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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 was about 0.003 Ci, and liquid releases were about 7.4 Ci to the K containment 
basin and 0.52 Ci to a plant stream. None of the activity has been detected outside the plant perimeter 
fence. 

Nearly all of the 80,000 Ci released 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 Disassembly 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-beryllium neutron source rod failed at about 
5:00 a.m. while suspended in air over K reactor. Failure of the source rod released 
activity to tll8 Rrcactor Process Room and to the confinement filter compartments. The 
resullln~ levels of radiation and radioactive contamination were sufficient to prevent 
normal work in the Process Room without decontamination. Cleanup of the Process 
Room to trw point that normal work could be resumed extended through early 
FcbruClry 1971. Cleanup was completed with only minor releases of radioactive 
mdteria! to tho 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 
5>urfaccs of the room arC concrete. The floor ao"d walls below haunch level are painted. 

The reactor is located near the centcr of the Process Room (figure 2) and mostly below floor 

level. 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 
latches, probe pins for the charge and discharge machines, and leads for pressure and temperature 
sensorS. 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 mac/line, 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 
opposite 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 cranc wash and maintenance areas; the doorway is normally sealed by a 
2(rfoot wide shield door. 

INCIDENT DESCRIPTION 

The incident uccurred 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 (usually 
referred to 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 
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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 D2 0 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 radioactivity had been released to the Process Room as a result of the failure was 
not recognized immediately. The "High Radiation - Near-Far Side Filter Area" alarm came on 
sometime between 5:()() a.m. and 5:30 a.m.; this alarm was silenced but was not investigated until 
early on the 8-4 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 confmement fIlters, which are near this 
Kanne chamber. At about 8:()() a.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 Rlhr about I in. from the 
number 6 compartment and more than 70 R/hr about I 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 installed 
instruments which monitor the fIlter compartments had increased from 0.2 R/hr to 3.8 Rlhr for 
compartments 5 and 6 and from 0.2 Rlhr to 7.5 Rlhr 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 Rlhr. 

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 D & 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 confmement 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. 
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ANALYSIS OF FAILURE 

DESCRIPTIOI' Of Sb-Bc SOURCE ROD 

Antimony-beryllium sources arc used as neutron sources within the reactor to check the 

response uf instrurncntJtion primarily for staitup operations. During rcuetor operation the antimony 

is converted by ILY reaction to the radioactive isotopes 122 Sb and 124 Sb, which act as a gamma 

\ourcc. The gamma rays from this source are absorbed in berylliunI by the reaction 9Bc("n)2 4 He to 

provide tbe neutron source. 
The Sb-Be source which failed consisted of three 3-inch long sections in an aluminum can (figure 

3). Each section contained a hot-pressed hollow cylinder of beryllium metal powder (0.81 in. OD X 

0.42 in. ID) and a cast antimony metal rod corc slip-fitted into the beryllium. The three sections were 

stacked in an 1100 alloy aluminum can (0.86 in. 00 X 0.81 in. lDJ. Thick end plugs were welded to 

seal the source. This source slug WdS swaged into a hollow 18-ft long control rod "raincoat" made of 
1100 all()y allJrninUlIl (0.94 in. OD) so 'as to be in the high flux portion-of fhe-rcacto-r-~- - -

Th..: -,U\I)",-'C "lu).! ,-'()Jltdined 112.000 curies of rOldioOlctivity (primarily !22.
J24 Sb) at the time of 

f:lilul'-' rh<.~ ,-';ilclll:l!L'(j jo.,()[opic and chemical distribution at the time of reactor shutdown is shown in 
lahlc I. The Idluriulll c()ntent, built in primarily as ~-dec;lY products of I 2 2 ,124 5b and activated to 
1 23 .1 ~ ;; I .~' h} 11<..'1111 ()11 ,::q)(Ut l'. W:j\ L"akuhttcd and mc;)slI!"cd to be 26 wt '/r. 

CACSE or- FAILCRF 

SOlllC ()hscrvdtiorlS itt the time of the failure pointed to possible forceful separation of the rod 

~uch us l() propel tltl' separated end of the rod energetically. Subsequent analysis showed that the 

I"Jiluf\..' wus c;ttl~eJ hy llvcrhe:Jting and melting ur the aluminum cladding at the center of the source 

length. Bri!t!~ intcrgrallula; sep::H:J.tion of aluminum WaS effected by grain boundary melting of 

silicoll-enricheu :t1111llinu!l1 at about 600°C. The appearance of the aluminum indicated that failure 

\V;I) /lui (;tlIscd hy ()verprcssllrizatiol1. Post failure examinations, engineering analyses, 

llicrmudY)]:!lllic jUdg1)J(.'l1b. illld differential thermal analyses indicate that no large energy releases 

(c.\\..·\..'pl "L'H··l!('dlillfl) ill ,::t) rc!('w;n occurred during the rise to 600°(,. 
Ab()l1~ ,\OJ)()(J Cr wue released from the rod. Tile radioactive I}Sb 3 Te core melted at about 

q(J:'C. ~pi~il il:rcd IlpOll md scP;U;JtiOll, and fumed (Sb z 0J)4 and TeO or TeOl gas while exposed 4 

JI()urs to dir over 400"( ill the control rod cluster. 

Figure 4 gi\/e~ 1he results of cJ.kulations of rise in temperature of the source suspended in air, 

based UI1 l'~ttn)Jl('d p()wer generation from self-heating and 60Co gamma rays from adjacent sources. 

!\t till' timl' 01 Ll1lufc (after abuut 14 minutes in air) the temperature had risen to or slightly above 

lite ITlCilillg p\)illt ()f thl' inauiatcJ aluminum. lrradiation of the aluminum had converted enough of it 

t() )t!iL'\J!l to l()wl'f it:; melting point from an original 640°C to about 588°C. Other evidence indicates 

that meltlng, of 1ile ~ILJJ1lillUlll ocwrrcJ at o100Ut lItis temperature. The second Sb-8e soUrce rod and 

the CU 111 ru! ruds did not fa.il hCC;]lISC, in tlte twelve minutes or less that they hung in air, the 

temperature Jid not rise high enough. 
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INITIAL DISTRIBUTION OF RADIOACTIVITY 

insufficient data were obtained to provide an accurate estimate of the distnbution 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. 
• 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. 
• About 6364 curies of activity became airborne as fumes, of which 98% reached the 

confinement filtert 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 ditposa! 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 122 Sb (half-life = 2.8d), the 
remaining 40% was long lived (mostly 6O-day half-life or longer). Figure 5 shows the natural decay of 
radiation from such a source giving an initial radiation level of 100 Rlhr (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 II 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 alislgned to a lICparate committee, as shown in tables III and N. 

Because it already appeared from readings of installed radiation monitoring instruments that 
most of the radioactivity remained on the charge machine, the fust 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 
cleanup of the remainder either manually or remotely. 

Of almost equal importance was to determine the location and intensity of radioactive 
contamination (Task 2). This would show where cleanup efforts should be concentrated and measure 
the effectiveness of each effort. 
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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 November 23. 
The major phases in the decontamination process were: 

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

mounted on the D & E conveyor 

• Remote vacuuming of the process room floor by 

an cductor mounted on the D machine 

• Removal of contaminated parts from C machine 

• Removal of the C machine to the Crane Wash 
Area (between heavy shield doors) 

• Manual cleaning of process room 
floors and walls ...... . 

• Completion of reactor discharge 

• Final clealling of reactor tank top 
-- mechanical 

chemical 

• Decontamination of C machine 
in Crane Wash Area 

Nov 23 - Dec 28 

. Dec 10 - Dec 25 

. Dec 15 -Dec 28 

(first piece off Dec 22) 

Dec 30 

Dec30- Jan 5 
Jan6-Jan 12 

Jan 13 -Jan 18 
Jan 19 - Feb 4 

Jan 16 - Jan 20 
Feb I - Feb 5 

A detailed 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 

radio<Jctivity with the effect of radioactive decay eliminated. 

[Each reading in R/hr at time of reading was multiplied by the ratio 

(rodiation 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 radioactivity 
removal were in substantial agreement with the estimate of initial distribution of radioactivity given 
in table II. 

Radiation Measurement 

METHODS 

A major factor in planning and monitoring the progress of cleanup efforts was the ability to 

locate ami measure the intensity of radiation sources. Four remote reading ion chambers (HM 

chambers) mounted all the walls of the Process Room were part of the nonnal operating equipment 

for Health ~onit()rjng purposes. Their locations are shown in figure 2. Throughout the cleanup period 

they provided a measure 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 

usual 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. 
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The three principal remote methods used for locating major radiation sources were: 

• A pinhole X-ray camera to photograph the distribution of radioactivity over the entire 
process room. 

• An ion 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 mm holder in back. To obtain a picture, it was 
loaded with X·ray fihn 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 fihn was removed and processed. 
With this camera it was possible to locate with some accuracy the most intense radiation sources 
(see figure II). 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 bullt-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 moved 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 radioautography. This could 
only be used after the radiation levels had been lowered enough to allow personnel entry to place the 

X-ray fUm on the C machine. 

