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Experimental Data in DCA (13)
Fission Reaction Rate Ratios at 22.5 cm Pitch Lattice

Nobuo FUKUMURA*, Akito NISHI*
Toshio WAKABAYASHI* and
Katsuji TOMURA*

Abstract

Eission reaction rate ratios have been measured in plutonium fuel
loaded in 22.5 cm pitch lattice. The fuels used for the measurements
were 0.87 w/o Pu0, (standard grade)-U0,[8sPu] and 0.87 w/o Pu0, (reactor
grade)-U0,[8RPu]. The "coolants" used in the experiment were Ho0 [0%
void] and Air[100% void].

The uranium fission reaction rate ratios such as 628 and 8§25 were

obtained by use of natural uranium foils, depleted uranium foils and

highly enriched uranium foils. The plutonium fission reaction rate
ratios such as 69 and &:2 were obtained by use of highly enriched
plutonium foils and highly enriched uranium foils.

Fission reaction rate ratios measured in the DCA's lattices are shown

in the following table. The results of fission reaction rate ratios

measured in 0.54 w/o Pu0,-U0,(5s) are also reprinted in the table,
The following can be concluded from the present experiment.,

(1) The reactor-grade 0,87 w/o Pu0,-U0; fuel (8R) corresponds to a lower
fuel enrichment than that of the standard-grade fuel (8s).

(2) The presence of the Hp0 coolant weakens change of fuel itself, such

as an increase in enrichment or an increase in the resonance part.

i * Heavy Water Critical Experiment Section, O-arai Engineering Center, PNC.
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Table Experimental Results of Fission Reaction
Rate Ratios in 22.5 cm Pitch Lattices
Contents
ission reaction
ate ratios 28 25 49 49 1. Experiinental COnditfiOnS ssesesessessasnsessesssssscsssseseses .
Lattice $cell Scell Scel1 8,5, cell Sy SR o :
condition

. 2. Measurement Conditi Pessressransessss st nTRaRs RN EY
5sPu~ 0% Void 0.105+0,004 | 0,0900.004 | 0.059+0,002 | 0.91140.036 e Ol LLons 7

| 5sPu-100% Void 0.137+0.005 | 0.12940.005| 0.084+0.003 | 0.952+0,038
8RPu- 0% Void 0.136+0.005| 0.099+0.004 | 0.075+0.003 | 1.36 +0.05
8RPu-100% Void 0.176+0.007 | 0.159+0.006 | 0,089+0.004 | 1.40 %0.06
8sPu- 0% Void 0.172+0.008 | 0.103+0.004 | 0.073£0.003 | 2.23 £0.09
8sPu-100% Void 0.199+0.008 | 0.17940.007 | 0.116x0.005 | 2.04 +0.08

3. Fission Reaction Rate Ratios .sseesssssases Peseniue N e s ke 13

<
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1. Experimental Conditions,

Table 1-1
1-2
1-3
1-4
1-5
1-6

Fig. 1-1

Core Description

Fuel Descriptioﬁ

Fuel Ring Description
Channel Assembly Description
Coolant Description

Moderator Description

Core Configuration of DCA (22,5 cm Lattice Pitch)




Table 1-1 Core Description
Core No. A9-2 A9-1 AT-2 A7-1
Fuel Center 25-8RPu 25-8RPu 9-8sPu 25-8sPu
loading foreer 96-1.20 96-1.20 108-1.20 96-1.20
Coolant Void 0% (H,0) 100% (Air) 0% (H,0) 100% (Adir)
Height 83.5 em 0 cm 83.5 cm 0 cm
Lattice Pitch Square at 22.5 cm pitch
Moderater| Height 83.11 em 103.21 cm 82.74 em 93.58 cm
(020) 708 a1 1,0 <0.1 ppm <0.1 ppm <0.1 ppm <0.1 ppm
Core ID 22,5cm-8RPu-0% [22. 5em—BRPu-100%| 22. 5cm-8sPu-0% |22. S5em-8sPu-100%
(8R) (8R) (8s) (8s)
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Date of Analysis:

23 August 1971

Date of Analysis:

