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SRDAAR-QNPP: a computer code system for the real-time
dose assessment of an accident release
for Qinshan Nuclear Power Plant

Hu Erbang, Wang Han'’

China Institute for Radiation Protection, Taiyuan 030006, China

Abstract — The paper presents a computer code system “SRDAAR- QNPP’ for the real-time dose as-
sessment of an accident release for (Jinsham Nuclear Power Plant. It includes three parts: the
real-time data acquisition system, assessment computer, and the assessment operating code system. In
SRDAAR-QNPP, the wind field of the surface and the lower levels are determined hourly by using a
mass consistent three-dimension diagnosis model with the topographic following coordinate system.
A Lagrangin Puff model under changing meteorological condition is adopted for atmospheric
dispersion, the correction for dry and wet depositions, physical decay and partial plume penetration
of the top invession and the deviatjon of plume axis caused by complex terrain have been taken in-
to account. The calculation domain areas include three square grid areas with the sideline 10 km, 40
km and 160 km and a grid interval 0.5 km, 2.0 km, 8.0 km respectively. Three exposure pathways
are taken into account: the external exposure from immersion cloud and passing puff, the internal
exposure from inhalation and the external exposure from contaminated ground. This system is able
1o provide the results of conceniration and dose distributions within 10 minutes after the data have
been inputed.

Keywords: real-time; dose assessment; computer code system; nuclear power plant; accident.

1 Introduction

At present, the accident consequence assessment of nuclear facilities includes fol-
lowing categorics: ACA, PCA, Realtime and over-event (UIF, 1990). “Realtime
assessment”, also known as the name of “Emergency response assisting systems’,
is mainly used for assessing consequences of a release that has actually taken place,
and the assessment is more or less carried out simultaneously with the development of
accident sifuation.

The main difference between real-time and accident consequences assessment (ACA)
or probabilistic consequences assessment (PCA) is that ACA or PCA is used for

* The following members also took part in the project work: Jang Yaoqgiang, Jiang Li, Han Chulin, Wu
Zhongsheng, Chen Xiaogiu (CIRP}, Wang Wenhai, Duan Xuyi, Zhang Yimin (QNPP), Chen Jiayi, Cai Xuhui
{Peking University). ‘
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assessment of potential accident. One of the main differences between realtime and
over event is that the ingestion pathway is usually neglected in real-time, however, is
main pathway in over-event. At the moment the most advanced system of real-time as-
sessment in the world is the ARAC system developed by Lawrence Livermore National
Laboratory of U.S.A. (Dickerson, 1985).

In addition, a computer code system is named “SPEEDI” developed in the early
1980s by JAERI (Imai, 1985).

In the middle October 1988, international workshop “Improved safety character
of nuclear [acility: developing the model of real-time dose assessment” was held by
LLNL and IAEA at LLNL, US.A. Subseyuently, a workshop on emergency of acci-
dent for nuclear power was organized by Bureau of Safety, Protection and Health of
China National Nuclear Corporation at CIRP. In the workshop it is preliminary deter-
mined that a compuier system of realtime dose assessment for accident emergency
should be set up in the Qinshan Nuclear Power Plant (QNPP). In spring 198%, CIRP
accepted the entrustment from QNPP, undertaking the research project on design, mod-
¢l, parameter and code of accident emergency assessment for the Qinshan Nuclear
Power Plant. Aoccording to the conditions of our country and requirements by QNPP
the computer assessment system could not only be used for real-time dose assessment
but also for display several important parameters required by the plant operation and
the environmental monitoring data.

2 Brief introduction of QNPP

Qinshan Nuclear Power Plant is PWR type and the total nuclear net capacity in-
stalled is 300 mW (e). It is located at the foot of Qinshan Mountain, Haiyvan County,
Zhejiang Porvince. The site is 87 km south-west of Shanghai and 67 km north-east of
Hangzhou. It locates a complex topography, a hilly lands near the sea coast. The cli-
mate of the site belongs to that of subtopics moist area. The significant feature of the
climate is that the wind direction changes obviously with seasons and most
precipitations are concentrated in the summer. The general meteorological
characteristics in the site and the surrounding area are described as follows: annual ave-
rage temperature: 15.9C : annual precipitation: 1124.6 mm; annual prevailing wind
“direction: east wind and the second, ESE wind; annual average wind speed; 3.4 m/s.
Based on the census data in 1982, the total number of the population with the range
of 80 km around the plant is about 10 million, the average density of population is
535 people/km®.
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3 Construction of SADAAR-QNPP

SRDAAR-QNPP consists of the following three parts: real-time data acquisition
system, assessment computer and code system of calculation and assessment. Fig. 1
shows schematic diagram of principal configuration of SRDAAR-QNPP. A brief
description of the hardware of SRDAAR-QNPP is given in Fig.2
3.1 Realtime data acquisition system

Plant operation parameter from SPEC-200 unit of main-control chamber and radi-
ation data from radiation monitoring sysiem in dose-control chamber are processed by
a IBM-PC/XT computer, which synchronously transmits real-time and historic data to
the MV 1] assessment computer with a set of modem, according to the command of
the acquisition subsystem.

