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I. CREDIBLE ACCIDENTS

A, INTRODUCTION

This report is a preliminary study; the final version will be a supplement to
SRE Safety Analysis Report, (1) Modifications to the existing SRE reactor core
involve the replacement of the central seven moderator elements with a fast-
fuel test section. This installation provides a fast-flux trap in the center of the
reactor capable of material testing in a representative fast-reactor environment.
The report is an evaluation of the possible effects on the safety and containment
features of the SRE facility, associated with the operation of the reactor with
the fast fuel test section installed. It describes the building and containment
features of the SRE and gives the results of the kinetic analysis before and after
proposed core modifications. Effects of ''noncredible' reactor excursions on
the SRE containment structure are given in Section II, Means of providing
additional containment for these excursions and environmental control are

described in Section III,

The Sodium Reactor Experiment (SRE) has been operating since 1957 and in
the last seven years has accumulated considerable operational and maintenance
experience in addition to the generation of 31 million kilowatt hours of electrical
power in 27,000 hours of successful operation. As a test facility, fuel elements
of U - 10 Mo, UC, Th-U, and U-oxide have been irradiated in a thermal neutron
flux. The SRE has served to confirm the design technology of the integrated
sodium -cooled process systems. Experience accumulated through years of SRE
power operations was used in the SRE-PEP design and greatly improved the
heat removal and instrumentation system reliability, Experience with the SRE
system provides the sound basis for the safe, reliable operation of the proposed

Two-Region Sodium-Cocled Reactor Experiment (TR-SRE), {2

The TR-SRE is specifically designed to function as a ""Fast-Flux Trap"
fuel and material irradiation facility. In this capacity, the TR-SRE will be

testing materials in a fast-reactor environment.

NAA-SR-11234
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The required facility modifications for the TR-SRE involve the reactor,
secondary heat transfer system, fuel handling, and service facilities. The
reactor modifications include removal of the central seven PEP moderator
elements and the insertion of a central core structure with a hexagonal array
of nineteen fast-fuel channels (please refer to Figure 1). There are six decou-
pler elements between the fast-flux and thermal-flux sections of the core. A
new 40-in, diameter central plug will be installed in the reactor loading-face to
accommodate the smaller close-packed instrumented fuel elements and

material tests in the central test region.

FAST SECTION
TEST POSITIONS IRRADIATION
(361 fuel pins)(19)

DRIVER FUEL

DECOUPLER
SECTION (6)

AUXILIARY~//.

Nl MAIN
SODIUM [ SODIUM
INLET (j,:\’ ; > e INLET
(decay hefﬂ//); L%
CORE TANK N2,
...... ADDITIONAL
FUEL OR
INSTRUMENT
ggmam LOCATIONS (4)
ROD (6)

Figure 1. Cross-Section of Two-Region
SRE Core

The fuel handling equipment will be modified to improve environmental

control around the fast fuel elements during fuel handling.

The principal modification to the sodium heat transfer system is the addi-
tion of a 20-Mwt heat sink to allow 50-Mwt reactor operation. The existing
SRE main airblast heat exchanger will be modified and included in the main
secondary-sodium heat transfer system. The main airblast will be operated in
parallel with the existing turbine plant, providing the overall 50-Mw thermal

capacity.

NAA-SR-11234
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All other existing SRE-PEP systems will be used in the TR-SRE opera-
tions; SRE-PEP system descriptions are applicable to the TR-SRE.

B. SUMMARY AND CONCLUSIONS

Core dynamic studies show that the kinetic response of the SRE with the

fast-fuel test section remains that of a thermal reactor (please see Section I-E),

The proposed control and plant protective systems are those existing for
SRE with the addition of two shim rods. Present safety studies show that the
installation of a fast-fuel test section (FFTS) will not compromise the opera-

tional reliability or safety characteristics of the reactor power plant.

The present containment structure surrounding the SRE core provides a con-
servative degree of confinement for radioactivity release under credible acci-

(2)

dent conditions. As now conceived, no modifications to building containment
is required for the installation of the fast-fuel test section in the SRE reactor
core. SRE containment and radioactive waste disposal systems are applicable

to the operation of the SRE with the FFTS installed.

