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Introduction

An existing accelerator system at Argonne Nation-
al Laboratory (ANL) has been upgraded and is being
extended to provide heavy icns with energies well
above the nuclear binding energies (5-25 MeV/A). The
final configuration of the system, called the Argonne
Tandem-LINAC Accelerator System (ATLAS), is to become
a user-oriented nationa}l facility f.r nuclear physics
research. ATLAS will produce some specialized radio-
logical safety considerations unique to this facility
in addition to the safety consideratioans normally
addressed at accelerators.

The ATLAS Facility shares the Physics Building
with six other smaller accelerators, offices, and
general purpose laboratories, some of which are used
for low-level counting of radioactivity. The portions
of ATLAS that currently exist and those portions that
are under construction are shown ia Figure 1. The
FN-Tandem has been operational since the mid 60's
Currently, two ion source injection systems are
housed within the Taandem vault. Target Area I has
been in use for many years and continues to be used
for beams from the Tandem.

The booster LINAC exists now and curreantly
delivers beam into target area II. The booster LINAC
consists of 24 independently-phased superconducting
split-ring resonators housed in four cryostats. Each
superconducting split-ring resonator can have up to
1.5 MV potential between the drift tubes.

As shown in Figure 1, a new beam enclosure, to
house an additional 18 resonators in 3 cryostats, and
a new target area III are under construction. From
the distribution of charge states created by the
rtrippers located before the 40° bend, it is antici-
pated that beams will be delivered to target areas 1I
and III simultaneously. The maximum projectile
energy for each of the three target areas is shown in
Figure 2 as a function of projectile mass.

Known Radiation Hazards

Argonne National Laboratory is committed to
keeping personnel radiation exposures As Low As
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Reasonably Achievable (ALARA). In the ALARA coitext,
any radiation exposure may be considered to presant
an unacceptable risk (hazard) if it is unnecessazy or
without benefit. Hazard is, therefore, not viewed in
a purely legal or biological context.

Radiation areas hzve been identified that re-
quire positive protective actions to maintain low
personnel exposures and eliminate unnecessary ones.

For heavy ion acceleration, the main radiation
hazard in the Tandem vault is at the low energy end
near the ion source. As expected, there are numerous
negatively charged particles accelerated out of the
ion scurce that are rejected by the magnet that turas
the beam into the Tandem. These produce significant
X-rays in the magnet area.

The primary source of radiation near the booster
LINAC cryostats is the x-rays that are generated by
parasitically accelerated electrons interacting with
cryostat components. These x-ray fields are produced
vwhenever a resonmator is energized. The fields are
independent of whether other components are operating
or whether beam is present. The x-ray fields associa-
ted with each resonator's operation vary dramatical-
ly. These largely nonreproducible variations depend
on numerous parameters including the type of beam
particles, tuning parameters, and resonator status.
Although the ion beam can interact with cryostat
components, experience has not shown this source of
radiation to be significant.

Gamma and neutron fields have been detected and
measured downstream of the booster LINAC when the
projectile energy is above the coulomb barrier ener-
gies for beam transport materials, beam stops, or
targets. The exact location and intensicy of these
fields is difficult to correlate with operating
parameters because of the many variables involved.
The tuning and beam steering p ocesses produce dif-
ferent fields at different lc .ons than is gener-
ally the case for a normally ru.ning experiment. The
neutrons produced are either evaporation neutrons
that are generally isotropic in the center of mass
system or higher energy neutrons that are emitted
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Figure 2. The maximum projectile energy svailable to
each target area.

preferentially in the forward direction. These fast
neutrons are thermalized in the materials of the
facility.

Projected Hazards

Additional hazards are cxpected wvhen the new
ATLAS addition is completed (see Figure 1). Signifi-
cant neutron fluxes and gamma fields may exist near
the new cryostais. This new source of radiation will
be in addition to the cryostat x-rays because of the
higher energy beams entering the new cryostats.

