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ABSTRACT

Pressurized water reactor loss-of-coolant accident phenomena are being
simulated with a series of experiments in the U-2 loop of the National
Research Universal Reactor at Chalk River, Ontario, Canada. The first of
these experiments includes up to 45 parametric thermal-hydraulic tests to
establish the relationship between the reflood delay time of emergency cool-
ant, the reflooding rate, and the resultant fuel rod cladding peak temperature.

This document contains both experiment proposal and assembly proposal
information. The intent of this document is to supply information required by
the Chalk River Nuclear Laboratories (CRNL}, and to identify the planned pro-
cedures and data that will be used both to establish readiness to proceed from
one test phase to the next and to operate the experiment. Operating contro?
settings and limits are provided for both experimenter systems and CRNL sys-
tems. A hazards review summarizes safety issues that have been addressed dur-
ing the development of the experiment plan.






SUMMARY

Pacific Northwest Laboratory (PNL) is conducting a series of experiments
in the U-2 Joop of the National Research Universal (NRU) Reactor at Chalk
River, Ontario, Canada, to evaluate the consequences of a hypothetical loss-of-
coolant accident (LOCA) in a pressurized water reactor (PWR).

A LOCA occurring in a PWR involves four major, distinct phases: blowdown,
heatup, reflood, and quench. Each phase involves a path-dependent process that
is a function of 1) the type of event that initiated the accident and 2) the
reactor operating conditionsdat the time the LOCA was initated. No single set
of conditions would exist at the time any LOCA occurred. Rather, a broad range
of operating parameters could exist in one of many possible combinations. Con-
sequently, a parametric investigation of the independent variables that play a
major role in determining the effects of a LOCA and its recovery is planned for
the NRU-LOCA experiments.

During the most damaging LOCA phases, heatup, reflood, and quench, the
highest predicted fuel cladding temperatures are reached. During the reflood
phase, controlled by the reflood delay time and refliood rate, the cladding tem-
perature and possibly the fuel cladding oxidation continue to increase until
the reflood water reaches a sufficient depth to halt the increasing fuel clad-
ding temperature, and finally, quench the cladding.

The first of these experiments being conducted by PNL includes up to
45 parametric thermal-hydraulic tests to establish the relationship between the
reflood delay time of emergency coolant, the reflooding rate, and the resultant
fuel rod cladding peak temperature. Pacific Northwest Laboratory will provide
the test train, the test fuel assembly, the data acquisition, reduction and
analysis, and the management of the LOCA simulation program. Atomic Energy of
Canada, Ltd. will provide the test facilities, the irradiation space in the
NRU Reactor, and operation and support of the facilities.
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1.0 INTRODUCTION

Pacific Northwest Laboratory (PNL)(a) is conducting tests for the
Nuclear Regulatory Commission (NRC), Division of Reactor Safety Research, Fuel
Behavior Branch, to evaluate the consequences of a hypothetical loss-of-coolant
accident {LOCA) in a pressurized water reactor {PWR). Pacific Northwest Lab-
oratory will provide the test train, the reactor fuel assembly for the test,
the data reduction and analysis, and the management of the LOCA simulation
program. Atomic Energy of Canada, Ltd. will provide the test facilities and
irradiation space in the Canadian National Research Universal {NRU) Reactor at
the Chalk River Nuclear Laboratories {CRNL), Chalk River, Ontario.

A LOCA in a commercial PWR involyes four major, distinct phases: blow-
down, heatup, reflood, and quench. Each of these phases involves a path-
dependent process that is a function of 1) the type of event that initiated
the accident and 2) the reactor operating conditions at the time the LOCA was
initiated. No single set of conditions would exist at the time any LOCA
occurred. Rather, a broad range of operating parameters could exist in one of
many possible combinations. Consequently, a parametric investigation of the
independent variables that pltay a major role in determining the effects of a
LOCA and its recovery is planned for the NRU-LOCA experiment.

Ouring the most damaging LOCA phases, heatup, reflood, and guench, the
highest fuel cladding temperatures are reached, with the maximum pressure dif-
ferential occurring across the fuel cladding wall., The pressurized cladding
may rupture, releasing fission products early in the heatup phase. During the
reflood phase, the cladding temperature and possibly the fuel cladding oxida-
tion continue to increase until the reflood water reaches a depth sufficient
to halt the increasing fuel cladding temperature, and finally, quench the
cladding.

This document presents information that describes the NRU-LOCA experiment,
including a master operating procedure or summary test plan that will be used

(a) Operated by Battelle Memorial Institute
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to perform the experiment. Detailed operating procedures are identified in
the text and appendices that follow. In the next section, the objectives and
goals are discussed, followed by an irradiation schedule and summary of irra-
diation conditions, as well as the identification of the irradiation site.

The experiment facilities are described in Section 3. Installation and check-
out of the test assembly, the test train, and the loop facilities are summa-
rized in Section 4. In Section 5, the operating conditions and control
parameters for the U-2 loop, the steam and reflood loops, and the NRU reactor
are described or referenced, together with their permissible operating limits.
Section 6 contains a summary of the hazards that have been evaluated during
the development of the experiment plan.

1.1 PROGRAM ORGANIZATION

This program consists of six experiments using six test assemblies. The
first test assembly will be used for the Prototypic Thermal-Hydraulic (PTH)
experiment {test series 101 through 145) during a maximum of 45 transient
runs; repetitive transients are possible because no fuel failure occurs. Only

the first experiment is the subject of all following sections {2.0, ...) of
this document.

Subsequent Cladding Material Deformation {CMD) experiments {CMD-200, ...)
will each use one test assembly with pressurized test fuel rods to simulate
Jow burnup PWR fuel, and will be Timited to one transient run each (Hann
1980). These tests are each composed of a preconditioning period followed by
a pretransient period and a transient period, producing a simulated LOCA and
terminating with a desired peak cladding temperature {determined in the PTH
experiment) and possibly, fuel pin failure or cladding ballooning that could
impede subsequent coolant flow. The experiments will be conducted on a two-
to four-month frequency, with a nominal schedule as shown in Table 1.1.

A constant heatup rate and controlled reflood rates and reflood delay
times will be used to obtain peak cladding temperatures between 1033K (14000F)
and >1255K (1800°F). Table 1.2 shows the parameters planned for the fuel CMD

expaeriments. Subsequent experiment-operation plans will be provided to
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TABLE 1.1. Experiment Schedule

Experiment Nominal Date Planned
PTH-100 Oct. 1980
CMD-200 Feb. 1981
CMD~300 June 1981
CMD-400 Oct. 1981
CMD-500 Feb. 1982
CMD-600 June 1982

TABLE 1.2. Conceptual Experiment(a) Plan

Reflood Max imum Maximum Cladding

Experiment Reflood Rate,  Delay Time, Heating Rate, Temperature,

Number m/s in./s S K/s OF /s K OF
PTH-100  --------- parametric(b) ————————— 8 15 parametric(B)
CMD-200  0.127 5 32(¢) 3 15 1033 1400
CMD-300  0.051 2 12(c) 8 15 1033 1400
cMp-a00  0.036'¢)  1.4(c) 3 8 15 1033 1400
CMD-500  0.051 2 25(¢) 3 15 1144 1600
CMD-600  0.051 2 a0(c) 3 15 1255 1800
(a) In all five CMD experiments, peak rod power will be 1.80 kW/m

{c)

(0.55 kW/ft), the system pressure will be 0.27 MPa (40 psia), the inlet
reflood temperature will be 326K (1270F), subcooling will be 78K {1400F)
and the initial rod pressure will be 3.1 MPa (450 psia). Fuel rod pres-
sure provides an NRU hot fuel rod operating pressure that simulates a
contemporary PWR. Alternate fuel rod pressures may be selected for exper-
iments 5 and 6, depending upon the results of experiments 2, 3 and 4.
Parametric variables are selected to be prototypic of subsequent experi-

ment thermal-hydraulic operating conditions. Initial fuel rod pressure

will be 0.1 MPa (14.7 psia).
Target, final values will be selected from previous experiment results to
ohtain maximum cladding temperatures.

document changes from this conceptual plan, and to provide current information

on the propnsed test train assemblies as they are fabricated and assembled for

each experiment.
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After each experiment is completed, the test train will be removed to the
storage and examination bay area where {at some later time) a remote Disas-
sembly, Examination and Reassembly Machine {DERM) will remove the test
assembly shroud and examine the fuel rods. Then, with new central test fuel
rods, the test assembly and test train will be reassembled for use in a sub-
sequent experiment.

Responsibilities for various systems used in the experiments are summa-
rized in Table 1.3.

TABLE 1.3. Experiment Personnel Responsibility

Program Manager - Test Director C. L. Mohr
Test Operations Leader G. E. Russcher
On-Site Representative/Coordinator C. L. Wilson
Data Acquisition and Control System W. D. Bennett
(DACS) Qperation R. L. Goodman
G. M. Hesson
R. K. Marshall
L. J. Parchen
R. A. Scoggin(a)
N. J. Wildung
Instrumentation Calibration and
Operation R. K. Marshall
DACS System Programmer L. W. Cannon
DERM System Operation L. L. King
L. J. Parchen(a)
Test Train Assembly J. P. Pilger
L. L. King'®

(a) alternate
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2.0 EXPERIMENT OBJECTIVES

The primary objective of this experimental program, which simulates the
operating conditions of a PWR fuel rod assembly during a large-break LOCA, is
to determine the emergency coolant reflood delay times and the reflood rates
that cause fuel failure and to determine the reflood parameters that provide
assured failed fuel coolability. A primary goal is to establish the reflood
parameters that produce specific peak fuel cladding temperatures in the first
experiment so that the fuel failure phenomena can be quantitatively evaluated
in subsequent experiments. Another important goal is to record temperature
distributions and temperature histories during the LOCA for application to
whole core (computer-model) analyses. Power coupling must also be carefully
evaluated so that operating conditions and test results can be correlated with
other experiment results and related to coolability.

