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ABSTRACT

"The Architectural Approach to Radiochemical

Laboratory Design"

The subject is introduced, by showing how a newly specialized field of

Architecture has opened which must be approached with revised concepts.

General planning and layout is discussed, with thought given to various levels

of radioactivity* It is pointed out that a modular system must be adhered to, in

order to effect flexibility. Means to implement modular flexibility are described,

as well as surface treatment, and decontaminability.

Service supply, including heating and ventilating, is discussed in modular

terms, as well as equipment of a permanent and semi-permanent nature. Waste

disposal facilities are then touohed upon: gaseous, liquid, and solid.

The conclusion reached is that flexible space of a "universal" nature must

be provided, as well as a standardized design for equipment to be used therein.

A. D. Mackintosh, A.I.A.

"This document was prepared under the auspices of the Atomic Energy

Project at the Oak Ridge National Laboratory."
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"THE ARCHITECTURAL APPHDACH TO

RADIOCHEMICAL LABORATOHf DESIGN*

Introduction

The current decade is embracing the most active growth of a reoently born

specialized field of architecture which now appears to be reaching adolesence

(l). This field has been fostered by scientists and engineers working with the

Manhattan District and A, E, C. Projects; it now looks toward a matured development

with the further assistance of architects who are gaining needed background in

Nucleonics, The goal to be effected ist The most desirable combination of elements

whioh will provide housing for radioaotive facilities needed for researoh, develop

ment and production in the various fields of Nucleonics,

Many new concepts must be formulated, and become assimilated, by those who

plan to specialize in this work, For example, not only must materials used in

design resist such forces as may be brought to bear upon them, withstand climatic

attack, be readily fabricated, and where necessary, appear pleasing to the eye, but

in addition the following factors also governs resistance to severe chemical attack,

shielding properties for protection from radioactivity, and above all, ability to be

decontaminated, and/or replaced, with facility. Four factors have grown to seven,

and we have gone no further than to consider properties of materials in general.

One can see quite readily how complicated various aspects of such design have

become. We shall now examine in more detail considerations which currently affect

the Design of Radiochemical Facilities,
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General Planning

Initial contact with a problem will require one to determine what elements

must be incorporated into the final plan and layout. The architect specializing

in this field realizes that his first thoughts must be directed toward the grouping

of the elements with respect to the level of radioactivity which will be associated

therein. There are three main factors whioh guide one in determining the per-

missable levels in a given areai effects on radiation backgrounds in juxtaposed

areas, health hazards, and extent to whioh safeguards must be provided in order to

control the two foregoing. Levels of activity, and the types of function included

in each, can be summarized as follows (2) £3)1

1, Sub-normalt Precision work of special types, and counting room**

2, "Cold", or normal*, aotivityi Offices, libraries, conference

rooms, eating facilities, "regular" shops, storerooms, etc,

3, "Low Level"t "Warm" shops and storerooms, laboratories for/3

and "Y*-> IO rr\ C>^o<^ ^yU C.

4, Alpha: Well ventilated laboratories foroC. ^ </4 C •

5, "Semi-Hot"; Well shielded laboratories for /$ and f ^)OmC >

but < 1C ,

6, "Hot"; Areas housing cell blocks and oaves, for iO and r^ \ 0,

Some special operations of the highest radioactive levels, must be placed well

to leeward, and be separated by a low ridge, but this will not affect most sites,

where level five will be the most active, if not level three.

Sub-normal level work must likewise be removed, but in the opposite direction,

preferably to windward of "hot" work. Provision must be made to prevent any con

tamination of, or radiation being introduced into, such areas. Normally nj 2 ft,

♦No greater than background due to natural radioactivity.
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concrebe vri.ll be needed to shield such spaces, with access gained through a

labarynth in order to keep out all extraneous radiation which might raise the

background above the tolerance for instruments within. An attempt is made to keep

areas as near zero activity as possible.

The level of cold, or normal, activity is where most of the administrative

and service elements will be situated. Activity may here be slightly above

normal background, but eating facilities must be kept scrupulously clean, especially

with regard to c<_ material; c<_ radiation is not very penetrative and is, therefore,

more difficult to detect than/^or f radiation. It is through the cold area that

all access must be controlled to other levels (4). Frisking devices are here

installed to detect any radioactive contamination on persons coming from areas

of higher activity. The ideal juxtaposing of elements would be much as indicated

in Figure 1,

In the low level area, will be located the bulk of the tracer work. Background

i. i this section should be kept below 0,1 of tolerance ('^1.25 mr/hr), as many

delicate counting devices will be used in rooms adjacent to the labs. Juxtaposition

of semi-hot labs with low level work may be necessary; in such a case the problem

of preventing the introduction of activity is magnified. Doorway deteotors and probes

may be necessary to prevent spread of contamination from the semi-hot lab in this

area to adjacent quarters. Only the cooperation of personnel can effect contamination

control; facilities must make good procedure easy, and faulty ones difficult.

