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ATTENTION: J. A. PORTER

NITRITE INGROWTH AND STRESS
CORROSION CHARACTERIZATION OF TANK 11H SUPEXZNATE

INTRODUCTION AND SUMMARY

Waste supernate stored in Tank 11H was analyzed periodicalily from
Mey 1973-August 1975 to determine the rate of nitrite ir. -zwtn by
radiolytic decomposition of nitrate. This waste was trs.. “erred

to tank 33F in accordance with TA 2-892, Rev. 1, "Use of Cracked
Tank for Fresh High Level Waste," during the week of November 10,
1975. This letter summarizes analytical and corrosion cheracter-
lzatlons wich indicate that this transfer should not increase

the risk of stress corrosion cracking in F Area non-stresc-relieved
tanks. An interpretation of the nitrite ingrowth dats is sresented
and used as a basls for concluding that the crack in Tank 1.2
occurred early in 1974, 3
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The formation of nitrite in waste supernate was followed for 2%
years during the last fillling and storage cycle in 11H. The
conversion of nitrate to nitrite in the 13 year pericd after
f11ling was 4.9 x 10-11 mol NO5// BTU of fisslon proguct heat.
The energy released during the period was 1.15 x 1010 BTU with a
corresponding increase in nitrite of 0.56 mol/4.

The crack that was first observed in Tank 11H in April 1974
probably made its final penetration through the wall in March
1974 based on nitrite in-growth calculations anf ?nalX§ﬁs of
supernate for the NO§/N02 ratio. Analyses for 3 Cs/ C: In

the dried salt crust”did not yleld a definitive estimate - the
time of penetration because waste from high-burnup, off-s.ve fuel
made up the last 20% of the present fill.

Laboratory tests indicate that the OH™ (1.5M) and NO5(1.2M) concen-
trations present in Tank 11H prior to transfer to F Area should
sufficient for efficient inhibition of nitrate stress corrosion
cracking. Electrochemically controlled tensile tests or 4285-B

steel specimens in synthetic 11H supernate at 100°C showsd almost

no loss of mechanical properties, and there was no visible evidence
of crack propagation in precracked and stressed (45 kpsi /in.)

wedge opening loaded specimens after 1000 hours exposure .:- :7nthetic
supernate at 97°C. These tests are more severe than the ar tusl

tank conditions; 11H supernate was about 40°C when transfe—rad.

DISCUSSION

Nitrite Ingrowth

Basic nitrite is a well known corrosion inhibitor for miid steel.
In high activity wastes (HAW) caustic is added to neutrelize the
solution prior to storage, and radiolysis of nitraze oceurs during
storage to form nitrite. The presence of an inhibitor suca  as
basic nitrite is important to HAW tank lifetime because 3+ asg
corrosion cracking can be prevented by inhibiting the ini .-ation
phase of micropitting or intergranular trenching. Stres: corrosion
cracking could then only initiate at very narrow structurel Tiaws.

The nitrite concentration in fresh waste is oo low to be an
effective inhibitor. However, nitrits is formed from nitrate by
radiolysis. Prior to this work the rate of producticn of nitriie
in HAW was not known for two reasons:

1) the radioactive dose rate has been calculated
but not measured

2) the effect of prolonged high dose rates on nitrite
was unknown for complex waste solutions. :
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Th- conversion of nitrate to nitrite and chemical composition were
fo'lowed for a period of 2% years ending in August 1675 witn samples
for a_proposed transfer of the waste supernate to 33F ir. November
19/5.1 Tank 11H had been emptied to a 35 inch level on March 29,
1973 and at that stage contained mostly sludge. Because of the
possible delaying effect of basic nitrite on stress COrrcsion
cracking a 30 inch heel (81,300 gal) of aged HAW was added to the
sludge layer of 11lH from 31.. The denslty and concentrations of
nitrate, nitrite, hydroxide, aluminate, suifate and chromate ions
in the waste were measured periodically. The major samplingz point
was Riser #3 about 15 ft from the waste entry point. Sam:les were

taken at the surface.

Variations in density, nitrate, nitrite and hydroxide during the
27 months prior to August 1975 are shown in FPigure 1. The small
amount of supernate left on the sludge contained about 2.5M NO3,
and 1M each NO» and OH™ as indicated by the first point. The
values at the second point, 2.4M NOZ, 3.6M NOo, 3.2M OH™ and

1.42 g/ml were approximately the values of the 3% supernate added
because of the small effect of the residual 11H supernat= left on

the sludge.

Early addition from the HM process were ohviously very nign in
NC+; and very low in OH ™ and NO5, which is typical of fresh 221H
waste, Additions of waste from the HM brocess continued until
11/14/73 when the tank was topped off with 120,000 gallone of
waste from electrolytically dissolved off-site fuel. Thi: vaste
could not go through nitric acid recovery because of the rign
chromium content and was added to HAW after neutralizatisrn. This
waste was apparently low in nitrate and high in hydroxicd.

Ingrowth of NOS from f&diolysis of NO3 for the 18 months after
filling was 4.? X 1077 mole NO§/L Joule of fission product naat
or 4.9 x 10-11 mole NO5/% BTU. “Total dose was caleculated Irom

the fission product inventory based on fuel irradiation :ic
accountability data and the estimate of ingrowth is onLY B8
accurate as those data. The total energy oulpul was l.15

BTU and the nitrite concentration increase was 0.56M. -

>
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Crack Propagation Through 11H Primary

Waste leaked through the primary tank wall at some time between

June 1972 and April 1974, when a crack with a dried salt encrusta-
tion was observed at the top weld near the west annulus riser, as
shown in photographs by Reactor Technology, Figure 2. During this
time there were only two periods, June to mid-October 1872 and
January to April 1974, when waste could have leaked out brzause of
the liquid level in the tank. Between these two periods i ie liquid
level was below the weld as shown in Figure 3. The leak ic pelieved
to be a stress corrosion crack.