The secondary objective of this program is to establish an in-situ exper-
imental data base that characterizes LOCA conditions and fuel rod failure
modes to verify LOCA analysis computer codes with predictive capabilities.
Although code development to simulate LOCAs and validate the analyses is
outside the scope of this program, the development of a data handling computer
code is a goal. It is necessary to reduce the large volume of data into
information for subsequent analytic use and for quick-Tlook reporting during
the program.

In the event that fuel cladding ballooning or fuel rod failure does not
occur in subsequent cladding materials deformation experiments, the collected
data will form a partial basis for LOCA analysis computer code validation.
More importantly, the collected data will serve as the basis for the design of
future experiments, and will contribute to establishing the operating condi-
tions before and during the LOCA simulation.

Each experiment is composed of three distinct operating periods: precon-
ditioning, pretransient and transient. The purpose of the first period is to
precondition the fuel structure and fuel/cladding interface. Fuel pellets
crack and relocate, partially filling the fuel/cladding gap. Both mechanical
and thermal forces that are provided are representative of PWR operation
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at a power of ~19.6 kW/m (6 kW/ft). The objective of the second period is to
simulate steam cooled PWR initial LOCA conditions as closely as possible,
establishing prototypic decay power and temperature distributions prior to the
simulated LOCA transient. The peak cladding temperature is 700K (SOOOF) and
the average linear test fuel rod power is 1.25 kW/m (0.38 kW/ft). The objec-
tive of the third period is to simulate a LOCA using various combinations of
reflood rate and reflood delay times to produce specific peak cladding temper-
atures 1033K, 1144k, or 1255K (1400°F, 1600°F, or 1800°F), before the quench

DCCUrsS.

2.1 PROTOTYPIC THERMAL-HYDRAULIC EXPERIMENT

The prototypic thermal-hydraulic (PTH) test series will be conducted dur-
ing the first of six irradiation intervals and will provide a stepwise transi-
tion from well-controlled, benign LOCA transient conditions to more severe
experimental conditions. A1} test fuel rods will be unpressurized to preclude

fuel cladding deformation or failure. The PTH series will be conducted during

a 7-day period and will provide replicate conditions for the assessment of
repeatable heatup and reflood parameters. In addition, the PTH test series
will serve as the basis for calibrating the thermal-hydraulic response of the
system, predicting high temperature test fuel behavior, and for further refin-
ing knowledge of boundary conditions for subsequent cladding materials defor-
mation experiments during which pressurized fuel rod assemblies may deform and

rupture.

The primary PTH experiment control variables are reflood delay time and
reflood rate. A constant heatup rate minimizes reactor control problems and
experimental perturbations. The reflood rates and reflood delay times are used
to reverse the fuel rod temperature transient at the desired peak cladding
temperature. The proposed operating parameters and schedule for the PTH test
series are shown in Table 2.1. Detailed operating conditions are provided in

Appendix C.

The first experiment is composed of the preconditioning period followed
by up to 45 successive pretransient and transient tests. During each, a dif-
ferent parametric combination of the reflcod rate and reflocd delay time is
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TABLE 2.1. Prototypic(a) Thermal-Hydraulic Test Series Plan
Predicted(b)
Test Reflood Maximum Peak Cladding
Series Refiood Rate Delay Heating Rate Temperature
Number mJ/s in.Js  Time, s  Kfs O9F/s K OF
101 0.102 4.0 3ic) 8 15  «<8l1 <1000
102 0.102 4.0 20 8 15 922 1200
103 0.102 4.0 29 8 15 977 1300
104 0.102 4.0 37 8 15 1033 1400
105 0.051 2.0 7 8 15 1033 1400
106 0. 051 2.0 19 8 15 1088 1500
107 0.051 2.0 30 8 15 1144 1600
108 0.048'9) 1.9 3{c) 8 15 1033 1400
109 0.038 1.5 3 8 15 1144 1600
110'9)  0.038'9) 1590 1 8 15 1200 1700
111 0.038 1.5 11 8 15 1200 1700
112 0.076 3.0 32 8 15 1033 1400
113 0.204 8.0 39 8 15 1033 1400
114" 0,204 8.0 46 8 15 1088 1500
115 0.204 8.0 53 8 15 1144 1600
116 0.254{4) 10,0 40 8 15 1033 1400
11780 0,254 10.0 47 8 15 1088 1500
118 0,254 10.0 54 8 15 1144 1600
119090 0.155(9) 4109} 5 8 15 1144 1600
120 0.155 6.1 52 8 15 1144 1600
121 0.076 3.0 48 8 15 1144 1600
122090 g.07609) 3009 53 8 15 1200 1700
123 0.076 3.0(¢) 53 8 15 1200 1700
126(F) 9,102 4.0 37 8 15 1033 1400
125 0.102 4.0 51 8 15 1144 1600
126 0.102 4.0 70 8 15 1255 1800
127F) 0,102 4.0 37 8 15 1033 1400
128 0.033 1.3 3(¢) 8 15 1256 1800
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TABLE 2.1, contd
Predicted(b)
Test Reflood Max imum Peak Cladding
Test Series Reflood Rate Delay Heating Rate Temperature
Day  Number m/s “dn./s  Time, s  K/s OF/s K T OF
5 129 0.038'd 1 5ld) g 8 15 1255 1800
5 130(f1 0,102 4.0 37 8 15 1033 1400
5 131 0.051 2.0 50 8 15 1255 1800
5 132 0.2041d)  gold) 5 8 15 1255 1800
6 133¢f) 0102 4.0 37 8 15 1033 1400
6 13aM g.254(d) qg.0ld) 5 8 15 1255 1800
6 135 0.028(d) (4} 5 8 15 1310(8)  1900(e)
6 1367 0.102 4.0 37 8 15 1033 1400
6 137 0,038 1500 5 8 15 1310(®)  1900(®)
6 138 0.05119)  5.0(d) 4 8 15 1310(8)  1900(¢)
6 139f) 0100 4.0 37 8 15 1033 1400
6 140 0.102¢4)  2.0ld) 5 8 15 1310¢)  1900(¢)
6 141 0.208l8)  gold) 5 8 15 13108} 19008
6  142'F) o.102 4.0 37 8 15 1033 1400
7 1839) glo3sle) s 55(d) 8 15 13108 1900(¢)
7 142 0.038'd  1.5(d) g3 8 15 131087 19008
7 st 0102 4.0 3 8 15 1033 1400
(a) Operating conditions are described in Appendix C.
(p) Predictions are based on a FLECHT heat transfer coefficient correlation

used in the TRUMP heat transfer code.
Minimum delay time (<3 s} is necessary for the reflood water to arrive at
the bottom of the fuel column after steam flow is stopped.
Final value will be selected from earlier tests in this experiment.
Cladding temperature may exceed 1255K (1800°F), based on parameters

evaluated from earlier test results.

will be used as the maximum.
Replicate of Test Number 104.
FLECHT data comparison,
fast fill rate up to the 0.306 m {1 ft) Tevel of the fuel column, then the
The second test uses a constant reflood rate.

selected reflood rate.

GE data comparison.

2.4

Prediction uncertainty = 28K (509F).

For safety purposes 1310K (1900°F)

The first test of each FLECHT data pair uses a
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APPENDIX A

INSTALLATION AND CHECKOUT SUMMARY

To prepare for the experiment, the following activities are planned.
Procedures to be followed are referenced, and where data are to be recorded,
the procedure or experiment log to be used is identified. In general, proce-
dures are not provided here, just referenced.

PNL installation and checkout tasks are summarized in the first three
sections (A.1 to A.3}. These are the Test Train Assembly, DACS/Instrumentation
Installation and Pretest Checkout, respectively.

CRNL staff is requested to assist (in various capacities) in the instal-
Jation and checkout of the test train assembly. In addition, CRNL is expected
to commission and calibrate the NRU and its loop facilities. These activities
are summarized in Sections A.4 and A.5 of this appendix.

A.1.0 Test Train Assembly
A.1.1 Receiving and Unpacking Tasks. Use

procedure QCP-VIII-1.

A.1.1.1 Open shipping container.

A.1.1.2 Remove test train {special strong-back and
tooling provided by PNL).

A.1.1.3 Reconstitute to straight configuration.

A.1.1.4 Hydraulically test the test train assembly
to verify the lead feed through seal. Use
procedure QCP-VIII-3,

A.1.1.4.1 Install test train into the
hydraulic test fixture (provided
by PNL).

A.1.1.4.2 Conduct feed-through seal test.

A.1.1.4.3 Remove test train from feed-
through seal test fixture.

A.l



CP-1

A.1.2

A.1.3

A.1l.4

A.1.1.5

Remove fuel bundle from shroud and remove
and account for all interior packing in the
fuel bundle. (Special handling tools pro-
vided by PNL}.

Inspection Tasks. Use procedure QCP-VIII-Z,

A.1.2.1

A.l1.2.2

A.1.2.3
A.1.2.4

A.1.2.5

A.1.2.6

A.1.2.7

A.1.2.8

Thoroughly inspect bundle for visible
indication of shipping damage.

Measure and record inter-rod spacing at
grid locations to confirm bundle geometry.
Disassemble quard and test fuel rod bundles.
Review thermocouple (TC) attachments and
locations.

Check all wrapped wires, straps, and
retainers.

Check shroud seals for configuration and
fit.

Confirm readiness to reassemble and close
shroud. Sign checkpoint {CP-1) in the
experiment log.

Reassemble fuel bundle into shroud and
install inlet nozzle (tools by PNL).

Confirm the test train fitup with the pressure tube

and top closure regin gauges.

A.1.3.1

A,1.3.2

A.1.3.3
A.1.3.4

Install test train on CRNL strong-back.
Move to NRU vertical fixture wall. Use
procedure (QUCP-VIII-4.

Insert into pressure tube gauge (provided
by CRNL)}. Use procedure QCP-VIII-4.
Measure shroud leak rate.

Insert into transfer can. Confirm
interface compatibility.

Confirm readiness to install test train in U-2

Yoop.

