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Daily Schedule

Sunday, September 30

12:00-5:00 pm
3:00-6:00 pm
5:00-7:00 pm

6:00-6:30 pm

Exhibitors Move In ,..\l;
Registration 7 ~
Welcome Reception I \\
Sponsored by Canadian Nuclear
Laboratories

Laboratoires Nucléaires
Canadiens

U.S. Congressional Keynote Address by Senator James Risch

Monday, October 1

7:00 am-5:00 pm
7:00 am-5:00 pm
7:30-8:00 am
8:00-10:00 am
10:00-10:15 am

10:15 am-12:00 pm
12:00-1:30 pm
12:00-1:30 pm
1:30-3:00 pm
1:30-3:00 pm

3:00-3:30 pm

3:30-5:00 pm
3:30-5:00 pm

Registration

Exhibits Open

Morning Coffee Service in Exhibit Hall
Opening Plenary Morning Session |
Refreshment Break in Exhibit Hall Grand

Sponsored by | ORGANIZATION OF
£ CANADIAN NUCLEAR
INDUSTRIES
Clean Energy for a Low Carbon Economy

Opening Plenary Morning Session 1

Lunch in Atrium

Coffee/Dessert in Exhibit Hall

Opening Plenary Afternoon Session-|

Technical Sessions

* Probability Risk Assessment, Safety, and Control Systems
 Reactor Safety Analysis Methodologies and Codes—I|

* Nuclear Fuels and Fluid Dynamics

* Advanced Chemistry and Processing Options

* Advances in Light Water Cooled Reactors—I|: Pressured Water Reactors
e Fuel, Core, and Related Topics—I

Refreshment Break in Exhibit Hall

G @ Westinghouse

Opening Plenary Afternoon Session-I|

Technical Sessions

» Recent Advances in Nuclear Security

» Advances in Nuclear Materials Safety

» Enabling Long Term Operations

» Advances in Radionuclide Analysis in Support of Decontamination
and Decommissioning

» Advances in Light Water Cooled Reactors—II: Integral PWRs

e Fuel, Core, and Related Topics—I|

20

Grand Ballroom
Regency A
Grand Ballroom A/Foyer

Grand Ballroom A/Foyer

Regency A
Grand Ballroom
Grand Ballroom
Ballroom B/C
Ballroom A/Foyer

Ballroom B/C

Grand Ballroom A/Foyer
Bayview, B

Seacliff A

Seacliff B

Seacliff C

Seacliff D

Marina

Golden Gate

Grand Ballroom A/Foyer

Bayview B

Seacliff A
Seacliff B
Seacliff C

Seacliff D
Marina
Golden Gate




Daily Schedule

Tuesday, October 2

7:00 am-5:00 pm
7:00 am-5:00 pm
7:30-8:00 am
8:00-9:45 am
9:45-10:15 am

10:15 am-12:00 pm
12:00-1:30 pm
12:00-1:30 pm
1:30-3:00 pm

3:00-3:30 pm
3:30-5:00 pm

Registration

Exhibits Open

Morning Coffee Service in Exhibit Hall
Advancing Muclear Energy Morning Session-I
Refreshment Break in Exhibit Hall

" FLUOR.

Advancing Nuclear Energy Morning Session-I|

Lunch Break and Technical Poster Session

Coffee/Dessert in Exhibit Hall

Technical Sessions

* Enabling Factors for Advanced Reactors

* Policy and Regulatory Approaches to Nuclear Safety

* Design Certification and Construction

* Recent Advances in Plant Digitization

¢ Advances in Fuel Storage Options and Review of Challenges—I
* Novel Reactor Concepts and Licensing Novel Reactors

* Communication Impact of New Nuclear Technologies and Uses
Refreshment Break in Exhibit Hall

Technical Sessions

* Advancing Nuclear Medicine

* Reactor Safety Analysis, Methodologies, and Codes—I|

* Construction and International Considerations

» Technologies for Power Operations

* Advances in Fuel Storage Options and Review of Challenges—I|
* Innovative Technologies for Advanced Reactors

* Promoting Nuclear Energy Education

Regency A

Grand Ballroom

Grand Ballroom A/Foyer
Ballroom B/C

Grand Ballroom A/Foyer

Ballroom B/C
Atrium
Grand Ballroom

Bayview B

Seacliff A

Seacliff B

Seacliff C

Seacliff D

Marina

Golden Gate

Grand Ballroom A/Foyer

Bayview B
Seacliff A
Seacliff B
Seacliff C
Seacliff D
Marina
Golden Gate

B\ flin]¥|O1@

#ANSMeeting

21




Daily Schedule

Wednesday, October 3

7:00 am-5:00 pm
7:00 am-1:30 pm
7:30-8:00 am
8:00-9:45 am
9:45-10:15 am
10:15 am-12:00 pm
12:00-1:30 pm
12:00-1:30 pm
1:30-3:00 pm

