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ABSTRACT

On November 9, 1970, an antimony-beryllium source rod failed while suspended in air on the charge
machine over the Savannah River Plant K Reactor,

This failure released 80,000 curies of radioactivity into the Reactor Process Room, and an additional
39,000 curies remaining in the failed rod was deposited in the Disassembly Basin before the nature of
the failure was recognized. Very little of this radioactivity was released outside the reactor building.
The atmospheric release wasabout 0.003 Ci, and liquid releases were about 7.4 Cj to the K containment
basin and 0.52Ci toa plant stream. None of the activity has been detected outside the plant perimeter
fence.

Nearly aliof the 80,000 Cireleased to the Process Room remained adhering to or lying on the charge
machine, and was by far the major source of radiation preventing personnel entry into the Process’
Room. It was removed by remote vacuuming and by manually removing parts of the machine with
extension tools while the machine remained in the Process Room. The removed parts and debris were
temporarily stored underwater in the Disassembiy Basin. Remote vacuuming of the reactor top surface
and floor by equipment carried on the discharge machine reduced radioactive contamination of those
surfaces only slightly. Manual cleaning with wire brushes, vacuum cleaners, and chemicals was necessary
to reduce radiation to levels at which normal reactor operation can be resumed.

Cleanup of the radioactive contamination took 3 months with the participation of 850 people, none
of whom received excessive radiation exposure.
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INTRODUCTION

On November 9, 1970 an antimony-beryliium neutron source rod failed at about
5:00 a.m. while suspended in air over K reactor. Failure of the source rod released
activity w the Reactor Process Room and to the confinement filter compartments. The
resuiting levels of radiation and radioactive contamination were sufficient to prevent
normal work in the Process Room without decontamination. Cleanup of the Process
Room to the point that normal work could be resumed extended through early
February 1971, Cleanup was completed with only minor releases of radioactive
material ta the environs.

K REACTOR ROOM

The K reactor Process Room (figure 1) is about 130 feet long by 58 feet wide at the floor, The
ceiling height is 61 feet directly above the reactor and 43 feet elsewhere. Concrete haunches, 31 feet
above the floor, support the rails of the charge and discharge machines. Wall, floor, and ceiling
surfaces of the room are concrete. The floor and walls below haunch level are painted.

The reactor is located near the center of the Process Room (figure 2) and mostly below floor
tevel. The stainless steel reactor plenum extends about 20 inches above floor level in the reactor room
and is about 17 feet in diameter. A variety of reactor components extend above the surface of the
plenum; these include permanent plenum tubes (which locate components in the reactor), component
fatches, probe pins for the charge and discharge machines, and leads for pressure and temperature
seasors. Six inlet pipes rise through the floor and enter inlet nozzles around the plenum.

Reactor components are handled during charging and discharging by either the charge or the
discharge machine, both of which operate on the same rails supported by the haunches. The charge
machine picks up new components from the presentation point near one end of the room and the
discharge machine deposits discharged components in the discharge and exit (D & E) canal at the
oppaosite end of the room. A remotely operable conveyor in this canal transfers irradiated reactor
components from the reactor room to underwater storage hangers in the storage area outside the
Process Room. The charge and discharge machines (cranes) can be moved from the process room
through a doorway into the crane wash and maintenance areas; the doorway is normally sealed by a
26-foot wide shield door.

INCIDENT DESCRIPTION

The meident vecurred early in a normal reactor discharge. A cluster of six control rods and the
source rod (which was in the center of the cluster) had been removed from the reactor to permit
replacement of the septifoil housing which normally encloses them when in the reactor. During the
replacement operation they were left suspended in air on the C-mast of the charge machine (usuaily
referred 1o as the “C machine”). This operation (including recharging the rods to the reactor) had
already been successfully completed with five other rod clusters, one of which also contained an



antimony-beryllium source rod. Because of difficulties in seating the septifoil, this particular cluster
of rods was held in air ten minutes longer than the previous clusters, for a total of about 22 minutes
before an attempt was made to recharge it to the reactor. It was then found that the C-mast
waterpan, which was located below the rods to catch drainage of D, O from them, could not be
moved out of the way to allow the rods to be recharged to the reactor. Observation showed that the
source rod had separated about four feet from the bottom; the lower part of the rod was supported
by the waterpan, while the upper part of the rod was still held by the C-mast chuck. The charge
machine was moved to a position over the discharge and exit (D & E) canal, into which discharged
reactor components are normally deposited for transfer to the Disassembly Basin. It was left in that
position until a procedure could be developed to discharge the failed rod into the canal,

The fact that radicactivity had been released to the Process Room as a result of the failure was
not recognized immediately. The “High Radiation — Near-Far Side Fiiter Area™ alarm came on
sometime between 5:00 a.m. and 5:30 a.m.; this alarm was silenced but was not investigated until
early on the 84 shift. Late on the 12-8 shift, Health Physics investigated high activity indications on
the Kanne chamber which monitors tritium activity in the -40 exhaust air. Only later was it realized
that this signal was caused by high gamma radiation from the confinement filters, which are near this
Kanne chamber. At about 8:00a.m. the need to investigate the ‘“High Radiation — Near-Far Side
Filter Area™ alarm was recognized and Health Physics was requested to survey the filter area as
required by procedure ACC-519.

While the survey was in progress, development of a procedure for depositing the rod in the canal
was completed. The cluster of rods in the C machine was raised to leave the bottom half of the rod
free, but still resting on the waterpan. The waterpan was then moved; this motion dislodged the
source rod section and caused it to drop into the canal. The upper half of the rod was then lowered
into the canal and released. The remaining control rods were recharged to the reactor.

The existence of a radioactivity problem in the Process Room was first recognized when the
radiation level in the room remained high after the control rods had been recharged to the reactor. At
about this time the Health Physics survey showed a radiation level of 3.5 R/hr about 1 in. from the
number 6 compartment and more than 70 R/hr about 1 in. from the number 2 compartment. Other
alarms had been received and it was found that at 5:00 a.m. the radiation levels recorded by instalied
instruments which monitor the filter compartments had increased from 0.2 R/hr to 3.8 R/hr for
compartments 5 and 6 and from 0.2 R/hr 1o 7.5 R/hr for compartments 2 and 3 over a period of
about 15 minutes. It was also found that the Process Room radiation level (as read by HM chambers)
had remained high after the rods were recharged. One chamber at the D & E canal end of the Process

Room indicated about 220 R/hr.
By this time it was apparent that the source rod had failed and released radioactivity. Small bits

of metal were observed in the waterpan and on other surfaces of the charge machine. The reading of
HM chamber No. 40 (nearest the D & E canal) increased from 170 to 288 R/hr when the charge
machine was moved 10 feet closer, to a distance of 19 feet from it. High intensity Cerenkov radiation
from both pieces of the source rod was observed from the Disassembly Basin side of the 1D & E canal.
Several areas of low intensity Cerenkov radiation were observed on other nearby sections of the canal
floor. It was determined by radiation surveys and smears that, except for the pieces of the source rod
in the canal, the radioactivity was confined to the process room and the confinement filters. At the
time the source rod was deposited in the D& E canal, that portion of the Disassembly Basin
consisting of the canal and the vertical tube storage section (VTS) was isolated so that any
radioactivity introduced by the rod was confined to that section.

-2 -



ANALYSIS OF FAILURE

DESCRIPTION OF Sbh-Be SOURCE ROD

Antimony-beryllium sources arc used as neutron sources within the reactor to check the
response of instrumentation primarily for startup operations. During reactor operation the antimony
is converted by n.y reaction to the radicactive isotopes '*2Sh and '2%8b, which act as a gamma
source. The gamma rays from this source are zbsorbed in beryllium by the reaction °Be(y,n)2 *He to
provide the neutron source.

The Sh-Be source which failed consisted of three 3-inch long sections in an aluminum can (figure
3). Fach section contained a hot-pressed hollow cylinder of beryllium metal powder (0.81 in, OD X
042 in. ID)and a cast antimony metal rod core slip-fitted into the beryllium. The three sections were
stacked in an 1100 alloy aluminum can (0.86 in. OD X 0.81 in. ID). Thick end plugs were welded to
seal the source. This source slug was swaged into a hollow 18-t long control rod “raincoat” made of
1100 alloy aleminwin (0,94 in, QD) soas to be in the high flux portion of the reactor, ~

The source slug contained 112,000 curies of radicactivity (primurily *22+'2%Sh) at the time of
farlure, The calculnied isotopic and chemical distribution at the time of reactor shutdown is shown in
table 1. The tellurium content, buiit in primarily as fdecay products of '?2-7248h and activated to

P Te by nention capture. was caleulated and measured 1o he 26 wi 7.

CAUSE OF FAILURE

Sonie observations at the time of the failure pointed to possible forceful separation of the rod
such us to propel the separated end of the rod energetically. Subscquent analysis showed that the
lailure waus caused by overheuating and melting of the aluminum cladding at the center of the source
length. Britzle intergranular separation of aluminum was effected by grain boundary melting of
silicon-enriched aluminum at about 630°C. The appearance of the aluminum indicated that failure
wus  nol caused by overpressurizalion. Post  fuilure  examinations, engineering analyscs,
thermodynumic judgments, and dirferential thermal analyses indicate that no large energy releases
(except selfheating) or gus releuses oceurred during the rise to 6007C.

About 80000 Ci were released from the rod. The radiocactive §-SbyTe core melted at about
S367C. splaticred upon rod separation, and fumed (85,03 )s and TeQ or TeQ, gas while exposed 4
hours 1o air over 400°C in the control rod cluster.

Figure 4 gives the results of caleulations of rise in temperature of the source suspended in air,
based on estimated power generation from self-heating and ®°Co gamma rays from adjacent sources.
At the time of futlure (after about 14 minutes in air) the temperature had risen to or slightly above
the melting point of the rradiated @luminum. Irrediation of the aluminum had converted enough of it
to silicon to lower its melting point from an original 640°C to about S88°C. Other evidence indicates
that melting of the sluminum oceurred at about this temperature. The second Sb-Be source rod and
the control rods did not fal because, in the {welve minutes or less that they hung in air, the
temperature did not rise high enough.



INITIAL DISTRIBUTION OF RADIOCACTIVITY

Insufficient data were obtained to provide an accurate estimate of the distribution of
radioactivity from the failed source rod immediately after the failure. However, with a few
assumptions it is possible to make a rough estimate of this Initial distribution, as shown in table II.
Several days after the failure, pictures of the reactor process room were taken from above with a pin-
hole X-ray camera to assess the distribution of radioactivity. The estimate given in table II agrees
qualitatively with the X-ray results, which indicated more than 90% of the total released activity
remained on the C machine. From this estimate it is seen that:

#® The C machine retained much more radioactivity than any other location.

e Most of the released activity not on the C machine was on the top of the reactor tank
where it had fallen from the suspended source rod.

e About 6364 curies of activity became airborne as fumes, of which 98% reached the
confinement filters and was retained by them. Nearly all of the remainder settled on the
process room floors, while less than 0.06% of it settled on the process room walls.

® An undetermined small amount was deposited at the edge of the D & E canal where the C
machine stood while awaiting disposal of the failed rod. It is not certain whether this
deposit occurred at that time or later when the C machine was at about the same location
for cleanup operations.

NATURAL DECAY

While about 60% of the initial radioactivity was short-lived *228b (half-life = 2.8d), the
remaining 40% was long lived (mostly 60-day half-life or longer). Figure 5 shows the natural decay of
radiation from such a source giving an initial radiation level of 100 R/hr (typical of initial radiation
levels in the process room at positions more than a few feet from the C machine). Limited work on a
nearly normal basis might begin when a level of 100 mR/hr is reached; figure 5 shows that with only
natural decay this level would be reached in about two years. Consequently, some cleanup effort
would be necessary.

CLEANUP
Brief History

On November 9 through November 11 efforts were directed at ensuring containment of
radioactivity and assessing the magnitude of the cleanup problem. By November 12 it began to be
evident that a major cleanup program would be necessary. This program was broken down into eight
major tasks, each assigned to a separate committee, as shown in tabies III and IV.

Because it already appeared from readings of installed radiation monitoring instruments that
most of the radioactivity remained on the charge machine, the first objective (Task 1) was to
decontaminate it to the point that it could be removed from the process room. If the radioactivity
remaining in the process room were small enough, this would allow personnel entry to facilitate
cleam'.lp of the remainder either manually or remotely.

Of almost e¢qual importance was to determine the Jocation and intensity of radicactive
contamination (Task 2). This would show where cleanup efforts should be concentrated and measure
the effectiveness of each effort.



The period from November 13 to November 23 was spent in planning the cleanup program, in
designing, fabricating and procuring equipment, and in making radiation surveys. The first actual
decontamination work was done on Novernber 23,

The major phases in the decontamination process were:

o Removal of loose debris from the C machine
by an eductor type vacuum cleaner

mountedonthe D& Econveyor . ... ... ... ...... Nov 23 - Dec 28
¢ Remote vacuuming of the process room floor by

an cductor mounted on the D machine . . .. .. .. ... ... Dec 10 - Dec 25
e Removal of contaminated parts from C machine . . . . .. .. ... Dec 15 - Dec 28

o Removal of the C machine to the Crane Wash

Arca {between heavy shielddoors) . . . . .. .. .. L Dec 30
e Manual cleaning of process room
floorsandwalls . . ... ... . ... .. oo . Dec30-Jan S5
e Completion of reactor discharge . . . . . . ... ... .. ...... Jan 6 - Jan 12
Final cleaning of reactor tank top
—mechanical . ... ... Jan 13 - Jan 18
- chemical . ... ... ... o Jan 19 - Feb 4
e Decontamination of C machine Jan 16 - Jan 20
in Crane Wash Area Feb I -Feb5

A detiled chronology of cleanup operations is given in figures 6, 7, and 8. The effectiveness of
the major operations is summarized in table V and figure 9, which give percents of the original
radioactivity with the effect of radioactive decay eliminated.