A.2



cpP-2

CP-3

A.2.0

A.1.5

A.1.6

A.1.7

Sign checkpoint-2 {CP-2) in the experiment log.

Inspect the installation {CRNL A.4.7) of the test

train in location L-24. Use procedure QCP-VIII-5.
A.1.5.1 Note any handling procedure anomaly.
A.1.5.2 Record in-reactor orientation.

Assist installation {CRNL A.4.7) of closure seal for
-2 stump body using CRNL procedure and tcols.
A.1.6.1 Torque bolts on stump body clamp ring.
A.1.6.2 Torque bolts on feed-through clamp ring.
Assist leak testing (CRNL A.4.8) closure seal on
stump body using CRNL procedure and tools.

A.1.7.1 Confirm seal acceptance (CP-3) in the

experiment log.

DACS/Instrumentation

A.2.1

A.2.2

A.2.3

A.2.4

A.2.5

Certify the initial tapes (20 min each) and discs

(10 min each) required for the PTH experiment test

series, e.g., 100 tapes and 50 discs.

A.2.1.1 Use procedures from the DACS User Manual,
pp. 125-126.

Initiate DACS operation, using the "Cold Start

Procedure" from the DACS User Manual, pp. 103-104.

A.2.2.2 Record tape and disc IDs in the experiment
log for the new test series number.

Calibrate the Analog/Digital system using the DACS

User Manual, pp 116-123. Save calibration printout

for the experiment log.

Check TC and SPND channel operability.

A.2.4.1 Use procedure (JCP-IV-8 to establish TC
operability.

A.2.4.2 Use procedure QCP-IV-9 to establish SPND
operability.

Format the transient graphics display of the DACS,

using the DACS User Manual, pp. 89-93.
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CP-1

cP-2

A.3.0

A.2.6

A.2.7

A.2.8

A.2.9

A.2.10

Pretest
A.3.1

A.3.2

A.3.3

A.3.4

A.3.5

A.3.6

Ensure special sensors are defined and working

properly. Use the DACS User Manual, pp. 70-72.

Measure conductivity of TCs, SPs and SPNDs.

A.2.7.1 Use procedure QCP-IV-11 to measure TC and
SP conductivity.

A.2.7.2 Use procedure QCP-IV-12 to measure SPND
conductivity.

Verify location and identity of each TC, SP, and

SPND.

A.2.8.1 \Use procedure QCP-IV-11 to identify TCs and
SPs.,

A.2.8.2 \Use procedure QCP-IV-12 to identify SPNOs.

A.2.8.3 Confirm readiness to close shroud. Sign
checkpoint-1 (CP-1) in the experiment log.

Confirm readiness to install the test train into the

U-2 loop {NRU location L-24).

Sign checkpoint-2 (CP-2) in the experiment log.

Checkout

Install loop closure head insulation, per drawing
H3-41802-Shl, Shll and procedure QCP-VIII-6.

Return shipping container, strong-back and special
tooling to PNL.

Install 3 TCs to monitor closure head temperature in
accord with PNL drawing H-3-41802-Shl, and procedure
QCP-VIII-8.

Connect instrumentation cables to connectors with
grounding wire to closure head in accord with PNL
drawing H-3-41802-Shl and procedure QCP-VIII-7.
Install 1 TC to monitor instrument cannon connector
temperature.

Install cannon connector auxiliary head cooling

blower. Use procedure QCP-VIII-8,
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CP-4

CP-5

A.4.0

A.3.7

A.3.8

A.3.15

A.3.16

Scan DACS data, print and review it. Produce and

retain Alarm, Immediate display, Print data and

Special Sensors reports.

Verify trip circuit operation for the following test

train sensors: {See Appendix D for operability in

each testing period.)

A.3.8.1 Cladding high temperature trip at levels 13,
15 and 17.

A.3.8.2 Hanger tube high temperature trip.

A.3.8.3 Manual.

Check operability of transient forcing signal (from

loop control system to DACS), and interlock (from

DACS to LCS).

Signoff CP-4 in experiment log when completed.

Implement trip setpoints (Appendix D, table D-2) for

Preconditioning Operation and record on experiment

log.

Record calibration constants, units, and data

correlated with REDACE data on experiment log. {See

Table C-5 for calibration reguirements.)

Circulate U-2 loop water at about 305K (90°F) and 30%

of the full precondition flow rate, 5.6 kg/s (90 gpm)

scan DACS data, print and review it with the test

director.

Heat U-2 Tloop coolant to about 408K (275°F)

8.62 Mpa (1250 psia), scan DACS data, print and

review it with the test director.

Confirm readiness to proceed with Preconditicning

Operation.

Signoff CP-5 in experiment log.

CRNL Pretest Commissioning

A.4.1

Observe fuel configuration
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cpP-2

CP-3

.10

L] Gll

.12

.13

e Verify fuel rod identification {with PKL in
A.1.2, see QCP-VIII-2).

Install and check out loop instrumentation therma)l

and hydraulic controls per CRNL procedures.

Provide core map and neutronics description of

repeatable NRU operating conditions for the

experiment log.

Provide a pressure tube mockup for a fitup interface

gauge with the test train assembly. Assist the

gauge check of the test train (see QCP-VIII-4).

Confirm readiness to install the test train in U-2

Toop {NRU location L-24).

Signoff checkpoint 2 in the experiment log.

Install the test train and the U-Z2 loop top closure

seal {see QCP-VIII-5).

Leak test the loop top closure seal per CRNL

procedure.

Confirm the loop top closure seal acceptance, and

signoff checkpoint 3 in the experiment log.

Calibrate loop control, and U-1 loop and U-2 Tloop

instrumentation per CRNL procedures. Use

calibration requirements of Table C-b.

Provide calibrated signals, ranges to DACS, and

units or coefficients for the experiment log.

Fi1ll U-2 Toop with water, "static" at equilibrium

NRU reactor shutdown temperature.

Establish trip circuit operation for the following

sensors or switches (in cooperation with PNL,

Task A.3.8). Use Appendix D to determine

operability required for each testing period.

e Fuel cladding high temperature at levels 13, 15
and 17

e Hanger tube high temperature
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CP-4

CP-5

A.5.0

A.4.14

A.4.15

A.4.16

A.4.17

A.4.18

A.4.19

Outlet piping high temperature

Manual

Reflood low flow rate

Standby reflood circuit Tow flow rate
Pump subcooling temperature

Surge tank low leve!

Surge tank high pressure

o Steam low flow rate

e Reflood accumulator low inventory.

e Transient termination time.

Check operability of transient forcing and interlock
signals in cooperation with the DACS (Task A.3.9).
e Signoff checkpoint 4 in the experiment log.
Implement trip setpoints for preconditioning
operation

e Use trip setpoints from Appendix D, Table D-2.
Circulate U-2 loop water at about 305K (90°F) and
30% of the preconditioning flow rate, 5.6 kg/s

(90 gpm).

Heat U-2 loop water to 408K (275°F) + 10%,

8.62 + 0.34 MPa {1250 psia).

Confirm readiness to proceed with preconditioning
operation.

Signoff checkpoint 5 in the experiment log.

CRNL Support Facilities

A.5.1

Upon receipt of the test train shipment, PNL will
request the removal of the test train and special
strong-back from the shipping container and its
placement on receiving/inspection tables in the
reactor hall.
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CP-2

A.5.2

A.5.3

A.5.4

A.5.5

After completion of instrument lead feed-through
seal tests (A.1.3.2), transfer of the test train
assembly to the modified CRNL strong-back and
relocation to the vertical reactor fixture wall will
be requested.

Continued assistance will be requested to separate

the test train assembly from the CRNL strong-back

and assist PNL to perform the pressure tube fitup
gauge test {A.1.3.5). See QCP-VIII-4,

A.5.3.1 Transfer the test train assembly to the
pressure tube fitup gauge and insert it.

A.5.3.2 Transfer the test train assembly to the
fuel transfer can and insert it {A.1.3.6).

A.5.3.3 After compatibility is confirmed, transfer
it back to the vertical reactor wall
strong-back.

After checkpoint 2 has been satisfied, install the

test train assembly in the U-2 loop, location L-24

of the NRU reactor.

A.5.4.1 Follow applicable CRNL procedures.
Reference QCP-VIII-5.

A.5.4.2 Provide for test train assembly installa-
tion (QCP-VIII-8)and photography, as
requested.

A.5.4.3 Assist installing the test train cables and
grounding connection, as requested. Use
QCP-VIII-7.

Install insulation and Tagging around the L-24 stump

body per the figures and procedure summarized in

QCP-VIII-6.
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APPENDIX B

EXPERIMENT OPERATIONS SUMMARY

The following activities are planned to occur after the test train
assembly has been installed in loop U-2 and position L-24 of the NRU reactor,
and has been checked out to establish that all systems are operational and all
instrument calibrations are acceptable. The experiment consists of the PNL
Preconditioning Activities (B.1.0), and iteratively operating the PNL Pretran-
sient Activities (B.2.0) and PNL Transient Activities (B.3.0) for a series of
up to 30 tests. Similar CRNL operations are summarized in Sections B.4.0,
B.5.0, and B.6.0. In addition, CRNL Support Facility activities are described
in Section B.7.0. The following summarize the activities and tasks that are
planned for the experiment operation.

After completing preconditioning operation, the U-2 loop will provide a
(nominal 5 hr) cooldown period. Subsequently, the U-2 loop will be discon-
nected without special (chill block) cooling provisions for the test train
because the estimated decay heat generation in th test train produces a peak
cladding temperature of 547K (526°F), well below the allowable temperature
of 700K (800°F). Approximately 11 hr will be required to reconnect the U-1
steam supply and reflood piping to provide subsequent cooling to the test
train. During that period, no coolant is assumed to be available (only

radiation).

B.1.0 Preconditioning Activities

B.1.1 With DACS in the steady-state mode, scan the data,
print and review it at "zero" reactor power, water
flow at about 5.3 kg/s (90 gpm) and temperature at
about 408K (275°F) and pressure at 8.62 MPa (1250
psia).