3:00-3:30 pm
3:30-5:00 Pm

6:00-10:00 pm

Registration

Exhibit Open

Morning Coffee Service in Exhibit Hall

Sustaining Nuclear Energy Morning Session-|
Refreshment Break in Exhibit Hall

Sustaining Nuclear Energy Morning Session-I|

Lunch Break in Atrium

Coffee/Dessert in Exhibit Hall

Technical Sessions

» Sustainable Approaches to the Nuclear Fuel Cycle

* Severe Accident Management

* Economics—I

* Advances in Engineering Design

* Recent Advances in World-Wide Decommissioning—I|
* Enabling Advanced Reactors: Research Facilities

¢ New Approaches to Nuclear Outreach

Refreshment Break

Technical Sessions

* Addressing Challenges in the Global Nuclear Supply Chain
* Thermal Hydraulics

* Economics—II

* Recent Advances in World-Wide Decommissioning—I|
* Heat-Pipe Reactors and Sodium-Cooled Reactor

* Advances in Nuclear Medicine

Wednesday Gala Dinner

Thursday, October 4

9:00 am-2:30 pm

UC Berkeley Nuclear Engineering Campus Technical Tour
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Regency A

Grand Ballroom A/Foyer
Grand Ballroom A/Foyer
Ballroom B/C

Grand Ballroom A/Foyer
Ballroom B/C

Atrium

Grand Ballroom A/Foyer

Bayview B
Seacliff A
Seacliff B
Seacliff C
Seacliff D
Marina
Golden Gate
Seacliff Foyer

Bayview B
Seacliff A
Seacliff B
Seacliff D

Marina

Golden Gate
Grand Ballroom B

Board the bus for
the tour at the
Market Street Foyer
Exit at 8:45 am.
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REGULATORY EXPERIENCE ON FLEXIBELE POWER OPERATION APPLICATION

Yu-Jen HUANG, Keng-Yen CHIANG, Song-Nan TSAU,
Ming-Tong HSU, Jec-Kong GONE, Bin KAO, Chi-Szu LEE,
Shin CHANG
Atomic Energy Council
Taiwan, R.O.C.

KEYWORDS: flexible power operation, operating experience, flow induced vibration, hydrogen water chemistry,

xenon transient, cyclic reverse stress, acoustic excitation, rulemaking

ABSTRACT: Most nuclear power plants (NPPs) built in the
early stages were designed to operate at steady full power,
known as ‘base-load” operation. However, more and more
nuclear power companies would like to have the flexibility to
operate their NPPs depending on the load demand, which
means to change how they operate from the base-load mode
to flexible mode. Taipower company (TPC), the only utility
in Taiwan, submitted an application for operating one reactor
unit at a non-rated power level without changing the total rod
power burnups in order to extend the operation period before
next refueling outage, Since this was the first application, the
Taiwan nuclear safety authority, Atomic Energy Council
(AEC), thoroughly reviewed the impacts of the strategy by
referring to the documents of tlexible power operation
experiences on nuclear power plants by the International
Atomic Energy Agency (IAEA) and the US Electric Power
Research Institute (EPRI). TPC plans o submit more
applications to AEC in the near future. Both regulatory and
operating experience feedbacks are important, since which
are all good indicators to reflect whether the safety issues
involved have been evaluated and/or the corresponding
measures have been taken, if necessary.

L INTRODUCTION

All the nuclear power plants in Taiwan were designed for
baseload operation and were operated at rated full power
except short period for test, recovery from the failure of
structures, systems, and components (SSCs) or severe

weather conditions such as typhoons or heavy rains. Recently,

to meet the load demand. TPC planned flexible operation
strategy for Chinshan (CS) unit 2, by manually reducing the
power level to extend the fuel cycle with no design changes
involved. CS is the first nuclear power plant built in Taiwan.
TPC reduced the power level of CS unit 2 from 100% power
to 75% on April 29, 2017 to extend the fuel eycle so that the
end of the eycle was extended from June | to mid-June.

PBNC 2018, San Francisco, CA, September 30-October 3, 2018

While extending the fuel cycle, the total fuel burnup limit
approved by the AEC was not exceeded, and the 18-month
surveillance requirement of the technical specification was
also satisfied. Table | summarizes the design features of CS
unit 2.

Since the application of CS unit 2 was the first case
adopting flexible power operation (FPO) concept in Taiwan,
the regulatory authority AEC considered it as a pioneer for
this important issue. Hence, although the scope of this FPO
might not be dramatic and at that time the Nuclear Reactor
Facilities Regulation Act (NRFRA) in Taiwan did not
explicitly state that the flexible operation plan shall be
submitted to AEC in advance, AEC requested TPC to submit
the safety analysis report (SAR) for CS unit 2 flexible power
operation application and amended the Act correspondingly.
In order to review this issue thoroughly, AEC referred to the
IAEA and the EPRI technical document on the flexible
operation of nuclear power plants (reference 2, 3) and took
CS umit 2’s plani-specific  operating experience into
consideration as well.

TPC submitted the SAR for FPO application of CS unit 2
to AEC. After receiving the report from TPC, AEC
immediately established a safety review taskforce to review
relevant issues including the integrity of the fuel, the safety of
reactor internals, and balance of plant (BOP). In addition,
AEC held a public meeting to discuss FPO. exchanging
opinions with the civic groups so that the public could have a
better and deeper understanding of the review process on
FPO application. After reviewing the application, the AEC
approved the SAR of FPO that CS unit 2 could operate with a
stable 75% power as proposed.

