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"_" — '-HTTF --O.ve!'v lew HTTF at Oregon State University (OSU)
WY . Reference: General Atomics’ modular high-
' . temperature gas-cooled reactor

ooy V¥ Sy Helium cooled, electrically heated

Prismatic graphite blocks in the core and
Inlet/Outlet Ducts refl eCto rS

Alumina ceramic blocks are used to simulate
the core and top and bottom reflectors

N . One-fourth scale in length and diameter
N Most of the coolant channels in the core are
full scale
Lower pressure compared to the prototype
reactor

Over 500 instruments

Designed primarily to investigate
depressurized (DCC) and pressurized (PCC)
conduction cooldown transients
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HTTF Test Matrix (2019)

Test Number | Title Date
OSU-HTTF- Low Power (<350kW) Complete Loss of May 24,
TEST-27 Flow, 2 Heaters 2019
OSU-HTTF- Low Power (<350kW) Double Ended Jun 3, 2019
TEST-26 Inlet-Outlet Crossover Duct Break, 2
Heaters
OSU-HTTF- Zero Power Crossover Duct Exchange Jun 4, 2019
TEST-35 Flow and Diffusion Test 1
OSU-HTTF- Low Power (<350kW) Lower Plenum Jul 24,
TEST-28 Mixing Test 2019
OSU-HTTF- Low Power (<350kW) Double Ended Jul 26,
TEST-29 Inlet-Outlet Crossover Duct Break, Hybrid | 2019
Heater
OSU-HTTF- Low Power (<350kW) Asymmetric Core Aug 1,
TEST-34 Heatup Full Hybrid Heater 2019
OSU-HTTF- Low Power (<350kW) Asymmetric Core Aug 29,
TEST-32 Heatup 2019
OSU-HTTF- Low Power (<350kW) Lower Plenum Aug 30,
TEST-30 Mixing, Constant Temperature Test 2019
OSU-HTTF- Low Power (<350kW) Pressure Vessel Aug 31,
TEST-31 Bottom Break with Restored Forced 2019
Convection Cooling Test
OSU-HTTF- Zero Power Long Term Cooldown Test Sep 4,
TEST-33 2019

Figure of Main Interest is:

(Depressurized) Core cooling under decay heat
conditions

Gas-mixing phenomena, natural convection, possible
flow reversal

First tests investigated to assess code models

PG-26: Depressurized Conduction Cooldown
transient (DCC)

PG-27: Pressurized Conduction Cooldown
transient (PCC)
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C. Paul Bayless’ quality-controlled model used as basis
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High Temperature Test
Facility Preliminary
RELAPS5-3D Input Model
Description

Paul D. Bayless

December 2015
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Figure 2. Primary pressure vessel radial nodalization
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RELAP5:3D Model

Changes to Paul’s base model

Replaced hot duct with “split” hot duct

Hope to see countercurrent single-
phase flow

Primary helium blower BC replaced
with circulator model
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. RELAP5:3D PG-26

L

PG-26: Double Ended Inlet-Outlet
Crossover Duct Break
<350kW (two heaters) DCC

Test from 5/30/2019 to 6/03/2019 (72
hours)
DCC was initiated in the 50th hour of the
test
Ceramics reached temperatures of near
1400°C
and thermocouples began failing
Heater power was reduced
In the 59th hour heater 110 quit operation
The other heater, 104, was secured

Cool down data collected until the 72nd
hour

Figure of main interest are:
(Depressurized) Core cooling under decay heat conditions
Gas mixing phenomena, natural convection, possible flow reversal

Different possible model approaches using RELAP5-3D:
Model the facility state right before the DCC starts as RELAP5-3D
steady-state and only the DCC as RELAP5-3D transient

Goal: Get a well-defined facility state modeled before the
transient of interest starts

Difficulties: Difficult to characterize the steady state before the DCC
starts.