B.1.2 Initialize all SPND Keithley amplifiers. Use
quality control procedure, QCP-IV-8,

B.1.3  Scan DACS data, print and review it with the test
director.

B.1



CP-b

B.2.0

B.1.4

B.1.5

B.1.6

B.1.7

8.1.8

B.1.9

B.1.10

B.1.11
B.1.12

With reactor power increased to about 8.04 MW, and
with a flowrate of 8.1 kg/s (160 gpm), and inlet
temperature of 517K (472°F) (pressure is same),
repeat Task B.1.3.

With reactor power increased to 63.5 MW, and with
flowrate, temperature and pressure the same, repeat
Task B.1.3.

With the NRU reactor at optimum design operating
conditions (see Table C-1), power at 127 MW, and
coolant flow at 16.3 kg/s (320 gpm), repeat

Task B.1.3 and record the characterization of
reactor operating conditions on the experiment log.
Scan DACS data, print and review it with the test
director for prototypic preconditioning
characteristics.

When data are complete, request a conditional trip
of the NRU reactor.

Repeat Task B.l1.6, and when complete, request trip
of the NRU reactor.

Return DACS to steady-state mode for loop
conversion. Scan data hourly.

Prepare instrumentation for loop conversion.
Confirm readiness to proceed with Toop conversion.
Signoff CP-b6 in experiment Jlog.

PNL Pretransient Activities

B.2.1

B.2.2

Install a new tape and (2) discs after DACS is
returned to idle mode.

For each test of the series, record the following
data on the test Jog. {1} all DACS calibration
coefficients and units, (2) data correlated with
REDACE results and (3) controlled parameter settings
versus desired values and acceptable ranges
(Appendix C, Table C-2 and C-5).
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cp-7

.2.10

2,11

B.2.12
2.13

Adjust SPND amplifiers as needed, using procedure

QCP-IV-8.

Input trip setpoints for pretransient operation

(Appendix D, Table D-3) and record on the test log.

With DACS in the steady-state mode, scan the data,

print and review it with the test director.

Confirm readiness to begin pre-transient operation,

e Check all control parameter and programmed
settings versus requirements in Appendix C,
Table C-2 and Appendix D, Table D-3.

e Signoff CP-7 in experiment Tog.

With reactor power at nominally 50% of pretransient

power, 4.0 MW, a steam flow rate of 0.277 kg/s

(2200 1bm/hr) and an outlet pressure of 0.276 MPa

(40 psia), scan DACS data, print and review it.

With full steam flow rate of 0.378 kg/s

{3000 1bm/hr} and reactor power at 8.04 MW, and

other operating conditions as specified in

Appendix C, Table C-2, scan DACS data, print and

review it with the test director.

Confirm reactor operating condition acceptability

based on the measured fuel cladding temperature,

planned test conditions and Appendix C, Table C-2

requirements.

Input transient trip setpoints (Appendix D, Table

D-4).

Confirm readiness to begin transient operation.

Signoff CP-8 in experiment log,

Switch DACS to transient mode 20 s before issuing

the verbal command "BEGIN THE TRANSIENT," {directed

to LCS operator for interlock control).
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CP-9

B.3.0

B.4.0

PNL Transient Test Activities

B.3.1

Shutdown the reactor when the test fuel bundle

quench is complete. Issue experiment shutdown

directive, so that the reactor is shut down and

control is returned to DACS (interlock controlled

transient forcing signal = 0).

Observe reflood coolant volume necessary to quench

the fuel rod selected. Record estimate on the test

log.

Return DACS to steady-state (SS) mode, print, and

record preliminary results in CS-PTH-1NNC1,

Historically scan selected channels to evaluate peak

cladding temperatures and quench times.

Confirm that transient test is complete and that the

test train assembly is ready to be drained. Signoff

checkpoint-9 in the test log.

Leave DACS in 5SS mode, print system log and scan

data hourly.

Place DACS in idle mode for calibration using the

DACS User Manual, pp. 89-93, recalibrate if

necessary and record in the test log.

Terminate the current test on DACS

8.3.8.1 Create three tape copies of data using the
DACS User Manual, pp. 84-85, as time
permits.

8.3.8.2 Copy DPIF, remove disc pack and recertify
if necessary.

Repeat Sections 8.2 and B.3 until all tests of the

series (Appendix C, Table C-4) have been completed.

CRNL Preconditioning Operations

B.4.1

Establish "zero" power operation at approximately
1.0 MW, inlet pressure at about 8.6 MPa {1250 psia),
minimum coolant flow at about 5.3 kg/s (90 gpm),
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HOLD (B.1.1)

HOLD (B.1.4)

HOLD (B.1.5)

HOLD (B.1.7)

HOLD (B.1.8)

CP-6

B.5.0

B.4.2

B.4.3

B.4.4

B.4.5

B.4.6

B.4.7

B.4.8

B.4.9
B.4.10

inlet temperature at about 408K (275°F), and hold
until task B.1.1 is compieted.

Increase NRU reactor power to 8.0 MW (pressure is
the same). Increase water flow to 8.1 kg/s

(160 gpm), inlet temperature to 517K (472°F), and
hold until task B.l1.4 is completed.

Increase NRU reactor power to 63.5 MW, with inlet
pressure, temperature and coolant flow the same, and
hold until task B.1.5 is completed.

Increase coolant flow to 16.3 kg/s (320 gpm),
increase NRU reactor power at a maximum rate of

1.0 kW/s to full power. Adjust operating controls
and parameters to meet the acceptable ranges Tocated
in Appendix C, Table C-1.

Hold operating conditions until conditionally
tripped by an experimenter program directive.
Repeat previous task (B.4.4) NRU reactor full power
operating conditions with intermediate power levels
at 8 and 63.5 MW and hold until Task B.1.8 is
completed.

Trip the NRU reactor when notified by experimenter
program directive.

Prepare to shut down the U-Z2 Toop to install piping
for steam cooled and reflood operations.

Confirm readiness to proceed with loop conversion.
Signoff checkpoint 6 in the test log.

CRNL Pretransient Operations

B.5.1

Check and calibrate {if necessary) loop control and
U-1 loop instrumentation. Report conversion factors
and units to DACS operator {for entry in the test
Tog) and to update DACS data.
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cP-7

HOLD (B.2.7)

HOLD (B.2.9)

cP-8

B.6.0

.9
.10

Establish and implement loop operating and contro]l
conditions; see Appendix C, Table C-2 and Table C-4
for values and acceptable ranges.

Establish and input pretransient trip setpoints; see
Appendix D, Table D-3 for setpoint values. Confirm
that two linear rate and at least two log rate
neutron flux (ion chambers) detectors are being
recorded for the experimenter in the NRU reactor
control room.

Confirm readiness to begin pretransient gperation.
Signoff checkpoint 7 in the experiment log.

Increase NRU reactor power to 4.0 MW with an outlet
pressure of 0.276 MPa (40 psia), and steam flow rate
of 0.277 kg/s {2200 1bm/hr). Hold until Task B.2.7
is completed,

Increase steam flow rate to 0.378 kg/s

{3000 1bm/hr), and also increase NRU reactor power
to about 8.09 MW. Adjust operating controls and
parameters to meet the values and acceptable ranges
tocated in Appendix C, Table C-2. Hold until

Task B.2.9 is completed.

Confirm NRU reactor and loop operations
acceptability based on fuel rod cladding
temperatures and Appendix C, Table C-2 requirements.
Implement transient trip setpoints. See Appendix D,
Table D-4 for trip setpoint values.

Confirm readiness to begin transient operation.
Signoff checkpoint 8 in the test log.

CRNL Transient Operations
B.6.1

Shutdown the NRU reactor when notified by
experimenter shutdown directive.
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CP-9

B.6.2

B.6.3

B.6.4

B.6.5

B.6.6

Confirm that the interlock controlled transient

forcing signal is reset to O,

Monitor and report to the DACS operator the reflood

coolant volume used for the test Tog.

Confirm that the transient test is complete

e Signoff checkpoint 9 in test log

e Begin preparations for next test.

e Adjust the log rate trip setting (if necessary to
accomnodate the neutronic noise generated during
reflood operation.

Drain the loop, piping and the test train assembly

to prepare for repeat operation of Tasks B.5 through

B.6 until all proposed tests (Appendix C, Table C-4)

are completed. Do not drain for the last test.

If alt tests of the series have been completed, do

not drain the loop, hut prepare to remove the test

train from the Toop and transport it to the storage
bay.

o Install the instrument connector seal caps and
the instrumentation protective sleeve.

e Confirm that fuel is not defective.

B.7.0 CRNL Support Facilities

B.7.1

B.7.2

Crane and Hoist Operations

After checkpoint 9 has been satisifed, remove the

test train assembly from the loop, location L-24 of

the NRU reactor.

B.7.1.1 Follow appliicable CRNL procedures.

B.7.1.2 Prepare to move the test train to the
storage bhay.

J Rod Flask Operation

After checkpoint 9 has been satisifed, remove the

test train assembly from the loop, Tocation L-24 of

the NRU reactor.
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B.7.3

8.7.4

B.7.2.1
B.7.2.2

B.7.2.3

B.7.2.4

Follow applicable CRNL procedures.

Align grappling eye of the test train (if
necessary), remove the closure block seal
and secure instrument cable ends to the
grappling eye bolt.

Verify that instrument connector seals in
the protective sleeve have been installed
{B.6.6).

Move the test train assembly into the
transfer can and fuel transfer elevator.

Fuel Transfer Elevator Operations

B.7.3.1

B.7.3.2

B.7.4.1

B.7.4.2

B.7.4.3

B.7.4.4

8.7.4.5

Verify that the test train assembly and
transfer can are compatible with the fuel
transfer elevator.

Transfer the test train assembly from the
NRU reactor head to the bay canal for
transport to the bay storage area.

- Examination Bay Operations

Transport the test train assembly from the
fuel transfer elevator to the bay storage
area while still in the transfer can.
Remove the test train assembly from the
transfer can.