Analyses of salt from the leak showed a NO3/NO5 ratio of 5/1 which
indicated that final penetration occurred §n early 1974 based on
nitrite ingrowth calculations given in the previous section, and
analyses of waste supernate., Analysis of a 7/11/72 sample showed
a 6/1 NO3/NO; ratio; a ratio of 5/1 would have been attsinzd in the
supernate in March 1973, based on the nitrite ingrowth ca-.a. At
that time the liquid level was below the crack and the taik was
being emptied (Figure 3). Waste supernate samples taken _n 1973-4
show a 5/1 NO3/NO5 ratio in March 1974 (Figure 1), just prior to
the April pho%ograph of the salt leak. '

Analysis of the salt for 13703/13403 ratio was not helpril in
establishing the date of the leak. The ratio of 2.7 indicated an
age of 3-3.5 years for HM waste, which would indicate tr.ac the leak
occurred in 1972; however the mixture of waste from hlgh . wmup
off-site fuel and HM in early 1974 could easily have the ccme ratio.

Only the time of final penetration of the crack through %ae primary
can be deduced from the above argument; the time for ind ‘‘ation
cannot. The results infer that once initiated cracks c:. propagate
in the 50-60°C temperature range (Figure 3) if there has bveen
€.cugn penctration, even though the bulk supernate contains suffi-
cient NOo and OH™ to inhibit stress corrosion under freely corroding
conditions. The inside surfaces of all unstress-relieved, cooled
HAW tanks that have received fresh 221-H waste are probably cracked?
as shown in Figure 16 of DP-990, "Leaks in Radioactive Waste Tanks."
Since solution chemistry at the tip of a long crack is not the same
as the bulk solution in the tank, occasional minor cracking can

be anticipated. Controls on supernate concentration shouvic nrevent
new cracking, and also reduce the frequency of penetratiors due to
propagation of existing cracks. e
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Analysis and Stress Corrosion Characterization

Tank 11H waste was a combination of about 65% HM HAW, 21% ¢_ectro-
lytically dissolved off-site fuel waste, and 14% 31H heel. Samples
were taken at the surface and elght feet below the sur.ce to
establish the degree of homogeniety of the soclution wi+hin the tank.

The results are shown in Table i

i TABLE I

Analyses of Tank 11H Supernate®

? eur i) oot
NO§ 3 g 3.6 3.6 3.6
Noé X P2k - 1.2 1.2
A1(OH), 0.58 0.55 0.6
OH™ 1.5 A5 AL
co” | 0.01 0.01 0.01
05" : 0.03 0.03 0.03
Crog” | 0.004 0.004 0.004
Hg, mg/t 1480 520 500
Density, g/mli 1.32 1.32
1370s,d/(mi£)(m1) 3.0 x 109 3.0 x 107 .
13 cs,a/(min)(m1) 5.5 x 108 5.4 x 108 =

(a) All congentrations are M except as indicated.
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Potentiostatic polarization tests were made of the actual waste to
determine whether it could act in an aggressive manner ia the event
that electrochemical corrosion cells form on the steel. 4 major
feature in this test is a high current peak when the steel is anodic.
This characteristic would indicate a high probability of lccalized
rapid corrosion and possible cracking 1f the steel were suscep-
tible. For Tank 11H the current density Ee%k was slightliy nigher

at 1.0 ma/cm= than 32H transferred in 1974. The open circuit
potential was -0.16 V referenced ageinst a saturated calomel elec-
trode. This potential is in the lower part of the cracking range

by pure NaNO3 solutions.

The synthetic solution (Table I) was used for laboratory stress
corrosion tests of A285-B steel specimens. The combired hydroxide
and nitrite ion concentration of 2.7M is well within the range
belleved §° provide effective inhibition of nitrate stress corrosion
cracking. Polarization curves of the synthetic and scwual wastes
were almost identlcal, so that test results with the synthetic
solution should be valid for actual waste. Both electrochemically
controlled tensile specimens and precracked wedge opening loaded
specimens were tested. The tensile tests were performed in '
duplicate at 100°C. The ultimate -tensile strength was the same as
the value measured in air 68 kpsi. Tensile elongation decreased
from 18% in air,to 17% in this test, in good agreement with the
predicted value of 16%. The duplicate wedge opening loaced specimens
were precracked by fatigue, stressed to 45 kpsi Vin. and immersed

in synthetic waste at 97°C. There was no visible evidence of crack
propagation after 1000 hours exposure. The ~100°C test temperatures
were severe when compared to the Tank 11H supernate temperature,

which was 40°C.

Thus, the laboratory test data indicate that the transfer will not
increase the risk of stress corrosion in F Areaz tanks. These data

include:

a) 11H supernate is within compositional limits for
inhibition of nitrate stress corrosion cracking

b) There was almost no loss of mechanircal properties
in electrochemically controlled tensile tests.

¢) Cracks did not grow in highly stressed wedge opening
loaded specimens after 1000 hrs.

0 '~ v
/\\6’ O'v—ﬂ(/\/
R. S. Ondrejgin

Nuclear Materials Division

RSO:db
Attachments
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