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ABSTRACT 

The integrity of the existing NFS high level' 
waste tanks was evaluated based upon information 
available in the literature. Failure modes were 
identified and analyzed. The occurrence of stress 
corrosion cracking {SCO was established as the most 
probable failure mechanism. The factors which would 
minimize the occurrence of SCC were identified as post 
welding stress relief and control of the NOT to 
NO- :ratio within the waste. 



Introduction 
. The objective of this study is to assess the 

integrity of the existing Nuclear Fuels Services 
(NFS) waste tanks at West Valley, New York. Estimates 
of bulk material corrosion rates, weld decay, localized 
attack, etc. are examined as parameters which might 
limit the remaining life of these tanks. 

In this study, two approaches were taken. The 
first was the estimation of corrosion rates and 
material degradation rates in mild steel used in the 
construction of tanks for neutralized Purex wastes 
and in austenitic 304 stainless steel used in the 
construction of the tanks for acidic thorium wastes. 
From this information estimates of the most probable 
tank failure modes can be made. The second approach 
was to evaluate the integrity of the NFS waste tanks 
using data on the failure of tanks of similar design, 
construction and contents. 
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2,0 Summary and Conclusions 
The functional and structural integrity of the NFS 

waste storage tanks was investigated based on infor
mation contained in the literature. On the basis of 
this information it is concluded that stress corrosicii 
cracking (SCC) of tte mild steel tank 8D-2 may 
potentially exist. Cracking of the austenitic stain
less steel tank 8D-4 may also exist due to SCC or 
weld decay. It is therefore recommended that visual 
inspection of these tanks be undertaken to assure the 
absence of such cracks. Should cracking be observed, 
however, it is further recommended that a detailed 
theoretical dynamic analysis be performed to determine 
the possibility for crack propagation and tank failure 
during a seismic event. 

3.0 NFS Waste Tanks 
The NFS reprocessing plant was the first commer

cial operation of its kind in the United States. 
Construction began in 1963, and hot operation of the 
plant started in 1966. (1) 

The NFS high level radioactive waste is contained 
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in four tanks at the West Valley installation. Tank 
8D-2, with its spare 8D-1, was constructed of ASTM-
A201 Grade A mild carbon steel h inch thick on sides 
and bottom and 7/16 inch thick on top. Tank 8D-2 
contains neutralized Purex waste. (2) 

Tanks 8D-2 and 8D-1 are approximately 70 feet in 
diameter and 27 feet in height, with a nominal capacity 
of 750,000 gallons. These tanks were stress relieved 
in the field, have a design corrosion allowance of 
\ inch and were designed for a maximum working volume 
of 600,000 gallons. The tank roof is supported in
ternally by 8 inch pipe columns attached at the bottom 
to horiaontal girders. The girders are welded to 
15/16 inch steel plates held about 10 inches above 
the tank floor by l-h inch diamter bolts. Six 40 inch 
diameter sealed column penetrations pass vertically 
through the tank. Table 1.0 and figures 1.0 and 2.0 
list the neutralized waste tank contents and indicate 
the tank geometry. 

Tank 8D-4, and its spare 8D-3, were constructed 
of 304L stainless steel and it contains acidic thorium 
wastes. Tank 3D-4, and its spare 8D-3, are 12 feet in 
diameter and 15 feet 9 inches in height with a nominal 
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capacity of 15,000 gallons and a working volume of 
13,500 gallons. The external supports, bottom struc
tural reinforcement and piping as indicated in figure 
3.0 are either 304 or 304L stainless steel and have a 
design corrosion allowance of 0.07 inch. The acidic 
solution contents, as indicated in table 1.0, are 
maintained at 117°P. 

0 Failure Modes .* 
The conceivable means by which NFS waste tank 

integrity might be lost have been categorized in 
order to provide input towards better evaluation of the 
remaining tank life. 