Photograph the exterior of the test train;
no disassembly is required.

Install the protective boot for the inlet
nozzle region.

Store the test train assembly in a storage
cell for subsegquent examination.
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APPENDIX C

QPERATING CONTROL PARAMETERS

REACTOR AND LODP OPERATING CONDITIDNS

The PTH experiment will begin with a preconditioning period, during which
the objective will be to provide fuel restructuring, cracking and relocation.
Full-power NRU reactor operation will be required at this time to provide the
maximum available linear power for the test assembly fuel rods. BDuring this
period of about 1 hr or less, the U-Z2 loop will provide water cooling to the
test train, and necessary steady-state data will be acquired, recorded {by
DACS), and verified. Fission product generation will be minimized. Three
summary sets of preconditioning operation values and limits are provided in
Table C-1: 1) low flow rate, 2) low loop pressure, and 3) optimum experiment
design conditions. The acceptable ranges are specified to assure that each
test planned for this experiment will be able to achieve its objectives and
goals, summarized above, in Section 2.0.

During the pretransient operation period, the NRU reactor will simulate
the initial stages of a LOCA in a PWR. The reactor power will simulate the
nearly constant decay heating during the loss of steam coolant flow and initi-
ation of reflood water flow. Pretransient steam cooling will be provided by
the U-1 Toop. However, the transient valve control for both steam and reflood
water will be provided by the loop control system. Table C-Z2 summarizes the
control parameters, pretransient operating conditions and ranges designed to
achieve the experiment objectives.

The transient phase will require no changes to the loop configuration or
NRU reactor operation, but additional control parameters and transient opera-
tion ranges are established for the reflood coolant transients, and are summa-
rized in Table C-3.
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To facilitate cross reference between the above operating conditions,
their acceptable ranges and the planned test goal conditions, Table 2.1 is
reproduced here as Table C-4 with data added for reflood gquench times and test
terminus times.

LOOP CONTROL INSTRUMENT CALIBRATION

Table C-5 lists the loop instrumentation for which documented calibration
information is to be provided, together with the operating range over which
the calibration is to apply and the desired accuracy of the calibration.
Ranges for trip sensor instruments are contained in Appendix D.
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TABLE C-1. Preconditioning Operation Summary

Low Flow Low Pressure Optimum Design
Acceptable Acceptable Acceptable
Parameter-Units Values Range Values Range Yalues Range
Controlled Yariables
Coolant Flow kg/s 10.9 +5% 16.3 +5% 16.3 +5%
(gpm) (213.2)  (+5%) {320) (+5%) {320} (+5%)
Coolant Purity  mmemeememme e See Table C-Bo-voommmmmmmm e s
Inlet Temperature KX 503 +3K 435 +3K 517 +3K
(oF) {447) (+50F) (432} {#50F) {472} {#50F)
Qutlet Pressure MPa 5.62 +0 .34 6.2 +0.34 8.62 +0,34
{psia) {1250) 1+50) {900} {+50) {1250} {+50)
Reactor Power MW 127 +5% 127 +5% 127 5%
Radial Power Skew <B% < 5% <5%
Measured Variables
Outlet Temperature K 547 +6K 5035 +6K 546 +6K
{OF) {526} (+100F) (486) {+100F) {524) {+109F)
Fressure Loss MPa 0.092 +20% 0.168 +20% 0.165 +20%
{psi) {13.3)  {*20%) (24.3)  (+20%) {24.0) (+20%}
Radial Power Skew <b% <5% 5%
Calculated Yariables
Total Test Assembly Power, MW 2.23 +5% 2.23 +5% 2.23 +5%
Peak Linear Rod Power kW/m 36.9 36.9 36.9
{kw/ft) {11.2) NA {11.2) NA (11.2) NA
Average Linear Rod Power
{(kW/m) 19.8 NA 19.8 NA 19.8 NA
(kW/ft) (6) (6) {(6)
Minimum DNBR 3.43 NA 4,08 NA 3.87(a]  na
Peak Clad Temperature K 576 NA 535 NA 567 NA
{OF) {577} NA (503) NA {561) NA

[a} DNBR minima compounded for the optimum design acceptable range of variables is 2.93, based on
a memo from W. A. Prather to G. M. Hesson, July 31, 1980, NRU-DNBR Sensitivity Analysis.
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TABLE C-2. Pretransient Operating Condition Summary

Acceptable
Parameter-Units Value Range
Avg Coolant Flow, ') kg/s (1bm/hr) 0.378  (3000) +5%
Coolant Inlet Temperature, 3) K (OF) 436 (325) +3K (+5°F)
Coolant Purity  emaeeaa See Table C-6-~nu-----
Total Test Assembly Power, kW (kW) 141 (141) +5%
Outlet Pressure,(a) MPa (psia) 0.276  (40.0) +5%
Max Test Rod Power, kW/m (kW/ft) 1.80 (0.550) NA
Max Guard Rod Power, kW/m (kW/ft) 2.13 {0.648) NA
Average Test Rod Power, kW/m (kW/ft) 1.25 (0.384) NA
Max Cladding Surface Temperature, K (°F) 700 {800) NA
(a) Measured values, others are derived values
TABLE C-3. Transient Operating Condition Summary
Acceptable
Parameter-Units Value Range

Reflood Rate, 2] m/s (in./s) 0.013-0.254 (0.5-10) +5%
Reflood Temperature, 2! K (°F) 326 (127)  +6K (+10°F)
Reflood Delay Times, ) s 3-77 (3-77) +0.1 s
Reflood Water Purity e See Table L-6-----------
Max Test Rod Power, kW/m (kW/ft) 1.80 {0.550) NA
Max Guard Rod Power, kW/m (kW/ft) 2.13 (0.648) NA

(a) Measured values, others are derived values
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TABLE .

¢-4

Refiood
Quench Times

Predicted{b)

Prototypic(a) Thermal-Hydraulic Test Series Plan

Reflood  Peak Peak Cladding Terminus
Test Series Reflood Rate Delay Temp., Bundle, Temperature Time
Day  Number mfs in./s Time, s s 5 K F 5
2 101 0.102 4.0 3lc) 80 120 <811 <1000 540
2 102 0.102 4.0 20 120 160 922 1200 540
2 103 0.102 5.0 29 135 180 977 1300 540
2 106 0.102 3.0 37 150 200 1033 1400 540
3 105 0.051 2.0 7 255 780 1033 1400 1082
3 106 0.051 2.0 19 290 800 1088 1500 1080
3 107 0.051 2.0 30 315 8lo 1144 1600 1080
3 108 o.0estd 1 3¢ a0 900 1033 1400 1140
3 109 0.038 1.5 3 365 1700 1144 1600 144011
3 110'9 00389 159 g 410 1800 1200 1700 14901
3 111 0.038 1.5 1 410 1800 1200 1700 1440 1)
3 112 0.076 3.0 32 185 280 1033 1400 720
4 113 0.208 8.0 39 115 120 1033 1400 270
s 11e™ 9,204 8.0 46 125 130 1088 1500 270
4 115 0.204 8.0 53 135 140 1144 1600 270
s 16 o259 1000 80 100 110 1033 1400 215
s 17" gsa 1000 a7 115 180 1088 1500 215
4 18 0.256 10.0 54 120 130 1144 1600 215
s 19'9 01559 6109 5 150 170 1144 1600 355
& 120 0.1%5 6.1 52 150 170 1144 1600 355
4 121 0.076 3.0 48 220 310 1144 1600 720
5 12209 0.076(9) 3,009 53 230 320 1200 1700 720
5 123 0.076 5.0t¢) 53 730 320 1200 1700 720
5 12atf) 0,102 4.0 37 150 200 1033 1400 540
5 125 0.102 2.0 51 180 280 1144 1600 540
5 126 0.102 2.0 70 20 270 1255 1800 540
5 127¢F) o.102 4.0 37 150 200 1033 1400 540
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TABLE C-4. Prototypic(a) Thermal-Hydraulic Test Series Plan {contd)

Ref lood Predicted(b)
Quench Times

Reflood Peak Peak Cladding Terminus
Test Series Reflood Rate Delay Temp., Bundle, Temperature Time
Day  Number m/s in./s  Time, s s s K F s
5 128  0.033 1.3 3%V 450 s2000 1255 1800 16560
5 120 o0.038(9) 1500 440 1700 1255 1800 1240(¢)
5 130F) 0.102 4.0 37 150 200 1033 1400 540
5 131 0.051 2.0 50 355 830 1255 1800 1080
5 132 o0.20489)  gofld) g 165 180 1255 1800 270
6 133F) o.10 4.0 37 150 200 1033 1400 540
6 138" 0,254 10009 140 160 1255 1800 215
s 135 o.0284 144 5 625 »2000 1310'®)  1000{®) 19601
s 136l 0,102 2.0 37 145 210 1033 1400 540
6 137 0.0 158 g a70 1700 1310'%)  1900(®)  1ag0(T)
5 138 o.051'9  a0ld) g 15 900 1310'®  1900(®) 1080
6 139¢F) 0102 4.0 37 150 200 1033 1400 540
s 180 o0.102'9  aold g 210 200 1310080 1000%®)  sa0
6 11 o0.206  gold 5 175 190 131010 1000(®) 270
6 142" o100 4.0 37 150 216 1033 1400 540
7 183t g039 15 5309 50 100 13101®)  1900f®)  1a2001)
7 12809 goozgld) 1 509 53 520 1800 131080 19008 1ag0?)
7 1astf) o100 4.0 37 150 200 1033 1400 540
{a} Operating conditions are described in Appendix C.

Predictions are based on a FLECHT heat transfer coefficient correlation
used in the TRUMP heat transfer code. Prediction uncertainty = #28K (50°F).
Minimum delay time (<3 s) is necessary for the reflood water to arrive at
the bottom of the fuel column after steam flow is stopped.

