpoint reset by space temperature
requirements.

1595-7.3 Two-Pipe and Three-Pipe Combination Heating and Cooling Systems

Fan coil terminal deviceswith one coil shall have their control valves operated by a room or
coil discharge temﬁeraturether mostat that can change from summer to winter operation. Air
handling units with heating and cooling coils shall have their control valves controlled by
normal sequences of operation, but shall be provided with two-position control valvesin the
piping entering each coil to prevent hot water from entering the cooling coil and chilled

water from entering the heating coil and to sequence on/off and summer and winter
oper ation.

| the two- or three-pipe water distribution system isnot provided with heat exchangersto
isolate the boilersand chillers from the distribution system, a control system using three-way
control valvesto control and route water around the sour ce devices shall be designed to
prevent hot water from entering the chiller and cold water from entering the boiler during
the changeover periods from heating to cooling seasons.
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1595-7.4 Load Control for Hot Water Systems

Thetemperature of hot water for building heating systems shall be controlled by a supply
temperature sensor that modulatesthe boiler operating controls. The supply delivery
temperature shall be reset based on the temperature outside, lowering the delivery
temperature asthe outdoor air temperaturerisesand raising the delivery temperature asthe
outdoor air temperature falls.

1595-7.5 Load Control for Chilled Water Systems

Central station cooling equipment producing chilled water shall be controlled by a signal
from a sensor mounted in thereturn chilled water piping or the leaving chilled water piping
that modulatesthe chiller to control capacity.

Central station cooling equipment shall be provided with controlsto limit the current draw
of the cooling equipment in periods of high electrical demand.

1595-8 COOLING TOWER AND WATER-COOLED CONDENSER SYSTEM
CONTROLS

Cooling tower fans shall be designed with two-speed and on/off controls to reduce power
consumption and maintain condenser water temperature. Bypass valve control shall be
provided if rec?uired to mix cooling tower water with condenser water to maintain the
temperature of entering condenser water at thelow limit. Condenser water temperature shall
be allowed to float to decrease compressor horsepower aslong asthe temperature remains
above alower limit required by the chiller. Condenser water temperature or flow shall be
controlled from condenser head pressure for reciprocating chillers. The design shall provide
basin temperature sensing devices and, if the cooling tower is operated during freezing
conditions, hot water or steam control valves and additional control system componentsto
maintain cooling tower sump water temper atures above freezing.

1595-9 CONTROL OF STEAM SYSTEMS
1595-9.1 Zone Control

Each zoneair handler, heating coil, and individual terminal unit shall be controlled using
two-way control valvesthat actuate either electrically, pneumatically, or through use of self-
contained liquid or wax-filled sensing elements. These control valves shall modulate the
steam flow to the cail or terminal unit based on space temperature or coil discharge
temperature preset by zone temperature requirements.

1595-9.2 Control Valve Selection

Steam pressure and temperature control valves shall be selected according to the
requirementsin ASHRAE handbooks.
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1595-9.3 LLoad Control for Steam Systems

Intermittent flow controls commonly called “heat timers' shall be evaluated by LCC analysis
for incorporation into all space heating steam systems to cycle steam on and off from the
sour ce system based on zone indoor temper atur e requirements, outdoor air temperatures,
and space occupancy requirements.

1595-10 ENERGY MANAGEMENT SYSTEMS

Central EM Ssshall be provided where justified by LCC analysis. If cost effective, an EMS
shall be combined with integral fire and smoke detection supervisory systemsand lighting
control systems. An EMS shall be specified with the goam ity to connect to additional
building utility systems. When an EMSis contemplated for the future, other building system
controlsand instrumentation shall be selected that will allow for smple futureinterfacing.

See Section 0110-12.6, Energy Management Systems.

1595-11 ENERGY METERING

The design ProfonaJ shall design permanent metering in accor dance with 10 CFR 435 for
each type of nonprocess ener gy supplied to and consumed by new buildings and facilities
owned and leased by DOE except for the following cases:

» Energy supplied to buildir_lﬁ_s and facilities where the total energy consumption is not:
gxpegéed tc; exceed 500 million BTU per year (see Section 0110-12.7, Building Analysis
rocedures

s Atypeof energY supply that is estimated to be 10 percent or less of the total energy
input to the building

= Renewable energy sourcesor recovered waste heat

Permanent submetering snall be considered and implemented for each type of process ener gy
consumed in new buildings and facilities owned and leased by DOE if indicated in DOE
project criteria

Interface with an existing EM S shall be determined by DOE project criteria.
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Division 16
Electrical
1600 GENERAL RETIREMENTS

These criteria are not intended to supercede more stringent or equivalent criteria or
standardsrequired for specific facilities or used by any DOE power administration. Planning
of systems shall assure that projected requirementswill be satisfied.

1605 BASIC ELECTRICAL MATERIALS AND METHODS

1605-1 GENERAL

All systems shall comply with NFPA 70 and ANSI C2. Electrical systems shall be designed
so that all components oper ate within their capacitiesfor initial and projected loads.
Preferred standard voltagesin conformance with ANS| C84.1 shall be used, with asingle-
voltage level characteristic in any classification, to minimize stocks of spare equipment and
to standardize operating and maintenance practices and procedures.

Electrical materials and equipment shall be UL- or FM-tested, with label attached, for the
P_urpose intended, whenever such products are available. Where there areno UL- or FM-
isted products of the ;%pe, testing and certification by another nationally recognized testing
agency may be acceptable. Installation methods shall be in accordance with the
manufacturer’s instructions, with NFPA 70, and with other applicable requirements.

On-site acceptance testing shall be required for each major electrical system. Tests shall be
specified to demonstrate that each function and important parameter isimplemented.
Specific criteria shall beincluded to determine passifail acceptance. Tests shall be performed
:cn the preslence of a government representative. Copies of all test results shall be submitted
or approval.
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1605-2 WIRING SYSTEMS
1605-2.1 Raceways
1605-2.1.1 General

Raceways that aﬁ)enetratefirerated assemblies shall be noncombustible. The complete
installation shall be suitably sealed to maintain the established fire ratings as defined in UL
Building Materials Directory and UL 1479. Raceways shall bel/2-inch minimum in diameter.
Raceways embedded in concrete or masonry shall be 3/4-inch minimum and shall be
adequate in number and capacity for theinitial and projected facility requirements.

1605.2.1.2 Electrical Metallic Tubing

EMT shall be used to enclose circuit power conductors, alarm and signal circuitsin
nonhazar dous and noncorrosive locations. It shall not be installed where subjected to
physical damages during installation or whilein service. EMT shall not beinstalled
underground and shall not be encased in concrete. When EMT is used outdoorsor in damp
locations, compression type (rain tight) fittings must be used.

1605-2.1.3 Flexible Steel Conduit

Flexible steel conduit shall be used for connection to equipment subject to vibration and
connection from junction boxes to recessed lighting fixtures.

1605-2.1.4 Rigid Steel Conduit and Intermediate Metal Conduit

Rigid steel conduit or intermediate metal conduit shall be used in locations classified as
hazar dous by NFPA 70.

Only rigid steel conduit or intermediate metal conduit shall be used to route secure circuits
through nonsecured areas. Such circuits shall be capable of detecting tamper with theline.

1605-2.1.5 Aluminum Conduit

Aluminum conduit shall be used for E(i??h-frequency circuits where steel will cause magnetic

problems or in atmospheres where steel conduit is unsuitable. Aluminum conduit shall not
be used to enclose secure conductors carrying classified information (as defined by the
cognizant DOE authority). Aluminum conduit shall not be installed underground, encased in
concrete, or where the atmosphere is corrosive to aluminum.

1605-2.1.6 Nonmetallic Conduit
Nonmetallic conduit shall be used onIY where allowed by NFPA 70. Nonmetallic conduit
y

shall not be used in electromagnetically sensitive areas or to enclose secure conductors,
except when required in red/black design in accordance with NSA NACSIM 5203,
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1605-2.1.7 Surface-Metal or Nonmetallic Systems

Except for vertical routingsto source or termination points, surface-metal or nonmetallic
raceways and multi-outlet assemblies shall be used onIY where allowed by NFPA 70. Surface-
metal raceways passing from one floor to another shall have mechanical protection to a
height of 4 feet above the floor level.

1605-2.1.8 Cable Trays

The use of cabletrays shall be considered for |arge multiple-cable applicationsin both
interior and exterior locations.

Cabletraysthat penetrate security barriersshall provide the same degree of ﬁene;ration

resistance asrequired by the Site-specific security plan for the barrier through which they

penetrate. This provision applies when the opgn_m%at the point the barrier s penetrated is
inc

|morehthan 96 squareinchesin area and over esin smallest dimension and islocated
ess than:

» Eighteen feet above uncontrolled ground, roofs, or ledges

« Fourteen feet diagonally or directly opposite windows, fire escapes, roofs, or other
openingsin uncontrolled buildings

s Six feet from uncontrolled openings in the same barrier
1605-2.2 Conductors
1605-2.2.1 General

Conductorsfor interior electrical systems shall be copper, except that aluminum conductors
sizeNo. 4 AWG and larger may be used. Conductorstor power and lighting branch circuits
shall be not smaller than No. 12 AWG. No. 10 and No. 12 AWG conductors for power and
lighting branch circuits shall be solid. No. 8 AWG conductorsand larger shall be stranded.

Conductorsfor Class 1 remote-control and signal circuits shall be enclosed in cable and shall
comply with NFPA 70. Conductorsfor Class 2 low-ener gy remote-control and signal circuits
shall be not smaller than No. 18 AWG. Power and lighting conductors shall be 600-valt,
Type THW, XHHW, or THWN. Conductorsrequired to be rated 90 degreesC in.

accor dance with NFPA 70 shall be Type RHH, THW, or THHN. Conductorsin high-
temﬁ)erature areas shall be NEC Type FEP or TFE asrequired. Direct-burial conductors

shall be Type UF, UL 493. Bonding and groundm? conductors shall be ASTM B1 solid, bare
copper for sizesNo. 8 AWG and smaller and shall be ASTM B8 Class B stranded copper

for wiresizesNo. 6 AWG and larger.

Each set of contract documents shall indicate the basis for the size of the conductors shown
on those plans when the option for aluminum conductors has been chosen.
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1605-2.2.2

Aluminum Conductor Termination

DOE 6430.1A
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The termination of aluminum conductors, the connection of aluminum terminating lugsto
copper or aluminum pads, and the use of Belleville washers shall comply with |EEE 141.
Setscrew termination shall be allowed for connection to approved circuit breakers. Split-bolt
terminators shall not be used.

1605-2.2.3

Conductor Identification

Voltage levels, grounded conductors, equipment grounding conductors, and ungrounded
phase conductors shall be identified.

Existing field center wire color-code systems shall be used. If no present field center wire

color code exists, the following color-coding system shall be used:

»  Color coding for 240/120-volt, single-phase systems

Grounded neutral white

Grounding conductor green or bare
Ungrounded conductor black
Ungrounded conductor red

s Color coding for 208Y/120-volt, three-phase systems

Grounded neutral white

Grounding conductor green or bare
Phase" A" (ungrounded) conductor black
Phase"B" (ungrounded) conductor red

Phase " C" (ungrounded) conductor blue

. Color coding for 480Y/277-volt, three-phase systems

Grounded neutral gray

Grounding conductor green or bare
Phase" A" (ungrounded) conductor brown
Phase "B" (ungrounded) conductor orange

Phase " C" (ungrounded) conductor yellow
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1605-2.3 Receptacles
Receptacles shall comply with general grade as defined in FS W-C-596.

'F\ngcsgt%c(l)e circuits shall be provided with ground-fault circuit-interrupters as directed by

Receptacle circuits that serve receptacles installed outdoor s (except receptacles that arein
secure circuits and are not readily accessible) and within 6 feet of sinks and building
entrances shall be provided with ground-fault circuit-interrupters.

1620 POWER GENERATION

1620-1 GENERAL

Generally, purchased power from an available off-site utility company shall be used in lieu of
central on-site generating stations. Cogeneration shall be considered If steam is being
Woduced for on-site processes or if it IS possible to achieve greater economy in power costs.

here an on-site central station isjustified, design shall be coordinated with utility company.
See Section 1555-1.6, Cogeneration.

1630 EXTERIOR ELECTRICAL UTILITY SERVICE

1630-1 GENERAL

1630-1.1 Load Requirements

Demand and diversity factors shall comply with NFPA 70. Demand and diversity for feeder
and substation load calculations shall be as stated in Fink and Beaty, Standard Handbook for
Electrical Engineers.

Electric service quality and reliability shall be considered in conformance with IEEE 493 to
ensure that they meet the load requirements.

Where loads require a high degree of voltage and frequency stability, the available short-
circuit MVA at the service connection and the stability of the supplying utility system shall
be considered to ensure adequate power quality.

1630-1.2 Power Factor

An overall power factor of not less than 85 percent shall be achieved. When power-factor
correction is required, the amount of correction shall be coordinated with the billing tariff to
prevent uneconomical over correction. Switched caﬁacitor banks shall be used only when
necessary to prevent overvoltages during off-peak hoursduring low power consumption.
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Starting cgoapitors shall be located as near to the loads as practical. Starting capacitors shall
be switched smultaneously with the load.

1630-1.3 Redundancy

Facilities designated by the cognizant DOE authority as critical shall be served by dedicated,
redundant circuits. The two services shall be separated by a 4-hour fire-rated barrier and
snall be served from separate sources. In lieu of providing two separ ate services, a single
service supplied from a loop-type transmission or distribution system having sectionalizing
features may be provided when the reliability of the single service proves adequate when
considered in conformance with IEEE 399 and | EEE 493,

1630-1.4 Utility Corridor
Electric circuits shall be located in utility corridors established on master utility plans.

Utility corridors that penetrate security barriers shall provide the same degree of penetration
resistance as required by the site-specific security plan for the barrier through which theﬁ
penetrate. Thisprovision applieswhen the free area within the utility corridor ismorethan
96 squareinchesin area and over 6inchesin smallest dimension.

1630-2 SUPPLY EQUIPMENT AND FACILITIES
1630-2.1 General

Exterior electrical systems shall be designed and constructed with regard to existing electrical
%/stem congtruction in adjacent areas. Design shall be coordinated with the ut|I|t%/ company.
elaying shall comply with IEEE 242, and switchgear shall comply to |[EEE C37 series.

1630-2.2 Power Supply Lines
1630-2.2.1 Genera

Circuits shall be arran?ed 50 that faults, failures, or maintenance on less critical circuits will
not jeopardize critical loads. Protective devices shall be used and coordinated for sequential
operation from the load to the source. Line location shall be established in accor dance with
clearance requirements stated in ANSI C2 and shall be routed within established rights-of-
way for each facility. Minimum ri hts—of-wai/_ shall extend 5 feet beyond outside conductors.
The cognizant DOE authority snall establish facilities and areas that require additional
clearances for security and safety.

1630-2.2.2 Overhead Lines

Overhead power supply lines shall be used where serviceisto beinstalled in remote,
unsettled, or industrial areas. Maximum use shall be made of single-pole structures.

Joint use of poles for power and communications distribution shall maintain safety standards
and shall limit electrical interference to communications services. In the joint usc of poles,
ether for multiple electrical distribution systems or for both eectrical distribution and
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communications lines, underbuilt lines or cables shall be of vertical construction. Use of
double-stacked crossarm construction shall be allowed only where proper clearances for hot-
line maintenance work can be ensured. Clearances shall comply with ANSI C2.

1630-2.2.3 Underground Lines

In congested areasand whererequired for safety, for service continuity, or for conformance
Wltdh local péacnc&s, primary and secondary power distribution circuits shall be placed
underground.