1 Bulk Material Degradation 
As a result of the local temperature, radiatior, 

and chemical environment, some degree of gross material 
deterioration will occur within each storage tank 
due to the effects of; thermal fatigue, thermal and 
radiation activated creep, radiation damage and 
chemical corrosion. 
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1 Thermal creep 

It is well known that both carbon steel (3) 
and austenitic stainless steel (4) when subjected to 
sustained loading at elevated temperature, "creep" 
even for stresses below the proportional limit. The 
projected stress levels and tank temperatures under 
normal conditions, however, preclude the possibility 
of measurable creep rates for the life of the storage 
tank as seen from the data of figures 4.0 and 5.0. 

Thermal Fatigue 
Due to the action of repeated thermal cycling 

of the storage tanks as a result of the daily varia
tion in ambient temperature, the tank structural 
materials could be subjected to low stress level 
thermal cycles. As such, th« possibility exists for 
material degradation due to thermal fatigue. 

At sufficiently low levels of stress, however, 
fatigue failure has not been found to occur and is 
independent of the number of applied cycles. This 
lower stress level is referred to as the endurance 
limit and for plain carbon steel occurs at 25-75 KSI 
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and for austenitic steel occurs at a value of 
50-75 KSI. (5) 

3 Radiation Effects 
The high beta and gamma ray radiation fields 

associated with the high level waste forms have negligi
ble effects on steel properties. The expected neutron 
flux field associated with the transuranics in the 
waste forms are below levels which would cause 
measurable changes in material properties. 

4 Corrosion of Austenitic Stainless Steel 
A solution 10 to 13 M HNO, with 0.04 to 0.33 

M HF is used to dissolve thorium fuels. Most materials 
exhibit corrosion rates on the order to 50 mils/month 
in this solution. However, the addition of aluminum 

+4 ions or the Th ions in the acid reduces the corrosion 
rate of most materials presumably by complexing the 
fluoride ion.. Corrosion rates of 304L in this solution 
as a function of concentration are listed in table 2.0 
and illustrated in figures 6.0 and 7.0. The data 
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of figure 7.0 is most representative of the corrosion 
rates expected to be encountered in NFS acidic 
thorium waste tanks. 

Corrosion of Mild Steel 
Laboratory data indicate that mild steel should 

corrode at very low rates (e.g. 0.0002 in/yr) in the 
neutralized waste if stress-corrosion cracking does 
not occur. (9) 

Localized Material Degradation 
Some degree of localized accelerated deterioration 

is expected to have occurred due to the presence of: 
hot spots, radiation streaming, and component material 
discontinuities such as welds, areas of stress concen
tration, and the formation of anomolies such as scales, 
cracks, inclusions, etc. 
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4.2.1 Hot Spots 
The rates of corrosion, thermal fatigue and creep 

all increase with temperature. The large mass of the 
storage tanks and their contents, however, tend to 
negate the effect of ths presence of inhomogeneities 
in the isotopic makeup of the waste which could produce 
hot spots~ 

4.2.2 Radiation Streaming 
Due to the symmetric design of the storage tanks 

and their contents, the degrae of radiation streaming 
due to inhoniogeneities in the isotopic content of the 
wast& will be negligible relative to the overall 
radiation field, 

4.2.3 Weld Decay 
The austenitic steels are susceptible to localized 

accelerated corrosion at specific zones away from a 
weld. This is believed to be due to carbon migration' 
at elevated temperatures during welding to the grain 
boundaries at a more rapid rate than chromium. 

0 
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A large portion of the chromium at the grain boundaries 
and in adjacent zones then reacts with the carbon and 
metallurgically precipitates leaving these regions 
deficient in chromium. The oxide film forming in 
these regions is as a result not as dense and there
fore not as protective as in other regions. 

