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Introduction

The Advanced Test Reactor Critical (ATRC) is a low-power pool type reactor located in
the Advanced Test Reactor Complex. ATRC is a replica of the larger ATR design and is
used to conduct research and obtain data such as flux measurements, excess
reactivity, and loading requirements for ATR experiments before tests are inserted

into ATR proper.

(b) lllustration of the ATR core depicting fuel rods, in-pile experiment loops, and beryllium and hafnium control cylinders.

(b)

Fig. 1: (@) Overhead view of the Advanced Test Reactor Critical after the 6™ core overhaul completed in March 2022.

One method for determining the impact an experiment will have at ATR is by looking

at the axial flux profile along the fue
axial profile can be determined by p
wires at two-inch intervals along a p

rod in the corresponding ATRC experiment. An
acing 25 small aluminum-uranium alloy flux
astic strip known as a flux wand, inserting into

specific fuel elements, and measuring the radiation emitted from each wire.?

Objective

The flux wand measurements includes large
amounts of variation which makes drawing

conclusions from the data difficult. The objective

of this project is to take the previously collected
ATRC data and create a definitive method to
propagate the uncertainty from ATRC
measurements which would help calculations in
the future.

Results
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Fig. 2: ATRC Fuel Element Channel Layout for
Flux Wand Placement.’

To begin the error propagation calculations, the error in measurements from ATRC
data needed to be quantified. This was done by finding the 95% confidence interval
of the deviations in measurement. This gives a top end of expected error.
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Fig. 3: (a) Fission Rate Data from ATRC measurements with the 95% confidence interval (Cl) and mean.
(b) Standard deviation of the error in ATRC measurements with the 95% confidence interval and mean.

The equations were then integrated into a Python script that calculated axial peaking
factors, axial nodes, power fractions, their respective errors, and probability. The
probabilities were then ranked and exported to an Excel file for ease of viewing.

#H###E Error Calculation ###HH#H#E#

#calculating peaking factor error

a = 1/24

b = 1/48

c = 2/24

user_axial error = []
axial_error_dataframe_creator(user_fission_data_complete,

user_fiss_ave, user_axial_error)

user_axial_error_df = pd.DataFrame(user_axial_error, columns = np.linspace(24, -24, 25))
#calculating error in nodal peaking factor

Ptotal = 48

user_axial nodes error = []

axial node error_dataframe_creator(user_peaking, user_axial error, user_axial nodes_error)
user_ax_node_error_df = pd.DataFrame(user_axial nodes error, columns = labels short)

#calculating error in nodal power fraction

noded = 11

node5 = 13

nodeb = 15

node? = 17

node8 = 28

A=1

B = 2

user_ power_ fraction_error = []

power fraction_error_dataframe creator(user peaking, user_axial error, A, B, user_power_ fraction_error)

user_power_frac_node_error_df = pd.DataFrame(user_ power fraction_error, columns = labels short)

#HEHHHRE Uncertainty Calculations #EHEHHHHEEHEHHE

user_ax_node _mean = pd.concat([axial_node df, user axial node df], axis = @).mean()

user power_ frac_mean = pd.concat([power_frac_df, user power frac_df], axis = @).mean()
user_axial_uncer tainty = []

user_ power_uncertainty = []

uncertainty(user_axial peaking nodes, ax_node mean, user_axial nodes error, user_axial uncertainty)
uuuuu tainty(user power_ frac_nodes, power frac_mean, user_power_ fraction_error, user_power_ uncertainty)
user_axial_uncer tainty_df = pd.DataFrame(user_axial uncertainty, columns = ['4', '5', '&', '7', '8'])
user_ power_uncertainty df = pd.DataFrame(user power uncertainty, columns = ['4', '5', '&', '7', "8'])
probability = 1- ((1/2)**18)

user_complement = []
user_relative = []

Fig. 4: A small portion of the developed Python code.
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Fig. 5: A small portion of the Python code output.
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Methods

The standard uncertainty is the combination of all independent, random errors in all input
parameters. For axial profiles, the input parameters are the nodal axial peaking factors and
power fractions. The 48-inch fuel rod is split into 9 nodes of differing sizes shown below. For
this project only nodes 4 through 8 were analyzed as they are the nodes that impact safety
when perturbed in an unconservative manner.*

Table 1: Positions of all nodal points along the fuel rod

Node # Size [in] Position
1,9 8 [+24 : +16], [-16 : -24]
2,8 6 [+16: +10], [-10: -16]
3,4,5,6,7 4 [+10: +6], [+6: +2],[+2:-2], [-2:-6], [-6: -10]

Flux run measurements from previous ATRC were read into Python as a dataframe using the
Pandas library. The £24 positions (x £24) were calculated via linear extrapolation in accordance
with GDE-179.” Flux measurements were converted into axial peaking factors by dividing by
the average calculated using Equation 1 below.

2 (+20) z(—20)

Ave — 2 w(+22) +—; +x(+18)+..2;1. +2(—18) + —— + 2 x(—22) 1)
Next, the Power Fractions and nodal Axial Peaking Factor were calculated using Equations 2
and 3. P. P. b p
5 I () L) DL

The power fraction and axial peaking factor inputs were assumed to be independent and
normally distributed. Equation 4 was used to calculate the total error from all inputs.
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The partial derivative of each input is calculated by taking the partial derivative with respect

to every variable. .
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In this case each position is a different variable, thus the partial derivative of each position is
the summation of partials for each position with respect to that node; this results in a system
of equations for each different variable. An example for peaking factor node 4 is shown below.

0Fay __ O0Fy _ —12(z46 + 2244 + 249) 6)
0Ti94  O0T_94 (Piotar)*
OFas _ 12840 2044 1 242)(2) (occurs 20 times) (7)
0T (122, +8],[0, — 22 (Protar)®
5Fa4 — 5Fa4 — -Ptotal(]-2) o 12(1"—1-6 + 2$+4 + £U+2)(2) — 12 % [Ptotal - (x—I-G + 2$+4 + £U+2)(2) ] (8)
5£B6 &CQ (Ptotal)2 (Ptotal)2
5Fa4 — Ptotal(12)(2) - 12(37—1-6 + 2374—4 + $+2)(2) — 12 * [(2)Ptotal - (x—l—ﬁ + 2x+4 + 37-1—2)(2) ] (9)
5$4 (Ptotal) 2 (Ptotal ) 2

After the total error was calculated, the cumulative distribution function (CDF) was taken to
find the probability of no unconservative perturbation. From there the complement probability
was calculated using Equation 10 to find the probability of unconservative perturbation.

P(perturbed) =1 — P(Power NodesnAzxial Nodes) (10)
Finally, the relative change was calculated to see how much perturbation each compares to an
unperturbed profile. C=2_4 (11)

Conclusions and Next Steps

The developed Python code can successfully calculate the axial peaking factor, power fraction,
and error from a given dataset of axial measurements. From this data, the probability of
perturbation can be calculated and sorted from highest to lowest compared to an
unperturbed profile. In the future this can be utilized to:

® Model error based on characteristics that cannot be measured.

® Recommend new thermal-hydraulic analyses based on past axial measurements.
® Re-evaluate legacy experiment characteristics requiring axial measurements.
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