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FOREWORD

This report covers all programs except the Waste Studies Program con-
ducted at the Pacific Northwest Laboratory for the U.S. Atomic Energy
Commission's Reactor Development and Technology Division. The objective of
the Technical Activities Quarterly Report is to inform the scientific
community in a timely manner of the technical progress made on the programs.
The report contains brief technical discussions of accomplishments in all
areas where significant progress has been made during the reporting period.
The results presented should be considered preliminary and do not constitute
final publication of the work. A list of publications and papers is given
in the report. Anyone wishing to obtain additional information on the

work presented is encouraged to contact the author directly.
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1. SUMMARY

HIGH TEMPERATURE REACTOR PHYSICS

The analysis of the Molten Salt Breeder Reactor lattice experiment in
the HTLTR has been completed. The temperature coefficient was found to be

smaller than the calculated value at all temperatures.

Experiments in the HTLTR with a ThO,-Pu0, HTGR lattice have been

2 2

successfully concluded. Relative reactivity worths of fuel and poison
blocks were measured as a function of temperature up to 1000°C. The effect
of neutron upscatter into the low-lying resonances of plutonium on the
temperature-dependent reactivity behavior is increasingly important at

elevated temperatures.

STEADY STATE AND TRANSIENT SUBCHANNEL CODE DEVELOPMENT AND DATA ANALYSIS

The major effort of this reporting period was the further dévelopment
of an improved transverse momentum and forced crossflow mixing model for
the COBRA-III computer program. A new transverse momentum equation was
derived and now includes the. temporal and axial component of spatial
acceleration. The axial momentum equation was simplified by assuming the
axial velocity of the crossflow to be equal to the velocity of the sub-
channel. This simplification is justified and significantly improves com~
putation speed. A wire wrap forced mixing model has been incorporated

into the COBRA-III program.

41 39

EFFECT OF 2%1py ON CRITICALITY SAFETY LIMITS FOR 23%py

Criticality experiments were carried out with a plutonium nitrate

solution containing 42.9 wt7 240Pu and 10.9 wt? 241P

u. Plutonium concen-
trations were varied from 40 to 140 g/% and acid molarity varied from
1.5 to 5M. A stainless steel cylindrical vessel was used. Data obtained

from these experiments are presented.
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NUCLEAR GRAPHITE

Compressive creep capsules operating at 550 and 800°C and a tensile
creep capsule operating at 800°C were charged into the ETR in September.
The first two are scheduled for a three-cycle irradiation and the latter

for a one-cycle irradiation.

The gas phase radiolysis study of helium diluted equimolar mixtt: res
of CO and H,0 has been extended to 100, 240, and 465 vpm. The data were

2
fit to equations of the form G (molecules/100 eV) = aTl/2 e—E/RT.

The
constants (a) and activation energies (E) are shown to vary as a function

of reactant concentration.

The cold-seeding capsule was ready for shipment to Idaho Falls to

begin the third high-temperature irradiation period starting in November.

The high-temperature graphite-irradiation capsule, GEH-13-422, was

inserted in the ETR at the beginning of Cycle 113.

A report (BNWL-SA-3985) on irradiation-induced changes in glassy car-
bons, has been issued and submitted to Carbon. The results reported
therein appear to resolve a previously reported anomaly in regard to the

effect of irradiation on crystallite perfection.

PHOENIX FUEL STUDIES

Fuel burnup information has been obtained from nondestructive and
destructive examinations of fuel plates and flux monitor wands removed from
the MTR-Phoenix fuel core. The isotopic data have been used in a multi-
variable least squares analysis to derive ratios of effective cross sections
for the fuel isotopes. Marked differences were noted in the effective cross
sections for fuel located in the core interior and in the core boundary

regions.

1.2
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2. HIGH TEMPERATURE REACTOR PHYSICS

MEASUREMENT OF PHYSICS PARAMETERS FOR AN MSBR LATTICE IN THE HTLTR
E. P. Lippincott

Analysis of measurements made on the Molten Salt Breeder Reactor
(MSBR) lattice in the HTLTR has been completed. A detailed description
of the results is being prepared and will be presented as a document with

the above title.