C. SRE BUILDING AND REACTOR CONTAINMENT DESCRIPTION
A brief description of salient containment features is presented below,
1. Building

The existing SRE building is constructed of reinforced steel and tilt-up
concrete slabs (see Figure 2). The reactor building has an area of more than
10, 000 square feet., Exhaust fans and high efficiency filters on the reactor
building roof are sized to maintain the reactor room at a negative pressure
compared to all the surrounding environments. Two identical vents of exhaust
fans and filter banks are provided. Only one unit is required to maintain reac-
tor room atmospheric control, Although it provides some measure of environ-
mental control, the building itself is not considered as a containment structure,.
With all ventilating equipment shut off, the building leak is estimated to be
4,000%/day; consequently, the main factors affecting fission product manage-
ment are associated with the reactor structure, auxiliary systems, and

handling equipment.

NAA-SR-11234
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All sodium components in the building (pipes, pumps, and vessels) con-
taining radioactive materials are maintained as a completely enclosed system
in below grade vaults and galleries sealed from outside atmosphere (see

Figure 3).

STEEL STRUCTURE

0 By, ST
— oy
- = ! ! (7 -
LT-UP CONCRETE WALLS gete=""
"‘ v_:"_ - r‘"AJ
Sl Sl
2 - b

Figure 2. SRE Reactor Building During Construction

T ———

Hvome,

Figure 3. Primary Sodium Vault
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2. Reactor Complex

The combined active core of the TR-SRE is contained in a volume six
feet in diameter and six feet high., The proposed fuel test fast-section is to be
located in the center of the core (see Figure 4). The reference-design, fast
test section is composed of 19 hexagonal-shaped fuel elements, each containing
19 fuel rods. The reference core fuel material is a mixed plutonium-uranium
oxide. Surrounding the fast section is a ring of six decoupler units containing

a combination of depleted UO2 and boron steel,

A honeycomb structure consisting of thin-wall 304 -stainless-steel
hexagonal -shaped tubes positions the fast-fuel elements within the core. The
fast-fuel elements are axially supported by hanger rods fixed to individual
shield plugs extending through the loading face shield. Surrounding the fast-
decoupler sections is the SRE lattice. There are 36 uranium carbide fuel ele-
ments, 6 shim, and 4 safety rods located in the SRE section. All of these
elements are suspended from the loading face shield above the reactor. All
elements in the core are supported on a grid plate at the base of a 1-1/2-in,

type 304 stainless steel core tank, 11 ft in diameter and 19 ft high.

Proceeding radially outward from the core tank is a 5-1/2-in. thermal
shield of cast steel and a 1/4-in. steel outer tank which can contain sodium in
the event of a leak in the core tank., Metal bellows (Figure 5) are installed at
the top of both the reactor tank and the outer tank to provide gas seals and to
allow for thermal expansion. Twelve inches of thermal block insulation,
Figure 6, occupies the space between the outer tank and 1/4-in. -thick, carbon-
steel, concrete liner (see Figure 7). The 3-ft thick concrete foundation pro-

vides the biological shield for the surrounding soil.

The top shield is made of high-density concrete, 6 ft thick. It consists
of a fixed, stainless-steel, stepped-ring shield (Figure 8), 15 ft in diameter,
with a central loading-face stepped shield 11 ft, 8 in. in diameter (Figures 9,
10), and weighing approximately 85 tons. A low-temperature melting alloy
(cerrobend) cast into steel troughs at floor level is used as a gas seal between
the ring shield and the surrounding foundation, and between the ring shield and

loading face shield. The sodium coolant enters the reactor above the core,

NAA-SR-11234
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o

Figure 8, The Ring-Shiel
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flows through a downcomer inside the tank to the lower plenums, up through
the fuel channels into the 6-ft deep sodium pool, and out through the core tank
outlet nozzle. A more detailed description of the system is given in References

1 and 2.