16 June 1973

Table 1-2 Fuel Description
(1) lL.2u (2) 5(S)Pu
Inner Dia.| Outer Dia. Density Inner Dia. | Quter Di i f i
(cm) (cm Material 3 B s Material Density
) (g/em3) (cm) (em) E (g/cm?)
Pellet -— 1.480 1.203w/o 10.36 Pellet - 1.469 | 0.542w/o i 10.17
mEechet @Rl enriched Pu0,-U0,|
Gap 1.480 1.503 Helium Gap 1.469 1.506 Mt | —
Sheath 1.503 1.673 Aluminium 2,674 Sheath 1.506 1.668 | Zrv—2 ! 6.523
[ [
Composition w/o Composition w/o
=
U-235 1.057 ] U-235 0.6214
Pellet U-238 86.793 U-238 86.782
9 12.150 Pu-238 0.000102
Sheath | A1 96.98 Pellet | Pu-239 | 0.4304
Mg 2.60 Pu-240 | 0.04115
Pu-241 0.004359
Pu-242 0.000303
o 12.12
Zr 98.22
Sn 1.48
Sheath Fe 0.14
Cr i 0.10
Ni | 0.06
: Date of Analysis: 23 August 1971
Table 1-2 Fuel Description
(3) B(S)Pu (4) B(R)Pu
Inner Dia. | Quter Dia, Density Inner Dia.| Outer Dia. Material Density
(cm) (cm) Ratenial (g/em3) (cm) (cm) (g/cm?)
Pellet —_ 1.472 0.862w/o 10.17 Pellet —_ 1.468 U.B?ﬂwfo 10.25
enriched PuQ;-U0z enriched Pu0,;-U02 _
Gap 1.472 1.506 Helium = Gap 1.468 1.506 Helium
Sheath 1.506 1.668 Zry-2 6.523 Sheath | 1.406 1.668 Zry=-2 6.523
Composition wio Composition wfo
U-235 0.6194 U-235 0.6194
U-238 86.503 U-238 86.493
Pu-238 0.000145 Pu-238 0.00641
Pellet Pu-239 0.6849 Pellet Pu-239 0.4953
Pu-240 0.06584 Pu-240 0.1661
Pu-241 0.006960 Pu-241 0.07217
Pu-242 0,000510 Pu-242 0.02296
0 12.12 0 12.13
ir 98.22 Zr 98.22
Sn 1.48 Sn 1.48
Sheath Fe 0.14 Sheath Fe 0.14
Cr 0.10 Cr 0.10
Ni 0.06 Ni 0.06
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Table 1-3 Fuel Ring Description
Table 1-6 Moderator Description
. 28 elements assembly in 3 circular rings ¥
(1) Non 10B-Bearing Moderator
Ring No. of elements efiézgt:izziieg:a(gi) Density of Moderator (D;0: 99.42 mol/o) 1.1045, 22°C
2.625 Material w/o in Moderator Density (g!cm3)
6.000 Dy0 99.48 1.10504
3 16 9.515 Hp0 0.52 0.99777
) Ingredient w/o in Moderator Atomic No. density (/cm3x102%4)
Table 1-4 Channel Assembly Description
! H 0.05819 0.0003840
: .06608
Inner Dia. | Outer Dia. Mataital Density | D 20,0083 0.06
(em) (em) i (g/cn?) 0 79.9345 0.03323
i <0.0000005
Pressure Tube 11.68 12.08 Aluminum Alloy | 2,674 1 B <0.00001
Air Gap 12.08 13.25 Alr 0.001205 i
Calandria Tube 13.25 I3.65 Aluminum Alloy | 2.674 E
|
Composition w/o in Al | w/o in Air| Atomic No. Density
Al 96.98 0.05788
Mg 2.60 0.00172
Air 0 23,5204 0.00001067
76.4796 0.00003962
Table 1-5 Coolant Description
Material
Coolant ™~ (w/o) " 0 N
Void Fraction
[ 4 11.190 88,810 0
100 % 0 23.520 74.480
e
-4 - i
S e T SO T r .y
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Measurement Condititions .

Detector Foil Description

Table 2-1

Table 2-2

9B

Irradiation Condition
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Lattice Arrangement for Activation
Cross Sectional View of Fuel Cluster

Foil Arrangement in Pu0,-U0,
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Core Configuration of DCA

Fig. 1-1

(Square Lattice of 22,5 cm Pitch)




Table 2-1 Detector Foil Description

Measured Quantity

Foil ID| Dimension Specification* (Core)
DU 14.8 om? 274ppm 235U depleted 528
(DB) 0.10 mmt U-metal (55,8R,88)
NU 14.8 mm? Natural (0.72w/o 2350)
0.12 mmt U-metal
EU 14.8 mm? 18.04w/o U-Al alloy §53,. 842
0.10 mmt 89.82w/a 235y/U (553
EU 14.8 mm? 8.53w/o U-Al alloy 825, &4
0.10 mmt 89.84w/o 235u/u - (8R, 85)
PU 14.5 mm? 36.8w/n Pu0,-Polyethylene mixture §25, g4?2
0.11 mmt | 87.46w/o Pu/Pu0,, 90.21 23%u, 8,758 240pu, 0,937 24lpy (58)
PU 14.8 mm¢ 7.14u/o Pu-Al Alloy 425, B33
0.1 mmt 99.11 23%y, 0.880 240pu, 0.012 24lpy (8R, asf’
*

See Appendix

€9-08 TV6NL ONd
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Table 2-2 Irradiation Description ; Fuel Clust
’ u uster
’ (Total Number : 121)
Foil Core ID D50 Critical Level | H,0 Coolant Level O
22.5¢m-8sPu- 0% 83.43 em 83.5 cm o O 22
~BsPu-100% 93.82 0 22 o
DU/NU “BRPu- 0% 83.54 T 83.2 O O O
“BRPu-100% 103.76 0 g O 0 OC 0 O
“5sPu- 0% 90,90 91.0 i 0O 2 @ @ O 0O
~55Pu-100% 103.44 0
22.5cm-8sPu- 0% 83.48 83.5 o O 2% @O 00O
Z8sPu-100% 93,81 G O0O0OOC22 @® 2 20 O OO
EU/PU -8RPu- 0% 83.53 83.1 O O © @ p OO OO0
-5sPu- 0% 85.16 85.0 ]
~5sPu-100% 103.46 0 i O OO0 O0OO0OO0O0
Trradiation Time: 1 kW X 75 Min. .j Q00 00
00 0O
eXe)
% 3005mm

@ Pu0,-U0, Fuel Cluster with Irradiated Foils

@ Pu0,-U0, Fuel Cluster with Irradiated Foils (9ch. or 25ch.)

O 1.2 w/o U0, Fuel Cluster with Irradiated Foilds (1llch. or 95ch.)