D Machine Prol)e. 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 
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to 1000 R/hr. It consisted of an iOIl chamber shielded from lateral radiations by I Yz inches of lead, a 

power supply and electronic circuit, alld a meter mounted so it could be read with the Crane Control 

Room periscope or with binoculars, as shown in figure 13. It was built without power switch, to 

operate continuously ill l)rder to nwintain the best calibration, when operated this way the battery 

had :1 li(l' ()f :..th()u! -l-S d'lYS. Th.' entirc lInit \-vas supported frum a standard top fitting which allowed 

jt 1 () be lunclk'd by tile- C ill' D lll,!cllinc chucb in the same way :..t~ reactor components. Maintaining 

pt"()Pl'I' IHk'Jlt:..tlioll of the meter (or reading proved difficult. 

To COIlduct a survey, the 0 machinc carrying this probe was positioned serially at each point of 

:..t grid covering a designated portion of the Process Room. A coarse grid was used to locatc regions of 

high illlCJl\iry which could then be surveyed tu rim:r dCL'dil using a fmc grid to locate hot spots (for 

Iypil.::J1 rc:-,ulls~ce figures 14, IS, I(), ,tlld 19). 

J\lTlAL SURVEYS 

Charge Machine. OIl November 9 the charge machine was muved from the D & E canal to within 

'dbuut 20 fcct of 11M dwmber 40; the reading on this chamber increased from 173 R/hr to 288 R/hr. 

This incrcase gave the initial indication that a major part or the released radioactivity still remained 

on the C machine. This conclusion was further confirmed hy a reading of 500 Rlhr at 10 feet from 

lhe C machine obtained on November 11 with a IIealth Physics instrument inserted into the Process 

Room through the Wild levcl hole, and again by the first X-ray film exposures with the pinhole 

Camer;j un Nuvember 20. 

Process Room. Sume indic~1tiull of the extent to which radioactive contamination was distributed 

uYer the process room tlocr and walls waS obtained as early as i\'ovember 11 by instrument probe 

reaJing:-; :Jlld by Sfllears taken through the Prescntation 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 

0ppo5i! c end.., uf the Process Room. These doors are close to the locations of HM chambers 41 and 40 
rc::.pCdl\cJy. Rcauings and smears could be taken only out to about 10 feet from the doors because of 

illlllt:Jtillih ll!l pcr~lll111cj expo~urc. Readings \Vil11 portilhle ;,lJrVCY instruments were close til the vJ]ues 
IC(()llkd )1\. the \,:(HfCSpollding Hivl chambers \'os.40 and 41. Smears taken through the~e twu dours 

Cllld the prescntation point door had radiation levels of 0.2 to 5 rad/hr/ft 2 at 3 inches; those closest to 

the real.'tor \vere generally highest. Tests done in connection with these surveys and on November 18 
shO\vcd that most of the malerial on the floor could be easily removed either by damp mopping or by 

V(JCLlUllllI1S· 

Smc:H:. Ill' radioactive contamination on the process room walls showed a much lowcr level of 

(()llWIllJll:l1il)lI lilan 011 llie tloors. These smears ranged from very low ;]t the far end of the process 

rU()Hl I() 0.0::1 Il) O.S L.ld/hr/ft2 ilt 3 inchc;; at the end nearest the rcactor. 

Tli" first X-fa} films :sbmycd, in addition to the major concentration or material on the 

C lll:..tl"))illl', ,I Slllidl cOllcentration of activity on the reactor top, one beside the D & E canal (cf. figure 

II) ,(ilL! d clu~rl'r o( \vcak r:llliatioll sourccs in front of the observation window. 

rillS inf(JflllalJol] played a major part in determining priorities and methods of attack in the 

dc,!Jlup progLJlll. 

Charge Machine 

First pri()rrty in c1c<llling up tbe released r,tdioactivity was decontamination of the r machille 10 

the pUlnt tlt:iI it ..:ould be removed from the process room. The primary requirements were to 
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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.1 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, reiative 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: 

• Remove loose debris with an eductor vacuum system mounted on the D & E conveyor. 
• Remotely remove C machine parts baving firmly attached, high radiation level 

contamination. 
• 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 J3 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 educt or was provided with a screen, trap and absolute flIter 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 
educto~ 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. 
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Opemtion. The cductor system was installed 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 lowering the A-mast. 

The nozzle was then brought to the proper elevation for a particular vacuuming task by manually 
moving the cOllveyor 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 
operators and the 0 & 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 radioactivity through 
the process room or any change in process room pressure which could allow escape of radioactivity. 
VJclJUming was to be discontinued if the process room pressure was not more negative than 0.4 inch 
Il 2 0 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 from 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 locatiun. 

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 
smailer amoullts on the clamshell plate and the support plate between B· and C·mast (figure 23). 

The edudor system was first used on November 23 to clean the clamshell plate and waterpan 
(ligures 24 to 26), with the result that the radiation level 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 C 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. 

Vacuuming removed all visible particles and about 95% of the original contamination. The 
radiation level on the C machine after completion of this operation was about 20,000 Rlhr 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 radioactive 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. 
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PARTS REMOVAL 

Method. Originally it was planned to remove heavily contaminated parts at the D & E canal by 
cutting lighter parts such as cables, and burning off heavier parts with an electric arc. Equipment was 
built and tested sstisfactorily 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 manually 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 floor to cover the rail and 
cable rollers, as shown in llgUre 27. InitJally 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 step 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 a maxinrum 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 I 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 discilrinding 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 flne motion of the wheel relative to the part was provided by moving the C machine in 
1/64-in. increment .. 

ChiseUng 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-fool chisel was supported by ropes from a hanger and was steadied at one point on a 
suitable rest. The edge of the chisel was guided into position with the aid of the periscope. Blows 
from a IS-pound sledge hantmer by personnel stationed in the Presentation Slot could remove a 
suitably oriented bolt in about lateen minutes. High radiation levels in the slot severely limited the 

working times for this job. 
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After rcmovul of parts, the (' machine was returned to the D & F canal where a water spray was 

used to wash off rcmaining loose or soluble contaminants. The spray system was mounted on the 

0& E conveyor and opcrated in much the same way as the eductor system. Spraying reduced the 

radiation level around the C rnachine some but left hut spots on some parts. At this point personnel 

elltered the Process Ruorn to remove these parts with tools on extensiun handles. Remaining hot 

:,Pllts were cuvered with b,lgS of lead shot and the C machine was thell removed from the Process 

Room to the ('r<me Wash Area between the shield doors. 
rrolll J)L''':Clllhcr 10 1ll1. some work had aJ:;,u been dunc on rcmotely cleaning up radiouctivity 

Ji~!J'ibutcd l)\,t:'r thc Procc\s R()()J1l f1()or ,mel reactor lank lOp. First physical entry by personnel W<.lS 

m:ld,-' un 1~, 17 '71 f/\1 .:h;lrnbl'l' ,\'0. 40 indicdtcd 7.5 R/ln wirh C ma..:hinc positioned ""'30 ft away. 
011 I\y,,'lnhcr 30 when lhe (' 11l"J..:hiIlC ,lI1d all it:, p~Hts had becn rernuved from the Process Room, only 
:Ih(\ut ~ p,-'I'(Cl1t (li' the ()J'lgil1~tI LJdi():!(tive C()llt:llllinatioll reltlained ill the Prucess Room. General 
r~!di;lli()Il iev,,'h were down to I to ~ Rihr. permitting persllnllel entry fDr brief penods of work. 

;IANUAL DECONTAMINATION 

\1 lhi;., l)(lint :J hot "pot rcrn;_lincd on lhe C-Il1:i:.L it::. reading WdS ahout 2500 R/hr at I in. 
:111L1 \l!h~'[':, Wl'l'l' 1)( ..,c\'cr,d tllindrecl R/llr each. An elldosure oj" scaffolding <.Jlld plastic sheeting was 
C['cl'I~'d ~lr()llTllI the C Ill,I\,:liine in the Crane W'Jsh Area to ,:ontro] contamination, provided with 

suitable ('ntr<]nce huts. The 2500 R/hr hot spot at the lower cnd of the C-mast was shielded with lead 

III allow \vork 011 the other spots. Thesc were first vacuumed and then sandblasted with a Vacublast 

unit "hown in figure 2R. This unit collects the used sand by vacuum, thus preventing spread of 

con tamination. Filing and wire brushing were also used. Some small parts were removed, and finally 

thc ('lIlast with its shiclucu lower end was removed from the C machine to be stored in a safe 
loCali()I1 ill anothef building. 

The lower part of the machine was then decontaminated manually with applications of Vcrsenc 

sulUliull and of ope (5;(, anllllOlliuIll oxalate, 3(,1; hydrogen peroxide, and 4% ammonium citrate) 

suiuti()1l h) bl'llsh ur :lbsorbent pads. At this point the remaining hot spots had radiJtion levels of 

:1I11l111 I () Rill :11 .~ ~·I. "111C ,-'llliIC Ill{!..:hinc \V;iS finJli~/ cleaned tll a radiation level of a few mR/hr by 
",Pi;l y ill::: \\ il Ii ,[ V('I :-i,'Ill'·\\' ,Il Ct' soilll ion I (Illowcd by d Wei lef rin sc. working from the top ( .) 7 -ft eleva t iOI1 ) 

dl)wJl\\;ll'd 

~1anual decont,t1nillatioJl was interrupted at two points to permit usc of the C machine in 

rC:ll"tor charglflg and discharging. This work was complcted on Fcbruary 5 and a new C-mast and 

a(..:cssoril':' wefC inst;l])cd to rC::.torc the Illachine to llormal condition. 

Reactor Process Room 

Decontallllllatioll ur the Reactor Process Room floor and reactor tmk top (or "plenum"). 

b~gillnlIlt! DCl'ClllOl'l' 10, I (n I, was carricd out in three stages concurrently with decontamination of 

the C !ll~I..:hiIJl'. 

