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CORROSION EVALUATION OF S T A m S S  STEELS EXPOSED 7N 
ICPP HIGH-LFVEL RADIOACTIVE WASTE TANKS ' 

T. L. Hoffman 

Several  300 s e r i e s  s t a i n l e s s  s t e e l s  were corrosion t e s t e d  i n  r a f f i n a t e  
s torage  tanks  made of t h e  same mate r i a l s  a t  Idaho Chemical Processing 
P lan t .  Af te r  exposure t o  t h e  r a f f i n a t e  so lu t ions  . fo r  periods of up t o  
seven years, maximum penetra t ion  r a t e s  of 0 .1  m i l  per  year were noted. 

Er ra ta  - IDO-14600 

On page, 8, l i n e  5, the  t ank ' s  volume is  30,000 gallons (no t  300,000). 

I n  Table I-B, page 21, the footnote t o  the 2nd column heading should 
be (2), and t o  the 4 th  column heading should be (1).   he 3rd and 
5th  columns a r e  c o r r e c t l y  headed a s  p r in ted .  ) 
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CORROSION EVALUATION OF STAINIlFISS STEnS EXPOSED IN 
ICPP HIGH-LEVEL RADIOACTIVE WASTE TANKS 

I. SUMMARY 

Corrosion studies were conducted on welded s ta in less  s t e e l  types 316, 
316 ELC, and 348 and unwelded type 3 0 4 ~  i n  four d i f fe rent  waste solutions 
,which resu l t  from the reprocessing of nuclear fue ls  a t  the Idaho Chemical 
Processing Plant. Corrosion r a t e s  were determined by immersing t e s t  
specimens of the various s ta in less  s t ee l s  i n  the actual  waste tanks fo r  
periods of up t o  7 years. Maximum r a t e s  of 0 .1  m i l  per year were observed 
on 3 0 4 ~  and 348 specimens which had been exposed t o  acidic  or acid 
deficient  aluminum process f i r s t -cyc le  ra f f ina tes  a t  a b o u t . 2 5 " ~ .  There 
was no evidence of localized at tack.  'Specimens of 3 0 4 ~  exposed t o  the 
acid deficient  aluminum n i t r a t e  ra f f ina te  from the second. and th i rd  
cycles showed max'imum ra t e s  of 0.07 m i l  per year a t  about 2 5 " ~  with 
minor evidence of localized at tack.  Spent decontaminating reagents are  
stored with t h i s  waste. Maximum ra te s  fo r  316 ELC i n  zirconium fluoride- 
aluminum n i t r a t e  ra f f ina te  a t  2 5 " ~  were 0 .1  m i l  per year. Very mild 
interdendrit ic a t tack was noted on the weld areas.  These favorable 
observations a t  s ignif icant  exposure times, give indication of re la t ive ly  
long service l i f e  fo r  the vessels.  Continual measurements of l iquid 
level  i n . a l l  tanks currently i n  use show tha t  no leakage has occurred 
from any of the tanks due t o  tank f a i lu re  from corrosion o r ,  other causes. 

Equipment i s  ins ta l led  a t  the Idaho Chemical Processing Plant t o  
recover enriched uranium from aluminum, zirconium, and zircaloy reactor 
fue l  materials(1,2,3,4). The fue ls  consist of a uranium a l loy  core which 
i s  clad with e i ther  aluminum, hafnium-free zirconium, or Zircaloy (1.2 
t o  1.7 per cent tin-zirconium a l loy) .  

The recovery processes fo r  aluminum fue l  consist of dissolution i n  
n i t r i c  acid followed by solvent extraction of the uranium with, (1) 
methyl isobutyl ketone, the Hexone "25" process, or (2)  t r i b u t y l  phosphate, 
the TBf) "25" process. The aqueous ra f f ina te  resul t ing from the i n i t i a l  
solvent extraction step i s  the f i r s t -cyc le  aqueous waste which contains 
most of the f i ss ion  products and metall ic s a l t s  derived f ran  the al loy.  
The f i rs t -cycle  ra f f ina tes  a r e  concentrated t o  a minimum volume without 
freezing (ca.  1.v aluminum) and a re  then transferred t o  300,000-gallon 
cyl indrical  storage vessels.  Second- and third-cycle ra f f ina tes  from 
Hexone solvent extraction a re  combined and handled i n  a similar manner. 
The same second- and third-cycle process and equipment ere used for  a l l  
fuels .  Construction materials fo r  the tanks fo r  both of these ra f f ina tes  
a re  e i ther  s ta in less  s t e e l  type 348 or type 3 0 4 ~ .  

Uranium separation from zirconium or Zircaloy-2 fue ls  i s  achieved 
by a process which was developed by Argonne National ~ a b o r a t o r ~ ( 4 )  
which uses aqueous hydrofluoric acid a s  the fue l  dissolution medium and 



aluminum n i t r a t e  a s  a complexing and sa l t ing  agent - t o  permit recovery 
of uranyl n i t r a t e  by solvent extraction. \ I n  t h i s  process, the aqueous 
feed of the f i r s t  t r i b u t y l  phosphate extraction column i s  adjusted for  
maximum chemical s t a b i l i t y  t o  a'fluoride-to-zirconium mole r a t i o  of 
about 5(4,5,6). The r a f f ina te  i s  transferred t o  30Q000-gallon ty-pe 316 
ELC s ta in less  s t e e l  vessels  fo r  storage. Second- and third-cycle 
ra f f ina tes  a re  combined and then t ransferred fo r  storage t o  the same 
300,000-gallon vessels used t o  s tore  the second- and third-cycle 
ra f f ina tes  from the aluminum fue l  recovery processes. 

