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Introduction

The SNAPTRAN program being conducted by Phillips at the NRTS has thus far
included the SNAPTRAN-2 water immersion destructive test and the SNAPTRAN-1
reactor kinetics test series. The SNAPTRAN-2 destructive test is currently in
preparation. The kinetics data from SNAPTRAN-1 are generally applicable to the
SNAPTRAN-2 destructive test predictions since these two reactors are quite
similar. The treatment of disassembly behavior for SNAPTRAN-2 will have
significant differences, however, from that observed in SNAPTRAN-3 destructive
test.

The analysis to be described was undertaken to estimate the results of the
SNAPTRAN-2 destructive test. Among the most important of these results are
limits on energy release and maximum power. Other significant features
studied include the effect of operaticnal variables such as reactivity
insertion rates, the time sequence of mechanical events during disassembly as
related to the power curve, and the rate and characteristics of the disassembly.
The conclusions reached have been used in the hazards evaluation, in estimations
of requirements for instrumentation and photography, and as a test of extra-
polation from non-destructive testing data. It is expected that these
calculations will greatly aid in interpreting the results of the SNAPTRAN-2
test.

Descriptive Model

A cross-section of the reactor is shown in Figure #1. The core consists
of 37 uranium-zirconium hydride fuel elements in a hexagonal array. A
beryllium reflector surrounds the reactor, with control exercised by rotation
of the four beyllium drums as shown. The diameter of the core is about 9
inches and its length about 12 inches. The destructive transient is initiated
by rotating the control drums to the full-in position. Note that the drums
are labeled step drums and pulse drums. First, the step drums are rotated
together, then the pulse drums are rotated together.
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Disassembly occurs in a SNAPTRAW-type reactor by release of hydrogen
from the fuel matrix after a certain fuel tempzarature threshocld is reached,
and by subsequent acceleration of various core and reflector components in
an outward direction as a result of hydrogen pressure buildup. A schematic
of the disassembly model is shown in Figure #2. Cylindrical geometry is
assumed. In our simplified model, only a portion of the core, labeled
"destructive zone" on the figure, is assumed to contribute hydrogen to the
pressure pulse. The volume and shape of this region is one of the variable
parameters studied in this analysis.

The pressure pulse is initiated when the core hot-spot reaches the
threshold temperature which is 1900CF for this type of fuel. Radial action
by the pressure is restricted until the temperature at the boundary of the
destructive zone reaches the threshold temperature. The pressure is assumed
to act radially on the mass of the reflector and outer ring of fuel
elements and axially on the inner fuel elements and grid plates.

Mathematical Model

The space-independent reactor kinetics equations as shown in Figure
#3 are used to compute reactor power. In Figure #4, the time dependent
reactivity is described as the sum of initial subcritical reactivity level,
the reactivity insertion as a function of time, the feedback effects of
increasing average core temperature, and the reactivity effect of core
disassembly. A constant temperature coefficient with respect to average
core temperature is assumed, as shown in eq. (5), with an upper limit for
temperature feedback provided as a variable parameter. Such a limit is
believed necessary to account for uncertainties in reactivity effects
after the hydrogen has been transformed to the free state. The reactivity
effect of disassembly is considered linear in both axial and radial
displacements as shown in eqg. (6). Since only small displacements are
necessary to shut down the power burst, this approximation is considered
reasonable.

The drum reactivity insertion is shown in Figure #5. The step drums
are rotated into the reflector in approximately 100 msec to bring the reactor
to a delayed critical level. The pulse drums are rotated into the reflector
in about 18 msec to put the reactor on a minimum period of around 200 psec.

In Figure #6 the general equation used to compute the average core temperature,
T the hot-spot temperature, r the average temperature in the destructive
zone, Té, and the temperature at the zone boundary, Typ. In each case, the
appropriate value of the volume-weighting factor f is employed. The core
heat capacity is assumed to be linearly dependent on fuel temperature over
the range where thermal feedback is important.

