# Fermilab

BEAMS DIVISION
RADIATION SAFETY GROUP

10 October 2003
To: Radiation Safety Files

From: William S. Higgins //’2«,0/%?/
Subject:  Linac-Mucool Shielding Wall

The replacement of the Lambertson magnet at the downstream end of
the Linac gallery required removal of the shield wall between Linac and
Mucool.

The blocks in the shield wall have now been replaced in a new
configuration, detailed in the attached drawings and photos.

This configuration meets or exceeds the shielding provided by the
previous shield wall. Thus it should suffice for the operation of the
Linac.

There are two new penetrations in this wall. These have been filled with
sandbags. Ropes on the sandbags extend into the Linac and Mucool
enclosures to enable removal when necessary.

The sandbags are covered with aluminum plates which should prevent
removal or accidental slippage. On the Mucool side of the wall, these
plates have been chained and padlocked in place.

On the Linac side, the plates will not be locked. The rollup door is
locked on both a Radiation Safety PAD-118 and a Linac enclosure
key.

The old Lambertson magnet has been placed between the rollup
door and the shielding blocks, and its more active end covered with
lead blankets. These reduce its maximum dose rate from 250
mrem/hour at one foot to 50 mrem/hour.
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March 20, 2000
TO: M. Gerardi
FROM: C. Schmidt (a f
SUBJECT: Ropes and Signs Along Linac Lower Utility Gallery

As you recently pointed out, the Linac lower utility gallery is
divided into two areas by a rope and radiation signs separating the
aisle area from the utility equipment area. The equipment utility
area 1s beside the Linac shielding wall while the aisle is away from
the Linac. This division makes the aisle a limited occupancy non-
radiation area so no radiation precaution is needed, while the
equipment area is a limited occupancy radiation area requiring
personal radiation protection.

This distinction has been in effect for a long time and was
instituted to identify the utility area as a potential radiation area
when radiation requirements were different and little or no other

. protection or monitoring existed along the Linac shielding wall. Since
that time the shielding requirements have changed greatly so that
now, and since the shielding assessment, the shielding of the
penetrations has improved and active radiation monitors have been
placed along the shielding wall. These monitors are controlled and
tested by the safety group and interlocked to the radiation safety
system to quickly inhibit beam if inappropriate radiation levels are
detected beyond the Linac enclosure; i.e., in the equipment utility
area.

During the Linac Shielding Assessment of 1991 removal of the
rope and signs was considered in view of the fact that shielding was
increased in the penetrations and interlocked radiation monitors
were install. The rope and signs remained because it was easier to
keep them than to argue their removal. One regulation that weighed
strongly in this decision was the requirement that the shielding must
satisfy a worst case accident from the accelerator assuming that such
an accident would persist for one hour.

Several factors each make this time limit (one hour) and a
. radiation exposure a highly unlikely possibility:




1. Radiation monitors located along the shielding wall are
interlocked to inhibit beam at a dose of 10 mrem/hr.

2. A worse case or significant beam loss accident would be very
detrimental to the Linac and could not be sustained for a few
minutes let alone an hour. An accident where significant or total
beam hits the accelerator in a small region would quickly deposit
sufficient energy into the spot such that melting would occur causing
RF sparking and mistuning or a vacuum or water leak, any of which
would shutdown the accelerator. This type of damage has only
occurred for objects that could enter the beam path. It occurred once
when a vacuum gate valve, Tank 5 I believe, remained closed and in
the beam path when beam was started. The tank vacuum failed
immediately and shutdown the accelerator. Discovery of the failure
showed a hole melted through the plate of the vacuum valve. This
damage had occurred in a few seconds and inhibited beam
immediately. The interlock for this valve had been jumpered for
NTF operation during downstream cdvity maintenance and failed to
be restored on startup. :

3. The control system monitors all Linac beam dependent devices
and on the next 15-Hz cycle inhibits beam if any critical (beam
sensitive) device goes out of tolerance. This prevents damage to the
accelerator and serious radiation accidents.

4. Since the Linac Shielding Assessment of 1991 the lower utility
gallery has been constantly monitored and, T believe, the radiation
levels recorded. A review of this data could show the radiation
levels that typically occur along this gallery and whether large
events have occurred. I am aware that during normal operation
these levels are very low. '

5. Beam is only accelerated in the Linac for a reason - HEP, NTF or
tuning and studies. For these purposes someone is aware that beam
should occur and if it doesn’t begins to investigate. A condition
causing excessive beam loss and radiation would be noted by
operations, Linac or NTF personnel and questioned.

It is very difficult to image an operation or accident scenario
that would produce high radiation levels in the Linear accelerator for
an extended period of time. The Linac shielding Assessment
retained the rope and signs for this purpose. If conditions have
changed or these arguments reduce the need for the rope and signs
then perhaps they can be removed. An addendum to the Linac
Shielding Assessment would probably be needed.
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To: Mike Gerardi
N

From: Matt Ferguson *

Subject: Justification for De-posting the Linac Lower Level Gallery Radiation Area

Art, 236 of the Fermilab Radiological Control Manual (FRCM) states that
accelerator/beamline areas shall be posted and controlled for the normal operating
conditions in accordance with Table 2-6 of the FRCM when the safety analysis
documents the unlikelihood of delivering the maximum dose equivalent to an individual. |

Page 1 of the 1991 Linac Shielding Assessment states the Linac Lower Level
Gallery interlocked detector setpoints of 50 mR/hr and the Radiation Area posting within
the lower level gallery are for a fault condition the could exist in the Linac. The setpoint
of 50 mR/hr was based on not exceeding the limit of 100 mR delivered in one hour
during a fault condition.

Page 7 of the 1993 Linac Shielding Assessment states that the Linac Lower Level
Gallery interlocked detectors from Transmission Line Penetration #6 through #9 had their
set points reduced from 50 mR/hr to 10 mR/hr. This is to protect the Linac Upper Level
waveguide penetrations, as this area is a non-posted minimal occupancy area (limit stated
10 mR/hr for one hour). Since these detectors would provide the same level of protection
in the Lower Level Gallery as the Upper Level Gallery, it would stand to reason that the
Lower Level Gallery could be considered a non-posted minimal occupancy area as well
at least from Tanks #6 through #9. Page 7 of the 1993 Linac Shiclding Assessment also
states that the radiation levels in the upper level waveguide penetrations are
approximately the same as those of the lower level penetrations.

Page 3 of the 1993 Linac Shielding Assessment states that all measurements taken
during the shielding assessment were extrapolated to maximum possible beam intensity
(35 mA x 30 microsec, continuous operation at 15 Hz). With regards to the Lower Level
Utility Penetrations, the 1993 Linac Shielding Assessment only re-evaluated the
penetrations corresponding to the old Linac Tanks #6, 7, 8 and 9. This is the highest
energy end of the Linac Lower Level Gallery, and represents the worst case for all lower
level penetrations (ref. Pg. 7 of the 1993 Linac Shielding Assessment).
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I believe we can de-post the Linac Lower Level Gallery based on the following reasons:

1) Page 6 of the 1993 Linac Shielding Assessment describes the conditions that had to

2)

be met in order to cause a loss in the area. Specifically the first full paragraph under
the heading “Lower Linac Utility Penetrations” states that module 7 continuously
tripped off whenever beam was initiated and lost in that module. When a module
trips, beam is inhibited. It further states that all commissioning studies have so far
shown all modules to spark and trip with significant beam loss. Due to this fact, in
order to accomplish the studies, the rf had to be mistimed, and the beam inhibits had
to be disabled on module 7 and the rf had to be inhibited on all modules downstream
of module 7. This in itself is not a normal condition, but with regards to the modules
tripping off, continuous operation at 15 Hz or any other repetition rate allowed by the
Beam Permit is not likely, if not impossible.

There are (9) permanent, interlocked detectors installed at every “center” penetration.
This correlates to every third penetration. The downstream detectors (penetrations
#6-9) are set to trip at 10 mR/hr, the upstream detectors (Transmission Lines #1-5)
are set to trip at 50 mR/hr. Note that the TL#1 detector is physically located inside
the enclosure on the east wall toward the downstream end of Tank #1(10 MeV end).
This detector is partially shielded with lead sheet to attenuate x-rays coming from the
cavities when the gradients are energized. '

In addition to the interlocked detectors mentioned above, there are (2) interlocked
chipmunks located above the straight ahead dump on the berm, there are (2)
interlocked chipmunks inside the Booster Enclosure (1) near the Booster Chute and
(1) near the Straight Ahead Dump. There is also a scarecrow in the second leg of the
400 MeV labyrinth, and another at the end of Tank #3 near the east wall of the
enclosure. All of these detectors provide some level of protection against various loss
scenarios.

Attached are some calculations I performed in order to estimate the dose delivered
in various accident conditions. The values are extrapolated from the 1991 and 1993
Linac Shielding Assessments studies. The values were extrapolated to the Linac
Safety Envelope values of 3.54 E17 protons per hour, and they assume a 15 Hz
repetition rate. This should provide the worst case values. It should be noted that
normal Linac operation during HEP and NTF has an overall duty factor much less
than the 15 Hz used in all these calculation (by a factor of 3 to 30 during an hour).
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Reference can be made to a memo from C. Schmidt entitled “ Linac Radiation
Reduction”, dated 7/10/91.

The response time values for the interlocked detector rad cards are based on the
dose rates derived from integrated values. I chose 1 second as the response time of
the safety system after the trip has occurred arbitrarily. This value is probably close
enough to the true value and the margin of error here is negligible.

3) 1 performed a review of the Interlocked detector trips for the entire Collider Run 1B
and for the entire Fixed Target Run of 1996. To summarize, only two interlocked
chipmunk detectors, placed to protect the Linac Lower Level Gallery, ever tripped in
a four year period for reasons associated with increased radiation levels. All but one
of these radiation induced trips occurred at Tank #1. The other trip occurred at the
Lower Level Gallery #8 penetration. The resultant dose delivered for this trip was
calculated to be .11 mR. The highest dose delivered to the Tank #1 interlocked
detector during this time period was 13.8 mR. Again, this detector is located inside

the enclosure and has 3 foot of concrete shielding between it and the Lower Level
Gallery.

