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Measurements and Analyses on Reactivity Effects of Absorber Rods

in a Light-water Moderated U0, Lattices

Kiyonobu MURAKAMI, Yoshinori MIYOSHI,
Hedeyuki HIROSE and Takenorl SUZAKI

Department of Nuclear Safety Research,
Tokail Research Establishment, JAERI
( Received January 31, 1985 )

Reactivity effects and reactivity-interference effects of
absorber rods were measured with a cylindrical cbre aiming to
obtain bench-marks for verification of the calculational methods.
The core consisted of 2.6w/0 enriched U0, fuel rods lattice of |
which water-to-fuel volume ratio was 1.83. In the experiment,
the ¢ritical water levels were measured changing neutron absorber
content of absorber rods and the distance between two absorber
rods in the core center. Monte Calro codes KENO-IV and MULTI-
KENO were used to calculate reactivity worthes of absorber rods.
The calculational results of effective multiplication factors
ranged from 0.978 to 0.999 for the 60 cases of critical cores
with inserted absorber rods. The calculational results of
abgsorber worthes agreed to the experimental results within twice
of the standerd deviation accompanied with the Monte Calro

calculation.

Keywords: Reactivity Effect, Absorber Rod, Light-water Lattice,
Critical Experiment, Low Enriched Fuel, Reactivity-

Interference Effect, Reactivity Worths, Fuel Rod,
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Table 1 List of measurements of reactivity worth for an absorber
rod with and without a guide pipe

Run no. Date Core | Guide pipe Absorber Criéigil(ﬁiger Reactivity Note
7295 Feb.28,'84 A 726.6 0 Standerd core A
7297 Mar. 6, '84 A 756.4 - 35.2 With test trap
7298 Mar. 6,'84| A A-water 763.4 - 43.1

7299 | Mar. 6,'84| A A-void 795.3 - 76.0

7301 Mar. 8,'84 A B-void 920.3 -177.8

7302 Mar. 8,'84 A B-water 931.3 ~185.0

7304 Mar. 8,'84 B 510.6 - 31.7 With test trap
7305 Mar. 8,'84 B A-void C-3 618.5 -288.1

7306 Mar.l4, ‘84 B - A-void 524.5 - 72.0

7307 Mar.1l4,'84{ B A-water 512.95 - 38.7

7308 Mar.l4,'84 B B-void 557.85 ~15%.0

7310 Mar.14,'84 B B-water 558.05 -157.5

7311 ‘Mar.14,'84 | B A-void G- 598.95 -250.0

7313 | Mar.15,'84| B B-void c-2 . 609.55 -271.0

7314 Mar.15,'84 B B-~water C-2 609.75 -271.4

7315 Mar.15,'84 B A-water C-2 587.1 -225.4

7316 Mar.15, "84 B B-void C-3 624.5 -299.2

7318 Mar.15,'84 | B B-water G-3 659.45 -358.8

7319 Mar.15,'84 B B-water C-3 void 621.4 -293.5

7320 Mar,15, "84 B B-water C-3 void 555.7 -153.8 Without Cd pipe
7321 Mar.23,'84 B A-void C- 582.9 -216.4

7322 Mar.23,'84 B B-void Cc- 398.35 -248.8

7323 Mar.23,'84 B B-water C- 610.45 ~272.8

7324 Mar.23,'84}| B A-water (o 578.7 -207.2

7326 Apr.l2,'84 B 500.3 0 Standerd core B
7328 Apr.17,'84 | B A-water Cc-3 646.75 -388.0

7331 Apr.17,'84 | B B-water B-2 6094.3 -410.7 Inversion

7332 Apr.l17,'84| B B-water B-2 689.05 -403.3

7333 Apr.l7,'84 B B-void B-2 691.1 -406.2

7334 Apr.17,'84 B B-2 682.35 ~-393.7

7335 Apr.l7,'84 B c-3 644.6 ~-334.4

7336 Apr.l17,'84 B C-~3 void 608.3 ~268.6

7337 Apr.20,'84 B A-void B-1h 604.9 -261.9

7338 Apr.20,'84 B A-void B-la £606.6 -265.3

7339 Apr.20,'84 | B A-water B-la 592.15 -236.0

7341 Apr.20, "84 B B-water B-la 624.05 -298.4

7342 Apr.20,'84 B B-void B-la 623.35 =297.1

7343 Apr.20,'84 B C-1 void 570.7 -189.3

7344 Apr.20,'84{ B c-1 579.0 -207.8

7345 Apr.20,'84 B B-la 592.15 ~-236.0

7346 Apr.20,'84 B B-la 592.05 -235.8 Inversion

7349 Apr.27,'B4 | B 51i.6 - 34.7 With test trap
7350 Apr.27,'84 |- B B-void 556.35 -162.4

7351 Apr.27,'84} B B-void C-3 water 661.5 -362.0

7387 May 11,'84 c 422.0 -~ 25.4 With test trap
7388 May 11,'84 C B-void 448 .6 -116.8

7389 May 11,'84 C B-2 506.35 -321.4

7390 May 11, '84 G 416.7 0 Standerd core C
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Table 3 List of measurements of reactivity worth of absorber rod
depending on location in ceore and reactivity interference
effect between twc absorber rods