D. OPERATIONAL CHARACTERISTICS OF THE SRE CORE WITH A FFTS

SRE plant performance characteristics with the fast test section are pre-
sented in Table I. Although other core arrangements may be contemplated,
this core is considered the most reactive from a safeguard analysis standpoint

(highest fuel enrichment); it is, therefore, referenced in this safety study.

Operational parameters of the reference SRE core are given in Table II.
These values include the uncertainty in the estimates taken in the direction
to worsen the accident. The criticality values used for th TR-SRE were

estimated from the following equations taken from Reference 3.

(L =legd (L =k ) = Ko, T (1)
where
kff = The fast section multiplication,
kss = The thermal section multiplication,
kfs = The coupling from fast (f) to slow(s),
and
ksf = The coupling from slow(s) to fast(f).

The effective prompt neutron lifetime for steady state coupled systems is given

by

Lo = %elet &1 (2)

where a's are reactivity partition factors in the fast and thermal TR-SRE
sections (please see Table III). The effective delayed neutron fraction is

given by
Bofr =P+ aghg (3)

Given in Table III, are the estimated kinetic characteristics of the

reference TR-SRE core,

NAA-SR-11234
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TABLE I
PERFORMANCE CHARACTERISTICS TR-SRE REFERENCE Pqu —UO2 CORE

Reactor Power (MWT)

Fast Fuel Section 22.7
Decoupler 4.1

Thermal Section 23.2
Total 50.0

Sodium Temperature (°F)

Reactor Inlet 650
Reactor Outlet 1200

Fast Fuel Section

Active Diameter (in.) 10.9
Active Length (in.) 43,0
Number of Fuel Elements 19
Fuel Slug Diameter (in.) 0. 25
Number of Fuel Rods 361
Fuel Loading (kg Pu) 90% Pu 106
Max. Specific Power (kw/kg fissile) 270
Avg. Specific Power (kw/kg fissile) 214
Averaged Neutron Flux (n/cmz—sec) 1.3 x 1015
Max. Rod Power (kw/ft) 23.0
Average Rod Power (kw/ft) 20.9

Decoupler Section

Diameter (in.) 23,7
Length (in.) 72.0
Number of Rods 636
Fuel Slug Diameter (in.) 0. 605
Fuel Loading (kg UOp) 1220
Borated Steel Thickness (in.) 5

Thermal Section

No. of Driver Elements 36.0
Fuel Material UcC
Initial Enrichment 6.5
No. of Rods/Element 8
Weight of Fuel/Element (kg UC) 34.0
Slug Diameter (in.) 0. 60
Active Length (ft) 6.0

NAA-SR-11234
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TABLE II

OPERATIONAL CHARACTERISTICS OF TR SRE CORE

Enrichment
Fast Section (% Pu2392 90
Thermal Section (% U%35) 6.5
Total Mass
Fast Section (kg Pu239) 106
Thermal Section (kg of U235 80
Initial Core Keff
Dry 1. 044
Wet 1.053
Hot 1. 005
Equilibrium Xenon and Samarium Worth 3.05

Xenon Override ($) 0. 55
Available for Burnup ($) 9.50
Burnup Characteristic ($) (1000 Mwd/MT) (Fast Fuel) 0. 095
Number of Shim Rods 6
Number of Safety Rods 4
Worth of Rods ($) 22.4

Shim 15.0

Safety 7.4

2 15
Fast Core Neutron Flux (n/cm”™ - sec) 1.3 x 10

Average Gross Radial Peak-to-Average Power 1.10

(Fast Section)
Average Gross Axial Peak-to-Average Power 1.20

Temperature Coefficients of Reactivity (Estimated) (Ak/°F x 10 )

5

a) Fast Section
Fuel
Coolant

b) Decoupler
Fertile

Coolant

NAA-SR-11234
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TABLE II
OPERATIONAL CHARACTERISTICS OF TR SRE CORE

Temperature Coefficients of Reactivity (Estimated) (Ak/°F x 10-2)

c) Thermal Section

Fuel -0.,70
Moderator 0. 80
Fuel Coolant 0.30
Moderator Coolant 0. 80
Effective Delayed Neutron Fraction 0. 0036
Prompt Neutron Lifetime (usec) 48
TABLE III

