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Introduction

The water shield in the north beamport nosepiece and associated drain/fill

system have been closely monitored since July 2, 1987, when a partial drain of

! the shield was discovered and a potential for personnel overexposure created.

' Previous U.Va. Reactor Facility reports to the NRC listed inadvertent actuation

| of the drain/fill pump as the most likely cause of that event. The purpose of
the close monitoring of the neutron radiography (NR) beamport fill status was
to check for the possible existence of another mechanism for self-drainage. As
a result of this vigilance, a second possible explanation for the July 2 event
was discovered. However, it is now impossible to ascertain which of the two
mechanisms was the true cause of the incident.

Construction on the NR facility was finished in the early fall of 1987.

On November 9, 1987, a spontaneous slow small drain of water from the nosepiece

to the reservoir tank was observed. At this time, the NR facility was
. available for routine use, but had not been operated in the preceding three
i weeks. Because of prior improvements made to the NR facility, and the adoption
of detailed experimental methods, this partial drain did not result in a
potential for accidental personnel overexposures, violations of procedures or
of federal regulations, as on July 2, 1987,

The Reactor Director was notified and his personal lock was put on the NR
blockhouse to prevent entry without his knowledge. Next, at his direction and
with the assistance of the neutron radiography principel investigator, the
reactor staff developed and reviewed written methods for a series of tests, to
find out the mechanism for the second nosepiece self-drain, The findings are
summarized below. Other minor details are recorded in memos to the Reactor
Safety Committee.

New Facts

Information about the set-up of NR facility and the north beam tube
nosepiece's fill/drain system were furnished to the NRC inspectors at the time
of the July and August 1987 NRC inspections. A diagram of the drain/fill
system as it was in November of 1987 is attached to this report, but reference
may have to be made to prior reports, for a background to the July 2 event. In
brief, draining of water from the north beamport's nosepiece is by way of the
lower aluminum exit line which is connected to a clear rubber hose extending to
the water and helium cover gas reservoir tank. This flexible hose passes
through the drain,/fill pump, which operates on the basis of a rolling
mechanism. Dependin, on the position of the rollers, a drain path can exist
when a perfect seal at the point at which the rollers pinch the flexible hose
is not made. However, given that the reservoir is located at a level higher
than that of the beamtube, it had previously been thought that a diain not
invelving the pump would in all cases be from the reservoir to the beamtube
nosepiece, {.e. a "fail-safe" situation.
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water temperature (thermal expansion). The south and rorth beamports now
behaved j_.lentically.

The approximately three week time lag between last nosepiece filliag and
the first observation of radiation in the NR blockhouse can also be explained.
Frequent operation of the becsport results in complete nosepiece filling and
transfer of gas in the nosepiece to the reservoir., Therefore. a period of non-
use is required, for enough gas to form and to displace watcr for the effect to
manifest itself.

Samples of the original water from both besmport nosepieces were taken and
compared. The water from the north beamport, which had not been changed since
1982, had a pH of 6.0 and a conductivity of 25 umho/cm. The water from the
south beamport had never been cycled, and {ts pH was 6.2 and conductivity was
10 umno/cem. It appears that cycling of water in the closed system increases
the levels of dissolved solids, and consequently results in increased amounts
of gas to be produced in radiolysis.

1t was concluded that water i{n the north beamport nosepiece should be
changed perindically, to aveid a repeat of the situation. An annual frequency
has been adoptsd by the reactor staff, and its suitability will be determined
from a close observation of the {uture beamport behavior.

