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MONITQORING AND EVALUATING SYSTEM

L. D. Stephens ™

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

and
H. S. Dakin

300 Broadway # 39
San Francisco, California 94133
28 September 1971

ABSTRACT

Centralized monitoring and recording of accelerator-produced
radiation fields at points within the Lawrence Berkeley Laboratory site
is done by a telemetry system which began operation in 1964,

'U_sing standard telephone lines, the system collects'data simulta -
neously from all points, giving both the rate and-the time-integrated
intensity of radiation at each point. At fhe collection stations conven-
tional counting equipx;nent is used 'in conjunction with a simple device
which converts scaler decade output signals into a form which is trans-
mitted over telephone lines. ThiS-diréctly activates electromechanical
event-recorder movements and impulse counters, Transmission of
signals from two consecutivve' aecades of a single scaler at a remote
‘station over a.>si_ng1e telephqne line mé.kes it poséible to record a wide
range of radiation intensities, extending over several orders of magnitude.

For special applications apart from the regﬁlar operation of the
system, telephone lines traﬁSmit 5- }.xs"ec pulse si.gnals and small count-
rate rhétering curr'ent;s with noise interference practically eliminated by
means of ground isolation and common-mode rejection techniques. |

A computer program (PLOT DOGQG) is theﬂ used as a means of eval-

uating the environmental radiation. It provides a printout and bar graph
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:plot of the daily or hourly radiation dose for each monitoring station.
The data from each of these stations can be intércompared to provide
information as to causes of significant increases of the machine pro-

duced radiation or the effect of new shielding situations on the overall

_stray radiation patterns.
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INTRODUGTION

Radiation levels at several 1ecations around the Lawrence Berkeley
Laboratory (LBL) are conti_nuously.monitOred and recorded at a central
location b.y.meansr of a telephone-line-. telemetering system which began
operation in 1964° The ”Environmental Radiation Teiemetry System"
(ER’I’S) has ten transmitti_ng stations, including four located along the
LBL site boundary; others are near LLBL accelerators, including the
Bevatron, Heavy Ion Linear Accelerator (Hilac), 184-Inch Cyclotron,
and 88-Inch Cyclotron°

U_nder certain operating conditions, any one of these accelerators

may have a stray radiation field which can be detected at distances as

- far as dayfew thousand feet, This means that the radiation intensity at a

given liocation and time may _coneist_ of.con_tributions from any or all of
these accelerators, ‘ |

Attempts to understand and p_redi‘ct the Laboratory's stray radiation
field have in the past reqnired combinations _of-statibnary detectors and
counting.e'quipment that could not be rea.d_simnl.vtaneously. . Many series
of measurements were made with mobile ceunting equipment; each series
lasted for a few hours and was scheduled during the infrequent times when
only one of the accelerators was operating at a constant beam level,

The system described.here has made pos.sib'le continuous measure-
ment and permanent indication of both the rate and the time-integrated
intensity of radiation exposure, it also provides a means for rapid deter-
mlnatlon of the relative contrlbutlons of each of the several accelerators
to the total radlatlon env1ronment by making use o:E short and frequent
accelerator mamtenance shutdown perlods during Wthh radiation levels
at remote locatlons are studled under dlfferent comblnatlons of accel-
erator operatlng cond1t1ons..'

A map of the LBL 31te, Flg. 1 shows the 1oca.t10ns of ERTS trans-

mitting and recordmg stations, In add1t10n to the centrval recording

N



-4-
station (Fig. 2) at Building 72, there is currently one secondary record-
ing station, at the 184-Inch Cyclotron, This secondary station provides
detailed information, not sent over telephone lines, about the radiation
intensity at several points within the accelerator building. Foﬁr of the
transmitting stations are located on the Lé:boratory site boundary, in
small houses known as environmental monitoring‘stations. Each of these
stations‘contain special equipment for collecting rainfall and dust samples,
and various types of radiation detectors, including a moderated BF,
proportional neutron-flux countei', a cobalt-disk neutron-flux integrator,
and an energy-compensated Geiger Counter, 2 Information obtained from
these detectors is compiled and reported every six months, to help to

ensure the Laboratory's compliance with Federal regulations on radiation

exposure to persons outside the Laboratory site, Since most of the biolog-

ical dose from radiation produced by accelerators corhes from neutrons,
the moderated BF3 counter was found to be the most useful single indicator
of radiétion exposure for 'telemetering purposes, |
DESCRIPTION OF EQUIPMENT
The components of a tjrpi’cal remote monitoring station and those in
the central .recording sta.fion are shown in block diagram form in Fig. 3.