In Figure #7, eq. (8), the expression is shown that describes the release
of hydrogen from the fuel. W is the weight of hydrogen released in the
destructive zone. At T (about 19009F), approximately 1% of the hydrogen is
freed from the Zr lattice. This quantity of hydrogen is sufficient to cause
disintegration along dislocaticns in the fuel. When the temperature reaches
T, (about 2600°F), sufficient pressure is generated within the fuel matrix to
cause a lattice disintegration. At this temperature it is assumed that
essentially all the hydrogen behaves as a free gas. An exponential is used
to interpolate between these two temperatures,
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The volume available to the hydrogen is calculated with za. (9). It is
the volume of the destructive zone including the expansion, minus the volume
of the fuel material. The pressure of the gas is approximated with the
perfect gas law as shown in eq. (11), where T_ is the temperature of the
hydrogen. The two displacements are calculatdd with egs. (11), which are
just expressions of acceleration = force/mass. In the case of the axial
displacement, corrections have been made to the effective area on which
the pressure acts to account for drag effects.

The computation of the gas temperature, T_, is described in Figure #8.
Equilibrium thermodynamics is used to write an energy balance which equates
the change in internal energy plus expansion work to the internal energy
of a quantity of gas entering at temperature T,. The incremental energy
changes are expressed in conventional fashion in terms of mole number N
in egs. (13) and (14). Combining these expressions, applying the perfect gas
law, and setting the logarithmic derivative of N equal to the logarithmic
derivative of W leads to the differential equation for Tg shown in eq. (15).

Selection of Model Parameters

The results of non-nuclear testing of fuel materials have been used for
the estimation of fuel properties, particularly hydrogen release and the core
heat capacity (approximately 0,01 Mwsec/OF at 680F ). The SNAPTRAN-1 kinetics
testing series established a prompt neutron generation time of 6.5 + 0.3 msec,
as well as a prompt temperature coefficient of about 0.13¢/°F, constant when
used in conjunction with the heat capacity described previously. The
SNAPTRAN-3 destructive test provided an estimate of the worth of reflector
removal of about 8 dollars/inch, and, in addition, an approximate
verification of the linearity of the heat capacity. The destruct threshold
temperature of approximately 1900°F is estimated from non-nuclear testing
as well as extrapolation from SNAPIRAN-3 results.

Results and Jonclusions

The calculations described have been made using the best-estimate input
parameters and reasonasble variations in these parameters to place bounds on
the calculational results and to study the effects of individual uncertainties.
A typical case is shown in Figure #9 based on parameters near the best-estimate
values. The input reactivity, corresponding to that shown in Figure #4, is
4.85 dollars. Other parameters are generally the same as the values mentioned
previously. The minimum period for this case is 220 ysec. The peak power
is 120 Gw with an %total nuclear energy release of 68 Mwsec. 1In Figure #lO,
the disassembly behavior is shown. Disassembly begins about 250 psec before
peak power. Pressure rises rapidly to a maximum of the order of 1L0,000 psi.
Axial and radial displacements are shown in inches. Fuel is accelerated
axially to a velocity around 800 ft/sec, and the reflector is accelerated
radially to a velocity of about 300 ft/sec.

By variation of input parameters, it is found that the energy release is
highly sensitive to the degree of thermal feedback attained before the
disassembly begins. Although the temperature coefficient is quite well known
from the SNAPTRAN-1 testing, even small variations in the temperature ccefficient
and heat capacity indicate that the uncertainties in the upper limit on
energy from this effect may be as large as 20 Mwsec., It 1s also found that
variations of destructive zone volume and geometry and the drag effects, or
lack of such effects, produce an uncertainty of the order of 5 Mwsec. The
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uncertainty in worth of disassembly leads to z variation of about 5 Mwsec.
Although these variations may lead to a large range of disassembly velocities,
the net effect on energy release is quite small. The most recent calculations,
made for an insertion of 5.05 dollars corresponding to planned test conditions,
indicate that the range in energy release, considering all parameters, is

from 60 to 120 Mwsec for a $5.05 destructive test.