Run no. Date ggzgiggi rod Absorber rod Crizégil(zgger Reactivity Note
7352 May 1,'84 501.25 0 Standard core
7353 May 1,'84 B~ 1,D~ 1 B-1b,B-1la 631.55 -308.9
7354 May 1,'84 B- 1,D- 2 B-1b,B-la 650.5 -341.3
7355 May 1,'84 B- 2,D- 2 B-1b,B-1a 656.05 -350.3
7356 May 1,°'84 B~ 2,D- 3 B-1b,B-1la 654.2 -347.3
7357 May 1,'84 B- 3,D- 3 B-1b,B-1a 651.95 -343.7
7358 May 1,'84 | B- &,D- 4 B-1b,B-1la 637.1 ~318.6
7359 | May 1,'84| B- 5,D- 5 | B-1b,B-la 619.2 -286.4
7360 | May 1,'84| B- 6,D- 6 B-1b,B-1la 600.6 -250.3
7361 May 1,'84 B- 7,D- 7 B-1b,B-la 581.15 -209.6
7362 May 2,'84 | B- 8,D- 8 B-1b,B-1a 560.6° -161.8
7363 May 2,'84 B- 9,D- 9 B-ib,B-1la 545.55 -124.6
7364 May 2,784 B-10,D-10 B-1b,B-1la 532.7 - 90.9
7365 May 2,784 B-11,D-11 B-1b,B-1a 526.25 - 73.1
7366 May 2,'84 501.5 0 Standard core
7367 May 2,'84 A~ 1,C- 1 B-1b,B-1a 649,35 -338.6
7368 May 2,784 | A- 1,C- 2 B-1b,B-la 657.8 -352.3
7369 May 2,'84| a- 2,C- 2 B-1b,B-1la 656.8 -350.7
7370 May 2,'84 A- 3,C- 3 B-1b,B-la 635.95 -322.7
7371 May 2,'84 A- 4,C- 4 B-1b,B-1a 611.0 -270.0
7372 May 2,'84| A- 5,0- 5 B-1b,B-la 584.0 -214.9
7373 May 2,'84)| A- 6,C- 6 B-1b,B-1a 556.9 -152.9
7374 May 2,°'84) 4A- 7,C- 7 B-1b,B-la 537.3 -103.2
7375 May 8,'B4 A- B8,C- 8 B-1b,B-la 526.0 - 70.7
7376 | May 8,'84| A- 9,Cc= 9 B-1b,B-la 511.0 - 27.4
7377 May 8,'84 A-10,C-10 B-1b,B-1la 504.35 - 7.1
7378 May 8,'84] a-11,C-11 B-1b,B-1a 502.4 - 1.1
7379 May 8,'84 502.05 1] Standard core
7380 May 8,'84 B-12,D-12 B-1b,B-la 515.75 - 41.4
7381 May 8,'84 B-13,D-13 B-1b,B-1la 508.25 - 19.1
7382 May 8,'84 B-14,D-14 B-1b,B-la 504.25 - 6.8
7383 May 8,'84 c- 1" B-la 572.5 -187.8
7384 May 8,'84 c-1 B-1b 572.05 -186.8
7385 May 8,'84)| C- 2 B-1b 568.5 -178.7
7386 May B8,'84 c- 3 B-1b 560.1 -158.9
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Table 4 Effective neutron multiplication factors of 4-trap cores