TABLE | Design features of Chinshan Unit 2 in Taiwan

Chinshan
Unit 2

Design

Chinshan |
feature

Design ‘
Unit 2

feature
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Reactor Type] BWR-4 - Mark1
Veuder GE__[Containment g
Fuel Burnup
Thermal on April -
Power MW 180% | agagyz | 11780
(MWd/MTL]
Fuel Cycle
Electrical ; Burnup —
Power (MWe) 636 Limit 127
(MWd/MTUY
Date of {Start Date o
Commercial | 07/16/1979 | Flexible 4292017
Operation Operation
(Original and;
e
7/ 15/21 3
License OTaE01S Rl;)?l’e]fﬂ Extended
Expire US| 06/15/2017
Outage
2. SITE INPECTION AND OPERATING

PARAMETERS COMPARISION BETWEEN FULL
POWER AND 75% POWER STABLE OPERATION

Upon receiving the FPO application, several stability
issues were reviewed by the AEC. The goal of flexible power
operation of CS unit 2 is to maintain at 75% rated power and
operate within the power/flow domain area of the Reload
Licensing Analysis (RLA) and Core Operating Limit Report
(COLR) for Cycle 28 previously approved by the AEC. The
AEC required TPC to compare the key parameters operating
at 75% power with that at 100% power level to determine the
safety margins on the major parameters. The parameters
selected to compare eempared-are primarily from reactor core
moniloring. system, BOP monitoring system and
POWERPLEX results, as summarized in Table 2. In addition
to stability assessment, the AEC also focused on the results of
environment monitoring. The AEC required TPC to compare
the results of Process Radiation Monitoring System (PRM)
and Environment Radiation Monitoring System (ERM) at
two different power levels.

The AEC selected several important SSCs and relevant
parameters based on the EPRI technical report to check if
they are consistent with TPC’s evaluation results and
measurement. To achieve this, the AEC conducted onsite
inspections to confirm how the parameters change with the
reduced operating power such that the temperature, pressure,
vibration, wear, and leakage of certain SSCs were carefully
examined. The lower operating power provides higher safety
margins on the operating parameters, and no differences were
observed for both the PRM and ERM systems at these two
different power levels. Table 3 summarizes the major
parameters from PRM and ERM for different operating
power levels at CS unit 2.

During the reduced power operating period. the decrement
in steam flow in the main steam line (MSL) leaded to the
changes in the valve position of the main turbine governor
valve (GV). When adjusting the valve position, oil leakage
was found on Digital Electro-Hydraulic oil tubing at GV
No.3. The TPC has made corrective actions including:
changing the position of the GV-3 actuator stem and
replacing the return oil filter.
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TABLE 2 Major Parameters and Evaluation Results of
Flexible Power Operation in Chinshan NPP Unit 2 (Provided

by TPC)

Parameter |100% Power| 75% Power | & rluation
Results
et

Thermal Safety

Power (MWp)| 1540 1380 | Margin
Increased
. Increase
Flectrical 652 195 Safety
Power (MWe) :
Margin
Increase

CMFLCPR 0.835 0.896 Safety
Margin
Inerease

APRM 100% % Safety
Margin

Jet Pump | ALI570 | A10000 'g‘:;:*

Flow(T/H | B10760 | B9s90 | oA °
1) .u"gm

N . Increase
;fﬂlﬁﬁ”’:ﬁ: 148 105 Safety
P Margin

Recirc. Pump| A884% | A7T4.8% lgcfpf“
Speed Bs62% | Bz | G0
largin

Increase

Core Flow 91 8% B80.9% Safety

Margin
. Increase
f‘;‘lvf"é‘;:;l 63-G6% | 20-31% | Safety
Margin
y Increase
FW [nlet
Temn €O 214 201 Safety
P Margin

Condensor | g00, 15000 Igiif:fo

Flow(LPM} : :
Margin

. Increase

& onldenw_r s 6 Safety

Demin (unit) Mare:

Argin

Condensor Increase

Vaccuum 54 45 Safety

(mm-Hg abs) Margin

Gland Steam _— " .
Press/NVaceum 0.35~0.4 0.35~0.4 | No change
E;;E:" MAX:3EXMAX: 336X
- 8 MIN:0.7(9) | MIN:1.0(9) | "0 €108
[Vibration(mil)

HP TB First Increase

Metal Temp 261 243 Safety

°C) Margin

Generator Increase

Metal Temp | 120~129 90~100 Safety

°C) Margin

TABLE 3 PRM and ERM of Flexible Power Operation in

Chinshan NPP Unit 2 (Provided by TPC)
Parameter |100% Power| 75% Power E‘[';.l:;ifn
Reactor Safety
Building Vent 0.14 0.13 Margin
(mR/hr) Increased
E = - Increase
Off-Gasleps) | 800~-1300 | 500-850 Safety
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Margin
g Increase
ManStack | 9393 | 8587 | Satery
o Margin
Turbine P75 P61 Increase
Building Vent _’;a e Safety
i ) 20 128 Marei
cpm) argin
Ligquid Increase
2 40 38 Safety
Monitor {cps) Marei
Margin |
CSCW | amp | ags | leeas
Monitor (cps)| B34 pay | Safe
[Envireonment]
Radiation - —al
Monitor ( 10.048~0.079(0.043~0.079| No change
Sv/h)

