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ABSTRACT

In May, 1961, it was determined no renewed nuclear reaction in the SL-1 pressure
vessel was possible as long as water was excluded. It was therefore possible to
proceed with the final phase of the SL-1 recovery, known as phase 3. This work
consisted of moving the pressure vessel and core to the Hot Shop at the north end
of the National Reactor Testing Station, dissecting and analyzing the reactor and its
components, cutting up and burying the reactor building, and decontaminating the
rest of the SL-1 area. These things were accomplished by the General Electric
Company between May 1961 and July 1962.

It was determined that the central control rod was bound in its shroud at a position
corresponding to 20 inch withdrawal. Analysis of the pertinent data shows that the
amount of reactivity associated with this rod position, inserted at a rate compatible
with manual withdrawal of the rod, can explain all the significant evidence which
has been collected. No other means of withdrawing the rod has been found to be

in accordance with the evidence. The most striking and unexpected phenomenon
discovered was that the relatively low yield (130 Mw-sec) nuclear excursion pro-
duced a water hammer with pressures up to 10,000 psi, which, in turn, caused

the pressure vessel to rise some 9 feet in the air.
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1.1

1.2

1.3

I. INTRODUCTION AND SUMMARY

History of Project

Phase 1

Or January 3, 1961, a nuclear accident occurred at the SL-1 reactor
facility, operated by Combustion Engineering for the Atomic Energy
Commission, at the National Reactor Testing Station in Idaho. This
accident resulted in fatal injuries to the three reactor cperators, all
military personnel, who were or. duty at the time. During the period
from Janvary 3 to January 10, 1961, an NRTS disaster plan was in effect
for the recovery of the three casulaties from the reactor building and

for the assessment of the reactor shutdown condition. This portion of
the recovery cperation was designated as Phase 1. During this phase, the
reactor was determined to be in a non-critical condition. However, the
physical condition of the reactor core, the location of control rods, and
the presence or absence of water in the pressure vessel were unknown,
Therefore, no corclusior could be drawn as to whether or rot the reactor
might at anytime sustain a renewed nuclear excursion.

Phase 2

This phase of the recovery operations was undertaken by Combustion
Engineering with the objectives of establishing the nuclear status of the
reacior core and of assuring that a renewed nuclear excursion would not
occur. This work ircluded radiation surveys, the installation of neutron
and gamma monitoring instruments, viewing the top of the pressure vessel
head, viewing the vessel interior to determine the condition of the core,
and determining the water level n the pressure vessel. Because of the
concern over the possibility of renewed nuclear excursions, all of these
cperations were performed by means remote to the reactor building in-
terior. Phase 2 of the recovery operation was corcluded in May 1961,
with the determiration that the pressure vessel contained no water and
that subsequent nuclear excursions could be preverted by keeping the
vessel dry.,

Phase 3

This phase of the recovery operation began or May 23, 1961, when the
Idaho Operations Office of the Atomic Energy Commission and the General
Electric Compary signed a letier contract under the terms of which
General Electric unde=tock the remaining recovery efforts. The objectives
of this phase of the operazion were as foilows:

a. To gather and evaluate da:a concernirg the accident.

b. To remove the SL-1 core fcr examiration, evaluation and disposal.

¢. To raze the reacior building completely.

d. To decontaminate the SL-1 area and ready if for potertial beneficial
occupanrcy.,



These objectives were succeszsfully completed on July 27, 1962.

Highlighis of the Recovery Operations

Site Cleanup

The job of cileaning up the SL-1 site was started on May 23, 19€1, and was
complieted on June 22, 1962. During this period, Gereral Eleciric personnel
and volunteers represerting many organizations and professions contribu-
ted toward the successiul fulfiliment of a very difficul: task.

Several overall plans for the recovery operaticn were considered. The
decision was made to remove the pressure vessel and transport.it, for
purposes of core examination, to the Hot Shop used for the former Aircraft
Nuclear Propulsion program. Pursuant to this end, plans were made to
overcome the many problems associated with such an undertaking. These
problems included: (1) radiation levels up to 200 R/hr, (2) widely scattered
corntamination within the reactor building, (3) a severe congestion of equip-
mernt and material in the operating room, (4) an operating room floor which
was 21 feet above ground level, and (5) the need to perserve and r=cord the
condition and crientation of all evidence pertinent to the incident.

General plans for the site recovery were to reduce the general radiation
levels and recover major evidence, to dismantle the upper part of the
reactor building, fo remove the pressure vessel and take it to the ANP
Hot Shop, to raze the reactor building, and firally, to decontaminate the
remaining area.

Recovery operations were initiated by establishing an entry corntrol point

in a building located near the SL-1 perimeter fence. This building was sub-
sequently used for briefing and debriefing entry teams, for health physics
monitoring and conirol, for assembly and maintenance of equipment, and
for decontamiration. Radiation and photographic surveys were made of

the reacior building and a special roadway was constricted between the
coniroi point and the reactor building.

General radiation levels in the reac*or building were greatly reduced by
removing large pieces of highly contaminated equipment, by sweeping or
vacuuming up the smaller debris, and by placing shielding over the pressure
vessel head. Although as much of this work was accomplished by remote
means as was consistent with cost and schedule objectives, the bulk of it
was performed marually, using carefully conirolled personnel exposures.
Special TV monitoring systems, vacuuming systems and handling equip-
ment were desigred as required to fit the occasion. Extensive health physics
monitoring ard control were exercised at all times and wide photographic
coverage was given to the various operations using both still and movie
cameras. Material removed from the reactor building was either sent to
the ANP facilities for inventory and subsequent laboratory analysis, if
deemed necessary for incident evaluation, or placed in a specially prepared
burial area near the SL-1 site, if it was deemed to be scrap.

I-2



After the reactor building had been sufficiently cleaned, the upper sections
were removed and the equipment on the fan floor above the operating room
was dismantled. Again, special equipment was designed and fabricated

as necessary for specific applications. To provide a drain for any water
that otherwise might accidentally accumulate in the core as a result of
removing the roof of the building, and to permit inspection of the core
before moving the vessel, a hole was drilled through the shielding, gravel,
support cylinder, and pressure vessel below the core. Through this hole,
with the aid of a boroscope, the under side of the core was examined and
photographed. '

With the area above the pressure vessel clear, the vessel itself was re-
moved with a 60-ton construction crane, placed in a large cask, and trans-
ported by a lowboy trailer to the ANP Hot Shop.

Subsequent site operations consisted of razing the reactor building and
decontaminating the remaining service buildings and work areas. Thus,
on June 22, 1962, 18 months after the incident and 13 months after Phase 3
recovery operations were started, the SL-1 facility area was available to
the AEC for future projects.

Hot Shop Work

The Hot Shop work consisted of receiving and inspecting the the reactor pres -
sure vessel, recording and preserving all evidence, conducting a critical
experiment, and dismantling the vessel and the core., This work was started
immediately after receipt of the pressure vessel on November 30, 1961,

The ANP Hot Shop is ideally suited for work on highly radioactive materials
as it is heavily shielded and contains an abundance of remotely operated
equipment for handling and viewing. Upon receipt of the pressure vessel

in this area, the highly contaminated shielding material on the vessel head
was cleaned off and the core was examined with a boroscope through the
severed steam line. It was determined that no significant dislocation of parts
had occurred during the removal of the vessel from the SL-1 site and its
transfer tothe Hot Shop. After removing or severing parts connecting it

to the core, the head of the vessel was removed, an unexpectedly difficult
operation because of the flange and stud deformation.

With extensive photographic coverage to document parts location, loose
components lying above the active core region were removed with remote
manipulators. These parts included the central control blade, tightly bound
in its shroud in a position corresponding to 20-inch withdrawal.

With the vessel in its shielding cask, holes were drilled through cask and
vessel to permit a boroscope examination of the under side of the core. This
examination not only confirmed that all the control blades except the central
one were fully inserted, but showed that the core possessed enough mechani-
cal integrity to permit the performance of a critical experiment. In further
preparation for the critical experiment, an 8-3/4 inch hole was cut in the
bottom of the vessel, and all loose debris scraped and washed from that
region.

I-3



The critical experiment, performed in a specially constructed tank, revealed
that the core was highly sub-critical, even when filled with water.

Following the critical experiment, the pressure vessel was cut apart and the
core completely dismantled. All core componerts, samples of deposits,
and samples of the pressure vessel were subjecied to laboratory analysis.

Health Physzics

Because of the high radiation levels and the wide spread of radioactive con-
tamination, health physics monitoring and control played a predominant part
in the recovery operations. As previously stated, an entry control point
was established in a building rear the SL-1 perimeter fence. Through this
control point passed all personnel and equipment, both entering and leaving
the contaminated area. Health physics personnel were responsible for
supervising the dressing and undressing of all entry teams in suitable pro-
tective clothing, for briefing entry personnel on the required safety pre-
cautions, for monitoring the entry working t‘mes ard for maintaining ade-
quate records on individual radiation dosages.

Throughout the recovery operation, radiation exposures were controlled

to be in accordance with the radiation protection guides recommended by

the Federal Radiation Council for exposure o external sources of radiation
during normal operations. In spite of the fact that dose rates were extremely
high and variable, less than six percent of the approximately 475 individuals
‘nvolved received dosez in excess of the guide values, the highest of these
technical overexposures amounting to 16 percent,

The control of waste disposal was also a health physics responsibility,

Approximately 80, 000 cubic feet of contaminated equipment and material
were buried at the SL-1 site. For all material, a log was kept of items
buried, location, radiation level, volume, curie content and burial date.

Eviderce for Evaluation

Cortrol Rod Positions

Determining the position of all control rods in the reactor at the time of
the incident was of primary importance. Consequently, great emphasis
was placed upon the examination of any evidence pertinent to this deter-
mination. The recovered parts of all control rod mechanisms were care-
fully inspected and matched. Reconstruction of the severed parts of these
mechanisms revealed that all rods except the central control rod were in
the normal or shutdown positior at the time of the incident. The central
control rod, however, was determined beyond all reasonable doubt to be
in a 20-inch withdrawn position. :

Veszel Condition

The detailed inspection of the pressure vessel in the Hot Shop revealed
that it had been subjected to extremely high pressures. It was bulged
radially in several places and the top flange was severely distorted. The
nozzles on the top head were also bulged to varying degrees. Subsequent
tests made at the Army Aberdeen Proving Grournd on a scale model of the
pressure vessel produced many of the same distortions.
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Inspection of the core revealed that melting o vzporization of the central
fuel elements had occurred. The entire core was in a state of severe
disruption with many of the core components badly distorted and displaced
both laterally and vertically. The eniire core was measured to be displaced
upward by almost half a foct,

Flux Wires

Fortunately, new flux wires had been placed in the reactor core prior to
the accident. Most of these flux wires were recovered and analysis of
them provided a direct measurement of the flux and energy densities for
the incident,

Laboratory Analysis

Chemical analysis was performed in the laboratories on many samples taken
during the recovery operations and on the debris recovered from the pressure
vessel. Metallurgical analysis was also performed on many samples of fuel
elements and other reactor components. These analyses were especially
valuable in establishing the range of temperatures and pressures reached
during the incident.

4. Analysis and Conclusions

4.1

Initiation of the Excursion

The recovery of the central control rod, locked in its shroud at the 20-inch
withdrawn position and with evidence of no relative motion after seizure,
definitely established the condition which made the reactor supercritical.
The reactor was not normally operated with only the central control rod
withdrawn, but from the limited critical experiment data available for this
rod configuration, it is estimated that the reactor would have been critical
with the central rod withdrawn to 16. 7 inches. At the 20-inch position, the
reactivity would have been (2.4 * 0. 3)% Ak/k.

Tests on a mockup of the rate at which the certral control rod could be
withdrawn have shown that manual withdrawal to the 20-inch position could
occur in less time than is actually necessary to create the excursion.
Other explanations for the 20-inch rod withdrawal have been sought, without
success. Chemical tests and examinations of vessel and core components
have ruled out the possibility that a chemical explosive lifted the central"
control rod. Likewise, an explosion of hydrogen, accumulated from the
decomposition of water in a radiation fieldycarnot account for the initiation
of the incident. Though positive proof is lacking, all information indicates
that the excursion was caused by the manual withdrawl, with less than
maximum effort, of the central control rod during the assembly of the rod-
drive mechanism.

The Power Excursion
Following the insertion of approximately 2.4% of excess reactivity, the power

rose on approximately a four millisecond period until sufficient steam was
formed to end the power increase at (1.9 = 0. 4) x 1010 watts. At this time,

I-5



4.4

the plates in the highest flux regions of the core were just reaching the
vaporization temperature of 2060°C (at 1 atmosphere) in the center of the
meat. However, because of the thick plate cladding, none of the outer
cladding surface had yet reached the melting temperature,

During the interwpl from the start of power decrease to the end of the
excursion, 5% of the plate area in the center 16 elements attained vaporiza-
tion temperature, resulting in the violent destruction of these areas and

a very rapid production of additional steam. Throughout 20% of the entire
core, melting proceded to the cladding surface and destroyed these regions
of the core,.

The total nuclear energy generated was 130 = 10 megawatts-seconds. The
chemical reaction of the hot molten and vaporized plates with water re-
leased additional energy which probably was no more than 25% of the
nuclear energy release, '

The Effects of the Excursion

The rapid formation of steam in the core accelerated the seven foot column
of water above the core and slammed it into the lid of the pressure vessel
with an approximate velocity of 160 feet per second. This impact com-
pressed the water to a peak pressure about 10,000 psi, and transferred
momentum to the shield plugs and the underside of the pressure vessel
head. The shield plugs were ejected from the top head at velocities up

to 50 feet per second along with much of the top--head shielding. The mom-
entum transferred to the pressure vessel itself sheared the connecting
piping and lifted the vessel approximately nine feet in the air. The vessel
then fell back into its support cylinder, ripping off some of its insulation
which was scattered and eventually found on the operating floor. The time
involved in the incident from the beginning of control rod withdrawal to the
time that the vessel fell back into its support cylinder was between two and
four seconds.

The neutron activation subsequently observed on the operating floor was
produced by delayed neutrons, both from the fuel in the vessel during the
time the vessel was in the air, and from fuel ejected from the vessel.
The activation f{rom the prompt neutrons would have been several orders
of magnitude less. On the basis of the best datd available, approximately
5% of the gross fission products were ejected from the pressure vessel,

Analysis of the evidence obtained during the recovery operations combined
with the results of other relevant tests and calculations are sufficient to
render a reasonable and internally consistent reconstruction of the inci-
dent. The data obtained adequately explain the position of all the various
objects and the extent of the damage observed. The discovery that’

10, 000 psi impact pressures had been produced from 500 psi steam
identified a new and hitherto unexpected effect, and one that produced an
impressive amount of damage from a relatively low yield (130 MW -sec)
excursion. The partially filled vessel with its heavy, tightly-bolted lid
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made conditions ideal for the Production of high impact Pressures,

In an open top vessel, for example, the most destructive effects would
not have OCcurred at a]], The importance of the mode of reactor core
containment may be emphasized by Pointing oyt that the kinetic énergy
which Produced al] the mechanica] displacements observed wag less

eXisting engineering knowledge Wwas sufficient to account for the observed
Phenomens, In pParticular, the underlying assumptions and conclusions
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IL RECOVERY OPERATIONS
T =2 AL IONS

Site Cleanup
—— x-fadnup
Method of Operation

Conditions at Start

Mmeasurements indicated that the gammag radiation ranged from 29 R/hr
four feet inside the freight door 0 100 R/hr over the rezctor core,
Subsequent Mmeasurementsg Tevealed that the Source of thig radiation was
widely distributed throughout both the CPerating room ang the fan room
above it, A high ratio of beta to gamma radistion existed so that the beta
€Xposure wag Operationally llmiting to personnel Wworking in the building,

Photographs, both those existing at the start of thig pPhase cf Operations
and those taken during subsequent entries, revealed that the Operating
room wag congested with shield blocks and equipment, The shield bleciks
had been moved back from the head of the reactor Prior to the accident

large Personnel shieldg Or mobile equipment wag Severely restricted,

A clearance of only three feet of free Space existed betweern the tops of
the shield blocks and the bottom of the building bridge crane, Early
photographs showed that ip addition to the large items of equipment such
as bell housings, Stretchers, etc., a grsat deal of debris existeq on the
floor in the form of blotting Paper, insu.lating Mmaterial, stee] Punchings
and gravel. The conditiong described above are llustrated in Figures
II-1 through 114 .

Further Complications in the possibie use of remote rnanipuiating equip-
ment or Personrel shieidg Were imposed by the facts that the Operating
room floor wag Some 21 feet above 8rade and that it Wag accessikble only
by two RArrow personne] Stairways and z cargo decor ROrmally serviced
by a monorail crane which had been Previously dismantled, In addition,
the outer Portions of the Operating rcom floor would not support large

Subsequent radiation measurernents, described in Sectiopn Ii, 1.3, 2,
Tevealed that 5 significant amount of Contamination existed in the fap room
above the Opberating fioor, This room Was normally accessible only through
a vertical ladder and air lock, The virtya) impossibility of staging rescye
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Figure II-1 Reactor vessel head after placement of shield bags

U-5006-2

Figure I1I-.2 Steel punchings near head of reactor vessel
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Figure 17.3

Figure II.4



Figure 11.¢

South gide of operating room
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required the solution to the problems of erecting & working platform 35
feet above the ground in a radiation field of 1 to 5 R/hr and of cutting
through the steel wall of the fan room and the inflammable insulation
inside it. The successful accomplishment of this access is described
in Section II, 1.3.3.

Two additional complications existed which rendered the recovery opera-
tion more difficult than might otherwise have been the case. The first of
these was the necessity of avoiding any possibility of renewed criticality
of the reactor. The nuclear safety of the reactor was predicated upon
the absence of water in the pressure vessel, All recovery operations were
undertaken with the requirement of keeping any water from entering the
vessel, severely limiting the choice of clean-up procedures. The second
complication was the requirement to collect and preserve all possible
evidence of the cause and effect of the excursion. This requirement was
met by extensive photographic recording of the positions of objects in the
reactor building and the subsequent detailed examination and inventory of
the items after their removal.

Overall Plans

At the start of the Phase 3 recovery operations, various overall plans to
dismantle the core were considered in some detail. The basic choice was
between attempting this operation in place at the SL-1 site vs. transporting
the vessel and its contents to the ANP Hot Shop at the north end of the
National Reactor Testing Station. This latter alternative was greatly pre-
ferred, studies having shown it to be the quickest and cheapest method,

to permit the earliest restoration of the SL-1 area to useful service, and
to provide, by a large margin, the most information relative to the acci-
dent. A second series of alternatives involved the addition of shielding
material to the pressure vessel in the hopes of reducing radiation levels.
Materials such as borated water and sand were considered at some

length. It was decided, as a first step, to place bags of lead shot over

the open nozzles in the pressure vessel head in order to reduce the pre-
sumed streaming of radiation from these openings. This operation,
described in Section II, 1.3.1, resulted in negligible reduction in radia-
tion levels. This fact, together with estimates made of the radiation
levels from the pressure vessel during transit showed it would be un-
profitable to add any material to the pressure vessel for shielding purposes.
It was also known that the addition of any material to the vessel ran consid-
erable risk of obscuring or destroying evidence by abrasion, by shifting
the relative position of core components, or by inducing additional core
damage through impairment of natural afterheat removal. It was decided,
therefore, to proceed as rapidly as possible with the cleanup of the building
and the reduction of radiation levels so as to permit the removal of the
pressure vessel containing the core, and its transportation to the ANP Hot
Shop.
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L. 6

Remote vS. Manuya] Operation

In addition, nq Suitable manipulating €quipment Was on hand at the start

of this OPeraticn, [tg uSe would have Tequired skiiled Personne] and, in
general, the OPeraticn Wwould have Proceeded 5t 4 much slower Pace. On
the other hand, wigy Proper planning and adequate health Physics controls,
the Measured radiation levels Permitieg usefil Working timesg in the reactor

Possible,
Personnel

Since quarterly €Xposures were to pe used up in 5 matter of 5 very few
Minutes, j¢ Wwas evident that g large Number of Personne] would be required
for the OPeration. 1t eventually developed that approxirna.tely 475 People
Were used including volunteerg from the Atomic Energy Cornrnission and
the U, s, Army in addition to Genera] Electric Personne],

By the time that the Phage 3 Tecovery OPberationg Started, general arey
radiation levels had decreaseq SO that a nevw control point for accessg to
the S1.-} area could be €stablished, Tke temporary control point was a

at the SI,-] Site itself, but, in 8eneral, ne atlempt wag made to control the
detaileq Operationg frem thig 500 foot distance.