fective multiplicaticn factor Kerr *

Run no. | Guide pipe Absorber | With absorber Without absorber Core hignt

and guide pipe {mm)
7304 0.98355%0. 00487 510.6
7305 A-voicd C-3 0.9989320,00396 | 1.00698%0.00441 618.5
7306 A-void 0.98631+0.00455 | 0.98027+0.00397 524.5
7307 A-water 0.993%8+0.00410 | 0.98507%0.00469 512.95
7308 B-void | ©0.68457£0_ 00447 | 1.0023320.00417 - 557.85
7310 B-water G.98843+0.00410 | 0.99948+0.00389 558.05
7311 A-void c-2 0.98920£0.00424 | 1.00983+0.00409 598,35
7313 B-void c-2 0.9861420.00453 | 1.0132420.00405 609.55
7314 B-wdter c-2 0.98215%0.00393 1;0031510.00478 609.75
7315 A-water c-2 0.98768%0.00465 | 1.00041%0,00437 587.1
7316 | B-veid C-3 0.99169*0,00440 | 1.01296%0.00399 624 .5
7318 B-water C-3 0.98783%0.00431 | 1.01287z0.00426 659.45
7319 B-water C-3 void 0.98616%0.00416 [ 1.0154820.00432 621.4
7321 A-void c-1 0.98805%0.00458 | 1.00623£0.00448 582.9
7322 B-void c-1 0.99193+0.00430 [ 1.0129320.00426 538,35
7323 B-water c-1 0.99107#0.00415 | 1.010170.00414 610.45
7328 A-water c-3 0.99139+0.00422 | 1.01489*0.00400 646,75
7333 B-void B-2 0.9846120.00493 | 1.02779%0.00454 691.1
7334 B=2 0.98901+0.00431 | 1.01782+0.00392 682.35
7335 Cc-3 0.98811£0.00433 1 1,01312+0.00411 eul 6
7336 C-3 void 0.98631+0.00367 1 1.01165*0.003%9 608.3
7337 A-void B-1b 0.98923+0.00445 ] 1.0092620.00405 604.9
7339 A-water B-1la 0.98449=20, 004121 1.00116%0.00397 592.15%
7341 - B-water B-la 0.98782+0.00392 | 1.00516%0.0G377 624,05
7342 B-void B-la 0.99161:0.00519 | 1.0074520.00438 623.35
7343 c-1 void | 0.98070x0.00519| 0.95365+0.00413 570.7
7344 C-1 0.99619i0.00ﬂ73 1.00064%0.00454 579.0
7345 B-1la O.9§?O9i0.00390 1.00116%0.00397 592.15
7359 0.9831320.00368
7350 B-void 0.98596+0.00450 | 0.99967+0.00472 559.35
7351 B-void -3 water | 0.98642:0.00457 | 1.01963+0.00434 661.5

% : Water level of the core for calculation which is equal
to the critical water level of the core with absorber
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Table 5 Effective neutron multiplication factor of cores with
B4C absorber rods

fun no. | Absorber rod Effective multipiication factor Kerr Core hight
position With absorber Without absorber {mm)
7355 B- 1,D- 1 0.99303+0.00407 | 1.01635%0.00467 631.55
7354 B- 1,D- 2 0.99081+0.00474 | 1.01901£0.00403 650.50
7355 B- 2,D- 2 0.98584%0.00418 | 1,01867£0,00406 656 .05
7356 B- 2,D- 3 0.99587+0.00416 | 1,02112%0,00375 654,20
7357 B- 3,D- 3 0.99399£0.00452 | 1.01514+0.00425 651,95
7358 B- 4,D- 4 0.98659+0,00430 | 1.02077%0.00429 6£37.10
7359 B- 5,D- § 0.99020£0.00448 | 1.01173£0.00400 619.20
7360 B- 6,D~ 6 0.98993:0.00416 | 1.00903+0.00409 600.60
7361 B- 7,D- 7 0.98822+0.00398 | 1.01411+0.00490 581.15
7362 B~ 8,D- 8 0.98820+0.00370 | 1.00460%0.00443 560,60
7363 B- 9,D- 9 0.98969+0.00428 | 0.98917£0.00463 545.55
7364 - B-10,D-10 0.99473+0.00420 | 0.99861+0.00417 532.70
7365 B-11,D-11 0.99233£0.00412 | 1.00023£0.00395 526.25
7366 0.99372%0.00417 501.50
7367 A- 1,C- 1 0.98852+0.00472 | 1.00976+0.00458 649,35
7368 A- 1,C- 2 0.98968+0.00413 | 1.01727:0.00386 657.80
7369 A- 2,C- 2 0.98871%0.00420 | 1.0201320.00484 656.80
7370 A- 3,C- 3 0.99196+0.00451 | 1.0152320.00394 639.95
7371 A- 4 ,C- 4 0.99259+0.00388 | 1.0143120.00381 611.00
7372 A- 5,C- 5 0.98701+0.00389 | 1.00134+0,00443 584 .00
7373 A- 6,C~ 6 0.98143£0.00405 | 1.00126:0.00439 556.90
7374 A- 7,C- 7 0.99212+0.00387 | 0.99221+0.00395 537.30
7375 A- 8,C- 8 0.99912*0.00441 | 0.99166+0.00430 526.00
7376 A- 9,C- 9 0.98128+0.00403 | 0.99101+0.00449 511.00
7377 A-10,C-10 0.9782620.00432 | 0.98837+0.00469 504,35
7378 A-11,C-11 0.98496+0.00495 | 0.97992+0.00487 502.40
7378 c- 1 0.99496+0.00429 | 1.0029420.00434 572.50
7385 C- 2 0.99019£0.00410 | 0.99853£0.00387 568.50
7385 c- 3 0.98349+0.00405 | 0.9993520.00418 560.10
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Table 6 Reactivity worth of absorbers in hL-trap
Reactivity worth of absorber
Run no. | Guide pipe | Absorber and guide pipe (%8K)
Experiment | Calculation | (C-E)/Sigma
7308 B-voild 1.189 1.776+0.611 0.96 *
7310 B-water 1.178 1.105+0.565 ~-0.13 *
7311 A-void c-2 1.870 2.063+0.589 0.33 *
7313 B-void c-2 2.027 2.710+x0.408 1.67 **
7314 B-water C-2 2.030 2.100+0.619 0.11 *
7315 A-water C-2 1.686 1.273+0.638 -0.64 ¥
7316 B-void C-3 2.237 2.127+0.594 -0,19 *
7318 B-water c-3 2.684 2.504+£0.606 -0.30 *
7319 B-water -3 void 2.195 2.932+0.5089 1.23 **
7321 A-void C-1 1.618 1.818:+x0.641 0.31 *
7322 B-void c-1 1.861 2.100+0.605 0.40 *
7323 B-water Cc-1 2.040 1.910+0.586 -0.22 %
7328 A-water C-3 2.901 2.350+0.581 -0.95 ¥
7334 B~2 2.944 2.871+0.582 -0.12 *
7335 C-3 2.501 2.509x0.597 0.01 *
7336 -3 void 2.009 2.534+0.542 0.97 *
7337 A-void B-1b 1.958 2.003%0.601 0.07 *
7339 A-water B-la 1.765 1.6670.572 | -0.17 *
7341 A-water B-1la 2.231 1.734£0.543 ~-0,92 %
7342 B-void B-1a 2.222 1.584+0.679 -0.94 %
73403 C-1 void 1.416 1.295%0.6673 -0.18 *
7345 B-la 1.765 1.407£0.557 -0.64 ¥
7350 B-~void 1.214 1.371420.652 0.24 ¥
7351 - B-void C-3 water 2.707 3.321+0.630 0.97 *
H = 510.6mm Critical height of standard core {(Run no. 7304)
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Upper Lower
SPACER GUIDE _PIPE ABSORBER RUBBER PULG
A S S 4 I AR A A S . ra i sl S A AR 5.\, W A A S ra o :
r_I_J_.% a2 s TAT pllll Trr 11/1:111117777{727‘111177771‘ﬁ
_ ) — : _ RN \_
1L
>

