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LIFE EXTENSION OF AGING HIGH-LEVEL WASTE TANKS 

D. Bryson, V. Callahan 
U.S. Department of Energy, Office of River Protection 

P.O. Box 450, Richland, WA 99352 

M. Ostrom, W. Bryan 
CH2M HILL Hanford Group, Inc. 

P.O. Box 1500, Richland, WA 99352 

H. Berman 
AD1 Technology Corporation 

1800 N. Beauregard St., Suite 200, Alexandria, VA 2231 1 

ABSTRACT 

The Double Shell Tanks (DSTs) play a critical role in the Hanford High-Level Waste Treatment 
Complex, and therefore activities are underway to protect and better understand these tanks. The 
DST Life Extension Program is focused on both tank life extension and on evaluation of tank 
integrity. Tank life extension activities focus on understanding tank failure modes and have 
produced key chemistry and operations controls to minimize tank corrosion and extend useful 
tank life. Tank integrity program activities have developed and applied key technologies to 
evaluate the condition of the tank structure and predict useful tank life. Program results to date 
indicate that DST useful life can be extended well beyond the original design life and allow the 
existing tanks to till a critical function within the Hanford High-Level Waste Treatment 
Complex. In addition the tank life may now be more reliably predicted, facilitating improved 
planning for the use and possible future replacement of these tanks. 

INTRODUCTION 

The Hanford Site in south central Washington State has 54 million gallons of high-level waste in 
177 aging tanks. One million gallons of waste have already leaked from 67 of the older Single 
Shell Tank (SSTs). The present 28 DSTs have not leaked. The prevention of future leakage and 
potential contamination of the Columbia River is a high priority of the U.S. Department of 
Energy. The River Protection Project was formed to develop a Hanford Waste Treatment 
Complex that will retrieve, treat, and safely dispose of the Site’s high-level waste. 

Hanford’s low-carbon steel DSTs are key to retrieval, treatment, immobilization and disposal 
efforts that are currently planned for the next 30-50 years. These newer million gallon tanks now 
store over 20 million gallons of high-level waste. The DSTs are the staging tanks that will 
supply waste feed to the Waste Treatment Plant to produce an immobilized waste form for safe 
long-term storage. As the DST waste volume is retrieved for treatment the waste from the older 
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SSTs will be retrieved and transferred to the DSTs. The mobilized, diluted SST waste will 
represent an additional 100 million gallons to be transferred through the DSTs. 

It is therefore essential that the useful life of the DSTs be fully understood for the planning 
baseline and that the useful tank life is extended as much as practicable to support the needs of 
the Hanford Waste Treatment Complex. The River Protection Project is accomplishing these 
objectives under a corrosion mitigation program that includes primarily tank integrity 
inspections. assessments, and chemistry control. 

DST INTEGRITY ASSESSMENTS 

The DSTs were built in six increments starting in 1968 and continuing through 1986, with 
various design parameters (see Table I). Over the years, the measurement and recording of 
actual DST parameters and conditions has been spotty and inconsistent, starting as far back as 
the new construction phase. For example, the actual as-built tank wall thickness measurements 
were never recorded, and the ongoing tank wall conditions for both the interior primary tank wall 
(in contact with the high-level liquid wastes), and the annulus side wall (in contact with the 
atmosphere and cooling air flows) were never systematically evaluated. Due to the 
programmatic need to extend many of these tanks well beyond their original design life, a robust 
program of tank integrity inspections, assessments, and chemistry control has been undertaken. . 
The purpose is to both create a tank condition baseline to measure future changes against, and to 
provide detailed information for engineering assessments which may lead to changes in tank 
operating parameters or programmatic direction. 

The DST Integrity Program generally follows the guidelines for structural integrity programs for 
tank systems ( I ) ,  which were developed from 1994-1997 by a committee of experts who have 
become known as the Tank Structural Integrity Panel (TSIP). The TSIP guidelines advocate a 
structured approach to assessing structural integrity as a basis for identifying necessary manage- 
ment options to ensure leak tightness and structural adequacy over the life of the tanks' mission. 
This was augmented in May 2001 by the convening of the DST Life Extension Workshop at 
Pacific Northwest National Laboratory (PNNL). An Expert Panel (EP) was formed from key 
participants in the Life Extension Workshop to perform additional review and evaluation. The 
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DST Life Extension Workshop and thc subsequent EP meetings performed a comprehensive, 
expert review and aSSesstlient of ill1 pwtinent technical information awcitltcd with DST 
operations and inspections relative to DS'1' corrosion concerns. Additionafly, the EP provided 
pertinent, prioritized rixommend;it ions (2) that. i f  implemented. should m$xini& thc por.entiai 
for ext.ertding IIST u x f u l  life to supp i t  i-lanl'ord's mission ne&. 

