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ABSTRACT

A new NRL High Level Radiation Laboratory is described, with
special emphasis on thedesign, construction, and collateral equip-
ment. This laboratory provides a m e an s for safely handling and
conducting research on gamma-active materials of interest to the
Navy. The f ac i l it y includes: five hot cells, with three designed
for 1,000 curies and two designed for 10,000 curies of 1-Mev gamma;
isolatioa cubirles back of cells; a w.arm" work area; a decontami-
nation room; x-ray laboratory; radiocheriistry laboratory; machine
shop; isotope storage f a c ilit i e s; waste disposal system; "cold"
laboratories; arid offices and u t i I i t i e s area. Design ihanovations
discussed include: steel-lined cells; all-glass windows with excep-
tional viewing angle and clarity; m a n u a I y operated hinged steel
shielding doors; in tern al and external transfer drawers; special
receptacle panels in cells; cell lighting; underwall U-tubes; under-
window access ports, removable roof plugs; isotope storage; waste
disposal system; and gas scrubber. Equipment discussed includes:
heavy-duty master-slave manipulators; mechanical arm manipula-
tors and bridge cranes i:: cells; through -the-wall periscope; through-
the-wall stereomicroscope; a remotely controlled shielded metal-
lograph with through-the-wall specimen transporter; and
metallographic specimen preparation equipment. Results of tests
with a 9.50u-curie Co-60 source on the shielding integrity of the
facility are presented.

PROBLEM STATUS

This is the report on the facility built under the military con-
struction program f u n de d by the 86th Congress. All work ori this
project has been completed.

AUTHORIZATION

Military construction program funded
by 86th Congress. Appropriat ion Pul wic
Law 86-149 dated 10 August 1959.

M ai iust ri p t ý it ted ()ý t obv.r I(,, It'it,
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THE DESIGN, CONSTRUCTION, AND EQUI. .•,ENT OF A
NEW HIGH LEVEL RADIATION LABORATORY AT NRL

INTRODUCTION

The Metallurgy Division initiated plans in 1955 for the study of the effects of nuclear
radiation on metals in order to fill an important gap in metallurgical knowledge which up
to that time had received only cursory attention. The increasing importance of nuclear
energy to the Navy made it imperative that exhaustive investigations be made into the
effects on the mechanical and other properties of metals operating in a nuclear environ-
ment. To implement the early research and to provide means for remote handling and
testing of radioactive samples, a shielded two-cell facility with limited work space was
assembled under the author's technical guidance auring the last half of 1956. An existing
experimental one-cell block was expanded to two cells and surrow ided with work space,
including a change room. This limited interim facility has been in continual use for
metallurgical investigations of radiation effects in metals up to the present time.

The subject hot-cell facility was first proposed officially by representatives of the
Metallurgy Division and reviewing NRL authorities in March 1956. The initial plan was
for eight cells and supporting facilities covering 12,000 sq ft of floor space in an existing
warehouse building. After further development of the idea, the Fiscal Year 1959 Shore
Station Development Program submnitted in Sept. 1956 carried the item of "High Level
Radiation Laboratory." In March 1957 the proposal and all subsequent refinements were
submitted to ONR. Mr. R. C.tey of the Public Works Division of NRL prepared the necessary
information. The author assisted Mr. Catey by providing the basic layout requirements.

Advanced planning for the High Level Radiation Laboratory was authorized by BuDocks
in April 1957, and Vitro Engineering Company of New York Cily was selected as the
architect-engineer (A&E) to conduct a preliminary engineering study.

In June of 1957, the author was appointed as a Metallurgy Division consultant to the
Public Works Division in planning the new facility. Others appointed in an advisory
capacity were Mr. J.A. Grand of the Chemistry Division, Dr. V.J, Linnenbom of the Radia-
tion Division, and Mr. L. Garcia of the Nucleonics Division.

The starting concept of a High Level Radiation Laboratory proposed to the A&E was
a seven-cell facility that was to include five metallurgical cells, one wet chemistry cell,
and one health physics cell, and in addition, a cobalt-60 swimming pool. The cost of this
arrangement, including the cost of the necessary collateral equipment, was estimated to
be in excess of 2 million dollars. The Director of the Laboratory requested on 19 July
1957 that the scope of the project be reduced so as to be within a 1 5 million dollar level.
Based on this recommendation, the size of the facility was reduced to five cells by elimi-
nating the wet chemistry cell and the health physics cell, and replacing one metallurgical
mechanical testing cell by a general purpose cell. The cobalt-60 swimming pool was
likewise eliminated. With these revisions the estimated cost was reduced to approxi-
mately 1.6 million, which included an amount of approximately $460,000 for technical col-
lateral equipment. The revised facility arrangement was covered in the A&E Preliminary
Engineering Report dated 1 December 1958. In the final version, the facility was essen-
tially a metallurgical facility.
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During the course of the Preliminary Engineering Study, a number of sites were
considered for locating the new High Level Radiation Laboratory. The site decidea upon
by final review of the Director was the north-central section of an existing warehouse.
This selection was influenced by several factors, such as eliminating the need for a new
builling, gaining economy by using an existing crane, services, and utilities, no additional
undei pinning of existing foundations, no lowering of the existing floor elevation, the build-
ing p•-ovided space for economical expansion, and desirability of locating the new facility
clooe to the NRL reactor so as to group nuclear research facilities together. The space
allocated for the facility contained 14,309 sq ft of floor space.

The project based on the A&E Preliminary Engineering Report was included in the
military construction program submitted to the 86th Congress in 1959. The construction
of a High Level Radiation Laboratory was funded by the 86th Congress by Approriation
Public Law 86-149 dated 10 August 1959. Included in the appropriation for this project
was a pi ovision for the purchase of certain collateral equipment by NRL. The project
was funded in Fiscal Year J960 at $1,591,000.

Vitro Engineering Company of New York City was contracted to prepare the detailed
consti-uction plans and specifications for the facility. Since the scope of the High Level
Radiation Laboratory had been revised to essentially a metallurgical facility, thb author
remained as the only active scientific division consvltant to the Public Works Division.
Some minor changes in arrangement were made in the final plans without changing the
basic design requirements.

The construction contract was let on 29 June 1960. Contractor work was completed
in November of 1962.

In the capacity of consultant to the Public Works Division during the planning phase,
the author specified: the basic design requirements for the hot cells and for supporting
work areas, the shielding requirements, the ventilation requirements, the optical and
shielding requirements for viewing windows, the requirements for protective coating of
all surfaces subject to radioactive contamination, and the type of waste disposal system.
In addition, the author specified the requirements for and requisitioned all the collateral
equipment.

During the construction phase the author was directed to mainta~n close technical
surveillance over the shielding integrity of the hot-cell structure and in matters which
w-re concerned with fulfilling design requirements, particularly as these related to
protec tica against radioactive contamination.

DE)&CRIPTION OF THE PROJECT

The High Level Radiation Laboratory and its rela'•d adjunct facilities were con-
structed inside a portion of an exis*.ng warehouse, designated as Bldg. 71 on the pl;an of
Fig., 1. The shaded portion shows the space tMt, was allocated for the project. The space
limitation made it necessary to give spa% e preference to the hot celis and th0e work Auras
surrounding them. The remaining spmce was divid,,d into) offices, conference room, and
cold laboratories - these areas1 are, therefore, somewhat limited.

"The plan layout of the High Level Radiation latx)ratorv is shown in I.g. 1> ý it con-
sists primarily of a bank of five hot cells located, more or )t-ss, it. the cvtiter (if the Allo-
cated space. These cells are suitable for remotely performing opwrations on radla ltive
spectinrens suc, Itimng machining, griding. polishuig. analyzVing. and mechanical

" 4 L VI, lt ~ l~ ~.- e¾iO kit tile !rep'fl
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DE,':IGN FEATURES

General Characteristics of Hot Cells

The hot-cell facility was designed to provide a capability for a wide variety of studies
and experiments on the effects of radiation on structural metals and other materials. The
hot cells, comprising the most Important part of the facility, were designed to provide a
means of handling and inve.tAigating radioactive materials, which emit gamma radiation,
in the most efficient, economical, and safe manner. To implement this goal, a greatdeal
of attention was given to the task of incorporating advanced features that would providesubstantial gains in research productivity. In as much as the research on radiation

effects in materials is relatively new and of long-range scope, it was considered desir-
able that the new hot-cell facility should have a useful and productive research life of at
least 25 years. This life expectancy had an important influence on the design features.

The most important section of the hot-cell facility is the bank of five cells located
approximately in the central portion of the available space shown in Dwg- 1. The cells
were arranged end to end to permit the economy of using commý)n shielding walls and to
utilize certain 'inits of expensive manipulative and crane equipment between cells.

The shielding requirements for the facility had to be considered from both a biologi-
cal and a background standpoint. Full consideration had to be given to the probable radi-
ation level that would exist at the west or left end of the "warm" work area (see Dwg. 1).
It was necessary to insure that sensitive instruments located in the adjoining reactor
facility would not be affected by radiation above background from any operations conducted
in the new facility. Thus, the shielding walls Gf the bank of hot cells were designed to
limit radiation on the external perimeter of the cells to 0.6 mr/hr. hi addition, a con-
crete shielding wall of normal density and 12 in. thick "as provided between the "warm"
work area and the "cold" office and laboratory areas to limit the radiation on the "cold"
side to 0.6 mr/hr in the ev-nt a shipj..ng cask was brought near the wall on the "warm"
work area side.

It was assumed that if a cask of approximately 2 ft diameter and designed to comply
with ICC regulations (which allow a maximum dosage of 10 mr/hr at a distance of I m)
was brought as close as 2-1/2 ft from the shielding wall, the radiation level on the cold
side of this wall would still be 0.6 mr/hr., while the radiation effect from the cask at the
perimeter of the adjoining reactor area would be 0.006 mr/hr. This did not take into
account for the additional shielding due to partition walls in the office and laboraLory area
of the hot-cell facility nor the concrete bearing wall of the adjoining reactor facility. It
was assumed that these walls would reduce the radiation dose of 0.006 mr/hr by a factor
of one-seventh, making the radiation level at the wall of the adjoining reactor facility
completely insignificant. The shield design dose rate cf 0.6 mr/hr was considered to be
more than adequate to meet the tolerable AEC biological dose rate requirements.

The interior floor dimensions of the cells were primarily dictated by the area that
could be covered by a pair of Model 8 heavy-duty master-slave manipulators. Based on
this factor a cell floor dimension of 8 ft wide (W) by 7 ft deep (D) per pair of manipulaters
was selected as an optimum working area. Extra width was recessary in cell No. 1,
"however, to locate the metallographic specimen transporter to be used in transporting
metallographic specimens through the front shieldIng wall to the stage of the shielded
remote-controlled metallograph mounted externally against the front face of the cell.
Cell No. 4, to be used as a machine shop, was designed 24 ft long in order to accommo-
date the necessary remote-controlled machine tools. This cell was equipped with three
pairs of manipulators for complete coverage of the internal area.

The interior height (H) of the cells was limited to 14 ft 10-1/2 ki. This tight dimnen-
sion was necessary due to the fixed vertical operating height of the existing 15-ton crane.
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Holding the interior height of thF cells to the barest minimum made it possible to provide
the necessary thickness of shielding in the tops of the cells and to incorporate removable
roof plugs into the design to permit transport of large items into the cells with the exist-
ing 15- ton crane. There was just enough vertical height av-ailable to allow the 15-ton
building crane to remove the roof plugs from the top of one cell and to stack them on the
tops of adjoining cells.

In considering what shieldin, capabilities should be incorrorated in the hot cells to
take care of future research on radiation damage in metais and nonmetals, there was no
positive guide as to the maximum source strength that would be encountered in radioactive
sources brought in for investigation. In general the sample sizes for metallographic
examination are quite small, weighing perhaps only a gram or two. while samples for
mechlnical testing may weigh upwards of 100 grams or more. The source strength of
indWidual samples could reach 50 curies or perhaps more. In the case of parts of struc-
tural and other components of reactors, the part brought in for investigation could be of
considerable bulk and weight and could have a sourýe strength upwards of several thou-
sands of curies. Thus, in planming the shielding requirements, it was considered economi-
cally wise to incorporate additional shielding above the initial requirements, to take care
of future requirements since the expense involved increased the capital investment only
slightly. Accordingly, the cells assigned to metallographic examination and preparatIon
of samples and to mechanical testing were designed with walls to attenuate 1,000 curies
of 1 Mev at I ft, while the cells assigned to machine shop and general purpose were
designed with walls to attenuate 10,006 curies of 1 Mev at i ft. In order to keep the wall
thickness as thin as practicable, high-density concrete (density 220 lb/cu ft) was speci-

- -fied for the shielding. The thinner wall design pro.viced certain advaitages for viewing
and manipulation because it lessened the remoteness of physical contact. It kept the
viewing window thicknesses within practicable dimensions and reduced their cost. It also
kept the length of wall plugs and other penetrations within reasonable-dimensions.

Normally, in hot-cell construction it is advisable for economic reasons to use regu-
lar density concrete in certain sections where its use is advantageous, such as the roof
of the cell structure. In the case of the hot-cell facility under discussion here, this was
not possible because the head room between the cells and the existing crane was already
limited. An additional !oss of approximately 1 ft in vertical head room would have occurred
had normal density concrete been considered for the roof shielding. This would have pre-
vented the use of the existing 15-ton crane over the cell block. For this reason, high-
density concrete, heavily reinforced, was specified for the entire cell structure.

The cells were designed to have the interior walls, interior floor, and exterior walls
covered with 3/8-in. thick steel plate. This feature permitted the plates to be used as
concrete forms and a means for anchoring reinforcing bars during construction. When
properly coated, the steel surfaces can be readily decontaminated and provide an excellent
base for the fastening of special equipment onto the walls.

Since the hot-cell facility had to be reduced in size from seven to five cells, it was
considered desirabie to retain space for future addition of two cells. Space was therefore
"left at each end of the hot-cell block for this future contingency. The anticipation of the
future need for an additional mechanical testing cell prompted the arrangement of cells 2
and 3. A future cell added to the left of cell 1 could be conveniently utilized for metallo-
graphic sample preparation, since it would adjoin the rietalographic examination cell 1.
An opening in the left wall of cell 1 has been provided for transfer of samples between
cell 1 and the future cell on the left. Cell 2 could be conveniently utilized for mechanizal
testing since it is identical to cell 3 and shares heavy manipulative equipment and other
features with it. A future cell added to the right of cell 5 would have a transfer access to
cell 5 since an opening has been provided in the wall of cell 5 for this purpose.
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The plan of Dwg. 2 shows the shielding wall thicknesses of exterior walls and of
intercell walls. Between cells 2 and 3, and between cells 4 and 5, there is an intercell
gate of steel whicb is retractable into a structural steel pocket above the roof of the cell
block. This feature permits the movement of heavy maniptdative equipment and a 3-ton
crane between cells. In a lowered position, the steel gate provides in-cell shielding.
The thickness of steel shielding access doors for each cell is also shown. The viewing
windows were designed to match the thickness of the walls and have comparable shielding
capabilities to the walls. A provision was incorporated for transfer of materials between
each cell by means of a transfer drawer shielded by a movable door at each end. The
internal dimensions of the transfer drawers were designed to accommodate a maximum
sample size of 9 in. D , 14 in. W . 30 in. length (L). The openings in the left wall of
cell I and in the right wall of cell 5 were left vacant as it was intended that these would
be equipped with transfer drawers at a future time. The space is shielded with lead.
Means were provided for transferring radioactive materials in and out of cells 2 and 3
by use of transfer drawers located in the back walls of each cell Dry isotcpe storage
pits are provided in the floor of cells 2 and 3 and in cells 4 and 5 adjacent to their respective
intercell walls. Other features are: the location of underwall U-tubes, show,' at the inner
and outer edges of the front shielding wall and of the back shielding wall. and the penetra-
tions for master-slave manipulators and for wall access plugs.

The elevation of Dwg. 2 shows the design of the front wall of the hot-cell block.
Features of this elevation include: the size and location of Oe viewing windows and the
expansion tanks for excluding moisture and abi borne dust from the oil that fills the space
between glass plates of the window -and to provide for exuansion of the sealed atmosphere
in the window; the arx angement of mte master ends of the Model 8 heavy-duty manipula-
tors; the hydraulic control system for operating the shielding doors on each end of the
intercell transfer drawers; the hand wheel cranks for manually operating the transfer
drawers; location of various penetrations in the wall provided for access into the cell;
access ports below the viewing windows of cells 4 and 5: electrical receptacles for con-
trol of traveling manipulators and cranes; and the observation end of the through-the-wall
periscope.

The elevations of Dwg. 3 are sections taken across the length of the cell block, with
section A-A looking toward the viewing windows on the inside of the cell and section B-B
looking toward the shielded entrance doors.

Design features shown in section A-A include: the size and position of the viewing
windows as seen from the inner side of the cells; the locadon of the slave ends of the Model
8 heavy duty master-slave manipulators: the thickness of roof shielding and the cross-
sectional view of the removable roof plugs; cross-sectional views of the intercell shielding
walls and of the retractable intercell g-ates; the cross-sectional view of the intercell
transfer drawers; end view of one set of cable take-up reels and the lay of the cable÷
alongside the rail on which the traveling manipulators and cranes move; the inside ends
of the access ports under the windows of cells 4 and 5; the location of ventilation exhaust
outlets from cells; and the arrangement of underwall U-tubes,

The design features in section B-B irnclude the position and size of shielding access
doors; end views of the second set of cable take-up reels; end views of the General Mills
bridge-type traveling manipulators and of the traveling 3-ton cranes mounted on the track
located on a ledge in the recessed wall; the position of ventilation air inlets into the cells;
cross-sectional views of the in-cell isotope storage pits in cells 4 and 5 showing the design
of lead shielding around the cavity; and cross-sectional views of steel plate shielding
placed in walls back of cable take-up reels to compensate for absence of concrete shielding
at these points.

The elevations of Dwg. 4 show typical cell end sections taken across the plan of Dwg. 2.
Section G-G of cell 3 shows the recessed wall configuration with the rails on which the
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hrikdge-type manipulators and cranes travel. nanged wheels mounted on the trucks of
the bridge-type manipulators and cranes provide the mians for the travel of these devices
across the width of the cells. These devices were shown in their mounted position in
setion B-B of Dwg. 3. Referring to section G-G, it will be noted that there is a step
indicated at the top of the left walL It was necessary to incorporate removable side
blocks in the design of the top of cell walls to gain additional head room between the
existing 15-ton crane and the cell structure; this will be discussed later on. The broad-
side view of the intercell shielding wall and the intercell gate is shown for cell 3. The
external transfer drawer is shown, together with the hydraulic lifting mechanisms for
operating the shielding doors. The arrangement of the underwall U-tubes is shown.
These serve as access facilities between cells and manipulative areas for the introduc-
tion of special services andutillties. The operating arrang:!ment for the shielding door
of the intercell transfer drawer shows the door in the open position. These doors are
interlocked so that when one is opened the other must be closed. The crosses on the
i6terc-ell wall indicate the location of 1/2-in.-diam studs welded to the 3/8-in. steel-plate
wall lining. These are for convenience in attaching fix-tares and special devices as needed
for experimental work. In the floor is shown the upper section of the dry isotope storage
pit with its cover.

Section J-J of cell 4 shows the arrangement of the cable take-up reels mounted in the
wall recesses. One reel handles the cable for the bridge-type traveling manipulator.
while the other handles the cable for the bridge-type traveling 3-ton crane. Each reel is
interlocked with the remote controls of the particular device it serves. Below the take-
up reel on the right side is'shown the air inlet into the cell. In the left wall is shown the
stepped configiration for the glass plates of the shielding windows. Directly below the
window is shown the large access port that is filled with steel shot as a means of shielding.

"nThe configuration of underwall U-trbes is also shown.

Radiation Shielding Viewing Windows

Considerable attention was given to the type of shielding window that would best suit
operational requirements and which would provide mnaximum shielding with minimum
thickness. It was considered essential for the windows to match the radiological -;hield-
ing of the 36 -in.- and 42-in.-thick walls on an inch-for-L-icn basis. In compfrting the
variables among the chararteristics of different commercially available transparent
shielding devices, it became apparent that an all-glass window composed of several
lights of glass mounted in a stepped frame design and completely packaged in an oil-filled
assembly was the most practical and advantageous. Shielding of such windows is perma-
nent with no maintenance. They neither i'equire periodic renewing or replacement, nor
stabilizing or stirring. The all-glass window design was corrosion resistant with no
decomposition of the shielding media occurring under exposure to radiation. In additior.,
with this type window there was no possible chance of los-ng protection through accident,
thus making it completely safe.

Commercially available glasses especially produced for application in transparent
shielding purposes consist mainly of three types, the characteristics of which are tabu-
lated in Table 2.

Due to the high indices of refraction of the shielding glasses, as shown in Table 2,
high viewing a•gles were possible. By flaring the window on the side exposed to radiation,
it was possible to obtain n:aximum viewing angles through the window. The operational
field of view requirements considered necessary for maximum visible coverage of the
interior of the hot cells are listed in Table 3. Based on the above criteria, the shielding
window configuration proposed by Corning Glass Works was selected.
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Table 2
Conrarison of Commercially Available Glasses for

Radiation Shielding Purposesr _____ Glass Type1Characteristics •Nonbrowning I High-Density Nonbrowning

__ Lead Glass Lead Glass Lime Glass

Density 1 3.3 6.2 2.7

Index of refraction 1.594 1.98 1.52

Young's Modulus (lb./in.2) 8.54106 7.3-106 8.744106

Reflection loss (%)l Air 5.2 5.0 4.3
per surface at
normal incidence I Oil 0.13 2.1 0.02

Intrinsic color Nearly water- Straw .olor Water-white
white

Chemical stability Excellent; Susceptible Similar to

unaffected by to moisture I cormm'l plate
moisture attack, pro- glass

tection req'd

Relative hardness Hard; resists Soft; requires Comparable
chipping and special pre- to comm'l
scratching cautions to plate glass

avoid mechan-
ical damage I

i Relative cost 1 3-1/2 11!

Table 3

Window Dimensions and Viewing Angles Required

Window Dimensions (WIH) Vi • f Viewing Angle
Cell No. Side Toward Observer i Side Exposed to Radiation Required
__ _ 1 [, (Degrees)
1,2,3 48'!30 54- 36 1 86

4 30ý 30' 36*436" 70
L 48' - 30 54':6 36 86

In order for the windows to match the shielding of the 36-in. -thick wall (cells 1, 2, and
3), they were designed to consist of: a core of 3.3 density lead glass, 22-1/8 in. thick,
made up of three slabs, each 7-3/8 in. thick; 8 in. of 6.2 density lead glass made up of
two slabs, each 4 in. thick; a nonbrowning cover plate, 1 in. thick, of 2.7 denLsity glass
facing the radiation side; and a cover plate, 1 in. thick, of 2.5 density plate glass facing
the observer. The composition of these windows is illuztra.eJ in the upper sketch of Fig. 2.

For matching the shieldihg of the 42-in. -thick wall (cells 4 and 5), the windows were
designed to consist of: a core of 3.3 density lead glass, 27-9/16 in. thick, made up of
three slabs, each 9-3/16 in. thick; 8-1/2 in. of 6.2 density lead glass made up of two slabs,
each 4-174 in. thick; a nonbrowning cover plate, 1 in. thick, of 2.7 density glass facing
the radiation side; and a cover plate, 1 in. thick, of 2.5 density plate glass facing the
observer. The composition of these windows is illustrated in the lower sketch of Fig. 2.



10 NAVAL RESEARCH LABORATORY

In order to reduce reflection losses to a negligible amount at the inner glass surfaces
and to enhance transmittance of light, tLe 1/16-in. spaces between the lights of glass are
filled with oil.

The transmission of incandescent light through the windows designed for mounting
in the 36-in.-thick wall was calculated to be about 23 percent and about 19 percent for the
windows in the 42-in. wall.

A rigid control of the optical quality in radiation shielding glasses is essential to
limit those factors which interfere with the attainment of maximum visibility. Among
these factors it is essential that the central area, comprising at least 80 percent of the
maximum usable window dimensions, is relatively free from various defects that inter-
fere with the straightforward transmission of light. Included in these defects are a
variety of inclusions. striations, condition of edge surfaces, and- condition of viewing
surfaces.' Inclusions of 0.010 in. or less in mean diameter are not considered detri-
mental in normal shielding window viewing situations. The maximum rmean diameter of
inclusions, however, is another matter requiring that their size be held within certain
limits. Thn permissible sizes for different glasses is tabulated in Table 4.

Table 4
Permissible Maximum Mean Diameter of Inclusions fcr Window Glasses

Maximum Mean Diameter (in.)

-2.7 and 3.3 Density Glass _ 6.2 Density Glass
Win~dow Area __ _

Throughout Viewing Area In Central Area Outside
SCentral Area

1-1/2 to 4 sq ft 1 0.125 0.125 0.125

Greater than 4 sq f t 0.125 0.187 0.250

The distribution of inclusions must also be restricted within certain limits. Thus, it
is essential that the total projected area of all inclusions on a polished surface does not
exceed 0.0031 percent of the area per inch of light path (thickness) in glasses of 2.7 and
3.3 density and does not exceed 0.0062 percent in 6.2 density glass. Furthermore, it is
essential that not more than one-fourth of this allowable projected area be taken up by
inclusions over 0.060 in. in mean diameter. As a further precaution to prevent localized
areas of poor quality, it is required to subdivide the total viewing area into nine equal
subareas by trisecting the length and width dimensions and applying the above restrictions
to each subarea. The total number of all inclusions in any cubic inch (one inch cube) of
glass must not exceed three in 2.7 and 3.3 density glasses and m ist not exceed four in
6.2 density glass.

The requirements for presence of striations in the central area of the radiation
shielding glasses followed those of class C optical glass specification JAN-G-174. These
requirements permit light striae when viewed in the direction of maximum visibility; how-
ever, the striae must be parallel to the face of the glass surface. Outside the central area
of the glass, somewhat heavier striation is permissible, but not to an extent that it pre-
vents general observation work.

To prevent internal reflections from being generated from edge surfaces of the radia-
tion shielding glasses and interfering with visiblity, the edge surfaces must be dull and
nonreflecting. Several methods by which the required dull surface way be produced
include acid etching, sawing, and sand blasting.
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To insure nmaxlmum visibility the viewing surfaces of the radiation shielding glasses
must be plane ground and polished. The finish in the central area must be good and free
from short finish. Outside the central area small areas of short finish can be permitted;
however, on gasketing surfaces no checks, chips, or deviations from a plane surface can
be tolerated. The viewing surfaces of 6.2 density lead glass are required to have all
polished surfaces specially leach-treated to produce a uniform nonreflection coating so
as to reduce reflection losses to a minimum.

To take advantage of the high indices of refraction of the radiation shielding glasses
and to obtain high viewing angles, the windows were designed to be flared on the side
exposed to radiation. Thus, for the windows having an observer side dimension of 48 in.
W x 30 in. H and a dinension of 54 in. W ( 36 in. H on the radiation exposure side, the
lateral viewing z.ý obtained was 86 degrees as shown on the plan view of Dwg. 2 and
on the sketches of Fig. 2. This flared design provided an "expanded view characteristic'
making it possible to view the full 8-ft width of a cell with a single window and to actually
see the entire intercell walls on each end of a cell, to r ithin P in. of t0e in:side face of the
window wall, without any apparent image distortion. The vertical viewing angle obtained
for the windows in the 36-in. wall was 78 degrees, and 70 degrees for t`,e windows inth'- 42-in.
wall. The exceptional viewing capability of these windows provided for maximum utility
of a hot cell for remote manipulation.

In order to protect the window assembly, particularly the 6.2 density lead glass,
against intrusion of dirt and moisture, each window is connected to an expansion chamber
and a desiccant-filled dryer. The expansion chamber is fitted with an elastomer bellows
which permits expansion of the self-contained atmosphere within the window, while pre-
venting atmospheric contaminants from entering into the window assembly. The
expansion-dryer-bellows device is shown on the elevation of Dwg. 2.

The openings provided in the shielding walls for the shielding windows were designed
to be fitted with wall liners, fabricated to match the steps and contour cf the frame of the
window and to act as a form when the shielding wall was poured. This arrangement pro-
vided fixed dimensions for the window openings and facilitated the installation of the
packaged window assemblies without a single difficulty. The wall liners for the windows
are illustrated in the plan view of Dwg. 2 and in section . -J of Dwg. 4.

Shielding Access Doors to Hot Cells

Among the various ways that shielding doors may be applied to shield the entrances
to hot cells, it was decided that a solid steel door swung on hinges attached to a steel
door jamb of comparable thickness and manually operated was the simplest. In order to
limit the weight of the doors, a single door was used for a 3-ft opening e.nd double doors
were used for openings of 4 ft and 5 ft as shown on the plan view of Dwg. 2.

The weight of the doors is supported on steep-angle tapered roller thArins mounted

in the vottom hinges, whereas double-row self-aligning ball bearings are mounted in the
top hinges for keeping the doors in vertical alignment. The tottom hinge bearings Are
subjected to both radial and thrust loading, whereas the top hinge bearings are subjected
to radial loading only. The capacities of the bearings and sizes of hinge pinF. are tatxlaed
in Table 5, while the typical hinge design is shown in details C and D of Mwg. 5. and detail F
shows the door bottom closure configuration and clearance.