OPerations, jt Was inevitable that mosgt of them had litt]e Oor no fa.miliarity

With the SL-] reactor bu_ilding, nor frequently With the Specific type of



Wwork they were asked to do, Furthermore, in many cases they had never
worked in a high radiation field nor ysegq Protective health Physics clothing,
In addition, normal Supervisory methods coulg not be used, For these
Teasons, rather extensive briefing Sessions were conducted,

to make an entry during the day, A discussion was held which covered the
general layout of the b'_u'lding, pointed out Specific items of €quipment that
could be used as landmarks, cutlined the general Operations which were
Planned, gave specific instructions On Operating the appropriate €quipment,
described the health Physics Procedures to pe used, and answered any ques-
tions that might arise, [t Was the purpose of these 8Toup briefings to famil-
iarize the volunteers with the generaj Procedures and with the conditiong in

Following the groyp briefing, the men were assigned an order of entry, The
first man was then given more specific ang detailed instructions for the

for the more e€xacting assignments, if available, Up to date photographs
Proved to be of Cconsiderable value in achieving maximum utilization of

When a man returned to the control point, he Was debriefed to find out what
he had accomplished, The next man was then briefed on the basis of the
bPrevious mantg information, During the debriefings a good initig] briefing
Paid additionaj dividends. If the man kad been well briefed he could recall
things abouyt the work and &rea in which he worked that Were not in the cop-
dition that had been anticipated from Previous information. This saveq
considerable time and radiation exposure,

Equipment
Remote Operationsg
All of the Teémote operationg thet were undertaken during the Phase 3 SL-1

cleanup magde use of an Austin-Western model 580 Crane. Thig Crane had
been modified by the addition of ap electricaﬂy driven horizonta] auxiliary
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Figure II-7

Shielded crane used for remote operations
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boom, which could be raised in 2 horizon=zl poegition to a height of about

35 feet above the ground, a requirement made necessary by the elevation

of the operating room. The boom with an extension could reach about

29 feet in front of the crane., This equipment could cover the area over

the pressure vessel completely, but could reach less than 20% of the entire
operating room, znd none of the fan rocom. A shielded cab with a lead

glass viewing window was provided for the crzne operator and another
shield, similarly equipped with lead glass windows, was provided for the
boom operator. A television monitor was ziso provided for the boom opera-
tor. A variety of attachments was fzkricated for the end of the horizontal
boom. These attachments permitted use of the crane for such jobs as
removing buckets of contaminated material from the operating room, placing
shielding components over and around *he reactor vessel head, removing
magnetic material with an electromagnet, and making photographic and
radiation surveys. Figure II-7 is a photograph of the equipment with the
television camera and boom extensicn mounted.,

The electromagnet used for the remote removal of steel punchings was a
"Portamag'' plate clamp and lifting magnet manufactured by Lupear Tool
Products. The magnet was designed to be used on flat surfaces as a
clamp or lifting device and as such as rot ideally suited for picking up
irregularly shaped objects. The effeztive surface area of the magnet was
about 4" x 16", The magnet was raised znd lowered by cable which passed
along the bottom of the horizontal boem, thern down to a manually operated
winch at the auxiliary operator's position,

The equipment used for mzaking the rzdiation and photographic surveys is
shown in Figure II-8, As depicted in thig figure, two Bell and Howell 16
mm movie cameras znd twc ccllimated icn chambers were mounted in a
lead-shielded box. This box gprovided i/2 inch of lead shielding for the
cameras. The collimators used in conjunction with the ion chambers
provided a minimum of 2'" of lead shielding for each ion chamber. The
beam hole in each collimator was 2 inches long and 0.4 inches in diameter.
The box was mounted sc that one camera and one ion chamber were pointed
directly up and the cthers directly dowr.. Four Sylvania "Sun Gun" lights
were chosen beczuse of their intensity end relatively constant light output
over their life span. An aluminum feeier piate, not shown in the drawing,
was mounted on the front of the instrument box. This spring loaded plate
was mounted so that it would ring a warning bell in the event that the box
contacted zn obstacle. The radiztion detection system used was a Jordan
remote area monitor. This svstem was chozen because of its simplicity,
the small size of the ion chamber, and the response time of less than one
second.
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Equipment for Observations

Closed circuit television was used extensively as an aid to operations.
One camera was mounted on a tripod in the operating room to provide
surveillance during manual entries and to assist the Austin-Western
boom coperator to avoid obstacles. This unit had remote control lens
selection and was mounted on a pan and tilt base which allowed complete
coverage of the operating floor. Despite the absence of artificial illumi-
nation, this camera provided valuable assistance to the operation.

A second television camera with a single lens and a tilt mechanism was
mounted on the Austin-Western crane boom., The boom operator was
provided with a monitor, and could control the tilt function. This system
provided the only direct guide to the boom operator, since he could not
see onto the operating floor directly. Without this system, the utility

of the Austin-Western crane would have been greatly reduced.

The corntrol circuits and master monitors for both television systems
were located in a trailer which was placed behind the SL-1 area water
tank for radiation shielding.

During the pressure vessel removal both cameras were used to monitor
the operation, and againr in the Hot Shop operations (Section II, 2.5)

television was vital.

The equipment used for these operations was as follows:

Cameras General Electric 4PX33A1
{with non-browning lenses)

Parn and Tilt General Electric PT-10002

Cortrol Console Gereral Electric 4TH5A3

Mor.itor Conrac CL14A

As has already been mentioned, a great deal of reliance was placed on
photography, both to record the position and condition of the equipment
in the reactor building, and to serve as a guide during briefing of per-
sonnel and clearup of the building. Severa! hundred photographs were
taken using a hand held 35 mm camera and electronic flash attachment.
All pictures were obtained with an F 16 setting on Plus X film. Since
the volunteer taking the pictures may have had a scanty knowledge of
the SL-1 beyond that obtained ir. the general briefing just prior to his
entry, it was found most effective to specify in considerable detail the
location and direction of each picture rather than to permit the photo-
grapher latitude in shooting items of interest, By this technique it was
possible to obtair 20 pictures in less than three minutes,
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Photographs inside the Pressure vegge] were taken through the plug
nozzles during the later Stages of Te€covery at the SL-1 site, For

Some of these Pictures, the 35 mm ¢amera and flash attachment wag
lowered through the nezzles, For other pictures, a 16 mm motion
pPicture Camera and 3 30 inch long boroscope Were used, both looking
Siraight down, and With a mirrop looking 1P at the under side of the
Pressure veggei head. The 16 mm movie photographs looking straight
down, with an exposure rate of 8 frameg Per second andg using the
illumiration from three "Sun Guns", resulted in pictures Wwhich were
under exposeq on Kodak Pl X film, By hand cranking of the Camera,
longer €Xposure times Were obtained Providing quite satisfactory Pictures,
For the 35 Mm pictures, +the Camera wgag equipped With a wide angle lens

During the later stages of the Tecovery OPeration in the Hot Shop, a 35
MM camera with an automatic film advance wag obtained, This Camera,
held by a4 remote manipulator, Was able to take APProximately ]2 frames

sively to te€cord the location of components in the vesse], Stereo pictures

Wwere also taken using this technique,

The €quipment yseq for photographic Operations included the following:

35 mm Cameras:
Praktina Fx
Exakia VX
Nikon F

Strobe light:

Meteor 17 Ultrablitz Strobe
Movie Cameras:

16 mm Bell ang Howell Model 70
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1.2.2

Pinhole Camera

A pinhole camera, furnished by the U.S. Naval Radiological Defense
Laboratory, San Francisco, was used to locate sources of high radia-
tion, The camera held a 4 x 5 film holder, in which was placed a

piece of light sensitive film, a sheet of black paper and a piece of

gamma sensitive film, These films were stapled together to provide

line up marks for superimposing the two negatives during later com-
parisons, A conventional picture and a gamma picture were thus obtained
with a single exposure. By comparing the two pictures, the radiation
sources could be located,

Exposures were made for 24 hours on X-ray film for the gamma photo-
graphs. The light sensitive exposures depended on the level of illumina-
tion, but were nominally one hour in most cases.

Pictures taken outside the building were useful mainly in confirming the
fact that there were high intensity sources on the fan room floor above

the operating room. Photographs taken later inside the fan room showed
areas of high contamination on the floor, the condenser, and the fan drive,
thus assisting the cleanup and equipment removal operation. No attempt
was made to determine source strength from the photos since there were
many variables involved and an extensive experimental calibration would
be required,

In order to get pictures inside the building, it was necessary to make three
entries: first to position the camera, second, to terminate the light sensi-
tive picture and third, to remove the camera, Because of the high radia-
tion fields, these operations frequently resulted in an exposure to one man
of between 1/2 and 2 R for each picture. This points up the desirability
of equipment for remotely positioning the camera, and of a remotely
operable shutter, for extensive use in an application such as this. The
field of view of the camera was quite narrow so that a single picture taken
inside the building covered only a relatively small area. For a general
area survey a large number of pictures would have been required, Since
an exposure time of approximately 24 hours was required for each gamma
Picture, any extensive survey would have become quite costly, both in
terms of personnel exposure and of delay to subsequent operations.

The lead shielding on the back and sides of the camera was adequate as
long as the source was in front of the camera, However, if there was
a strong source behind the camera, the film would be fogged from this
source to an extent that obscured the picture. It was impractical to
consider a greater thickness of shielding if the camera were to be posi-
tioned manually since its . weight was all one man could handle.
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2.

Cleaning Equipment

Considerable manual cleaning was required in the SL-1 building. The
equipment used included brushes, dust pans, brooms, square-nose
shovels, 5 gallon buckets with lids and locking bails, 55 gallon open
barrels with bails, and 4' x 8' x 4° deep box with bails for crane handling.

Two vacuum cleaning systems were extensively used and proved to be an
important method of reducing radiation and’ achieving cleanliness.

The first system used two 1-1/2 horsepower '"Tornado" centrifugal blowers
mounted in a cast aluminum head which was secured to the open end of a
55 galion drum. The inlet to the drum was arranged to give a centrifuging
effect to increase the amount of material which would be dropped out in the
barrel. The blowers drew suction from the barrel and exhausted into bag
filters, the flow from which passed through an absolute filter and then to
the atmosphere. All this equipment was outside the building with a long 2"
ID vacuum hose running to the work area.

The second system used a positive displacement Roots-Connersville Model
AF60 blower driven with a 15 HP electric motor. This blower drew from
an absolute filter, bag filters, and a centrifuging barrel in series. This
system was also mounted outside the building with a long hose to the work
area. This second system proved to be more effective because of its

ability to operate at a higher pressure ratio, especially at low air flow
conditions. This system also incorporated an improvised 5 gallon collection
bucket in the work area near the end of the hose to alleviate any plugging
problems. :

In both systems the radiation from the centrifuge barrel built up sufficiently
{as high as 500 R ¥ at the surface of the barrel) to make shielding of this
barrei advisable. This was accomplished by building a barrel shaped shield-

ing cask, with 3 inch thick lead walls, into which the vacuum barrel was

placed. The bag filter radiation level was approximately 10% of the barrel
level and the absolute filter radiation level was approximately 10% of the
bag filter level. Thus these two components constituted much less of a
radiation prcblem.

The most commonly used vacuum tocls were an 18" wide floor brush, a
straight piece of 2 inch tubing, and a crevice tool consisting of 1-1/2 inch
tubing flattened to a 1/4 inch gap and cut off at an angle.

A portable steam generator was used for equipment decontamination at the
control point and later for building decontamination. Detergents used with
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1.2.4

1,3

1,3.1

the steam ranged from green soap to caustic solutions for the more
difficult decontamination problems. Extremely cold winter weather led
to problems of water line freezing and fuel line freezing (in the case of
LP gas fuel).,

Cranes and Truck

Besides the Austin-Western crane, described previously, considerable
use was made of a 25 ton, self-propelled, rubber tired Link-Belt crane.
The boom was standard type with 5 foot, 10 foot and 20 foot sections for
boom length changes. No boom jib was used although the use of a 10 foot
jib is recommended for similar jobs. The operator's compartment was
shielded with 1/2 inch of lead on the front incorporating an equivalent lead
glass shielding window.

For the heavier lifts, particularly the pressure vessel, a 60 ton
Manitowac Model 3900 crane was used. A shield of 5-1/4" of steel
topped by a 9" thick lead glass window protected the operator,

For material transfer irside the SL-1 contaminated area, a large double
axle dump truck was used. Material transfer outside of the SL-1 area
was accomplished with a smaller flatbed truck of 3-ton capacity. This
truck had the bed clad with steel, a 2-3/8" steel shield for the driver,

was painted to facilitate decontamination, and carried a containment

cask which would accept various liners or other receptacles. In practice,
the crane would pick up a liner fill of contaminated material which had
been delivered to the control point and place it in this containment cask,
The containment cask would then be closed, sealed, and the truck and cask
decontaminated as necessary, The truck could then transport the material
to the ANP Hot Shop without risk of contaminating the roadway. A similar
technigue was used for unloading.

Cleanup Operations

Operating Room

The first entry was for the purpose of shielding the control rod actuator
nozzles in the top of the reactor head. This was done remotely, using
the Austin-Western crane to position specially shaped bags of lead shot
ir each of the nozzles. A television camera was mounted on the boom of
the crane, with a monitor at the operators position to allow the bags to be
accurately placed. A remote reading radiation instrument was also
mounted on the crane boom. Its readings demonstrated that, while the
narrow beams from the nozzles were eliminated, the general radiation
field, even in the area of the reactor head, was not decreased noticeably,

II-15



The second entry was periormed by personnel o drain *he demineralized
water tank (which was full} and the hot well ‘ank {whi-h was empty) through
hoses fo the outside of the building. This removed the possibility of this
water draining into the reactor. In additiorn, ore man made a radiation
survey around the outside of the shield blocks. The results of this survey
are reported with the Health Physics section of this report (Section II,
3.0},

The next entries were for photographic recording of zonditions. A 35 mm
camera with electronic flash gun was used. The lens aperiure, shutter
speed and focusing were fixed and he entire camera, except for the front
of the lens and the winding knob covered with plastic and taped to prevent
contamination.

With the photographiz information in hand, the cleaning of the operating
room was started. The cleaning operatinns were divided into several
major steps. The first step was to remove manually all of the large
items such as step ladders, bell housings, lifting fixtures, etc. Smaller
loose items such as tools were also picked up.

Next the area around the outside of the shield blocks was cleaned by
scooping or throwing the larger debris into garbage pails and vacuuming

up the fine debris. This cleaning operation started in front of the covered
entrance of the operating room and progressed around the outside of the
shield blocks. An effort was made to keep from recontaminating the cleaned
areas, but in some cases this was Impossible. If a man noticed that a
previously cleaned area had some more debris scattered on it, he vacuumed
that area again. '

In addition to cleaning, some of the sources were shielded and left until
the general field had been lowered or, in the case of the top of the reactor,
until cleanup could be accompiished remotely in the Hot Shop.

The next area cleaned was between the shield blocks and between the
shield blocks and the reactor. There were large amounts of steel punch-
ings in this area. These punchings were stuck together with a mixture of
rust and boric acid, consequently they had to be broken loose from the
floor. The best implement for this job was a square-nosed shovel, The
lifting-lug wells on the tops of the shield blocks were also cleaned during
this operation. )

Since the general field was still too high to carry out the involved cleaning
operation required for the top of the reactor, it was covered with bags of
shot. This had a rather marked effect on the radiation field within the
area enclosed by the shield blocks.
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During the cleaning around the shield blocks, it became evident from the
exposure of the individuals that the area behind and at each end of the
turbine-generater was a high radiation zone. This was cleaned next and
one 400 R/hr hot spot was removed. At this point, it was decided that the
cleanup of the operating room had proceeded as far as it could without
removing the shield blocks. For this reason the building bridge crane
was repaired and the remaining shield plug that had been lodged in the
ceiling was removed to allow full travel of the bridge. After the repairs
on the bridge crane were completed, the shield block removal was started.
This operation was complicated by the fact that the cargo doors could not
be reached with the bridge crane and the monorail crane running to the
cargo doors had been dismantled shortly after the incident. The blocks,
which weighed up to 19,600 lbs., could not be skidded on the rough floor,
and exceed the safe floor loading between beams. To resolve these pro-
blems, a heavily greased steel plate 1/4" thick was inserted through the
cargo doors. A piece of plywood or skid was laid on the plate and the
bridge crane used to set a shield block on the plywood or skid. A cable
connected to a tractor on the ground was then attached to the shield
block and it was slid cut through the cargo doors and allowed to drop onto
a pile of sand at the base of the building. This method of removing the
shield blocks worked very well,

Removing the shield blocks uncovered more debris thus causing the
general field in the operating room to increase. The floor was swept
and vacuumed again, the wire trenches surrounding the reactor were
uncovered, the wires cut loose with bolt cutters and removed, and the
trenches vacuumed,

At this point a thorough manual radiation survey was taken. This survey
revealed that there was a source under some of the steel floor plates
where the contaminated water had leaked through the cracks between the
plates. The center section of the fan room floor was also contributing
materially to the radiation levels in the operating room. The vertical
surfaces of the operating room were a third general source. From these
surveys it was apparent that any further significant reduction of the radia-
tion field in the operating room would involve a large amount of effort,
After some consideration it was concluded that the general field in the
operating room was low enough that the dose received by the majority of
the persons working on subsequent operations preparatory to removing
the pressure vessel would be governed by the sources they were required
to uncover and how they corducted themselves around these sources.
Experience proved this to be so.
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Figure II-9 is a general view of the operating room floor. The wire
from the wire trenches had not been removed from the operating room
when the photograph was taken. The large white object at the left is a
personnel shield consisting of 1" thick slabs of steel welded together to
form the top, front,and right side of a 5! x 5! x 6' cube.

The first operation undertaken following the decision to dispense with
further general cleaning of the operating room was the cleaning and re-
shielding of the top of the pressure vessel. Initially it was planned to
remove the shield can cover and vacuum cut all of the steel punchings
remaining in the shielding can on the top of the pressure vessel. An
attempt at vacuuming was made and revealed that the punchings were stuck
together and that it was impractical to try to vacuum all of them out;
therefore, only the loose punchings were vacuumed up. Since the remain-
ing punchings were highly contaminated, the larger cavities in the punchings
were filled with bags of shot. Finally the shield can was filled to within a
half an inch of the top of the control rod nozzles with loose shot.

The final cleaning operation prior to lifting the pressure vessel was the
cleaning of the air gap between the cperating room floor and the head of
the pressure vessel and its shielding can. As a result of the incident this
air gap was filled with a mixture of insulation, punchings, and water. As
the insulation dried out the whole mass solidified, so that cleaning was not
easy. The vacuum system with a separator bucket near the cleaning tool
was used and worked quite well for this operation.

The exposure rate in the operating rocm versus accumulated man-minutes
is shown in Figure 11-10. It should be pointed out that the dose rate shown
on the curve was obtained by dividing the tctai film badge exposure for all
of the people entering the ope rating rocm on a particular entry by the total
time on the fioer accumulated by those particular people. Also the man-
minutes shown are for all people that entered the operating room regard-
less of whether they cleaned, took pictures, or made radiation surveys.

The moest noteworthy feature about the curve is the large reduction in
exposure rate obtained by the first few cieaning entries when compared
to the normal decay curve above. Tke big items were thrown out of the
building and the smaiier pieces of equipment picked up during the first
three entries, which resulted in a reduction of a facter of about three in
the dose rate. Entries 4 through 1! were of the same general nature ex-
cept that some vacuuming was done. These first 11 rough cleanings
resulted in a total reduction cf-a factor of abcut 8.5. This large re-
duction points up the extreme value of the initial rough overall cleanup
of the operating room. Also, it becomes evident that it would have been
very helpful had the operating rcom been kept free of extraneous tools,
fixtures, and equipment during normal operation and maintenance.
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During work periods 12 and 13, the floor between the shield blocks and
between the shield blocks and the top of the reactor was cleaned., Work
period 12 is a good sample of how the exposure rate increased when a
new area was cleaned. Work period 13 then shows a decrease in the
field as that particular area was cleaned thoroughly.

Entries 14 and 15 are good examples of how the exposure rate varied
according to the local area in which the men worked. The individuals
involved in these two entries were carrying bags of shot from the cargo
doors, a relatively cool area, to and placing them over the reactor, a
relatively hot area. Again the dose rate decreased as the job progressed.

The exposure rate increased again for work periods 16 and 17 because
the cleaning was carried out in the previously uncleaned area behind the
turbine-generator,

The dose rate stayed fairly high for work period 18 because the individuals
were working near the operating room ceiling which was never cleaned and
was therefore fairly hot,

Entries 19 and 20 were low again because the people who were preparing
to remove the shield blocks were working in the vicinity of the cargo doors.

During the operation of removing the shield blocks, the dose rate increased
as is shown on entries number 21, 22 and 23. This was due to the fact that
the shield blocks had voids under them that had become filled with debris

at the time of the incident.

Recoveryoperations24, 25 and 26 represent the floor cleanup after the
shield blocks had beer removed. It is interesting to note that the people
worked in the same general areas for recovery operations 21, 24 and 26;
and the dose rate for recovery operation 26 was almost the same again as
for 21. )

The wire trenches were cleaned out on recovery operations 27, 28 and 30,
As mentioned previously, at the end of operation 30 it was decided to dis-
continue any further cleaning in the operating room until a new vacuum
cleaner could be secured and then to uncover the top of the reactor and
clean it. This decision was based on the feeling that the general background
was low enough that the exposure rate for subsequent operations up through
the removal of the pressure vessel would be determined by what was uncov-
ered. Photo entriesnumbers 29, 31, 34 and 36 which required that the
vessel head nozzles be uncovered are evidence that this was a good decision.
The large variation in dose rate for different individuals while the actual
fields remained constant showed that the dose rate was set by the manner

in which the individual conducted himself arcund the beam from a control
rod nozzle.
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On recovery operations 35, 36, 37 and 38, the top of the reactor and the
air space were uncovered and cleaned. On entry 37 the area under the
seal coolant line access plate was cleaned and one garbage bucket reading
50 R/hr was collected. After this bucket was removed the dose rate went
down markedly,

The individuals involved in recovery operations 39 and 40 were preparing
for the trial lift of the pressure vessel and spent large portions of their
time near the outer edges of the operating rocm floor, hence their low
dose rate.

It can be seen from this summary of exposure rates that after the first few
entries a man's exposure rate should have been predictable. This was the
case and the predictions were used eifectively to aid the health physicist
in determining the working time of a man before checking his radiation
dosimeters,

Radiation Surveys

The incident at the SL-1 scattered large amounts of radioactive contamina.-
tion about the reactor operating room and fan room. It was decided to con-
centrate the initial cleanup on the operating room floor because abbreviated
manual and remote radiation surveys showed the major source to be in the
operating room and because the fan room was relatively inaccessible. It
was also decided that a series of remote radiztion and photographic surveys
should be conducted for the following purposes:

To assess damage and locate equipment znd debris.

To insure the safe and efficient use of manpower by evaluating the
radiological feasikility, risk and consequences of specific proposals
during the planning stage. |

To locate the hottest sources in order tc establish the methods and
sequence for removing or shielding these sources.

To check the effectiveness of the particular method used to remove
or shield a source. _

To record the location of the items in the operating room and the
progress of the cleanup.