The Alpha area requires air locks to eliminate possible spread of o^_contamination

to adjacent areas. No shielding problem is presented, however, due to the short

range of e<_Particles. Great care must be taken to keep all office space in this

section free from contamination.

The semi-hot facilities will all need ^-> 2 ft. concrete around labs and
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decontamination rooms, in addition to the local shielding which will be provided

in the form of lead bricks to protect operators. Here, again, there will be

offices and small counting facilities adjaoent to semi-hot rooms; care must be

taken that contamination does not raise the background level of these quarters*

Hot facilities will be entirely enclosed within some 3 ft, of concrete, in

cells or caves (5), All operation will be by remote control, and carefully de

signed vents and drains will keep contamination from e so aping the blocks and entering

the work areas surrounding. This section will be as far removed as feasible from

the sub-normal area.

It will be seen by referring to Figure 1, that one should go from one level

of radioactivity to another in progressive, (or regressive), increments. Centrally

located, would be a Health Physics checking station whioh would oontrol all ingress

and egress. Portable, personal meters would be picked up here for required use in

the more active areas0 Permanent frisking devices would check personnel in such

manner as would be felt advisable} adjacent, would be wash rooms and clothing change

facilities for personnel decontamination. Naturally, one cannot hope to adhere

strictly to this layout of activity levels; it is quite schematic. For example,

in the hot area, there will be needed some offices and reoord rooms. Likewise therein,

may be required some semi-hot labs directly adjaoent to various hot labs. It is up

to the Architeot to satisfy the needs of the function to be housed, the Health Physics

demands, and the requirements of over-all design*

Opinion is at present divided as to whether all levele of activity should be

incorporated into the same building, or should eaoh type of activity be located in

separate buildings conneoted with a oovered passage. Both views have points in their

favor. All in one building would reduce the cost of construction, minimize travel

distances, and permit more flexibility of spaoe use. However, in case of an accident

or explosion in a hot lab, it is possible that muoh of the building might beoome
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contaminated before emergency doors and other safety features could funotion.

Perhaps a great part of the structure would become contaminated (usually by foot

traffic) beyond hope of satisfactory decontamination operations. Much time would

be lost in demolishing and rebuilding, as the adjacent facilities would all be

directly affected. In separate buildings, the initial cost would be higher, but

in case of explosion or a long term gradual building up of background, when a

structure would become too hot for safe oeoupancy, it could be oleaned, or abandoned,

without affecting adjacent areas in an undue manner. In our present thoughts, how

ever, let us hold to the premise that all may be placed in a single structure, if so

desired.

The areas indicated on Figure 1 may refer to grouping'of separate buildings as

well as a single building, but the general inter-relationship of facilities,and

direction of prevailing wind and hot waste disposal, should be maintained as in

dicated, insofar as possible. The wind will then carry any escaping vapors away

from cooler areas toward warmer ones. Stack gases from the hot areas will continue

to dissipate in this direction; current developments should assist in future

elimination of practically all activity from these stack gases. Liquid wastes,

where a hot drain system is provided, will likewise follow this line so that vapors

from evaporators and settling ponds will not tend to drift back toward the operation

and administration areas, (19)

Let us now consider the vertical aspects of design, in generals

Sub-normal level: Tm foot thick concrete walls and roof slab will be needed to

protect delicate recording devices and instruments, as well as counting equipment,

from radiations which would tend to raise the background level in this area* All

such effects may be housed in a single structure, placed below the ground; it could

then serve as a foundation for office space above, or labs dealing with low activities

In any event, the sub-normal area must be well air conditioned; temperature and
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humidity may need to be controlled with utmost prevision (*>-> X 5°F and Z. 1%)»

All incoming air should be filtered with efficient filters in order to remove the

major portion of dust particles, with or without activity. Should the basement idea

be adopted, the earth will shield bottom and sides, but a 2 ft, slab would need be

plaoed between it and any superstructure*

Normal level i Little deviation from standard oonstmotion praotices need be

observed. True, prevailing wind and drain direotions must be kept in mind, as shown

on Figure 1, but any number of stories and vertioal plaoement of facilities may be

adopted in this area.

Low level and Alpha aotivityt The facilities in these areas may be placed on

several floor levels, if neoessary. The ohief problems to provide for are proper

shielding of hot drains and exhaust duct from/^ and (f sources in area 3, especially

when originating above the ground floor, and careful evaouation of ^.contaminated

vapors from aree 4 labso Counting rooms can, for convenience be located in these

areas, but may need 2 ft, concrete walls and ceiling (also, floor, if there be

activity below). In general, it is desirable to strive for the location of area

3 facilities, and counting rooms, at grade level; there will be motorized dollies

with heavy lead shielding rJ 3 T, and much local shielding employing lead bricks;

counting rooms would need a 2 ft. floor slab, if placed over these labs. Shielding

