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ABSTRACT

Several 300 series .stainless steels were corrosion tested in raffinate

storage tanks made of the same materials at the Idaho Chemical Processing

Plant;. After exposure to the raf,finate solutions for periods of up to nine-

teen years, maximum penetration rates of 0.1 mil per year were noted on Type

304L and 343 stainless steels.



CORROSION EVALUATION* OF STAINLESS STEELS

EXPOSED IN ICPP HIGH-LEVEL RADIOACTIVE WASTE TANKS

I . SUMMARY

Corrosion s tud ies were conducted on welded s t a i n l e s s s t e e l Types 304L,

316, 316 ELC, and 348 and unwelded Type 304L in five d i f f e r e n t waste so lu t i ons

which r e s u l t from the reprocessing of nuclear fuels a t t he Idaho Chemical

Process ing P lan t , ICPP» Corrosion r a t e s were determined by evaluation of t e s t

specimens of the various s t a i n l e s s s t e e l s immersed in the ac tua l waste tanks

for per iods of up t o 19 .1 yea r s . As p a r t of the o v e r - a l l su rve i l l ance program

on the ICPP Waste Tank. Farm, the corrosion of some of these tanks has been

monitored a t five d i f f e r en t t imes. The f ive kinds of waste tha t have been

produced in the p lan t a r a (1) low-acid aluminum r a f f i n a t e , (2) aluminum-

zirconium raffinate, (.3) second- and third-cycle raffinate, (4) stainless

steel nitrate raffinate and (3) stainless steel sulfate raffinate. Maximum

rates of Q.I mil per year were observed on Type 304L and 348 stainless steel

specimens in the as-welded metallurgical condition which had been exposed to

aluminum-zirconium process first-cycle raffinates at about 25°C. There is

no evidence of localized attack. Thus, the cumulative 10 year corrosion loss

would not exceed 1.0 mil on the wall of the waste tanks. Specimens of Type

304L and 348 stainless steels exposed to the second- and third-cycle raffinates

in the as-welded metallurgical condition at about 25°C showed maximum rates of

0.006 mils per year with only minor evidence of localized attack. Spent de-

contaminating reagents are stored with this waste. Maximum rates for Type

316L stainless steel in zirconium-aluminum raffinate at 25°C were 0.2 nil per
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year. Evidence of pitting and very mild interdenritic attack was observed in

the weld areas of coupons that were immersed in stainless steel sulfate

raffinate. These favorable observations at significant exposure times give

indication of a relatively long service life for the vessels. Continual

measurements of liquid level in all tanks currently in use show that no leak-

age has occurred from any of the tanks due to tank failure from corrosion or

other causes.
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II. INTRODUCTION

Because of the required long service life for waste storage tanks, a long-

range program was started in 1953 at the ICFP to more firmly establish the

expected life of the storage vessels in the various raffinate services. These

storage vessels contain millions of curies of fission products which if released

to the secondary container due to failure of a storage tank, would require prompt

action to transfer the solution to a standby spare tank. Thus, continued corro-

sion surveillance and predictions of expected tank life based on experimental data

are of primary importance in the program to store the high-level radioactive wastes

in underground tanks.

The wastes stored at the Idaho Chemical Processing Plant are generated during

the recovery of enriched uranium from spent reactor fuel materials. ' * '

The fuels from uhi'nh the urar.f'js ic recovered ccr.cist of s. uranium alloy «_«!=

with, either aluminum, hafnium-free zirconium, Zircaloy (1.2 to 1.7 percent tin-

zirconium alloy), or Type 304L stainless steel cladding as well as cermet (e.g.,

sintered uranium oxide in a Type 304 stainless steel matrix)reactor fuels.

-3-



I I I . WASTE STORAGE TANKS

Because of the potential environmental hazard of storing these wastes, the

philosophy has been to design a system that requires two or more safety factors

to f a i l before any detrimental environmental effects takes place. The large

300,000 gallon tanks are designed with secondary containment furnished by a con-

crete vault . For those tanks in which significant decay heat i s presents closed

loop cooling coils are used to limit the vessel wall temperatures. The tanks

are continuously monitored for waste leakage by detecting the presence of liquid

in the secondary containment vaults and sampling i t to determine i t s source.

Corrosion is monitored on a less frequent basis by withdrawing and examining

coupons which were placed in the vessels prior to placing them in service. The

examination of these coupons constitutes the subject of th is report.