Two other classes of l iquid waste, which are  collected separately, 
a r e  the r e l a t ive ly  l o w  act ivi ty- level  process equipment and cel l - f loor  
drain wastes. Solutions tha t  originate fsom laboratory hot sinks, the 
solvent -recovery evaporator, and the condensers on r a f f  inate  evaporators 
a r e  the  ma,jor contributors t o  process equipment wastes (PEW . Usually, 
t h e  a c t i v i t y  l eve l  of solutions from the cel l - f loor  drains [CFD) i s  
l o w  enough t'or d i rec t  transt'er t o  the ground waste system. Howeve??, 
during c e l l  decontamination, somewhat higher act ivi ty- level  solutions 
a r e  produced which a re  combined with the PEW stream. Both wastes a r e .  
t ransferred t o  300,000-gallon ty-pe 348 or 3 0 4 ~  second- and third-cycle 
r a f f ina te  storage vessels.  The or iginal  decision t o  use etainless  s t e e l  
type 348 f o r  thc aluminum r a f f i m t e  otorage v e s ~ e l  was based on process 
development corrosion studies tha t  were conducted by the Oak Ridge 
National Laboratory (7) during the design of the ICPP. 

The selection of a construction material for  the zirconium f i r s t -cyc le  
r a f f ina te  storage vessel  was ba'sed upon short-term beaker-type corrosion 
studies(8).  In these t e s t s ,  type 316 proved more r e s i s t an t  a t  6 0 ' ~  
than type 347 or Carpenter-20 s tee ls .  A t  lower raffinate.  temperatures, 
addi t ional  corrosion protection could be expected. 

Due t o  the uncertaint ies  associated with the materials   election^ 
f o r b o t h a 1 u m i n m a n d z i r c o n i m f u e l r e c . o v e r y p r o c e s s r a f f i n a t e s ; a  ' 

long-range program was s ta r ted  a t  the ICPP t o  more firmly establ ish the 
expected. l i fe  of the storage vessels i n  the various raff inates .  These 
storage vessels contain mill ions of curies of f i ss ion  products which, 
i f  released due t o  f a i l u r e  of a storage tank, would magnify the environ- 
mental monitoring and control problems manyfold. Thus, continued 
corrosion surveillance and predictions of expected tank l i f e  based on 
experimental data a r e  of primary importance i n  the program t o  s tore  the 
high-level radioactive wastes i n  underground tanks. 

111. WASTE STORAGE TANKS 

A.  Aluminum Fuel Reprocessing Raffinates 

All the ra f f ina tes  from the recovery process fo r  aluminum clad 
nuclear fue l  a r e  stored i n  300,000-gallon vessels. . Owing t o  the i r  size,  
each vessel s t ructure i s  i n  the "as-welded" metallurgical condition. 

. . . . 



Every vessel i s  enclosed i n  a concrete vaul t  which i s  buried under 
about 10 f ee t  of earth.  

The f i ss ion  product heat i n  first -cycle r a f f  inates  i s  suf f ic ien t ly  
high t o  require cooling fo r  vessel corrosion~control.  Accordingly, 
submerged s ta in less  s t e e l  co i l s  and a ref lux condenser are. provided t o  
maintain a solution temperature of l e s s  than 38O~. I n  the second- and 
third-cycle raff inates ,  the lower concentration of ,radioisotopes l ibera tes  
almost no heat. It i s  unnecessary, therefore, t o  have ref lux condensers 
or cooling co i l s  fo r  corrosion protection of these storage vessels.  

First-cycle ra f f ina te  from the TBP "25" process i s  stored i n  4 
separate type 3 0 4 ~  s ta in less  s t e e l  vessels.  A type 348 vessel contains 
a i l  the f i rs t -cycle  Hexone "25" ra f f ina te .  The second- and third-cycle 
ra f f ina tes  from both processes a re  contained i n  two vessels, one.type 
348 and the other type 3 0 4 ~ .  

B. zirconium and Zircaloy Fuel Reprocessing Raffinate 

Aqueous f i r s t -cyc le  ra f f ina tes  from the zirconium process a r e  stored 
in two type 316 ELC s ta in less  s t e e l  vessels with submerged type 316 ELC 
cooling coi ls .  The second- and third-cycle ra f f ina te  i s  stored i n  the 
300,000-gallon type 348 or 3 0 4 ~  s ta in less  s t e e l  tanks with second- and 
third-cycle ra f f ina te  from the aluminum fue l  process. 

The design of the storage vessels and composition of the wastes 
a r e  surumcized i n  Table 1. The de ta i l s  of the design and erection of 
each type of vesse1,as well a s  the composition of the s ta in less  s t ee l s  
used i n  the construction of the vessels and the  detailed composition 
of the waste stored i n  the vessels,are given i n  Appendix I. 

IV. TEST PROCEDURE 

Corrosion specimens consisted of seamless and welded hoops, weld 
tabs,and sections of welded pipe. The hoops were prepared a t  the 
ICPP from sheet material. The sheet material was turned in to  open- 
seam tubes around a mandrel leaving a 118-inch opening. Th.e openring 
was'then closed i n . a  vice and hel iarc  welded along the closed seam. 
Then, 1-inch-high hoops were cut from the tubes and a l l  edges were 
machined. I n  the case .of the  s ta in less  s t e e l  316 tanks, the fabricator  
welded tabs of the sheet s t e e l  a s  the tanks were being erected. These 
tabs  were cut off for  corrosion test ing.  Samples of these a re  shown 
i n  Figure 1. 

The welded hoops were fastened t o  circular  j igs  which were i n  turn  
fastened t o  j i g  support cables. The assembly was then Tnaerteci i n to  a 
tank through a r i s e r ,  and the cable was fastened t o  the r i s e r  cover so 
a s  t o  suspend the samples a t  the desired depths. The preparation of 
the corrosion t e s t  specimens i s  described i n  greater d e t a i l  i n  Appendix 
I. 



