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In the Japan Atomic Energy Research Institute (JAERI), a centralized
automatic radiation monitoring system developed 20 years ago has recently
been improved to monitor low level gamma radiation more accurately in
normal operation of the nuclear facilities and to detect abnormal radio-
active releases more effectively. The present state df the system is
described.

This system puts together environmental monitoring data such as gamma
exposure rate (20 points), radioactive concentration in the air (4 points)
and in water (2 drains), and meteorological items (14 including wind
directions, wind speeds, solar radiation and air temperatures at a observa-
tion tower of 40m height)s Envirommental monitoring around the JAERI site is
carried out effectively using the system. Data processing system consists
of a central processing unit, a magnetic disk, a magnetic tape, a line
printer and a console typewriter. The data at respective monitoring points
are transmitted to the central monitoring room by wireless or telephone
line. All data are printed out and filed in magnetic disk and magnetic
tape every 10 minutes. When the emergency levels are exceeded, however,
the data are automatically output on a line printer every 2 minute.

This system can distinguish very low gamma exposure due to gaseous
effluents, about 1 mR/y, from the background. Even in monthly exposures,
calculated values based on the data of release amount and mateorology are

in good agreement with the measured omes.

Keywords; Low Level Gamma Exposure, Environmental Monitoring, Natural
Radiation, Radiocactive Cloud, Annual Dose, Monitoring System,
JAERT, Separation, Meteorclogical Data
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1. INTRODUCTION

It is a matter of great importance to monitor an envirommental effect
effectively and continuously due to the operation of nuclear facilities
from the stand point of environmental protection. According to the consid-
eration of as low as practicable (ALAP) by the ICRP, dose objective value
is recently decided in an effort to reduce the amount of radioactive
materials released from the nuclear facilities. The level of dose
objective value for light-water—cooled nuclear power reactors is as low as
5 mrem/year, so the estimation of this level is usually done by calculation
using the meteorological conditions and the released amount of radioactive
materials.

Under the above situation, JAERT has established a . new computerized
environmental monitoring system introducing a . low-level gamma detecting

(1)

technique using NaI(TR)(DBM method) developed in JAERI and the past
20 years experience of centralized monitoring. By centralizing the
environmental informations such as meteorology elements, zamma exposures
and radioactivities in the air etc., this system can monitor systematically
the radiation effects upon the enviromment of the nuclear facilities.
The following items are discussed in the report:
C) Hardware and software of the envirommental mecnitoring system,
C) Evaluation of gamma exposures due to the normal operation of the
nuclear facilities using the measured values at monitoring posts,

C) Comparison of the calculated exposures using meteorological conditions

and released amounts with the measured exposures.

2, ENVIRONMENTAL MONITORING SYSTEM
2.1 HARDWARE

The envirommental monitoring system consists of a central observatiorn
part (computers and interfaces) and measuring parts of the environmental
information. The computer system is composed of master and back up
computers. The master system is equipped with a central processing unit(56kW),
a magnetic disk (5 MB), a magnetic tape {800 BPI,2400 feet), a line
printer and a console typewriter. In addition to the configuration of the
master system, the back up system has a card reader and other magnetic
tape (800 BPI, 2400 feet) for another batch job.

To prevent an interruption of monitoring, the central observation

part of the enviromnmental monitoring system is equipped with the following
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functions:

C) The computer system is composed of a master and a back-up system
as mentioned above. When there are failures of the central processing
unit or the disk of the master system, the back-up system can detect
them and take over the functions of the master system.

C) Master and back-up computers are provided with a automatic restart
function which operate in case of power failure. And if both the
computers can not operate successfully, an alarm system informs the
situation. This alarm signal as well as the radiation abnormai
alarm signal are connected to the guardmen's room and in night time
or holiday, the staff responsible for the system are called by the
guardman to take measures.

C) The central observation part is equipped with two different lines of

power supplies to minimize system failures by the power breakdown.

In the measuring parts for environmental information, there are
several monitoring items including gamma exposures {measured at monitoring
posts (MP) and monitoring stations (MS)), alpha and beta radiocactivities in
the air(MS), meteorological information, and release source information,
(drain monitor, stack monitor (expected)). In Table 1, installations and
methods of measurements in the environmental monitoring system are shown
and in Fig.l, monitoring points of the system are shown.

Data derived from each detector and status signals of power suspension,
data over flow and machine trouble are digitally transmitted over radio
line (MS data of every 10 min. sampling, transmission speed of 200 BPS on
the 59.81 MHz wave) or telephone data communication line (MP and drain
monitor of every 30 sec. sampling and meteorological data of every 2 min.

sampling, 1200 BPS).
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2.2 SOFIWARE

Environmental monitoring routines are executed as shown in the flow

chart of Fig.Z.