The elevation of iOg. 6 shows the single access dox~r and door jami) (ofaiguraf'oi !or
cell No. 1, while section B-B shows a vertical cross seetion of the thirkness and the
closure at top and bottom of the dckor. Also shown is the door latch and the location of the
solenoid interlock for securing the doors.
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Table 5
Loading Capacities of Shielding Door Bearings and Sizes of Hinge Pins

Each Bearing Hinge Each Bearing Hinge
Door Door (Bottom Hinge) Pin Size (Top Hinge) Pin Size

Opening Thickness Radal Thrust (Diam) Radial I'Thrust (Diam)

3 ft 15 in. 7500 lb 16000 lb 2-1/8 in. 7500 lb 0 2-1/8 in.
(single)

4 ft 15 in. 3700 lb 10700 lb 1-3/4 in. 3700 lb 0 1-3/4 in.
(double) -

4ft 16-3/4 in. 3700 lb 10700 lb I-3/4 in. 3700 lb 0 11-3/4 in.
(double) i 0n

5 ft 16-3/4 in. 7500 lb 16000 lb 2-1/8 in. 0 2-1/8 in.
(double) I

Section A-A of Dwg. 6 is a horizontal cross section jf the door showing the stepped
configuration of the closure between door and door jamb. The latch bar penetrating the
door is threaded full length and rides in threads tapped in the door. This arrangement
prevents radiation leakage through the door at this point. An enlarged view of the step-
ped configuration of the door closure is shown in Fig. 3. This configuration was adopted
when it became evident from calculations that radiation leakage would probably occur at
the juncture of door and door jamb, or at the juncture between double doors. unless special
precautions were taken to prevent such leakage. It will be noted that the steps are laid
out on an arc. This concept is intended to prevent any radiation wh" ýh enters the juncture
from following the joint and manifesting itself as radiation leakage. The elevation of
Dwg. 7 shows the double access door and door jamb configuration for cells 2, 3, 4, and 5.
In the case of the double doors, one of the doors is secured with a cremone bolt as shown.
The horizontal cross section of the door is shown in section A-A, while the vertical cross
section As shown in section B-B. The enlarged view of the stepped configuration of the
double-door closure is shown in Fig. 4. This configuration is very similar to that shown
in Fig. 3 for the single door.

The vertical alignment of the doors is critical in view of the need to maintain the gap
between the bottom of the door and the floor no greater than 1/8 in. and the need for the
doors to hang stationary without any tendency to move by themselves toward an opeu or
closed position due to misalignment. When properly aligned, the doors can be easily
opened or closed manually. This feature is made possible by the very low starting fric-
tion of the steep-angle tapered roller bearings mounted in the bottom hinges upon which
the weight of the doors is supported.

Intercell Gates

In order to utilize bridge-type manipulative and crane equipment between cells, a
movable intercell shielding gate was designed which permits the transfer of the equipment
from one cell to another and provides the necessary shielding isolation between cells.
The locations of the movable intercell shielding gates are shown in Dwgn. 2 and 3. The
lower portions of the intercell walls between cells 2 and 3 and between cells 4 and 5 are
8-1/2 ft high and are an integral part of the cell structure, and therefore fixed. The
movable gatcs, however, are of solid steel, 10 in. thick, and cover the depth of the ceils
from front to back as shown in section G-G of Dwg. 4.
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Fig. 3 - Enlarged view of single-
door steps
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The solid steel gates are of the guillotine type and are raised and lowered by the
rotation of rolled screw shafts in ball nuts attached to each edge ol the gate, driven
through shafting by a single 5-hp motor and a reducer unit. The gates and the drive
mechanisms are each supported by a totally enclosed structural steel framework which
maintains the relative positions of shafts, bearings, and gate and into which the gate
retracts when in-Me opened position. The enclosed framework extends above the top of
the roof of t.e cell block as shown in Dwgs. 2, 3, and 4.

In view of the importance of the intercell gates to the operation of the facility, it was
considered essential that they should operate troublefree for at least 25 years. Moving
parts, subject to wear, were therefore given special attention in order to provide a long
operating life. Antifriction bearings made of hardened alloy steel are used throughout
the drive mechaism to support shafting. Gears are made of heat-treated high-tensile
alloy steel. Speed reducers and gear reduction housings are macle cI close-grain gray.
iron castings accurately machined to maintain alignment of shafts and bearings and the
proper relation between gears. Speed reducer components operate In an oil bath.

The weight of each gate is carried on two Saginaw rolled screw shafts having a
2.230-in, ball circle diameter and a lead of 0.500 in. A ball nut attached to each side of
the gate rides onthe screw shaft and provides the means for moving the gate. The screw
and ball-nut combination was designed to carry a 8-ton load at 140 rpm for a minimum
of 25,000 cycles of gate operation. On the basis of raising and ;owerirng a gate once each
working day during a full year, the life expectancy for the screw and ball-nut combination
is 25 years.

The screw shafts, in turn, are each supported from the top on a ball thrust bearing
mounted in a bearing housing atta=hed to the structural framework. Each bearing is
rated for a loa, ig of 18,770 lb at 200 rpm with a minimum operating life factor of 20,000
hours. The bearings are of an enclosed type with spherica2 seat. The balls are made of
high-carbon chrome tool steel, hardened, ground, and polished. The races are made of
high-grade bearing tool steel, hardened and ground, and utilize the cone principal of
four-point contact.

The top end of each screw shaft is connected to a right-angle spiral bevel gear speed
reducer located at eac-. end of the top of the enclosed structural framework as shown in
section G-G of Dwg. 4. These speed rfd.cers are connected to the 5-hp right-angle gear
motor by 1-1/4 in. diam shafting and gear-type flexible couplinga. This arrangement
drives the screw shafts at 140 rpm.

The lower end of each screw shaft is kept in position by a bronze insert bearing
moupted on the ledges of opposite hot-cell walls.

The gates are operated remotely from a control point on the front wall of the hot
cells, located between viewing windows so that the gate opening can be seen from either
side. The upper and lower extremes of gate travel are controlled by limit switches to
prevent thv gate from over riding in either direction.

Transfer Drawers

A system of trwin.er drawers was provided i:n the hot cells for transferring radio-
active materials between cells and for transferring such materiais under certain "orditions
into the cells from outside the cell block. The locations oi the intercell transfer drawers
with respect Lo the front wall of the hot cells and the locations of the external transfer
drawers provioing access to cells 2 and 3 are ,hlown in the plan view 1f Dwg. 2. The
openings in the outer end walls of the cell were not equipped with drawt-rs, itowever, the
openings were fitted with embedded components and with shielding doors.
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The transfer drawers consist of complete unit assemrlies with drives, shielding
doors, hydraulic operators, limit switches, and controls. The drawers, constructed of
aluminum, measure 9 in. D by 14 in. W by 35 in. L and are carried on ball bearing slides
which permit travel of the drawers in either direction from withbi their intercell w~Il
position. The intercell transfer drawers are driven manuAlly from outside the front face
of the cell walls by means of a h~nd wheel connected by a shaft in the wall to a chain-
driven rack and pinion assembly mounted in the drawer wall opening.

The wall passageway in the walls between cells into which the drawers retract are
lined with a liner composed of a 1/4-in. plate steel shell f~Lled with 1-5/8 in. of lead on
ttie vertical sides and I in. of lead on the top and bottom sides. The ends of the openings
on each side of the intercell wails are provided with shi0'ding doors 22 in. wide by 13-2/8
in. high by 4-1/4 in. thick, constructed of a 1/4-in. plate steel shell filled with lead.
Thse doors move horizontally on rollers and are operated by hydraulic cylindera rssmotely
controlled from the outside face of the cell wails. The shielding doors are interlocked so
that only one door may be opened at one time. Extension of the drawer operates A limit
switch which closes a slencid valve that prevents closing of the door until the 6rawer
is fully retracted.

Since the external drawers in the back of cells 2 and 3 opened to the o%tside of the
cells, it was necessary to provid% extra shielding on the wall passageways and on shielding
doors. The wall passageway liners convisted of a shell of 1/4-in. steel plate provided
with a right-angle offset at the outside face of the cell wail. The liner and its offset were
filled with cast lead. The vertical walls of tIhe liner were 4-3/8 in. thick, while the top
and bottom sides were 3 in. thick. The offset was similar to a flange and extended 2-1/2
in. more than the thickness of the sides of the liner. The offset was 4 in. thick. This
arrangement shielded the joint between the steel case of the liner and the concrete of the
cell walls. The doors were designed to be 25-3/4 in. wide by 16-1/8 in. high by 3 ir.. thick,
which ampl7 shielded the wall passageway opening of 17 in. wide by 10-1/8 in. high. The
doors in this case are lifted to per Ait extension of the tramsfer drawer. The lifting
mechanism consists of hydraulic cylinoers mounted above the doors and interlocked in
the same manner as the intrcell tranbfer drawers.

Cell Roof Plugs

Access into the cells from the roof of the ceil block was provided by a system of
removable stepped roof plugs. This was essential for the introduction and installation of
equipment too large or unwieldy for handling through the cell access dxoors. The utility
of this feature was fully demonstrated in the cases of the installation of the bridge-type
manipulative and crane equipment and the cable take-up reels within the cells. It would
have beein exceedingly difficult to install this equipment if it had been necessatry to handle
it through the access doors and raise it to its operating position.

The stepped design across the eads of the roo(f plugs is illustrated in sections A-A
and B-B of Dwg. 3, while the side vi'iw of the plugs is illustrated in sections G-(. and J-J
of Dwg. 4. It will be noted In Mwr. 3 that none of the plugs can be removed until thc key-
stone plug ts removed. The positions of the keystone plugs shown in Dwg. 3 for cells 2
aad 4 were reversrd during conetrution when it became obvious that these key plugs
should be position. d over the cable take-up reels to avoid uncovrrrin the entire rmof of
the respective cells to obtwn access to the cable take-up reels for maintenAnce "iurp)ses.

The removable root plugs w~te designed to not exceed 15 tons each in order Io keep
within the handling capacity of the building bridge crane. PFecAuse of the tight headroom
restrictiun, thf, plugs were constructed of a I 4-in. st"e! plate form into which heavy
density concrete (220 lb'rcu ft) ',as poured to the top and steel -trowel finmsted. Steel
lifting rings are embedded in the tops of the plugs fr lilfting and handling. The plugs are
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positioned In plAce by means of aligning keys, which consist of V notches on the bottom
side of each end which mesh with a mating triangular key mounted on the recesses in
the cell wa'lls which support the plugs. This feature provides positive positioning for
every plug each time it is moved and keeps physical contact between plugs to a minimum
during handling, thereby preventing 8cuffing of the protective coatings on plug sides and
ends.

Early design study showed that the available distance between the top of the cell block
and the lifting lJmit of the 15-ton crane was approximately 4 ft. This severe height limi-
tation was overcome by incorporating openings for each cell at the top of one shielding
wall. These openings measure about 6 ft 9 in. across and 2 ft 6 in. deep, making the
clearance between crane hook and the side opening about 6 ft 6 in. The openings are each
shielded with removable side plugs constructed similarly to the removable roof plugs.
The end view of the side plugs is illustrated at the top of the left wall in sections G-G
mnd J-J of Dwg. 4.

Under-Window Access Openings

Access openings were incorporated under the viewing windows of cells 4 and 5 to
provide for a future contingency of having to penetrate the shielding wall to operate or
control macaine tools or some other devices by direct mechanical linkage, or to house
electronic control circuitry for such tools in part of the space, thereby conserving fleor
space and providing a greater amount of flexibility of action at the viewing windows.
These openings are flared, mea.suring 2 ft 10-1/2 in. high by 5 ft 3-1/2 in. wide on the
outside face of the front cell wall, as shown on the slevation of Dwg. 2, and I ft 7-1/2 in.
high by 5 ft 1-1/2 in. wide on the inside face of the front cell wall as shown in section
A-A of Dwg. 3. A side view of the access opening and its position with respect to the
viewing win-dow is -ihown in section J-J of Dwg. 4. The openings are lined with 3/4-in.
thick plate steel and filled with copper plated steel shot, approximately 1/8-in. diam,
for shielding. A 3/8-in. -thick cover plate closes off the end of the opening facing the
inside of the cell, while a 1/2-in.-thick cover plate closes off the end of the opening
facing the outside. The ovtside cover plate is provided with two slots at the top for filling
shot and three slots at the bottom for draining shot. Each slot is covered with a cover
plate bolted to the main cover platte.

Wall Sleeves, Shielding Plugs, Underwall U-Tubes,
and Metallograph Wall Plate

Sina!! diameter access ports were iticorporAted in the frorit and lack cell walls for
purposes of emergency or of coovenience ý.tder advantageous circumstances. Three
pxorts were provided axbve each viewing window and one port (m each side of the window,,
of cells 2 and 3 as shown 'm the elevation of Dfwi. 2 aid on the sectinm A-A of Dwg. 3.
Similar ixrts were provided in the back wall of cell 4 as Shown On section -l-B of Dwg. 3.

The a, cess ports wexe &-signed with a two-step cylindrical CiMfilrutrtwet 5W) AS to

AcrommodAter a shieluini plug of similar co-mtour. The px)rts niea*wrr 5 in. inside diameter
in the !lirger kx)re and 4 in. inside diaiteter in the smaller bore. The larger botre has a
length of 19 in. in the 3-ft-thick wall And 22-1 2 in. ui the 3- 1:2-42-thick wal!, while tOe
smaller txbre lengtb ti the I-ft-thick wall is 17 in. &ad IV-i 2 in. in tht 3-1 2-ft-thick
wall. 'rh wAll Nihve ,,semblies were tabricated from st-el tubing And jXsatk"ned in
thi' walls prior ti their enilvdment in ihielding co-tcrete.

Twk. types )f s•hldiag plugs were deeigned. OjrW was a NAlad plug whic-h cosisolted
of Ai steel sKhll With a vore of xVured heavy dn*4i*"y corncrete. The sectnd type was I'niendrd
as a sverviht plug And also consisted ot a steel sh..ll, but in this cas,- the core w•L, filled



18 NAVAL RESEARCH LABORATORY

with copper-plated steel shot which can be removed to permit entry into the plug when
'esired and which can be refilled with shot.

It was necessary to provide penetrations of uniform dimensions in the front cell wall
for mounting the master-slave manipulators. The wall sleeves were fabricated of steel
tubing, 10- 1/2-in. o.d. with 1/4-in. wall, fitted with flanges at each end, and the assembly
positioned and fastened in the wall before embedment in the shielding concrete. The
locations of these wall sleeves are indicated by the manipulators shown on the plan view
of Dwg. 2 and on section A-A of Dwg. 3, while a through-the-wall view is shown on sec-
tion J-J of Dwg. 4.

For mounting various through-the-wall remote viewing optical instruments, the bore
of wall penetrations had to be maintained within very narrow tolerance limits. The
requirements included precision on con=,!rtricity of bore, maintenance of the bore on a
constant level axis, and bore smoothness. To meet these requirements, iA was essential
to select steel tubing of sufficient strength to withstand distortion under the stresses
imposed by embedment in heavy density concrete. The wall sleeves had to be machined
to the final bore 6mensions. concentricity, axial requirements, and bore finish before
positioning and anchoring in the wall structure. Positioning had to be carefully done to
maintain a level axis and to prevent shift during embedment of the sleeves in concrete.

The wall sleeve for the through-the-wail periscope mounted on the front wall of cell 4 con-

sisted of a steel tube 9- 1/9-in. o.d. by 3 ft 6 in. long with a bore machined to 8.535+0.010 in. The
-0.000

end facing the outside cell wall (observer side) was fitted with a mounting plate 1- in. -thick which
was welded to the 3/8 -in. -thick cell wall liner to permanently position the end in the cell wall. The
opposite end of the wall sleeve was permanently attached to the inside cell wall liner by welding.

The wall sleeve for a through-the-wall remote viewing stereographic microscope
mounted on the front wall of cell 1, to the right of the viewing window, had to be excep-
tionally precise in its bore, axial requirement, and surface finish. The bore requirement

+0.004
was 8 . 9 7 4 _0.004 in. i.d. in order to accommodate the optical instrument tube having a

maximum dimension of 8.968-in. o.d. The tight dimensional, axial, and surface finish
requirements demanded in the wall sleeve by the requirements of th-,e instrument gave the
construction contractor some difficulty.

The wad1 sleeve to the left of the viewing window of cell 1 was provided for mounting
a mechani-m for transporting, by remote control, radioactive metallographic specimens
from inside cell 1 to the stage of a remotely operated shielded metallograph located on
the outside wall of cell 1. The wall sleeve in this case consisted of a steel tube 6-3/4-in.
o.d. with a bore of 5.971 in. into which was fitted the tube containing the assembied com-
ponents of the transporter mechanism. A 3/4-in. -thick steel flange, attached to one end
of the wall sleeve, provided a means for anchoring the transporter mechanism for proper
alignment. The wall sleeve was positioned and permarently anchored in the cell wall by
welding the flanged end to the outer 3/8-in.-thick steel wall and the opposite end to the
inner steel wall liner.

A system of underwall U-tubes was incorporated into the hot cells to provide a c(on-
venient method for easily introducing various types of services and utilities into the cells
from the outside wheo, needed for in-cell experimentation and equipment. The locations
of the ends of U-tubes, with respect to the front wall, are shown on the plan view of Dwg,
2. The outsi& ends of the U-tubes under the front wall are contained in a covered trough
below floor level and !hus do not show on the elcvation of Mwg. 2. There are two 2-in.
schedule 40 stainless steel U-tubes located under the front wall of each vell for electri-

It cal purposes, except cell 4 which has eight such tubes, the rest Af the tubes are 2-1 2-in.
schedule 40 stainiews steel tubes. A view of the terminal ends of the U-tubes inside the
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cells is shown on sertion A-A of Dwg. 3. The U-tubes passing under the back wall of the
cells consist of 3-in. szhedule 40 stainless steel tubes, as shown on the plan view of
Dwg. 2 and the in-cell view on section B-B of Dwg. 3. The sweep of the bend of the U-
tube under a 3-ft thick wall is shown on section G-G of Dwg. 4, and that under the 3-1/2--
ft-thick wall on section J-J of Dwg. 4.

A steel plate 3 ft wide by 2 ft high by 2-1/2 in. thick was permanently incorporated
into the outside wall of cell 1 and flush with it, as shown on the elevation and plan views
of Dwg. 2. This plate was placed in the wall structure for the purpose of mounting a steei
sealing plate against which the open end of the metallograph shield is tightly drawn to
seat the gasketing located in the edges of the open end of the shield. This arrangement
thus prevents the escape of radioactive contamination to the outside from the shielded
metallograph.

Isotope Storage Facilities

In-Cell Storar - Storage pits were provided in all cells except in cell 1. The pur-
pose of these pits was for temporary isolation of radioactive source materials within the
cells as circumbtances required. This type of storage was considered to be a valuable
asset to the productivity of cell operations.

The pits were designed circular, with the entire cavity lined wii_ stainless steel
backed with lead shielding. The pits in cells 2, 3, and 5 were designed iu in. in dianeter
and total depth of 5 ft 3 in., of which about 4 ft 3 in. is usable space. The tops of these
pits are stepped, into which a mating stepped plug inserts. The plug design consists of
a stainless steel shell filled with cast lead to a thickness of 8-1/2 in. The pit in cell 4
was designed 22 in. in diameter and total depth of 5 ft 3 in., of which about 4 ft is usable
space. The mating plug is of similar design to that of the 10-in. -diameter pits, except
that it is 9-1/2 in. thick. The vertical sections of both pit sizes, shown on section B-B
of Dwg. 3 for cells 4 and 5, illustrate the shielding features, while the locations of the
in-cell storage pits is shown on the plan %iew of Dwg. 2.

The shielding plugs are lifted and handled by an in-cell 3-ton bridge crane to be
described under the seciion which discusses collateral equipment.

In-House Isotope Storage Facility - In anticipation of a growing wide spectrum of
research activity related to the nuclear effects on materials and their properties, it was
considered necessary to provide, for future contingency, an in-house isotope storage
facility sufficiently diversified to accommodate a variety of gamma emitters. It was
further anticipated that the isotope storage facility would only be used as an interim
deposit for radioactive materials awaiting to be investigated Zld for the collection of
radioactive waste as investigative work was completed for eventual off-site disposal.

The arrangement of the in-house isotope storage facility is shown on the plan of
Dwg. 8. Referring to this drawing, pits "A" are 2 ft square by 8 ft deep with 5 ft of
usable depth. The top 3 ft was designed to flare in a two-step configuration, into which
a mating plug fits and acts as a shielding cover. The pits are contained in a block of
concrete (180 lb/cu ft) 10 ft 3 in. by l Ift 0 in. by 10 ft 3 in. deep. The pit cavities are
completely lined with stainless steel, while the exterior surfaces of the mating shielding
plugs are covered with stainless steel. The cores of these plugs are of concrete (220 lb/
cu ft). These plugs ar, fitted with lifting rings and handled with a chain fall mounted on
a traveling bridge. The vertical section 32-32 of Dwg. 8 illustrates the design of the pit.
Surrounding each pit, a removable handrail was provided for the safety of operating
personnel. Adjoining pits "A" is a bank )f 24 tube-type storage wells of three different
diameters, all 17 ft deep. Of the 17 ft depth, 12 ft 3 in. is usable space, while 4 ft 9 in.
is occupied by the shielding plug at the top. Referring to the plan of Dwg. 3, the eight
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storage wells labeled A are 8 in. in diameter in the straight bore section. the eight
labeled B are 6 in. in diameter, and the eight labeled C are 4-1/4 in. in diameter. The
straight sections consist of stainless steel tubing closed off at the bottom by a stainless
steel plate. The top 4 ft 9 in. of each well was designed to flare in a three-step configura-
tion, into which a mating plug fits and acts as a shielding cover. The flared top section
is lined with stainless steel, making a continuous lining of stainless steel in the well
cavity. The shield.ng plugs are covered with stainless steel, while the cores are of con-
crete (220 lb/cu ft). The plugs are fitted with liftine rings and handled by the chain fall
previously mentioned.

Previous experience at NRL with deep tube-tyvr storage wells showed that consider-
able condensation of atmospheric moisture occurred in them. This situation promoted
and caused severe corrosion of specimens stored in the tube wells which were either
waiting to be investigated or were being collected as ;adioactive waste for disposal.
Corrosion of soecimens is not only dekrimental to the investigative results. but the cor-
rosion products tend to become detached and settle to the bottom of the wells. Accumu-
lations of corrosion products with long half lives in the tubes could eventually produce
serious radiation problems and seriously restrict the usefulness of the storage facility.
It was therefore considered essential to provide a drainage system at the base of the
tubes to continually drain off any condensate that formed. Therefore, each tube storage
well is connected at its bottom to a 1-1 *2 in. stainless pipeline which leads to a sump.
1 ft square by I ft 8 in. deep, at the bottom of oit "B'. shown on the plan of Dwg. 8 and
in vertical section on section 33-33 of Dwg. 8. Condensate collected in the sump is
removed by a pump located in pit "B" and delivered to a radioactive waste disposal sys-
tem to be described later. Pit "B" measures 1 ft 6 in. square by 19 ft 8 in. deep from
the top to its bottom, excluding the sump. The pit cavity is lined with stainless steel.
The top 3-ft section of pit "B' is flared in a two-step configuration, into whicl a niating
shielding plug fits and acts as a shielding cover. The plug is covered with stainless steel
and its core is of concrete (220 lbjcu ft). It is lifted by a lifting ring embedded in the
top and handled by the chain fall pre;-iously mentioned. The bank of tubes, together with
the bottom drainage system is embedded in a block of concrete (180 lb 'cu ft) 10 ft 6 in.
by 9 ft 0 in. by 20 ft 0 in. deep.

A third type of isotope storage well that was provided consists of a deep pool filled
with deionized water. This type of storage facility was intended primarily for storage of
certain isotopes. However, the storage well has shielding features which also permits
certain types of experiments with radioisotopes. The location of the pool is shown on the
plan of Dwg. 8 and its structural relation to the adjacent storage tube wells is shown on
section 32-32 of Dwg. 8. The cavity is 5 ft square by 17 ft deep with a water depth of 15 ft.
The concrete surfaces of the cavity were left unlined; however, they are protected with a
special heavy protective coating. Water in the pool is treated in a deionizer unit located
opposite the pool against the north wall of the area, as shown in the first floor plai. of
Dwg. 1. The pool is not covered, but is surrounded by a protc:ctive hand raiE. for safety.

Special Receptacle Panels

Since remote operations as conducted in hot cells are always somewhat hampered by
the confined space and the inflexible nature of the structure, it is necessary to incorporate
certain built-in features in order to provide as much flexibility as possible for experi-
mental operations. One area in this respect was concerned with the matter of providing
electrical connections between equipment located in the cells and the control instrumen-
tation on the outside of the cells and of providing power from convenient outlets in the
cells which could be switched on or off from outside the cells. To implement the need
for this requirement a receptacle panel system was devised which involved two methods
of delivering power from the operatio. area to each cell. The system consists of a
two-panel arrangement with one receptacle panel located on an intercell wall and the
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other panel located oc the outside wall of the cells in the operations area. In applications
where power to in-cell equipment must first be controlled by an instrument control con-
sole located in the operations area. the power from this control unit is transmitted into
the cells by plugging in the cable from the control unit into a receptacle on the outside
panel and plugging in the cable from the equipment into a companion receptacle on the
in-cell panel, the two ze-eptacles serving as a 'jumper circuit.' In applications where
power needs to be fed directly tG the in-cell equipment, plug in receptacles are provided
in the in-cell receptacle panels for 120 v ac. 208 Y ac, and 120 v dc power. The circuit
to each of these receptacles is controlled by An individual switch located on the outside
receptacle panel. The system is illustrated by a typical case shown in Fig. 5. The in-cell
panels are located back to back in the intercell wall between cells 2 and 3 in which the
conduit carrying the wiring is embedded.- The outside panel is located on the outside wall
midway between the viewing windows. The locations of the outside receptacle panels are
shown on the elevation of Dwg. 2 and the typical locations of the in-cell receptacle panels
are shown on sections G-G and J-J of Dwg. 4.
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Fig. 5 - Typical example of in-cell and outside
interconnected receptacle panels

In-Cell Lighting

Thick radiation shielding windows, because of their relatively low light transmission
characteristics, require intense and efficient illumination for maximum visibility. Illum-
ination in the cells was designed so as to yield an illumination level such that the trans-
nitted light on the observer's side of the cell shielding window would measure approxi-
mately 50 foot-candles. Color-corrected mercury lamp lighting was selected as it provides
the most economical lighting for intense illumination from a small source of light using
the minimum amount of space. A mercury lamp fixture was selected which uses a 400-watt
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Fig. 6 - Mercury lamp fixture assembly

bulb (approximately 20,.000 lumens) screwed into a mogul-base socket. The lamp fixture
features a one-piece reflector, designed to get the most illumination from the large area
source, mcunting brackets providing the means for attaching the fixture on two studs
anchored to the hot-cell wall, and a heavy duty wire mesh screen cover over the mercury
lamp for protection against breakage due to possible accidental bumping during in-cell
manipulative operations. A two-prong twist lock plug on a short length of wire lead which
plugs into a wall receptacle provides a positive electrical connection. Another feature of
the lamp fixture is that it can be unplugged from the electrical receptacle, demounted
from the wall, and the bulb replaced remotely by the master-slave manipulators using
special finger grips to remove the screens. All edges of the fixture parts are smooth
and constructed of stainless -teel for ease in decontamination when necessary. The fix-
ture assembly is shown in Fig. 6.

In order to obtain the necessary illumination in the cells, the mercury lamp fixtures
were arranged ar-wund the periphery of the inside edge of the viewing windows as illus-
trated in Fig. 7. The lamp fixtures are mounted at a 45-degree angle from the wall to
provide the most intense illumination in the central viewing area of the window. The five
lalmps, arranged as shown, provide approximately 100,000 lumens of illumination per
window.

Electrical Service in Cells

Power service in the cells is mainly 120/208 v, 3 phase, 60 cycle, 3 wire system.
All motor driven equipment is constructed to operate on 208 v, 3 phase, 60 cycles.
Single receptacles carrying 208 v, 3 phase power are located in each cell. In addition,
cell 4 has two single receptacles wired for 440 v, 3 phase power for driving machine
tools. Power wiring for the cells is carried in a trough located atong the outside of the
back wall of the cell block. Control wiring for permanently installed equipment in the
cells is carried in a trough along the outside of the front wall of the cell block as shown
on section G-G of T)wg. 4. Receptacles for General Mills manipulator consoles and for
in-cell crane pendants are located in the front wall of the cell block as shown on the ele-
vation of Dwg. 2. The pushbutton controls for the intercell gates are also located on the
front wall of the cell block, one to the right of the window of cell 2 and one to the right of
the window of cell 4 that is adjacent to cell 5. To keep the cell walls as free as possible
from traps for contamination, the amount of exposed conduit is kept to a minimum.
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Protoactive Coatings

The problem of radioactive contamination of the surfaces of construction materials
is a constant potential hazard in areas where radioactive materials are being investigated
and handled. The contaminants may be in the form of liquids, gases, solids, or a com-
bination of any of these. To prevent materials of a structure from accumulating radio-
activity and becoming potential radioactive sources, it is mandatory to protect the surfaces
with a continuous coating that seals the surface and confines the radioactive coniamination
at the surface, from which the contamination must be easily removable without having to
resort to destruction methods.