Fig. 2-1 Lattice Arrangement for Activation
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Fig. 2-2

\

Cross Sectional View of Fuel Cluster

< Moderator (DZO)

Calandria Tube (Al)
Air Gap (Air)
Pressure Tube (A1)
Clad (Zry-2)

Fuel (PuOP—UO )

Cool ant '(Hza or Air)

2.0

F-1, F-2, F-3, F-3'

Postition for foil
measurement
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Du:
NU:
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PU:
Unit:

Fig. 2-3

Cd ring (0.5t)
DU/NU cassette

cd disk (14.8%, 0.5¢)
Al catcher

PU cassette Pu:foll

Al catcher

% Eu foil

EU cassette

Disk pellet (2.0t)
having flatter surface
than the same composi-
tion as the adjacant
pellets

DU/NU cassette

Al tape (0,01t)

Zr-2 sheath

Al catcher
(0.02c)

DU foil

NU foil
DU/NU cassette

Depleted Uranium Foil
Natural Uranium Foil
Enriched Uranium Foil
Plutonium Feil

mm

\—-L__‘r_a

&b)

Cd ring (0.5t)

PU cassette
EU cassette

cd disk
(14.8%, 0.5t)

Disk pellet (2.0t)

PU cassette

EU cassette

Al tape (N.0lt)

Zr-2 sheath

Foil arrangement in Pqu-UO Fuel Pin.
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3. Fission Reaction Rate Ratios

Table 3-1

Table 3-2-1n3-2-6

Definitions of Fission Reaction Rate Ratios

Data of Fission Products Activities in PU-Foils

Table 3-2-7v3-2-12 Data of Fission Products Activities in EU-Foils

Table 3-2-1313-2-18 Data of Fission Products Activities in NU-DU Foils

Table 3-3

Table 3-4

Fig., 3-1

Fig. 3-2

Fig. 3-3

Fig. 3-4

Experimental Reaction Rate in 22.5 cm Pitch Lattice
as a Function of Fuel Pin Position

Experimental Micro-Parameters in 22.5 cm Pitch Lattices

625 in 22,5 cm Pitch Lattice as Functions of Coolant
Void Fraction, Plutonium Fuel Enrichment and Pin
Position in the Cluster

6% in 22.5 cm Pitch Lattice as Functions of Coolant
Void Fraction, Plutonium Fuel Enrichment and Pin
Position in the Cluster

628 4n 22.5 cm Pitch Lattice as Functions of Coolant
Void Fraction, Plutonium Fuel Enrichment and Pin
Position in the Cluster

8,2 in 22,5 cm Pitch Lattice as Functions of Coolant
Void Fraction, Plutonium Fuel Enrichment and Pin
Position in the Cluster



625 =

§49

528

49
625

Where

49
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525:(

6"9 = (__P.

f e
23 (EEKJ(N?F)Pug(t) (F1b

where RD =

Table 3-1 Definition of Fission Reaction Rate Ratios

(1) Definitions of 625, g49, §28 gng 832

Ecd
| o?5(E)¢(E)AE/[  o25(E)¢(E)dE
Eed o

Ecd
] e“9)e(E)AE/[  o49(E)o(E)dE
Ecd )

o«

jE NESo2B(E)4 (E)AE/[ N25025(E)¢(E)dE
t o
| Ng%*(E)4(E)AE/[ NZ5025(E)e(E)dE
o o

Eed : the Cd cut-off energy

Et : the threshold energy of 238U fast fissions

0%5 or of? : the fission cross section of 235U or 239p,

st,N§8 or N?g : the atomic No. density of 235y, 238y of
23%9py in the fuel.

(2) Derivation from Measurements

(F12
[FIS
(F1®

<+ 1)=1

- 17!
[F1S

N28 25

628 = (2 (IP2g (DR

2
Nn

43 425 r]b
Ng? N [ ]E

e
¥ (£)b-N35/N25

w: phipaD
e t) = Fo/F
NZ8/NZEy (£)b v( d’Fn

F : the activity of fission products.
Suffixes of d, n, e, p and f indicate DU, NU,
EU, PU or fuel.

b,d : bare or Cd-covered foil activity
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Table 3-2-1 Data of Fission Products PU Foils
(1kw-75Min. irrad., 8s Pu Fuel, 0% Void,

