
!

NU REG /CR-0297 g
R FP-2829

REFERENCE CRITICAL EXPERIMENTS

Progress Report
April 1 - June 30,1978

B.B. Ernst
I. Oh

G. Tuck-

..

Rockwell International

Prepared for
U.S. Nuclear Regulatory Commission

'O 278113u0



_ _ _ _ _ _ _ _ _ _ _ .

f40TICE

This report was prepared as an account of work sponsored by
the Umted States Government. IJeither the United States nor
the United States IJuclear Regulatory Commission, nor any of
their employees nor any of their contractors, subcontractors,
or their employees, makes any warranty, express or implied,
nor assumes any legal liability or responsibilit'/ for the accuracy,
completeness or usefulness of any information, apparatus, pro j

process disclosed, nor represents that its use would jduct or
not infringe privately owned rights

|-

1

|

|

|
|

|
|

|

|

1

|

|

|
|

|

|
|

|

|

|

|
,

I

Available fromj
| National Technical Information Service

Springfield, Virginia 22161
Price: Printed Copy $4.50 ; Microfiche $3.00

The price of this document for requesters outside
of the North American Continent can be obtained
from the National Technical Information Service.



- - - _ _ - - - - -

NU REG /CR-0297
R FP-2829
DIST. CODE RC

l

I REFERENCE CRITICAL EXPERIMENTS

Progress Report
April 1 - June 30,1978

B.B. Ernst
1. Oh

G. Tuck

Manuscript Completed: August 1978
Date Published: September 1978

Rockwell International
Rocky Flats Plant ,

P.O. Box 464
Golden, Colorado 80401

|

Division of Safeguards, Fuel Cycle, & Environmental Research |

Office of Nuclear Regulatory Research
| U.S. Nuclear Regulatory Commission

Under Contract No. EY-76-C-04-3533
FIN No. A1036 1

,



NUREG/CR-0297
RFP-2829

TABLE OF CONTENTS

Page
|
|

Summary 1-----------------------

Low-Enriched Oxide Experimen ts wit h H 'U ~ 0. 75 - - - - 3

Experimental Procedure - - - - - ---- -- --- 3

Material Description - - ------- ---- -- 6

Core Dimensions and Critical Data -------- 9
|
'Interspersed Moderator Experiments --- ---- --- 23

| Material Preparation - --------- --- -- 23
1

Calculated Critical Thickness of PVC - - - - - - - 23

Acknowledgments 27-------------------

l
|

I
|

>



- _ _ _ _ _ _ _ _ _ _ _ _ _

NUREG/CR-0297
RFP-2829

pa ge 1

SUMMARY

|

This is the eleventh in a series of quarterly reports

describing reference c ri t ica l experiments being performed

at Rocky Flats for the U. S. Nuclear Regulatory Commission

(NRC). This series of experiments is to provide accurate

(U 038) systemscritical data on low-enriched uranium oxide

with three different moisture contents and under several

conditions of reflection. These data will provide check-

points against which computer accuracy may be determined.

The core currently being studied consists of ~ 1900 kg

of low-enriched (4. 5% U-235) uranium oxide with an H/U of

~ 0.75. The oxide alone is not critical; hence, a high-

enriched (93% U-235) uranium driver section near the core

center is required.

Du r in g this quarter, nine critical data points were

obtained for concrete , plastic , and minimally-reflected

cores with three difierent drivers.

Thirteen experiments were added to the program to deter-
1
Imine the of feet of various modera tor ma terials interspersed

between the core units. For these experiments, all material

has been obtained and fabricated, and other preparations are

nearly completed.

The uranium oxide is gaining weight with time. Four

oxide cans have been isolated in controlled atmospheres to

determine the cause of the weight gain.
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LOW-ENRICHED OXIDE EXPERIMENTS

WITH H/U ~ 0. 75

Experimental procedure

All experimental work was conducted on the horizontal

split table. This table consists of two halves which move

toward one another. During an experimental run, the north

table is first closed, and then the south table is closed

by increments toward the mating face of the north table.