Underground distribution circuits may consist of direct-burial cable installations or of cable
installed in manholes and duct. Direct-burial cables shall have physical protection where
hazards from rodents or soil will impair their safe operation. Underground cables or duct

systems shall be suitably identified under the ground surface and above the cable protective
system or duct bank.

Direct-burial cable shall be used for secondary (600 volts or below) single-circuit installations
th_rc_Juag]h_ areas not likely to be disturbed by excavation and where service reliability is not of
critical importance. Where direct-burial cables are connected to above-grade junction or
terrnmgtmg boxes, they shall be encased in rigid steel conduit from the elevation of the cable
to the box.

For primary circuits (above 600 volts) and where secondary circuit servicereliability isa
prime consideration, cable in duct shall be used. Duct banks shall be concr ete-encased.
Minimum duct size shall be 2 inches. In seismic zones, ducts may be direct-buried when the
risk of loss due to earthquakesis greater than the cost of future utility work adjacent to the
circuit. Electric manhole covers shall be appropriately labeled A minimum of 25-per cent
g)are ducts (but not less than two spare ducts) shall beCero_w_ded in each duct run. Spare

ucts shall include nylon or plastic cords of a 200-pound minimum breaking strength to
facilitate future cable installation. Spare ducts shall be plugged or capped to prevent
contamination.

Underground duct runsthat penetrate security barriers shall provide the same degr ee of
penetration resistance asrequired by the site-specific security plan for the barrier through
which they penetrate. This provision applies when the free area within the duct run is more
than 96 square inchesin area and over six inches in smallest dimension.

1630-2.3 Substations and Switching Stations
1630-2.3.1 General

Design of substations and switching stations shall be coordinated with the utility company.
When transformation is their main function, the substations shall be located to optimize the
Iena?ths of secondary conductors. When switching is their main function, switching stations
shall be located as determined by circuit routings.
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1630-2.3.2 Metering

Electric energy (kWh) metering shall be furnished at each substation of 500 kVA or larger
capacity. Demand (kW) metering shall be furnished as required for load management

pUr POSeS.
1630-2.3.3 Grounding

Station grounding shall comply with Section 1639-2, Substation and Switching Station
Grounding.

1630-2.34 Surge Protection

Surge protection shall be included to limit the potential difference across the terminals of
the protected device below the BIL of the device.

1630-2.35 Oil-Filled Equipment

Dikes and drainage provisions shall be built asrequired by thelocal SPCC in conformance
with 40 CFR 112. PCB or PCB-contaminated electrical equipment and the treatment of PCB
oil spills shall comply with 40 CFR 761. Oil-filled transformersinstalled near buildings shall
comply with FM 5-4/14-8. Existing PCB or PCB-contaminated equipment shall be provided
with warning signs and shall not be relocated or reused in other existing or new facilities.
%%Tf&l) equipment cooling material shall be handled in accordance with 29 CFR

1630-3 POWER SUPPLY FOR EXTERIOR LIGHTING
1630-3.1 Primary Power

Wher e discharge lighting loads ar e used, the ballasts shall operate at 480 volts when 430Y/
277-volt serviceisavailable and cost effective.

1630-3.2 Emergency Power

Sitesor facilities requirin? continuous lighting for safety or security reasons shall have an
emer gency power sourceftor such lighting.

1630-3.3 Switching

Selective manual/automatic switching systems shall be used to turn off all unnecessary
lighting during inactive periods, consistent with safety and security requirements.
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1630-4 POWER SUPPLY FOR BUILDINGS
1630-4.1 General

The following factors shall be considered in the selection of power supply for buildings.

« Initial and projected demand for motor, lighting, and power |loads and their individual
proportions to the total facility load

= Power utilization equipment characteristics

s Power supply options available from existing on-site distribution systems

» Available maximum short-circuit current at the service connection to the facility
s Ratestructureof the utility company

| nvestment, operating, and maintenance costs of power service options and of the
facility’s main service equipment

1630-4.2 Voltage L evels

Electric service voltage shall compIX with MIL-HDBK-1004/4. For small facilities without
three-phase power requirements, 240/120-volt, single-phase service may be used.

1630-5 LIGHTNING PROTECTION

Lightni_ndg protection systems shall (_:om?ly_v_vi.th NFPA 78. Lightning protection systems shall
be considered for bundmgs containing facilities for the use, processing, and storage of
radioactive, explosive, anc smllarz% hazar dous materials; for buildings over 50 feet in height;
and for buildings containing valuable equipment. A risk assessment using the quide in
Aplpehndl_xl of NFPA 78 shall be made of these buildingsto determinetherisk of lossdue
tolightning.

Electric power and communication servicesto all buildings and facilities and to underground
power cables, where connected by overhead power distribution lines, shall have lightning and
surge protection.

1630-99 SPECIAL FACILITIES
1630-99.8 Telecommunications, Alarm, and ADP Centers and Radio Repeater Stations

Lightning protection shall comply with MIL-HDBK-419. For additional information, refer to
FIPS PUB 94.

All eectrically ?rounded towers shall be protected in conformance with NFPA 78. Ground
conductors shall be without intervening splices and shall be protected against mechanical
damage. Whereit is necessary to enclose ground conductors within a tower foundation,
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separ ate ground conductors shall be brought to at least two legs of the tower and shall be
extended to the air terminal. The point of emergence of ground conductors from the
foundation shall be sealed to prevent the entrance of moisture and shall be protected from
mechanical damage. Where guy supports are used, ground rods shall be ingtalled at each
anchor and connected to all guysterminating at that location. A ground counter poise system
shall be used only when required to meet the needs of the communications system or as
necessary to ensure effective grounding.

1639 GROUNDING

1639-1 GENERAL

Grounding systems shall comply with NFPA 70 and |EEE 142. A separate ground conductor
shall be used. Raceway systems shall not be used as ground path.

1639-2 SUBSTATION AND SWITCHING STATION GROUNDING

Subgtation and switching station géounding systems shall comply with [EEE 80. Grounding
connections shall comply with I1EEE 837.

1639-3 FENCE GROUNDING

Permanent fence grounding shall comply with ANSI C2. Grounding of temporary fences shall
depend on the type of fence, consideration of the potential hazards, the expected duration of
use and guidance from cognizant DOE safety per sonnel.

1639-4 |ISOLATED GROUND SYSTEMS

| solated ground systems may be required to meet special instrumentation or other equipment
needs. Such ground systems shall be clearly identified, protected against improper usage, and
installed in confor mance with NFPA 70.

1640 INTERIOR ELECTRICAL SYSTEMS
1640-1 GENERAL
1640-1.1 Demand and Diversity Factors

Demand and diversity factors shall comply with Section 1630-1.1, Load Requirements.
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1640-1.2 Power Factor
Interior electrical system power factor shall comply with Section 1630-1.2, Power Factor.
1640-1.3 Interior Digribution Voltage L

Standard voltages shall comply with MIL HDBK 1004/4 or shall continue the 240/120-volt
single-phase service provided, as applicable.

1640-1.4 Pow Reliabilit

Power system reliability consideration shall comply with |EEE 493 to ensure continual power
supplr to systems and equipment designated as critical by the cognizant DOE authority. The
need for multiple transfor mer-switchgear service equipment, to ensure power supply

continuity within the facility during scheduled or emergency equipment outages, shall also be
considered.

1640-1.5 Power Quality Reguirements

Adver se effects of voltage level variations, transients, and frequency variations on equipment
operation shall be minimized.

Sensitive electrical equipment, such as data processing equipment, shall be isolated as needed

for protection. Uninterruptible power systems, motor-generator sets, or power conditioners
may be used for isolation.

1640-1.6 System Protection

System protection shall comply with |EEE 242. For specialized research and development
facilities, protection of equipment and systems shall comply with DOE/EV 0051/1.

1640-1.7 Ground-Fault Protection

Ground-fault protection shall comply with NFPA 70. See also Section 1605-2.3, Receptacles.
1640-1.8 Neutral Conductors

Theneutral conductor for electric dischargelighting and for data processing and other

ﬁ arm%rnﬁ:qgliﬂnemt shall be sized in accordance with NFPA 70. Calculations shall include

1640-2 SERVICE EQUIPMENT AND FACILITIES
1640-2.1 General

Interior electrical systems shall comply with NFPA 70. Switchgear criteria shall comply with
|EEE C37 series.
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1640-2.2 M etering

Energy metering requirements for new buildings and building additions shall comply with
Section 1595-11, Energy Metering. Conventional kilowatt-hour metersshall be used for
measuring and recording electric energy use at theincoming power service to the building
and at the internal service points of significant process loads. Where a facility load
management program is used, individually for thefacility or asa part of a siteload
management program, demand (kW) metering shall be used. Metering devices shall be
compatible with existing or projected EM Ss. See Section 1595-10, Ener gy M anagement
Systems. Where a facility isto be served directly by a utility company, service metering
requirements, equipment to be used, and service metering equipment locations shall be
coordinated with the utility company.

1640-2.3 Transformers

Interior service transformer installations shall comply with NFPA 70. The minimum number
of transformers necessary to satisfy initial and prog)ected facility loads and operational
continuity, safety, and security requirements shall be used. Transformer protection and
appurte/nanc&s all comply with IEEE C37.91. Transformer installation shall comply with
FM 5-4/14-8.

1640-2.4 Motors

Motorsshall comply with NEMA MG-1, except that hermetic refrigerant motor compressors
shall comply with UL 984.

Motorsshall havea sufficient rating for the duty they areto perform and shall not exceed
their continuous horsepower rating, including service factor, when the driven equipment is
operating at the greatest horsepower renditionsit islikely to encounter. Starting and
running characteristics shall be coordinated with the driven machine and the motor control
equipment.

Motor enclosures shall bedrip-proof for indoor dry locations and totally enclosed or totally
enclosed fan-cooled for outdoor or other wet locations, except where special conditions
require othewise.

Single-phase motors 1/8 hp and smaller shall be shaded-pole or permanent split capacitor;
thoselarger than 1/8 hp shall be capacitor-start. Polyphase motors shall comply with NEMA
Design B, unlessother characteristics arerequired by the driven machine or the speed
controller. Motors shall be designed for continuous service at 4o~cambient temperature.
Motors shall operate at full capacity, with a voltage variation o(faé)lus or minus 10 percent of
the nameplate voltage. High-efficiency motors shall be considered whereloading and nearly
constant usage may result in significant energy savings.

Except where special conditions require otherwise, motors 1 hp and less shall be specified as

snglephase, 115-volt motors, while those greater than 1 hp shall be specified as three-phase,
200- or 460-volt, motors.

Motor characteristics shall be selected to avoid excessive acceleration time for motorsdriving
large masses and starting under |oad.
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Variable-speed drives shall be considered where motor speed requirements vary widely during
normal operation. Solid-state variable-frequency units are recommended for smaller

hor sepower motors. In all cases, the driven motor shall be selected in accor dance with the
drive manufacturer’s recommendations to ensure a coordinated system and to avoid
overheating the motor.

1640-2.5 Motor Contral
Control equipment shall comply with the NEMA | CS standards and UL 508.

All motors shall be provided with fully coordinated control equipment to perform the
functions required. Overcurrent devices shall be provided in each ungrounded conductor;
overcurrent deviceslocated in the motor or controller shall berated in accordance with the
manufacturer’s instructions. Manually reset devices are recommended.

Single-phase motors may be controlled directly by automatic control devices of adequate
rating. Polyphase motors controlled automatically and all polyphase motors rated greater
than 1 hp shall have magnetic starters.

Control devices shall be of adequate voltage and current rating for the duty to be performed.
Pilot control circuits shall operate with one side grounded, at no greater than 120 volts.
Where control power transformersarc required, they shall be located inside the associated
motor starter housing, shall be protected against faults and overload by properly sized
oyerr]current |devtljces, and shall be of sufficient capacity to serve all devices connected to them
without overload.

Reduced-voltage starters shall be provided for larger motorswhere starting the motor may
result in unacceptable voltage dip.

1640-3 POWER SERVICE FOR SECURITY, COMMUNICATIONS, AND ALARM
SYSTEMS
1640-3.1 General

Electric power distribution systems shall befiltered to reduce emanation of detectable
electromagnetic signals to acceptable levels as directed by the cognizant DOE

telecommunications and security personnel. [ nstallations shall comply with DOE 5300.2B,

DOE 5300.3B, and DOE 5300.4B. Additional guidance shall be obtained from the Office of
Computer Servicesand Telecommunications Management, DOE Headquarters, asdirected by
the cognizant DOE authority.

1640-3.2 Primary Power Supply

Normal primary power for protective alarm and communications systems shall come directly
from the on-site power distribution system or, in the case of isolated facilities, shall come
directly from the public utility. Where several primary power sources are available, the most
reliable source shall be used.
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1640-3.3 Standby or Emergency Power Supplies

Standby or emergency power_wr?elée_s for security, communications, and alarm systems shall
be provided in accordance with Section 1660, Special Systems.

1640-99 SPECIAL FACILITIES

1640-99.2 Emergency Preparedness Facilities

Electrical digtribution systems shall ensure the needed deﬁree of flexibility for facility work
and for personnel safety. Special-purpose receptacles shall be marked asto voltage,
amperage, number of (P ases, power source, conventional building power or conditioned
power, AC or DC, and frequency. Emergency preparedness facilities shall have emergency
power provisionsaccording to Section 1660, Special Systems.

1640-99.7 Occupational Health Facilities

Electrical design of occupational health facilities shall comply with NFPA 99 and | EEE 602.
1640-99.8 Telecommunications, Alarm, and ADP Centersand Radio Repeater Stations
1640-9981  General

Essential equipment shall be connected to uninterruptible power supply or to emergency
power . Design shall be coordinated with the equipment system specialists and DOE security
personnel. Where continuity of service is required for critical cord-connected equipment,
twist-lock-type connectors shall be used.

1640-9982  ADP Centers

Emergency shutdown of power for ADP facilities shall comply with DOE/EP 0108 and
NFPA 75. See FIPS PUB 94 for additional information.

1640-99.8.3 Radio Control Centers

In determining thesr)ower supply requirements, it shall be assumed that all transmittersare

keyed smultaneously while associated receivers and other equipment and building services
arein operation.

1650 EXTERIOR LIGHTING

1650-1 GENERAL

Exterior lighting systems shall comply with IES Lighting handbook. System control shall use
time clock and/or photocell to provide illumination only when needed.
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Light glare shall be kept to a minimum in those situations wher e it would impede effective
operations of protective force personnel, interfere with rail, highway, or navigable water
traffic, or be objectionableto occupants of adjacent properties.

For protective lighting, see Section 0283-7, Lighting.

1656-2 LIGHTING SOURCES

Maximum use shall be made of high-efficiency HID lamps such asmetal halide or high-
pressure sodium vapor lamps.

HID lamps shall not be used for exterior lighting within 25 miles of observatories,

See Section 0283-7, Lighting, for use of HID lampsfor protective lighting.

1655 INTERIOR LIGHTING

1655-1 GENERAL
Interior lighting systems shall comply with the IES Lighting handbook. Nonuniform lighting
practices shall comply with 41 CFR 101-20.116-2 and with Section 1694, Ener

: 0P witn, gy
Conservation. Lighting power budget shall be determined in conformancewng ASHRAE

?tl%ndard 90. Exit and emergency lighting systems shall comply with NFPA 101 and NFPA

1655-2 LIGHTING SOURCES
Maximum use shall be made of fluorescent and HID lamps. Where HID lamps are used, a
standby lighting system shall be provided to meet emergency lighting requirementsduring

HID lamp restrike periods. When using? HID lighting indoors, careful consideration of the
required color rendition shall be made from visual and health safety per spectives.