3. IMPACT ASSESSMENT OF REACTOR CORE
COMPONENTS

Although several cases of reduced power operation were
found in other countries, further investigation and discussions
on the appropriateness of CS unit 2 FPO are necessary, which
would be based on the lessons learned from other plants,
relevant technical reports such as those from EPRI, and
plant-specific considerations of CS2. The AEC required TPC
to assess the impacts of FPO on several aspects such as
reactor core components, fuel integrity, equipment and
response strategy and steam dryer resonance vibration. This
session is primarily on reactor core components, and other
issues would be discussed in the following sessions. The
AEC also required TPC to compare the results with the
EPRI-3002002612 report (reference 3).

With regard to the changes in core flow due to the reduced
power operation, the issue of Flow Induced Vibration (FIV)
was evaluated. The impact assessment at the reduced power
level is based on 80% core flow and recirculation pump
speed at 996 rpm.

The GE Hitachi Nuclear Energy Company (GEH) provided
impact assessment on the reactor core components at 75%
power level for the TPC (reference 5). GEH also evaluated
the effect of the secondary harmonic effect (Vane Passing
Frequency, VPF) on the Jet Pump Sensing Line (JPSL),
separator assembly, core shroud, feed water sparger and jet
pump riser braces and so on. The results showed that the core
flow of CS unit 2 in the range of 80%~99% with recirculation
pump speed at 996 rpm will have the vibration frequencies
between 100.5Hz and 133.3 Hz, and it will not get into the
resonant frequencies of 42~77 Hz or above 139.3 Hz for
JPSL. Since the entrance into the frequency range for
resonance or JPSL is not possible, the impacts from FIV were
ruled out,

The Hydrogen Water Chemistry (HWC) is usually
implemented to provide protection against Intergranular
Stress Corrosion Cracking (IGSCC) in operating BWRs. The
Hydrogen Water Chemistry (HWC) injection system of CS
unit 2 was designed such that it will not operate with power
less than 90%, and it may change the crack growth rates after
stopping hydrogen injection. The Boiling Water Reactor
Vessel Internal Program (BWRVIP) 62-A (reference 6)
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defines the Factor of Improvement (FOI) as the ratio of
average crack growth rate over a time period under Normal
Water Chemistry (NWC) with a combination of NWC and
HWC. The Hydrogen Water Chemistry (HWC) availability
of CS unmit 2 Cycle 28 was 84.65% and the corresponding
FOI was 3.02 (ECP=-230mVSHE). Assuming HWC
remained inoperable until the end of this cycle, the
availability of HWC will be reduced to 77.86% and the
corresponding FOI was 2.60 (ECP=-230mVSHE). Although
the crack growth rate in the core components may be
increased, operating at lower power level will also reduce
stresses on the components. TPC will continue to follow the
Internals Vessel Visual Inspection (IVVI) program to monitor
the existing indications of these components.

The halt of HWC injecting system may not have adverse
impacts on fuel assembly integrity. The CS unit 2 did not add
zine to its HWC system, and the oxide layer may not change
its form with reduced heat transfer coefficient and may not
cause fuel cladding damage. The radiation level in the turbine
building will also be reduced after the cessation of HWC
system operation.

4. IMPACT ASSESSMENT OF FUEL INTEGRITY

Although the proposed reduced power operation of CS unit
2 does not exceed the fuel burnup limit. many factors
associated with the fuel integrity such as control rod patterns
and thermal-hydraulics need to be considered. [n addition, the
licensed operators should have a thorough understanding on
the details in the operating strategy and its process.

The AREVA NP company re-evaluated the Reload
Licensing Analysis (RLA), Core Operating Limits Report
(COLR), Startup and Operation Report (SOR) of CS unit 2
reduced to 75% power with fuel burnup from the date of
power reduction (11750 MWd/MTU) to the end of Cycle 28
(with the limit 12723.7 MWd/MTU approved by the AEC).
The result showed that operating at 75% power level will
have sufficient safety margins against the burnup limits,
maximum fuel assembly burnup 54 GWd/MTU, fuel rod
burnup 58.7 GWd/MTU. and axial power profile the SOR.

The CS unit 2 FPO at 75% power level actually starts with
the combination of core flow being greater than 80 % and 10
control rods insertion in 3 groups. The operation strategy is to
minimize the disturbance of core neutron flux and therefore
minimizes the power peaking factors. The operation will also
avoid the entrance of the instability regions of the
Power/Flow Map with the limit ratio of 78.8%/54.7% along
the 116.5% analytical rod line. The Oscillation Power Range
Monitor (OPRM) will monitor the power oscillation and trip
the reactor whenever the oscillation happens under the
condition the reactor power being greater than 30% and the
core flow being less than 60%. The OPRM is used to protect
the fuel within the safety limit of Minimum Critical Power
Ratio (MCPR). Figure 1 illustrated the Power Flow Map for
Full-power, 75% power, and the instability regions.

