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Background / History

Stable Period Method (Inhour) used at PSU until RC
developed - took 2 days to do yearly calibration of all
rods.

Legacy RC developed approx. 15 years ago — now
takes <4 hours for all rods.

Legacy RC only runs on one, older computer. Update rate
(and results) linked to processor speed of host computer.
Source code unavailable.

Developed new version in “language” that's easily
understood by reactor staff (i.e., LabView).
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Rod Worth Procedure with Reactivity Computer

Spare CIC Positioned Next To Core

Power supplies/pico-ammeter setup

Go critical w/3 rods

e Linearity checks performed between
100W-1kW

e Start test 100W, put 3 rods into manual
1) Shim-out cal’ed rod

2) Wait for RC to converge on constant delta-rho

3) With power < 1kW, shim in-other 3 rods
(in manual) wait for stable negative reactivity

Compensated lon
Chamber

4) Repeat 1) - 3) until cal’ed rod fully withdrawn
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CR Worth Curve....Curve Fit Provides rho($) = f(2)

rho = 0.00044 + 0.00028*x + 2.50106E-6*x? + 6.73458E-10*x3 - 1.99381E-12*x* + 5.83857E-16*x°

Rod Worth ($)

3.5

25

1.5

0.5

Safety Rod Worth Curve

+  New Resactivity Computer
= (Old Reactivity Computer

10 15
Rod Height (in)
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Rod Worth Measurement: Stable Period Method

In-Hour method uses points on
| Auto | " Auto  exponential part of curve to
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Rod Worth Measurement: Stable Period Method
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Reactivity Computer uses Normalized Version of Point

Kinetics Equations

Point Kinetics Equations

=6
dn  p(t) —p
— =2 + Z ici(6)

dei(t)  Bi
dt A

n(t) — Axci(t)

Good for small Rx below the point of
adding heat...

In-Hour method uses points on
exponential part of curve to
determine reactor period/reactivity

Response of Point Kinetics
Equations to Step Reactivity
Insertion \

1.8

o (and Delaye§ Neutton Production) ... ... N . -7 _

E’ o ------------------------------------------------------------------------------ —
1 ) O SRR ‘W S -l P SR -
Prompt Jump
{1 ............................................................................... —
L R SOCEELT & I ------------------------------------------------------------------------ -
1 i
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Could use “Inverse” Point Kinetics Equations, BUT ...

...NoIsy measurements result in noisier derivatives

p(8) = B + 7o * {22 — TiZS i (0}
2 Py - deio
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Reactivity Computer uses Normalized Version of
Point Kinetics Equations

Use Normalized Point Kinetics Equations: n.(t), cri(t) = 1.0 at beginning of test

This translates into using normalized, measured voltage in calculation

* Precursor concentration DE numerically integrated

F n(t
A, () _ =B #1r®) | T Rien® (o) = %
dt A A n
dcy;(t) _cy(t)
o= () ~ ci(0) i) = 003
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Reactivity Computer uses Normalized Version of
Point Kinetics Equations/Prompt Jump Approximation

Traditional Use of Prompt-Jump Approximation

dn, () T L s
=0 T

(t) ( B ) ( t ) g e --------------- )

n — * eXp i i S ............... _

' ﬁ B p(t) T PromEthump i |

v ClockStartsat

T — Reactor PeTiOd D ______ I """""""'E""thrs"pé)o-ln-t-n?"t|-m-e—

0 5 10 ﬂm; (SSeC} 20 25 30

**Need to know p(t) a-priori, and only good for a step input up to $0.25
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Comparison of Normalized Version of Complete
Point Kinetics Equations and Prompt Jump Approximation

dn,(8) _ Puee = B) *nr(®) | TiZ7 Bicri()

dt A A
dc,;(t)
= A(n(©) = ey ()
Ol2 Dld EI.IB D.IB ; 1_12 1.14 1.15 1.18 2

time (seconds)
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Reactivity Computer uses Normalized Version of
Point Kinetics Equations/Prompt Jump Approximation

Don’t know Reactor Period beforehand, so apply Prompt-Jump Approximation
at time of reactivity insertion to Normalized PKE and solve in LabView for
reactivity corresponding to stable-period power rise observed....

dnr(t) _ (pnet T :8) * nr(t) n 2:2? iCri (t) dnr(t) .
dt A A > Tar
depi(t) o n.(t) = Input
dt — Ai(nr(t) CT'l(t))
p(t) = Output
() = V(t)
n _
V(O) Numerically Integrate in LabView
] (=6 B.cri(t) de;(t) ,31
p(t)=p — nr(t) dt n(t) = Aii(t)
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Implementation in LabView: Front Panel