The basic lattice and preliminary results have been described in pre-

(1,2)

vious quarterly reports., The experimental value of k, at each tem-

perature 1s presented in Table 2.1 and is compared to values calculated

(3) (4)

using EGGNIT for the neutron energy region above 0.683 eV and GRANIT
for the thermal region. The experimental ke lies below the calculation at
all temperatures, and the change with temperature is much smaller than
predicted. The result for the change of k_  with temperature is in quali-
tative agreement with two previous ThO —233U0 lattices in the HTGR series

2 2
in the HTLTR.(5’6)

TABLE 2.1. Infinite Medium Multiplication Factors

Temperature, °C Experimental k, Calculated kg
20 1.0291 = 0,0012 1.0479
300 1.0127 + 0.0010 1.0269
627 1.0065 + 0.0010 1.0136
1000 1.0037 = 0.0012 1.0051

In addition to the evaluation of ke for the basic lattice cell, an
evaluation was made including the graphite end cap region. To calculate
ke for comparison, the end cap graphite was smeared into the cell moder-
ator. The result obtained for the temperature coefficient was little

affected by this treatment.

2,1
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REACTIVITY MEASUREMENTS FOR A ThO,-Pu0, HTGR LATTICE IN THE HTLTR AS A
FUNCTION OF TEMPERATURE
D. F. Newman

Experiments in the HTLTR using a High Temperature Gas-Cooled Reactor
(HTGR) lattice fueled with a ThOz—PuO2 fuel blend(l) were successfully
concluded during September. Measurements of relative reactivity worths of
the ThOz—Puo2 central cell, the V203—Pu02 central cell, and the normalizing

copper absorber were completed with the reactor in thermal equilibrium at

temperatures of 20, 300, 500, 750, and 1000°C. 1In addition, the reactivity
worths of single 235UC2 and 233UO2 fueled HTGR blocks, poison blocks, and

graphite were measured at each temperature.

In general, the relative reactivity worths of fuel and poison blocks

(2,3)

were quite different than in previous HTGR lattices. Comparison

(Figure 2.1) of relative reactivity worths of the ThOz—PUO2 central cell

2.2
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and the V203—-Pu02 central cell normalized to copper with similar measure-
ments in the Th02—235UC2 HTGR lattice shows the effect of the low-lying
resonances of 239Pu and 2%0Pu on the temperature~dependent reactivity
behavior. The positive reactivity contribution from neutrons scattered

up into the 0.3 eV resonance of 239Pu tends to compensate for the negative
reactivity contributions from ThO2 Doppler broadening at increasing trm-
peratures. As the temperature is increased above 750°C, the negative
reactivity contribution from neutrons scattered up into the 1.0 eV reso-
nance of 240Pu becomes increasingly important, and when combined with the

ThO2 absorptions produces a rapid decrease in the reactivity worth,

The predictions of neutronic characteristics of plutonium-fueled HTGR

lattices requires more sophisticated calculational methods than have been

used for HTGR lattices fueled with either 235U or 233U.

sion of GRANIT}A)

An improved ver-
with the 35-group energy mesh from the LASER version of
THERMOS (0 -+ 1.855 eV), was used to calculate thermal group constants for
the ThOz—PuO2 HTGR lattice at 23, 127, 327, 527, 927, and 1327°C. Epither-
mal group constants were calculated at each temperature using EGGNIT.(S)
The change in k, as a function of temperature, calculated including
upscatter above the 1.0 eV resonance of 240Pu, is in better agreement with
the measured shape of the temperature-dependent reactivity worth of the
ThOz—PuO2 central cell, Comparison of calculations of k_ for the ThOZ—PuO2
HTGR lattice as a function of temperature, in Figure 2.2, neglecting
upscatter of neutrons above 0.683 eV and above 1.855 eV shows the increasing

importance of upscatter at elevated temperatures for plutonium fueled

lattices.
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3. STEADY STATE AND TRANSIENT SUBCHANNEL CODE
DEVELOPMENT AND DATA ANALYSIS
D. S. Rowe and B. M. Johnson

The objective of this study is to develop improved methods for analyz-
ing heat transfer and fluid flow in rod bundle nuclear elements during both
steady state and transient conditions. The study includes the continued
development of the COBRA computer program and experiments to help verify

and implement this computer program.

COBRA-TII COMPUTER PROGRAM

The objective of this portion of the study is to develop improved
mathematical models and computer program for predicting the steady-state
and transient thermal-hydraulic performance of rod bundle nuclear fuel

elements.

The major effort for this reporting period has been directed toward
the continued development of an improved transverse momentum and forced

crossflow mixing model for the COBRA-III computer program.

Transverse Momentum Equation

The following assumptions were used to derive the new transverse
momentum equation:
® The crossflow velocity relative to the axial velocity is small at the
interior of a subchannel.
e The transverse momentum flux entering a gap is equal to the trans-

verse momentum flux emerging from a gap.