The potential radiation hazard in target area
IIT is expected to be similar to that in target area
Il except that higher peuiron fluxes and gamma fields
are expected dve to the higher energy beams. In
addition, the forward-directed fast neutrons must be
stopped locally to insure that oeutron fields outside
the facility are minimized and to protect personnel
that may be working in duwnstream areas of Target
Area III.

A new and largely unpredictable potential radia-
tion hazard will exist in the area of the 40° beading
system. In the formation of the two simultaneous
beams, the unused charged states will be stopped in
the bending system producing a potential for signifi-
cant neutron fluxes and gamma fields.

Health Physics Concerns and Hazard Control

Several operatiopnal aspects of the ATLAS Facili-
ty impact on the Laboratory's ALARA program and
generate concerns sbout potential personnel exposurea.
These concerns have been addressed by various types
of controls. The objective of these controls is to
allew the maximum access possible to all arecas of the
facility while providing ressonable assurance that
persopne] exposures will be minimized. The Health
Physics Section of ANL provides radistion protection
expertise and advice to ANL operating divisions and
assists the operating divisions in carrying out a
radiation safety program. A Health Phyaics Techni-
cian is available on request to perform radiation
surveys in the ATLAS Facility sixteen hours a day.
a. General ~ The fact that the ATLAS Facility is
operating yet still evolving is of general concern.
Many people with varied backgrounds are working in
the facility and the facility is becoming larger and
more complex. Under these conditions, safety hard-
ware becomes quickly outdated and expensive to change.
Althongh hardwave is preferred, administrative con-
trols to supplement the existing hardware have been
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adopted. The operating division carries ocut the
administrative control. The ANL Health Physics
philosophy is that although Health Physics may pro-
vide the operating division with calibrated instru-
ments to use, ail radistion surveys must be made or
confirmed by a perczon whose only vested iaterest is
safety (a Health Physics Technician).

The operating division designates a “shift
radiation safety officer", with clearly outlined
responsibilities, anytiwme radiation is present. &
Health Physicist reviews all experiwents in advance
of their scheduling and is, therefore, alerted to any
potential hazards. A routine radiation survey of the
entire facility is made daily by a Health Physics
Technician and any measured fields are posted on a
promipently displayed wap of the area. A safety
committee, appointed by the operating division,
reviews all procedures, identifies training needs,
and investigates unanticipated exposures.

There is alzo a requirement thet personnel

radiation monitors be worn by all personnel in the
facility because brief, randow, and non-reproducible
fields can occur for variovs reasons at a8 variety of
locations. These fields can be difficult to find and
mearure snd, very likely, would go unnoticed ualess
personnel monitoring revealed their presemce. Sciep-
tist. contrel incresses the possibility of such uaro-~
ticed fields since ke npuy have the needs of his
experiment foremost in his mind, and not be mindful
of the additional hazards created by changes in the
accelerator's parameters. For this reason, some con-
straints on operating parameters may ultimately be
prograsmed into the controlling computer. Tuning of
the LINAC, which can last several hours, and the
setting up of the steering of the beam, is another
cause of such fields.
b. lon Source - Access to the operating ion source
is sometimes required. With the maximum injection
voltage (150 kV) and current, x-ray fields as high as
1 R/k with energies ranging to 150 keV can be pro-
duced cear the bending magoet. Since some ion source
adjustments can require extended amounts of time for
troublesome or new sources, significant personnel
exposures are posszible. These can be whole tody or
localized eye or akin exposures.