To assist in briefing of personnel and in estimating potential dose
rates for specific assignments.

Of the three doors leading into the operating rcom, the best for conducting
remote operations through was the cargo doors. These doors extended
the full height of the operating room and opened to a width of 8'-4, The
area between the doors and the reactor was fairly clear of obstructions.
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Due to the height of the operating room floor above ground an Austin-
Western hydraulic crane, described in Section 1. 2. 1, was used to position
the instruments within the reactor building. Since it was desirable to be
able to duplicate traverses on subsequent entries, the following procedure
was used. The crane was located on the centerline of an entry by the use
of pointers on the crane and a guide rope on the ground. The horizontal
distance of the end of the telescoping boom from the edge of the building
and the elevation of the horizontal boom were determined by hanging a
plumb bob from the telescoping boom and then positioning the crane and
boom such that the plumb bob just touched the lower edge of the cargo
doors,

The boom was leveled by the use of a small spirit level mounted on the
lower end of the telescoping boom. At the time of mounting, this level
was adjusted so that it indicated level when the end of the horizontal boom
was at the same elevation either fully withdrawn or fully extended. This
method of leveling and positioning the boom was independent of the slope
of the ground and of the deflection of the loaded boom.

The system was calibrated initially using a well type of calibration rack.
The calibration rack and source were calibrated with a Victoreen Model
570 .Condenser R-meter. The ion chambers used with the R-mneter were
Models 552 and 553 which had an accuracy of + 5%. A cobalt60 source
was used for the calibration.

After the calibration well had been calibrated with the standard dosimeter,
the collimator to be calibrated was placed so that its center of detection
was in the same location formerly occupied by the standard dosimeter,
The Jordan system was then calibrated to read the same over its range

as the standard uncollimated dosimeter had read in the calibration rack.
Over the period of several days between calibrations, the Jordan system
drifted quite badly. As a result of this, a portable calibration rack was
built so that the Jordan system could be calibrated in the field,

A check of the angle of collimation of the collimator revealed that the
reading from a point source was reduced by a factor of six as the source
was moved off the centerline of the collimator a distance equal to its
distance from the center of detection.

The equipment was assembled on the Austin-Western crane and checked
out at the shop and maintenance area., The crane was then driven to the
SL-1 area and power connections and connections to the radiation detec-
tion equipment were made. At this point in the proceedings, on the entries
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subsequent to the July 14, 1961, entry, the ion chambers were calibrated
with a portable calibration rack. After complete operational checks had
been performed, the ertry into the building with the crane boom was made.

For a particular traverse, the boom was rctated to a pre-selected angle
from the entry centerline and the horizentzl boom extended by jogging so
as to feel for obstructions. All of the operztions within the buildings were
observed on a television monitor that had its remote controlled camera
mounted in the operating room.

After the horizontal boom had been fully extended, the instrument control
circuits and the boom withdraw switch were energized. Energizing the
boom withdraw switch simultaneously stzrted the recorder chart drive,
turned on the lights, and started the camera drive motors. Once started,
the horizontal boom was withdrawn at a constant speed until its limit of
travel was reached at which time it was stopped and all instruments turned
off,

The above procedure was repeated for four traverses at which time the
crane was backed away from the building and the cameras reloaded for
another entry of four traverses.

Although the above procedure for positioning was used in order to be able
to repeat approximately the location of the traverses from entry to entry,
the location of the traverses for plotting the isodose maps could be deter-
mined more accurately from the motion pictures.

An isodose map for the first radiation survey of the operating room floor is
plotted in Figurell-11. This survey confirmed that the highest level source
was within the area enclosed by the shieid biccks. Within the confines of
the blocks the source wes fairly well distrikuted except for a peak in the
area where the 3" thick steel access plate for the seal coolant header was
blown back. The fact that the radiztion level in this area had a fairly
high, sharp peak imposed on = fairly breoad base would indicate that there
was a high intensity beam coming from the space between the pressure
vessel head and the steel plate as well zs a distributed source due to
fission products being expelled through the cpening as the plate was
pushed back.

It is not possible to tell from the radiation survey if the beam was coming
from fission products in the space between the support vessel and the
pressure vessel or from the core itself, At the time of the survey this
particuler beam appeared to be the only one coming from the reactor it-
self, indicating that bags of shot that were placed on the control rod
nozzles at the stari of t-e cieanup were effective in stopping streaming
from the nozzles.
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Survey taken on July 5, 1961. This Survey covered more area than the
Previous survey, Although Some of the individya] isodose lines are shaped
slightly different in the two plots, the plots in general are quite similary,

II-11. This is due to the fact that the floor in this area was vacuumed
between entries. The Ereatest reduction came in the areg that read the
hottest before cleaning,

There are two main points of interest Concerning thig curve. The firgt
is that €xcept for the hot Spot from the displaced plate, the Operating
Toom floor wag only twice as radioactive ag the ceiling, Thig indicated

Secondly, the valley in the isodose Curve between the Teactor and the
cargo doors indicates that the major bPortion of the downward Streaming

shielding was reésponsible for the reduction in source Strength in the area
directly over the reactor, Cleaning reduced levels in the area Surrounding
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The hot spot just outside of shield blocks 1 and 2 was over a trench in
the concrete floor. This indicated that the cover should be removed

and the trench cleaned. Note that the cleaning tended to reduce the
contamination of the floor to a uniform level over the floor. This would
seem to indicate that the remaining contamination was a surface contam-
ination, the magnitude of which was determined by the characteristics

of the particular surface.

Figure II-15 is an isodose plot looking at the operating room ceiling
after the fan floor had been vacuumed in the open areas. The significant
things about this plot are that it shows a hot spot in the vicinity of the
condenser and that the fan room floor was a factor of 2 hotter than the
operating room floor. Whether the hot spot was on the floor under the
condenser or on the condenser itself cannot be told from this plot. Also,
there appeared to be a hot spot in the vicinity of the Gyrol Unit and rela-
tively little contamination behind the condenser. Based on this survey it
was decided to discontinue cleaning in the operating room until more
work had been done in the fan room.

The collimated ion chamber system as designed and used did a good job

of defining the relative intensity of the radiation field in the horizontal
plane of the traverses., It did not give any information as to the elevation
of the sources creating this field. This was a rather serious limitation,
as it would have been helpful to know if the radiation from the fan room

as seen in the operating room was coming from the operating room ceiling,
the fan room floor, or from sources above the fan room floor. It would
also have helped to know the relative proportion of the radiation field con-
tributed by contamination on the vertical surfaces in the operating room,

The chief value of the information gaired from the collimated ion chambers
was that it aided in planning the order of the work on the operating room
floor and in deciding when to stop work in the operating room and concen-
trate on the fan room.

Fan Room and Roof

When it became apparent that the operating room floor was cleaned to the
point that the radiation from the fan floor would governthe radiation doses,
the cleanup of the fan room was begun. It was judged to be unwise, if not
impossible, to use the existing fan room entry provisions, due to the
difficulty of any rescue operaticns or removal of material., Therefore a
new entry was cut inte the fan floor.

It was first necessary to construct a stairway and a working platform
outside the building. The stairway was built at the General Electric
shops and transported to the SL-1 site.
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Stairway to Fan Floor

Figure II-16
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The entrance platform was built up of scaffolding assembled in place.
The stairway was positioned and secured to the entrance platform and
to the ground. It was necessary to remove a small amount of yard
piping for clearance. Shielding for the workman was placed on this
platform and a shield plate attached to the piece of building wall to be
removed. Figure II-16 shows the stairway and entrance platform in
place.

Previous tests of SL-1 reactor building insulation had indicated that the
insulation adhesive and paint would smoulder and smoke excessively but
would not burn. With the crane holding the shield plate and the attached
piece of wall being cut away, the entrance into the fan floor was rapidly
cut using an oxygen-acetylene torch. The piece of wall was removed and
a carbon dioxide fire extinguisher used to quench any smouldering insula-
tion and paint.

The first entries into the fan room were for radiation surveys and photo-
graphs. The greatest radiation was in the center of the fan room near
the end of the condensers, around the fan drive unit and at the canvas-
covered hatch leading to the operating floor. See Section II, 3.0 for
radiation dose rates encountered.

Two shielding plugs had penetrated the fan floor in the center of the building
through the torn up flooring seen in Figure II-17. One was lying on the
hatch cover, Digure II-18, while the other was hung up in the fan discharge
duct. There were also pieces of control rod rack, "C" - clamp, a shoe,
steel punchings and other debris.

The larger pieces were removed manually as soon as they had been
recorded photographically. Here, as in the operating room,emphasis
was laid on carefully recording the initial condition and the position of
each item with photographs.

Starting at the entry way, the debris was scooped up, the floor and
equipment vacuum cleaned with the equipment described earlier and
several layers of 1/4 inch thick steel plates laid on the floor. These
plates shielded personnel from the beta emitting contamination remaining
on the floor and, to some extent, the radiation from the operating room.

A hole in the roof for crane access became necessary to allow the larger
pieces of equipment to be removed. A pie shaped segment of the roof
was cut out and replaced by a movable pie shaped segment pivoted about
the center of the roof. The Link Belt crane could open or close the roof
in. a very few minutes.
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Figure II-19 Remaining Fan Room

U-5076-6

Figure II-20 Operating Room Ceiling
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The air circulation fan was then femcoved from the building, followed
shortly by the fan drive unit, which resulted in a noticeable reduction
in radiation level.

The two sections of condenser nearest the center of the building were
cut loose, pulled over and lifted out of the building with the Crane,
Removal of the other three condensor sections as well as heaters, oil
coolers, baffles, Piping and other Parts and accessories continued unti]
area was cleared sufficiently to allow clearance for the Teactor pressure
vessel and to allow the teactor building roof to he removed,

The remainder of the roof was then removed and lifted to the ground with
the crane., A part of the fan room wall and the edge of the fan room floor
Wwere removed to allow Crane boom clearance, A hole was cut in the fan
room floor for Passage of the pressure vessel. Figures II-19 and II-20

Drilling then Proceeded through the various layers of material: 1/4n
steel, 1 1/4" lead with copper tubing, 7/8" steel, 1/4n steel, 3" insula-
tion, 3/4" steel, 3/16'" stainless steel and 3/4" stainless steel layers,
in that order, to reach the Space in pressure vessel under the reactor,

The first operation was to cut a hole with a torch in the steel building

shell at the location chosen as having a low radiation field and being located
on a right radial line which was clear of fuel storage wells and structural
members from the pPressure vessel penetration point. A drill motor
holding fixture was then welded to the building shell in Proper relation to
this hole. A driving bit Support and guidance fixture was set up so that

The hole through the gravel was then driven using a 1.9 inch O, D, steel
Pipe with a driving point assembled inside a 2, 067 I.D. steel pipe. This
assembly was inserted through the support stand and the dril] motor holding
fixture and driven through the 16 feet of gravel until the point contacted the
first metallic layer surrounding the pressure vessel. Driving was done
with a 500 1b. weight suspended from the Austin-Western Ccrane.

II-36



1.

3.

by a long drij] Stem to g Gardner—Denver air POwered drij motor. Thig

Were selecteq for use because of their high rate of metal removg], Air wasg

The intended Ceénterline of the hole Was to have been below the therma]
shield, Due to the drift of the Casing the hole Passed through the 3/4 inch
Stainlesg steel therma] shield,

An important benefit of the ac¢cess hole was itg function as a drain, thus
absolutely Preventing the inundation of the core volume with water,

Figure II-22 shows g Portion of fuel element side plate, Support box, end

Vesse] Removal and Transit

The SI.-3 Teactor wgg Temoved from the test building °n Novembper 29,
1961, ang was subsequent]y transporteq from the SL-1 area taq the ANP



Figure 11-22

Bottom View of Reactor

Bottom View of Reactor
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area on November 30, 1961. The Planning ang eéxecution of removal and
transit Operations Proceeded z g Piznned with €ssentially no difficulties
encountered, Prior to the finzj removal and transit, a considerable
amount of carefyl preliminary work and triz) Operations were Performed,
These included: 2 trial Iift of the Tezcter using the building Crane; pre-
paration of the test building, ares and route of transit; and design, and
fabrication, and where bPossible, checkout of Special €duipment,

Evidence Strongly indicated that kydraulic impact forces had been exerted
on the SL-] Pressure vessel of a nature and magnitude sufficient to have
Caused the entire assembly to be lifted out of its support cylinder, If,
indeed, relative motion had Occurred, it woyid Tesult in shearing these
Connecting Pipes and freeing the pressure vessel from the Support cylinder,
As a positive means cf determining i this wasg the case, an attempt wag
made to lift the Pressure vesse] using the existing bridge crane, A further
Purpose was to enakie inspection of the upper Portion of the Pressure vesse]
which had been Subjected to eéxtreme hydraulic impact loads, Equipment
was designed such that the vesge: could be lifted using both hooks of the
Overhead bridge crare, The connectiop to the pressure vessel was made
through control rod holes 4 ang 8 using dog latches which, after insertion,
contacted the under surface of the Pressure vegse} head at these two loca-
tions. Prior to undertaking the lLift aj] shielding material which hag been
Placed arcung the head of the vesse] W&s removed ang the arega cleaned

to reduce the dose rate, Some shielding material was then replaced in

this area to further reduce the radiation dose, Concurrently Wwith these

Operations,, 2 ‘considerable number of photogra.phs were taken of the

of all Components prior to the 1:#, These phctcgraphs Tevealed an un.
expected gap between the vessel head and flarge. This was (correctly)
attributed to flange or giyg distertion and Was not believed to have mater.
ially reduced the Strength in thig region,

The lower lifting fixture Wwas inserted ang fecured in holesg ¢ and 8,
Attached to this &ssembly was z dial type loag indicator to indicate lifting
load., The caleculated icag Wwas 23, 000 1bs, pius anundetermined amount
due to the additiona] shielding placeg on the head, The load indicatoy was
Connected to a Spreader Lbar which was in turn connected at each end to the
crane hooks, “sing thig 2rrangement the firgt trial lift wag undertaken on
November 2 and was Successfully &ccemplighed, The vessel was lifted 16
inches such that the lower surface of the head just cleared the cell floor,
The lifting Occurred at an indicated icad of 2€, 000 lbs. and was limited at
this stage to 16 inches due tc limited Crane hook trave], This lift demon-
Strated that the Presstre vesgel W&E nct restrained by the Connecting pipesg
but the 1lift did not accomplish the Seccndary Purpose, namely, inspection
of the vesse: below the flange, 1t wa s necessary to yse the two hook con-
figuration without the lozg indicator to get an additiong] 18" of 1ift, This
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Was done op November 3 and the vessel successfully lifted untj] the lower
edge of the flange cleared the floor by about 36 inches, The flange was
found to pe Severely distorted such ags might he explained by extreme inter-

to lift out of the insulatiop ard cover plate assembly. The large blocks of
insulation Seen in the photograph of the OPerating room floor, Figure 1I-4,
Section I, 1.1, had apparently been Lifted out With the Pressure vesge] and
Spilled cut upon the floor during the incident,

to again I:ft the vesse} before fing] Témoval in order to remove the insula-
tion materia] around the flange ang +o inspect the vVessel in the region of the
pipe entrances, order to do thisg, modificationg to the lifting assembly
Were required to obtain the additicnal height Tequired. Thig lift wag
successfully accomplished op November 27. The vessel was lifteq approxi-
mately 49 inches, Figure II-23 showsg the vesse] in the lifted Position after
it had been cleaned, This photograph clearly shows g bulging of the vesse]
below the flange as well as the flange distortion noted above, Also shown
are the ends of the cleanly sheared off Pipes. The upper pipe ig the steam
line out of the vesge! and the lower, Smaller line ig the line to the upper
SPray ring, Ag may be seen the shearmg was relatively Smooth with very
little distortion to the Pipe or vessel wali,

-

Prognosticated (and lzter verified) thas S0me of the insulation had faljen
below the vessel during the time it was Lifted, ang that the vessel wasg
Testing on the insulation,

Lifting Oberations with the bridge Crane were terminated at this point, The
lifting ixture wasg left in Position since it was to be used for the fina]
removal,

Several fairly Substant:z: Pieces cf €qiipmens Were designed and fabricateqg
for use in varicus aspects of the finz? Temoval gnd transit Operations,
These are described below,
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A mockup of the SI,-; Pressure Vessel wag built to pe used for tria]
operations, Crane positioning and operator Practice, ¢ was fabricated

upper ring to Mate with the SL-] vessel flange, Temoval of existing frame
Membersg below the cask so that it could be placeq on a lowboy—type

oy
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elevation. In addition to this, clean fill materia] was spread inside the
SL-1 area extending from the front gate to the loading position to minimize
contamination to the vehicle tires.

head Crossings 2long the Proposed route including: pPower lines, telephone
lines, guy wires and gate tracks. Of these, 12 were below 25 feet and
required raising or, in one case, placing on the ground.

to build a Tamp over the door sill,
The pressure vessel was removed and placed in the transport cask on

November 29, 1961, Operations pPerformed on this day up through the
final removal are summarized below,

Concurrently with these Operations, T.V. Cameras and g remotely
Operated movie camera were instaljed and checked out, One T.V.
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Camera and the movie camexrg Were placed ip the test building in order to
view the vVessel as it was lifted, The othey T.v. Camera wag placed on
top of the SL-1 gareg water tank viewing the top of the cask, This Camera
Was to be useqd to assist the CTane operator during insertion of the vessel
into the cask,

A Commard pogt Was establisheq in a trajlep Placed behind the water tank
(to Provide shielding). This CCmmangd POst containeq the monitors fop the
two T, v, Cameras zng the contrels for the Temotely Operated movie

Station wag €stablisheg and Provided wity radio COmmunicatjon With the
Command Post, Thig Staticr wag gitvated Outside of the Security fence
approximately 120 Yards nerty of the tegt cell. Other observation Stations
(Withoyut comrnunications) were e€stablisheq at variouys locations. Two port-
able radiation SUurvey meters Were placed jp the test cell such that they
could be viewed with binocu_lars from the observation pPosts,

the crane, The lifting fixture Wwasg then inspected to assyre Proper
€ngagement With the vessei,

The test cell wag Cieared zpg instrictions g-ven to the Crane operator

to 1ift the vessel approximately € feet, Personne; aCccompanijeqd by a
health Physicigt entered the test ceil to inspect the vessel, fixture and
shroud, All was found to pe in good order so the cell was 2gain cleareq
and instructions given to l:ift &n zdditicnal 4 feet. Thig Was done ang per-
SOrnel agzin entered the cell and Tereated the inspection. No difficultieg

The Vessel wzg lowe veq inte the cask with ng difficulty. The hook was
then disconnected and the crine used to Positiorn the cask cover, The
vessel clamp Pins wexe then tightened. The transport vehicle wag then
driven from the cell areg 20 & location adjacernt to the front gate where jt
Was left unta the next Terning when Preparationg for transit Weére under-
taken,

Resalts or the variosg rediztion easuremenss Obtained during these
Operationg ere Simmarizeg telow,
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Figure II-25 Inside of Support Cylinder

U-5076-8

Figure II-26 Bottom of Support Cylinder
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Predicted Measured

Location R/hr R/hr
25" from bare vessel 14 9
At crane location (bare vessel) 7
Vessel in cask
Contact with cask 1.0 0.042
25! from edge of cask 0.05 0.045
50" from edge of cask 0.021
Maximum dose rate (9' from edge of 0.060
cask)
Truck cab
Shielded portion .005 .008
Unshielded portion .050 030

Of interest was the condition of the vessel support and containment struc-
ture. Figure II-25 is a photograph looking into the support vessel. The
upper surface is the operating floor, and the change in diameter about

2 feet below this is the upper edge of the insulation cever plate and the
support vessel. The lower surface of the pressure vessel flange rested
on this surface. The cylinder seen extending below this is the inner sur-
face of the insulation cover plate. Protruding through this surface may be
seen the sheared off ends of the five pipe entrances. The debris seen on the
support vessel flange is predominantly insulation which became lodged
there at the time of the incident and during the lifting operations. Figure
1I-26 is a photograph looking into the bottom of the support and contain-
ment vessel. As was anticipated essentialiv all the insuization had fallen
into the bottom of the vessel. The metal straps seen in this photograph
were placed around the insulation blocks to secure them to the pressure
vessel. Cracks and warpage to the insulation cover mzyv be seen in this
photograph.

On November 30, 1961, the SL-1 pressure vessel and core were transferred
from the SL-1 area to the ANP area. Prior to removing the transport
vehicle from the SL-1 arez, decontamina‘ion of the 2ssembly was under-
taken. The outer plastic covering was remocved and the vehicle was
advanced out of the contaminated zone in steps. At each step the tires

on the tractor and trailer were cleaned using & spray type steam cleaner.
After several steps in this manner, radiaticn strveys indicated that con-
tamination had been reduced to a permissitle level and transit to ANP
began.

The various support vehicles were lined vp In prcper order and briefed as
to transit procedures. Included in the corvoy were fouir security partol
cars, two site survey vehicles, one GE-HP vehicle, one emergency service
vehicle, one GE control vehicle and zssorted cther vehicles bearing photo-
graphers, etc.
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1.3.6

The convoy left the SL-1 area at about 11:30 a. m. and proceeded to the
ANP area without event, arriving at about 3:30 p.m. The route was
traversed at about 10 mph and several stops were made to inspect equip-
ment and rest the drivers. Figure [I-27 is 2 photcgraph of the transport
vehicle and cask on the porticn of State Highway 88 used for this operation.

The vehicle was driven corto the concrete pad outside of the Hot Shop and
then backed into the shop. The cask was then lifted off the trailer and
the vehicle driven out of the shop. The cask was then placed on the floor
in preparation for subsequent operations.

Following the removal of the reactor vessel, the remainder of the fan room
components, the rest of the wall at this level, and the remainder of the fan
room floor were removed. Some of this work involved entry into the
operating floor zone as components were supported from the fan room floor
and miscellaneous piping, etc., penetrated the floor.