Eleven 300,000 gallon waste storage tanks are used to hold the wastes from

the processing systems. The design of these tanks is shown in Figure 1. Each

tank i s in a separate concrete vault . I n i t i a l l y , two tanks were constructed

with Type 348 s ta in less s tee l . The other nine tanks are Type 304L. These tanks

were erected in the as-welded metallurgical condition.

In. addition to the 300,000 gallon tanks there are four 30,000 gallon tanks

which, because of the i r lack of secondary containment, have been removed from

seryice at present. Corrosion data have been obtained on these tanks under two

waste storage conditions. These four tanks are horizontal , Type 316 ELC s ta in-

less s tee l tanks.

Typical compositions of the wastes stored in these tanks are shown in

Table 1. The composition of the f i r s t cycle zirconium-containing raffinates is

held within narrow l imits to prevent precipitation of complex zirconium and

aluminum fluorides during processing of these streams. Intermediate level wastes
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(so-called second-cycle wastes) vary widely in composition depending upon how much

other process waste is blended with the methyl isobutyl ketone (MIBK) extraction

cycle raffinates.

Four dissolution processes are or have been used at the ICPP. Aluminum clad

fuels are dissolved in mercury catalyzed nitric acid, zirconium and Zircalloy clad

fuels are dissolved in hydrofluoric acid, and stainless steel clad fuels were

originally dissolved in sulfuric acid but are now dissolved in nitric acid under

the influence of an electric field.

The dissolver product from all processes is adjusted or blended and then fed

to an extraction column in which tributyl phosphate (TBP) diluted with normal

paraffin hydrocarbon (NPH) is used as the extractant. The product of this extrac-

tion is successively fed to two methyl isobutyl ketone (MIBK) extraction cycles

and finally* shipped from ICPP after a fluidized bed denitration to uranium

trioxide.

The wastes from the extraction systems consist of the fission products,

dissolved cladding elements, and process adjustment chemicals. The waste from

the first cycle extraction (high level waste) goes directly to one of the large

cooled waste tanks without any concentration. The waste from the MIBK extrac-

tion is concentrated slightly before going to the tanks that are used to collect

intermediate level wastes. Those tanks also collect laboratory wastes, decon-

tamination wastes, and other intermediate or low level process wastes.

All high level waste from the first cycle extraction column is stored in

water cooled, 300,000 gallon tanks fabricated from Type 304L or 348 stainless

steel. The stainless steel sulfate waste from the obsolete stainless steel

dissolution has been stored in the water-cooled 30,000 gallon Type 316 ELC

stainless steel tanks.
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IV. TEST PROCEDURE

Corrosion specimens consisted of seamless ani welded hoops, two different

sised weld tabs, and a 20-foot-long welded Type 348 stainless steel pipe. Welded

hoops were prepared from sheet material which was turned into open-seam tubes

around a mandrel leaving a 1/8-inch opening. The opening was then closed in a

visa and Heliarc welded along the closed seam. Then, 1-inch-high hoops were cut

from the tubes and all edges were machined. The seamless hoops were prepared by

machining 1-inch-high hoops from 1-inch schedule 40 stainless pipe. In the case

of the Type 316L stainless steel tanks, the fabricator welded tabs of the sheet

steel as the tanks were being erected. These tabs were cut off for inclusion in

the tanks as corrosion specitaens. For the Type 348 stainless steel tanks,

coupons were prepared by butt-welding together 5/16-inch thick strips of

Type i iw silsy, u"i» tr.cr» tr̂ cuiivliig, tlie «ui.t, n a u J.-J.IH_U wiue A J i/i-iucu xuug

coupons, wich the weld deposit parallel to the 3 1/2-inch long edges. Samples

of all coupons used are shown in Figure 2.

The welded hoops were fastened to circular jigs which were in turn fastened

to jig support cables. The assembly was then inserted into a tank through a

vessel riser, and the cable was fastened to the riser cover so as to suspend the

samples at 18-, 36-, and 72-inch heights above the vessel floor. The immersion

time on specimens was calculated from tank liquid level measurements.

Randomly chosen specimens were removed for examination. They wt_e decon-

taminated, rinsed with water and acetone, and dried. Corrosion rates were

determined by weighing the pieces. A metallurgical examination was made on

selected specimens.

