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LEGAL NOTICE

This report was prepared as an account of work sponsored by the United
States Government, Neither the United States nor the United States Atomic
Energy Commission, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied,
or assumes any legal liability or responsibility for the accuracy, complete-
ness or usefulness of any information, apparatus, product or process dis-
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FORWARD

This document was prepared as an addendum to the safety analysis
report (SAR) for the ICPP electrolytic dissolution process, 1¢cP-1009(1),
No attempt was made to reproduce in the addendum the basic descriptive
and analytical data presented in the SAR although the material presented
in the addendum is arranged in the same format as that presented in the
basic document. Because of this the user may find it desirable and at
times necessary to consult the basic information given in the SAR in

connection with new information given in the addendum.
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continuous, there is a concentration gradient of uranium in the column
from bottom to top. If it is assumed that the gradient would be linear
in the 9-inch section (153 g/% U-235 at the bottom and 5.4 g/% U-235,

the U-235 concentration in the inlet organic stream, at the top) the
average concentration would be about 79 g/f U-=235, The column would
still be subcritiéal (keff = .92) because the critical concentration of
153 g/% U-235 was calculated for an infinitely long cylinder. The volume
of the 9-inch section of the column is about 170 liters. Therefore, over
11.6 hours would be required for the IBP to introduce enough U-235, at
flowsheet rate and concentration, into the stagnant aqueous phase to

approach criticality.

If it is assumed that the contents of the column are well mixed (no
concentration gradient) the worst possible case results,(6) Then the
24-inch diameter head becomes the most sensitive part of the column.
Calculations have been made for the head of the extraction column (G-111)
which is the same diameter as the head of H-103. It was calculated that
27.2 g/% U=235 was the critical concentration for an eight-inch thick
layer of solvent in the head. It was also calculated that with the head
completely full of solvent (25-inch layer) the critical concentration was
18 g/% U=235. Therefore, it can be correctly assumed that at least
18 g/% U-235 woﬁld be required for criticality in H-103. The normal
operating volume of H-103 is 344 liters. At least four hours would be

required for the IBP, at flowsheet rate and concentration, to introduce
this amount of U-235 into the stagnant column. Hence, hourly flowrate

checks on the stripping solution to guarantee flow will be more than

adequate to guarantee nuclear safety.

The first solvent wash mixer-settler (H-115) was also reviewed for
criticality.(6) Its aqueous operating volume is 455 liters. It was
calculated that 19.3 g/% of 93.2% enriched uranium was the critical con-
centration in H-115. This is equivalent to 18 g/& of U-235. If the IBP
at 300 1/hr and 3.6 g/% U-235 flowed through a stagnant H-103 to a stag-
nant H-115, at least 7.5 hours would be required to build up to a
critical concentration. Of course, this could only happen after the
stripping solution to H-103 had been stopped long enough for the stripping

solution to become saturated with uranium. In other words, a criticality
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would have already occurred in H~103., Criticality in the downstream

mixer settlers (H=116 and H-117) is even more incredible.

1.5 High Load Charging Cask

Calculations have been performed (see Appendix C) to determine the
safe~loading conditions for the High-Load Charging cask when hauling
various EBR-II fuel types.(g)

The results were:

(1) A total of nine EBR-II fuel assemhlies or control rods can

be safely loaded into the cask in any configuration.

(2) TFor cans containing clad pins, bare pins or ingots up to 70%
enrichment, the three diagonal positions of the: nine position
cask insert must be blanked off. Two cans can then be placed

in each of the six remaining position for a total of twelve.

(3) The same arrangement as in (2) above will apply to skull oxide

fuel since it is lower in U=235 content.,

1.6 Table Limits

The amount of U-235 which can safely be loaded on the electrolytic
cell charging table as EBR-II fuel assemblies is shown in Figure 13.
The model used assumed an array of 80 clad pins deep, 80 clad pins wide
and two clad pins long from 52.6% enriched assemblies. With the model
used a keff = 1.0 is reached when 503 kg U-235 are loaded on the table.

The number of EBR-II fuel cans that can safely be loaded on the
table is shown on Figure 14. As can be seen for skull oxide fuel 51
cans (40.8 kg U-235) would be necessary to reach a keff = 1.0. For
the remaining canned fuel, of which 70% enriched uranium bare pins in
water filled cans is the worst case, 17 cans (51 kgs U-235) would be

needed to reach a keff = 1.00.
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Fig. 13 keff versus kgs U-235 in 52.6% fuel assemblies for table

limit calculations.
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The possibility of either drain valve becoming plugged by solid
debris was considered. Operating procedures require that, after per=-
forming the above tests, both shutoff valves be opened with each drain
valves slightly opened in succession. Flow will verify that the drain

valve was not plugged during the test of the shutoff valve.

2.5 Test Intervals

In a system whose reliability depends on periodic testing, the
reliability is a strong function of the time interval between tests.
Ideally, the minimum acceptable system reliability is defined and
reliability calculations using component failure rate data are performed.
A test interval is then specified which will keep the calculated reli-

ability above the required minimum.

For the NPDS, however, a specific reliability requirement has not
been defined, and valid failure rate data for the current generation
of solid state electronics are not available. The classical, definitive
approach cannot, therefore, be taken. Where available, failure rate
data was used and reliability calculations performed. Elsewhere,_a more
heuristic approach was used in an effort to obtain a conservative estimate
of the fundamental reliability of the NPDS. Given this conservative
estimate, test intervals were specified which represent a balance

between plant availability and reliability..