The most common means of alleviating this prob
lem in austenitic steels is to fully anneal the weld 
area by rapid cooling from 1900~2000°F (1050-1100°C) 
to room temperature. Small quantities of titanium 
or niobium alloyed into the metal or used in welding 
rods are also known to inhibit carbide precipitation. 
The exact welding techniques used at the NFS site are 
unknown and therefore the effects of weld decay cannot 
be precludedi 

Stress Corrosion Cracking in Austenitic Steels 
It is well documented that stress in a corrosive 

environment promotes both intergranular and trans-
granular propagation of cracks in austenitic steels. 
The degree of stress corrosion cracking is dependent 
on the chemistry of the corrodent, the level of tensile 
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stress, the alloy content, the temperature, arid the 
metallurgical state o£ the steel. Figure 8.0 shows 
a stress rupture curve for niobium stabilized type 347 
stainless steel using 42% MgCl, in a boiling solution 
at 309 F (154 C) during an accelerated corrosion 
tests. The data of the figure indicates that the 
threshold for transgranular cracking is low and 
probably on the order of 10 to 20 KSI hoop stress. 

Stress Corrosion Cracking of Mild Steels 
The susceptibility to stress-corrosion cracking 

(SCC) depends on various parameters of the system: 
strength of the steel, magnitude of the stress, the 
chemical composition and the temperature of the envi
ronment. Stress corrosion cracking of mild steel in 
alkaline solutions is called "caustic embrittlement'' 
or sometimes "boiler embrittlement". The failure 
is largely intergranular and usually occurs only in 
concrentrated.sodium hydroxide in the presence of one 
or more impurities that act as accelerators. 

It has been reported (6) that at boiling temper
ature and atmospheric pressure, a solution of 0.13% 
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NaNOj in 33% NaOH accelerates stress-corrosion cracking 
of mild steel. The fractures are largely intergran-
ular. Mixtures of concentrated calcium and ammonium 
nitrates at the boiling temperature are especially 
effective in causing damage, as are 60-954 ammonium 
nitrate solutions. Concentrated HNO, at 20°C can also 
cause cracking of stressed specimens, as can dilute 
nitric acid containing a small amount of MnCl, held 
at 60-80°C (140-175°F). However, 46% MgCl 2 at 125°C 
is ineffective despite its ability to crack stressed 
stainless steels. 

A 0.7 to 0.3% carbon steel wire used as a bridge 
cable failed in service by stress-corrosion cracking. 
Afterwards, it was found to crack within 3^ to 9>s 
months when highly stressed ana immersed in 0.01 N 
HN^NO, or in 0.01 NaNO,. No cracking occurred in 
distilled water with 0,01 N (HN 4) 2S0 4, NH 4N0 2 or NaOH. 

Nitrate SCC is thought to occur by a film 
rupture process that decreases with increasing 
strength of the material. Welded structures may con
tain high stress levels due to non-equilibrium cooling 
during welding whicn promotes cracking. SCC is 
thought to be a thermally activated process; therefore, 
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the lower the temperature, the less rapid is SCC 

growth. The presence of nitrite and hydroxy1 ions 

is believed to inhibit nitrate SCC (12). The dependence 

of SCC on various parameters all experimentally deter

mined is indicated in tables 3.0, 4.0 and 5.0 and in 

figure 9.0 (12). 

Failure Experience with High Level Waste Tanks 

A total of 15 high level waste tanks as of 1970 

had reportedly failed in the United States (9). 

All failures were in mild steel tanks containing 

neutralized waste: 11 at Richland and 4 at Savannah 

River. All failures are believed to have occurred 

at stress areas near welds, owing to stress-corrosion 

cracking. Service life to failure varied from 0.4 

to 13.0 years. 

Although the number of failed tanks total only 

15 out of over 200 tanks, an unspecified number of 

tanks are suspected leakers (11). Failed tanks are re

moved from service. Leaking tanks, however, may seal 

themselves with a plug of high-density sludge, or the 

liquid level may be dropped below the leak by trans-
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ferring supernate to another tank. 
The four single lined carbon steel tanks con

taining neutralized waste which failed at the Savannah 
Biver Plant in the early 1960's (Tanks 8, 10, 14 
and 16) were examined in detail.to determine the loca
tion of the leaks, and samples were taken from the 
wall of one of the tanks. 