Reactivity Measurements | Calculate Integral Rod Worth Curve |

Initial Leveled Rod Height In

Rod Calibration 1™ SteP (Sampling Interval) J700.00
.|Regulating 410
Delta Rho Desired For
Enter time step and remember to: ilﬁmum
1) Zero-out rod position input and Reactivity '
2) Enter actual rod position for each Suggested 3-Rod
Reactivity measurement "EHP‘”W""
Raw Rho Relative Power Initial Power (V)
0.0702775 0.0711581 1.63 6.40 Requested Caled Rod Position
[ |

Calibrating Data Entry

Input Rod Position
s = Sioa T
912 = 5

position
Select Reacticity s»ms Delta Rho Zero Reactivity ?
Measurement 24 10.0812¢ -
(-
Current Rod Position Integral Rho
12 14.09

'~ 3 PennState
¥ College of Engineering

Mote: Change only if
different from previous

3_ P.od Total Initial Worth
4.56

3-Rod Delta Rho

Insert

0

Corresponding 3-Rod Worth
0.47

: Go To Curve Fit
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Implementation in LabView: Front Panel

Reactivity Measurements | Calculate Integral Rod Worth Curve |

Rod Calibration Time Step (Sampling Interval)
Regulating 10

Enter time step and remember to:

1) Zero-out rod position input and Reactivity
2) Enter actual rod position for each
Reactivity measurement
Raw Rho
10,0702775

Relative Power Initial Power (V)
16.40

10.0711581 11.63

Initial Leveled Rod Height In

4700.00

Delta Rho Desired For
Calibration

Jois

Suggested 3-Rod
Leveled Position

[172.36

Requested Caled Rod Position
73374.24

Calibrating Data Entry

3-Rod Delta Rho
Teer

40
Corresponding 3-Rod Worth
0.47

‘ Go To Curve Fit

Input Rod Position MNote: Change only if
Soe T Al
ey o B different from previous
A position
Select Reacticity  swme  Delta Rho Zero Reactivity ?
Measurement ] |0.0812¢ -
=
Current Rod Position Integral Rho
12 14.09

Reactivity Measurements Calculate Integral Rod Worth Curve

Integral Rod Worth Curve

& Pokymomial
£ Exponcitsl
€ Power

' ' | ' \ '
800 900

Hescale
o gq:allon of fit
5 ¥ = 04046643341 + 0.04902939% +
-8 10.007 0.07415864%x"2 + 0.08125213"%"3 -
L | i nd o s e
Fitting method Error Information
| < |Least Absohte Resudual Mo Error
| Exit Reactivity Computer
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Raw Data L®

Best Fit curve |/

1 1 | '
1200 1300 1400 1500
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3
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Implementation in LabView: Rod Position Estimator -

Load Previous Rod Worth Data

Spreadsheet path {.csv) 2

=

Iy File has Row Headers 2

-

Lrrl

R,

B

|Load Previous Rod Warth Data]

Rod Worth
Data In

- ¥
Unikitled 2.vi
o]

<

=
8

« “Forward” RW Curve Fit (rho = f(z))

[r]

o “Backward” RW Curve Fit (z = f(rho)

]

e Used to provide operator with position
placement guidance for 3 CR used to offset
calibrated rod reactivity insertion

4

Ed
8

&

=)
IL
Ca

* Only calculated once during initialization of RC
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3 Rod Regulating Coeffs
L]

3 Rod Iny Regulating Coeffs
[

e,

Transient Coeffs
L]

Inv Tansient Coeffs
[

Safety Coeffs
3

Inv Safety Coeffs
[

3 Rod Shim Coeffs
»

3 Rod Iny Shim Coeffs
L]

3 Rod Transient Coeffs
»

3 Rod Iny Tansient Coeffs
L]

Shim Coeffs
[

Iy Shim Coeffs
3

3 Rod Saftey Coeffs
L}

3 Rod Inv Safety Coeffs
b

Regulating Coeffs
L}

Inv Regulating Coeffs
G
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Implementation In LabView: Rod Position Estimator

» Used to provide operator with position placement guidance for 3 CR used to offset calibrated rod reactivity

Insertion
Rod Calibration g
3-Rod Delta Rho Insert o] "Transient” ~wf 7 3 Fod Total Initial Worth
Tritial Leveled to Insure Subcritical B S
Rod Height In i
L Delta RRa Desired For Reguested Caled FRod Position
Calibration Y 3

k

Carresponding 3-Rod Waorkh
¥

Suggested 3-Rod
Leveled Position
¥

For 3 CR used to offset calibrated CR reactivity inserted:

1) Operator inputs 3 CR leveled initial position (only once) - “Forward” RW Curve gives total worth of 3 DR.
2) Integral RW of calibrated CR subtracted from 1).