J. Til,,' t"1()()[ ~Illd plclHlIll t,)P wei',,' va':llum-..:!eaned rCIl1()IeJy \vith un air l'ciuctor carried 011 tile 

j) Tl\xlil1ll'. Jll!'" l~du(C'd the 1ll~lxilllUIll l'~[di:lIi()n rate (on the plenulll tup) {Will !,O()() R/hr 

,il ;-.; in. t() ,JiWlll .fO() R. In cit ,"j ill. but IJ:lu IlD ~igt)ificant effect un ;lvcragc radiatioll levels. 

\-lure rapid progress \V<JS made with manual cleaning beginning December 30, 1970. This 

induded vucuuming and \\irc-brushillg, the floor. walls and plenum, and mopping the floor and 

\\'alb \vith detergent. 
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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 Rlhr 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 I.) 

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 
nozzle 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 

Decontantination 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 ofthese 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 mter 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 nuads/hr 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 I foot and several 
read as much as 200 R/hr at I ft. 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 foot extension handles on the mops 

without prior vacuuming. Typical wall smears were reduced from 20 to 300 mrads/hr/ft 2 at 3 in. 

before mopping to 10 to 40 mrads/hr/ft 2 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 

the'\c spots to background radiation levels. 

~lA~uAL 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 of activity rcmained 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 W,IS 360 R/hr at 8 in. 
A closed circuit television monitor was installed in the reactor room prior to starting the plenum 

decuntamination (figure 31). Viewing screens were available in the reactor rOom and at the 

deClll1taminatioll command post in a clean area. The camera could be positioned manually to provide 

either a close-up view of about 1 square foot of the plenum top or a general view of the reactor room. 

[he dose-up was useful for observing wire removal and mechanical cleaning methods. The general 

view was useful for bricfing incoming personnel on their work assignments in the reactor room. 

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 

wefe 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 

rauiation rates decreased. The bags were designed to be placed and removed by workers in relatively 

low radiation Jreas at the edge of the plenum using long-handled tools (figure 32). Experience showed 

that the bags were awkward to handle and that shielding effectiveness was limited by the inability to 

:.h.:hiev(' high packing densities. 

Wire Removal. Many instrument wires and tubing runs on the plenum top were contaminated when 

the source rod railed. These included thermocouple wires from moderator temperature sensors, 

special instrulllcnted Jssemblies, and in-reactor flux sensors; instrument leads and detectors from the 

t:mK-top leak detector system; and leak collection tubing. In addition to being contaminated, these 

wire~ and tubing restril"tcd access to the plenum top. The wires and tubing were removed up to the 

edge uf the shielding using long-handled cutters and grippers. Additional wire and tubing were 

removed a:-, it was exposed when temporary shielding was removed. An enlarged telephoto 

photograph of thc plellum top was mounted in the command post with a plastic overlay on which 

cleanup progrcs:c. 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 Ihe Ooor. Extensions were added to help workers pOSition the wands 

from relatively low radiation areas at the edge of the plenum. Wire brushes on long poles were used to 

loosen aJhcrcJlt material for subsequent vacuuming. These tools were difficult to manipulate and 

were repl:Jccu with rotary wire brushes driven by ~-inch drill motors. The motors were suspended 

from ropes stretched .. KrOSS the reactor room and were raised and lowered with an arrangement of 

rupL'S and pulleys (a5 in figure 34). Manipulation of these motor-driven wire brushes was awkward but 

they \VCIT more effective t:lall manu:..!! hrllshes for scouring exposed horizontal surfaces. 
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Results of calculations indicate that II 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. Mter 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 OPe, a solution of ammonium oxalate, ammonium citrate, and hydrogen peroxide. 
The OPe solution was selected 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. OPe 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 I·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 pruvided useful indications of the effectiveness of the 
several treatments. Mter each chemical treatment the plenum top was thoroughly flushed with 
deionized water for several hours to remove residues. 

A I % solution of "Alconox" detergent in deionized water was used twice on the plenum top 
between OPe applications. The detergent was used to remove oil which had been observed on the 
plenum and wa, applied with the same tool, and techniques used for OPC. 

Five OPe and two "Alconox" treatments were applied during the 12 days of chemical cleanup. 
The OPe 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 OPe 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 ftlter 
compartments to contain released radioactivity in the event of a reactor accident or radioactivity 
rel~ase in parts of the reactor buildings (reference 5). Exhaust fans maintain a negative pressure in 
the reactor room, the ducts to the filters, and the compartments containing the filters. At least four 
of the /"tve compartments are on-line at all times. Each compartment contains moisture separators, 
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ah~ulute jilll'fs, ~lllJ cklrcoal absorber::.. The unshielded aluminum filter compartments arc located on 

til.: ft'actO[ huilding ro()f 55 fect above ground level and are designed for remote removal. 

Four cumpartmcnts wcrc on-lillc with a total air flow of 86,400 cfm when the radioactivity 

release occurred. The flow gradually decreased to 61,000 dOl during thc 3Y2-month cleanup period as 

the fitters accllIllul<!tcd abuuI three limes their normal dust loading. The maximum radiation level at 

1 in. from the ~idc ()f the ]uttc:-t filter compartment was about 70 Rlllr immediately after the release 

and ~5 R;/jd ~it I in. by tlte time uf rep!;JCeIllClll. Preliminary data indicate that activity was deposited 

predominantl: Oil tlte moisture separators. 

It \\'~tS e:,sellti~d to rllaillt,lin filter operation throughout thc decontamination of the reactor room 

and cquijllTll:!lt, to prcvent relcil:,c of 'JirlJurne radio<ldivity. It was also evident in the eurlicst planning 

u( (lit.: ..:jCctlldP p;\!:'~;"ll 

opcl':Jliu!1 ,;UIILJ !Jl' r,'-.U;-l;'" 

~';'L ~'('~:1L',)1 ()f thc filters would ultilTlatl:iy be 1lecessary before reactor 

Rt'1I10V;.t! Uf' ";UJd<lJl:ij,a,CU r'dlCI .. umpartmcnts bcg'.iIl un February <J, 1971. The compartments 

were lirteu from the ruul' with a crane and placed on a special railroad flat car for movement to a 

sturJge l()«ttiull lledl ,[], u(lt-of-_~cr\'ice rC<'lctur building. Repbcernent filter compartments were 

installeJ. rulluwiug lhe testing uj' new fiiters, the K-rcaclur confinement system was returned tu 

!l1)[IllJl UIi Fcbru,u') ~(), I (J71. 

DEseRIPTlor; (n 1111. SYSTEM 

S(!\-anrl<.!h Ri\'cr rca([or~ wcrc not originally designcd with containment protection. Confinement 

facilities I'm SRP rl'dcttJr~ were imtalled in 19()2 (reference 5). Airborne particulate and halogen 

cO!ltanl!lldtiull is (u!Jeded by the confinemcnt system (figure 37). Because it is not possible to make 

the huilLirllg g;l~tight, the ventilatiun s):stcm is designcd so that tile exh;lUst fans continuously 

Illdintalll ~l Tl,'g:llive pres:,urc in the process 3fcas, the ducts to the filtcrs, and thc compartlllents 

1.'()!ltainillg tile filters. Air is exhausted from the reactor rOom, below grade process ilrea and the 

purificatiul1 ,IITa ~it](J channeled into a common exhaust plenum before passing througll the mtcr 

c()rnpartmctlt~, Became complete mixing does not occur in the plenum, unequal activity distribution 
()C'L'llr~ bctv.L·di )]1(' l')]';l/J<tltllle1lts depending on the building area in which activity is released. The 

:,~ :.lVuid the nccessity of opelling and closing Jampers after ml 

acL'idCll[ Like:, pbee. nIl: fi\ter~, afc (';ontained in five aluminum filter compartments on the rC<Jctor 

building j'\llJ! .55 reet abDve grnund level. Each compartment weighs 10 tuns and is 8 feet wide, 22 

fcct lung, anJ 25 feet high. The fivc cumpartments opcrate in parallel and each compartment cOJltains 

three ballh of Ilj(et's llt :,eries U1t',urc JR): 
I) \1<lt":lli-c' S,'[Xl:.I[('I\ Tk' ]j'I()j\llHC \Cp~tr~ltl))' consists ()ra two-inch-thick !I1Jt woven froIlI 

'lr,~lj]lk,' ,["",1 '.', lr~' \XL:ppCJ wllil "I efillll'"'" fibers. Twenty unit) ~ feet square are uscd ill 

each 1.·\J]llP:II-[!)]~'Jit. 

~) i-"j I :.,'I~I"I; )' :d,C,','!'!ic !'jltcrs arc designed to remove !1l;)[I: than 990. of all particles 

U. -, 'Ui,:lI!IJ I ;.r~!,-;. L::ul: ,iJ.,·r [:-> ll1ddc ur an loS-mil-thick glass-asbestos felt sheet folded 

,l\-'l'r ~'(Hrugdtl'd ~durlllIlUrl1 illserts into closely spaced pleats formillg '-' unit 2 feet square by 

II ~,_ itlL'il~'" rid n:ir~:, !Vc(j Ullil.'. are ll'>CU in cach compartment. 