TR-SRE: KINETICS CHARACTERISTICS

kff = 0,95 1f = 0.5 us
k = 0,66 ls = 365 us
ss

ke, = 0.05 1g = 48ps
k_, = 0.34 B, = 0.0031
af = 0.87 g, = 0.0070
a, = 0.13 B = 0.0036

As noted in Table III, the fast fuel test section in SRE is approximately
$14. 0 subcritical (i. e. l—kff/Beff = $14.0). In parameter studies of various
fast-fuel test sections in the SRE core, subcriticality of the fast section varied
from $10 to $15.0. Thus, the fast-fuel test section must remain coupled
neutronically to the SRE core in all accident conditions for the system to remain

critical; the test section cannot under any circumstances go critical alone.

1. Thermal SRE Section

The effective prompt neutron lifetime of the SRE core is approximately
500 us. The effective prompt neutron lifetime of the thermal section of SRE
with fast fuel test section installed is 365 us. The decrease is due to increased

neutron leakage.

NAA -SR-11234
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The Dopper coefficient in the thermal SRE section possess a character-
istic T 1/2
and III to be large (~-1.0 x 10-5 Ak/°F).

temperature dependence and has been measured in SRE Core I, II,

The sodium-temperature and void coefficients are positive (i, e. void
~ $10. 00) and result from the removal of a poison (sodium) from the thermal
section. In the SRE with fast-section, sodium-voiding from the thermal section
would result in an increase of $1.30 due to the split in reactivity (87% fast;
13% thermal).

2. Fast-Fuel Test Section

The effective prompt neutron lifetime of the TR-SRE fast section is
approximately 0.5 us. The effect of neutronically coupling this section to the
SRE thermal section is to produce an effective prompt neutron lifetime of

48 wsec (more than twice as large as that for typical thermal PWR systems).

1/2

The Dopper coefficient of the fast fuel has a T~ temperature, is

positive, and small (i.e. ~0. 08 x 10-5 Ak/°F).

The computed effect for voiding sodium from the fast fuel test section in
SRE is -$4.95, as is typical of very small fast systems. This provides a
highly desirable feedback which will provide a delay or minimizing effect in any

reactor transient.

E. REACTOR TRANSIENTS

1. Kinetic Response

The dynamic behavior of the system was investigated by using analog
computer simulation of the generalized two-region reactor kinetics equations

(3)

developed by Avery. The basic dynamic model included:

a) Fast and thermal region neutron kinetics (with coupling in each

direction between regions),
b) Six delayed neutron precursor groups,
c) Thermal kinetics for fuel elements in each region, and

d) Feedback reactivity to the neutron kinetics equation from each

region.

NAA-SR-11234
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The behavior of the SRE with a fast-test section, from a reactor control
standpoint, is nearly identical to that of the SRE alone, and it has many of the
properties of all thermal systems, requiring no additional safety features. This
is typical of all coupled systems whose multiplication of fast neutrons is small
compared to the total steady-state reactivity. Reactor control is, therefore, by

conventional methods and utilizes standard hardware.

The controlling kinetic effect is similar to the action of delayed neutrons
as found in conventional dynamic studies. This effect permits control of a
reactor core on the relatively slow precursor decay. The delaying effect in a
coupled reactor results from the long lifetime of thermal neutrons due to the

precursor decay constant.

In the analysis of the two-region system, the dynamic behavior relative
to that of the SRE was studied. Credible accidents studied in this analysis are
listed in Table IV. These classic accidents are studied with the assumption

that the plant protective system is operating with one level of protection failed.

TABLE IV
NUCLEAR INCIDENTS WITH SCRAM PROTECTION

Shim rod withdrawal at low power
Shim rod withdrawal at high power
Loss of coolant flow at full power

Cold inlet coolant transient

The summary results presented in Table V indicate a considerable
similarity in the transient temperature response of the two systems and demon-
strate that the overall reactor control is by the existing thermal section. The
fast fuel temperature response is indicative of the higher power density of this

particular fast fuel test.