4) I performed a review of the dose rates seen by the interlocked detectors located in the
Linac Lower Level Gallery over the last year. Specifically, I looked at the responses
logged on the control systems Lumberjack data logging system for every month in
1999. To summarize, I found that dose rates seen on these detectors during normal
operation are routinely well below the limits established in the FRCM for requiring
the posting of a Radiation Area. Other periods of operation considered “non-normal”
such as NTF dosimetry studies, Linac studies, tuning, etc., may require temporary
posting, and should be evaluated on a case by case basis.

Based on the information provided above and in the attachments, I see no reason
why we cannot remove the Radiation Area postings in the Linac Lower Level Gallery. A
memo from the Linac Department stating the unlikelihood of sustaining an accident
condition, at maximum intensity, continuously for one hour has been recently generated
and is on file.
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Subject: Detectors
Date: Wed, 06 Nov 2002 13:35:24 -0600
From: Michael A Gerardi <gerardi @fnal gov>
Organization: Fermi National Accelerator Lab
To: mcerory @fnal. gov

CC: "glauten@fnal.gov" <glauten@fnal.gav>, "jea@fnal.gov" <jea@fnal.gov>, tomlin@fmal.gov,
“vazin @fnal.gov" <vaziri@fnal.gov>, "Mau, Robert” <mau@fnal.gov>, d_johnson@fnial.gov, tsullivan@fnal.gov,

"Webber, Robert™ <webber@fnal.gov>, "higgins@fnal.gov" <higgins@fnal.govs,
"zimmermann@fnal gov" <zimmermann@fnal gov>

Hi Elliotk,

In response to your memo to me dated November 4, 2002 regarding the
"Trip point for the radiation detectors at the Chute", your review
concurs with the analysis that we completed in September 2002. The trip
settings chosen at the time of initial installation were based on the
operational characteristics at that time, and can now be adjusted to
more efficiently coperate Linac during Booster access without
compromising the level of protection in our current cemfiguratien. To
that end I have had the trip levels changed from 10 mrem/hr to 50
mrem/hr on both the Booster Chute Detector {G:RD2044), and the Booster
Dump #1 detector (G:RD2053). These detectors are basically protecting
individuals on access in the Booster Tunnel when Linac is operating.
Booster is a posted "Radiation Area" indicating typical rates of 100
mrem/hr. Setting these two detectors at 50 mrem/hr continues our spirit
of ALARA while providing additional flexibility to our operating
environment. I will add your document and my response to the Linac and
Booster shielding assessments as Post Assessment Documents to provide
for future clarity.

Thanks,

Mike

11/6/2002 1:41 PM



* Fermilab

, * Proton Source Department/Beams Division

Monday, November 04, 2002

To: Mike Gerardi <
From: Elliott McCrory
Subject: Trip point for the radiation detectors at the Chute

Two interlocked radiation monitors have been installed at the end of the
Linac/Booster chute to insure that Linac can operate safely when there are people in the
Booster tunnel. These detectors were installed with a trip level of 10 mRem/hour in
keeping with ALARA even though 100 mRem/hr is an acceptable accident condition for
a minimal occupancy area. Since then, the Booster total beam and the induced tunnel
radiation levels have increased significantly so that now Booster operation induces a
background level that exceeds the trip point and holds off the Linac beam when a Booster
access is made. Presently it takes more than two hours for this area to decay sufficiently
for Linac operation to resume. I suggest that the trip level for these detectors be
increased to improve this situation and am proposing setting the detectors to 50 mRem/hr.
Attached is what background information I could obtain regarding this situation.

During a recent shutdown when Booster was in access and Linac was open, the key
detector that held Linac off, referenced in the ACNET control systems as G:RD20353, was
below 15 mRem/hr immediately when the enclosure opened at 06:00, see attached figure
#1. It took an additional 2.5 hours for it to drop below the 10-mRem/hr trip level to allow
Linac beam to run. The other detector, G:RD2044, was below 10 mRem/hr immediately.

I have consulted the original Linac Shielding Assessment documents from 1991-
1992, In the version dated April 26, 1991 (Attachment #1), it is stated:

“With the shielding in place [at the top of the chute] and full beam striking the
Spectrometer the loss at the bottom of the chute is 3 mR/hr. With full Linac beam
striking the momentum line pipe immediately in front of the chute, the measured
radiation at the bottom of the chute is 41 mR/hr. The additional shielding blocks
has made the chute attenuation > 10%. Since 100 mR/hr is an acceptable accident
condition for minimal occupancy [of a radiation enclosure), even wide open, there
is no problem.”

In 1992, there was an access, whose exact purpose I have not been able to determine,
in which shielding in the chute was disturbed. In a supplement [Attachment #2] to the
1991 document, it states:

“Measurements of the radiation through the Booster chute indicate that the
background in the Booster tunnel, due to significant missterring of the Linac
beam at the 200-MeV momentum line, could exceed radiation standards for this
area {100 mR/hr]. It would be difficult to overcome this problem by additional
shielding, especially since it is likely that the chute will be uncovered
occasionally and would require retesting each time. Therefore, an interlocked




radiation detector has been permanently installed at the bottom of the chute [set
at] 10 mR/hr [when Booster is open and Linac is closed].”

To clarify this somewhat, I also attach a memo, dated April 2, 1992, from Dixon

Bogert (Attachment #3), which states:
“4) An evaluation of the results of the studies was made, and one weakness was
identified. The ‘chute’ from the Linac to the Booster was measured to have an
increased transmission under loss conditions as compared with measurements in
the previous assessment. The increased radiation measured in the Booster is quite
probably associated with a (relatively) slight (and unintentional) change in the
shielding stacked in and around the chute. Consistent with past practices,
remediation in the form of an additional interlocked detector is proposed.”

In conversations with Chuck Schmidt about his recollections from this period, he
recalls discussing the trip point on this detector with Tony Leveling. He recalls,
specifically, that he and Tony set this detector to as low a trip point as possible, even
though the level of 10 mR/hr is well below the levels required for the Booster tunnel
during access.

These measurements, especially the first one in 1991, show that it would take a worst-
case accident in the Linac to put the radiation levels in the Booster above the acceptable
levels. Rather than relying on the shielding in the chute for the rare case when Linac is
running while Booster is open, my predecessors decided to put the interlocked detectors
at the bottom of the chute and rely on that. It is clear that the trip point set for these
detectors was arbitrarily low, especially considering present conditions.

As [ see this situation the detector is only one system preventing Linac beam or
radiation from getting down the chute and causing an unacceptable incident. The Booster
critical devices inhibit beam to the Booster line and the chute shielding will attenuate
radiation induced accidentally in the 400 MeV area. In any event the detector will still be
there providing protection at an acceptable level.

Please review this proposal to see if something can be done.

CC:. C. Schmidt
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"Rodioom Shie Yoy Avdgaomuit I e Livac G lodrone *
( ATTAGMENT 311 ) Apr 2k, Py} 2

to trip at 3.5 R/hr was installed on the tunnel wall across from this
lab. This will limit the radiation in the Iab due to a fault condition to
1 mR/hr,

The Tank 5, NTF Shielding Door

For the purpose of NTF, the Linac shielding door at Tank 5 is
not closed completely. Closing it too far causes excessive meutron
losses from NTF operation into the Linac aisle. However, not closing
the door leaves a gap (about six inches) between the door and the
Linac wall through which neutrons can pass from the linac tunnel
into the NTF cave. From the Feb. 22, Test 5A, Run 2, measurements
it was found that the radiation in the NTF cave from a nearby fault in
the Linac could exceed 1 R/br. To decrease the losses from the Linac,
the entrance in the Linac wall was filled with solid concrete blocks
about three feet thick. From the recent April measurements, the
radiation due to a full Linac fault is 15 mR/hr. The attenuation of
the door has increased from 1240 in February, to ~50,000 now. Since
this is a limited access area, posted for radiation this condition is
acceptable.

The 200-MeV Labyrinth

From the Feb. 21, Test 2, Run 3B,C, the losses at our normalized
intensity at the gallery door to the 200-MeV labyrinth was 12.4
mR/hr. At the full Linac rate of 15 Hz this could be 372 mR/hr. To
limit the maximum radiation at the door, a detector was placed in the
second leg of the 200-MeV labyrinth where the radiation measured
2750 mR/br when the door was 12.4 mR/hr. This detector will have
a trip level of 200 mR/hr, so the maximum radiation at the door will
be 1 mR/hr. During the April tests this detector tripped a few times
while adjusting quads in Tank 9 and producing small losses in the
early part of the 200-MeV line. This detector is very effective for
preventing high losses in the early 200-MeV area.

The 200-MeV Chute

From the Feb. 21, Test 2 and 3, (beam striking the Booster
septum and the Spectrometer) the level achievable at the bottom
(Booster side) of the chute was 4.5 mR/hr for operation at 1800
pulses/hr. This could go to 135 mR/hr for 15 Hz operation. Since
then, three feet of solid block shielding has been added to the front
(beam direction) and 1 to 2 feet to the side of the chute opening at

h]
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bottom of the chute in the booster is 41 mR/hr. The additional
shielding blocks has made the chute attenuation >106. Since 100
mR/hr is an acceptable accident condition for the minimal occupancy
of the Booster tunnel, even when open, there is no problem,

The 200-MeV Dumps

Using data from the Feb. 21, Test 4A and 4B, for the straight
dump and the momentum dump, neither dumps show a problem
either in the Booster or on the berm. At high Linac intensity the
straight dump, which is over the Booster tunnel, produced 0.4 mR/hr
in the Booster tunnel, At 15 Hz continuous Linac operation this could
increase by 30 to 12 mR/hr.  If this were to occur for an hour this
would be extraordinary and a fault condition. Since it is below 100
mR/hr, it is acceptable, The momentum dump produced no
detectable radiation in the Booster tunnel.

On the 200-MeV berm above the dumps there was essentially
no detectable radiation during the Feb. 21 runs. The highest

These runs were done at high intensities and have significantly
meaningful statistics o claim the radiation to be 3 mR/hr or less on
the berm above the dumps.