2.51 Tests for Leaking Valves. Authoritative failure rate data

are available(ll)for pneumatic and solenoid valves, Published failure

rates are:

Pneumatic valves (open): 106 failures/hr

Solenoid valves (closed): 10-6 failures/hr
These are the unsafe faililure modes for the NPDS.

Because the tests for leaking valves involve possible operator
involvement with nitric acid, it is desirable to minimize their
frequency. A processing campaign does not exceed three months in
duration. A similar test interval would permit tests for leak detec-

tion during cold runs at the beginning of each processing campaign.
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comparator setting are accessible from the front of the control panel.
They are protected with seal locks. Shift supervisor approval is re-
quired to break these seals.

The other two channel adjustments, amplifier gain and discriminator
settings, are totally enclosed in the instrument cabinet and have key
locks on the doors which also require shift supervisor approval for

unlocking.

2,64 System Accuracy. The accuracy of the NPDS is determined by

errors from three major sources. These are counting statistics,
instrument drift, and chemical analysis techniques. Analysis of the
variance(lz)in the counting of the Poison-distributed neutrons, given
a 400-second counting interval and a two-Curie source at 2,0 grams of
poison per liter, yielded a .4%Z uncertainty at the three-standard
deviation confidence level. Instrument drift, due pfimarily to tem-
perature effects, is on the order of 1.0%Z. Uncertainty in the results

of the chemical analysis is reported to be approximately 0.5%.

Thus, a nominal estimate of the total error is on the order of
+ 1.9%. This uncertainty at 2.0 g/% is .04 g/% is well within the

.2 g/% accuracy EPR.

2.65 Channel Bypass. No provisions are made for bypassing a

channel during operation.

2.66 Manual Initiation of Shutdown. A separate switch is pro-

vided in each channel for manual initiation of shutdown.

3. HYDROGEN FLAMMABILITY

The question of flammability and/or explosibility of the off-gas
mixture from the electrolytic dissolution of EBR-II fuel is of great
importance in view of possible equipment damage and spread of contamina-

sy

tion. More detailed estimates of the off-gas composition have been
made since the SAR was published and are reported here. It should be
noted that samples taken during hot operation indicate these estimates

are quite conservative.(14)
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The dissolution of EBR~IL fuel elements in the electrolytié dis~
solver at ICPP is accompanied by the evolution of a gaseous mix-
ture of hydrogen, oxygen, nitrogen, nitrous oxide (N20), nitric oxide
(NO) , and nitrogen dioxide (NO2). It must be assumed that during
operation of the dissolver, sources of ignition will always be present;
e.g., sparks from fuel elements striking parts of the dissolver, small
pieces of hot sodium metal being carried to the liquid surface by gas bub-
bles, etc. Thus, in order to identify any fire or explosion hazards from
of f-gases, reasonably accurate estimates of the off-gas compositions must
be made for wvarious possible operating conditions of the dissolver. The
gases generated during the process will arise from three sources: (1)
electrolysis of nitric acid produces a mixture of all of the gases men-
tioned above, (2) dissolution of uranium metal in nitric acid causes
evolution of NO and NOZ’ and (3) sodium (used as bonding agent between
the fuel meat and the stainless steel cladding) reacts with the acid to
produce hydrogen. Air entering the dissolver through holes in the 1id
and around the edges of the 1lid will then dilute these gases to about
50 cfm (38 scfm) as it sweeps across the liquid surface and exits through
the dissolver off-gas line. |

Case 1: Stainless Steel Dissolution

The average composition of off-gas samples obtained during
electrolytic dissolution of stainless steel in pilot plant studies is
shown in Table II as Case 1, along with the ranges of variance. The
average gas production rate noted in these experiments was 8 x 10-3
scf/amp—hr, or 0.80 scfm for a current of 6000 amperes, the maximum to

be used during EBR-II fuel dissolution.

Case 2: EBR-II Fuel Dissolution

The maximum steady-state dissolution rate expected during EBR-II
fuel processing will be 6.56 kg/hr, corresponding to 4.2 kg U/hr,
2.1 kg ss/hr, and 48. g Na/hr. An off-gas mixture of composition cal-
culated from these dissolution rates, and assuming a current of 6000
amperes, is shown in Table II as Case 2. The gas composition after

air dilution to 38 scfm is also listed.
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—1—— WATER LEVEL UP TO PRODUCT OVERFLOW LEVEL,
24.30 in (61.73cm ), Kegg = 0.952%.007

52.6

DISSOLVER VESSEL

—F—— WATER LEVEL 12.89in (32.74 cm) UP FROM
BOTTOM OF FUEL, Ke¢f = 0.8967% 007

DISSOLVER FILLED WITH EBR II 52.6 %
ENRICHED PINS IN TOUCHING SQUARE ARRAY

PRODUCT Gd /I = 2.6, U-235/) =

WATER LEVEL 6.13 in (15.57 cm) UP FROM
BOTTOM OF FUEL, Ke¢f = 0.875% .006

WATER LEVEL AT BOTTOM OF FUEL,
} Keff = 0.866% .005

Fig. A-1 keff in electrolytic dissolver full of EBR-II 52,6Z enriched
pins for four levels of water immersion.
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