Both tables are capable of opening upon receipt of a scram

signal. For a more detailed description, see NUREG/CR-0096.

Once a given reflector was installed and approximately

aligned, the next step was to load the ~ 1900 kg of oxide,

r with approxima tely 40'1 on the north table and approximately

60% on the south table. This was done following the usual

manual assembly procedures. This involves plotting the

inverse multiplication as a function of the number of ( ans.

With the completion of the oxide loading, a final alignment

of the core and reflector was required as the weight of

nearly nine tor _s on the table slightly shifted the first

alignment.

The next step was to assemble the driver manually to

approximately half the calculated critical value. An

experimental run was then made by remotely closing the

tables and plotting the appropriate inverse mul tiplica tion

curves along with other data. At the completion of the

_ _ _ _ _ _ _ _ _ _ _ _
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run, the next driver mass addition was made and the run

sequence repeated.

The data from several critical experiments were used to

generate a master curve of the inverse multiplication extent

when the table was closed versus the driver mass. This curve

aided the selection of the correct ariver mass for the

assembly to be critical with the table nearly closed. In

the case of the metal drivers, the choice was limited to the

available driver parts, resulting in a maximum table separa-

tion of 1. 4 5 cm at the critical data point. Positive and

negative period data were obtained for each critical point.

During the several runs leading up to each critical data

point, the continued movement of the table shifted the oxide

cans very slightly from their original positions. llence,

small balls of a putty-like substance (Duxseal) were placed

at points around the closing face of the reflector, oxide

cans, and, when used, the solution driver cans for what was

expected to be the last suberitical run. As the table

closed, these small balls were flattened to the distance

between the halves of core and reflector. In addition, the

final 15 cm of table closure was monitored by a differential

transformer system. Comparing the measurements of the

flattened balls with the differential transformer reading

produced data for the average core separation at the critical

point on the 1ollowing run.

. ...
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After the critical run, the reflector back was removed

and all exposed sides of the core measured. After obtaining

one critical data point for each of three drivers, the oxide

core was unloaded to change reflectors. During the un-

loading, measurements for the core dimensic>ns were made for

each layer of oxide cans.

The only major difficulty encountered during this series

of experiments was with the neutron source and instrumenta-

tion location f or t he plastic reflector. For the concrete-

reflected experiments, the source was on the top of the

driver and the instrumentation beneath the reflector. This

arrangement yielded a minimum core perturbation yet provided

adequate data for an experimental run. The same arrangement

tried on the plastic reflector with a known suberitical

load produced data representative of a neutron source being

shielded by the closing halves of the reflector, rat her t han

indicating the reactivity increase from table closure.

Several arrangements were tried, and the one used for the

three plastic-reflected measurements was to raise the north

rellector back panel up 26 cm. This method provided plane

surfaces, which can be more easily used 1or computer input.

The critical parameters, including the core dimensions,

are provided in the data section (see page 9).

,

_ _ _ _ _ _ _ . _ - - . _ _ _ - - _ _ _ _ _ . _ _
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Material Description

The measured composition data for uranium oxide,

aluminum (type 1100) cans, aluminum (t ype 6061-T6 ) plates

between layers of cans, and concrete and plastic reflectors
used in the NRC oxide experiments (Task 5) will be described

in the next quarterly report.

Some samples of these materials have been sent to a com-

mercial analytical laboratory for complete elementary analysis.
Chemical analyses for the plastic bags which wrapped the

oxide blocks and for the two types of tape which sealed the

cover and holes of the aluminum cans were reported in RFp-

NUREG-2746.

A pair of samples of the solution driver were taken in

almost every experiment, and they were assumed to be repre-

sentative of the solutions used in the just-completed critical

experiments. The laboratory analysis for the high and low

concentration solution drivers are given in Table I.

The masses used for the metal driver parts are the weights

as reported in NUREG CR-0096.