These assumptions imply that the crossflow moving from one subchannel
to another loses its direction upon entering a subchannel. In other words,
the vector direction of the crossflow is only considered in the gap. The
vector direction of crossflows passing through a subchannel are not con-
sidered. This treatment can be justified if the crossflow velocities away

from the gap are small relative to the subchannel axial velocity.

3.1
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Now consider a rectangular control volume placed in the gap between

two subchannels.

u*
\V} X+AX
X+AX /
e eee————

S - P. SAX F.. AXR

T| | J 1J o~ P.

s /
{ e

Applying the conservation of momentum equation to this control volume in

the transverse direction gives

*
—Fij Ax L —pj shx + 1 shx =-é:-g%-slev --l: (p*sf u* V)x
1
+ . (p*sl u* v)X + (p*sf u* V)x+Ax' o)

C

By rearranging this equation and taking the limit at Ax - 0, the following

equation is obtained

1 ow, , 1 B(u*wi.) s
— = -, -p) - F,. (2)
8. ot 8. ox L i j ij

where wij = p*sv. The Fij represents the friction and form pressure loss

due to crossflow. For steady flow let

g DX (3)

3.2
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Therefore,

F = _fgilbi_ (%)_ (4)

2
*
2s g P
To put this in the form used previously in COBRA-III, let
F=¢C (3\

2
where C = Klwl /2s gcp*. The loss function, C, could have other forms

based on experimental data.

By using the previous generalized form of the equations (BNWL-B-82),

Equation (2) can now be written as
1w, [1 3w, frey o) L s
oy

The first two terms of Equation (6) can be recognized as being equiva-
lent to the substantial derivative of the crossflow; therefore, the cross-
flow is carried by the flow at axial velocity, u*. This implies that once
crossflows are started they tend to persist unless changed by pressure or
viscous forces. This type of behavior is not contained in the earlier

version of COBRA.

The parameter (s/%) is new to the transverse momentum equation.
From the geometry, it represents the effective ratio of the gap width to
some transverse length. From Equation (6), (s/{) also represents the
relative importance of the inertial forces to the surface and viscous
forces. The magnitude of this term will have to be determined experi-
mentally. Tentative values of (s/%) and C are being determined by analyz-

ing selected experimental data.

Axial Momentum Equation

The axial momentum equation used is the same as in earlier versions
of COBRA (BNWL-B-82) except that the axial velocity of the crossflow is
assumed to be equal to the velocity of the subchannel under consideration.
For a pair of subchannels the axial momentum equation can be written in

the form

3.3
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L. 4+
dx i g A,
ci

(2u:.L - u*) Wij' (7)

The new assumption is that u* = ui; therefore,

(8)

or, in generalized form

dpl _ oy [ [T]
{dx} (a'} + [g A] 5| . 9)
c

This simplification significantly improves the computation speed since it
leads to the solution of symmetric matrices when solving for the crossflow.
It also provides greater numerical stability. Previously, if u* 2 Zui the

solutions were unstable.

The simplification can be justified when the crossflow velocity is
small compared to the axial velocity and when adjacent subchannel velocities
are rather uniform. These conditions are consistent with the assumptions

made earlier for the transverse momentum equation.

Numerical Solution

Except for the momentum equations the numerical solutions are identical

to those previously described for COBRA-III (BNWL-B-82).

The momentum equations are now solved without combining the transverse
and axial momentum as done previously. That procedure can be used, but it
does not allow diversion crossflow to be specified at selected locations

within the bundle.

The new scheme uses the following difference approximation to Equa-

tion (6)

w(x, t+Ar) - w(x,t)l+ ak (x, thpr) T EFAD) = W (xoAX, EHAL)
gCAt J ’ gCAx

+ {(-z—)C(x,t+At)w(x,t+At)} - (%)[s]{p(x—Ax,HAt)}. (10)
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The pressure {p(x-Ax,t+At)} is obtained from the following finite differ-

ence approximation to Equation (9)

p(x,t+At) = p(x-AX,t+At)| _ ' u(x, t+At) T
{ s } = {a'}+ [g:K?Q?E?ZES][? ]{w(x,t+At)}_ (11)

Combining these two equations gives

w(x, t+At) - w(x,t) + duk(x, t+At) w(x, t+At) - w(x-Ax,t+At)
8Lt ’ g 0x

+ (%){c@,twt)w(x,twt)} - (%)[S]{p<x,t+At)} - Ax(%)[sl{a'}

- Ax[E _ulx,t+ie) | [T
AX(/Q/)[S]IZgCA(X,t_'_At):I[S] {w(x,t+0t)}.  (12)