These results permit the use of the existing SRE control and protective

systems., The following is a detailed discussion of these results.
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TABLE V

CREDIBLE ACCIDENT SUMMARY TEMPERATURES (°F)

SRE TR-SRE
: Thermal UC Fast Oxide Thermal UC
Accident
Max Na Max Max Na Max Max Na Max
Exit Clad Exit Clad Exit Clad

One Shim Rod

Withdrawal 1245 1333 1350 1550 1280 1360
100% Power

One Shim Rod
Withdrawal 1271 1208 1500 1360 1250 1175
2% Power; 2% Flow

One Shim Rod

Withdrawal 914 931 1100 1120 900 920
2% Power; 100% Flow

20% Flow Deviation 1287 1340 1480 1680 1300 1360
100% Power

2. Shim Rod Withdrawal at Full Power

Power level control is normally maintained with a single shim rod in a
high neutron importance region. A rod drive or control system malfunction can
be postulated as resulting in an uncontrolled shim rod drive activation. This
malfunction would produce a corresponding range of reactivity insertion rates.
In this study, the peak, shim-rod, reactivity insertion rate of $0.55/sec was
used. The results of this for a reactor initially at full power and flow is shown
in Figure 11. The transient was terminated by a reactor scram at 125% of full
power. The results are very similar to those for the single shim rod with-
drawal transient in the SRE-PEP. As shown in Figure 11, the fuel element
coolant outlet temperatures in the fast and thermal regions remain below 1350°F
(below the boiling point of sodium). The maximum cladding temperature is
approximately 200°F above the coolant exit temperature and remains well below
its melting temperature. Peak fuel centerline temperatures are above the fuel

melting point throughout the excursion. The additional melting that occurs
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during the power excursion does not progress to the fuel clad interface. A
high coolant outlet temperature scram in the driver element will initiate scram
action approximately four seconds before the 125% power level scram is
reached. A less severe excursion would occur with normal protective system
action. In this case, high power scram serves as backup for coolant outlet

temperature protection.

3. Shim Rod Withdrawal at Low Power

Two transients of this type were considered assuming the reactor to be
operating initially at 2% power (1% due to fissioning of fuel and 1% due to decay
of fission products). In the first case, the coolant flow is assumed to be 2% of
full flow, and in the second case, at full flow. Figure 12 presents the results
for the first case protected by a 1250°F scram on the basis of coolant outlet
temperature from the average power element in the fast section.. Fuel and
coolant exit temperatures in the three elements shown remain below limiting
temperatures and no fuel damage occurs. Uncontrolled shim rod withdrawal at
2% power and full flow is shown in Figure 13 with 125% power level scram pro-
tection. Initial fuel and coolant temperatures for this incident result in a power
scram protection preceding outlet temperature protection (just the reverse
situation from the low flow case). In this case, power level protection would

prevent fuel element damage.

4. Loss of Coolant Flow at Full Power

With the reactor initially at full power and full flow, a flow coastdown
due to loss of pump power is assumed., The transient shown in Figure 14 occurs
when the reactor is protected by a scram at 20% deviation from flow setpoint.
This transient for the average driver element is very similar to the loss of
flow transient shown in the SRE-PEP report. No damage to the reactor

results from this transient.

5. Cold-Inlet Coolant Transient

This transient was included in the study to show the effect of a postulated
but highly improbable coolant inlet temperature incident. The excursion shown

