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REPORT OF CYCLOTRON FACILITY OPERATIONS
October 1, 1918 through March 31, 1979

I. Introduction

The Naval Research Laboratory Cyclotron Facility began operations as a
cost center on October 1, 1977 and completed the first year of such
operation on September 30, 1918. For fiscal year 1979 an estimate was
made of the projected cost of operating the cyclotron facility and
the number of hours users would require the cyclotron beam. These
estimates are $273,200 and 2024 hours respectively, leading to a charge
of $135 per hour. This report is the sixth in the current series of
quarterly reports covering operation of the NRL Cyclotron Facility as a
cost center from October 1, 1978 through March 31, 1979.

II. Beam Time Records

A. The Daily Record

Beam time charge accounting is accomplished using a simple method of
coding information. At the end of each week the information is re-
corded in card images and stored on the disc file of the SEL 32/55 data
acquisition computer located in the Cyclotron Facility for later recall
and eumearisation. Figure 1 in the first report of this series is a
sample of a beam time code sheet. The method of using this form was
also described in the first report.

B. Computer Readout

Tables I through 4 show the collated data from the beam time card images.

Table 1 shows the beam time use by’ program and month . Outage is listed
as a point of interest. This table is submitted to the NRL budget branch
at th. end of each month. Proper charges can then be recorded against
the using program and credited to the cyclotron cost center.

Table 2 shows the sumea y by program and particle. The lowest and
highest energies for that particle used are also shown.

Table 3 shows the beam time su aries in various ways. Firstly, by
program, secondly, by month and thirdly, by particle. Clearly, the table
shows that the greatest user has been the MA NTA program.

Table 4 is an overall su .ry of beam time which lists primarily the
reasons for unscheduled outages . From this table we see the major
probism source continues to be the power supplies of the cyclotron.
Outage number 8, “!xperiasnters Equipment,” is included in total beam—on
time , but it is not included as cyclotron down time. The item, “Total
Hours Available to Date,” is the number of hours from 0000 hours October
1 through 2400 hours March 31. Th. NRL cyclotron schedul. had origin-
ally been planned for operating two 8—hour shifts per day for six days
Note : M userlpt submlttsd May 9, 1979.
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per week, holidays and scheduled engineering periods excluded . The
utilisation factor is the total scheduled time divided by this planned
schedule.

III. Engineering and Maintenance

A. Cyclotron

An unexpected collapse of the coaxial channel insert temporily shut
down the cyclotron for four eight—hour shifts in March. The tim frame
for making such a repair has increased by about a factor of two since
the cyclotron beam particle demand is largely for deuterons. Because
the deuteron beam increases radioactive contamination levels, acti-
vation of accelerator components have becon~e a greater problem f or per-
sonnel. Levels of 15 B/hr are now metered where levels of only 5 R/hr
were detected 18 months ago. That sharp increase requires greater
surveillance by the Radiation Protection Staff, and more time expended on
decontamination tasks by those doing the work.

An improved coaxial channel insert, which was previously developed and
fabricated in—house, was installed as a replacement . As a result , im-
provement in subsequent beam extractions has been logged.

Another unscheduled outage of one eight—hour shift occurred when an
alarm, annunciating at midnight in the NRL Security Branch, was acknow—
leged by a guard who immediately phoned the Chief Cyclotron Operator at
his home. During the ensuing hour required for his travel time to NRL
and additional time for his supervisor to arrive at the scene, approxi-
mately 1200 gallons of high purity (18 megohm—cm) liquid was lost from
the closed 4000—gallon demineralized R20 system. It escaped the system

via a ruptured seal at the top of the ballast tank sight glass from
which it spewed under pressure, even though the water pumps were off.
This ruptured seal is at a level of six inches above the water level
in the sight glass under normal operating conditions. Manual valves
were closed ~o isolate the ballast tank from the closed system, atwhich time the automatic air bleeder valves began spouting damp air.
A thorough investigation of plumbing circuits throughout the building
resulted in finding, in Experimental Room 1, a manual blowdown valve
which was open allowing air, at 100 psig, to pass into the closed H20

system. After closing the air blowdown valve procedures were implemented
to purge the water system of air. In addition to the time required for
purging, the cartridges in the 1300 gpm, 180 psig, liquid filter and the
screen in the coil power supply water circuits had to be removed and
replaced.