Additional Measures

The installation of an area gammes radiation monitor inside the MR
blockhouse was consider:d, to serve as a second indicator of "heamport open”
status (in addition to tne present sightglass indicators monitored by
photosensors). Plans were made to hook the m' .or into the NR blockhouse
personnel access control oystem, It was hope. hat tiils monitor could be
installed in the NR blockhouse at a location «if the neutron beam axis, and
calibrated in this position to the mixed neutron and gamma field existing
whenever the beamport is open. Details for the proposed instellation, together
with the appropriate 10 CFR 50.59 safety analysis and installation and testing
procedures, were submitted to the Reactor Safety Committee (RSC) for review and
approval . Meanwhile, until a final resolution of the new issues had been
reached, the Reactor Director maintainsd personal control, by virtue of lock
and key, over access to the interior of the NRF blockhouse,

At the time of installation of the area gamma radiation moniter in the NR
blockhouse, it was determined that the neutron to gamma radiation field ratio
depended on the amount of water shield present in the noseplece, the variable
scattering off of the experimental apparatus located in fiont of the beam, and
tiie monitor's pesition relative to the tightly collimated neutron beam. It
became evident that calibration of this menitor was simply {mpossible, and that
its use, if attempted, would likely icsult in future NRT violation citations.
The RSC was informed of this, and the attempt to instali the area radiation
moni tor was aborted,

Not satisfied with this outcome, the reactor staff next considered the
viability of placing a neutron sensor in tue neutron beamtube's annulus,
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Placed in thig position, the sonsor can funct!n as a highly sensicive dotecto”
of a draining beamport noseplr e, and not be aftocted by experimen al
conditions in the blockhouse. An important foature of the neutron sensor idea
is that its intended use did net require its galibratisp to a range of dose
rates, In faect, given the non-linear response of the sensor, an available BF-3
tube, and its location within the beamport (no persomnel sccess possible), this
would net be reasonable. The experimenter'c BF-3 counter, which was had
formerly been employed to measure the presence of neutrons in the NR
blockhousa, was no long:r needed and could be removed. (Inforzation about the
radiation ficld inside the blockhouse is obtained with calibrated survey
instruments, when needed.)

Afcor a written metnod {»d been developed for a test of this idea, it was
determined by experiment that & BF-. tube placed within the beamport would
indesd vespond to neutrons with a high degree of sensitivity, and would alert
worksrs of a drainiug beam long before a high radiation area in the blockhouse
would be ¢uveloped. This was checked with the simultsnecus placement of gamma
and neutron survey meters in front of the beamtube during remotely video
monitored drainings, at which time a comparison »f neutron ceunt rates and
total dose rates was done, to determine what coul” be censidered a guoss "one-
point calibratien" peint, correspunding to a dose rate below that of a high
radiation area, beyond which a reactor scvam, warning light and audible alarm
would be enabled,

Reactor Safety Committe« approval was obtained for the naution sensor
propusal. The unit has now Leen irstalled, hooked into the veactor scram
system, and tested. The Br-3 counter readout is mad: on & source range drawer
commonly used in reseavch rea'tor consoles.

An additional device was installed to further preclude uninventional
drains. Since the drain/fill pump would permit leakage from the neseplece te
the reservoir by way of the lower line, whenever a tight seal was not made by
the pump’s rollers on the flexible rubber hosa. approval was obtained for the
installation in this line of a pneumatically operated hall valve. This valve
is normall closed, and opens only when the pump is energized. With rhe
additional safety features in place, the Reactor Director returned the noutron
radiography facili*y 1o routine use.

Discussien

The verified displacement of water against gravity, from the Leamport
noseplece to the ruservoir tank, suggests a second possiblc explanation fur the
July 2 unanticipated partial drain, which has heen assumed to have occurced due
te an inadvertent actuation of the fill/drain pump. This second sceraris i°
consistent with the state of the beamport during both occasions (not opeirated
for about 3 weeks). Until there is sufficient displacement of vater from the
noseplece, so that a single large gos bubble exists along upper part of the
entire nosepicce barrel, little radiation exits through the beampor®. After
that point is reached, radiation levels can rise quickly.
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Despite the new data, the circumstances for the July 2, 1987 partial draln
can never be totally determined, and the inacdvertent actuation of the
drain/fill pump i not ruled out as a posw’ble cause. In our recent response
to the NRC, we indicated this to be the like.y ceason for the incident.

The Reactor Director has documented the new f{indings, maintained the RSC
informed, and personally supervised the NR facility improvements. This (final)
follow-up report to the NPT {s sent now that all safety related measures taken
for the YRF have been completed, and all outstanding issues have been resolved.
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