1655-3 FIXTURES

Fixtures shall have diffusers and lenses constructed of noncombustible materials.

1655-99 SPECIAL FACILITIES

1655-99.8 Tdecommunications, Alarm, and ADP Centers and Radio Repeater Stations

Lighting fixture types, location, and illumination levels shall be coordinated with the
equipment and functions of telecommunication, alarm, and ADP centersto provide the
required illumination without:
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« Interfering with prompt identification of self-illuminate indicating devices

o Creating reflecting glare that might detract from adequate observation of essential
equipment

« Creating electrical or electromagnetic interference detrimental to proper operation of
equipment

1660 SPECIAL SYSTEMS

1660-1 GENERAL

Standby and emer gency a/stems shall serveloads set forth in NFPA 110. Additional standby
or emergency systems shall be provided to support systems or equipment components whose
operating continuity is determined to be vital by the cognizant DOE authoritiesfor
protection of health, life, property, and safeguards and security systems. Safety Class 1 items
shall be provided with emergency power.

Optional standbg I:g/stems snall be provided for production process operationsin caseswhere
the cognizant DOE authority determines that the process will become unstable on loss of
power or that a severe monetary loss will result.

Uninterruptible power shall be provided for equipment that cannot sustain functionsthrough
the momentary power loss that occurs when an alternate power source comes on line and
picks up the load. See Section 1660-3, Uninterruptible Power Systems.

Emergency power shall be provided for protective alarm and communications systems as
dictated by the system requirements. Switchover to emergency power shall be automatic on

A e e G R P A AR
emer gency system. Definition of " emergency systems' "legally required standby systems," and
" optional standby systems" shall be in accordance with NFPA 70,

Emergency power equipment areas shall be ventilated to exhaust hazardous gases (if
applicable) and to maintain satisfactory ambient temperatures for equipment operation or
personnel  access.

Emergency or standby power shall servicefirealarm, security alarm, and supervisory sensing
devices designated essential by the cognizant DOE authority.

Emergency power systems are further detailed in Section 1660-99, Special Facilities.
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1660-2 EMERGENCY POWER SYSTEMS

Emerlgencwower systems shall comply with NFPA 37, NFPA 70, NFPA 101, NFPA 110,
and |EEE 446.

Emergency power systems shall be capable of maintaining full operation of emergency loads
for the full time period specified by the cognizant DOE authority (nominally, a minimum of
24 hours). Such power sour ces shall have the necessary built-in featuresto facilitate

oper ational testing on a periodic basisto verify their readiness.

Where emergency generatorsarerequired for loads 25 kVA and smaller, gasoline or LPG
engines may be used. For loads greater than 25 kVA, diesel engines shall generally be used.
Steam-turbine generators may be used if steam isbeing produced for on-site processes. Gas
turbinesmay be used if an LCC analysiswarrantsand it the NEC criteria to emergency
power throw-over time is met.

Application of diesel engines shall comply with FCC Technical Report No. 69.

Batteries, when required, shall be rechargeable and shall be kept fully charged at all times
when primary power is available. The charger shall automatically switch from float to fast
chargerateat a preset drop in DC bus voltage. The charger shall be furnished with a
capacity to charge the battery from a fully discharged state to not less than 85 percent of the
rated ampere-hour capacity within 24 to 72 hours. See also |EEE 308.

Emergency power systems|egally required by NFPA 70 shall beinstalled to meet normal
emergency power reguirements. More stringent emergency power reguirements shall be
identified by the cognizant DOE authority on a case-by-case basis.

1660-3 UNINTERRUPTIBLE POWER SYSTEMS

Uninterruptible power supplies shall be provided for those loads re% iring guaranteed
continuous power . Application of UPSs shall comply with |EEE 446, as modified by the
cognizant DOE authority. UPS ingtallations may be Safety Class 1 (Seismic Category |
functional) or standby type dependent on the classification of the loads served.

1660-99 SPECIAL FACILITIES

1660-99.0 Nonreactor Nuclear Facilities-General

1660-99.0.1 Safety Class (Emergency) Electrical Systems

EIectr_ic_?ower and electrical instrumentation and control systems are designated safety class
electricif they arerequired to satisfy the safety class criteriain Section 1300-3.1, General,
through Section 1300-3.4, Equipment Environment Considerations. These components and

systems are subject to the basic approach outlined in the |EEE 308 standards and to higher
quality assurance requirements as needed.
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For safety classitemsthat require electric power to perform their safety functions, the design
shall provide safety class emergency electric power systems (AC, DC, and their distribution
systems). The design shall define the type, capacity, performance characteristics, and features
of the safety class electric systems, including generator and batteries, required to meet safety
class system needs.

Safety class electric systems snall be provided with suitable redundancy and separation to
?n_lsurethat adequate capacity and capability are available with the addition of a single
ailure.

Redundant safety class electric systems shall be physically protected or separated to prevent a
common external event from causing a failure of the redundant systems. |[EEE 379 and |EEE
384 shall be used asredundancy and separation criteria.

The connection of loads that do not require safety class power to safety class buses shall be
minimized. Where such loads must be connected to a safety class electric power system, the
loads shall be provided with suitable separation or devicesthat will prevent failures from
affecting the safety class electric system.

Safety class electric systems shall be qualified to the requirementsin Section 1300-3 .4,
Equipment Environment Considerations, and, as appropriate, to the structural requirements
iImposed on safety classitemsin Section 0111-99,agpe<:|al Facilities.

Testing or a combination of testing and analysis shall be the preferred method of _
demonstrating the operability of instrumentation and electrical equipment that arerequired
to operate during and following a DBE. Seismic experience data may be used as an
alaﬁeén%gveto testing or dynamic analysis where such data have been documented and
validated.

The capability to periodically test safety class electric systemsto verify system performance
shall be provided.

1660-99.0.2 Protection System and Instrumentation and Controls

Thedesign shall provide, as necessary, safety class protection systems and safety class
instrumentation and control systems to minimize the risk associated with facility operation.

Protection Systems

A protection system is a system that initiates corrective action, eg., fire detection/Halon
release, UPS.

The protection system shall provide automatic initiation of protective actions that require
rapid response and automatic control of interlocksthat prevent unsafe operator actions.

Protection systems shall be designed to sense potentially hazardous conditions and to initiate
actions to ensure that specific acceptable design limits are not exceeded as a result of
anticipated operational occurrences.
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The protection system shall automatically activate safety class systems and components that
arerequired to ensure the safety of operating personnel and the public. It shall provide
audible and visual indication of system status, Automatically initiated protective actions shall
be provided with a manually initiated backup.

Thedesign of the protection system shall ﬂrovide suitable redundancy and diversity to ensure
that safety functions can be completed, when required, and that no single failure will result
in the loss of the protective functions. The protection system shall be designed to fail in a
safe state following a component or channel failure or loss of power (e.g., control air or
electric power).

Safety Class Instrumentation and Controls

Safety classinstrumentation shall sense abnormal conditions affecting safety and subsequently
providean alarm, e.g., low differential pressure between HVAC zones, criticality monitoring.

Safety class instrumentation and control systems shall provide audible and visual alarms so
that the operator can take timely corrective actions to ensure the safety of operating
personnel and the public.

The safety classinstrumentation shall be designed to monitor safety-related variables and
safety class systems over expected ranges for normal ogaeratwn, anticipated operational
occurrences, DBA conditions, and for safe shutdown. Safety class controls shall be provided
when they are necessary to control these variables. Typical systems whose design shall
require safety class instrumentation and controls include safety-related process systems, safety
class confinement systems, and safety class cooling systems.

Thedesign of safety classinstrumentation and controls shall ﬁrovide suitable redundancy and
diversity to ensure that safety functions can be completed, when required, and that no single
failure will result in the loss of the Protective functions. The safety class instrumentation and
controls shall fail in a safe state following a component or channel failure or loss of power
(e.g., control air, electric power).

1660-99.0.3 Qualification

Protection systems and safety classinstrumentation and control equipment shall be qualified
to the environmental qualification requirements in Section 1303.4, Equipment Environment
Considerations.

1640-99.0.4 Separation and Physical Protection

Redundant protection system and safety classinstrument channels shall be physically
protected or separated to prevent a common external event or failure of one channel from
causing a failurein theredundant channel.

The safety class protection system and safety classinstrumentation and control system shall
be appropriately separated or isolated from other instrumentation and control systemsto the
extent that a failure (e.g., electrical, control air) in these other systems will not degrade the

?afety class systemsto the extent that they are unable to perform their necessary safety
unctions.



Electrical DOE 6430.1A
Page 16-20 4-6-89

1660-99.0.5 Test and Calibration

The design of protection system and safety class instrumentation and control systems shall
provide for the periodic in-place testing and calibration of instrument channels and
Interlocks. The design shall allow periodic testing of protective functions to determine
whether failure or loss of redundancy may have occurred.

1660-99.0.6 Power sources

An analysis shall be made to determine power requirements for safe shutdown of the
process. Safety class electric power or a safety class control air system shall be provided
unless adequate system performance including fail-safe shutdown can be demonstrated when
only the conventional power sourcesare used.

1660-99.0.7 Control Areas

Control areasor a control room shall be designed to allow occupancy and actions to be
taken to operate the facility safely under normal conditions, anticipated operational
occurrences, and DBA conditions to achieve and maintain a safe shutdown condition
including the remote manual initiation and control of safety functions, if used. In the event
that a control area or control room is disabled, there shall be sufficient redundancy and
capability to allow the facility to be placed in a safe shutdown condition.

1660-99.4 Explosives Facilities
1660-99.4.1 General

The NEC and this section are the minimum electrical requirements for DOE facilities
containing explosives.

1660-99.4.2 Electrical Equipment and Wiring

All permanent equipment and wiring for those areas containing explosives shall conform to
the standards of the NEC hazardous locations Class |1 or Class| and |1 (dual rated). For

Class |1 installations, provisions should be made for easy conversion to Class|. The NEC
does not specifically address explosives; however, Article 500, Hazar dous (Classified)
Locations," establishesrequirementsfor the design and installation of electrical equipment
and wiring in locations containing combustible dusts and flammable liquids, vapors, or gases
that, in general, are comparably hazardous. Exceptions for laboratory operations are

discussed in DOE/EV 06194.

Hazar dous L ocations

NEC definitions of Class | and |1 hazardous locations are modified as follows for DOE
explosives facilities applications.

= Areascontaining explosives dusts or explosivesthat “may, throuPh handling or proccssing,
produce dust capable of being dispersed in the atmosphere shall be regarded as Class |1,
Division 1, hazardous locations.
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s Areasthat contain exposed explosives but where no dust hazard exists may be regarded
asClass |1, Division 2, hazardous locations.

» Areaswhereexplosives are processed and sublimation may occur or where flammable
gases or vapors may be(}oresent in sufficient quantities to produce explosive or ignitable
mixtures shall beregarded asClass|, Division 1.

Watertight equipment (that which would pass a NEMA 4 hose test) should be provided in
those locations wher e water -explosives mixtures may comein contact with the electrical
equipment and wiring.

| the properties of an explosive are such that Class 11, Group G, equipment provides
inadequate surface temperature limits, special protection shall be provided, or the equipment
shall be excluded from the hazardous location. This equipment shall not have a surface

temper ature exceeding the lowest onset of the exotherm of the explosive, as determined by
the DTA test or the DSC test (see DOE/EV 06194).

When NEC Class| or |1 equipment is not available, the substitute equipment should either
be purged (in accordance with NFPA 496), be sealed to prevent explosives contamination, be
determined intrinsically safe by facility management, or be administratively controlled. If
equipment is purged, it must be monitored for flow.

Areas containing explosives that are not defined as hazardous locations (areas containing no
dust, vapor, or gas hazards or exposed explosives, e.g., storage magazines) shall be evaluated
an?\lg%g:ucr}]entlefj to ensure that electrical ignition sources are minimized, or shall be regarded
as assll.

Electrical Supply Systems

Mutual hazards ma% exist wher e explosives facilities are located near electrical supply lines.
To protect against these hazards, ANSI C2 and the followi né; rguirement_s snall apply to all
new construction or major modifications, and shall be considered for existing facilities.

« Electric lines serving explosives facilities shall be installed underground from a point not
|less than 50 feet away from such facilities. This also applies to communications and
instrumentation lines and security alarm systems.

o Electric servicelinesrequired to bein close proximity to an explosives facility shall be
no closer to that facility than the length of the lines between the poles or towers
suppo_rtlngi_the lines, unless an effective meansis provided to ensure that broken,
energized lines cannot come into contact with, and present a hazard to, the facility or its
appurtenances.

« Unmanned electrical substations shall be no closer to explosives facilities than public
traffic route distances (as defined in DOD 6055.9)

s Electrical transmission lines (carrying 69 kV or more) and the tower or poles supporting
them shall be located no closer to explosives than:
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- Inhabited building distance if the linein question is part of a system serving
alarge, off-stearea

- Public traffic route distance if loss of the line will not create serious social
or economic hardships

Underground utility separation distance criteria are found in Table 1660-99.4.2. Permanent
DOE-controlled underground utilitiesinstallations (excluding building service lines) shall be
separated from explosives locations containing Class 1.1 materials (defined in DOE/EV
06194) according to Table 1660-99.4.2. Utilities installations (above-ground and underground)

Table 1660-99.4.2 Quantity-Distance Separation For Protection of
Underground Service Installations

Quantity of Explosives (maximum pounds)

0-10,000 20,000 50,000 100,000 250,000
Distance
Meters 26 28 36 46 62
Feet 80 85 110 140 190

Note: |f the explosives building is designed to contain the effects of an explosion, the
formulaD =3.0Ww» whereD isdistancein feet and W isthe wagzht of explosivesin
pounds can be used to determine separation distances for less than 20,000 pounds.

that are privatety owned or operated shall be separated from explosives locations by at least
ublic traffic route distances. If these installations include structures they shall be sepamted
rom explosives facilities by the inhabited building distances.

Building Service Entrance

Electrical service entrance for explosives facilities shall be provided with:

s Anintermediate, valve-typelightning arrester on the primary side of the transfor mer

» Surgearrestersand surge capacitors on the supply side of the main service disconnect

« Interconnected grounding between the lightning arrestor, surge arrestor, surge capacitors,
service entrance ground, and building ground
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1660-99.4.3 Static Electricity
General

Positive steps shall be taken control or eliminate static electricity in areaswhere materials
that areignitable by static spark discharge are processed or handled. Thisincludes spark-
sensitive explosives, propellants, and pyrotechnics aswell as solvent vaporsand flammable
gases.

Bonding and Grounding of Equipment

Bonding straps shall be used to bridge locations wher e electrical continuity may be broken
by the presence of ail on bearings, paint, or rust at any contact point. Permanent equipment
in contact with conductive floors or table topsis not considered to be adequately grounded.
Static grounds shall not be made to gas, steam, or air lines, dry pipe sprinkler systems, or air
terminals of lightning protection systems. If a structure is equipped with lightning protection
system, all grounds must be interconnected. Wires used as static ground conductor s should
be at least No. 10 AWG.

Conductive Floor Specifications

Conductive floors shall be made of non-sparking material such aslead, conductive rubber, or
conductive flooring composition and shall meet the following requirements:

« Theflooring and its grounding system shall provide for electrical resistance not to exceed
1 million ohms. heresistanceisto be measured as prescribed in DOE/EV 06194.

« Thesurface of theinstalled floor shall be free from cracks and reasonably smooth. The
material must not sough off, wrinkle, or buckle under operating conditions.

» Conductive floors shall be compatible with the explosive materials to be processed.