30

The central recording station contains two Esterline-Angus event'

recorders which indicate the time of occurrence of a pulse sent to any of

a total of 30 channels. The number of pulses in each of the first 20 channels

is indicated on a panel containing 20 electro-mechanical impulse counter or
register units (20-channel register panel). A patch panel provides a semi-
permanent connection between the recorders and register units and the
telephone line terminal blOCkg ‘

In a.typicé.l monitoring station, _é moderated BF‘3 detector, with a
preamplifier and a.s sociated high-and low-voltage power supplies, sends
small negative pulses to an in&e’rting pulse ampiifier with adjustable gain.

. The output :Qf this av.mpliﬁ‘e»r”g'oéé‘tro'a...vdi'scriminétobr/'scal'evr. From two
consecutive scaler decade 'o_vutput: COnnéétions, shown_as 103 and 10° in

Fig. 3, cables lead to a two-channel pulse converter, each channel of

-
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\%/hiCh produces a 60 V, 40 msec pulse when it is triggered by a decade |
output pulse from the scaler., The pulse éonverter outputs are connected o
to the two conductors of a twisted-pair telephone line leading to the

recording station,
Chart Recorder and Register Panel

The 20 channels 6f a conventional event récorder, and the 20 panel-
mounte_d_ electromechanical impulse counter oi Uregister" units4 respond
to signals from ten remote transmitting stations., By transmitting two
consecutive scaler decade output pulses to corresponding recorder and '
register channels for each transmitting station, it is possible to record ‘
radiation measurements over a range of intensity Qf several orders of
magnitude. For example, on this sample chart recordihg for a 12-hour
period (Fig. 4), a single pulse in channel 5 corresponds to 103 counts i
from the detevctor, but a pulse in channel 6 corresponds to 102 counts
from the same detector.

To translate the chart recorder and register panel readings into
either time-integr.a.ted‘ or time-rate heut_ron flux, n/cr’n2 or n/crn2 sec,
we must observe the scaling factors and the detector calibration data.,
A table indicates the location of the transmitting station which corresponds
to each pair of recorder channels, and the radiafion exposure in n/cm
which is indicated by a single pén marking in any of the 20 channels,

A second chart recorder having 10 instead of 20 channels is used
occasionally fof special purposes., This recorder can be operated at a
faster chart speed than the other, to permit detailed observation of
radiation level variations at selected légations over a short time.

A patch panel, cOntainingv 80 type-83 coaxial connectors is located ' .
at the fecéiving terminal which allows 40 channels (20 transmitting

stations) to be connected in any desirable way.
Telephone Lines

The transmitting and recording stations are connected by means of

No, 26 twisted-pair telephone lines which are leased from the Pacific
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Te,I‘e‘phone Company. These lines are electrically the same as those
u"s;e:d in ordinary telephone voice communication, but for telemetering
purposes they are provided as direct uninterrupted connections, and
do not go through any dialing or switching apparatus., The two channels
of information from a single ERTS transmitting station use the two o
conductors of one telephone line, with existing electrical grounding '
acting as a current return path. When the ground is so used, there is
considerable noise on the line, because of the absence of a common-
mode rejection effect which is present when a twisted-pair line is used
as the complete circuit. -Howevér, this line noise is small compared to
the power needed to operate the recording and register movements at

the receiving station,

' Modérated BF3 Detectors

The BF3 proportional counter neutron detectors used with ERTS
recording equipment are fitted with a 2-1/2 inch paraffin moderator ‘
surrounded by a cadmium lining., This type of detector has a response
that is proportional to neutron flux intensity with a nearly flat energy
dependence curve over the range 0,020 to 20 MeV,