A requirement that the Tandem operator reduce

tiie injection voltage, if possible, when giving out
the only key to s non~interlocked gaie at the low
energy end of the vault, reduces the potential for
exposures. Radiation surveys upon entry are required
and the Health Physics Technicisn on duty is to be
cslled for area surveys if work for extended periods
of time {(beyond s few minutes) is required. Many of
the adjustments will eventually be placed outside the
vault where no radiation hazard exists.
c. LINAC ~ The bocster LINAC has evolved to its
present state from an experimental-type apparatus.
Conzequently, meny of the cryogenic, electrical, and
gross tuning controls are in areas near the cryostats
where x-ray fields, ranging up to 200 sR/h (no neu-
trons), are consistently present. The booster LINAC
cryostat: are shielded on two sides to about seven
feet high to allow maintenance and testing work in
the surrounding area without exposure. The cryostat
ares is open at the low energy end and pedestrian
access is limited by use of a radiation warning sign
and rope strung between the two shielding walls.
Thus, there is always the possibility of unauthorized
personnel intenticnally or inadvertsatly entering the
cryostat area. There is zlso the temptstion to enter
the area to perform work other than adjustments "just
for a few minutes" rather than disrupt an experiment
by shutting down the booster LINAC. The new shielded
beamw tunnel is being built so that many, if not ail,
of the cryostat/rescnator adjustmeats for the new
cryostats will be remotely performed on the "RF
corridor” side of a shielding wall.



There is an x-ray radiation monitor mowited

above each of the four cryostats which, at approxi-
mately 1 mR/h, will activate u centrally located red
rotating light. Entry into the cryostat area is
allowved only for emergency adjustments necessary to
keep the system operating. The resonators are to be
turned off or pouer reduced substantially during
entry into the area if full power is not necessary
during the entry.
d. Target Areas - Several experimental groups may
need access to any one of the target areas to prepare
for future experiments while beam is present. Thus,
there is always the possibility that personnel may be
working in neutron flux densities and gamma fields
that can produce significant personnel exposures in
relatively short times (a few hours). Assessing the
hazard potential in the various areas is difficult.
The control over access must be refined for Target
Area III, since exposure potential will be increased
due to the higher energy beams.

There are interlocks on the entrances to Target
Areas I & II that will close beam stops at the high
energy end of the Tandem. There is a key lock system
on both areas that insures the appropriate area is
vacated and secure before beam can be delivered.
Although not all access to Target Area Il is protect-
ed by gates and interlocks during the coustruction
process, it is expected that this will be the case
when ATLAS is operational.

All of the interlocks and key activated systems
for Target Areas I and II may be bypassed by the
Tandem operator with a key when the "Heavy Ion Radia-
tion Criteria" (HIRC) is low encugh to permit person-
nel access. The bypass mnust be requested by an
experimenter and the experimenter must calculate the
HIRC value. The HIRC was developed by the operating
division and has been used as a method of determining
when the radiation safety features may be bypassed.
The HIRC value is an index of the maximum possible
radiation levels for the planned operating condi~
tions. The HIKC is expressed as:

mire = (1) G2} (1 + 0.58 -2)
Q) \Z% ™%

where: X = (E-3.7Zp) when E-3.7ZP >
and X = 1 when E-3.72P €1 and
I = shutter current in electrical nanoamps
Q = charge state of the beam
Z = atomic number of the beam particles
L4 (integer amu)
Ap = atomic weight of the beam particles

(integer amu)
E = bombarding enmergy in MeV

Bypasses of radiation safety features may be
activated by the Tandem operator without a prior
Health Physics survey of the area, when the HIRC
value is less than 21,100. For HIRC values greater
than 21,100, for light ion beams, and for lithiuw
beams, Health Physics must survey the area and ap-~
prove activation of bypasses. The value 21,100 and
bypass approval are based on fields being less than
10 mrem/h (R and Yy) at 2 m with no accessible area
greater than 200 mrem/h (n and y).

The HIRC value system has, so far, been effec~
tive since no significant exposures have been in-
curred by personnel working in the target areas while
experiments were in progress. The HIRC does, how~
ever, have some practical and theoretical limita-
tions. The HIRC is based on the worst case condi~
tions but in practice these conditions are rarely
present. Therefore, the radiation levels from ex-
periment to experiment do not correlate well with the
HIRC values. This leads experimenters to discount or

lose confidence in the HIRC value system. Personnel
are often excluded from an area until the Health
Physics Technician can survey the area when no sig-
nificant radiation is present. In addition, because
the tuning and steering process takes time, often
Health Physics staff will survey the area when the
cystem is still being tuned and the parameters used
for the HIRC calculation have not been reached.
Finally, as new ion sources are developed and the
booster LINAC capabilities are increased, the 10

MeV/A assumption used in developing the HIRC is not
valid for many experimental runs.