Ground Fault Circuit Interrupter

Ground fault circuit interrupter protection shall be provided in static grounded areaswhere
personnel may comein contact with AC-powered electrical equipment.

1660-99.4.4 Lightning Protection

Lightning protection shall be provided for buildings containing explosives as determined by
an assessment of need for lightning protection conducted using the criteria in this division,
DOE/EV 06194, and NFPA 78, Appendix . Specific explosives operations shall also be
assessed for therisk of initiation of process material by lightning. Lightning protection is
required for facilitieswhere operations are conducted with electr ostatic-sensitive explosive
material or components. Installation of protection systems shall be in accor dance with the

requremmts of NFPA 78 or project-specific criteria provided by the cognizant DOE
authority.
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1670 EXTERIOR COMMUNICATIONS AND ALARM SYSTEM
1670-1 GENERAL

Systems shall be designed to avoid unnecessary duplication of facilities. Emergency power
supply facilities, exterior power supply pole lines, and underground power supply duct bank
systems shall be used jointly for theinstallation unless the joint use of facilities will degrade
system performance. Joint use shall not expose the security system to damage or to
unauthorized access. Power wiring and signal wiring shall not share the same conduit.

Thefollowing shall be considered in the design of telecommunications and alarm facilities:
s Areasand locations to be served
« [nitial and ultimate requirements for telecommunications and alarm services

= Typeof construction to be used

1670-2 FIRE ALARM AND SUPERVISORY SYSTEMS

Firealarm and supervisory systems shall comply with NFPA 71, NFPA 72A, NFPA 728,
NFPA 72C, NFPA 72D, NFPA 72E, NFPA 72F, NFPA 72G, NFPA 72H, NFPA 1221, and
ANSI C2 asappropriate for thelocation. Outside cable plant for fire alarm and supervisory
systems shall comply with the standards for telephone cable plant. In the joint use of poles
for electric power distribution and for supporting fire alarm and telephone cables, separ ate
fire alarm cable shall be placed below the telephone cable.

Fire alarm cablesinstalled in underground ducts shall be distinctively marked within
manholes and handholes that are shared with other communications cables and shall be kept
physically separated from all power conductors.

Exterior firealarm pull boxes and emer gency-reporting telephones shall beinstalled in
weather proof housings manufactured specifically for the mechanism.

1670-3 SECURITY ALARM AND ASSESSMENT SYSTEM S

Devicesand eguipment for interior IDSsrequired for SNM and storage of classified matter
shall meet FS W-A-450B or equipment as approved by the cognizant DOE authority.

Purchases of new protective alarm equipment or replacement of existing equipment shall be
approved by the cognizant DOE authority.

Protective alarm systems shall have a primary and emergency power source.

Emergency power for protective alarm systems shall be supplied by batteries or engine-driven
generators. Switchover to the emergency power shall be automatic on failure of the primary
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Bower sour ce, and on failure of both the primary and emer gency power sourcesa signal shall
e generated to indicate an alarm condition at the monitor.

Rechargeable batteries shall be kept fully charged or subject to automatic recharging
whenever the voltage dropsto a level specified by the battery manufacturer. Nonrechar geable
batteries shall be replaced whenever the voltage drops 20 percent below the rated voltage; a
signal shall be activated in the monitor to indicate when this condition exists.

Auxiliary power sources shall be capable of maintaining full operation of the alarm system
for not less than 8 hours. As determined by the cognizant DOE authority, such power
sour ces shall contain a switching capability to facilitate operational testing to determine
adequate emergency power sources. Such power sources shall be maintained by qualified
Service personnel.

The power supPIy, other than public utility, snall be vented sufficiently to preclude
deterioration of any of its components as a result of operation under high temperatures.

Supervisory and line-tamper circuitsfor existing alarm systemsthat protect Category | or 11
amounts of SNM shall meet the following requirements:

» Direct or alternating current with continuous line supervision adequate to detect a short,
open, or substitution shall be the minimum used, provided that all equipment containers,
junction boxes, and so forth, are tamper resistant and that alarm wiring is contained in
rigid wall metal conduit. Digital line supervision ispreferred over direct or alternating
current supervision.

e Thesystem shall be capable of detecting tamper with the system, any component, or the
linein both the secure and access modes.

« Interface components such asline moderns or data-gathering panels shall be located, if
practical, either at the central annunciating point or in the protected area. All
components located in the field (eg., line amplifiers) shall be tamper protected and
preferably buried or located within a building.

« |f dedicated telephone cable pairs are used to connect the protected area to the
annunciating point, they must not be routed through telephone switching equipment.
Where connected through frame rooms, the pairs shall not be identified as alarm system
pairs.

Supervisory and line-tamper circuitsfor new alarm systemsthat protect Category | or ||
amounts of SNM shall meet the following requirements:

= A continuoudly polled, digital interrogation/response transmission system shall be used.
»  Each protected zone shall have a unique digital address code.

« Thepoalling shall bein a pseudo-random manner (i.e., all zonesare polled during each
sequence but the order or start point isvaried). Alternately, encryption may be used.
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» Interface components such as line modems or data-gathering panels shall be located, if
practical, either at the central annunciating point or in the protected area. All
components located in the field (eg., line amplifiers) shall be tamper protected and
preferably buried or located within a building.

Theinterface equipment shall be capable of initiating an alarm if any malfunction or
tamper occurswhilein both the access or secure modes.

« The palling sequence shall pall all protected zones at the fastest rate consistent with the
type of transmission media used (e.g., coaxial cable, radio, or telephone pairs).

« Aredundant and seBar_ater located transmission line shall beingtalled. If two cablesare
used, they shall not beinstalled in the same trench.

1670-4 SECURE COMMUNICATIONS SYSTEMS

Secure communications systems shall comply with DOE 5300.3B, DOE 5300.4B, and the
DOE 5632 series.

Data processing, amplifying, telecommunications, and other systems that emit electromagnetic
emanations, and communicationslinesto remote interrogation pointsused to process
classified data processing information, shall be protected against compromise of such data in
accordance with DOE 5637.1, DOE 5300.2B, and DOE 5300.4B.

For the protection of classified matter, line supervision limitsand/or linetamper alarm
capability shall meet UL Class AA requirements.

Telephones or public address systemsin conference roomsor officesin which classified
discussions at the Secret or Top Secret level occur shall comply with Section 0110-99.10,
Secure Conference Rooms, and Section 0110-99.11, Secure Offices, respectively.

Where transmissions of classified data outside security areas are involved, NSA-approved

ggggyféion shall be used or the signal lines shall be installed in accor dance with DOE.

ADP equipment and cabling shall be installed per NSA NACSIM 5203 or other means
approved by the CSOM to preclude compromising emanations from radiating beyond the

control zone.
1670.5 ENERGY MANAGEMENT SYSTEMSAND DEVICES

When directed by the cognizant DOE authority, EMSsand their accessories shall be
included in the design of new or upgraded telecommunications and alarm systems.
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1670-6 ANTENNA TOWERS, POLES, AND MASTS

Antennas or reflectors, transmission lines, and other equipment to be mounted on the
antenna structures, and the location, number, height, arrangement, and orientation of
antenna structures shall comply with DOE 5300.1B and guidance from the Headquarters
Office of Computer Servicesand Telecommunications Management.

Reference drawings and specifications obtained from Headquarters Office of Computer
Services and Telecommunications Management may be used as guidance for the following

» Typical antenna mast suitable for supporting varioustypes of VHF or UHF and with
mounting details

s Underground, hardened, and remotely controlled telescoping pushup antenna structures
and facilities for HF applications

1671 INTERIOR COMMUNICATIONS AND ALARM SYSTEMS
1671-1 PLANNING
1671-1.1 General

Spehcifi_c project communications requirements shall be designated by the cognizant DOE
authority.

Interior communicationsand alarm systems shall be designed to use standard, commercially
available equipment. Theinitial and projected requirementsfor telecommunications systems
shall com I%/ with DOE 5300.1B. Secure communications systems shall comply with DOE
5300.3B. TEMPEST criteria shall be as set forth in DOE 5300.2B. Protected distribution
systems shall comply with DOE 5300.4B. Data communications facilities, services, and
equEJment shall comply with DOE 5300.1B. Spectrum-dependent services shall comply with
DOE 5300.1B. See also Section 0110-1.2, Systems Integration.

1671-1.2 Joint Use

Telephone circuits shall be used for other telecommunications and alarm services to the
maximum extent practicable. If separate conductors are required, they shall be routed
through the main telecommunications and signal raceway systems if raceway systems are
present. Separate wireways and cabinets shall be used only when necessary to meet security,
technical, or code requirements or to achieve significant economies.

1671-1.3 Hazardous L ocations

Telecommunications and alarm equipment and conductor s shall be located outside areas
subject to explosion, fire, flood, chemical fumes, excessive dust, radiation or vibration, and
excessive electrical or electromagnetic noise levels. Where telecommunicationsand alarm
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Sﬁrvki]ceﬁ rgust be extended into these areas, equipment and installation shall be suitable for
the hazard.

1671-1.4 Security Conference Rooms and Security Offices
See Section 0110-99.10.1, General, and Section 0110-99.11.1, General.

1671-2 FIRE ALARM AND SUPERVISORY SYSTEMS

Firealarm and signaling systems shall comply with NFPA 72A, NFPA 72B, NFPA 72C,
NFPA 72D, NFPA 72E, NFPA 72F, NFPA 72G, and NFPA 72H.

1685 ELECTRIC SPACE HEATING

Electric space heating may be considered where economically justified by LCC analysis.

1694 ENERGY CONSERVATION

1694-1 GENERAL

System planning and equipment selection shall maximize efficient energy usage and shall
minimize ener gy losses within the electrical system on an L CC-effective basis. See Section
0110-12, Energy Conservation, for criteria on LCC for energy conservation. Industrial systems
shall comply with |EEE 739. Commercial systems shall comply with ASHRAE Standard 90.

1694-2 ENERGY MANAGEMENT SYSTEMS AND DEVICES
In the planning and design of new systems and for alterations or additions to existing

systems, the need for and potential benefits from EM Ssand devices as a part of, expansion
of, or in addition to such systemsshall be considered. See Section 1595, Controls.
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Key Word Index

Absorptioa refrigeration 15-32

Access 5, 14, 15, 16, 18, 20, 21, 22, 23, 26, 16, 1-30, 147,
1-53, 1-57, 161, 1-68-74, 1.76, 1-78-81, 1-83-86, 1-103,
1-106, 2.5, 2.7, 28, 2-25-77, 242, 244, 2-53-55, 257,
2-58, 2-60, 261, 2-65, 267, 7-10, 8-1, 8-2, 9.5, 96, 10-
2,113, 135, 139, 1310, 1313, 13-17-26, 13-27.29,
13-32, 13-33, 13-37, 13-39, 1340, 1343, 13-51, 13-
$3.55, 13.59, 13-60, 1367, 13- 74, 13-79, 13-89, 13-90,
1395, 13-109, 13-110, 13-114, 14-2, 14-3, 15-19, 1542,
15-44, 15-49, 15-53, 1569, 15-74, 16-16, 16-24-26

Access area S, 20, 23, 1-68-70, 1-74, 2-53, 13-18, 13-20, 13-
22, 13-23, 13-27, 13-53, 13-59, 13-79, 1395

Access coatrol 21, 23, 26, 1-68, 1-80, 1-84-86, 2-7, 2-54, 13-
18-23, 13-25, 13-28, 13-67, 14-2

Access drive 2-27

Access flooring 1-53, 10-2

Access road 1-103, 1-106, 2-67

Access way 13-10, 13-13, 13-54, 1360, 13-89, 13-109

Accessibility 8, 16, 19, 1-57, 1-77, 2-29, 2-68, 11-2, 13-37,
13-40, 13-44, 1569

Accident 3, 6, 9, 11, 12, 13, 1§, 16, 21, 22, 1-17, 1-35, 1-53,
1-54, 1-76, 197, 1-100, 1-107, 2-1-3, 2-6, 13-3, 134,
13-6-8, 13-11, 13-12, 13-44, 13-52 13-57, 1360, 13-64,
13-67, 13-69, 13-70, 13-76, 13-82, 13-86, 13-92, 1397,
13-100, 13- 108, 13-112, 13-116-120, 13-122-125, 1S-
11, 15-13, 15-20, 15-45, 15-50

Accideatl release 13-4, 137, 13-12, 13-50, 13-55, 13-57, 13-
61, 13-64, 13-68, 13-84, 13-90, 13-102, 13-110, 13-111,

13-115, 13-125, 15-3, 1545, 15-50
Acoustic 1-81. 9.5, 13.38
Acoustic plaster 9-5
Acrylonitrile-butadiene-styrene (ABS) 1, 15-17
Action description memorandum (ADM) 1, 1-104
Active solar 1-61, 1-67
Actuating device 15-9

Adiabatic 15-25, 15-27, 15-28

Adsorptioa 13-73, 13-95, 13-123

Advertary 1-69, 1-70, 2-31, 2-61, 2-62, 13-16, 13-17, 13-19, 13-
21, 13-24-27

Aesthetic 2-2, 2-44, 2-64, 13-39, 15-73

Agitation 13-30, 13-94, 13-102

Air cleaning 1-22, 1-28, 13-51, 13-80, 15-29, 15-38, 15-48, 15-
75

Air compressor 2-23, 15-77

Air conditioning 7, 1-19, 1-40, 1-46, 13-27

Air distribution 1-13, 1-72, 15-28-30, 15-37, 1541, 1542, 15-52
Air filtration 13-34, 13-84, 1545, 15-53, 15-79

Air handling unit (AHU) 1, 119, 15-28-31, 15-37, 15-39, 15-

&1, 1343, 13-78-81

Air lock 1-57, 13-13, 13-49, 13-5§, 13-90, 13-110, 1544
Air monitoriag 2, 13-10, 15-52

Air pollution 1-31, 1-57, 1-105, 13-14, 13-16, 15-58, 15-71, 15-
72, 15-75

Air quality 1-21, 160, 1-105, 2-1, 24, 2-45, 9-1, 15-28, 15-29,
15-40, 15-73, 15-14

Air retarder 76
Air vaporizer 1565

Airborse 14, 1-18, 1-105, 11-1, 13-10, 13-13-15, 13-39, 1347,
13-50, 13-57, 1362 13-75, 13-78, 13-30-82, 1384, 1385,
13-87, 13-89, 13-91, 13-96, 1397, 13- 162, 13104, 13-111,
13-116, 13-121, 13126, 15-44, 1547, 1548, 15-50, 15-52,
15-53, 15.71, 15.%

Aiborse efffueat 1314, 12.50, 1357, 1362, 1375, 13.81, 13-
85, 13.91, 13-96, 1397, 13-104, 13-111, 13-116, 13121,
13126, 15-7%6

Aircraft 10, 1-30, 1-40, 1-100, 2-28-30, 13-21
Airfield 2-28-30

Double-hyphen entries indicate inclusive pages, eg., “3-27-29" means page 3-27 through page 3-29.

Entries for singular words can include plurals.
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Alarm 24, 7,12, 13,19, 29, 15, 1-17, 1-32, 1.39, 148 1-

52, 1-57, 1-68-70, 1-73, 1-75, 1-76, 1-78-80, 1-84-87, 2
7, 28, 2-17, 2-50, 2-52, 2-53, 2-58, 261, 8-7, 114, 13-
2.13-7-11. 13-18-20, 13-22-25, 13-28, 13-29, 13-34, 13.
41, 1342 13-53,13.59, 1363, 13-74, 1380, 1390, 13
96, 13-114, 13- 117, 13-123, 14-1, 14-2, 154, 156, 15
8,15-9, 15-11-14, 15-44-46, 15-49, 15.52 15-53, 15-70
15-73, 16-2 169, 16-13-16,16-19, 16-21, 16-24-28

Alarm readout 13-11

Allowable soil-bearing capacity 9

Alternating current (AC) 1, (ACT 1-30, (AC) 2-28-30. 16-14.