The structural design of the walls, floors, ceilings, as well as doors, ductwork, and
piping included in the areas of the facility subject to potential radioactive contamination,
involved a diversity of construction materials with different characteristics. The sur-
faces of the entire cell structure, inside and out, and the shielding doors are entirely of
steel, with the exception of the tops of the cell roof plugs which are of concrete. The
floors and ceilings of the first floor of the facility outside the cell structure are of con-
crete. Masonry block was used in partition walls of the following areas: isolation cubi-
cles back of cells; x-ray laboratory; decontamination room; radiochemistry laboratory,
machine shop, wash rooms; walls at the ends of the cell block, separating the cold and
warm work areas; curtain walls at each extremity of the facility; and a large blocked-off
doorway at the south end of the waste disposal area. The existing north and south walls
of the facility were of structural tile; these walls within the facility were covered with
hard plaster. The west wall of the waste disposal area is of glazed brick. Walls and
floors of the pits in the waste disposal area as well as the pit covers are of concrete with
structural steel angles embedded at exposed edges. Structural framework and some piping
in the pits is of carbon steel. The walls and floor of the deiortzed waterpool isotope storage pit
are of concrete. The transition section which conveys cell exhaust air from the 30-in.-
diam underground duct to the above ground rectangular duct is of concrete. Ventilation
ductwork is of galvanized sheet metal, while exposed piping and conduit are of iron.
Doors between rooms are of hollow sheet metal construction.

It was essential that each type of material be protected with a suitable coating that
would give maximum protection against radioactive contamination and which could be
easily decontaminated when necessary. It was therefore essential that all coating systems
considered for use met the following requirements.

I. possess good irradiation resistance, prevent contamination of the base material,
and be easily decontaminated

2. provide an even, smooth, pore-free coating on the base material to prevent trap-
ping of radioactive contamination in irregularities and holes

3. possess high chemical resistance to acids, alkali, and solvents as may be used to
remove contamination. Coating must form tight bond with base material and resist abrasion.

A search made during the design phase of this facility for c'oatings having provenl

reliability under radioactive servlcc conditions revealed that the availability of such

coatings was limited. Protective coatings for the hot-cell facility were selected after a

review of available data concerning the chevvical and physicai properties, irradiation
resistance, And dkcontanination chhArat teristics of commiercial coating materials. Based

on these criteria, modified phenolic resin formulae coatings and systenis of apt, ication
developed by the Cartbdine Compawi were selected for applicati),n in the hot-cell facility.

The pr,,senc't of diverse tytes of cotistructioti materials in riiany area-, -iubjc%. ( to
radloactivt, cmAniina!J.•1t iAdce it mandatory, in the interests of economy, to carefully

cosider the extent of protection required on each material and to select the coating
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Table 6
Protective Coating Systems

ICoating No. Dry Film Total Coating

_ Thick. Thick. Legend for Coating MaterialsSystem Coats (mils) (mils) Material

10 1 - Al Coating materials listed under A, B, and

8 18 A2 C classification are of the same generic
11 type cons.'3ting of modified phenolic

2 10 - Al resinsto which a catalyst (curing agent)
1 3/32" - A3 is added prior to application.
1 8 ll12 .42 Al: Formula 300 orange primer to which3 1 26 - catalyst and special mica filler are

1 4 30 B2 added prior to application.
A2: Formula 300, finish top coat (gray

4 1 1 4 - BiI or white).
1 4 8 1 B2 I A3: Formula 300, floor finish, silica

filler added with catalyst prior to
5 1 Z6 X application (gray), applied with

1 4 BI trowel.
I 34 B2 A4: Formula 300 AE-primer (green)

applied with trowel.
I- B1 8: Formula 305 prir-.,r (yellow).

2 8 12 B2 B2: Formula 305 finish (white or gray).
CI: Formula 302 (black), designed for

immersion service.7 1 26 - I1 4 - B1 C2: Formula 302 (green).

2 8 38 B2 Dl: Generic type is modified vinyl, con-
F 82 taining rust-inhibitive pigments,

8 1 14 - A4 formula #6 primer.1 - A4 D2: Generic type is vinyl copolymer,
formula 120-1 (decontamination1 8 - g r a e )1 8 38 A2grd. El: Generic type is epoxy coal-tar to F

which a catalyst is added prior to9 1 2 7 D1 application, formula #3 primer
1 5 7 F D2 (biack).

1 8E2: Epoxy coal-tar, formula #2 finish10 1 8 - E1 b ac)
1 8 16 E2 (black).SX: An acrylic polymer resin, Portland

cement slurry-product of Tusco
Chemicals, rnc.

system best adapted to protect the base material. This resulted in the selection of nine
coating systems for the protection of surfaces against radioactive contamination and of
one system mainly for tWe protection of metal against corrosion inside the gas-scrubber
absolute-filter chamber and in ventilation ductwork where necessary. The protective
coating systems specified for the facility are summarized in Table 6.

In order for the coatings to provide maximum protection it was mandatory to prepare
the surfaces of the base materials in proper condition prior to the application of the
coating materials. Thus. carbon steel surfaces were required to be sandblasted to white
metal, using sharp abrasive, followed by removal of dust from the blasted surfaces and
an immediate application of a prime coat. Cementaceous surfaces were also required
to be sandblasted with sharp abrasive, but in this case special attention was required to
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avoid overblasting which would create deep holes and an excessively roughened surface.
The resultant surfaces were required to be hard and strong with surface voids opened.
Such voids as well as cracks and expansions were required to be sealed with a special
caulking compound prior to the application of the primer coat. In the case of plaster,
the surface was required to be cleaned by brushing with water to remove loose cement
and dirt followed by thorough drying before application of an acrylic-polymer-resin and
cement slurry sealing material that was compatible with the modified phenolic resin
formulae coating materials. Masonry block walls were required to be steel brushed
with detergent and water, followed by a clear water rinse. When partially dry, the still
damp surfaces were required to be sealed with the same sealing material as required
for plastered surfaces. The sealing operation was required to cover all surface cavities
and pinholes and to provide a smooth surface.

It is desirable to discuss the characteristics of the materials employed in the coat-
ing systems listed in Table 6.

The special caulking compound used for sealing expansion joints, cracks, and large
voids prior to coating surfaces with modified phenolic resin formulae consisted of an
epoxy Dolysulfide rubber, compounded in two components which were mixed together
prior to application. Tnis material satisiactorily sealed joints in concrete masonry,
steel, or wood, or any combination of these. Its flexibility was very good, with 20 percent
maximum elongation retained after curing. It was compatible with various coating mate-
rials and could be coated over with epoxies, phenolics, and vinyls after it was tack-free.
It had good chemical resistance to water, salts, solvents, acids, and alkalies and good
abrasion resistance. It could be applied to vertical surfaces without sagging.

The special sealing material for porous surfaces, a product of Tusco Chemicals,
Inc., consisted of an acrylic polymer resin dispersed in water together with additives
such as emulsifiers, pigment dispersants, antifoaming agents, preservatives, pigments,
portland cement, etc., all dispersed into a slurry. This product was designed as a sur-
face conditioner and a filler coat for monolithic concrete and masonry block structures
as a base surface for the application of special coatings needed to protect construction
materials against radioactive contamination co:mmon to nuclear installations.

The phenolic coating materials consisted of pigmented, high-solids, modified
phenolic resin formulae requiring the use of a catalyst (curing agent) prior to use. These
coating materials were designed for the protection oi concrete and steel surfaces against
contamination in a ralioactive environment under severe service conditions of chemical
action, corrosion, wear, abrasion, and temperature, where resistance to gamma irradia-
tion andease of d&,contamination is required. The applications include: floors subject to
heavy traffic and abrasion, walls, ceilings, lining of poos requiring high resistance to demin-
eralized water, structural steel, and equipment. The coatings produced from these mate-
rials are nontoxic and do not impart taste or odor to liquids coming in contact with them.

When properly mixed and applied, an 8-mil thick coating is obtainable •n a vertical
surface wit-iout sag. The primer coat for concrete contains a special silica filler, while
the primer coat for steel contains a special mica filler. In general, a primer coat followed
by a finish coat is considered to provide satisfactory protection for less ',evere service
conditions, whereas, a primer coat followed by an intermediate and by a finish coat are
necessary in situations involving heavy traffic or severe abrasion. In special cases, such
as a lining for a pool containing demineralized water and subject to gamma irradiation,
four coats are necessary to provide the necessary protection to the base naterial.

To insure good coverage with each coat, the coating materials are pigmented in dif-
ferent colors so that each coat contrasts with the preceding, coat. This color system also
provides an ibdication as to how much protection has been removed in heavy wear areas
or under severe abrasion.
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Test data submitted by the manufacturer of the phenolic coating materials indicated
that these have a high resistance to the effects of gamma irradiation and to chemical
action. As a measure of resistance to ganmma irradiation in demineralized water, the
coatings showed no blistering, flaking, cracking, or softening on samples exposed to a
cumulative dose of 5, 10 e roentgens from a flux of lI 106 roentgens per hour or more in
water whose resistance was no less than 0.02 megohm/cm. A measure of the chemical
resistance was that the coatings showed no blistering, flaking, cracking, or softening
upon immersion of coated samples in such liquids as 50 percent H. SO 4 at 80'F for 30 days,
50 percent NaOH at 1500 F for 30 days, xylol at 80°F for 30 days, methyl ethyl ketone at
80°F for 48 hours, and isopropyl alcohol at 80°F for 30 days.

Data on coated steel samples showed no loss of bond or cracking when subjected to
the following conditions: bending of the coated shape through 180 degrees over a 1/2-in.
mandrel and back to itt original shape; heating of the steel at 180'F for 48 hours, fol-
lowed by cooling to room temperature and then bending over a 1/2-i.'L mandrel. Cyclic
exposure of coated samples to dry ultraviolet light for 17 minutes, followed by water
spray for 3 minutes with black surface temperature between 150 and 180>1, for 500 hours,
showed no blistering or rust spotting.

The decontamination properties of the phenolic coatings were as follows: the percent
of residual contamination did not exceed 18 percent of the initial dose after washing with
750F tap water for 2 minutes and drying, followed by scrubbing with a soft nylon brush
under 75"F tap water for 2 min, then drying.

To avoid sandblasting of surfaces of certain iron base materials prior to coating
them, a vinyl base coating system formulated in a decontamination grade was selected
for protection of sheet metal ventilation ductwork, iron piping, structural steel frame-
work and housings, and hollow metal doors.

The primer for black iron piping, hollow metal doors, and structural steel surfaces
consisted of a single-component modified vinyl, contaiing rust-inhibitive pigments. The
characteristics of this undercoat included: good physical properties (tough and flexible),
good immediate bond, good sharp-edge protection, good chemic4, resista.nce, and corm-
patibility with vinyl base topcoats.

The vinyl base topcoat for primed iron surfaces and for galvanized sheet metal duct-
work consisted of a single-component high vinyl chloride vinyl-acetate copolymer formu-
lateu in a special decontamination grade. The characteristics of this topcoat material
included: glossy coating resistant to dirt penetration, easy to clean, relatively imperme-
able, nonoxidizing, and good resistance to acids, alkalies, straight chain hydrocarbons,
and water. The dried film does not support combustion. The coated surface can be decen-
tandinated to a safe level with the use of wash water only.

For protection of the interior of the steel gas-scrubber chamber, surfaces of absolute-
filter steel framework, and adjacent plenums against attack by moisture, a two-component
epoxy-tar coating system was selected, to which a catalyst ý,.ts added prior to application.
The epoxy-tar primer coat c:)ntained inhibitive pigments in the formulation, thereby pro-
viding excellent resistance to undercutting, making it an excellent primer' for steel. The
film is glossy, with very gootl resistance to acids, alkalies, water, salts, and solvents,
except ketones. This coating material was designed to give maximum protection from
underfilm corrosion. The epoxy-tar topcoat formulation was designed for maximum resist-
ance to penetration by water, brine, and hydrogen sulfide.

To assure that the coatings would be effective, the coated surfaces had to be smooth
and free from pores. This required strict adherence to prescribed procedures for pre-
paring surfaces in proper condition, proper mixing of coating ingredients, and consider-
able skill and attenIIon to the application of the coatings. It was considered necessary to
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have a skilled representative of the manufacturer of the coating materials to assist in the
coating work by providing guidance in the preparation of surfaces, in the mixing of ingred-
ients, and in the application of the coating materials to the vaxris types of construction
matcrials listed in T.,ble 6. The unusual problem of coating diverse types of materials
occurriag in the various areas of the facility is illustrated by the scheduie of Table 7,
which lists the protective coating systems employed.

Ventilation

Ventilation Systems- The ventilation of the facility was divided into two separate
zones, one zone to ventilate the space occupied by offices, laboratories, and "cold"* work
areas, and the second zone to ventilate the hot cells, dec• -+qmination, and "warm"*
work areas. This was necessary in order not to recirculate ;ýIr from areas subject to
potential radioactive contamination into other areas. Each zone was therefore provided
with a separate ventilating system complete with exhaust fans and accessories. Both
systems were designed for 80'F dry bulb and 50 percent relative humidity for summer
conditions and 73°'F dry bulb and 50 percent relative humidity for winter conditions.

Conditioned air for the offices, laboratories, and "cold" work areas was designed
for delivery to the area through ducts and grilles and returned through corridors and
grilled doors. In wash rooms and some laboratory areas the ventilating air was made to
exhaust directly to the atmosphere. The system war designed to provide six complete
changes of air per hour, maintaining a positive pressure over the second zone which
ventilated the areas subject to potential radioactive contamination.

The ventilation system for the areas subject tc potential radioactive contamination
was designed for delivery of 100 percent fresh, filtered, conditioned air, either cooled
or heated, depending on the season, through far ducts and grilles. In this area no recir-
culation of ventilating air could be permitted; it therefore was necessary to arrange the
system so that exhaust air was removed continuousl, from the h-* cells and the "warm"
work areas. To prevent possiole back streaming of airborne radioactive contamination
from the hot cells to other areas, it was necessary that the cells bu maintained at a nega-
tive pressure of at least 1 in. water gauge with respect to the atmospheric pressure in
surrounding areas. The air supply system was designed to furnish fresh air through
ceiling diffusers to the various areas indicated in Dwg. 9. It will be noted that air sup-
plied to areas 106, 140, 139, 135, 134. and 133 mixes with air supplied to the "warm"
work area 121. A part of this air exhausts through ceiling registers located in area 121,
close to the isotope storage area 139. The other part of this air passes into the isolation
cubicics where it mixes with make-up air supplied to the isolation cubicles through ceiling
diffusers. This air entcrs the cells through ductwork and is exhausted from the cells to
the scrubber absolute-filter system. The air supplied to the decontamination romni (area
136) exhausts directly through the scrubber absolute-fiIters to the atmosphere. The air
supplied to the "warmw" chemistry laioratory, area 132, was designed to exhaust directly
through the scs-ubber abso!lute-filter system except when either the radioactive fume hood
or the perchlorwc !cid hood oxhaust tans were operated. In this case, the exhaust from
this area passed through a separat, filter and exhiaust s•stem to the, atmosphere. T'he
air supplied to the wash and locker roomis (areas 128, 129. 130, and 131) and janitors
closet (area 137) was (ictsigned to exhaust directly to the scrubbet absolute-filter system.

Fresh air to each rotwi of the offices, lailon atonies. and "cold" work areas is suoplied
by fan (item K-40) through ductwork. rhis ian was designed to furnish 5,350 ctm. Part of
this input. amounting io 3,100 (1mf, is sUtppi hed directlv to the, cvold* work area (122). The

G Id" r r' rt i , rt I ) i t r , r , r - rt t. !,, s, t - bs .ik
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Table 7
Protective Coating Schedule

V 1

- Finish c tecte CoatingS
(Refer to Fig. 3) Color I (Rfeyr to Table 6)!

-o to Tal -)

122,133 Gray IConcrete floor and trerich 1
Gray Plastered and masonry block walls .- lower 7 ft 4
White Steel-walls arnd doors L 4
White Pla;tered and masonry block walls - above 7 ft 3

Hot Celis Gray &eel floors I
(interiors) White I Steel walls, steel intercell gates, and transfer drawers 6

Gray Steel doors (both sides and tops) and uader-window
access openings in cells 4 and 5 6

White Exposed concrete 7

123,124,125,126 Gray Concrete floors 2
127 White Masonry block walls and concrete ceiling 7

Gray Doors (steel) 4

106,121 Gray Concrete floor, including platform I
White Masonry block, plastered walls, and concrete ceiling 5

!Gray Doors 4
White Concrete walls 4

140 Gray Concrcte floor 1
White Masonry block and plastered wails 5
White Concrete wall and ceiling 4

139 Gray Concrete floor 2
White Masonry block, plastered walls, and concrete ceiling 5
White Deionized water pit 8
Gray Doors 4

i 136 Gray Concrete floor 2
White Masonry block, plaster walls, and concrete ceiling 5
Gray Steel gratings, and walls and floor of pits 6
Gray Doors 4

134,13! Gray Concrete floor I
Gray Masi-ry block awd plastered walls - lower 7 It
White Masonry blo,-k and plastered walls - above 7 V -

And ceiling 3
Gray Drxirs 4

132 Gray Concrete floor I
White Masonry block wAlls and ceiling 5
Gray Dlors 4

128,129,130.131 Gray Concrete floors 4
White Masonry blo-k walls and ceilink 3
Griay Doors

1374.138 Gray Concret,. floorsr
Janitor's closet White Masonr'y block walls and ceiling 5

Gray Lkxjrs 4

146 (Gray Conc-ete floor uid pit coverm 4
Radioactivi, waste Gray Masimry block and plastered walls - lower 7 ft 3
Drhala.mi r-erA White MWsonry blo.wk w.•d patetred walls - £tp 7 ft 2 o•tk.

.nd ceiling Yirmtla M) I
White interior walls &nd fiars iq pas I
Gray ikrs 4

2nd floor trea Gray Conc ret* floor 4
surroundi'v Gray Plaster#d walls lower 7 ft I
scrublwr-filter Gra' Plasted walls - ai•w., 7 ft 0
chamber

2nd floor area: Elac a 9rl interilor t4 fi:tpr rtaintwt and GWat plownum
Inter• "r Jf filter *adiACrI to filttr% (I Watke .dP 10
chamtwr, ete- G.ray Steel oxbrbor aurfazces of f(lter ct*mtiwt ••d

rior of ductwork d&Ct phqne.nia
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other part of the input, amounting to 1,650 cfm, is circulated through the offices and
laboratories through individual fan coil units. The air is delivered to the "cold" work
area through air diffusing supply outlets mounted on the wall opposite to the cell wall.

Stale air from the office and laboratory areas exhausts to the atmosphere through
exhaust fan K- 17. Air supplied to the "cold" work area is not recirculated but exhausts
directly through absolute filters (item K-101) and an exhaust fan (item K-11) to the out-
side atmosphere. Not all of the input of 3,700 cfm which enters tire "cold' work area (122)
exhausts through fan K-11. It was estimated that about 1,400 cfm would enter the cells
by leakage through various wall penetrations and be exhausted through the cell exhaust
system.

Certain safety precautions were included in the design of the systems. Fan K-40,
supplying air to the office, laboratory, and "cold" work ar3as, is manually started and
interlocked with exhaust fan K-17 so that supply fan K-40 cannot be started unless fan
K-17 is operating. Upon start up of fan K-40, an outside air damper opens automatically
and temperature controls are energized.

Filtered fresh air supply to the "warm" work area is provided by supply fan, item
K-21, designed to deliver 18,850 cfm through ductwork and ceiling air diffusing outlets
equipped with volume dampers and distributing grids in the necks of the outlets. Air
supplied to the "warm" work area is not recirculated but is exhausted through ceiling
registers in the "warm' work area (121) in near proximity to the isotope storage area
(139). Exhaust air passvs through a scrubber (item K-120) absolute-filter (item 100)
system and main exhaust fias (items K-14 and K-15) to the outside atmosphere. It was
estimated that about 350 cfm of the air input into the "warm" work area would pass into
te isolation cubicles and thence into the cc'ls as a result of the suction produced by the
negative pressure in the cells. It will be noted in Dwg. 9 that thz' air supplied to the
"warm" records room (106) aud "warm" x-ray laboratory (140) passes into the "warm"
work area (121), mixing with the air supplied to that trea. The air supplied to the corri-
dors (133 and 134) passes into the machire shop (135), joining air delivered to that area.
All of the air from areas 106, 140, 121, 133, 134, and 135, together with that supplied to
the isotope storage area 139, exhausts through ceiling registers located in the "warm"
work area (121) in close proximity to area 139. Air supplied to the decontamination
room (136) is exhausted directly from the room to the scrubber absolute-filte,- exhaust
system. Air supplied to pŽersonnel washrooms (128 and 131) and locker rooms (129 and
130) and air supplied to the janitor's closet (137) also exhausts directly to the scrubber
ahsolute-lilter system.

To insure that the airflow pattern would be mdiiitained in the "warm" work area as
planned, certain safeguards had to be incorporated into the system. When fan K-21 was
started, the supply air damper was arranged to o peii and the temperature cotrols to be
energized. In the event any one of the fans K-l, K-14, or K-15 should stop. fan K-21
would automatically stop. Fan K-12 was interlocked with the "warnm chemistry labora-
tory supply an(; .,xhaust dampers so that when 1K-12 was started manually, the wall dampers
opened, admitting an additional .,60 cfm to the normal input of 1 840 cfm into the ;,ooni.
At the same time the exhal..st duct dampers, which normally exhaust 540 4n) from the
room to the scrubber absolute-f iter system, were arrangýId to ciose. This arrangniltnft
provided the "warm" chemistry laboratory with amrphý air supply to exhaust either through
the normal exhaust system or through the separate hood exhaust fai-s K- 12 and K - 13 as
conditions required.

The air supply to the cells was designed to be largely derived from leakage aroud
gaps in cell wall penetrations and shielding dox)rs. The airflow atrived in this nmanner,
however, could not be predetermined accurately during the de'sigii stage of the projeci
and only rough estimates were possible. It was estimated that the suction prodaced li
the cells by exhaust fans K-14 and K-15 would require an inl:it airflow of 6.650 tin to
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obtain a negative pressure of 1 in. water gauge. The airflow by leakage into the cells
was conservatively estimated to be 1,750 cfm, leaving a difference of 4,900 cfm that
would have to be supplied to the cells as make-up air. This was provided by the separate
air supply system (item K-20) which was designed to deliver the required make-up air-
flow to the isolation cubicles through ceiling air diffusers. Delivery of the required
amount of make-up air to each cell was provided through louvered intakes located on the
outside cell wall, conveyed into the cell3 through ductwork embedded in the shielding
walls, and supplied into the cells through outlets such as the one shown in section J-J of
Dwg. 4. Fan K-20 was electrically interlocked with main exhaust fans K-14 and K-15 so
t:.at it could not te started unless the main exhaust fans were operating. Should either
of the exhaust fans stop, fan K-20 also stopped. Motor driven dampers on the suction
side of the main exhaust fans operate manually from a remote station. Additional inter-
connections were provided so that if either exhaust fan K-14 or K-15 should stop, the
dampers on the inlet ducts to each cell closed automatically and the discharge damper
on the particular fan also ciosed. For normal operation each discharge damper was
required to be adjustable so that it could take a porportional amount of airflw passing
through. In case one of the main exhaust fans were to shut down, the damper of the
remaining fan was required to open to its maximum position. If both fans were to shut
down, both dampers were required to close. If, however, a power failure caused both
main exhaust fans to shut down, both dampers were arranged to open to their maximum
position, thereby providing some exhaust to occur from the natural updraft in the 61-ft
tall exhaust stack.

Exhaust fans, item numbers K-11 through K-17, were specified to be of the backward
inclined type with the fan wheels statically and dynamically balanced and with the shafting
turned, ground, and polished to dimensions. The fan inlets were required to be stn 3m-
lined to permit smooth entry of air with a minimum of shock and turbulence so as to pro-
vide quiet efficient operation. For fans under 30 brake horsepower (BHP) the bearing
requirements specified were for sealed, prel ibricated, cartridge-type ball bearings having
a rated life of 60,000 huu. s of operation withr ut further lubrication. For requirements
above 30 13HP sleeve bearings 'ere specified having an external lubricant st.orage reser-
voir. The fan drives were specified to be infinitely adjustable to plils or minus 10 percent
of the required speed. All fans were specified to have a single inlet, except fan item K-16
which was to have a double inlet. Details of motor sizes, speeds, and suction pressures
in inches of water for the various fans appear under each item on Dwg. 9.

Gas Scrubber - The purpose of including a gas scrubber (item K-120) in conjunction
with absolute filters was twofold. It provided the facility and the surroundings with max-
imuni protec'Jn against release of radioactive contamination into the atmosphere by the
main exhaust system. It also reduced the dust burden on the absolute filters to a mini-
mum, theorby prolonging their useful life and requiring less frequent replacement. The
advwntagt's foreseen in this arrangement were that the radiological hazards involving
the inaij'toitance ot the filter systenm would he etifectiveiy reduced and a subhtaltla: mone-
taiy savm.ný, would rsult fr(om fewer replacements 1)f the ejxpensive absolutte filters.

The, s rublbr WAs deshcii'nd I tttilizv th, prlnrew ip!' of intimate contact hWw(,e) tbr-
gas,. oft the. air sirream aiw waAt'r to rx(vt' eu spie'de part wluAtv niatte r a..d it) ab)s.)orb
S0oubl4' m)attr- The re.qutrI ( tl' Oiiciui'it was 4 ' 'ntI at I nii( roil size Iar!t wulIte
matter .Uld .a cap). ilit • -. i. i ,)[ratwto with Iw.jtur u[1 to 60 e 'rcv'nt sollds in it.

[he, sgt ,itw(i si., ot ithe, Qrubbelr ChamtNIcr wAs 10- 1 2 ft widu by 14 ft l) tin b-V S- 1 2
It high cl):' i;tructed 4 3 1 - ..- h wk plate steel,. reltifurf'rctd. lDesign fvatu re-s i udeled a
sJ)T aV waSherr, illipM1ge' nie t baflle stapt' viitrailinilt ",ýpazat( irs, aid a lev#,l co ntrol
de v•et with fo'iiit rid val 'u, t ir atktink make--p water As n•e,,,ded. Thu walt t b~aN- was
devsignled UI h')Id up 0i 1 It Of wa•er doptri with the iqwrat ini depth , t - , .6 lht basin
I.' ti'it A .As p Iti tacill.'at( di'A1 |Agt Of 1ater1 beArilto solidls t4) thVi %Akas?•.' 1 IX sal
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Prefilters and Absolute Filters - All supply air was required to be prefiltered
through disposable fiber-glass filters, 2 in. thick.

Exhaust air from the cells was required to be prefiltered at cell outlets through 2-in.
thick fiber-glass filters, arranged in a V, to have a maximum velocity oi less than 300
fpm. This precaution was to prevent coarse dust particles (which could be radioactive)
from entering the cell exhaust ductwork.

The type of abselute filter selected for filtration of air from areas subject to radio-
active contamination consisted of a pleated filter medium composed of asbestos and
fiber glass with aluminum separators assembled ', a cadmium-plated steel frame.
This type of filter was moisture resistant and fireproof. Each filter must be tested for
airflow and pass smoke tests based on the use of dioctyiphthalate test smoke of homoge-
neous particles of 0.3 micron size and optical evaluation of the smoke fraction penetrating
the filter in accordance with U.S. Army Chemical Corps and U.S. Atomic Energy standards.

After exhaust air leaves the scrubber it proceeds next through absolute filters held
in a chamber adjacent to the scrubber and integral with it. The absolute-filter system
for handling the main exhaust through fans K-14 and K-15 was designed to consist of two
banks of 16 filters each (item K-100). The size of individual filters was 24 in. by 30 in.
by 11-1/2 in. thick with each having a rated flow of 1,500 cfm at I in. water gauge (when
clean). The filters -:ere stacked four wide and four high in eachi bank which measui ed
8 ft high by 10 ft wide with ax airflow capacity of 24,000 cfm at 1 in. water gauge. The
filter banks were arranged in the plenum chamber in such manner that the side containing
an accumulated dust load would be away from the side which an operator would face when
removing filters for replacement. Filters were individually gasketed against the frame
to prevent air leakage around them and held in place in the frame by quick-disconnect
fasteners.

The absolute-filter system (item K-101) designed for the exhaust through fan K-11
consisted of one bank of four filters, stacked two high and two wide, with a total rated
flow of 4,400 cfm at I in. water gauge. The individual filters measured 24 in. by 24 in.
by 11-1/2 in. thick having a rated flow of 1,100 cfm at 1 in. water gauge. The character-
istics of these filters and the filtering integrity were the same as that required for the
main exhaust system.