For health protection purposes, it is necessary to express radiation
exposures in biological dose units, or "rems,!" Calculation of shielding
requirements, and the evaluation of shielding effectivenéss must, on the
other hand, deal with physical quantities such as flux intensity and neutron
energy diétribution to describe physical interactions With shielding materials,

Therefore a radiation m‘onitoring instrument must have a response
that can be interpreted either directly or indirectly in both physical and
biological units. For practical reasons we have found it preferable to .
make radiation measurements in physical units, using a wide variety of
different detectors when necessary, and then estimating the equivalent:
bioiogical dose in rems with the help of data such as the International

Commission on Radiation Protection's recommended neutron/dose flux

conversion relation.
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In ofher applications, for which it might be preferable to record
radiation exposure in approximate biological units, the moderator
thlckness around the BF3 detector could be adjusted to give the detector
a response that nearly compensates for the change in neutron energy,

The BF detector detects neut_rons by the reaction 10B(n, a) ILi,

3 v _
producing pulses 10 to 300 mV high and 100-500 nsec long. The fre-

‘quency of their occurrence indicates the thermal-neutron flux intensity

at the d'etector,v_and, indirectly, either the fast-neutron flux intensity
or thevapp:oximate fast-neutron biological dose rate at the outside of
the moder.atoi', | depending upon the moderator thickness.

| Before the .pulses can be made to operate a conventional pulse-
height discriminator and scaler, they must be amplified 100 times or
more and inverted in polarity. This is accomplished by a low-gain non
inverting p.rearnplifier 1ocated at the detector and a variable-gain inverting
amplifier located near the dlscrlmlnator and scaler.

Pulse Ampllfler and Scaler

The_preampliﬁer used with the BF , proportional counter is a

3 .
three transistor direct-coupled voltage amplifier with a moderate input

impedance (2400 ohms) and a low output impedance that is matched to a

50-0ohm coaxial cable by an external 51-ohm resistor, - Unusually low

values of detector anode load resistance and input coupling capacitance
make it possible for the detecfor/preamplifier assembly to produce short
pulses, 0.1 to 0.5 psec in length, as compared with pulse lengths of 1 |
to 5 psec which are obtained when one follows the usual practice of using

high values of load resistance, coupling capacitance, and preamplifier

| or. emittei’ follower . inpu‘.’c .i'rnpedance. The advantage of reduced

pulse 1ength at the preamphfler output is that it allows effective use of

fast (5 MHz and higher) d1scr1m1nat1ng and scaling equlpment and

greatly increases the range of radiation 1nten31t1es over which a partlc—
ular radiation detector can be used.

The scaler has special connections to provide an output pulse from
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each decade. However, the output pulses are ‘too short for transmission
over telephone lines, and the output circuitry in the scaler is not
protected against accidental transient voltages which may appear on the
line., Therefore the pulses are changed from 4 V, 0,2 usec length to
60 V and 40 msec by means of a two-channel pulse converter, shown
schematically in Fig., 5. The pulse converter is the primary component
which makes the system economical, practical, and highly reliable.

Pulse Converter

Each channel of the pulse c:onverter7 consists of a monostable
multi-vibrator coupled to an emitter follower to drive the load., The
circuits are protected against damage due to accidental high voltage
or short circuits on the telephone line by a network of diodes, resistors,
and capacitors at the output of each channel. Temperature stability
of the circuit was found to be adequate over the entire range between
-10° and '650 C. The output pulse is rectangular, with a normal height
of 60 V and a length of 40 msec. The pulse height can be increased to
.a" maximum of 75 V, limited by the Zener breakdown voltage of CR 9
(Fig. 5), by increasing the ac input supply volfage from 120 to about
140 V; it is necessary to do this for an unusually long line of about 6
miles, leading from the Panoramic Way monitoring s(:ation to the
telephOne company's downtown Berkeley exchange system, then to the
LBL exchange, and to Building 72. For much longer lines it might be

necessary to use a second pulse converter at the receiving station, to

act as a repeater,

TRANSMISSION OF FAST PULSES

As a result of the above studies we have used parts of the telephone

line network to directly transmit 5-10 psec pulses from a detector over
the line, rather than scaling these pulses and transmitting the much
longer 40 msec pulses used in normal ERTS recorder operation, The

need to do so arises when it is desirable to observe pulses for height
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or time distribution directly as they come from a detector, and to
perform scaling or other operations at the receiving end of the line.

