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DUKE COGEMA

STONE & WEBSTER

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Subject:

23 May 2003
DCS-NRC-000139

Docket Number 070-03098
Duke Cogema Stone & Webster
Mixed Oxide (MOX) Fuel Fabrication Facility
Response to DSER Open Items AP-3 and CS-3

References: 1) R. C. Pierson (NRC), Draft Safety Evaluation Report on Construction of
Proposed Mixed Oxide Fuel Fabrication Facility, Revision 1, Dated 30 April
2003

As part of the review of Duke Cogema Stone & Webster's (DCS') Mixed Oxide Fuel
Fabrication Facility (MFFF) Construction Authorization Request (CAR) documented in the
Draft Safety Evaluation Report (Reference 1), NRC Staff identified open items related to
Chemical Safety. Enclosure 1 of this letter provides a response to close open items AP-3 and
CS-3.

If I can provide any additional information, please feel free to contact me at (704) 373-7820.

Sincerely,

eter S. Hastings, P.E.
Manager, Licensing and Safety Analysis

PO Box 31847
Chadotte, NC 28231-1847

128 South Tryon Street, FC12A
Charlotte, NC 28202
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Enclosure: 1) Response to DSER Open Items
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Enclosure 1
Response to DSER Open Items On Chemical Safety

Open Item AP-3

The applicant's hazard and accident analysis did not include events involving
titanium, such as titanium fires. Accident events should be evaluated and PSSCs
identified as necessary. This applies to the dissolution unit (DSER Sections
11.2.1.3.4)

Response:

NFPA 481 and DOE-HDBK-1081-94 discuss the hazards associated with combustible metals
including titanium. The most combustible forms of titanium include molten metal, dust,
machine turnings, chips, sponge and thin sheets. NFPA 481 states that sheet, plate, or forgings
present no fire risk and indicate that titanium has been used for fire walls in military
applications. DOE-HDBK-1081-94 states that bulk forms of titanium are not combustible
under ordinary conditions.

Titanium is present in the MFFF electrolyzer in the form of plates, tubes, and forging sections.
The minimum thickness of the thinnest component is 3 mm. The Electrolysis Pot Assembly has
a minimum wall thickness of 5 mm. As stated above, titanium in bulk material forms (pipe,
plate, and forging sections) are not combustible under ordinary temperature and pressure
conditions (DOE-HDBK-1081-94). Furthermore, the possibility of initiating a titanium fire due
to intra-granular corrosion was discussed with the Staff in the February 2003 meeting and
determined not to be credible due to the anhydrous conditions that are required.

Unusual conditions that have been observed to contribute to titanium fires (e.g, material contact
with liquid oxygen, an enriched oxygen environment under high pressure, or spontaneous
heating of the fresh metal surface including oxidization through an exothermic reaction) do not
occur as a result of normal operation at the MIFFF. As discussed previously with the Staff,
maintenance conditions that could involve welding or machining of titanium will occur only
under closely controlled conditions, including draining/removal of hazardous material prior to
such operations. In addition, power to the electrolyzer will be administratively controlled during
these operations.

Limited instances of industrial titanium fires have been caused by localized heating and/or slag
deposition on thin titanium tubes from steel cutting operations in close proximity to the titanium
material. The examples tend to cast doubt on the postulated thermite-type mechanism at the
MFFF (maintenance operations are discussed above). In any such event, however, an ignition
source would be necessary for the postulated event to occur.

During operating conditions, electrical ignition of titanium is unlikely as a result of the
following:
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Enclosure 1
Response to DSER Open Items On Chemical Safety

1. The circulation of electrolyte solution around the anode compartment ensures that heat
generated through electrolysis is dissipated to chilled water circulating in the cooling coils
(nominal operating temperature of the electrolyzer is 40 °C).

2. The voltage (30 V) in the electrolyzer is not sufficient to discharge a spark across the
nominal 18 mm air gap between the anode and cathode in an empty electrolyzer pot.
Analysis shows that approximately 31 kV are required to bridge an 18 mm air gap.