S W R Y  OF I C l P  WASTE STORAGE VESSZL D E I G N  

Trambone Wall Thickness 
Tank Temperature Capacity f.llq-** Cooling Coil M i n i m  
No's Waste Range IGallmLsl Type Design (inches) 

WM-180 Acid deficient* aluminum d t r a t e  30 + - 5 " ~  3 00,000 348 1 inch SCH 40 0.250 
(1st cycle, Hexone "25" p r x e s s )  . . 

P WM-182-183- kiuminum n i t r a te  - n i t r i c  acid 
O 185-187 (1s t  cycle, TBP '"25" process) 

30 4 - 5°C 3 00,000 3 0 4 ~  13 inch SCH 80 . 0.250 

WM-181 Xldnum ( 2 ~ d  cycle, H e m e  ' "25" processes) 300,000 3 48 None 0.250 . 

WM-184 Aluminum (2r-d cycle, Hexms "25" processes) . , 304; None 0.250 

WM-103-104 Circoniup - aluminum - hydroflucric acid 17.5 + - 6 . 5 " ~  ~ O ) O O O  316: 1 inch SCH 160. . 0.5625 
(1s t  cycle, S!PR process) 

. - * Ammonium hfiroxide i s  sdded t o  aluminum n i t r a te  solution t o  ra ise  the pH. 
: . . , . 

t .  

. . . . 
. . 1 ., ** Tungsten Iner t  Gas welding process vas used.. 

I 

. . 
, . 



Fig. 1 Stressed, Welded Corrosion Specimens after Exposure 



When the specimens were removed for  examination, they were decon- 
taminated, rinsed with water and acetone,and dried. Corrosion rates 
were determined by weighing the pieces. A metallurgical examination 
was made on each specimen and the dimensions of the pipe sections were 
measured . 

A. Corrosion i n  Hexone "25 I' Fir  st -Cycle Raf f ina-te 

The resul ts  of measurements of corrosion specimens immersed i n  the 
waste storage tanks from about 1.5 t o  7 years indicate that  specimens 
of stainless s tee l  348 and 3 0 4 ~  suffered 0.0007 m i l  per month maxiqnrm 
corrosion a t  about 25OC. Less than 0.001 m i l  per month corrosion was 
observed on a type 348 pip9 specimen which was exposed for 7 years 
(2579 days). !he detailed r e ~ u l t s  are given in Table 2. 

A microscopic axamim.tion of the 20-faot-1 nnE 3mc 748 gLun 111rf-l ralird 
tha t  t h i s  specimen was l igh t ly  etched but free from p i t s  or inter-  
gran-r attack. A crystalline scale was observed on the inside pipe 
walls a t  the liquid level.  A ccanparison with a 2-inch-long unexposed 
control sample indicated that  the 20-foot-long exposed pipe essentially 
completely resisted corrosion i n  the stored first-cycle raffinate. 

B. Corrosion i n  TRP "25" Process First-Cycle Raffinate 

The results  of corrosion t e s t s  in  the first-cycle raffinate are  
given i n  Table 3 .  

The type 3 0 4 ~  stainless s tee l  hoops suffered 0.01 m i l  per month 
maximum corrosion a t  25O~. m e  maximum loss aft,er a%out 2.75 yeara 
(1000 days) on 11 specimens was 0.01 m i l  per month. Twelve other type 
3 0 4 ~  specimens immersed for  abm* 2.0 years s i ~ f f e r ~ i l  FI mximum oorroaion 
of 0.008 m i l  per month. 

Microscopic examinations of the 1-inch-high hoops indica'ted that  
only sl ight  etching occurred. P i t s  and g a i n  boundary attack were nmk 
f m d  ob any or the hoops. The original mchining marks were still  
visible on a l l  specimens. 

C. Corrosion i n  Second- and Third-Cycle Raffinates 

Corrosion measurements were made on 5 type 304L how specimens 
after 2.73 years immersion a t  about 2 5 " ~ .  The maximum observed ra te  
was 0.006 m i l  per month. These specimens suffered rather heavy etch 
with shallow 5 - a l -deep  pi ts .  Further, most of the ariginal machine 
markings were corroded away. A summary of the data i s  l i s t ed  i n  
Table 4. 



.. . CORROSION OF TYPE 348 AS-WELDED, SPECIMENS 
rn HEXO~ "2 j" PROCESS FIRST-CYCU ~ m m m  . . 

Date - Exposure 
Withdrawn Time -Days 

20 Nov. '56. 1037 
(2.8 yrs) 

28 Jan '59 1462 
(4.0 yrs) 

19 Feb '62 2569 
(7.0 Y ~ S )  

Exposure 
Atmosphere . 

Liquid 

Liquid 

Liquid 

Liquid 
and 

Vapor 

Specimen . 
Q P ~  

0.625-in. - 
diameter 
welded 
hoops 

1.25-in.-dia. 
welded 
hoops 

0.625 -in. -a&$. 
welded 
hoops 

1.25-in. - 
diameter 
wcldcd 
hoops 

1-in. sch 40 
welded pipe 

Number ~ 2 6 2 - 5 2 ~  
. . o f  . Rate M a x i m  Rate 

Specimens mils/month mils/month 

1 1.4 Less than 1 x 

lo-3 

CORROSION OF STA-SS STEEL 3 0 4 ~  IN TBP "25" 
PROCESS FIRST-CYCLFI RAFFINATE 

Number 
Date Exposure of ~ i l s / ~ o n t h  

Inrmer sed Withdrawn Time -Days Specimens Max. Rate 

19 May '59 1 2  Feb '62 999 6 1 lo-3 
(2.75 y r s )  

9 Dee '59 9 Feb '62 791 6 10-3 
(2.17 ~ 3 )  

9 Dee '59 9 Feb '62 73 0 6 , 8 x 10-3 
(2.00 yrs)  



CORROSION OF TYPE 3 0 4 ~  HOOPS IN HEXONE "25" 
PROCESS SECOND- AND THIRD-CYCLE R A F F ~ ~ ~ T E S  

. . . . .  