. Because the telephone lines are intended and normally used only
for a—u‘dio.—f_requency signals as high as 3000 Hz, one would expect to
encoﬁritér some difficulty in tra.-nsmitting 5 psec pulses because of
attenuation and unwanted noise interference in the line. A method
found to be quite successful as a solution to this problem is shown in
Fig, 6, One side of the line is .grounded at the transmitting end., At
the receiving end, the line is isolated from the ground. The two con-
ductors of the line at the receiving end go to opposite ends of a pulse
transformer winding. The output appeérs at the ungrounded end of the
secondary winding, Noise picked up by the line from external sources
is pracfi‘c.ally eliminated by common-mode rejection, or cancellation
of all signéls which appear simultaneously on both conductors of the
telephohe line, A 20-V pulse is appligd to the transmitting end of the
line for an output pu‘lsé at the receiving end of a few hundred rﬁV, which

can be amplified by conventional means.
TRANSMISSION OF METERING CURRENTS

We used a similar method, shown in Fig. 7 to transmit small
metering currents of 0 to 200 pA for a logarithmic count-rate meter
at the 184-Inch Cyclotron to the Building 72 receivirig station. Again,
only the transmitting end of the line has one conductor grounded. At the
receiving end, both the line and the meter are isolated from ground, to
avoid a ground loop which could cause erratic signals, Diodes CR 1
and CR 2 protect the meter against accidental overload.

If one needs to know only the instantaneous rate of radiation exposure
‘and not the quantity of time-integrated exposure, and if simultaneous
recording of many channels is not needed, it is practical to design a
telephone-line telemetering system with remote meters operating from

a logarithmic count-rate indicating circuit. This has been done on a

1%
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small scale at both the 184-In_ch Cyclotroh and the 88-Inch Cyclotron,9 to
permit visual monitoring of neutron flux intensity over a 3-decade or
in some cases 5-decade range at various po.ints*within the accelerator
building, using cdaxial cable rather .than telephone lines. Recording of
selected i_ndi';}i'dual channels is done by.means cfl-mA chart recorders
e'quipped'with logarithmic chart paper., -

E-VALUATION OF THE .ENVIRON‘MENTAL RADIATION

Program PLOTDOG is an extremely flex1ble program written for
the CDC 6600/7600 computer. '

Consecut1ve daily or hourly readings taken.from the registers form
the basic input data. The prcgvram allows fo_r variations in the daily
recording time as well as days in'which no readings were taken., Hourly
readin’gs are assume‘dvto have been taken every 60v minutes.

From this data total and average daily or hourly dose rates are_‘.
calculated.and plotted, These can be for any desired interx)al from one
day through one year,.," | _ o o | v

The results are pr1nted out in tabular ‘orm, Flg. 8 and in graphical
forrn as in Fig. 9', One very interesting point is demonstrated in Fig. 10,

a small sectlon of the pen reglster record clearly showing the effect of a

large (80 _nA) proton beam on a thick 2'38U target in the 184-Inch Cyclotron

experimental area. The record indicates the extent of the stray radiation

from'- this particular experiment., All monitcring stations and each of the

detectors in the other accelerators detected these neutrons.

Next, the Cal Comp plots are allgned in Flg. 11, One of the 238U

runs made during the 6vmonth interval can be seen above both background

and normal machme radlatlon levels.

Use of the results enables a much more accurate estimate to be rnade '

~of expected rad1at10n levels from particular machme operations. Future

exper1mental runs can be scheduled to create the least dlsturbance to

other experlments once a small library of data is assembled.
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SUMMARY
More than 8 years of virtually trouble-free continuous operation
of the entire Environmental Radiation Telemetry System indicate that it
can be expected to operate reliably with little or no maintenance after fhe

initial installation, other than periodic checks or counter calibration.

ACKNOWLEDGMENTS

The work described in this report involved the help and participa-
tion of members of the following. groups at LBL: - ‘Health Physics, Physics
Technical Support, Electronic Fabricati_on, Accelerator Technicians,
and Construction and Maintenance Administration, Members of the
technical staff of the Pacific Telephone Company provided h‘elpful informa-

tion and suggestions on the use of the Company?!s special service lines,

Work done under the auspices of the U.S. Atomic Energy Commission.