,:)) CarbuJt hlkr~ Carbon filters (onsist of 'J one-inch-thick bed of 10 to 14 mesh crushed 

;11.'!I\JIl'lI'·\)L'()jHll-,~hcll dl:!I-C(l,i1l'llcinsed bctv·/een perforatcd l1letal sheets that an: ple:Jtcu to 
l.'xt(,lld tile \uri,ll'e :11-1.':1. rile ullc-lnch-thieh:. beds arc stacked together to give all assembly 2 

I'eel ~qu~lr·-' II! -' illciH.-", lhick: Thilly-tw() units are used ill eaclr compartment. 

Each filter C(llTl;nHlrncnt ~ilS on ,I rail dolly that can hc positioned remotely by cables and 

pulleys. BUill illkt Jlld outlct (U!l1j)Jftment IHlZ/,lCS are on the building end so that lhc lInit can be 

i1tt<II.'hed [I) the vCilli]:,liutl ~.y~le1l1 by' tilling the cOlllp,ntmcnt nozzles over nozzle extensions on the 
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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 corumement 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 I in. This rate decreased by 
radioactive decay to 25 R/hr at I 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 K-4 
was off-line 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 experienced 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 normally removed from the compartments and 
cleaned with steam jets to prepare them for continued service (reference 6). 

Calculations made by Savarmah 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 filters 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 fiIters 
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 cont<lmin<lted 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 nozzles (figure 40) to 

fix any loose contamination and provide a seal if a compartment flapper door failed to seal. Ten cuhic 

feet "lnsta-Foam FROTH PAKS" (Trademark of lnsta-Foam Products, Inc.) were used. Application 
of the foam on the 56-inch diametcr 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 crane equipped with 120 feet 

uC boom (figure 41). A special remote handling lifting hook with long tag lines was employed. The 

most critical crime operatIon was to lift the compartment straight up off the movable rail dolly. The 

crane operator located al the base of the building could not see the load. Two spotters with 

shon-wJvc radios directed the cr;.!fiC operations; onc spotter was locatcd on an adjacent building roof 

and the second spotter was supported in a basket by a second crane. Once the compartment was clear 

of the rail dully the compartment was lowered to a modified railroad car (figure 42). The maximum 
r:Jdiall()Jl dose rJte for thc crane operator was 200 mR/hr. The railroad car supported frame supported 

tIll' C()ll1p~\rtll1ents so that no tie-downs were required. The train was made up of the modified car. 

three ::.paccr cars and a locomotive (figure 43) for movement to the storage arCJ. The spacer cars en­

)uf,,'d adequate distance tn reduce radiation dosage to personnel in the locomotive. The train was 

prl:...:eded by a track motor car with personnel to visually inspect the track, lines switches, spike 
f~king switl'h puints, and opell security fence gates. The plant primary road crossings encountered 
by the tlain wefe hlocked by Patrol personnel to eliminate the possibility of radiation exposure of 
their normal operClting posit iOlls and to carry a Health Physicist who surveyed the track to ensure that 
110 conLllllillation \vas reie.lsed. Movement of each load required one hour. The maximum radiation 
oose rate tu the railroad crew was 30 mR/hr. 

The cOJltamin<lted compartmems were removed from the railroad train with a 100-ton capacity 

l'r~!\\i!rr crane equipped wlth 65 fect of boom. The special remote~handling lifting hook with tag lines 
\\'dS :_dSll useo. The maximum radiation dose rate for this crane operator was 400 mR/hr. The four 

c()ntamin~itcd compartments arc 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 tile refurbished compartments was completed on February 12 and 14. After 

leak testing the particulate filters and carbon filters, the compartments were connected to the 

building ventilation system on February 18 and 26. The K-reactor confinement system has been 

returned to nonnal. (Sec reference 4 for further details.) 

Reactor Work 

All normal reactor maintenance work scheduled for this shutdown which did not require access 

to the Process Room or usc of the C and D machines was completed (as time permitted) during the 
deanL1p operation. [n 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. 
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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 Savannah River Laboratory. It 
coosisted of a ball check valve and a 2()O.mesh screen inserted in a universal sleeve housing which was 
charged to the Illptifoil pOSition (figure 44). Upflow cooling water to this gooseneck flushed material 
out of the gooseneck into the trap, which was subsequently discharged. 

0& E Canal 

SOURCE ROD PIECES 

The failed source rod, still containing about 40,000 Ci of radioactive antimony and tellurium, 
was deposited in the 0 & 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 0 & 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 fust step in minimizing spread of contamination, flow was established 
from tire 0 & 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 pieoes of source rod from the 0 & 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 a handle with which to press the putty against the piece to be picked up. The 

putty containing the retrieved piece could then be scraped into a suitable container. The tongs were 

u~J to grip and pick up larger pieces, while the "Dux Sea1" rutty picked up pieces too small to be 

gripped by the tongs. 

All of the retrieved pieces \vcrc slOred in a failed-fuel-element container which was later shipped 

10 RBOF (or final disposal. Some of the smaller pieces were first placed in screw top cannisters, 

\vhich were then dropped into the larger container. 

By 0iovember 17 all of the easily retrievable pieces had been picked up and placed in the 

failed-fuel-clement con1ainer. At this time it was decided to do no further retrieval work until it could 

be done either from the Process Room side or by using an umlerwater vacuum cleaner which was 

heing dc\'ci()pc(J. TilL' only major remaining pil:cl: was that on the concrete pedestal, which WJS so 

located lll~jt all) effort:, at rClricv~d from the Disassembly side were likely to dislodge it and spread it 

uver the canal !lour. 

.~IATLRIAL FROM PROCESS ROOM 

Initially all contarnillatcc1 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 

sturt.!d in special shielded boxes, and the eductors used on the D machine, which were stored in 

cannister:,. When it (tllne time to remove the C machine parts from the process room, a suitable means 

Dr storage was no! immediately available. Because the amount of radioactive contamination on these 

parts \'.''-1'. DlUcll less than was already in the basin, it was decided til at they could safely be stored in 

open huckets. 

\'OIlC ur the lIlaterial deposited in the canal from the Process Room (other th<l11 the source rod 

itself) contributed significantly to basin w<ltcr activity. Whenever source roJ pieces were removed 

from C()ntact with basin watu, (j decrease in the rate of introduction of antimony activity into the 

Water was easily detected. ~·o increase in this rate was observed when any of the C machine parts 

were deposited in the 0 & E canal. 

Disassembly Basin 

The DisJsscmb!y Basin consists of two main sections which Cill1 be isolated from each other. 

rltl'Se arc tile Vertical Tube Storage Section (VTS) in which freshly discharged components are 

)tured, and the Machine R1s:n in which the disassembly operations arc carried out. The 0 & E canal 

l'Ullllcct:. cilrcdiy \I,'ilh the VTS scCti()Il, hut can be isolated from it by installing stop logs if necessary. 

Prior to tile Slll!r..:e roJ failure, a sand filter system had been undergoing testing in the K 

Di,')<J:)semh!y Area. Usc or' the filter maintains basin water clarity, allowing the basin to be kept 

i~oL!ted for extended periods with no purging of water to the envirolls. Two portable mixed-bed 

deillIliZ\:f\, [lnl:: of bO ft 3 and the other of 30 ft3 capacity, were available to remove ionic radioactive 

fl1atcrl~iI (Wtll tlte W:Jtcr. 

CONT AI:-;M I.NT OF ACI IVI TY 

Mmc tkm 95~;, ur the r:Jciioaclive material originally present in the source rod was depOSited in 

the D & F (:tIlJI for temporary ')turage. rvlost of this material was stored in closed containers. Thus a 

major part llf the r~splHl~ihihty for containing the radioactivity not stored in containers rested ill the 

llDll:.lgCtllCIlt ()r the basin faL'ilitic~. 
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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 
Room 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 limilleakage 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:()() p.m. of that day a nonuniform distribution of 122Sb and 124 Sb activity was 
found in the VTS section of the basin. By November II the distribution of antimony activity in the 
VTS section was uniform. By early December the anlimony activity was uniform throughout the 
entire basin because of slow leakage between the VTS section and the Macrune Basin (figure 45). 

Deionization of the basin water was started on November 9 and continued with minimum 
off·lbne untillale January 1971. Intermittent deionization was continued thereafter. In a total of 51 
deionizer runs, 207 curies of 124 Sb and 44 curies of '" Sb were removed by the deionizers. An 
additional 66 curies of 124 Sb and 31 curies of 122Sb decayed to stable forms while dissolved in the 
basin wa ter. 

The antimony activity was present mainly in the form of anions, as confirmea by laboralory 
lests (figure 46). The capacity of the portable deionizer for anions was less lhan for cations al 
lhis 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 10 remove antimony activity dropped off. 

Samples of basin waler taken November II 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 124Sb 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 resulted in a further decrease to about 1 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 124 Sb on 11/8/70) dissolved in the basin over the 7'month period. The dissolution rates ranged 
from 40 mg/day (11/10 to II/IS) to 5 mg/day (May 1971). 

Basin Releasea. No antimony activity was released to effluent streams from K Area. There was a 
release of 0.52 Ci of 124Sb 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 124 Sb was transferred to the 50·million·gallon containment basin in K Area 
through ,,"pril 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 124 Sb 
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 

understanding of the failure, its cause and its consequences. Other work was done as needed to aid in 
specil1c 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: 

• Isotopic composition of the rods at time of discharge. 

• Radioactivity of each isotope at time of discharge and radioactive decay 
thereafter. 