Heatin and Cooling - Heating and cooling of the office and laboratory areas was
designed to be by individual fan coil units located in each room except the stock room
(area 111). Delivery of fresh air to each room through ductwork is by fan K-40. Zone
temperature was designed to be controlled with a "Heat-Cool" selector switch which was
also to position diverting valves in hot or chilled ,ater manifolds to direct water to either
a hot-water converter (item K-70) or to a refrigeration mz "hine (item 50). Each room
dnit was required to be equipped with a three -way valve to control the water flow through
the coil. Under a heating regime. less hot water was to flow through the coil as air temper-
ature in the room increased .md more water was to flow through the coil ais air temperature
decreased. Under a cooling reginme, more chilied water was to flow through the coil as air
temperature increased and less water was to flow as air temperature decreased.

Sin.e air supplied to the "'old' work area was not i) be recirculated a separate sys
tcm (item K-130) was necessary for heating or co•ling the supply air to this area. This
consisted of a separate "Heat-Cool* selector switch. circulating pump, and the heatit!,'
cooling coil. Hot water for heating wis provided from the hot-water converter (Item K-70),
or chilled water was provided from the refrigerating machine (item K-50). Control of
the water flow through the heating co()hng coil is by a room thermostat.

Air suppiy to the "warm' work areas was doe-sitied to be heated or (-cxsled at fan K-21
and delivered, conditioned, to the various ('e'ling atr diffusers in the area. The Heat-Co)l
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selector switch when set to Heat energizes steam valves and directs thermostatic control
to them. The steam valve on the preheat coil is controlled through a low limit thermostat
and switch. As inlet air temperature drops below 35° F, a two-position steam valve on
the preheat coil opens to its maximum position. With air temperature above 350 F this
valve remains closed. A thermostat in the discharge duct of fan K-21 modulates the
reheat coil steam valve so as to maintain a constant preset temperature. With the selec-
tor switch set to Cool, chilled water circulates from the refrigerating mchine to the
cooling coil with thermostats controllU'ig the discharge air temperature from fan K-21,
resetting as required to maintain average conditions in the area and to maintain a differ-
ential to the outside not greater than 15'F, but not reducing the temperature below 75°F.
A humidistat was included to provide dehumidification control by overcocling and reheating.

The refrigeration machine (item-K-50) was interlocked with a cooling tower circu-
lator, the circulators to coils at fans K-20, K-21, and K-40 and in the supply duct at
K-130, and the Heat-Cool selector switches so that the refrigcration machine could not
be started unless at least one selector switch was set to Cool and its corresponding cir-
culator and the cooling tower circulator were operating. Control of cooling tower fans
was by ambient air temperature, one fan starting at 70°F a-id the other fan at 75 0 F

Dampers - Dampers placed in the ductwork at various points provided a means of
balancing and controlling air distribution. These dampers were of the opposed blade
type, operated manually with a locking quadrant.

Fire dampers were located at various points in the ventilation system to interrupt
air flow in case of fire. These were designed to close automatically and remain tightly
closed. Activation )f the fire dampers was by means of a heat-seilsing device, located
where it would readily respond to an abnormal temperature rise in the duct. The require-
ment was t'Lat it would operate the fire dampers when the temperature reached approxi-
mately 500F above the maximum temperature expected to prevail in the ventilation sys-
tem when operating or shut down.

Liquid Waste Drainage Systems - The problem of handling liquid waste resulting
from hot-cell and lýborratory operations and from decontamination work required special
consideration. Radioactive liquids cannot be dumped down a drain, but must be handled
and disposed of according to prescribed methods. Where relatively large volumes of
contaminated liquid waste are involved, such as wash water, handling through a drainage
system to a collection point becomes a practical necessity. It is not permissible to
empty radioactive contaminated liquid waste directly int, the sanitary sewer.

A gravity drainage system was provided to convey liquid waste to a collection point
from floor drains, cup drains, sink drains, and pit drains located in the hot cells, isola-
tion cubicles, wazm work. area, decontamination room, "warm" chemistry laboratory,
machine shop, "warm" area wash rooms, and scrubber. A separate drainage system
was provided to collect condensate water from drains in the isotope storage area in a
sump from which the liquid waste is transferred to the above-mentioned gravity system
by a steam jet syphon.

The contaminated liquid waste drainage system was Jesigned with piping and fittings
of schedule 10, type 304 stainless steel with all joints g:1d comnettions welded in accord-
atice with ASME unfired pitxssure vessel code. One characteristic in the system was the
absence of the conventional traps used in sanitary systems.

Fl(oor drains were intended to be used only during scrub-down operations; at all other
tinmes the drains were to be blanked off with covers. The drain system was Ut signed to
vent througt the waste disposal system. to be described in the next sectiom.
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Contaminated Waste Disposal System - Since it is not permissible to dispose if
radioactive contaminated liquid waste in the sanitary sewer, some means had to be pro-
vided to cope with the problem of waste disposal. The original plan was to collect the
liquid waste in storage tanks and periodically dispose of it through AEC-licensed com-
mercial sources. In the latter stages of the facility design, however, it became known
that this plan could not be used and some other alternative would have to be selected.
After an intensive study of possible methods for the collection and treatment of radio-
active liquid waste for disposal it was decided that concentration of the liquid waste to
a small volume by evaporation would provide the most practical method for coping with
the problem. It was assumed that the bulk of the radioactive contamination in the liquid
waste could be precipitated as solid matter upon evaporation and that the evaporate(i
water upon condensing would be free of radioactivity.

The system as designed is illustrated by ihe engineering flow diagram of Dwg. 10 and
consists of passing the raw liquid waste through 100-mesh stainless steel strainers (items
G-101 and G-101A), thence by pump J-102 through fine filters G-103 and G-103A, and
thence by gravity to 1,000-gal holding tank F-104. At this point, if monitoring shows
that the filtered water in the tank is free of radioactivity the contents can be emptied into
the sanitary sewer. If low-level radioactivity is detected in the tank water and sufficient
capacity remains in the tank, contamination-free water can be added to dilute the con-
tents and thus lower the activity. If by the process of dilution the activity of the water is
reduced to an -icceptable level for disposal into the sanitary sewer, the contents of the
tank are disposed of in this manner. If,. however, the radioactivity detected in the tank
water cannot b, reduced to an acceptable level for sewer disposal, the contaminated water
is processed through evaporators C-106 and C-106A. As water evaporates, the vapor
passes through demisters G-106-1 and G-106-2 and condensers C-106-2 and C-106-2A
and the condensed distilled water collects in tanks F- 107 and F- 107A. As evaporation of
the water proceeds in the evaporators, the solids burden of the remaining liquid increases
until it reaches the consistency of a sludge. Solids removed from solution and suspension
in the water by evaporation are prevented from accumulating on the sides of the evapora-
tors by vibratory action. The concentrated sludge removal is from the hemispherical
bottoms of the evaporators through appropriate valving into shielded containers. The
final details of sludge removal were not included in the design phase of the waste disvosal
system but deferred until the system was ready for actual operation.

The waste disposal system was designed with dual components in order to provide
means for continuous collection and processing. Thus, two sets of coarse strainers,
fine filter3, evaporators, and distilled water tanks were included with one of these com-
ponents to be in use and the other either undergoing maintenance or on standby readiness.

The criteria used ti determining the capacity of the waste disposal system was
based on the following reasoning. In accordance with recognized statistics the maximum
liquid waste anticipated for a tYpik al chemical lalx)ratory is approximately 20 gal per
day per person. For a typical metallurgical lab(ratory, this figure could be safely
reduced to about 10 gal per day per person. On this basis and assuming a ma.XiiUM
working staff of 20 popteo , a niaxinmum of 200 gal i)f liquid waste would bh gernerattd
daily. To handle this vohL1me th, tit)iding tank F- 104 w is de.,,, nged for a capa itNtv )I 1,o00
gal. sufficitent f)r a 5-day accumulatimi, the fvapi'rat()rs wiare designed th *,each ,vaoratMe
20 gal per hour, and' each distilled water txik tor a capac'itv of 260 gal.

('ircumst.nvc.s required that the wasto, disposal s•stem be hIwatbed at one end (f thbe
high4-hvel radiat:( n lalx)raht,)rv facil at. This ,nd was also required tear the u;il)adtng
and handlina ()f h,,avv equip|ment ft)r thf' aicility from truc k- with the 15-tim caac itv
fac'lii bridge c rain. Ii was thereft)re nt.cesarv ito IP hvat thef waste daptsx.sal systemn
lp.-,)w fh,•i)r l;'vv'/ !!! . id|' ual pits And tiý ,(over the pitý,, with 2-ft-th 'k plug-, flush with

tht, fl),)ri. This pr(witled thit, nict'ussarv shidcld lu anid perint ted trucks t,) lt, re lied ,-'e'r
the area. The, arrxuige( ernt )f thc pats and the cpmikinents th', c•i•cniam as indi•cted •)n
thte plan Af !)wg. !.
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Essential features included that all piping handling contaminated liquid wastc between
various components of the waste disposal system was required to be of stainless steel.
All piping embedded in concrete between pits was required to be without joints in any
run in the concrete. Where fittings were necessary, the joints were required to be welded
or silver brazed in the case of copper. Contaminated waste and chemical valves were
required to be of a diaphragm type, either lever operated or motor &riven. Valve bodies
were required to be of "Hypalon." Valve design requirement was that abrasive slurry
could be handled with po settlement of particulate matter to interfere with tight cutoff of
the line. The installation requirement was that the valve position would permit complete
drainage of the valve. Pressure rating requirement for the valves was 100 psi at 125°F.

Coarse filters equipped with 100-mesh stainless screen baskets were designed to
screen out coarse particulate matter from the raw waste as an initial step. The baskets
were designed removable so they could be readily emptied or replaced as neded. The
filter cases were vented to the cell exhaust system and these vents also served to vent
the contaminated drainage system.

The fine filters were required to have the following characteristics: conI.,:u (,= flow
post type, disposable cartridge; flow rating 0-18 gpm; differential pressurc ratge . ps'f
(filter clean); max. temperature rating 180°F; pressure rating 75 psig; stainless steel
body; filter element capable of removing particulate matter 5 micron size or larger;
filter element arranged for easy removal.

Raw waste pump (J-102), filtered waste pump (J-105), and distillate pump (J-108)
were designed witb a magnetic drive and hermetic sealing. The magnetic drive was con-
sidered to be an important factor for the prevention of leakage of contaminated liquid
waste onto the pit floors by the elimination of the stuffing glands in pump construction.

The 1,000-gal-capacity holding tank F-104 was designed to be of stainless steel con-
struction and equipped internally with a stainless steel integral sparger pipe for agitating
the contents with low-pressure compressed air so as to !iix the contents with neutralizing
chemicals, when nece'sary, and to homogenize the waste. To maintain the contents of
the tank in a neutral condition, acid or alkali of proper concentration was fed into the tank
as needed through a line from two mixing tanks located outside the waste disposal system.
as shown on Dwg. 10. A continuous pH recording system calibrated to bracket the range
of 4 to 10 pH. and complete with immersion-type elements and the necessary instrumenta-
tion, was provided to monitor the acidity or alkalinity of the tank contents. To prevent
gases from collecting in the tank and spreading to other parts of the system through piping,
the tank was vented to the cell exhaust system through a 2-in. line for safety.

The evaporator shells were designed with hemispherical bottoms to provide a con-
toured shape which would permit eftlic,-nt withdrawal of sludge from the lowest point and
a shape around which steam jackets could be fitted. This design permitted the evapiwators
to be suptprted on the steam jackets attached to) a structural steel base and provided for

easy rc•v'•,vai of thi evaporat(r shell ' for disp sAl when nfecessary.

Thu' steam, Jackets we'-,' dusigned 111 ,l'ratu -it a pressure .,f 60 psig. wit• the' in.let
stMam flow to th, jackt(e't ýnt rollh'd Iv the temtx-raturc of the discharge' VApJX The con-
trol of liquid waste into the, eValsirat,,rs Was •d•e0-hIlgd to iV by a floAtI cutirol inlet valve.
An elctricalh activated bin-tvpe vibrat.,r.aduStable from 3,600 to 7,200 vi.•,rattons
p1r minmute', was pro vided, to lie miniunted on the' outlstde' i) the, evapo)ratOr shells. The
function ( these vibraior,', as munwnovld previousiv, wAs to prevent -wlds relvased fromn
solutpioi n or sustwnsion tn the liquid frimi (':v'Arg ;m the iSidl' sUrfacI's Of the e vaJu ratior%

durat;i •o•wratlmti. Final details ot the ni,'chanaism invilved for rtemoval Of •ludge were nrot
reslw'ved in the design phase of the' waste' 1isi csal Svy t-nM.
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In order to protect the concrete of the pit wealls, floors, plugs, and exposed piping
(nonstainless) from becoming radioactively -zontamninated and to facilitate decontaminia-
tion, the surfaces were protective coated. as was shown for area 146 in Table 7.

Due to the potential rAdiological hazards that are likely to prevail In the various
parts of the waste disposal system during treatment of contaminated waste,, it was con-
sidered necessary to exclude personnel from entering the pits except to do maintenance
work when necessary. Operation of the waste dispnsal system was designed to be remotely
controlled from a control panel located at one end of the machine shop (area 135) and
close to the door between the waste disposal area and the machine shop,

The control system included indicating lights and an audible alarm for liquid level
controls in the coarse filters, the holding tank for filtered waste, the evaporators, anc.
the distilled water tanks. Pressure differential indication and alarm was provided for
the fine filters. All valves were either solenoid equipped or motor driven and remotely
operated by pushbuttons. All motors are started and stopped remotely by pushbutton
controls; however, in addition, some of these motors are provided with manual start-stop
pushbutton stations within the pits to facilitate maintenanice work on them. Radiation
monitors were provided in the holding tank and in the evaporators to indicate remotely
the radioactive level in each component.

Water Treating ystem (Deionizer) - A wator treating system was designed to pro-
vide waýter o., ne~c'essa'ry quality for the pool in the isotope storage area. The require-
ments of the systemn were that a continuouz flow of 10 gpm of deionized water would be
produced, having the following quality-. specific resistance of I ie~gohm-cm (minimum),
C0 2 content of 1 ppm (maximum), and silica content, as SiO. , oi 0. 2 ppm (maximum).
'rhe flow diagram of the system is shown in Fig. 8 and as assembled in Fig. 9. Its loca-
tion is shown in Dwg. I in the isotope storage area (139).

The system included one activated carbon filter with valve nest, one mixed bed-type
demineralizer unit with all appurtenances, and one replaceable cartridge-type filter.

The activated carbon filter was designed as a vertical pressure filter case of carbon
steel fabricated in accordance with ASME code for unfired pressure vessels. The design
working pressure was 7.5 psi and the flow rate 10 gprn with a miaximumn filtration rate
riot to exceed 3 g-pm per sq ft of effective filter area. The filter unit was arranged for
manual operation and equipped with inlet distributors and underdrains. The head was
designed to 1-w easily removable for replacing the filter media.

Thie mixed bed dernineralizer was designed as a vertical vessel of welded steel con-
struction lined with piolyvinyl chloride, 30 mils thick, for manual operation at a working
pressure of 75 psi and A may.nimun flow rarte of 10 ýrm, but not to exceed 6 gpm per sq ft
of effective area. The miixed bed unit was required to include- polystyreite cation resin
And strongly haski( nion resin to at least a 20-in. mrniniMUni depth bedI ,f oach and lo
mcl udi' all required ();wrat inig ak'cesisories. Theksc included all piping and val vis, a idis, -

tvix in let water mieter ( rcadingz in gal loaci" with J 'irn -tvpa register, inlet iad oait let
pi'a's~sore gAugvs. sa niple acock s, tInd .rn elf: Urn' c( nduchivit v mieter with tempverature co mi-
p-insAtot v.id ca anductivilv t all tar deter miiii ug effluvrnt And rinso (a ndu!' 'tiov.i

tiva regent' r Alit a14u ipriiet tricluded tw, P 18 - in. litmn spai Ate rege-craut tan-ks for
sulturi Ac *id And i'au st t sodargeea a ,Anld All regrler hilt piping, aevc tars, rate (if
fla aw indic ators , And ra lat ed Items fiMa m Of -I p(Iv%- iv lchl( anida' hw in4st-ele

:',uc.vig.' resins werv requi re.d a, A quil it v that wa p01( not impArt c(aoar to) the treated
wAter anid whost'so AimcAit Vwt auld noa t exceeo~ , a 14ss ()1~ 3 jw ra en: 1'r veAr fo ar h rte ,-var-s
fIb cna t ioii resin AMid nail me~cad 4 laas,. of IS 15 paraant per Ycar !, ar tiar ye'Ar fa ar Anioa n res in.

The csm ita : v requirritinenti at the unit w'As that -it lecast 54000 gal of de-iami/ed water wa~ ad

ha' pr aahAcv d w ith 6; !ii .of c jtd pa j ft of cati~ i t; in lx11 pr relzrenvratiti n.
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Fig. 9 - Deionizer assembly

The cartridge-type filter for the outlet of the mixed bed demineralizer was required
to have the following characteristics: continuous flow type disposable cartridge; flow
rate ef 10 gpm deionized water of 1.0 specific gravity; differential. pressure range of
3 psig (when clean); operating pressure of 75 psig and operating temperature of 110F°F:
body material of stainless steel; filter element of cellulose; and capability of removing
all particulate matter down to 10 microi, size. The pressure drp from the inlet of the
cartridge filter, through the mixed bed, to the outlet of the cartridge filter (when clean)
was not to exceed 18 psig, and not exceed 40 psig at any time.

Lighting - Since the facility was designed to be windowless, artificial lighting had to
be pr•oi -d-n all areas. Standard fluorescent fixtures were required in all areas of the
tacility, except in the isolation cubicles and in the hot cells. Incandescent lights were
provided in the isolation cubicles and special mercury lights in the cells. The illumina-
tion levels required in tht- various areas are as follows:

F Area Foot-candles
Off ices 40-50

Work areas wid niachine shop 50

Ladoratories 50-60
Wash and locktr rT()ns 30-35

Storage areas 15-20L
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SFALL 

OUT DUST CANOPY

GASKETS AT ENOS O• CANOPIES TO ,MSU•E
A TIGHT SEAL AGAINST DUST

CEILING FIXTURE DESIGN

Fig. 10 - Fluorescent fixture canopy design

The fluorescent light fixtures were required to be equipped with a lens made in sec-
tions of prismatic clear crystal glass, having low brightness. The light distribution
requirement was that not less than 41 percent of the total lamp lumens would be provided
in the 0 to 60 percent zone, not more than 11.5 percent in the 60 to 90 percent zone, and
an overall efficiency of not less than 56 percent.

In the areas subject to radioactive contamination, the fluorescent fixtures were equip-
ped with dust canopies, as illustrated in Fig. 10. The purpose of the canopies over the
top of the fixtures was to keep the tops of the fixtures free from accumulation of dust and
to facilitate maintenance and decontamination when necessary. As an additional precau-
tion the canopies were joined together with screw fasteners to make a continuous shield
and gasketed at the end covers to seal the fixtures against dust.

The lighting in the "cold" work area (122) was given special consideration in order to
provide the necessary intensity of illumination without producing reflections from the
shielding windows that would cause difficulties in obtaining a clear view of the cell inte-
rior. The light fixtures were required to be mounted at the ceiling, and dimmers were
provided to reduce light intensity as may be needed to achieve optimum viewing in the
cells. The dimmers were required to provide a smooth flickerless dimming by a contin-
uous change in voltage from full line voltage to zero.

The arrangement of the fluorescent lighting fixtures in the "cold" work area (122)
and in the "warm" work area (121) and of the incandescent light fixtures in the isolation
cubicles is shown in Dwg. 11.

Utilities - The electrical power service for the facility was designed to operate from
13,200-v primary feeders, with feeder power stepped down through primary transformers
rated at 1,000 kva, 3 phase, 60 cycle, 80°C temperature rise, with the 13,200-v primary
of the transformer delta-connected and the 480-v secondary also delta-connected. The
output of the primary transformers was further stepped down from 480 v to 208/120 v
through low-voltage transformers for lighting and general power service in the facility.
Primarv transformers and switch gear located on the second floor of the facility are
illustrated in Fig. 11.

Power requirements for receptacle circuits in laboratories, hot cells, and "warm"
work areas were designed to be supplied from distribution panels conveniently located
and protected by automatic circuit breakers and independent from lighting and general
receptacle circuits. Lighting and general receptacle circuits were also supplied from
panels protected by automatic circuit breakers.
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Fig. 1I - Primary power transformers and sw.tch gk-~r

Motor starters and motor control centers for operating permianent. in-cell, and other.
equipment were located on the second floor of the facility.

A herrneiic centrifugal refrigerating mAchine (item K-5O), provided for supplying
chilled water to the air-supply cooling coils, is illustrated in Fig. 12. The machine
characteristics include the following: cooler -~ capacity 1bo tons, flow 385 gprri. entering
water temperature 55~F, leaving water 453 F; two-pass condenser - N4'w 456 Kpmn, enter-
inV water 85SF. leaving watt-F 95 F. 128-kw input (150 bhip). Coz-.qrvssor desgi i is uc
that capacity regulating vanes are- clogsed Liponf stArt-up, thus assuring stairt -up without
load. Capacity regulating VAIICS Art- designerd to be hydi-aulWAlv tx~~wvro1. A sensing
element in the leaving chilled water stream kittltiate olwrAt ion of the vx.-.4 . ()twrAtio?1
of the machine IN automticAM as requirco by denvund of VArltsKIS Air supSpIv t it d A14
reflected by return water temperature. Protect~v e tut'ts AIncliAdt" v Mztt-:Ior &Ainsiit
starting comipressor, unless codI~ng tower p.imp, chilled water j)-ImpS. .Ad,1 oilI A.imp r
first started, chilled water ~ow-tempermturv' cut -out to prevent froezit,,w i '., oil press~ure
cut-(out, And high condenser prensure cut-out. In Addition to the akxove lf trs, h coon-
trot wianl contains A niKO~klAting tempe~rature co(, .;dler. ownxitive to the hll~ed water
return teraperatUre, suctioni discharge, and oil pressure' ,AUVI--4 Atd An o'.-if M'UnaU~Al
switch.
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Fig. 12 Reirigeratiniz maý-hrtt for s~ipplying
c hilied wvate r to 4.cowhlrq. c.. ii

Heating system design, was based on use of steam .And iricluded steam suppll- And
return connections3 and --. syste'rn of pre*býure reduzcing valves, safety relief - ,,ves, traps
for all steam-heated air heating coils. steam jacketed water heates : --,A evaporators.

Process steamn was provided in isolatton cubicles and in the decontaminAtlon roo~m
(136), supplied to I 4-in. dtamn steam let nozzles for de~cntamiatkonanidcleatiingparixses.
Prkwess steami WAS Also provickd to WtAni jet syphons for the transfer Wf contAmInAted
liquid waste.

Firt ' -tca~l AlthAs..gh thr Hig~h Le'vel ltAdiatiot, Latratorv w4.r. d*.sirr1d to nq
gtrutturilly fi' eproo~f. goverinment Frvguiatidfl5 required that the entirc first fltxor Arl-A of~
thr faCility Ie equipied withi Af- AU111natitc. we rtpe x'trA hAixrd sprinkler mysteni. rx.*pt
in the Interitor of the hvot cellis. The sv stem %,.A., diesitened to ('imnlol i to the requirenirrits
Of the National lIIKrd of Fire Undvrwriter% Par.nphk~t So. 13. Sprinkler hr-A.d wi re of thr
reg~iiAr Auttimdw cloned sprAV type. having ordinarý, digre trmprIAa!U~ r~tting* with
nom-inal I 2-ui. d~si~cArgs-r ifitat. *whre required. spr inkler hCAds werte p~r(Y%-drd witfh
higher tertnjwAC.7r" ratinga.
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For xire protection in the cells it was originally planned to provide a manual, electric,
re-iote cortrol. fixed pipe, double shot. dtry powder extinguishi. . system to protect each
cell. Thre s'stem was to include dry powder extinguishing material using carbon dioxide

i 2)or nitrogen propellant. T7his system w-as abandoned because of unc~ertainties as to
its effectiveness and because the dispersion of dry powder particulate matter into the
cells would be detrimental. Another system considered consisted of introducing carbon
tliozi* for niL'oget, Lito individual celIls through nozzles at a sufficiently rapid rate to
diuplac'- tine air in the cell and thus c'itoff tie supply of oxygen. This system, however,
r.equired the release of a large volume of gras in a short tiime to be cffective. To prevent
spread of airborne radio. ctive cokiami-'tion from the cells to the surroundings requires
that a negatire pressure is maintained in the cells e. all times. To extinguish a fire in a
cell by flooding i~twith enough gas to displace the air would require reducing the negative
pressure to almost zero in the cell with the cell exhaust system operating. Since it would
be eatremnely difficult to control the pressure u-, a .zell under such conditlms, any reversal
of presstu e from negative to positive could quickly cause the spreýad of airborne radioac-
tive contamination to the surroundings. Such a system could not be considered completely
reliable.

The problem c-.-, fire piotection at the site of an experim~ent in thie cells was resolved
throuti,_ the use of dry fire extinguishing ag-nits packaged in cans and conveniently located
for quick remo'e application with ~naster slave manipulators.

CONSTRUCTION' FE.C&TURF.S

In pianning the foundation requirements for the hot cells, it was assumed that the
soil co7!litions would be comparable to those existing under th-e NRL reactor adjacent to
the new facility. As a ruPno preliminary test borings were made to dietermoine the
actual soil conditions underlying the cell block site. Excavratiran work disclosed,. however,
that soil cundititms were considerably different from that anticipated and were inadequate
to support the weight of the cell structure. Tt was therefore necessary to sink 42 piles
about 24 ft deep to provide the necessary focridation for sup~porting the cell structure.

After the floor slab of the hot-cell bleck was pou-ret4L the cell floor steel Iliner plates
wertý st& d seam we!"d to 3 'S- in. -thick steel wall 'Liners. The steel wall liners were
tied~ toeo_.-.- by an intricate weided network of rehiforcing bars. Thc permanent steel
wall liners provided th; fr rmrs for jouririg high,-density coacrete.

Th~e heavy dt~nsity concrete requiremnent A as that it have a niinimusm density of 220 lb
per cu ft and a ininirnurn compressive strength of 3,0&') psi. Agg-ega-Is was magnetite
having a specific gravity range cAf from 4A4 to 4.7!.

Spec.al precautions hadi to be exerct.sed in mixing- the concrete so as to provide a
slump of 3 in. or less to minimizne bleedinr and segregation~. To insure that no cleav"age
planes or construactixon ~onsoccurred in the conorete, it was necessary to pour the con-
crete walls of the cell block without interruption. The mixing. handling, and pouring of
the high-density concrete baci to be carefully plaraied and controlled to insure that the
radiation shielding requirement of 220 lb per cu ft was obtained at every poifit and 'hat
a uniform. dist~ribution of the required density was m~aintained for each foot of w-ll height
erected. it was mandatory that the shielding walls did not conlain voids, pockets, or
segregations whaich wouldi decrease the s-hielding capability. Since no postcorrection of
improperly rnixed or place~d concrete was possible, it was necessary to control the rate
of build- up in, height ýii to carefully vibrate the conc~rete so z.s to preveAt voids and
pociket Particilar attention had to be given to the careful placing of concrete around
reinforcing sceel, piping. wall sleeves, shielding window frames, access ports, and other
embecide I iter.-s to insure that the embedded items were not displaced during po.ir4ng.
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Mn view of the cell structure foundation problem that developed during excavation, it
was necessary to make a design change concerning the floor under the swing of the steel
shielding doors. Originally the concrete floor slab outside the cell structure was to be
laid up to the outside cell wall as a separate construction. Since the floor slab was in no
way to be connected to the cell structure, any vertical settling of the cell structure on its
foundation would have easily jammed the heavy steel doors against the floor slab, since
only a 1/8-in. clearance was available. To prevent this event from occurring, the con-
crete floor under the swing of the donrs was made an integral part of the cell structure.
Since the doors are supported on the cell structure and since the floor under the doors
was made an integral part of the cell structure, all parts involved would move together
and not affect the clearance under the doors, should settling occur.

The cell roof plugs were constructed of heavy density concrete (220 lb/cu ft) cast
into 3/8-in.-thick steel forms reinforced with steel bars. The steel forms were perma-
nently retained as outer shells of the roof plugs with the tops of the cast plugs as the only
surfaces with exposed concrete. Precautions were necessary regarding the mixing and
pouring of the concrete in the roof plug forms; however, the problem in this case was not
as critical as in pouring the cell walls.

Where normal density concrete (180 lb/cu ft) was to be protective coated, certain
precautions were necessary during concrete puaring work to leave surfaces to be pro-
tective coated in a condition and quality that would readily accept the coating system.
This required the poured concrete to be vibrated to remove air so as to give a dense
concrete with a minimum of holes, porosities, and irregularities on the surfaces in con-
tact with forms. After removal of forms and while the concrete was still green, the con-
crete surfaces to be coated were required to be inspected fcr voids. Such areas were
required to be opened and filled with portland-cement sand grout, smoothed flush with the
wall. surface.