-- 

Number 
Date Exposure of Heat ~ i l s / ~ 6 .  

lmmer sed Withdrawn Time-Days Specimens Treatment Max. Rate 

lgMay '59 19Feb  '62 1006 5 A s  6 x 10'~ 
p . 7 5  FS) received numerous 

5-mil-deep 
p i t s  

D. Corrosion .in Zirconium Process First-cycle Raffinate 

The t e s t  r e su l t s  from the expasme of spec'hens i n  f i rs t -cycle  
raf f ina te  from the  processing of zirconium-type fue ls  .a re  l i s t e d  'in 
!Table :'5.. 

A type 316 EZC .seam tab prepared by the  fabricator suffered 0.01' 
m i l  per month corrosion a f t e r  13 'months, immersion a t  2 5 ' ~ .  Three 
1 5  -nii ' l .-  deep p i t s  were observed a f t e r  13 months on 'an ER 3 1 6 ~  .weld 
deposit of a stressed and sensitized (onehour hent,:treatment a t  
677O~ ). hoop specimen. Another similarly 'exposed s,ensi.t;ized hoop and 
two other as-welded hoops were f ree  of p i t s .  

The observed corrosion ra t e s  were s l ight  on hoops tha t  were exposed 
between 1 .4  and 2.3 years a t  .17.5. + 6 . 5 ' ~ .  Microscq~l..~i. ~..xnrnlria.t5,nn o f  
these hoops shawea t b t  no attack,-either I.ocn.l..i.xed. n r  gen.kra.1, occurred. 
Thus, the  effect of heat treatment and s t r e s s  appeared -Lo be negligible. 

After 5.1 years, type 316 ELC a l loy  suffered. l e s s  than 0.01 m i l  
per month corrosion while immersed i n  the raf'fiimte. .' From a microscop5.c . 

examination about 66 per .cent of the or iginal  machine marks existed 
on the exposed specimens. Very mild interdendritic at tack was present 
on the  weld area, and p i t t i n g  was found t o  be absent on a l l  specimens. 

VI. RECOMMENDATIONS 

Stainless  s t e e l  type 316 EIX: i s  a suitable container material for  
the  storage of zirconium fue l  f i rs t -cycle  raf f ina te  a t  25 + 5 " ~ .  
Specifications f o r  tank fabrication should require tha t  a l i  material 
be tested according t o  the  ASTM ~262-577, '%oiling Nitr ic  Acid Test 
for  Corro~ion-Reoisting Steels". Further, a leve l  of accep.l;ability 
should be established a t  2.0 m i l s  penetration per month on wrought 
material, and 3.0 mpm on weld deposits ( ~ 2 6 2  tes t ing  of sensitized 
specimens). Since 316 ELX: a l loy  i s  susceptible t o  sensi t izat ion during 



CORROSION OF 3 1 6 ~ ~ ~  S!CAINLZSS STEEL5 I N  
ZIRCONIUM FLUORIDE-ALUMINUM NITRATE FIRST-CYCLE RAFFINATE 

Number . Exposure 
of Heat Date Time Max Rate 

Type of '  Specimen Specimens Treatment Withdrawn days m i l s  per month 

Stressed hoop, 1.25" 1 677% fo r  2-7-58 48 0.01 
d ia .  x 0.125" wall. .  

' 
1 hour 

American Welding 2 2-7-58 3 98 0.004* I ,  

Society ER-316~ 
welding rod used. 1 5-4-59 499 0.011 I t  

2 , a s  welded 5-4-59 849 0.0094 

--------------------------------------------------------------------------------------------------, 

Stressed hoop, 2.5" 2 . .  6 7 7 " ~  fo r  5-4-59 049 0.0068 
dia: x 0.125" wall.  1 hour 
American Welding 1 2 -8 -62 1855 0.007 11 

Society ER-316~. 
welding rod used :. , 1 a s  welded 2-7-58 48 0.02 

1 I t  
5-4-59 554 0.012 .................................................................................................. 

Weld tabs- 3" x 6" x 2 6 7 7 " ~  fo r  2-8-62 1855 . 0.006 
11/16" 1 hour 
American Welding 
society ER-316~ . 2  a s  welded 2-7-58 389 0.01 
(0. o6$ C) welding 
rod used. 

* 15-mil-deep p i t s  i n  weld. 



welding, which may r e s u l t  i n  accelerated localized corrosion a t  s t r e s s  
. r i s e r s ,  rigorous control of fabricat ion is required. 

Future design may profi tably use material  fo r  zirconium fluoride- 
type wastes t h a t  i s  th inner  than the 11116-inch-thick she l l s  and 9 h 6 -  
i ncheh ick  dished heads which were used i n  exis t ing tanks. This should 
be considered, especial ly  fo r  erecting vessels .  using ~ 2 6 2  cer t i f ied  
al loys.  In addition, type 3 1 6 ~ ~ ~  schedule 80 pipe appears t o  be a 
sui table  construction mater ial  fo r  the raff inate .  storage vessel cooling 
coi l s .  

A s  a container material  f o r  f i r s t -cyc le  ra f f ina te ,  and fo r  aluminum 
f u e l  reprocessing second- and third-cycle combined raff inates ,  e i ther  
type 3 0 4 ~  or 348 a l loy  can be used. 