• 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 results 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 rod:; 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 

suurces 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 D machine 

radiation 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 areas accessible by extension tools from the two Process Room doors and the 

Presentation Point slot, and the estimated total radioactivity of the source rod. The results presented 

in table 11 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 
pieces. 

The Hrst estimates of the relative amounts of radioactivity in the various locations listed in table 

11 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 instluments 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 tlrst moved to the Presentation 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 will 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 need to move the C machine to a standard position to check the progress of decontamination. It 
was used in constructing flgUfe 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 aid in 
planning. A test of a 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 124 Sb were calculated by the Savannah River Laboratory. The 
maximum permissible concentration (MPC) for 124 Sb is 5 x 10'8 pCi/cc. A 3·millicurie release 
(approximately the actual value) represented 2.1 MPC at the stack and 6.3 x 10'6 MPC at the plant 
boundary. If the conflnement flIt,ers 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 Radioacti.., 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 Decontamimtion. Selection of a chemical decontaminating reagent for fmal cleaning 
depended on an understandir.g of the chemistry of antimony and tellurium, either 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 
oflhe 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 ~JO employees. Most of this exposure was received in the manual and chemical cleanup of the 

rCJclor room f1uor, walls, and tank top. 

Thc distributiun 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 would normally receive in the same period if his normal work did 

involve radiation exposure. Only in one case did the exposure received exceed 3 R, which is both the 

plan! clllllua! cxpmurc guide ~illd the AEC qu,nlerly ('xposLirc guide. In that case the m:.m was working 

hc:-.idc two ()tiler men \vhost? cxposures werc much lower. 

Problems in Confining the Release and Cleanup of Radioactivity 

The cleanup ()pcratiutl vvas done without previolls experience with this type of work on the 
pan of either tho~c rc\pllJ1sihlc for planning and supervising it or the many people who cume ill from 
(lthel ~ill';h to help uo the work. Howevcr, in the light of experience, some problems call be pointed 
(lut whilh could be :..tvoilicu in the future. 

PI(LVL:\TlON 

The fir<;t problem arose in recognizing the possibility that these particular rods when suspended in 

:Jir clluld heat LIp past the melting point of their materials. Similar operations with identical sOLlrce rods 
hdd hcell perrmmcd in the past hut from reactors that had operated at lower neutron fluxes, hence with 
\\)LlI,.'l' Il)lh wllh I()wer heat generation. The significance of recent reactor operation at much higher 
lll'ulll)]1 tluxes Uil the heal gcneration in these source rods was not recogniLcd. Additional prohlcms 
.11 Il\l' rllr(lut!h deLi) ill ['cati/ing the validity of the radioactivity alarms unucr the conditions ohtaining, 
~Illd HI rl''>rh)lldillg prllmptly. 

LQUIP\lE:\T 

Ditlh.'ultll.'s wcr\.' llllC()Vcrcd ill four major pieccs of equipment which hear in a crucial way Oil 

()llr ;lhllit~ cithcl tll cPIllalll or clean up a large activity releasc. 

Filter Compartment. III thi" incident with the ventilation systcm set up for shutdown cOlll.iit!ol1\, 
dl,Jrihl1ti\l!l uf ladiuactivity dnlung the cOI1lpJrtments was unequal. In a major release, Dne COIllp:.rrl-
111<..'111 ,:(luld b12 overluaded while the wpacity of uthers was under-utilized. Subsequent overheating 
l'( luld I-C\ull in d grc~i! cr rdea sc of act i vi I Y to the i1 tmusphcre I han if the act ivit y wc re eq LIt! lly distrihu ted. 

H()Wl'\l'f di"trihlllillll 1l1ight he more uniform fur normal ventilating conditions. 
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Conditions were found which impeded removal of filter compartments from the roof in 
the intended manner. Chief of these was interference of an added walkway with motion of 
the filter compartment dolly. The cOqlpartment 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 & 0 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 
it was not intended. Although partial operability was attained, the necessity to violate the containment 
of the Process Room to gain entry and subsequent control of the GP Robot precluded 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. TIris 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 debris in front of the Observation Window and 
possibly elsewhere in the Process Room. The operation of depositing the failed rod in the 0 & 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 C machine in the Crane Wash Area. Oil sealed vacuum pumps 
for the educators sprayed aU into the Process Room, making subsequent decontamination more difficult. 

Tools. Some long-handled tools were difficult to use. These included in particular those used at the 
Presentation Point to dismantle the C machine, and the long~handled floor mops used on the Process 
\,,"<.:IIb. 

While the D machine educt or 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 
reacheu hy the cductor. 

The D machine radiation probe could not easily be kept in the proper orientation for reading 
from the periscope. The method of presenting eductor nozzles to the D machine on stands at the 
Presentation Point required excessive radiation exposure to personnel in positioning the stands. Tools 

c"ried by the D machine were frequently dropped. 

Planning and Coordination. In several instances cleanup was delayed willIe waiting for a new approach 
to be developed when the previous method either proved unsuccessful or reached a point of 
diminishing 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 people 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 
tJperarion. cDnfirming decontamination experience at other sites. The willingness of people 
from Dutside 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. Control 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 
responsible 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. 
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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 -

Ncar·Far Side Filter Area" alarm had been investigated promptly, this area would have been roped off 

in accord~U1ce with ACC·S19, thus preventing his entry. Fortunately he only received IS mR 

radiation exposure. 
The entire cleanup operation was done W1der 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: 
• From accumulations of radioactive material from prt:vious work. 

• During discussion and planning work while in the Process Room. 

• Because handling of cleanup wastes interfered with entry to and exit from the Process 

Room. 

• 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 he reviewed to assure that filters wJlI 
perform as intended and that they Can be removed by remote operation after they have collected 
radioac( ive material from a major release. 

Vertical Tube Storage. Isolation between the VTS section and the Machine Basin will he reviewed to 
determine what improvements can he made to provide greater confinement of radioactivity ill the VTS 
section. 

C & 0 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 CorD 

machine after a different type of release, or make more difficult some other phase of cleanup. Efforts 

will be made to keep p;'ints of the C & D machines up to date to assure that cleanup work can be 
planned from the prints successfully. 
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Robot. The needs for special equipment such as the General Purpose Robot should be reviewed. The 

K-Arca cXlk'rieJlcc shmvs that ClcilllUp \vork is much Jllore effective \vhcn thc operator can see at close 

hand what needs to be June and (all guide his operations at least in close simulation to direct manual 
upcr;tl!UI1. Thus, in thc cvellt of a much larger activity release such that early personnel entry is 
impossible. ~omc type of "Clllotely controlled robot will probably be necessary. Some possibilities 
\\'11i ..... 11 the rcvie\\' ,-'(luld c(lllsider arc: 

• -\~Sif!Il n:spollsibillty for the GP Robot to widell its cap<lbiiitics, keep it in repair ;Jlld 
pel'illJjcall y! pracicc operating it. 

• PUf..:ha"e a futU! whiL·h l~ IlltHe cfTective than the GP Rohot. One such unit co~ts ap­
pr{l,(jlllJtcly SSO.OOO. 

• Design and construct equipment to be carried by the C or D machine which would make 

cither in <::fTeet a :naster-slavc robot. 

• Make usc 01" arrangements with other sites to use such equipment on loan as needed. 

CLEA~UP OPERATlOI\ 

The following actions should be taken to improve efficiency or capability of handling cleanup 

full()\Vlng :.lily future activity relewsc. 

t. Develop guide lines to provide in advance sound answers to problems such as: 

• when und how a C or D machine carrying a failed component should be moved, 

• when to usc nooding of the Process Room floors, 

• \vlleTl to raise the shield doors, 
• hmv soon to change from remote operation to direct use of people in the cleanup 

operation. 

Sek'ct the best combination of radioactivity monitoring methods. 

a. For general survey purposes. 

(L\.: ()f :l radiation prohe 011 a long cable could al!ow Health Physics personnel to work at 

i()\Vcf rJJiatiull cxpo::.ure behind a radiation shield.) 

h. For locating major radiation sources. 

(K-Area experience suggests that the combination of X-ray camera, HM chambers, and 

autoradi()graphy is effective.) 

_,. Sto,.:f.: llltegrating dosimeters w1th alarm feature. 

4. C()n~ider imprUye1l1cllts of the D machine radiation probe to eliminate the problem of 

urientatioil fur reading via the periscope. 

5. COllsiJer impruvemellb to the D machine eductor to make it morc effective. 

6. Dcveiup beltcf means of two-way communication and test under uctual working conditions. 
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7. Consider ways of improving: 

• tools for work at tIle Presentation Point, 

• means of presenting tools to the C & D machines and of holding them more securely in the 
chucks, 

• tools for cleaning Process Room walls, to be less tiring to the operator than the 
long-handled mops_ 

In the even t of a future activity release the following actions should be reconmlcnded. 

8. Organization of Task Forces and Central Committee should stress; 

• separation of responsibility for planning from responsibility for execution, 
• planning with a view to overall effectiveness so that one operation docs not make 

subsequent operations more diffIcult, 

• contingency plans ready as soon as it becomes evident that the previous approach has 
become ineffective, 

• prompt decision to abandon (or modify) a 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; 

• provide full time coordination inside the radioactive area, 
• provide a shadow-shielded area in which to discuss and plan work inside the radioactive 

area. 

CONCLUSIONS 

I. An antimony-beryllium neutron source rod melted in the iOS-K Process Room when it was 

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. 

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 radioactivity were released outside of the 105 reactor building: 

estimates are: 
0_003 Ci Sb released from the stack_ 
7.4 Ci Sb released to the K containment basin. 