When the second phase of the fan room floor cleanup was complete the
efforts were directed toward the operating fioor. On the operating floor,
the first step was to remove the equipment on or above the floor. Follow-
ing this the building wall secticns were removed after being retained as
long as possible to give weather protection to personnel. The floor plates
were then lifted and major sections of structurai supports were cut away.
Next, piping, etc., below the floor was removed, and as soon as the
structure became accessible, the turbine-generator base was lifted and
removed.

Several vessels set in the floor kad tc receive attention before the floor
plates were lifted, among which were the fuel storage wells which con-
tained two hot fuel elements. The SL-1 Rezctor Building was equipped
with three reactor fuel sterage tanks which were located with their covers
forming a part of the operatirng floor, the tank portion being in the shield
gravel zone. Since water was the radiation shield for the elements in
storage, the tanks were now solid with ice, as this portion of the work
was done in mid-winter., An electric immersion heater was made up to
melt its way into the ice column.

Within the storage tank there existed a family of seven divider tubes, a
portion of whose lengths were Boral tubes, These were in turn welded
to aluminum tubirg., Through some mishap this joint had failed causing
misalignment of the twe tube portions, hence when an effort was made to
lift out an element it fouled and it was necesszry to first lift out the nest
of dividing tubes of one well t¢ permit the element to be raised.

A shielded cask was threzded with the recovery cable and when the
element was hooked, the cask was placed over the well opening and the
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fire these separately, and the slap Was dropped from itg Support columns
and rested at about 45 °.

Initia] Teeving of the block set Tesulted in Severe twisting a5 the dozer
load wag applied, ¢ was Recessary ¢o ""cross Teeve'' the blocks following
Which the slab wag Overturned,

Efforts to Move the tota] assembly Proved fruitless in the soft terrain of
the early SPring thaw, It was noted that there wag Some Separation
between the Concrete slap and the Steel shield Plates, This wag exploited
to remove the 20-tons of Steel plates from the Concrete, byt even thijg
was not enough weight reduction to allow the COncrete slap tq be dragged
to the Buria] Ground,



A crack was noted in the Concrete sigk, This was Opened to split the
slab into twe Parts, and eacp of these wag then dragged into the Buria]
Ground pit.

Although only Partially Successful, the explosive method for lowering
the slap was Consideregq satisfactory.

building to where it could be Teached by the front eng loader, As the
gBravel leve] fell the vessels located in it became accessible ang were
Temoved,

The Reactor Building assembly wag Supported on reinforceq Concrete
columns projecting from g COncrete slap below grade, Several pro-

(2) battering the columng With 5 “headache ball" anq Cutting the Steel;
and (3) the breaking of concrete in bending by use of 5 bulldozer and then
cutting the steel, Method No. 3 wasg fina,lly used with Success,

The Cadre Building was a steel framed and shelleqd Structure used for
classrooms and instruction. It containeg a very large amount of fyyy.
niture, text and reference books, miscellaneous Supplies ang €quipment,

decontamination and check, When 5 Sufficient quantity wag accumulated,
the Mmaterial wag transferreq to a Warehouse for holding. A Survey of
the insulation in the attic of the building showed it tq be low enough in



radiation level to leave it in Place, Fluorescent light fixtures were
dismantled for decontamination and treated in the same way as the
furnityre, Books were vVacuumed and wiped down, The outside

The Support Building was a stee] framed ang enclosed Butler-type building
which housed the control Panels, chem lab, machine shop, locker rooms,
diesel electric set and a Considerable Supply of material ang tools, Lights
and furnityre Were treated as ip the Cadre Building. Many of the tools

floor slap Was replaced, Floors, walls and exterior were handled ag

in the Cadre Building. Instruments Were removed from the control pan-
els, packed and shipped to the ANP Site for decontamination. The pane]sg
Wwere buried,

transformer Station, chlorination shed, fyel tank areas, and the general
terrain of the whole enclosuyre, Depending On radiation levels, 3 to 6
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placed around buildings to bring radiation levels below 1 mr/hr in these
areas. Since some areas outside the fence are contaminated, with
readings as high as 20 mr/hr, no attempt was made to spread dirt
throughout the area at this time. Further details are recorded in
Section II, 3,

Recommendations

The problems encountered in the SL-1 cleanup lead naturally to design
suggestions. which are pertinent to the general case, S

Rigid enforcement of cleanliness and housekeeping standards would
minimize the clutter in the work spaces and facilitate any necessary
cleanup,

Where possible, surfaces inside the building should be smooth and water-
tight. Surfaces and equipment should be painted to ease decontamination.

Convenient means of emergency access to all spaces should be provided.

Any cranes should have all motions electrically powered. This would
allow easy conversion to remote or semi-remote operation and would
greatly increase the usefulness of the equipment,

Use of non-inflammable building insulation and elimination of oil lines
by piping cooling water to the equipment rather than oil to the coolers
would reduce the fire hazards greatly. Fire is one of the most severe
hazards in a clean-up operation.
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1

SL-1 Hot Shop Operationg

Preliminary Operations

On November 30, 1961, the SI.-1 Preéssure vegge] and reactor, enclosed
in the transport cask, were Treceived at the ANP Hot Shop for disassembly

The Hot Shop is 3 shielded Cubicle 165 feet long, 51 feet wide and 55 feet
high, (see XDC 58-9-112, Section 2.1} and is illustrated in Figure 11-23 .

water, power, COompressged air, etc, This is 3 general purpoge shop,
built to handle 3 wide variety of remote Operations, Equipment of par-
ticular importance to the SI1,-1 Operation included:

Wall-rnounted Mmanipulatorg

Crane

Air Powered drjlj motor, core driil, twist drillg
Floor mounted milling machine head

Binocularg for observing cere
Remote acCtuated 4" x gn Press camers

Remote Tepeating 35 mm Camerg

Quartz iamps for Small, high intensity light source

The SL.-] Teactor and Pressure veggel Were received at the Hot Shop in
the transport cask and the Cask off-loadeqd onto the Hot Shop floor where
it was tc be used for shielding the subsequent Operations,

The rubberizeq céxtamination cover Was stripped off the Pressure vesgge]
and the Pressure vegge: €Xamined., The 7 control eXtension rack had
shifted to a2 pssition approximately 5 inches lower in itg nozzle durin
transit. This eéxtensicn ang rack had been Completely Seéparated from
its contxg] biade during the incident ang had shifteq slightly during lifting
OF transit, A7J] majcr CoOmponents stayed in place during transit, ag far
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this materig] removed by the twin "Tornado! three horsepower vacuum
Cleaner, using g 2 I.D. or g 3n I.D. Suction hose, This System worked
well for Témoving the loose material, ip SOme partg of this material the
Combination of water, boron oxide and gravel fineg had hardened into a
weak Concretion, S€en in Figyre I1-29, which had to be broken up with an
iron bar and a manipulator before the Vacuum cleaner could pick it up.

With the head Cieaned, the eleven nozzles in the Pressure veéssel head
Were open for Inspection, This inspection”is covered in Section III-1.5
of thisreport.

right angie objectiveg 1000 watt quartz lamp ang an Exakta 35 mm camerg
using Plys.x film at shutrer Speeds from 5 to 15 Seéconds. Thjg inspection

The Sécondary watey level stigj well (#10; Was collapseq but wasg
stil) conrected tc the head ang not entagleq With the Core,

The steam baffie ang UPPer spray ring had broken loose from
the Pressure Vessel and fallen down onte the core,

The handje from an auxiliary cadmium Poison strip (probably

*he one TISsIng from the #6 shroud) wa lodged in the gap between
the Pressure vessel flange ang the head,

The #9 PCiscn blade Was connecteq to itg Cruciform €Xtension ang
the baii-joint Connection between the Cruciform ang the contre]
rack €Xtension wag intact,

The Pressure “essel head could be removed Without disturbing
the core,

The gap between the Pressure vessel flange ang the head was photographed
by Listaliing 5 bright light inside ang photographing the bright SpPOts where
the light was shining through,
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The Pressure vessel assembly wag Temoved from the shielding cesk,
photographed and inspected. See Figare -20. No marks which would
indicate the height the vessel had rigep Were observeq, The insulation

tack welds, Thig €xposed the dished head, seen in Figure II-31, which
dppeared to be more Sphericg] than the drawings indicated. The hole in
the Pressuyre Vessel is the One drilled for borc.scope inspection at the
SL-1 Site,

inside the hozzle, Tne #5 shield plug éssembly wag bound to its contro]
rod rack by the collapse of the guide tube, The shield plug, control rack
and €Xtension rod were Withdrawn 2s a unit fafter Teémoval of apn inactive
Portion of the lifting fixture which interferred}. This lifting OPeration wag
Performed With the Crane hook Ccoupled through 5 Weighing device to the
shield Plug. The €xpected lgzg Was 217 (g, while the indicateqd load was
215 1bs, This Confirms that the Temaining Parts of the COre were not
disturbed by this Cperation,

impact Wrench to loosen the Luts, Thig implies g higher than

The #5 bell housing Pinion drive €Xtension wzg bent down slightly.
The #5 Firicn Spline wag brcken of?f, a;lowing the spline adaptor
to turn Over,

The nyt op the end of the #5 control rack could not pe Témoved,

The Pressure Vessel hegd hold-down Rils were tg have the:y terque values
checked before Temoval, Dye to the radiation field, onlv five nits were
checked, The torque Tequired to IMove thege bolts was 400, 300, 370,
150, and over 400 ft-Ihbs, There WEa&S no Noticeahle difference between
tightening and loosening the nusg, The Yemainder of the nurs were
removed Temotely with the 1-1/2n $Qlare drive impact Wrench, The
Washersg could be €2sily picked oIt with the Mmanipulator,
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Figure II-33

U-5104-4

P

SL-1 Core
. “)«' a ; "
Upper spray ri
e g
Lowey soray
o
%
P
“\‘“ o rd mft;’,qmw.«m,; a P
4 ale RS R IR AT T
liii%qu P }k£35§£§%§3“?3 N
U-5123-7

Figure II-34

Deposits on Core Parts

11-60



The Rumber ]g Still we]] Was cut off a foot below the head., the heaq
decontaminated, and delivered, with a1] pieces, to the laboratory for

and rackg Were stil] attached tq the Poison blades, All loose inert Pieces
and fueleq Pieces More than SiX incheg above the rernaining €ore volume
wWere Temoved tq make Teady for g Criticg] experirnent. An inventory of
all pieceg Temoved Was kept and checked off &gainst photographs of the
Core, These ObPerationg were Performegqg With 5 long 2rmed Manipyulatey
while observing the work in z mirrcs, Photographs Were taken at €ach
Significant Stage of the dissectlon Using g Temotely OPerated 4 5 press
Camera ang electron;c <:ash hejg Oover the Core with 5 manipulator. On
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2.5

Pressure Vessel and Core Measurements

The parts of the core and pressure vessel were measured several times
and in different ways. The first measurement of the pressure vessel
was done by triangulation with a theodolite from a distance of approxi-
mately 100 feet. This was an effort to measure the deformation of the
pressure vessel, previously seen in Figure II-30, at the earliest possible
date.

For precise sizing of the criticality tank, a remote measuring device
consisting of a 5 foot by 16 foot piece of light gauge sheet metal formed
into a cylinder about 5 feet in diameter was made. This cylinder had a
measuring tape and a tightening screw attached at top and at bottom and
was suspended by springs from a frame. The pressure vessel was re-
moved from the cask and placed inside the cylinder. The adjusting screws
were then tightened with a manipulator and the circumferential distance
read with binoculars. This reading gave an average diameter of 55.1
inches (173" circumference) for the bulge in the core region of the
pressure vessel compared with a 54 inch diameter on the drawings.

After the reactor was completely removed from the pressure vessel,

the pressure vessel and thermal shield were measured manually. The
thermal shield had bulged from an original 13.22 feet to 13.37 feet cir-
cumference at the midline. The pressure vessel circumferential dimen-
sions are given in Figure II-35,

In an effort to define the relative locations of various core components,
the core was surveyed using the pressure vessel flange and its bolt circle
as a base. The bolt circle was measured to be 62 inch diameter (3 mea-
surements of 62", 61-1/2", 62"). The survey was made using a plumb
bob suspended from a tape measure. With the piumb bob at the point to
be measured, the elevation was read by sighting across the top of the
flange studs. The plan position was then determined by the intersection
of two sights across the bolt circle referenced to the numbered studs.
These measurements were confirmed by the relative offsets seen in
other photographs. Figure II-36 shows the points at which measurements
were taken and Table II-1 gives the tabulation of survey measurements.
The four critical experiment rod positions shown in Figure II-44 were
located from this survey.

Lower End Inspection

The inspection of the lower end of the pressure vessel and the underside
of the reactor accomplished several things.
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TABLE I1-1

TABULATION OF CORE MEASUREMENTS
.
o &
T &
%"8 — Intersection of lines
ol = > between stud numbers
5 5 o' 2
A Z | Location (Ref. U-5112-1) A Plan Position

1 Off #8 "Teem to left 1431/2 (22-42) & (16.5—33.5)

2 In from right edge of #7 1501/2 (22—40.5) & (1 6-36)
.3 Straight out #8 shroud 146 (20-44) & (14-36.5)

4 Top of #8 shroud 95 (23.5-40.5) & (19£31-)

5 End of connector on #7 87 1/8 (24-40) & (16-35,5)

6 Off end of #6 152 (23-41) & (15.5-35)

7 Same as pPosition 3 on picture 142 5/8 (21-44) & (15.5-35)

8 In front of #1 rog 146 1/8 (20-46) & (15.5-36)

9 Between #1 and #8 128 (22—43.5) & (17.5-—32.5)
10 | Between #7 and #g 116 1/2 (23.5-41.5) & (17.5-33)
11 On cross in front of #6 1171/2 (23.5-41.5) & (31.0-1)
12 Hole in front of point 1] 147 1/4 (23.0-42} & (31-1 .0)
13 ~ Center (toward center in line with 145 1/4 (21.5-44) & (29.5-3)

11 and 12)
14 Close to point 7 147 1/2 '(20.6-45) & . (15.5—34.0)
15 On corner of #3 shroud 98 1/4 (18-48) & (8-45)
16 Back of center of #3 shroud 125 3/4 (16-3) & (27-6)
17 Check on point 15 89 1/4 (18-48.5) & (29-4)
18 On top of #2 shroud 97 (16-3) & (25-8)
19 Hole off point of #2 shroud 143 1/4 (16.5-49)& (25-8.5)
20 On top of #1 shroud 97 1/2 (18-1) % (16-34)
21 On top of #7 shroud 95 1/4 (24.5-41) & (16.5-34)
22 | On top of stanchion between 6 & 7 117 (16-35.,5)
23 On top of #6 shroud 96 3/8 (25-40) & (23-39.5)
24 | On top of #6 cad fixture 96 (23.5-43) & (13-38)
25 On top of #5 shroud 96 5/8 (23-43) & (40-11)
26 On top of #5 connector 88 1/8 (22-43) & (11-40)
27 | Top of #4 connector 891/4 (19-47) & (9-43)
28 Top of #4 shroud 98 3/4 (20-46) & (10-41)
29 Topof T stanchion between 3 & 2 97 1/2 (15-3) & (10-41)
30 Top of T stanchion between 1 & 8 116 3/4 (21-42) & (19-31)
31 Hole off point of #3 shroud 1391/2 (18-48) & (12-39)
32 Hole in center 142 1/8 (21-45) & (14-37.5)
33 Side plate center 1351/4 21-42.5) & (28.5-4)

Studs extend 11 3/8 £1/8" above flange.
Bolt circle is 62 at top.
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The conditions of the underside of the core were established.
The integrity of the support structure was established.

The bottom of the pressure vessel was cleaned out.

A water flow passage for the critical experiment scram function
was made, '

With the pressure vessel in the shielding cask, a 3" diameter hole was
core drilled through the two foot thick concrete of the shielding cask

and liner just below the level of the thermal shield, using an air powered
drill motor. This hole was then sleeved down to two inches with a metal
sleeve which was used as a guide for the subsequent drilling and boroscope
operations. Eight 2-1/2" holes at 45 degree intervals were then drilled
through the pressure vessel wall. These holes penetrated on a plane
approximately 15 inches below the active core. One hole was blocked by

a fuel element which had fallen down and stood in front of the hole. ‘

The boroscope used was 2 inches in diameter and 7 feet long with a right
angle objective. A 1000 watt quartz lamp was attached to the end of the
boroscope and projected about one foot beyond the objective. A camera
adaptor which allowed a choice of either visual inspection or photographic
recording was attached to the ocular end of the boroscope together with a
35 mm Exakta camera. Kodak Plus-X film at shutter speeds of one second
to five seconds was used.

At each of the seven open holes twelve photographs were taken as follows:

With the boroscope objective 3 inches inside the thermal shield:
straight up, 45° left of up, 45° right of up, straight down.

With objective at 9 inches inside: the same four angles were
photographed.

With objective 16 inches inside: straight up and straight down
only.

With the objective at 23 inches inside: straight up and straight
down only.

Since the radiation field at the boroscope ocular was relatively low, a
great deal of visual inspection was done and additional photographs of
particular points of interest were made.

Figure II-37 shows one of the core support structure to thermal shield

attach points and the support boxes and lower end boxes as well as the
ends of some fuel plates, &s phctographed through the boroscope.
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In Figure II-38 can be seen an upside-down fuel element with its flux
wires, an X-stanchion, melted fuel plates and part of the support
structure.

From the visual inspection znd an examination of the photographs, the
integrity of the arbitrarilv numbered support structure brackets was
assessed as follows:

Bracket #1
No structure attached, stanchion seemed to be in place. Remaining
pieces appeared solid.

Bracket #2
Structure not attached and had dropped down several inches. Bar
from 2 toward 1 ran down toward bottom. Stanchion is in place.
Remaining parts seemed solid.

Bracket #3
Stanchion and structure appeared to be in place. Bracket pin was
bent. Remaining pieces appeared solid.

Bracket #4
Bracket could not be seer due to piece in the way. The support
bars did not appear to be damaged or displaced.

Bracket #5
Block was cn top of guide pin. Support bars and stanchions appeared
to be attached.

Bracket #6
Suppeort bars appeared to be in relatively good condition.

Bracket #7
Long support bar seemed torn loose and dropped several inches.
Stanchion and remaining parts seemed solid.

Bracket #8
Block appeared to be raised up on guide pin but support bars and

stanchions appezred to be attached and solid.

It was concluded that the integrity of the support structure was sufficient
to prevent any collapse or movement during the critical experiment.
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Figure I1-40 Inside Bottom of Pressure Vessel
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It was necessary to cut a hole in the bottom of the pressure vessel for

a water flow passage and to clean out the bottom of the pressure vessel
prior to the critical experiment. It was also desired to obtain a
stratified sample of the deposit in the bottom of the pressure vessel.

To cut the 8 3/4'" diameter hole required for these operations, a multi-
toothed carbide-tipped, hole-saw was mounted in a milling machine
secured to the floor. The machine head was turned so that the axis of

the cutter was vertical and centered in the 4-legged pressure vessel
stand. This stand restrained the pressure vessel radially by means of
four pair of lock bolts while the pressure vessel weight was carried by
the crane. Figure II-39 shows this equipment. The tool feed was opera-
ted by a long, universal jointed shaft from a shielded position. The
cutting action was observed from outside the shop, in a mirror positioned
on the floor. The sample from this operation was delivered to the labora-
tory for detailed examaination.

The remainder of the deposits in the bottom of the pressure vessel were
scraped out into a tray using a specially built hoe-shaped scraper held

by a manipulator while the operation was observed with television.

Figure II- 40 shows the inside bottom cf the pressure vessel near the
completion of the cleaning operation. During the cleaning operation the
manipulator was also used to check the rigidity of the core support
structure, shown in Figure II-40, No motion or deformation of the support
~ structure could be observed, upon applying forces of approximately 50 lbs,,
thus verifying the adequacy of the support structure for the critical
experiment,.

The bottom of the pressure vessel was then vacuum cleaned and rinsed out
with water. The rinse was performed using a curved 1/4 inch tube inserted
through several of the eight boroscope holes. The water was caught in a
barrel and delivered to the laboratory along with the scrapings and other
loose material.

Post-Incident Critical Experiment

The SL-1 critical experiment test stand was installed in the Hot Shop on
March 15, 1962. Installation of additional equipment, connection of
services and final checkout was done during the next two and one half
weeks and the reactor was inserted intc the test assembly on April 4,
1962. The initial filling occurred on April 5 and test operations continued
until April 13, when the test series was termirated. During the test, the
tank was filled five times in an attempt to achieve criticality but the
reactor remained grossly subcritical throughout the test period. A dilute
acetic acid solution was used during three of the fillings in order to
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dissolve and remove irom the core the boric acid contaminant without
dissolving the B~10 enriched metallic boron present as a burnable
poison. The unwanted boric acid entered the core when water drained
back into the reactor through the shezared stezm line and blown head
gasket after picking up scme of the boron oxide from the top of the
pressure vessel head, During the final filiing with acetic acid, the
system was healed tc approximately 160°F to assist further in dissolving
the boric acid. At the termination of the test, the core was removed from
the test tank and the test tank again filled with water with the source in
place, in order to examine source neutron attenuation at various water
levels.

The critical experiment equipment performed in a satisfactory manner
throughout the test. The nuclear instrumentation was essentially noise
free. A continuing probiem of maintaining the minimum acceptible

count rate of two counts per second existed throughout the entire test.
This was due to increasing attenuvation with water level with no significant
compensating increase in multiplicaticn. The gamma compensation of the
ion chambers was not cemplete in the high core gamma fields, creating
difficulty in obtaining the required reading of a factor of two above back-
ground during checkout. By using a 35 curie Polonium-Beryllium neutron
source, however, the required reading was obtained. The fill, drain,
level indication, and water heating systems operated satisfactorily.

The control and scurce actuators operated in a satisfactory fashion
throughout the test; however, vpen removal of the number three actuator,
the poison tip was found to be severely bent, indica ting interference with
a core component,

{))

During the test, seven non-gignificant deviati cns to the test program were
g g g

written as provided for in Idzho Test Station Standard Practice J80-81.