[Each reading in R/hr at time of reading was multiplied by the ratio
(radiation at zero time)/(radiation at time of reading) from figure 5. The
results were then expressed as percent of the readings for November 9.]

Cleaning of the C machine removed at least 94% of the originally radioactive material. Some of
the additional material removed in floor cleaning may have been dislodged from the C machine in the
process of cleaning it or of moving it about the Process Room. Thus the results of radiosctivity
removal were in substantial agreement with the estimate of initial distribution of radicactivity given
in table IT.

Radiation Measurement
METHODS

A major factor in planning and monitoring the progress of cleanup efforts was the ability to
locate and measure the intensity of radiation sources. Four remote reading ion chambers (HM
chambers) mounted on the walls of the Process Room were part of the normal operating equipment
for Health Monitering purposes. Their locations are shown in figure 2. Throughout the cleanup period
they provided a meusure of the overall radiation level. They needed to be supplemented by additional
remotely operated means of pinpointing the location of the major radiation sources, as well as by the
usua! manual surveys (see figures 17 and 18) which could not be used extensively until the radiation
level had been brought down low enough to permit prolonged entry of personnel into the Process
Room,



The three principal remote methods used for locating major radiation sources were:
e A pinhole X-ray camera to photograph the distribution of radioactivity over the entire
Process room.
e Anion chamber with amplifier to survey the distribution of radioactivity on the C machine.
& A gamma radiation detector carried by the D machine for detailed surveys of the
distribution of radioactivity on the Process Room floor and reactor tank top.

Pinhole Camera. The design of the pinhole camera is illustrated in figure 10. It consisted essentially
of a lead box with a conical aperture in front and a film holder in back. To obtain a picture, it was
loaded with X-ray film and placed over one of two holes that were available in the Process Room
ceiling above the rim of the reactor tank, with the aperture pointing downward. It was left in that
position long enough to obtain a suitable exposure and then the film was removed and processed.
With this camera it was possible to locate with some accuracy the most intense radiation sources
(see figure 11). Sources whose intensities were less than one-tenth that of the most intense source
could not be distinguished.

C Machine Survey. Both the charge machine and the discharge (or D} machine have the built-in
capability of being accurately positioned anywhere in the Process Room (within their limits of travel)
by remote operation from the Crane Control Room. This capability was used as the basis for making
detailed surveys of the distribution of radioactivity on the C machine. An ion chamber suitable for
detecting and measuring the radiations was positioned in the Process Room in one of three different
ways and the C machine was then movead past it in small steps to obtain a radiation profile.

In the first method the ion chamber was lowered into the Process Room on a rope through one
of the ceiling holes (see table VI for results). In the second method the ion chamber was pushed into
the Process Room on a cart. In the third and most accurate method, use was made of the facility by
which unirradiated fuel assemblies are moved from the Final Storage section of the Assembly Area
into the Process Room to be picked up by the C machine at the Presentation Point. The fuel assembly
is suspended in a hanger from a trolley which carries it through a narrow slot in the concrete shielding
wall to the Presentation Point where it is accurately positioned for pickup by the C machine. In this
method the collimated ion chamber was suspended from the hanger at a measured elevation while it
was in the Assembly Area. It was then carried to the Presentation Point and the C machine was
moved past it to obtain a profile at one elevation. The ion chamber was then returned to the Final
Storage area where it was repositioned at a different elevation. This process was repeated for a series
of elevations to pinpoint the location of major radiation sources on the C machine (for typical results
see figure 12).

The instrumentation used for this purpose was a portable Health Monitoring Cart designed in
1960 for special surveys requiring remote control. The ion chamber was supplied with 20 feet of
cable and an extended range amplifier which provides a range from ~50 mR/hr to ~107 R/hr.

While these methods were very helpful in the early stages of planning and carrying out
decontamination of the C machine, the best results were obtained by radicautography. This could
only be used after the radiation levels had been lowered enough to allow personnel entry to place the
X-ray film on the C machine.

D Machine Probe. A portable gamma survey meter was developed by the Engineering Assistance
Section which could be carried either by the C or D machine and read remotely; it was used only on
the D machine. This self-contained battery-powered instrument provided a logarithmic range from 0.1




to 1000 R/hr. It consisted of an ion chamber shielded from lateral radiations by 1% inches of lead, a
power supply and electronic circuit, and & meter mounted so it could be read with the Crane Control
Room periscope or with binoculars, as shown in figure 13. [t was built without power switch, to
operate continuously in order lo maintain the best calibration: when operated this way the battery
had @ life of about 43 days. The entire unit was supported from a standard top fitting which allowed
it to be hapdled by the € or D nachine chucks in the same way as reactor components. Mainiaining
proper urientation of the meter for reading proved difficult.

To conduct a survey, the D machine carrying this probe was positioned serially at each point of
w grid covering a designated portion of the Process Reom, A coarse grid was used to locate regions of
high intensity which could then be surveyed to liner deiail using 2 fine grid to locate hot spots {for
typlcal resulis see figures 14, 15, 16, und 19).

INITIAL SURVLEYS

Charge Machine. On November 9 the charge machine was moved from the D & E canal to within
about 20 feet of HM chamber 40; the reading on this chamber increased from 173 R/hr to 288 R/hr.
This increase gave the initial indication that a major part of the released radioactivity still remained
on the € machine. This conclusion was further confirmed by a reading of 500 R/hr at 10 feet from
the € machine obtained on November 11 with a Health Physics instrument inserted into the Process
Room through the Wild level hole, und agsin by the first Xeray film exposures with the pinhole
cantera on November 20,

Process Room. Some indicetion of the extent to which radicactive contamination was distributed
wver the process room flocr and walls was oblained as early as November 11 by instrument probe
readings and by smears taken through the Presentation Point door and the Wild level hole. The first
extensive surveys were made on November 16 from doors 313 and 320, which provide access to
opposite ends of the Process Room. These doors are close to the locations of HM chambers 41 and 40
respectively. Readings und simears could be taken only out to about 10 feet from the doors because of
limitations vn personnel exposure. Readings with portable survey instruments were close to the values
revorded by the vorresponding HM chambers Nos. 40 and 41. Smears taken through these two dowrs
and the presentaiion point door had radiation levels of 0.2 to 5 rad/hr/ft? at 3 inches; those closest to
the reactor were generally highest. Tests done in connection with these surveys and on November 18
showed that most of the material on the floor could be easily removed either by damp mopping or by
vacuuming.

Smeurs of radioactive contamination on the process room walls showed a much lower level of
conuuminaticu than on the floors. These smears ranged from very low at the far end of the process
reem 1o 0.05 16 0.5 rad/hi/It at 3 inches at the end nearest the reactor.

The first X-ray films showed, in addition to the major concentration of material on the
Comachine, asnall concentration of activity on the reactor top, one beside the D & E canal (¢f. (igurc
1y and a cluster of wealk radiation sources in front of the observation window.

This information played o major part in determining priorities and methods of attack in the
clewnup progran.

Charge Machine

First priority in cleaning up the released rudioactivity was decontamination of the C machine to
the puint that it could be removed from the process reom. The primary requirements were to




conduct this decontamination in such a way as to avoid breaching containment of radioactive
contamination within the reactor building and to avoid making final decontamination of the process
room more difficult. [In particular it was necessary to maintain a pressure below atmospheric
pressure in the process room so that airborne contamination would not be carried out of the process
room.] Because of the high radiation levels the initial work was done remotely.

The D & E conveyor provided the basis for the initial remote operations. This machine normally
receives discharged components in the D & E canal, and carries them underwater beneath the
separating wall between the Process Room and the Disassembly Basin. It can also be used to carry
components or equipment from the Disassembly Basin into the Process Room without breaching
containment of radioactivity. It can provide a limited amount of vertical motion to equipment carried
by it, relative to the C machine, Use of a remotely operated robot was considered, but entry of the
robot into the Process Room would require breaching of containment, and procuring a suitable robot
or reconditioning and adapting the existing general purpose robot would have entailed unwanted
delay.

From visual observation by periscope from the Crane Control Room, much of the debris of the
source rod on the C machine appeared to be loose chips and spatters {figure 20). The method of
approach chosen was therefore as follows:

o Remove loose debris with an eductor vacuum system mounted on the D & E conveyor.

¢ Remotely remove C machine parts having firmly attached, high radiation level

contamination.

e Wash remaining lower parts of the C machine with a water spray.

® Remove the C machine to the Crane Wash Area.

& Complete decontamination manually.
The broad outlines of this program had been established by November 12 and firmed up in detail by
November 18, Some development and testing of equipment was necessary; this was underway on
November 13 and nearing completion by November 18. Actual decontamination work started
November 23.

REMOTE VACUUMING

Equipment. Vacuuming was selected as the most effective means of removing loose particles since the
particles could be contained and would not be spread over the floor of the Process Room nor the
D & E canal. An air eductor, which was a Stores stock item, was chosen as the vacuum source. The
suction leg of the eductor was provided with a screen, trap and absolute filter to prevent discharge of
particles larger than 5 microns. Remotely operated air inlet and suction valves were provided to
contain collected material after vacuuming was finished (figure 21}.

This eductor system was mounted on the D & E conveyor as shown in figure 22. The conveyor
consists of a boom which can be rotated either manually or under power in a vertical plane. The
boom carries, on a pivot at its outer end, the “golf bag” receptacle into which discharged components
are deposited. The lower end of the golf bag travels on a track which guides and correctly positions
travel of the discharged component under the process room wall and into the Disassembly Basin. The
eductor, system was mounted on the upper end of the golf bag, with a compressed air supply via an
underwater hose from the Disassembly side of the D & E canal. Manual operation of the conveyor
boom to move it through a small angle could be used to move the eductor vertically over a limited
range in the process room. A special shielding cask was provided in which to store the eductor system
in the Disassembly Basin after its use had been completed.



Operation. The eductor system was instalted on the D & E conveyor in the Disassembly area and then
moved into the process room. Because of mechanical limitations of the conveyor it was necessary to
have the suction nozzle aligned in the plane of the boom and pointed torward the boom axle while
travelling underwater. In use it needed to be 90° away from this position, A rotary joint was provided
{as shown) and the C machine was used to nudge it into the correct position, The inner chuck of the
C machine A-mast was used to open the valve on the suction nozzle.

Each mast is provided with one or more chucks to grip reactor components of

different designs. The A-mast inner chuck grips a knob of special design. The

valve on the suction nozzle was supplied with a knob of this design so that

the A-mast inner chuck could grip it. The valve could then be opened or

closed by raising or fowering the A-mast.
The nozzle was then brought to the proper elevation for a particular vacuuming task by manually
moving the conveyor boom. Then the C machine was moved into position and vacuuming was started
by operating the air supply control valve in the Disassembly area. These operations were under
constant observation through the Crane Control Room observation window and periscope, and were
controlled by the window observer. Constant communication between the observers, the crane
operaters and the D & E conveyor operators was essential, requiring use of a special headphone
communication system.

Throughout this work there was close surveillance to detect any spread of radicactivity through
the process room or any change in process room pressure which could allow escape of radioactivity.
Vacuuming was to be discontinued if the process room pressure was not more negative than 0.4 inch
H, O relative to the outside air, or if the particulate activity in the process room exhaust air increased
by a specified small factor.

The effect of each major vacuuming operation was monitored by lowering the D & E conveyor
until the filter of the eductor system was shielded froma the HM chambers by the concrete walls of the
canal. The HM chamber readings were observed both with the C machine in its current position and
again in the standard location.

Results. Photographs from the Crane Control Room periscope had shown presence of apparently
loose debris in the waterpan (which collects drips from the components held in the C-mast), with
smaller amounts on the clamshell plate and the support plate between B- and C-mast (figure 23).

The eductor system was first used on Novernber 23 to clean the clamshell plate and waterpan
(figures 24 to 26), with the result that the radiation Jevel as read by the HM chambers (Nos. 40 and
42) nearest the C machine decreased about 75%. Further work on November 24 on the clamshell
plate and on other areas shown by the photograph to have loose debris produced little apparent
reduction in radiation reading. However, when the eductor was removed from the Process Room on
November 25, the radiation level dropped another 13%. At that time a plan view from the +66 level
and a profile picture of the € machine through Door 320 (nearest the C machine) were taken with the
X-ray camera to define the location of major remaining contamination. Again on December 3 an
X-ray profile and an ordinary photograph were taken to better define the location of hot spots by
comparison. Vacuuming done November 25 and December 8 (guided by the X-ray results) resulted in
only a small reduction in the radiation readings.

Yacuuming removed all visible particles and about 95% of the original contamination. The
radiation level on the Cmachine after completion of this operation was about 20,000 R/hr at 3
inches (estimate only) as a result of vacuuming plus radioactive decay. On the fourth day of
vacuuming there was evidence of breakthrough of radicactive contamination from the eductor
system. This eductor was therefore retired from service. Altogether, three eductors were used in this
phase of cleaning the C machine and were stored in the special containers in the Disassembly Basin.



PARTS REMOVAL

Method. Originally it was planned tc remove heavily contaminated parts at the D & E canal by
cutting lighter parts such as cables, and buming off heavier parts with an electric arc. Equipment was
built and tested satisfactorily for this purpose, but the method was discarded because of the risk of
spreading contamination vaporized by the arc.