0.52 Ci Sb relcased to C-Area disassembly basin, and subsequently over the weirs to the 

plant stream. 

~one of the activity has been detected outside at the plant perimeter fence. 

4. Cleanup of the 80,000 curies took 3 monlhs; gSO people participated. 

5. 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. COllccntr'ltiullS of airborne Sb activity! at the plant houndary were calculated to he about 1 O-~ 
l\1a\imum I.>crmissible Concentratlon (\1PC), whereas if the cont;linmcnt filters had not been 
functioning the concentration would have been :Jbout IJ MPC. 

?S. The Task force .- Subcommittee organizational approach was effective. 

(). As a result of this incident the following programs have been or are being carried out: 

• A Technical Standard has been proposed limiting heat generation rates of material before 

removal from the reactors. 

• I kat generating rates and cooling requirements have been calculated for source rods, 

CUlllfLll rods, targets and other miscellaneous materials. (Complete) 

• Operating procedures regarding discharge of source rods and other rods have been revised 

to require knowledge of heal gent:ration rates prior to removal. 

• 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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TABLE I COMPOSITION OF FAILED SOURCE AT SHUTDOWN 

Calculated Isotopic Colllpodtion of Antil1lOny 

Half 

~ 
Stable 
2.8 d 
Stable 
60.2 d 
2.7 Y 
12.5 d 
Stable 
117 d 
Stable 
Stable 
>B' 
Stable 
Stable 

Total ... 

Activity, Weight. 
kei ---.&.--

71 

36 
O. , 
0.9 

3.2 

7.7 

119.3 

51 
0.19 

44 
2.0 
0.44 
0.01 

" 0.34 
0.15 
9.' 
0.42 
1.4 
0.17 

132.6 

Andysis. of 
Rod Sample*' 

0.21 

2.0 
0.57 
0.009 

Chemical Col!l!?o8ition of Source 

Weight, 

Antil1lOny 
Tellurium 
Beryllium 
Aluminum 

--"--
98.1 
34.5 

122 

"'" 

0.80 
0.27 

13.5 
",,1.7 
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FIGURE 4. TEMPERATURES CALCULATED IN CONTROL ROD CLUSTER 
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TABLE II. INITIAL DISTRIBUTION OF RADIOACTIVITY 

Percent of Rad Level* 
Location ~ Process Room Total R/hr 

c Machine 71,937 97.54 "-1.8 " 10£ 
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 ~O. 006 >4000 
Process ,"om Walls 4 0.005 'V0.01i 

Total ->- 119,000 

Process Room Total -+ 73,750 

Levels are given for the hypothetical condition in which all 
other sources but the one in question are removed. Estimated 
for November 9 at 3 inches from surface. C-Machine treated as 
pOint source. 

Percent of Original 
Radioactivity Remaining 

, 

) 

100r-~;;;;;;;;;;;::::::::=-~~ 

10 

.1L-__________ -L ____________ L-__________ -L __________ ~ 

100 l~OO .1 10 
l::lapsed Time, days 

FIGURE 5. DECAY OF SOURCE ROD RADIOACTIVITY (Calculated) 
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TABLE III. CLEANUP TASKS 

Task No. and Title Objective Means 

1. Charge Machine Cleanup Remove major source Remote relQOval of activity 
of radiation • Hove machine to crane wash 

area 
• Remove remaining activity 

manually 

2. Process RoolII Survey • Asaess problem Standard and special 
• Evaluate cleanup radiation surveys 

progress 

). Process Room Clesnup Reduce rsdistion to Mechanical and chemical 
tolerable level decontamination 

4. Filter Compartment EnAur .. conta1n_nt Replace nearly "'pen!: 
Replacement of airborne activi- compartmentS after clean-

" up completed 

5. Reactor Planning Prepare to complete· 
discharge and 
recharging 

6. D & E Canal Cleanup Recover and contain Mechanical recovery 
piecea deposited 
in canal 

) . Basin Activity Contain activity re- Use installed basin 
Removal leased to diaasaem- containment system 

bly basin 

8. Calculations • Analyze incident Data collection and analysis 
• Aid in cleanup plus theoretical cslcula-
• Prevent recurrence tions 

TABLE IV. TASK FORCE MEMBERSHIP 

CENTRAL COHHI TTEE 

) 

4 

) 

8 

1. R. Smith.* C. T. Axelberg, J. M. Boswell, E. O. Kiger. W. M. Olliff, 
O. A. Towler, W. P. Walke 

J. M. Weibel, * E. C. Bertsche, G. F. Haase, P. M. Hankinson, R. S. 
W. P. Walke. * G. W. McManaway. J. S. Petersen 
J. S. Petersen,* J. W. Joseph, K. E. Kehr. >. S. Occhipinti, J. S. 
J. W. Joseph,* J. w. Little, F. E. Urban 
L. Galloway. . H. "- Allen, D. R. Becker 
M. D. Hoore, . S. S . Spangler 
E. C. Bertsche.* L. Galloway, W. R. JacobSen 
E. O. Kiger,* J. M. Boswell. P. L. Roggenkamp, o. A. Towler 

Wingard 

Murdock 

Chairman. P. A. Dahlen also chaired the Central ColllDlitCee vice I. R. Smith. 

TABLE V. REMOVAL OF RADIOACTIVITY 

Operation RelllOved 

Machine 
Vacuuming at D & 91 
Removal of parts 

F~oor and Tank Top 
Vacuumiog by D Machine 
Floor, manual cleaning .9 
Tank top, mechanical 

and chemical cleaning 0.1 

BASIS: HM Challlber readings corrected 
to undecayed values at Nov 9, 
5:00 a.m., as shown in figure 9. 
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r------- ---~ FIGUR-ES 6,7,8 - EXPLANATORY NOTE 

These figures Include only ,terns which were recorded In Log books or could be ver,f,ed from 

other reliable sources Additional work may have been done which IS not Included In these I ' .. -, ..... ~ ,." .' ",,.",, "' .,"" ,,,'-,.. _ J 
InformatIOn sources used were 

.Senlor SupervIsor's Log Book 
-Crone Control Log Book 
-File of doily "105.K Budding Cleanup Program" 

(by C T Axelberg et all ) 
.------~ ,---
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38 -

" 
" 

" -----------20 ,5 

III t 

II III 



• • • • • • • • • • • ·1 
VACUUMl~G 

CENERAL \REA {D MACHINE I , 
, MANUAL -HOT SPOTS {D MACHINE .. , III • 

fWlUAL -11111 

SHIELD HOT SPOTS ----- - ---.--
MECHAL'UCAL REMOVAL 

STRIP WIRES -DISCHARGE CONTAM. COMPONENTS , " 1-----0 " _ {MANUAL , 
WIRE BRUSH ROTARY II la, • ~T SPO~GE (Damp Mop) - -- ---- -'-- ------------

CHEHICAL DECONTA.'1INATION 

OPC{SPRAY OR DA .. '1P PAD • I • • •• POURED ON II • •• WATER FLUSH ... I • ALCONOX , , 
STEAM I • WET VACUUM I 

RADIATION SURVEY " '" I I I I I II , 
(ExtensLve, Remote or Manual) - - - - - - - - - • - -5 10 15 20 2S 30 5 10 15 20 25 30

1 
5 

Jon 

FIGURE 7. TANK TOP CLEANUP CHRONOLOGY 

]II" -- • • • • • 
FLOOR CLEANING 

• -- • • • • - -I 
VACL'lJ}! 

o :1ACHI~E II " 1111,. I '" ;.L\''lUAL II I II I 

D:\~!P ~!()l-' II': I 

'AT. RE BRe"H 

SCRAPE ~" 
, 

ALCO~OX ------------- II 
-- -- -- ---- --~---- - ------ ------ ---- --- - - -

LOCATIO:-1: 

[ 
HOT SPOTS " , 
GE:.iERAL 
AROU~D REACTOR III I I 

\"' 
MOt:NQ Dt.£ , , III I II 
UBSERVATIO)-< '~'I"DOW I I 

-- -- ---- -- -- -- - --- - -
VERTICAL SL'RF.\CES SCRUBBED 

~ALLS I 
J:i);"ER SHIEL!) 000' I 

HAUNCHES 
VACUU:1 I 
CAUSTIC I 

(:IOn;; Haunches also c1eCed w:eneve: C&D machines moved) - - • • • • • • • • • • 
15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 )0 I 5 

Nov J'" feb 

FIGURE 8, GENERAL PROCESS ROOM CLEANUP CHRONOLOGY 

39 



100 

10 

~ ___ --~~----,-----6.------.-----'-------'-----'------r------.---, 
...................... 

C-MACHINE 
VACUUMF.D 

o 

• 

fo---- MANUAL CLEANI NC, ----- -I 
in:OOR I MACHINE CLEAN I CHEMICAl:l 

CLEANUP CLEAN 

0,. 

(TANK TOP) 

Mean of 1iM40 & HM42 l"eadings 
as percent of Nov 9 value 

Above mean corrected to value 
it would have had 1011 th no 
radioactive decay 

Values with "hot" eductar below curb 
of D&E canal. Solid data point 
corrected to no decay. 