A A S S S L S A S S S S S S A S S A M A SN ” S s e 2l S S S S Ty rrrrrrrr s rrry T yrrrr s

~ 1850

Guide pipe A : Aluminium, 0.D. : 38, I.D. : 32

Guide pipe B : Stainless steel, 0.D, : 42.5, I.D. : 36.7

(1) Guide pipes

HOLDER CcD PIPE
y 2
1350 ' 50 =
~ 1850
Absorber rod Holder Cd pipe

C -1 Al pipe, 0.D. : 14, I.D. : 13} 0.D., : 15.33, I.D. : 14.33
cC -2 Al rod, 0.D. : 20 0.0, : 21.32, I.D. : 20.32
c-3 Al pipe, 0.D. :; 28, I.D. : 25| 0.D. : 29.31, I.D. ¢ 28.31

{(2) Absorber tubes

PLUG CLADDING BORON CARSBIDE
A S—— N J— e —— —

e e e e e e T A
S T e e A e e e e

= L L2 La <

= L
Absorb d Claddi B, C content Length

sorbher o a ng 4 conten L1 LZ L3 Lﬁ

B - 1la Al, 0.D. : 14, I.D. : 13 1.180 g/cm3 105.7 1 1727.3 | 50.0 | 1883.0

B - 1b Al, O0.D. : 14, I.D. : 13 1.180 g/cm3 104.3 | 1728.4 | 50.0 | 1882.7

B -2 sUs, 0.D. : 34, I.D. : 27.3 1.165 g/cm3 10.7 | 1980.7 | 10.6 | 2002.0

(3) Absorber rods (unit : mm)

Fig. 2 Specifications of guide pipes and absorbers
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Fig. 5 Vertical arrangement of fuel rods and absorber rods
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Fig. & Reactivity worth of absorber rods as functicn of distance from core center to their
inserted position. Open circles and triangles show two-rod worth inserted symmetric
positions against core center-lines, while, c¢leseqd showes one-rod worths.
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Fig. 7 Change of reactivity-interference effect Pari ’brz/(par|+°br2)
vs. distance between two absorber rods.
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Fig. 8 General calculaticn flow
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Fig. 9 Effective neutron multiplication factor calculated by MULTI-KENO
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Fig. 10 Effective neutron multiplication factor calculated by MULTI-KENO
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