The use of s t a in l e s s  s t e e l  types 3 0 4 ~  or 348 does not. always assure 
freedom from welding sensi t izat ion and stress-induced localized. corrosion. 

f !Che fabricat ion conditions should includean ASTM ~ 2 6 2 - 5 5 ~ ,  boi l ing  
.Nitric Acid Test f o r  Corrosion-Resisting Steels",  on a l l  pa t e r i a l s  
selected f o r  the vessels.  

V I I .  CONCLUSIONS 

The evaluation of corrosion t e s t  coupons exposed t o  acid deficient  
aluminum n i t r a t e ,  ac id ic  aluminum n i t r a t e ,  and aluminum nitrate-zirconium 
f luoride r a f f ina te  solutions indicated t h a t . t h e  various s ta in less  
s t e e l s  used i n  the wagte tank construction a t  ICPP were well chosen 
and tha t  a . r e l a t i v e l y  long service l i f e  can be predicted f o r  the  vessels. 

. A t  t h i s  time, general, corrosion ra tes  observed a re  *Loo low t o  a l l m  I 
a signif icant  estimate of the vessel l i f e .  Those minor evidences of 
localized a t tack  which have been observed a re  not severe enough t o  
define the  areas or mechanisms of probable ultimate f a i lu re .  There i s  
now no evidence .mailable  suggestive of any ty-pe of corrosion f a i lu re  
of these vessels i n  the  next ten-year period. C a r e m  surveillance of 
the t e s t  specimens i n  the  vessels will be continued t o  allow early 
detection of accelerated localized at tack or other signs of ultimate 
f a i lu re .  
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Detai ls  of Storage Vessel Design, corrosion Specimen Preparation, and 
Waste Compositions 

Aluminum Process Storage Tanks 

The cyl indrical  vessels for  storage of the TBP "25" ra f f ina tes  are 
50 feel; outside diameter x 21 f e e t  high with 11-foot-high domed roofs.  
These vessels were erected by butt-welding together type 3 0 4 ~  p la tes  
using the tungsten-inert gas process with American Welding Society 
c lass i f ica t ion  'ER 308L bare electrodes. The bottoms and 8 f e e t  up the 
s ides  of the  vessels  a r e  constructed from 518-inch-thick plates,* and 

1 the  upper 13 f e e t  of siding from T;-inch material.. The domed roofs are  
made from 3116-inch-thick p la tes .  The cooling co i l s  for  these vessels 
a r e  1s-inch schedule 80 tyge 3 0 4 ~ ~  p i p  i n a horf zontal trombonc 
configuration. An auxi l iary s t ructure i s  mounted inside the vessels 
so tha t  the h o r i ~ o n t a l  c o i l  aebcublies are S I I ~ \ = ~ I Y Y * ~ P A  3 i n c h e ~  i'rom tho 
vessel  bottoms. 

The s ta in less  s t e e l  348 vessel f o r  storage of Hexone "25" process 
r a f f ina te  i s  5U Yeet outside diameter x 23 f e e t  high p3.11~ an 11-foot- 
high domed roof. During the erection of t h i s  vessel,  the TIG welding 
process with ER 347 bare electrodes was used for  butt-welding together 
the  s ta in less  s t e e l  348 p la tes .  The lower 8 f e e t  of the vessel side 
and i t s  bottom were constructed from 518-inch-thick plates .  One- 
quarter-inch-thick material  was used t o  erect  the upper 15 f e e t  of the 
cyl indrical  vessel sides, and 318-inch -thick p la tes  t o  fabricate  the 
roof. The vessel cooling coi l  is designed f rom 1-inch schedule 40 
s ta in less  s t e e l  348 pipe i n  a horizontal trombone configuration. This 
c o i l  i s  supported 3 inches from the bottom of the vessel. In  addition, 
22 peripheral coi l s ,  Which a r e  spaced on 1-foot centers, traverse the 
inside walls of the vecael.. The cooling c o i l  condenser i s  made from 
s t a in l e s s  s t e e l  348 a l loy  except for  about 1 dozen brass valves and a 
few carbon s t e e l  pa r t s  which can be serviced by d i r ec t  maintenance. 

Zirconium Process Storage Tanks 

Two separate type 3 1 6 ~ ~ ~  s ta in less  s t e e l  vessels contain a l l  the 
STR process ra f f ina te .  A hol l& cylindrical she l l  was f i r s t  constructed 
by bu t t  -welding together pre -f ormed 11116-inch-thick p la tes .  Two 
spherically dished 9116-inch-thick heads were then welded t o  the  open 
ends of the  she l l s .  The dimensions nf *he erected  vessel^ are  113 
f e e t  outside diameter x 42 f e e t  iong. The "sigma" welding process ( ine r t  gas, 
autamatic metall ic a rc )  with American Welding Society ER 3 1 6 ~  bare weld wire 
was specified. Because the actual  weld deposits contained aboct 0.06 per 
cent carbon, and were therefore regarded a s  potent ial  s m c e s  of fa i lure ,  



3 1 6 ~ ~ ~  318-inch-thick p la tes  were then welded w e r  the inside surface of 
the or iginal  weld seams by the vessel fabricator using the metal-arc 
process with coated ER 3 1 6 ~  wire. These 3 1 6 ~ ~ ~  s ta in less  s t e e l  vessels 
a r e  .in the as-welded metallurgical condition, and a re  provided with 
submerged s ta in less  s t e e l  type 3 1 6 ~ ~ :  1-inch, schedule 160 cooling coi l s  
and a s ta in less  s t e e l  type 3 1 6 ~ ~ ~  condenser. 