C MACHI NE 
TO CRANE WASH 

Maximum measured radiation rates 
above plenum (100 - 1000 R/hr @ 3") 

........... 
.......... 

t tt t t 
t 

C-MACHINE TO 
PRESENTATION 
POINT 

REMOTE VACUUMING OF 
PROCESS ROD:1 

lEA 
6 6 

L 

0.1 ~ ______ ~ ________ L-______ -L ______ -L ______ ~~ __ ~ __ ~ __ ~ __ ~~~~ __ L-______ -L ____ ~ 

30 10 20 JO 10 20 10 10 20 

FIGURE 9, CHRONOLOGY OF REDUCTION IN RADIOACTIVE 

CONTAMINATION 

- 40 

Feb 



60 

I 

I 8 

V --~ . .; 

Holder for X-Ray 
Film Pack 

Carrying Handles 

Angle I,ron Frame 

FIGURE 10. PINHOLE CAMERA 

Lead Shield Details 

FIGURE 11. X-RAY OF PROCESS ROOM OVERLAID ON SCALf DIAGRAM OF 

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

top, cluster of faint sources in. front of observotion window) 

- 41 



TABLE VI. RADIATION PROFILE OF C-MACHINE. 12-7_70 

(Probe Lowered From +66' Level) 

Probe Elevation, Radiati.on. 

" Above Floor R/hr Remarks 

"21 

17 
15 
13 
11 

4 
3 
2.5 

3. , 
3. , 

5.5 
5.5 
8.0 

10.0 
22.0 
40.0 
60.0 
75.0 

120.0 
11,0.0 

bO.n 

C-Ma»t down. Prob" at center point of mask 
C-Mast all way up 

rVl'" with clamsheLL 

Probe low"-,reJ "b,'ul I,' Ji"l.",l I r,.m ~id", of C-Machine. 
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B-mast 

--_ {contours of Radiation 
------- lntensity (R/hr) 
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FIGURE 12. RADIATION PROFiLE OF C-MACHiNE 

AT PRESENTATION POiNT 
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IIC'U SIIVI!-iNA'1 RIVER I>UN1 

FIGURE 13. REMOTE SURVEY METER ("D-Machine Probe"). 
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O Process Room 
Features 

r---, 
L __ J Hot Spots 

+ Center of Reactor 

FIGURE 14. FIRST COARSE GRID (2 ft x 2 ft) RADIA-

TION SURVEY OF PROCESS ROOM, 12/11/70 (Read-

ings in R/hr at about 8 in. from floor) BEFORE ANY 

CLEANING Note same hot spots shown by x-ray camero 

- 43 -



75 84 fZ IZ5 131 1$" 131 15"0 lID 137125 N4 I~" '2 IJ'l 75 

B~ 112 liZ 1.17 1.J7 I'~ /'14 /74 /74 174 150 15"d 125 liZ Id(l rz 

6'1- /.54 174 I', Ifd U5 z.f.S 214 2<#5 21" 2<tf.5 1'It) ''10 ISO /.37 liZ 
r--.., 

til 15t) /10 21S UI 3~(J 3(.0 3~ 3Z,,!5"(J": 2.60 2M Itl7 17d ITO /.37 

r------------------r-- J 

1M IS" I'" 2"15417 S4~ 5"" Sh ~"d: 4'-,30 3,4 24" 2?617" /?' 1717 , , 
15(J 17" 1ft) 214 :S4~ 75" 'I'"~ 6,,,,, 5-'d:4'-.I" J'" 320 Zlo 1702/5 174 

131 11~ 

.17" 

~--, r-- J 

If" Z-f5 3'''1 15" '1)4 ''''':1Ii143'' 32" 3'-D 3t.4 245 24S' 170 L __________ -I 

/'1 :2,J$" JZo 3(,0 (,017 ~tJ" 3;:,0 3'17 3,17 320." 260 215 

1'"- -., 

137 137 137 ISO 2-1s 2152-#6 2-15 280 32" 3~:5".o.o \3-'" 320 2JS //" 
L __ .J 

/7" /37 /37 /71) I'" 2q ,216' 244" ;'''5 2&J ~3" ¢3" 3~" 29" 21,5" /7.0 

/1,S 137 137 174 2.IS 3'" 3{,,(J ~3" 2-15 26" 24" 28P H" 2.¢s Itp /7.0 

r----------, 
I"" 137 150 1,4 2/10 : '0" 750 &;:.,.,:.2.452-1s 2.e- 2-15 .2-152-15 .2IS 216" , , 
I"" 137 17" If" ~Bo :4'""" 1St' 750 :245 21I 24.S 245 24S 2kJ 2817 2817 L _________ .J 

+ 

FIGURE 15. FIRST FINE GRID (2 in. )( 2 in.) RADIATION SURVEY 

OF REACTOR TOP, 12/11/70 (Readings in R/hr at about 12 in. from 

tonk top; orientation as in figure 14) BEFORE A NY CLEAN ING 

-- Reactor Outline 

+ Cen~er of Reactor 

-----Remaining Hot Region 

~*--, L_J Hot Spots 

am Grid Points of Coame Grid 
~ (See Figure 14) 

+ Center of Reactor 

FIGURE 16. COARSE GRID SURVEY (2 ft x 2 ft), 

J/22/71 Tonk top after manual cleaning finished 

(Readings in R/hr of about 12 in. from tonk top) 
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·L RADIATION READINGS IN mR/hr 

* 

Readings at 3 in. from smears 
taken to determine transferable 
contamination. 

Radiation level at 14 ft above 
center of tank was 350 mR/hr 

All other radiation readings 
at 6 in. from floor. 
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~:-... ,. 
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: ..... ;d 
~.;'o·.: 
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FIGURE 17. RADIATION SURVEY (MANUAL), 1/31/71 PROCESS ROOM 
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D&E 600 mR/hr 

CANAL @ 6' 

1. 5 R/hr 
@ l' 

4 5 R/hr 400 mR/hr I~ 6' 

2 R/hr 200 mR/;/; 
, 6' 

1 ' 

300 mR/h r 800 mR/hr 5 R/hr 

1 R/hr 

3 R/hr 3 R/hr 

( (i)R/h< 
3 36h< 6 

2.5 R/hr 

5~/ 400 mR/hr 

\ 4 R/hr 

600 mR/hr 5D 
400 mR/hr @ 1 ' 

~ 
800 mR(hr 

t' -----
100 mR/hr lOU mR/hr 

@ 6' '~ 6' 

2 
1. 5 R/hr 

1 
~ 

200 mR/hr i3 6' 

FIGURE 18. RADIATION SURVEY (MANUAL) 1/31/71, OF REACTOR TOP 

{Radiation meO$urements over tonk top were ot probe pin hei9hti i.e., 

about 12 in. distance; other meosureme"ts oS .hown ) 
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R/hr (hottest 
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'0 .4 l/hr 

<.2 R/hr 

• Typical Grid Pattern 
(Selected Actual Grid POints) 

spots) 
Reactor Top Outline 

(Approximate) 

NOTE: X and Y scales unequal. 

Radiation measurements at probe 
pin height (about 12 in.) 

FIGURE 19. FINAL TANK TOP RADIATION SURVEY, 2/5/71 

(Coarse Grid: opprox 9 in. x 9 jn.) 

Figure 18 

- 47 -

Same orientation CIS 



FIGURE 20, DISn!IBUTION OF DEBRIS ON (-MACHINE (COMPOSITE PHOTOGRAPH) 

Nore snHli! pie<-es of debti':. in circled io(.otions 

- 48 -



SUCTION 
NOZZ LE 

SCRAPERSON 
FEET 

o-zo" H20 MAGNEHELIC GAGE 

APPROX tOo MESH 
DUTCH WEAVE SS FILTER 
CLOTH WELDED TO 
SUF"F"ORT RING. 

"AIRPURE" BY FLANDERS 
FILTERS INC. SIZE B 

ADAF"TOR 

MODIFIED '·1/2" SCREWED BRASS GATE 
(Threads removed from stem & bannet) 

FLOW PATH 

CHAMBER 

IL TER POT 

"' __ -I/Z" G ATE VALVE - CLOSE 
REMOTELY IN OISASS. 

~~ 

EDUCTOR 
NOZ Z,LE 

TAPERED PLUG ToillJ 
SEAL EDUCTOR 
NOZZLE (Plug set on 
floor & eductor lowered 
over it) 

• SIZE JET 
W 233B83 

___ -"GOL Fe AG" 

ADAPTOR 

FIGURE 21. C·MACHINE EDUCTOR·FIL TER SYSTEM 
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0-150 psi 
GAGE 

DISASSEMBLY 

FROM 
_3/4" COMPRESSOR 

GLOBE ~ALVE 

~ 

AIR HOSE 
TAKE-UP 
DEVICE 

DIioE CONVEYOR 

D&E CANAL 

,.~ ~ ••. --==-e' 

3/4" PNEUMATIC 
AIR HOSE 

PROCESS ROOM 

ROTARY JOINT 

EDUCTOR VACUUM 
UNIT WITH FLTER 

"GOLF BAG" 

FIGURE 22. AIR EDUClOR ON D&E CONVEYOR 

50 

-I' 5" 



fiGUR!:' DEBR!S Ot\! ClAMSNELL PLATE AND IN WATERPAN 

NOV '1.3 iHfORE VACUUMtNG 
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FIGLIRE 24. EDUCTOR NOZZLE IN WATERPAN ((·MACHINE) ... NOVEMBER 23 

FIGURE 2S. C·M,\CHINE CLAMSHELL AND WAHRPAN AFTER VACUUMING·· NOVEMBER 23 
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F!GUPE 26. ell'!" BEHIND CLAMSHELL PLATE 
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AND FLOOR 