lf

D0 level 83.48 cm, H,0 level 83.5 cm) =
(@]
Rim Height | Foil Cooling Pllg Actdvity PUp Activity Gamma Averaged 52
gl (cm) Weight |Time(Min.) Raw Specific Raw Specific |Fitted Value|(PU./PUy) Ratio(CR) ©
(200 sec) (1/secemg) | (200 sec) (1/sec-mg) (1/sec-mg) . iﬁ
1st .| 60.0 PU19 1210.3 21297 48.124 [’}
44.8 1213.9 2174 3.9180 47.253  |B.2916E-02 |8.2484E-02 <
mg 1314.9 17589 39.577 £1.6% o
(cd) 1318.5 1896 3.3950 40.636  [8.3548E-02 [(12.12) @
1427.8 15593 35.522 (10.13)%
40.2 | PUl8 | 1476.3 1648 2.8258 34,457 B 7021E-02 |(8.973)**
44,5 77.3 13933 31.150
mg 530.9 1538 2,5739 30.693  |8.3861E-02
(Bare) 635.2 12455 27.744
638.8 1374 2.1977 j 27,546 |8.0074E-02
1743.2 : 11353 25.204
1746.7 1255 1.9019 25,414 |7.4B34E-02
Znd | 59.7 | PUZ1L 1245.9 25248 57.497 [5.6127E-02
43.9 1249.5 1865 3.3861 56,257 6.0L89E-02 |£5,6%
mg 1350.5 21016 47.696 (17.82)
(cd) 13541 1658 2.59024 50,198 |5.7820E-02 |(14.97)*
T458.4 20352 46,800 (13.26)%=
39.8 | Pu20 1482.0 1417 7.3388 43,990 [5.316BE-02
44 .4 1563.0 17559 359,691
ng 1566.5 1394 2.2856 39,633 |5.7669E-02
(Bare) 670.9 15528 34,98
674.5 1195 1.8206 35.155 5.1788E-02
778.8 13981 31.406
1782.4 1181 1.7879 31.283  [5.7151E-02
3rd [ 59.6 | puz3 1228.1 34633 78.869 . 5743E-02
44,9 1231.7 2054 3.6946 78.496  |4.706AE-02 |+4.8%
& 1332.7 30386 69.077 (22.35)
1336.2 1761 3.0713 69.933  |4.391BE-02 {(19.07)*
39.7 | PU2:z 1450.6 28368 64.971 (16.89) %%
44.6 4441 1696 2.9225 61,545  |4.7485E-02
ng 1545.2 23842 53.999
(Bare) [ 1548.7 1459 2.3818 55.459 _ 14.2947E-02
1653.1 21881 45,470
1656.6 1335 L0987 45,617 ~2298E-02
1761.0 20094 45.351
1764.5 1292 2.0005 45,790 |4.4664E-02
* Height Correction ¢ : Cd-covered foil
** Cd-Cover Correction b : Bare foil
Table 3-2-2 Data of Fission Products PU Foils .
(1kW-75Min. irrad., 8s Pu Fuel, 100% Void, (z]
D50 level 93.81 cm, H,0 level 0 em) =
=z
Ring |Height | Foil Cooling Plc Activity POy Aetivity Gamma Averaged R
Bl (cm) | Weight |Time(Min.)| Raw Specific Raw Specific [Fitted Value| (PUo/PUy) | Ratio(CR) =
(200 sec) |(1/sec-mg) | (200 sec) [(1/sec-mg) (1/sec-mg) ®
lst | 60.1 | PUIL | 1118.4 11544 24.66 1.1056E-01 AS
47. 1122.0 1629 2.7137 26,621  |1.1266E-01 |+4.2% @
() [1186.1 10772 | 22.962 (9.04)
89, 1540 2.5793 22.669  |1.1378E-01(8.47)*
40.3 PULD 56. 9774 20.759 (7.50) %%
46.6 1259, 1454 2.3915 20,782 |1.1507E-01) -
mg 1323.3 8972 18,989 5
(Bare) 1326.9 1314 2.0857 19.104  |1.0918E-01
390.4 8273 17.917
394.0 1158 1.7439 17.079  |1.0210E-01
457.5 7660 16.095
1461.1 1149 1.7254 16.121  [1.0703E-01
2nd | 58.6 | PUL3 | 1154.6 11750 25.687 11.0526E~01
46.9 1158.2 1617 2.7596 25,668 |1.0751E-D1 [£3.4%
mg 221.7 10982 23.953 (9.50)
(cd) 225.3 1467 2.4305 23.852  |1.D190E-01!(8.98)*
| 1291.8 10350 22.527 1(7.96) %%
39.8 | PU2 [ 1295.4 1456 2.4064 21,963  |1.0956E-01)
5.3 358.9 8859 19.643 i
(Bare) | _1362.5 1259 | 1.9731 15.684 _ [1.00245-01]
1426.0 8437 18.691 1
429.6 1233 1.9160 17.894  [1.070BE-0L:
1493.1 : 7766 16,696
1496.7 1176 1.7922 : 16.594 | 1.0800E-01
3rd | 60.5 P17 1168, 17419 37.316 7.59B6E-02
3. 1175. 1619 2.8515 36.899  |7.7279E-02 |46.1%
oy 1236, 15975 34,152 (13.2)
1239, 1472 2.5188 33.769  [7.4590E-02 [(12.3)*
40.3 | PUL6 13061 14190 30.243 (10.9)==*
47.0 1309.7 1307 2.1454 30.745 6.9781E-02
mg 1373.2 13142 28.415
(Bare) 1376. 1390 2.3320 27.792 8.3910E-02
N 1440, 12703 26988
1443. S 1219 1.9463 26,171 |7.436BE-02
1507.4 | 11424 24.188
1511.0 1146 1.7811 | 24,481 7.2752E-02

* Height Correction

** Cd-Cover Correction

o | (S
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Table 3-2-4 Data of Fission Products PU Foils
1kW-75Min. irrad. 8R Pu Fuel, 100% Void
) »
“g P o o Dy0 level 103.76 cm, H;0 level 0 cm)
y Homd 1 * 1 *
o .
I = oo .08 b« ¥ wime fMetine | Fotl | cooltng o fertetty | . MW dethviry - — T o Averaged
IR S R Fedts gl E5%9" M) tem) | Watght [ThmeMin,) ["iaw | Smeeoia | T faw  Tshaci s [ Fit o Value| (0,./PUy) | RatletcR)
e, bV e £ g 32 2 o ge | (200 sue)| (1/secmy) | (200 sac) (1/sccrmy)
PRI | £ :',.|. s 2= e A O T ! TR L T it M B 1 R I | %0115~ Tun
-~ F'} e % ]gr $ ’cl,“ 3| $l' gl $ EI,' $ $ ) $ ":l*,' 470 E;’f: 185 " 1,991 IrfzSi: BT ] ;3;;)
= 4] bl L. . 2ol .
EE S| =1 S e e N I = I T T (cd) [1225.0 1300 | 1.8332 {9.71) %
5o S| sl B Al g 3] fa e = e O S L5 e i el ; (8593
I @ |12 || ol |m| & | o 1= A0 SRS R *
< BB R ] Ml R AR SR 39.2 | rus2 & LS|
s e T o oYt O 1 B ol Lo le| 4| <] || 4| <] |« 4.0 [ T |
85| 3z X | ko s
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Table 3-2-9 Data of Fission Products EU Foils