The uranium oxide cans were weighed approximately every

month to monitor a continuing weight gain that has been

apparent f or the last few months. Table Il shows the average

weight gains of the regular and special oxide cans (see

NUREG/CR-0096) as a function of time, i.e. over approximately

four, five, six, and seven month periods from the time the
oxides were packed into aluminum cans. The NRC oxide

_ . _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _
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TABLE I

Properties of Uranyl Nitrate Solutions
Used as Drivers for the Low-Enriched
Oxide Experiments with H/U ~ 0.75

Uranium Solution Excess Total
Concentration Density Nitric Acid Impurity

(g U/f) (g/cm 3 ) (molar ) (ppm)

86.42 0.20 1.1201 1 0.0002 0.149 0.003 1340

351.18 0,57 1.4885 0.0014 0.549 0.015 1340

All uncertainties represent one standard deviation about
the mean for multiple samples. For the uranium isotopic
enrichment, see RFP-NUREG-2690.

. _ _ _ _ _ _ _ _ _ _ ___
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TABLE II

Average Properties of Experimental Cans

Average weight Average Weight Gain
(in grams) at (in grams) as a

Description Number the Time the Function of Time

of Can of Cans Oxide was Pa c ked (in months)

WaterfCanOxide FouriFi- 5x Seven

16 15129 273 526 5 10 14 25
O Can

15 17
Oxi eCn

|

9

_ . . _ _ _ _ _ _ _ _ . _ _ __
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experiments at H 'U ~ 0. 75 (Task 5) were performed be t ween

1ive and seven months a f ter the oxide was packed. Four

oxide cans have been isolated in controlled atmospheres to

determine whether the weight gain is due to water or oxygen
f~ rom the air. Once this is determined, laboratory analysis
will begin to quantify the elements involved.

Core Dimensions and Critical Data

As stated in the experimental procedure section, the

core was measured to determine the critical dimensions.
Figures 1 through 4 show the core con f igurations for the

different drivers. On the south part of the core, the center

two oxide cans in the two top layers were slotted to allow

the removal of the source. In addition, the bottom two cans

for the metal driver measurements also were slotted to accomo-
date the support rod for the driver. Each core was a 5x 5

x 5 array of oxide cans which were described in RFP-NUREG-

2746. An aluminum ( t ype 6061-TG ) plate was used between

each horizontal layer of oxide cans (ei gh t total on both

sections of the core). This plate was necessary to stabilize

the oxide cans. The aluminum plate was 0.16-cm-thick and

the size of 3 x 5 or 2 x 5 array of cans. This plate is

not shown on the figures. Ta bl e III presents the e r.i t i ca l

pa ra me t e rs and core sizes of 5x 5x 5 arrays for the
different reflectors. Figure 5 is the key to Table III.

Figures G through 11 show the dimensions for the reflectors
used in t he experiment s.

_________ -
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FIGURE 2
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FIGURE 3

%

%

~

%
.s

.-
.-

. . ,

, . ,

,, ,.
N ,- *.~

$/ s '' y . ,. %,x' /,- ,

/ .s
W "

, ' " ,/ N, /, 'N , -
,' y v !

,
-i,- g,-

sf , J-./ , ,/
.~u - , .-

''

'\/ ~ s_,- ,-

se ! ,'s , -
-.

' P'N
. ,-

! ,- i /I'

i ,,
% .

| '- ,

|% ' .j
'/, J ' --- , . , <

- '--
-

L ,

.', i i y - ,

,- <c y.- . ,j q ;
-

9II } N, i,/
- y

!
,

,A'

.~, ,,
' ' /

+

|
'

y' / , . .

/ s /, \
''
,

?s'
i . /i if-

i

-
s I /%. ! /'

|'
1

, . ' . -
s -

'f ,x .-

\e g
Ix %+ ',,

SOLUTION DRIVER

NORTH CORE

See Table III and Figure 5 for core dimensions;
see NUREG/CR-0096 for description of driver cans.