The 200-MeV Berm

The remainder of the 200-MeV Linac berm has similar low
levels or is protected by the detector located in the 200 MeV
labyrinth. Feb. 21, Test 2, Run 3B and 3C, show that levels up to 4.7
mR/hr (detector 8F) or 141 mR/hr for 15 Hz running could be

This location has a detector set for 200 mR/hr and will limit the
losses on the berm to ~0.3 mR/hr. Similar, losses from the upstream
end of the 200-MeV area are seen in the Labyrinth and prevent high
levels on the berm.
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The Booster Chute @mckLMeNT #7}

Measurements of radiation through the Booster chute indicate
that the background in the Booster tunnel, due to a significant
missteering of the Linac beam at the 200-Mev momentum line, could
exceed radiation standards for this area. It would be difficult to
overcome this problem by additional shielding, especially since it is
likely that the chute will be uncovered occasionally and would
require retesting each time. Therefore, an interlocked radiation
detector has been permanently installed at the bottom of the chute
in the Booster tunnel to inhibit beam if the Booster does not have a
Radiation Safety System permit and the radiation exceeds 10
mrem/hr. Since this is a radiation area, the permissible fault level is
100 mrem/hr for one hour under accident conditions. Data from this
assessment shows that during normal operation of the Linac the
radiation in the Booster chute area to be 0.007 mrem/hr.

Measurements

The lower Linac utility penetrations

Measurements of radiation through the lower Linac utility
penetrations at Tank 9 show that the upstream penetration is ~7
times better shiclded than the middle penetration. The downstream
penetration is ~14 times better shielded than the middle penetration.
(The middle penetration allows the coaxial power line to enter the
Linac tunnel, and therefore there is a necessary 10" hole in the
shielding.) The radiation detector at the middle penetration trips at
50 mrem/hr therefore the radiation at the side penetrations cannot
exceed 7 mrem/hr (upstream) and 4 mrem/hr (downstream). The
permissible level outside these penetrations for an accident condition
is 100 mrem/hr for one hour. During normal operation of the Linac,
the radiation level at the upstream and downstream penetrations is
less than 0.01 mrem/hr while at the middle penetration the
radiation level is about 0.03 mrem/hr. These are well below the
radiation limit for an unlimited occupancy area under normal
conditions.

The penetrations at Tanks 6, 7, and 8 have the same geometry
as at Tank 9. We have inspected these penetrations and have
verified that the shielding there is greater than or equal to the
shielding in the Tank 9 penetrations. Since Tank 9 is the highest
energy and thus the worst case, the existing protection in these areas
(Tanks 6, 7, and 8) is adequate.




April 2, 1992
To: File

(hrTAc MenT #3 )

From: Dixon Bogert

Subject: Review of t¥Ke Linac Assessment with the Linac
Upgrade Access Enclosure Constructed Jan.-Mar. 1962

1) As was the case last year, the Linac Assessment is
largely dependent on actual measurements of beam loss
conditions because of the absence of reliable calculatiocnal
tools in the energy regions 200MeV and below.

2) Last year an appropriate complete review to find and
categorize all potential ’weakest’ shielding points was
conducted. The operational energy of the Linac is
unchanged at this time. Therefore, it is possible to
restrict our attention to the changes made since the
last assessment, and/or to the areas where shielding was
removed and nominally restored.

The assessment document correctly enumerates all the
changes and/or shielding removal/restorations.

3) An appropriate study plan was designed, and the now
existing conditions were studied, and all losses appropriately
normalized.

4) An evaluation of the results of the studies was made,

and one weakness was identified. The ’chute’ from the Linac
to the Booster was measured to have an increased
transmission under loss conditions as compared with

the previous assessment. The increased radiation

measured in the Booster is quite probably associated

with a (relatively) slight (and unintentional) change

in the shielding stacked in and around the chute.

Consistent with past practices, remediation in the form

of an additional interlocked detector is proposed.

5) Since no additional shielding was found to be

necessary as a result of the assessment study period, no
verification study period is required. The interlocked
detector will need to be set at the correct trip level,
however, at the foot of the ’chute’. The assessment shows
that the correct level of protection has now been achieved for
a2ll areas according to their utilization. This protection
has been actively demonstrated.

(The Linac can be physically operated above the administrative
guidelines for normal operation and so it is relatively
straightforward to demonstrate the protection and the

action of the interlocks.)

6) Except for the installation of the additional detector
at the bottom of the ’'chute’, the locations of all

other detectors required are unaltered from the

previous assessment.

7) The assessment was not done for the future 400MeV Linac
operating conditions and is expliecitly not appropriate

previous assessment.
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TO: Steve Holmes
FROM: Don Cossairtogé/
SUBJECT:

December 10, 1993

ES&H Section Review of Upgraded Linac Shielding Assessment
Supplement dated 11/17/93

Members of the ES&H Section Staff and 1 have reviewed this document. We concur
that it demonstrates that the upgraded Linac may be operated in accord with the
requirements of the Fermilab Radiological Control Manual and addresses our

. comments of October 19, 1993. This document should, as you have suggested, be

appended to the Linac shielding assessment.

CC

J. Peoples

K. Stanfield

R. Stefanski

D. Boehnlein

T. Miller
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Dixon Bogert, Chairman
Shielding Assessment Committee

FROM: C. Schmidt, 0 .
Linac Department

SUBJECT: Low Intensity Shielding Assessment of the Linac Upgrade

Attached is the complete Linac Report summarizing the
Upgrade Shielding Assessment conducted on September 8 and 20,
1993,

A previous report, dated September 13, 1993, has serious
errors, It should be ignored and hopefully discarded. The revised
report of September 15, 1993 is replaced in its entirety by the
present report.

cc: C. Moore
T. Leveling
H. Casebolt
T. Kroc
D. McGinnis
R. Noble
D. Finley




September 21, 199Z3%

Radiation Shielding Assessment

of the Linac High Energy Enclosure
Following the 1993 Upgrade Installation

and Low Intensity Commissioning

Linac Department
Charles Schmidt and Thomas Kroc.

Introduction

During the 1993 shutdown, the side-coupled cavities for the
Linac Upgrade project were installed in the beam line in the Linac
enclosure. These cavities have an output energy of 400 MeV, twice
the energy of the previous Linac cavities (200 MeV). Since the
energy has been increased the shielding of the affected area must be
re-assessed. The Upgrade Commissioning Plan requires a shielding
assessment following the attainment of low intensity beam operation
of 2.0 mA-sec/hr and 16 mA maximum (down a factor of ~25 from
the normal 53.5 mA-sec/hr) before going to higher intensities.

The shielding areas affected by this change are:

1. The momentum dump and straight dump which must be
measured for full beam radiation at accessible places outside the
enclosure, that is on the berm and in the Booster. This is a normal
operating condition so the maximum allowable radiation, for a non-
posted minimal occupancy area, is 2.5 mrem/hr for one hour, as on
top of the berm and 10 mrem/hr for a posted minimal occupancy
area, as in the Booster.

2. Elsewhere in the 400 MeV area where beam losses may occur
from accident situations, such as at the momentum line pipe just
above the Booster chute, and the spectrometer or the Booster
Lambertson magnet. These devices are distributed through the area,
are representative of all devices in the 400 MeV area, and are the
largest and most likely sources of beam induced radiation in this




area. The radiation they might produce must be measured for full
beam loss at accessible places outside the enclosure; that is, on the
berm, in the Booster tunnel and gallery, and at and around the high
energy (labyrinth) entrance. The loss from these devices is an
accident condition and the maximum allowable radiation, for non-
posted minimal occupancy, is 10 mrem/hr for one hour, as on the
berm and at the labyrinth door, or 100 mrem/hr for one hour for a
posted minimal occupancy area, as in the Booster tunnel.

3. The Booster chute and tunnel must be protected for 400 MeV
Linac operation. The chute has had the shielding modified for higher
energy but needs to be checked with beam for losses in the Booster
tunnel.  Presently, the Booster tunnel is protected from radiation
through the chute by a permanent interlocked detector located in the
Booster tunnel at the bottom of the chute, which is set to trip at 10
mrem/hr (rate measure). The permissible level in this area for an
accident condition is 100 mrem/hr for one hour and 10 mrem/hr for
an hour (integrated dose) for normal operating conditions.

4. The shielding of the Linac tunnel equipment access must be
measured for beam loss occurring anywhere in the 460 MeV area or
the Upgrade accelerator. The concrete blocks covering the entrance
and the soil berm over the access must be checked. The maximum
allowable radiation for this non-posted minimal occupancy areas is
10 mrem/hr for one hour for an accident, or 2.5 mrem/hr for an
hour for normal conditions. If it requires a higher rating it must be
posted.

5. The lower 30 inch diameter Linac utility penetrations for the old
Linac which are along side the new cavities have been modified with
concrete inserts, filling completely the 12 foot length of these
penetrations except for some 4 inch utility holes in th: concrete. As
was determined for the old Linac, every third penetration is
monitored by a permanent interlocked detector set to trip at 50
mrem/hr but now lowered to 10 mrem/hr. The permissible level
outside these penetrations for an accident condition is 100 mrem/hr
for one hour because of ropes and signs.

6. The upper penetrations for the Linac Upgrade waveguides must
be measured under conditions of 400 MeV beam loss. The maximum
allowable radiation for non-posted minimal occupancy, as on top of
the berm of the Linac enclosure, is 10 mrem/hr for one hour for the
accident condition and 2.5 mrem/hr for normal conditions




Measurements

Since the geometry of these areas are difficult to characterize
the Linac shielding assessment relies on beam measurements to
assess the shielding. The effectiveness of the shielding is measured
by producing beam loss at known points of measured beam dose.
These points were at or in devices most likely to produce radiation
from beam loss or representative of conditions that could occur in
the local area. The detection outside the shielding was done using
calibrated chipmunk detectors at the spots most likely to have the
least or an unknown shielding as determined by drawings or past
shielding studies. @ The detector measurements, in counts, each
corresponding to 2.5 microrem, were integrated for the time the
beam was on, recorded by the control system and saved on paper
copies, converted to a dose rate, and then extrapolated to the
maximum possible beam intensity (35 mA x 30 microsec at 15 Hz
rate) representative of the worse case accident condition.