Instead, the C machine was moved to the Presentation Point, where work could be done either
with power tools mounted on the Presentation Point hanger (cf. “C-Machine Surveys,” previously
described), or mamually with extension tools. However, motion of the C machine toward the
Presentation Point carries the machine’s power supply and control-cables (bit by bit) out of the
Process Room. This would lead to spread of contamination by the cables if no precautions were
taken.

Cable Decontamination. A plastic hut was erected over each crane haunch in the Crane Wash area
next to the inner shield door, where the cables enter the Crane Wash area from the Process Room.
Each hut was built with tube-lock scaffold framing and with a plywood fleor to cover the rail and
cable rollers, as shown in figure 27. Initially the huts were about 20 feet long but they were
eventually extended from the inner shield door to the outer shield door and beyond.

Starting on December 5, the C machine (and later the D machine) was moved in steps toward
the inner shield door. The distance traveled in each ste p was short enough that no contaminated cable
would pass beyond the plastic hut. After each move, cable within a hut was decontaminated manually
with a vacuum cleaner followed by wiping with a cloth damp with soapy water. Although cables were
contaminated to a2 maximum of 700 mrads/hr/ft? at 3 in., it was possible in all cases to reduce the
level of contamination to less than 5000 cpm/ft? at 1 in.

This process had to be repeated each time motion of the C or D machine carried cable into the
Process Room (where it picked up some contamination} and out again. Early in this process a
penny-sized piece of debris fell from the C machine to the floor and was later retrieved. For this
reason all subsequent moves of the C machine were made at low speed.

Presentation Point Work. Removal of parts, begun on November 18, was done by cutting off the nut
or other fastener or connecting piece either with a disc-grinding wheel or a chisel. An attempt to
remove bolts remotely with a wrench and then by drilling was unsuccessful. The loosened parts were
dislodged and dropped into buckets with the help of a 20-foot pry bar operated manually through the
presentation point slot. The buckets were later transported by the C machine to the D & E canal,
where they were transferred to the Disassembly Basin for storage.

For the grinding operation the portable grinder was suspended from a fuel hanger at the
requisite elevation in the Assembly Final Storage Area and then moved to the Presentation Point. X
and Y motion of the C machine brought the part to be cut in contact with the grinding wheel.
Necessary fine motion of the wheel relative to the part was provided by moving the C machine in
1/64-in. increments.

Chiseling was effective only in removing nuts from bolts which lay at right angles to the
Presentation Slot, and was of little use for bolts which lay parallel to the length of the slot. For this
operation a 20-foot chisel was supported by ropes from a hanger and was steadied at one point on a
suitable rest. The edge of the chiscl was guided into position with the aid of the periscope. Blows
from a 15-pound sledge hammer by personnel stationed in the Presentation Slot could remove a
suitably oriented bolt in about fifteen minutes. High radiation levels in the slot severely limited the
working times for this job.
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After removal of parts, the C machine was rcturned to the ) & F canal where 2 water spray was
used to wash off remuining louse or soluble contaminants. The spray system was mounted on the
b & b conveyor und operated in much the same way as the eductor system. Spraying reduced the
radiation level around the ¢ machine some but Ieft hot spots on some parts. At this point personnel
entered the Process Room to remove these parts with tools on extension handles. Remaining hot
spots were covered with bugs of lead shot wnd the € machine was then removed from the Process
Room to the Crane Wash Arca between the shield doors.

From December 10 on, some work had aiso been done on remotely cicaning up radioactivily
distributed vver the Process Room floor and reactor tank top. First physical entry by personnel was
made on 2077710 HM chamber No. 4G indicated 7.5 R/hr with € machipe positioned ~30 ft eway.
On December 30 when the O machine und all its parts had been removed rom the Process Room, only
ahout 2 percent obf the origmal radioactive contamination remained in the Process Room. General
radiation fevels were down to 1 to 2 Rfhr. permitting personnel entry for brief peniods of work.

MANUAL DECONTAMINATION

At this poeint @ hot spot remained on the C-mast: its reading was about 2500 R/kr at 1 in.
and others were of several handred R/hr each. An enclosure of scaffolding and plastic sheeting was
erected around the C mauchine in the Crane Wash Area to control contamination, provided with
suitable entrance huts. The 2500 R/hr hot spot at the lower end of the C-mast was shielded with lead
to allow work on the other spots. These were first vacuumed and then sandblasted with a Vacublast
unit shown in figure 28 This unit celiects the used sand by vacuum, thus preventing spread of
contamination. Filing and wire brushing were afso used. Some small parts were removed, and finally
the C-must with its shielded lower end was removed from the C machine to be stored in a safe
location in another building.

The lower part of the machine was then decontaminated manually with applications of Versene
solutivn and of OPC (5% ammonium oxalate, 3% hydrogen peroxide, and 4% ammonium citrate)
solution by hrush or ubsorbent pads. At this point the remaining hot spots had radiation levels of
ahouwt 70 R hw a3 110 The entire machine was finally cleaned (o a radiation level of a few mR/hr by
sprayingwith a Versene-water soluton followed by a water rinse . working from the top (37-f1 elevation)
downward.

Manual decontumination wus interrupted at two points to permit use of the € machine in
reactor chargmg and discharging, This work was completed on February 5 and a new C-mast and
aceessories were installed to restore the machine to normal condition.

Reactor Process Room

“

Decontamination of the Reactor Process Room tloor and regctor tank top (or “plenuin™),
biginning December 10, 1971, was carried out in three stages concurrently with decontamination of
the € machine.

I. The tloor and plenmm top were vacuum-cleaned remotely with an air eductor carried on the
1 machine. This reduced the maximum radiation rate {on the plenum top) from 000 R/ht
al & i, tooabout 400 R gt 8 in, but bud no significant effect on average radiation levels.
More rapid progress was made with manual cleaning beginning December 30, 1970. This
included vacuuming uwnd wire-brushing the floor, walls und plenum, and mopping the floor and
walls with detergent.



3. Chemical cleaning of the plenum top with OPC solution combined with mechanical cleaning,
was begun on January 24, 1971, Stages 2 and 3 reduced the maximum radiation rate on the
plenum top from 360 R/hr to 2 R/hr at 2 ft.

With completion of this work on February 5, 1971, radiation levels in the Process Room were
low enough to allow preparations to resume normal reactor operation. {See also reference 1.)

REMOTE DECONTAMINATION OF REACTOR ROOM

To limit unnecessary personnel exposure, initial cleaning of the floor and plenum top was
accomplished remotely using a specially designed air eductor carried by the discharge machine (figure
29). Air for the eductor was supplied by a portable compressor outside the reactor room via piping
normally used to supply emergency cooling water to components in the discharge machine. The
compressed air went through a venturi nozzle to create a suction pressure. Air coming from the
nozzle passed through a 0.45 micron filter before being exhausted to the reactor room. The eductor
could be taken into and out of the reactor room remotely using facilities normally used to handle
reactor fuel assemblies. Several types of remotely replaceable nozzles were also provided.

A shielded survey meter, also carried by the discharge machine, was used to evaluate the progress
of remote vacuuming. (See page 6 for details.) This instrument proved to be extremely effective
and was used to provide radiation survey data throughout the decontamination program.

Vacuuming continued with some interruptions for charge machine decontamination and other
activities from December 10 until December 30. During this time, the discharge machine was moved
very slowly to cover the entire plenum top and the accessible floor area several times with different
nozzie attachments. Manipulation of the nozzle around obstructions on the floor and plenum top
proved to be slow. Several of the nozzles were knocked off in inaccessible locations and were
abandoned until they could be retrieved manually. Survey results showed that remote vacuuming
achieved decontamination factors of about 2 on localized hot spots but was essentially ineffective in
reducing average radiation levels (table VII).

MANUAL CLEANING OF FLOOR AND WALLS

Decontamination proceeded more rapidly when large-scale manual cleaning of the reactor room
was begun on December 30. During the following 5 weeks, about 1,000 individual entries were made
into the reactor room. Approximately 350 personnel who normally are not exposed to radiation
assisted to reduce exposure of reactor operating and service personnel. Use of these people, many of
whom were unfamiliar with the reactor room and work in radiation fields, required careful briefing
and surveillance by members of the decontamination task force. Health Physics monitoring was
simplified by use of integrating dosimeters with alarms set at 400 mR. Workers also wore
thermoluminescent dosimeters and self-reading pencils. Approximately 600 R total exposure was
accumulated by 850 workers during the 5 weeks of manual cleanup.

Commercial heavy-duty vacuum cleaners were purchased and were modified by installing
absolute filters over their exhaust nozzles to protect against the further spread of activity if the two
internal filter media should fail. Offset handles were also used to hold cleaner wands away from the
operators (figure 30). Work with these cleaners initially achieved decontamination factors of about 10
on the floor; typical smear readings decreased from 2 to 3 rads/hr to 125 to 500 mradsfhr at 3 in.
from the smear after several vacuum passes. Vacuum cleaner bags were removed frequently as they
became significant radiation sources. Most of the cleaner bags read 5 to 10 R/hr at 1 foot and several
read as much as 200 R/hr at 1{t. The radioactive bags, and other similar material removed
subsequently from the reactor room, were sealed in plastic bags and placed in a shielded transfer
container for shipment to the contaminated waste disposal area.
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After the floor had been thoroughly vacuumed, crews continued the decontamination with wet
mops. “Alconox” (Trademark of Alconox, Inc., New York) detergent solution followed by water was
used on the mop heads. Walls were wet mopped using 10 to 15 feot extension handles on the mops
without prior vacuuming. Typical wall smears were reduced from 20 to 300 mrads/hr/ft? at 3 in,
before mopping to 10 to 40 mrads/hr/ft? at 3 in. after mopping.

Persistent hot spots on the painted concrete floor were reduced by scraping and wire brushing
followed by vacuuming and wet mopping. Repeated applications were required to reduce many of
thiese spots to background radiation levels.

MANUAL CLEANUP OF PLENUM TOP

Activity on the plenum top was reduced by decontamination and decay during a 25-day
campaign which began on January 12. An estimated 215 curies ol activity remained on the plenum
top when manual plenum cleanup began. Radiation levels above the plenum averaged 17 R/hr at 8 in.
and the maximum reading of the remote survey meter was 360 R/hr at 8 in.

A closed circuil television monitor was installed in the reactor room pricr to starting the plenum
decontamination (figure 31). Viewing screens were available in the reactor rcom and at the
decontamination command post in a clean area. The camera could be positioned manually to provide
cither a close-up view of about 1 square foot of the plenum top or a general view of the reactor room.
The close-up was useful for observing wire removal and mechanical cleaning methods. The general
view was useful for briefing incoming personnel on their work assignments in the reactor roonw.

Temporary Shielding. The first phase of this campaign was to place temporary shielding over hot
spots on the plenum to reduce personnel exposures during subsequent work. Several hundred bags
were manufactured; each bag contained about 5 pounds of lead shot double-bagged in stapled
“Fiberglas” cloth. The temporary shielding was removed gradually during the decontamination as
radiation rates decreased. The bugs were designed to be placed and removed by workers in relatively
low radiation areas at the edge of the plenum using long-handled tools (figure 32). Experience showed
that the bags were awkward (¢ handle and that shielding effectiveness was limited by the inability to
achieve high packing densities.

Wire Removal. Many instrument wires and tubing runs on the plenum top were contaminated when
the source rod failed. These included thermocouple wires from moderator temperature sensors,
special instrumented assemblics, and in-reactor flux sensors; instrument ieads and detectors from the
tunk-top leak detector system; and leak collection tubing. In addition to being contaminated, these
wires and tubing restricted access to the plenum top. The wires and tubing were removed up to the
edge of the shielding using long-handled cutters and grippers. Additional wire and tubing were
removed ws 11 was exposed when temporary shielding was removed. An enlarged telephoto
photogruph of the plenum top was mounted in the command post with a plastic overlay on which
cleanup progress could be recorded (figure 33).

Mechanical Cleaning. Mechanical cleaning of the plenum top began with the same type vacuum
cleaners that had been used on the floor. Extensions were added to help workers position the wands
from relatively low radiation arcas at the edge of the plenum. Wire brushes on jong poles were used to
toosen adherent material for subsequent vacuuming. These tools were difficult to manipulate and
were replaced with rotary wirc brushes driven by %-inch drill motors. The motors were suspended
from ropes stretched across the reactor room and were rajsed and lowered with an arrangement of
ropes and pulleys (as in figure 34). Manipulation of these motor-driven wire brushes was awkward but
they were more effective than munual Hrushes for scouring exposed horizontal surfaces.
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Results of calculations indicate that 11 days of mechanical cleaning and decay had reduced
activity on the plenum top to approximately 26 curies. Decay alone would have reduced the activity
to 187 curies. After mechanical cleaning the average plenum top radiation was 3.3 R/hr at 2 ft and
the maximum hot spot radiation was 41 R/hr at 2 ft (see also figure 9).

Chemical Cleaning. Final decontamination of the plenum top was achieved with successive
applications of OPC, a solution of ammonium oxalate, ammonium citrate, and hydrogen peroxide.
The OPC solution was selecied from several candidates known to be compatible with stainless steel
and aluminum after tests at the Savannah River Laboratory indicated that it dissolved antimony
particles in 16 hours at room temperature. OPC solution has been used for decontamination at other
sites (references 2 and 3).