When the power is reduced from 100% to 75%, the
Xenon-135 concentration will change accordingly and the
change of Xenon concentration is also included in the
assessment. The Xenon concentration increased to 107.5% at
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8§ hours after power being reduced to 75%. and then remained
at stable concentration (90% of that at full power level) no
longer than 48 hours. Figure 2 illustrated how the Xenon-135
concentration change when the power level is reduced from
100% to 75%.

The TPC follows the operation limit set by full power for
FPO. but re-assessed key factors including MCPR, Doppler
coefficient, temperature coefficient. void coefficient, control
rod withdraw scenario to ensure fuel integrity. TPC used
POWERPLEX for CS unit 2 to continuously monitor the core
parameters, including the power envelope margin, thermal
limit, fuel consumption limit. and power distribution. The
AREVA NP company used MICROBURN 1o predict fuel
burnup rate, and consumptions of fuel elements and fuel rods.
The results showed the FPO will keep fuel burnups within
their original limits and also keep enough safety margins.

FIG. | Power Flow Map change from Full-power to 75%
power level (source from TPC)
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FIG. 2 Xenon-135 concentration change from Full-power to
75% power level (source from TPC)
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3. IMPACT ASSESSMENT OF EQUIPMENT AND
RESPONSE STRATEGY

Besides feedbacks from elsewhere such as the operating
experience of other plants and relevant technical reports, the
operating experience of CS itself as well as its plant-specific
parameters are crucial while evaluating the appropriateness of
its FOP application. The di covered in this session
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focus on the turbine gland steam condenser air exhaust fan in
CS.

The past operating experience of CS shows that the turbine
gland steam condenser air exhaust fans no.l and no.2
{normally only one needs to be in operation and the other one
is as backup) sometimes were tripped due to overcurrent,
This raised the concern about the reliability of these
components so that the AEC requested TPC to evaluate and
test the intended functions of the fans. Accordingly, one fan
was put into service as testing so that the whole system could
function normally by TPC to confirm its functionality, and
later two fans were put into service simultaneously as testing,

The CS unit 2 operated at 75% will result in the increment
in moisture. TPC has decided to put both fans into service
and set up surveillance program to monitor the performance
on these fans. The operator will record the current of these
two fans every 4 hours and report to the maintenance division
if any abnormalities were found.

Reduced power operation leads to the changes in some

parameters such as feedwater flow rate and temperature. In
addition, the impact on the valve position of the feedwater
control valve also requires further investigations to ensure the
stability of core water level.
The control signal of feedwater pump may cause the control
valve C31-FOO1A/B fluctuated at about 70% power level, but
TPC operated CS unit 2 at 75% stable power level. which
will have enough safety margin to avoid the control valve
fluctuation.

The FPO may change the equilibrium temperature and
steam induced vibration on the turbine. The reduced power
operation also changes reactor pressure, steam temperature
and its quality. All of these could also have impacts on the
fatigue life of low pressure (LP) turbine. The last stage of LP
turbing with the maximum length and mass, also with the
highest cyelic reverse stress, need to be re-evaluated at 75%
power level. The temperature of the LP turbine blades at
the last stage changed from 42 °C at full power to 39 °C at
75% power level, but the steam induced vibration also
reduced at 75% level because of the reduced steam flowrate,
The combinations of lower temperature and less steam
induced vibration suggested that the cyelic reverse stress on
the turbine blade may be reduced, and the vender also ruled
out the possibility of resonance of turbine blade at FPO.
Despite of this, enline monitoring were conduct to ensure the
operation safety of the turbine,

6. IMPACT ASSESSMENT OF STEAM DRYER

RESONANCE

Recently, in BWR power uprate applications the issue of
steam dryer integrity has received considerable attentions.
The acoustic resonance vibration between the MSL and the
safety relief valve (SRV) may occur when the vortex
shedding frequency at the inlet of piping connected to the
MSL is the same as one-quarter of the acoustic wave resonant
frequency at connecting pipe. The frequency of the vortex
shedding is related to the steam flow rate in the MSL and
therefore the changes in steam flow could possibly induce the
acoustic resonance vibration between the MSL and the SRV.

607



The changes in steam flow do not only apply for those
proposed power uprate operations. but also for the FPO cases.
The EPRI report indicates that when the power is reduced to
around 70%, acoustic resonance vibration was observed in
some plants. In addition, considering the fact that cracks were
once found in the steam dryers of CS in the past, thorough
evaluation of the impacts of reduced power on steam dryer
integrity is necessary. TPC conducted relevant analyses of
FPO on steam dryer resonance effects based on
BWRVIP-182-A technical report (reference 7). The power
level and core flow used in the analyses are respectively 75%
and 80%.

The Strouhal Number of acoustic resonance from
BWRVIP-182-A report is between 0.25 and 0.60, and TPC
calculated the Strouhal Number with its specific geometric
diameters, with steam pressure of 67.02 kg/em’ and with
steam temperature of 282°C at 75% power level. The sound
speed used in the calculation was 492 nvs, and the density
was 34.76 kg/m3. The total steam flow rate (4 steam pipes)
was 2563 T/hr, and the steam velocity was 31.41 m/s. TPC
calculated the minimum Strouhal Number for 75% power
was 0.99, and is outside the resonance range which is
between 0.25 and 0.60. The results showed that the FPO at
CS unit 2 could not cause acoustic resonance at the steam
dryer. Table 4 summarizes the Strouhal Number calculated at
two different power levels.