Essentially all these deviations were writter on the basis of two experi-

mental developments. Namely:

The reacter was f - grossly subceritical indicating that
a revised filling procedure could be used.

The low sclubility
the core indicate
solution.

in water of the borcn compounds contained in

dvisability of using an acetic acid rinsing

a, <
ot
b
2
g\i

Figure II- 41 is a tand, tank and pressure vessel,
including all lines, valx » {111, drain and heat the system.
Figure II- 42 shows the entire system in its operating configuration. With
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the aid of these figures the system is described as follows. The
pressure vessel was supported from its top flange by a machined ring
attached to the support stand. When placed in this fixture the pressure
vessel extended down into an aluminum tark which served as the water
containment vessel. To allow passage of water from the containment
vessel into the pressure vessel, a hole 8-3/4 inches in diameter had
been beored through the bottom of the pressure vessel as described earlier.
Additional entrances were provided by the eight, 2-1/2 inch holes drilled
through the pressure vessel wall for the boroscope examinations. To
reduce side loads on the containment tank, the pressure vessel remained
connected to the 100-ton overhead crane so that the crane bore a portion
of the weight of the pressure vessel.

Filling was accomplished using three remotely operated solenoid valves.
Valve "A'" was the primary control valve, valve "B’ was a backup valve,
and valve '"C" was actuated by a key operated switch so that the fill system
could be secured in the cloced position. As an additional means of control,
a manipulator was used to positicn the fill line over the fill funnel. In
order to prevent overfilling, a standpipe arrangement was provided to
limit the water level to the desired maximum height (six inches above the
top of the active core).

Two eight inch dump valves were sittated on the bottom of the containment
tank to provide scram protectior. These valves consisted of gasketed

blind flanges held against the bottom of short sections of eight inch pipe.
The primary dump valve (D) was actuated by a modified safety rod
actuator. The withdraw action of the actuator was used tc close the valve
and the scram action was used for quick opering. This actuator employed
an electromagnetic latch and was spring actuated on scram. The secondary
dump valve (E} served as a backup for valve D. It was closed remotely
using a manipulator and was held closed by an electromagnet. Both valves
D and E were connected tc the safety circuitry so that dumping automatically
occurred in the event of a high flux level or short period. A third motor
driven drain valve (F) was used when small amounts of water were to be
drained. All drainage water dropped intc a open rectangular catch tank
below the containment tank, and a manipulator operated valve was used to
drain the catch tank to the Hot Shop drain.

The water level was indicated by two devices. A direct indication was
obtained from a 100 inch sight glass mounted sc that it could be viewed
with binoculars from the control point. A second indication was obtained
from a float device which operated a 10 turn "Helipot" providing a signal
to a recorder at the contrel console.



In order to perform elevated temperature experiments, a "Platicoil"
steam heat exchanger was placed in the bottcm of the containment tank.
Steam flow was contrclled by vaives "H'" and "I' and the steam was dis-
charged into a trap with the condenszte being discharged to the Hot Shop
drain system. Two chromel-alumel thermocouples were inserted into the
core to monitor water temperature. One thermocouple was inserted to a
position below the core between shrcud number six and the thermal
shield. The other thermocouple wzs inserted to the top of the active core
adjacent to shroud number eight,

An additional means of controlling reactivity other than by the addition or
draining of water was provided by three control rods inserted into the core
from the top of the pressure vessel. These rods had no scram capability,
and were used only for control purposes. Core locations for the rods had
been determined by examination of photographs and by measurements of
core void areas. The rod actuator mounting fixture had been marked such
that when the actuators were positioned to the appropriate index marks

the rods would be above the desired locations in the core. The actuators
were installed and the rods individually driven into the core while being
observed in a mirror above the pressure vessel. Some readjustment of
position was required tc achieve maximum penetration of the rods. Loca-
tions and depth of insertion of the three control rods and the source rod
are shown on Figures II-43 and I7-44,

The source rod act:ator was iderntical to the control rod actuators
described above, and wzs positicned zs shown on Figure 1I-43. The
startup source was 13 curies of Polonium-Beryilium.

Figure II~45 is a schematic of the nuclear instrumentation and safety
circuitry. Figures II-43 and II-46 iilustrate the locations of the various
sensors and Figure II-47 shows &!l control and nuclear instrumentation
in the installed configuration,

Neutron flux was measured by three scintillztion detectors and three
compensated ion chambers. The scintillation detectors consisted of
boron impregnated plastic crysials coupled to RCA C555A photomulti-
pliers and connected to TMC DC-12 preamplifiers, Victoreen A1lD
linear amplifiers (model 672-A) were used to drive the count rate and
period amplifiers and the TMC scalers. These three channels were used
to generate an automsztic scram signal on high count rate and to provide a
visual signal for the Reactor Operztor,

Compensated ion chambers previded log flux and period signals. The
chamber output was ampiified and visuzally displayed on Log N and
Period Amplifiers (Engineering Specialities Model K-2 and J-2). These
amplifiers were equipped with actomatic pericd trips which provided short
period scram pretection.
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The actuator control circuitry consisted of a drive control switch and a
seven position selector switch., Ceontrol rods one, two and three could
be selected individually by positions on the selector switch and were
driven using the rod drive control switch. A fourth switch position pro-
vided for motion of the scram-valve actuator. A fifth switch position
selected the source rod for precise position indication only, with source
drive control provided by a separate switch. A sixth switch position
connected all three control rod actuators to the drive control switch so
that they could be driven in unison. A precise indication of rod position
was provided by a digital voltmeter which irndicated the position of the
selected rod, and in addition, rod position was indicated by individual
panel meters for the three control rcds and the source rod. Individual
meters were also provided to indicate rod drive current for the three
control rods and the source rod.

Also included on the control panel were the fill and drain valve controls
and the steam valve controls, Figure 1I-48 illustrates the relative
position of 21l contrels on the Reactor Operator's control console.

Checkout of Nuclear Instrumentation at the Shield Test Facility - All six
channels of nuclear instrumentation were assembled and checked out at
the Shield Test Facility using the '"Susie' reactor as a neutron source.
The purpose of the checkout was:

To determine if all components were in operating condition and
were compazatible with each other,

To identify any tendency to saturate or lose sensitivity in high
neutron and gamma fields.

To insure an adequate overlap between the log count rate and
ion chamber channels.

Pre-operational Checkout -~ Pricr to insertion of the vessel into the
test assembly, a rigorous checkout was made to assure the proper
operation of all instrumentaticn 2nd contrels.

Upon installation of the vessel into the test as sembly additional checkout
operations were performed and the system was ready for operation on
April 4, 1962,

A detailed summary of the cperation is presented below in chronological
order,.

Thursday, April 5 - Vessel filled to overflow with demineralized water
Log Count Rate channel #1 showed large increase in count rate
{(order of 106) while the two other counters showed a net decrease
in count rate from water level at bottom of core to water level at
top. This was beliieved to be due to radiztion sensitivity of some
electronic component in channel #1.,
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Friday, April 6 - Vessel filled with demineralized water to 5 inches above
bottom cf fuel (54.5 inch level) when a scram occurred due to dip in
line voltage.

Monday, Aprii 9 - Vessel filled with dilute acetic acid to within several
inches of top of fuel (72.3 inches above bottom of tank) when a scram
occurred due to faulty adjustment on one of the trip circuits, Again
Log Count Rate channel #i showed a large increase in count rate,
while the other two channels showed a net decrease.

Tuesday, April 10 - The solution of dilute acetic acid from the previous
day's filling was pumped back through the fill system. The vessel
was filled and the solution was heated slightly. Log Count Rate #1
again showed the same large increase in count rate.

Wednesday, April 11 - The Log Count Rate #1 channel was replaced with
identical components. The vessel was filled with a fresh acetic
acid solution. The water level was lowered to the top of the fuel
and the solution heated to about 160°F. The water level was then
raised to the overflow and the solution temperature maintained for
several hours at a high temperature. All Log Count Rate channels
showed a net decrease in count rate as the vessel was filled and no
significant change in count rate during the heating process.

Thursday, April 12 - The vessel was filled with demineralized water. All
Log Count Rate channels showed a net decrease in count rate.

Friday, April 13 - The vessel was removed from the aluminum tank, and
this tank was filled so as to obtain a count rate vs. water height
curve for the case of no reactor or pressure vessel but with the
source in its equivalent position as during the other fillings.

Final Disassembly and Disposal

After the conclusion of the critical experiment, preparations were made to
completely dissect the remainder of the core and pressure vessel for de-
tailed laboratory examinations. As a first step, the upper end of the
Pressure vessel was cut off to improve access to the core region.

The critical experiment equipment was removed from the pressure vessel
and the four remaining pipes (lower spray ring, purification system,
spare and main water level still well) were cut to sever all connections
between the upper and lower ends of the pressure vessel, At this time it
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was discovered that the 2 inch connection to the lower spray ring was
broken inside the Pressure vessel wall Penetration. All loosge Pieces
which might fall out when the pressure vessel was removed were picked
out with the manipulator and put into the accumulation trays.

With the pressure vessel suspended in the cut-off fixture, a circum-
ferential cut was made through the Pressure vessel wall at a level
approximately 5 inches below the top of the thermal shield. The cut was
made with an air powered cut off grinder held in the overhead manipulator,
Figure II-49 shows this operation. The UPper pressure vessel was then
removed leaving the lower end and core shown in Figure I1I-50, Here the
lower Spray ring can be seen lying across shrouds #1 and #2 and around
the water level still well. The sheared rivets in the T-stanchions where
the shrouds and baffles have been pulled loose can be clearly seen.

the central portion of the core gradually emptying this volume, Three of

This grouping was completely free of the remainder of the core, The #2
shroud, also free of the core, was then removed, leaving the remainder
of the core in the condition shown in Figure II-51,

The #3 and #4 shrouds were still tied together and were removed as one
unit,

At this time the last X~stanchion was removed by breaking its one or
two remaining rivets, Two of the remaining T-stanchions required the
Same treatment to allow the rest of the shroud as semblies to be separated,

The core Support structure was removed. The thermal shield, Figure
II-53, was lifted out with the manipulator and €éxamined, The mid-point
of the cylinder had increased its diameter by about 1/2 inch. There are
eight support structure brackets attached to the inside of the thermal
shield.” Two of these have guide.pins, three have broken.hold4down studs
and three have intact hold-down studs.

The remaining small pieces were removed from the bottom of the pressure

vessel with a manipulator and vacuum cleaner, completing the core dis-
assembly.
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All parts removed were sent to the laboratories for detailed investigation.
The pressure vessel was then decontaminated and samples for metallurgical
investigation cut out according to the accumulated requests,
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Health Physics

At the beginning of Phase 3 o the SL-1 recovery operations (May 23, 1961)
between 3, 000 and 4, G00 curies of gross fission product contamination were
estimated to be distributed in the reactor buildirg and environs (plus that in
the reactor itself}), The radiation field within the reactor room varied from
20 R/hr to over 100 R/hr and readings of 1 R/hr were obtained as far as

475 individuals made 3240 entries intc the SL-1 area, spending a total of
9325 man-hours in Protective clothing and respiratory equipment. These
individuals received a total accumulated dosage of 348! rads to the skin and
998 rem to the whole body within the SL-1 area,

Radiological safety control procedures were established to provide the maxi-
mum amount of protection consistent with the requirements of the operation.
In spite of the fact that dose rates were extremely high and variable, less
than six percent of the individuals involved received radiation doses in
excess of the radiation protection guides teécommended by the Federal Radia-
tion Council for €Xposure to external sources of radiation. The highest of
these technical over €Xposures exceeded the applicakle limit by only 16 per-
cent. Less than four Percent of the participants were found to have

Radiological Conditions
Initial Radiation Levels

Radiation levels on the grounds, as measured on May 19, 1961 by
Combustion Engineering, are presented on Figure II-54. Radiation
levels in and around the reactor and support buildings as measured on
June 1, 1961, by G-E health Physics personnel were as follows:

Administration Building (SL-1 613) 10-15 mr/hr
Support Facilities Building (SL-1 602)
Machine Shop 20-25 mr/hr
Outside access door in corridor from 150 mr/hr

control room

Reactor Building (SL-1 603)

Bottom of reactor building south stairs 200 mr/hr
First stair landing 325 mr/hr
On stairs midway between first and 650 mr/hr

second landings
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Reactor Building (SL-1 603; Continued

Middle stair landing 1.7 R/hr
Top stair landing 40 R/hr
Reactor room just inside SW door 45 R/hr
Near hot well tank 60 R/hr
Near raw water and deionized water piping 50-60 R/hr
Front of motor control board (west end) 75 R/hr
Front of motor control board {(center) 80 R/hr
Front of motor control board (east end) 90 R/hr
Near west end of shield block 5A 105 R/hr
Bottom of outside (north} stairway 1 R/hr
Halfway up outside stairway 250 mr/hr
Top landing of outside stairway (door 20 R/hr
closed)
About three feet inside NE door 40-50 R/hr
Six to eight feet inside NE door 75 R/hr

Calculations, based upon initial radiation surveys in the reactor room and
subsequent surveys in the third floor fan room, indicate that 3,000 to 4, 000
curies of fission product activity were distributed throughout the reactor
building at the beginning of the Phase 3 operation.

Reactor Building

The extremely high initial radiation levels in the operating room made
necessary the use of very short working time limits. The magnitude of
the problem is emphasized by the fact that while only 3% of the time in

the SL-1 area was spent in the reactor building, 80% of the total exposure
was received therein. As a result, decontamination efforts were made in
the early stages of the opc*tation in order to allow more effective use of the
available manpower. Removal of debris with scoop shovels and brooms
followed by dry vacuum cleaning of all accessible surfaces as described

in Section II, 1.3, reduced the radiation levels significantly.

These decontamination efforts also reduced the beta to gamma ratio; an
important result since the beta + gamma skin dose was the limiting factor
in establishing time limits, Significant reductions in the local beta doses,
resulting from gross contamination on protective clothing, were also
achieved,

The effectiveness of this method of cleaning is indicated by the fact that,

after a total expenditure of cnly 11.9 man-hours in the operating room,
the average gamma radiation level was reduced from 60 R/hr to 4 R/hr.
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Radiation levels were not reduced as effectively by vacuum cleaning in
the fan room as in the operating room because the crowded installation
of equipment resulted in a number of inaccessible surfaces. Here,
attempts to obtain longer working time limits were made by laying
steel plates on the floer. This was somewhat effective since it essen-
tially eliminated the betz contribution from the covered areas as well
as partially shielding the gamma radiation from the operating room,
below. The extent cf the decontamination effort applied, prior to the
actual removal of equipment, was jointly determined by health physics
personnel and project supervision in an attempt to achieve the minimum
possible total exposure to personnel.

Since the major decontaminatior work within the reactor building (excluding
equipment removal and building destruction) was completed by the end of
October, the following statistics for the period from May 22, 1961, through
October 26, 1961, can be used to illustrate the magnitude and effectiveness
of these efforts,

Total number of working days 114
Total entries intc reactor building 335
Total man-hours in reactor building 83
Total accumulated dose in reactor building 395 rem (whole body)

1709 rads (skin)

Average dose rate for first 30 entries into reactor building:
809 mrem/min (48.5 rem/kr) gamma
2807 mrads/min (1€8 rads/hr) beta

Average dose rate for last 30 entries (prior to October 26) into
reactor building:

29 mrem/min {i.74 rem/hr} gamma

48 mrads/min (2.88 rads/hr} beta

Approximate dose rate reduction factors:
Gamma: 28
Beta: 58

Weekly average skin and whele body dose rates within the reactor building
are shown in Figures I1-55 and 1I-56. These values, calculated from
film badge results, show the reduction in dose rates as a function of time
as the work progressed. The accumulated total weekly exposures for
Phase 3 are presented in Figure II-57 znd Figure II-58.
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Gamma radiation levels in the operating room after initial decontamination,
removal of the reactor vessel, and removal of most of the equipment are
presented in Figures II-59, 60 and 61 respectively. Radiation levels in
the fan room after initial decontamination and removal of equipment are
presented in Figures II-62 and 63. Other radiation levels measured at
various stages of the operation are shown in Table II-2.

TABLE II-2

Radiation Levels at SI.-1 Site

Date Location or Activity Radiation
Level R/hr
7-20-61 Scaffold outside fan room behind 1
personnel shield
Near fan room wall (no shielding) 9
7-21-61 Fan room, general field 10-50
Hole in center of floor (torn by shield plug) 200
Edge of fan floor by scaffold 10
Outer edge of scaffold 5
Three feet from top of steps 1
8-16-61 Ten feet inside fan room 10
Center fan room (at waist level) 60
January 1962 Body dose rate to personnel cutting up 1-3
fan floor
Support beams removed with fan floor 3-6
(at one foot)
Center section fan floor torn by the 5
accident, at three feet (after steam
cleaning)
Three feet above ground where floor was 1-5

cut up (after burial of floor)

February and Under operating floor

March, 1962 During gravel removal 2-3
During removal of storage wells 4-5

April, 1962 Cutting up operating floor slab after .1-3
demolition

April, 1962 Steel support plate for operating floor 6-50

(at one foot)
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TABLE 1i-2

Radiation Levels at SL-1 Site {Con't)

Date Location or Activity Radiation
Level R/hr
5-10-62 Dose rates to perscnnel removing .03 -.08

foundaticn

6-22-62 Reactor building site after removal of <.001
uilding

Support Facilities

Standard decontaminaticn metheds such zs detergent washing and steam
cleaning proved sufficient to reduce contamination in most areas to
acceptable occupancy levels {see Table II-3). In the control room, access
corridor, and on the exterier surfaces of the end cof the support building
(SL-1 602) exposed to demoliticn blzsting, removal of floor tile, paint

and repainting were required,

Samples of insulation irom the ceiling cof the support building read from
.5 mr/kr to 20 mr/hr. Since the background in the building at the time
of sampling vize & to 10 mr/rr, calculations were relied upen to determine
whetqer this insulation ghould be removed., These calculations indicated
hat the contaminated ingviaticn would create 2 field aver raging 1.25 mr/hr
6 feet above the floor of the support building, The insulation was therefore
removed. Mezsurements showed that insulation removal was unnecessary
ir. the Administration ard Tecnn;ca Sappert Bullding.
A summary of remcvable contamination level
s

s pricr to deccntamination is
tabulated below., All value cm

azre in 2/m O .

N:-'-

Suppert Fecilities Building (SL-1 4G2) Shor Area
F or, takles 1.5 x 100
g'lt fixtares, etc, - 2.0x 105
Intericr Walls 4.0 x 104
Admiristration Building {SL-1 613} First Ficor Offices
Flocr i.5x lO6
Tables and Desks 4.0 x 10°

13- 95



Administration Building (SL-1 613) Second Floor Offices

Floor 1.2 x 102
Desks, Cakinets 2.0 x lO5
Walls 1.0 x 104
Administration Building Roof 5x 104 to
2 x 107
Administration and Technical Support Building (SL-1 606)
Interior 5 x 102 to
5 x 104
Exterior Walls 1x103
Roof 5 x 10% to
2 x 10°
Guard House (SL-1 604)
Interior 1.5 x 104
Exterior 5% 103
Power Extrapolation Building (SL-1 615)
Interior 1.5 x 104 to
1 x105
Roof 5 x 104 to
2 x 105
Decontamination Building (SL-1 614)
Interior 1 x103 to
1x10°
Exterior 1 x105

Final contamination levels, after decontamination, are given in Table II-3.
Grounds

Whole body radiation levels on the grounds near the perimeter fences
were generally in the range of 5 to 20 mr/hr after removal of the reactor
building. Radiation and contamination levels in areas of concentrated
recovery activity reached a maximum of 5 R/hr at 3 ft. above the ground.
Radiation doses were minimized by intermittent scraping and removal of
the surface in areas where protective clothing was removed and where
highly contaminated equipment had been placed on the ground. During the
winter months when the ground was frozen, this type of periodic contam-
ination removal could not be accomplished effectively and localized hot
spots contributed significantly to the personnel doses.
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On Maxch 28, 19¢2, afier demolition of the reactor building support
structure, radiation levels in the SL-1 area were primarily a result of
ground contamination. Radiatior levels at this time are presented in
Figure II-64.

In order to mirimize cross coriamiration between the buildings and
grounds durirg final cleaning of the building exteriors, a layer of dirt
was removed. The exterior surfaces of the building were then cleaned,
and a secord layer of dirt was removed. The surface soil was removed
to an average depth of 4" within the entire fenced area. Replacement

of the soil in the fenced area was delayed because of expected cross con-
taminatior. from the uncleared area outside the fence, but a layer of
clean gravel was spread over the normal vehicle and pedestrian traffic
lanes. Radiation levels in three separate areas, where emergency and
recovery operations had caused gross contaminatior, were still as high
as 30 mr/hr 3 feet above the ground at the time of this report. However,
when the soil is replaced, radiation levels are expected to be less than

1l mr/hr. The condition of the grourds as of June 22, 1962 is presented
in Figure II-65. No work was done after this date.

Core samples, taken before and after removal of the top soil, indicated
that significant penetration of contaminatior into the ground ranged from
5'""to 20", Peak activities from the samples were at the surface or a few
inches below the surface, indicating that the remaining radioactivity will
probably not reach the water table for hundreds of years. Typical activity
gradients from two core samples are presented in Figure II-66.

Hot Shop

The SLi-1 recovery required 302 entries into the ANP Hot Shop involving
318 man-hours of radiation exposure, A total integrated dose of 113.5
rads beta ard 59. 6 rem gamma was accumulated by personnel engaged in
nor.-remote Hot Shop operations.