The hot-cell shielding doors and frames were constructed of laminated steel with the
requirement that there would be no accumulation of voids through any line perpendicular
to their faces. The design of the doors involved close-fitting surfaces and bearing points
and required accurate fitting and operation. Fabrication required careful assembly and
machining to the required dimensions. The hinge axes were required to be truly vertical
since the doors were required to remain stationary at any point in their working arc.
installation -equired very accurate positioning and anchoring of the massive steel frames
in the cell structure. The frames were anchored in the concrete structure by embedding
reinforcing bars attached to frame angle clips. The juncture between frames and cell
steel wall linings were seam welded. The manner in which the doors are hinged makes
them rermiarkably easy to move manually despite their weight, which in the case oi the
single door in cell No. 1 is nearly 8 tons.

Air exhaust from the hot cells is conveyed under the facility through a horizontal
30-in. diam duct buried 6-1/2 ft below the facility floor line. The erd of this duct termi-
nates in a concrete pit located in the waste disposAl area (146). The pit serves as a
transitioa for a rectangular 40 in.- 20 in. duct which conveys the exhaust air to the filters
and exhaust fans located on the second floor. After the 30-in. duct system had been com-
pleted, subsurfacn water began to collect in the duct and rose to a depth of about 15 in.
in one instance. The duct in contact with earth had been spirally wrapped with 50-lb felt
and given a coat of hot tar. This had not prevented infiltration of the subsurface water
and it became necessary to seam weld all duct joints to make them water tight. To keep
subsurface water below the S')-in. duct, a well was bored in the machine shop (135) in
close proximity to the buried duct and equipped with an automatic pump.

The following series of photographs illustrates graphically typical features of the
facility after completion of construction.
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Fig. 13 - Front or observer's side of cell block

The front observer's side of the cell block is shown in Fig. 13. This view shows
the arrangement of shielding windows and the location of window expansion tanks, the out-
side electrical receptable panels (connected to duplicate panels in the cells), General Mills
manipulator control consoles and control pendants for in-cell cranes and their plug-in
receptacle connections in the cell wall, hand crank wheels (on edge of electrical receptacle
panels) for manually operating transfer drawers between cells, hydraulic controls above
electrical receptacle panels for controlling doors shielding transfer drawers, master ends
of AMF heavy duty Model 8 master-slave manipulators, arrangement of fluorescent light-
ing, one run of sprirkler fire protection system above left row of lights, electrical instru-
mentation wiring trough on cell wall above the manipulators, plugged cell wall convenience
ports above cell windows, through-the-wall port to the left of first window on left for
locating specimen transporter for remote controiled metallograph (not shown), remote
viewing stereographic microscope located on the right of first window, covered utility
trough at the base of cell wall, and covered floor drains in middle of floor. Attention is
called to the unobstructed headroom in this area. This was planned in this manner to
permit the installation and/or removal of through-the-wall master-slave manipulators
without difficulty.

A closeup view of the front wall of the cells in front of a shielding window is shown
in Fig. 14. This view shows the exceptional quality and viewing characteristics of the
shielding windows. Shown in greater detail are the electrical receptacle panels, the hand
cranks for operating transfer drawers, the hydraulic controls for operatirng the doors
shielding the transfer drawers, the plugged access holes to left and right and above the
window, the instrumentation wiring trough above the manipulators, and window expansion
tanks.

A view inside cell 4 looking toward-the intercell wall between cells 4 and 3, shown in
Fig. 15, is typical of the cell interiors. This shows the unbooted slave ends of the



NAVAL RESEARCH LABORATORY 45

Fig. 14 Close-up of front of the cells in front
of a shielding window

master-slave manipulators, the arrangement of mercury lighting around the 30 in. by 40 in.
shielding windows, the location of the cable take-up reels at the top of the iiitercell walls,
the bottoms of the removable roof plugs, the air supply inlet into the cell iocated in the
upper right of the intercell wall and the e%'aaust outlet located at lower left side of the
cell, the capped ends of underwall U-tubes at base of front and back walls, the transfer
drawer retracted into cell 4 with its shielding door in open position to the right of the
drawer, 3-ton capacity bridge-type crane mounted on rails located on ledges in both walls
of the cell, in-cell side of plugged access ports, in-cell end of through-the-wall periscope
located in front wall between the windows, the in-cell electrical receptacle panels (con-
nected to duplicate panels outside front cell wall), in-cell ends of covered steel-shot-filled
underwindow access ports, floor drain, power receptacles on back cell wail, utility cocks
located to right of receptacle panel for introduction of gases as needed, and the entrance
doorway.

The view inside cell 4 looking toward the intercell wall between cells 4 and 5 is shown
in Fig. 16. This view shows the height of the fixed intercell wall. The space between the
top of this wall and the ceiling of the cell is shielded with a movable Intercell steel gate,
a portion of which is shown resting on top of the fixed intercell wall. An air inlet is located
at upper left of the intercell wall and utility cocks for gases below it. Part of the General
Mills manipulator equipment appears at the top center. A good view of the shielding door
for transfer drawer equipment is shown in thc closed position with a limit switch and
interlock trip. Also shown, both to the left and above the receptacles, is the arrangement
of 1/2 -in diam threaded wall studs placed on each end wall of the cells for mounting exper-
imental gear or instrum~entation as may be needed. At floor level is shown the location of
the in-cell isotope storage pit uncovered, while the ends of underwall U-tubes are at the right.
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Fig. 15 - View inside of cel 4 looking toward
ir.ercell wall between cells 4 and 3

A partially retracted intercell gate is shown in Fig. 17. This view was taken through
an opening in the cell roof made by removing three roof plugs. The top of the intercell
wall is shown with a recess in the center in which the 10-in.-thick steel gate rests when
closed. Slots in the cell walls serve as guides for the gate. On top of the cell roof is
shown the steel housing which supports the gate and the driving mechanism. The drive
motor is shown in the center of the housing connected to gear reducers at each side of
the housing through shafting. The holes in the housing near the cell roof top and the pins
located in clips in close proximity are for supporting the gate mechanically when mainten-
ance requires disconnecting the drive mechanism. The triangular keys mounted on the
edges of the cell walls fit into mating recesses in the roof plugs. Thus, the roof plugs
can be replaced in exactly the same spot each time they are moved. This feature facili-
tates the hanidling of the massive roof plugs and prevents jamming and scarring of the
protective coated surfaces of the plugs.

The construction features of the cell shielding doors are illustrated by the double
door to cell 3 shown in open position in Fig. 18. The salient features include the door
hinging and the curved configuration of the steps in the closure joint between the two
halves of the door. Also shown is the cremone bolt latch system on the right half of the
door for securing it in closed position and the latch on the left half for securing it against
the right half in a closed position. The latch on the left half of the door is connected to a
trip handle on the cell side of the door by means of a shalt through the door. The shaft is
threaded full length, while the door is tapped to receive the threaded shaft. This arrange-
ment provides the capability for opening the cell door from within the cell and also provides
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Fig. 16 - View inside cell 4 looking toward
intercell wail between cells 4 and 5

the necessary shielding for the penetration of the shaft through the door. The trip shown
on the wall to the right of the door is a manual release for a solenoid-actuated latch at
the top of the doors. The solenoid was intended to be connected to a radiation monitor in
the cells and to secure the doors against accidental opening when the radiation level in the
cells was above a preset limit. This feature is shown more clearly in the next figure
(Fig. 19) with the doors in the closed position.

A view inside the isolation cubicle adjacent to the access doors to cell 3 is shown in
Fig. 19. The shielding doors are shown in closed posidon with the doors secured by both
cremone bolt and the main door latch. The solenoid latch system and the manual trip
release are clearly shown, Attention is called to the hinging arrangement of the ioors
with the doors flush with the cell wall. The doors when opened are prevented from swing-
ing too close to the wall by means of rubber bumpers shown mounted on the cell wall
slightly above center on the right and ncar the floor on the left. These bumpers were
designed to stop the door short of any equipment that could be damaged by the door. An
example of this is seen on the left side where the transfer drawer extends into the isola-
tion cubicle. The door bumper in this case extend3 a 6ufficient distance from the wall and
stops the door before reaching the extended drawer. The arrangement of the external
transfer drawer system is shown on the left of the closed doors. The shielding doors in
this case are attached to hydraulic cylinders which raise and lower the door. The hydraulic
controls are on the isolation cubicle wall. The duplicate shielding door located in the cell
is interlocked with the external door so that one cannot be raised unless the other is in
closed position. The drawer is extended into the isolation cubicle and retracted into the



48 NAVAL RESEARCH LABORATORY

Fig. 17 - View of partially retracted intercell
gate taken through cell roof opening

wall opening by means of a oush rod. In the cell the drawer is extended and retracted in
the same manner but done remotely with the use of master-slave manipulators. The
make-up ventilation air inlet to cell 3 from the isolation cubicle is shown near the floor
to the right of the closed doors. Plugged through-the-wall access ports are shown above
the doors, while the capped ends of under-the-wall U tubes are shown at the base of the
cell wall to the left of the doors. A power convenience outlet is shown in the left foreground
corner.

Access into the cells from the top side was mtde possible by a system of removabie
roof plugs as illustrated in Fig. 20. This view shows cells 2 and 3 completely uncovered,
with the roof plugs stacked on top of the uncovered parts of the structure. It will be
noted that the access openings include cutaway sections in the front wall as well as those
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Fig. 18 - Typical construction features of steel cell
shielding doors as shown by double door to cell 3

which are shielded by removable side plugs in each case. The side plugs are shown at

the right end of the left stack of roof plugs and at the left end of the right stack. The
roof and side plugs covering cells 4 and 5 axe in place and illustrate the shielding system

in the closed position. Lifting rings an,,hored in the tops of the removable roof plugs

provide the means for handling the plugs which weigh about 15 tons each. The lifting rig
for handling the plugs is shown in Fig. 21, while Fig. 22 shows the removal and stacking

of the plugs in progress. Attention is called to the extremely limited headroom available

for crane hook operation. This necessitated holding height dimensions of the cell struc-

ture to very close tolerances and made it necessary to provide side openings in the cell
structure as well, so as to gain enough headroom to handle and lower such equipment
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Fig. 19 -View of double shielding doors to cell 3 in closed position
and external transfer drawer arrangement in open position

Fig. 20 -ViCw Of CftlI 3trICture roof providing accvss i nto ccit~ls
froin top by m-eans of rvinovable shielding roof plug bysteini
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Fig, 21 - Liftiag rig for handling removable roof plugs

Fig. Z - View of building crane handling and
stacking r movable roof plugs
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from the top that could not be passed through the cell access doors at floor level. This
is illustrated in Fig. 23, which shows the cable take-up reels mounted over the top of the
intercelI wall and the bridge-typ-I traveling equipment such as the General Mills mechan-
ical arm and tWe 3-ton in-cell crane. It will be noted that very little room exists between
the tops of this equipment and the bottoms of the roof plugs when these are in place, as
indicated by the ledge on -whi,:h the plugs rest. Without access from the top of the cells,
it would have been exceedingly difficult to install this equipment and equally difficult to
maintain.

The system of removable roof plugs was arranged so that the keystone plug was
located advantageonsly with respect to in-cell equipment and other requirements. A
look at Fig. 24 shows that the plugs cannot be removeu at random, but must be removed
in a certain sequence beginning with the keystone plug. Thus, in cells 2 and 4 the keystone
plug was located over the cable take-up reels, as shown in Fig. 24. This arrangement
provides access to this equipment by removing the access plug and only as many other
plugs as may be necessary without having to uncover the entire cell roof. If, however,
this is necessary, Fig. 25 iliustrates the convenience afforded by the flexibility of access
to in-cell equipment.

The removable roof plugs of cell 2 are shown in place in Fig. 26 with the side plug
removed to show the side shielding of the step joints of the roof plugs by the side plug.

The interior of an isolation cubicle illustrated in Fig. 27 shows the entrance to the
cell and the entrance to the cubicle from the "warm' work area (121). Salient features
are the lighting arrangement of incandescent lights, arrangement of ceiling air supply
diffusers for supplying make-up air to cells, air supply inlet to cell at bottom of right
corner of room with damper control, capped underwall U-tubes along base of cell wall,
power convenience outlets near floor on left and end walls, and process steam outlets on
left wall for decontamination when needed.

The arrangement of the "'warm" work area is shown ii. Fig. 28. The five isolation
cubicles (areas 123 to 127) adjacent to the cell entrances are shown on the left with indi-
vidual doorways t) each. The x-ray laboratory is on the right in the rear background and
the records room on the left. The platform in right center leads to a loading platiorm
eutside the facility and is the main entry point for materials. The beginning of the isotope
storage area is in the foreground with the water treating equipment (deionizer) shown in
the right foreground and the pool containing deionized water in the left foreground (white
pit wilds surruunded by hand rail). The shielding plug. partly shown in center foreground,
covers t.hv su~mp into which isotope stor qge tube condensate drains. Other salient features
of zhe area include the lighting, the fire protection sprinkler system, which can be seen
running parallel to the light runs, the ceiling air supply diffusers in the center, covered
floor drains in the center of the room, and the unobstructed headroom available in the
room. The walls of the isolation cubicles and tWe x-ray laboratory were erected using
masonry block, the hack wall is of concrete, the right wall between columns is plaster
over structural tile, the fhlors and ceiling art of concrete. The area waF protective
coated on all sides, including bare and covered piping, and all potential traps for dust are
sealed,

A view of the isoWpe storage area located adjacent to the "*.Arm' work area is shown
in Fig. 29, The pool shown in the right foreground was designed : contain a depth of 15 ft
of deioaized water. The walls and flbor of the pool were constrkt ,ed of concrete and given
a heavy protective coating to prevent 'eakage through the concrete and to preserve the
quality of the water. The raised section back of the pol contains 24 sinless steel tubes,
each 17 It long, of 8-in.. 6-it., and 4-1 4-in. diam, each capped with a stepped shielding
plug 4.- 12 ft long as shown suspended above one hole. The visible opening to the right
of the large square shielding plug is a stainle.s ,i'.eel lined sump pit 19 ft 8 in. deep. Water,
condensing in the storage tubes, i; dr.iAetl fron" the bottou of the tubes into the sump and
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Fig. 23 -View showing accessibility of cells for installation
of large items of equipment and for subsequent maintenance

(- It) at 1,1' O~ti~ U k.~ st oit) pI ýg U.
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Fi,&. Z5 -View showing accessibility to ini-cell equipment
from top of cell with roof plugs removed

Fi.Z Sidr 8hb a.'1 Wd Ott -oo I~tl
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Fig. 27 - Interior view of isolation cubicles
showing lxghting arrangermentard air supply

removed to the contaminated waste disposal system by means of a steani jet syphon located
it 'he pit. The stepped shielding plug, 3 tt high for covering the pit, is shown to te" left
of the open sump pit. Four stainless steel lined storage pits with shielding covers in place
and each surrounded by guard rails are located in the re;Ar of the isotope storage bank.
These pits are 2 ft square by 10 it deep, shielded with stepped plugs similar to that shown
for the surip pit. Loads are handled over the isotope storage area by means of a 1 -ton
hoist mounted (41 a traveling bridge. A radiation monitor with alarni is shown wounted on
the wall to the right of the hoist h(s,k. No overhead lighting was placed abx)ve the storage
pits but located on the back wall As shown. The fixture, was to(tlly enclosed to prevent
possi8bl- contaMiinatiorn from entering the fLUture.

The salient trature of the decontaminaticon rtx)ni (13M,) (oi(sNixts of two stainless steel
lined pits shown covered with grating in Fig. 30. The pits are 7 ft by 8 ft ny 12 in. deep
with the t1,tt:)m sloping from four KItde. to a drain At the center. The pit in the frtrecround
is for dkcontaniination purpo)e' and the adjoining pit for rinsing and drying. Prtwess
StVtam and cold water lines are mtounteo on the left wall. A stainless steel sink with valves
set at knee leveIl Is Shown iII the twa( Kground. All PipIng tat did not haxi, at least I- 1 2 an.
standoff from the walls WaS caulked to eliminiate trapping of p)ossible contamination. All
gaps hetwsenl ductwork wid ceinln•. were likowist sealed against pons.k'o entrapment ,f
'ontatn Iat ion. The designi of 9-c lght ftxturs- c atolpy is also Shown.

The arru.gement of the *warnt" chetmfstrv lAtx)raturv is showr, in Fig. 3!. A radlo-
active fume himid is located the right foreground Ad a perchloric acid htod in the right
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Fig. 28 -Arranlgemniet of 'warm" work area (121)
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Fig. 30 - Decontamination room showing
grating-covered shallow pits

background. On the left si4de a refrigerator (shown with white door) is located under the
counter. The frame at the end of the base cabinets is an emergency shower stall with an
eye wash mounted on the right side of the frame. The cylindrical vessel beyond the
shower frame is a ceramic crock for neutralizing acid waste. Ilitng mounted on the
walls above base cabinet counters supply hot and cold running water to sinks and drain
cups and air and gas to counter tp locations. The space between piping and walls is
completely filled with caulking to eliminate entrapment of contamination. The arrange-
ment of canopied light fixtures provides virtual shad4owless illumination. The air supply
diffuser is ehown between the center light fixtures. A radiation monitor is shown on the
left wall mounted on ai shelf.

The layout of the waste disposal system is shown in Fig. 32, as seen from above the
pit area. The sequence of individual units of the system are located as follows: the
uncovered pit at top of the phetograph and the covered pit adjacent to it on the right con°
thw 100-niesh coar•et strainers. the pit below the uncovered coarse strainer pit contzins
4a punmp which tranxfers waste from the coarse strainers to the fine filters, the small pit
to the right of the pump pit and the covered pit adjacetlt to it contain fine filters, filtered
waste is traznsferred by gravity to the holding tank shown in the pit at right centtr; the
OVaIporattors, demi., term, And condenser are hwated in the pit to the left ot the holding
taU4 pit; ard the distilled v.oat!r tanks are lhAted in the pit below the evaporator pit.
FaAch pit 0% rovered with a xtepped ahielding -ovtr that ,neshes with the stepped comfiguri.-
ti(n (f the pit openings. Tiur dark outline shown around the stecrn-d o•jening is A gasket
for sealing the pit against ingress Of wAter.

('hosep views of the varitus individual comlxments of the waste d',sipnal syetem are
shown in the following photfwraphs.

The arron'gement -4 the coarse strainer systm is shown in f'g. 33. The raw waste
is delivvr,,d to the filter through a 3-in. stainless stccl drain line shown at the top of the
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Fig. 31 - Arrangement of -warm, chemistry laboratory

photograph. The filters can be isolated by a pinch valve as shown attached to the drain
line. The cover is fastened to the filter case with screws. The discharge line is shown
below the inlet to the filter. The fD14s are vented by vent 'ines as shown on left side of
the filter case. A level indicator connected to an alahrm on a remote panel is shown near
the top of the case on the right side. The pit drain is connected to a sump in the evapora-
tor pit.

The discharge from the coarse filters is forced through the fine filters by the raw
waste pump shown in the right foreground ot Fig. 34. The pump features a niaýnetic
drive, hermeticaliy sealed centrifugal type, capable of pumping 10 gpm of waste water
against a head of 75 ft (f ntaining sueperded solijd which have passed throuh the 10U-mesh
scieen of the coarse strainer. The second pump, shown lower d)wn in the pit, transfers
filtered waste front the holding tank to the evaporator system. This also 1A.=.ýres a mag-
netic drive, hermetically sealed centrifuga' type, capable of punmping 5 gpm -f filtered
waste water against a tead of '5 ft. Wetted parts of both pumpb are constructed of type
318 stainless steel. The pump pit is equipped with a floor drain connected to a sump in
the evaporator pit.

The ftne filter system, designed to remove particulate matter fromn liquid waste
down to 5 micron size, it shown in Fig. 35. The filtering elmnents are disposable
cartridge-type units having a flow i ate range of from 0 to 18 g,)ni and a differential pres-
sure range of 3 .,-ig when clean. The filter elements are arranged in a basket with a
fixed upright bail for easy removal. The iop cover of the filter biody is hrld in place with
to-ggle clamps and has an upright bail for removal vusing a crane hook. The pit cdrain is
connected to a sump In the evaporator pit.

The discharge from the fine filters flotws by grAvwtv to thf- holding tank shown in
Fig. 36. The tank has a capacity Of 1000 gal and is, 5 ' diani aue 7 ft kling. constructed
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Fig. 3Z - Layout of waste lisposal osytem

of type 304 stainleas steel. The large cove.red port on the left side is a manhole. The
various pipe inlets into the tank beginning with the lowest in the phtl~ograph mW proceeding
upwards ai , as follows: waste frýim fine filters; bypass from pump. trarsferring waste
from holding tank to evaporator system; waste water from 4eionizer system; a spare port:
line to introduce neutraliza.g acid or alkali for maintaining liquid not-0-ril 1:- tm*nk vyrt

h pipe to cell exhaust system; and a level irWdi• !rt- atid pH inic'atur cty -ected to rvmote
recordink system on control panel. An 4ia itne connecton (niut visible) to a spart'- Piep
in the tank is located near the bXo. ,4n Ci onte end. Liquid wa-te is withdrawn from a roen.
-mption on thc underside (if the tar-k (iui visiblel) aid transerred to the evalxprators by a
raw waste pump, previously mittonted.

The evaporativw system ti illustrated In Fig. 37. Th. evapt)rator. art mhown mounted
(m a framne tlAse 9hw body h-tgnt L each vr-ssel Is L4Mxut 3-1 2 ft Ad tow txily diameter
Atx:ý-t 20 in. Each vrs•-l is toontr-cted of type 316 Atakinl-si steel ad haw:, ýt•A ,At'Ity of
20 1cph. Thet bottorm of each "xitie is hmisoterwal Aili r-s%., in a c) '-titted teatm
jacket for heating and evaix)rItIrng liquid waste led to the h vap•orator fl :--, Me holding
tank. Liquid f•ed enters at the sud of the eva4xrattor And t-hr va4xor dt wharcrt;t v the top
thrMugh a diaphragm valve It? Jemisters, which art thw. two largre cyriiiniric7 •-•*•.
appearing a! the top of the phuoitaph. The demisters are cioltructed of 0 etam
schedule 40 pipe of type 304 s4inle steeo ."",ach demiater comtaisn three- -pM',e
d&mi*ter elements. 7.9.-In. o.d. by 12 in. '0ng. centcre'1 in the vvssel a4d :-, :1,icted C4
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[ 4 ; ", 
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Fig. 33 - Close-up view of coarse strainer arrangement

Fig. 34 - Raw wa.tte pump
ar range ent
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F'ig. i~-Close-up view of fine filter system

type 304 staijile*ss steel wire mesh having a residual entrainment capability of less than
0.35 ppm. Water Ciat cciiects in the demnister is returned to the side of the evaporators
through a separate l~ne. Vajpor from the demisters passes to the condei-isers appearing
as smaller diameter cvlindricaJ vessels below the dernisters. TL',- condenser shell tubes,
tube sheet, and head are ccnstruicted of type 304 stainless steel with a sheil diameter of
about 6 in. and an overall length of about 3 ft. Vapor is circulat,,d inside the siiell but
outside of the 3 14-in. condenser tubes through which cooling water is circulated. The
condensers have sufficient surface to condense vapor driven fromi tht-, u-aporator at 5 psi
to wvater at 160'F based on cooling water having an entering, temperatur4 of 60'F. The
condensed water is collected in tanks (shown in Fig. 38). The fouling factur of the con-
densers was specified to be 0.001. The solid matter aEs it precipitates fromi solut.1-ic and
coflects on the bottom of the evaporator will be removed as a sludge. This conceat iated
waste will be placed in suitabiy shielded containers and disposed of through approved
channels,

The distilled water tanks shown in Fig, 38 have a capacit; of 260 gal each. The tanks
are vented to the scrubber absolute-filter ventilation systen. as a precautionary safety
measure. The tanks are equippe~d with level indicators and are interconnected for filling
and for discharge. The distillate pump shown in the tipper right corner oi the pit has a
capacity of 10 gipm against a 75-ft head. This pump handles the distribution of the dis-
tilled water to either the holding tank or to the scrUbber, or the water cani also be diverted
to the sanitary sewer. The control valves for diverting Ihis w.ater are contained ini a vaive
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Fig. 36 Close-up view of holding tank system

pit located to the left of the evaporator pit of Fig. 32. The valves are manually controlled
and are kept locked to prevent unauthorized operation.

The duct appearing to tht &eýýt rf the evaporatur pit in Fig. 32 is shown more clearly
in Fig. 39. This duct conveys the exhaust air frc'm the underground 30-in. duct, con-
nected to the celis, to the scr'ubber absolute-filter exhaust taii system on the second floor.
The view in Fig, 40 shows "he centinuraticn )f h•hs duct to the plenum at the rear of the
gas scrubber chamoer. The absolute-filter sy-,ten' is coAtained in the chamber adjoining
the gat, scrubber chamber. Air passes from the gas scrubber to the filter chamber at the
left end through a vestibule separating both units internally. Exhaust fans (one of which
is visible) are connected to the right end of the filter chamber. Exhaust from the fanis
passes to the staci- oa-isi e 'he biuild*.,g thioubtn ductb shown to the right of the exhaust fans.

The location of the scrubber absolute-filter exhaust fan system is at the right-hand
side of the second floor layout of the farcliti sfown in Fig. 41. The insulated duct which
supplies air to the "w2rm" work areas appicars ;dlong the right waY' of the building. Exhaust
from ti.e 'warni" work area ard from the decontamination room is conveyed to the scrubber
by t•he duct appea-rig in front of the fresh ý.ir supply duc, and to the right of the electrical
panel in right center. The fresn air supply to the 'cold" work area d122) in front of the
cells is conveyed by the duct running aler.g the loft wail of -Lae ouilding and c-')ssing over
to the utilities area in which the supply fan is iocated. The exhast f"o.n the "cold" work
area passes through the absolute-filter system anJ cxhaust f.a located on the ieft fore-
ground nearest to the cell block, The exhausts from the perchlcvic acid fum, hood and the
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Fig. 37 - Close-up vieN& of evaporative system

radioactive fume hood located in the gwar in" chemistry laboratory are located next in
line. The projection of the cell block aoove the second floor level is shown in the center
of the floor. The utilities area is located at the rear and contains the power ti ansformers,
refrigerating machine, air supply fans with heating ard cooling ciAls. process steam lines
for hot-water production and for heating coils, motoe control centers, and miscellaneous
controls. Access to the '"; arm" work area and to tit- machine shop from the second floor
was provided through trap doorb in the floor. Thesc. are located in the floor to the right
of the cell block, and the corner of one of such openings is shown in the immediate fore-
ground. The access holes are covered with concrete plugs equipped with lifting rings for
handling with the building bridge crane. The purpose of the access holes iii the areas
below was to obtain the use of the building crane for handling heavy loads in and out of
these areas. The building bridge crane straddles the full width of the floor area from wall to
wall and rides on raiis along the walls.

COLLA fERAL EQUIPMENT

AMF Heavy Duty Master-Slave Manipulators

Experienc, with standard Model 8 master-slave manipulators at NRI, and e~sewhere
indicated that hot-cell experimental work involved at times the necessity of using these
manipulators beyond the limits of their design capability, thereby oerloading them and
introducing equipment difficulties, In view of the increased complexity of hot-cell work
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Fig. 38 -View inside pit containing distilled water tanks

Fig. 39 -Exhaust duct. conveying air froin 30-Iin. underground
duc--t fromi cells to sc rubber absol.)ute-filter purifyi!-g systero
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j,.-

Fig. 40 Partial view of scrubber absolute-filter
exhaust fan system

Fig. 41 - Second floor 1_4yotit of th(, hot-ccIi facility
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anticipated in the new hot-cell facility, it was considered essential to select a model of
manipulator having greater load handling capability in all of the motions. The AMF Heavy
Duty Master-Slave Manipulator was selected on the basis that its load handling charac-
teristics best suited the anticipated work requirements of the new hot-cell facility. An
added feature in the form of extended reach became available before all of the required
manipudators we f manufactured. Since extenued reach was considered necessary for
operations in ce'.b , a;.-a 4, two paiv of manipulators were manufactured with this added
feature.

The principal manipulator dimensions are shown in Fig. 42. The length of the arm
in telc scoped position is 56 in. from the centerline of the wall tbibe to the wrist pivot.
The length of the arm extended is 97-1/4 in. from the centerline of the wall tube to the
wrist pivot. The slave-end pivot extends 18 in. beyond the inside wall of the cell. The
master end extends 24 in. beyond the outside wall of the cell. A minimum clearance of
20 in. was required above the centerline of the wall tube. The mounting height from
centerline of wall tube to floor is 10 ft.

The manipulators have the following degrees of motion: rotation about the wall tube
centerline; rotation about the arm centerline; rotation about the wrist joint; bending at
the shoulder joint; telescoping of the arm: hand grip; separation (angular indexing of
slave arm with respect to master arm in a plane parallel to centerline of wall tube): and
side canting (angular indexing of slave arm with respect to master arm in a plaie perpen-
dicular to centeriine of wall tube).

The sensitivity of feel expressed as the force required to initiate and maintain
motion in the various directions with boom tubes fully ext'i-ded is appoximately as fol-
lows: "X" motion friction force, 2 to 4 oz; "Y" motion force, 2 '1o 4 oz: and "Z" nmtion
force, 12 to 24 oz.