PNC TN941 80-53
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* Height Correction

** Cd-Cover Correction

PNC TN941 80-53

Table 3-2-10 Data of Fission Products EU Foils
(1kW-75Min, irrad., 8R Pu Fuel, 100% Void,
D30 level 103.76 em, Hy0 level 0 cm)

Ring |eight Foil | Cooling ,___E“_'_‘_ﬁ_'ff_“_v!f'_y Ep Activicy Gamma Averaged
P8 (em) Welght |Time(Min.) Haw Specific Raw Specific |Fitted Value] (EU/EU)) | Ratio(CR)
(200 sec)|(1/acemg) | (200 sec) (L/secemp) | (L/suceng)
Ist | 38.9 | EUBD 8.6 " LT 10,771 T TjiiesTEson
52,80 WIS BEEN 17749 10380 [T 6T7E-00 41,51
mg 137 e BTE3 g5 (5.86)
(cd) [ 1207, 1740 176760 96860 | T.TI0AE-OL|(6.12)%
129074 Biie 8.7650 (S5.42) %k
39.2 | Ewr9 [ 1297, 1E1Z 14855, S B _8,B305_ | 1.6@67E-DL]
52,47 [ 1363, i 7620 _8.4343 ]
g 169, 1534 1.3918 8.0417  |1.73086-01
(Bare) 10N 6702 7.1852
LTS S LY I8 T.3038 [1,B332e-00
2 [ 1504 e 1309 Tsa3 6.7880 |1.7162E-D1
Ind | 58,4 | EUBZ 170. 11067 11542 1.4510E-01
53.00 [ TI74.5 | 1863 17877 10 B8 [1.5080E-01 |:2.2%
mg [T LAET 9739 | 10,473 =3 —_1(6.89)
(cd) [1330. 1835 1.5008 10,850 [1.4714E-0L|(7.25)*
1373, 9784 95676 | (B.42)%%
38.7 | Eusl [ _I378, 1516 1are = 95095 [T 0T6TE-0L |
53.00 [ _i398, 8039 B.5926
mg | _1401,8_ | 1366 1230 B.6667 |1.4271E-00
(Bare) 473, 7278 7.7508
577, 130 1,135 _7.822%_|1.5616E-01
5§2.1 " (EFH 7.3570 PR
' 7 155 L.T 72553 |1, 5034E-0L
Ird-T| 58.77| TEUEE 51,1 15501 i 1iz |1 1659E-01 |
iy 53,50 T 1565 | 5% | I.9%E 17,219 |1, 1336E~01 |+1.9%
mg | 1228.% 15754 15.873 o 1(8.58)
(cd) 12301 1733 T.8019 15.323 [1.1760E-0L|(8.98)#
" I306.8 oy 17421 0715 (7,95)4%
T30 1758 TEny 1 D870 [T, 1890e-01 |
39.1 | ruer P 11685 1,318
53.46 [ TI86.0 | T TE00 | L4468 |1, [861E=01
mg |_3a433.8 | U et B
(Bare) 9.4 | TIe38 T I 1.1467E-01
5.3 A1
1518.9 Tavg 1. 7168 1.7621E-01
Ird-Z] 58,7 E090_ 1185.1 7 T __|T.IIITE-0r |
53.58 [TTAXARS T LS TT TLEWES [ 11 I0A2E=01 |4, 5%
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* Height Correction
** Cd-Cover Correction
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Table 3-2-13 Data of Fission Products DU-NU Foils
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Table 3-2-15 Data of Fission Products DU-NU Foils i Table 3-2-16 Data of Fission Products DU-NU Foils
(1kW-75Min. irrad., 8R Pu Fuel, 0% Void, ; (1kW-75Min. irrad., SR Pu Fuel, 100% Void,
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PNC TN941 80-53

Table 3-2-13 Data of Fission Products DU-NU Foils

(1kW-75Min. irrad., 5s Pu Fuel, 100% Void,
D20 level 103.44 cm, H,0 level 0O cm)
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Table 3-4 Experimental Micro-Parameters in 22.5 cm Pitch Lattices

497549
8843/632 ~ %43,

R e e e e e

ogns

Lattice Fues pin 28 25 49 49
condition position 8 8 6 525
Tat 0,293 0,164 0,125 3773
g:'guc?u:f Tad 0.2Th 0.126 0. 0818 7.50
o i 3rd 0.143 0.0877 | 0.0620 | Z.14
! - zell 0.172 0.103 0.0730 | " 2.23
! Tst 0.265 0.240 0154 7,05
; gi'guc?ugi Ind 0.268 0.209 0. 144 1,89 —
o e rd 0.162 0.158 0.101 7.10
ceil 0.199 0.179 0.116 7.04
Yot 0.208 0.162 0.110 1.45
g;'gucgugi Ind 0.157 0.121 0.0893 | 1.40
g 3rd 0.120 0.0840 | 0.0645 | 134
cell 0.136 0.0991 | 0.0745 | 1.36
Tst 0.285 0.226 0.132 T.40
gi'guc?ugi Tnd 0.203 0.185 0,104 T.38
e 3rd 0.156 0.140 0.0773 | 1.40
; ; cell 0.176 0.159 0.0890 | " 1.40
: _ Yot 0.162 0.132 0.0787 | 1.21
| éi'gu“?uti 7nd 0-1%% 0.105 0.0699 1.0
; i Trd 0.0891 | 0.0787 | 0.0518 | LT19
; cell 0.105 0.0900 | 0.0586 | .17 —
; Tst 0,185 0.15% 0.0973 [ 0.91T
: §§'Su°?u§f 7nd 0.153 0.148 0.0973 | 0.95¢
ol Ird 0,123 0. 118 0.0766 | 0.958
Gell 0.137 0-129 0.0837 | 0.950
Experimental error: 4828/528 n 147, 28625/825 n 4%, 4649/6%9 n 247,
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1. Depleted Uranium Metal Foil

REACTOR EXPERIMENTS, INC.