TABLE 4 Strouhal Number calculated at full-power and 75%
power level (Provided by TPC)

Flow Steam Acoustic Strouhal
sound flow resonant Number
speed velocity | frequency (so)
(a) %) (f1)
Full-Power | 490m/s | 40.23 m/s SRV-A SRV-A:
(1775MWt) (132 ftis) 179.4Hz 0.972
Others: Others:
201.5 Hz 0.867
75% Power | 492m/s | 3141 m/s SRV-A: SRV-A
Level (103.1 180.1Hz 0.99
(1330MWt) ft/s) Others: Others:
202.3Hz 1.11

7. REVIEW TO COMPARE WITH EPRI GUIDELINE
REQUIREMENT AND RULEMAKING

In fact, EPRI already proposed a systematic approach to
evaluate the safety issues involved when reducing the power
level from base-load operation to flexible power operation.
The AEC required TPC to compare the CS2 FPO with the
items listed on the EPRI-3002002612 report. This includes a
comprehensive description on the flexible power operation,
the power output control assessment. the primary system and
components  impact  assessment, balance of  plant
considerations, operational considerations and evaluation of
operating procedures. The AEC also referred to the technical
reports from [AEA and EPRI while reviewing CS unit 2 FPO
application. The safety issues discussed in the reports were
evaluated one by one for CS unit 2 FPO, and finally the FPO
application was approved by the AEC.

Reduced power operations were proceeded successtully in
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other plants under supervision in the past. However. since the
CS unit 2 FPO was the first case to operate the reactor at a
power level other than the previously approved full power for
an extended period of time, AEC issued a clarification on
Articles 14 of the Nuclear Reactor Facilities Regulation Act
(NRFRA) to include such a situation into the scope of the
regulation. With this clarification, TPC could proceed
reduced power operation accordingly, as well as to satisfy the
load demand.

According to the clarification, TPC shall prepare safety
analysis report and receive approval from the AEC before
conducting FPO. However, power reduction in order to
provide more safety margins against natural threats such as
hurricane and heavy rains, or for conducting routine
maintenance and surveillance programs on SSCs is exempted
from the requirements specified in the clarification.

8. CONCLUSIONS

The FPO of CS unit 2 was the first case to operate the
reactor at 75% for a longer period of time in Taiwan. [t was
considered as a pilot case in safety review, rule-making and
public communication for future FPO in Taiwan. The safety
analysis report provided by TPC evaluates the impacts to
reactor core components, fuel integrity, equipment and
operation strategies, and steam dryer resonance vibration
demonstrating the compliances with safety requirements at
this power level. The AEC also issued a clarification to
include such a situation into the scope of the regulation and
held a public meeting to discuss, share and exchange
information with the civic groups. It is a valuable experience
for the AEC on the CS unit 2 FPO in Taiwan.
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RADIOLOGICAL EMERGENCY RESPONSE TEAM

ABSTRACT:

To protect participants of 2017 Taipei Summer
Universiade from radiological attacks, the Atomic Energy
Council (AEC), the nuclear regulatory authority of Taiwan,
dispatched AEC Radiological Emergency Response Team to
perform the task of radiation screening and adverse event
prevention. [t was the first time for AEC to perform the
adverse radiological event prevention and emergency
preparedness for a Major Public Event (MPE). The AEC
invited experts from the U.S. Department of Energy’s
National Nuclear Security Administration (DOE/NNSA) to
conduct International Radiological Assistance Program
Training for Emergency Response (I-RAPTER) for MPE in
October 2015 and May 2017 in Taipei. Through these
training programs, AEC has upgraded the radiation screening
capacity and techniques, and developed the operational
procedures of radiation screening and emergency response
for MPEs. On the days of Summer Universiade opening
and closing ceremony, a variety of radiation detection
instruments were deployed at all pedestrian and vehicle entry
points around the arena. Each person, baggage or vehicle
entering the site was screened for radioactive or nuclear
material. There were a total of 2 alarms found and proved
harmless nuclear medical treatment cases. Besides, the
vehicle equipped with radiation detection instruments was
dispatched to survey the surrounding area of the athletes’
village and important competition venues. By the end of the
Summer Universiade, over 44,000 people and 300 vehicles
had undergone radiation monitoring, and no malicious event
involving radioactive material occurred.

1. INTRODUCTION
The 2017 Taipei Summer Universiade was the largest

multi-sport event in the world apart from the Olympic Games.

The name “Universiade” is a combination of the words
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“University” and “Olympiad”, often referred to in English as
the *World University Games ‘or ‘World Student Games’

2017 Taipei Universiade opened on August 19th, and
closed on August 30th, 152 countries registered entries, 7,639
athletes joined the opening and closing ceremony, including
the spectators, media, VIPs and staffs, the total number of
participants was more than 26,000. The main stadium for
Opening and closing was Taipei Stadium, located in the
Taipei Sports Park, downtown of Taipei City, the site was
designated the hard zone for security, meaning that the risk
and consequences of a terrorist-related event would be both
“High" and ‘Catastrophic’.