-6-



TV camera scans were then made on portions of the outside surfaces of two

of the 300,000-gallon vessels. This was accomplished by inserting a TV camera

through a vault riser and then scanning the vessel cuter roof and cylindrical

surfaces.
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V. RESULTS

The maximum corrosion losses observed were 0.09 mils per year (mpy) on

Type 304L coupons that were immersed in the 300,000-gallon waste storage tanks

primarily used to store first-cycle aluminum plus zirconium raffinates. The

coupons were exposed for between 7.0 years and 13.7 years at a temperature of

approximately 25°C at the 18-, 48-, and 72-inch high levels. Type 348 stain-

less steel appeared to be slightly more resistant than Type 304L stainless steel

in this service.

A microscopic examination of the 20-foot-long welded Type 348 pipe from

tank Wtt-180 indicated that this specimen had been lightly etched but was free

from pits or intergranular attack- An unaided-eye examination showed that a

crystalline compound had deposited on the inside pipe walls.

TV camera srans show t-hat th*> outside stirfaccc of the storage, vessels te-

maiaed unchanged, even after over 20 years of usage. Grinding marks on welds

were seen on the scans, as well as painted plate identification numbers used

by the vessel fabricator.

A. Corrosion in First-Cycle Raffinate

The results of corrosion tests in the first-cycle raffinates at the 18-inch

heights are given in Table 2.

In predominately aluminum plus zirconium-type first-cycle raffinate, the

average corrosion rates at 25°C after 13.3 years service on welded Type 348 and

seamless Type 304L stainless steel hoops were 0.001 and 0.002 mils per year,

respectively.

The waste tanks were originally designed to store only aluminum wastes. With

the change in fuel processing emphasis toward zirconium clad fuels, the tanks had
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to be used for the storage of complexed fluoride wastes. The observed corrosion

rates reflect this, in that the greater the fraction of service time in compleised

fluoride service, the greater was the observed corrosion rate.

A statistically significant difference was observed in the corrosion rates

between the sec of coupons that were immersed at the 18-inch height and those

at the 28- and 72-inch heights in the five tanks used for storage of the first-

cycle wastes. The rates observed at the lowest (18 in.) level were lower than

at the higher levels. This is because the coupons remained submerged during

their entire exposure time and were not subjected to liquid-vapor interfacial

corrosion in the presence of the fluoride-containing solutions.

Results from microscopic examination at 20X shows that some of the coupons

suffered feeble pitting attack. The pit depths observed were less than 5 mils.

The welds on fhp rnimnn? anne>ar«»H to rnmn'\a+o\y i*e9ist ths first—cycle nff ini tc

solutions. Metal stamped coupon identification numbers show no evidence of

cracking where the metal was severely cold worked or stressed. All coupons

showed evidence of the original machine tooling marks.

B. Corrosion in Second- and Third-Cycle Combined Raffinates

The results of corrosion tests in the second- and third-cycle raffinate

storage tanks are given in Table 2.

Results from microscopic examination at 20X show that welded Type 348

stainless steel tabs from WM-181 suffered very minor localized weld attack. A

40-mil deep crevice that was present as the result of fabrication on a tab

that was exposed for 19.1 yaars in a second- and third-cycle radioactive

storage vessel showed no detectable decay of the weld metal, Figure 3.
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All punched identification numerals were free from metallic disintegration

which is an indication of die absence of s t ress corrosion cracking. The original

machine and grinding msiif.3 could s;i*i be observed as. Che weld tabs.

Welded and seamless Type 304L stainless s teel hoops were generally resis tant

after S.i and 14,3 years service, respectively, in 300»000 gallon Type 304L

storage vessels that contained second and third-cycle raffinate. Seamless hoops

were free from metallic disintegration or cracking where the metal was severely

cold worked or stressed as at the metal punched identification numerals. Pi ts

were sought for, but not found on the surfaces of either the welded or seamless

hoops. The original machine marks were present on these hoops, and the identif ica-

tion numeral?; wexe free from metallic loss .

C. Corrosion in Cocbined Almainua- Zirconium Fluoride and Stainless Steel

gulfate First-Cycle Raffina'fce

the results of corrosion rate observations on plant-test hoops that were

leasersed in a 30tQ00 gallon storage vessel that contained combined complexed

fluoride - stainless s tee l sulfate, first-cycle raffinate at the 60-inch height

are given in Table 3. For 9.6 years, the vessel contained zirconium fluoride

raffinate to which was added during the following 7.1 years, stainless s tee l

sulfate raffinate. The corrosion rate in the blended raffinates at 25°C on a

welded Type 316L hoop was 0.03 mpy.