963 TERMINAL WAY SAN CARLOS, CALIFORNIA 94070
Phone: (415)592-3355 Cable Address: REACTEX

IS0TOPIC ASSAY OF DEPLETED URANIUM

Shipped on Purchase Order No. C-52-6022

U-233 1 ppm
U-234 2 ppm
U-235 0.0274%
U-236 2 ppm
U-238 99.972%

Weight Per Foil:

Foil Code Weight (grams)

9.7561
9.6108
19.2419
19.8426
19.5864
19.7667

MEmCOsE >

97.8405 Total Weight




PNC TN941 80-53

REACTOR EXPERIMENTS, INC.

963 TERMINAL WAY  SAN CARLOS, CALIFORNIA 94070

MATERIAL DATA SHEET

Material: Uranium 238 depleted to 274 ppm  Thickness: 0.002" Purity: 99.925%
U-235 & 0.004"
Catalog No.: Special Diameter : 4" x 4" Lot No.: 236

CHEMICAL ANALYSIS

Maximum Maximum Maximum Maximum
Impurity | Percent | Impurity| Percent Impurity | Percent Impurity | Percent
Cu 0.01
v 0.005
si 0.02
Fe 0.03
Ti <0.01

2. Natural Uranium Metal Foil
ﬂ REACTOR EXPERIMENTS, INC.
; 963 TERMINAL WAY  SAN CARLOS, CALIFORNIA 9407C

MATERIAL DATA SHEET

Material: WNatural Uranium Thickness: 0.004"  Purity: 99.97%
Catalog No.: Special Diameter : (4"x4")x Lot No.: 274
3 pes.

CHEMICAL ANALYSIS

Maximum Maximum Maximum Maximum
Impurity | Percent | Impurity | Percent Impurity | Percent | Impurity | Percent

Al 0.01
Fe 0.02

PNC TN941 80-53

3. Pu-Al Alloy Metal Foil

PREPARATION AND EVALUATION OF PLUTONIUM
ACTIVATION FOILS FOR USE IN THE PNC DEUTERTUM

CRITICAL ASSEMBLY

FINAL REPORT TO
POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION

CONTRACT 212B00996 AMENDMENT 1, REVISION 1

September 19, 1972

BATTELLE
PACIFIC NORTHWEST LABORATORIES
Richland, Washington 99352
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Plutonium Isotopic Composition - Weight Percent

238 239
0.0. 94,02

240
5.63

0.319

Plutonium Content of Al-Pu Alloy

239Py + 241py

Fissile Plutonium Content of Al-Pu

Alloy

242

0,019

5.16 %

= 94,34 %

Plutonium Spectrographic Analysis

4.87 %

Element ppm! Element ppm!
Ag 0.2 Li ND
As ND Mg <5
B <0.1 Mn ND
Ba ND Mo ND
Be ND Na 5
Bi ND Ni <10
Ca <1 P ND
Cd ND Pb ND
Co <10 Si 5
Cr <25 Sa <5
Cu 2 Tl =
Fe <10 v <20
In ND Zn <50
K ND

1 - Approximate precision + factor of 2

ND - Not Detectable

PNC TN941 80-53

Weight

The weight of each foil was determined using a calibrated analytical

balance having a sensitivity of 0.1 milligrams. Foil weights are shown

below. Note that the individual weights are well within the specified

+ 10 % of mean.

Foil Weight
1 0.0441 grams
2 0.0453
3 0.0446
4 0.0444
5 0.0471
6 0.0451
7 0.0457
8 0.0447
9 0.0443

10 0.0466
1L 0.0470
12 0.0455
13 0.0469
14 0.0451
15 0.0434
16 0.0470
17 0.0453
18 0.0445
19 0.0448
20 0.0444
21 0.0439
22 0.0446
23 0.0449
24 0.0459
25 0.0463

Foil Weight
26 0.0459 grams
27 0.0461
28 0.0471
29 0.0437
30 0.0452
31 0.0440
32 0.0465
33 0.0454
34 0.0454
35 0.0469
36 0.0466
i7 0.0451
38 0.0446
39 0.0449
40 0.0465
41 0.0454
42 0.0460
43 0.0470
44 0.0465
45 0.0464
46 0.0466
47 0.0454
48 0.0442
49 0.0462
50 0.0450

Total weight 50 foils = 2.2740 grams

Dimensions

The thickness and diameter of the foils were measured with calibrated

micrometers. Both dimensions were extremely uniform and precisely as

specified. The diameter measured 14.8 mm and the thickness measured 0.1 mm.