Model the whole transient including the heat-up phase as
RELAP5-3D transient

Goal: “Better” facility state before transient starts, better known
initial conditions at time zero

Difficulties: More difficult to model, need HTTF boundary conditions
(stem generator behavior, etc.) during the heat-up.

Main modeling concern: No primary helium mass flows measured
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RELAP5:3D PG-26 Results

Different po§sible model approaches using RELAP5-3D:

Model the facility state before the DCC starts as steady-state
and only the DCC as transient

Model the whole transient including the heat-up phase as
RELAP5-3D transient

Reference
Best value for helium mass flow rate (15g/s)

Sensitivity
1/10 cp and 1/5 thermal conductivity

Friction in the primary loop might be underestimated

Natural convection flow paths in RELAP5-3D (not observed in
experiment)

lower (outlet) plenum — upper hot duct - RCST — lower
hot duct — lower outlet plenum

RCST — Cold duct — Core — Hot duct — RCST
Sensitivity to friction shows:
Disappearance of natural convection

Natural convection and heat loss through the vessel walls
are not a major contributor to the core temperature
distribution
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RE ¢ AP5:3D PG-26 Publications
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INTRODUCTION

The High Temperature Test Facility (HITF) at Oregon
State Umiversity (OSU) 1s a scaled mIesral effect test facﬂm
designed to mvestigate transient belavior in High-
Temperahu'e Gascooled muclear Reactors (HTGE) with
prismatic fuel and reflector blocks [1]. Several tests have
been completed at the HTTF mcluding Depressunzed
Conduction Cooldown (DCC) and Pressurized Conduction
Cooldown (PCC) transients.

This sunmary reports on the analysis of test PG-26 using
the INL system code FELAP3-3D [2] as well as the ANL
system code SAM [3]. Test PG-26 is a progression of the
Double Ended Inlet-Outlet Crossover Duct Break transient
that is referred to as a DCC [4]. Core initial conditions (1e.,
before the DCC started) have been met using low power
(=100 kW) and two of ten available electric heater banks. The
DCC transient was initiated duning the 50th hour of the test.
The break valves were opened. and hot helium from the core
and cold helium from the Reactor Cavity Simulation Tank
(RCST) started mixing. The gases flowed in a coumfercurrent
fashion, where the top half of the hot duct contamed hot
helivm that flowed in one direction and cold helium that
flowed in the other direction in the bottem half of the duct.
After the pressure and density reached equilibrm, the event
entered a diffision mode. The onset of a Teverse natural
circulation was not observed during the DCC penod of the
test.

Test PG-26 poses several modeling challenges:

- anehummusﬂwwmmtx."[‘hﬂ-ﬂ'l‘l:ﬁacﬂm
1s not equipped to directly measure the helium flow rate in
the Prmary Coolant S}stem (PCS). However, to get the
night energy balance and core conditions before the DCC
transient, knowledge of the hellum mass flow rate is
needed.

- No steady state: HTTF did not reach a fully developed
steady state (temperature distribution) dun.nz PG-26. On
the one hand, the ceramic core blocks take a long time to
completely cool down to room temperature. To aveid
having to wait imreasonably long times between tests, a

B e T B R T EE—.
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- Limited kmowledge of heat flow: The Feactor Cavity
Colling System (RCCS) was activated during the test. The
water tenperatm"e difference over the RCCS is very small
during the whole test, indicating that nearly no heat is
evacuated by it. However, the natural convection inside the
Cavity between the vessel and the RCCS panels 15 probably
a lame contributor to heat removal off the vessel wall Cuﬂt
measured), and air inside that cavity can escape since it is
not airtight.

Also, the core ceramic temperatres go down during the
core heat-up from ~120,000 s to 150,000 s (See Fig. 1).
This 15 due to the steam generator behavior and heater
power. The steam generator started producmg steam
around 80,000 s and pressurized up to about 110,000 5. At
that time, the steam generator pressure was manually
reduced. and the mventory was refilled with cold city
water. This reduced the Steam generator temperatire,
which affected the core mlet gas temperature.