The reactor tank was sealed and helium gas pressure established to prevent diluting the
moderator by inleakage of the chemical solutions. Water flow through the reactor and top shield was
controlled to maintain the plenum temperature at approximately 35°C. A dam about l-inch high
around the edge of the plenum top made it possible to pour about 20 gallons or more of solution
onto the plenum top to form a puddle. Additional solution was sprayed on the latches, probe pins,
outside of plenum tubes, and other surfaces that extended above the puddle. Spray units used
building compressed air through a venturi to aspirate solution from 6-gallon bottles. The spray
nozzles and extension handles were supported by the rope and pulley system (figures 34, 35, 36).
Spray rates of 2 to 4 gal/hr were achieved through each of the two sprayers. Excess solution was
pumped off periodically to lower the level and avoid overflowing the plenum dam. Radiation rates
from the bottles drawn off the plenum top pravided useful indications of the effectiveness of the
several treatments. After each chemical treatment the plenum top was thoroughly flushed with
deionized water for several hours to remove residues.

A 1% solution of “Alconox™ detergent in deionized water was used twice on the plenum top
between OPC applications. The detergent was used to remove oil which had been observed on the
plenum and was applied with the same tools and techniques used for OPC.,

Five OPC and two “Alconox™ treatments were applied during the 12 days of chemical cleanup.
The OPC solution remained on the plenum top for 16 hours before flushing began in the first two
applications and 32 hours for the final three applications. “Alconox” treatments lasted 4 hours
before flushing began. The motor-driven wire brush was used during the second two OPC applications
to agitate the solution and expose fresh material to chemical action. A steam lance replaced wire
brushing during the final two OPC treatments. The lance utilized 175 psig building steam throttled to
60 psig. The insulated lance was very effective in scouring the plenum top.

Only about 3 curies remained on the plenum top after the chemical treatments, On February 5,
the average radiation field above the plenum was 260 mR/hr at 2 ft and the maximum hot spot
remaining was 1.75 R/hr at 2 ft. These levels were sufficiently low to permit reinstallation of
equipment and resumption of preparations for reactor startup.

Confinement System Filters

The exhaust system for each reactor building {figure 37) includes five confinement filter
compartments to contain released radioactivity in the event of a reactor accident or radioactivity
release in parts of the reactor buildings (reference 5). Exhaust fans maintain a negative pressure in
the reactor roomt, the ducts to the filters, and the compartments containing the filters. At least four
of the five compartments are on-line at all times. Fach compartment contains moisture separators,
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ahsolute tiers, und charcoal absorbers. The unshielded aluminum filier compartments are located on
the reactor building roof 55 feet above ground level and are designed for remote removal.

Four compartments were on-line with a total air flow of 86,400 ¢fm when the radicactivity
release oceurred. The flow gradually decreased to 61,000 ¢fm during the 3%-month cleanup period as
the filters uceumulated about three times their normal dust loading. The maximum radiation level at
I in. from the side of the liottest filter compartment was about 70 Rfhr immediately after the release
and 23 Ribr ui 1o, by the time of replacement. Preliminary data indicate that activity was deposited
predominantly on the moisture separators.

[t was essentjul to maintain filicr operation throughout the decontamination of the reactor room
and equipment, to prevent release of airborne radioactivity, It was also evident in the earlicst planning

: i

of the cleanap presran o eplucement of the fihers wouold altimately be necessary before reactor

i

operdlion could be resianed

Removai oi conlautinaicd dler compartments began on February 9, 1971, The compartments
were lifted from the rool with a crane and placed on a special railroad flat car for movement to a
storage location near aiv cit-ofservice reactor building. Replacement filter comparuments were
installed. Foliowing the testing of vew filters, the Kereactor confinement system was returned to

normal vt February 26, 1971,

DESCRIPTION OF THE SYSTEM

Swvannah River reactors were not originally designed with containment protection. Confinement
Factlities for SRP reactors were installed in 1962 (reference 5). Airborne particulate and halogen
contamination is collected by the confinement system (figure 37). Because it is not possible to make
the bhuilding gastight, the ventilation system is designed so that the exhaust fans continuously
miintain i negative pressure i1 the process arcas, the ducis to the filters, and the compartments
containing the filters. Air is cxhausted from the reactor room, below grade process area and the
purification area and channeled into a common exhaust plenum before passing through the fiiter
compartinents. Because complete mixing does not oceur in the plenum, unequal activity distribution
oceurs betweon Hie cotapartments depending on the building area in which activity is released. The
liters ure on-hac v oiously o avoid the necessity of opening and closing dampers after an
accident tukes pluce. The filters are contained in five aluminum filter compartments on the reactor
building rout 35 feet ubove ground level. Each compartment weighs 10 tons and is 8 feet wide, 22
feet long, and 25 feet high. The five compartments operate in parallel and each compartment contains
three banks of filters in series (figure 38):

1y Mosture Sepasaters The moisture sepurator consists of o two-inch-thick mat waoven from
re wizpped with “Teflon™ fibers. Twenty units 2 feet square are used in

each compurinit,

stgittlesn steed

. -

2 Paspendgre I e o Absobote filters are designed to remove mare than 99% of all particles
WS inkTon L e, Bah diher i made of an 18-mil-thick glass-asbestos felt sheet folded
ever corrugated aluminum fnserts into closely spaced pleats {forming a unit 2 feet square by
D1 b inenes thizis Thirty two units wre used in each compartment.

31 Carbon Filters  Carbon filters censist of a one-inch-thick bed of 10 to 14 mesh crushed
activated coconut-shell chareaul enclosed between perforated metal sheets that are pleated to
extend the surfuce area. The one-tnch-thick beds are stacked together to give an assembly 2
Foet square Tz inches thick . Thivty-two units are used in cach compartment.

Each filter compartment sits on u rail dofly that can be positioned remotely by cables and
pulleys. Both nlet and outlet compartment nozzles are on the building end so that the unit can be

attyched o the ventiluiion system by titting the compartment nozzles over nozzle extensions on the

Colu Ponts oademars toy fluorocarbon s
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building. Inflatable seals at the nozzles eliminate leakage. A flapper door at each compartment nozzle
seals the compartment when it is disconnected from the building ventilation system. When the
compartment is delatched from the building a catch on each flapper door releases and allows the door
to swing down and shut. The doors are held shut by two refrigerator-type latches. No shielding is
provided for the compartments; therefore remote removal facilities were incorporated in the design.
The latching and sealing controls and the positioning cables are located at ground level away from the
radiation zone of the filter compartments. If a compartment becomes contaminated, it can be
disconnected from the ventilation system remotely, pulled to the edge of the 55-foot elevation roof,
picked up by a crane, placed on a railroad car and removed from the area.

CONFINEMENT SYSTEM PERFORMANCE

About 6250 curies were released in particulate form to the confinement filters. Only 3
millicuries of the activity released to the exhaust system escaped from the building exhaust stack. The
confinement filters retained more than 99.999% of the activity. The initial maximum radiation level
observed at the side of the hottest filter compartment was 70 R/hr at 1 in. This rate decreased by
radioactive decay to 25 R/hr at 1 in. when the filter compartments were removed from the building.

Four of the five filter compartments were in use at the time of the accident (compartment K4
was offsline for routine maintenance). The total exhaust air flow through the on-line filters was
86,400 cfm. The four contaminated filters remained in service during the three months following the
source rod failure, during which time flow gradually decreased to 61,000 cfm. Table VIII shows the
individual filter data prior to the incident and at the time the filters were removed.

The major filter pluggage was expetrienced in the moisture separators; however this pluggage was
similar to normal moisture separator pluggage that has been experienced at SRP after similar service
lifetimes and is not attributed to the source rod failure. Pluggage due to an accumulation of an oily
substance and particulate matter on the upstream face normally limits moisture separator service to
about 9 months. Plugged moisture separators are normmally removed from the compartments and
cleaned with steam jets to prepare them for continued service (reference 6).

Calculations made by Savannah River Laboratory personnel based on radiation measurements
taken after the filter compartments were removed from the building indicate that the activity was not
equally distributed among filter compartments (table IX). The two compartments nearest the reactor
room exhaust duct contained 95% of the total activity released to the ventilation system. The activity
distribution within the filter compartments indicates that the moisture separators retained about 82%
of the activity while the particulate filters retained the remaining 18% .

FILTER COMPARTMENT REPLACEMENT

Replacement of the contaminated fiiters was desirable because continued use of the
contaminated filters would result in radiation exposure for personnel working at ground level outside
the reactor building and even higher exposure for personnel replacing contaminated, plugged filters
and because continued radiation exposure to filter components could cause component damage.

Spare filter compartments are not maintained at SRP. The most rapidly available replacement
compartments were located on the roof of a nonoperating reactor building. These compartments were
removed from the roof, refurbished, pressure tested and equipped with new filters. The
compartments were moved by truck to K Area. The height of the load required clearance of some
overhead obstructions. These overhead obstructions were cleared by lifting the load over, removing or
burying the obstructions, and by cutting new roads below grade level (figure 39).
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Removal of the contaminated compartments from K Area began on February 9, 1971 and was
completed by February 12, 1971. Individual compartments were moved remotely to the edge of the
roof. An expanding urethane foam was sprayed into each of the compartment nozzies (figure 40) to
fix any loose contamination and provide a seal if a compartment flapper door failed to seal. Ten cubic
feet “Insta-Foam FROTH PAKS™ (Trademark of Insta-Foam Products, Inc.) were used. Application
of the foam on the 36-inch diameter nozzles and flappers required approximately 1% minutes in a
maximum radiation field of 5 R/hr.

The compartments were removed from the roof by a 75-ton motor ¢rane equipped with 120 feet
of boom (figure 41}. A special remote handling lifting hook with long tag lines was employed. The
most eritical crane operation was to lift the compartment straight up off the movable rail dolly. The
crane operator located at the base of the building could not see the load. Two spotters with
shori-wave radios directed the crane operations; one spotter was located on an adjacent building roof
and the sccond spotter was supported in a basket by a second crane. Once the compartment was clear
of the rail dolly the compartment was lowered to a modified railroad car {figure 42). The maximum
radianion dose rate for the crane operator was 200 mR/hr. The railroad car supported frame supported
the compartiments so that no tie-downs were required. The train was made up of the modified car,
three spacer cars and a locomotive (figure 43) for movement to the storage arca. The spacer cars en-
stred adequate distance to reduce radiation dosage to personnei in the locomotive. The train was
nreceded by a track motor car with personnel to visually inspect the track. lines switches, spike
lfacing switch points, and open sceurity fence gates. The plant primary road cressings encountered
by the train were blocked by Patrol personuel to eliminate the possibility of radiation exposure of
their nermul operating positions and to carry a Health Physicist who surveyed the track to ensure that
no coatamination was released. Movement of each load required one hour. The maximum radiation
dose rate to the railroad crew was 30 mR/hr.

The contaminated compartmenis were temoved from the railroad train with a 100-ton capacity
crawler crane equipped with 65 feet of boom. The special remote-handling lifting hook with tag lines
was also used. The maximum radiation dose rate for this crane operator was 400 mR/hr. The four
contaminated compartments are now stored behind the out-of-service R-reactor building where they
will remain until additional decay of activity makes reclamation operations feasible. The building
provides some shielding against wind.

Replacement of the refurbished compartments was completed on February 12 and i4. After
leak testing the particulate filters and carbon filters, the compartments were connected to the
building ventilation system on Febroary 18 and 26. The K-reactor confinement system has been
returned to normal. (See reference 4 for further details.)

Reactor Work

All normal reactor muintenance work scheduled for this shutdown which did not requirc access
1o the Process Room or use of the C and D machines was completed (as time permitted) during the
cleanup operation. In addition, decontamination work with the C and D machines was interrupted
several times for essential reactor discharge operations and special measures were taken to remove
some antimony which had entered the reactor.



DISCHARGING

On December 23, twelve highly contaminated upper plugs were discharged to remove one major
tank top source of radiation. At the same time locking control cluster caps were installed on septifoil
sleeves to keep contamination and other foreign matter from falling into the reactor. Between
January 6 and January 12 the reactor was almost completely discharged, leaving only a few target
housings and semipermanent sleeves. Special plug assemblies were charged to the empty positions.
This both completed the delayed reactor discharged and removed additional radiation sources to
reduce radiation levels to a point where manual decontamination of the tank top could be started.
The: possibly contaminated upper plugs for the remaining target housings were discharged on January
22 and 23.

ANTIMONY IN REACTOR

About 4 Ci of antimony-122 and -124 was measured to be in the moderator at 9:30 a.m.
November 19. Nearly 100% efficient removal by the moderator purification system reduced this
amount to 0,2 Ci by November 29. Between December 13 and 15 there was a relatively large release
of antimony to the moderator, accompanied by a large increase in radiation level {to 1000 R/hr at 1
inch) in the septifoil cooling pipe loop (gooseneck) for the control rod cluster from which the failed
source rod had been removed. Apparently, tank top work around this position either dropped
material into the reactor or shook it loose from the recharged control rods in this cluster.

The control rods from this cluster were discharged late on January 11. The material in the
gooseneck was flushed out on January 12-14 to reduce the radiation level in the monitor pin room.
The flushed-out material was caught in a special trap designed by the Savamnah River Laboratory. It
consisted of a ball check valve and a 200-mesh screen inserted in a universal sleeve housing which was
charged to the sptifoil position (figure 44). Upflow cooling water to this gooseneck flushed material
out of the gooseneck into the trap, which was subsequently discharged .-

D & E Canal
SOURCE ROD PIECES

The failed source rod, still containing about 40,000 Ci of radioactive antimony and tellurium,
was deposited in the D & E canal before it was recognized that the rod had failed. While most of this
material remained in the two pieces of the rod, smaller amounts were scattered over the floor of the
canal. A small amount came to rest on the upper surface of a concrete pedestal in the Process Room
side of the D & E canal. These pieces could be located from the Disassembly Room side of the canal
by their blue Cerenkov glow. It was necessary to retrieve them for proper containment and storage
without spreading contamination into other parts of the basin.

