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ENVIRONMENTAL RADIATION TELEMETRY SYSTEM
H. S. Dakin and L. D. Stephens

Lawrence Radiatioﬁ Laboratory
University of California ‘
Berkeley, California

September 18, 1969
ABSTRACT»

Centralized monitoring and recording of accelerator—produc.ed
radiation fields at points within the Lawrence Radiation Laboratory!s
Berkeley site is done by a telemetry system which began operation in

1964.

Using standard telephone lines, the system collects data simul-

taneously from all points, giving both the rate and the time-integrated

. intensity of radiation at each point. At the collection stations.conven-

tional coﬁntirig equipment is used in conjunction with a simple device
which converts scaler decade output signal'svinto_ a form which is trans-
mitted over telephone lines-and which directly activates electromechan-

ical event-recorder movements and impulse counters.

Transmission of signals from two consecutive decades of a single
scaler at a remote station over a single telephone line makes it possible
to record a wide range of radiation intensities, extending over several

orders of magnitude.

For special applications apart from the regular operation of the
system, telephone lines transmit 5 -usec pulse signals and small count-
rate metering currents with noisc interference practically eliminated by

means of ground isolation and common-mode rejection techniques.
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INTRODUC TION

Radivatior‘l levels at several locations around the Lawrence Radiation
Laboratory (LRL) are continuously monitored and recorded at a central
location by fneans' of a telephone-line telemetering system which began
opération’ in 1964. The "Environmental Radiation Telemetry System"
(ERTS) has ten transmitting stations, including four located along the

LRL site boundary; chers are near LRL accelerators, including the

‘Bevatron, Heavy Ion Linear Accelerator (Hilac), 184-Inch Cyclotron,

and 88-Inch Cyclotron.

.Unvder' certain operating conditions, any one of these accelerators
may .Have a stra'y radiation field which can be detected at distances as
far as a".fe'vw thousand feet. This means that the radiation intensity at
a given location and time may consist of contributions from any or- all
of these accelerators. |

Attempts to understand and predict‘the Laboratory!s stray radiation
field have 1n the past required combinations of stationary detectors
and_cvounting equipment that could not be read s_irhultaneously. Many
series Q'f‘m'easurements were made with mobile counting equipment;
each series lasted for a few hours and was scheduled during the infre-
quent times wﬁen only one of the accelerators was operating at a
constant beam level.

The system described here has made possible 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'mi_nafion of the relative contributions of each of the several
accelerators to the total radiation environment by making use of short
and fre&lue"nt accelerator maintenance shutdown periods during which
radiation levels at remote locations are studied under different com-

binations of accelerator operating conditions.
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A map of -the.LRL Berkeley site, Fig. .l shows the locations of
ERTS transmitting and recording stations. In }addvition to the central
recording station (Fig. 2) at,Buildingvv'?Z, there is currently one sec-.
ondary recording station, at the 184—Incthyc.lotron. This secondary.
station provides detailed information, not sent over teiephone lines,
about the radiation intensity at several points within the accelerator
building. v.-Four of the transmitting stations are located on the Lab_—
oratory site boundary, in small houses known as environmental mon-
itoring stations. Each of these stations contains spécial equipment.
for collecting rainféll and dust samples, and various types of radiation
detectors, _ induding a moderated BF3 proportional 'neu.tro‘n-ﬂux.
countér_,' 1 a"é'obalt—disk neutron-flux infegvrator, and an en(;rgy— com-
pensated Geiger é‘ouritef. Information obtainedv from these'det_ectovrs
ié 'cforripiled. and reported every six months, to help .to ensu;‘.e tﬁe L_ab-
oratory's éompliance with Federal regulafibns (ra'nv'radiatior_l exposﬁre
to persons'outs.ide'.the Laboratofyksite.. Since .rﬁost of the biological
dose»fror.n radiation produced by accelerators.comes from neutrons,
the rnodéx*ated BF 3 counter was found to bbe the most useful single

indicator of radiation exposure for telemetering purposes.