A spinoff effect of this outage was created when the sewage ejectors
became overloaded due to the 1200 gallon torrent of water. As a re—
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suit , floor drains backed up and f illed the pit housing the main 50,000
liter/second diffusion pump , shorting out its heater. Liter draining
the pit with sump pump s, the defective heater elements were replaced and
cyclotron operational vacuum integrity was restored.

Recently, studies initiated in the Cyclotron Applications Branch have
generated a need by Branch physicists for automatic/remote beam stop V

act ivation. Such a system has been designed, is in the final stages
of fabrication , and will be installed in the data acquisition room
with redundant controls rack—mounted at various experimental stations
tnroughout the room. This remote beam stop actuating unit has three
modes of operation: (1) the manual mode; (2) the automatic mode, which
will, close a beam stop after a counter has reached its preset value.
There is, in addition, a manual. override so that the experimenter can
interrupt a run, but then restart and continue to the preset value, and
(3) tt~e computer—controlled mode (with manual override). Included in
the unit is a failsafe circuit which can be used to detect a progr am
interrupt. The unit also has an internal counter and preset valve
circuit which can count TTh compatible signals, including integrators on
time pulses or a VCO .

IV. Summary of Facility Use

A. MANTA

Eleven new patients were entered into the neutron therapy program during
this reporting period. Twenty—seven patients were in various states
of treatment. See the previous reports in this series for a further
discussion of the neutron therapy program.

A’. MANTA DOSIMETRY

Clinical research continues on whole—body dos imetry for open and wedged
fields. These measurements are taken in a Rando—anthrop omorphic phantom
and in tissue-equivalent liquid phantoma by means of diodes, ion cham-
bers, foil activation and thermoluminescent dosimaters . These four types
of dosimeters are used in an attemp t to separate whole—body dose into
fast—neutron , thermal—neutron and ga~~~ components.

During this period two rune were made on a continuing collaborative ex-
periment with Dr. Richard Miller of Columbia University to compare the
relative biological effectiveness of neutrons with x—ray ’s for tne in-
duction of oncogeaic cell transformations. Measurements were made in
conjunction with Professor Eric Ra i.l of Columbia University to compare
the oxygen—enhancement ra t io (OER) of the MAN TA neutron therapy beam,
used as a reference standard, with tha OER of the neutron therapy beam
of the Franklin—McLean Institute of the University of Chicago.
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Two one—week runs t.iere m ade in continuation of an experiment involving
mouse tumor systems performed in collaboration with Professor Herman
Suit of Massachusetts General Hospital. Each run is a set of five—
f raction treatments , one per day for five days . The objec t is to com-
pare tumor response and normal tissue reactions for neutron treatment,
x—ray treatment , and x—ray treatment in conjunction with hypoxic sensi-
tizers or hypobaric oxygen.

V 

B. Radiation Interactions *

Dynamic random access memories (RAM ) have been observed to develop
soft errors caused by the passage of alpha particles through them.

We postulated that alpha particles from the 28Si(n,alpha)25Mg reaction
also should cause upsets . To investigate this effect dynamic RAMs
have been irradiated by high energy neutrons while in the operating
mode and have been observed to upset from both the “0” and the “1”
state. Single upsets in a 16K RAM were observed at 14 MeV neutron

fluences of about 108 n/cm2 and the number of upsets is proportional
to fluence. The upsets are statistical in nature and are consistent
with a single particle event.

The 28Si( n ,alpha) 25Mg reaction has a neutron threshold at E~ — 2.15 MeV,
but the cross section becomes significant only at neutron energies
above 5 MeV. A l4—MeV neutron can create an alpha with energy between
7.8 and 11.0 MeV depending on the alpha direction with respect to the
neutron. At 3.6 eV per electron—hole pair, about 3 x 106 such pairs
(0.5 picocoulomb ) are created along the path of the alpha.

Before irradiation the entire memory chip was filled with a s ingle
character, all 0’s or all l’s. The irradiation proceeded until a given
fluenc. of neutrons was produced. The memory was then interrogated
for upsets , that is , the number of memory locations which had changed
state during the radiation was noted.