This can be written as a set of simultaneous equations of the form

[A] = {w(x,t+At)} = {b} ' (13)
where
_ 1 u*(X,t+At) £
[A] = [gcAt + gCAX + (Q)C(X,t+At)
S u(x, t+At) T
* AX(E)[S]gCA(x,tMt) [S ]] (14)
and

w(x,t) + u* (x, t+At) wx-Ax,t+At)

(b} = gCAt gCAx

+ (%)[S]{p(s,t+At)} - AX(%)[S]{a'}- (15)

These equations are solved by iteration. First the values of [S]{p(x,t+At)}
are assumed equal to zero. Next, for each x, {w(x,t+At) } is calculated by
solving the set of simultaneous Equations (13) and then [S]{p(x,t+At)} is
calculated. This iteration scheme successively sweeps the calculations
through the channel until the pressure difference between subchannels con-
verges. The iteration keeps the pressure solution one iteration behind

the crossflow solution.

3.5
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Forced crossflow can be considered with this difference scheme by

simply modifying Equation (13).

specified.
k # 2
b

kmod

and for k = £

b
kmod

b, - a w
k ki forced

w .
2forced

First the right side {b} must be modified.

Suppose the crossflow in gap £ is to be

For each k put

(16)

(17)

The matrix [A] is modifed by setting row £ and column £ equal to zero

except A22 = 1.

aj; 3, O

a1 3, O
0 0o 1

3,0 8y O
1 1
\ 4
4 4

a 1
nl

L

814 777 alnW
s TTT 0 3
0 -— 0
a44 T a4n
1
1
1

a
nn

LW
n
/

3forced

As an example if % = 3 the matrix modification would be

\

g (18)

/

The same procedure applies if more than one crossflow is being forced.

Wire Wrap Forced Mixing Model

The following forced crossflow mixing model has been incorporated into

the latest version of the COBRA-III computer program.

3.6
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Consider the wire wrap as it passes from one subchannel to another as

shown in the sketch.

K3

)

T

|— pP/2——

Where the wrap crosses the minimum part of the gap, the slope of the wrap

imposes a transverse velocity given by

w =T (%’5) u,. (19)

If this is multiplied by the fluid density and gap spacing, the crossflow

per unit length becomes

s
- = o (2Ft) (il
wij =Py sij uij i ( P ) (Ai_> m, . (20)

This equation applies at the gap only. When the wrap is sufficiently far
away from the gap it probably has little or no effect on forcing flow
through the gap in question. It is now postulated that there is some
function, f(x/P), that periodically defines the importance of Equation (20)
for defining the forced crossflow through a chosen gap. This function may
look something like the one in the following sketch for one wrap crossing

in a gap per pitch length.

] B m
f(x/P) —» e— ¢
[ J
° 0 XC/P 1
X/ P
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The rise in the function represents the approach of the wire toward the gap.
The function peaks at 1.0 according to Equation (20) and then decays as the
wrap moves away from the gap. The area under the curve represents the frac-
tion of flow diverted through the gap as compared to the total possible flow
that could be carried by a wrap over an entire pitch length. Since the shape
of this function is not known, the pulse is assumed to be a rectangul:r pulse

with width §. The forcing function is then f(x/P) = 0, except for

f(x/P) = 1; (xc/P - 6/2) < x £ (xC/P + 8/2). (21)

For computations in COBRA it is presently assumed that the flow carried
through a gap by a wrap occurs within one node length, Ax, located at the

point of wire wrap crossing. The total flow diverted per pulse is, therefore,

s, .
wéP =T (QEE) (Kij> miGP; x-Ax < X < x. (22)

This equation shows that a fraction of the subchannel flow m, is diverted
from one subchannel to another when a wrap crosses a gap at axial position

X, when X lies between x-Ax and x.

The computer calculations using this model also correct the subchannel
flow area and wetted perimeter for the number of wraps in a subchannel at

each axial position.

The above model has been successfully applied to forced flow mixing in
a 7-pin and 19-pin bundle. Larger bundles are being considered to evaluate
ability of the mixing model and numerical solution in COBRA-III to describe
forced mixing in large wire wrapped bundles. Present results indicate that
computer time and storage capability will not allow economical computations
for bundles beyond 37-pin. Presently 19-pin calculations require about
30 minutes of UNIVAC-1108 computer time. More efficient numerical methods

are needed to improve the computation time.

