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Abstract

For developing the sodium_cooled fast reactor (SFR), an ex_core
neutron flux monitoring system (ENFMS) should be designed to maintain
the reactor safely and to regulate the reactor power.

This report summarizes the results of study on types of detector for
monitoring of neutron flux in SFR, measuring ranges, location of detectors
within the reactor considering the environmental conditions, digital signal
processing technologies for the neutron flux signals, design concept for
configuration of the system, and a few of technical issues to be considered
along with the reactor core design and safety analysis field design advance
in the future.

There are two design features in the ENFMS of SFR. One is that
detectors are located within the reactor vessel, due to that the diameter of
SFR reactor is larger than that of the conventional pressurized water
reactor (PWR). The second is that a wide_range neutron flux detectors are
applied, which are able to measure not only the wide_range output from
source range to power_range being used for the reactor protection and
monitoring but also the narrow_range output being used for the reactor
control. But unfortunately, there is no commercialized detector in which it
satisfies the system design requirements. Therefore the detector has to be
developed through the joint research with the detector supplier.

Accordingly, this report will be able to be used for the design and
fabrication of wide_range neutron detectors to be performed in the near
future, and will be referred to the design of ENFMS at preliminary and

detail design stages in the next future.
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3) Reg. Guide 1.68, “"Initial Test Program for Water Cooled Nuclear
Power Plants””, Rev. 02, August 1978

4) Reg. Guide 1.75, “Physical Independence of Electric Systems””, Rev.
03 February 2005.

5) Reg. Guide 1.89, “"Environmental Qualification of Certain Electric
Equipment Important to Safety for Nuclear Power Plants™”, Rev. 01,
June 1984.

6) Reg. Guide 1.97, “"Instrumentation for Light Water-Cooled Nuclear
Power Plants to Assess Plant and Environs Conditions During and
Following an Accident””, Rev. 03 May 1983.

7) Reg. Guide 1.97, “"Criteria for Accident Monitoring Instrumentation
for Nuclear Power Plants””, Rev. 04 Apr. 2006.
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(Replacement) (CFUZ 53R)
ZA 22~ 10% nv - 10%10%v - 10° nv
R . 10" 10 up to 10™
39 nv 2.5x10"nv max
£R99 2899 10° - 200 % FH&A99 107 - 200 %
0-150 °C (normal), up to 350 °C
2= up to 350 °C . up to 350 °C b
up to 220 "C (DBE)
- 10%-95%(normal) o
= dry condition no data dry condition
steam (DBE)
_ 0 - 0.035
conduit 7}
o N ) MPa(normal) no data °F 8.5 MPa
FE @A 34
0.035-0.42 (DBE)
=9 as required 10 cm 20 cm
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TABLE 3
PWR VARIABLES
TYPE A Variables: those variables to be monitored that provide the primary information required to permit the-control
room operator to take specific manually controlled actions for which no automatic control is provided and that are required
for safety systems to accomplish their safety functions for design basis accident events. Primary information is informa-
tion that is essential for the direct accomplishment of the specified safety functions; it does not include those variables
that are associated with contingency actions that may also be identified in written procedures,

A variable included as Type A does not preclude it from being included as Type B, C, D, or E or vice versa.

Category (see

Regulatory
Position 1.4
Variable Range and Table 1) Purpose
Plant specific Plant specific 1 Information required for operator

action

TYPE B Variables: those variables that provide information to indicate whether plant safety functions are being accomplished,
Plant safety functions are (1) reactivity control, (2) core cooling, (3) maintaining reactor coolant system integrity, and (4)
maintaining containment integrity (including radioactive effluent control). Variables are listed with designated ranges and
category for design and qualification requirements. Key variables are indicated by design and qualification Category 1.

Reactivity Control

Neutron Flux 1079 to 100% full power 1 Function detection; accomplishment
of mitigation

Control Rod Position Full in or not full in 3 Verification
RCS Soluble Boron Concen- 0 to 6000 ppm 3 Verification
tration
RCS Cold Leg Water Temper-  50°F to 400°F 3 Verification
1
ature
Core Cooling
RCS Hot Leg Water Temper- 50°F to 700°F 1 Function detection; accomplishment
ature of mitigation; verification; long-term
surveillance
RCS Cold Leg Water Temper- 50°F to 700°F 1 Function detection; accomplishment
ature! of mitigation; verification; long-term
surveillance
RCS Pressure! 0 to 3000 psig (4000 psig for 12 Function detection; accomplishment
CE plants) of mitigation; verification; long-term
surveillance
Core Exit 'l"emperatl:!re1 200°F to 2300°F 33 Verification
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J¥ e 2 &% SFR AAE gstHA ofe] whote wjste] HES I 1
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1)

Scope of work
R&D work for a set of one pilot channel of wide/narrow range neutron

flux monitoring system include

Detectors and detector assembly (refer to attachment 1)

Signal processing assembly including preamplifier/filter

Digital signal processing unit with network interface
Cables

Computer for testing and demonstration

Broken down schedule for each activity

Full development of the pilot channel should be completed by (Due
Date). Periodic status review meeting should be considered in overall
schedule

Broken down cost

Best estimated Man-hours and budget for broken down activities
Documentation (refer to attachment 2)

The required minimum set of documents will be listed in attachment 2.
Additional documents which are based on your engineering practices
should be presented.