3. Insulating rings and sleeves in the electrolyzer assembly provide electric isolation between
electrolyzer components. Electric isolation between anode and cathode is maintained using
a porous silicon nitride sleeve. The anode-cathode subassembly remains submerged in the
process fluid during normal operations.

Not withstanding the above normal and maintenance operations, the process safety control
subsystem is identified as a principal SSC. Its safety function is to remove the potential for
ignition energy in the event of a fault that could result in arcing or other imparting of electrical
energy with the risk of initiating a titanium fire. Electrolyzer operation is monitored by
measuring the voltage between anode and cathode, electrolyzer and ground, anode and ground,
cathode and ground, cathode cover and ground. Also resistance of power cables, insulation on
cathode, anode, and silicon nitride tube is monitored. If these values exceed setpoint values the
current is isolated and the electrolyzer is shut down.

Therefore, the PSSCs to ensure titanium fires do not occur at the MFFF are:

* Administrative controls associated with maintenance activities, discussed in response
dated 18 February 2003 (page 8 of Attachment 1 to enclosure 1), including isolation of
power to the electrolyzer when the electrolyzer is drained.

* The process safety control subsystem

The design basis for the process safety control subsystem is overcurrent/overvoltage protection
in accordance with NFPA 70 (National Electrical Code). Specific trip setpoints will be
established as part of the ISA.

Action:

Update the CAR to identify the PSSCs and the safety function above.

- 2-



Enclosure 1
Response to DSER Open Items On Chemical Safety

Open Item: CS-03

The staff concludes that the HAN/hydrazine analysis in Chapter 5.5 of the revised
CAR is not complete and that PSSCs and their design bases for preventing azide
formation and potential explosions are not adequate for all potentially affected
units and components. (DSER Section 8.1.5.2.3)

Clarifying Statements received via telecon 6 May 2003:
* Provide an explanation on the applicability of Henry's Law.
* Provide references for the Hydrazoic Acid discussion.

Response:

DCS has described the method for computing the concentration of hydrazoic acid in the gaseous
phase in Section 8.5.8 of the Construction Authorization Request. This computation of the
limiting permissible concentration of hydrazoic acid is based on:

* A conservative value of 19 Torr based on theoretical considerations was utilized despite
experimental determinations of 25-68 Torr. 

* Experimental data describing the desorption of hydrazoic acid from nitric acid solutions
(as given by Henry's Law)

As a result of the above considerations a maximum yield of 39% hydrazoic acid, based on the
initial concentration of hydrazine of 0.14 M, was derived. Production of hydrazoic acid from
hydrazine below this yield will ensure that the hydrazoic concentration in solution does not
exceed 0.055 M. (The value of 0.055 was derived utilizing Henry's Law as the limiting
concentration of hydrazoic acid in solution so as to ensure that the gaseous phase did not exceed
19 Torr.) It should be noted DCS previously committed to perform an analysis in the ISA to
confirm that the hydrazoic yield is below 39.3%.

With respect to the applicability of Henry's law to the computation of desorption of hydrazoic
acid from solution numerous experimental investigations have been performed (References 2, 3,
4, 5).

Henry's law is normally utilized for dilute solutions of gases, such that the partial pressure of
the gas under equilibrium conditions above the surface of a liquid is proportional to the gas
concentration in the liquid. Measurements of the interaction of hydrazoic acid with the solvent
aqueous phase nitric acid have been made by measuring the Henry's Law constant. Henry's
Law may be written as:

I D. ERTEL, H. SCHMIEDER, A. H. STOLLENWERK Thze behavior of /rydrazorc acid in PUREX process
solutions under safety aspects,, Kernforschungszentrum Karlsruhe, G.M.B.H, 1989.
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Response to DSER Open Items On Chemical Safety

KH= [HN 3 ]/P HN3 M atm 1

Where:

P HN3 is the partial pressure in the gas phase
[HN3] is the concentration in the aqueous phase

For convenience KH values are readily converted to H values using:

H(kPa m3 mol-')= 0.1013/KH

Experimental results are presented in Tables 1 and 2.