C. Neutron Damage

A selected set of commercial LED devices was irradiated with 15—MeV
median energy neutrons at liquid nitrogen, dry ice and room temperature.
A marked difference in degradation of light output was noted as a func-
tion of temperature for the same neutron flux. An attempt to correlate
these results with electron trapping action is under way.

V 

Si solid state detectors were exposed to the neutron beam to measure
directly the spectrum of (n , charged particles). These measurements
were made with and without a radiator (polyethelene) in front of the
detector to evaluate a suggestion to use Si diodes for neutron dosimetry.

4
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B. Neutron Spectra

leutron spectra have been measured using time—of—flight techniques
for several deuteron and proton beam energies and several targets.
The deuteron beams produce high intensity neutron fluxes that are use-
ful for damage studies. The proton beams are used to tailor spectra
to simulate various neutron threats.

The electrical interface has been completed that will enable the nuclear
ABC deadtiaes to be recorded by the scalers . The interface between
the scalers and the computer has been modified so that some intermi t-
tent t iming problems have been eliminated . The subroutines that will
be used to control and read the scalers in the data system have been
written. It will be possible to start the scalers when data accumu-
lation is started and stop and read the scalers at the end of data
accumulation. A separate task has been written that will periodically
read the scalers during the data run. Test programs that simulate the
data system control and readout of the scalers have been written.

The data system programs that read back secondaries from tape and com-
bine the data arithmetically, so that the results can be displayed ,

- 
printed and written back on tape were extensively tested in connection
with the silicon detector bombardments.

V. Accounting

V Estimates made at the beginning of the fiscal year were for a total beam
t ime of 2024 hours in support of the various programs . The total budget
required to support this beam t ime is estimated to be $273 ,200. On a
straight line extrapolation this would lead to 1012 hours of beam t ime
and a budget of $136,600 for this first half. The actual beam time use
for this first half was 930 hours which represents a cost transfer of
$125,500. The job order status report through 31 March shoved total
costs of $127,500.

Table 5 shows a list of purchases required for Cyclotron Facility
operation. The table is self explanatory.

Vt. Conclusion

The NRL Cyclotron Facility continues to operate effectively as a cost
center. Costs will match income and th e us e of the facility will

• approach that which was predicted at the start of the fiscal year.

Report Assembled by R. Bondelid

Contributors : R. Allas , C. Miller , B. Petersen , P. Shapiro
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Table 1

Beam time summary by program and month

CYCLOIROP. APPLICATIONS 6RANCmI SUMMARY oF ~1EAM TIME
FY—79 ‘4AQCM SI, 1,79

PNOGM AM NUMTP~ l~EI* T1’~E 141 (.051 1)0! Af,E
MA’4T* 0C10~EN ~5i~.6 MOONS 3 21~~11 9.4 NOu NS
64801— 23* NOVE8~ EP 113 . 1  MOONS ~ 10.5 ‘401114$

DECE!4$ER 12s.6 NOUNS % 11361 111.3 $011145
JANUARY 129.7 IIOUWS S 11510 1.9 ‘1004$
FE8NUANY l0~.

Q NUURS S t’~102 2.5 HOOKS
MA KCI4 100 .5 1413085 5 14154 17.5 IIOUNS

508707*1 7a$.? u~ouwS Sio1nu ~ si.i $4&311145

4AOIA T IQN INTER . J A N U A R Y  6.0 NUORS $ $10 0.0 HljI iwS
*6M01 57 FEI4QUARY 27.0 MUt INS I 3*aS 3.0 •IUtI,4S

MAIE C$ 5.5 MO~JI~$ $ 7*3 9.b ~IUU4S

SU8TOTAI. 3~ .5 NuNINS $ 519$ 12.e I4130WS
NEUTRON SPECTROM. NOV€$BF.R 6.0 14131)1*3 5 1410 2.0 1401J** S
661101—79 UECEM$EM 14.5 110111*5 5 1956 0.0 NOUNS