Urnloading and sorting of the material transferred to the Hot Shop from
SL-1 caused gross Lontaminazion within the shop. A two foot plastic
barrier stretched across the floor of the shop helped to control the spread
of contamination from the highly contaminated east end to the wes* portion
where unloadirg from trucks was aczomplished. Even so, surface con-
tamination levels on the 'clear'' side of this barrier periodically reached
106 d/m-100 cm?2, and frequent cleaning was necessary. Con<‘amiration
remaining on the Hot Shop floor, after removal of the sorted debris to the
Special Equipment Servize room for emporary storage, created maximum
radiation levels of 5 R/hr as the barrier and average levels of 100 mr/hr on
the "clean' side of the barrier. Prior o receiving the pressure vessel, a
complete decontaminaion of the Hot Shop reduced the above »adiation levels
to betweer: 50 and 100 mr/hr.
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Persons engaged in removing the pressure vessel head worked in radiation
fields of 3 to 6 R/hr. During this period the significant radiation levels
within the Hot Shop were:

Average Field 150 mr/hr
Three feet from edge of pressure vessel head 5 R/hr
Top of pressure vessel head 12 R/hr

Between pressure vessel and top edge of cask 40 R/hr

Over the top of the vessel after removal of the pressure head, a reading of
450 R/hr was obtained.

Significant radiation levels 3 feet above the floor during preparation for the
critical experiment were:

14" from the edge of the pressure vessel 20 R/hr
3' from the edge cf the pressure vessel 60 R/hr

Gross floor contamination undoubtedly contributed significantly to these
high readings.

Individuals engaged in cutting the holes in the pressure vessel worked
behind shields in radiation fields of 100 to 200 mr/hr. The maximum dose
rate to which any individual was exposed in the Hot Shop was about 20 rem/
hr occurring while the pressure vessel was being secured in the support
fixture. Radiation levels at 3 feet above the floor in the Hot Shop at the
conclusion of the critical experiment cn April 12, 1962, were as follows:

mr/hr mr/hr
Core in Cask Core out of Cask

At main doors 110 120
Window B 110 160
Window C, 14' from vessel 3C0 750
End of Pool 1500 1500

Radiation levels at 3 feet above the floor in the shop after the pressure
vessel and reactor core were remotely dismantled and transferred to a
storage area on May 19, 1962 were:

mr/hr Gamma mrad/hr Beta

Zone #1 {west 1/3 of shep) 125-175 750-1050
Zone #2 (central 1/3 of shop) 200-500 1200-3000
Zone #3 (east 1/3 of shop) 10, 000 25,000
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On May 28 and 29, partial decentaminztion of the Hot Shop reduced radiation
levels to 200 mrad/hr bets ard iCOmr/hr gamma,

During the lzst few months of SL-i work in the Het Shop, contamination
problems were severe and maximum protective clothing and respiratory
pProtection were used. For example, shoe covers worn within the shop

read as high 25 10 R/h> gamma and 25 rads/hr beta at contact,

Approxima.tely 500 curies of fizsion product activity were collected as liquid
waste during the SL-1 work, Approximately 300 curies were obtained from
reactor washings during the criticzl experiment, This activity is presently
contained in 40, 0Q0 gallens of liquid in an underground holding tank.

Contrcl Proc edures

A small support building, approximately 500 feet from the SL-1 reactor,
containing shop equipment, two cffices, a shower rocm, and work benches,
was utilized 25 a control point for zll operations it the SL-1 site. In order
to minimize the transport of contamination into the control point, a trailer
was located adjzcernt to the cuilding and used for the removal of contaminated
protective clothing. Plywood windbreaks were constructed between the
trailer and building and arcund the outer trailer door to control airborne
contamination. Since the radiation level inside the contrcl point building
was substantialiy zbove natural background (1 mr/hr maximum) a steel
cubicle was located in the building, adiacent to the trailer entrance, to
provide a lower radiation backgrcund for personnel monitoring. The floor
from this area to the hot side of the trailer was covered with blotting paper,
which was changed dazily, or more often wker: necessary. The rear portion
of the building and surrounding yard were estabiished 4s a contaminated
area. This area was nsed zs = staging area and parking lot for vehicles
and equipment used within the SL-1 area,

All access to and from the SL-1 zrea was controlled through this control
point. Material being removed from the SL-i area was surveyed here
before release. Careful preparations for each task were made at the con-
trol pcint. Before each entry, a perscn was carefully dressed and briefed,
His name and time of eniry were logged on a special work permit which
described his job and specizl precautions for the job. Both the health
physics representative and operations Supervisor were required to validate
this document by zignature before access was permitted. In most instances,
a health physics representative accompanied the person or team to the SL.-1
area where he assisted in procurring tools and equipment, gave final
Precautionary instructions, and, when radiation levels were high, timed
the worker during actual work perfcrmance.
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The time limits were established from prior radiation surveys, knowledge
of the operation, and pPrevious exposure experience. The fact that exposure
limitations prevented health physics perscnnel from accompanying each
man into the highly varied radiation fields, coupled with the requirement

to accomplish as much as possible without over exposure, taxed the skill
of the health physicist.

The checkout procedure at the control point consisted of careful removal of
protective clothing, personnel meoenitoring, and showering. Estimated dos-
ages, exposure time, and time of departure was recorded for each individual
at this time,

SL-1 entry logs containing the date and time of entry, job description,
personnel involved, areas entered, and estimated doses were compiled and
recorded.

Protective Clothing and Equipment

The conventional types cf protective clothing already on hand for use in the
GE-ANP program proved to be adequate for the SL-1 operation, although
significant increases in quantity were made. The following protective
clothing and equipment were used:

Canvas twill coveralls

Disposable plastic coveralls with hood

Canvas head covers

Surgeon!s operating cap

Canvas shoe covers with elastic at top

Rubber boots

Cotton gloves

Rubber gloves

Half face respirator with twin, high efficiency particulate filters

Army M9A! Assault Mask with cannister

Cemmercizal full-face masks of several types with high efficiency
particulate filters

Masking tape, 2 inch

The approximazte number of items of protective clothing and equipment
decontaminated or discarded are tabulated below:

Laundered Discarded
Coveralls 7,060 750
Plastic coverzlils ¢ 500
Head covers 3,500 500
Canvas shoe covers 9,000 pr. 1,500 pr.
Rukber boots 7,000 pr. 250 pr.
Rubber gloves 7,000 pr. 1,500 pr.
Half face respirators 3,000 -

Full face II-109 500 -



Remove a1 Personal jewelry, etc. and al] Personal clothing
€Xcept shoes angd Stockings,

Don one pair of Coveralls, shoe Ccovers, rubber gloves ang Surgeon's
cap.,

Seal wrist and ankle regions with masking tape,

Place three self-reading dosimeters and one film badge on chest
pocket and fijm badge belt containing 15 to 1g badges around
waist,

Don Second pair of Coveralls, rubber gloves, rubber boots and an

Tape self reader encaseqd in plastic to the chest near film badge.
Attach filter cannister to face mask before entering SI,-] gate,

After each individual Jef: the reactor building, it was necessary for an
€Xperienced health Physics inspector to urdress him according to the

shoe coversg and cut the plastic suit around the neck, Wrists, waist, ankles,
and down the front beeling it off gently., In this step, extreme care was
taken by the inspector to Prevent contamination of his person €ven though
he was fully dressed in 3 respirator and Protective clothing. At the

Outer gloves, ang Coveralls. At the control point the inspector on the
""cold" side of the trailer {an 18" high plastic barrier Separated the ""coldn
and "hot" sides of the trailer) carefully removed the film badge belt and
dosimeters, The individual removed his own rubber boots, surgeon's cap,



3.4

Federa] Radiation Counci] (10 rads/quarter or 30 rads/year to the skin
and 3 rem/quarter to the whole body, €yes and gonads). Betgy absorption
studies showed that the full face masks provideq effective beta shielding
for the €¥es and thas the gonadg would not Teceive gn appreciable beta
dose, Therefore, the Mmeasured bety plus gamma dosge Was applied against
the skin dose limitg while only the gamma doge Was consideregq as contrj-

floor, A beta 2bsorption €Xperiment was also run, using thig Same Source,
which indicated 5 Mmaximum heta €neregy at 23 inches of approximately 2.5

For €Xposures to this Source, betg readings were reasonably Consistent
from badge to badge, Badges €Xposed withoyt interposed absorbers at
23 incheg from the Source, having beta readings in the three o four raqg
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vast difference in geOmetrica} 2rrangement, between the test source and
the source 25 seen by g badge wcrp Within the Teactor building, accounts
for mogr of the discrepancy. Self reading jon chamber dosimeters showed
a definite beta Sensitivity of 10 to 30 Percent, vVarying for different ranges

and makes of dos:.meters.

Beta film Teports, based upen singly eéxposed badges worn by persons enter-
ing the Teactor b;:ilding, Were highly inconsistent. These inconsistencies
are Partizlly ttributed +o the difficulty in S€parating the film darkening

good dgreement With other methods of Measurement, As a result of these
difficulties, beta dosages to Personnel were determinegd by €quipping each
berson with 5 d051metry belt containing 15 ¢q 18 identica] badges ang Tecord-
ing the average bets reading for these multiple badges, The gamma dose wasg
determined directly from the single badge worp on the chest,

In other experiments, badges WOrn on the ankle, knee, hip, andg chest of
€xposed individygig indicated that no one pPart of the body was receiving an
appreciably higher doge than other Farts., It wag concluded that the badges

Skin dose, rather thanp waole body dese, wasg generally the limiting factor

radiation ang Contaminaticn SUrveys carried Out during the SL-1 Phase 3
WwWork, The type of instrument “sed dependeg upon availability and suit-
ability for the existing conditions, A listing of thig instrumentation appears
below,



Direct Radiation Lnstruments

Use Maximum Range Instrument

and Unitg
Gamma 500 R/hr Victoreen Radector
Gamma ’ 50 R/hr Victoreen Radector

Gamma 1000 R/hr Eberline Gadora 1
Beta-Gamma 25 R/hr Technica] Associates,
Juno, Mode1 3
Beta-Gamrna 5 R/hr Technica) Associates,
C.P, Mode] 2
Beta-Gamma 5R/hr Technica] Associates,
C.P, Model 2
Beta-Gamma 5 R/hr Technica] Associates,
C.p, Mode] 3
Beta 1000 rads /by Chalk River AEC],
(development inst, )
Beta-Gamma 20 mr/hy Nuclear Chicago G, M.
Model 261>
Beta~Gamma 20 mr/hr Nuclear Instruments
G. M, Model 2160-A
Beta-Gamma 20 mr/hy Victoreen Thyac

G. M, Mode] 398-C

Personne] Mete ring ‘Dosimete rs

Pers onnel Contaminatlon Monitors
Sharp Monitor Ratemeter, : Model LMR-168 With Amperex Type 90
be

Atomic Instrument Count Rate Meter, Model 419 with Victoreen Type
1B85 GMm Tube

Removabie Contamination monitoring Was performegq by use of standard
' i No. I'filter circles, Smears
Were counted using shielded, end window gas-flow Proportiona] Counters
(Atomic Inst, Co.) and decade Scalers (Technica] Measurements, Model



3.6.2

Bioassay

Because of the extreme contamination leveis resulting in air activity of
10-2 +0 10-3 ne/cs during cleaning operations in the reactor building, the
existing bioassay program was expanded. All persons working at SL-1
submitted urine specimens morthly or whenever abnormai results were
expected. All specimerns were processed by the Health and Safety Division,
Idaho Operations Office, AEC. Each specimen was placed in a deep well
scintillation courter and gamma counted. Specimens showing statistically
significant activity were chemically procezzed and beta counted. Repeat
specimens were taken and whole body counts were made on all individuals
showing positive results. The whole body couniing procedure involved
thorough cleansing of the skin before being placed in a shielded container
for a five mirute gamma scar of the whole body.

A total of €30 bioassay samples were procezsed during Phase 3 of the SL-1
recovery project. Less than 3% of these showed statistically significant
results. The 15 individuals showing these positive results were given a
total of 24 whole body counts. The »esults of *his program showed that the
maximum internal contamination of ary individual was approximately 4 per-
cent of the maximum permissible body burden as listed in National Bureau
of Standards Handbook 69, '

Mzaterial Transportation and Waste Disposal

Transportation Problem

A large quantity of debris, small equipmert, ard vacuum sweepings from
the reacter building, containing several thousand curies, as well as the
reactor itself, contaizing ~ 50,000 curies, were transported to the ANP
Hot Shop 35 miles away from the SL-1 site. Apprcximazely 26, 500 ft3

of grossly cortamirated equipment and materials, reading up to 50 R/hr,
were loaded and transported to the burial ground and buried. About

54,500 ft3 of contaminated gravel and dirt were also buried,
=]

Control of Contamiration

The following general procedure was used to ccntrol contamination during
loading of debriz and equipment and transportation to the ANP Hot Shop.

A steel box, 4 feet x 8 feet x 4 feet, (referred to as the liner) was trans-
ferred via the shielded crane to a point where buckets of debris and pieces
of equipment could be loaded into it. This liner was placed in a second
box (referred to as the cask) whose 1 inch steel walls provided some
shielding. This cask was then closed,. sealed with masking tape, and
steam cleaned. It was next transferred to the control point and loaded
onto the clean truck and final decontamiration and monitoring were
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3

continued until levels were below 500 d/m-100 cm?, At times this
procedure was varied by leaving the cask mounted on the truck and
loading the liner directly into it. Other items too large for the cask,
such as the shielded vacuum cleaner barrel, were wrapped in plastic
at the intermediate point and again at the control point,

Unloading at the Hot Shop followed similar procedures. The truck was
backed into the Hot Shop on a clean sheet of plastic and the liner was
transferred to the '"hot' side of a plastic contamination barrier for un-
loading. Reusable containers were then hosed down on the 'hot'" side,
wiped down on the '"clean" side of the barrier and then reloaded into the
cask. No other work was permitted in the Hot Shop while the truck was
being loaded or unloaded.

Steel plates totalling 2-3/8 inches in thickness were mounted on the truck
to shield the driver, Although only two drivers were used to transport
material to the Hot Shop and back to the burial ground, the maximum dose
received by either, in any one quarter, was only 78% of the applicable
guide values.

The extensive health physics precautions tzken during the transport of
the reactor vessel to the Hot Shop are included in the detailed description
of that operation given in Section II 1. 3. 5, and will not be repeated here.

Waste Disposal

The personnel exposure expenditure required to cut up and package the
large volume of contaminated material for safe transit over public high-
ways to the common NRTS burial ground justified the construction of a
new burial ground only 1600 feet from the SL-] site. Two trenches
were initially provided; cne 12 feet wide, 1C feet deep, and 466 feet
long, the other 6 feet wide, 10 feet deep, znd 495 feet long. When it
became apparent during the cleanrup cperation thzt thig volume was in-
adequate, a third pit 2C feet wide, 10 feet deep, and 400 feet long was
dug between the other twe. Monuments were placed at the ends of each
trench and markers were placed at 25 foo* in‘ervals alceng the sides to
facilitate recording the burial locations of Varicus items.

Disposal of the rezactor building was generzlly made in this fashion:
Small comporents were lcaded into the & ton dump truck, driven to the
burial ground, and dumped directiy into a trench. On certain loads
where the nature c¢f the load was such that dimping was not feasible,

the truck was accompanied by @ crane which was then used to perform
the disposal operation. Each load was monitored by a health physics
representative who logged the items buried, their location, the radiation
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levels, the volume buried, the €stimated curie content, and the date of
burial, The top two feet of the trenches were filled with clean dirt

as disposal Progressed in order to control the spread of contamination
and to reduce the radiation level to <l mr/hr,

comprised 900 cubic feet and 19¢ curies of this total. Collected during
the SI1.-} Tecovery were 40, 000 gallons of liquid waste containing approxij-
mately 500 Curies., At Present this is contained in a large underground
holding tank at the ANP site, Approxirnately 300 curies of this liquid
waste were collected from the reactor Washings during the Critical experi-
ment. Maximum Concentrationsg Mmeasured before disposal were about 27
Rc/cc of gross fission bProducts from reactor core flushing and 5 pc/ce
from decontamination of the Hot Shop.

Exposure Statistics

During Phase 3 of the SL-1 recovery, 463 individuals made 3240 entries
into the SL.-1 area. There were 285 Wworking days at SL-1. The doses and
€Xposure times for men are recorded in Table II-4, Exposure statistics
for S1,-] Work in the Hot Shop are alsc given, asg well as the totals for the
Phase 3 Operation,

The total accumulated skin dose and whole body dose for the SL-1 Phase 3
Tecovery are Presented as 3 function cf time an Figure 11-57, The weekly
total whole body dose ig Presented in Figure II-sg,

The number of €Xposures in excess of annual and qQuarterly limits are
tabulated below:

No. of Technica] % of RPG For
Overexposures Maximum Dose
Quarterly Annual Quarterly Annual
Whole Body Dosgex 13 0 1079% 92%
Skin Dose i5 3 1159 116%

*Based on the following limits:
Whole body 3 R/quarter, j2 R/year
Skin 10 rad/quarter, 39 rad/year

II-116



TABLE II-4

Exposures During Phase 3 of SL-1 Recovery

Average
Location or Operation Exposure Number Total Dose Dose Rate
Time of Beta Gamma Beta Gamma
(hours) Entries (rad) (rem) rad/hr rem/hr

SL.-1 AREA
Fan Room 148.5 287 905 380 6.1 2.6
Operating Room 177.6 366 1158 327 6.6 1.9
Total in Reactor Building 326.1 653 2063 707 6.3 2.2
Cutting hole in fan room

wall 19.1 11 4.5 5.7 .23 .3
Removing Roof 11.3 10 8.5 8.6 .75 .76
Under operating floor

removing storage wells

and gravel 55.6 112 47.0 48.3 0.84 0.87
Removing Reactor

in Reactor Building 2.3 10 31.4 10.0 13,6 4.3

outside Building 70.0 20 0.0 1.8 0 .02
All work outside reactor 8999.0 5677 420.0 291.0 . 05 .04

building
TOTAL SL-1 Area 9325.0 6240 2483.0 998.0 .27 .11
HOT SHOP
Removing Pressure

Vessel Head 2.8 - 35.5 14.6 9.4 3.8
Cutting Hole in Bottom

of Vessel 39.6 - 10.4 6.6 .27 17
Other 174.6 - 20,1 19.3 .12 .11
Total Preparation for

Critical Experiment 218.0 215 66.0 40,5 .30 .19
Dismantling Reactor and

Decontamination 100.0 87 47.5 19.1 . 48 .19
TOTAL HOT SHOP 318.0 302 113.5 59.6 .36 .19
Other:* - - 103.5 82.4 - -
TOTAL PHASE 3 - - 2700.0 1140.0 - -

*Includes work in Hot Shop prior to receiving pressure vessel,
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I.
1.1.
1.1.1,
1.1.2,

I=4
I~

. EVIDENCE AND RELATED INVESTIGATIONS

=1

Throughout the Phase III recovery effort great care was taken to preserve
ard study all pcssible evidence. This section covers the results of the
investigation as related to mechanical, chemical and ruc‘ear effects. Of
particular importance wze to esizblish the position of the central, or #9,
contrel rod.

Mecharical Evidence

Shield Plug Assembly #9, Central Control Rod
Identification and Peeition

General

The importance of estatlishing the poziticn of the center control rod at
the time of the incident ied to p*acmo a greater empha51s cn examination
of these components ccmpared with the cther shield plug assemblies,
Censequently, the discussion of this azsembly is given in much more
detail, although eyami:‘_atmn cenducted on the other plugs follewed a like
pattern.

Initial Examination

Ip May of 1961 the central control rod skield piug mechanism (Figure III-1
nd Figure I12-2) was fcund lying acrcss the tcp of the pressure vessel in
sucn a posmon that it impeded access tc Pert #4, Shertly thereafter the
rom the reactcr puiiding and taken to the

plug mechanism was removed £
ANP area fcr examinaticn., The high radiation level {up to 25R/hr) re-
[ £

quired initial examinztion to be done rermctely in the Radioactive Materials
Laberatery (RNL‘ where it was sxamined and phctegraphed by use of
through-wail pericccpes. Figure 7i1-3 shows the general assembiy of a

g y

typical shield plug.

igcicred that the guide tubs was severely ccllapsed
‘cined the main ’_‘.;g body, and zt the lower end cf
cteliite bearing housing {Figure 111-4), The latter
severe and was sufiicient to kind the extension rod

firmiy. The overall appearancs of the guide tukbe and shieid plug showed
that it was

coated with 2 non-unifcrm depf\s_,. Examinztion confirmed
that a substantici depcsit, a white crystalline salt, was presernt on any
surface which had beer facing the rezcior prior to itz remeval., This
material wae sampled and found to be normzl c

A porticn of the extensicoxn rod protruded frorm the guide tube and unsuc-
cessiul eficrte were made to pull the rod frem this tube. Additional
efforts te pull the rod v'**h hezvy duty manipulaters were alse unsuccess -
ful. The c_:aerv}.’y waz then d: sa:sem,led in tke EML v unbolting the
pinion ho: 1s_'qg and removing the compenent zaxts. The gc.:de tube was

cut at the lecation where it jcined the plug tody tweo :n"}eb frcin the lower
ernd, and again €-3/4" from itz lower end. These zuts isclzated the seized
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Fig. III-1, Shield Plug Assembly #9, lying across
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Figure ITI-2, Shield Plug Assembly #9 Lying
Across the Reactor Head Over Nozzles 4, 9 & 8
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region as a 4-3/4" long section. The cut closest to the seized section

revealed the pinched guide tube on the extension rod, seen in Figure
III-5.

The disassembled mechanism including the shield plug, pinion housing
and spring housing, plus the entire extension rod and a section of at-
tached rack, were then sent to the decontamination room. The parts
were successfuliy decontaminated to radiatior levels of less than 10
mr/hr., aliowing further examinaticn of the parts to be made by direct
contact,

Following decontaminaticn a detailed physical examination of all parts
of the shield plug assemitly was conducted. Results of that examination
are as follows:

Spring Housing Assembly

No detectable damage was observed to either interior or exterior
surfaces. Both helical springs were in good condition and free to
operate.

Pinion Gear Housgir

No damage to the housing was detected other than normal oxide film
fermation.