16-18, 16-23, 16-25
Alternative designs 1-52 2.21
Alternative production 2-47

Alternative technology 2-67

Aluminum 1. 1-13, 1-14, 1.24. 1 46_5-1, 5.3, 7-13, 8.1 8.4,
€L O7 18 4 1L £4 £Q 14 O A
©-U, 7-/, A3-w), 1I3VOV0, 10-2-5

Ambient 9, 22. 13-11, 13-104. 151, 15-9, 15-28, 15.30. 1§
53, 1565, 1568, 1612 1616

Anacrobic digestion 9

Ancbor bolt $-2

Annunciating equipment 1-85

Annusciatios 1-79, 13-24, 15.8

Annunciator 1-79, 13.24, 1341 15-14, 16-16

Antenna 1-28, 1-78, 1-84, 186 5.2 16-27

Anticipated Openational Occurrence 9, 1-73, 13-3, 13-5, 13-

12, 13-15, 13-47-49, 13-52-55, 13-58-61, 13-7¢, 13-79,
13-80, 13- 84, 13-87-90, 13-95, 13-96, 13-101, 13-102,

13-10S. 13-107, 13-109, 13-110, 13-113, 13-114, 13-118,
13-119, 13-124, 13-125. 13-127, 15-20-22, 1544, 15-46,
i

-48, 1349, 16-18-20

b

Approved storage container 9

Appurienance 18, 1.20, 1-39, 1.86. 2-15. 2-32, 15-16-18, 16-
12, 16-21

Aqueous 1-17, 13.53, 13-59 .3.94 13-95

Aquifer 9, 2-45, 2-64

Archacologic 12, 1-104

Architect 1, 1-58, 268

As low as reasonably achievabie (ALLARA) 1. 9, 142 1.73.
1-76, 11-1, 13-3, 134, 13.9, 13-10, 13-13, 1315, 13-
47-50. 13-52, 13-58. 13.83. 13- 87, 13-102 13-112 13
113, 13117, 15-44, 15-45. 15-48-50. 15-76

Asbestos 1,155, 216,91 041 1561

Double-hyphen entries indicate inclusive pages eg.,

Entries for singular words can include plurals.
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Asbestos-cement board (ACB) 1

Ash 1-8, 2.2 15-59, 15.74

Agsembly cell 13-51, 13-7

Asset 2.56. 2-47, 13-17

Assistant Secretary for Defense Programs (DP1) 3

Armosphere 22, 1-57, 8-3, 8-6, 114, 13-48, 13.78, 13.79, 13.93,
13-95. 13-113-115, 13-118, 13-121, 13-123, 13-126, 15.9,
15-13, 15-15, 15-28, 15-38, 15-44, 1549, 15-73, 15-74, 16-
2, 1620

Aimosphenc 5, 25, 1-29, 141, 2-6, 13-85. 13-125, 15-39, 1545,
15-46

Asomic Vapor 1aser Isotope Separation (AVLIS) 2, 13-70. 13-
72,1373 1518

Anenuative «apacity 2-66
Attractive 2-27, 13-17, 13-28, 13-29, 1354, 13-59
Austemitic 1 22 1566, 1567

Automated data processing (ADP) 1. 1-5, 1-32, 1-78, 1-80-84,
2.7, 13-2 15-13, 1514, 15-52, 16-9, 16-14, 16-15, 16-26

Auxiliary a1 vait 9

Auxiliary building 26

Auxliary power 14, 1.79, 1.85, 1.87.16-25
Auxliany space 1-74

Auxiliary system 13-48, 13-78, 13-84, 13-87, 13.93, 13-124, 13-
125

Aviation 3 130, 2-28, 2.9
Axial 1516, 15-41, 15-64 1565
Axial compressor 1564

Axalpiston pump 15-65

Backslope 2-17

Backup 166 167, 9-1, 13-23-26, 13-40, 13-114, 15-5, 15-8, 15-
11, 15-32, 15-34, 15-46, 15-53, 1576, 16-19

Balanciag device 15-41-43
Ballast 9 2-25, 16-8
Barbed wire 2-53, 2.58, 2-59

Barncade 19 1-103

“3-27.29" means page 3-27 through page 3-29
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Barrier 11, 12, 14, 16, 21, 23, 25, 28, 1-16, 1-37, 142, 1-56, 1- Boiler 1, 1-14, 1-22, 1-28, 1-31, 140, 2.36, 8.6, 11-1, 13§, 15-
§7, 1-68-70, 1-72, 1-73, 1-80, 1-8S, 1-86, 1-96, 1-9¢, 2- 18, 15-20, 15-33, 15-35, 15-36, 15-43, 15-54.57, 15-59-61,
17, 2-31, 2-3340, 2-5561, 7-1, 7-3-5, 8-24, 8-7, 9-2, 15-66, 15-68, 15-70, 1581, 15-82 .
11-14, 13-8, 139, 13-12-14, 13-16, 13-19-22, 13-25,
13-27, 13-29, 1345, 13-47-49, 13-54, 13-55, 1360, 13- Boiler room 8-6, 15-60
61, 13-74, 13-75, 13-79, 13- 80, 13-84, 13-89, 13.90,
13-95, 13-96, 13-9¢, 13-100, 13-107-110, 13-115, 13- Boiler water 15-59, 15-61
118-120, 13-125, 13-126, 14-1, 14-2, 15-12-16, 1541,
15-42, 1547, 15-54, 15-69, 16-3, 16-6, 16-7 Bondiag 1-27, 2-26, 2-60, 16-3, 16-23
Base course 9, 27, 1-106, 7-1, 74, 7-§ Booster heater 15-18
Base Electroaic System Eagineering Plas (BESEP) 2 Boring 10, 29, 2-10
Baseliae 1-70, 1-108, 13-16, 13-19 Bnh‘bouepmr (BHP) 2, 15-36, 15-38, 15-81
Baseline protectioa requirement 1-70, 13-19 Breathing air 13-11, 13-13, 13-39, 13-117, 13-123
Basement 1-38, 7-1, 74 Breeching 15-1
Basic impuise insulation level (BIL) 2, 16-8 Brick 2, 29, 1-22, 1-24, 4-1, 7-1, 7-2. 7§
Bath 104 Bridge 1-14, 1-185, 1-89, 1-106, 2-25, 2-53, 3-5, 16-23
Battery area 15-53 British thermal wait (BTU) 2, 1-62, 163, 1-66-68, 15-5, 15-
55-57, 15-83
Bay 15, 21, 27, 28, 1-74, 9-2, 9-7, 13-52, 13-58, 13-64-69, 15-
13, 15-28, 15-51, 15-32 Bubbler trap 13-119
Bayoaet joint 15-67 Building acquisitioa 10, 1-1
Bearing capacity 9, 2-21 Building addition 1-59, 1-63, 1-66, 1-92, 24, 16-12
Bellow 13-118, 15-60 Building Research Board (BRB) 2
Bench mark 10, 141, 1-108, 2-14, 2-15 Building Research Advisory Board (BRAB) 2
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Bibb 15-19 Cable tray 16-3
Biochemical 2 Cable treach 1-84, 2.52
Biochemical oxygen demand (BOD) 2 Cafeteria 2.7
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Bird strike 10, 2-65 - Calcined 22
Bitumea 7-11 Cantilever 10, 1-91
Bituminous i-20, 2-27, 2-60, 7-2-5, 7-11 Canyon 15, 13-45, 13-88
Blast 22, 28, 1-28, 1-78, 1-93, 1-100, 13-64-67, 1369 Capacitor 16-5, 16-6, 16-12, 16-22
Block 1-63, 2-32, 4-1, 7-2, 7-13, 8-1, 15-22, 15-23, 15-27 Capillary water 10, 7-3, 7S
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78, 1-81, 1-84, 1-86, 1-88, 1-95-97, 7-4, 7-9, 8-1-3, 9-1,
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Ceramic 29, 1-47, 9-3, 94, 13.77 13-8C. 15 33

Double-hyphen entriesindicate inclusive pages. eg.,

Entriesfor singular words can include plurals.

DOE 6430.1A
4-6-89

Ceramic tile 147,93, 94
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Coal 140, 4-2, 15-57, 15-58, 15.72-74

Coating 1-18, 1-23, 1-37, 1-44, 2-32, 260, 5-3, 7-1, 74, 7-5,
88, 9-1, 9-2 96, 9-7, 121, 1351, 15-33
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Coil 1-19, 2-59, 15-30, 15-31, 15-36-39, 15-41, 15-43, 15-63,
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Coiling door 8-S
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Cold weather concretiag 1-15, 3-3
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16-24, 16-26, 16-27

Community facility 1-77

Compaction 1-108, 1-109, 2-11, 2-49, 13-106

Compartment 11, 21, 27, 1.74, 1-79, 10-1, 13-7, 13-13, 13-
5255, 13-58-61, 13-75, 13-80, 13.90, 13-96, 13-110, 13-
114, 13-120, 13-125, 13-126

Compartmesntlization 1-74, 1-75, 13-53, 13-59

Compressed air 15-39

Compressed gas 2, 1-25, 1-72,

Compression joiat 15-67

Compressor 1-19, 1-49, 2-23, 13-7, 13.73, 15-32, 15-63, 15-
64, 15-77, 15-82, 16-12
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Computer Security Operations Manager (CSOM) 2, 1-83, 184,
16-26

Computer Sysiem Security Officer (CSSO) 2, 1-80, 1-83

Coaceptual Desiga Report (CDR) 2, 1-104, 2-2, 2.5, 2-58

Couacrete 1, 2,5, 6, 7, 10, 11, 14, 17, 20, 22, 24, 25, 26, 27, 28,
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Condensate 2-50, 15-34-36, 15-38, 15-55, 15-59, 15-61
Condensation 7-6, 15-1, 1541

Condenser 1-19, 1-21, 13-95, 13-100, 15-27, 15-31-33, 15.3§,
15-36, 1543, 1548, 15-82

Condensing unit 1-19, 2-69, 15-33
Conductivity 2-50, 2-66, 8-2, 9-5, 9-6, 13-102, 13-107

Conductor 1-22, 16-2-4, 16-6, 16-7, 16-9-11, 16-13, 16-23, 16-
24, 16-27

Conduit 4, 1-78, 1-88, 249, 7-9, 11-2, 11-3, 13-23, 13-33, 1345,
15-21, 15-60. 15-77, 16-2, 16-7, 16-24, 16-25

Conduit coanectioa 1-78
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Confinement 11, 12, 15, 22, 29, 142, 1-57, 1.73, 1-75, 1-98, 1-
100, 11.1-4, 134, 12.7.10, 13-12-14, 13.33 134649 13-
52, 13-54, 13-55, 13-57, 13-58, 13-60-62, 13-66, 13-72, 13-
74, 13-75, 13- 7780, 13-84, 13-87-90, 13-93, 13-95, 13-96,
13-98-104, 13-106-110, 13-112-115, 13-118-120, 13-
122-126, 15-11-13, 15-21, 15-24, 1540, 1542, 15-44-49,
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Confisement area 11, 22, 29, 13-7, 13-13, 13.57, 1362, 13-74,
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Cosfiaement veatilatios 1-73, 13-114, 13-115, 13-120, 15-44,
1545
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Cosstruction 1-103-110, 2-16
Construction facility 1-103
Construction joint 11, 7-2, 7-§

Coastruction project 11, 1-58
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Construction project plasaing 11
Coustruction specification 2, 1-3, 1-102, 2-10

Costaisment 1-56, 1-57, 1-72, 247, 248, 7-1, 9-1, 13-19, 13-
27, 13-29, 13-67, 13-69, 13-118, 13-123-125, 15-40, 15-
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Contaminant 12, 1.71, 1-76, 1-106, 2.6, 2-33, 2-65, 9-1, 11-2,
114, 11-5, 13-16, 13-50, 13-57, 13-62 13-75, 1398,
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Criticality incident 11

Cross-coasections 15-18, 15-35
Cross-costaminatios 1-71, 13-78, 13-93, 1542
Crossing frog 11

Crowa, roadway 11

Cryogenic 1-20, 13-122, 15-63, 15-65-70
Crypto 10, 12, 1-83

Cubicle 15, 10-1, 11-1, 15-51
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Curb 12, 16, 2-16, 2-17, 2:26, 2-27, 2-42, 2-43, 2-54, 2-56,
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Curb inlet 12, 2-42
Curb retura 12, 242
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13-92, 13-93, 15-32
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Dampproofiag 1-16, 1-24, 7-1, 7-2, 7-4, 7-5, 9-7
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4649, 15-53, 15-64, 15-71

Filtration 1-108, 13-7, 13-33, 13-34, 13-45, 1346, 1351, 13-54,
13-79, 13-80, 13-84, 13-95, 13-96, 13-113-118, 15-39, 15-

AR 2L AR 2@ £ £N 4L A 1L €% 22 D
W, 1092-898, 10-V, 1J-25 1922, 1o-17

Final Safety Analysis Report (FSAR) 4, 1.54

Finish 1-13, 1-29, 1-36, 1-53, 1-55, 1-74, 2-10, 2-59, 74, 7.8, 7-
9, 86, 9-1-3, 9-7, 10-4, 12-1-3, 13-33, 15-61

Finish system 1-29, 7-8, 7-9

Fire 3, 5.9. 12 13, 16, 17, 22, 23, 24, 1-11, 1-27, 1-30, 1-38-40.
148, 1-49, 1-52, 1-54.52, 1-70, 1-72, 1-74, 1-75, 1-09, 1-
82, 1-84, 1-85, 1-87, 1-89, 1- 90, 1-98, 1-99, 1-108, 1-110.
2:5, 2.7, 28, 2-15-17, 2-23, 2.30, 2-31, 2-33-35, 2.52, 2-
54, 255, 2-58, 2-66, 7-9, 8-1, 8-3, 8.7, 9-1, 10-3, 1124,
121, 12-3, 13-3, 13-7, 13-8, 13-44, 13-45, 1347, 13-48,
13-50, 13-53, 13-54, 13-59, 13-60, 13-63, 13-66, 13-68, 13-
7, 13-77-79, 13-88, 13-93, 14-2, 15-2-17, 15-40. 15-52,
15-69, 15-71-73, 15-77, 15-80, 15-83, 16-2, 16-3, 16-6, 16-
16, 16-18, 16-24, 16-27, 16-28

Fire alarm 1-84, 2-8, 2-17, 2-52, 15-8, 159, 15-14, 16-16, 16-24.