Target Area I is adequately shielded fcr neu-
trons and neutron shielding is being added to Target
Area II. It is not known how effective the Target
Avea I1 shielding is for the neutrons that may be
produced from high HIRC value experiments. There-
fore, the occupants of surrounding areas are limited
to a quarterly dose of 250 mRem.

e. Formal Safety Review - ANL is a Department of
Energy (DOE) contractor and as outlined by DOE Order
$481.1A, ANL maragemeat has vequired that the operat-
ing diviaion prepare a safety analysis report (SAR)
for the ATLAS Facility for formal review before full
operation begins. Such reports and formal review
systems have been used for nuclear reactors for some
time but their use for am accelerator is new and
unfamiliar to the operating division. This report is
to address safety aspects of the facility including
radiation hazards and hcw they are to be minimized.
Final preparation of this document iz being delayed
by the operating division until the new portion of
the facility is completed in order to maximize their
flexibility. It is difficult to be quantitative in
areas where data is lecking; however, the draft SAR
has permitted Health Physics tc make a relatively
detailed shielding analysis. Even though the final
SAR is far from complete, the draft SAR and the
formal review process has led to several productive
discussions between the operating division and the
safety groups at ANL. Several changes were made in
the ATLAS design as a result. The benefits of a
safety review by personnel outside the operzting
division have clearly been demonstrated.

f. Shielding - Several assumptions were necessary
to evaluate the shielding provided in the new ATLAS
addition. It was assumed that the dominant neutron
source will be evaporation neutrons with an average
energy of 2.7 MeV. The energy spectrua and flux
density contribution at the shielding of moderated
forward-directed neutrons and multiply-reflected
neutrons is not reliably known. Ac recommended by
the methodology of NCRP #51! used for the shielding
analysis, only a gross increase in the assumed source
of neutrons or final shield thickness was used to
account for multiply-scattered neutroas. It was also
assumed in estimating neutron transmission through
penetrations, trenches and the pedestrian labryinth
to the data room, that only thermal neutrons entered
these areas.

Another critical assumption used in evaluating
both the shielding and the radiation fields produced
by "skyshine" iz the intensity of the source. A
source term of up to 150 mRem/h per particle nA at 1
meter is expected. One particle mA is 6.25 x 10°
particles/second. The source term was estimated bv
extrapolation of duta from W. F. Ohnesorge, et al? to
27 MeV/A. The operating division for ATLAS has esti-
mated that the facility will operate approximately 1%
of the time at parameters sufficient to produce
source terms greater than S0 mRem;/h per particle nA
at 1 meter. Since the 50 mRem/h per particle nA at
one meter is the design basis of the new addition the
operatiung division intends to apply administrative
contrels during this 1% high radiation operation to
insuze that personnel are not unnecessarily or inad-
vertantly exposed. There are suspected inadequacies



in the present shielding design of the new addition
even with the design basis of 50 aRem/h per particle
nA at one meter. These inadequacies will have to be
evaluated and corrected before full operation begins.

The new cryostats will be contained in a tunnel
with a shielded roof and there is an earth berm up to
10' high around the Target Area III; however, there
is no overhead shielding in Target Area 1JI. There-
fore, local overhead shielding may be essential to
reducing "skyshine” to the nearest occupied areas of

the building.
Experimental Efforts

In order to develop and apply administrative
controls effectively aad efficiently, a means of
predicting radiation levels must be developed. An
accurate knowledge of the energy distribution of
neutrons and how the environment of the facility
affects the spectrum must also be available to estab-
lish correct Quality Factors and make wmeaningful
calculations of dose equivalent commitment from
absorbed dose or count rate measurements. For exam-
ple, when using a portable instrument such as the

" Eberline ENC-4, one obtains direct readings of events

per minute. Calibration techniques at ANL provide s
conyersion factor to convert to a flux with units of
ncm 2 sec ! In order to convert to dose equivalent
commitmant one must know the energy distribution of
the neutrons and assign a quality factor for the
spectrum. The quality factor is a measure of the
biological effect in rem per unit of absorbed energy
in rad. When the quality factor for a spectrum is
known, a standord reference such as NCRP 383 can be
consulted to convert the flux density into dose
equivalent rate in rem/h,

To better ussess the adequacy of the shielding,
to estimate source terms and to calculate dose equiv-
alent commitment, data is being gathered on the
radiation produced by various beams.