In conclusion, it is found that the test conditiocns indicate an expected
energy release of asbouh ¢8 Mwsec. The major source of uncertainty is the
phenomenon of temperature feedback which is well known compared to the other
parameters. The destructive test itself will be very important in extending
our knowledge cf these effects at high temperatures. Although the model
is quite gimpiified and uncertainties in some parameters gquite large, the
use of such simple disassembly model appears justified by the lack of
sensitivity tc parameters concerned with the disassembly. The mathematical
model, as pcstulated, should describe the SNAPTRAN-2 test adequately
for the objectives which were established.

186399



General References

G. F. Brockett et al, SNAPTRAN 2/1OA-3 Destructive Test Results, IDO-17019
(January, 1965)

J. M. Waage (ed.), Safety Analysis Report SNAPTRAN 2/10A-1 and -2 Safety Tests,
ID0-17076 (October 1965)

1186400



Figure 1
Figure 2

Figure 3

=

Figure

Figure

[OA NN

Figure

—\"

Figure
Figure 8
Figure 9

Figure 10

118bu0 |

List of Figures

Reactor Cross Section

Simplified Core Schematic

Space-independent Kinetics Equations

Partition of Reactivity Effects

Input Reactivity (4.85 Dollars)

General Fuel Temperature Equations

as Release and Reactor Disassembly Equations

Gas Temperature Equation

SNAPTRAN-2 Typical Test Predictions (4.85 Dollars)

SNAPTRAN-2 Typical Test Predictions (k.85 Dollars)



CORE DIAGRAM

’ @S
REFLECTOR

[

PULSE
DRUM

1186402



62.1¢-2¢0

o conagll

JLVTd dI49

VE/E]

INOZL
INLINHLSFT

HOLIF T4FY

LYV Id dIH9

QILVINIHOS 3400 dJidldnis




SPACE - INDEPENDENT KINETICS:

. 6
¢ = —'?—[(R(t)-l)d: + 'zu f.X ]+ S (1)

i=
X; = xi(¢-xi),i=|,2,...,6 (2)

AN
X; = =— C; 3
| Bfi | ( )
032-2732

I18bU0Y



GOhagll

€¢22-2¢0
spllS ixeN ul umoys sy (WM
(9) 1049 -PaP0- = Py
Wy ¢L*(Or-W) to- a
(S) Wyyy “(OL-1)Lo- = (1)"°d
(¥) ((»4a‘(Pa) Pu+ (ML) Uy + (M +% = (MY

5103443 ALIAILOV3Y dO NOI Ll 14dVd



q0hq9811

. 2-2¢0
ORLe-e (095) NOILYISNI 40 LHVLS WOHd 3WIL

G20 ON_.O m“.O O__.O mmw.o 000
. MI
.I., Nl
—] _I
4o A
5
r |2
—
<
siD||Op G8'p = xDw d -
1<
ANLIATLOV3Y LNdNI
SNOILO10349d 1S31 3IAILONYLS3d -t
- Z-NVHIdUNS 1




belLe-2e0

U= do /355 — 110M)

(

LVY3IH 214103dS X ALISN3@ 13nd = 18 +V
WHO4 3HL 40 SI ALIOVdVO LV3H 3HL

(9367 * 3 '35 40 3ANTVA ILVIYAOY¥ddY 3HL
HLim 9L anNv *ZL L ‘L 40 3NO SI 1 3H3IHM

E )= (0L ‘)P EH& = Hw

SNOILVND3 3dnivy3adW3IL 13Nd TVH3N3IO

Lohag il



GAS

RELEASE AND REACTOR DISASSEMBLY

w(t)

V(1)

P(t)

d2Dq
dt?
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GAS TEMPERATURE EQUATION:

ENERGY BALANCE: du + PdV = du' (12)
du = Cy N‘dTg + Cng‘dN (13)
du' = CyTy-dN (14)

dTg _ TpTg dW _ |\ Tg+460°F dv

dt = W dt Vv dt (15)

WHERE ¥ = | + Ry = Cr/g,
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SNAPTRAN-2
DESTRUCTIVE TEST PREDICTIONS

TYPICAL RESULTS

Pmax =4.85 dollars
IOSr T(disassembly) = 1900 °F
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