The manipulator slave arm can exert a 65-lb pushingý for,., against an object with the
arm fully extended and a 100-lb force with the arm fully ielescoped in either the 'X" or
"Y" motions. hi the vertical direction ("Z" motion) up to 120 lb can be lifted, using a
load hook attachment. The heavy duty grip at the operating handle can exert a force at
the slave-end tongs to clamp or hold a 30-lb load in any plne or attitude of the hand. The
following table lists tne capacities of the AMF Heavy Duty Manipulator at the slave end.

Force Capabilities of AMF Heavy Duty Master-Slave
Manipulator at Slave End

Function AMF Heavy Duty

X-motion 100 lb. tplescopic tube
(side to side) fullv retracted

S65 lb, telescopic tube
fully extended

Y-motion 100 Ilb telescopic tube
(back and forth) fully retracted

65 lb. telescopic tube
fully exten•ded

Z-motion 120 lb with load hook
(vertical up and down)

Grip 60 ib (direct grip)
30 Ib (rn ilpulatioln)
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Fig. 43 -Extended reach manipulator principal dimensions

The section of the manipulators contained in the wall through-tubes was shielded with
12 in. of lead in the 42-in.-thick cell wall and 10 In. of lead4 in the 36- in.-thick cell wall.

Side canting or electrical indexing feature was provided or, the manipulators in cells
',3, and 4. This feature permits a 20 d*egree side displacement of the slave arm with

respect to the master armi in a plane perpendicular to th-ý wall through-tube centerline.

The tong assembly on the slavP end is designed to permit remote interchangeability
of tong fingers. Tong fingers are cast aluminum and, when contaminated, can be replaced
A~t a low cost.

All manipulators were provided with remotely removable type polyethylene booting
to protect the slave end from radioactive contamination.

tieThe extended reach feature incorporated on two pairs of manipulators provides twice
teextension of the slave end without having to move the master end. This feature allows

manipulation to reach the floor for complete cell coverage as illustrated in Fig. 43. It
lets the operator maintain the most convenient, working and optinium viewing positions
while making floor manipulations and doing below-window level operations. Examples of
the extended reach feature are shown in the next two figures. In Fig. 44 the left slave

arm grips a radiation monitor on the cell floor at a point 7 ft from the inside front wall
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Fig. 44 -Example of the use of extended reach manipulators



70 NAVAL RESEARCH LABORATORY

Fig. 46 -Exarr'ple showing reach capabillity of heavy duty
manipulators without extended reach feature

of the cell while the right-hand slave arm grips the cover to an electrical power recep-
tacle mounted on the inside back wall of the cell. In Fig. 45 the slave arms are shown
gripping the door handles on the cell shielding doors, which are 10- 1/2 ft. from the inside
front cell wall, while the master ends remain retracted. The relative extension of the
slave end is accomplished by seven movable pulleys on the master end. Motor driven
twin screws mounted on the master side extend the slave end, enabling the operator to
have both hands free for operation during extension or retraction of the slave endrs. The
reach of the heavy duty manipulators w~thout extýýndp'd reach is illustrated in Fig. 46 which
shows the interior of cell 3 with cell transfer drawers extended into thle cell. The right
slave arm is nearly fully extended when reaching into the external transfer drawer in the
back cell wall, while the left slave arm reaching into the left transfer drawer is extended
less than half oif its full length.

Attention is calied to the exceptional optical quality of the shielding Windo~ws anti the
excellent in-cell light ing. The photographs just discussed were taken through the windows,
which are 42 tit. thick for Figs. 44 and 45 and 36 tit. thick for Fig. 46, us~vig in-cell nier-
cury lighting for illumination.

Gwiler-Ai Mills Mode'i 303 F Mechanical Arm MatnipulAtor

Certain hot-cell opewrational requirenitutts In IV4V tasks fhr which~ tlhe wýtr Ave
manipulAtors were v~ttsider4'd IinAdequAte. It wAs thece'fore 1'C4.tSAIc tO Inc 'lwhi A'z~idi
tionld mAnIipulaiJvOe CquipmentM 4-ApAbit Of hAl)d! MV itents o~f vjr~ iin -ie.1ýrvh And ~il
and which could provide! A widte rAI~zv A! ! echAnicAl fot.'.'. Ttý fill thi~i nvk-41. the 4t-iwl

Mi lls. Mt~ic 303~F mochAnical Armi WAs- NP1l.'cte1. ( nt, con~ph-ti utitt is shAreO t)reý
azid 3 and wnothcr unit is shared by collsi 4 And 5 As *As~ cWpivttd in the dvsgni stAjg
of D!wg, 3.

The ~odel 3Q0 F zneCIIAn.1-4i Arm ix A getwrAl AIrI-1)(M ,I'lrnehnrl IIIAMIXIlAit ,r
UitIl ittIng A OcIInn ilAtil IOn f h ingOUItu InA! Ihr adk% ltI Ate !a a (- rriAJý41 Alld -verti Al tl ' -c~i
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hoist movements which pei mit the basic positioning of a mechanical arm within the space
of the cell. The arrangement of the manipulator system is shown schematically in Fig. 47
and consists of a bridge which travels on rafts set on opposite walls of a cell, an arm
carriage which holds the telescoping hoist and mechanical arm and which travels on the
length of the bridge, a cable take-up unit, and a remote control unit.

The structural and engineering features of the manipulator bridge a.'e shown in the
outline sketches of Fig. 48, while the track munting pad and cable roller arrangement is
shown in Fig. 49. The manipulator bridge features rugged I-beam construction and uti-
lizes narrow end trucks to facilitate application to the lirmited available space in the hot
cells. Bridge movement is produced by a 1/4-h" shunt wound dc motor connected for
th-ree -speed armature control. A constant field excitation provides nearly constant torque
and permits automatic dynamic b:z•ing of the motor. All electrical leads for the manipu-
lator are Lornnected through a bridge junction box which is supplied by a multiconductor
cable that originates at a wall mounted junction box adjacent to the cable take-up reel.
Limit switches on both sides of one end truck restrict bridge travel over preset limits.
Power is transmitted to friction drive wheels at each end truck through an interconnecting
drive shaft with the forward wheels driven through a chain and sprocket arrangement.
Static braking for bridge motion is provided by self-locking worm gears. An electrically
operated drive release permits free wheeling along the track.

The track-mounting cable-roller arrangement is shown in Fig. 49. The track mount-
ing pads consisted of short sections of 5-in., 9-lb channel welded to the base of the rail
at intervals from 36 to 48 in. apart. Cable rollers were fastened to the inboard blanked
end cf the mounting pads. The track was anchored to the 8-in. wide ledges in the cell by
passing the bolts anchored in the ledges through holes in the channel web and fastening
with nuts. The track was levelled by the use of shims as needed. The center line of the
track is 5 in. from the inboard cell wall, which provides just enough space for free rota-
tion of the cable rollers.

The assembly of the telescoping hoist, mechanical arm, and carriage is shown in
outline in Fig. 50. A removaLle sheet metal housing encloses the carriage, which has a
steel base structure. The telescoping hoist consists of stainless steel sections featuring
a ball spline design which minimizes friction and allows free movement. The telescoping
hoist is housed in a steel enclosure. The hoisting cable runs from the hoist motor drum,
down the center cf the tube, and is connected to the lower end of the tubes. All joints and
openings are sealed against dust infiltration. The telescoping hoist is equipped with safety
features which include mechanical stops to prevent overextension of the tubes and a sens-
ing switch which detects hoist cable slack and interrupts motor power. Hoist movement
is provided by a 3/4-hp, 208-v dc shunt wound motor with a constant 208-v dc field supply.
Shaft speed is directly proportional to armature voltage and shaft rotation is dependent
on armature polarity. Dynamic motor braking is accomplished by shorting the armature
windings upon power cutoff. The hoist motor includes a friction-type brake for holding the
load in a static position. Carriage motion is produced by a 1/4-hp 208-v dc shunt wound
motor having the same characteristic. as the hoist motor mentioned above. The carriage
is equipped with an electrically operated disengage nmechanism which permits free move-
mont of the carriage across the bridge. In addition to dynamic motor braking, static
braking for carriage motion is provided by self-locking worm gears. For safety, limit
switches on the carriage restrict its travel over preset limits and detect tilting on the
bridge. Hoist and carriage displacements are shown in Fig. 51.

The various parts of the mechanical arm assembly together with pertinent dimensionis
are shown in Fig. 52, while an. actual photograph of the arm as installed is shown in Fig. 53.
Mechanical arm motions are depicted in Fig. 54 together with a summary of the operational
capability data. A view looking down on the bridge and mechanical arm carriage installa-
tion in cell 2 is shown in the foreground of Fig. 55. This view shows the bridge construc-
tion and the manner in which the carriage travels across the bridge. Power and control
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Fig. 49 Track mounting pad and cable roller arrangement
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Fig. 50 -Telescoping hoist and carriage dimensions
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G_7!NE:%AL SPECIFICATIONS

SHIPPING WEIGHT (Approximate) ............. 700 lb
(hoist and carriage only)

TELESCOPING HOIST
Extension-Retraction Speed .............. 15 fpm
Load Capacity (using arm hook) ............ 750 lb
Travel Range (standard) .................. 87 in

(special designs up to 20 ft)

CARRIAGE
Travel Speed ........ ................ 15 fpm

Travel ranges, load capacitiesand speeds are nominal maxi-
mum values. All speeds listed are "no load."

Fig. 51 - Hoist and carriage displacements

cable take-off is shown at the left side. The cable passes over cable rollers, mounted on
the track mounting pads, to the cable take-up reel on the left. Other equipment appearing
on the same track is a bridge-type traveling crane hoist which is to be described in the
next section. The mechanical capabilities of the mechanical arm include: maximum lift
of 750 lb with telescoping hoist and with arm vertical; a grip force up to 150 lb with fingers
of the hand opened 3 in.; load capacity of 65 lb at elbow joint with forearm horizontal and
upper arm vertical; load capacity of 39 lb at the shoulder joint with both forearm and
upper arm horizontal, and 95 lb with forearm vertical and upper arm horizontal.

All manily-lator movements are remotely controlled. Two modes of control were
provided, one by means of standard operational controls mounted in a control console, as
illustrated in Fig. 56, a•d the other mode by means of a portable satellite control utilizing
power and control equipment of the control console, but with operational controls mounted
external to the console in a small, specially designed, finger tip portable controller. Both
modes of control are illustrated in the photograph of Fig. 57. When employing the satellite
mode of control the conitrol function of the pistol grip handles on the control console is
deactivated ard replaced by the finger tip controller. These modes of control provide a
maximum flexibility around the viewing windows for operating the mechanical arm
manipulator.
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Fig. 53 - View of telescoping hoist and rnechanr.cal arm

When the standard mode of control is employed, manipulator movements are con-
trolled independently by two pistol grip handles on the control console in conjunction with
visual indicators located in the top panel of the console as shown in Fig. 56, In addition
to the standard controi,. ihe grip force indicator controls and tool power controls. shown
to the right of the standard control panel, were also included.

Two pistol grip control handles, protruding from the front of the console, govern all
manipulator movements when this mode of control is used. Handle movements actuate
sector switches in the handle assemblies which in turn energize relays to govern direc-
tion and speed of manipulator movements. The control handle action to produce manipu-
lator movement is illustrated in Fig. 58. Both control handles ire supported on gimbal-
type mountings, permitting coordinated simultaneous motion. Direction of manipulator
movement corresponds to the direction of control handle movement and manimula*or speed
is governed by the amount of control handle displacement from neutral. Each mo,,Pment
has threc qpeed steps in each direction. The handles are spring loaded in all axes to
provide automatic return to neutral (or off) position when the handle is released. The
type of drive used makes the manipulator maintain any set position or grip force with the
control in neutral. Each movement of the n-anipulator is driven independently by a shunt
wound dc motor. Th. motors and controls are interc onnected by a system of cables which
use a common ground circuit to minimize the number of conductors required.

Electrical power is supplied to the console at 208 v ac, 60 cycle, singl, phase. 'hit;
is converted to direct curreat, for power and control use, by power supplies in the vontrol
console. Power control mechanisms are also contained in the console to ,evniotvl goerre
the manipulator movements in response to comniands of ()peratl ihal controlds.
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ELECTRICAL REQUIREMENTS
Voltage,.....................208 If INC
Frequecy.................60 cps
Phase .............. I.....................1
POW......... ..................... 2500 v a

WEIGHTS (Approximate)
&"M aagd arm carriage.............750 lb1

fBridge...............................400 lb
Control console ....................... 250 lb1

CONTROL CONSOLE
Unit controls ......................... 2
Type control.....................Pistol grip handles

Right-hand movements.......................5

Speed coAo em e-emeat) Six speed steps in each direction

Rail sectiouuleaglh.......................16 ft

Model 303Y Specifications

APA MODEL 303Y
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7:%

Fig. 55 - View looking down -n manipulator
bridge (in foreground) and a m carriage

The pistol grip mode of control features a natural movement concept which enables
the operator to position the mechanical arm quickly and accurately by introducing dis-
placement in any or all axes simultaneously. The operator has only to visualize his own
right arm in place of the manipulator arm. Thus, any movement of his arm and hand
causes corresponding movements of the manipulator arm and grasping tool. Character-
istic movements of the operator's left arm cause related movements of the bridge for
positioning the mechanical arm in the general area of in-cell operation. Direction and
rate of each manipulator movement are thus governed by the direction and amount of
control handle displacement from a neutral position.

The mechanical arm manipulator was equipped with safety and protective devices to
avoid improper operation and prevent damage to itself or other equipment. Both mechan-
ical and electrical protection were provided. Slip clutches are used to prevent excessive
overloads and stresses on the arm. Physical stops and limit switches restrict bridge
movements over preset limits. All power and control circuits are protected by thermal
overload circuit breakers.

To safely handle breakable materials, a -isuai indicator was provided at the control
console as shown in the top panel of Fig. 56. This grip force indicator, in the form of a
zero center meter, provides a comparative measurement of grip force applied by the hand
or hook attachment. The meter is connected to a grip force transducer in the manipulator
forearm through a dual-range wheatstone bridge circuit. The dual-range feature provides
two scales of measurement: from 0 to 150 lb and from 0 to approximately 1 lb.

The tool power provision incorporated in the manipulators is a special modification
which enables the manipulator to use portable power tools that are remotely interchange-
able with the standard hand unit. Thus, certain functions such as driving nuts to fasten
or unfasten bolted joints, or other tasks, can be performed remotely in any area of the hot
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Iy

Fig. 57 - View of standard type and satellite
controls for mechanical arm manipulator

V -d

Fig. 58 - Manipulator movements vs control handle displacernents

cell. A special receptacle, fastened to the forearm, mates with quick-disconnect plugs
fastened to the tools and provides power for driving 115-v ac/dc universal motors up t.o
1/"2 bp. Controls in the console enable the operator to drive the tool in either direction
of rotation at one-third, two-thirds, and full speed. The power tool feature is illustrated
in Fig. 59.

The cable distribution system for a mechanical arm manipulator was shown schemat-
ically in Fig. 47. This system requires 24 conductors for operation and control. The
control console cable is connected to a receptacle in the front outside wall of the cell by
means of a quick-disconnect plug. Wiring from the wall receptacle is carried in conduit
embedded in the cell structure to a junction box located on the intercell wall in back of the
respective cable take-up reel. This junction box is connected by cable to a 24-conductor
collector ring mounted on end of the hollow shaft of the cable take-up reel spool. The
24-conductor collector rings are connected by cable through the shaft to a junction box
on the end of the shaft next to the reel spool. One end of the 24-conductor cable coiled
on the reel spool is connected to this junction box, while the other end is connected to
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the junction box located on the bridge of the
manipulator, thus completing the circuit.

General Mills "A" Frame Friction-Type Bridge
Equipped With Chisholm-Moore Meteor Hoist

Hot-cell operations often involve a situation
where very heavy loads need to be remotely handled
and precisely positioned within the cell. This sit-

uation requires a means th.1t is not only readily
available within the cells but which has the neces-
sary characteristics and reliability. As a solu-
tion to this problem the General Mills "A" frame
friction-type bridge eq u i pp e d with Chisholm-
Moore Meteor Hoist was se lec t e d. The com-
plete a s s c rn b I y is operated by remote control
and consi.:!s of a hoist and crane bridge travel-
ing on a common track system with th,• mechani-
cal arm manipulator. The typical in-cell installa-
tion is shown schematically in Fig. 60, while the
three outline sketches of Fig. 61 show the "A"
frame end supports for the I-beam on which the

F,. 59 - Vi•w of power tool hoist is supported and travels across the bridge.
f(e.tture" MOunotted on mnechanical Section gC"-'C" shows a detail of the double-
arrm flanged wheels on which the bridge travels.

Refei ring back to Fig. 55, the "A" frame crane
bridge hoist assembly is shown in cell 2 as installed. The bridge motion and hoist
travel are produced by drives similar to those enmployed for the mechanical arm bridge
and carriage. The hoist unit includes four separate hoisting cables connected to individu-
ally braked win-ling drums mounted on the overhead carriag4e. The drums are powered
by a common drive through four separate clutch mech4u-isms, enabling any or all cables
to be controlled independently or in combination.

From the winding drums to the hook the four cables form an inverted pyramid.
With this arrangement, the hook is virtually in rigid suspension and, within certain limi-
tations, features excellent nonswinging, nonrotating characteristics. Selective control of
the winding drums enables the hook to work close to cell walls by moving the hook any-
where within the perimeter of the hoist unit. Thus, the unique feature of a twist resisting,
nonswinging hook having minimum hook-to-wall clearance provides a stabilized crane hoist.

The hoist specifications are as follows:

Capacity - 6,000 lb

I-beam size - 8 in. at 18.4 lb

Electrical power - 208 v ac, 3 phase, 60 cycle

Trolley driven by 1/4-hp right-argle drive motor with brake and #23 Maxitorq
electric clutch (230 v de). Motor mounted witl, shaft out of right side facing
gear head.

Trolley speed - 16-1/2 fpm

Hoist motor - 4 hp

Two-speed hoist - 6 and 18 fpm, 18-ft lift, four parts of rope.

The hoist equipped with upper and lower screw limit switch.
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Fig. 60) - Schematic view of in-cefl
installation of crane hoist

The crane bridge hoist is remotely controlled from a pendant attached to a cable
which is plugged into a receptacle in the front outside wall of the cells. The 24-conductor,
16-AWG cable distribution system for the crane bridge hoist is similar to that employed
on the mechanical arm manipulator. The cable take-up reel arrangement which spools
the 24-conductor cable for the crane bridge hoist is shown on the right side of Fig. 55.

As a safety measure, a provision was included for towing the mechanical arm manipu-
lator bridge by the crane bridge in case the manipulator became disabled for any reason.
This feature consists of a remotely operated coupling device, part of which is mounted on
the trolley frame of the crane bridge hoist and the other part is shown as a white lever
mounted on side of the manipulator carriage. The remote controlled coupling feature is
operated from the pendant control of the crane bridge hoist.

Industrial Electrical Works, Inc.. Cable Take-Up Reels

The problem of dragging and retracting the 24-conductor cables attached to both the
mechanical arm manipulators and the crane bridge hoists during their travel across the
width of the cells was rescIved by the use of motor driven cable take-up reels. These
were mounted in recessed spaces provided in the intercell walls as indicated on the design
sections of Dwg. 3 and by the typical installation shown in Fig. 62. Since the distance
of travel in cells 2 and 3 was shorter than the distance in cells 4 and 5, the cable
take-up reels had to be designed to fit each case. For cells 2 and 3 the cable take-up
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reels were designed to dragg and to retract 1.9 ft of 16-gauge. 24-conductor cable (1.025 in.
o.d.), while for cells 4 and 5, the reels were designed to drag and retract 36 ft of the
samte size cable.

The outline drawing of the reel ior dragging and retracting 36 ft of cable shown in
Fig. 63 illustrates the des4ign. The reel mechanism is supported on an angle frame with
the motor mounted on its base. A hollow shaft mounted on anitifrietion bearings is attached
to the top of the frame. A 35-amip 24--conductor collector ring is mounted oil the rigi.t 'nd
of this shaft and a i eel spool and junction box, on the left end. A housing attached to the
framne encloses the collector ring with the upper half removable for accessibility. The
reel mechanism is driven t6rough sprockets and rolwer chain as shown,

The reels are pdwered by 100 percent full-stAll ty1- torque motors with 3 ft.lb disc-
typ h brake opedrating at 600 rp e on 208 v. 3 phase, 60 cycles. Thi motors are totally
enclosed, nonventilated constructiorn with a retracting speed of 314 p e.i
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Fig. 62 - Vic-A of cabie take-up reels
and rnounting arrangerner-

The installation shown in Fig. 62 is typical for all the reels and includes one reel
constructed with the collector ring located on the right side and the other reel with the
collector ring on the 1.ft side. This was necessary to permit spooling of the cable adja-
cent to each cell wall. The instailation of Fig. 62 shows the electrical connections to
each reel. The cabling from the receptacles on the front outside wall of the cells is
brought to each junction box shown mounted in back of each reel. Connections from this
junction box are carried to a junction box mounted on the frame of each reel adjacent to
the collector ring housing. Connections are carried from this junction box to the collec-
tor ring. Connections from the collector ring are carried through the hollow shaft to the
junction box at the extreme spool end of the shaft. Connections from this junction box
are carried through the trailing cable wound on the spool to the junction box on either the
mechanical manipulator or the crane bridge hoist. The reels are interlocked electrically
with each piece of equipment they are connected to and operate automatically to drag or
to retract the cable, depending on the directiun of bridge travel. Cable guides are mounted
on the frames at the bottoms of the spools to maintain the cable in a constant attitude
for dragging or retracting.

Kollmorget Wall Periscope-Model 301

The purchase of this instrument was to provide a remote means of viewing and photo-
graphing areas inside cell 4, within a solid angle of 180 degrees centered about the objective
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end. Since the operations anticipated in cell 4 were to include the preparation of samples
by the use of machine tools, it was considered essential to provide an optical instrument
that could be used for inspectinn of such work and to provide a means for examining and
macrophotographing radioactive parts of reactor structures. The instrument selected
was Kollmorgen Model 301 wall periscope with camera zAapter. The installation drawing
of Dwg. 12 illustrates the various parts of the instrumert and the manner it is mounted

in the cell wall. A cell wall sleeve with inside diameter of 8.650 in. was provided-0.000
in the cell structure for mounting the instrument. The instrument is located between two
viewing windows on the left side of cell 4, as was indicated on the south wall elevation
of Dwg. 2 and in mounted position in Fig. 13 to the right of the closest mechanical arm
control console. The objective end inside cell 4 appears in Fig. 15 to the right of the
closest manipulator slave vrm.

The wall periscope is an L-shaped optical instrument designed for throu)gh-the-wall
remote viewing inside a hot cell. The optical train of the instrument is contained in a
sealed right-angle section composed of a horizontal arm and a vertical arm. The hori-
zontal arm is contained within an outer tube which has a 21-in. square face plate welded
to it adiacent to the vertical arm for securing the periscope assembly to the outside face
of the cell wall. An externally mounted counterweight and two bearings within the outer
periscope tube allow the entire periscope to swing through a 90-degree angle. The objec-
tive or "head" evid of the periscope is located at the free end of the horizontal arm, while
the eyepiece is located at the free end of the vertical arm. The horizontal centerline of
the instrument is 7 ft above the floor. All operations of the periscope and its accessories
are transmitted by purely mechanical drives.
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The hemispheric scan capability of the periscope permits an observer to view and,
with the camera adapter and camera, photograph any object in the hot cell within a solid
angle of 180 degrees centered about the objective end. Thus, any target within the 180-
degree arc from the inside cell wall may be located by a combination of two movements:
rotation of the eyepiece assembly which controls the scanning head, and swinging of the
eyepiece about its hinges. Rotation of the eyepiece causes the line of sight to describe a
cone in the object space, and the angle of tilt of the eyepiece proper determines the angle
of the cone. The-pointing of the line of sight is controlled by and synchionized with the
attitude of the eyepiece barrel, thus providing a true feeling of direction being viewed.
All moving parts of the scamning mechanism are counterbalanced and are mounted-on-
antifriction bearings for virtually effortless control. The image stays erect at all times,
for any directioa of scan. The direction of the eyepiece axis is always parallel to the
lne of sight so that an observer has a complete sense of orientation at all times.

The periscope is equipped with a standard 50mm visual eyepiece. The angular mag-
nifications of the periscope with this eyepiece are 2X and lOX for an infinite object dis-
tance. For closer objects each magnification is somewhat higher. Change in magnifying
power from 2X to lOX is accomplished internally Wurough a change of objectives, actuated
through a power-shift lever located on the right side of the eyepiece casting. The apparent
illumination of the image is the same in both magnifications.

Internal focusing is accomplished by means of a focus knob located on the right side
of the vertical tube above the power-shift lever. As measured from the head prism, the
focusing range is unlimited from zero to infinity at 2X magnification. At lOX magnifica-
tion the range is from 38 in. to infinity. Focusir.g compensates for variations in target
distances and, to a lesser extent, for individual differences of observer's eyesight.

The apparent fie'.d of view at the eyepiece is 30 degrees. The true field equals the
apparent field divided by the overall magnification. Thus the true field is 15 degrees at
2X and 3 degrees at 1OX. The exit pupil diameter is 3.4mm at 2X and lOX with the 50-nm
eyepiece

The image of the periscope is substantially free of spherical and chromatic aberra-
tions as well as coma, astigmatism, distortion, and curvature of field. The resolution of
the instrument is 60 sec of arc divided by the magnification. All light-transmitting optical
surfaces are hard coated to minimize reflection losses. All aluminized surfaces are pro-
tected by a silicon monoxide coating. All optical elements in the horizontal section of the
periscope are made of nonbrowning glass. The optical elements of the head and eyepiece
scanning mechanisms are protected by overlapping dust seals. All other optical elements
are enclosed in the L-shaped gas-tight main tube of the periscope, which is filled with
dry nitrogen to prevent fogging at air-glass interfaces.

The counterweight balances the vertical arm of the periscope so that the eyepiece
levei can be adjusted to the eye level of the observer. This adjustment includes the
extreme vertical eyepiece attitude for looking up and looking down position of an observer.

The periscope was supplied with an outside radiation shield consisting of an ll-in.-
diam and 10-in.-thick lead filled drum. This radiation shield was hinged on a yoke which
in turn swung about brackets welded to the large faceplate. Th4s shielding arrangement
was intended io permit retraction of the periscope from the outer tube, if necessary, after
swinging the radiation shield over to one side on a parallelograrm linkage. The vacant
access hole in the wall was then to be shielded by swinging the radiation shield back until
flush against the face plate and locked. The shielding arrangement was found to be inade-
quate after installation as it permitted radiation leakage to occur, and additional shielding
was provided at the cell side to overcome the problem.
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In order to use the periscope in conjunction with a camera, the instrument was
equipped with a camera adapter which is an integral part of the instrument. It is
designed for mcunung a standard press camera on its bracket. A reflex -type arrange-
ment permits instantaneous shunting of the image from the eyepiece , che ground glass
of the camera by turning a conveniently located selector lever. The field seen through
the visual eyepiece corresponds to the one appearing on the ground glass of the camera.
The camera can be set to be parfocal with the visual image. The camera is a standard
4 ;n. , 5 in. Crown-Graphic camera with an 8 in. (203mm) f:7.7 Ektar lens. The 8.Jn.
lens yields an image of about 4-1/4 in. diam, resulting in a slight reduction along the
width of the 4 in., 5 in. frame.

The following external accessories were included with the periscope: filar eyepiece
and filar eyepiece adapter; and interchangeable eyepieces including 25mm visual eyepiece,
25mm camera eyepiece, and 17mm visual eyepiece.

The filar eyepiece adapter is an integral part of the camera adapter. This permits
the insertion of a standard 12.5X filar microscope eyepiece. Turning the camera selec-
tor and filar selector levers shunts the periscope image from the scanning eyepiece into
the filar eyepiece. After calibration of the scales for a particular setup, the filar eye-
piece may be operated to measure linear dimensions of an object on the stage of a micro-
scope located in the hot cell.

The interchangeable eyepieces provide greater magnification. With the 25mm visual
and camera eyepieces the field and magnification of the periscope become 7.5 degrees at
4X power and 1.5 degrees at 20X power. Exit pupil diameter is 1.7mm with focus range
remaining the same as previously discussed. With the 17mm visual eyepiece the field
and magnification of the periscope become 5 degrees at 6X power and 1 degree at 30X
power. Exit pupil diameter is 1.5mm with no change in focus range from that discussed
prevously.

Bausch and Lomb Remote Cont-rol Stereomicroscope

The remote control stereomicroscope shown in Fig. 64 was designed specifically for
remote visual examination and 35mm stereophotography of radioactive ,materials. A view
of the instrument as installed is shown in Fig. 65.