_43_
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4, PuO:-Polyethylene Mixture Foil

w0 £ N A
BhJakii « REHRKHID 56 e
R ETT Pu Ak
SR 4 R

DCAicim6ﬂ’.iF‘IPMTLDUIJP}:-'Pi&iﬁ?ﬁ%%ﬁ&t?&ﬁ%!ﬁ'ﬁl&lc{ﬁ-37'»»bzchiﬁmﬂiﬁ
BEBRUET W b 29 LOBRGEICOVTRNS, MALT Vb =0 285102 UEF Lok
ERYE, 140°C THMEMET BT LIk D, 7o b =0 LEEWE L, ANEDA X & iTfT
BEETRAEREZNACLICLD TV 20 LFHDT v b = 4 452 it Lize

1 BLEER
o EMEHZOKEKL LUMAK
o HEASFA: 86mme x| 0mm
© ANAY—ITNI=ZVLDF -+, 85mmeXT5mmdx 102 am
o M M A HEWHGR-83, BOOW, 2544y 4 2 TR
o WiTH & EOME451 mm
o WEEZ ALBETIvI=oamEal,
o # 8k
o F{oOA-g-

o HIFr5u.7T

2 K N
PuO; 81k : Pu 28 R 87.46%
PulEMi{kie Pu-238 0023w
(19714E8 H23 HAMT) Pu-239 9021
Pu-240 B58
Pu—241 0.37
Pu-—-242 073
fissile PNC 9115w
BNFC 9137
g
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o BUZTFLYBA: 1202y vallF

°© YYIY FY-R:Il—Lev)avKKM, SH | LT ISIL% 7Y -2

. TLbz=vsgoTR

(FYXLFLY100g +Pu0, 067g+)avsry —R015g) BEMDSSH03g 443
ML, MELEWE OKBE 7L k=0 AMRIE(ED £ B, CoT b =9 L9 ¥
Acpm#&Nel ZMBTHM S, —Heo7Fw b =0 AR SITHRG A O 7 BUIE « cpm %
R 3,

SHE LA Wg thod PuO, itk

0.67 0.67

Wx = - Wg
LO0O+067+015 1.82
PuO: 1g %bod s
ke 1 182 A P
067 o067 w P™E
W
1.82
.J:-:‘c%m-s?ﬁﬁlfk%h@?uoz jiidFs
! aW _ 067
aX— e = g
L82 A A .82
0.67 W
0.368 i
. e
BETW =9 LB 1 BS0D Pu it
aw

aW
GSGBXTRD,8?46=GL323 s

BEDRIC k> TROL T b =0 155D Py BERL L, 2iC5RY,
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Lot No. | C/2Z min, cpm B.G (cpm) | Net cpm | Pu (mg) Pudy mg
17-1 191259 95629 306 6. 64 7.70
e - -2 194914 97457 " 6.79 7,70 | yaa s
i & -3 236630 | 118315 " 8.47 9.60
-4 231830 | 115915 " 7.298 9.41
-5 216875 | 108437 “ 7.762 8,80 ]#1?-u
-6 206405 | 103202 " 7.38 8,38
: -7 235466 | 127733 " 9.148 10,37 .
Bohfc7wb =9 LEDOMEEE100~1202mTHY, Pu fitid 1BYD810mg TH- -8 190926 95463 it 6.831 ?.?-‘.]”?"L
8-1 BLIVET 45865 m 6. 859 7.78
foo HiR LB 100 KTH -1, -2 185445 92722 " 6.6%% 7.52
-3 193402 96701 " 6.919 7.85
HEOBRA ) F L OBBIKBREME T 5 iz, W LTS 5 2EHF » 4K 2 -g x;ﬁgw ggzsg i 6.315 7.17
- 196864 3 " 6.326 7.18
BHCRHA LA BT H - foo BRIRBIATAAL LTV BDT, AF YL RRAF 1 — VOB -6 201504 | 100752 " 7.211 8.117
-7 181928 gsaeg iy 6.149 6.9;
z - hE & T6-T 196810 840 " T.042 7.9
Rrzclpces, k =z 175051 87525 " 6,261 7.10
-3 180331 90165 " 6.451 7.31
-4 183018 91519 " 6,548 7.43
20-1 | 186258 | T 9iiz0 w 6.664 7.55
-2 181507 90753 ii 6.493 7.36
-3 195857 97928 i 7.008 7.95
-4 194359 97179 " 6.954 7.88
-5 185826 92913 " 6.648 7.54
-6 188742 94371 " 6.753 7.65
7i-1 203293 | 101642 w 7,275 8.25
-2 200407 | 100203 o 7.171 8.13
-3 200934 | 100467 " 7,190 8.15
-4 210151 | 105075 " 7.521 8.53
-5 199181 99591 " 7.127 8.08
27-1 197718 96609 i 6,911 7.83
-2 189259 84629 ) 6.771 7067 | 4o s
-3 199336 99668 " 7.132 8.08
-4 202321 | 101160 " 7.240 8,21
-5 196292 98146 L 7.024 7.96
-6 187995 93997 " 6.726 7.63
~7 192830 96415 " 6.899 7.82  #22-8
-8 197520 98760 " ! 7.068 8.02
Z3-1 152043 96021 " 6.871 7.79
-2 188898 94449 " 6.758 7.66
-3 188466 94233 » 6.743 7.64
-4 202773 | 101386 " 7.256 8.23
-5 191195 95597 " 6.841 7.76
-6 188488 94244 u 6.744 7.64
-7 190128 98064 " 7.018 7.96
Zi-1 228570 | 114285 v 8. 182 9.27
-2 245509 | 122754 “ 8.790 9.97
-3 234221 | 117110 L. 8.385 9.48
-4 229527 | 114760 " 8.217 9.32
-5 241857 | 120928 " .| 8.659 9.82
-6 230057 | 115028 " 8.236 9.34
-7 219601 | 109801 u 7.860 8.91
75-1 151908 55954 )y 6.866 7.78
<2 188451 94225 i 6.742 7.6 | oo o
-3 192385 96194 i 6.884 7.80
-4 192693 96346 " 6.894 7.81
-5 204040 | 102020 i 7.302 8.28
-6 189988 | 94994 " 6.79 7.71 ]"25'5
26-1 | 189836 94918 o 6.7¢2 7.70 }ﬂzs-a
-2 189882 94691 " 6.776 7.09
cpm + Pu my
Lot 26 591.194 cpm
Lot 26-1.2. __ 188.997 cpm
780,191 epm/50.006 mg = 13.930 cpm/mg
— 4 - i =47 -
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5. Enriched U - Alloy Metal Foil (1)

