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Analysis of Tracer Test at NPP site
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1. Introduction

If radioactive materials that are contained in Nuclear
Power Plants(hereafter as NPPs) are discharged by way of
both direct and indirect pathways, they could have
significant impact on the public and the environment in
the region."

Groundwater, one of the potential pathways of the
radioactive materials discharged from the NPPs site, flows
slower than the surface water and subsequently, the
pollution of groundwater by the discharged radioactive
materials could have an impact for a much longer period.

For the construction and operation of NPPs, therefore,
the applicant’s safety analysis report is required to describe
the characteristics of potential contamination and transport
pathways in the groundwater environment, the coefficients
of dispersion, groundwater velocities, travel times,
hydraulic gradients, hydraulic conductivities, porosities, etc.
These parameters should be demonstrated with
representativeness and confidence. Thereafter the dose
assessment should be performed considering the pathway
and input data and using the reasonable model. >**

This paper describes results from the tracer test
performed near the Radioactive Waste Storage Tank of
Shinkori unit 2, and the implications for the future
improvement of site safety analysis.

2. Methodology

The study site is located in coastal regions between
Jangan-eup, Busan and Seosaeng-myun, Ulsan.

One injection well and three monitoring wells were
installed for the tracer(Figure 1). Total depths of
injection well(PW-2) and each monitoring well(PM2-1,
2-2, 2-3) were -16.1m EL, -10.8m EL, -11.5m EL, -
11.4m EL, respectively.

NaCl solution was used as a conservative tracer in the
tests and initial electric conductivity(hereafter EC) of
injection solute was 5,130 s/cm.

Injection depth of tracer was -0.1 m EL and
monitoring device(CTD-diver) was installed at -2.3m
EL for PM2-1, -2.3m EL for PM2-2 and -3.3m and -
4.3m EL for PM2-3, respectively, considering the open
joint in each monitoring well. Device was set up to
record the EC, temperature and water level every 10
minutes. Tracer solution had been injected as 2.73
L/min for 1,910 minutes in the 1% period, and after

1,910 minutes the injection rate changed to 0.84 L/min
for 2,885 minutes. Tracer test were carried out about 7
days(10,300 minutes)
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Figure 1 The well array in the study site

3. Results and Discussion
3.1 Monitoring result

Figure 2 shows the variation of the EC and water
level of PM2-3 recorded at -4.3m EL. Initial response of
EC was observed at about 570 minutes and its maximum
at about 1,840 minutes with 2,360 ys/ci.

During the experiment, abrupt drop of EC were
observed between 1,870 and 2,840 minutes. This
phenomenon was attributed to the mixing of
groundwater occurred in the process of groundwater
sampling.
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Figure 2 Result of EC and water level(moving average of
10 section) monitored at -4.3 m EL of PM2-3
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During the 1% injection period, water level rose
simultaneously with the start of injection, became stable
between 0.1154 and 0.2854m EL from 1,570 to 2,750
minutes and then after, declined to -0.165m EL at 3,150
minutes. During the second injection period starting
from 1,910 minutes, water level was increased and
stabilized between 0.005 and 0.215m EL from 3,860 to
6,050 minutes.

Abnormal water-level rise was observed after 6,907
minutes. During the test period, no precipitation occurred
and the rise appeared not to be a daily fluctuation by tidal
effects. Consequently, this rise was interpreted as the result
of the shutdown of the dewatering pump that is installed
around the building and operated automatically to maintain
the groundwater level.

3.2 Instantaneous test in 1D groundwater flow system

If a pollutant is injected instantaneously into the 1D
uniform flow system, the maximum concentration (C.x)
of a pollutant occurs at tgp.,. The test result was
analyzed using the Sauty equation”.

Since the observed data from 3,170 to 3,760 minutes
showed undistributed changes in the tests, these data

were used to fit into the model(Figure 3).
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Figure 3 Result of fitting between data and model for
analysis range

Results of the analysis shows that the linear mean
velocity( v, ) is 2.55m/day, the dispersion coefficient(D))
is 0.18 m’/day, and the initial response time is 1,310
minutes(tg=0.48). The effective porosity of media of
study aquifer is 9.98E-4 obtained using the natural
hydraulic gradient(0.094) and the conductivity(2.71E-2
m/day).

4. Implication

Groundwater is one of the main pathways of the
radioactive materials discharged from the NPP site, and
thus, we cannot overemphasize the significance of
understanding the groundwater system of the site. This
study shows one of the approaches to quantify the
characteristics of the subsurface materials. Since the

facility is operated with various safety control measures
such as automatic dewatering pump, the test results
should be carefully interpreted with the on-site
conditions. For example, the test results from this study
might be affected by the dewatering pump resulting in
fast groundwater movement while in operation. When
it’s stopped, water flows become deterred and water
level inclines. Therefore, it is suggested that at the NPP
sites, facility operations that could affect the
groundwater should be fully considered in the future
tracer tests.
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