As a result, securing the Taipei Sports Park was the
highest priority of Executive Yuan Office of Homeland
Security (OHS), who organized “Central Government Safety
Command Center” to against all conceivable threats. This
center had 17 specific working groups, including chemical,
biological, radiological or nuclear (CBRN) group, to prevent
2017 Taipei Universiade from the highest impact risk
scenario.

Despite having the radiation terrorist attacks contingency
plans already, AEC as the central government anti-radiation
disaster authorities, planed gradually to promote preparedness
after evaluation of the international anti-terrorism situation.
First of all, AEC collected the experience of the previous
radiation disaster response exercise and accidental handling
of radioactive material, including Radiation Screening
passengers from Japan in Taoyuan airport after Fukushima
accident.

Leveraging the Taiwan-US civil nuclear cooperation
mechanism, AEC invited experts from the U.S. Department
of Energy's National Nuclear Security Administration
(DOE/NNSA) to conduct Intermational Radiological
Assistance Program Training for Emergency Response
(I-RAPTER) for MPE twice in Taipei is shown in Fig. 1.



Participants attended from the Executive Yuan Office of
Homeland Security (OHS), Taipei City Police Department,
Department of Environment Protection, Army Chemical
Corps, National Pelice Agency, and AEC, Fuel Cycle and
Materials Administration, Institute of Nuclear Energy
Research.

AEC was also invited by DOE to observe the security
preparedness of NFL Super Bowl 50 & LI at 2016 & 2017 at
San Francisco and Houston is shown in Fig. 2. Through these
training programs and observation, AEC built up the
radiation screening capacity and techniques, and developed
the operational procedures for radiation screening and
emergency response for Taiwan major public events.

Fig, 1. All attendants of F-RAPTER  Fig. 2. Observation of secunty
af 2017 in Taipei Stadium preparedness of Super Bowl L1

2. MISSION PROCESS
2.1 Progress in Preparation

Taipei City Government, organized by the Executive Yuan,
held Press conference on June 30, 106, shown in Fig. 3, the
mayor of the Taipei City Government, signed the letter of
intentions of the security cooperation with AEC, MND, NPA,
to let citizens know Taiwan was ready for security of Taipei
Summer universidae, The press conference also displayed a
number of special high-tech anti-terrorism  security
equipment, including AEC radiation detection equipment.

July 24, 2006 the 6th AEC committee meeling was
reported “Radiation incidemt prevention and contingency
planning for 2017 Taipei Summer Universiade ", the minute
resolution shows that Executive Yuan has relevant security
Contingency plans for 2017 Taipei Universiade, as the ceniral
government anti-radiation disaster authorities, AEC will take
preventive measures to prevent radiation and contingency
measures to assist the Taipei city government. July 26, 2006,
AEC called all the mission staff to explain procedure of
radiation detection, including baseline survey, venue enirance
portal screening and discussing how to adjudicate alarm.

August 5, 2006, AEC participated Security System Test
with Taipei Police Department, Taipei stadium opened for
6,000 citizens, AEC tested radiation detection procedures for
Venue entrance portal screening, baseline survey, and Roving
Patrol route. 2 custom officers from Kaohsiung Custom also
join us to observe how we do for major public events.

Fig. 3. Taipei City Governiment
security press conference

Fig. 4. AEC stafl tested radiation

detectors installation
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2.2 Pre Screening

Two mobile vehicle surveys were carried out, the first
several weeks before the events and eve of the opening and
closing day. AEC vehicle patrolled surrounding streets and
lanes of Taipei Sports Park, to make sure the soft zone
radicactive clean, Both mobile vehicle surveys were carried
out using DOE/NNSA provided Spectral Advanced
Radiological Computer System, Model A (SPARCS-A)
shown in Fig. 5. This system comprised of 2 off 4"x4"x16"
Nal detectors mounted in van of INNER, AEC.

INNER, AEC also dispatched three professional
technicians, drove 2 vans; one was for radiation detection, the
other one was for radiation analysis, went around the streets
and lanes of Taipei Sports Park, to do the surrounding road
radiation detection. If suspicious wehicles are found,
interviews will be conducted with the assistance of the
policeman, and also the 2nd investigation and interview.

On August 18th, 29th, eve of the opening and closing day,
the second just prior to “lock down”, AEC performed venues
security checks with police at Taipei Stadium and Taipei
Arena shown in Fig. 6, blanket detecting all stadium seats,
rooms, and the parking garage, to make sure venues clean.
AEC dispatched 43 staffs totally, Taipei Stadium 27 and
Taipei Arena 16, each one carried a radiation detection
equipment , to do radiation background survey.

AEC used 2 y radiation detectors, DG-5 and RadEye PRD,
Radioisotope Identifier (RIID), and Mobile Environment
Radiation Monitor, which was manufactured by INNER,
AEC. Where any high spots were found a follow up
measurement was carmied out using RIID Detectors on the
ground,

Fig. 5. Spectral Advanced
Radiological Computer System,
Model A (SPARCS-A)

Fig.6. AEC stail checked venue's
secunty with Taipei police

2.3 Radiation Screening

As the opening and closing hour arrives, a variety of
radiation detection instruments, more than 100, were
deployed at all pedestrian and vehicle eniry points in the
stadium and arena. Each person, baggage or vehicle entering
the site was screened for radiological or nuclear material.