DESCRIPTION OF EQUIPMENT

The éomponents of a typicél remote monitox;ing station and those
in the cenfrgl recording étation are shown in block diégram form in
Fig. 3. _The_.central recording station contains two Esterline-Angus
Yevent" r,eéorders 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

.
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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 semiperrﬁanerit connections between

the recorders and register units.and the telephone line terminal block.

Ina typical monitoring station, a moderated BF3 detector, with a
preamphﬁer and associated high-and low- voltage power supplies, sends
small negatlve pulses to an inverting pulse amplifier with adjustable -

ga1n° The output of this amplifier goes to a chscrlmmator/scaler.

From two consecutive scaler decade output connections, shown as 10

and 102 in Fig. 3, cables lead to a two-channel pulse converter, each.

" channel of which produces a 60-V-40 msec pulse when it is triggered by a

decade output pulse from the scaler. The pulse converter outputs are
connected to the two conductors of a twisted-pair telephone line leading

to the recording station.

Chart Recorder and Register Panel

- The 20 channels of a conventional event recorder, 2 dnd the 20 panel-
mounted electromechamcal 1mpulse counter or ”reglster" umts3 respond
to signals from ten remote transmitting stations. By transmitting two
consecutive scaler decade output pulses to correspon'ding recorder and
register channels for each transmitting station, it is possiblé to record
radiation measurements over a range of intensify of several orders of
magnitude. For example, on this sémple chart recording for a 12-hour
period (Fig. 4), a single pulse in channel 5 corresponds to 103 counts
from the detector, but a pulse in channel 6 corresponds to 102 counts
from the same detector.

To translate the chart recorder and register panél readings into

!

2 ,
either time-integrated or time-rate neutron flux, n/ecm’ or n/cm  sec,
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we must obsefve the scaling factors and the detector calibration data.
A table indicates the location of the tfansmitting station which cor-
responds to each pair of recorder channels, and the radiation exposure
in n/cmz‘which is indicated by a single pen marking in any of the 20
bchannels’,' | » v .

. A second chart recorder having 10 instead of 20 channels is ué’ed'
occasionally for special purposes. This recorder can be operated at
a faster chart speed than the other, to permit.détailed observation of
radivatioh level vé-ri.ations at selected locations over a short time.

A pé,t@h panel, containing 180: type-83 coaxial connectors is located
at fh_e' revcei\v/ing..vterminal which allows. 40 chaﬁnels (20 fransmi‘tting

stations) to be conne»c@ed 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
Telephon_e. Company. These lines are electric..ally fhe same as those
" used in ordinary telephoné voice communication, but for telémetering
purpose’svthéy are provided as direct uninter'rupted connections, and
do 'not.igo_through any dialing or switching apparatus. The two éhannels
of information from a single ERTS transmitﬁing station use the two
conductors of one telephone line, with existing electrical grounding
ac_ting.'as .é current retﬁrn path. When the ground is so used, there is
conSideréble noise on the line, because of the absence of a _cbmmon-'
mode rejection effect which is present when a twisted-pair line is used
as the coAmplete circuit. However, this line noise is small compared
to the power needed to operaté the recording and register movements at

the receiving station.
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, Detectors

N - _ Moderated BF3

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 fype of detector has a response
that is proportional to neutron flux intensity with a neariy flat energy

depéndencé curve over the range 0.020 to 20 MeV.

Foif heai_th profecfion purposes, it is necessary to expréss radiation
i expos_ur.e in biological dose units, or "rems." Calculation of shielding
requ;ivrbeménts,' and thé evaluation of shielding effectiveness must, on
the othe: i’ldnd, deal with physical quantities such as flux intensity and
neutron "énei—:gy distribution to deséribe vphysical interactions within
shielding materials. o

There.for‘e a radiation_monitofing instrument must have a respohse
: tbhat can be i_nterpretedi either directly or indirectly in both physical
alld.bi'olqgical units. For practical reasons we have found it preferable
to make radiation measurerhents in physical nnits, using a wide variety
of different detectors when neces sary,i and then estimating the equiv=
alent biological dose in rems with the help of data such as the Interna-
tional Commission on Radiation Protection's recommended neutron dose/

flux conversion relation.