Final value will be selected from earlier tests in this experiment.
Cladding temperature may exceed 1255K (1800°F), based on parameters .
evaluated from earlier test results. For safety purposes 1310K {1900 F)
will be used as the maximum,

Replicate of Test Number 104,

FLECHT data comparison. The first test of each FLECHT data pair uses a
fast fill rate up to the 0.306 m {1 ft) level of the fuel column, then the
selected reflood rate. The second test uses a constant reflood rate.

GE data comparison.

Test terminated before fuel hundle guench.
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TABLE C-5.

Loop Instrument Calibration

Acceptable Acceptahle
Loop Parameter-Units Range Accuracy
u-2
Inlet Coolant Temperature,
K 394533 1K
(°F) {250-500) (#2°F)
Outlet Coolant Temperature,
K 408-589 =]K
(°F) (275-600) (22°F)
Loop Coolant Flow Rate,
kg/s 3.9t2). 193¢ +0.4 kg/s
(gpm) (90-325) (5 gpm)
Outlet Pressure,
MPa 5.52-8.96 +(.3 MPa
{psia) {800-1300} {(#+0 psia)
Test Assembly  Pressure,
MPa 0.021-0.172 +2 kPa
{psi) (3-25) (#0.3)
U-1
Inlet Coolant Temperature
K 394-700 *1K
°F (250-800) (£2°F)
Qutlet Coolant Temperature
K 422-978 2HK
°F {300-1300) (£10°F)
Loop Coolant Flow
kgls 0.277-0.378 14 gfs
Tbm/ hr (2200-3000) {100 lbm/hr)
Qutlet Pressure
MPa 0.069-0.345 *0.,017 MPa
psia (10-50) (2.5 psia}
Test Assembly  Pressure
MPa 0.021-0.689 14 kPa
psi {3-50) (2 psi)

(a) At a temperature of 589K (600°F).
(b) At a temperature of 394K (250 F}.
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TABLE C-6.

Water Chemical Requirements

Requirement Applicability
Deionized ® Preconditioning
Supply Water Coolant
¢ Pretrasient Steam
Coolant
¢ Transient Reflood
Water
Impurity e Halides
Concentrations e Oxygen
e HNitrogen
e A1l Other Elements

C.8

Acceptable Limit

<1 x 1070 Mho

<1 x 1070 Mho

. -6

<1 x 107% Mno
<1 ppm
<2 ppm

<10 ppm
<1 ppm



APPENDIX D

TRIP SETPOINT DESCRIPTION




APPENDIX D

TRIP SETPOINT DESCRIPTIDN

RATIONALE FOR SETPOINT SELECTION

Trip setpoints are chosen for one reason--protection (for personnel, the
NRU reactor, and its loop facilities). However, the rationale for choosing
the setpoint values are developed from two bases: 1) CRNL experience from
previous NRU experiments and loop operations and 2) unique operating condi-
tions planned for the PTH test series which have been conservatively compared
with safety analyses of worst case accidents. And those have been shown to
present no run-away, uncoolable, or unterminated operating conclusion.

The majority of the trip setpoints used for this experiment are based
upon the first rationale {CRNL experience) because most sensors and instrumen-
tation are located in CRNL facilities and are under direct control and the
responsibility of NRU reactor operations. However, to ensure that planned
experiment operations are consistent with CRNL experience and accepted prac-
tice, the expected operating limits and requested trip setpoints are compared
below.

The basis for trip setpoints unique to this LOCA simulation experiment is
founded on the SAR (Mohr et al. 1981). In the three worst-case accidents
analyzed, peak fuel cladding temperatures greater than 1478K (ZZOOOF) were
successfully controlled and quenched at ~1561K (2350°F) without reaching fuel
melting conditions or unstable cladding reaction energetic conditions. Con-
sequently, a conservative fuel cladding peak temperature safety limit of 1478K
(2200%F) is chosen as the basis for this experiment. A summary of the safety
limit temperature and conservative margins used to establish the highest fuel
cladding TC trip setpoint is shown in Table D-1. The conservative safety
margins are discussed below,

Fuel cladding TC trip sensors were designed to detect the peak cladding
temperature. However, to represent the uncertainty in predicting the location
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TABLE D-1. Trip Setpoint Margins for Peak Temperature Fuel Cladding

Thermocoup les
K OF
Fuel cladding peak temperatures safety 1imit 1478 2200
LOCA peak temperature prediction safety margin(a) -56 -100
Pseudo-sensor time averaging lag -44 -80
Total instrumentation system error -17 -30
Fuel cladding maximum trip setpoint(b) 1361 1990

{a) A preliminary predictive safety margin of -111K (2000F) will
be used until justified by test data.

(b} The preliminary trip setpoint temperature is 1305K (18900F)
for levels 15 and 17.

of the peak fuel cladding temperature during a LOCA, a safety margin of 56K
{100°F) is chosen.(a) This includes the uncertainty of thermal hydraulic
predictions of the test operating conditions during the reflooding phase. A
margin must also account for the time delay designed into the DACS averaging
logic for pseudo-sensor processing of fuel cladding TC trip sensor data.
Because TC data at each instrumentation level are averaged over 10 s, the max-
imum hypothetical heatup rate of a worst-case accident (Figure D-1) s used to
estimate an upper bound to the pseudo-sensor temperature lag. Even though the
max imum expected heatup rate is <7.5K (13.59F}, Figure D~1 shows a maximum
hypothetical heatup rate of 9 K/s (16%F /s), so a pseudo-sensor temperature lag
margin of 44K {80°F) is used. Finmally, an instrument calibration and error
margin of 17K {30°F) is used to represent all the instrumentation from sensor
to computer. As shown in Table D-1, the tally of safety margins, uncertain-
ties and error margins results in a maximum fuel cladding TC trip setpoint of
1361K (1990°F).

For all transient phase operations, the peak temperature cccurs closest
to instrumentation level 15 or 17. This is illustrated in Figure D-2 where
the goal peak cladding temperature is 1255K {1800%F) and the trip setpoint

{a) A preliminary predictive safety margin of -111K (2000F) will be used until
justified by test data.

D.2
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APPENDIX E

FUEL ROD IDENTIFICATION AND DATA

Fuel
Fuel Rod Serial Column Fissile
Number Number Wt (g) Assay Instrumentation Notes

2A 281  2015.1 2.90 +0.05% 235y/u

3A 3A1  1946.2 2.90 *0.05% 235uxu TC-13-3A-1R-4; TC-13-3A-1R-2

an 41 2014.0 2.90 +0.05% 235y/y

5A 5A1  2012.5 2.90 ¥0.05% 235u/U

1B 1Bl 2013.0 2.90 +0.05% 235u/U

28 281 1912.2 2,90 #0.05% 235070 TC-17-2B-1R-2; TC-17-2B-1R-4;
TC-17-28-1R-C

3B 381  1945.1 2.90 +0.05% 235y/U  TC-15-3B-1R-4; TC-13-38-1R-2

4B 481  2014.1 2.90 +0,05% 235u/y

5B 581  1912.3 2.90 #0.05% 235y/U  TC-17-5B-1R-3; TC-17-5B-1R-1;
TC-17-5B-1R-C

6B 6B1  2012.9 2.90 +0.05% 2350/U

1C 1C1  2017.9 2.90 +0.05% 235y/y

2C 2C1  1988.3 2.90 ¥0.05% 235u/y

3c 31 1900.4 2.90 +0.05% 235U0/U TC-18-3C-1R-1; TC-17-3C-1R-1;
TC-17-3C-1R-C; TC-17-3C-1R-2;
TC-17-3C-1R-3,4

4c 4C1  1912.1 2.90 +0.05% 2350/U  TC-17-4C-1R-1; TC-17-4C-1R-C;
TC-17-4C-1R-3

5C 5C1  2002.7 2.90 +0.05% 2350/U  TC-18-5C-1R-4

6C 6C1  1944.0 2.90 *0.05% 2350/U  TC-13-6C-1R-2; TC-15-6C-1R-4

1D 1D1 1943.4 2,90 +0.05% 235uxu TC-15-1D-1R-4; TC-15-6C-1R-2

2D 2Dl 2004.75 2.90 *0.05% 23%U/u  TC-18-2D-1R-2

3D 301  1901.0 2.9D *0.05% 235y/u  TC-17-3D-1R-4; TC-17-3D-1R-C;
7C-17-3D-1R-3; TC-17-3D-1R-1,2

4D 4D1 0.0 none TC-15-4D-1R-4; TC-17-4D-1R-4;
TC-18-4D-1R-4; TC-1-4D-1N;
TC-3-4D-1R-4; TC-6-4D-1R-4;
TC-10-4D-1R-4; TC-13-4D-1R-4;
SPND-3-4D-1R-2; SPND-6-4D-1R-2;
SPND-10-4D-1R-2; SPND-13-4D-1R-2;
SPND-15-4D-1R-2; SPND-17-4D-1R-2;
SPND-18-4D-1R-2

5D 501  2001.8 2.90 +0.05% 235U/U  TC-18-5D-1R-4

6D 601  2010.0 2.90 +0.05% 235y,y
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FUEL ROO IDENTIFICATION AND DATA (contd)

Fuel
Fuel Rod Serial Column
Number  Number Wt (g)
1E 1E1 2016.3
2E 2E1 1913.1
3E 3E1 2000.7
4E 4E1 2003.2
5¢ 5E1 1912.5
6E 6E1 2015.1
2F 2F1 2015.6
3F 3F1 2016.3
4F 4F1 1946.3
5F 5F1 2009.0

Fissile
Assay

Instrumentation Notes

o (RSl I N ] ™

[N RS AL R ]

.90 +0.05% 235y/U
.90 +0.05% 235y/u

.90 +0.05% 235y/U
.90 ¥0.05% 235y/y
.90 30.05% 235u/u

.90 +0.05% 235U/U

.90 +0,05% 235y/U
.90 +0.05% 235y/y
.90 +0.05% 235y/y
.90 *+0.05% 235y/U

E.2

; TC-17-2E-1R-C;

; TC-17-58-1R-C;

TC-15-4F~1R-2; TC-13-4F-1R-4
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CP-1

CP-2

cP-3

CP-4

CP-5

CP-6

APPENDIX F

EXPERIMENT PTH

CHECKPOINT RECORD

Readiness to close shroud of
the Test Train Assembly

Readiness to Install Test
Train Assembly in U-Z Loop
{L-24)

Acceptance of Seal on Top
Closure Seal Block of U-2
Loop and the Test Train
Assembly

Acceptance of All Trip Cir-
cuit Operability Required
for EXP-PTH-101, ---124

Confirm Readiness to Begin
Preconditioning Operation of
EXP-PTH-101, ---124

Confirm Readiness to Begin
U-2 to U-1 Loop Conversion

PNL
Test Assembly Test Director Test Operator
Approved Approval ‘Approval
CP-1 CP-1 CP-1
CP-2 CP-2 CP-2
CP-3 CP-3 cp-3
CP-4 CP-4 P-4
CP-5 CP-5 CP-5
CP-6 CP-6 CP-b
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APPENDIX G

TEST ASSEMBLY DRAWINGS

Appendix A of the SAR {(Mohr et al. 1981} contains copies of 4 conceptual
layout drawings and mechanical drawings that are representative of the entire
drawing package used in the fabrication of the test assembly.