3.8
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NOMENCLATURE

A — Subchannel area

a' - Axial pressure gradient without diversion crossflow
C - Transverse friction loss function

D ~ Fuel pin diameter

$ - Relative pitch length for forced crossflow pulse
Fij - Transverse friction force per unit area

K - Transverse friction loss coefficient

L - Effective transverse gap length

m - Subchannel mass flow rate

P - Pressure

P - Wire wrap pitch

p* ~ Density of the diversion crossflow

s - Gap spacing

[S] ~ Matrix transformation that orders subchannel pair
[ST] - Transpose of [S]

t - Time

t ~ Wire wrap thickness

u - Subchannel velocity

u* - Axial velocity of the diversion crossflow

v - Transverse velocity in gap

w - Diversion crossflow per unit length

X - Axial distance

3.9
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4. EFFECT OF 2*Tpy ON CRITICALITY SAFETY LIMITS FOR 23%y
R. C. Lloyd
Plutonium isotopes other than 239Pu are invariably present in all

plutonium. The presence of these isotopes can significantly affect the
criticality control limits established for 239Pu. The effect on critical-
ity of the even-neutron nuclides such as 240Pu and 242Pu is to cause the
critical dimensions and masses for the isotopic mixture to be greater than
that for 239Pu alone. The effects are strongly dependent on the neutron
spectrum and any moderating diluent that may be present, such as water.
The highly fissile odd-neutron nuclide 241Pu will cause significant reduc-

239Pu. The

tions in the critical dimensions and masses below that of
.. s 241

minimum critical mass for Pu has been calculated to be only 260 g for

a concentration of 32 g/f in water, and the limiting critical concentra-

tion for this nuclide in water is only about 5 g/Q.(l)

A series of experiments has now been completed with plutonium obtained
from high burnup fuel to establish the combined effects of the various iso-
topes of plutonium on criticality. The experiments were performed in a
24-inch diameter, water-reflected, cylindrical vessel. Ten data points
have been obtained with critical heights and masses being determined for
various plutonium concentrations and nitric acid molarities in the pluto-
nium nitrate solutions. Plutonium concentrafions covered the range of
about 40 to 140 g Pu/% with nitric acid molarities ranging from about
1.5 to 5. A recent (August 11, 1971) isotopic analysis of the plutonium

used yielded the following results:

2385, — 0.203 £ 0.014 wt
2%y - 41.362 * 0.177 we
2405, _ 42.886 * 0.143 wt
24lp, _10.884 * 0.140 wt%
242p5  — 4.705 * 0.084 wtZ

4.1
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The data from the criticality experiments (conducted during August 9-19,
1971) with this plutonium have been reduced, yielding critical volumes and
masses for the plutonium nitrate solutions used in the 24-inch diameter,

water-reflected, cylindrical vessel. The results are given in the following

tabulation:
Data from Critical Experiments
on High Burnup Plutonium Solutions
Pu Critical Height
Concentration, Nitric Acid in 24-in. Diam. Critical Critical
g/L Molarity Cylinder, cm Volume, % Mass, kg
140.0 5.02 54.1 158.3 22.16
116.0 4,14 50.5 147.9 17.16
99.26 3.67 48.3 141.2 14.02
85.53 3.12 47.0(a) 137.48 11.75
85.53 3.12 47.3(a) 138.35 11.83
75.64 2.74 47.3 138.32 10.46
65.12 2.41 49.1 143.71 9.36
56.34 2.05 52.8 154.51 8.71
46.83 1.70 63.5 184.65 8.69
40.58 1.46 80.9 236.71 9.61

a. Shows effect on critical height 1f external water reflection
18 maintained at same height as Pu solution as opposed to the
vessel fully immersed in water.

Correlation of the experimental data and calculational methods are in
progress using the KENO Monte Carlo Code. When calculations are completed
they will provide an integral check on the cross sections and computational

codes used.
Reference
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1971.
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5. NUCLEAR GRAPHITE
G. L. Tingey

IN-REACTOR CREEP
W. J. Gray

Constant-stress irradiation creep experiments are being conducted to
high fluences (up to 2.5 X lO22 n/cmz, E > 0.18 MeV) to determine whether
any change in creep behavior occurs following the onset of rapid expansion
at high fluences. Capsules containing graphite samples under compressive
stresses are being irradiated at 550 and 800°C. A third capsule containing
samples under tensile stresses is being irradiated at 800°C. A fourth
capsule is planned which will contain samples under compressive stresses

and will operate at about 1100°C. This capsule is scheduled to be charged

into the reactor about February 1972.