A microscopic examination at 20X shows that the as-welded hoop suffered no

intergranular attack in the wrought metal areas, nor interdendritic attack in the

welds, and the absence of general metal decay at notches that were created at the

weld-wrought interface by inadequate penetration of the weld deposit. However,

even after 9.6 years exposure in zirconium fluoride plus 7.1 years exposure in
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the blended raffinates, the original machine marks were present, and no evidence

of stress-corrosion-cracking was found.

Figure 4 is a photomicrograph of the weld-wrought interface exhibiting a

crevice, in which no evidence of accelerated corrosion can be observed.

D. Corrosion, in Stainless Steel Suliate First-Cycle Raffinate

Corrosion rate observations on five plant-test hoops and an ll/16-inch

thick weld tab that were immersed in a 30,000 gallon storage vessel that con-

tained stainless steel sulfate first-cycle raffinate are given in Table 3.

After exposure for 11.5 years in the stainless st^al sulfat?. waste storage

vessel, the average general corrosion on Type 316L stainless steel was 0.009

mpy.

Microscopic examination at 20X shows very mild interdendritic attack on

welds and intergranular attack 'on the wrought surfaces of welded hoops and the

weld tab after immersion in the 30,000 gallon storage vessel that contained only

stainless steel sulfate raffinate. This attack occurred at crevices that were

created at the weld-wrought interface by inadequate penetration of the weld

deposit. As seen in Figure 5, the presence of metallic decay was absent. How-

ever, the original machine marks on the coupons were present, and no evidence of

stress-corrosion cracking was found.

E. Corrosion Comparisons of ICPP Raffinates

The corrosion rates of the various stainless steels used for the fabrication

of the high level waste tanks are shown as a function of time for service in

similar wastes in Figures 6 and 7. The corrosion ratas for Types 304L, 316 ELC

and 348 stainless steels in first-cycle waste are shown in Figure 6. A similar

plot (Figure 7) displays the corrosion rate variation for Types 304L and 348

stainless steel coupons after their immersion in combined second- and third-cycle

raffinates.
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In the high level first-cycle waste Type 348 stainless steel appears to be

more resistant than Type 304L. In all cases the average corrosion rate is seen

to decrease with time. This is probably due to increasing passivation of the

steel with time.
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VI. CONCLUSIONS

(1) There i s no evidence to indicate that any of the waste storage tanks a t the

ICPP have ever leaked.

(2) A maximum average corrosion ra te of 0.1 mpy was observed on four welded

Type 3Q4L s ta in less s t ee l specimens which were exposed in blended f i r s t -

cycle aluminum and zirconium raff inate at about 25°C for 8.3 years. Although

these specimens were mildly etched both on the wrought and weld surfaces ,

only very minor evidence of localized grain boundary and p i t t ing a t tack was

present .

C3) Aluminum raffinate was observed to be the least corrosive of the f i r s t -

cycle, high level waste solut ions. Type 348 s t a in le s s steel welded specimens

suffered 0.001 mpy corrosion af te r 13.6 years service a t 25°C. There was

nc £vi<l<iii(.e of localized accacS.. Simiiarxiy exposed Type 3U4L s ta in less

s t e e l suffered 0.002 mpy average corrosion, with no evidence of localized

attack.

C4) Type 348 stainless steel specimens that were exposed in the combined second-

and third-cycle intermediate level raffinates showed maximum corrosion

rates of 0.0009 mpy with no evidence of localized attack after 19.1 years.

After 14.3 years in the second- and third-cycle raffinate, Type 304L stain-

less steel specimens corroded at a rate of 0.0001 mpy with again no

evidence of localized attack.

C5) Type 316L stainless steel immersed for 11.5 years in stainless steel sulfp.te

raffinate exhibited an average corrosion loss of 0.009 mpy.

C6) Type 3O4L, 316L, and 348 stainless steels in the as-welded metallurgical con-

dition are well suited construction materials for the storage of raffinates

from the recovery of enriched urar-»'jn from spent reactor fuel materials.
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TABLS 1

TYPICAL CHEMICAL COMPOSITIONS OF THE LIQUID WASTES IN INTERIM STORAGE
(MolarLty, M)

Component

H+

Cd+2

Nb+5

Na"1

Fe

Cr

+3

+3

Ni + 2

NH|

Gd+3

Fissium

B+3

Hg+2

K+

NO3

SO52

PO43

F-

ci-

(a)