In other applications, for which it might be preferable to record
radiation exposure in approximate biological units, the moderator
thickness around the BF3 detector could be adjusted to give the detec-

tor a res'pbnse that nearly compensates for the change in neutron energy

and the ratio.

biological dose, rems

. 2
unit neutron flux, n/cm
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The BF 3 detector detects neutrons by the reaction ,IOB (n, <1)7Li,
produeing pulses 10 to 300 mV:high and 100-500 nsec long. The fre-
quency of their oecurfenee indicates the thermal-neutron flux intensity »
at the deteetor and, indirectly, either the fast-rieutrc)n flux intensity
or the approx1mate fast neutron bloloolcal dose rate at the outside of
the moderator dependmg upon the moderator thickness. | -

Before the pulses can be made to operate a conventlonal pulse— '
helght dlscrlrnmator and scaler they must be amp11f1ed 100 tlmes or .

~more and 1nverted 1n polarlty Thls is accomphshed by a low gain

non- mvertmg preamphﬁer located at the detector and a varlable gain

1nv_ert1ng amphflel_‘ located near the dlscrlmmator_ and scaler..

Pulse Am’-pliﬁe r and Scaler

The prearnplifier6 used with the’ BF3 p'rop'oi'tionalb counter ‘is a
th.rvee trans;lstor direct-coupled voltage amplifier with a moderate input’
impedance'_(*ZélOO ohms) and a low output impedance that is'matched to
a 50-ohm coaxial cable by an external 5l-ohm resistor. -Unusually low
values of det‘ector aﬁede load resistance and input coupling ‘capacitance
make it .po'ssible for the detector/preamplifier assembly to préducev _
short puis.es, 0.1 to 0.5 usec in length, ‘as compared with.pu_lse.lengths' -
of 1 to 5 psec. which areb obtained when one follows the usual practice
of using high values .of load resistance, couplih_g capacitance, and pre- W
amplifier or emitter-follower input impedance. _ The advantage of
' reduced pulse length at the preamplifier outputis that it allows effective e
use of fast (5 MHz and hlgher) discriminating and scalmg equipment, '
and greatly increases the range of radiation intensities over whlcha

particular radiation detector can be used.

The scaler has special connections to provide an output pulse from
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each decade. However, the outpu't pulses are too short for transmission
over telephone lines, and the output circuitry in the scaler is not pro-
tected against accidental transient voltages which may appear on the line.
Therefore the pulses are changed from 4 V.in height and 0.2 psec in
length to 60 V and 40 msec by means of a two-channel pulse converter,

which is shown schematically in Fig. 5.

Pulse Converter

Each channel of the pulse converter 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 voltages or short
circuits on.the telephone line by a netwérk of.diodles, resistors, and
capacitors at the outputof each channel; Temperature stability of the
circuit was found to be adequate over the entire range between -100
and 65° 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
maxim.u.m; of 715V, iimited by the Zener breakdown voltage of CR 9-
(Fig.v 5); by increasing the ac input supply voltage fr_om 120 to about
140 Vv; it is.necessary to do this for an unusually iong line of about 6

miles, leading from the Panoramic Way monitoring station to the

'felephone company's downtown Berkeley exchange system, then to the

LRL exchange, and to Building 72. For much longer lines it might be -
necessary to use a second pulse converter &t the receiving station, to