MAM CP * 10.0 NOUNS 1~ SO 0.0 HOURS
31)14107*1. 30.5 HOURS S 41 114 2.u flOURS

P4 • ul( IN METALS OCTI’SEV N 8.0 NOUNS 5 11)60 0.0 MoORS
66MOI C3
WEAPONS MONITORS OCTOBEN 0.5 Mo ONS $ *8 0.0 HOURS
bANOI.Q4 NOVEI4MEQ ?.3 NOUNS 5 311 0.0 .iuuws

OECEN9€W 4.2 P4001*5 S 547 0.0 14004$
V FE8RUARY 4.3 ‘IOIINS $ 55I 0.0 flOURS

308101*1 11.3 NOUNS S 1527 ‘J.0 ‘40045
NEUTRON OA NA G€ (JCTOSER 1.0 flOURS S 135 0.0 ‘401314$
668* 1.01 OECEM14ER 16.7 110131*5 S 2255 0.0 iIUIJRS

JA NuAR Y 12.? 140045 c 1447 0.0 MUUN~MARCH 30.1 HOURS S 406* 0.0 P401)45
SUbTOTAL 60.0 HOURS S 14*01 0.0 woi,ws

NEUTRON EFFECTS OCTOIIEN 1.0 NOUNS 5 135 0.0 ‘lOOKS
bbPllI—OA NOVFMMER 1.5 HOURS S 140* 0.0 ‘41)1343

JANUARY 27.7 HOURS S 3740 0.0 MOONS

SUbTOTAL 33.1 1401)43 1 4*83 0.0 MUONS

TOTAL 929.7 NOUNS $125510 ob.7 NOUNS
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Table 2

Beam time summary by program and particle

CYCLOTN flN APP LICATIO N S $NANCP$ SUMMA R Y OF IIEAN I INF
FY—70 M ARCH 31, 1979 V

F

PPOGw~~M PARTIC LE SEAM T1M ~ €~ ER GY NA tIGE M FV

MAP4T * QEUTERON 14*.? NOU NS 35 35
64.101—23*

H*OC* T1’1PI INTER . O€ UTERO’I 311•5 HOURS lb 35
60ff 0 1 5 7

NFUTR’)N SPEC IRUW . DEUTEPUN 30.5 MUON S ~~
, 55

66H0*—79

14 + HE [N ME 1*13 ALP IIA 6.0 HOUR S 3* 314
b6HO1—63

WE APONS MON ITORS DEU TERON 11.3 HOURS l b 35
6680 1—9 *

NEU TWON DAMAGE UEU TERON 60.0 P400145 2? 35
- 614M11 01

NEU IRON EFFECTS PROTON 21.7 HOURS lb 1$
6bH11 08 DEUIERO’4 5.5 HOURS 35 35

SU STOTA L 35.2 HOURS 
V

TOTAL 929 .7 HOOK S

I
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Table 4

Beam time summary to show cyclotron performance

CYCLO TRO N A PPL ICA IIOPI S ‘IWANC H SUMMA R Y OF REAM TIME
FY—79 MARCH 31, 1979

CYCLOTRON OPE RATIVE flOURS HOURS

CY CLOTRO14 STA RT—UP *91 .4
~IEAM ON TARGET 738.3

TOTAL BEA K—ON TINE

UNSCHEDULED OUT AGE
I TON SOu RCE 6.7
2 V A CUUM SYSTEM 6.6
3 I)EM I1IERALI ZED wATER 0.7
4 •OWER SIIePLEES 314.2S P. F SYSTEM *2.3
a ELEC ?RTC AL COMPONENTS 2.0
1 M ECHANICAL COMPON ENT S 0.2
14 EXPERIMENTERS EQUIPMENT 1.14
9 RA OI OL OGE CAL SAFETY 0.0

TOT AL OUTAGE 68.5

TOTAL SCHEDULED TIME 996.4

PERCENT BEAM A VA ILA PL E 93.3
(ITEM S INCLUflED IN bEAN—ON TIME )

TOT AL HOURS AVAILA B LE TO DATE 43*8.0
• POSSIBLE SCHEDULED HOURS 2400.0

(2—SP ITF TS b—DAYS PER W EEK)

j . UTILIZ AT ION FACTOR, PERCENT 41.5
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