Second- and' Third-Cycle St  orage Tanks 

The aqueous ra f f ina tes  from the second- and third-cycle Hexone 
extraction columns are  stored i n  a 300,000-gallon s ta in less  s t e e l  
type 3 0 4 ~  vessel. The vessel was welded by the tungsten inert-gas 
welding process with ER 308L wire. The dimensions of t h i s  cyl indrical  
vessel a re  50 fee t  outside diameter x 21 f e e t  high with an additional 
11 f e e t  t o  accomodate a domed roof.  The bottom and 8 fee t  up the she l l  
s ide i s  constructed by but t  -welding together 518 -inch-thick p la tes .  The 
remaining upper 13 f ee t  of the she l l  i s  erected with $-inchxthick plates .  
The roof i s  fabricated from 3116-inch plate .  No cooling co i l s  a re  
provided. 

Solution and Metal Compositions 

The c ~ o s i t i o n s  of the materials of construction of the tanks and 
the corrosion specimens a re  given i n  Appendix Table I - A .  The compositions. 
of the waste solutions i n  storage are  given i n  Appendix Table I-B. 

Corrosion Test Specimens 

For the Hexone .''25'' f i r s t -cyc le  raff inate ,  a s ta in less  s t e e l  348 
welded pipe tha t  was 20 f ee t  long, and s ta in less  s t e e l  348 welded 
hoops were immersed a s  corrosion specimens. The 1-inch, schedule 40 . 
pipe was selected from warehouse stock, and was i n  the as-received, 
annealed metallurgical condition. The hoops were prepared loca l ly  from 
sheet material. Samples of type 348 wrought material were turned in to  
open seam tubes from 0.125-inch-thick p la tes .  Each tube was formed 
around a mandrel having a diameter e i ther  5 or 10 times the sheet 
thickness which l e f t  a 118-inch opening. The tubes were then closed i n  
a vice and hel iarc  welded along the seam with American Welding Society 
c lass i f ica t ion  ER 347 uncoated wire. Next, 1.000 + 0.0005 inch high 
hoops were cut from the tubes and a l l  the edges were mach3ned t o  a 
1132-inch radius. These hoops were i n  the as-welded condition. 

Circular j igs and j ig  support cables were.used a s  auxi l iary experi- 
mental equipment. Stainless s t e e l  ty-pe 348 a l loy  was the construction 
material fo r  the j igs  and 3116-inch-diameter s ta in less  s t e e l  410 fo r  
the cables. A polyethylene coated cable was employed fo r  f i rs t -cycle  
Hexone "25" ra f f ina te  and zirconium process studles;  bare cable was 
used for  the other equipment. 

Stainless  s t e e l  3 0 4 ~  seamless hoops were corrosion evaluated i n  the 
stored rafflna.tes from both thc f i r s t -cyc le  TBP "25" process and the 
second- and third-cycle ra f f ina tes .  These specimens were cut i n to  
1-inch-high sections from, 1-inch schedule 40 seamless pipe. The pipe was 
annealed a t  the m i l l  and hoops were cut and machined a t  the ICPP. 
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TABLE I -A 

COMPOSITIONS OF METALS USED IN * 

ZCPP WASTE STORAGE TANKS AND CORROSION TESTS 

Type Stainless 
Steel  

$ $ 
Max C r  

$ % P * Lksi $ $ 
Ni ' fix- Max _ Max Mnx ' . r ; h F k %  

3 O ~ L  . 0.03 18.00 8.00 2.00 0.043 0.:030 1.00 
20.00 l2.00 Platc,  and 

Shes* 

ER 3 0 8 ~  0.03 19.5m 9.00 2.50 0.030 0.030 0.60 
Bare a d  22.00 11.00 
Electrode 

3 1 6 ~  0.03 'i6.00 10.00 2.00 0.045 0.030 1.00 2,00 
Pla te  and 18.00 14.00 3.00 
Sheet 

ER 3 1 6 ~  0.03 18.00 12.00 2.50 0.030 0.030 0.60 2.00 
Bare 20.00 14.00 2.50 
Electrode 

E 3 1 6 ~  0.04 17.00 L . U U  2.50 0.040 0.030 0.90 2.00 
Coated 20.00 14.00 2.50 
Electrode 

348 0.08 17.00 9.00 2.00 0.045 0.030 1.00 10 x C min, 
Pla te  and 19.00 13.00 1 . l o  m7.x 
Sneer ~ , ( ~ a  0.10 ex) 

34T 0.08 1 8 . 5 ~  8 . 5 ~  2.50 0.030 0.030 0.60 10 x C 
Bare a . 0 0  10.50 1.00 max 
Electrode 

6' Chromium mi-n = 1.9 x nickel 



COMPOSITION OF STORED RAF'FJl'IATES 

A 1  ,Fuel 
F i r s t  -Cycle 

Element Rexone "25"(l) 