It was discovered that numerous small leaks were 
seen in two tanks, most of them near, but usually not 
on, the welds•> Examination of several leaking sites, 
using remote equipment was conducted. These investi
gations revealed that many cracks were present, with 
some cracks extending completely through the plate 
and large enough to pass liquid. The thermal history 
of these tanks, chemical contents, and general con
struction methodology are comparable to the NFS 
neutralized waste tanks 8D-2 and 8D-1 with one exception, 
these tanks were not stress relieved in the field. 
The conclusion drawn by the Engineering Assistance 
Section of the. Savannah River Plant was that stress-
corrosion cracking was responsible for all four tank 
failures (12). 

In addition to the four failed single walled 
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tanks at the Savannah River Plant as reported above, 
there are four additional tanks which are known 
leakers (Tanks 1, 11, 12 and 15). This is out of a 
total of 30 tanks constructed from 1955 to date con
taining 21 million gallons of high level neutralized 
waste. Of the eight primary tanks that have leaked 
into the annular space, the predominate cause for 
leakage is listed as stress-corrosion cracking of the 
mild steel plates. 

At INEL in July 1970 a leak occurred in a 9,000 
gallon capacity underground tank used to collect 
low to intermediate level liquid waste at the Test 
Reactor Area (TRA) (14). The failure was reportedly 
due to corrosion, however, a detailed evaluation 
report was not obtained. Other leaks of radioactive 
liquid waste have been reportedly due to corrosion 
of transfer lines (12). 

The available information in the literature and 
private communications with Hanford personnel indicate 
that its experience with SSC of the welded steel 
waste storage tanks is comparable with that of SRL. 
It is believed by Hanford personnel that post weld 
annealing of the tanks combined with careful control 
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of the tank chemistry can minimize the occurrence 
of SCC (24). 

Integrity of Existing NFS Waste Tanks 
On the basis of theoretical considerations 

combined with experimental and actual operational 
experience it is concluded that the most probable 
mode of failure for the MFS neutralized waste storage 
tanks would result from the presence of stress-
corrosion cracking of the mild steel tank liner due 
to either inadequate control of the tank chemistry 
(i.e. NOl to NOj ratio) and/or improper post welding 
tank annealing or other sources of stress. No other 
mechanism of material degradation appears capable of 
resulting in near term failure (i.e. tank life less 
than 50 years). 

The NFS acidic thorium waste tanks are con
structed of 304 stainless steel. Their most probable 
failure mode would be due to SCC of the steel plate 
or weld decay. 

The occurrence of cracking in either the neutralized 
waste tanks 8D-2 and 8D-1, or in the acidic thorium 
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waste tanks 8D-4 and 8D-3 cannot be predicted 
theoretically based on the information at hand. The 
occurrence of cracking has been observed in roughly 
one out of ten tanks at other locations which are of 
similar design construction and contents (see figures 
10.0 through 14.0). 
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FIG. 1.0 -Existing NFS Neutralized Waste Storage 
Tank (8D-1 and 8D-2) 2 
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4.0 -Creep Rate for 0.35 Carbon Steel. The 
creep limit is defined as the stress which 
at a given temperature will result in 1 
percent deformation in 100,.000 hours.5 
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PIG. 5.0 -Curves of Stress Versus 
Time for Indicated Total 
Deformations.8 
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INHIBITION OF SCC OP A285B STEEL 
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FIG. 10 -Tank 16 Primary Wall by Periscope, 15621: 
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FIG. 11 -Tank 16 Primary Wall by Periscope, 1972, 
Enlarged Salt Deposits and Additional 
Leak Sites Compared to 1962 Photograph. 
Chalked numbers are about 4 in. tall. 1 3 
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FIG. 12 -Tank 10 Primary Wall by Periscope, 1974. 
( Shows 2-inch Layer of Dried Waste Salt, 

on Secondary Container Floor. Duct size 
is about 15 inches.'3 
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FIG. 13 -Tank 13 Primary Wall by Periscope, 1972, 
Shows Annular Space of a NonleaJcing Waste 
Tank. Duct size is about 12 inches. 1 3 
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FIG* 13 -Tank 13 Primary Wall by Periscope, 1972, 
Shows Annular Space of a Nonleaking Waste 
Tanlc* Duct size is about 12 inches. 1 3 
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PIG. 14 -Interior of Tank 21 by Periscope, 1971. 
Shows good condition of steel liner. 
Angle iron stiffened ring, one foot below 
top of wall, is A in. by 4 in. 1 3 
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TABLE 1.0 -Approximate High-Level Waste Characteristics ' 