N

act as a repeater,

TRANSMISSION OF FAST PULSES

In special applications 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. Theneed
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to do so arises when it. is 'desira.ble to .eb’serve pulses for height ‘or'
time distribution directly as they come. from a detector, and to perform
scaling or other operations at the receiving end of the line. |
Beca_uée the telephone lines are intended -and:norr'nally used ohly
for avudio_—‘f_revquen,cy signals as high as 3000 Hz, one would ex‘pect to
encounter some difficulty in transmitting 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 -sh.own in’
Fig. 6. One side of fhe line is grounded at the-transmitting end. At
the receiving end, A.the 1ine is iselated from theground The two con-
ductors of the hne at the receiving end go to opp051te ends of a pulse
transformer w1nd1ng The output appears at the ungrounded end of the
'secondary winding. N01se plcked up by the hne from external sources
is pract1ca11y ehmmated by common-mode rejection, or cancellation
of all- 51gnals Wh*ch appear 51multaneously on both conductors of the
telcphone 11ne A 20 V pulse is applied to the transmlttmg end of the
line fqr an output pulse‘ at the receiving end of a few hundred mV, which

can be afn‘p_lifi_ed by conventional means.

‘TIRANSMIS.SIJON OoF »METERING,CURRENTS '

We used a similar method, shown in Fig. 7 to transmit small
fnetering currents of 0 to 200 pA from a logarithmic count-rate meter
at the 184-Inch Cyclotl;on to the Building 72 receiving .sta,tion. Ag_aip,
only the t’réhs’mitting end of the line has one conductor 'grounded. At
the receivivn_g end, both the line and the meter are isolated from gr-ound,
to avoid avgro:und 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 ahd not the quantity of time-integrated exposure, and if
simultaneogs recording,of.many channels is net needed, it is practical

to design a telephone-line telemetering system with remote meters
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‘operating 'from. a logarithmic count-rate indicating circuit. This has

been done on a small scale at both the 184-Inch Cyclotron and the 88-

Inch Cyclotron, to permit visual monitoring of neutron flux intensity

over a 3-decade or in some caées 5-decade range at various po_ints

i within the accelerator buﬂding, using coé.xial cable rather than telephone
lines. Recording of selected individual channels is done by means of

I-mA chart recorders equipped with logarithmic chart paper.

SUMMARY

" More than 5 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

the initial installation, other than periodic checks of counter calibration.
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"FIGURE CAPTIONS

Fig. 1. Map of the Berkeley site of the I,a\\flencc Radiation Laboratory,
showing location of ]"nv1r0nmonta1 Radiation Telenktry Systern
(ERTS) transmitting and recording stations. One of the transmitting-
stations (arrow) is’in downtown Berkeley, and is not shown on the

map.

Fig. 2. Central recording station in the Health Physics Department
Office, Bldg. 72. Two chart recorders are shown on top of the
rack, which contains a 20-channcl register panel, a 40-channel
patch panel, and modular counting equipment of the type uscd in
the transmitting s{atlons.

Fig. 3, Oporatlon of a typlcal transnnttmﬁ station (top) and the central
réecording 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 clectrical grounds
providing a return path for both channels. Of the 40 channels
(20 lines) accommodated by the patch panel, the Jast 20 are used
for special-purpose connections, including transmission of count-
rate metering currents and fast pulses. - '

Fig, 4, Sa.xnple section of chart from event recorder., -

Fig. 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) ones so that recording cquipment directly from
the telephone lines,

Fig. 6. A method for noise-free transmission of short pulses (5 psec)
over 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 tranformer. Currents
induced in the telephone line by external noise sources zre cancelled
because both halves of the linc are affected in the same way,

Fig. 7. Noisc-free transmission of mietering currents over a telephone
line. As in Fig. 6, one half of the telephone line is grounded at the
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transmitting end, but isolated from ground at the receiving end.
‘The variable resistor R1is used to adjust the sensitivity of the
meter movement M1, a 100-pA Simpson type 1227-C with a special
logarithmic scale. Diodes CRI1 and CR2 protect the meter move-

ment from damage which might be caused by accidental excess
voltage. '

g

<
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission’’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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