The following list identifies specific assembly drawings.

Drawing Title Drawing Number
Closure Region Layout SK-3-21397
Qutlet Region SK-3-21393
Inlet Region SK-3-22685
Major Assembly & Disassembly SK-3-21389
Schematic

Reactor Test Train Interface H-3
Loap Closure Assembly H-3
Test Train Arrangement H-3
Test Train Instrumentation Array H-3-41804
Shroud Assembly H-3
Guard Bundle Assemply (Side 1) H-3
Guard Bundle Assembly (Side 6) H-3
Thermal Hydraulic & Materials
Test Bundle Assembly (Side 1) H-3
Test Bundle Assembly (Side 6) H-3
Thimble Assembly H-3
Thimble Tube Assembly H-3
Guard Rod Spacer Assembly H-3
Test Bundle Spacer (Side 1 Assy.) H-3-41820
Test Bundle Spacer (Side 6 Assy.) H-3
Carrier Assembly (1F, 6A) H-3
Carrier Assembly (1A, 6F)} H-3
Rod Type 1 H-3
Instrumented Rod Type XIII H-3
Materials Test Bundile
Twelye-Pin Connector Assembly H-3-41778
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BACS SENSOR STATUS REPORT
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titiz2e
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4
L
a7
&K

L%
“0n
51
57

a3
5
l'_1|'-
L1

57
LY
€y
hN

A1
£?
L
5%

L}
A
(5
HWH

L]
mn
Tl
re

T4
75
7

r?
A
73
ar

Lh
Az
23
LY

as
LTS
47
2R

NAME

TC=ll-Lh-0R=2
TC=-11-34-08R-1
TC-11-fif -5-C
TC-1t-14-5-C

TE-12-4D=-0FP-4%

StP-t2-f509-5p-3
STP-L7?=-5F—5F—4
STP-12-2F-5P-1

STP-12~2R=5F=2
TC-13-60~JR-4
TC-1¥-1R—-[R=-2
Tr-t3-6{-{R-2¢

TC~L1-4f =fR-4a
TC-11=-10=1R-?
T{-11-74-[0-4
TC-13=tAa=5-~L

T 31=-6F=S~C
TC=13=-1F~-5~(C
TC-13-1Aa-5~C
Te-14~-40=-NR-4

STP-j4=58-5P=1]
STR-16-5F—5P—%
STP=14=2F=5pP=1
STP-14=-2R-%5p-2

TC=-15-4D=-1%~%
TC=15=-3R—1R=-4
TC-L3=60-1R=-%
TC-L5%-47-1IR-2

1C-15-10-1TR~4
TE-15-3a-1R=2
FO=15=HA=5-C
TC-15—6F=5-C

TC=15-1F-5-C
TC-15=-1A-5-C
Th=1h—-40)=002-4
5TPwlh-90=5P=7

STP=1#-5F =57 -4
STP=1h=2F =3P =1
STP~1hR=2R-53P=-7
TC-ta—ha=(—}

Tr-—1b=RF=-[ =%
TC-1f~1F= -]
TC-lA=-LA-C-7
TC-17-4(-12-3

Nt T
TYPE

DEG.
DEGS
DFG,
NEi.

DFG.
NEG.
0rG,
DEG.

NEG.
DEG.
DEG.
0FG.

0EG.
DEG.
DEG.
DEG.

DEG.
NFG.
NEG.
DEG.

OfG.
DFG.
OF 5,
DEG.

DEG.
O€G.
DEG.
DEG.

DEG.
NEG.
NEG.
NEG.

DEG.
NFG.
NFG.
NEG,

nEG.
OFG.
DfG.
NEG.

NEG.
DEG.
DFG.
NEG.
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UMETS

-3101.2
-1301.2
-1391.2
=3301.2

—¥Mit.2
-130},7
=-3371.2
-3wil.?

-31394.2
-33nt.e
-1101.2
-130t.2

-31171.7
=-3331.2
=-3131.2
=-131.2

=?20%%.9
Zy¥rr.v2
=50.230
2190, 72

=L#07%.5
2¥¥.72
2I¥gLTR
2139.77

239,72
2I9. 72
23199, 72
=3i0tr.7

=330,
=-13¥01.¢
PAGFL TR
=330L.2

23N T2
2l te
R 0 Rt A
AI¥L e

230,74
PR RN I
PR I I
23172

2lri.¥?
ER I I
FVUi. g
Frara

CNTS

-2048
-2048
-204A4
-204R

-2049
~2049
-2045
~29449

—204R
-2048
-204%
~204A

—~20%%
-20%A
=-204ah
rd'LL

-14A4]
a34?
~146
2047

=145
2047
2047
2047

2047
Fqaz
2047
-104A

-2044
-204aH

2aar
-204H

2007
2047
2UNT
FoaT

Faa7F
Aah 7
2lat
2147

PRV
T
ERE
PR T

ot SENSOR STATUS REPNAT #xs

-~=-ALARMY ¥
t LNWER

LRk
71,5273
71.A273
Ti.5277

71.52713
T1.0271
71.%0171
TL.H2 71

Tlend 73
20.4372
fl.nd 7]
Fl.a2 73

2L.6072
Tl.%273
Fles2?21
Fi.4273

L.437)
AL N
Fl.4073
Flah37)

T1.6373
Flewd 73
TL.5373
Ti.n2173

Fl.49273
Flen303
71.0271
Fl.AJV}

PlLe%371
71,6271
TLAIFY
TLah2?)

1.6
TL.h373
TL.537%
flebwd 73

AL INER]
Flabl7?3
Fl.n211
TL.w27)

TL.h3I1
Ti.5H271
FL.h?ld
Pil.h3ld

af2itsan
&NalL 0L

ALUFS--~
upREY

2000.5%
2000, 59
000,51
2000,50

2007%.5%9
2000457
200099
2000,59

20070.5%
20003, 54
2000.59
2002.5%%

2000.57
2009.5%
2000.5%9
2000.59

2000.,59
fO00.%9
2000, 54
2003.59

E000. 57
200%.59
2003.51
2000.5%9

000,53
2000.5%7
2000.59
7000, 5"

200.5%
200057
2000, 59
2000, 59

07 47
Z0IN. 97
213010, 57
2NN 4

A3N0.50
2n00.59
290,59
AN 59

200,59
2,5
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PR LA IR |
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~OND480RH
LON405R
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«0040%R
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L008058
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+008554
«D2H405R
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«0040%A8
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- 004058

«D0%D5%
~0DW(5A
«00435A
004058

~o0s05R
MY
Oa%G58
~O0%058

WOUADS R
~O040%E
LO0H058
CATR3%8

COO4DSA
+13a058
Q04054
COO805%A

«ODW058
JOD4T5R
.0N405R
SO0 J5H

LD&USA
LN LY
M HLTIL ]
LA RR

L O0ETSN
LI R
MR
MODERL L]

SOUaRFE

=« 1704
-.23170%
~+ 1705
~. 231705

-.2170%
LA
-+ 23705
-+ 1705

-.2370%
—+ 23705
=215
-« 23205

-+ 23705
= 2110%
~a 23705
~.21V705

23705
~2 3705
-2231705
—« 21105

~+23¥7D5
-.21705%
- 23709
~+ 2305

-+2170%
—.2370%
-.25709
= 21205

~a 73705
- 23705
-.2320%
~«?VF0R

—« 230G
-.23703
~a?37105
-2 4705

- 21705
-2 4105
287N
-.?37%9

-2 11NN
-~ 7 r0s
PR ER I
BT R
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468400
abaGaND
4h R 400
Gk, 9400

46,4400
4h. 854900
4h. 4400
469400

Gk, Ha0N
4HL.B400
445400
4h.B400

4h,B400
LY LYk
4Bh.BOND
hH L HAND

4b.HaN0
“h, 400
R, 3%00
“haBan0

YH.HED0
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“E.9400
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45,9400
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L4100
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147,100

L43.100
143,100
142.130
t43.,100

143,100
193,100
143.109
143,100

153.170
143,100
143,100
143.100

143,00
143,100
L4543, 100
L43,100

e300
141.100
143,300
143,100

143,100
1%3.100
153.100
1aY. 100
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143,109
i43.100
143,100

L4y, 100
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I«3.100
La3,100

141.107
142,107
1,100
La2,in0

Lie tu LDD
tatr. 102
143,110
143,100
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229
250
230
739
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230
730
229

230
30
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220
230
230
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2379
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200
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20
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F S 1lx24
2F 5 tLliz2s
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Su?l

U

A4
an
1
¥

3
64
a5
an

57
IR
an
1an

171
Ln?
Ins
1n4a

Lon
106
1n?
104

L
in
ilt
Lie

111
1ta
LS
11¢#

117
Lin
1117
L2n

L21
122
173
taa

i79
12+
124
174

17
i3
i1
11

HAME

TC=17-40=-]k=-%
TC-17-30-[09-5
TC-17-3C-18=2
TC={7-4(-TR=C

TC-17-30-(R-C
TC-17-31C-{R-C
TC-1T7=af~1R=}
TC~17-30~[R=-3

FC-1?=-3C~-10~7
Te-17-58-18-1
TC=-17-5%F=[R~4&
TC-17-2E—-1R~-1}

TC-L#-20-1R-7
TC-17-5B=~fR~-C
TC-17-S€=-[R-(
TC-11=2F-1K-C

TC=17-78-R=~C
FrL-1#-Sh-T#-1
Tr=17-8£~-1R=-2
TE=17-2F=1R=-1

TC-17-2R-[R~4
TC-17=-fA-S-C
TL-17=-hKF -5~
TC=L7~1F=-5~C

TE-17-1A-5-C

TC-19-40-1R-4
TC=19-4R-NR-1
TL~-19=5C+NR=1

Tr-193-5D-01"-3
T{=1R=4F-Nk-4
TC=1RB-JE-[IR-4
TC-1A=-2N-0%v-1!