1£.9%

Fire and rescue facility 1-30, 2-30

Fire cuiofl 1-72

Fire damper 15-13, 1540

Fire department 1-56, 2-5, 15-3-5, 15-8

Fire detection 1-52, 11-4, 13-48, 15-4, 15-8, 15.9, 15-13. 15-14.
15-7, 16-18

Fire extiaguisher 1-38, 10-3, 15-4, 15-8
Fire hose 15-4

Fire hydramt 2-18, 2-16, 2-31, 2-34, 2-35, 15-5

Fire protection S, 12, 13, 17, 23, 24, 1-11, 1-27, 138, 1-39, 3-
55-57, 1-79, 1-82, 185, 1-89, 2-31, 2-34, 2-55, 2-58, 8-1,
8-3, 9-1, 10-3, 11-2, 114, 13-3, 13-8, 1347, 13-54, 13-60,
13-68, 13-77, 13-78, 13-88, 13-93, 15-2-6, 15-9-16, 15-40,
15-7, 15-T7, 15-80

Fire protection design analysis 1-5§
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Fire pump 1-38, 2-23, 15-10
Fire-rated wall 1.56, 8-7

Fire resistance 148, 149 1.55 1.6, 1.75, 1.98, 7-9, 11-2,
12-3

Fire resistant 15-52
Fire retardant 9-1, 121
Fire station 1-85, 2-8, 2-30, 154

Fire suppression 13, 1-56 1-75, 187 1-108, 114, 133,13
50, 13-53, 13-59, 13-66, 15-2-5. 15-11, 15-13

Fireplace 10-2

Firing equipment 15-58, 15-72, 15.73, 15.75

Fissile material 4, 17, 1-5, 1-17, 1-42, 1-74, 13-2, 137, 13-8,

13-71, 13.77, 13-81. 13-86, 1387, 13-91, 13-92, 13-98,
13-104, 13-106, 13-111, 13-117, 15-24, 15-45

Fitting 1-22, 15-10, 15-17. 15-36. 15-37, 15-58, 1561, 15-66,

1568, 16-2
Fixture 1-32, 2-62, 11-2, 11.3, 15-16-18, 16-2, 16-15
Flame 9-6, 15-1, 15-9, 15-38, 1568 15-80

Flame-actuated 15-9

Flammable 1-39, 1.73, 2-5, 2-32, 13-14, 1345, 13-71, 13.77,

13-78, 13-88. 13-93, 15-7, 15-13, 15-15, 15-49, 16-20,
16-21, 16-83

Flanged joint 1567

Flashing 7-1, 74, 7-5, 7-11. 7-12 1558

Flexibility 1-52, 1-53, 1-72, 1.75, 10-2, 12-3, 15-17, 16-14
Flexural strength 17

Flight i0, 2-28

Flood 3, 6, 13, 21, 23, 1-50, 1-54, 1.97, 1-99, 2-2, 26, 2.7,
2-29, 2-39-42, 244, 2-53, 2-66, 269, 16-27

Flooding 1-99, 2-6, 138, 1549

Floodplaia 1-8, 1-12, 2-2, 2-44. 2-51, 2-52, 2-64, 2-66

Floor 7, 26, 27,29, 16, 1-19, 1-23, 1-26, 1-44, 145, 1-49, 1.
$6, 1-72, 1-74, 1-78, 1-82, 1-84, 1-86-89, 1-95, 1-96, 1-

98, 2.7, 262, 34, 53, 7-1, 746, 78, 7-9, 8-1-3, 8.7,
9-1-3, 9.6, 9-7, 13-13, 13-25-27, 13-33, 1347, 13-51,
13-53, 13-59, 1362, 13.77, 13-82, 13-92, 1398, 15-17.
15-19, 15.22, 1560, 15-74, 15-77, 15-78, 16-3, 16-23

Floor area 1-74, 262, 13-26. 1578

Floor covering 7, 1-23, 1.26, 1-45, 149, 182, 9-6, 97

Double-hyphen entriesindicate inclusive pages, eg.,

Entries for singular words can include plurals.

DOE 6430.1A
4-6-89

Fl v coefficient (C,) 3, 1581
Flow control 247, 15-83
Fou dagram 1537

Fow switch 1537

-
7

Fue 4 1-90, 15-1, 15-72, 15-73, 157

S

Frue gas 4. 15-7215.73

Fiue gas desulpburization (FGD) 4

Fluid 18, 22, 27, 1-29, 1-91, 1.94, 1-97, 1100, 2-10, 13-6, 13-
87, 13-118. 13-122, 13-123, 13-125, 13-126, 15-11, 15-22,
1565, 1566, 15-68

1Tuid pressure 1 91

“Tyach 1 8

cam 1-33, 1 38, 155, 84, 10-1, 10-3, 10-4, 15-7, 15-12, 1568,
15-69

Forced-flow 15-65

Forcible peaetration 28

Forearm 13.9

f ormboard 3.4

Formwork 1-15.1-16, 195, 3-2

Foundation 9, 10. 17, 26, 27, 1-15, 1-20, 1-49, 1-89, 1-90, 1-94,
196, 2-1. 2.4, 2-9-11, 2-20-23, 2-37. 2-49, 2-68, 15-65, 16-
9, 16-10

Fragment 1-28. 13-47, 13-49, 13-64-68

Frame 1-18, 145, 147, 1.75, 1-87, 1-88, 192, 78 7-10, 8-1, 8-
3,84 846 87, 93 1628

Framing S, 7, 1-36, 1-47, 1-74. 189, 1-91, 1-95, 8-1. 93

Freeboard 17, 242, 2-48

Frost 1-96, 2-11, 249

Fuel 7, 17, 20, 21, 28, 1-7-9, 1-18, 1-3}, 1-39, 1-40, 1-42, 1-61,
165, 1-79, 1-86, 1-106, 2-31, 2-53, 5-2, 13-18, 13-44, 13-
$S, 13-57. 13-60, 13-76, 13-81, 13-82, 13-85, 13-86, 13-91,
13-111, 13-112, 13-122 13124, 15-1, 15-5, 15-6, 15.9, 15-
12, 15.30, 15-35, 15-55, 15-58, 15.59, 15.711.73

Fuel gas 1 3¢ 231

Fuel oil 140 153§

*3-27-29" means page 3-27 through page 3-29.
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Fuel selection 1-31, 15-72

Fume 9, 2-7, 11-1, 114, 13-113, 13-114, 13-119, 15-28, 15-
29, 15-71, 15-72, 16-27 :

Furnishing 1-90, 12-1, 122
Furpiture 1-53, 1-76, 10-4, 12-2, 12-3, 13.37

Fusion 1-5, 13-2, 13-116. 13-121-126, 15-17

Galvanized 2-59. 8-6, 15-17
Garbage 25, 15-29

Gas 1,2, 4, 5,15, 1:20, 125, 1.2, 139, 140, 142, 167, 1-
72, 1-73, 1-94, 1-108, 2-1, 24, 2-5, 210, 2-11, 2-15, 2-
17, 2:31, 248, 262, 2465, 11-2. 114, 13-13, 13.15, 13-
39, 134548, 13-50-52, 13-57, 13-58, 13-62, 1369.74,
1377, 1379, 1380, 13-87, 1389, 1391, 13.93.96, 13-
102, 13-107, 13-109, 13-111-113, 13-116-121, 13-126,
15.7, 15-12, 15-14, 1515, 15-28. 15-39, 15-32. i5-35,
1539, 1542 15-44, 15-48-50, 15-53, 15-55, 15-57, 15-
58, 1563, 15-64. 1568, 1569, 15- 7173, 15.75, 1576,
15-80, 16-16. 16-17, 16-20, 16-21. 16-23

Gas-cleaning 15.75
Gas-fired 15-32 15-35, 15-58. 15-72, 15-80
Gas pressure 1-94, 13-69, 15-80

Gaseous diffusion 13-70, 13-72, 13-73, 15-14

Genenl Services Administratration (GSA) 4. 1-6, 1.7, 1-13,
1-87, 13-26

Generating facility 15-55

Geographic 2-40, 241, 264, 1569

Geologic 1-7, 2-1, 2-4, 2-19. 2-33, 2-37, 241, 243, 2-64, 13-
107-110

Geomelry 1-14, 2-27, 2-56, 13-7, 13-8, 1331, 13-45, 13-49.
13-50, 13-S% 13-53, 13-57, 13-59, 13-60, 13-71, 13-T3,
13-74, 13-77, 1382 13-86, 13- 91-94, 13-98, 13-104,
13-106, 13-111, 15-2
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Glass 4, 1-14, 1-17, 1-23, 1-31, 1-46, 1-67, 185, 8-1-4, 8-6.
88, 11-3, 13-31, 15-36, 1540, 1548, 15-53

Glazing 131, 81, 82, 88

Glove box 11. 15, 11-3, 115, 13-46-48, 13-78, 13-79, 13-93, 13-
95, 13-112:114, 13-118, 13-119

Grade 17, 26, 1-74, 1.96, 2-9, 2-11, 2-22, 2-25-27, 2-54, 2-55, 2-
61, 7-1-7, 7-13, 13-70, 13-73, 15-17. 16-5, 16-7

Grille 1-88, 10-1, 15-41

Ground 13, 17, 24, 25, 26, 1-58, 1-70, 1-99, 1-106. 26, 2-12, 2-
14, 2-17, 2-26, 2-28, 2-30, 2-32, 2-34. 2-59. 2-62, 2-69, 2-
70, 7-2 7-5, 13-16, 13-102, 13-108, 15-1, .5-52 15-69, 16-
i

3, 16-5, 16-7, 16-9-11, 16-22, 16-23
Ground cover 269, 2-70

Ground system 16-10

Grounding 1-27, 1-34, 1-108, 2-26, 2-58-60, 16-3, 16-4, 16-8,
16-10, 16-22, 16-23

Groundwater 9, 20, 25, 1-20, 1-94, 2-6, 2.9, 2-10. 2-19, 2-20, 2-
35, 2-36, 2-38, 2-45-50, 2-64, 2-66, 2-67, 13-16, 13-98, 13-

Guard 20, 25, 29, 1-69, 1-83, 2-12, 2.53, 2-60-62. 8.3, 13-25,
13-26, 13-28, 13-33

W

Guard statioa 2-60, 13-28, 13-3

Gutter 2-16, 226, 2.2, 2-56, 7-12, 7-13, 15-23
Gypsum 4, 1-23, 1-33, 34, 94

Gypsum board 1.23, 9-4

Hail 2-2

Halogenated 17, 15-12, 15-14

“3-27-29" means page 3-27 through page 3-29.
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Halon 1-38, 1348, 154, 15-, 15-12, 16-18
Hand and forearm protectioa 13-9

Handicanned 1.6, 1.7, 1.87, 1.76, 1.72, 2.26, 2-54,
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10-5, 13-“. -2, 14.3, 15-16
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Handling system 245, 13-50, 13-55, 13-60. 13-118, 14-1, 15-
28, 15-31, 15-37, 15-39, 1541, 15-58, 15-59, 15-74, 15-

70 01
L2

Hand-off-astomatic (HOA) 4, 15-77

Ha 1

1-18, 1-76, 1-87, 1.88, 2-58-60, 8-1-3, 8-7, 12-
, 15-39
, 21, 25
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o

Haza
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: 1-35, 1-36, 1-53, 1-54, 1-56-58, 1-

3, 1.74, 1-76, 1-77, 187, 1.92, 193, 1.97.99, 2-
2-29, 255, 2-59, 9-2, 9-7, 12-1, 1335, 138, 13-
2, 13-36, 13-39, 13-4, 1347, 13-48, 13-54, 13-

13-60, 13-63-66, 13-68, 13-69, 1371, 13-7, 13-79,
11 22.00 13.06, 12.101, 13107, 13-110, 13-
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l3~ll7 13-121, 13-122, 15-3-7, 15-9, 15-12, 15-13,
5-50, 15-70, 16-7, 16-10, 16-21, 16-28

Y3

N
=t P
?l

l'l

L I
-

7

2

o
-.

Hazard class 15, 16, 13-63-66
Hazard model 1-36, 1-92, 1.93, 1.98, 1-99

Hazardows 11, 12, 17, 1-8, 19, 1-11, 1-12, 1-54, 1.56, 157,
1-71-73, 1-76, 1-77, 1-98, 2-1, 2-5, 2-7, 2-18, 2-44, 2-
4S5, 2-47-50, 2-53, 2-63-67, 8-2, 85, 9-1, 11, 11-3, 13-
3, 134, 138, 13-10, 13-12-16, 13-33, 13-34, 13-39, 13-
4449, 13-52-54, 13-58, 13-59, 13-63-68, 13-71, 13-
78-80, 13- 87, 13-89-91, 13-93-96, 13-112, 13-114, 13-
117, 13-123-125, 14-1, 14-2, 153, 15-13, 15-15, 15-22,
15-23, 13-2%, 15-29, 15-40, 13-42, 15-44-4%, 15-50, i5-
75, 15-76, 16-2, 16-9, 16-16, 16-18, 16-20, 16-21, 16-27

Hazardous area 1-56, 1-57, 1-72, 1-76, 1-77, 2-7, 2-53, 13-44,
13-53, 13-59, 14-2

Hazardous fragment 13-64-68
Hazardous locatioa 15-15, 16-20, 16-2), 16-27

Hazardows material 11, 12, 17, 1-11, 1-84, 1-71-73, 176, 1-

98, 2:1, 2§, 245, 247, 2-50, 9-1, 11-1, 11-3, 13-3, 13-

a 4
4, 138, 1330, 13-12 13-33. 13.33, 13-34, 134850,

13-54, 13-63, 13-78, 13-80, 13-87, 13-89, 13-90, 13- 93,
13-94, 13-96, 13-112, 13-114, 13-117, 13-123-125, 14-1,
15-3, 15-23, 15-40, 1542, 15-44-48, 15-50, 15-76, 16-9

Hazardous waste 1.8, -9, §-11, 112 2-i8, 2-47-49, 266, i3-

14, 13-15, 1391, 15-75

Headquarters 12, 17, 113, 147, 149, 167, 179, 1.81, 1-
84, 192, 198, 29, 2.56, 103, 13-17-19, 1613, 16-27

Health 6, 8, 14, 17, 23, 25, 29, 1-3, 1.5, 1.8, 1-11, 1-22, 1-33,
1-34, 1-40, 1-53, 1-60, l-“. 1-68, -7, 1-73-75, 1-77,
1-78, 197, 2-1, 2-4, 2-33, 243, 9-2, 12-1, 13-2, 133,
135, 13-9, 1318, 13-28, 13-31, 13-97, 13-105, 13-124,
15-2, 15-24-26, 15-29, 15-30, 15-77, 16-14-16

Heaith physics 1-71, 13-9, 13-
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Heat exchanger 1.71, 13-83, 15-20, 15-31, 15-34, 15-43, 1568,
15-80, 15-81

Heat gain 1-63, 1-64, 15-25, 15-31, 1533, 15-52, 15.53
Heat generation 1-42, 11-3, 15-34, 15-35, 15-54

Heat loss 163, 1-64, 268, 15-25, 15-54

Heat pipe 15-31

Heat-actuated detector 15-9

Hesting 1, 4, 5, 16, 1-1%: 1-21, 1-22 1-31, 1.36, 1.5, 16167,

1-71, 1-90, 2-15, 268, 9-1, 137, 13-27, 1345, 13-52, 13-
S8, 13-72, 13-86, 13-94, 13-98, 13-106, 15-16, 15-18, 15-

22, 15-25-28, 15-30, 15-31, 15-33-36, 15-38, 15-41, 1543,
15-52-54, 15-57-59, 1565, 15-77-79, 15-81-83, 16-28

Heating, ventilating and air conditioning (HVAC) 4, 1-46, 1-52.
161, 1.63-68, 1.1, 1.74, 1.76, 1-108, 13-3, 15-1, 15-14,
15-8 27, 15730. 15-31 15-40. 15-42, 15- 53, 1562, 15-77,
15-78, 16-19

Helicopter 2-28

Heliport 1-30, 1-40, 2-28-30

Hertz, frequency (Hz) 4, 1-18

High-expansion foam 15-12

High Explosives (HE) 4. 16, 17, 19, 133, 2.50, 9-7, 13-21, 13-
65, 13-68, 1369

High explosives-pluionium (HEPu) 4, 1365, 13-68
High frequency (HF) 4, 8
High intensity discharge (HID) 4. 2-62, 16-15