Acid
Aluminum

1.0

1.16

0.065

0.005

0.018

4.6

0.01

Co-processing
Aluminum-Z1rc onlum

1.5-2.0

0.7

0.45

0-0.1

<0.01

0.003

0.004

<0.02

<0.02

0.2

2.4

2.5-3.2

0.001

Stainless
Steel £ilfate

3.2

0.069

0.017

0.01

2.6

0.6

Electrolytic
Stainless Steel

Nitrate

2.2

0.2

Second- and
Third-Cycle

0.1-1.6

0.5

<0.01

0.004

0.09

0.03

0.01

0.1

0.0025
0.004

—

_——

3.2
—_

___

___

1.6-2.3

0.02

0.0004-0.003

0.04

—-—

0.005-0.2

0.0007-0.005

0.2

4.6-5.0

0.04-0.06

0.02

0.0007-0.007

0.03

(a) Fissium is composed of 48 w/o molybdenum, 30 w/o ruthenium, 4 w/o rhocdum, 4 w/o palladium and 2 w/o zirconium.



TABLE 2

CORROSION EVALUATION OF STAINLESS STEELS EXPOSED IN ICPP
HIGH LEVEL RADIOACTIVE WASTE TANKS

(300,000 gallon tanks)

Tank No.

WM-180

WM-181

WM-182

WM-183

WM-184

WM-185

WM-186

WM-187

WM-188

WM-189

WM-190

Initial Service
Date

February 1953

February 1953

May 1955

May 1958

May 1958

February 1959

April 1962

December 1959

June 1964

July 1966

Not in Service

Vessel
Construction
Material

(Stainless Steel)

348

348

304L

3O4L

304L

304L

304L '

304L

304L

304L

304L

Total
Service
(Years

13.6

19.1

13.2

13.3

14.3

13.2

9.5

13.1

8.3

7.1

Type of Service (years)
1st Cycle
. Al

13.3

11.2

13.3

9.6

4.5

1.0

S

1st Cycle
Al/Zr

»—

2.0

3.6

8.6

7.3

7.1

p a r e t a

18" height
2nd- & 3rd-
Cycle

0.3

19.1

14.3

9.5

n k

Over-All
Average

Corrosion Rate
(Mils per Year)

1 x 10"3

9 x 10"4 .

7 x 10"3

2 x 10-3

1 x 10-4

2 x 10-2

9 x 10-*

2 x 10-2

9 x 10-2

<a)9 x 10-2

(a) No coupons installed in this tank. Estimate based on tank WM-188.



TABLE, 3

CORROSION EVALUATION OF TYPE 316L STAINLESS STEEL EXPOSED IN
ICPP HIGH LEVEL RADICACPIVE WASTE TANKS

(30,000 gallon Type 3161 stainless steel tanks)

Tank No.

WM-103

WM-104

WM-105

WM-106

Initial Service
Date

May 1956

August 1960

August 1964
•

January 1959

Total Service
Years

16.7

5.0

8.0

11.5

Type of

let Cycle Zr

9.6

5.o
—
—

Service (years)

1st Cycle
Stainless Steel

Sulfate

7.1

8.0

11.5

Average Corrosion
Rate

Mils Per Year

3 x 10-2

3 x 10-2

9 x 10"3

(a>9 x 10-3

(a) No coupons installed in this tank. Estimate is based on corrosion in tank WM-105.
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Figure 1.

Schematic diagram of typical 300,000-gallon fijrst-cycle liquid waste tank at ICPP
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Figure 2

Corrosion Coupons After Exposure in 1CP? Waste Tanks.



Electrolytic: 10% oxalic acid 200X

Figure 3

A crevice in a Type 348 stainless steel weld tab that was fornied by
Inadequate penetration of the weld deposit which shows no detectable
weld netal decay after 19.1 years exposure in second-cycle radioactive
raffinate storage service.

si



Electrolytic: 10% oxalic acid 200X

Figure 4

Crevice-created at the weld-wrought interface by inadequate penetra-
tion of weld deposit on a Type 316L stainless steel hoop alter 9.6 years
and during the following 7.1 years stainless steel sulfate
raffinates. No detectable grain boundary attack is seen in the crevice.



Electrolytic: 10% oxalic acid 200X

Figure 5

Weld-wrought interface showing no detectable interdendritic nor intergranular
attack in a weld/wrought crevice, on a "iype 316L stainless steel tab
after 11.5 years exposure in stainless steel sulfate radioactive
raffinate.
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Figure 6.

Average corrosion of stainless steels in first-cycle raffinates. I
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Average corrosion of stainless steels in combined second- and third-cycle raffinates

&C.C - A - I R S T