Table 12 Henry's Coefficient in Nitric Acid/Water

Temp°C 25 25 25 45 45 45 60 60 60

[HNO31 M 0 1.58 3.16 0 1.58 3.16 0 1.58 3.16

t atn/mole .085 .08 0.7 .2 .173 .175 .3 .27 .26

Table 23 Henry's Coefficient in Nitric Acid

T C 1.9 [HNO3] M 3.85 [HNO3] M 5.91 [HNO3] M 7.7 [HNO3] M

30 .1 atm/mole .095 .088 t .08 t atm/mole
atm/mole atm/mole

40 .19 t atm/mole .184 t .178 t .170 t
atm/mole atm/mole atm/mole

60 .39 t atm/mole .385 t .378 t .370 t
atm/mole atm/mole atm/mole

80 .6 t atm/mole .590 t .586 t .575 t
atm/mole atm/mole atm/mole

2 Maya, B, Stedman, "Decomposition of Hydrazoic Acid in Nitric Acid:, J. Chem. Soc Dalton Trans, 1983 p257-9
3 Belova, E.V, Egorov, G.F, "Extraction of Hydrazoic Acid Under Conditions of Extractional Reprocessing of
High-Level Wastes", Atomic Energy Vol 83, No 3, 1997, p658-662
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Response to DSER Open Items On Chemical Safety

The results of desorption of hydrazoic acid in water and nitric acid are in excellent agreement.
The salt effect of the electrolyte is usually small, and in the case of nitric acid is unusually small
when compared to other 1:1 electrolytes. This is observed from the small decease in the
Henry's Law constant for HN3 with increase in nitric acid concentration. Additional
experiments performed under even more extreme conditions (e.g. 4.65-7.75 M nitric acid at
97 C showed no detectable variation in rate of volatilization with acidity. Furthernore, an
effective Henry's law constant K*H, valid at any pH, may be found from:4

K*H (M atm')=KH(l+Ka/[W])

Where:

Ka =2.37x10-5 for hydrazoic acid

Alternatively, values an empirical fit for desorption of hydrazoic acid has been reported:

K=Exp[9.89-3687/T]-CHNo 3 EXP[6.325-3501/T]-CuEXP[24821T-10.693]

Where:

C = concentration

The weak dependence of the Henry's Coefficient on the normally of the acid is indicative of the
fact that hydrazoic acid mainly exist as an un-dissociated molecule.5

It should be noted that departure from the linear behavior, and hence Henry's Law, has only
been observed in very strong perchloric acids (>8 M). This deviation is ascribed to protonation
of hydrazoic acid. The expected relationship is:6

K/K' -l=hJKa

Where:

K and K are the respective Henry's Law constants with and without the inclusion of
protonation

4 Betterton, E.A, In Gaseous Pollutants. Characterization and Cycling; Nriagu, J.O, Ed; Adv Env Sci Technol
Series, Vol 24; Wiley New York 1992, p1

5 Ya,B., "Extraction of Hydrazoic Acid by Tributyl Phosphate From Nitric Acid Solutions Containing Uranium",
Radiokhimiya, Vol 31, No 5, pp 53-57, Sept 1989
6 Templeton, J.C, King E.L,,"Kinetic and Equilibrium Studies on Azidochromium(III) Iron in Concentrated
Perchloric Acid", Journal of American Chemical Society, 93:26 December 29, 1971p. 7160-7166
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ho is the acidity function defined by Hammet indicator bases
ho=[H+] YH YB/yBH

h0=log-'(-H.)]
K4 is the acid dissociation constant for N2H3 + (K 4=h.[HN3 ]/H2N3 1]

In conclusion, the use of Henry's Law has been experimentally demonstrated to be accurate,
and bounding, over a wide range of conditions (e.g. nitric acid, temperature, ionic strength, and
hydrazoic acid concentrations) which encompass the IFFF conditions.
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