of hot drain vertical runs is much simplified when their point of origin is not

above grade; likewise, exhaust from hoods, if led downward, need then have less

protection. The tendency now seems to lean toward overhead service and air supply,

with downward exhaust of contaminated air as well as hot drains. The oC labs may be

located upstairs with less trouble, especially when using dry boxes for this work,

rabher than hoods. The dry box requires less air for ventilation than the hood by

a factor of ^-> 100, No shielding is needed for ©C. drains and air exhaust; the chief

problem is to insure against leaks of either liquid or vapor0

♦See Notes Page 26
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Semi-hot level: Here one must shield all labs with 2 ft, thick concrete walls,

the entrances through which may be a labarinthed passage. If poured concrete is

used, a multi-story structure may be developed, with little difficulty; there would,

however, be no flexibility! More desirable, is to use but a ground floor and be

able to form the 2 ft. interior walls of solid concrete block (some sites are

considering aluminum block), which may be moved, when variation in layout is de

sired, without undue cost. This flexibility is most desirable. It does not,

however, lend toward use of multi-story ideas, as the entire floor area would have

to be designed to take heavy equipment, or thick walls, at any point throughout. To

gain facile evacuation of waste liquid and vapors, again would induce one to make

use of a single story structure even more than in area 3*

Hot level: Where one locates cell blocks and caves with<^»>3 ft. concrete walls;

this would naturally be in separate buildings of one story each. Certain service

functions, clothing change, equipment decontamination, offices, and attendant labs

could be grouped about the main work area in one or more stories, depending on the

function and its use.

Flexibility and Module

The factor of flexibility has been mentioned as most desirable. This can be

attained better by adhering closely to a desirable modular system of planning. In

order to expedite consideration of modules let us accept the premise of a 12/3 factor

(see Figure 2 on following page). The structural system will be set up on 12 ft,

(or 24 ft.) column centers, along the length of the building, with windows likewise

located on 12 ft. centers; vertical service risers too, would be spaced on this 12 ft.

module. The subdivision of 3 ft. would place lighting fixtures accordingly, and the

windows on 12 ft. centers would be 5'-6" wide with a 3" mullion in the center.

Interior partitions could then be 3" thick, movable, steel panels which could be
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located anywhere along the length of the building on 3 ft. centers. Whether we

decide on a 12/3 module, or one of 12/4, 15/3, or 15/5 proportions, is of little

interest here. We shall deal further with this when considering lab equipment.

The important thing to remember is that uniformly located service risers, and

positions for location of movable interoffioe and interlab, partitions is most

necessary in order to achieve flexibility.

In such a new field as radioactive ohemistry, it is even harder to foresee

than in normal activities, precisely what calls the future will make on equipment,

and the layout thereof* Requirements will always be changing; in such a new field of

science, one must be ever ready to alter sizes, shapes and positions of various

functions in order to handle new problems with utmost facility. Again, when con

sidering materials, we shall see further need for movable partitions in radio

chemical laboratories*

The width which one should make the structures will vary. However, again the

interior module of 3 ft. should aid in determining the preoise figure at which one

arrives. Should we use panels of 3 ft, (4 ft. or 5 ft.) width, the final clear

dimension between hallway (or servioe riser) and exterior walls should be in

multiples of this figure. So long as we maintain this factor, widths are of little

matter (except structurally) and all movable partitions will fit neatly into any

building or wing thereof; providedj we use a standard clear ceiling height (of, say

10 ft,) as a premise. There will naturally be exceptional cases where special treat

ment will be demanded. See Figure 3 (page 13) for typical lab and office layouts.

In the case of semi-hot labs which call for shield-partitions of 2 ft. concrete

thickness, the solid block, 8" x 8" x 12", can be used with litble or no morter, as

a movable partition. Arguement will take place in favor of blocks having ridges

interlocking with grooves in order to cut down on any collimated radiation which

might come through the horizontal joints (vertical joints will be staggered).
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It has been found at 0oRoNoLo that such an occurance is extremely improbable. In

general, with a source directly in line with the cracky the "beam" was so scattered

by the time it came through the 2 ft0 thickness, that no dangerous level of radiation

was present. When one considers the usual mobility of personnel, no one would stay

in position long enough to register excessive exposure on a personal meter, even

were the activity **^ 12-l/2 mr/hr; in moving about, they would still register^

0.1 R/biem, which is the accepted safe tolerance for persons0 The solid concrete

block, however, must be of uniform dimension and have a precisely smooth surface,

being at the same time accurately square; this will further reduce possibilities of

penetration. Services in these hot areas would be located on a modular basis, as

would lighting, thus permitting the same flexibility as in the semi-hot, alpha, and

normal level areas<>

Shielding and Finishes

General shielding of area 5 is covered by the foregoing* but special shielding

within hoods in areas 3 and 5, will be built up of lead bricks which frequently weigh

fsj 3 T for the shield in a single hood0 Usually, four hoods will be in a single

lab, so roughly 10-12 T of lead brick in usea and/or storage, must be kept in mind

for floor loads in these areas0 In area 4, the problem is of another natures ©^

contamination9 rather than q radiation is the problem, so mass is not the factor;

here we need efficient removal of contaminated vapors0 Thin, tight shielding need

thus be provided there in order to control active exhaust gases until they are

cleaned and exhausted0

In areas 5 and 6, or for other special needs, unique shielding methods may be

called for0 Charts are available that indicate "what" thickness of "which" material

will be needed for "how" active a source of various radiations in order to reduce the

activity to a specified level for personnel or instruments (6) (7)e The Health-Physics
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Division of the A.E.C. can provide this data.