Since these measurements had to be taken with low intensity
beam (1 to 6 mA x 1 to 7 microsec) as compared to normal operation
(35 mA x 30 microsec) and could not exceed the previously
determined shielding requirements, the extrapolation to full loss
conditions is between 35 and 1300. At the same time an attempt
was made to keep the integrated beam loss low so as not to severely
irradiate the new equipment and make the working conditions on
the accelerator more hazardous. In all significant cases however, the
extrapolated radiation is sufficiently low or high that it is not
questionable. Where gquestions may arise additional measurements
will be made at higher intensities or with better detection.

The measurements were divided into two major segments.
Those around the 400 MeV area (Figure 1, and Runs 1 - 5 of the
spreadsheets) and those related to the upper and lower penetrations
(Figures 2 and 3, and Runs 6 - 9).

Results

The results of the measurements, their significance and
solutions are presented. All given radiation dose rates are
extrapolated to a worse case condition, ie., 35 mA in 30
microseconds pulses for continuous operation at 15 Hz, unless stated
otherwise. This is the Linac Beam Safety Envelope.




The Linac Berm above the 400 MeV Area

This area was measured by dumping as much of the low
intensity beam into each dump as presently possible. The maximum
beam achievable into each dump was, 2.4 mA to the momentum
dump and 4.1 mA to the straight dump with a 7 microsec pulse
length at 15 Hz rate for 10 minutes. In addition, similar beam was
dumped into the spectrometer, the spectrometer arm beam pipe and
the Booster Lambertson magnet. These devices are representative of
other devices in close proximity in the 400 MeV area.

These conditions are represented by Runs 1 - 4 of the data
spreadsheets, detectors SSTUDA through SSTUDD. In all cases the soil
shielding above the straight dump is inadequate. In the worse case
the radiation may be 250 mrem/hr, Prior to beam commissioning an
interlocked detector, set to trip at 5 mrem/hr, was placed at this
location and presently provides the required protecticn. Since this
condition can be caused by normal operation the maximum limit is
2.5 mrem/hr for one hour and the detector has been lowered to trip
at 2.5 mrem/hr.

At the request of the Shielding Assessment Committee a second
set of runs was done for the straight dump with cleaner beam
conditions ( ~100% transmission through the Linac and to the dump.
See the toroid printout, Fig. 5) and more detectors to convincingly
determine the peak of the radiation from the straight dump. Runs A
(1 -3) give the results. Eight detectors were place two feet apart
along the beam line from before to after the straight dump (Run 1 A,
SSTUDO - 7). At the maximum point the detectors were moved to
traverse the beam line in two foot spacings (Run 2 A). Having found
the expected peak the detectors were placed around this point in one
foot spacings (Run 3 A, SSTUDQ - 7). With some satisfaction the
maximum position was at the place the interlocked detector had
previously been placed. As a comparison the previcus and present
measured levels were in good agreement and with the Radiation
MUX readings (Run 4, SSTUDC, Runs A (1 - 3), and the MUX readings
for the Berm Dump #1 DS). The peak distribution was surprisingly
narrow with a half width of approximately four feet (Fig. 4).

The immediate solution for this area is to leave the interlocked
detector in place set to a trip level of 2.5 mrem/hr. A more
permanent and passive solution would be to add sufficient soil to the
area to absorb the radiation. Until this can be done, re-measured




and certified the interlocked detector will remain in place and be
considered permanent.

The Booster Chute, Tunnel and Gallery

Measurement of radiation through the Booster chute indicates
that the background in the Booster tunnel, due to a significant error
of the Linac beam at the 400 MeV momentum line, could be 333
mrem/hr (see Run 2, SSTUD7). An interlocked radiation detector is
permanently installed at the bottom of the chute in the Booster
tunnel to inhibit beam if the radiation exceeds 10 mrem/hr and the
Booster is not secure with a permit. Since this is a posted radiation
area the permissible fault level is 100 mremv/hr for one hour while
the level due to normal operation is 10 mrem/hr. The detector
provides the necessary level of protection required for both cases.

The highest area in the Booster was upstream of the chute.
This area is the spot below the end of the straight dump where the
soil between the dump and Booster tunnel is the thinnest. High
extrapolated levels (483 mrem/hr maximum) were detected in this
arca with beam loss in the 400 MeV area (see Runs 1 - 5, SSTUDS).
An interlocked detectors is necessary and has been installed in this
area with a trip level of 10 mrem/hr as at the Booster chute.

These first results also gave concern as to the extent of
radiation in the Booster tunnel. During the second measurements
two additional detectors were placed in the Booster tunnel upstream
and downstream of the interlocked detectors (Fig. 6). These
detectors were a factor of 50 or more below the interlocked detectors
indicating the radiation is limited to the area of the interlocked
detectors (Runs A, 1 - 3, SSTUDS - B).

The Booster gallery near the dumps had a maximum
extrapolated level of 3.5 mrem/hr (see Runs 1 - 5, SSTUD6). This
would be limited to <0.05 mrem/hr by the tripping of the Booster
chute detector and even more by the new tunnel detector. The
Booster gallery is fine.

The 400 MeV Equipment Access
This area was examined at two locations. One behind the 12

foot concrete blocks that form the shielding door and a second on the
berm just in front and above this door. The permissiole level for an
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accident condition is 10 mrem/hr for one hour or 2.5 mrem/hr for
normal operation. These detectors extrapolate to a maximum of ~4
mrem/hr respectively for loss produced in the 400 MeV area (see
Runs 1 - 4, SSTUDE and F). In all cases the Booster tunnel detector
would trip beam before levels of 0.2 mrad/hr were reached. For the
other high case of 125 mrem/hr due to losses in the Lambertson
(Run 5, SSTUDE) the area would be protected by the Linac high
energy labyrinth entrance detector. During the run the Lambertson
losses were adjusted so the labyrinth detector (200SCA), with its
internal background, read 240 mrem/hr (228 mrem/hr on the MUX
monitor), very close to tripping. It is set to trip beam at 200
mrem/hr, At this point the actual radiation above the access door
was 0.1 mrem/hr and would not have gone much higher before a
trip. The same could be said for everything in Run 5 since the
Lambertson is just adjacent to the labyrinth tunnel opening to which
the labyrinth detector is highly sensitive.

Although the gallery door of the labyrinth and the 400 MeV
cable penetrations behind the labyrinth (Run 2, 3 and 5, SSTUD3 and
4) bad high levels when extrapolated to full beam loss, their actual
maximum levels were 2.15 and 2.0 mrem/hr when the labyrinth was
near tripping. They would not exceed the permissible 10 mrem/hr
before the labyrinth detector caused a trip.

The Lower Linac Utility Penetrations

In Run 7, losses were produced in module 7 (the highest
energy module of the Upgrade Linac, 357 to 401 MeV), mostly at the
beginning of the module. Unfortunately because of the loss the
module constantly tripped off whenever beam was initiated and
inhibited beam. This in itself would prevent excessive loss and
radiation if it could be counted on. In order to take data the module
tf had to be mistimed and the beam inhibit for this station disabled.
Thus only 357 MeV could be achieved but this is the condition at the
entrance to this module. It was also necessary to inhibit rf on all
other modules downstream of where beam was being lost.
Commissioning studies have so far shown all modules to spark and
trip with significant beam loss.

For the lower utility penetrations there are permanent
interlocked detectors at each "center” penetration for the old Linac
(tanks 6, 7, 8 and 9 center) which previously tripped at 50 mrem/hr
but are now set to 10 mrem/hr. The permissible level outside these




penetrations for an accident condition is 100 mrem/hr for one hour
due to posting and limited occupancy. For the losses produced in
module 7 the highest radiation was observed at the tank 8 center
penetration.  All other penetrations and wall surfaces between the
penetrations was less than tank 8 center and therefore would not
exceed 10 mrem/hr (see Run 7, SSTUDO - 7). Similarly, excessive
losses in module 6 (313 MeV in) would have been prevented by the
tank 8 center detector. The tank 9 upstream penetration would have
been near 15 mrem/hr at this point but still well within its limit (see
Run 8, SSTUDO - 7). For the last case (see Run 9, SSTUDO - 7) with
losses in module 5 (271 MeV in), the tank 8 downstream penetration
would have been at 25 mrem/hr, well below its limit, when a trip of
10 mrem/hr occurred at tank 8 center (see Run 9, SSTUDI and 2). It
should also be noted that the labyrinth detector (200SCA) was near
its trip limit when the actual maximum dose was 5.15 mrem/hr (Run
9, SSTUD2) and would have prevented excessive radiation in all these
cases except that this may be due to additional losses in or near the
Lambertson magnet. Since these are the highest energy modules and
the worse cases, the same protection would be true for the other
penetrations further upstream which have the same geometry and
protection.

The Upper Waveguide Penetrations |

The same argument as given for the lower utility penetrations
applies to the upper waveguide penetrations (Runs 7, 8 and 9,
SSTUD8 - A). The waveguide penetrations have approximately the
same level of radiation as the lower penetrations and can thus be
protected by the lower detectors. The waveguide penetrations are
presently a non-posted minimal occupancy area and have a
permissible limit of 10 mrem/hr for one hour. This is achieved with
the lower utility penetrations set to trip at 10 mrem/hr.

Conclusion

The areas of the Linac shielding that apply to upgrading the
Linac to 400 MeV have been examined and some corrections have

been made. The conclusions, necessary changes and possible future
changes are:

1. Two interlocked detectors have been placed on the berm, one
above and one downstream of the straight dump position to trip at




2.5 mrem/hr. This is where the soil slopes down and is the thinnest.
Additional soil should be considered for over the straight dump area
and re-tested. The interlocked detector on the berm over the
straight dump must remain and be permanent until other measures
are shown to be effective and approved.

2. An interlocked detector has been placed at the Booster tunnel
position closest to the Linac straight dump set to trip at 10 mrem/hr.
It is interlocked to Booster operation as is the Booste: chute detector
to be active whenever the Booster tunnel is accessed.

3. The trip level of tanks 6 to 9 lower utility penetration interlocked
detectors have been lowered to 10 mrem/hr. They also protect the
upper waveguide penetrations.