Proposer’s Information

- Experiences in supply for last (Duration) years

- Specified experience of design on the supplied items

- The list of principal equipment and facilities for manufacturing,

inspection and test

Organization and manpower for R&D including R&D achievements on

the same or similar scope of work
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ltems 2), 3) and 4) above should be specified in the proposal according to
the detector locations on reactor vessel (in the figure X).

Technical clarification meeting would be held if you want before submitting
the proposal. The meeting schedule and location, on- or off-shore, could be
determined according to mutual agreement. We would receive the proposal

by (Due Date) so as to accelerate our development schedule.

[Attachment 1]

WIDE/NARROW RANGE NEUTRON DETECTOR DESIGN/PERFORMANCE
REQUIREMENTS FOR SFR

1) Functional Requirements

- A neutron detector should have a capability to measure the wide range
neutron flux not only from source range to power range but under
post-accident conditions

- A neutron detector should have a capability to measure the narrow
range neutron flux to provide linear power during power operation

- A neutron detector should have a capability to generate the pulse to
measure the source range pulse count

- Preamplifier/Filter assembly should have the capability of accepting
detector signals, amplifying these signals and driving a common mode
filter.

- Digital signal processing unit

- Computer network interfaces

2) Detector Design Requirements

_37_



A) Maximum Design Ratings
- Pressure : 0.5 MPa
- Temperature : 600 °C (Post_accident Channel : (TBD) °C)
- Total Neutron Flux : about (TBD) n/cm?sec
- Total Neutron Fluence (>1.0 MeV) : (TBD) n/cm? (60yr, 0.9 capacity

factor)

Total Gamma Flux : (TBD) y/cm?sec max.
Relative Humidity : 100% (submerged in GT)

B) Operational Characteristics

Measurement Range : 1.0x10°~ 200 % power

Thermal Neutron Flux : (TBD) n/cm?sec

Temperature Range : 10 to 600 °C

Pressure Range : atm. to 0.5 MPa

Counting Sensitivity : (1 or 2) cps at lower end of neutron flux
DC Sensitivity : TBD
AC Sensitivity : TBD

Operating Life : 60 years

Gamma Sensitivity : less than (TBD) uSv/hr (information only)

C) Mechanical Characteristics for Wide Range Detectors

- Detector Location : between core and reactor vessel

- Guide Tube
* Inner Diameters : (TBD) mm (Top Head Inner Diameter)
* Pressure boundary : reactor vessel head
* Maintenance: capability of detector assembly insert and withdrawal

through guide tube

- Detector and detector assembly
* No. of detectors/assembly: 3 (upper/center/lower) or more
* Type of detectors: fission chamber
* Linear channels: use of 3 (upper/center/lower) or more

* Source & intermediate (counting & AC mode) channel: use of
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center detector
* Single detector size: (TBD) mm
* Sensitivity length: up to (TBD) mm

* Duty period: no less than 10 years within normal conditions

D) Mechanic Characteristics for Source Range Detectors(Only when used)
- Source range detector: 2 channels (1 detector per channel), used at
refueling period, only with pressure atm.
- Inner Diameter : (TBD) mm
- Minimum Radius of Curvature : (TBD) mm

- Detector assembly diameter: less than (TBD) inch

E) Core characteristics
- Length : about (TBD) mm
- Core power : 3,050 MWt

- Reactor type : Sodium_cooled Fast Reactor

F) Expected Detectors Location and Neutron Flux

Refer the expected neutron flux at location of excore detectors,

power range (minimum counting condition)

Refer the expected neutron flux at location of excore detectors,

power range (full power operation condition)

Refer a figure of locations of Neutron Source and expected excore

detectors

Refer a figure of location of expected excore detector at simulated

power range

Refer a figure of mechanical design requirement for excore detectors
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[Attachment 2]

List of Delivery Documents for the Development of ENFMS for SFR

= Prototype Design Requirements

= Prototype Descriptions

= Prototype Design Specifications

= Manufacturing Specifications for Excore Detector and Signal Processing
Module

= Drawings for Excore Detectors

= Drawings for Signal Processing Module

= Material Evaluation Report for Excore Detector

= Component Selection and Evaluation Report for Signal Processing
Module

= Test Plan for Excore Detector Validation

= Test Plan for Signal Processing Module Validation

= Test Data for Excore Detector Validation

= Test Data for Signal Processing Module Validation

= Evaluation Report for Excore Detector Validation Test

= Evaluation Report for Signal Processing Module Validation Test

= Calibration Certificate for Excore Detector

= Calibration Certificate for Signal Processing Module

= Calibration Procedure for Excore Detector

= Calibration Procedure for Signal Processing Module

= Technical Manual for ENFMS

= Hardware
¢ Detector Assembly of Start-up Fission Chamber(Only when used)
¢ Detector Assembly of Wide and Power Range Fission Chamber

+ Signal Processing Module & Computer interfaces
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