Pirion Gear

No damage cther than normal cperational wear was detected. The gear
teeth were prctected witk 2 hard ckrome piate and a small amount of
ckrome chkipping was detected at the edges of several teeth. Such wear
is considered ncrmal for this service.

Rolier Bearings and Heousing

The back-up roller bearing was partially broken from impact., No
damage tc the back-up rcliex kcuging was noted. Bothk ball bearing
assemblies were badly corroded and ail bearings had sustained cor-
rosicn damage to the extert that they were seized ir the races, Decon-
taminaticn arnd cieaning freed the ball asgembiies, but not sufficiently
for normal cperatics.

Skield Plug

The 7/8" thick stairiess steel sk eld plug flange sustained a permanent
set deformaticrn by impact in twe dizmetrically separated areas. The
maximum deflections were 9/16" at cne edge and 1-7/16" at the other
edge. Figure II7-6 zhows flamge defcrmation, surface deposits and
ruptured gaskets., Figure I1I-7 showe an imprirt ‘rom impact. Severe
distortion cf the boltholes cccurred ir ezek area of impact. Later re-
construction cf the event and matching of the imprints with marks on

¢
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Fig, III-4, Shield Plug #9, guide tube collapse and
white surface deposits.

U-5001-47

Fig, III-5, Shield Plug #9, cross section of seized
extension rod by collapsed guide tube.
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U-5000-4

Fig. III-6, Shield Plug #9, upper section, showing
flange deformation, surface deposit and ruptured
gaskets.

U-5001-4

Fig.III-7, Shield Plug #9, imprint on bolt hole
from impact against corner of condenser.
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1.

other parts disclosed that cne edge of the flange struck an angle bracket
in the fan floor above the reactor and the other edge struck the corner
of a condenser installed on the fan fiocor above the reactor. Examination
of the plug body showed bright marks attributed to scraping on the mid-
point of the plug. No significant physical damage was found that might
have resulted from the fcrces causing this effect.

Guide Tukbe

Measurements show that the guide tube was elongated from the 18-1/2"
length nominally specified to 18-3/4", an increase of 1/4". The guide
tube was reduced in size by necking down and partial. tube wall collapse
at several points (see Figure III-4), The extension rod was firmly
seized by the guide tube in the area of major tube collapse., Cuts were
made at three locations, Figure III-8, leaving the seized region isolated
as a 4-3/4" long section. This seized section of tube and rod was placed
in a tension-compression testing machine and the extension rod pushed
out of the guide tube. An initiating force of 5020 pounds was required to
move the extension rod and a force of 3600 pounds was required to main-
tain sliding until the pieces separated.

Total deflection of the guide tube was approximately 2° from the center-
line normal tc the bottom face of the shield plug.

Visual inspection and stereomicroscopy of the surfaces of pieces cut
from the section containing the seized extension rod disclosed the very
important fact that the final travel of the rod was upward with respect
to the shield plug after the seizing action started.

Extension Rod

The first examination of the rod surface downstream from the guide tube
failed to show any metal rupture, burring, or scratches beyond normal
wear. The extension rod had a hard bilack deposit, which was identified
as chromous acid. There were some longitudinal scratches in this coat-
ing, but these were initially attributed to the sliding action of the Hot
Shop manipulators during the attempts to pull the rod out of the plug.

Prior to forcing apart the extension rod and guide tube from the 4-3/4"
bound section, a portion of the guide tube was cut away and removed
without using any force. A portion of a slide mark extending onto this
piece showed burring indicating predominantly upward movement of the
rod with respect to the plug, although there was some evidence of down-
ward movement as well. Because of the markings which the manipulators
were suspected of making on the extension rod, this part was of little aid
in identification of sliding which may have occurred during the incident.
Inspection of the rod after removal from the guide.tube indicated no ap-
preciable downward movement had occurred after seizure,

Zyglo, dye penetrant and stereomicroscopy inspections revealed no
surface cracks in the rod material. Rockwell hardness measurements
were taken longitudinally along the rod and an average of 38 Rc was
measured as against a specified hardness of 44 RC.

II1-8
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1.1.10,

= 1.11,

An impact-tensile -fatigue fracture occurred at the root diameter of the
threaded stud. Figure III-9 shows that the fatiguing had started at the
root diameter of the threaded stud and progressed inwardly. The cres-
cent shaped dark area is the fatigue break and the bright area represents
sound metal that was fractured by an impact-tensile action. Profilo-
meter measurements show that approximately 46% of the cross -section
area involved was due to pre-incident fatigue.

Gear Rack

The section of gear rack remaining in the guide tube extended approxi-
mately 1" into the lower end of the shield plug. This section was
threaded to the extension rod and measured 11" in length., Stereomicro-
scopy detected many transverse stress cracks on the rod flat along the
entire length of the section (Figure III-10). The gear rack had sustained
an impact fracture in a section weakened by fatigue.

Inspection of the lower section of gear rack indicates no burring or galling
of the rack teeth and no seizing or rupture of metal other than that attri-
buted to normal wear.

A 32-1/2" length of gear rack complete with washer and nut was recovered
from the fan room floor. The fractured section at the lower end of the rod
matched the short piece cut from the top of the extension rod in the plug
assembly. The length of the section is within 1/4'" of that expected. The
underside of the washer was imprinted with an outline of the top of the rack
section although there was no imprint of the nut on the top of the washer,
The washer, however, was deformed downwards at one point by apparent
impact (Figure III-11). The threaded end was broken off at the pinhole.
This broken piece of stud (Figure ITI-12) was found in the control rod hand-
ling tool, imbedded in tke fan room floor, and matches up with the pinhole.
One thread in the section covered by the nut was sheared off the stud body
(Figure III-11}. Investigation indicated that this galling was a pre-incident
event and served as a means to further identify the assembly'as #9.

Additional studies were made of the fine cracks across the flat portion
of the rack body in an attempt to determine their origin. Although dye
penetrant and zyglo techniques did not develop crack indications, the
MAGNAFLUX method brcught cut the defects clearly. A metallurgical
specimen prepared from one short section of the rack showed the crack
indications to be of the type usually resulting from overstressing during
the finish grinding or from some type of cleaning procedure prior to
chrome plating. Discussion of this point with a representative of the
fabricator led to the information that similar cracks have been noted in
17-4 PH alloy, after the use of certain cleaning procedures prior to -
chrome plating.

Connecting Rod

The connecting rod was recovered from the top of the reactor vessel,
This rod was broken from the extension rod at the base of the threads
on one end, and through the hoilow pins which retain the ball joint latch-
ing fingers on the other end, Figure III-14,

i11-10



U-5001-56

Fig. III-9, Shield Plug #9, extension rod, showing
fatigue area and fracture.

U-5001-34

Fig. III-10, Shield Plug #9, transverse stress cracks
in gear rack section.
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U-5022-12-13

Fig. 1I11-11, Shield Plug #9,
washer. Galled thread {(
identification feature.

top of rack, nut and
Pre-incident) was one maijor
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U-5001-127

Fig.II-12, Handling tool with broken
end of #9 gear rack stud retained in
tool which was found embedded in fan
room floor,

U-5081

Stud section found
in control-rod
handling tool

Fig, III-13, Matching of broken stud
of central control rod rack,

Missing thread
- (pre-incident)

Rack of central
«==" control-rod
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Position of the Central Contrcl Rod

Reconstruction of the severed pieces of extensicn rod and guide tube
(Figure III-8) shcws that, at the time the mechanism was recovered,
the control rod was 2-1/2" = 1/4" withdrawn from its normal scram
position, relative to the plug mechanism. In addition, a broken C
clamp was recovered frcm the fan ficor (Figure III-18}. The C clamp
was open to the diameter of the rack. Had the clamp been in place on
the rack for the rod assembly cperaticn, the rack wouid have been
raised approximately 2-1/2 inches. The control rod handling tool was,
at the time of the incident, attached to the rack of the central control
rod. Figure III-13 shows the matching of the brcken piece of stud found
in the handling tocl with the broken stud of the rack. The handling tool
penetrated the fan room flocr in the region above nozzles 5 and 6 (Fig-
ure III-30).

Slide marks are evident on the extension rod as it was found sticking

out of the guide tube. It is apparent that there are longitudinal marks

in the black chromous acid deposit. These are shown in detail in

Figure III-15. Though it was originally thought that these marks were
produced by the manipulator kands, Figure III-15 shows that the marks
extend well beyond the end of the housing, up inside where the manipu-
lator hands could not have reached. Therefore, it is evident that this
slide mark (as well as two similar marks spaced approximately at 120°
around the rod) was nct made by the manipulator hands. There are other
less well defined markings on the extension rcd, markings which did not
extend up inside the guide tube and which do not extend down the rod a
uniform distance. These marks can be attributed to the manipulator
hands.

Impact impression - When the guide tube ccilapsed, the region of great-
est collapse and seizure received the impression as shown in Figure III-16.
Both the inside of tke guide tube and the plaster cast of that region are
shown in the photograph. At the end of the slide marks on the extension
rod, 21-11/16" down from the end of the guide tube, an impression exists
on the extension rod. This impression matches the plaster cast of the
guide tube impression. The matching is virtually perfect, as can be seen
in Figure III-17. These two impressions were 24 £ 1/8" from each other
in the relative positions in which the mechanism was found. The impress -
ion of the extensicn rcd is at the end of the most prominent slide mark.
This relative position can be noted in Figure III-8, whick shows the ex-
tension rod in the position relative to the housing in which it was found.

In view of the facts as discussed above, the extensicn rod and plug at the
time the guide tube collapsed, were in a relative position corresponding
to 26-1/2 % 1/4 inches withdrawn.

In the ensuing events of the incident the extension rod was forced through
the collapsed guide tube to 2 final, securely clamped position correspond-
ing to 2-1/2 inches withdrawn. Preiiminary analysis, therefore, reveal-
ed the relative position of the rod in the plug when these were recovered
from the SL-1 building.
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U-5001-92

R Y N A B ¥ . T3 R T T N R TV I P SR T,

Plug #9, connecter rod, showing

Fig. III-14, Shield

sheared roll pins.
U-5022~18
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Fig. III-15, Shield Plug #9, relative position of
extension rod and sectioned guide tube showing
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U-5048-8

Fig. III-16, Shield Plug #9, seized region of the guide
tube with plaster cast. Pencil line on plaster cast out-
lines impression area.

U-5048-2

Fig. III-17, Shield Plug #9, plaster cast of guide tube
impression and similar impression on extension rod.
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Figure III-18, Broken C-Clamp Recovered
from Fan Room Floor
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in which it was found 4, et have 4 Profoung effect Upon the cop -
Clusiong which may be drawn abcut the dccident, The Pertinent
€vidence has been €Xamined careful.ly, however, to make Sure
that 5 Plausib]e €Xplanation €an be foung connecting all the obg er-
Vations,

Mmer
ejected the #9 shield Plug, the Same Pressure Was algo Crushing
he guide tube‘onto'the eXtension rod. This Crushing action - .
Permitteq the transrnission cf forces to the €Xtension rod greatly
in excesg of the 502¢ ibs, subsequent.ly Observeq, In addition,
Since the rod ang housing were Swaged together by the Pressure,
the force Tequired tq slide them apart initia.lly Wwould ke €Xpected

A,lthough the Centra] shroud, Collapseqg arcund the biade by the force
of the exp.losion, was essentially torn free from the Test of the Core
and wag moving *Pward ar the time, the inertia of these Parts wag

Pins, €stimated ¢4 be aboyt 9000 1bs. These Pins failed, Consequent -
ly, but Nnot withoyt imparting Some additiona] Upward Momentum to
the blade and shroygq, The connecting rod, Moving yp With the ey -
tension rod, dig not leave the Connector housing comp.tete.ly, as a
Tesult, unti] the lattey had been 8uided intq the nozzie in the head of

Positicn, The threadeq end of the gear rack broke inside the end of
the handling tool. Tke impact of the ha,nd.ling tool on the Ceiling may

fan room through the CPening made by the #3 shie,ld Plug. The
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1.1.13.
1.2,
1.2.1,

cf 17-4 PH, =z brittle materizi, and had many pre-incident cracks,
little

the exact position ¢ fracture iz of litt] significance. A static
test on a washer showed that a force of £500 ibs. produced deform-
ation comparable to that chserved,

When the shield plug struck the beame and condenser, as previously
noted, the fractured seciicn of the rack continued into the fan room
frem its momentum {it must be presumed tc have passed the object
which bent the washer! 2nd f21! or the fan room floor, The shield
Plug then fell back cntc th: pressure vescel head, a probabie cause
for the break between the éxtension and connecting rods and the 2°
bend in the extension housirg. From the burrs that indicated upward
moticn of the rod with respect to the piug, it can be inferred that the
extension rod was driver upward slightiy by this action to the 2-1/2
inch withdrawn position in which it wag found.

3
[UENoN
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Thus a possible sequence of eventz car be found to explain all the
existing evidence. While extreme reliance should not be placed on
any individual detaii in the chain, there s2ems to be no rezson to
doubt the validity of the general argument,

Contrel Rod Blade and Shroud

The central control tiade when recovered from the reactor vessel
was bound by the collapsed shroud at a pesition of 20 inches with-
drawn from normal scram resition. The contrel biade kad not

1

moved after the shroud coilapsed (see Sectinn IIi-1. 8 for details),
Shield Piug Identification, Trajectories a=nd Damage

Shield Plug Aszembiy #!

This piug ascembly wze imbedded in the fan rooem ficor almost
directly zhove the reactor read nozzle #1. Tke spring housing

bore the brunt of the Impact zgzinst the ceiling and the boitem of

the condenser in the fzn fiocr. It was tedly disterted and collapsed
dewnward { Figure I77-:9}). The flange siowed no evidence of damage
except for some distertion of cme bolt hole, at which peint it appeared
that 2 sharp ckject kad ztruck the vrde- fzce of the flange,

vrall but rot i¢ the czme extert thai haz bzen chserved on other
e

ccilapse of the tube
rod guide tukez, The defl

5
III-19). Tkis defiscticn was caused by the scdy of shield plug #7

in its flight from the rezctor head striking the stellite bearing end
¢t the guide tube. The imprint marks matched perfectlyv ! Figure
E > I DAY &

IIi-19



in the guide tyhe dropped out when the assembly wag inverted,
This Proved to pe the top eng of the rack, 8-7/8 inches long, wity
all but 3/8 inch of the Stud threaqd broken away (Figure 1I1-21),

€ Sections found in the guide tube angd that Tecovered from the
fan room floor matched berfect]y (Figure II1-21),

The €xtension roq guide tybe was deforrned, partially Collapsed and
deflected from its nRormal Pbosition (Figure III-ZZ). There was no
S . k.
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Figure III-19, Shield Plug #1, showin

to Spring Housing, Flexitallic Gaskets, and
Guide Tube

g Damage

U-5052-3

Figure III-20, Shield Plug #1,

of Shield Plug Body #7 with Imprint on End of
Guide Tube, Shield Plug #1

Matching Imprint
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The pinion gear ball tearing was badly corroded and frozen in place.
Two of the pinion gear teeth were badly dented; the chrome plate coat-
ing, however, remained intact,

The frame of the back-up roller was badly dented by impact in a
localized area.

The remaining components of the rod assembly, that is the fractured
lower section of the gear rack, the extension rod, the connector rod
and connector rod housing, were intact in the pressure vessel and
attached to the control blade. This remaining assembly was removed
from the pressure vessel by sectioning through the connector rod and
housing just above the gripper fingers.

A part of the gear rack nut with a fractured section of the threaded
stud and lock pin in place was recovered from the fan room floor.
The washer was not recovered (Figure III-23).

Shield Plug Assembly #4

Shield plug #4 was imbedded in the ducting in the fan room floor (Fig-
ure III-24). There was slight flange deformation on one side caused
by impact with a sharp rectangular object. This plug was a replace-
ment for the original plug #4, which was damaged during the shutdown
period prior to the incident. The surface appearance of the replaced
plug was bright while the surface appearance of all the other recover-
ed plugs showed dark discoloratiorns which are attributed to surface
oxidation under the environment of normal reactor operations.

The spring housing was undamaged although its surface had sustained
severe scratches. The plug body was also undamaged although small
superficial surface marks were detected.

The guide tube was deformed, deflected and had experienced severe
collapse. No external impact marks were detected.

Neither gear rack nor extension rod was recovered with the plug as-
sembly. These components were removed from the pressure vessel
without difficulty. The control rod blade was a dummy with a stain-
less steel plug at the upper end of the connector rod. The upper
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U-5031-20

Figure ITI-21, Upper Section Retained in Shield
Plug #3 and Matches Perfectly with Lower Section
Recovered from Fan Room Floor

U-5031-9

Figure III-22, Shield Plug #3, Showing Deformation
of Flange and Collapse of Guide Tube
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U-5031-12

Figure II-24, Shield Plug #4, Showing Flange
Deformation and Guide Tube Collapse

U-5001-150

Figure IIT-25, Number 5 Guide Tube and Rack
Shown in Same Relative Position as when Received,
Note teeth imprint marks and gouged metal.
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threaded end of the rack was broken off {impact tensile) about half
the distance along the threaded length. Some indentations were
detected on the gear rack teeth and siiding marks visible aleng the
curved sides cf the entire length of rack.

The rack and extension rod were bent at their junction in the plane
of the rack flats ard 2z concentration of stress cracks was detected
in the extensicn rod two to five inches from its upper end. A
second concentration of stress cracks appeared at the lower end of
the extension rod centering about the drill hole. The two hollow
pins at the lower end of the ccnnector rod were sheared in the same
manner as in the other rods.

The dummy stainless steel plug was heavilv coated with a scum -like
deposit on a line which appeared to indicate a ''water level!' line
similar tc that observed cn the shrouds and fuel elements.

The spring housing was intact and in good condition. The pinion gear

bearings were made from stellite materiai and showed normal amount
of oxidation and corrosion; otherwise, the condition of the component

was excelient,

There were deep indentaticrs in one pinion gear tootk. This com-
ponent was in excellent condition otherwise.

The gear rack nut and washer were not recovered and identified.

Elongation of the extension rod guide tube was measured at 3/16
inch.

Shield Plug Assembly #5

This plug assembly with the bell hcusing installed was the only as -
sembly beited down and it remained in its nozzle during the excur-
sion. This assembly was carefully remcved from the reactor head.
The rack, extensiorn zand connecting rod came with the shield plug,
the rack being firmly bound in the guide tube. The connecting rod
roll-pins were sheared at the gripper assembiy cf the rod which
connects to the crucificrm control blade assembly.



1.

2.5,

Investigaticn zhowed that the guide tube was collapsed along the greatest
part of its length. The tube was cuf from the plug circumferentially at

the weld, and the gear rack, extersior roed, and connector readily removed
from the plug bedy. The guide tuke was sectioned longitudinaliy at two
positions 180° apart and removed from the red. Impressions cn the gear
rack and tube definitely established the point of seizure which was 17-1/2
inches from the end of the guide tuve. The seized area was approximately
3 inches long {Figure III-25),

Several rack teeth imprinte were discernible on the interior surface of the
sectioned tube., A gouge mark indiczated downward travel of the rod, with
respect to the tube, of at least 3/4 inch. Burred metal on the curved
side of the rack exterded continucusly for apprcximately 5 inches from
the shoulder of the rack. No scouring or sliding marks were detected

on the extersion rod kelow the extersior guide tube {relative to the posi-
tion a2t the time of recovery),

The tip-end cf the gear rack was measured to be 6-3/4 inches above the
shoulder of the spring housing when firmly held by the collapsed guide
tube. Nermally tke tip-end is approximately 3/4 ir.ch above the spring
hecusing whes in the tcram pesition.

No severe damage was sustained to the gear teeth. However, there were
many transverse stress cracks on the flat side of the rack. These cracks
are similar tc those coserved cn #3 and #9 racks,

Two piricn gear teeth had received an impact from the gear rack teeth
while traveling up. No severe damage was incurred.

Chipping of tke chrome piate zlong side of the gear teeth is attributed
to normal wear,

The seal housing was connected to the bell heusirg whick was bent glight-
ly dewnwvrard, Tre hezawvy coupiing ccnnector was sheared off from the
seal housing ska’t and va: reccvered from the operating floor.

The spline chaft in the hell kotsirg was frzctured by a torsional shear.
The erd remaining or. tre gear was badly burred due to rotation in the
shoulder of the spiized coupiing.

Many cracks were detected in the spiined sha:t i» the area of fracture.

The pinicx: gear bali bearings were cartcn zllly steel. They were badly

corroded and tound in the races. Azter deccentaminztion the bearings
moved freely, but pitting kzd ozcurred on a1l gurfaces,

Shieid Plug Assembly #7

Thie shield plug was ejected from it: nczzie ard was embedded into the
bottom of the fan rocm ficor tetween twe I~beams in an approximately
vertical position cver nczzle #6. Tke piug was reccvered without gear

rack or extexsiorn rod (Figure III-2€).



