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ATR RADIOLYSIS

INTRODUCTION

The rate of production of oxides of nitrogen in the coa space of 100 Area reactors
was needed to understend recent instances of corrosion~in the reac‘bor Proceas Room.
The method of calculating this production rate can also be of use in other prob\lem
such as the amount of nitrogen oxides generated and exhausted the/contaiQ-
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o Production in the CO2 space is at & rate of’ approximtely 0.23 gn mols
IID and 0.20 gm mols }9‘20 per hour for full core chaz-gea a.t 2000 M.
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SUMMARY, contd.
o (2) contd.

o With 30,000 cfm alr flow through the process room, the concentration
of X0, in process room air would be about 160 ppb, or k8 ppb in the

stack“exhaust (flow = 100,000 cfm).

o0 Contact with air comtaining 160 ppb of NO, could produce a concentration
of up to 002N HWO, in any moisture condfnsed on surfaces in the
process roorm. In cénba.ct with aeid solutlons of this strength, ecarbon
steel corrodes at a rate of sbout 0.1 inch per year, with evolution
of hydrogen which could contribute to cracking.

CONCIUSION :

Production of NO, by slr radiolysis in the 002 space 1s sufficient to cause sub-
gtantial corrositn damage in the Process Room in locations where condensed water
is present.

~

DISCUSSION:
BASIS:

The radiolytic yields of NO, and N,O0 from irradiastion of sir with geamma rays 2
fission fregments and reactgr radig.tions are summarized in reference l. JFor
gamma rays the yields are 0.76 W0, molecules and 0.69 N,0 molecules per 100 ev
sbsorbed. -

A dose of 1 r produces 1 esu of positive iomns g.nd 1 egy of negative ions
in 1 $ (S.T.P.) of dry air. This amounts to 1.684 x 1 ion pairs each
formed by absorption oflgk ev of garma energy. Thus a dose of 1 r results in
absorptiop. of 5.47 x 10 ev/gm of air. It will produce 0,76 x 5.47 x 1011 =
4.16 x 10+ M. molecules end 0.69 x 5.47 x 10 = 3.77 x 1011 N0 molecules :
gran of alr. En gram ol units this is 6.9 x 10~13 mols of m2 6.2 x 10™ mols of
f@o per gm of air. Equations 1 and 2 of the "Summery" section”express these
sults. ' '

" Reference 1 also glves yields of NO, and H.0 for irradiation of air by fission -
fragrent end reactor irradiation of2 1.2 0.3 molecules per 100 ev absorbed, '
respectively. At neutron fluxes up to around 1012 nfer? sec the resulting
production of N0 and 10, is calculated to be negligible (about 2%) compared to

that by e 105 rfnr gamme“field. (See Appendix I for details.)

FROTUCTION:

The CO, space consists of an anmilus 12" thick next to the tank wall and an
armulus 7/8" thick next to the concrete biological shield. The imnper ammulus
has@airwlmofaboutlmcu.ft(aircouh a;glmm),a.gmﬂm

of 10° r/hr and a fast neutron flux of about 10™ r/cm=sec at 2000 MH. The outer
armulus has & volume of about 60 cu. ft. and mmch lower radiation intensities
(Reference 2). Consequently almost all of the production of N,O and NO, occurs

in the inngr anmmulus .
e
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C'»OE SPACE PRODUCTION, contd.

The rate of NO, production in the immer anmulus is (7.2 x 10"]‘3)(3190)(108 r/hr) =
0.23 gn mols/h..g.,_ig caloulsteq from Equation 1. Similerly the production rate for
K.0 is (6.2 x 10 Y(3190) (10°) = 0.2 gm mols/hr,

Production will contimue at this rate indefinitely as long as there is a supply
of air to the 002 spece. This supply need only be fast enough so that the 02

is not exhaustedS The rate of production will decline somewbat as the O
concentration is reduced by radiolysis, but not markedly wmtil the O c%ncerrtra.tion
drops below 10%. (Reference 1) Material balance calculations show that o flow of
3.2 cubic feet per hour through the CO, space would be sufficient to malnmtain 10%
02 in that space.