A Bonner Sphere Spectrometry System is currently
being used to obtain information on the Reutron
radiation, the major radistion of concern im Target
Ares II and the pew addition. Data fs input to a
computer program containing the response functions of
the various detector systems. The computer program
generates a neutron energy spectrum and determines
Quality Factors and dose equivalent rates from the
input of count rate data. The errors introduced by
the program are apparently no larger than the atatis-
tical errors of the input data.*

Measurements are '.'ing made 1 meter from a thick
target at both 0° apd 90° to the incident beam.
Comparisons are alsc being made between the doze
equivalent rate calculated by the Bonner Sphere
Spectrometry System and that obtained from a variety
vf hand-held portable neutron instruments in use at
Argonne National Laboratory. Table I lists data fronm
various beams iwpinging on Tantalum.

The data gathered to date is preliminary and a
comprehensive error analysis has yet to be completed.
It is expected that uncertainties in both the dose
equivalent rate at one meter normalized to one parti-
cle nA and the energy per nucleon will be small.
Small uncertainties are expected becsuse of the range
of energies covered by the Bonmer detector system
being used, the jntegration of electrical current at
the target, aund the control over the beam that in-
sures that only projectiles within a fairly narrow
band of energy produce the measured nevtrons.

Tantalum is used sxtensively throughout the
accelerator system in beam stops and shuttexs.
Tantslus was initially investigsted to determine
neutron production at the locations vhexe the beam is
often stopped during tuning and the setup of experi-
ments. Neutron production of various beams on stain-
less steel similar to that used in the beam tubes, is

W

0 degrees 90 degrees
Eber- Eber-
Bonner | line £ Bonner ; line
Energy/amu | System | PNR-4 System | PNR-4
(MeV/A) mres/h | mrem/b | mrem/h | srem/h:
5.4 0.1 0.1 <0.1 | <0}
6.0c 0.7 0.7 0.5 2.0
7.0d 1.8 - 1.1 -
B.be 6.3 7.8 3.3 4.7
8.9 AAL 7.3 4.2 4.2 2.9

a. 150.0 MeV sgilicon

b. 96.0 MeV oxygen

c. 84.0 MeV carbor

d. 134.0 MeV  oxygen

e. 106.4 MeV carbon

f. Typical Rem reading instrument cali-
brated with PuBe

Table I - Dose Equivalent Rate at One Meter from a
Thick Tantalum Target Normalized to 1 par-
ticle nA

now being investigated. For example, a carbon beam
on stainless steel with an energy of 7.0 MeV/h produ-
ces 6.3 mrem/h per particle nA at one meter at 0° and
1.8 mrem/h per particle nA at one meter at 90°. All
of the data have been encouraging apd suggest that a
method of predicting 2n upper limit of daose equiva-
lent rate by using the energy per nucleon of the beam
pProjectile can be developed.

The data gathered to date also suggest that the
majority of neutrons produced by the beams on thick
targets have energies below 3 MeV. Thus, the assump-
tions used in the shielding calculations appear to be
reasonable for the beam energies at or below 8.9
MeV/A.

Future Efforts

Efforts are being continued to press for the
operating division to prepare a safety analysis
report that is as detailed as possible. Radiation
fields that are being produced in Target Area II
continue to be delinested. As higher epergies for
existing beams apd new beams become available, either
cataloguing the radiation fros all beam species or
developing 2 relisble method of predicting doge
equivalent rates from varicus beams will continue.
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