TC-18-2C~-0r-1
TE-1#-3%C~1R-%
TC-18-50-Tf-4
Te-1a-aE-TR-1

TL-1%-2F—T2~1
TC=12=20~[R=-2
Tr=-18-2C~1R-2
TC—1F-HA-5=C

TC=1M=hF-5=-C
TC-1A-1F=5-¢
TC-19=14~5=C
TC-70=NT-1
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DFG.
e
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]

7L.
Ti.
7l.

L]
BT
f373

11.5213

TLaAD T2

7l.
.

6} 73
w273

BathbHET0

7l
7l.
Ti.
7l.

Tl.
Ti.
Ti.
7l-

1.
7l.
.
71.

71
7l.
7.
Ti.

.
1.
fla
fl.

7l.
7l.
7la
71.

1.
L.
Tle
71.

.
1.
71.
Tl

.
1.
1.
il

A2 TY
%273
5372
ud 3

LI
FL
HIT3
ROV

A3 713
40713
4373
A3

KA T
h1 713
AT
5373

L2113
53713
5373
LT

4217
fJ 17
HAT3
4370

LB
5311
"J71
LI |

H T
n1ti
LI |
LIV

LN
[N
haT
a3 E

UPPER

2000.%9
2000, %%
2000, %7
2000, 9%

2000, %49
200N 5"
2000.57
L. Oh1 70

2nno. 59
200D.549
2000,5%
ZuNn.n9

2nnh.59
2000.57
2003.%%
2000, 59

2000.%7
énan.s9
Z00n.5%
20Nnt. b9

2000.5%9
2000.59
2Non.an
2000.99

200059
29:30. 57
2000.5%
200,51

207%0,57
NG5
EORER N N
00,50

23030597
20073.57
SN0, 5N
2L AT

10N 5
20N, 519
2NG. 7
Rt L e

2N, s
2In.g
R N ]
AL

==UNIT CONVIRSTUN CORFFICTIENTS-
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«Q0R0549
L O0HDHY
«004058
004055

-03u05A
204054
004058
L0Q3000

LO004058
004005
«00405
L O0H057

«G0aD58
+00a0%58
004058
LO08058

0Nef3589
SOOWDSH
LT LY
024059

LO0HD5A
~NDuhR
. N0405%A
LO0WDSA

£O04805R
«NO%0GRA
«GO405A
004015 A

SN04DTA
LO00405A
«20400A
PR ETUR R ]

N4 SA
LO0R0G5H
+O045H
L0435 R

LODe0%Y
ML LN LY
e ULA
RLIENI L

P L
UL LR
M LNV
PREREER ]

SR

-, 23705
- 23705
-. 23705
- 21705

=.23705%
-.23705%
-.2370%
003007

“~u237N5
-.23705
=.21705
~. 73705

-.217105%
-.23705
A KAt
-.23705

-.2170%
~.23705
~-.23705
- 7305

~,21709
-.2370%
T AN
-.237109

—a230%
-+ 23705
—.2370%
- 2VH0Y

=2 2700
-.71705%
—. M0
. 21705

- 2305
-.21INnk
L R ALk
—. 23705

-2 ns
R A
SRS RALk]
-2 MI705

-8 Eh
L A
- PNy
-2t

LINT AR

46,3500
whoB400
4h,BaDD
4k 400

44,9400
4ha 44800
Hh,B4ND
1%.3900

arh.4400
468400
hfh, 4400
4R, 4400

Ah. 5400

Gh. AN

dh.A400
Hha 8400

HhL 3400
LLL R ik
ah . 400
LLPR-ET

“fh, 4400
wh 400
ihe 3400
4h, 4800

Gh . H407
4h.A400
46 A0
th, 4400

5% . 04N
LLPER 1
Gh.dang
dh. 400

45, Hall}
45,3500
G460 a0Q
Wha 1400

. HANTD
LY LAY
PR ELH
Ah. a0

P LD
Gl uang
LA R R
by, AL

CONSTNT

143,100
143.100
143,100
143,100

142,100
te3.100
143.100
450,000

143.100
143.100
123,100
13,100

la3,100
L43.100
143,100
143,199

143.100
143,100
143,190
t431.100

143,100
123.10n
143,100
143,100

143,201
te3.100
143,190
143,100

l43.1040
Lai. 00
143100
L&, 1100

143.100
142.10%
L4,
Lad, LoD

163,100
la2.100
La3.1N%
L43.100

Tad, 100
143,190
l4Y.1nn0
iyl

~-3ATNS——
FIxn PROG

230
210
234
239

230
2110
210
230

230
219
220
270

21D
230
230
230

230
410
Fbe 1]
239

A0
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234
230
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23
230
230

23N
209
2340
230
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2310
230
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A
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e 3]
230
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0

[EEp g — - - ——— — - — — b — ———— —— - p—— e — - e a
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ER ¥4
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115

115
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31}
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I
s
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s
7
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7
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4B
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L )
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A5 LLl2s
2F 5 113124
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24 0% Lleds
2F 0 1LZAa
2F 5 11129
205 1lz2w
2F 3 L1224
2 5 tl22%
27 9 Llz2n
T W A
2F 8 LifZa
2F 5 Llz22s
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25 Llzéws
E A T I R
IYFE AN A



PH

5921

ML

113
134
135
L34

137
178
133
147

14}
LaX
141
\ b

149
Jan
147
167

1471
150
Lny
157

151
154
l‘"!
156

157
151
1 e
140

R
-2
153
1F%

1A%
1Ak
1457
LAR

L5
179
171
127

171
174
178
17w

MAmE

TC-20-01T-3
STP-20-0T=-2
Te=21-17-1
TE-RN=-NF—1

TC-17-3C-1R-1
TC=-17-3D-15k-%
UHIFFINED
LUNDEFITNED

SPND=-1-4D-10-2
SPNN-3-hF-5-3
SPNN-1-18-5-1
SPNN—h=AR=1R2

SPNN -fR=fA—5=7
SPNN-A-LF-5-4&
SPMD-10-40-10-2
SPHO-10-AA-5-7

SPAN=10-AF=5-3
SPNN=10=1F~5=-4
SPND-10-18-5-1
SPHN-L7?=1F-C

SPND-1 31—~k -2
SANG=)j~nA-§-2
SPHII=11-Hhf=5-1%
SENI-LI-1F-5—-%

SPNN-13I-18-5-1
SPHO-15-4R-10 =2
SPND-14-hA-5-7
SPHD-15-4F-5-3

SPHI-15-1F-5-4
SPNN-th={A-§-1
SEND-1h-1F-L
SEND-1P-4N=[0-7

SPHNI-[7-HA-5=7
SPHN-17~HF =5~}
SPHE=17-[F=5=-4
SPNR-17-14~5-1

SPNT-LH=4N-14 -2
SPEN=-TE-RHF=5~-1
SPHN-1H=1A-5-1
UHDEFINEN

YHGFETHED

HIPY =00 74
MERY-CN-RS-C PG
HIPY =R

UN1]
TYP

DEG.
DEG.
DEG.
DEG.

DEG.
DEG.

£1)3
E13
F13
F13

Ly
E13
F13
EL3

E13
F113
Fi3
E11

F13
kL1
Fi3
EL1
Fl3
F13
F11
13

£13
E11
£L13
Fi11

i
E13
F11
S ]

f13

Fl1i
FL13

NFG.

T
E

Mmoo

n

MY
MY
MY
MY

HY¥Y
HY
HY
Ny

Ny
MY
MY
NV

MY
N
MY
NY

NV
MY

K¥

HY
NY
MY
MY

NY
HY
Ny
MY

HY

MY
MY

F

AHN=-NFF

NEG.

r

== =REAITHGS -~
UNTTS CHTS
2¥ 1. 77 FOVE R
219,72 A047
233,72 2047
2A59.12 2047
=313101.2 -20%%
2¥37.12 2047
» 302032 b
-+ 01435 -1
-.02077 -1
-.01707 -1
-+ 52R073 -17
CRTL254 2%
Jonl153 21t
-.2B704 -13
<SO0RDNDY 0
-.0L%12 -t
. 32075 -1
- 01727 -1
002793 il
- 02127 =1
- 02071 -1
s Oih 24 -1
-1 747 -1
=1.18Y2 ~-107
L0030 o
—«020%2 -1
=« dlARiZ =1
-.01hl" =1
~a0D1207} -1
-.01707 -1
-.0217h -1
=-.00L7] -1
L0000 3
-0 LAY -1
-.J110F =1
-« 0707 =1
-a15113 -1
1l4n.34 1L
FAGN, HY 247
A N I S

*#e SENSOR STATUS REPORYT +ws

~==—BLARY ¥
¥ LOAER

FlL.sdMd
Flehlid
L.AD73
Fl.6213

Fl.527)
T1.6273

3.5%91%
y.5434)
3.5339%4
3.5%92 11
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