No further shielding is needed for area 1 activities beyond the encompassing

2 ft. of concrete, except for such protection as may be incorporated into regular

design of instruments and containers used in this area.

Considering further this matter of materials for construction, let us look more

carefully at the subject of partitions. It has been pointed out that solid conorete

block are more desirable than poured walls for reasons of flexibility. Let us think

now of decontamination in a hot lab. Whether one uses block or poured concrete, there

must be a finish of some kind, painted or sprayed on the surface of the walls. One of

the best thoughts in this direction, aired at a recent meeting (8_), seems to indicate

^ 2 coats of regular Prufcoat, or equal, followed by a special coating of stripper

base. Then, a strippable surface may be painted or sprayed on this for the finish.

This seems the logical approach; when such a surfaoe becomes contaminated, the

strippable coat may be peeled off; should activity have gone through this, the base

may be removed with a dilute alkali which would not disturb the underlying Prufcoat.

Even this latter may be removed, if necessary, by softening with a solvent prior to

scraping off. Finally, where surfaoes have been damaged prior to a major spill or

explosion, and activity is permitted to contaminate the ooncrete itself, it can be

seen that replacement of blocks will be muoh more facile than ohipping or breaking

out a poured wall.

Likewise with regard to movable metal partitions for areas 3 and 4, it is quite

evident that decontaminability is far superior to that of a "permanent" wall of any

sort. In cleaning, or moving a tile or plaster wall, much dust is generated which

is not desirable at any time, especially near radiochemical work. Metal partitions

may be sealed at the joints with narrow strips of polyethylene and covered with the

peelable paint combination mentioned above for concrete; usually, just the first two

layers of Prufcoat will suffice, omitting use of the stripper.
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The peelable surfaces should only be needed where there is possibility of

contamination from spill, spray or explosion. Elsewhere, regular Prufcoat has been

found quite satisfactory for decontaminability, when less severely exposed to

possible hot "baths"; the exterior surfaces of cell blocks, caves and walls in

such rooms where high activity is closely confined, and well controlled, would

be suitable for treating in this manner0 Aotually, it was found recently, that

although representatives from most laboratories favored the use of peelable surfaces,

few had then employed such finishes, and none had at that time exercised the peeling

properties, as no serious spills had occurred on these surfaces, after application.

However, all agreed that theoretically this was the most promising of possible

surface treatments for walls, and further application of this treatment has since

been found satisfactory at 0oRoN<,Lo

For floor covering in areas 3 and 4 asphalt tile has an advantage over most

other coverings (9), '^hen laid on felt, or some more impervious material, with a

aastic binder, there is little danger of contaminating the concrete floor. The tiles

must be firm enough not to compress excessively under dolly weight, yet not so hard

they will not tend to "flow" when in use, and help seal cracks between tile0 After

a serious spill, some contamination will probably get to the undermat. By removing

sufficient tile and replacing part of the undermat by cutting out the contaminated

section^ and overlapping a clean piece, fresh tile may then be laid neatly into

place. Linoleum presents an uncracked surface initially, but is more difficult to

matoh neatly after cutting out a contaminated section. Most other floor coverings

tried to date have been found too porous and difficult to decontaminate, and/or

replace; or the cost is too highs N. B. Stainless Steel 347 and 309*

In areas 5 and 6, there is usually such hejtvy equipment to be moved about that

the most desirable floor finish is bhe concrete slab itselfo A good surface

hardener should be used to avoid porosity as far as possible. Finishing with Prufcoat
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seems the most acceptable method of painting; it stands up well under traffic and

comes in various colors (JLO). Should a spill occur which the usual scrubbing will

not decontaminate sufficiently, the concrete may be broken out 2 and 3 inches deep,

and a new finish poured. One school of thought feels that no attempt should be

made to paint concrete floor surfaces; the heavier the traffic, the more this feeling

seems to prevail,,

The structural system itself, for radiochemical design, offers no unusual

problems, except for the heavy loads for which provision must be made. As has been

suggested, in most cases all heavy elements can be held to the ground floor0 There

will, of courses be no bearing walls except possibly the exterior shell, as all

space inside will be "universal", and broken up for use by adjusting the movable

partitions: metal panels or solid concrete block, as called for.