IEHI454 3 H31H

HWE AL ERRK S H
R+ o #B
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I fEREE
L #EY 7 s
| )
B K M 8985%1015%
A B 4 RO Total bron equivalent 13 ppm EIF &L, AT JnFa g o]
Rl (ppm) BLF
B <1 C <400 Cd <10 Si <100
AB< 100 Ca <200 Li <20
ARSI IR AL
NFS it " Cer—ltificate of Analysis " BiE{$
2 I T v e
(f #) 9999%LlL

£ % 2 I %

b3 % | Fe % Si % Cu % Al %
R i 9999
% b f | 00021 | 00023 | 00001 | 99995

2 HaEREAE
L HeERU REE, J8sAE

& 5 It ®m U e U ik
FEOI~36| 31565 1803% | 8082%
FE37~40]| 31571 1805% | 89B2%

= Holiikic & b sE
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2 m M
S : : 3 . NUCLEAR FUEL SERVICES, INC.
& & m R U Ui B Ut g A Subsidiary of W,.R. L‘ra::e & Co
FEO I 0.79g | 1803% Dldg 013g Evwin, Tenncssee
FED2 0717 ” 014 0.13 CERTIFICATE OF ANALYSLS
FEO03 0.80 " 0.14 013
FED4 078 w 014 013 Material Date January 5, 1967
FEODOS 019 " n14 0.13 Customer The Nissho American Corporation
FEODG 073 " 013 012 110 Wall Street Date Shipped _
FEO7 0.72 # 0.13 0.12 New York, New York Bill of Lading No. __ o
FEOB 0.71 il 0.13 012 Purchase Order No. CEM-472 Sales Order No. 284-A
FEO09 077 " 0.14 013
FE 10 0.80 “ 0.14 013 o A-45542 ANALYSTS, ppm
FEL11 674 i 0.13 0.12 Boron Equivalents
FE12 080 " 0.14 0.13
7 N 230 0.26910
FE13 0.75 " 0.14 013 i = 550083
FE 14 072 " 013 012 Te <0.1 0.00000
FEILS 0.73 " 013 012 ::i <1 g-ggggg
) <l u
FE1l16 073 o 013 012 T <10 0.00093
FEI17 073 " 0.13 012 5b <1 "0.00067
" T1 <1 0.00024
FE18 081 015 013 Te a 0.00053
FE19 073 " 0.13 012 v <7.5 .00350
FE20 0.71 1803% 0.1 ; Mg 6 0.00022
2 4 a1z Co <35 0.00045
FE21 078 w 0.14 013 W %] 0.08064
FE22 0.73 " 013 012 Na <40 0-0{1136C
: 0 140 - 0.00003
FE23 0.78 “ 0.14 0.13 £ 3 RITEE
FE 24 079 " 0.14 0.13 Ph <1 0.00001
) 5 - . ir 2 0.00006
FE25 0.79 0.14 0.13 e = 01730
FE26 0.75 u 0.14 0.13 n <35 0. 00603
FE27 0.79 w 0.14 0.13 Fe 53 g-ggggi
AR <0.1 .
FE28 0.75 “ 0.14 0.13 o 5 000298
FE29 0.73 " 013 0.12 Sn <1 0.00008
" B 0.25 0.25000
FE30 0.79 0.14 013 = 155 555563
FE31 079 “ 0.14 0.13 cd 0.1 0.03120
FE32 0.73 ” 013 0.12 £ fg g-gggg
FE23 0.80 ” 0.14 0.13 o 35 ~0.00316
FE34 0.73 " 0.13 0.12 ii <1 0.14
FE35 0.72 p 013 0.12 XL 2ed 2:00833
FE36 076 " 0.14 013 TOTAL <1500 0.88016
FE37 0.88 1805% 016 014
FE38 0.84 “ 015 013 Certified By:
FE39 0.8 9 ” 016 0.14 Quality Control Department
K.D. 1
FE 40 0.89 P 0.16 014 Hiieaey
GH40K | 3082¢g 553g¢g 508¢g
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Material

NUCLEAR FUEL SERVICES, INC.
A Subsidiary of W.R. Grace & Co,
Frwin, Tennessce

CERTIFICATE OF ANALYSIS

Customer The Nissho American Corporat fon

110 wall Street

New York, New York

Date Shipped _
#ill of Lading MNo.

January 5, 1967

Purchase Order No. CEM472 Sales Order No. 284-4
BLEMENT A-45542 ANALYSIS, ppm
Maximum Allowable

B 0.25 1.0

C 155 400

cd <0.1 1.0

Si 60 100

Al 18 100

Cs <20 200

Li <1l 2

AU >99.9
. % U=-235 89,82

Certified By:
Quality Control Department

K.D. Hensley

PNC TN941 80-53

6. Enriched U-Alloy Metal Foil (2)
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