4. A "temporary” interlocked detector presently located behind the

12 feet of shielding blocks for the Linac equipment access can be
removed.

The other areas of the Linac, the low energy end to Tank 5, are
not required to be reevaluated and have not. They were found to be
appropriate during the original assessment and Lave not been
modified.
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October 4, 1993

To: Steve Holmes s
A

From: Dixon Bogert; AD/Shielding Review Committee /égﬂg%L
Subject: Linac Upgrade Shielding Assessment Statusf

I enclose two documents with this memo:

1}Leveling:"Committee Review of ’Low Intensity Shielding
Assessment of the Linac Upgrade dated 9/21/93°", dated
9/30/93

2)Bogert:"Low Intensity Shielding Assessment of the Linac
Upgrade" dated 9/27/93

Based upon these two documents, the Committee can report
that we support increasing the intensity of operation

of the 400MeV Linac. In the first of the aforementioned
documents you will find the suggestion that a full power
asgsessment is required with clean transmission to the
momentum dump. Until this assessment is complete, beam
power to the momentum dump should not exceed 80% of the
full hourly intensity limit.

The shielding review committee would be supportive of
requests from the Linac Department for help from FESS
to increase passive shielding over the straight dump,
and the momentum dump if the full power assessment showed

'normal’ losses over the unposted minimal cccupancy limits.

Please feel free to distribute this letter and the
enclosures, as well as the 9/21/93 low intensity
assessment to interested parties; the review committee
believes that the low intensity assessment is as
complete as possible. We await the suggested full
beam power assessments.

cc: Members of the AD/Shielding Review Committee

e
o

- .




FERMILAB

Accelerator ES & H
o * Dept. M.S. 306

9/30/93
TCO: Dixon Bogert, Chairman, Shiclding Review Committee }
FROM: Tony Leveling, Member, Shielding Review Commiuceé./é/
SUBIECT: Committee Review of‘Low Intensity Shielding Assessment of the

Linac Upgrade” document dated 9/21/93

Craig Moore, Howard Casebolt, and 1 met on 9/28/93 1o review the subject
Shielding Assessment. We agreed that the assessment provides sufficient
evidence that the existing combination of Linac shielding and interlock
detectors is suitable for higher intensity operation. We¢ also agree that it would
be useful (but not mandatory) for the Linac Department ask FESS to consider
the placement of additional shielding over the straight ahead dump to reduce
the need for interlocked detectors.

We did find one area in the assessment which will require further study. In
Run 1 (Beam to Momentum Dump) of the data sei, two detectors called ‘Berm at
fence above access tunnel’ and ‘Access pit behind blocks’ show projected rates
at full beam power which exceed 2.5 mrem/hr. Since beam to dump can be
considered normal operation, these rates would require posting. Because beam
transmission to the momentum dump was not clean, significant beam was lost
elsewhere in Linac during the measurement. It is not clear from the
assessment that the raies in these two locations are due to losses{accident
conditions) or due tc beam absorption in the dump. In the final (at full beam
power) assessment, the measurements should be repeated with clean
transmission to the momentum dump. These areas should be examined to
determine whether the rates are due to normal or accident conditions and
protected acccordingly.

Until the final assessment is complete, beam power to the momentum dump
should probably be limited to 75 to 80 % of the full hourly intensity limit so
that there is no chance that we will exceed limits prescribed by the Fermilab
Radiological Control Manual for these two areas.

If you would like additional information, please let me know.

cc: H. Cascbolt D. Bogert D. Finley
R. Ducar V. Bharadwaj K. Vazirn
C. Schmidt S. Holmes File LK.11
T. Kroc C. MLt e ¢ Rhhad
o) R A\\f’\c’lvi&uﬁb




// September 27, 1993

To: AD/Shielding Commitbee '?‘il’g's /
RN

‘ .
From: Dixon Bogert /f P 2
rd

Subject: Low Intensity Shielding Assessment of the Linac Upgrade

I have reviewed the document "Radiation Shielding Assessment
of the Linac High Energy Enclosure Following the 1993
Upgrade Installation and Low Intensity Commissioning

by the Linac Department/Charles Schmidt and Thomas Kroc,
dated September 21, 1993.

I note that this document replaces completely two
earlier documents prepared earlier in September, and
is to be regarded now as the only report on the
subject.

The areas of radiation concern resulting from the

change from the 200MeV to 400MeV high energy end of

the Linac are correctly listed. The radiation classifications
for areas of concern are correctly enumerated. The
measurements appear complete and relevant to the areas

of concern. I concur with the assessment of results
presented in the report. I agree that it would be

desirable, especially on top of the straight ahead dump,

for the Linac Department to propose (by sketch submitted

to FESS) an appropriate increase of shielding over the
straight ahead dump so that eventually the interlocked
detector shown by this assessment to be required over the
straight ahead dump on the berm could possibly be eliminated.
It might be helpful to know the spectrum of penetrating
radiation since if FESS were to find structural limitations
for loading earth over the straight ahead dump, perhaps
altering the shielding to include some type of "poly"
material would be adequate. Note, however, that the use

of the interlocked detector is completely acceptable.

Based upon the sketches shown, I do not believe that

it is possible to alter the shielding between the
straight ahead dump and the Booster enclosure. It

will be necessary to accept the conditions found in these
measurements and to rely on interlocked detectors and
exclusion as necessary to protect the Booster enclosure.

At this time I accept this report and unless I am
informed of technical objections from other members of
the shielding review committee, I am prepared to
accept proposals for operating the 400MeV Linac at
higher intensities.

cc: Members of the AD/Shielding Review Committee
.C Schmidt
- T Kroe.




€. Fermilab

Accelerator Division Headqguarters

October 11, 1993
To: Don Cossairt

From: Steve Holmes g D @L/W,._

SUBJECT: SHIELDING ASSESSMENT FOR THE UPGRADED LINAC

The low intensity phase of the shielding assessment for 400 MeV linac operations
and subsequent review by the Accelerator Division Shielding Review Committee has
been completed. Attached you will find the assessment documentation itself along with
the recommendation from the AD Shielding Review Committee that full power
operation be authorized subject to a restriction on power delivered to the momentum
dump. | have authorized operations of the linac consistent with this recommendation.
The Linac Department is being asked to provide a full intensity assessment in this area
prior to removal of this restriction.

I ask that the ES&H section review the enclosed information and concur in the
finding of the AD Shielding Review Committee. Once you have done so the
Acceslerator Division will regard this phase of the linac upgrade shielding assessment
as complete. | expect to forward the full intensity assessment to ES&H once it becomes
availabte.

Thank you for your attention.

cc
R. Andrews
V. Bharadwaj
C. Bhat
D. Bogert
H. Casebolt
R. Ducar
D. Finley
P. Lesiak
T. Leveling
C. Moore
C. Schmidt



October 4, 1993

To: Steve Holmes Lo

Subject: Linac Upgrade Shielding Assessment Status’

I enclose two documents with this memo:

1)Leveling:"Committee Review of ’'Low Intensity Shielding
Assessment of the Linac Upgrade dated 9/21/83'", dated
9/30/93

2)Bogert:"Low Intensity Shielding Assessment of the Linac
Upgrade" dated 9/27/903

Based upon these two documents, the Committee can report
that we support increasing the intensity of operation

of the 400MeV Linac. In the first of the aforementioned
documents you will find the suggestion that a full power
assessment is required with clean transmission to the
momentum dump. Until this assessment is complete, beam
power to the momentum dump should not exceed 80% of the
full hourly intensity limit.

The shielding review committee would be supportive of
requests from the Linac Department for belp from FESS
to increase passive shielding over the straight dump,
and the momentum dump if the full power assessment showed
'normal’ losses over the unposted minimal occupancy limits.

Please feel free to distribute this letter and the
enclosures, as well as the 8/21/93 low intensity
assessment to interested parties; the review committee
believes that the low intensity assessment is as
complete as possible. We await the suggested full
beam power assessments.

cc: Members of the AD/Shielding Review Committee




e, FERMILAB

Accelerator ES & H

Dept. MLS. 306
9/30/93
TO: Dixon Bogert, Chairman, Shielding Review Committee 7
FROM: Tony Leveling, Member, Shielding Review Committee /g .
SUBIJECT: Commitice Review of“Low Intensity Shiclding Assessment of the

Linac Upgrade” document dated 9/21/93

Craig Moore, Howard Caseboli, and 1 met on 9/28/93 to review the subject
Shielding Assessment. We agreed that the assessment provides sufficient
evidence that the existing combination of Linac shielding and interlock
detectors is suitable for higher intensity operation. We also agree that it would
be useful (but not mandaiory) for the Linac Department ask FESS to consider
the placement of additional shielding over the straight ahead dump to reduce
the need for interlocked detectors.

We did find one area in the assessment which will require further study. In
Run 1 (Beam to Momentum Dump) of the data set, two detectors called ‘Berm at
fence above access tunnel’ and ‘Access pit behind blocks® show projected rates
at full beam power which exceed 2.5 mrem/hr. Since beam to dump can be
considered normal operation, these rates would require posting. Because beam
transmission 1o the momentum dump was not clean, significant beam was lost
elsewhere in Linac during the measurement. It is not clear from the
assessment that the rates in these two locations are due to losses{accident
conditions) or due to beam absorption in the dump. In the final (at full beam
power) assessment, the measurements should be repeated with clean
transmission to the momentum dump. These areas should be examined to
determine whether the rates are due 1o normal or accident conditions and
protected acccordingly.

Until the final assessment is complete, beam power to the momentum dump
should probably be limited to 75 to 80 % of the full hourly intensity limit so
that there is no chance that we will exceed limits prescribed by the Fermilab
Radiological Control Manual for these two areas.

If you would like additional information, please let me know.

cc: H. Casebolt D. Bogert D. Finley
R. Ducar V. Bharadwaj K. Vaziri
C. Schmidt S. Holmes File 1.K.11
T. Kroc O Mmite ¢ Rhed
2 Andvews




September 27, 1993

; /
Subject: Low Intensity Shiel ing Assessment of the Linac Upgrade

I have reviewed the document "Radiation Shielding Assessment
of the Linac High Energy Enclosure Fellowing the 1993
Upgrade Installation and Low Intensity Commissioning

by the Linac Department/Charles Schmidt and Thomas Kroc,
dated September 21, 1993.