Aluminum, M_ 1.65 

Ammonia, M_ 1-37 

Mercury ( i c ) ,  g / l  

Ruthenium, g/ l  

Nitrate, M_ 7.10 

~ r o n ,  @;/I 0.07 

Chloride, M_ 

Tellurium, g/ l  

Molybdenum, g / l  0.0161 

Zirconium, M_ 

Sodium, g/ l  0.22 

Acidity, H+ N_ 

Sp. GR 25OC 

Ferrous Ammonium Sulfamate M_ 

Tin 

Fluoride M_ 

Oxalic Acid 

Tartaric Acid 

Periodic Acid 

Turco 4324 and 418% 

A 1  Fuel 

(1 )  Calculated concentratj.ons 

(2)  Measured concentrations 



Weld tabs prepared by the erector of the vessels and other specimens 
prepared loca l ly  were used fo r  the studies of the  zirconium raf f ina te  
solution. Samples of 3 1 6 ~  wrought material  were turned in to  two 
13-inch-long open seam tubes from 0.125-inch-thick plates .  One tube 
was formed around a mandrel having a diameter 10 times the  sheet thick- 
ness, and the other 20 times i t s  thickness. This operation l e f t  a 
longitudinal opening which was about 118-inch wide. The longitudinal 
edges. of the two tubes were squeezed together, and hel iarc  welded along 
the  seam with ER 3 1 6 ~  uncoated wire. Twelve 1.000 + 0.005 -inch-hj.& 
houps were then cut from each of the 12-inch-long tufbes. Next, a11 the 
edges of the hoops were machined t o  1132-inch radius. One-half of the 
hoops from each of the' two d i f fe rent  diameter tubes were heat t reated 
a t  1250°F for  1 hour. The remainder were given no post-weld thermal 
treatment which could a f fec t  the a l loy  metallurgy.' 

The vendor tabs  were made from extensions of the vessel she l l  
seams of tbe 11/1.6-inch-thick, 3 1 6 ~ 1 ~ : ~  f i r s t -cyc le  raTflrwte storage 
vessel.  These tabs  were prepared a t  the  vessel erection s i t e . b y  the  
f a b r i c a t ~ r  using the  "sj.epla1' welding process t lmt was .used t u  e rec t  
the vessel.  Accordingly, ER 3 1 6 ~  weld deposits join p a i r s  of 3 1 6 ~  
wrought p la tes  forming 3 inch x 11116-inch-thick samples. 

Type 304 s t a in l e s s  s t e e l  was the mater ial  of construction f o r  s i x  
4.5-inch-diameter specimen jigs.  The j ig  supports were made from 
polyethylene-coated, 3 116-inch-diameter, type 304 cables. 

Detai ls  of Tank Usage and Sampling Procedure 

First-Cycle Hexone 

On January 26, 1955, tw~lve 1.25-inoh Pr1sidt i ~ . i d u e k l '  arid twelve 
0 . 6 ' ~ - i n c h  inside diameter stressed hoopo, and two 20-f out-long pipe 
pieces were immersed in to  the f i r s t -cyc le  Hexone r a f f ina te  storage 
vessel.  On tha t  date, the depth of the  l iquid r a f f ina te  was 48 inches; 
it had reached a volume of 274,000 gallons and a depth of 219 inches 
by January 1 5 ,  ~ 9 5 6 .  No c h a n g ~ s  have ooourrcd oince t l m t  .I;he- A 1 1  
t he  hoops were mounted on three 8-inch-diameter c ircular  j igs  t h a t  
were supported from an access r i s e r  cover by a polyethylene-coated 
ty-pe 410 s ta in less  s t e e l  support cable. The j igs  were fabricated from 
type 348 alloy. The three j igs  were bolted t o  the  cable so  a s  t o  r e s t  
18, 48, and 72 inches from the  bottom of the vessels.  The 20-foot 
long pipes were s ~ ~ p o ~ t , e i i  on separate type 410 coated s l a l ~ l l e s s  steel 
cables. These pipes were inserted in to  the  vessel from the same access 
r i s e r  a s  the hoops. The vessel was closed by bol t ing the  cover t o  the 
access r i s e r .  

1 Prior  t o  inser t ion of the  pipes in to  the  storage vessel,  a 27- 
inch-long section was cut from eacki pipe. These sections were preserved 
a s  control specimens. I n  addition, a 1-inch-long section was cut from 
each pipe t o  determine the  resistance i n  an ASTM ~ 2 6 2 - 5 2 ~  Huey Test, 
using 65 per cent boi l ing n i t r i c  ac id-  



On July 17, 1956, s i x  hoops were withdrawn for  a corrosion evaluation. 
Subsequent withdrawls of s i x  hoops occurred on November 20, 1957, and 
January 28, 1.959. On February 19, 1962, one of the  two 20-foot -long 
pipes was removed from the stored raf f ina te  fo r  evaluation. 

During January 1957, it was decided t o  erect  additional storage 
f a c i l i t i e s  for  the aluminum f i e 1  ra f f ina tes .  Plant experience with 
type 348 a l loy  a f t e r  538 days i n  the f i r s t -cyc le  aluminum raf f ina te  
a t  30°C suggested t h a t  any aus teni t ic  s ta in less  s t e e l  wodd be a 
sat isfactory material. Since type 3 0 4 ~  was the  cheaper alloy, it was 
chosen a s  the construction material. 

About this same time the solvent used t o  separate the uranium from 
f i s s ion  products and the a l loy  metal s a l t s  was changed from Hexone t o  
t r ibu ty l  phosphate (TEP). The proposed composition of the  aqueous 
ra f f ina tes  from the TEP extraction appeared t o  be compatible with 
e i ther  type 3 0 4 ~  or 348 alloys fo r  long term storage. 

Since the construction material  for  one of the storage vessels 
fo r  second- and third-cycle ra f f ina tes  and a l l  of the f i r s t -cyc le  
ra f f ina tes  from the TFP "25" process i s  s ta in less  s t e e l  type 304L, 
specimens of tha t  a l loy  were studied i n  the as-received metallurgical 
condition except t h a t  machining was necessary t o  prepare the specimens. 
Seventy-two s ta in less  s t e e l  type 3 0 4 ~ ~  seamless hoops were immersed 
in to  each of 2 f i r s t -cyc le  ra f f ina te  storage vessels on May 19, 1959. 
One vessel had. been f i l l e d  by July 13, 1958, and another during 
February, 1959. On December 9, 1959, 72 type 3 0 4 ~ 1 ~ :  hoops were immersed 
in to  each of 2 additional f i r s t -cyc le  storage vessels.  One was f i l l e d  
during November 1959, and one was empty. F i l l i ng  of the empty vessel 
with f i r s t -cyc le  ra f f ina te  began on December 26, 1959; and on February 
28, 1960 the l iquid depth was observed t o  be 40 inches. Gradual 
f i l l i n g  continued during the next two years, so tha t  the l iquid  levels  
were 64.8 inches i n  May 1961, and 82.1 inches on February 27, 1962. 