Six meteorological elements from two automatic meteorology station are stored by
a microprocessor 303!, Then the results are subsequently transmitted through wireless
to the front unit IBM-PC/XT meteorological computer. Then IBM computer transmits
required data to MV Il according to command and requirements of acquisition sys-
tem.

Environment monitoring data (average for 5 minutes) from 3 high pressure cham-
ber are transfer processed and stored by a data-acquisition unit. Through the tele-
phone wire and the modem, the data transfer from high pressure chamber to the unmit.
Then relevant data are transfered to the MV II by the wires.

Above three kinds of data are stored in the database of the system for assessing
and displaying .

3.2 System of assessment computer

The assessment computer is the program operating environment. The main compu-
ter of SRDAAR-QNPP is a set of MICRO VAX 1l computer with 9 MB memory.
3.3 Code system of assessment and calculation

Code system of assessment and calculation is the most critical part of
SRDAAR-QNPP. Its main function is as follows: acquisition and storage of data,
atmospheric diffusion, dose calcuiation, and the output display.

It consists of the following 5 subsystems (Fig.3): (1)Realtime data receiving
subsystem; (2) subsystem of atmospheric diffusion and dose calculation; (3)subsystem
of data output; (4) database subsystem; (5) subsystem of graphic output.

4 Source term of serious accident

Nine kinds of serious source term proposed in WASH-1400 is temporarily
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Fig.3 Construction of the computer code system of assessment and calculation

adopted as reference. Based on operation situation, i. e., degree of core damage and
integrity of container, one of 9 kinds of serious source terms PWR 1—9 multiplied by
a proper coefficients are selected and used in the environment consequence assessment.
All parameters relevant to the source terms of PWR 1-9 are prestored in the

database for recalling at any time.
5 Model of atmospheric diffusion and dose calculation

5.1 Model, parameters and code of atmospheric diffusion (Desiate, 1980)

Safety series No. 86 (IAEA, 1987) points out that atmospheric diffusion model
for evaluating the consequence of a release of radioactivity to the atmosphere can be
divided into three types according to its complexity; Gaussian plume model,
Lagrangin puff model, three<dimensional numerical model.

Research report (Lowellen, 1985) indicates that the performances of above three
kinds of model are similar in local area (within 10 km around source point), however,
the performance of the two latter models superior to that of the first one at larger
area (within 40 km around source point) and performance of puff model and
three-dimensional numerical model are nearly similar. Based on above result and tak-
ing into account that the terrain of QNPP site is neither smooth nor very complex, a
Lagrangin puff model under changing meteorological condition is adopted, in which
the dispersing plume is simulated by a sequence of Lagrangin puff whose trajectories
are determined by the wind speed and direction at each time step. Wind field is deter-
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mined by a mass-consistent three dimensional diagnosis model with the topographic
following coordinate system.
5.1.1 Grids

The shorter the interval of grid is, the higher the accuracy of spatial resolution is,
but much more time will be spent for computation and so a compromise between
computed time and its accuracy must be taken into account. In addition, if grid inter-
val is too large the dimension of puff may be so small that it could pass through the
interval of grid within near area closed source, which may cause underestimating of
concentration. Therefore the area within 80 km is decided three square grid area of
small, intermediate, lager scale. The lengths of sideline of these square are 10 km, 40km
and 160 km with grid interval 0.5 km, 2 km and 8 km respectively.
51.2 Wind field

An automatic meteorology station is installed in Qinlian Village 2 km WNW
away from QNPP, it transmits meteorological data of wind direction, speed,
temperature, humidity, air pressure and precipitation to MV II in the form of
real-time on line. There are 11 surface meteorology stations around QNPP within 50
km. In case of accident the meteorological data (wind direction and speed) will be ac-
guired by specific wireless telephone as soon as possible. Wind field of the surface
and the lower levels are determined hourly by using a mass consistent three-dimension
diagnosis model with the topographic following coordinate system.
5.1.3 Puff release