The first three capsules were shipped to Idaho Falls in June for
charging into the ETR reactor. Because of some problems with the reactor,
however, charging was delayed until September. The tensile creep capsule
will be discharged in November after one cycle of irradiation. The fluence
for these samples, which are being irradiated for the first time, will then
be about 1.5 X lO21 n/cm2 (E > 0.18 MeV). The two compressive creep cap-
sules will be discharged in February, at which time the maximum fluence

received by the samples will be about 1.0 X lO22 n/cm3 (E > 0.18 MeV).

RADIOLYTIC REACTIONS IN GRAPHITE MODERATED REACTORS
R. P. Turcotte and G. L. Tingey

The radiolytic reaction of carbon monoxide and water vapor has now
been investigated at six different equimolar concentrations between limits
of 10 and 940 vpm in one atmosphere helium. During the last quarter,
results at 100, 240, and 465 vpm were obtained by the continuous flow,
chromatographic technique. The data were fit to equations of the form G

(molecules/100 eV) =.e1Tl/2 e_E/RT to yield the constants given in Table 5.1

1/2

(earlier results are included). The 1n(G/T'°) versus 1/RT plots from which

activation energies were determined are shown in Figures 5.1 and 5.2 for
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CO2 and HZ’ respectively. 1In addition, isothermal product yields have been

determined at approximately 125°C and approximately 460°C. The curves are
shown for 125°C in Figure 5.3, but are somewhat tentative pending more data
in the 400 to 1000 vpm region.

TABLE 5.1. Constants a and E for the Equation G = aTl/2 e—E/RT

as a Function of Reactant Concentration

[HZO] = [CO] a -E(Kcal)

vpm HZ— COZ— —EZ 2

940 0.061 0.150 0 0

465 0.030 0.192 1.5 0.3

240 0.018 0.085 1.5 1.0

100 0.008 0.061 1.7 1.0

65 0.004 0.014 1.6 1.1

10 0.004 0.005 1.6 1.6

3
100 vpm
Cco
240 vpm 2
IS
é“z ~\\\\\\\\
~ 465 vpm \ \
o)
0 ° \
.w
A \
1 I
0.1 0.5 1.0 1.5

1/RT X 10°

FIGURE 5.1. Plot of ln(GCOZ/Tl/Z) Versus 1/RT for Various

Equimolar (CO, HZO) Concentrations
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100 vpm

0.1 0.5 1.0 1.5
1/RT X 10°

1/2

FIGURE 5.2. Plot of ln(GHz/T ) Versus 1/RT for Various

Equimolar (CO, HZO) Concentrations
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FIGURE 5.3. Product Yields (G) for H. and 002 as a Function
of Equimolar (CO, H20) Concentrations

The additional results confirm negative activation energies for the
reaction at these high dilutions and although scatter is quite high, a
regular decrease in the constants (a) and E (at least for COZ) are observed

with decreasing reactant concentration as shown in Table 5.1.

The oxygen impurity problems discussed previously have not been
remedied. Rather, the.system has been improved to the point that air
in-leakage is essentially zero and it is now certain that some product of
radiolysis at lower temperatures (presumably a solid carbon suboxide) decom-
poses when heated to substantially increase oxygen levels. For example,
following prolonged flow of the CO, H20 mixture at 125°C, rapid heating to
approximately 500°C causes an increase in oxygen concentration from <0.3 vpm

to as high as 30 vpm which passes through a maximum and decays to low levels
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only after several hours (depending on flow rates, etc.). Most of the
present data were taken with decreasing temperature to reduce this problem,
but variation in flow rates and oxygen partial pressures for the various
dilutions undoubtedly alter real oxygen pressures within the cell. Deposi-
tion and variation of solid material and variation in oxygen levels seem
virtually impossible to control and may well explain the somewhat high

scatter in the data. 1In general, 0, levels did not exceed 2 vpm in the

2
effluent gas. This level is, however, comparable to product concentrations
and for the very low reactant concentrations especially, the results should

be considered with this problem clearly in focus.

EFFECT OF SAMPLE SIZE ON DIMENSIONAL STABILITY OF GRAPHITE
W. J. Gray

The study of the size-effect problem has been expanded to include an
investigation of a phenomenon called "cold-seeding," wherein graphite
samples are briefly irradiated at low temperatures prior to the normal
high-temperature irradiation. A large number of samples which have been
previously "cold-seeded" are currently being irradiated to high fluences

at high temperatures in the ETR.