30-sec routine

If high level of radiation at the monitoring posts are detected
(alarm situation) by this routine, the routine sounds alarm and calls the
routine of abnormal process (print out all the data collected every 2 min
including the last one hour.). Data monitored every 30 sec are used for
only alarm check and not stored in any recording instrument of the computer

system.

2-min routine

All the 2-min data except MS are stored in the magnetic disk for
2 hrs for use of alarm situation. In case of an alarm situation, the last
one hour storage of them are automatically printed out on both line printers

of master and back-up system.

10-min routine

All the data are filed on magnetic tape and magnetic disk. Only
gamma exposures of MP and MS and gamma concentration of drain monitor are
printed out on the line printer. Data on the magnetic tape are used for
various analytical purposes. Last one month data are stored on the
magnetic disk and accessed for reference routinely.

Abnormal data checks such as upper limit level, lower limit level
and three times of standard deviation level (30 level) are done and outlying

data found by the checks are printed out on the console typewriter.

1-hour routine

1-hour mean values of gamma exposure and gamma concentration of drain
monitor are calculated from the 10 min. data and printed out on the line
printer. |

Using the 10 min. data of meteorclogical information® (wind direction,
wind speed and atmospheric stability), gamma exposures at MP and MS points
due to radioactive cloud of the main facilities of JAERI are calculated
assuming a unit release (1 MeV-Ci) and l-hr means of their values are

printed out for each facility. In case of an alarm situation, this
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calculation are done every 2 min.

Daily routine

Data not output on the line printer every 10 min. such as meteorologi-
cal data, alpha and beta radicactivities in air and information of drain
monitors are printed out as 1-hr mean values (in case of meteorology,

10 min. mean value of each hour). Statistical calculations such as daily
mean value, daily standard deviation, daily maximum and minimum values

and. lack of data are executed and printed out for all the data collected.

Another routines (Requests)

About twenty subprograms are provided as requests for the total
monitoring system to function adequately. Receiving these requests, the
system can perform outputting all the data stored in the disk (monitoring
data and constants used in the system) in table and figure, editing a

magnetic tape and setting the constants.

3. RESULTS OF GAMMA MONITORING BY THE ENVIRONMENTAL MONITORING SYSTEM

Gamma exposures measured in the monitoring post system are statisti-
cally analyzed and the fraction contributed by the radioactive cloud
released during the normal operation of reactors is separated from natural
gamma exposure., Fig.3 shows gamma exposure-rate variation relating to
wind direction and wind speed when 0,47 Ci/hr of 41Ar is released from the
40 m-height stack of JRR-2 reactor. This example shows that the monitoring
post system around the site of JAERI (see Fig.l) can effectively detect
very small gamma exposure variations (less than 0.5 uR/hr) .

Data at nine monitoring posts around the site were analyzed with
meteorological data to estimate the net gamma exposure due to the nuclear
facilities from May 1977 to April 1978. Release sources of radiocactive
rare gases in this period were JRR-2, JRR-3 reactors of JAERI (both
research reactors of 10 MWt with 40 meter stack) and the gas cooled powér

reactor of Japan Atomic Power Company (166 MWe with 80 meter stéck).

3.1 HANDLING OF METEQROLOGICAL DATA
Wind direction and rain data are used to select the monitoring posts
influenced by the radioactive cloud with the following postulations.

C) Rise of gamma exposure at monitoring posts occurs when the wind
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calculation are done every 2 min.
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wind direction and wind speed when 0.47 Ci/hr of 4lAr is released from the
40 m-height stack of JRR-2 reactor. This example shows that the monitoring
post system around the site of JAERI (see Fig.l) can effectively detect
very small gamma exposure variations (less than 0.5 UR/hr) .

Data at nine monitoring posts around the site were analyzed with
meteorological data to estimate the net gamma exposure due to the nuclear
facilities from May 1977 to April 1978. Release sources of radicactive
rare gases in this period were JRR-2, JRR-3 reactors of JAERI (both
research reactors of 10 MWt with 40 meter stack) and the gas cooled power

reactor of Japan Atomic Power Company (166 MWe with 80 meter stack).

3.1 HANDLING OF_METEOROLOGICAL DATA
Wind direction and rain data are used to select the monitoring posts
influenced by the radioactive cloud with the following postulations.

C) Rise of gamma exposure at monitoring posts occurs when the wind

A
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direction from stack to monitoring posts is within *22.5 degree.

C) Where the wind speed is less than 0.5 m/s and wind direction at given
time is not defined, the wind direction is decided as same as the
previously defined wind direction when wind speed is more than 0.5 m/s.