The duration of release for PWR 1—9 accident could be changed from half hour
up to 10 hours. Different time intervals between successive puffs should be selected
for different type of accident in order to ensure an enough number of puff released
within a certain duration of release which is required for a proper accuracy. In addi-
tion, a certain amount of puffs should be released during early stage of accident (such
as first 30 min) in order to obtain a fairly accuracy of predicting consequences for
early stage. A set of puff release with different time interval at different stape are
developed to simulate the release of various type of accident. The detail of release
form is shown in Table 1.
5.1.4 Puff trajectory

The trajectory of puff transportation is changed with the time. Fig.4 illustrates
puff trajectory at end of third time-step after beginning of an accident. Supposing the
length of time step dt=t¢,—t, , the coordinate of ith puff center at end of wth
time-step is given as follows:

X::.Jw=§iUu.k(tn—[k—1)’ (H
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Table 1 Puff release way for different duration accident release

Puff parameter Release time

0-0.5h

05-4.0 h 40-8.0 h >8h

Time interval
between puffs At,=5 min
Total number of

released puff N,=6
Number of

released puff n,
Source strength 0-0.5h Q/n,

for 0.5-40h 3/(6+12n,)

each puff 40-80h Q/(48 + 6n,)

greater than 8h  Q/(96+ 12n,)

At,=10 min Aty=130 min At,=60 min
N,=21 Ny=8§ N<40
n, n, ﬁl

Qi(3+ny)

Q/(24+3ny) Q/(B+ny)

Q/(48+06n) Q/(16+2n,) (8 +n,)

Q is the total amount of released radioactivity, Bq

Yfzj,w=kzl Uy‘ k(tk - tk-])’

where, U, , =V sina U, =V cosa, a, =180+ D,(Degree),

D,, V, are wind direction and wind
speed of ith puff at point of (X, Y°, Z",)
in kth time; z is the effective release height
of ith puff. The effective release height of
ith puff is supposed to be constant during
pufl moves within calculation domain.
5.1.5 Deviation of plume axis

Simulation experiment in wind tunnel
demonstrates that plume axis near source
point is subjected to a certain degree of de-
viation at 4 wind directions (SE, E, ESE,
NE) under the condition of neutral stabili-
ty. It is caused by the obstruction of

ty (i=1)

Fig.4 Diagram of puff trajectory

Qinshan Mountain body (about 1.5 km wide and 2.5 km long) nearby. The deviation
DY (m) can be cxpressed as the function of downwind distance.

5.1.6 Puff rise

Briggs formula is adopted to calculate the puff rise.

5.1.7 Diffusion parameter

The effective diffusion parameter for ith puff at the end of wth timestep under

varying meteorological conditions can be expressed as follows:
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0", =2 1o0T G=x 1, 2, 6)

where [6," . ] is the effective diffusion parameter for ith puft at the end of kth
timestep for j direction

[0} ]“J”'i(r Y=o (6o (3)
if using the form of power function, then
[o}\]= P{[Z(U"’(t “t,- .)]"“*‘[Z(U“’(I 1,1} (4)
where supposing
cx.kzgr.k ‘ (5)

In SRDAR-QNPP four sets of diffusion parameters are provided for choice such
as observed values (default) of field tracer experiment on site of QNPP which was ob-
tained in a set of SF, tracer field atmosphere experiment in 1984 —1985, P-G curve,
IAEA parameter, Brigg's diffusion parameter suitable for city. Of course the first one
is the most suitable to QNPP because it is got with tracer experiment on-site. Other
sets of parameter are provided in order to make this code to be widely used for other
site than QNPP. In addition, an isotropic diffusion parameter of wind tunnel experi-
ment is also adopted.

5.1.8 Atmosphere stability

Atmosphere stability is determined by an apparatus of stability classifications,
which should be input into MV II by pressing terminal key.
5.1.9 Puff-concentration formula

Surface concentration at grid peint (x, y, o) for ith puff at the end of ¢,
timestep can be expressed with the following formuia which has taken into account
the dry and wet deposition depletion, physical decay and the factor of partial plume
penetration of an elevated inversion.