At each check point, the detectors were belted on metal
detector gate columns and bench table legs afterward X-ray
machine to screen all the pedestrians and their own handy
bags or backpacks. About 40 AEC staffs used 60 radiation
detectors, worked together with TPPD to perform radiation
detection at all spectators, VIPs, media, athletes, workers
entry points of Taipei Stadium, and Taipei Arena. and also
the vehicles entrance. While finding hot spots, AEC need to
do interview, 2" detection, and complete record list with
policeman’s assistance.

In addition to the above-mentioned fixed check points,
several AEC walking staffs carried radiation detector to



patrol specific route between venues in the Taipei Sports Park,
to detect trash box, grass, mobile toilets and lining people.
They use 3 environmental radiation detectors, 3 DG-5s, and
each one was belted Pager PRD, which is more sensitive, for
first line detection. If any suspicious person or item was
found, AEC need to inform the police immediately for
following investigation. All vehicles passing check point also
need to be screened by SPARCS of INNER, AEC.

Fig.8. Detector belted on bench
table legs afterward X-ray machine

Fig. 7. Detector belted on metal
detector gate eolumns

1.4 Radiological Emergency Response

There're three emergency operation centers for the opening
and closing ceremony of the Taipei Summer Universiade. At
central government, AEC officer joined the “CBRN response
group “of Central Security Command Center at National
Police Department shown in Fig. 9. Taipei city government
also has Response Center at Taipei Arena to coordinate
support from central government and quell disturbance
directly. AEC on-site Technical Operation Center (TOC)
located an office building nearby Taipei Stadium in order to
respond ASAP.

71 AEC Radiological Emergency Response Teamers
settled in AEC TOC, which had 4 working groups there, such
as home base group, advise group, techmical group, and
liaison group. Not only as command function, the home base
group also need to handle logistic and equipment
management. There're contingency plans in place to deal
with terrorist attack or other catastrophes.

AEC also wvehicle patrolled surrounding area of the
athletes’ village(route mapping was shown in Fig. 10), and
other major venues in New Taipei city, Taoyuan city, and
Hsinchu County during the two weeks of event. And all the
measurements were consistent with background values.

Fig. 9. Central Security Command
Center at National Police Depantment

Fig. 10, Vehicle patrolled route
mapping of the athletes’ village

3. OUTCOMES, FINDINGS & EFFECTS
3.1 Outcomes

On the days of Summer Universiade opening and closing
ceremony, totally 106 radiation detectors were deployed
shown in Table 1, and Manpower in screening for
radiological or nuclear material was 284, All radiation survey
areas of Taipei Sports Park are more than 159,452 square
meters before opening ceremony day eve. During the event,
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total survey distance of the surrounding of the player village
and major venues is about 24 kilometers. By the end of the
Summer Universiade, over 44,000 people and 300 vehicles
had undergone radiation monitoring.

Table 1 Radiation Detectors List

Item Quy.
Rad Eye T
PAGER PRD 12
DGs 10
RIID 04
Environment Radiation Monitors 03
AT1121 03
SPARCS 01
AT6101 01
Portal Monitor 01
Total 106

3.2 Findings

There were a total of 2 alarms found and proved harmless
cardiac scan diagnostic cases, Thallium 201, both are young
females, and no malicious event involving radioactive
material was found on the opening and closing day.
3.3 Effects

Based on this event, AEC developed our own Radiation
detection procedures for MPE, and built relationship with the
security departments as well, including central and local
government. It’s the best platform for AEC to practice
detection skill at Taipei Summer Taipei summer universidae.

Based on this experience, AEC can develop more
procedures for Taiwan major public events in the future.
Most procedures AEC‘Il further develop are for outdoor
Events, such as election campaign, New Year's Eve count
down. May be in outdoor Major Public Events, there will be
some other technical problems different than venues event.

4. CHALLENGES

The principal challenges was to develop a system that was
both capable of detecting and identifying radiological
material yet would not slow down the flow rate of people
entering the Taipei Sports. The radiation detector AEC use
most 18 PRD. PRD is small, low profile, remove & install
quickly, easy to combine with X-ray machine & metal
detector gate. However, PRD has more response time and
Dead time, which would slow down the flow rate of people
entering the site.

Radiation Portal monitor, which was designed for lining
pedestrian radiation screening, has less response time and
performs better than PRD where there are high pedestrian
flow ,but not easy to combine with X-ray machine & metal
detector gate, so we could not settle too many RPMs at
limited entrance space.

AEC also have some technical problem like how to
Combine radiation detectors & X-ray machine. According to
our experience, radiation detectors should be kept Im away
from X-ray machine port for not to be triggered alarm by
leaked X-ray.

5. CONCLUSIONS
It's the very first time that AEC perform Radiation
Screening and Adverse Event Prevention for Tarwan Major



Public Event and very successfully. Based on this experience,
AEC'Il further develop more procedures for different Major
Public Events based on this experience in the future.

Most procedures AEC'll further develop are for outdoor
Events. May there will be some other technical problems
different than venues event.
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