C) Rise of gamma exposure by rain begin 30 min. before the precipitation
meter records the rain and end 3 hours after the rain is stopped.

C) There is no difference in the rise level of gamma exposure by rain

among the nine monitoring posts around the site.

3.2 SEPARATION OF GAMMA EXPOSURE DUE TCO RADIOACTIVE CLOUD

Background gamma exposure-rate data of every 10 min. not influenced
by radioactive cloud and rain, are selected using the above mentioned
meteorological information. By pletting the frequency distribution of the
background data on the normal probability chart, mean values and standard
deviations are determined daily and monthly. These mean values are sub-
tracted from the gamma exposure-rate including the influence of radio-
active cloud and rain. Flow chart of data analysis is shown in Fig.4.
Monthly frequency distribution of gamma exposure-rate not influenced and
influenced by radiocactive cloud and rain are shown on the left-hand side
of Fig.5. The right-hand side shows the method of determning mean values
and standard deviations by normal probability chart. All these analyses
are done by computer program. Monthly standard deviations were less than
0.15 UR/h in every monitoring post. The minimum values of daily standard
deviation for all monitoring posts during all investigation period showed
0.08 pyR/h. This values were observed when the detectors were not influenced
by temperature variations.

As the difference of the level of gamma exposure rise by rain among
the monitoring posts is found to be within 7 %, the substraction value due
to rain is determined by averaging the rises of gamma exposure of upwind

monitoring posts to separate the exposure due to cloud.

3.3 RESULTS OF SEPARATION

Separated net exposures are shown in Fig.6. In this figure thin solid
tine, dotted line and solid line show the total exposure, cloud exposure
and rain exposure respectively. These separated results are summed for

one year or one month to estimate the yearly or monthly exposure.
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Error of estimatiocon

The net exposure with standard deviation of ith 10 min. data for a

given period is expressed by the following equation

- + Ve + gl = - +
n; - np /Ui oy n, - o /Eoi (1)
where
N0yt total exposure and its standard deviation of ith data,
oy, 9, ¢ background radiation and its standard deviation evaluated
in 3.2 ,

V2 04 t as the 0j and gy, are nearly equal, /bi + Uﬁ becomes v2 Oi-

For a certain monitoring post influenced n times by cloud {n is determined

by meteorological information as mentioned in 3.1), net exposure is

n I

.Zl(ni - nb) and standard deviation is Zl ZGi = Vo (o = 0.08 ~ 0.14
i= i=

uR/hr). If the subtraction of gamma exposure due to rain is made m times,

standard deviation is v2(ntm)o .

Annual exposure

Table 2 shows the annual exposures from the radicactive cloud and
rain measured at monitoring posts. The maximum exposutre showed 1.1 mR/year

at the MP-17 point (about 500 m south-west of the JRR-2 stack).

4. COMPARISON BETWEEN MEASURED AND CALCULATED VALUES OF GAMMA EXPOSURE
The above estimated monthly gamma exposures due to cloud are used for
the comparison with the calculated values. Two calculation methods were
compared with measured value for 4 months of Octover and September in 1977
and 1978 when only JRR-2 and JRR-3 reactors were operated.
One is the method used in this envirommental monitoring system (EMS
method) and the other is the method by Japan Atomic Energy Commissions

(2} (3) :
guide (  JAEC'S GUIDE, guide method) widely used in Japan.

4.1 CALCULATION ON THE BASIS OF JAEC'S GUIDE
The monthly dose is calculated using the monthly statisties of wind

speed and wind direction by atmospheric stability class.
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Equations of calculation

The ground level gamma exposure-rate due to radioactive cloud is cal-

culated from the next equation.

oo co w  -Ur
D = K *E*u f f f £ ; B(ur)x(x',y',z")dx"+dy'+dz’ {2)
1 a 0 — 40 4mr

X(XSY)Z) =

where

La

F

B(ur)

_J___ * exp (_y2/202y)

2W'Uy'Uz'u

2 2
x [expl- £§:§%_} + expi- inﬂ%’}] (3)

Oy o

exposure-rate at the calculation point (x,v,0) (LR/hr)

: constant converting activity to exposure-rate

dis'm3'uR

( MeV+Ci*h

)

: primary energy of photon (MeV/dis)

true linear absorption coefficient (m—l)

total linear absorption coefficient (m_l)

distance between the receptor and a volume element of the
cloud (m)

dose build-up factor

B(ur) is calculated from the next equation

B(ur) = 1+ a(ur) + 8D 2 + y(ur)©

ua,u,o,8,Y : value for the photon of energy 500 keV

moe O X

AH

y!