I' 
/// 

.... -------
, ,/ 
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FIGURE 27. CRANE HAUNCH PLASTIC ENCLOSURE 
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Grit I,oading 

Aluminum 
Oxide 

Bla.st 
Vacuum Valve 

rro=;;;L~·j.~l~K\ 
11 Shield ~ 

Vllcu-blast 
Nozzle Grit· 

Discharg" 
Va.lve 

Absolute 1"1..1 tel' 12"-~ 

1" Le"id 

3/4" 

Lifting Ba.le 

fiGURE 28, SANDBlAST EQUIPMENT 
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98·3/4" 

82·3/8" 

HOLLOW TOP END FITTING FOR 
CONNECTION TO DISCHARGE 
MACHINE FOR AIR SUPPLY 

EXHAUST SECTION 

VACUUM SECTION 

TABLE VII. INITIAL VACUUMING OF REACTOR AND PROC E5S 
RAOIATION READINGS, R/h, AT ABOUT S ,n. FROM 

Aftel" After 
III Hot Seot (ReactoJ.) Before 1st Vacuum 2_~s!._\,'.a.'O..u..u_~ 

22-48 750 500 J,U 
23-51 360 J60 2bCl 
21-51 J60 320 215 

FIL TER SECTION 
112 Hot SEot (Reactol") 

26-48 320 J20 lEO 
28-48 320 215 21S 
27-51 4 JO 320 320 

Pl.~~~~. (Reac~ 

25-51 215 170 170 
24-54 190 190 190 
26-54 190 190 19() 

li4 80' SEot (Floor) 

211-167 60 60 27 
217-161 1000+ 190 U7 
217.5-161 1000+ 190 In 
216.5-161 1000+ 190 17') 

INLET SECTION 215-161 1000 117 ]]7 
---~---

3.70" 

COUPLING FOR NOZZLE ATTACHMENTS 

FIGURE 29. DISCHARGE MACHINE AIR EDUCTOR 
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,.......... . ............................................................................................................... _--•... _-----, 

FIGURE ]0. PROCESS ROOM MANUAL VACUUM CLEANER (Note exn(1u$t filter, 
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CAMERA 
HOLDER 

TRUCK CASTERS 

'-----------------~.~----.... ----

FIGURE 31. PROCESS ROOM TV CAMERA DOLLY 
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! RAYS FOR LEAD 
COUNTERBALAr-JCE, 

VARIAC,AND MONITOP 



FIGURE 32. PLACING BAGS OF LEAD SHOT ON TANK TOP 

F!GURE 33. COMPOSITE PHOTOGRAPH OF REACTOR TANK TOP 

Used a> g\JlJt' ir< nrlpping wires from tonk top 
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I---.-----............ -~"---·····-·······- ......... , 

fIGURE 34. TANK Tor SPRAY SYSTEM 

/""1 \\,,- i 
........... -~ 

................ --.. ---.......... - ..... _--.------' 

FIGURE 35. TANK TOP SPRAY NOZZLE 

.. 60 .. 



FtGURE 36, TANK TOP SPRAYING 
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HALOGEN ADSORBERS 
,1 

PARTICULATE 
200 FT. 

FILTERS 
STACK 

MOISTURE----, 
SEPARATORS 

CONFINEMENT ~HA~ REACTOR 
BUILDING 

SUPPLY PROCESS AREAS FILTER FANS (3) 

FANS 
COMPARTMENTS ~IOO.OOO 

-E:) 
( 5) cfm 

NOT TO SCALE 

FIGURE 37. SCHEMATIC OF VENTILATION SYSTEM 

TOP 
GUIDE 

AIR OPERATED 
SEALS 

". 
AIR +- iii 
FLOW 'if 

4--~.Jl 

I 
RAIL 

1--.-----22'-------1 
DOLLY 

FIGURE 38. FILTER COMPARTMENT 
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h:, 34 
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TMLE IX. DiSTRiBUTiON OF ACTiVITY AMONG (OtlFiNfMfNT ;!L f[RS 

InJ.tliJl :\,:t-lhty. 

.......... .'?:~!E~~.~! .. 

oj 

'L?~_~b 

14 86 
70 

J.00 
tOO 

FIGURE 39. MOVING FILTER COMPARTMENTS (FROM L AREA) UNDER POWER 

UNE 
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fIGURE 40. SEAUNG F!LTER COMPARTMENT WITH URETHANE FOAM 

(Preliminary Te~t) 

FIGURE 41. LIFTING FILTER COMPARTMENT FROM ROOF 
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FIGURE 42. FILTER COMPARTMENT aEING LOWERED ONTO FLATCAR 

FIGURE 43, FILTER COMPARTMENT TRAIN 

(Radiation Maosureme.nts) 
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ENTIRE UNIT INSERTED 
IN UNIVERSAL SLEEVE 
HOUSING 

\ FINE MESH SCREEN 

I 
I , 
, 
,-
I 
I 
I 
I 

UPFl.O\,' COOLI,,(; '~''''TF!{ 

SUPPLY PI", 

FIGURE 44. FILTER TRAP INSERT fOR 

"GOOSENECK" FLUSH!NG (Schematic;) 
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Cu(fes 
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CONTAINER ("HARP") 

40 -

30 -

10 '--

o 

o 
o 

o 

o 

"HARP" TO RBOFj som; r LOOSE PIECES GONE FROM 
D&E 

o 
o 

o 
o 

l-- VTS Section 

o Machine BaSin 

o 
o 0 

o 

o 
o 0 

II 1 1 1 1 1 1 I I 1 1 I I I I I I I 1 1 
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Doc Joo Fob Moy 

FIGURE 45. lHSb ACTIVITY IN DISASSEMBLY BASIN 
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Conductivity 
(wllho/cm) 

100 

.~ ---_.-------
pH~ ____________________ --, , 

N H 

Nov 13 

N 

NOv 14 

H H 

Dec 10 

N 

Dec II 

H 

Dec 12 

FIGURE 46. ANIONIC BREAKTHROUGH OF Sb IN BASIN 

DEIONIZERS (Drop in pH shows breakthro,",gh of hydrogen 

ions plus anions; drop in activity removal parallels anion 

breakthrough 

~----------------~ 
• Input to de ionizer 

o Outlet from Deionizer 

o remov .. l of groaa B-y activity 

t:. removal of antimony activity 
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TABLE X. PERSONNEL EXPOSURE DISTRIBUTION 

Exposure Range. NUlDbet of Peo~le'" 
mR 1970 1971 

0-100 9 '0 
101-200 6 44 
201-300 , 75 
301-400 " 72 
401-500 ,0 91 
501-600 15 63 
601-700 9 " 701-S00 7 39 
SOl-900 14 33 
901-1000 7 31 

1001-ll00 3 ZO 
1101-1200 3 27 
1201-1300 3 35 
1301-1400 5 46 
1401-1:500 3 54 
1501-1600 3 37 
1601-1700 0 7 
1701-1S00 1 , 
1S01-l900 0 3 
1901-2000 
2001-2100 
2101-22.00 0 
2201-2300 0 
23U1-2600 0 
2601-2700 0 
2701-3100 0 
3101-32UO 

Total 147 83' 

·t"tal EXp"sure 
(Approximate) 93.8R 601. 2R 

Some of the sam", people are in-
cluded tn bo~h 1970 and 1971. 

NOTE; The data for 1971 represent 
total expoaures accumulated 
by these peop11\, including 
wot"k other than the K-Area 
cleanup work. The best 
estilQ.8te of total exposure 
for cleanup work alone in 
1971 is 495 R, rather than 
601. 2. 



Term 

Assembly Area 

8-Mast 

C-Area 

C-Machine 

C-Mast 

Canal, D & E 

Clamshell 

Clamshell Plate 

Com partment 

Confinement Filter 

Control Rod Cluster 

Can tral Cluster Cap 

Crane 

Crane Control Room 

Crane Wash Area 

D& E Canal 

D & E Conveyor 

D-Machine 

Disassembly Basin 

Final Storage Section 

GPR 

GLOSSARY 

SigIlificance 

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 contral rads (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, 39 

Retains radioactivity from ventilating 
system air (See "compartment") 

Group of control rods housed in one septi­
foil (p.) 

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 (3 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. 
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Term 

Harp 

HM Chambers 

Latches 

Mast 

Observation Window 

Periscope 

Peter's Tongs 

Plenum 

Plenum Tubes 

Presentation Point 

Probe Pins 

Process Room 

RBOF 

Reactor Room 

Reactor Charging Room 

Robot 

Second Sb-Be Source Rod 

Septifoil 

Universal Sleeve· 
housing 

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 I). 

Window in Crane Control 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 I) 

Tubes protruding through the plenum, which 
accept dischargeable reactor components 

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

Pins protruding vertically from the plenum 
to aid in positioning the C & 0 machines over 
the plenum tubes (See figure 36) 

Reactor charging room (figures I and 2) 

Receiving Basin for Off-Site fuel. located in 
the Savannah River "200 Area." 

See Process Room 

See GPR 
Two source rods (in different clusters) were removed 
from the reactor to permit charging fresh septifoils. 
In paint of time, this was the first to be removed. It 
was recharged without mishap. 

Aluminum housing for a control rod cluster in 
the reactor 

Special type of fuel housing 
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Term 

Upper Plug 

VTS 
Vertical Tube Storage 

Waterpan 

Wild Level Hole 

x 
y 

Z 

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 D2 0 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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