Normally water from the Disassembly Basin is circulated through portable deionizers to remove
radioactive contaminants. As a first step in minimizing spread of contamination, flow was established
from the D & E canal to the deionizers with return of the deionized water to a remote point in the
vertical tube storage (VTS) section of the basin.

A number of methods of retrieving pieces of source rod from the D & E canal were tried or
developed. The two most successful were tongs (of the type designated as Peters’ tongs) and *“Dux
Seal” (Johns-Manville trademark) putty. The putty was pressed into an array of small holes drilled
through one side of a short length of aluminum L.section bar. A long rod attached to the other side
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of the bar served as u handle with which to press the putty against the piece to be picked up. The
putty containing the retrieved picce could then be scraped into a suitable container. The tongs were
used to grip and pick up larger pieces, while the *Dux Scal” putty picked up pieces too small to be
gripped by the tongs.

All of the retreved picces were stored in a failed-fucl-element container which was later shipped
to RBOF for final disposal. Some of the smailer pieces were first placed in screw top cannisters,
which were then dropped into the larger container.

By November 17 all of the easily retrievable pieces had been picked up and placed in the
failed-fucl-element coniainer. At this time it was decided to do no further retrieval work until it could
be done either from the Precess Room side or by usiag an underwater vacuum cleaner which was
being developed. The only mgjor remaining picce was that on the concrete pedestal, which was so
locuted that any efforts a1 retrieval from the Disassembly side were likely to dislodge it and spread it

over the canal floor.
MATERIAL FROM PROCESS ROOM

Initially all contaminated material to be deposited in the D & E canal from the process room was
placed in sealed containers. This included the eductors used in cleaning the C machine, which were
stored in special shielded boxes, and the eductors used on the D machine, which were stored in
cannisters, When it came time to remove the C machine parts from the process room, a suitable means
of storage was not immediately available. Because the amount of radioactive contamination on these
parts wus much less than was already in the basin, it was decided that they could safely be stored in
wpen buckets,

None of the material deposited in the canal from the Process Room (other than the source rod
itselly) contributed significantly to basin water activity. Whenever source rod pieces were removed
from contact with basin water, u decrease in the rate of introduction of antimony activity into the
water was casily detected. No increase in this rate was observed when any of the C machine parts
were deposited in the D & E canal.

Disassembly Basin

The Disussembly Basin consists of two main sections which can be isolated from each other.
These are the Vertical Tube Storage Section (VTS) in which freshly discharged components are
stored, and the Machine Basin in which the disassembly operations are carried out. The D & E canal
connects directly with the VT8 section, but can be isolated from it by installing stop logs if necessary.

Prior 1o the source rod failure, a sand filter system had been undergoing testing in the K
Disussembly Area. Use ol the filter maintains basin water clarity, allowing the basin to be kept
isolated for extended periods with no purging of water to the environs. Two portable mixed-bed
defonizers. one of 60 117 and the other of 30 13 capacity, were available to remove ionic radioactive
material from the water.

CONTAINMENT OF ACTIVITY

More than 9557 of the rudioactive material originally present in the source rod was deposited in
the D & E canal for temporary storage. Most of this material was stored in closed containers. Thusa
major part of the responsibility for containing the radioactivity not stored in containers rested in the
matagement of the basin facilities.



Method. Both deionizers were used, one on-line while the other was being regenerated. The VTS
section and the machine basin were kept isolated. Feed to the deionizer was taken from the Process
Reoom end of the D & E canal and a skimmer in VTS in such a way as to avoid stirring up radioactive
particles from the bottom. The water level in the VTS section was kept below that in the Machine
Basin to limit leakage of contaminated water into the Machine Basin.

Basin Water Cleanup. The pieces of the source rod were dropped into the D & E canal on the morning
of November 9. By 2:00 p.m. of that day a nonuniform distribution of '228b and !248b activity was
found in the VTS section of the basin. By November 11 the distribution of antimony activity in the
VTS section was uniform. By early December the antimony activity was uniform throughout the
entire basin because of slow leakage between the VTS section and the Machine Basin (figure 45).

Deionization of the basin water was started on November 9 and continued with minirmum
off-time until late January 1971. Intermittent deionization was continued thereafter. In a total of 51
deionizer runs, 207 curies of 124Sb and 44 cures of 132 8b were removed by the deionizers. An
additional 66 curies of 124 Sb and 31 curies of '22Sb decayed to stable forms while dissolved in the
basin water.

The antimony activity was present mainly in the form of anions, as confirmea by laboratory
tests (figure 46). The capacity of the portable deionizer for anions was less than for cations at
this time, resulting in early anion breakthrough. Breakthrough of antimony activity followed
closely the anion breakthrough. Recognition of this fact was necessary so that the deionizer
could be regenerated as soon as its ability to remove antimony activity dropped off.

Samples of basin water taken November 11 showed 75% activity retained on a 0.45-micron
membrane filter. Within a few days this decreased to 15% or less. The filterable activity was removed
by the deionizer resins, whether ionically depleted or not. The sand filter showed essentially zero
removal of antimony activity.

Activity Input. A source of antimony input to the basin water was evident throughout the cleanup
program. From November 10 to November 15 the input rate was about 10 Ci of ! 24Sb per day. On
removal of some source rod pieces from the D & E canal floor, this input rate dropped to 4 Ci/day.
This rate continued until late in December, when shipment of the harp containing the pieces of the
source rod to RBOF resuited in a further decrease to about ! Ci/day. Since then the input rate has
continued to diminish at a rate faster than the rate of radioactive decay, reflecting a steadily
diminishing surface area of antimony available for dissolution. By May 15, 1971 the input rate was
0.1 to 0.2 Ci/day. It is estimated by a material balance that 1.78 grams of antimony (containing 488
Ci 124Sb on 11/8/70) dissolved in the basin over the 7-month period. The dissolution rates ranged
from 40 mg/day (11/10 to 11/15) to 5 mg/day (May 1971).

Basin Releases. No antimony activity was released to effluent streams from K Area. There was a
release of 0.52 Ci of '24Sb from C-Area basin caused by incomplete decontamination of a resin bed
used in K Area, prior to using it to deionize the C-Area basin water.

A total of 7.4 Ci '2?Sb was transferred to the 50-miilion-gallon containment basin in K Area
through April 1971. This was the result of purges to reduce tritium content of the basin water or to
correct high water levels which would otherwise have caused releases to the effluent streams. Transfer
to the containment basin delays release long enough to gain roughly a 400 fold reduction in 1298b
activity from radioactive decay.
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Technical Support

Extensive technical support in the form of calculations and experiments was needed to aid in
planning cleanup work, to define the cause(s) of the accident, and to ensure that the source rod
accident would not be repeated. The major part of this effort was directed at developing an
understunding of the failure, its cause and its consequences. Other work was done as needed to aid in
specific phases of the cleanup operation.

UNDERSTANDING THE FAILURE

Causes. The major effort by both the Reactor Technology Section and the Savannah River
Laboratory was directed at determining the causes of the failure. The central problem was to
determine the temperature of the source rod and surrounding control rods as a function of time that
they were suspended in air. This required calculation of:
e Isotopic composition of the rods at time of discharge.
e Radicactivity of each isotope at time of discharge and radioactive decay
thercafter.
Rate of heat generation from radioactive decay.
Heats required for melting and other physical and chemical changes undergone
by the rod materials on heating.
¢ Rod temperatures from the above heat data, plus heat transfer characteristics
of the rods.
The resuits of this work have been summarized in the section on “Analysis of Failure”
(page 3). This method was used to determine the potential for failure of irradiated source and

control rods from other reactor charges; the results supplied the basis for measures to prevent
recurrence of such an incident,

Distribution of Radioactivity. Methods of estimating the location and intensity of major radiation
sources were needed as a guide in every stage of planning and carrying out the cleanup program. In
the later stages the normal methods of radiation survey by portable instruments and smearing of
surface contamination were used extensively, supplemented by radioautography, and the DD machine
radiaticn probe (as discussed in detail in the section on Radiation Measurement (pp 5-7 ). Greater
ingenuity was needed in the earlier stages when only remote methods could be used.

Initially the only means available were readings of the four HM chambers, smears and radiation
surveys of the limited arcas accessible by extension toels from the two Process Room doors and the
Presentation Point slot, and the ¢stimated total radioactivity of the source rod. The results presented
in table II were obtained from these data plus the amount of antimony-tellurium remaining in the
source rod pieces. The latter value was determined approximately by inspection of the recovered
pleces.

The first estimates of the relative amounts of radioactivity in the various locations listed in table
I were crude and inaccurate. Better estimates could have been obtained from the HM chamber
readings provided they follow the inverse square law with respect to distance from the radiation
source. Some measurements with portable instruments suggested that there was enough backscatter
of radiation to invalidate the inverse square law. However, the HM chamber readings obtained when
the C machine was first moved to the Presentatjon Point decrease with distance from the radiation
source in good agreement with the inverse square law. On this basis, chamber readings can be used to
determine source intensities and locations. This requires that the chambers be in good calibration and
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their locations accurately known. The readings of three chambers can be used to locate and determine
the intensity of a single source. If the location of the major source (e.g., the C machine) is known, the
readings of four chambers wili determine the intensity of the major source and the location and
intensity of one other source. If the X-ray camera is available to locate all of the major sources, the
HM chamber readings will serve to determine the intensities of up to four such sources.

From the inverse square law it follows that for a single source the product of the readings of two
HM chambers is relatively insensitive to motion of the source over a wide area in the vicinity of the
midpoint of the line joining the two chambers. For chambers HM 40 and 42 this includes most of the
area accessible to the C machine in the vicinity of the D & E canal. This fact could have eliminated
the reed to move the C machine to a standard position to check the progress of decontamination. It
was used in constructing figure 9 to allow inclusion of data from other than the standard location.

An early estimate of the extent of contamination of the crane haunches was desired as an 2id in
planning. A test of 4 model of the Process Room to determine the pattern of flow and deposition of
fumes from the source rod was proposed. Such a test was actually conducted in the C-Area Process
Room during a reactor shutdown, using a smoke generator to mockup the fuming rod. The results
suggested that the haunches could be heavily contaminated. A later radiation survey in K Area show
relatively low contamination of the haunches except for one hot spot.

Potential Consequences. The possible levels of radioactivity at the stack and at the plant boundary
resulting from stack releases of '?4Sb were calculated by the Savannzh River Laboratory. The
maximum permissible concentration (MPC) for '?4Sb is 5 x 10" uCifcc. A 3-millicurie release
(approximately the actual value) represented 2.1 MPC at the stack and 6.3 x 10" MPC at the plant
boundary. If the confinement filters had not been present 6250 Ci would have been released,
representing 4,375,000 MPC at the stack and 13.1 MPC at the plant boundary.

ASSISTANCE IN CLEANUP OPERATION

Storage of Radioactive Debris. The same calculations which established the distribution of radioactive
contamination in the Process Room also served to estimate the source intensity of material
transferred to the D & E canal and the amount of shielding needed for safe storage of this material in
the Disassembly Basin. Radiolysis of water to produce hydrogen and oxygen could build up a
gas pressure in the storage container if it were gastight. Calculations showed that a pressure
of several atmospheres could result from the Sb-Be source present in the intact source rod slugs:
thus storage of these pieces (or any debris containing both antimony and beryllium) would be
safer in a container provided with relief rather than a sealed container.

Chemical Decontamination. Selection of a chemical decontaminating reagent for final cleaning
depended on an understanding of the chemistry of antimony and telluriym, ¢ither as the elements or
their oxides and possibly mixed or alloyed with aluminum and beryllium. Antimony and tellurium
and their oxides do not dissolve readily in simple acids or basis. Their chemistry is such that both an
oxidizing agent and a chelating agent would be necessary to ensure effective dissolution and removal
of the contaminant. A number of available decontaminants which met this requirement were screened
in laboratory tests by the Savannah River Laboratory. The OPC solution was selected as the most
effective of these for removal of antimony and tellurium,
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Radiation Exposures

The entire cleanup operation was completed with a total radiation exposure of about 600 rem to
over 830 employees. Most of this exposure was received in the manual and chemical cleanup of the
reactor room fleor, walls, and tank top.

The distribution of radiation exposures is given in table X. All work was done under controls
which limited the exposure to any individual to about 1.5 R if his normal work did not involve
radiation, or to no more than he weould normally receive in the same period if his normal work did
involve radiztion exposure. Only in one case did the exposure received exceed 3 R, which is both the
plant annual exposure guide and the AEC quarterly exposure guide. [n that case the man was working

beside two other men whose exposures were much lower,

Prablems in Confining the Release and Cleanup of Radioactivity

The cleanup operation was done witheut previous experience with this type of work on the
part of either those responsible for planning and supervising it or the many people whe came in from
other arews to help do the work. However, in the light of experience, some problems can be pointed

out which could be zvoided in the future.

PREVENTION

The first problem arose in recognizing the possibility that these particular rods when suspended in
alr could heut up past the melting point of their materials. Similar operations with identical source rods
had been perlormed in the past but from reactorsthat had operated at lower neutron fluxes, hence with
source 1ods with tower heat generation. The significance of recent rezctor operation at much higher
neutron Nuxes on the beat generation in these source rods was not recognized. Additional problems
arose through delay in rexlizing the validity of the radioactivity alarms under the conditions obtaining,

witd o respanding promptly.

EQUIPMENT

DitTiculties were uncovered in four major pleces of equipment which bear in a crucial way on
our ability either to contain or clean up a large activity release.