I note that this document replaces completely two
earlier documents prepared earlier in September, and
is to be regarded now as the only report on the
subject.

The areas of radiation concern resulting from the

change from the 200MeV to 400MeV high energy end of

the Linac are correctly listed. The radiation classifications
for areas of concern are correctly enumerated. The
measurements appear complete and relevant to the areas

of concern. I concur with the assessment of results
presented in the report. I agree that it would be

desirable, especially on top of the straight ahead dump,

for the Linac Department to propose (by sketch submitted

to FESS) an appropriate increase of shielding over the
straight ahead dump so that eventually the interlocked
detector shown by this assessment to be required over the
straight ahead dump on the berm could possibly be eliminated.
It might be helpful to know the spectrum of penetrating
radiation since if FESS were to find structural limitations
for loading earth over the straight ahead dump, perhaps
altering the shielding to include some type of "poly"
material would be adequate. Note, however, that the use

of the interlocked detector is completely acceptable.

Based upon the sketches shown, I do not believe that

it is possible to alter the shielding between the
straight ahead dump and the Booster enclosure. Tt

will be necessary to accept the conditions found in these
measurements and to rely on interlocked detectors and
exclusion as necessary to protect the Booster enclosure.

At this time I accept this report and unless I am
informed of technical objections from other members of
the shielding review committee, I am prepared to
accept proposals for operating the 400MeV Linac at
higher intensities.

cc: Members of the AD/Shielding Review Committee
C Schmidt
T Kroc




Linac

* Fermilab
L. 3

September 21, 1993

TO: Dixon Bogert, Chairman
Shielding Assessment Committee

FROM: C. Schmidt, [i .
Linac Department

SUBJECT: Low Intensity Shielding Assessment of the Linac Upgrade

Attached is the complete Linac Report summarizing the
Upgrade Shielding Assessment conducted on September 8 and 20,
1993,

A previous report, dated September 13, 1993, has serious
errors. It should be ignored and hopefully discarded. The revised
report of September 15, 1993 is replaced in its entirety by the
present report.

ce:. C. Moore
T. Leveling
H. Casebolt
T. Kroc
D. McGinnis
R. Noble
D. Finley
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Radiation Shielding Assessment <0 o
of the Linac High Energy Enclosure «“‘E\CMD
Following the 1993 Upgrade Installation &

and Low Intensity Commissioning  ©f " X
y N
Linac Department wmwgﬁ
Charles Schmidt and Thomas Kroc (,uv"”
«&
AN f“d.\,\
A
}i\
Introduction v \ﬂ";\ _

During the 1993 shutdown, the side-coupled cavities for the
Linac Upgrade project were installed in the beam line in the Linac
enclosure. These cavities have an output energy of 400 MeV, twice
the energy of the previous Linac cavities (200 MeV). Since the
energy has been increased the shielding of the affected area must be
re-assessed. The Upgrade Commissioning Plan requires a shielding
. assessment following the attainment of low intensity beam operation
of 2.0 mA-sec/hr and 16 mA maximum (down a factor of ~25 from
the normal 53.5 mA-sec/hr) before going to higher intensities.

The shielding areas affected by this change are:

1. The momentum dump and straight dump which must be
measured for full beam radiation at accessible places outside the
enclosure, that is on the berm and in the Booster. This is a normal
operating condition so the maximum allowable radiation, for a non-
posted minimal occupancy area, is 2.5 mrem/hr for one hour, as on
top of the berm and 10 mrem/hr for a posted minimal occupancy
area, as in the Booster.

2. Elsewhere in the 400 MeV area where beam losses may occur
from accident situations, such as at the momentum line pipe just
above the Booster chute, and the spectrometer or the Booster
Lambertson magnet. These devices are distributed through the area,
are representative of all devices in the 400 MeV area, and are the
| largest and most likely sources of beam induced radiation in this




arca. The radiation they might produce must be measured for full
beam loss at accessible places outside the enclosure; that is, on the
berm, in the Booster tunnel and gallery, and at and around the high
energy (labyrinth) entrance. The loss from these devices is an
accident condition and the maximum allowable radiation, for non-
posted minimal occupancy, is 10 mrem/hr for one hour, as on the
berm and at the labyrinth door, or 100 mrem/hr for one hour for a
posted minimal occupancy area, as in the Booster tunnel.

3. The Booster chute and tunnel must be protected for 400 MeV
Linac operation. The chute has had the shielding modified for higher
energy but needs to be checked with beam for losses in the Booster
tunnel.  Presently, the Booster tunnel is protected from radiation
through the chute by a permanent interlocked detector located in the
Booster tunnel at the bottom of the chute, which is set to trip at 10
mrem/hr (rate measure). The permissible level in this area for an
accident condition is 100 mrem/hr for one hour and 10 mrem/hr for
an hour (integrated dose) for normal operating conditions.

4. The shielding of the Linac tunnel equipment access must be
measured for beam loss occurring anywhere in the 400 MeV area or
the Upgrade accelerator. The concrete blocks covering the entrance
and the soil berm over the access must be checked. The maximum
allowable radiation for this non-posted minimal occupancy areas is
10 mrem/hr for one hour for an accident, or 2.5 mrem/hr for an
hour for normal conditions. If it requires a higher rating it must be
posted.

5. The lower 30 inch diameter Linac utility penetrations for the old
Linac which are along side the new cavities have been modified with
concrete inserts, filling completely the 12 foot length of these
penetrations except for some 4 inch utility holes in th: concrete. As
was determined for the old Linac, every third penetration is
monitored by a permanent interlocked detector set to trip at 50
mrem/hr but now lowered to 10 mrem/hr. The permissible level
outside these penctrations for an accident condition is 100 mrem/hr
for one hour because of ropes and signs.

6. The upper penetrations for the Linac Upgrade waveguides must
be measured under conditions of 400 MeV beam loss. The maximum
allowable radiation for non-posted minimal occupancy, as on top of
the berm of the Linac enclosure, is 10 mrem/hr for one hour for the
accident condition and 2.5 mrem/hr for normal conditions




Measurements

Since the geometry of these areas are difficult to characterize
the Linac shielding assessment relies on beam measurements to
assess the shielding. The effectiveness of the shielding is measured
by producing beam loss at known points of measured beam dose.
These points were at or in devices most likely to produce radiation
from beam loss or representative of conditions that could occur in
the local area. The detection outside the shielding was done using
calibrated chipmunk detectors at the spots most likely to have the
least or an unknown shielding as determined by drawings or past
shielding studies. The detector measurements, in counts, each
corresponding to 2.5 microrem, were integrated for the time the
beam was on, recorded by the control system and saved on paper
copies, converted to a dose rate, and then extrapolated to the
maximum possible beam intensity (35 mA x 30 microsec at 15 Hz
rate) representative of the worse case accident condition.

Since these measurements had to be taken with low intensity
beam (1 to 6 mA x 1 to 7 microsec) as compared to normal operation
(35 mA x 30 microsec) and could not exceed the previously
determined shielding requirements, the extrapolation to full loss
conditions is between 35 and 1300. At the same time an attempt
was made to keep the integrated beam loss low so as not to severely
irradiate the new equipment and make the working conditions on
the accelerator more hazardous. In all significant cases however, the
extrapolated radiation is sufficiently low or high that it is not
questionable.  Where questions may arise additional measurements
will be made at higher intensities or with better detection.

The measurements were divided into two major segments.
Those around the 400 MeV area (Figure 1, and Runs 1 - 5 of the
spreadsheets) and those related to the upper and lower penetrations
(Figures 2 and 3, and Runs 6 - 9),

Results

The results of the measurements, their significance and
solutions are presented. All given radiation dose rates are
extrapolated to a worse case condition, i.e., 35 mA in 30
microseconds pulses for continuous operation at 15 Hz, unless stated
otherwise. This is the Linac Beam Safety Envelope.




The Linac Berm above the 400 MeV Area

This area was measured by dumping as much of the low
intensity beam into each dump as presently possible. The maximum
beam achievable into each dump was, 2.4 mA to the momentum
dump and 4.1 mA to the straight dump with a 7 microsec pulse
length at 15 Hz rate for 10 minutes. In addition, similar beam was
dumped into the spectrometer, the spectrometer arm beam pipe and
the Booster Lambertson magnet. These devices are representative of
other devices in close proximity in the 400 MeV area.

These conditions are represented by Runs ! - 4 of the data
spreadsheets, detectors SSTUDA through SSTUDD. In all cases the soil
shielding above the straight dump is inadequate. In the worse case
the radiation may be 250 mrem/hr. Prior to beam commissioning an
interlocked detector, set to trip at 5 mrem/hr, was placed at this
location and presently provides the required protecticn. Since this
condition can be caused by normal operation the maximum limit is
2.5 mrem/hr for one hour and the detector has been lowered to trip
at 2.5 mrem/hr.

At the request of the Shielding Assessment Committee a second
set of runs was done for the straight dump with cleaner beam
conditions ( ~100% transmission through the Linac and to the dump.
See the toroid printout, Fig. 5) and more detectors to convincingly
determine the peak of the radiation from the straight dump. Runs A
(1 -3) give the results. Eight detectors were place two feet apart
along the beam line from before to after the straight dump (Run 1 A,
SSTUDO - 7). At the maximum point the detectors were moved to
traverse the beam line in two foot spacings (Run 2 A). Having found
the expected peak the detectors were placed around this point in one
foot spacings (Run 3 A, SSTUDO - 7). With some satisfaction the
maximum position was at the place the interlocked detector had
previously been placed. As a comparison the previcus and present
measured levels were in good agreement and with the Radiation
MUX readings (Run 4, SSTUDC, Runs A (1 - 3), and the MUX readings
for the Berm Dump #1 DS). The peak distribution was surprisingly
narrow with a half width of approximately four feet (Fig. 4).

The immediate solution for this area is to leave the interlocked
detector in place set to a trip level of 2.5 mrem/hr. A more
permanent and passive solution would be to add sufficient soil to the
arca to absorb the radiation. Until this can be done, re-measured




and certified the interlocked detector will remain in place and be
considered permanent.