Periodic inspection and the retirement of selected hoop specimens 
from the tanks was s tar ted i n  1962. During February 9 t o  19, 1962, 
6 hoop specimens were withdrawn and re t i r ed  from each of the four 
first -cycle TBP "25 I' raf f inates  . The remaining 68 hoops e r e  reimmersed. 

A l l  hoops and pipes removed f o r  examination were decontaminated, 
rinsed with water and acetone,and dried. Corrosion r a t e s  on the 

. . hoops were determined by weighing, and a metallurgical examination of 
. . each specimen was made. An opt ical  examination of representative 

sections was made on. the 20-foot-long gipe,and i t s  dimensions were 
measured t o  estimate corrosion resistance. 

Second- and 'l'hird-Cycle RaPrlrla lies 

. , 
. .  . . . For second- and third-cycle ra f f ina te  studies, 72 type 304ELC hoops 

were inserted in to  the storage vessel on May 19, 1959. The depth of 
"the 15.quid on tha t  date was 76.8 inches which i s  equivalent t o  96,075 
gallons. F i l l i ng  continued slowly u n t i l  August 22, 1960, a t  which 



time the  depth was 107 inches. Between then and October' 17, 1960,. the 
vessel  was f i l l e d  t o  228 inches by adding 151,280 gallons of second.-: :.'. 
and third-cycle concentrate. On February 19, 1962, 6 hoop specimens. . 
were withdrawn, decontaminated, and t h e i r  corrosion r a t e s  determined. ' .. 
The remaining 68 t e s t  hoops were again immersed for  fur ther  study. . 

Zirconium Raffinates 

Tests were conducted f o r  about 61 months t o  determine the corrosive 
e f f ec t s  of .the first cycle zirconium ra f f ina te  on various grades of 18-8 
Mo s t a in l e s s  s tee ls .  The raf f ina te  solution during the first 11 months 
was a t in- f ree  zirconium f i r s t -cyc le  ra f f ina te ,  but during the remaining 
50 months the r a f f ina te  was a composite o f ' t h e  t in- f ree  and tin-bearing 
zirconium raff inates .  

On December 18, 1956, twenty-four stressed hoops and 4 tabs prepared 
by the vendor were immersed. I n t o  1 of tho 3 veccclo which were provided 
f o r  s tor ing zirconium f i r s t -cyc le  ra f f ina tes .  The l iquid  l eve l  i n  
thc  vessel  on tha t  duLe ws.s ~ t n 1  y a Pew incheo. Ey January 5, 1927, 
the  l e v e l  was about 18 inches, but by October 27, 1957 and December 21, 
1957, the  l iquid l eve l  was 37.8 inches and 68 inches respectively. . 

Twelve stressed hoops were prepared frm a 2.50-inch-diameter tube 
whose wall  thickness was 0.125 inches. Six of these were heat t reated a t  
1 2 5 0 ' ~  f o r  1 hour, thus sensi t iz ing these specimens. An additional 12 
'stressed hoops were made from another 1.25-inch-diameter tube with a 
0.125-inch nominal wall  thickness. One-half of these hoops were heat 
t rea ted  a t  6 7 7 ' ~  a f t e r  accomplishing the l a s t  fabricat ion steps. 

The vendor seam tabs ,  which were 3 .inch .x 6 inch  x 11/16 inch thicls, 
were immersed i n  the  .as-welded condition which i s  quite. representative 
(except f o r  s t r e s s  l e v e l s )  of the r a f f ina te  storage vessel  sea*. 

Pr ior  t o  immersing the hoops and tabs  in to  -the f i r s t -cyc le  zirconfum 
raff inate ,  a l l  specimens were descaled, passivated, weighed, and 
inspected v isua l ly  for  weld f issures .  Hot 3 per cent hydrofluoric - 
20 per cent n i t r i c  acid mixture was used a s  the descaling solution, 
and boi l ing 30 per cent n i t r i c  .~ ,o i r l .  snll.1.tion was. uood t o  paasivate these 
horns nn.d tabs. 

The specimens were f i t t e d  onto 6 c i rcu lar  j igs  which were supported 
from r i s e r  covers on the  r a f f ina te  storage vessel by 2 j i g  support 
cables. Each coated type 304 cable was f i r s t  secured t o  the r i s e r  
covers so  tha t  t he  mnj .ng  end- was 27 f e e t  long. Then 3 j igs  (93 304) 
were bolted t o  the  cables so a s  t o  r e s t  18, 36, and 60 inches , f r m  , 
the  bottom of the vessel. Next, the  24 hoops and 4 tabs  were evenly 
d is t r ibuted  on the  two cable-jig assemblies and lowered in to  t h e  storage 
vessel. The r i s e r  c w e r s  were then bolted t o  the   riser,^. By reversing 
t h i s  procedure and withdrawing the jig-cable assemblies, periodic 
inspections of the  specimens were accomplished. 



Two vendor tabs and 6 hoops were withdrawn fo r  corrosion evaluation 
on February 7, 1958. Eight hoops were withdrawn on May 4, 1959, and 
on February 8, 1962, two hoops and 2 tabs were removed. Each specimen 
t h a t  was withdrawn fo r  corrosion evaluation was f i r s t  decontaminated. 
The corr.osion.rates were calculated from weight lo s s  data and metal- 
licrgical examination of the coupons was made. 