(Y= YO,

20VF) P LFY, (X— X0,

Cr](x’ y’ 0)_ (2“)) -:U“ }{\ 6[,)(‘ & (x,) o exp[_ 2 (x"ﬂ,-_.l R ]exp[-—‘ 20_5;) " }
(ZF g QL= o @L+ =y ©
{expl— gt 1+ Fexpl— —2T—]+Fp,kexP[“ g 1}
k Ak 2. &k x. &k

where F% , F" and F{, are factor of dry deposilion depletion, wet deposition
. .k R, k p p
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depletion and radioactive decay respectively at . time for ith puff; L is height of
mixing layer; Fy . is factor of partial plume penetration of an clevated inversion, its def-

mition is given as follows:

F‘;.’fjexm— oy ldz/J% L)y, 1)

l!)2
2 xak zazﬁk

5.2 Dose model
5.2.1  External exposure dose from radionudlides in the immersion cloud

Dose D, (Sv) of plume-immersion exposure at a grid point (x, y, o) in any time
interval of accident release is given by following formula:

Dy(x, y, 0)=Sflfl(x, ¥, 0)gs » )]

where Y(x, v, o) is the time-integrated concentration (Bq. s/m ) in that release time in-
terval at the point (x, y, 0); S¢ is the building shielding factor.
5.2.2 Internal exposure dose due to inhalation of radionuclides during the passage of
the cloud

Committed-<ffective dose equivalent D% (Sv) of a-age-group’s member produced via
inhalation pathway is given by following formula:

=R(x, y, o)gy » ®

where R, =the air-inhalation rate (m’/s) of individual for a-age-group; g;=dose trans-
fer factor for a-age-group.
5.2.3 External exposure dose from radionuclides deposited on the ground

The external exposure dose D% (Sv) produced by surface dry, wet deposition of
nuclide at t time is given by the following equation:

Di(t)=5:D(t)g; (10)

where D(t) is the surface deposition concentration (Bgq/m’) produced via dry, wet depo-
sition at ¢ time; g% is the dose transfer factor for surface deposition.
5.2.4 Exterral exposure dose from radionuclides in a finite passing pufl

The assessment system SRDAAR-QNPP is able to provide not only the model and
code of infinite cloud, but also a model and code of finite passing puff to improve
the accuracy of dose calculation, especially for area close to source point. The finite
puff external dose calculation uses “discrete point approximation” to calculate the dose
from a puff. In the discrete point approximation, the puff is assumed to be a cylin-
der with radius of 2 o, and a height of 6 g,. This cylindrical puff is then divided, using
cylindrical coordinates, into a number of differential puff volumes, for each of which
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all of the radionuclides in the volume are treated as that they are located at'a point
in the center of the differential volume,

6 Output of SRDAAR-QNPP

6.1 Output of graphical subsystem

Output of graphical subsystem can be transmitted to three sets of equipment:
graphical screen terminal, graph print and plotter. Output of graph contains the fol-
lowing three types:

(1) Plant safety parameter.

The latest observed values and historical data of several plant safety parameters
for a certain time interval can be displayed and drawn by means of diagram and
curve graph .

(2) Gamma exposure rate

The latest measured values and historical data of 4 high pressure ionization
chamber at a time range can be displayed and drawn by means of diagram and curve
graph.

(3) Contour of concentration and dose

The system can display the contour graph of the following calculation results for
any nuclide with a background of site map for three calculation areas (small,
intermediate, large): time-integrated concentrations in air, surface deposition amount,
external exposure dose from passing plume, external exposure dose from surface depo-
sition, mhalation dose,thyroid dose for iodine, effective dose. '

As an example, Fig.5 gives the contour graph of time-integrated concentration in
air for I-131; Fig.6 gives the contour graph of effective dose produced by all nuclides
for an assumed accident.

6.2 Output of table displaying subsystem

Cooperating with the graph-displaying subsystem, the table<displaying subsystem
can display and print the basic data and results for the SRDAAR-QNPP in the form
of the table on computer screen or print paper. The subsystem provides working way
of multistage menu prompting in Chinese and man-computer talking.

7 Validation of dose prediction

In order to validate dose prediction given by this code, a comparison
example between manual and code calculation is given as follows:

Input data about source term of an accident: release height: 25 m; thermal release
rate: 1400 kcal/s; nuclides: I-131, Kr-85; reclease amount: 7.46E17 Bq for I-131,
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Fig.5 Contour graph of time-integrated concentration Fig.6 Contour graph of effective dose

Current time: 91-07-03 14; 00 Wind SPD: Current time: 91 -07-03 12:30 Wind SPD: 5.0
120 m/s Wind DIR:; 12,0 deg. Stability: m{s Wind DIR: 5.0 deg. Stability: C Rainfall
D Rainfall 13.0 mm/h ACC. Type: PWR1| Du- 5.0 mm/h ACC. Type: PWRI11 duration 80 h
ration 8.0 h Start time: 91—-07-03 10:00 Re- " Start time: 91—-07-03 10: 00 Reclease height:
lease  height: 500 m ltem: integral 50.¢ m item Effect-Dos-for-Adult Nuclide: all
concentration Nuclide: -131 Unit: Big s/m’ nuc. Unit: Sv

#1: 0.10E-10 #2. 0.10E-05 #3: 1 0U10E —21 #2: 0.10E—-15 £3: 0.10E+ 09

0.10E+00 4 0.20E—15

1.04E16 Bq for Kr-85; release time: 0.5 h; meteorological condition for release time is

given in Table 2.