__



NUREG/CR-0297
RFP-2829
Page 13

FIGURE 4
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FIGURE 5
'~

CORE DIMENSIONS
t

Dashed lines indicate core boundaries,
and solid lines represent reticetor boundaries.
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FIGURE 7
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FIGURE 8
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FIGURE 9
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FIGURE 10

All steel
O.635-cm-thickj

\ [b y'' 's
'

- ,-,

n* ' / ,'- /' ;_ ,/_

'.
. < / 3././

, .

~J's , / / '

K'f // |, ,

| s :N
,

;j ' ' Jg '

Os.
-

g%
'

,

i |

.

'I
| i43 % ,'

7 '), '\ ;
'-

.

,/ ,

|'
i

I

|! / /

s ; p
All dimensions

/ j ' ,-x.\ y
in em.'

|, v '',/

NORTH REFLECTOR

STEEL

- . ..



NUREG/CR-0297
RFP-2829
Page 21

FIGURE 11

All steel
0.635-cm-thick 'y-
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INTERSPERSED MODERATOR EXPERIMENTS

Material Preparation

Thirteen additional experiments were added to the

Reference Critical Experiments Prog ram, at the request of

the NRC, to determine the effect of various moderator and

packaging materials (plastic, steel, and PVC) interspersed
.

between the core units. For these experiments, all materials

have been obtained and fabricated, and other preparations are

nearly completed. In addition, the concrete to be used for

these additional experiments has been poured.

Calculated Critical Thickness of PVC

A series of KENO-IV calculations was done to determine

the reactivity of a plastic-reflected 4x4x 4 array of

oxide cans with plastic and PVC interspersed between the
4

cans. These calculations were done to determine what

thickness of PVC should be used in the experiments. The
,

fuel units used in the calculations are shown in Figure 12.
~

!
-

For one series of calculations, the PVC thickness plus a
.

void remained constant at 0.95 cm. The PVC thickness was<

then varied to determine the thickness needed for a keff =
1.0.

The following data were used in the calculations:

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - , _ _
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FIGURE 12
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Region A represents fuel; region B, aluminum can; region C,
void; region D, PVC: and region E, plastic reflector.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ ._

|

NUREG/CR-0297
RFP-2829
Page 25

1. Oxide Cans (Cu bes )

Inner Dimension - 7.4549 cm

Outer Dimension = 7.62 cm

2. Fuel

U (4. 5)3 g HOO + 2

H:U = 0.739

3
0(U 038) 4.688 g/cm=

3. PVC

1.65 g/cm3D =

38.44 wt-% C

4.84 wt-% : H

5G.72 wt-% C1

In all of these calculations, region A was a cube having

14.91 cm on a side; region B was 0.1651-em-thick aluminum;

region E was 1.27-cm-thick plastic; and region C plus region

D was 0. 9525 cm (see Figure 12). The thickness of region D

(PVC) was varied to determine the critical thickness of PVC

in this array. Results are given in Table IV.

To determine the effect of the 0.893 cm void of item 5

in the table, a calculation was done which removed the void

' hut retained the PVC thickness of 0.0595 cm. Calculated

keft of this system was 1.0744 0.00G5.

The smallest thickness of PVC that is commonly manu-

f a ct ured is 0.054 cm, and this was chosen for the experiment

since previous KENO calculations have calculated keft values

that are slightly higher than the experimental values.

_
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TABLE IV

Calculated keff Values for
Plastic-Reflected Array of Uranium oxide

With Six Different PVC Thicknesses

Calculation .PVC Void
Thickness Thickness kelfNumber (cm) (cm)

1 0.0 0.9525 1.1784 0.0074

2 0.3175 0.6350 0.7017 0.0050

3 0.6350 0.3175 0.5332 0.0045

4 0.9525 0. 0 0.5672 1 0.0045

5 0.0595 0.893 0.9569 0.0068

6 0.0595 0. 0 1.0744 0.0065



. . . - , . .. . - . ..- - . _

I NUREG/CR-0297
RFP-2829
Page 27

!