3) Subtract an additional amount to ensure sub-criticality upon insertion.

4) Use “Backward” RW Curve to give new, suggested 3 CR estimated position

For calibrated CR:

1) Operator identifies desired Delta-Rho insertion from calibrated CR.

2) 1) gets added to previous pull's integral CR worth.

3) 2)uses “Backward” CR curve to estimate where to position calibrated CR for next reactivity
measurement.

'~ PennState RADIATION SCIENCE &
g College of Engineering ENGINEERING CENTER



Implementation in LabView:
Differential Rod Reactivity Calculation

i—6
i=1 lcrl(t)

p(t) =B — ==, 5

dCi(t) —&n
dt A

(t) = Aici(B)

Initial Power (V) .
0, 00645

Relative Pawer

&

DA Assistant
data
i

)

urm_Feta_Cr
Cr1=L1¥{Mr - Crl_Prev)*DT + Crl_Prev;
Cr2 = L2%(Mr - Cr2_Prev)*DT + Cr2_Prev;
Cr3 = L3%(Nr - Cr3_Prev)*DT + Cr3_Prev;
Crd = L4*(Mr - Crd_Prev)*DT + Crd_Prey;
CrS = LS*(MNr - Cr5_Prev)*DT + CrS_Prev;
Cre = LE*{Nr - Cré_Prev)*DT + Cré_Prev;
Sum_Eeta_Cr = B1*Crl + B2*Cr2 +B3*Cr3 + B4%Crd +B5*CrS+E6*Cr
tho = Beta - Sum_Beta_Cr fNr;

L&l

rl_Prev

r2_Prev

HCr3_pres
Cr4_Prewv
CrS_Prew
Cri_Preyv

0T
L1 Lz gl el gl ol o g B B B3l By E! E

6;

Eek.

00027

el

00645
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Raw Rho
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Implementation in LabView:
Integral Rod Worth Calculation

» Integral RW is the summation of the current calculated differential CR worth and
the previous iteration’s integral CR worth

ink i;
ik § 3 Build Array]
Float I Rho[30]; 15.+IH
I_ Rho[0]=0;

I Rho[1]=1 Rha[0]+ {0 _Rho[1] - O Rhal0]);

For (i=1; i< MaxI-1;i++) {
j=2%;

I_Rholi+1] = I_Rha[i]+ (D_Rha[j+1] - ©_Rha[5]);

r

i
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Implementation in LabView:
CR Worth Curve Fit

» Best understood by reviewing LabView program...
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Normalized Power

Reactivity (§)

10

0.2

-0.2

-0.4

-0.6

Early Results: $0.15 Rod Pulls

Control System in

Auto
T T T T T I// T
/A
,f' \
I \ Operator Shims )\ i
Rod \
4 \ \ / \
7 —nn 7 \\_,___
700 800 900 1000 1100 1200 1300
o Ww"nh‘r”ﬂ“ﬂ"( T
I y i
700 800 900 1000 1100 1200 1300
Time (sec)
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Rod Worth ($)

2.5

=
(&4}

0.5

Test Data: Shim CR Worth Curve

Shim Rod Worth Curve

+  New Reactivity Computer
Old Reactivity Computer

Rod Height (in)
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Rod Worth ($)

3.5

2.5

15

0.5

Test Data: Regulating CR Worth Curve

Regulating Rod Worth Curve

+  Mew Reactivity Computer
Old re:activity Computer

5 10 15
Rod Height (in)
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Rod Worth ($)

3.5

25

1.5

0.5

Test Data: Safety CR Worth Curve

Safety Rod Worth Curve

+  New Reactivity Computer
Old Reactivity Computer

Rod Height {in)
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Integral Rod Worth($)

25

15

0.5

-0.5
0

Test Data: Transient CR Worth Curve

Comparison of New Reactivity Computer Implementation with Legacy RC - Transient Rod

—}=LabView-Based Reactivity Computer (New Implementation)

=&~ Legacy Reactivity Computer

e

L

500

1000

Rod Withdraw! (Position = inches * 100)
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Conclusion

« Validated against legacy RC — validated with In-hour Method

* Final packaging — HW (using $180 NI box for DAQ)

« Stand-Alone Deployment

 LabView — “easier to understand??”

o AGARA: Wil share with members of TRTR Community
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