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Background

Successful operation of the APS Facility requires stability of the positron
closed orbit. Any vibration transmitted to the magnets, through paths such as the
magnet support structure, will cause orbit distortion leading to emittance growth
for high frequencies; low frequency (<10 Hz), distortions can be interpreted as
positron and photon beam steering and corrected with feedback systems using
steering magnets. For frequencies greater than 10 Hz, the vibration criteria
require that peak vibration amplitudes of the quadrupole magnets be limited to
0.34 urn and 0.12 urn in the horizontal and vertical directions respectively.

Far field vibration sources, those which are generated external to the
facility, have been measured and reported [1]. From this study it can be concluded
that the amplitude of site ground motion is very low, less than 0.05 micron rms,
with the exception of a few relatively high level transients and large amplitude
motion at discrete frequencies of 18 Hz and 60 Hz. The latter, which is of an
intermittent nature and present only at measurement locations 3 and 4, is shown
in Fig. 1; frequency content is presented in Fig. 2. The numbers on the plot in Fig.
2 correspond to time in minutes from the beginning of the measurement
sequence.

The levels of the IS and 60 Hz motion exceed the allowable vibration
amplitude. Further, the frequencies are above the upper limit for correction with
the feedback system and steering magnets. As a consequence, these motions are
of concern and it was deemed necessary to investigate this motion relative to its
source and occurrence.

Objective

The objectives of this study are to determine the location and source of the
18- and 60-Hz vibration and to eliminate or reduce its amplitude. To accomplish
this it is necessary to know the time of occurrence and then, to utilize
triangulation methods to identify the location of the source. If its time sequence is
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known, it may be possible to correlate it with the operation of some equipment at
or near the site. Therefore, a major effort was made to obtain the time sequence
and is the basis of this note.

Location and Time

Vibration measurements began on July 28,1988, and ended on January 30,
1990, and were continuous within that period. Other data, such as, graundwater
level, water level in the AARR hole, and soil temperature was accumulated
whenever possible. Location 3 (51,602 North-31,562 East), Fig. 3, was used for
vibration measurements using the same accelerometer mounting method
described in Ref. 1. The monitoring instruments were located in a room of
Building 383. It was necessary to cross a gravel road, this was accomplished by
elevating the instrumentation cable was elevated above the gravel road with a
telephone pole.

Data Acquisition System

The data acquisition system, Fig. 4, consisted of a PCB #393C
Accelerometer, a PCB #180A10 Integrating Amplifier, and a PCB 180D06
Amplifier, the output of which was coupled to a 60 Hz bandpass Filter. After
additional amplification and detection the signal was monitored on the strip chart
recorder. Since one objective of this study was to determine the time sequence of
the 18 Hz and 60 Hz vibrations, and not normal site noise such as vehicle traffic,
construction activities, and other random sources, a 60 Hz bandpass filter was
employed. The filter response characteristic is shown in Fig. 5. The detection
and filter circuits eliminated the printout of vibration amplitude levels of less than
0.057 micron rms which made data reduction considerably easier, as only the
high levels would be shown. Response of the recorder-detector system to input
voltage is shown in Fig. 6, with the recorder scale of 0-1 equal to a displacement
measurement range of 0.057 - 0.149 micron, rms. Figure 7 is a copy of the chart
record produced on July 28,1988. It is the only positive response that was obtained
during the duration of the monitoring program.

Related Site Measurements

A pump, possibly used for dewatering, was considered a possible source of
the vibration. To investigate this possibility, site water level was monitored to
determine any possible correlation with the measured vibration. Water level at
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borehole APS-28 is shown in Fig. 8. Data from May 1988 to February 1989 were
provided by the Illinois State Geological Survey; we made our own measurements
from June 1989 to December 1989.

Water level in the AARR hole was monitored from the beginning of
January 1S89 to the end of January 1989, when it was pumped out. No appreciable
water level changes were observed during the four weeks of monitoring.

Precipitation data (measured at the ANL Weather Station) was obtained but
apparently there was no correlation with the vibration.

A related vibration study, funded by the ANL Engineering Division [2],
involved floor and structure vibration measurements in Building 360, on June 15,
1989. A low amplitude vibration with a large 18 Hz and 60 Hz frequency content
was measured on the large caisson which supports the accelerator and is
anchored in bedrock; see the frequency response plot of Fig. 9. This result was an
indication that the vibration may have been conducted through the bedrock. To
verify the conduction path, several more measurements were made; at the
caisson and also at a USGS water level monitoring well located approximately 75
ft Northeast of the intersection of Bluff and Kearney roads. This well was chosen
because it appeared to be a private property well in time past with the possibility
that the casing was driven into bedrock, and could thus act as a waveguide.
These measurements were made on October 6, 1989: at 9:30 AM in Building 350
and at 10:30 AM on the well casing. The frequency spectrum of the octant
vibration is shown in Fig. 10; frequencies of 18 Hz and 60 Hz are still present,
along with a large 30 Hz component which may have originated within the IPNS
Facility. There is an absence of both frequencies (30 Hz and 60 Hz) from the
frequency spectrum of the vibration measured on the well casing (Fig. 11).

Discussion

Although the monitoring continued to January 30, 1990, only one positive
response was recorded, that being on July 28,1988. Many small events occurred
over the measurement period but none could be positively identified. Some were
related to site construction, others to measurement equipment operation (e.g.,
weak batteries), and to mechanical damage to cabling and transducer resulting
from exposure to the weather.

From Fig. 8, it can be assumed that the water level at APS-28 was at its
highest level in the Spring of 1988, and was lower for the remainder of the
surveillance period. If the 18 Hz and 60 Hz vibration is related to a water



pumping activity, it may not occur again unless the groundwater is above a
certain level.
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Figure 1. Total displacement at Locations 3 and 4
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Figure 2. Spectral content of displacement measured at Location 3
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Figure 4. Data acquisition system
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Figure 5. Bandpass filter response
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Figure 6. Detector- Recorder sensitivity
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Figure 7. Actual 60 Hz measurement on July 28,
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Figure 9. Frequency content of vibration measured on octant at
Building 360 on June 15, 89
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Figure 10. Frequency content of vibration measured on octant at
Building 360 on Oct. 6, 88 at 9:30 AM
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Figure 11. Frequency content of vibration measured on USGS well
on Oct. 6, 88 at 10:30 AM