on Figure 15 is based on a step decrease of 220°F in the coolant temperature at

NAA-SR-11234
17



L‘.
‘é w EAK FAST ELEMENT
(J
z w —_——
< T 1000
3F
Se AVERAGE DRIVER ELEMENT
i AVERAGE FAST ELEMENT
Zz - —
‘5‘5 500
u.I'_
@
o | | | ] | 1 1 ] | ] ] 1 | ]
2 4 6 8 0 12 14 16 18 20 22 24 26 28 30
TIME (sec)
14 1 & 13 &1 T @ b =T I
150 .
Eg /
« 100 -
w
E
4
so |- i
0 | | | I )| | | ] 1 I = 1:£
0O 2 4 6 8 10 12 14 16 I8 20 22 24 26 28 30
TIME (sec)
— — T T T T T T T T T T T T 1
o
. 4 L. -
iE 6000
-3 3
ww=
ZOCuw
Y@ S 4000 |- -
UD:
Pum
w4
Sud
23 2000 | .
xZw
<+
w o
a
o | | | ] ] | | 1 | ] | ]
O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
TIME (sec)
CONDITIONS :

COLD INLET COOLANT
TRANSIENT

100% POWER 100 % FLOW

Figure 15, Cold Inlet-Coolant Transient

NAA-SR-11234
18



the reactor inlet when operating at full flow and power. Little temperature
reduction occurs in the outlet coolant in the initial stages of the excursion.
Resulting reactivity feedback effects increase reactor power with an eventual
high power or high outlet temperature scram. Protection by either parameter
is shown to occur at approximately identical times with no excessive fuel or

coolant temperatures.

The above safety analysis shows that the kinetic response of the TR-SRE
is similar to that for the SRE. Installation of the fast fuel test section in the

SRE will not compromise the demonstrated safety of the power plant.

Further discussions on the SRE protective system are presented in

Appendix A,

F. RADIOLOGICAL ANALYSIS
A study of sodium accidents was made with the following assumed conditions.

1) Time of entry to a vault or gallery varying from 0 to 10 days after

shutdown from full power

2) A subsequent sodium leak release of 12,400 1b of sodium which covers

the 475 ft:2 vault floor area
3) A fire results and burns for 20 hr consuming all of the sodium

Studies covered the effect of a spill-and-fire in the primary fill tank vault
which has a floor area of 150 ftz. For this area, about 3900 1b of sodium could
burn in 20 hours. Of the fires studied, this has the greater probability and
worst consequence since the vault is external to the building. In both fires,
ground release of radioactive material is assumed. Important parameters

and assumptions for these studies are listed in Table VI,

The total (direct-cloud and inhalation) whole-body irradiation dose for 2 hr
and for 30 days after the accident is plotted in Figure 16 as a function of cooling
time for both major areas. The Pu which was postulated to be in the sodium
does not significantly affect the radiological dose at the site boundary. Siting
requirements can be noted from the graph of minimum decay time required
before shield plugs may be lifted. On the basis of the 30-day dose, removal of
the block from the primary fill tank vault must be delayed at least four days
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TABLE VI
SODIUM FIRE ACCIDENT PARAMETERS

Reactor Operating Time at Full Power (days) 300
Core Power (Mwt) 50
Cooling Time, Variable (days) 0to 10
Fraction of Fission Products in Coolant 10_4

Pu in Coolant* 0.1 ppm
Coolant Burning Time (hr) 20
Coolant Burning Ratef (lb/hr—ftz) 1.3
Specific Activity of Na 2 (c/gm) 0. 45
Total Sodium Inventory, approx. (lb) 53,000

Release Fractions:

Radioactive Material Bty R
(%)
Halogens 50
Noble Gases 100
Na24 50
PuO2 5

*Arbitrarily taken as 1/2 the measured value of the U
fraction measured in the sodium coolant following the
SRE fuel element damage episode, NAA-SR-6999,
page IA10,

Presently considered the base value; obtained from
large sodium-burning experiments at the AI Field
Laboratory.

after shutdown from equilibrium full power activity, and at least five days must
be allowed for the main primary gallery. SOP access procedure, however,
requires a much longer time before anyone could enter the vault safely due to

the direct dose restrictions.

Siting criteria is thus seen to be less stringent than the personnel access

criteria and hence is not the regulating factor for these accidents.
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1. Plutonium Fuel

The total plutonium inventory of this referenced reactor is 106 kg in the

form of mixed PuO2 -Uo For the unirradiated reactor, all plutonium fuel will

2
be in the fast test-section. Power generation will not decrease the total inven-
tory. About as much plutonium is bred in the decoupler and thermal region as

is burned in the original fast fuel.

