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ABSTRACT MAIN STRUCTURE OF THE STAT7 CODE

STAT7 is a steady-state, single-phase thermal hydraulics (TH) software for plate \ /
fueled research and test reactors that supports statistical propagation of < PROGRAM STAT7 / COMMON VARIABLES " pead Inout Paracnfettte'r':PUT
uncertainties of fabrication tolerances and other key reactor parameters in analysis / / .
using Monte Carlo method. Application of the software includes the reactor CALL SETUP
conversion from highly enriched to low-enriched uranium fuel of U.S. High d IOPTN(7) =0 or 2 _Prmtoutpuwjﬁgtl‘:‘r’;‘;ﬁi&meamngs - :ggglvaer::;jj;:r:'ytﬁmngValues
Performance Research Reactors (USHPRR) such as MITR-Il. STAT7 can calculate - Prepare for random number generators
multiple histories of datasets that includes flow rate of coolant and bypass channels L=
and temperature distribution of the coolant and fuel plate with or without fins. }fs’etu iteratiz’:L;nsgg\tTth(gn'\;Bsgg:Cllle'aﬁ°") ]
Furthermore, it can predict operational safety margins for the onset of nucleate rumber i
boiling or onset of flow instability, including statistical uncertainties. The statistical -Statistica'samp“ngof reactor plowerg'oca' .lgetupiteranﬁﬁnsgﬂ gC;Z'SZarLC;':ﬁm)
sampling and TH capabilities of STAT7 have been validated and verified against eat transfer coofficient (HTC) mugltiF;Iier’ number
hand calculations, other codes, and experimental data. STAT7 has been actively stond SthA'II.'LI-IrEYIDRILt' 01010 -2tvjteirsticljr'nsanr;g'si:glg:vrecizt:;eriogezizca'
employed in various TH analyses to support MITR-Il LEU conversion, such as TH  Calculntion of power spiit. axial Next nomina eat transfer coefficient (HTC) multiplier
impact assessment of fuel specification and mixed HEU-LEU transition analysis [1]. temperature profiles, node ONB POWEr VaTE > CALLTHYDRL 6OTO 11
temperature : Steady State T-H Calculation < :
M OTIVATIO N - If Tjag > Ty then ONB count +=1 - Calculation of power split, axial Next nom:nal
- Calculate ONB fraction temperature profiles, Channel OFI power value
» In the HEU-to-LEU reactor conversion, analyses of TH safety limits and the " pinalimit surface and node ST hen OFf count +- 1
operational margins of the new LEU design are important to protect the reactor I :gé';ul!atiOF'ffractiog |
against high fuel plate temperatures due to critical heat flux or departure from CALL ITERAT  Print results
nucleate boiling or onset of flow instability. - Check if ONB probability is reached
v
= |n the fuel design phase, an assessment of the TH impact on the safety limits and premare for random  CALLITERATF
operational margins from fuel fabrication tolerance is necessary. number generator | | |~ Checkif OFI probability is reached
. Th t f . t t t . ” . |t | f t YES CALL RNDSTU
hese types of investigations typically require multiple runs of computer OPTN(?) = 1 or 2 YES GO >0 _ prepare for random
simulations for parametric studies and sensitivity analysis. NO/// — number generator
* [n response, the STAT7 computer code has been developed for statistical v
proptagation of uncertainties in steady-state thermal hydraulics analysis of research < END PROGRAM STAT7 >
reactors
STAT7 V1.1 CODE CAPABILITIES VERIFICATION AND VALIDATION: COMBINED CAPABILITIES
m Capabilities = STAT7 uses a Monte Carlo approach to model = Code-to-code comparison has been performed for combined capabilities No. 1 —
BER Statistical Sampling common fabrication parameters and other key against PLTEMP/ANL V4.3
nTH Calculation per Channel reactor analysis uncertainties required for Group | Parameters Values
. . research and test reactor TH analyses. Channel 1 FUEL | Number of fuel assemblies 1
F'nned Plate Option . STAT7 dates flexibility | Vi Number of fuel plates 4.0
Il 5y pass Option accommodates flexibility in analyzing Fuel length, m K
many realistic aspects of reactor fuel -
B End-channel treatment ‘s for the plate-tvoe fuels with Plate 2 Fuel width, m 0.4
_ managements 1or [he plate-type Tuels wi — Fuel thickness, m 0.01
simple input settings. — Fuel thermal conductivity, W/mK 50.0
7 | = STAT7 automates multiple runs of the steady- T Clad thickness (one side), m 0.005
-state TH calculations with (or without) statistical prediction of safety limits such as Plate 4 Clad thermal conductivity, W/mK 100.0
onset of nucleate boiling (ONB) and onset of flow instability (OFI). e — FIN— | Groove depth/Fin height, m 0.002
_ _ _ S Width of groove tip/Fin width, m 0.002
= STAT V1.1 updatg (from \_/1.0) provides one major bug fix (c_orrectlon in bype.lss Groove width, m (STAT7) 0.002
flow rg_te calculation for flnne(_j fuel assembly) and one major new calculation Number of fins in an internal channel (PLTEMP/ANL) | 200
capability (No. 7 — OFI Calculation). Schematics and Geometry of the Fuel Assembly (Total Input Power =2 MW)
= Verification and Validation methods for capabilities no. 1 and 2 (random number 75 — e 380 - o
generator and water properties fit functions) have been updated to test the 70 PLTENP 30 T PLTEM/ —
ree . . . . 65 300
capabilities directly from the implementation by employing of the Fortran to Python chamel3 P
interface generator, “F2PY”, which is a utility provided by the “NumPy” Python & * ) / : Z 7 — — Lef surface
- 2 55 32 ~ Right surface
Ilbrary g;- 0 / Channel 2 g;_ 180 /
§ / Channel 5 E’
VERIFICATION AND VALIDATION: OFI CALCULATION -
Channel 1
= Code-to-experiment [2] and code-to-code (against PLTEMP/ANL V4.3) 35 - NI 60 S —;;t'ltt
comparisons have been performed for capability 7, Onset of flow instability. 30 . . . . . 20 . . . . .
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| A * o sections have been extracted

Cccamssecionone e from [2] for the code verification CONCLUSIONS
Experimental Test Section No. 3 msmsm Coolant Channel and Val idation ]

from Whittle and Forgan [2] == Adiabatic Boundary

Test Section Configurations o0 "= STAT7 Is an easy-to-use steady-state TH analysis tool with statistical uncertainty
propagation that is developed to support LEU conversion for research reactors with

Thermal hydraulic parameters Max. relative difference, % 0.08 - o
Coolant temperature 0.06 plate'type fueIS.
Cladding t t 0.50 Cpegn . .
[ Fuel pock izmporature o35 500 = All the STAT7 V1.1 code capabilities have been validated and verified.
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» The maximum relative error of code-to-experiment was 0.32% (STAT7 vs. Exp.) versus Flow-rate Curves for Sub-cooled Water Flowing in Narrow Heated Channels,”

and that of code-to-code was 0.59% (STAT7 vs. PLTEMP). Nucl. Eng. and Des., 6, 83-99 (1967).
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Presenter Notes
Presentation Notes
PARET/ANL:

In PARET/ANL code, channels are not thermally coupled transversely, but there are all driven by the same pressure drop so there is pressure drop coupling. In addition, they are coupled through reactivity feedback supplied to the point kinetics equations, which in turn established the power in each channel at any time.


PLTEMP/ANL:

In fact, the heat transfer across the thicknesses of all fuel plates and all coolant channels in a fuel assembly is coupled. 
The flow rates in all channels are determined by a common pressure drop from the assembly inlet to outlet. 
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