Filter Compartiment, tn this incident with the ventilation system set up for shutdown conditions,
distribution of radicactivity amoeng the compartments was unequal. In a major release, one compart-
ment could be overloaded while the capacity of others was under-utilized. Subsequent overheating
could result fna greater release of activity to the atmospherce than if the dctivity were equally distributed.
However distribution might be more uniform for normal ventilating conditions.



Conditions were found which impeded removal of filter compartments from the reof in
the intended manner. Chief of these was interference of an added walkway with motion of
the filter compartment dolly. The compartment could not be moved to the edge of the roof until the
obstruction was removed (requiring extra radiation exposure).

VTS Isolation Gates, Leakage through the isolation gates reduced the effectiveness of the basin
containment system.

C & D Machines. It was the original design intent that remotely operated water sprays would accom-
plish partial decontamination. However, these machines provide a multitude of locations in which
radioactive debris can lodge. Access to many of these locations is difficult or impossible without dis-
mantling. Removal of contaminated parts was delayed because of inaccuracies in the drawings of the
C machine,

General Purpose Robot. Considerable effort was spent unsuccessfully in trying to put this seldom
used component retrieval machine into use in cleaning up the C machine and Process Room, for which
itwagnot intended. Although partial operability wasattained, the necessity to violate the containment
of the Process Room to gain entry and subsequent control of the GP Robot preciuded further considera-
tion of use of this machine,

CLEANUP OPERATION
Some difficulties with tools and their deployment led to delays in cleanup or made it more laborious.

Spread of Contamination. Once the rod failure was recognized as such, the need to avoid spreading
contamination was established as a primary requirement. This requirement was not entirely met,
however.

At the outset the C machine was moved about the Process Room in trying to assess the nature of
the problem. These moves dropped radioactive debiis in front of the Observation Window and
possibly elsewhere in the Process Room. The operation of depositing the failed rod in the D & E canal
dropped radioactive debris on the canal floor. Both operations made subsequent containment and
cleanup of radioactivity more difficult.
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Radioactivity was also spread by abrasive grinding at the Presentation Point and by raising the
outer shield door during work on the € machine in the Crane Wash Area. Oil sealed vacuum pumps
tor the educators sprayed oilinto the Process Room, making subsequent decontamination more difficult.

Tools. Some long-handied tools were difficult to use. These included in particular those used at the
Presentation Point to dismantle the C machine, and the long-handled {loor mops used on the Process
walls.

While the D machine eductor reduced tank top hot spots, it had very little effect on the general
radiation level over the tank top. Subsequent manual vacuuming of the same areas produced a greater
reduction in general radiation level than did remote vacuuming with the eductor, This was because
manual vacuuming could get into corners and around obstructions into places that could not be
reaclied by the eductor.

The D machine radiation probe could not ¢asily be kept in the proper orientation for reading
from the periscope. The method of presenting eductor nozzles to the ID machine on stands at the
Presentation Point required excessive radiation exposure to personnel in positioning the stands. Tools
carried by the D machine were frequently dropped.

Planning and Coordination. In several instances cleanup was delayed while waiting for a new approach
to be developed when the previous method either proved unsuccessful or reached a point of
diminishiing effectiveness. The fewest such delays were encountered in Task 4, which had the longest
time available for planning and which brought in help of many peopie from outside groups in the
planning stage. Most such delays occurred where the time and manpower available for planning were
limited and where the people responsible for planning were also responsible for directing the cleanup
work. Such delays also resulted from persisting with a method or tool after it had lost its
effectiveness. An example is the diminishing effectiveness of eductor vacuuming once the major hot
spots had been successfully removed.

Direct use of people in Process Room cleanup proved much more effective than remote
operation. confirming decontamination experience at other sites. The willingness of people
from outside the reactor area to work in the Process Room was helpful. It was important
that their work be so directed as to use it in the most effective way. Full time shift-by-shift coverage
by a technical coordinator in training workers before entry into the Process Room was excellent. On
occasion, however, workers went to work at the wrong locations because they were not familiar with
the Process Room as it looked from the inside. Conirol of the flow of supplies and manpower in and
out of the Process Room and provision of supporting services was sometimes poor because the man
respensible for coordination of work and services inside the Process Room had too many other
outside duties and because he could not be present in the Process Room to coordinate the work
effectively. While two-way communication between the workers and the outside coordinator was
provided, it was not very effective because of the muffling effect of plastic suits.



Radiation Exposure. At the outset, after the rod failure but before its nature was recognized, one
man went on the roof of the reactor building near the filter compartments. If the “High Radiation —
Near-Far Side Filter Area™ alarm had been investigated promptly, this area would have been roped off
in accordance with ACC-519, thus preventing his entry. Fortunately he only reccived 15 mR
radiation exposure.

The entire cleanup operation was done under controls to limit annual radiation exposures well
below the 3 R/man plant guide. In only one instance was this guide exceeded. However, there were
instances in which better use of manpower could have been made by measures designed to reduce
unnecessary radiation exposure. Examples are exposures received:

e From accumulations of radioactive material from previous work.

¢ During discussion and planning work while in the Process Room,

e Because handling of cleanup wastes interfered with entry to and exit from the Process
Room.

o In making radiation surveys with some of the less effective methods.

Program

PREVENTION

The reactor Technical Standards are being revised to require that the heat generation and heat
transfer characteristics of any reactor component be known before it is discharged. Operating
procedures for reactor discharge have been revised to prevent discharging any component whose heat
generation and heat transfer characteristics are not known. Methods of calculating these
characteristics for source rods and control rods are now available in references in all reactor areas.

Measures have been taken to ensure that radiation alarms and other indications of activity
release in the Process Room and ventilation system are investigated promptly.

EQUIPMENT

Filter Compartments. The confinement filter system will be reviewed o assure that filters will
perform as intended and that they can be removed by remote operation after they have collected
radivactive material from a major release.

Vertical Tube Storage. Isolation between the VTS section and the Machine Basin will be reviewed to
determine whatimprovements can be made to provide greater confinement of radioactivity in the VTS
section.

C & D Machines. The design of the C & D machines should be reviewed to determine what revisions
can be made to facilitate cleanup following any future activity release. This review should be broad
enough to assure that any changes made do not either hamper decontamination of the C or D
machine after a different type of release, or make more difficult some other phase of cleanup. Efforts
will be made to keep prints of the C & D machines up to date to assure that cleanup work can he
planned from the prints successfully.



Robot. The needs for special equipment such as the General Purpose Robot should be reviewed. The
K-Area experience shows that cleanup work is much more effective when the operator can see at close
hund what needs to be done and can guide his operations at least in ¢lose simulation to direct manual
operation. Thus, in the event of a much larger activity release such that early personnel entry is
impossible. some type of remotely controlled robot will probably be necessary. Some possibilities
which the review could consider are:

e Assign responsibility for the GP Robot to widen its capabilities, keep 1t in repair and
periodically praciice operating it.

e Purchusc a robor which 1s more effective than the GP Robat. One such unit costs ap-
proximately $S50.000.

o Design and construct equipment 1o be carried by the € or I) machine which would make
either in effect ¢ master-stave robot.
o Mauke use of arrangements with other sites to use such equipment on loan as needed.

CLEANUP OPERATION

The following actions should be taken to improve efficiency or capability of handling cleanup
following any future activity release.

i. Develop guide lines to provide in advance sound answers to problems such as:
¢ whenand how a C or D machine carrying a failed component should be moved,
e when to use {looding of the Process Room floors,
e when to raise the shield doors,
¢ low soon to change from remote operation to direct use of people in the cleanup
operation.

2. Select the best combination of radioactivity monitoring methods,
a. For general survey purposes.
(Use of a radiation probe on a long cable could allow Health Physics personnel to work at
lower radiation exposure behind a radiation shield. )
b. For locating major radiation sources,
{K-Arca experience suggests that the combination of Xeray camera, HM chambers, and
autoradiography is effective. )

»

3. Swock integrating dosimeters with alarm feature.

4, Consider improvements of the D nachine radiation probe te eliminate the problem of
orientation for reading via the periscope.

5. Consider improvements to the D machine eductor to make it more effective.

6. Develop better means of two-way communication and test under actual working conditions.



7. Consider ways of improving:
o tools for work at the Presentation Point,
e mcans of presenting tools to the C & D machines and of holding them more securely in the
chucks,
e tools for cleaning Process Room walls, to be less tiring to the operator than the
long-handled mops.

In the event of a future uctivity release the following actions should be recornmended.

8. Organization of Task Forces and Central Committee should stress:
e separation of responsibility for planning from responsibility for execution,
e planning with a view to overall effectiveness so that ¢ne operation does not make
subsequent operations more difficult,
e contingency plans ready as scon as it becomes evident that the previous approach has
become ineffeciive,
e prompt decision to abandon (or medify) a4 method whose effectiveness is diminishing.

9. Whenever direct work in the radioactive area {(e.g., Process Room) is done by people not familiar
with that area:
s provide full time coordination inside the radioactive areu,
e provide a shadow-shielded area in which to discuss and plan work inside the radioactive
area,

CONCLUSIONS

l. An antimony-beryllium neutzron source rod melted in the 105-K Process Room when it wus
suspended in air in excess of 22 minutes, releasing about 80,000 curies of radioactivity which
was deposited in various ways to the Process Room floor, walls, D and E canal, discharge
machine, tank top, reactor moderator, and confinement system filters.

!\J

Limits for the allowed time-in-air to prevent melting had not been calculated by the Reactor
Technology Section, and no procedures existed to prevent this incident.

3. Insignificant amounts of radicactivity were released outside of the 105 reactor building:
estimates are:
0.003 Ci Sb released from the stack.
7.4 CiSb released to the K containment basin,
0.52 Ci Sb released to C-Area disassembly basin, and subsequently over the weirs to the
plant stream:.
None of the activity has been detected outside at the plant perimeter fence.

4, Cleanup of the 80,000 curies took 3 months: 850 people participated.
S. Total man-rem incurred in the cleanup, monitoring and filter replacement, was 600.

6. Cleanup time included two weeks of planning and preparations, one month of remote cleanup
operations, one month of manual cleanup, and one week of reactor discharging.
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7. Concentrations of airborne Sb activity at the plant boundary were calculated to be about 107
Muximum Permissible Concentration (MPC), whereas if the containment filters had not been
functioning the concentration would have been about 13 MPC.

&. The Task Foree ~ Subcommittee organizational approach was effective.

Y. Asa result of this incident the following programs have been or are being carried out:

o A Technical Standard has been proposed limiting heal generation rates of material before
removal from the reactors.

® licat generating rates and cooling requirements have been calculated for source rods,
control rods, tarpets and other miscellunecus materials. (Complete)

e Operating procedures regarding discharge of source rods and other rods have been revised
to require knowledge of heat generalion rates prior to removal.

e An alarm system is being installed at the +55 containment filter area to prevent personnel
exposure in a similar incident.

¢ Various changes are being made to the confinement systems to Improve operation,
confinement capabilities, and remote removal after an activity release.
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Figure 30 Process Room Manual Vacuum Cleaner . . . . . . . .. .. . ... ...

(contd)



PROCESS ROOM, contd

Figure 31 Process RoomTV CamemDolly . ... ... ... .. . ... ..... ...
Figure 32 Placing Bags of Lead Shoton Tank Top . . . .. .. .. ... . ... ... ..
Figure 33 Composite Photograph of Reactor Tank Top (used as guide in stripping wires) .
Figure 34 Tank Top Spray System . . . . . . . . .. ... .
Figure 35 Tank Top Spray Nozzle . . . . . . . . . . . . . ... ... .. ... ....
Figure 36 Tank Top Spraying . . . . . . .. .. . . . . . . i

CONFINEMENT SYSTEM FILTERS

Figure 37 Schematic of Ventilation System . . . . ... . ... ... ... ... ...
Figure 38 Filter Compartment . . . . . . . . . .. .. . e
Table VIII Filter Behavior . . . . . .. ... ... . .
Table IX Distribution of Activity Among Confinement Filters . . . . . . .. .. . ...
Figure 39 Moving Filter Compartments (From L Area) Under Power Line . . .. . ...
Figure 40 Sealing Filter Compartment with Urethane Foam .. .. ... .. ... ...
Figure 41 Lifting Filter Compartment fromRoof . .. .. ... ... ... ... ....
Figure 42 Filter Compartment Being Lowered Onto Flatcar . . . . .. ... ... ...
Figure 43 Filter Compartment Train . . . .. . . ... ... ... ... ... .....

REACTOR WORK

Figure 44 Filter TrapInsert . . . . . . .. . .. . . o o i it it i '

DISASSEMBLY BASIN
Figure 45 '2%8b Activity in Disassembly Basin . . . . . ... ... .. .........
Figure 46 Anionic Breakthrough of Sb in Basin Deionjzers . . .. ... ... ... ...

RADIATION EXPOSURE
Table X  Personnel Exposure Distribution . . . . .. ... ... ... ... ... ...
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FIGURE 1. SAVANNAH RIVER REACTOR ROOM
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HM CHAMBERS 40, 41, a2,
~6FT ABOVE FLOOR

(GISASSEMBL Y

OBSERVATION WINDOW
AT +t8 FT LEVEL

HM40

rFZ»00m»*» Q0

CaMACHINE
“*5T ANDARD
LOCATION"

>

~3 FT ABCVE FLOOR

PRESENTATION

sLoT
o

ASSEMELY

INNER SHIELD DOOGR

CRANE WASH AREA

QUTER SHIELD DOOR

FIGURE 2. K-AREA PROCESS ROOM




T T e

Top

Unmelted SbyTe

Cracked Be

End Plug

J-ﬁ 0.860" oD

Core Melted

and Drained

“t— 1.012" oD

‘ ~——+— Be Tube

‘ Fell Out
, |
Region of N——————Fracture
Liquation in
Al Cladding
end Swelling
Be ﬁ)-
Melted SbaTe
Unmelted SbaTe —
1l Bottom
! End Plug

FIGURE 3.