Table 2 Meteorological data for release time

Time 0—-10 min 10—20 min 20— 30 min
Wind direction S (180%) SSE (157.5%) SSW (202.5%)
Wind speed, m/s 1.0 2.0 3.0
Stabitity D D D

Table 3 shows that the calculation results by manual and by the code system. In
the calculation 3 puffs are supposed to be released. The duration of each puff is 10
minutes. In Table 3, P, and P, represent the points to the concerned. Their
coordinates are as follows: P, (—2000 m, 8000 m, 0 m) P, (—500 m, 1000 m, 0 m).



308

Hu Erbang et al.

Vol.6

t, t; and &, means 10, 20 and 30 minutes after release. Table 3 S10WS

prediction given by this code system is valid.

Table 3 A comparison between manual and code calculation
{a) Concentration for different time, B(y’m3

that the dose

Nuciides Concerned

L

iy

point Manual Code Manual Code Manual Code
[-131{infant) P, 0.0 0.0 0.0 0.0 2.15E-36 2.08E - 36
P, [.52E-1 1.54E-1 T18E+9 7.18E+9 JA5E+1 353E+1
I-313{child} P 0.0 0.0 0.0 0.0 2.76E-38 2.78E - 36
P, 2.01E-3 2.05E-3 95F+7 Q58E+7 o 46F — | 4.45E ~ 1
(b) Immersion dose, Sv
Nudlides Concerned L t; i
peing Manual Code Manual Code Manual Code
[-131 P, 0.0 0.0 0.0 0.0 2.98E-47 0.0
P, 2.10E-12 2.12E-12 9.97E-2 9.91E-2 9.97E-2 9.91E-2
Kr-85 P 0.0 0.0 0.0 0.0 2.46E-51 0.0
P, 1.73E-16 1.72E-16 8.23E-6 8.04F-6 8.23E-6 8.04E-6
(¢) Inhalation dose, Sv
Nuclides Concerned f iy [
point Mannal Code Manual Code Manua! Code
1-131(infant) P, 0.0 0.0 0.0 0.0 5.79E-45 0.¢
Py 4.08E-10 4.17E-10 1.94E+1 195E+1 TO4E +1 1.94E +1
1-313(child) P, a0 0.0 0.0 0.0 7.34E-45 0.0
P, 5.17E-10 5.29E-10 246E+1 247E+1 2.46E + 1 247E+1

8 Comparison of main performance among the computer cede system for

QNPP real-time dose assessment and other country

Table 4 gives the comparison of main performance among the SRDAAR-QNPP,

US ARAC and Japan SPEED on local site.



No.3 SRDAAR-ONFP: a computer code system -+~ 309
Table 4 Comparison of main performance among the SRDAAR-QNPP,
US ARAC and Japan SPEEDI on local site
Item US ARAC system local Japan SPEEDM system SRDAAR-QNPP
site compulter local site computer
Main computer: Main computer: VAX-II

Type of computer

Model of wind field

Concentration model

Diose model

Calculation time

Calculation scale

Output

VAX.11/782 local site
computer: PC-350
MATHEW Mass<onsistent
model for 3-I> wind field

Main system; ADPIC
Particle dispersion model
of 3-d. Local site: Gaussion
plume model

Less than 15 min

About 5 km around
source point
Concentration dose field
in the 5 km of radius

from source point

vector processor VP-110

Loczl site computer: minicomputer

WIND04 Mass-consistent
model for 3-D wind field

Main system: PRAWDA
Random-walk model for
atmospheric dispersion and
transpott Local site:
LSSPUFF Puff Model
Main system: CIDE dose
mode]l of grid—cell Loca!
site: GSDOSE quick calc.
by Gasussion plume model

Several minutes
<25 km, <100 km

Graph: display data of
weather and wind field,
concentration data dose
data, site data.

WINDF Mass-consistent
model for 3-D wind field
in which the coordinate is
changed with topography
Main system: QSPAMR
Lagrangian puff model
under changing
meteorological condition

*Caoncentration factor
method” for infinite cloud,
inhalation and ingestion.
“discrete point approxima-
tion” for finite cloud
About 10 minutes after
input data

¢-5, 5-20. 20-80 km
(radius form source point)
Graph: latest, historical
data of plant safety para-
meter, contour of concen-
tration,dose, Table: meteorc-
logical data, environmental
monitoring data, data of
concentration and dose
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