The Booster Chute, Tunnel and Gallery

Measurement of radiation through the Booster chute indicates
that the background in the Booster tunnel, due to a significant error
of the Linac beam at the 400 MeV momentum line, could be 333
mrem/hr (see Run 2, SSTUD7). An interlocked radiation detector is
permanently installed at the bottom of the chute in the Booster
tunnel to inhibit beam if the radiation exceeds 10 mrem/hr and the
Booster is not secure with a permit. Since this is a posted radiation
area the permissible fault level is 100 mrem/hr for one hour while
the level due to normal operation is 10 mrem/hr. The detector
provides the necessary level of protection required for both cases.

The highest area in the Booster was upstream of the chute.
This area is the spot below the end of the straight dump where the
soil between the dump and Booster tunnel is the thinnest. High
extrapolated levels (483 mrem/hr maximum) were detected in this
area with beam loss in the 400 MeV area (see Runs 1 - 5, SSTUDS).
An interlocked detectors is necessary and has been installed in this
area with a trip level of 10 mrem/hr as at the Booster chute.

These first results also gave concern as to the extent of
radiation in the Booster tunnel. During the second measurements
two additional detectors were placed in the Booster tunnel upstream
and downstream of the interlocked detectors (Fig. 6). These
detectors were a factor of 50 or more below the interlocked detectors
indicating the radiation is limited to the area of the interlocked
detectors (Runs A, 1 - 3, SSTUDS - B).

The Booster gallery near the dumps had a maximum
extrapolated level of 3.5 mrem/hr (see Runs 1 - 5, SSTUD6). This
would be limited to <0.05 mrem/hr by the tripping of the Booster
chute detector and even more by the new tunnel detector. The
Booster gallery is fine. :

The 400 MeV Equipment Access

This area was examined at two locations. One behind the 12
foot concrete blocks that form the shielding door and a second on the
berm just in front and above this door. The permissible level for an



accident condition is 10 mrem/hr for one hour or 2.5 mrem/hr for
normal operation. These detectors extrapolate to a maximum of ~4
mrem/hr respectively for loss produced in the 400 MeV area (see
Runs 1 - 4, SSTUDE and F). In all cases the Booster tunnel detector
would trip beam before levels of 0.2 mrad/hr were reached. For the
other high case of 125 mrem/hr due to losses in the Lambertson
(Run 5, SSTUDE) the area would be protected by the Linac high
energy labyrinth entrance detector. During the run the Lambertson
losses were adjusted so the labyrinth detector (200SCA), with its
internal background, read 240 mrem/hr (228 mrem/hr on the MUX
monitor), very close to tripping. It is set to trip beam at 200
mrem/hr. At this point the actual radiation above the access door
was 0.1 mrem/hr and would not have gone much higher before a
trip. The same could be said for everything in Run 5 since the
Lambertson is just adjacent to the labyrinth tunnel opening to which
the labyrinth detector is highly sensitive.

Although the gallery door of the labyrinth and the 400 MeV
cable penetrations behind the labyrinth (Run 2, 3 and 5, SSTUD3 and
4) had high levels when extrapolated to full beam loss, their actual
maximum levels were 2.15 and 2.0 mrem/hr when the labyrinth was
near tripping. They would not exceed the permissible 10 mrem/hr
before the labyrinth detector caused a trip.

The Lower Linac Utility Penetrations

In Run 7, losses were produced in module 7 (the highest
energy module of the Upgrade Linac, 357 to 401 MeV), mostly at the
beginning of the module. Unfortunately because of the loss the
module constantly tripped off whenever beam was initiated and
inhibited beam. This in itself would prevent excessive loss and
radiation if it could be counted on. In order to take data the module
rf had to be mistimed and the beam inhibit for this station disabled.
Thus only 357 MeV could be achieved but this is the zondition at the
entrance to this module. It was also necessary to inhibit rf on all
other modules downstream of where beam was being lost.
Commissioning studies have so far shown all modules to spark and
trip with significant beam loss.

For the lower utility penetrations there are permanent
interlocked detectors at each "center” penetration for the old Linac
(tanks 6, 7, 8 and 9 center) which previously tripped at 50 mrem/hr
but are now set to 10 mrem/hr. The permissible level outside these



penetrations for an accident condition is 100 mrem/hr for one hour
due to posting and limited occupancy. For the losses produced in
module 7 the highest radiation was observed at the tank 8 center
penetration.  All other penetrations and wall surfaces between the
penetrations was less than tank 8 center and therefore would not
exceed 10 mrem/hr (see Run 7, SSTUDO - 7). Similarly, excessive
losses in module 6 (313 MeV in) would have been prevented by the
tank 8 center detector. The tank 9 upstream penetration would have
been near 15 mrem/hr at this point but still well within its limit (see
Run 8, SSTUDO - 7). For the last case (see Run 9, SSTUDO - 7) with
losses in module 5 (271 MeV in), the tank 8 downstream penetration
would have been at 25 mrem/hr, well below its limit, when a trip of
10 mrem/hr occurred at tank 8 center (see Run 9, SSTUD1 and 2). It
should also be noted that the labyrinth detector (200SCA) was near
its trip limit when the actual maximum dose was 5.15 mrem/hr (Run
9, SSTUD2) and would have prevented excessive radiation in all these
cases except that this may be due to additional losses in or near the
Lambertson magnet. Since these are the highest energy modules and
the worse cases, the same protection would be true for the other
penetrations further upstream which have the same geometry and
protection.

The Upper Waveguide Penetrations |

The same argument as given for the lower utility penetrations
applies to the upper waveguide penetrations (Runs 7, 8 and 9,
SSTUD8 - A). The waveguide penetrations have approximately the
same level of radiation as the lower penetrations and can thus be
protected by the lower detectors. The waveguide penetrations are
presently a non-posted minimal occupancy area and have a
permissible limit of 10 mrem/hr for one hour. This is achieved with
the lower utility penetrations set to trip at 10 mrem/hr.

Conclusion

The areas of the Linac shielding that apply to upgrading the
Linac to 400 MeV have been examined and some corrections have
been made. The conclusions, necessary changes and possible future
changes are:

1. Two interlocked detectors have been placed on the berm, one
above and one downstream of the straight dump position to trip at



2.5 mrem/hr. This is where the soil slopes down and is the thinnest.
Additional soil should be considered for over the straight dump area
and re-tested. The interlocked detector on the berm over the
straight dump must remain and be permanent until other measures
are shown to be effective and approved.

2.  An interlocked detector has been placed at the Booster tunnel
position closest to the Linac straight dump set to trip at 10 mrem/hr.
It is interlocked to Booster operation as is the Booster chute detector
to be active whenever the Booster tunnel is accessed.

3. The trip level of tanks 6 to 9 lower utility penetration interlocked
detectors have been lowered to 10 mrem/hr. They also protect the
upper wavegunide penetrations.

4. A "temporary" interlocked detector presently located behind the
12 feet of shielding blocks for the Linac equipment access can be
removed.

The other areas of the Linac, the low energy end to Tank 5, are
not required to be reevaluated and have not. They were found to be
appropriate during the original assessment and hkave not been
modified.
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RECEIVED
noy 17 1993

ACCELERAL DR D1V ISION

i WISTRATION AND cSaH
L,___AUM.N RIS 1993

% Fermilab

Accelerator Division Headquariers k
i

To: Don Cossairt

From: Stove Holmes S D. Polomeen

SUBJECT: LINAC SHIELDING ASSESSMENT SUPPLEMENT

Attached is the supplement that has been prepared for the upgraded Linac
Shielding Assessment as requested in your memo of October 19. | ask that the ES&H
Section review the enclosed information and concur. Once you have done so the
Accelerator Division will regard this phase of the linac upgrade shielding assessment
as complete. | still expect to forward the full intensity assessment to ES&H once it
becomes available.

D. Bogert
R. Ducar
P. Lesiak
C. Schmidt
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TO: S. Holmes

FROM:  C. Schmidt W M

SUBJECT: Re: ES&H Review of the Linac Shielding Assessment

November 4, 1993

This memo is in reply to the October 19 memo of D. Cossairt to
S. Holmes regarding the Linac Shiclding Assessment and the minutes
of a review meeting on October 15 by D. Boehnlein and others.

First, it was pointed out in the meeting that the shielding
assessment was dated September 21, 1992 and should be 1993. The
title and text of this document correctly gives the year as 1993. No
adjustment was felt necessary.

Dose Rates, Data Spreadsheets, and Negative Dose Rates

Since three concems are related, I shall first comment on the
three areas of Dose Rate calculations, Data Spreadsheets and Negative
Dose Rates. The dose rates (mrem/hr) were calculated by using the
output counts of the chipmunks (calibrated by the ES&H
Section/IMAC), where each count equals 2.5 microrem. The pulse
train was fed into a frequency-to-voltage converter and read into the
control system to give an analog measure of the detector output in
counts. Thus fractional counts are an artifact of the analog
conversion. On the spreadsheets, column A gives the detector name
and column B gives the total counts for the integrating time as given
in column D or E. Column C allows for a deadtime multiplier to the
counts if it were necessary. A multiplier of one was used and gives
no change.

The first page of a run-set gives the background counts with no
beam. These counts are mostly due to the internal source of the
detector but occasionally there is additional real background as for
the booster tunnel (SSTUDS). Column F is the measured radiation
due to beam with the background removed. For the beam
measurements the total counting time is a few minutes longer than




the beam time to allow counts stored in the detector to be discharged
and collected (time constant=20 sec). The background subtraction is
based on the total counting time, column E, while the net hourly dose
rate for the tested beam power is from the beam on time for the
measurement, column D. Column G is the square root statistical
error. Column H is the radiation dose equivalent rate that would be
achieved if beam were extrapolated to the full possible beam
conditions even if other limiting factors such as interlocked detectors
would prevent the condition.

Thus:
For the background,

background rate = background counts X 2.5 urem/count .
total time

For the beam measurements,
background dose = background rate (above) X total time of run,

the measured radiation due to beam is therefore:
mrem/hr = 3600 X

beam time

The radiation dose equivalent rate extrapolated to maximum possible
beam current is therefore:
extrapolated mrem/hr =
measured mrem/hr X 35 mA X 30 usec X 15 Hz .

current loss X pulse length X rep rate

Errors are statistical, based on the square root of the number and
added in quadrature.