I

SCHEMATIC OF SOURCE ROD AFTER FAILURE
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Temperature, °C

TABLE | COMPOSITION OF FAILED SOURCE AT SHUTDOWN
Calculated Isotopic Composition of Antimony
Half Activity, Weight, Analysis of
Life kCi ] Rod Sample*
121gy Stable 51
122, 2.84 71 0.19 0,21
1235y Stable 44
124gp 60.2 d 36 2.0 2.0
125gy 2.7 y 0.5 0-44 6.57
1265y, 12.5d 0.9 0.01 0.009
i227a Stahle 23
1230, 117 d 3.2 0. 34
123p, Stable 0,15
L1247y Stable 9.5
125%pe 58 4 7.7 ¢.42
1257¢ Stable 1.4
1267q Scable ¢.17
Total + 119.3 132.%
Lhemlcal Composition of Source
Weight,
'3 Moles
Antimony 98.1 .80
Tellurium 3.5 D.27
Beryllium 122 13.5
Aluminum uh5 1.7
L
Analysig reletive to '2“Sb taken as 2.0.
Sample of Sb-Be Allev rerrieved from
D & E Canal.
swor——r1— 71 1 _T1 f ¢ T T T T T © T T T
Saurce Rod fgquil Temp
8004— — - -
- -
100 Cladding Sh-Be Sourcp.s "
| A1 mp Melts Rod, Control Rod Equil Temp
—— —— — — — s s PPt ﬂ-—--_
Eﬂuﬂ Tem)
600 - With Source Rod ———— e
Sb-Te Eutectic MP in Cluster
500}~ e ]
‘\Hfthout Source Rod
4003 -
300 §9Cg Lontrol -1
Rod
200 -
Source Rod
100 rFaﬂure Occurred —
0 1 | | l | | 1 {1 i ] | H 1
0 2 q 6 8 1¢ 12 14 16 18 20 22 24 26 28 30
Time in Air, minutes
FIGURE 4. TEMPERATURES CALCULATED IN CONTROL ROD CLUSTER
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TABLE Il INITIAL DISTRIBUTION OF RADIOACTIVITY

*

point source.

. Percent of Rad lLevel®
Location Curies Process Roem Total R/hr
C Machine 71,937 97.54 ~l.8 x 108
D & E Canal & VTS 39,000 - -
Reactor Tank Top 1,650 2.24 133 Avg
Filter Compartments 6,250 - -
Process Room Floor 110 0.15 ~1
Edge of D & E Canal *46 >0. 006 >4000
Proceass Rcoom Walls 4 0.005 0. 04
Toral -~ 119,000
Process Room Total -+ 73,750

Levels are given for the hypothetical condition in which all
ather sources but the one in questlon are removed., Estimated
for November 9 at 3 inches from surface. C-Machine treated as )

Percent of Original
Radicactivity Remaining

100 | ———— T r—y

10

l[llllf

T

\

FIGURE 5. DECAY OF

10
lapsed Time, days

SQURCE ROD

100

RADIOACTIVITY (Calculated)

1200



Task No. and Title

TABLE #:.

CLEANUP TASKS

Objective

Means

1. Charge Machine Cleanup

2. Procesa Room Survey

3. Process Room Cleanup

4. Fillterv Compartment
Replacement

5. Reactor Planning

6. D & E Canal Cleanup

7. Basin Activity
Removal

8. Calculations

Remove major source
of radlation

@ Assesa problem
e Evaluate cleanup
progress

Reduce radiation to
tolerable level

Enfure containment
of airborne actfvi-
ty

Prepare to complete-
discharge and
recharging

Recover and centaln
pleces deposited
in canal

Contain activicy re-
leased to disassem-
bly basin

# Analyze incident
e Aid in cleanup
# Prevent recurrence

e Remote removal of activity

# Move machine to crane wash
area

® Remove remaining activity
manual ly

Standard and special
radistion surveys

Mechanical and chemical
decontamination

Replace nearly zmpent
compartments after clean-
up completed

Mechanical recovery

Use installed basin
contalnment system

Data collection and analysis
plus thecretical calcula-
rions

TABLE v,

CENTRAL COMMITTEE
I. R.

TASK

1
2
3
4
5
6
7
8

L 1

M. Weibel,* E. C. Bertsche, G.
P. Walke,* G. W. McManaway, J. S. Petersen

S. Petersen,* J. W. Joseph, K. E. Kehr, k. 8. Ccchipinti, J, 5§, Murdock
W. Joseph,* J. W. Litecle, F. E. Urban
Galloway,* H. F. Allen, D. R. Beckey

D. Mogre,* B. S. Spangler

C. Bertsche,* L. Galloway, W. R, Jacobsen
0. Kiger,* J. M. Boswell, P. L. Roggenkamp, 0. A. Towler

TASK FORCE MEMBERSHIP

Smith,* C. T. Axelberg, J. M. Boswell, E. 0. Kiger, W. M. O11iff,
0. A, Towler, W. P. Walke

F. Haase, P. M, Hapnkinsoa, R. S. Wingard

* Chairman. P. A. Dahlen also chaired the Central Commitcee vice [. R, Smith.

TABLE V. REMOVAL QF RADIQACTIVITY
Operation % Removed

C Machine

Vacuuming at D & E 91

Removal of parts [
Floor and Tank Top

Vacuuming by D Machine 1

Fioor, manual cleaning 1.%

Tank top, mechanical

and chemical cleaning 0.1

BASIS: HM Chamber readings corrected
te undecayed values at Nov ¢,

5:00 a.m,, as shown In figure 9.
o
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T FIGURES 6,7, 8 - EXPLLANATORY NOTE

These figures include only items which were recorded in Log books or could be verified from
other reliable sources. Additional work may have been done which is not inciuded in these
figures becouse of lack of reliable or explicit information.

Information sources used were
#5enior Supervisor's Leg Book
®Crane Control Log Bock

®Fije of daily ""105-K Building Cleonup Progrem'’
(by C.T. Axelberg, et al} _L _l

r 4

W Wi WTE . i . LI

LOCATIOR
OVER REACTOR
DA&E CANAL
FRESENTATION POINT

{or across fromEy
PROCESS RM. (GEN.) - " —
CRANE WASH AREA V— — :

RADIATION SURVEY ’ T n i e I
1

[ LN B N A
o B na 1

CABLE DECON {F-Machine

L T | {whenever machines were moved)
D-Machine

1 n — 1
- no | 1 1 |

C&D
SHIELD HOT SPOTS

SURFACE CLEANING - - o
VACUUM {EDUCTOR} IR o [
i !
I

BRUSH i
YACUBLAST
SPRAY
OTHER MECHANICAL (Fi1ing, Vacuum Cleaner, etc.) ’ o :
CHEM DECON ! ! L !

REMOVE PARTS | i
CLAMSHELL 1 ne i
B WATERPAN (L : |
C WATERFAN 1" oIam
TROUGH 1 ‘

RESERVOIR [ |
SHITCHES & PROBE BUOXES i
C-MAST

— B M = BN M wm - .
25 30 5 0 15 20 25 30 5 10 15 0 25 20 &

Rov Dac Jan Feb

FIGURE 6. € MACHINE CLEANUP CHRONOLOGY




VACUUMING

D MACHINE [ ]
CNERAL AREA
CENERAL J MANUAL -
D MACHINE ) LI
HOT SPOTS
{MANUAL P ETT

SHIELD HOT SPOTS

MECHANICAL REMOVAL
STRIP WLRES
DISCHARGE CONTAM. COMPONENTS

oy o MANUAL
WIRE BRUSH {ROTAR‘(
WET SFONGE (Damp Mop)

CHEMTCAL DECONTAMINATION
o {spw OR DAMP PAD
POURED ON
WATER FLUSH
ALCONOX
STEAM
WET VACUUM
RADIATION SURVEY
(Extengive, Remote or Manual)

FIGURE 7. TANK TOP CLEANUP CHRONOLOGY

FLOOR CLEANING
VACUUM

D MACHINE [ 1 [IIRRT BENEN |
MANUAL I

DAMP MOP AR I]
WTRE BRUSH |
SCRAPE i
L ALCONOX il
LOCATION:
HOT SPOTS n 1
GENERAIL
AROUND REACTOR tho I |

AROUND D&E [} rin in H
OBSERVATLON WINDOW 1 |

VERTICAL SURFACES SCRUBBED !
WALLS Lo
I¥NER SHIELD DOOR I}

HAUNCHES i
YACUTM ]
CAUSTIC ]

(NOTE: Haunches also cleaned whenever C&D machines moved)

FIGURE 8. GENERAL PROCESS ROOM CLEANUP CHRONOLOGY
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100

o,e

Fal
C MACKINE
TO CRANE WASH

Mean of HM40 & HM42 readings
as percent of Nov 9 value

Abcve mean corrected to value
it would have had with no
radioactive decay

Values with "hot" eductor below curb
of D&E canal.

Maximum measured radiation rates
above plenum (100

AREA

l -

Solid data peint =
corrected to no decay.

A
P, | ; T I i I I T
e MANUAL CLEANING ——-———
° R %" %
FLOO Ny CHEMICAL
CLEANUP MACHINE GLEAN CLEAN
(TANK TOP)
F A
-]

1000 R/hr @ 3"

7
1
e : &
L —
C-MACHINE H
VACUUMRD
- C-MACHINE TO L
PRESENTATION
POLNT
REMOTE VACUUMING OF ‘{
PROCESS ROOM Y &
0.1 | ] | I | ; L~ B
10 20 30 1 20 30 10 20 10 1o
Nowv Dec Jan ¥eb
FIGURE 9. CHRONOLOGY OF REDUCTION
CONTAMINATION

IN RADIOACTIVE
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Holder for X-Ray
Film Pack

Carrying Handles

Ar‘:i/’,—ﬁAnsle Iron Frame

r2.———Lead Shield

FIGURE 10. PINHOLE CAMERA

C-Machine stopped here
in front of obaervation -
window 11/9/70. |

Observation window

FIGURE 11.

X-RAY OF PROCESS ROOM OVERLAID ON SCALE DIAGRAM OF

ROOM (Shows mejor source on C-machine, minor source near center of tank

top, cluster of foint sources in front of observotion window)
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TABLE ¥YI. RADIATION PROFILE OF C-MACHINE, 12-7.70
{Frobe Lowered From +66' Level)

Probe Elevation, Radiation,
ft Above Floor R/hr Rematks
2l 3.5 C-Mast down. Probe at center point of mask
3.5 C-Mast all way up
17 5.5
15 5.5
13 8.0
11 10.0
9 22.0
i 40.0
6 60.0
3 5.0
4 120.0
3 140.0 Fven with clamshell
2.5 60.0 "

Probe Jowered aboul 4

distant [rom side of C-Machine.

Elevaticn (ft)

8
Contours of Radiarion
= T Intensity (R/hr) —
Dashed line = guestionable
certainty
-—-— 60 R/hr Contour
* L4 Rfhr Hot Spot
6 . Locations at which
readings were taken
5 N
4 = 4
Top of Clamshell Plate
Middle of Clamshell Plare
Top of Clamshell Drive Linkage
- Bottom of WaLerpan -
Waterpan Trough
Borrom of Reservolr
2 - a & » o s a sl » |
556 564 X Coordinate of C-machine
C-mast.,
£ [
C~mast B-mast

FIGURE 12, RADIATION PROFILE OF C-MACHINE
AT PRESENTATION PCINT
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'
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FIRST COARSE

PROCESS ROOM,

fngs in R/hs at about B in. from floor)

GRID {2 ft x 2 f1) RADIA-

12/11/70 (Reod-
BEFORE ANY

Note same hot spots shown by x-ray camera
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Grid Points of Coarse Grid
(See Figure 14)

Center of Keactor

FIGURE 15. FIRST FINE GRID (2 in.

tonk top: orientotion as in figure 14}

Reactor Qutline
4+ Center of Reactor

_____ Remaining Het Region

x 2 in.) RADIATION
OF REACTOR TOP, 12/11/70 {Readings in R/hr at about 12 in,
BEFORE

SURVEY
from
ANY CLEANING

-

B8 Tleg 13 2.20

235 24e 7 oo STE rEF 2PF

¥ s oF T2 4:'/32'275 125 108

I""I
215 gHo 20 Fo '/J.a /a.aii.f.f A3 2.
f be o 1
125 L0 LIS 64 .//a /45';9; £3 L2E
| e
295 o f08 4_9;_/_/._{54.9 82 Féo 4o

Lok 5%p 3o 2.95 J45 [o8 Lo,
X7 K70 L3 2.4 JoB /o8

\

3L07M985 L T7F

FIGURE

1/22/71

(Read

16. COARSE GRID SURVEY (2 f+ x 2 ft),
Tank top after manval cleaning finished

ings in R/hr ot cbout 12 in. from tonk top )
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L RADIATION READINGS IN mR/hr 5 150

Readings at 3 in. from smears 300 500 b u
O taken to determine transferable Holding g
contamination, I 00 Rack Ao
X Radiation level at 14 ft above 200 No.4 NO.E wl
center of tank was 350 mR/hr { |00
g:: /
Alt other radiation readings oo ¥ anar
R [:j 350 ::3 D) 100

at 6 in. from floor.