When the (0, space is not sealed, normal air circulation draws all of the NO,

and N20 intg the Process Room, where it 1s gé.luted by a ventilatio;} flow of
about30,000 cfm. This amounts to 2.27 x 10° mols/hr or 6.55 x 10’ gma/hr of

alr. The resulting concentration of N0, is 161 ppb or 10~7 percent by volume.
Its partial pressure in the Process Roo will be about 10~7 atmos.

t¥hen this air stream reaches the stack, it has been further diluted to a flow
of about 100,000 cfm. The resulting NO, concemtration should then be 0.3 x 160 =

48 ppb.
NITRIC ACID FORMATTON:

A nitric acid solution will form wherever air containing W0, is in conmtact with
moisture such as may condense on solid surfaces in the Proc%sa Room. The reaction
producing nitric acid is:
&
2, + B0 = HNO, + H + IOy (3)
In the presence of air further aitric acid may be farmed by oxldation of Hmaa
The standard free energies per mol of the shove substances are known {e.g.

Reference 3) and from them the free energy change for the sbove reaction is
calculnted to be:

&F° = ~9,395 cal. : - (38)
From this free energy the equilibrium constamt for the reaction 1s calculated as:
4 - .86
m%(.@.}l = 106 (31,)
Pmp

To this equation (i+), (HNO,) and (N0, ) are the concentrations (mols/liter) of
the indicated specles disso%ved in wetfer, while PI!O iz the partial presswre of
N0, in the air in atmospheres. 2

If no other chemlcal reactions occur and there are no other sources of H+, HNO,
or NOE_}-, then (HNOQ) = (ms) = (H+) and equation 3b becomes

(H+)3 - 106086 P 2 (!..)

IO
N

2
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NITRIC ACID FORMATION, comtd.

For B = 10~7 Equation b gives as the equilibrium concentration of (H+)
o

@) = 1023

or pH = 2.38. At this pH general corrosion of carbon steel in contact with acid
solutions occurs at a rate of ~ 0.1 inches per yeor. Furthermore, in corrosion
at this pH hydrogen is evolved, which can cause hydrogen embrittlement. (5)

OTHER SQURCES COF ACTD

Reactor blapnket gas concelvably could contain both oxides of nitrogen (from
rediolysis of the small percentage of normally present) end nitric acid
volatilized from the moderator. This is known to leak into the Process Room.
The blanket gns carries condensed molsture vhich would cause corrosion of carbon
steel or slumimum over vwhich it flows, if it contained mich WO, or nitric acid.
Corrosion of alumimm has been observed in the Process Roon. ﬁlumimm parts of
the 100 cfmm cammed centrifugal blanket gas blower in K showed no corrosion after
several months of operation including tests at higher than normal blanket gas
content of K,. Thus it appears thot blanket gas leaksge cammot be an irportant
contributor %o Process Room corrosion problems.
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APPERNDIX I - Production by Reactor Radiations

As ions
Neutron cross section of air s 1 barn/molecule
= 0.021 cu/an

KNeutron energy 1mev = loucev

Caleulations

Therefore air will absorh (Oqul)(lolz) = 2,1 x 10°0 neutrons per gm sec GRS
fast neutron fiux of 10~ r/cm -sec. The e absorbed wlll be 2.1 x 1 cev/cn"sec.
This will uce M0, ot o rate of 2.64 x 1 o 8 per second per gram of

alr, or 916 x 1017 Golecules/gm hr or 1.57 x 106 mols/gm hr.

A gomma field of 108 r/br produces O, at a rate of 6.9 x 1 -5 1s/gn hr. Thus
for most purposes the production by a“neutron fiux of 1012 r/cn“sec is negligible.
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