NEUTRALIZED ACID 

Contp. (M) 

Al 

Cl 

Cr + lli 

h°4 

u%o3 

Mo 

Ha + K 

OH (Excess) 

P 

so4 

Th 

Curies, Total (Cole,, 19?$) 

Temp, °F 

Vol, gal 

Depth, ft 

Heating Value 
(Btu/hr/gal) 

a - nwhevs in parenthesis are based on wet sludge volume 

N.A. - not applicable •' 

Superstate Sludve(a> 

0.01 0.09 (1.8) 0.3S 

0.01 '"' N.A. 0 

N.A, 0.04 (0.8) N.A. 

0.08 N.A. a.A. 

0,01 N.A. 0,1 

H.A. 0.29 (5.8) S.A. 

8.A. N.A. 1.03 

0.01 N.A. 11. A. 

S.78 N.A, N.A: 

0.17 N.A. N.A. 

0.08 N.A. 0,04 

0.28 N.A. M.A. 

N.A. N.A. 1.46 

4.0 X 101 2.7 X 10% S.5 X 10* 

195 (uncooled) 200 (assumed) 117 (cooled) 

570,000 

0.7 

30,000 
(estimated) 

1 - Ik 
(estimated) 

(HO) 

12,000 

$ 
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TABLE 2.0 -Corrosion of 304L in Boiling Simulated 
Thorex Solutions6 

Molar Concentrations 

HF HNQ 3 Th(N0 3) 4 ALttI£ 3)_ 2 HaN03 mil/yr 

0.075 10.3 — ~ —. 390 
0.050 10.3 — — — 705 
0.075 10.3 0.09 — — 61 
0.075 0.5 2.00 — — 1.5 
C.009 5.6 __ — 1.47 27 
0.070 — 0.6 _- n i l 

TABLE 3.0 -Waste Concentration Ranges1 

N03_j_M ' N O j ^ OH", M 

1.5-5 0-3 0.3-3 
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TABLE 4.0 -Apparent Threshold stress Intensity as 
a Function of Nitrite and Hydroxy1 Ion 
Concentration in 5 Molar Sodium Nitrate 
Solution1 1 

NaN0 2, NaOH, Threshold Stress Intensity 
moles moles <K f c h), ksi / in." 
— — 27 
0.5 — 28 
0.75 — 28 
1.5 — 33 
— 0.3 18 
— 0.5 30 
— 1.0 27 
0.1 0.75 M0 
0.2 0.5 27 
0.2 0.2 30 
0.3 0.3 32 

TABLE 5.0'-Molar Concentration of Synthetic Wastes 
that Caused Crack Growth 1 2 

Component _ I _ n _ III iv ill 7.4 5.8 3.4 4.8 ill — — — — 

ill 

0.4 0.5 0.9 0.3 
NaAlo, 
Na 3P0j 
Na»CO, 
Na,SO? 
HgTNO*), 
NaCl J l 

~ — 0.5 1.5 NaAlo, 
Na 3P0j 
Na»CO, 
Na,SO? 
HgTNO*), 
NaCl J l 

— — — — 
NaAlo, 
Na 3P0j 
Na»CO, 
Na,SO? 
HgTNO*), 
NaCl J l 

— — 0.1 — 
NaAlo, 
Na 3P0j 
Na»CO, 
Na,SO? 
HgTNO*), 
NaCl J l 

6.22 0.64 0.04 0.035 

NaAlo, 
Na 3P0j 
Na»CO, 
Na,SO? 
HgTNO*), 
NaCl J l 

— — 0.0014 — 

NaAlo, 
Na 3P0j 
Na»CO, 
Na,SO? 
HgTNO*), 
NaCl J l — — 0.0048 — 
Nn0 2 0.092 0.05 — — 

-35 