High-resistivity 2-60

. High temperature 4, 1-31, 13-73, 15-32, 15-34, 1628

High temperature water (HTW) 4, 1-31, 15.32, 15:34,18.38,
15-54, 15-56-58, 15-60, 1561, 15-56-58, 15:60

High-voltage 2.7, 2-8, 2-59, 13122 s

High-efficiency particulate air (HEPA) 4, 17, 114, 13-2, 1311,
13-45, 1354, 13-79, 1380, 13-84, 1395, 1396, 13-

[ 4
113-1135, 15-35, 15-40, 15-36-33, 1552

Higber sundard of protection 17, 15-2

High-Level Waste (HLW) 4, 17, 20, 28, 24, 13-14, 1397, 13-
107 , :

Highway 1, 4, 19, 22, 23, 27, 1-14, 1-18. 125, 1-44, 1-90-92, 1.
94-96, 2-5, 2-23-28, 2-28, 2-53, 2-55, 257, 3-1, 3-2, 4-1. §
2 5-3, 6-1, 16-1S

Historic §, 1-§ 1-9, 1-97, 1-99, 1-104, 2-1, 240

“3-27-29" means page 3-27 through page 3-29.
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Holdup 17, 13-30, 13-32, 13-50, 13-78, 13-91, 13-104, 13-
111, 13-114, 15-16

Hood 9, 1-71, 21141
13.119,

11, 11 S, 12:3, 1347, 13-
112114, 13118, 1 7

-
18-
Horizoatal coatrol 1-16, 1-108, 2-12-14

Horsepower (hp) 2, 4, 15-36, 15-37, 15-81, 15-82, 16-12, 16-
Ak
a7

Hose 1.38, 154, 15-5, 15-8, 15-11, 15-19, 16-21
Hose bibb 15-19

Hot cell 15, 1345, 13-112-114, 15-46

Hot line 18 1-109

Hot water 1.31, 1-64, 15-18, 15-31, 15-33-36, 15-38, 15.55,
15-81, 1582

Hot weather coacreting 1-15, 3-3

Human dimensioa 13-37

Human facior 18, 1-25, 1-33, 1-38, 13-34-37
13-

Human factors engineering 18, 13-34.3

Humidification 15-25, 15-26

Humidity 16, 30, 165, 2-6, 74, 7-6, 9-5, 13-6, 13-11. 13-31,
1337, 15-25.22, 15-77-79

slTant i

Hydrant 2-15. 2-16, 2-31, 2-34, 2-35, 15.3, 15-5, 15-1Q, 15-

11,15-19
Hydrautic 4, 13, 17, 18, 1-20, 2-10, 2-33, 2-37. 242, 266,
13-21, 13-107, 13-118, 15-6, 15-10, 15-19

Hydraulic structure 13, 17, 18, 1-20

Hydronic 1-13, 15-3§

1dentifying device 10-2, 1343

THE weapon 18, 1368

Impenvious 18, 13-103

Improved risk 17, 18, 1-58, 1-56, 15-2, 15-4, 15-13, 15-60,
15-1, 15-712

Impurity 13-72 13-.73

In-process or in-use material 19, 13-82

Key Word Index
Page 17-15

Insite 1y 13-107, 15-73 )
Incinerator 13-32, 15-72, 15-74, 15-75
Indoor air 1-21, 1-60, 2-1, 24, 9-1, 15-28, 15-29

Industrial 1, 18, 25, 1.9, 1-11, 1-14, 1-18-20, 1-25, 1-28. 1-34, 1
33.1-4! 146, 1-48, 1-57, 1-59, 1-73, 1-105, 2-5, 2-24.
33-37, 2-44, 2-46, 2-47, 2-50, 7-10, 8-4, 8-5, 9-4-6, 11-1,
114, 11-5, 12-2 13-3, 13-5, 13-14, 13-16, 13-56, 15-9, 15-
24, 15-29, 15-30, 15-37-40, 15-74, 15-75, 16-6, 16-28

2.

Industrial veatilation 1-14, 111, 11-4, 11.5, 15-29, 15-30, 15-
3740, 15-74, 15-75

Industrial wastewater 1-20, 1-57, 2-36, 2-37, 2-44, 246, 247, 2-
50, 13-14, 13-16

indusiriai waier 1-28, 2-35, 2-36, 2-46
Inert gas 13-72, 13-113, 15-12, 15-15, 15-58

Infiltration 1-63, 2-38, 2-39, 2-50, 8-1, 15-26, 15-29, 15-53, 15-
61

Ingot %71

Ingress 18, 2-58, 2-61, 2-63, 13-54, 13-60
Ishabited building distance 18, 28, 13-64, 16.22
Initiation stimulus 15, 18

Iajury 1-53, 1-77, 114, 13-45, 13-63, 13.67, 13-68, 15-69

Inspection 16, 18, 21, 23, 1-11, 1-58, 1-70, 1-74, 1-102, 1-107.
1-109, 2-9, 2-24, 249, 2-50, 13-6, 13-21, 13-22, 13.34. 13-
$3, 13.56, 13-58, 13-72, 13-74, 13-112, 15-21, 15-23, 15-

45, 1549.51, 15.55, 1567

Instrumentation 1-18, 1-42, 1-108, 136, 13-31-33, 13-37, 13.72,
13-73, 13-83, 13-99, 13107, 15-20, 15-22, 15-44, 1546,
1549, 15-60, 15-66, 15-74, 15-83, 16-10, 16.17-21

Insulation 2, 3, 7, 1-29, 1-33, 148, 7-6-10, 13-94, 15-1, 18-19,
15-35, 15-41, 15-60, 15-61, 15-66, 15-68-70

Interface 15, 16, 19, 162, 1-101, 9-2, 114, 13-32, 13-34, 13-36,
15-11, 15-47, 15-80, 15-83, 16-25, 16-26

Iaterior communications 2-53, 16-27

Double-hyphen entriesindicate inclusive pages, e.g., “3-27-29" means page 3-27 through page 3-29.

Entriesfor singular words can include plurals.



Key Word Index
P%e 7-16

Interior lighting 12-2, 12-3, 13-38, 16-15

Interlock 1-57, 1-76, 13-29, 13-53, 13-59, 13-73, 13-78 13-
93, 15-32, 1565, 15-77. 1580, 16-18, 16-20

Intermediate metal conduit (IMC) 4. 16.2
Internal pressurization 1-100

Internal shock 1-93

Internal water 15-59

Iniersiitial space §-53

Intraline separation 19, 26

Intrusion alarm system (1AS) 4, 19, 29, 1-86, 2-54, 2-55, 2-
§7, 2-58, 2-60, 94, 10-2, 13.20, 13-23, 13.24

Intrusion detection 4, 147, 1-70, 2-27 2.59, 13.20, 13.22,
13-23, 141

Intrusion detection and assessment (1IDA) 4, 2.58, 2-59
Intrusion detection system (IDS) 4, 1:70, 13.24, 16-24
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53, 13-54,
101103, 1

21, ?
13-56. 13-58 13.59,
31

Inverted siphon 19, 2-39

lon exchange 19, 15-12

lonizing radiatios 13-10

Irradiated fissile matenial (IFM) 4,1 5 1.74, 13.2 13-81-85,

15-24
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2 13.81-86 15.24

Irrigation 2-33, 2-45, 2-68-70

Isolation 8. 17, 19, 28, 1-73, 1-94, 1-96, 5-3, 13-38, 13-77,
93, 13-9%, 13105, 13-313, 15-14. 15-15, 15-17. 15

Isolation zone 19

Jacket 13-7, 13-8, 13-45, 13-83, 13-86. 13-98, 13-106, 15-24,
15-61, 15-66

Joining method 1567

Joint 11, 15, 20, 1-15, 1-20, l~-

2-32 2.35, 238, 2-39, 249, 4-2, 7-2, 7-3, 7-5-7, 7-12,

7-13,9-7, 13-33 13-51, 13-68 13.90, 15-17, 15-23, 15-
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1-96. 1-99, 2-6, 2-24, 2-28,
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Karst 20 2-64
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39, 1-46, 148, 1-56, 1-69, 1.71. 1-110, 2-7, 2:9, 2-10, 79,
81, 83 9.2 10-2-4,12-3, 13-2, 13.30, 1363, 13.82, 13-
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o5

[
2~
&
)

Lata £ 1-36, 7-8, 94
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28, 2-30, 2-34, 2-37, 138, 13.9, 13.34, 13.37, 13-53, 13-
8. 13-59

1 cachate 20, 25, 268

I cakage 14, 1-46, 160, 1-61, 1-108, 2-50, 7-1, 7-5, 13-13, 13-14,
1345, 13-49, 13-56, 13-72, 13-73, 13-81, 13-83, 13-86. 13-
87, 13-90, 13.94, 13.96-102, 13-106, 13-118, 13120, 13-
124, 13-125, 15-21, 15-40, 1568, 15.70, 15.77, 15.79

Tiabihn 2, 1.9

Life-cycle cost (LCC) S, 20, 1-53, 1-58-63, 1-65-68, 1-71. 2-44.
2.47, 2-64, 9-1, 10-2, 12-1, 15-18, 15-19, 15-27, 15-31, 15-
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-3
Y1 17.13-3), 1441, 14-3, 15-60, 15-74
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Limited area 20, 169, 1-70, 1-80

Liquid contaminaat 1-106

Liquid cooler 1-21, 15-33

Liquid crystal display (LCD) S, 13-40,

Liquid efflueat 2-51, 13-50, 13-118, 15-59

Liquid sitrogea 13-31, 15-69, 15-70

Liquid radiosctive waste 251, 13-50, 1362, 13-75, 1381,
1385, 13-91, 13-96, 13-104, 13-111, 13-115, 13-116,
13-120

Liquid transfer 13-33

Liquid waste 7, 10, 17, 1-5, 1-42, 2-50, 13-2, 13-33, 13-50,
13-56, 13-61, 13-62, 13.75, 13-81, 13-85. 13-91, 13-

96-104, 13-111, 13-115, 13-120, 13-126, 15-24
Liquified petroleum gas (LPG) S, 2-31, 16-17
Live load psf - pounds per square foot (LL) §
Live load §, 11, 20, 1-90, 191, 7-2, 7-§

Load 3, 5, 11, 12, 20, 24, 27, 28, 29, 1-18, 1-22, 1-31, 1-37,
1-46, 1-60, 1-61, 1-63, 1-64, 1-74, 1-77, 1-86, 1-90-100,

1-109, 1-110, 2.9, 2-21, 249, 2-61, 4-2, 5-3, 7-2, 7-§, 7-

10, 7-12, 83, 9-3, 11-1, 13-9, 13-36, 13-68, 13-71, 13-
84, 15-8, 15-20, 15-25-28, 15-30-32, 15-34, 15-35, 15-
44, 1549, 15-52, 15-54-56, 15-59, 15-60, 15-67, 15-
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83, 161, 16-5, 16-6, 16-8-10, 16-12, 16-16-i8
Load combinatios 1-100
Load coatrol 15-35, 15-82, 15-83
Load factor 20, 1-91, 15-54

Loading 9, 20, 27, 28, 1-28, 1-71, 174, 1-90-94, 1.97, 1-98,
24, 26, 2-23, 2-54, 268, 5-1, 7-10, 7-13, 11-24, 13-
28, 13-53, 13-56, 13-59, 1367, 13-84, 1338, 13-116,
15-9, 15-13, 15-22, 15-33, 15-39, 1546, 1547, 15-50,
15-55, 1566, 16-12

Location 14, 15, 19, 20, 22, 24, 29, 1.6, 1-51, 1-58, 1-61, 1-
71-14, 1-76, 1-77, 1-79, 1-90, 1-98, 1-104, 1-108, 2-2,
24, 2-5, 2.9, 2:10, 2-12, 2-14-17, 2-24, 2-26, 2-27, 2-
29, 2-31, 2-33, 2-39, 2-40, 2-42, 2-43, 245, 2-54, 2- 55,
257, 2-59, 2-61, 2-64, 2-67-69, 712 11-1, 11-2, 114,
11-5, 13-8, 13-12, 13-17, 13-23.25, 13-28.31, 13-33, 13-
39, 13-41.43, 1345, 13-48-50, 13-53, 13-36, 13-59, 13-
63, 13-64, 13-69, 13- 78, 13-79, 13-88, 13-89, 13.95,

13-101, 13-118, 13-123, 13-124, 14-3, 154, 15-8, 15-10,

15-11, 15-13-15, 15-17, 15-19, 15-22, 15-26-28, 15-33,
15-35, 15-37, 15-39, 15-41, 15-42, 15-4S, 15-51, 15-52,

15- 58, 15-77, 16-2, 16-3, 16-6, 16-10, 16-12, 16-15, 16-

20-24, 16-27

Locker 10-3
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Loss limitation 1-74, 1-75, 13-53, 13.59

Lowver 1-23, 148, 10-1

Low-level liquid 13-100, 13-101, 13103, 13-104

Low-Level Waste (LLW) S, 20, 13-14, 13-108, 13-110, 13-111
Lubricant 6, 1-82, 1-106, 2-31, 1564

Magazine 20, 26, 9-2, 1367, 13-68, 15-13, 16-21

Magazise separation 20, 13-67

Maintainability 1-35, 13-6, 13-35, 1342

Maintenance 6, 17, 18, 24, 27, 29, 1-2, 1-39, 1-55, 1-57, 1-58, 1.
62, 165, 1-72-75, 1-81, 1-82, 1-84-86, 1-102, 1-109, 2-3,
2.5, 2.7, 28, 2-17, 2-24, 2-28, 2-34, 2-33, 2-37, 2-42, 2-44,
2.55, 2-56, 2-60, 2-62, 2-65-70, 3-5, 7-10, 7-13, 8-3, 9-5,
11-2, 11-3, 13-6, 13-7, 13-9, 13-11, 13-13, 13-34, 13.3§,
13-37, 13-39, 1340, 13-42, 13-45, 13-47, 13-52, 1353, 13-
$8, 13-62, 13-70, 13-72, 13- 74, 13-85, 13-88, 13-101, 13-
110, 13-113, 13-114, 13-117, 13-123, 154, 15-17, 15-19,
15-21, 15-25, 15-33, 15-35, 15-37, 1540, 15-44-49, 1555,
13-59, 15-61, 15-62, 15-64, 15-69, 16-1, 16-6, 16-7, 16-9

Makeup air 15-28, 15-30, 15-50, 15-53

Makewp water 13-82, 15-24, 15-59, 15-61

Mashole 212, 2-15, 2-17, 1561, 16-7, 16-24

Manppower 1-29, 2-47

Map 1-84, 1-1072, 2-10, 2-13

Masoary §, 29, 1-15, 1-22, 1-24, 1-37, 1-38, 182, 1-95, 4-1, 4-2,
7-1, 7-2, 74, 7-5, 7-7, 9-3, 9-7, 16-2

Mass concrete 20, 1-15, 3-2, 3-§
Mast 1-86, 5-2, 16-27
Master safeguards S, 1-11
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Material access area (MAA) §, 20, 23, 1-68-70, 13-18, 13-20,
13-22, 13-23, 13-27-30, 13-33, 13-46

Material balance area (MBA) §, 21, 13-28-32

Material control and accountability (MC&A) §, 13-16, 13-17,
13-26, 13-27, 13-54
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Material safeguard 13-9, 13-16, 13-21, 13469, 13-121, 13-127

Maximal effective pressure 21. 22, 1367, Maximum possible
fire loss 1-75

Maximum possible fire Joss 13.53, 13.59 15.2, 15.3
Maximum probable flood 2]