For Run 1, SSTUDO:
The background rate is:
44.09 X 2.5 prem / 600 sec = 0.184 prem/sec
The measured radiation is:
3600 X _(57.47 X 2.5 yrem) - (0.184 X 780 sec)
600 sec
= 2.3 urem/br = 0.00 mrem/hr.
Extrapolating from 2.4 mA, 7 psec, and 15 Hz,
the extrapolated radiation is:
23 prem/hr X 35 X 30X 15/24/7/15
= 143 prem/hr = 0.14 mrem/hr.




The extrapolated radiation assumes that no detector would have
turned off the beam before this level was reached. In many cases
the beam would have been tripped well before the extrapolated rate.

Negative values, as seen in some cases, are simply statistical
differences between the background and the null measurements and
caused by subtracting the background

Posting

In regard to posting, there are no outdoor areas around the
Linac enclosure that require posting. All of the areas have levels
below the guidelines requiring posting or are protected by detectors
to levels that are below the posting requirement. As noted by T.
Leveling the posting criteria does conform to the present Fermilab
Radiological Control Manuval and Articles 232 and 238 do not become
effective until January 7, 1995. It is our judgment that- Article 232
would not require us to post in any event since we do not anticipate
an occupancy of 40 hours in a year by any individual on the berm.

Only two areas mentioned in the assessment are posted as
radiation areas. These are the Linac gallery lower level and the
Booster beam enclosure. The entire Booster beam enclosure has
historically been posted as a radiation area because of residual
radioactivity due to Booster accelerator operations. That posting is
now additionally required because dose equivalent rates under the
normal condition of running beam to the Linac straight (#1) dump
may be as high as 10 mrem/hr in the proximity of the straight
dump.

Regarding the posting in the Linac lower gallery, the posting
was necessary under the previous assessment and is still necessary
in the low energy part of the gallery where that assessment applies.
For the high energy end, the detectors have some spacing were
between the detectors the radiation dose equivalent rate could be
higher (not exceeding a factor of two as measured) so the signs need
to remain.

High extrapolated losses in the Booster tunnel
The issue of high extrapolated losses in the Booster tunnel were

discussed and correctly understood by the review committee. High
levels in the Booster tunnel would be prevented by the detectors in




the Booster tunnel (set to trip at 10 mrem/hr) and gencrally even
sooner by other detectors in the Linac areas. For example, the 400-
MeV labyrinth scarecrow detector (200SCA) is highly sensitive to
losses near the Lambertson and causes a trip when the Booster is
only 1-2 mrem/hr. In these instances extrapolated losses are
meaningless and scaling to the first detector to trip is significant.
This was discussed and used in the Assessment. It is a necessary
and permissible part of the Linac protection system.

In regard to specific issues raised in D. Cossart's memo, posting
has been discussed.

Accuracy is variable from a few to 20-30% for toroid current
measurements but generally not significant to the final
determination. Current monitors, which can have large errors at low
current are used to extrapolate losses to full beam current. The
current toroids are accurate to +-1/2 mA at the calibrated current of
50 mA due to noise. They are linear through zero but retain a noise
variation of ~1/2 mA. At small currents this is significant and
several readings are visually averaged to determine a best value.
Even with a large error this would not meaningfully change the
outcome of the assessment. The levels were in all cases sufficient to
require a detector or would be limited by a detector. Reproducibility
of the radiation measurements is within a few percent for similar
runs with significant levels of radiation. Relative values between
detectors are highly reproducible.

Higher intensity or greater precision would not significantly
change the assessment. The Linac shielding ultimately relies on
interlocked detectors and not on the beam envelope. In only one
instance is it necessary to instigate an administrative control of not
operating full intensity 15 Hz Linac beam to the momentum dump
for more than 3/4 of an hour for any one hour period. This is highly
unlikely since presently more than a few Hertz Linac operation
causes trips at the 400-MeV labyrinth and is not a meaningful or
permitted mode of operation.

The question of V. Cupps regarding maximum total integrated
dose during a detector trip by high losses has been computed by T.
Leveling. He has found that the dose is very small (<0.4 mrem per a
trip maximum). He will be disseminating his work at a later time.



In addition to replying to you (S. Holmes) I am also sending
copies of this memo to others in the division who are concerned with
this matter. Once accepted, a copy of this memo should go into the
Division Document Files for the Linac shielding assessment with all
approvals.

cc:  D. Filnley
T. Kroc
D. Bogert, Chairman, Assessment Committee
T. Leveling
H. Casebolt
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October 19, 1993
TO: Steve Holmes
FROM: Don Cossairt

SUBJECT: ES&H Section Review of Linac Upgrade Shielding Assessment

The Linac Upgrade shielding assessment has been reviewed by members of the ES&H Section's
Radiation Physics Staff Group and myself. These members of the Radiation Physics Staff Group
met with several members of the Accelerator Division on October 15 to discuss the assessment
and ask for clarification of several points. The minutes of this meeting are attached. The
attendees from the Accelerator Division satisfactorily addressed the concerns of the ES&H
attendees and it is clear that the Accelerator Division has given adequate consideration to the
potential radiation hazards associated with the Linac upgrade. However, the shielding
assessment document itself does not clearly explain how the studies were performed and how the
Accelerator Division intends to use the information they provide. These concemns are detailed in
the attached minutes. Insofar as it must provide a record for future reference, the shielding
assessment document should be revised or supplemented with an appendix containing the
necessary clarifications.

In addition to the meeting of October 15, Paul Neeson of the DOE Chicago Operations Office

. Environment, Safety, and Health Division met with David Boehnlein and myself to discuss the
shielding assessment. As you probably recall, Paul is a key member of the Working Group of
Fermilab and DOE personnel established by C. Langenfeld and J. Peoples to review this project.
During this meeting, Mr. Neeson raised some of the same questions that had previously been
raised by the Radiation Physics Group reviewers, including those pertaining to posting and
interlocks. He also requested information concerning how the beam current loss was measured
during the assessment studies. He also wanted to obtain some idea of the accuracy of those beam
current loss measurements, which obviously feeds directly into the accuracy of the assessment
since the beam current losses are the basis of the normalization.

Since it is apparent from the October 15 meeting that the Linac Department did a very thorough
and well thought-out job of conducting the shielding studies, I am giving provisional approval to
the shielding assessment, with the proviso that the Linac Department will issue a revision of or
supplement to the shielding assessment document that will contain the clarifications requested by
the Radiation Physics Group and the Department of Energy. This revision/supplement will itself
be subject to review and approval by the ES&H Section. I would like to receive from you a
schedule for revising the assessment.

Att. —_— I

cC w/att: D. Boehnlein —7; -. M gM

B. Chrisman D .
D. Finley iure -Ew&7
T. Miller _
J. Peopl

. K.Se&g)gzld cywé( 2%— /ﬂr&éfz-e tozete
D. Theriot | 7%?0‘44/‘_ 74’ M e,

_ M;Ma(

R. Stefanski
- .. !_,A:fgrm .
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Linac Upgrade Shielding Assessment Meeting Minutes
October 15, 1993

Attendees: D. Boehnlein, H. Casebolt, V. Cupps, N. Grossman, T. Kroc, G. Lauten,
T. Leveling, C. Schmidt, K. Vaziri

This meeting was heid to discuss the contents of the Radiation Shielding Assessment of
the Linac High Energy Enclosure Following the 1993 Upgrade Installation and Low
Intensity Commissioning by Charles Schmidt and Thomas Kroc of the Linac Department.
Although it is clear that a good deal of effort went into the studies described in this
document, the paper itself does not adequately explain several aspects of the assessment.
The clarification of these aspects for the members of the ES&H Section was the point of
this meeting. The attendees from the Accelerator Division gave this clarification verbally
in the course of the meeting but it is necessary that the document be revised or

supplemented before it can be used as a stand-alone reference. The points addressed at
the meeting are listed below.

Posting The references in the text to "posted” and "unposted” areas are unclear to the
ES&H Radiation Physics Staff. A complete description of the posting and interlock
devices in use should be given in the document. The posting criteria in use does not seem
to conform to Article 238 of the Fermilab Radiological Control Manual. T. Leveling
pointed out that this article is not due to be implemented until January 7, 1995. However,
the ES&H Section strongly recommends that some consideration be given to the
implementation prior to that time,

Data Spreadsheets The data from the assessment measurements are contained in a
series of spreadsheets. It is unclear from the document how the Measured mrem/hr field
is calculated from the raw data. C. Schmidt and T. Kroc will provide an explané,tion of
the calculation in the document revision/supplement. D. Boehnlein had additional
questions regarding the data fields, which were answered by C. Schmidt and T. Kroc:
» The decimal numbers in the Counts field is an artifact of the frequency-to voltage
conversion of the detector signal along with the subsequent reconversion of the
analog voltage datum back to a digital datum.




Linac Upgrade Shielding Assessment Meeting Minutes 10/15093 Page 2

* The difference between Beam Time and Total Time is due to the time constant of
the Chipmunk.

* The error column contains the statistical error of the measured dose rate,
An explanation of the spreadsheet fields should also be included in the
revision/supplement.

Extrapolation of Dose Rates T. Leveling and C. Schmidt said that the scaling method

used is well supported by measurements near loss points under accident conditions.

Negative Dose Rates Comparison of these data vu;ith their associated errors indicates that
they are not statistically different from zero.

Beam Loss at the Lambertson D. Boehnlein was concerned about the extremely high

extrapolated dose rate in the Booster tunnel from such a loss. H. Casebolt explained that
only a small amount of beam was actually lost at the Lambertson, the rest going on to the
Straight Dump, which is much nearer to the Booster tunnel. It was pointed out that the
beam would be tripped well before such levels were reached in the Booster tunnel.

V. Cupps asked about the total integrated dose to hypothetical personnel in the Booster
enclosure in the event of such a loss.” T. Leveling replied that the dose would be well

under 2 mrem. The revision/supplement to the assessment document should include this
calculation.

Attendees