. , . . ., 3
concentration of a gamma-emitter in air (Ci/m™)}

: release rate of the v-emitter (Ci/sec)
: mean wind speed at the release point (m/sec)

: height of release point (m), corrected by the plume

rise (AH)

=3 % + D (w : blow-out speed at stack outlet, m/s)
(D : diameter of stack)
standard deviations of the cloud in the y- and z-directions,

and functions of downwind distance, x
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The monthly exposure at a given point is calculated from the next

equation

=D, +
Dy =D+ D1 TP

DY exposure at a given point
DL’DL-I’DL+1 : exposure at a given polint due to radioactive clouds
in downwind direction (L) and neighboring directions

(L+1, L-1)
(3)

Dy DL~1 and D; 4 are calculated from the meteorological statistics

obtained by following (@ and ®

() Sum of %—by wind direction and atmospheric stability class

S,

N d,s i
Was 0 T ()
i=1 1
where
N : number of data observed
uy : wind speed at time 1 (m/s)

d séi . when wind direction is d and atmospheric stability is
>
s at time i, g,g5; = 1. Except above d,sﬁi = 0.

C) Frequency distribution of wind direction

Meteorological statistics arranged by C) and C) are used for the
monthly exposure calculation. Results of C) and (:) are used for the
calculation of X(x;y,z) and AH respectively. Equation (2} is calculated
by computer code of STDOSE(a)’(S). Atomospheric stabilities are defined
by solar radiation in daytime ( net radiation in nighttime ) and the wind

(3)

speed 10 meters above ground .

4.2 EMS METHOD

The procedure of this calculation is shown in Fig.7. Dose rate cor-
responding to possible combinations of meteorological conditions and down-—
wind distances are prepared previously using STDOSE code., If the wind
direction is given, the distances and relative angles of the downwind posts
are automatically determined. The dose rate in this case can be obtained
by inter- or extrapolating the dose rates prepared above.

Actually, every 10-min exposure 1is determined using 10-min meteorological
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data, and monthly exposure can be evaluated by summing up them, Plume

rise effect is not considered in this method.

4.3 RESULT OF COMPARISON

In Fig.8, the correlation of measured and calculated monthly exposure
is shown. The mean ratio of these values (calculated exposure/measured
exposure) obtained by averaging the ratios using only the data more than

30 uR/month was found to be 1.5 + 0.36 based on the guide and 1.3 + 0.17

~ based on the EMS method.

Therefore, the estimation by calculation is in fairly good agreement
with the measurement, so that it may be effectively used for routine

environmental monitoring.

5. CONCLUSION

This system which centralizes the envirommental informations of
meteorological elements, gamma exposures and radioactivities in air, can
effectively monitor the radiation effects on the enviromment.

High-sensitivity gamma detectors made of NaI(TZ) with energy response
flattened by DBM technique are successfully used for the routine monitoring
of low level gamma exposures around the site. Analyzing the data of gamma
exposure measured at the monitoring posts by statistical method, maximum
annual exposure are estimated at 1.1 mR from radioactive cloud separated
from the natural background. Further such net exposure values were used
as a standard to test the values calculated by the methods of JARC's guide
and EMS. Monthly calculated exposure shows the good correlation with
monthly measured exposure, but the former is 30 ~ 530 Z higher than the
latter. We can conclude that these calculations for the gamma cloud are

effective for the routine environmental low level dose evaluatiom.

ACKNOWLEDGMENTS
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environmental monitoring.

5. CONCLUSION

This system which centralizes the environmental informations of
meteorological elements, gamma exposures and radioactivities in air, can
effectively monitor the radiation effects on the environment.

High-sensitivity gamma detectors made of NaI(T{) with energy response
flattened by DBM technique are successfully used for the routine monitoring
of low level gamma exposures around the site. Analyzing the data of gamma
exposure measured at the monitoring posts by statistical method, maximum
annual exposure are estimated at 1.1 mR from radicactive cloud separated
from the natural background. Further such net exposure values were used
as a standard to test the values calculated by the methods of JAEC's guide
and EMS. Monthly calculated exposure shows the good correlation with
monthly measured exposure, but the former is 30 ~ 50 % higher than the
latter. We can conclude that these calculations for the gamma cloud are

effective for the routine environmental low level dose evaluation.
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Table 2 ANNUAL EXPOSURE FROM CLOUD AND
RAINFALL EVALUATED ON THE BASIS OF
DATA OBSERVED BY MONITORING
POSTS ( Moy, 1977~ Apri., 1978)

Monitoring| Annual exposure (uR/year)
posts

From cloud From rain
11 229 1.7 419 %15
12 224 t1e 367 £1.3
13 411 23 409 13
15 643 *24 | 438 12
16 856 *23 434 +1.2
17 1081 %25 333 * 11
18 547 25 406 * 1.2
19 288 *z20 | 389 13
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