ACKNOWLEDGMENTS

i

l This work was performed for the U. S. Nuclear Regulatory

Commission, FIN NO A1036, under U. S. Department of Energy

| Contract EY-76-C-04-3533.
t

| The following personnel performed the work reported in
| .

| this quarterly progress report:
|

| B. B. Ernst
i

I. Oh

D. E. Payne

D. Pecora

R. E. Rothe

W. R. Sheets

G. Tuck

i

,

I

|
~ ._ _



. . . . _ . - _ - - _--- _.

N R C P oMu 335 U.S. NUCLE AR REGULATORY COMMISSION
-0297BIBLIOGRAPHIC DATA SHEET

, g

c. TlTLE AND SUBTITLI 44av Voheme No.,if eprensw/ 2. (Leave 6/mk1

REFERENCE CRITICAL EXPERIMENTS - Progress Report for
i Period April 1,1978, through June 30, 1978 3. RECIPIENT $ ACCESSloN NO.

7. AUTHoRtsi 6. D ATE REPCiRT COMPLETED
B. B. Ernst, I. Oh, G. Tuck LYEARwoNTH

August 1978
9. PE RFORMING ORGANIZATION N AME AND MAILING ADDRE3S (inctue Zip Co*> DATE REPORT ISSUED

Rockwell International woNTH
September | YE AR1978Energy Systems Group

Rocky Flats Plant s. Ite= Nmei

8. (Lem Nwk}

12. SPONSORING oRGANIZ ATION N AME AND M AILING ADDRESS (inclue Esp Com/
p

Systems Performance Branch
Divi.sion of Safeguards, Fuel Cycle & Environmental Research u. CONTRACT No.Office of Nuclear Regulatory Research
Nuclear Regulatory CorTnission FIN # A-1036
Washington. D. C. 20555

13. TYPE OF REPORT PE RioD COVE MED (/nclusive clees/

j Progress 4/1/78 - 6/30/78
15. SUPPLEMENTARY NOTES 14.(Leaws e/mk/

16. ABSTR ACT 000 wcron or Jess)

This is the eleventh in a series of quarterly reports describing reference critical
experiments being performed at Rocky Flats for the U.S. Nuclear Regulatory |Commission (NRC). This series of experiments is to provide accurate critical
data on low-enriched uranium oxide (U 0g) systems with three different moisture )

3 i

contents and under several conditions of reflection. These data will provide check l
| points against which computer accuracy may ba determined.

The core currently being studied consists of N 1900 kg of low-enriched (4.5% U-235)
uranium oxide with an H/U of s 0.75 The oxide alone is not critical; hence, a high
enriched (93% U-235) uranium driver section near the core center is required.

This report provides details on nine critical experiments performed in the
reporting period, for concrete,plasticT and minimally-reflected cores witti three,

t different drivers. It is also reported that all necessary matertals have been acquired
and fabricated for the current series of experiments.

|

17. KE Y WoRDS AND DOCUMENT AN ALYSIS 17st DESCRIPTORS

Nuclear Criticality
Critical Experiments
Nuclear Fuel

170. IDENTIFIERSioPEN. ENDED TE RMS

18. AV AILABILITY STATEMENT 19. CR (Thss report) 21. No OF PAGES

No restriction 20. SECURiTv CLASS crhis pasel 22. PRICE
Uncl a s si fi ed s

i woc eoRu zu (7 77

- . __



UN:7E D STATES I ] |
NUCLEAR NEGULATORY COMMISSION I

W ASHINC TON, D. C. 20655
POST AG E AND F E E s P A1D

u s. nucle A R nEGutaton y
OFflCI AL BUSINESS comussssoNPE N ALTY FOR PRIV ATE USE. S300 O 5 M AJt.

- i

|
1

|
.

I
1

l
i

i

|

120555003927 1 ANRC
US NRC
SECY PUBL1C DOCUMENT ROLM
BRANCH CHIEF
HS1 LOBBY
WASHINGTON DC 20555

t
I

!

|

|
|

|

__ _