One point to koep always in mind when designing radiochemical facilities is to

avoid any pockets or ledges where dust may gather0 Such a place might build up in

letivrr.y to the point where readings on instruments would be affected, or even up

;,r;st the human tolerance level. Cracks and crevices are equally as dangerous, and

evon harder to decontaminate without losing much time in the process.

Service Supply

Services coming in to the labs should feed from overhead, as access to bhem '-/ill

then be more desirable for two reasonss l) The space below p;rade will h<3ve hot

drains and ducts; these exhaust ducts and drains will be under corridors and labs

should rest on grade0 2) Above, will be sufficient plenum to introduce air sup-ily

un ' -provide s'l-.nc fee Incomiu" vanor, linuioand nower supply0 Seo Figure 4S

As previously mentioned the service risers will be located on a iro-; til-.• r das!s,

every 12 ftc Referring back to Figure 3, we seo there service riser spaces

5!-6" x T'—O" enclosing the columns; each service space would not „ at p!1 di:;;,o&j
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be in use; valved T's would be provided in the plenum to make connections as they

are called for. Using the movable metal panels (or, solid concrete block with access

doors) to enclose these risers, access may be had from all four sides. This is the

chief advantage to be gained over placing risers on the exterior wall, where usually

but one side is accessible for making connections or repairs. Between each service

riser is a space /-\> 4'-6" wide which will serve either as entrance to office or lab,

or as closet or alcove space for the corridor or the adjacent room. In this manner,

services are readily accessible, no space is wasted, complete flexibility is attained,

and corridor widths may be held to a minimum, as no doors will project when open.

Horizontal service runs, from risers to equipment, should be kept accessible,

yet be covered so as to prevent dust accumulation. The best location is on the
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surface of metal or concrete block partitions, under the counter tops of lab

equipment. Piped services would only be available along interior partitions, or

peninsulas running from them. No piping should be run inside walls or under floors

as access would then involve loss of time and excessive dust. Electric service

outlets may, of course, be placed along the exterior wall, as well as where-

ever else needed. Flush mounted, fluorescent fixtures are the most desirable as a

light source in the ceilingo

Heating and Ventilating

Air for ventilation in labs must have controlled temperature and humidity,

both winter and summer. Demand by each lab for r*t 4000 ft.' per min. will be

caused by an average of four hoods per lab, each calling for r^/ 1000 ft.'/min.

In the winter, air temperatures may be kept down by the use of radiant heating

panels in the floor or ceiling and within exterior walls; this source of warmth is

most desirable. For air inlet, to take care of such great air demand, aspirating

ceiling diffusers are not desirable; perforated sections of the ceiling provide more

satisfactory supply,Solid sections, of equal dimension (say 12" x 12"), may be used

to interchange with the perforated units in order to balance properly the air inlet

from above. Aspirators induce far too drafty a source of air for use in radioactive

labs.

Air used in offices may be recirculated, but that from labs must be cleaned

and disposed of as we shall later describe in further detail. All air should be

"\lt- v-I 'th an efficient filter prior to use in order to remove any active

particles brought in by shifts of the prevailing wind0 Likewise, much time and

material can be saved by elimination of just plain dust and dirt; it wreaks havoc

on many operations, andmuch equipment, in laboratories.

After being conditioned, fans will push the air through ducts to points of use.
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Theoretically, the ideal circulating system would first take the air to offices,

from which it would pass through corridors, on into the labs. It would then

evacuate via the hoods (ll). Such an ideal scheme is indicated roughly in Figure 5,
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It can be seen readily that offices should be operated slightly above static

pressure, corridors at about the same level as outside, and labs should be

slightly below atmospheric pressure. There will be then little tendency for

contaminated vapors to drift back through the rest of the building. When dis

cussing equipment, we shall touch briefly on one new factor that will assist

greatly in maintaining this correct balance of pressure.

Let us now consider for a moment the possibility of radiant heating which

we have but briefly mentioned. In a recent meeting, Mr. P. B. Gordon (12) out

lined thoughts on the subject quite effectively: "Since most of the rooms will

be built on grade with concrete floor slabs, I believe the most likely interior

building surface to be used as the heating radiator would be the floor. As a

rule, the cost of installing floor systems is less than that of installing

ceiling systems, when all the costs are included. The ceilings, particularly

in the main laboratories, might be of the perforated type to provide for the best

method of introducing the supply air to the rooms. The perforated ceilings would

interfere with their being used as heating panels".