Presentation
Siot

ASSEMBLY [ .95,
AREA —

200  Inner
L™ sie (50

Door
300

CRANE WASH AREA

FIGURE 17. RADIATION SURVEY (MANUAL), 1/31/71 PROCESS ROOM
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600 mR/hr
aes'

1.5 R/hr
g1

400 mR/hr & 6'

200 mR/hr

g6 ZR/hr@.I“.

300 mR/h

g1
/ BOO mR/hr

3 Rfhr

s R/hr
400 mR/hr
4 R/hr

800 mR/hr

600 mR/hr 50 mR/Rr

1 R/h

400 mR/hr @ 1°

3500 mR/hr @& L

100 mR/hr 100 mR/hr
ah'

@ e

1.5 ®/hr

T L Bhr

200 mR/hr @ &'

FIGURE 18. RADIATION SURVEY (MANUAL) 1/31/71, OF REACTOR TOP
(Rodigtion megsurements over tank top were at probe pin height; i.e.,

cbouf 12 in. d:sfonce; of'ﬁer measurements as shown )
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o4 -8 r/or

AP 1.2 »/hr (hortest spots)
2 .4 10 .8 R/hr

.2 to .4 Rfhr

<> <2 wme

L]

* , " Typieal Grid Pattern

. e (Selected Actual Grid Points}
.

== Reactor Top Quiline
{Approximate)

NOTE: X and Y scales unequal.

Radiation measgurements at probe
pin height {about 12 in.)

FIGURE 19. FINAL TANK
(Coarse Grid: approx 9 i
Figure |8

TOP RAGIATION SURVEY, 2/5/71

n. x ? in.} Some orientation as
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L
. s Py
R H

20, DISTRIBUTION OF DFRRIS ON C-MACHINE (COMPOSITE PHOTOGRAPH)

Note small pieces of debris in ¢ircled locotions
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TOP ADAPTOR

MODIFIED 1.1/2' SCREWED BRASS GATE
VALVE (Threods removed from stem & bonnet)

SUCTION
NOZZLE

SCRAPERSON
FEET

FLOW PATH

/—'—SEPARATOR CHAMBER

FILTER POT

0-20"" HaO0 MAGNEHELIC GAGE )

S

-

1/2" GATE VALVE - CLOSE
) REMOTELY IN DISASS,

APPROX 100 MESH —/

SIM e
DUTGH WEAVE S5 FILTER /-wgasaglazs JET
CLOTH WELDED TO )
SUPPORT RING,
r
—
=
i [ ]
|‘ N
H E “GOLFEAG"
H ADAPTOR
H
Vi
""AIRPURE’" BY FLANDERS '
FILTERS INC. SIZE B \
EDUCTOR — n
NOZZLE .
;Y
¥ -t l.l
TAPERED PLUG TO
SEAL EDUCTOR
NOZzZLE {Plug set on i
floor & eductor lowered
over it)

FIGURE 21. C-MACHINE EDUCTQOR-FILTER SYSTEM




PROCESS_ROOM

DISASSEMBLY N SUCTION NOZZLE
&, !
Fl;c;u COMPRESSOR N T ROTARY JOLNT
374" e 3
GLOBE VALVE ; : T EDUGTOR VACUUM
D4E GONVEYOR ~ | “RemoTELY UNIT WITH FI.TER
.. .
GAGE . OPERATED
VALVE
- _prgn
|~z "GOLF BAG" L
3/4" PNEUMATIC
ATR HOSE
__DAE CANAL
27 EI.EVJ ‘
e ————
N R PR
-30' ELEV e T S L T
. IR v ‘. o

FIGURE 22. AIR EDUCTOR ON D&E CONVEYOR



F. DEBRIS OM CLAMSHELL PLATE AND IN WATERPAN .
REFORE YACUUMING




FIGURE 24. EDUCTOR MNOZZLE IN WATERPAN (C-MACHINE) -« NOVEMBER 23

FIGURE 25 C-MACHINE CLAMSHELL AND WATERPAN AFTER YACUUMING - NOVEMBER 23
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After Yacuuming
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INNER SHIELD DOOR

PLASTIC

ENCLOSUFP

\:t AR \\\\Q‘L_\E
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120 TON .
CRANE =t -
RAIL -2’ %
= 4
f 120 TON [
| CRANE = IC.MACH
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! ROLLERS. SLAVEN
=
| =
i
' SMNDRML ]
I
=
E j —

OUTER SHIELD DooR . [}

FAR SIDE CRAME HAUNCH - PLAN

FIGURE 27.

CRANE HAUNCH
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Alumioum

Oxide
Gric Hopper
Blast &
! Vacuum Valve "
Griv Loasding Yal e . 3z4

% R\ o35 \
) S ————
;7/ ij M%‘iﬁ‘}_‘m Actuator 0 psi.
1" Lead - Air Hose
Shisld g \\-\\
Eot

Vacu-blast

Weozzle mschﬁi; . N Lifting Bale
Valw £
Absolute Ff.itc:' leif”"“" ; ?_wru.u:'
17 Lead Shield “’”’P'}:’ ; [
{ % e Exhaust
A% [ Duct |

FIGURE 28. SANDBLAST EQUIPMENT
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Before

750
360
3ol

320
320
430

215
190
190

60
1300+
1000+
1000+
1000

After

200
360
320

320
215
320

170
190
150

&0
190
190
190
137

After
2nd Yacuum

320
280
215

280
21%
320

17U
190
1490

27
137
173
170
137

! .
HOLLOW TOP END FITTING FOR
9-5/8" CONNECTION TO DISCHARGE
MACHINE FOR AlR SUPPLY
.
by
L)
EXHAUST SECTION .
=
% VACUUM SECTION
98.3/4" #1 Hot Spot (Reactor)
22-48
23-51
Z1-51
FILTER SECTION
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TABLE Yl. INITIAL VACUUMING OF REACTOR AND PROCESS ROOM

o

RADIATION READINGS, R/hr AT ABOUT 8in. FROM FLOOR ‘

After |
3rd ¥acuum I

280

280 .
243 ‘

g
112 :
112 |
25




FIGURE 30, PROCESS ROOM MANUAL VACUUM CLEANER (Mote exhoust iflfer,

vand sxtension rod )
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VARIAC, AND MONITOR

TRUCK CASTERS

CAMERA -
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FIGURE 31. PROCESS ROOM TV CAMERA DOLLY
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FIGURE 32. PLACING BAGS OF LEAD SHOT ON TANE TOF

FIGURE 33, COMPOSITE PHOTOGRAPH OF REACTOR TANK TOP

Used as geide in stripping wires from funk top
G BE: 4]

-~ BG .



FIGURE 34, TAMNK TOP SPRAY SYSTEM

FIGURE 33, TANK TOF SPRAY NGZZLE



FIGURE 34. TANK TOP SPRAYING
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FIGURE 38.

FILTER COMPARTMENT
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FIGURE
LiME

TABLE vui

FILYER BIMAVIOR

Individ

vz

Parvioulate

Bomoval

£l , Lors -

Priosy Bemoval  Frior Ax
20,500 15,200 4,39 .60
8,800 18,700 3040 4,62
17,000 13,510 2,28 636 1.4t
St sl 14,209 2.4 3.9% 1-14

formalised ro 70 8406

Compatinsnt

TABLE X, DISTRIBUTION OF ACTIVITY AMONG CONFINEMENT

ini

777777 Activity Distrd

FILTERS

Particulate

Meisture Heparator

14
24
6
&

9.

MOVING FILTER COMPARTMENTS (FROM L AREA)

UM DER

POWER



FIGURE 40. SEALING FHTER COMPARTMENT WITH URETHANE FOAM
(Prefiminary Test)

FIGURE 41, LIFYING FILTER COMPARTMENTY FROM RQOQF

w B4 -



TSN N R

FISURE 47. FILTER COMPARTMENT BEING LOWERED ONTO FLATCAR

FIGURE 43. FHTER COMPARTMENT TRAIN

{Rodiotion Messurements)



ENTLRE UNIT INSERTED
IN UNIVERSAL SLEEVE
HOUSING

FINE MESH SCREEN

)
UPFLOW COOLING WATER
SUFPLY PIR

FIGURE 44. FILTER TRAFP INSERT FOR
"GOOSENECK" FLUSHING (Schematic)
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FIGURE 446. ANIONIC BREAKTHROUGH OF 5Sb IN BASIN
DEIONIZERS (Drop in pH shows breakthrough of hydregen
ions plus anions; drop in activity removal parallels anien
breakthrough )

# Input to delonizer

¢ Outlet from Defonizer

0 % removal of gross B~y activity
A

% removal of antimony activicy
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TABLE X. PERSONMEL EXPOSURE DISTRIBUTION

Exposure Range, Number of People*

mR 1670 1971
0-100 9 80
101-200 ] 44
201300 8 75
301-400 25 72
401-500 20 91
501-600 15 63
601-700 9 56
701-800 7 39
801-300 14 33
901-1000 7 31
1001-1100 3 20
1101-1200 3 27
1201-130¢ 3 35
1301-1400 5 46
1401-1500 3 54
1503 -1600 3 37
1601-1700 ] 7
1701-180C 1 8
1801-1900 0 3
1901-2000 o 4
2001-2100 1 z
2101-2200 o 3
2201-2300 0 1
2301-2600G 0 a
26012700 9 1
2701-3100 0 0
3101-3200G 1 0
Total -+ 147 832
total Expusure
(Approximate} 93.8R 601.2R

*
Some of the same pecple are in-
cluded in boch 1970 and 1971,

NOTE: The data for 1971 represent
total exposures accumulated
by these people, including
wotk other than the K-Area
cleanup work. The best
estimate of total exposure
for cleanup work alone in
1971 {s 495 R, rather than
601.2,




Term

Assembly Area

B-Mast
C-Area
C-Machine
C-Mast
Canal, D& E

Clamshell

Clamshell Plate

Compartment

Confinement Filter
Control Rod Cluster

Control Cluster Cap

Crane

Crane Control Room

Crane Wash Are¢a

D & E Canal
D & E Conveyor

D-Machine
Disassembly Basin

Final Storage Section

GPR

GLOSSARY
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Significance

Area where fuel assemblies are processed and
stored before charging to the reactor

(See “Mast’’)
Area housing the C-reactor
Reactor charging machine
(See “Mast™)

Point of underwater entry of discharged fuel
into the Disassembly Basin

Mechanism to guide control rods (or other
reactor components) during charging; mounted
under clamshell plate (See figure 24)

Mounting plate at bottom of C- or D-machine
mast {See figure 26)

See figure 38, 35

Retains radioactivity from ventilating
system air (See “compartment™)

Group of control rods housed in one septi-
foil (g.v.)

Cap to close the plenum tube into which a
control rod cluster is normally charged

See “C-Machine” or “D-Machine”

Located at +15” elevation above the floor
at the Disassembly end of the Process Room
{behind Observation Window, figure 2)

Enclosed, shielded area for decontamination
of cranes on removal from Process Room
{See figure 2)

Discharge and Exit Canal (See “Canal”)

See figure 22. This machine receives discharged
reactor components from the D-machine and
carries them underwater into the Disassembly
Basin.

Reactor discharging machine {a duplicate of
the “C-machine™)

Area for underwater storage and disassembly
of discharged reactor components

Section of the Assembly Area in which
reactor components are stored ready for
charging to the reactor

General Purpose Robot. Remotely operated
electric powered robot for emergency re-

trieval ot dropped objects from the Process
Room floor or emergency discharging of reactor
components.



Term

Harp

HM Chambers

Latches

Mast

Observation Window

Periscope

Peter’s Tongs

Plenum

Plenum Tubes

Presentation Point

Probe Pins

Process Room

RBOF

Reactor Room

Significance

Container for storage of failed fuel in the
Disassembly Basin. its configuration re-
sembles a harp.

Permanently installed ion chambers for
monitoring Process Room radiation levels

Mechanism to restrain motion of certain reactor
components (visible in figure 36 between rows
of probe pins).

Each charge or discharge machine carries three
vertical “masts.” Each mast handles one class
of reactor components, providing support and
vertical motion. The C-mast handles control
clusters (see figure 1).

Window in Crane Contrel Room for observation
of Process Room

Located in Crane Control Room adjacent to
Observation Window, for telescopic observation
SRP design extension tool for underwater
gripping

Top unit of reactor structure (See figure 1)

Tubes protruding through the plenum, which
accept dischargeable reactor components

Point at which fuel assemblies are presented
to the C machine for charging to the reactor;
located in front of the Presentation Slot
(figure 2)

Pins protruding vertically from the plenum

10 aid in positioning the C & D machines over
the plenum tubes (See figure 36}

Reactor charging room (figures 1 and 2)

Receiving Basin for Off-Site fuel, located in
the Savannah River “200 Area.”

See Process Room

Reactor Charging Room

Robot See GPR

Second Sb-Be Source Rod Two source rods (in different clusters) were removed
from the reactor to permit charging fresh septifoils.
In point of time, this was the first to be removed. It
was recharged without mishap,

Septifoil Aluminum housing for a control rod cluster in
~ the reactor

Universal Sleeve-
housing Special type of fuel housing



Term

Upper Plug

VTS
Vertical Tube Storage

Waterpan

Wild Level Hole

N

Significance

A type of closure for plenum tubes

See Vertical Tube Storage

Section of the Disassembly Basin into which
discharged reactor components are first placed

in storage, awaiting the disassembly operation.

It can be isolated from the rest of the basin.

Pan to catch D, O drainage from discharged reactor

components. It swings aside to permit charging
(See figure 24).

A channel through the concrete wall for sighting
with a surveying instrument (See figure 2)

Motion coordinates of the C & D machines.
X is lengthwise of the Process Room, Y is
crosswise and Z is vertical.
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