1]

L 3]
4]

L 5]

L6]

18]

o
-
£
P
P
.
e
,
L
S
20

_23-

REFERENCES

MOYER, B. J., Survey Methods for Neutron Fields, Lawrence
Radiation Laboratory Report UCRL-1635 (1952); or A. R. SMITH,

The Stray Radiation Field of the Bevatron, Lawrence Radiation
Laboratory Report UCRL-8377 (1958). -

JONES, A. R., _PulSe Counters er Y- Dosimetry, Health Physics
(1962) vol. 8 pp-9. ' ' :

Esterline Angus Instrument Company, Inc., Indianapolis, Indiana,
Series A Recorders Catalog No. 6417 (1964).

Landis and Gyr, Inc., New York, N. Y., Sodeco Small Impulse
Counters Type TCe, Bulletin No. 201 (1965).

National Council on Radiation Protection and Measurements Report
No. 38, Protection Against Neutron Radiation (1971).

DAKIN, H. S., Radiation Detector/Preamplifier Assembly, Lawrence
Radiation Laboratory Report UCID-2836 (Rev) (1967). Available
from Technical Information Division, Lawrence Berkeley Laboratory,
Berkeley, California, 94720. '

DAKIN, H. 'S., ERTS Pulse Converter, Lawrence Radiation Laboratory
drawing 5V7651; same availability as Ref. 6.

- STEPHENS, L. D. and MILLER, A. J., Radiation Studies at a
- Medium Energy Accelerator, Proceedings of the Second International

Conference on Accelerator Dosimetry and Experience, Stanford,
California, November 5-7, 1969, also Lawrence Radiation Laboratory
Report UCRL-19386. - '



-24-

FIGURE CAPTIONS

Fig. [ 1] Map of the Berkeley site of the Lawrence Berkeley Laboratory

Fig.

Fig.

showing location of Environmental Radiation Telemetry System

(ERTS) transmitting and recording stations. One of the transmitting
stations (arrow) is in downtown Berkeley, and is not shown on the /
map. : '

2] Central recording station in the Health Physics Department o
Office, Bldg. 72. Two chart recorders are shown on top of the :
rack, which contains a 20-channel register panel, a 40-channel
patch panel, and modular counting equipment of the type used in
the transmitting stations. '

| 3] Operation of a typical transmitting station (top and the central
recording station (bottom) shown in block diagram form. Note that
the two conductors of the telephone line carry two channels of
information, with conduction through existing electrical grounds
providing a return path for both channels. Of the 40 channels

(20 lines) accommodated by the patch panel, the last 20 are used
for special-purpose connections, including transmission of count-
rate metering currents and fast pulses.

. | 4] Sample section of chart from event recorder.

| 5] Schematic diagram of pulse converter which is used to change
short low-level scaler output pulses into longer (40 msec) and
‘higher-level (60 V) pulses to enable recording directly from the
telephone lines, '

‘

. | 6] A method for noise-free transmission of short pulses (5 psec)

over a standard telephone line. Note that one-half of the telephone
line is grounded at the transmitting end, but the line is isolated
from ground at the receiving end by a pulse transformer. Currents
induced in the telephone line by external noise sources are cancelled
since both halves of the line are affected in the same way.

. 1 7] Noise-free transmission of metering currents over a telephone

line., The variable resistor R1 is used to adjust the sensitivity of )
the meter movement M1, a 100-uA Simpson type 1227-C with a

special logarithmic scale. Diodes CR 1 and CR 2 protect the meter R
movement from damage which might be caused by accidental excess /
voltage.
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| 8] Computer printout from .a_n» ERTS station showing 6 months
of data. Calculated values are in mrem per day.

. 9] Cal Comp plot of previously determined daily radiation dose
measurements shown for 6 months.

.1 10] Esterline-Angus record clearly showing the extent of the
stray radiation from an 80 nA beam of protons on a thick 238y
target located in the 184-Inch Cyclotron experimental cave.

L 11'] Overlay of several Cal Comp plots clearly showing the
extent of the stray radiation from the previously described beam.
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