The cold-seeding capsule has been shipped to Idaho Falls for charging
into the ETR in November for the third period of high-temperature irradia-
tion. Results from the second irradiation period have been reported

1)

previously.

HIGH TEMPERATURE IRRADIATIONS
W. J. Gray and W. C. Morgan

Capsule GEH-13-422 was inserted in the ETR at the beginning of
Cycle 113; the capsule is controlling normally, with the highest sample
temperatures at 1400°C. It is planned to continue irradiation of this

capsule through ETR Cycle 115, with discharge expected during April 1972.
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MECHANISM OF IRRADIATION DAMAGE
W. C. Morgan and W. J. Gray
(2)

A report on the irradiation-induced changes in glassy carbons has

been issued and submitted to Carbon. As a result of a similar study on the

al.(3)

irradiation-induced changes for pyrocarbons, Bokros et had concluded
that although the apparent crystallite size, LC, tends to decrease fo. car-
bons with initial LC values greater than about 50 R, irradiation tended to
increase the LC value for carbons having smaller initial LC values. This

(4)

conclusion was interpreted as furnishing support for the existence of an
equilibrium state of disorder, characterized by LC values near 50 K, and an
irradiation-induced ordering (improvement in crystallite perfection and

density) of initially poorly ordered carbons.

Our results on glassy carbons do not support the hypothesized equilib-
rium state of disorder, characterized by L. values near 50 X. Re-examination

(3,4) lead us to conclude that the

of the data presented by Bokros et al.
increase in LC observed by Bokros et al. was quite likely due to an annealing

change, superimposed on the normal irradiation-induced decrease in Lc'

Thus, we can conclude that the irradiation-induced changes in the low-
temperature pyrocarbons are compatible with changes in glassy carbons and
with previous results on other carbon materials in that the primary effect
of irradiation is to decrease the crystallite perfection and crystallite

(5)

density. Moreover, if an equilibrium state of disorder exists, our

results suggest that the associated LC value 1is not greater than 16 k.
References

1. Technical Activities Quarterly Report, AEC Reactor Development and
Technology Programs, April, May, June 1971, BNWL-1522-3, Battelle-
Northwest, September 1971.

2. W. J. Gray, W. C. Morgan, J. H. Cox and E. M. Woodruff, Irradiation-
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6. PHOENIX FUEL STUDIES
R. I. Smith

DOCUMENTATION

1)

A document has been issued which describes the program of critical
experiments conducted at the loading of the Phoenix fuel core into MTR,
the measured variations of some of the reactor physics parameters with
fuel burnup, and the burnup history of the core while in MTR. The results
are compared, where possible, with results from the PRCF-Phoenix experi-

(2) (3)

ment and with pre-experiment calculations.

Preparation of the final report on the MTR-Phoenix fuel experiment is

in progress.

DATA COLLECTION

Thirty-six fuel plates from nine different elements were gamﬁa scanned
to obtain axial and lateral burnup profiles. Two samples were cut from
each of two fuel plates for isotopic analysis. One pair of samples repre-
sented the interior of the core (asymptotic region) and the other pair of
samples represented the core boundary region. The results of the destruc-
tive analysis are listed in Table 6.1. Plate 22-8 was from the asymptotic

region and plate 3-8 was from the boundary region.

Six flux monitor wands were also studied, five irradiated and one
unirradiated. Of the irradiated wands, two were removed from the core at
intermediate levels of burnup, and the remaining three wands were removed
at the end of the core life. Five wands were gamma scanned to obtain axial
burnup profiles. Samples were cut from two irradiated wands and one unir-
radiated wand for isotopic analysis. The results from the destructive

analysis of flux monitor wands are given in Table 6.2.

The isotopic data from the two fuel plates have been fitted using

DBUFIT(S) to obtain ratios of effective cross sections for the plutonium

isotopes. It was necessary to fix two of the parameters to achieve a fit.

~241 ,~239 ~242 8239

The parameters chosen to be fixed were o, /oa and Oa / a ° and a
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TABLE 6.1. Summary of Destructive Analysis of Fuel Plate Samples

Beginning . .
of 1ife atom End of L}ESL§§?@ Concentration
Concentration
(BOL)2 Plate 22-8 Plate 3-8
sample No. W 1126 W-1429 W 1679 N 1430 W 1680
238
Py 0.539 0.7091  0.6855 0.6987  0.6979
239
Pu 66.516 48.84  50.78 41.39 44.17
240p, 23.20] 20.00  24.09 25.02 25.18
241
Py 6.488 9.344 9.004 8.892 8.477
242p, 3.257 3.688 3.641 4.085 3.962
Total 100.00 86.62 88.20 80.09 82.50
Qﬁﬁﬂué 0 13.38  11.80  19.92  17.50
(BOL-EOL)

a. BOL = atoms of isotope per 100 initial atoms of plutonium at
beginning of life (1-28-70).

b. EOL = atoms of isotope per 100 initial atoms of plutonium at
end of life (4-23-70).