Mechapical 2, 12, 13, 14, 15, 13, 14, 1-19. 1.21, 1-22, 1. 24,
1-33, 1-53, 160, 1-64, 166, 169. 1-70, 1-96, 2 8, 7-6,
7-7, 7-9, 86, 10-1, 12-1, 13-1, 136, 13-30, 1340, 13-
52, 13-57, 13-82, 1387, 15-1, 15-11, 15-16, 15-19, 15-
22, 15-28, 15-30, 1542, 15-51, 15-58, 1562, 15-73, i5-

79, 16-3, 16-9, 16-10
Mechanical insulatiop 15-1 1519

Medical 1-10, 1.77,9-2, 9.3

Membrane 10, 28, 1-20, 1.75, 7-3.5. 7.9, 7.11
Membrane roofing 7-9, 7-11

Metal 2. 4, 5, 7,10, 11, 16, 1-23, 1-33, 1-36, 146, 1-59, 1
61,187, 21315, 2.32, 248 4.2, 51 5.3, 7.7, 711, 7-
12‘8" 847 93 95 9-7, 132?.13-27 13-33, 13-48,
13-49, 13-53, 13-59, 13-72, 13-73, 13-76, 13-78-80, 13-
92, 13-93, 13-118, 13-121, 13-126, 15-2, 15-6, 15-13,
15-15, 15- 15 23, 15-33, 15-40 15-51, 15-53, 15-61,

i5 3, 16-15, 16-25
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1569, 1
Metal suppont 9-3

Metallic tubing 3, 16-2
Meteorological 20, 21, 2-3, 26, 1311
Meteorology 2-6, 15-73

Meier 1-82, 1340, 16-12 16-22

Metening 1-67, 168, 15-83, 16-8, 16-12

Miles, 1otal level route (MI) 1-15. S

Milli roentgen equivalent mas (mrem) 5, 13-105

Milli roentgenbour (mrh) S, 13.73

Mine 24

Misimum fragment distance 13-64

Minpimum reinforcing ratio (p) 6. 7, 1-15, 1-23, 1-25-29, 1-

32 1-33, 1-35-37, 1-45, 146, 2-20, 2-38, 8-7, 15-16,
1549

Missile 1-92, 1-97, 1-98, 1 100, 13-55, 13-61, 13-65-68, 13-
8S, 13-115, 13-119
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Mized waste 1-11, 1-71, 13-14, 13-16, 13-105

Minng 1-15, 2-50, 3-2, 3-3, 3.5, 4.2, 13-14, 13-30, 1350, 13-56,
13.71, 13-72, 1537, 15-38, 15-51, 15-58, 1559, 15-72

-33.13-34, 13.52 13-

w

Modular 10, 1-1. 161, 244, 11-3, 12:3, 1
58. 1387, 15-54

Mcdular buildiag 1-1, 161

Maodular construction 11.3, 13-52, 13-58

Moisture 10, 1-96, 2-22, 241, 4-1, 71, 7-7, 84, 9-5, 10-1. 10-3,
10-4, 114, 13-11, 13-78, 15-14, 15-15, 15-38, 1540, 1548,
15-69, 16-10
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170, LR35, £87, 4OV, 00, & 13-7-44, 13-33,
13-15, 13-16, 13-18, 13-25-28, 13-32, 1345, 13-48-50, 13-
$6, 13-57. 13-61, 13-62, 1369, 1372, 13- 75, 13.80, 13-
81, 13-85, 13-91, 13-96, 13-97, 13-99, 13-100, 13-102-104.
13-107, 13-111, 13-114-117, 13-120, 13121, 13- 123, 13

126, 15-22. 1542, 1546, 15-52, 1560, 15-74-77, 16-19

“osument 1, 2-12 15
vosumentatios 21, 2-12
Morar 22, 115, 1.22, 34, 41 4.2, 7.2

Motor 1-38, 1-49, 2-58, 13-7, 13-71, 13.73, 1532, 15-36-38, 15-
$2.15-59, 16-9, 16-11-13

Motor control 16 12, 16-13
Mouptainous regon 241

mradh §

Multistage compressor 15-64

Naming DOE buildiags, 10-2
Natosa) lnstitwte of Standards and Techaology, See NBS

National Pollutast Discharge Flimination System (NPDES) §,
1-8, 1-41, 2-39, 244, 2-45

Natonal Primary Drinking Water Standards (NPDWS) §

National Secunty Agency (NSA) 6, 143, 1-79, 1.80, 1-83, 1.84,
16-2, 16-26
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Natioaally recognized testing laboratory (NRTL) 6, 21
Natural gas 1-40, 1-67, 218, 1345, 13-52, 13-58, 15-53, 18-
58

Natunal phenomens 11, 1-35, 1-36, 1-97, 198, 2-2, 11-2, 13-
3, 13-12, 13-68, 13-69, 13-90, 13-102, 13-110, 13-115,
13-120, 13-125, 15-20, 1545

Near-real-time accouatancy (NRTA) 6, 13-32
Nearby explosioa 1-100

Net positive suction bead (NPSH) §

New Source Performance Standards (NSPS) 6, 15-73

Woa: oo £.20c. A 42 £2 24 20
NEW Si0Tage wacuily £1, 15233, 13-y

Night vision device 263

Nitroges (N)) §, 1-18, 1-27, 13-11, 13-31, 13-72, 13-118, 15-
14, 15-15, 15-58, 15-69, 15-70, 15-72, 15.75

Noise 5, 30, 1-30, 1-77, 1-78, 1-106, 2-7, 2-8, 2-29, 2-56, 2-
65, 2-69, 9-§, 13-34, 13-38, 1342, 15-33, 15-37, 1540,
15-41, 15-55, 1569, 16-27

Noise criteria (NC) 5, 15-37, 1541
Nonaqucous 15-12

Noacombustible 9, 1.79, 182, 9-3, 11-2, 11-3, 13-53, 13-59,
15-11, 15-39, 15-52, 1569, 16-2, 16-15

Noa-destructive assay (NDA) $, 13-28-33, 1345
Nonresidential 1-31
North American Datum (NAD) §, 2-14

Nuclear 1, 6, 7, 10, 12, 16, 17, 20, 21, 22, 23, 24, 25, 26, 27,
28,14, 18, 1-11, 112, 1-15-18, 1-22, 1-23, 1-26-29, 1-
34, 1-35, 141, 1-42, 1-54, 1-58, 169, 1.7, 1-73, 1.74,
1- 76, 1-78, 1.92, 1.93, 1-97, 1.98, 23, 2-5, 248, 2-50,
2-51, 2.57, 261, 268, 3-2, 9-2, 13-1-3, 13-59, 13-
11-13, 13-16, 13-18, 13-19, 13-21, 13-23, 13.25-32, 13-
34, 1344, 1346, 1348, 13-50-53, 13-56, 13-57, 13- 59,
13-61-63, 13-65, 13-66, 13-69, 13-70, 13-72, 13-73, 13-
75-77, 13-80-82, 13-85, 13-86, 13-91-99, 13-104-107,
13- 111, 13-112, 13-116, 13-117, 13-121-123, 13-126,
13-127, 15-11, 15-12, 15-20, 15-21, 15-39, 15-42, 15-50,
15-76, 16-17

Nuclear accidest dosimetry 13-11, 13-117, 13-123

Nuclear criticality safety 1-17, 1-18, 1-97, 2-51, 2-68, 13-5,
13-7, 138, 1344, 13-50, 13-52, 13-56, 13-57, 13-59,
13-61-63, 13-70-72, 13-24, 13-75, 13-77, 13- 80-82, 13-
85, 13-86, 13-91-99, 13-104, 13-106, 13-107, 13-111,
13-112 13-117, 13-122, 15-21, 15-50, 15-7%6

Nuclear facility 12, 16, 21, 22, 14, 1-11, 116, 1-18, 1-22, 1-
28, 1-35, 1.71, 1.73, 1-76, 1-93, 1.97, 2.3, 2.5, 245, 2-
50, 2-68, 3-2, 9-2, 13-1.3, 136, 13-12, 1313, 13-18,
13-19, 13-23, 13-25, 13-34, 1344, 1348, 13-51, 13-57,
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13-62, 13-69, 13-76, 1381, 13- 86, 13-92, 1397, 13-105,
13112, 13-116, 13-121, 15-11, 15-20, 1542, 15-76, 16-17

Nuclear material 7, 10, 12, 17, 20, 22, 23, 24, 25, 26, 27, 1-11,
1-12, 169, 1-4, 2-57, 9-2, 13-3, 13-8, 139, 13-16, 13-21,
13-26-30, 13-32, 13-46, 13-66, 13-117, 13-121, 13-122, 13-
126, 13127

Nuisance 2-54, 2-55, 2-57, 265, 2-67, 1342

Occupancy hazard clasification 15-S
Occupational bealth faciliyy 1-5, 1-77, 9-2, 13-2, 1614
Occupisble 21, 1-59, 94, 10-2

Occupied area 21, 28, 2-50, 11-5, 13-9, 13-12, 13-68, 13.67, 15-
19, 1547, 1569, 16-16

Off-gas 142, 2-1, 24, 13-13, 13-46, 1348, 13-50, 13-74, 13-79,
13-80, 13-87, 13-89, 13-91, 13-95, 13-102, 13-107, 13-109,
13-112, 13-113, 13-119, 15-14, 15-15, 15-42, 15-44, 15-
48-50

Office, see Secure Office

Office of Computer Services (OCS) 6, 1-81, 1-84, 29, 16-13,
1627

Qil 6, 18, 1-19, 1-39, 140, 1-55, 2-31, 13-50, 13-81, 13-96, 13-
1185, 13-120, 13-126, 15-32, 15-35, 15-87, 15-64, 15-72, 1S-
73, 15-77, 168, 16-23

Qil-filled equipment 1-55, 16-8

Opacity 15-73

Open chansel 14, 28, 2-42

Opeaisg 27, 29, 1-70, 1-74, 1-80, 1-85-87, 2-17, 2-31, 2-38, 2-

40, 2-59, 260, 7-$, 8-2, 8-3, 11-1, 15-30, 15-37, 15-67, 15-
4, 16-3

Operable partition 10-4

Openating area compartment 11, 21, 13-13, 13-80, 13-96
Operatiag busis sccideat (OBA) 6, 21, 25

Openatiag basis earthquake (OBE) 6

Operatiag basis accideat (OBA) 1-54

Operating cost 1-62, 15-25, 1540

Openting efficiency 1-53, 1-14, 2.1, 2-30, 15.28
Operational compatibility 11-5

Opentional phase 13-3

Openational Safety Requiremeat (OSR) 6, 22, 13-5, 13-114
Openatioas and maintenance (O&M) 6, 2-8, 11-3, 15-45, 1562
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Opentor 9, 21, 22, 25, 26, 19, 148, 1-54, 1-64, 1-84, 1.93,
243, 244, 2-58, 8-7, 11-1, 11.3, 138, 13-14, 13-35.42,
13-48, 1349, 13-58, 1383, 13-97, 13-112, 15-13, 15-52,
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General Design Criteria (GDC) Iimprovement Proposal
U.S. DEPARTMENT OF ENERGY

Instructions; In a continuing effort to maintain the GDC as up-to-date as possible, DOE pro-
vides this form for use in submiiting comments and suggestions for improvements. 4/i GDC
users, including DOE personnel, operating contractors, and private architects engineers are
invited to provide suggestions. Be as specific as possible about perc+».ed problem areas —
wording that requires interpretation, is too restrictive, too loose. or ambiguous or sriteria that
warrant technical improvement ~ and give proposed wording changes that would alleviaie the
problem. Use a separate form ‘or each recommended change and submit to your loca! GDC
Planning Board representative. Where appropriate, attach marked-up copies of GDC pages
Recommended changes not f.'- wing these guidelines cannot be acknowledged.

Note: This form cannot be used to request copies of the GDC or to request waivers, deviations.
or clarification of specific requirements on current contracts. Comments submitted on this fzrm
do not constitute or imply authorization 1o waive any portion of the GDC or to amend

contractual requirements.

Name' Delanc Surdatl Mailing Address: _U._S. Department of Energy —_
Neaanismtinn TPV 0n B®aw 320

Organization: _FP2D . 0. Sox 3230

FTSe: _R44-2070 Albucuerg. _XM 871135

Commercial Work Phone #: 505} 335-237

GDC Division »: _] Section »: 0}111-2.5.2 Title: Building- and Other Structures
Type of Chasge — Circle Ose

G ..] }l. B""‘ nl' I I i

‘These changes require an expanded discussion. A**
Present Wording: ‘one BN

Suggested Rewording: Add the following to the end of the naragrach “The procedures
of T 5-809-10 for the application of lateral seismic loacings to buildings

Addition ior Reworg:s

Basis for Recommended Change: The lateral forces due to wind are similar to the

lateral forces of seismic. There is no current guidance in how the wind forces
are to be analvzed in the GDCM. The T 5-809-19 has been used successfullv by

AL for several vears as the basic guidance.

yd 7 »
(e ——
P (Signaterey
/GDC Planning Board Representative
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ERRATASHEET

DOE 6430.1A, GENERAL DESIGN CRITERIA, of 4-6-89, was published with an
incorrect reference on page 13-5. Please replace pages. 13-5 and 13-6

with the attached pages.



‘The Gesign shall easure that 8 slagle Alure (o Glossary) does 80 resalt ia the foss of
eapadility of o safery class sysiem 10 ScoOmplish {15 required safety fasctioms. To

against single fallures, the Gesipn shall fnclude appropriste redusdascy sad shall coasider
@ivenity to minimize the possidility of concurrent common-mode falleres of redundant hems.

1300-34 Escisment nvironment Considerations
1300-34.1 Geseral

Safety class fiems shall be dasigned 10 withstand the efects of, a8 be compatidie with, the
esvironmeatal copditions associated with operstion, maintenance, shuidown, tasting, and
accidents. The esvironmental capabdllity of equipment shall be demonstratad by appropriste
sesting, asalysis, and opersting expericace, or otber metdods that cas be swpporied by

suditable documentation, or s enmbination of these
1300-3.42 Envircamental Qualification of Equipment

Equipment qualification shall provide assurance that safety class fusms will b¢ eapable of
performing required safety functions under DBA conditons. The qualificatios shall
éemonstrate that the equipment can at least perform for the period of time that i3 safety
fancuons are required Subsequent equipment fallure, after jis safery faaction & 80
required, may be allowable.

Tempersture, pressure, and bumidity saviroamesnts shall be based 08 the BOst sovere
postuliied accideni afeciing ihe particular jism The posiulried saviroament iball refect an
eaviroament that considers both radiological eompositon (e.g., sletneats, Sotopics, total
adicactivity) and chemical composition (.8, sdrasives, acids, smoke, amustic vapors) of all
Saterial physical forms lkely 10 affect the equipment.

1300-343  Beuipmest Opersbility QualiSication

Testing or 8 combiastion of sesting 808 analsis shall be the preferred method of
desmonstrating the bquﬂmmupmu.mmag
fastrumentation, asd electsical equipment that are required 10 operste sad foliowing &
DBE Seismic axpericace dsta may be wsed as a3 alteruative 10 tasting or @ysamic analysis
Where such dsls Mave Deez Gocumentad and validated See Section 0111-99.0, Noarssctor
Nuclear Focllies-Ocaenal

1300-3.5 Maintenance

The dasign shall consider the malntainabllity Sctors peculiar 10 She specific equipment 10 be
wumwmrwuuxpmng&anmmmmm.u
seplacement of equipment sabject 10 Allure.

Safety class fems shall be designed 10 sllow faspectio ieaance, snd testiag 10 emsure
mnqmunma functionine mdln:hf ....;-..'.:.. ..:dﬂm Asefliary .n%nmem goch
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