As thig Plug was one of the firgs Tecovered ang brought to the Hot Shop
for €Xamination, beta ang gamma radiation Profiles were taken along
the longitudinal axis. The contact radiation level varieq from approxi-

mately 25 R/hr at the Spring housing 0 2 R/hr at the stellite bearing

Section at the lower end of the guide fube. The beia radiation Contributed
from 509, ¢, 90% of the total,

The shield plug flange hag sustained an impact-induced Pe€rmanent get
deformation On. one side which hag been ariributed to the flange Striking
an overhead I-beam (Figure 1I1-2¢), Examination of the Plug surface
showed an lmpact abrzsior mark (Figure dI-20), which wag made by the
plug body Striking the end of +he zhield pPlug #] guide tube during itg
flight,

Measurements showed thas the €Xtension rog had been elongated from
the 18-1/2 inches nominally Specified to 18-11/16 inches - ap increase
of 3/16 inch,

Visual €xXamination showed that the guide tube had been deformed, necked
down and Partially Collapsed, The tube showed ng damage dye to externa]
impact,

The Spring housing had incurreq Severe damage op the top face (Figure
1I1-26), This damage ig attributed +o the use of 4 heavy sledge hammer
used to dislodge the shielq plug during Phase 1 OPerations,

The back-up roller housing and graphite »bearmg were undamaged and in

Both baj1 bearings assemblieg were badly"corroded and bearing bound in
the assembly, Decontaminating golutions Partially freeq the bearing, but
not sufficiently for usefyy Operation,

The control rod assembly wag recovered from the Pressure Vessel with
the gear rack, extension rod, connecting rod and Connecting rog housing,n
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1, 3,1

The €xtension red ang connecting rod were bent at an angjie of approx;j -
Mmately 30, The threadeq Secticn Joining the rod was net broken though
but hag Sustained Severe Cracking, There was NG detectabje indicatiop
of any Surface damage to the COomponents Other than minor Superficia]

abrasions.
Instrurnented Flange ~Nozzle #g

The instrumented blind flange Te€cCovered from the OPerating floor wag
€Xamined apg the followzng Notationg Cbserveq:.

dicate that the Majority of the flange nuts were not Overstresseq Prior
to the incident, There ig én apparent cver stressing of two of the flange
nuts ag indicateq by severe burring of t} .

All of the g Stud threadg ho.lding the flange down were sheareq, Recoy-
€Ty of ¢ of the 8 nytg skowed that in €ach cage the Sheared thread of
the stug Was retaineg ir the nut Erooveg {Figure <I-31), The Temaining

Table III-1 is 5 Summary of the Centrol rog Compenentg €Xaminegd follow-
ing the incident, a2nd is gelf explanatory.

Reccnstruction of the Fan Room Floor and the
Pressure Vesge} Heag

Genera.l

Veseael roge, The “Squence of cvents which took place during the inci-

dent vrag anzlyred oy ma‘cching up deformation Mmarke taused by the

shield Pluge durz‘ng their trajectories. This analygig appearg quite com-

Plicategq, but bPositive identif:’catmn of the impact &reag clearly @stabligh -
8,

Figure i-zs shows the fan Foom flpor fuperimpogeq ©n the Pressure
Vessel heaq, The detteg lineg indicate &reas whkere the impact of the
Pluge deformeg the celling beam;g axd Punctured ¢pe fan reom floor,
The sojiq lire cpn the piugs irdicateg areas of Plug deformation Caused
by the impacs,

Figure IiI-29 Enows z reco:r:s':ructior. ol the Teacter heaq &nd the ply
g8fembliey Figure TI-30 showe the lozatiop Where the Pluge hit the
Ceiling, P.lugs #1, 3, 4, 7, 8 (Bling f.lange) and 9 Were ejected from

the RCzzles of 414 Preegure Vescel Lead ag Prejectileg by water hammer



TABLE III-I - SUMMARY OF CONTROL ROD COMPONENTS FOLLOWING INCIDENT

#1

#3

#4

#5

#7

#9

Control Blade -~ Location

Damage

Bound in shroud at
normal scram position.

Bent nearly flat

Bound in shroud at
normal scram position

Bent nearly flat

Bound in shroud near
normal scram position.

Little damage
Dummy rod with
aluminum blade

Bound in shroud 1"
below normal scram
position.

Bent

Blade had moved
1-1/4" after impact.

Bound in shroud at
normal scram position.

Bent nearly flat

Bound 1n shroud at 20"
withdrawn position.

Bent nearly flat. Ex-
tension cross bent where
it emerges from shroud.

Shroud - Location

Damage

Pushed outward
against thermal
shield

Collapsed around
blade. Bent nearly
parallel

Connecting Rod - Location

Damage

Pushed outward
against thermal
shield

Collapsed around
blade. Bent nearly
parallel

Pushed outward
against thermal
shield

Cotlapsed around
blade. Little damage

Pushed outward
against thermal
shield

Collapsed around
blade. Bent

Pushed outward
against thermal

Collapsed around
blade. Bent nearly
parallel

Lying across other shrouds

Collapsed around blade.
Bent and distorted. Impact
mark on top, on one edge.

In vessel attached to
control blade.
None

In vessel attached to
control blade.
None

Inside reactor vessel.

Broken at fingers of
ball joint conncction

Inside vessel, Attachy
ed to extension rod.
Broken at fingers of
ball joint connection.

Inside vessel. Attach-
ed to extension rod.
Broken at fingers of
ball joint connection.

Inside section recovered
from vessel trench.
Broken at fingers of ball
joint connection.

Extension Rod - Location

Damage

In vessel attached
to connecting rod.

Broken near stud
connection to rack.

In vessel attached
to connecting rod.

None

Inside reactor vessel.
Attached to rack and
connecting rod.

None

Inside vessel. Attach
ed to rack and con-
necting rod.

None

Inside vessel. Attached
to rack and connecting
rod.

None

Scized inside shield plug
guide tube.

Bottom stud broken

Rack - Location

Damage

Protruding from
nozzle. Attached
to extension rod.

Top stud broken off.

Bottom in nozzle,
attached to extension
rod. Middle on fan
room floor.

Top in plug.

Broken in 2 places.
Top stud broken

Inside pressure ves-
sel. Dummy weight
inside active core

Top stud broken.
Still attached to ex-
tension rod.

Inside vessel. Attach

ed to extension rod.

Bound by collapsed
guide tube.

Protruding from nozzle.
Attached to extension
rod.

Stripped nut threadsin
the rack stud threads.

Bottom section inside plug.
Top section in fan room.

Broken. Top of stud
found in handling tool
which was embedded in
fan room floor.

Washer - Location

(only 4 washers have been
recovered, 2 of these
unidentified)

Unidentified

Unidentified

Unidentified

In place on rack

Unidentified

In place on rack

Bent downward.

Top Nut - Location

Damage

Not located

2/3 found on fan
oom floor.

Broken; stud inside
Lock pin in place

Not located

In place on rack

Undamaged during
incident

Not located

Threads stripped

In place on rack

Essentially none

Shield Plug - Location

Damage

Embedded in end
section of condenser.

Spring housing
severely squashed.
Guide tube collapsed
3" from top. Impact
mark on bottom of
guide tube.

I.Lying on fan room
floor.

Flange bent down-
iwards on opposite
bides by 1-1/2" and
L/2". Guide tube
rollapsed 3" from top.

Embedded in fan
ducting in fan room.

Slight flange defor-
mation at one loca-
tion. Severe collapse
on guide tube 6" from
top.

In pressure vessel
head with bell
housing installed.
Guide tube collapsed.
near upper end.
Seized rack. Bell
housing and seal
housing bent down-

Embedded in ceiling
with victim

Flange bent 1" down-
ward at onc location.
Guide tube collapsed
rather uniformly.

ward.

Remarks (#8 blind flange was ripped off of studs (stripped nuts) and found behind turbine)

i |

On top of pressure vessel
head.

Flange bent downwards
1-1/2" and 1/2" on oppo-
site sides. Guide tube
collapsed 3" from bottom
and seized extension rod.

Also collapsed near top.
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U-5000-13

o

TR T TS TS

Figure III-26, Showing Spring Housing and Flange
Deformation and Guide Tube Collapse

U-5012-49

Figure II-27, Nut from Instrumented Flange #8,
Showing Sheared Stud Threads Retained in Nut.
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Figure II1-29 Reconstruction of reactor head and plug assemblies

Fig.III-30, Section of fan room floor, showing areas of damage.
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Pressure caused by the incident, Plugs #3, 5, 6, 10 (liquid level
nozzle) and 11 (auxiliary nozzle) remained in position. The con-
clusions drawn from the reconstruction and the events which took
place are discussed below.

Shield Plug #1 Trajectory

Plug #1 shot straight up, pierced the fan room floor, hit the bottom

of a condenser, and remained imbedded in the floor. The stellite bear-
ing at the end of the guide tube on plug #1 was hit by the #7 shield plug
body. Indentation marks found on both plugs match perfectly, as shown
by Figure III-20. Plug #1 would have reached the ceiling first because
#7 plug carried an operator and thus had its in-flight mass doubled.
Subsequent tests, conducted on a 1/4 scale model at the Aberdeen Prov-
ing Ground in Maryland, verify this statemenrnt.

Shield Plug #3 Trajectory

Plug #3 shot straight up, glanced off a 6 inch I-beam and tore a hole
through the ceiling. It was found lying on the fan room floor. The I-
beam was badly deformed and the indentations match the deformation
observed on the flange of #3 plug.

Shield Plug #4 Trajectory

Plug #4 was ejected straight up, collided with a 6 inch I-beam and tore
a hole in the fan room floer. Deformation on the I-beam matches the
markings found on the body of the piug. This plug was found to be lodg-
ed in the fan ducting.

Shield Plug #7 Trajectory

Plug #7, carrying the body of ar operator, was ejected straight up from
the pressure vessel nozzie. When the plug was free of the nozzle, it was
tilted slightly by cfi-center forces and collided with the end of the guide
tube on plug #1, whick was already in the ceiling. This collision further
deflected the riug and it glanced off an 18 inch I-beam and lcdged in the
ceiling. The deformaticns or the I-beam and the #7 plug flange coincide.

Ir an earlier analysis, the #7 plug was believed tc have rotated 180°
while in flight, perhaps due to the rotation imparted by the victim. The
reconstruction analysis, hcwever, indizated that the plug had been placed
in the vessel 180% out of phase. If the drive mechanism had been assem-
bled, this error would have Lreer. discovered. The Aberdeen tests indicat-
ed that the plugs used in the experiment did not rotate during ejection.

Flange #8 Trajectory

An instrumented fiange cover had been secured or nozzle #8 by nuts on
eight studz. This cover was blown cff and later found behind the turbine -
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generator unit. The threads of the studs were stripped and the nuts were
ejected as missiles. One of the nuts hit a 6 inch I-beam ;eaving the im-
pression of its knur! marks. Two of the eight studs were bent in the
direction that the flange cover was blown off. Two electrical conduits
were attached to the 18 inch I-beam at the point of impact., The I-beam
was slightly deformed and the two conduits were flattened. Two impress-
ions on the flange cover were observed which coincided with the impress -
ions on the conduit.

Shield Plug #9 Trajectory

Plug #9 was ejected straight upward. It struck the ceiling and fell back
on top cf the vessel head where it was found. Deformation was observed
on opposite sides of the plug flange. These deformations coincided with
the damage observed on the ceiling. The flange was deformed on one
side when it struck the corner of a condenser located on the fan room
floor. The other side of the flange struck a structural angle curling a
chip-like piece for a distance of four inches.

Pressure Vessel Rise

The pressure vessel rose out of its support cylinder and sheared. the pipes
connected to the upper and lower spray rings, purification system and
steam separator. The drive shaft coupling on the #5 seal housing collided
with the drive shaft on the overhead crane. The coupling was sheared

and the crane drive shaft was bent approximately 3 inches (impact marks
were lacking). No evidence could be found to indicate that the pressure
vessel head had collided with the ceiling. When the fan room floor was
lowered to the vessel head, the #5 bell housing was clear of any obstruc-
tion and was able to protrude through a hole in the floor torn by #3 and

#9 plugs.

The pressure vessel was determined to have risen 9 feet 1-1/2 inches
pPlus or minus one inch., Other pertinent facts substantiate the pressure
vessel rise. The drive shaft coupling was found lying in front of the in-
strument panel in the operating room. As there were shield blocks be -
tween the vessel head and the instrument panel, the coupling would have
had to shear when the vessel head was above this shielding. Also an
insulation banding strip (Figure III-31) and a vessel head gasket leak-off
line were found on the operating floor, which would not be possible with -
out an elevated vessel, During the Aberdeen tests the vessel was also

observed to rise during the explosion.

Steam Baffle, Spray Rings, Stillwells, Reactor Head

Steam Baffle

The steam baffle plate (Figure II-33) was recovered from the pressure

vessel. It had sustained impact shear fracture along the entire length
of the fillet weld. The plate was 19" long x 18" wide x 5/16" thick and was
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fabricateq from 304 Stainless Steel. The plate hag been Collapsed out-
ward and toward the Pressure vesse! waly, The plate Was deformegqg along
the upper and bottom edges (Figure iII-32), One of the Support lugs wag
sheared from the plate ang was found lodged between the vesse] flange ang
Teactor head, This lug was Tecevered affer the reactor head wag removed,

The side of the baffie Plate facing the wall of the Pressure vessel bore ap
impresg sion of the four :nch Steam outlet Pipe, Caused by impact of the
Plate aga:inst the vessel wall., no sliding or Scouring marks have beep

Tke nominaj Position of the Certer line ¢ the steam Pipe is 4 inches from
the horizonts] Centerline of the bottom fillet welqg of the baff]e Plate, The
Center of the Pipelg mpression on the plate is approximate.ly 4-1/2 inches
above the Centerline of the weld, The center of the deepest Collapse of
the plate jg apprm'cimately 5-1/2 incheg above the Centerline of the welq.

All foy= drain holeg in the lower edge plate were distorted, the center two
the most Severely,

Spray Rings

The upper Spray ring was complete.ly Coliapsed and had torp away from
the Pressure Vessel water iniet iine 2t the weldeg T ~jcint, The break

was one of irnpact—shear. Figure 11-33 skows the Upper SPray ring

settled down in the lower Section of the Pressure vessel., The lower Spray
ring had not coilapsed byt Was broken at the weldeq T-jcint ang elbow
Section of the SPrav rirg feed bPire. The frecture ir the weided Section
Was due to impact opn tnderside of the eltcow, Figure 11-33 shows a gec-
tion of the lower SPray ring displaceq bartly above the core Section ang
reveals the severed seciion,

S tillwe]lig

The ligquig levej stillwer Dipe ins talled in Rozzie #10 hag Ccollapsed and
was firmly bound ir tke nozzje, The cellapsed length from the under -
side of the Teacter head ¢o the line wae 3¢ inckes, i:zdicating tke height
of water in the Pressure Veesel., The Dipe wag Secticned 3 distance of
8 inchesg from the urderside of the reactey head ang the Fémaining gec-

tion wag transferreq te the RML., Figure 177-33 fhews the Cut-off section

~ The com ensating i3 uid level float Was hound in the stillwell Pipe and
& lLig

€an be seep in tke bipe where it wagz Secticred {Figure I1-34),

equired tn relleve anqg Teémove the upper sec-
bound in the Lnczzle,

A force of 12000 k2, wag r
tion of the Pipe which wag



Fig. III-32, Baffle plate showing areas of
impact and deformation.

U-5001-144

Fig.III-33, Collapsed stillwell pipe.
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The auxiliary stillweli was broken cff from its bracket and had suffered
complete collapse a distarce cf 36 inches from the underside of the re-
actor head (Figure II-33), Also the guide pin support which was was
welded to the vessel above the thermal shield wae deformed upward and
the fillet weld partly troken (Figure III-35), Shearing of the welds was
attributed to the thermal shield striking the lower spray ring and its
striking the underside of the support bracket, '

Pressure Vessel! Head

The pressure vessel khead was deczcrtaminated using standard deccntami-
nating solutions and procedures. Each bolt hcle had a high radiation field
(> 5R/hr at contact) primarily due to retention of contamination in the
heavy corrosion scale visikle in these holes. Analysis of the scale showed
it to be an anti-galling compound used on the threaded studs. Most of this
scale was removed mechanically using a wire brush and emery paper. Re-
moving the scale reduced the rzdiation level iow enough so direct obser-
vation could be made.

The bolt holes appeared to kave been elorgated, but later investigation
irdicated thzt in the manufaciure ezch bolt kele ir the head bolt circle
Lad beer re-drilied to provide proper mating with the stud bolts. All
inner suriaces cf the holes at the underside of the head toward the center
of the vessel showed a substantial metal upset due to bearing of the stud
bedies.

The gasket seating surface was smocth and undamaged except for gouge
marks caused bty the steel wedges pounded iz durizz the head removal
cperaticn,

The #2 and #6 dummy plugs were easi’y remcved from the nczzles., The
removzal of the nuts from the rozzle flarge studs was accempiished with -
out difficulty.

Dye penetrant inspecticr of 21l the nozzies ‘n the reactor head indicated
many vertical stress cracks cn 2!’ extericr surfaces of rozzles which
had sustained tulging or defcrmation. Thre crzcks did not penetrate
through the nozzle walls. Tre dve penetrant inspection cof the deformed
or bulged nczzle: did rot indizate stress cracking con the interior sur-
faces.

Precsure Vessel Bulges, Neczzle a=nd Fiarge
Deformaticn ard Studs

Figure II-30 shcws the pressure vessel zfter it was removed from the
SL-1 kuillding and rranzported te the ANP Hot Skep. The bottem cf the
vessel, ziter the par. was remcved, is showr by Figure II-31, The re-
actor head and the pressure vessel flange is shown in Figure III-36,
Nete the magnitude of the buige nezr the vessel tcp and the extent of
the flange tiiting. Thre bulges ‘n the lower rezgiczs of the vessel, (Fig-
ure I-30) were causzed by the lzrge pressure imcrease in the core
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Fig.IIT-34, Cross-section of stillwell pipe.
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Fig.III-35, Fractured weld, auxiliary stillwell
guide pin support bracket.
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Figure III-36, Deformation of Flange and Vessel
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In Figure II-32, the tilting of the top fiange can he seen. This flange
was tilted at 5 100 angie with Tespect to +the vertical axis of the vessel,
Severity of the flange tilt was indicated by the fact that light wag visible
between the flange and the top head, Suggesting that the gasket had blown
out. After the head was Témoved, the gasket was foung to be ruptured
and numeroysg Sections were missing., Also the 48 studs were bent at an
angle of 10° towarg the outside of the flange.

The effects of the water hammer caused an €xpansion deformation of
the #1, 3, 4, 7 and 9 hozzles adjacent to the head (Figure I11-37 and Fig-
ure II1-38), All plugs were installegd but not bolted down,

Nozzle #5 had the shield plug assembly and bej) housing in place ang
bolted down, It eXperienced deformation adjacent to the head but to a
lesser degree,

Aberdeen Tests

A series of model tests wag conducted for General Electric Company
by the Army Ballistic Research Laboratory at the Aberdeen Proving
Ground, Aberdeen, Maryiand, to verify the water hammer hypothesis,

in Figure IIT-39, The objectives of these testg were: to verify the
Postulated causes of the me chanical damage obg erved by achieving
€quivalent damage to the simulated Feactor vessel; to measure the
Pressure-time hist.ory, the final velccity of the water column acceler-
ated above the Core, and the velocity of the shield pPlugs asg they were
Propelled from tke nozzles; to determine the energy released into the
water from the €Xcursion. The test series, which took place in May
and June, 1962, used high explosives to simulate the €nergy released
by the nuclear explosion, There were four Separate phases,

tioned at an appropriate distance, The charge size Was to be succesg-
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Figure III-37 Deformation of pressure vessel head nozzles
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Figure III-38 Deformation of pressure vessel head nozzles
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Figure I11-39 1/4 scale model of pressure vessel head assembly
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Figure II1-40 1/4 scale model of pressure vessel head, showing damage to nozzles
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Was intended to take advantage of the wel] known Pressure andg impulse
characteristics of the shock waves in giy from high explosives, and
thus serve as a guide to Subsequent tests,

Five rounds were fired adjacernt to the guide tube ang extension rod
Combination using Spherica] charges of Composition C.4 and Pentolite,

as described op Pages 18¢ through 204 of the Department of Army
Technica] Manua] M. 9-1910, "Military Explosives". When the required
damage hag not been obtained by firing the 8 pound charge, i+ was decided
that the effect of 5 water environment Was much gregter than anticipated;

therefore, no further testing in free air was altempted,

Phase 11, This phasge consisted of firing explosive charges inside the
closed model. The Pressure vegge] wall wag deliberately made thicker
than ]/4 Scale and lineg With SPonge rubber gq that waj) deformation
would be reduced at the charge weight required to attain the guide tube
Seizure of the extersion rod, Three setg of Mmeasurementsg were made,
Those of Pressure-time histories employed foyur piezo-electric Pressure
gages: two in the head ang two in the vessel side located above the water
level ang 180° apart, The velocity of the water as it wag expelled from
the Pressure vegge] head wags observed with'a 35 mm camera ang Fastex

mm camerg, However, absence of distinguishable timing marks on the
film made it impossible to get a Precise measurement of the velocity, The
water level wasg measured after the charge wag Adetonated to determine the
relative volume of water expelled,

The results of Phaser1r, in which four rounds of Spherica] charges of
Pentolite Were fired ip the closed fysiem, are as follows:

Round 1;: 4 one ounce charge wag tsed for the first firing, No film
record is available since the high Speed camerac did not function Proper-
ly. A Pressure recorqg from one of the gages in the side of the vesse]
Was obtained hus: the data Were nebulous, The timing of the oscilloscope
Was such thar the only datz Tecord was thas ol shock wave effects dye to
the detonation of the charge, Ag & Tesult of the tiring & Crack developed
at the bottom of the Pressure Vessel where the bottom head wag welded
to the Cylinder allowing the water to rur ous, No guide tube Collapse wasg
obtained,

Round 2: A wWaterproof Polyurethane fPorge "cup' was Placed in the
bottom of the vesgel to atienuate the shock Wave and the charge weight

Was increased to two Ources. No Dressure Técords were obtained on

this roungd because of a delay in the charge firing, Seizing of the guide
ttbe aboy: the red d:ig rot occur, Observation of the €Xperiment through a
telescope from s Position 1000 feet awav made i: Possible to view the plugs
and water €xpelled from the mode], - The Plugs lifteq With the water
following direct]ly behind; however, the water eventually passeq the plugs,
The Plugs shoes SIiraighst 4p withoyu* any rotational or Spinning motion to g
height of approximate_ly 1€ feesx, The double Mmass plug which Simulated the
weight of plug and Mar appeared ¢ reach g height of g feet, which would
be €xpected, The head wzg “emoved and the water leve] Mmeasured, The
top of the the rmgz1 shield wag in line wit the rnew Wwater level], This tes-
indicateq that all of the watexr above the Core section Was expelled,