The instrument consists of three main parts: the stereomicroscope proper, the hori-
zontal instrument-sealing tube, and the external shield. The sealing tube was designed
to fit into a 8.974-in. i.d. sleeve anchored in the cell wall located to the right of the view-
ing window of cell 1. Holes provided in the flange, part 2 of view A in Fig. 64, permit
securing the assembly to the flange of the cell wall tube. A gas-tight seal between the
inside and outside of the cell is achieved by means of two O-rings fitted into grooves
machined in the outer tube of the instrument and by a sealed window through which the
specimen is viewed. The gan-tight seal is designed to hold against a negative pressure
of 1 in. water gauge. The stereographic microscope proper is designed so that it can be
inserted into and removed from the outer sealing tube front the front outside face of the
cell wall without disturbing the gas-tight seal between the inside and outside of the cell.
The third part consisting of the radiation shield is screwed onto the stereomicroscope
proper. This external shield (part 1 of view A in Fig. 64) in conjunction with internal
shielding provides protection against radiation equiialent to that of 12 in. of lead, which
exceeds the protection of the walls by about 2-1/2 times. The lower sketch of Fig. 64
indicates the instrument mounting in the cell wall and overall dimensions of the complete
instrument assembly.

The optical system incorporates a 4X zoom system, which in combination with three
sets of wide-field eyepieces and a built-in, remotely controlled, low-power supplementary
lens, covers continuously the visual magnification range from 1X to 60X.
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Magnifications and field sizes are as follows:

With Eyepiece Indicated . PPcwer _ ..... 1 Field Size (.in.)

5.5X 4X to 16-1/2X 112 to 0.264 (1x to 4X) 4.48 to 1.04

lox 7X to 30X 1. 12 to 0.26
i (1-3/4X to 7-1/2X) 4.48 to 1.04

20X 14X to 6OX 0.69 to 0. 16""(3-1/2X to 15X) 2.76 to 0.64

*With supplementary lens attachment.

Visual magnification of the instrument is varied by operating the Wuxiliary lens con-
trol knob 3 and power changes knob (part 4 of view A in Fig. 64).

View A

View B 
I)

5-,- 7Z••- -7 /. , , MU •
71' HiGH.PWER

SPECIME I,' - ,o

Fig. u4 - Bsc h andi Lut,, b r.niott-, cow ro s rvt'n,
\.t-\w A, ,as.•-ibly; view B. wall itstailattoti



90 NAVAý RESEARCH LABORATORY

Fig. 65 - View of Bausch and Lonmb retmote cor,.rol
stereoinicroscotw as installed

Reichert Remote Control Shielded Metallograph

The system designed for metallographic examination of radioactive specimens
included sample preparation in cell 2, transfer of samples to cell I via the transfer
drawer between cells, transfer of samples from cell I through the shielding wall to a
shielded nietallograph stage via a specimen transporter, and viewing and photographing
samples external to the metallograph shield by means of an oltical relay system. The
nature of the metallograph instrument did not permit locating the stage within the ho!
cell. The stage was enclosed in a steel shield mounted against the outside front wail
of cell 1 to the left of the viewing window. Mechanical controls were brought out dhiough
the steel shield by means of linkages appropriately fashioned to trwvent radiation lka4 (t.
Electrical controls wert also brought out tnoukh the steel shield through special feed-
throughs.

The maini steel shield nieasures 46-1 2 in. W 47 in. 1) 33 in. li and is 8 In1. thick on1
three sides and 6 ti. thick on the IX tt mi. "he' sidte aggainst the cell walV was hett ,)10-11
sitv v this side I, 1 onted agatist A. Ii. -Ih h:k ,ealIDIg platW iMOu1tt'd MI 'hV Cell wail.
Uncier this arrangement the cell wall pr•ovi-des Ith, iwne ,sarv shaelddni:. The tujl .•Cetlon
Of the shield ()onsi ss of ,I reign ivablu t-c.ver which ni.tsl'es 46- 1 2 in. W 47 ti, D) 13 wi. li
and is 0i tit. thick oni All sicl's ,'.ct-pt the s-idte that scAl. asati t thei cvt,| wa.iL sealilng platy.
The top cover is fitted with a 6-1 2- in. l.'it'CtiV (tiame'ler CI Ular she'kdikng wt ih4w,
located on the saiet, sidt, as the remot, co'oitr uS tni the nMAIn •lh iid. aid a pluggd ,tl4't'rs
pxort i' the top lixated o.ver the nietali 'raph stag''. The main• shrld nioienfed aaintst the,
",eli wall seAl ing plate Is shownt In Fig. 66 and the t44) ishid Is tihwn in [,A-w.e In Fig. 067.
The salang |)late. the main shield, aild tho' top Cove-r are appropriate•,v steppd to prevent
radiattion le4kagi' at all p nnts., LI A.kttt lot. All ;, ots art. sealed by gasketmnt. to pri vnt
trazisfer t)f radiu)act i e contanit ation frt )ni tht' cuttielism i t(4 the outsitad.
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Fig. 66 View of Reichert remnote controlie-d shielded
rnetallograph mounted against cell wall sealing plate
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Fig. 68 - View inside shielded enclosure showing
specimen transporter and metallograph stage with
mechanical linkages

The transporter mechanism consists of a specimen tong assembly that travels in
slotted guides mounted in a wall tube. The tong assembly is propelled irom inside the
cell to the metallograph stage and back again by a motor driven endless chain and sprocket
arrangement. The tong assemrbly is actuated by a motor which upon signal closes the
jaws and clasps the mounted specimen holding it firmly. When reaching the metallograph
stage the iaws open and release the specimen upon signal. The view of Fig. 68 shows the
portion of the transporter mechanism within the steel enclosure and the manner the
mounted specimen is delivered to the stage of the metallograph. Controls for ot,-rating
the transporter are mounted in a control cabinet attached to the side of the main shield
above -he microscope of Fig. 66.

The Reichert remote control microscope assembly consists of: an inverted-type
metallurgical microscope with binocular relay system and microscope stage, an optical
relay system, a vertical illuminator with relay system, and camera with relay svstem.

The microscp)pe stand and microscope stage are mounted within the steel enclosure.
The microscope stand is a metallurgical microscope of the inverted type with the follow-
ing characteristics: extended coarse focusing adjustment, fine focusing adjustment on ball
races, electrical contacts for the indication of the pwsition of coarse and fine adjustments
on a main control panel. sturdy metal baseplate with three-point leveling arrangement,
geared motor for staie rotation, telescope shaft connecting stage, and geared motor. The
microscope is mounted to the slide for the micrometer screw of the microscope. It con-
tains, besideL the illi•minating optic, a deviating system for achieving oblique illumination,
a double slide with compensator (gypsum red, first order), an auxiliary wialyzer (for
centering thv rotatable polarizer), and a phase diaphragm slide. The built-in rotatable
filter analyzes-, with range of rotation of 175 degrees, can be put out of action by meaiis
of the two short shaft ends. Three levers serve for the displacement of the aperture field
and dark-field diaphragm. They are (uPratf d b% mtieans of a liiký,gc via the post for the
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polarizer. Two Bowden cables located close to the dovetail of the objective slide control
the changeover of the microhardness tester from indentation to visual observation.

The microscope stage is a permanently centered mechanical stage, rotatable by a
geared rim around the stage. The two coordinate stage motions (±7mm) are operated by
two geared motors mounted to the stage itself, whereas the rotation (approx. 330 degrees)
is operated by a geared motor mounted on a metal base, via the telescope shaft. All move-
ments have electrical contacts indicating various positions and control at the control unit.
The electric cables of the rotatable stage portion are joined in a plug box from which a
connecting cable leads to two plug plates. A special stage insert receives the specimen
(1-1/4 in. diam) which iD placed onto the stage insert by means of the specimen transporter.

The post for the polarizer which is attached to the left of the microscope carries the
illuminating transport optic is well as the filter polarizer in its dovetail. The polarizer
is rotatable as well as disengageable by means of two short shaft ends. Four shafts sup-
ported on the post actuate the levers for the diaphragms. Two shafts mounted on the drive
stand located to the right of the microscope serve for actuating the coarue and fine focus-
ing motion with their bevelled gears.

The objective changer is located in front of the microscope on a solid cast support
rigidly secured to the baseplate. The support carries two dovetail slides. In thp one to
the left glides a longitudinal slide, which is activated by a male shaft. This longitud.nal
slide carries a cross-slide which is disengageable by means of a driving shaft. The
cross-slide serves as an objective magazine which accepts up to seven objectives and
the microhardness tester. In the right-hand dovetail guide glides the transport slide.
activated by a male shaft. This transport slide transfers the objectives to the microscope
and back to the magazine by means of a coupling shaft. The connection and disconnection
of the objectives are made by a special interlocking shaft. All movable slides are fitted
with electrical contacts to control lamps located on the main control unit. A bearing plate
is attached to the front part of the post where all operating shafts end up in universal
joints which lead to the linkage support plate.

The linkage support plate shown in Fig. 68 is fastened to a basepiate. On the side of
the support plate facing the steel shield are located 17 bearings for the universal joints,
the shafts for coarse and fine focusing, and the microhardness tester shaft, as well as
flanges of the two transport optics and six pressure proof plug plates into which all leads
are centralized.

Penetrating the 8-in. -thick steel shield are located 17 connecting shafts to the linkage
located in the linkage support plate, each having one of the following control knobs:

1. deviating lens for steep oblique illumination

2. compensator and auxiliary analyzer

3. phase annulus

4. rotation of analyzer

5. rotation of polarizer

6. analyzer "in" and "out"

7. polarizer "in" and 'c)uts

8. aperture diaphragm

9. field iris diaphragm

10. dark-field stop

11. fine focusing micrometer screw
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12. longitudinal slide

13. objectivc magazine (cross-slide)

14. transport slide

15. interlocking shaft

16. microhardness tester control

17. coarse focusing drive with locking device.

The interior illuminating transport optic is double angled and supported between the
post for the polao-izer and the flange on the linkage support plate. The straight exterior
illuminating transport optic is inserted into the fitting sleeve of ui,, sealing flange mounted
against the inside wall of the main steel shield. The observation trasport optic termi-
nates in a ring dovetail onto which the angied phase contrast attachment is fitted. Onto
another corresponding ring dovetail, the following interchangeable tubes are attached:
inclined binocular tube and trinocular tube with microviewscope attachment, or inclived
monocular tube with Ramsden measuring eyepiece for microhardness testing. as shown
in Fig. 66. The phase contrast attachment is supported by a support which rests on the
1-m long leveling optical bench, provided with remote control device foy the micrometer
screw. On the optical bench is also located the 5 in.x7 in. reflex bellows camera shown
in Fig. 66.

The main control unit is connected to multiple cables brought out of the end of the
steel shield as shown in Fig. 66. The control unit contains the power supply cable, the
central switclh, switches for the change of rotation, and potentiometer for the change of
velocity of the servomotors driving the elevating screw and the rotation of the stage, as
well as rectifiers, transformers, and r',lays for operating these components. Three
rows of horizontally arranged pilot lights indicate the middle and end positions, and also

in-between positions, of the microscope stage. A vertically arranged row of pilot lights
indicate which objective is in place or the microscope and whether it is ready for use on
the objective changer, respectively. Another vertically arranged row indicates the posi-
tion of the objective, that is, the prefocus position of each objective. Three, also verti-
cally arranged, pilot lights indicate the upper, lower, and medium position of the fine
focusing (micrometer screw). A warning light indicates the highest position of the micro-
scope stage, necessary for the interchange of objectives. Another light regulates the
control of the objective clutch shaft. The instrument primary power is 117 v, 60 cycles ac.

The entire optics of the instrument consists of radiation-resistant optical glass
coated with antireflection coating.

Illumination is provided to the microscope through the illuminating relay optics by
means of two light sources, a 200-watt mercury vapor arc and a 100-watt zirconium arc
lamp, interchangeable, and equipped with separate power supplies.

The instrument as equipped provides a capability for remote mk-tallographic exaini-
nation and photography of radioactive specimens under bright and dark field and oblique
illumination, reflected polari7ed light, andA for microhardliess testing.

Miscellaneous Collateral Equipment

Q;•aan Alarm D•t¢vQr' - A multistatie ,itama detection alarm syst~em was planned

as a first approach for the control of safety devices related to cell a(.cess ckxdrs that
included indicating lights, solenoids, and annunciator panel. The instrument selected was
Mxlel GA-2 detector system of Nuclear Measure'ments Corpxoration, This i a i'ompact
self-contained instrument whch operates on a 115-v circuit. For in-c-ll use the, detector
or photomultiplier tube is detached from the lx,•er swipply and mounted inside the cell
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while the power supply is mounted on the outside back wall of the cell. The detector and
power supply ;.a connected by a cable passed through a U-tube under the back cell wall.
Control wiring frow indicator lights, solenoids, and annunciator connects to relays pro-
vided in the instrument power supply,

The characteristics of the Model GA-2 detector are as follows: gamma activity
detection of 20 kev and up; precision of ±20 iercent at all levels; sensitivity: basic range
0.05 to 50 mr/hrlogarithmic; time constant of 2 sec; stability ±2 percent full-scale detec-
tion; crystal type sodium-Iodide thallium activated; temperature sensitivity, 20° to 150"';
Off-On control switch, Alert, ,nd Alarm settings on indicating meter; power requirement,
45 v-amp, 60 cycle, 90-130 v ac; high-voltage supply adjustable 600 to 960 v; power supply
encl-ised in dust-tight enameled steel cabinet. Special features of the instrument included:
power supply totally regulated, alarm and alert points separately adju.table over all scale,
and insensitive to line transients.

Under alarm conditions with the radiation field greater than the full-scalc indication,
the GA-2 instrument continues to operate showing full-scale deflection even in the presence
of 1000 roentgens. The instrument does not jam and continues to operate until the radia-
tion field falls to a level equal to a full-scale de;lection or less. When the activity has
dropped to within indicating range of the instrument, it will continue to read accurately.

The self-contained version of the Model GA-2 instrument wherein the detector is
contained in the case with the power supply was also prrvided for monitoring other areas
besides the cells. One of these units was shown in Fig. 29 located on the wall, back of the
suspended isotope storage well plug.

Ultrasonic Cleaning Devices - In the preparation of metallographic samples, surfaces
to be examined under the microscope must be rendered optically flat. The polishing oper-
ation usually requires the use of abrasives oi varying grit sizes. When proceeatng from
coarser to finer grit during polishing it is necessary to remove all vestiges of the coarser
grit particles from the sample and its mount, otherwise the sample surface will show the
effects of scratches from the coarser grit. Removal of previous grit is generaity accom-
plished by thorough washing of the sample surface and its mount. In the case of radio-
active samples, the cleaning operation is not only concerned with the removal of previous
grit but also with radioactive contamination generated during the polishing operation.

The machining of radioactive materials generates radioactive contamination in the
forn• of metal!ic dust and fine particles which lodge in tool marks. To prevent spread of
contamination, i" is necessary to remove loube contamination not only from the iu.'chlined
sample but also from the turning tools, milling cutters, fasteners, etc.

Cleaning operations !,. remove radioactive contammnation must be perform-i remotely.
The cleaning action of ultrasonic energy was considered to tv an efficient nethod fur not
only cleaning objects to remove adherevt partlc'es' but to rrrno+•ý' contaminAtiot as well.
Since the ultrasonic olvaniig equipment wAs required to uperate rermoAel, it was neces-
stry to select equipment who•Se design did not require mntnual AIdtuNIient oW ultrasonir
activity in ths, cleaning 1ank. To moet this requtremont. it *A* crnsitered iiece.Aa3'%
that t•e' ultrasonic generator f-trcultry continmally mneAsurt, the level of ultrasomic erergy
and automnAticAlly tune tht generator ou.tput to ,4•imum iperAting cinditiom witouut tpnra-
tor attention. A !irther roquirement for in-cirll operatioti 4J| ultraxtmnic ciraning equipmeert
wait thAt the equipment wovuid func!1coi, at pIak rffirte.n.v d providte ma•xnmum cleAninor

.ctiOtl even when the load impedance varied breauie 14f thiAnes in lo4ding temperAture.
liquid level, or even carelessnems otf the operator. The equtpment *As expecte t+; aith-
stand such uci-sight a% law liquid ihvl or -io lo•d o<peraui~. WW tu• f-auM' dAmat. to
anv of the cnipmt.etatr or impair the ipffitvencv. To provtdr rmrote ci+mtrtil of the 4qt•tp-
ment it wax necessArv for the trawsd.certzed t"nk to t- rtparatr i-riom thc ultrax,4*i' -

generator so thAt the tAnk ucmld be IA-loAed in the i-ell and the i.enerAttar And Its c-•x-r,)I
locAtted (Kitside the cell.
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For in-cell cleaning of metallographic samples, two Powertron Ultrasonic Corpora-
tion ultrasonic cleaners were selected, consisting of an ultrasonic generator and a 2-1/2
gal capacity stainless steel transducerized tank connected by 25-ft rf cable. The gener-
ator has an average power input of 100 w and a peak power of 400 w at 28 kc, automatically
tuned. The tank is ratcd at 100 w at 28 ke and is 6 in, W - 9 in. L - 10 in. H inside dimen-
sions and 6 in. W) 9 in. L x 14-1/2 in. H overall dimensions with an outlet for recircu-
lating pump and filter system. The tank is equipped %ith a covered basket which holds
the objects in the cleaning bath and which can be removed from the tank for removal of
the objects.

TI"' ultrasonic cleaners provided for the cell machine shoD were Powertron Ultra-
sonic Corporation cleaners consisting of a transducerized tank and generator connected
by 30-ft rf cable. The generator is rated at 7 amps, 115 v, 60 cycle ;verage power input.
Output power is 300 w average, with 1200 w peak, and a frequency of 28 kc automatically
tuned. The tank is rated at 5 gal capacity, 300 w at 28 ke with a compartment 9 in. W
14 in. L and 10 in. deep and 9 -i. W - 14 in. L and 14-1/2 in. deep overall and an outlet
for recirculating pump and filter. The tank is equipped with oasket and cover for holding
the objects during cleating.

For general use in clearing tools in the warm machine shop, two complete Powertron
Ultrasonic Corporation self-tuning cleaners were provided having the following charac-
teristics:

Ultrasonic generator - average power output 700 w, peak 2800 w, 28 kc; operating
at 115 v, 60 cycle; l4-amp primary.

Transducerized tank - 700 w, 28 kc; 8-gal capacity compartment, size 14 in., x

14 in. x 10 in. deep; overall dimensions 14 in, x 14 in. , 14-1/2 in. high ta-'k
connected to generator with 6-ft rf cable.

For general use in the decontamination room, an immersible transducer m odel was
provided which could be used in any suitabX. container. This unit was also a Powertron
Ultrasonic Corporation self-tuning cleaner composed of an ultrasonic generator with
average power output of 700 w, peak power of 2800 w, 28 kc, primary power 115 v, 60
cydi, 14 amp. The immersible transducer was jacketed in stainless steel - 4 in. W
30 in. L and 4 in. deep - and connected to the generator with 6 ft of waterproof -tainless
braid cable.

NUMEC Cathodic Vacuum Etcher - The cathodic vacuum etching technique was
selected for etching radi3active metallurgical sar,-iAes for microscopic examination
since this method offered many advant,,ges that could not be obtained by conventional
methods of chemical and electrolytic etching. These include: grain boundaries and
impurity inclusions are not exc ssively attacked; specimen surfaces are not pitted; the
depth of etch is easily controlled ny varying the sputtering time; tho spetcimen is free
from chemically aetive etching reagent .-tairs and other surface contaminants: and tho
technique etches and preserves dissimilar metals and ta, intorface. The method elimi-
nates entirely the need for et.: iin liquids and solutions which present ca)mplex opera-
tional problems in hot cells, thus m-taking it the mosit practical meth.od for etching sampl-,,s
remotely in a hot cell.

Cathodic etching or ion bumbardmeni is a method for delineatini• the 1Iiicrosco)Pic.
structure of metals, ceramics, and cermets for mic,,roscopi(' examination. The process
is essentially a sputtering phenomenon in which ss'ective removal of atoms (K'cur• by
positive ion bombardment of the sample surface (made cathodic) in a glow discharge
system. The glow discharge is generated by applying a high dc pitential bxtween two
electrodes (one of which is the specimen) in a partial vacuum. The theory of sputtering has
been the subject of considerable interest and has been extensively reixrted on it. the
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scientific literature. The accepted theory of the sputtering phenomenon is that the
impingement of high-velocity gas ions on the cathode (sample) surface dislodges cathode
atoms or molecules, resulting in a net removal of material from the surface. Unlike
chemical and electrochemical etching, the region of variation in cathodic etching is
narrower. The number of variables are fewer since the system does not use combina-
tions of chemicals in solution. The effective variables are time, voltage, current, type
of gas and its pressure, and temperature. Experience with cathodic etching has shown
that the efficiency Wi removing material is best with a heavy gas. The logical choice is
an inert gas such as argon since it is the heaviest inert gas that is readily available at
reasonahle cost.

The cathodic etching equipment was obtained from Nuclear Materials and Equipment
Corp. (NUMEC) and consists of an etcher console and a control console. The etcher
console contains the vacuum system and the vacuum etching chamber as illustrated
schematically in Fig. 69. The remote portion of the equipment is located inside the cell
while the control console which contains the power supply and control instrumentation is
situated outside the hot cell on the viewing window side.

The power su.ply delivers up to 5 kv and 56 ma rectified dc curreni with voltage
overload protection, current lirlit•ng resistance, and positive ground.

The vacuum system is arranged to permit pumping through a diffusion pump and a
fore pump with provision for a diffusion pump bypass which permits roughing down with
the fore pump. The system consists of a 2.1-cfm two-stage mechaniczd pump, a 2-in.,
three-stage fractionating diffusion pump, three motor-operated vacuum valves, flushing
valve, controlled inert gas leak regulating valve, and a vacuum interlock for safety.

The etching chamber consists of a glass bell jar and baseplate on which the cathode
sample holder is mounted. Solenoid valves control the raising and lowering of the bell
jar. The cathode sample holder is water cooled. Gas pressure has a variable range of
25 to 300 microns. Consistent rapid etching is expected at about 150 microns and 3500 v
with a resulting current of from 2 t,, 3 ma per sq cm of sample surface area.

Metallog-aphic Specimen Cutter And MountingPress - The lack of ready made
equipmentt for the preparation of metallographic specimens in hot cells made it necessary
to select certain basic units which could be modified for remote operation.

A inetaliographic specimen cutter was selected in which the metal specimen is fully
submerged during the cutting operation. This produces a cut surface ready for mounting,
and polishing without intermediate grinding. Through the use of a special slow-speed
(2,200 rpm) abrasive wheel. ov a completely submerged sample held rigidly in position,
a perfect cutoff is tmssible witbout burnzng or grain distortion. The cutter is capable
of cutting specimens, from thin sheet material to pieces 1- 1`2 by & in., with cuts parallel
within 0.0003 in. The machine is equipped with a calibratea rod and pointer which indi-
cates the depth of cut while c-itting speed is positively controlled by means of rack and
pinion. The cutwer is driven by a 1- 22-hp motor designed for long life under heavy du!1,
operation and mounted I., -- an•dju-stible frame to maintain pr(oper belt tension and is eon.-
trolled by a thre -Mt)sim iwitc'l. The machtne is self contained and stable, requiring
no tmult mg to the flh))r.

A •nCmaiito0IIit' nc mVtAnt itre•. was selecte-,! which rp4it,'q a.,.!ý .LilWnnI Of abxut
10 wnm to pr(iduce a good hard mount. A major r -uir,.•t.;-'t for the -netalio~raphtc s4ec-
ni.n nounting wa:4 for 4 thrd mnuluntiimg which Adhered to the ipett ,;n,•n. which did not ciog
.. ii ihw i, U tps. and whwh potlished do*m' at the same rate ;is the knetal spet ;. .n Zo pro-

duce a flat surface which was Nith OffICIlent and pra.ctial.
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The mounting press utilizes air for its operation which insures quality mounting and
efficient production. The air cylinder is operated by a simple lever on the side of the
cabinet. Raising the lever raises the mold piston for inserting the specimen; then, lower-
ing the lever lowers the piston for loading the molding powder. The bell-type head is
locked securely by means of a four-spoked wheel, and air pressure is applied until the
timer alarm indicates the end of the curing period. Since the heater, mold, and piston
are permanently assembled there are no loose parts to handle. The mold is electrically
heated, thermostatically controlled by dual t iermostats, and insulated to keep heat loss
to a minimum.

Laboratory Furniture and Equipment

The types of laboratory furniture and equipment and the layout in each laboratory
area are shown in Dwg. 13. Working surfaces on top of all base cabinets in sinks and
hoods are of soapstone. The soapstone is hard, natural silicate rock of massiie forma-
tion without laminations, stratifications, or cleavage planes and is finely granular in all
directions. This grade of soapstone has the following physical properties: minimum
modulus of rupture of 3,000 psi ,n any direction, minimum abrasive hardness of 15 per
sq in., maximum water absorption of 0.12 percent by weight in 43 hours. Thickness of
soapstone on working surfaces is 1-1/2 in. in fume hoods and in sinks and 1-1/4 in. on
counter tops. Exposed edges of working surfaces are rounded and a drip groove is pro-
vided on the under front side of counter tops. Joints in slab sections are flush and
permanently tight. Working surfaces are of honed finish on all exposed sides.

Built-in service fixt'i:es are especially designed for laboratory use. Faucets and
cocks for water, steam, gas, and air are of solid brass with acid resistant plastic coating
of color matching base cabinets. Water and steam valves are provided with renewable
seats and washers. Gas and air cocks are of ground key construction with each handle
equipped with a code color index button. Sinks are equipped with combination hot and
cold water swing faucet. A gooseneck faucet with serrated taper is provided at cup drains.
Cup sinks are of high-silicon iron, oval shape, 6 in. by 3 in., set flush with counter top.
Laboratory sinks are equipped with plug, overflow pipe, drain outlet, and tailpiece of
high-silicon iron.

Base and wall cabinets are of steel construction coated with a high-temperature
baked-on enamel. The finish is designed to be resisAant to the tollowing immersion tests:
(a) at room temperature with no effect - cold water for 18 hr, kitric acid solution (1 part
acid to 9 parts water) for 18 hr, sodium hydroxide (10% solutioi') for 6 hr. acetic acid
(glacial) for 15 min with very slight softening, acetone for 15 min, ethyl alcohol (95% solu-
tion) Inr 15 min, ethyl ether for 15 min, xyiol for 15 min; (b) in boiling solution with no
effect - sodium hydroxide (10% solution) for I min, water for 2 hr.

Perchloric acd fume hood (FH-1) has sliperstructure, baffles, condensation troughs,
waste water troughs, and working counters all constructed of soapstone. Counter has
raised front edge to protect against spillage. Service hose end fittings are provided with
remote ,ontrols and indexed hawdles. Water waste trough is equipped with plug, drain
outlet, and tailpiece of high-silicon iron. Hood is provided with wash-down facilities for
handling of perchioric acid. Wash-down assembly consists (if a stainless stetI pipe with
water nozzles with controllable water consumption limited to a maximum of 4.5 gal per
mnn. Hoo)d is equipped with a vapor proof light mounted integrally in the hood roof.
Sliding window sash is 1 4- in. thick safety glass set in stainless steel frame and track.
Counterweights are concealed, made of lead, and operated by means of monel and bronze
pulk'y s.

•adioa'ti e fume aood (FH-2) .Ls the entire hood exterior including bafflh, 'ild ,ouriter
constructed of 0.05-in.-thick stainless steel, except working surface which is of 1- 1 2-in.
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thick soapstone. Service hose fittings are remote controlled with indexed handles. Hood
is lighted with a vapor proof fixture mounted integrally with hood roof. Electrical out-
lets, light switch control, and pilot light for blower operation are mounted at hood front.
Hood is equippedwith an automatic proportional bypass damper. Sash is of 1/4-in. thick
safety glass set in stainless steel frame and track. Counterweights are concealed, made
of lead, and operated by means of monel and brass pulleys.

SHIELDING INTEGRITY TESTS

The shielding integrity of the hot cells was tested.with Co-60 sources of 20, 800, and
9,500 curies, respectively, by the NRL Health Physics Staff.

A preliminary check of the shielding of all cells was made using a 20-curie source
to locate any major shielding weaknesses prior to testing with sources of higher intensity.
The source was positioned at various locations in each cell and the resulting radiation
intensities reporting outside the cell shielding were measured. Special attention was
given to the shielding windows, areas around the windows, shielding doors, and other pos-
sible weak spots in the structural shielding. All readings were taken with the source
positioned from 12 to 15 in. away from the inside face of the cell wall, except in the case
of the cell roof. Readings in this case were taken at the outside surface with the source
positioned in the cell from 8 to 10 ft from the top of the roof. The results of the prelimi-
nary survey with the 20-curie Co-60 source indicated no major weakness in the structural
shielding. The general radiation background outside the cells was less than 0.1 mr/hr.