Another phenomenon that happened during the PG-26 test
was thermal stratification. For example. helium
temiperatures measured mn the lower (cutlet) plenum of the
vessel show a strongly non-miform  temperature
distrbution. Thermal stratification plays an important role
in determining the temperatures for helium flows leaving
the plemm as well as for determining the structure
temiperatures encompassing the helium PlElllml
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Fig. 1. Measured core ceramic (mideore around the iner and
outer fiuel rimgs) and helium (in the upper and lower part of
the hot and cold ducts) temperatures.



; _REI:AP523D PG'27 ReSU|tS PG-27 core Uncertainty in

ceramic | core ceramic
« | . temperature thermal conductivity

¢ Like PG-26, but PCC sensitivities
Similar modeling challenges e —

900

E.g., frequent blower speed changes

Inlet pressure and blower speed
not consistent

800

Temperature (Kelvin)

Dominant pump speeds

=©-  hivat-1401007

m 30 -©~ hivat-1401007
[ 100000 150000 200000 250000 300000 =©- hivat-1401007
m s =O= htvat-1401007
== htvat-1401007
27.1% 27.6% : :g Pressure at various important pump speeds &~ TS-1303
W 4

1=0.92
.+ 0%speed median = 0.79
. et o237
J count = 182363.00 800

om0 100000 150000 200000 250000

p=183
- 30%speed median = 1.83
30%4 specd 08y
count =185313.00
2.85
. 35%speed N median = 2.86
.+ 35%speed N ) sl
J count = 114386.00

100000 10000 120000 130000 140000 150000

u=329
- 40% specd median = 3.29
s e
\ count =16302.00

156000 158000 160000 162000 164000 166000

-— H=355
+ 44%specd median = 3.54
. 44% speed - ey

= count=33910.00

N u=396
« 48% speed

AN o
> Q8
median = 3.96 Time
© ke Q N N e
N H \ count = 54431.00
2o

190000 20000

200000
p=371
. 49% speed median = 3.69
P N W ey
B count = 34535.00
200 250

215000 20000 15000

0.000149¢
0.000149¢
0.00447%
0.00938%
0.0174%
0.0582%
0.119%
8.1% 5149 0.125%
0.187%
0.387%
0.993%

Temperature (Kelvin)

4

- p=451

60% 5pecd e median = 4.52

60% speed m{fffg
et——  Count=19674.00

S ADVANCED REACTOR TECHNOLOGIES

Run-Time




. RELAP5:3D PG-27 Publications

Submitted NURETH abstract on HTTF PG-27 using
REALP5-3D.

=> Abstract accepted for full paper.

DOE FY21 Milestone report end of September.
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-~ HTTF Benchmark

INL, ANL, OSU and CNL are currently considering a code-to-code-to-data HTTF code
validation benchmark

System code, CFD, error scaling and coupled exercises considered
Selection of suitable HTTF data ongoing
Multiple exercises considered

Fixed BCs for code-to-code comparison

‘best estimate’ BCs, where each team uses their own approach

For example: It is necessary to use an effective thermal conductivity for modeling
HTTF core and HTGR fuel blocks when using a system analysis code like SAM

Uncertainty scaling from HTTF to MHTGR
Different modeling approaches will be systematically compared in the benchmark

ADVANCED REACTOR TECHNOLOGIES



Conclusions

There is a lot of high quality HTTF data available for code benchmarks
Let’'s make use of it!

HTTF modeling started at INL:
System codes model for RELAP5-3D has successfully been developed
Models used to model the HTTF test PG-26 and PG-27
Uncertainties in input data and boundary conditions propagated in the models

PG-26 and PG-27 initial RELAP5-3D calculations provide some insights and point to missing or
uncertain data

International HTTF benchmark currently considered by INL, ANL, OSU and CNL
Hopefully more simulation work going on... Stay tuned!
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