All TR-SRE plutonium containing fuel will be enclosed and sealed in
stainless steel rods. The handling of fuel is limited to core loading, storage,
washing, surface examination, packaging, and shipping. Because of the
additional toxicity factor involved with Pu and recognition of the possible need
to handle an occasional faulted fuel element, fuel handling system modifications

are proposed.

The additional safety features proposed for TR-SRE system fuel
handlings are:
a) Provision of double containment for the FHM,
b) Addition of a Xe133 detector to the fuel handling machine, and

c) Provision of environmental control for the hot-cell.

2. Fuel Handling

Fast-fuel removal will be performed after fuel radiation has decayed.
The required decay period for the fast fuel is four weeks. The referenced fast
fuel will remain in the core at least two years. Approximately twice a year,

the reactor will be shut down to change the thermal driver fuel.

The fuel handling machine will be modified to provide a double seal to
improve environmental control. The gas space between the 40-in. gate valve
and the indexing ring will be the secondary barrier. There will be provisions
for purging this space before and after each fuel change. Fuel handling proce-
dures for the thermal driver elements will be the same as those for PEP core
loading. Supplementary environmental control will be covered by operating

procedures.
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3. Fuel Storage, Washing, and Hot-Cell Operation

Fuel storage cell thimbles for all fuel, are 4-in. Schedule-40 carbon
steel pipe with a wall thickness of about 1/4 in. set in concrete on 12-in. cen-
ters., Although designed for low enrichment SRE fuel, the original factor of
safety is sufficiently large to allow safe storage of all TR-SRE fast fuel even

under the most adverse conditions,

Storage cell area was analyzed for the reactivity of fresh fuel stored in
the cells, It was assumed that at least 2 core loadings of fast fuel are stored.
The concrete surrounding the cells was assumed to be saturated with water
from ground water seepage. The analysis indicates that there is no possibility

of a criticality accident.

The cells were visually inspected for moisture and purged with helium
before insertion of fuel elements. Therefore, no possibility for a Na—HZO

reaction in the storage cells exists.

Fuel cleaning will be accomplished in the same way as with present SRE

fuel. Only sound elements with no Xe133 indications will be cleaned.

The SRE hot-cell improvements will include environmental control by
use of an inert atmosphere. Secondary environmental control will be provided
in the hot-cell for the encapsulation of irradiated plutonium bearing fuels. Hot-
cell operation on fast fuel will be limited to removal and preliminary inspection

of the active section,
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[I. NONCREDIBLE ACCIDENTS

A. INTRODUCTION

The following noncredible accidents cannot occur but have been postulated

and studied for the purposes of:
1) Establishing the margin of safety inherent in the SRE plant,
2) Providing a design basis for adding to the building containment, and
3) Establishing accident limits for which containment is feasible.

For these purposes, only the core meltdown accidents were studied
because they lead to the more difficult containment problems. These studies

assumed that:
1) Unknown reactivity insertion takes place,
2) The total protective system fails,

3) The core collapses and reassembles resulting in a more reactive

geometry which can detonate due to rate of reassembly,
4) The core sodium is expelled from the fast section,

5) Fast fuel and structure material (all or partially) is isothermally at

the boiling point of the fuel, and
6) Further energy additions will explosively vaporize fuel and steel.

These conditions ultimately lead to a vaporization of the fuel, disassembly
of the core, and a reduction of the reactivity which terminates the accident.
The effects of the associated shock and blast wave on the system were computed.
Calculations were then made of the breach of containment, the fission fragment
and Pu escape, and the associated 2-hr dose at the site boundaries. No credit
was taken for:

1) Sodium voiding from fast section which decreases the reactor core

reactivity by ~ $5. 00,
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2) The dispersal of fuel mixture by internal pressures reducing

reactivity (i.e., fuel and sodium pressures), and

3) Oscillatory behavior of fuel and sodium which disassembles the

core with little energy release<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>