The structural shielding of all cells was next checked with an 800-curie Co-60 source
using the same general survey procedure that was used with the 20-curie source, except
that the 800-curie source was frequently positioned to within 1 in. of the inside surfaces
of the cell walls, and of the shielding windows and doors. The results of the survey with
the 800-curie source indicated no major structural shielding weakness and, in general,
the readings on the outside surfaces were less than 0.1 mr/hr. Three local points of
radiation leakage, however, were detected by the survey. Radiation leakage was detected
through the wall penetration of the periscope in cell 4 when the source was positioned in
close proximity to the objective end of the periscope. As a result rad!iation intensities of
up to 2 r/hr were detected in the "cold" work area outside the front cell wall. Radiation
leakage was also detected in the "cold" work area at the transfer drawer penetration in
the west wall of cell 1 and at the vacant electrical receptacle panel in the outside wall.
Readings of 30 mr/hr and 50 mrihr, respectively, were obtained at these points in the
"cold" work area. In order to eliminate these leakages, 4-in. long lead sleeves were
added at the objective end and at the outside end of the periscope wail penetration, the
transfer drawer cavity was blocked off with a lead barrier 2 in. thick, and the vacant
receptacle panel was blocked off with I in. of steel, and a 2-in.-thick lead plut, was posi-
tioned at the point showing the greater amount of leakage. The transfer drawer cavity
aid the vacant receptacle panel, both in the east wall of cell 5, were shielded in the same
manner. A subsequent test of these areas made with the 800-curie source showed a
radiation intensity of 20 mr hr in the "cold" work area at thc periscope wall penetration
and the source in line with the penetration, while the radiation intensity at the west wall
did not exceed 1 mr/hr when the source was 1xpsitioned to within I in. of the cell side
transfer drawer cavity and the inside cell wall oppositc the vacant receptacle panel.

A final check of the shielding integrity of the hot cells was carried out using a 9.500-
curic Co-60 source. Special attention was again given to the shielding windows, shielding
doors, r(oof plugs, intercell gates. and areas around the wiudows, doors. ard other pos-
sible toints 4f shielding weakness as disc'losed by previous tests. The source was generally
maintained at a distanceu of 1 ft from the inside cell wall except for an tweasil nal sot
check of sustwcted weak areas in the shielding. Readings at the top of the 1'(i1 o(of were
taken with the, source 1xslt itIcc1 in the cell at A level of approximutelv b ft frrmm the, top
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of the cell roof. Although the shielding of cells 1 to 3 inclusive was designed to attenu-
ate only 1,000 curies of 1-Mev gamma, these cells were checked out with the 9,500-curie
source together with cells 4 and 5 whose shielding was designed to attenuate 10,000 curies
of 1-Mev gamma. The results of these tests showed that the structural shielding of the
cells attenuated the radiation intensity from the 9,500-curie source to less than 0.1 mr/hr,
which bettered the design requirement of 0.6 mr/hr by a considerable margin. Radiation
intensities which exceeded 0.1 mr/hr were generally observed to occur: at joints between
shielding doors themselves, between Ehielding doors and door jambs, between the bottom
of the shielding doors and the door sill; at stepped joints of roof plugs; and through vari-
ous penetrations in the cell walls. These readings reflected unusual test circumstances
in most cases which would not be expected to prevail during normal manipulation of
sources in the cells. Under normal conditions of operating each cell according to its
prescribed source strength limits, the "cold" work area at the operating face of the- cells
and the "warm" work area back of the cells would not exceed the design limit :of G. 6 mr/hr.
In the event of unusual circumstances regarding source strength and its manipulatior,
additional shielding could be added to the various areas discussed above. Test reults
with the 9,500-curie Co-60 source are listed in Table 8. The structural shielding :ý),ween
cells was likewise found te be free from major weaknesses. The areas in whiFh re -liw,-
greater than 0.1 mr/hr were observed were at the joints: between the bottom of the inter-
cell gate and the fixed intercell wall; at edges of shielding doors for transfer drawers;
and at intercell receptacle panels. These areas are amenable to addition of extra shield-
ing as may be needed. It is therefore concluded that the shielding intetciL 1- Lilt hot cells
makes it safe to expose and manipulate sources up to 1,000 curies of 1-Mev gamma in
cells 1 to 3 inclusive and sources up to 10,000 curies of 1-Mev gamma in cells 4 and 5
without exceeding a radiation intensity of 0.6 mr/hr in the general working areas.

As conceived, this facility provides NRL with an unusual long-range capability for
conducting research on radioactive metals and other materials of interest to the Navy.
The many features embodied in the design assure that research on radioactively dangerous
materials can be efficiently and safely carried out by remote means and that the waste
by-products of the research can be properly collected, concentrated, and stored.
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Table 8
Shielding Tests With 9,500 Curie Co-S0 Source

FSide of RadiationIO ntensity i----
Cell el .. se.. ..in Specific Location Where Reading Was TakenColotde d of mr/ýonnenit

I West Wanl <0.1 Structursl Sleld
1.5 Vacant penal box in outside cell wall

2 Shielding door in front of transfer drawer cavity

Front Wall <0.1 Structural shield
40 Center stereomicroscope wall penetration with source in line

5 18 in. below center of wall penetration with source in line
4 Center stereomicroscope wall penetration with source iS in. below center

1.5 18 in. below center of wall penetration with source 18 in. below center

Rear Wall 0. 1 Structural shield
15 Joint between side of shielding door And door jamb
50 Joint between bottom of door and door sill
70 At outer surface of door with source 2 in. from center of door

_ 4 'At 3 ft from door with source 2 in. from center of door

Roof < 0.1 Structural shield
4 At stepped joint, north end. first roof plug from left side of cell 1
6 At stepped joint, south end, first roof plug from left side cell I

15 At stepped joint, south end, third roof plug from left side of cell I
10 At stepped joint, east side, ftrth roof plug from left side of cell 1

10 WaAt <se.1 Structural shield
(intercell) 120 Spot in right-bottom corner of in-cell recoptacle panel box

West Wall < 0.1 Structural shield

(Intercell)
2 rWet Wall < 0.1 Structural shieldf Left manipulator wall penetration with source above window, 3 ft from wall

100 Right manipulator wail penetration with source above window, 3 ft from wall
2 Cold work area at front cell wall with source above window, 3 ft from wall

0.4 Cold work area at front cell wall with source at center of window

Rear Wall < 0.1 Structural shield
400 At clearance gap under door with source I ft from doer, 2 in. above floor

30 3 ft from door, I ft above floor, with source I ft from door, 2 in. above floor
2 3 ft from door, 3 tt above floor, with source I ft from door 2 in. above floor

10 6 ft from doir. I ft above floor, with source I ft from door. 2 in. abuve floor
40 At clearance gap under door with source 2 ft from center of window

Roni < 0.1 Structural shield
95 Joint, north end, 1st roof plug left of cell 2
50 Joint, north end, 2rAd roof plug left of cell 2
75 Joint, south end, 2rid root plug left of cell 2
20 Joint, north end, 3rd roof plug left of cell 2
30 Joint. south end, 3rd roof plug left of cell l
25 Joint, south end, 4th roof plug left of vell 2

East Wall 0.1 Structural shield
(intercell) 30 Lower left corner of in-cell receptacle pane'l bix

B.ttom joint between shield door for tranatli Irawer and cell wall
13 Top joint between thield door fUr transfer drawer Jaid cell *Ali

120 Center of celI 3 with lourte I ft fromn tittom edge attercelt gal,,
4 Center ,f cell 3 w*dh source &t in -rel. ret tqptac Ic pnitl bNo

W West Wall 0A Structural whield
(Iintrcr ll)

i rorot Wall 0. 1 ,itructural shteld

PrAr Wall 0.1 S9IruvturAl •n•eld
i0 ,hJiiit etiwern top 'if shield d.xii An• Iar jand'
14 kesppvd ciosurrt lin( betwwn door tIyv.-.t

f~w At cle"Amra~ jjajý under 'tiet) wilth wspurce I It froni *bwtr 2 tin. atisie fi,+'v

40 3 ft from d&m)r I ft Atwvre fliMxr, with * r'r . ft from .tIismr. I in. atvvo flh).)r
25 3 ft from, 1k01r, J ft 4btvc fihlr. with *-1r'-,- If (I 'm 'M4 r. 2 Il. 4b'oLw t11ir

S ]3 ft from tAeir 6 ft " A#'ve floor, -with wsjrt r I ft fr.m dowor 2 in- ai4.'+v fl-ir
254) AAt cleA.ranc' gIasp i•u•r• " tisor with * crar, I It from '",r I iii. Ats',. Blo.r
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Table 8 (Cont'd.)
Shilelding Te-it, With 9,500 Curie Co-40 Souirce

7~~epI of (mr/hr)tio Spcnteatn Wer -aintasTae
CelTested Itn~ - - - -

3 Roof 1 <0.1 S0tructural shield
cont'4¶ 17 Stepped joint, left side of lot roof plug, left side of cell 3

1 Stepped joint, right side of 2nd roof plug, left side of celil 3
25 Stepped joint, south end of Ind roof plug, left aide of cat), 3
7 Stepped )oint. south end of3rd roof plug, left side of cell 3
6 Steltped joint, right aide of 4th roof plug, left aide of cell 3

2.5 r/hr At surface intercell gate housing with gate retracted and source being
1 passed between cellis 2 a&d 3

EastWall200 At surface of intercell gate housing with gate in closed position
+

EasterWill) <0.1 Structural shield
(inter-ell -i- At outside surface of shielding door for transfer arawer

4 West Wall <0.I Structural sil
(iniercell) Isil

-Front WPMll <0.1 iStructural shield
40 FCenter periscope wall penetration, source in-line, 2 ft from wall

< 1 General area arouind cell windows under above conditions
1.5 i n proximity of periscope, aoorc, at w, low center, I ft away

- - <0.3 Gereral work area around windows under above conditions
---- - --

Rear Wall 01Structural shield
I Joint between top left side of door and door jamnb
4 Joint between bottom left side of door and door jamb

30 Clearance gap urhe-- ' .'L h- u d door
55 Clearance gap under right ha)*' of shield door

5 Closure joint between halves Df shield door
* 2 Joint between top right side of shield door and door jamb

3 Highest reading in general area outside back of cell 4 - source 2 in. from
floor. I ft from door

Roof 0- 1 Ql - Structural shieid - - - - - -- _

19 Joint. left bide, 1st roof plug from left side cell 4
10 Joint, north end, 2nd roof plug from left side cell 4

3-0 Joint, north end, 3rd roof plug from left side cell 4
50 Joint, left side of fifth roof plug from left side of cell 4
40, Joint, lower right corner. 5th roof plug from left side cell 4
70 Joint, north end, C"' roof plug from left cell 4

280 Surface of intercell gate housing with gate in closed position and source
in cell 4

2 r hr Sur", e of gate housing, Kate retracted - during transfer of source
fromn cell 4 to cell 5

East Wall -0.1 Structural shield
(interceit) 800 Cell 5. left side of gate joint between gale and wall

300 Cell 5, right side of gate joint between gate and wall
2 In-cell receotarle vaneI om
5 Shield door of transici rIrawer

30 Center cell 5. 6 ft from floor - source at bottom gate edge
IHighest reading center cell 5. souirre at window center cell 4

5 West Wall 0.1 -Structui &I shield
(lntercll)

Front Walt 0' 1 Structural shield

ReAr Wall 0. St.mc.ctural shield
ISAt tlearance' Ma under left half of tihieled door wsit soburce 2 in. from

floor, I ft from &elir
45 At rlearanct- gap under right Wtl -4 shlield dooxr with w..irce I in. from

fsrIft frow dkior

0.1 Structural ishield
it) At stepped li.int, loft saide 4f 2nd rotsf plug from left tit ielt 5
60 ~Stopped joit.t, lowor left c(orner (if seco~nd ri-f pluic from left of ,-ri 5

Is Moepped lowl. north end of Ind ri~oi plug from le-ft of celi 5
9 Stopped Joint, noith end (i 3rd r-*)f plug frtmi :rit ad tii 5

13 itepped po' it, witrth end of 44h roof ptugV from loll of rtl1

?:All*i WAll 0. i Structural Otield
IAl ;'NtaidP vi'.ant reie'$A4KI pam-l vbio in roll wail
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DRAWINGS

Dwg. 1 - Floor plan of first and second floors of facility

Dwg. 2 - Plan and front elevation of hot cells

Dwg. 3 - Section A-A, elevation looking toward windows; section IR-B, elevation looking
toward access doors

Dwg. 4 - Typical elevations of hot-cell ends - sections G-G ana J-J (Dwg. 2)

Dwg. 5 - Typical upper and lower hinge design for O+eel shielding doors

Dwg. 6 - Front elevation and sections A-A and B-B of single steel dr

Dwg. 7 - Double shielding door design - front elevation, sections A-A and 3-B, and
detail of cremone bolt

Dwg. 8 - Plan of isotope storage wells and detail sections 32-32 and 33-33

Dwg. 9 - Ventilation flow diagram

Dwg. 10 - Engineering flow diagram of waste disposal system

Dwg. 11 - Lizhting fixture arrangement in "cold' work area (122), hot cells, and isolation
cubicles (123-127)

Dwg. 12 - Kollmorgen wall periscope, Model 301

Iwg. 13 - Laboratory equipment and layout
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Legend for Numbered Itemo in Dwgs. 2-4 Inclusive

1. Internal transfer drawer through 38-in. -thic' wall
2. 30 in. -K48 in. shielding window through 36- 1...-thic'k wall
3. General Mills Model 301 F mechanical a' in manipulator
4. AMF Heavy Duty Master-Slave Manipulator through 36- in. -thick wall
r% Intercell gate assembly
6. Gen-;:al Mills crane bridge hoist
7. U-tube, 2-1/2-in, schedule 40 stainless pipe beneath 36-in. -thick wall
8. Wall plug through 36-in. -thick wall
9. Internal transfer drawer through 42-in. -thick wall

10. Under-window access opening through 42-in.-thick wall
11. 30-in. -30-in, shielding window through 42-in.-thick waill
12. Kollinorgen Model 301 through -the -wall periscope - 42-in. -thick wall
13, 3 O-in. ,48-in, shielding window tl'rough 42-in. -thick wall
14. AMF Heavy Duty Master-Slave manipulator through 42-in. -thick wall
15. Wall plug through 42-in. -thick wall.
16. U-tube (electrical), 2-in. schedule 40 stainless pipe underneath 42-in. -thick wall
17. Single shielding door, 14-in, thick, cell 1
18. Double shielding door, 14-in, thick, cells 2 and 3
19. Isotope storage well, 10-in. diamn by 5 ft 2 in. deep
20. External transfer drawer
21. U-tube, 3-in. schedule 40 stainlesr. pipe beneath 36-in. -thick wall
22. Door bumper
23. Double shield door., 16-in. thick, eell 4
24. Isotope storage well, 22 in. diam by 5 ft 2 in. deep
25. Isotope storage well, 10 in. diam by 5 ft 2 in. deep
26. Double shield .or, 164in. thick, cell 5
27. U-tube. 3-in, schedule 40 stainlessi pipe beneath 4? ~-_i-thick wall
28. Wall sleeve for inetallograph specimen trana*s.rter
29. Wall sleeve for AMF Heavy Duty Master-Slave nianipula. )r through 306-in. -thick wall
30. Wall sleeve for Bausch and Lomb stereoricroscope
31. Wall sleeve for Kolimorgert Model 301 wvall 1wriscope
32. Wall sleeve for AMF Heavy Duty Master-Slave Manipulator 1,hrougb 42-in.-thick wall
33. U-tube, 2-1 /2-in. schedukle 40 stainless pipe beneath 42-in.-thick ~..all
34. U-tube (electric-al). 2-in. schedule 40 stainless pipe beneath 36-in. -thick wall
35. Irxor I& niper
36. floor 1ximpe!'
37. Nxor buniper
38. Motor driven CAbli' take lip reel f-or dragging 19 ft te
39. Motor d~rivviA ciokl take -up r'eel fo~r drAgging 36-ft -A&ble
40. Moutor driven cable take -up ref I faor draggcing 19-ft c-Ablr
41. Motor driven cAble tAkte-up reel for- draggcing 36-ft VAA3le

42. MetAlhigr-atti wall %eAlini: plate



35 7 36 is 1? 20 22 37

'', I \

0 0 0
B4

i iDRAIN !A.E- ,' - * -

1IEWING ANGLE r MA x MUM ANGLE' U'• 1•DOW 4A

J1 I_ -

A o 0 o 0 v .

: ~ ~~~~ ,"' C * .0..
- -- '-- 1--

cc
PLAN

42 28 30 29 EL.EC'yICAL ,8CT-- 8 1 2 4 7 6 "39 9 t g 12 31

fl 7 to

IL !

- ... . ....- -- - 1 h. L_ -.- ±-- -- % t
LIL

17'10-1/2"

P 0

J 

A

"ELELTRICAL DUCT RECEPTACLE FOR
CRANE PENOA'r "- LEJPTACLE FOR GEN MILLS -

ELECTRICAL RECEPTAC'_E MANIPULLATOR CONSOLE
SL NAME PAl-L

I METALLURGICAL EXAM!NATION & PHYSICAL MEASUREMENT ELEVATION OF SOUTH WALL
2 Mt rALLURGICAL SP(CIMFN PREPARATION
-3 ME TAL LiSGICAL Mi'CHtNiCAL TESTING
4 1iOT MACHINE SHOP

5 GENERAL TURoOSE

Dwg, Z. Plan and front elevation of hot cells

J"



109
r A I I110 3 L AN K

22 23 24 2526 E . j

22 ~2? 27

0a a 0C30

~0 0 0

DRAING CAAI

MIAXIMIMWIDO
VIEW 1G ,1C~LE 70"WINDOW 4A 

____

-00 00T0 ) . >0 00 0 0Q-0 0-C00 0 A

78-0' ------ - '-::COVERED 11ROUGH -.----
PLAN REMOVABLE COVERS

7 8 39 9 0L it 12 31 32 !3 14 3 3

2 t0 11 5 0 13

S-2NDFLO
TUP Or flAIL-_ 4
LEDGE 

.3

ELC iT12[ '- L 14-C

Ii ,/'> I xPANS0ON
'7~~~~W II- I i IDOW

0 o 0 0 'I C,
Ii H~-- -12' 8 -1/4'

-- I

RF:-IPIACLE FOR GEN M~ILLS- RECEPTACt,F FOP-
½4ANIPLILATOR CONSOLE CRANE PENVANT

ELEVAliUOI OF SOUTH WALL.

Dwg. 2. Plan arnc front elevation of hot cells



ýLECTRIC~$ "IRDRE

LEDGE TOP (V RIAIL 4 -

0 0 1 '1 ok

~~i.2j0 4111~~ 4

S 4 1

337

S3cc', ioNA -A"

40 E.I.ECTRIC POWERED REEL 4t EECTR4C POWERED REEL
(FOR SERVICING GENERAL (FOR SERVICING GENERAL
MILLS MANIPULATOR4) MIL LS MAN#PUL AOR)

ROOF

VENT
4

I4 ATE0N
INLLET

EN!4T)4IIE

INLET5

____~v or; IL•2 LTi1  
_

!N,.

CEL.- NAMES 2. (',A "P I

1 WTIALLL4GIC.AL EXAMINATION A P441SIAk MFASLIRMfh1
I ME TALILURGICAL SPEC NJEN PE1f PARS! ON
3 METALLURGICAL MErCIANICA- TESTING 19

4 NOT MACHINE SHOP
SGENERAL PIIRPOSE ,EL ¶ 'LIN "B- B"

Dwg. 3. Sc~tion A-A, elevation looking, toward windows; section B-B. elevation looking to\s

A



III
(P A GfIJ 12 8 L ANK

EL.ECTRIC POWEREG REEL

EL CC~WERD REL ~ .FOR SERV ICING CRANE)

319 (FOR 5tqiICiNG CRANE)

rOPCOFRAI 5 : 3RC

4,

0 C) 0

-~~~~2 
2 IME R

044 0 __

04 0 0

2i 0 00

- I I I*34

3 - 34

sEmo *A -A*

,wEkEO REEt 41 ELECTN. POERED REEL
ING GENERAL O ~SEWviCiNG GENERAL.
PULATOR) OM S MANINPULATOR)

H RO~f

rrT- T

4 C3 CEILING EDGE 5 * OF RAIL NTILATION

6- IN C E T-t N

T26 IS

e AETI ONON

W 23 INLET

-. I C2 ~LIK

;1

A Z

A-Al~ ~ ~ ~ ~ ~ ~ ~~~~~~I týid wi et~lBB levaionloigtoadac

Infl A e~evation looknc o idw;acinBB lvto lookigtwracesdoors



5

~JUNdCTION~

"4 04 o A . A
ELECTRICAL. DUCT, '4 1,, I

12"x9" TYP,

14 . 1 /.

D POOR IN VENTILATION
OPEN POSITION -I ,2' " ) INLET-..

"15 / MAx.vIEWING

/ ANGLE

DRAWER IN 1 " " -.
- 4.14 ,A. EXTENDED 1 ",

POSITION IdO*-)

ELECTRICAL DUCT, -- . I ' ,0 103 'x 6 " T YP 1,0

.. 7/ .7 j -r CAVITY* A'-' -

FILLED WITH k.-

34' -9 21 STEEL SHOT 33 --- . CELL DRAIN

SECTION "GG of SECTION "JH"J
(CELL NO 3) (CELL NO. 4)

Dwý.. 4. Typical elevations of hot-cell ends - section,' G-G and J T IDwg. 2,

A



113
p A A 1 14 P L A N

N 

*' 
D A W ERAW

JUNCTION BO E

44

SITSEC I NLET J

w . 4. Ty. a .~ v ti ! .f .o~ 
c l en. -RWE I 

_'t9l 

C - n J J

SXEDD



DOOR DOOR FRAMF DOOR DOOR FRAME

+ 4 -

6' OIA-'

-OVERAL. ._GTH 9-1/4" SINGLE ROW TEANL
'APEREC ROLL f EARIN

0__ 0-0 HARDENEC THRUST *ASHER

i/ti GAP

~DOUBLE ROW SELF-ALIGNING
00BALL BEARING 0 0 f-)

DETAIL 'C" DETAiL "0"
UPPER HINGE LOWER HINGE

Dwg. 5. rIypical upper and lower hinge design for steel shielding doorý-



115
(PA G E 116 hL ANK

FRAME DOOR DOOR FRAME

7" 7 7 7 D LNT GUARD 35" LONG

kALL LGTH 9 1/4' -SNGLE POW STEEP ANGLE 3/8"

/ TAPERED .)L'ER BEA4NG

)OO] 0 Qo HARDENED THRUST WASHER ,
- - i/'8 GAP 

0 0O0 0 o0'

DETAIL "F"
"JUSLE ROW SELF AL IGNINt: DOOR SILL

AL I Bf ARtNf, L,0 , O -; DOORS-L

DETAIL 'D"
L OWER HINGE

.)wg. S. rypicai ,.pper and lower hinge design for steel ý.hieldinv coui m

B



0(*R~ STEM.,"PMI
SEE IRL kUCIED VIEW
Fla 9

SECT KON " :

LIMIT SIN"CM

SOLEIM~MS A" ELEASEk

't SLEWQ NEDM

IsFIL

MANUALMELEA6 EVE

APRKWA v0VtIfým 'ý
1*

rI t. 'IFIF'

dAI

V, Front w-1I-Vat toll A-A wrkfx'-n. A- A arid 11 14 '1 1111§r -tr41 du-1'r

A



"(PAG HS 117
.("PAGE 118 LAWKI

m----- -- N OPENING -... . .--- *

VIEW

H/2 If t TAP
THRU DOOR N J

SECTION "A-A"

LIMIT SWITCH//
AND RELEASE

OVER OBOXES7

SOLENOI- INTERLOCI
-- _____ - 1ASSUMBLy

MANUAL RELEASE LEVER 3-0% A

UPPER HINGE Tf
(SEE DETAIL S
OWC 5)

TEE WtOW* LATCH

0] A

'I 
%GF

A ~11

1 S

Si utTN

DWG,

F RONT f fVATION 'A1N1 t ýtt I DIN6 [OOR TU IO()N h H"

DZv*. 6. Front elevation aiud sections A-A and B-B of single steel door

0



I CELL WALL$

P05 CELLS Z,35 *4 FT TOP AND DOTY"M fftb

r ICTIASGMAP AM
W TAPTAMRSO as WO"I
DOORTo weim PmTwttC09 worn OW

TOP OMtaMO -

DOOR LATCH ASSE MLY DWENIOM O6SSEE DT. 'F FiG

SECTION "A -A"

SOLENMI RELEASE( +_'Jj __
LE~tRcvtreo~sFOR CELLS 2 -~~.6

F O R L L 4 " 7 9IO C E L L 5 W ~ -9 - I / 2

UMI SMTCN0.-- / 0or~~ 114TERLOCI(

AFSEMMLY

A A

5.4.

~I~T f*A

(VAN Mft

41

I)IAig. 7. Double, shielding c4or deosin - ror~t s'leva!1ni. s.tite A and B- B. And drt~l of cr



(PAGE 120 BIAM .')
1 CELL WALL$

FOR CELLS 2.3.5 4P FY roe AND T"011)mI

w APTO P~ POtSITIVE_iTOi \TMU. 00CA

FOR COASTEPSDETAIL VG

SEC IO "-- 
SEE MIT V

FMCILS2 1DOR l. 7 - -----FOR CELL /
FOR CELL5 49

/ Lit SULEW 0 INTERLOCK

e 10 STEEL STOP PLATE

iiL.PftI4K K MAIMIUL RELEASE LEVER

3M'* 10 WIV t VA " TI DOU CORA

L mhlt LATCH

HANOLE

It A

-VIV

wlI C)4' 0 i A a

c r o h o m h v d n o o i s i n f o t w- a i r t c o m A - e n 0 - R 4 d l t i of i s o v



43 25-8" _ LIFTING SAO

"I I--
IPIT . ... I, .

L "TYPE "C"

IICY

/ 332

ISOTOPE STOPAGE WELL-

PL.AN OF ISOTOI'E STORAGE WELLS D
-0-

S • -- ,,, ,, , •-.

DO b

---

ML

I T STORA E W

P.P

SSETTO 
32N32

A71t1
SECTION 32-32

S~~Dwg[, 0. Ptit. of Isotope of' •ragIe wells and detail dle .tions 32-,,}Z an•



121

(PAGE 122 BLANK)

BAIL . 2°- B" •LIFTING DAIL,•• i

BAIL,-8

cLZ i j....

~~~)~ IT "ATPE"C
M I 

. SID

-0 3,2
q _ _ _ _

""T O.D, GA- (0. 134571 FOR TYPE ""C

41/2 0.1), 11 GA (01 tWOP TYPE "C"

DET'.: STORAGE WELLS DETAIL OF ISOTOPE STORAGE WELLS
cs . ,.HOWING TOP PLUG CONFIGURATION AND
SOT BOTTOM DRAIN PIPE)

At b

Q* 0* A.

* FAG

V, .,.4/4OOI • |.I• •'RTi C

,-I;O N 32-OWIN SETPPUGCNIGRTON A3-3

a 81 ' A - -I
t I

i•! j

TION 32-32 SECTION S3'-•3

and . 8. &'t.a of liD!Op@t 'u.rag 'k #t 414| fi.;det &e(Il eIK)-10 • nd 31-Si

p



AIe OWN.V 4C AREA48

NWA 1 U11IN

MAPI Z i " L LA . 1

9-540 KVPUT

______ 110Il I* LA

TO ScIm

Fn L
""SO AL _VETO_ ¶ ~~

"o wo ~ U rT 4

4--I to

ew"2 w
*XUP.AB LW~ lup*mUK6 o

tt414 *~cm LF-.'7.-.

4.i 1 "o

E50 SO *0 ~uAA

A ~ ~IS



(PAGE 124~ 6LARKK

F41 IL

II

12 p va Mp

.4~~r -fSIQ .U4"~

OW 36STNO . Saw i ll? cet. vvW om w-

76. f

1"All~~ ~ ~ ~ OM 4&1M l E'

)iLj

46 4A I 

4

flitit~tat.~fa iara



II LI

-- -"_ _--_ _ _ _ _... . . . . . . "_.. . . . .. . .i..

I! "~ _.,,i

I .. . .- l.. . I.. .. . .. ... . .. _ I

ii
1,N COW

r-f

oft-
LJ



125
(PAGE 126 BLANK)

I) LEGEND

P6 FLOAT OPERATED V•LVE

A THERMOSTATICALLY CONTROLLED VALVE

DIAPwMASM OPEMT[DVALVE

I VALWV WIIH ExTESION STEM

G GATE VALVIEN :m LOSE VALVE

CHECK VALVE
JET

mSTEAM TM
LA LEVEL AL.ARM
PI PRESSURE INDICATOR

SP SAMPU POINT

SAFETY RELIEF

A - VENT

C - CONDENSATE
CO - COWdTAMINATEt DRAN

AW - ACID WASTE
Ch - CHEMICAL

cw - COLD CATERSiPA - COMPEmSSED AIR

Iw - ,RM WATER

v - VAPOR
S - 3TEAM

DW - DISTILLED WATER

Ml - SLACK STEEL

M2 - CAST IRON

"______--•• $AM • .M3 - STAINLESS STEEL

___M4 - FERR-SILICON ALLOYMS - POI.YVINYLCIILOfIDE

c MS - MANUAL SWITCH ON CONTROL CONSOLIELI - LEVEL IIROICATOR

LIA - LEVEL INDICATOR ALARM
-PACGE "IT•-- oP - DIFFERENTIAL PRESSURE ALARM

fPAS - LIFFERENTIAL PRESSURE ALARM SWItCH

TRV - I EMPERATIJRE RELIEF VALUE

MP - MONITOR PONT

SV - SOLENOID VALVE

-LI

t-
L_ _-AIR.

L . ..En ........

10. Engineering flow diagram of waste disposal system
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