He further goes on to says "The usual arguments concerning floor versus ceiling

panels run along these lines. When buildings are heated primarily for human comfort,

such as offices, residences, schools, etc., I believe the ceiling to be the best

location for the heated panel. It permits operating at a higher surface tem

perature than would be permitted for flodr panels, as high as 105°F to 115°F as

compared with a top limit of 85°F for floor panel operation. It provides a panel

location that cannot be obscured. It locates the warmest surface in the room at

the point of highest elevation, thereby effectively reducing to a minimum the per

centage of heat released by conveotion and thus minimizing the temperature gradient

from floor to ceiling. Very often the floor does not provide sufficient panel area

to heat the room as compared with the ceiling because of the lower operating tern-
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perature and the lower resulting heat release rate for the floor. This is usually

apparent when the air ventilation rate is high and panel heating is to be the only

heating source,

"However, this does not mean that floor panels cannot be used as effectively

as ceiling panels. With proper design, satisfactory heating and satisfactory comfort

is obtainable with floor panels. Since these laboratories are to have a separate

air supply system for ventilation with the supply air heated to approximately room

temperature, the remaining heat load to be offset by heat release within the rooms

is proportionately not too great and well within the allowable heat realease rate

permitted from floor panels,*

To summarize: ceiiing panels are the most effective, along with exterior wall

radiant heating panels, as less linear footage of pipe is needed. Imbedded floor

piping is the easiest to install, but the time lag is much greater in controlling

temperature, and more linear footage is needed because of the lower temperature at

which the water must circulate. Individual factors at a specific site will de

termine which type, or combination thereof, to adopt.

Equipment

Equipment of a permanent nature for use in labs is restricted chiefly to cell

blocks and oaves. Poured concrete walls fv3 ft. thick will shield operators from

the activity with which they are working. The exterior should be painted with

Prufcoat to facilitate cleaning; the interior will be surfaced in such manner that

decontamination will be possible. Dependent on the type of operations to be

carried out, is the interior surface; in some cases a completely welded lining of

stainless steel #347 must be resorted to, in others, a bonded plastic lining, or

even coatings applied by brush or spray may suffice. In any event, preliminary de

contamination must be carried out by remote control, followed by more careful cleaning
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manually, prior to personnel working for any extended period of time within the

cell or cave. Numerous peep holes, periscopes, telescopes and remote control

devices will need to be incorporated into the design of this permanent equipment

for hot work (2) (3) (4) (5) (13), Further data can be obtained in detail from

pertinent classified documents in A.E.C. files*

Semi-permanent equipment will be in use in area 5 for semi-hot work. Tables,

benches, hoods, and vaults make up the bulk of such equipment in this area. The

term "semi-permanent" is used to indicate that such an item is normally located in

one place, but that it may be disassembled in order to be moved, serviced, de-

contamined, etc, ^ab tables and benches are no problem; they should, however, be

of metal with shelf and cabinet units below the work surface, which may be slid out

on skids or rollers. This removal of the interior will permit more facile de

contamination when necessary, and provide access to horizonal services previously

mentioned. The services should be brought up under a raised ledge at the back of

work surfaces, that they may be carried horizontally through the riser surface at the

front of this raised step. It is not good practice to bring anything vertically

through a horizontal plane; active materials would tend to run down quite readily

through such a connection and contaminate below the work surface. Spigot outlets

should not point directly toward an operator; rather should they point diagonally

downward in a plane parallel with the wall, or piece of equipment. This will pre

vent splashing or spraying personnel in the event of a hose slipping off the spigot,

A most desirable material for the work surface is stainless steel, but a peelable

finish to cover any desired material, as described in connection with movable

partitions would probably suffice where abrasive action is not predomenant. Stain

less steel trays should be used on which to work, thus simplifying decontamination.

Further, on any surface, it is considered good practice by some to use an absorbent

blotting paper to catch the major portion of any radioactive spill; it may then be
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readily disposed of. Hoods in semi-hot labs are not quite so readily made "semi

permanent as are benches and tables. However, sections can be made demountable to

assist in decontamination procedures. The base should be massive in order to

protect from V radiation going downward, toward the operator, and to provide

sufficient support for some 3 tons of lead bricks which may be used for shielding

activity within the hood. The work surface should slope back toward a drain ditch

in the rear of the hood to prevent spread of contamination when cleaning this sur

face. Sliding doors must be provided to close the hood when no operator is manipu

lating therein, and all services should be operated from outside the hood door;

spigots again will point away from the operator. Mirrors will be needed to see what

takes place behind the lead barriers put up for shielding within the hood. Again,

stainless steel #309 or #347 is best for the work surface as well as the vent baffle

inside the hood and all of the superstructure. It would be desirable to have

removable stainless steel work surface and baffle, the better to assist in de

contamination. As for exhaust from the hood, we shall go more into a similar system

when discussing the hoods for low level labs. Hood lights must be so located that

glare is minimized and access is available from outside the hood in order to service

the electrical equipment when neoessary. A ooncrete, or lead.storage cave will need

to be located in each lab, in which to keep active samples ready for use in the hoods,