148

c. Values derived usi?g)measured isotopic ratios and Nd analysis

resuits in ISODIL.
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TABLE 6.2. Summary of Destructive Analysis of Flux Wand Samples

Beginning :
of Tife atom . . ,C
Concentration End of Life Atom Concentrations (EOL)
(BOL)@ Wand #12 Wand #8

sample No. W 1126 W1130 W 1131 W 1132 W 1127 W 1128 W 1129
238p, 0.539 0.5788  0.6147  0.6394 0.6148  0.6585  0.6819
23%,, 66.516 58.94 52.58  47.93 54. 31 45.10 12.67
240p,, 23.201 23.13 22.93 22.42 22.94 22.41 21.94
281p, 6.488 8.227 9.612  10.63 8.999 10.76 11.26
242, 3.257 3.44]1 3.629 3.797 3.556 3.932 4.023
Total 100.00 94.32 89.37  85.42 90.42 82.86 80.58
Atom %
Burnup
(BOL-EOL) 0 5.68 10.63 14.58 9.58 17.14 19.42

a. BOL = atoms of isotope
(1-28-70).

per 100 initial atoms of plutonium

b. EOL = atoms of isotope per 100 initial atmos of plutonium at end of Tife

(4-23-70).

c. Values derlved using measured isotopic ratios and

in 1s0DIL.(4)

]48Nd analysis results

at beginning of 1ife

B=CCST-IMNTD
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study was performed to determine the sensitivity of the fits to the values

of these fixed parameters. The results of these analyses are given in
Table 6.3.

There are significant differences in the values of most of the param-
eters between the asymptotic region (plate 22-8) and the boundary region
(plate 3-8), thus emphasizing the fact that a zero-dimensional burnup cal-

culation is not adequate for cores like the MTR-Phoenix.

References
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2. E. C. Davis, R. I. Smith and L. D. Williams, Critical Experiments in
an MTR Mockup Using Phoenix Fuel, BNWL-1481, Battelle-Northwest, 1970.

3. C. M. Heeb, Analysis of the Phoenix Fuel Experiments, BNWL-1514,
Battelle-Northwest, 1970. :

4. R. P. Matson, ISODIL, A Computer Code for Processing Isotopic Dilution
Measurements from Spent Fuel Samples, BNWL-1555, Battelle-Northwest,
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TABLE 6.3. Summary of DBUFIT Analysis of Fuel Plate Samples

. Cross-Section Ratios (Fixed) Quality
Cose fo. _and Data o0 e oo st et
56-1 Plate 22-8 0.524 + 0.005 0.713 + 0.003 0.950 fixed 0.440 = 0.014 0.260 0.153
56-2 do 0.557 + 0.005 0.747 + 0.003 1.050 fixed 0.382 = 0.012 0.260 0.162
56-3 do 0.592 + 0.006 0.782 + 0.003 1.150 fixed 0.337 + 0.011 0.260 0.172
57-1 do 0.558 + 0.005 0.748 + 0.003 1.050 fixed 0.359 = 0.011 0.230 0.140
57-2 do 0.556 + 0.006 0.747 + 0.003 1,050 fixed 0.405 + 0.013 0.290 0.187
56-4 Plate 3-8 0.434 + 0.012 0.490 + 0,006 0.900 fixed 0.459 + 0,032 0.120 1.34
56-5 do 0.464 + 0.012 0.522 + 0.006 1.000 fixed 0.395 + 0.026 0.120 1.34
56-6 do 0.496 + 0.013 0,554 + 0.006 1.100 fixed 0.346 = 0,022 0.120 1.34
57-3 do 0.465 + 0.012 0.522 + 0.006 1.000 fixed 0.377 + 0.025 0.100 1.33
57-4 do 0.464 + 0.012 0.522 + 0.006 1.000 fixed 0.413 + 0.027 0.140 1.35

a. Values of chi squared divided by the degrees of freedom which are reasonably close to
unity are expected for a satisfactory fit and reasonable uncertainties. Significantly
smaller values indicate uncertainties on data points have been overestimated and
the fit is better than expected.
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