Considering semi-permanent equipment for use in areas 3 and 4, similar features

apply to lab tables and benches as already discussed for area 5. Hoods for area 3,

however, can be more movable, as well as Bry Boxes for area 4. These hoods for

semi-hot work may be built in two sections. The upper part would include the hood

working surface and all superstructure surrounding same. This complete assembly

could be removed for servicing and complete decontamination by merely disconnecting

services prior to dislocation with a hoist. The lower part would consist of a

secondary lab table work surface, under which would be located an exhaust vapor
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filter, readily replaceable. The complete assembly would have a constant demand,

whether or not hood doors are open, of rV 1000 ft.* air/min. A constant velocity

of air through hood doors, in any position would be a-»130 lin.ft/min. These con

ditions will be maintained in the following manner. Hood doors will slide

horizontally in opening, engaging gears which will activate by-pass shutters; this

will permit the 1000 ft.3 of air demand to be satisfied by a vent by-pass when

hood doors close, and vice versa. At all times, the call for air intake will be

so proportioned that demand through the hood doors will remain constant at 130

lin.ft/min. In this way the operator is satisfied, in that sufficient ventilation

is provided for his work without excessive drafts being developed by slightly

opened hood doors, and the problem of air pressure balance between labs and corridors

is taken care of in that there is always a constant demand for air as initially

provided in design. Services will come in at each end of the hood, fed through the

vertical end panel; spigot outlets will point backward and downward at a 45° angle.

Further details may be obtained from reports by the writer and T. W. Hungerford (14)*,

(With conventionally vented hoods, as used in the past, two adjacent laboratories,

each with say four hoods, could build up considerable pressure differential, should

all hood doors be closed in one room, and all open in the other.) In addition, when

a by-pass is located near the floor, its action will serve to reduce the activity

background level in the room; hence, the adoption of a down, rather than up, draft

premise. This point was brought out in a recent meeting by a representative from

another site; data were collected which give support to the point, A filter

located at the immediate point of vapor exit from the hood reduces the rapidity of

of contamination build-up within the exhaust duct system and will save expense in

later maintenance. These filters of course are readily accessible for needed

♦Further consideration has been given another solution from another source, since this

was written (17),
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replacement.

Dry boxes* for «C. work* are more desirable than hoods, from the engineer's

viewpoint, in that the ventilation needed is less by a factor of lOOj only

10 ft,3 air/min. need pass out through the exhaust vent. For the most part,

operators now realize that all alpha operations should be carried on in dry boxes,

but there is still feeling from some that it is "more convenient" to use a hood in

spite of the fact that less safety is provided against contamination; and they

disregard the fact that more cost is involved because of the far greater demand for

air presented by hoods. Here again, a replaceable filter should be provided, at the

exhaust connection with the dry box, in order to eliminate the major part of con

tamination in the duct system; naturally no by-pass is needed, as the 10 ft,3/min.

will be a constant demand. Dry boxes can be very light weight, but must have no

leaks in the exhaust system.

There will be many items of movable equipment used in all areas: counting

devices, dollies, trucks and smaller pieces of lab equipment. The only factor which

will affeot design appreciably from this angle is the use of heavy shielded dollies,

weighing r^» 3 T, which were previously mentioned.

Equipment in general will need to be thought of in modular terms. In order to

derive the utmost benefit from the universal space when subdivided into lab and office

areas, the dimensions of equipment must be correlated with the spaces into which it

will be installed. With this thought in mind, it is of little import "which came

first": the building module or the equipment module; they should, however, be

interrelated. Likewise of prime import, is to standardize the design of equipment

in order to maximize interchangeability of units of similar function when repairs are

needed, and to permit more freedom of substitution when changes of program call for

revised lab layout. Many standard items now on the market will serve admirably, but

a large proportion of the equipment needed in Radiochemican Laboratories will have

*Dry Boxes: for further details, contact Nelson Garden, at Univ. of Cal., who has
done considerable development in this field.



- 27 -

to be developed from scratch. The Architect will continue to function here in

his normal capacity as coordinator, interpreter, and mediator between the client,

the engineer and the constructor in order to effect the most desirable equipment

design*

Waste

In radiochemical laboratories there will be at least three types of liquid

waste, of which disposal must be made: Sanitary, Process, and "Hot", The

sanitary system will not differ from that required for the normal disposal of waste

liquids. There will be outlets of this type in all areas for non-fChemical, in

active needs.

The process sewer will be for the usual chemical waste. Nothing active shall

be disposed of via this route (microcurie quantities would not, however, be of any

danger, if drained into this but occasionally). Liquids in this system need only

to be neutralized, prior to disposal as ordinary sanitary waste*

Hot drains (5) will come from cell blocks, hot hoods and sinks, storage lockers

and caves, and any place where it is likely that contamination will be at the

millicurie level, or higher. These drains should be shielded within the building,

and terminate in underground stainless steel tanks just outside. Here, the acid

wastes will be neutralized before being checked for type of activity, and sent to

(ie\(\5>
large tanks or vats for permanent storage or disposal. Maintenance of this drain

system is a potential problem and any leak therein is bound to result in highly

radioactive contamination. Therefore, it should either be completely maintenance

free (there is a goal, at which to shoot!), or accessible under such conditions

that the probable resulting contamination will not be serious. At no point where

corrosion of the line is likely to be a problem should these hot drains be buried

in walls or slabs. It is for reason of this needed free access to such drains that
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all services should be fed from above, as previously indicated; clean supply lines

should not be crowded into an area where hot exhaust drains and ducts are located.

All labs located in areas 3, 4, 5 and 6 need connections with both process

and "hot" drains. As to how many outlets, and whether they are to be located with

in hoods, or without, must be determined by the client who is to operate the

facilities (IS)* "Normally", process lines will come from sinks outside of hoods

or cell blocks, and hot drains will be from within hoods, cell blocks, caves,

decontamination rooms, etc. In either event, stainless steel, or lead lined, sinks

will dump through a Duriron trap into the respective systems. In less pretentious

facilities, which have no hot drain (see further, concerning waste disposal),

active material may be collected in a sink (with process drain connection), and

aspirated out into a shipping container in which to be kept until transportation

to a point of disposal is effected. Activity of the solution used for cleaning the

sink should be sufficiently low to further dilute and flush down the process line,

provided the batches are <mC level of activity, and not dumped frequently.

Exhaust ducts eminating from labs and hoods, wherein /3 and V activity are

present, must be sufficiently shielded to protect personnel, especially with regard

to maintenance workers, who will be in close proximity when making repairs, de

contaminating, or altering the installations. The problem of shielding will be

nowhere near as acute if filters are located in the outlet at each hood, as

previously indicated. Ductwork must be finished on the inside with no joints or

rough spots wherein active material would tend to gather and build up "hot" pockets.

Two schools of thought suggest quite opposite approaches to hot duct problem. One:

Weld heavy stainless steel sections together in order to provide a "permanent" solutior

The other: Use light, inexpensive materials which may be replaced readily. The

writer leans somewhat towards a median approach. Having provided filters which reduce
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activity in the duot by a factor of 10, the rapidity with which radioactive

particles would tend to build up hot pockets would be similarly reduced. This

would permit the consideration of periodic cleanings to decontaminate, when a

critical level would be appraoched. Removable panels, and/or replaceable sections,

would allow the use of such a material as stainless steel, welded smoothly through

out most of the inside, and yet grant needed access for cleaning and maintenance*

In any event, ducts would be led to a common point of further filteration,

washing or electrostatic precipitation of dust particles, after which, the vapors

would be foroed briskly up a high stack for exit and dispersion. For economic, as

well as aethsetio reasons, it is desirable to manifold all exhaust ducts possible

in order to have but one stack; the minimum number of stacks or vents should be an

objective, always keeping in mind the prevailing wind direction when locating,

in order to minimize reintroduction of active particles into any work areas.

Current studies are being directed toward an almost perfect cleansing of waste

gases prior to their being eliminated through the stack.

Waste disposal is a most complicated problem; far too much so for us to oonsider

it even briefly in a paper of this nature. Representatives of the A,B,C. and many

of its contractors recently had a meeting on this subject, which is covered nicely

in a report (16)* Few sites need give much thought to the problem of waste disposal,

A University, for example, wishing to set up radioactive chemical faollitles, need onlj

make sure that all active liquids or solids are deposited in shielded jars or con

tainers of an approved type. They may then be shipped, with A.S.C. approval, to one

of the major sites where waste disposal facilities will be able to accommode such

contaminated wastes. The smallest of labs may not even need a hot drain system;

containers could be placed in the lab itself and active liquids merely drained direotl;

into them. Other facilities, somewhat greater in extent, might carry the hot drains

out to storage tanks and periodically ship from this point.
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Conclusion

It can be seen from the foregoing that eaoh of the levels of activity requires

a differing set of postulates with whioh to deal when considering design needs.

Yet our aim is to attain the goal of universal space, and standard items of equip

ment, while still furnishing the spaoe subdivisions ^^en^ "whe^" dand-'"how"; called

for by the persons planning to use them* This flexibility is of prime im

portanoe in the new field of Radloehemistry; developments whioh direotly in-

fluenoe space needs, change requirements constantly and with great rapidity*

Movable partitions and equipment, whioh satisfy to best advantage all require

ments of personnel safety, provide the only solution to the needs of flexibility;

laboratory operators' time is saved beoause of more rapid ohangeovers, less time

needed to deoontaminate, and more speed of maintenance crews in their work* In

addition, although initial costs may be no lower than a "permanent* type of installa

tion, maintenance costs are considerably reduced for all future years of operation;

alterations cannot be considered as more than just a part of normal overhead*

By the above means, more desirable facilities can be provided at less cost*

Standardization of building and equipment design features for use in this field

should be always in mind; this will reduce further the initial and maintenance

expenditures, Coordiantion of all suoh design developments by a central A.E.C.

engineering staff will assist greatly in reducing the time needed to attain such

standardized design*
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