Nun-destructive 'l%sline/Evaluation 

The tank irrtegrity baseline as,wsrmc:nts arc k ing  accoiiiplishecl primarily through ultrasonic 
testing (UT) and visual/video exarninatiori (VT). The UT is accomplished in the annulus region. 
and the VT is done both in the annulus and tank intcrior. All this testing must be done remotely 
due to the. hamdirtis nature or tilnk contents, the. high radiation fields associated with tho waste 
(DSTs contain a 1.otal of about 80 MCi of""Sr tinti '37Cs), and the space restrictions for access to 
the tank interiors and mnnlus regions. Meei.ing these special remote entry requirements md sizi. 
constraints has requireti the development and procurement of specialized and unique qiiprnerit. 

Small video carrieras with pan and tilt c.xrcnsion arms (designed to fit i.hrough a 4" tank risi'~) arc 
used in the tank interior and annulus regions. The cameras are capable ofextendeti operation in 
il 251:) R/hr. radiation field, md twvc provisions for  cooling and minimixation of contamination. 
Robotic c ~ ~ I w I . ~ I . s  have been developed to carry UT (plus if video camera for positioning) 
cquipment into the annulus tlircrugh 2 4  and 12.' risers> and then ti) traverse houizirntally and 
vertically along the vertical tank walls. h magnt:tic wheeled robotic crawler carrying it UT 
instriirriertt. with a recently deployed strap estcnsion, to reach the botrorn curve.ti portion of the 
rirnk ( knuc :le). is sho wn in I 

. .  
*igurc I txtijh: 

Fig. 1. Crawler Robot with P-Srdn Ultrasonic Tester and Transducer ExtensSon Arm. 
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However. several challenges still remain for implementation of a comprehensive tank UT 
inspection: a) the magnetic crawler p-scan transducers cannot reach the predicted highest stress 
region of the lower knuckle, b) there is very limited access (slots in the cement base) for tank 
bottom UT inspection, c) walls with severe corrosion cannot be inspected, and d) pit depth on the 
annulus side can no1 be readily measured. Solutions to these problems are well underway as 
describkd below. 

A new, specializcd UT device (tandem-synthetic aperture focusing technique or T-SAFT), is 
being developed for DST use through a collaborative effort with the U.S. Department of Energy 
EM-50 Tanks Focus Area (TFA) program. The T-SAFT device essentially “sees” around the 
bend in the knuckle for detection of cracks (Le., stress-corrosion cracking), and is projected to be 
in service at Hanford in late Fiscal Year (FY) 2002 or early FY 2003. An existing bottom tank 
crawler is being modified to provide more accessibility to the ventilation slots in the concrete 
bottom pad, allowing UT measurement$ along the tank botiom, and i s h 0  expectcd to be 
operational in FY 2002. A hydro-blast equipped robot crawler, capable of removing rust from 
the annulus surfaces, has been used in the heavily rusted regions of DST 241-AY-101. 
Additionally,’a laser based device (capable of mounting on the magnetic crawler) for measuring 
annulus side corrosion pit depth is k i n g  prepared for selective post-cleaning utilization. 

An alternative or supplemental technology to UT inspections, which is currently under 
consideration, is Electro-Magnetic Acoustic Transducer (EMAT) inspection. The present UT 
SrUd =f tank walls generally only examine about 1% of the total surface area. EMAT 
technology has the potential to screen larger portions of the tank surface, even over corroded 
regions, compared with current UT methods. This could reveal areas of potential concern (e.g., 
wall thinning from localized corrosion) for application of the more precise UT scan. EMAT 
technology is being developed for tank inspection use through another EM-50 TFA initiative. 

. 

UT and Visual Examination Results 

The DST visual and UT technical baseline efforts are well underway and when completed, will 
be repeated on a 5-year cycle. At the end of FY 2001. 12 of the 28 DSTs had been UT surveyed, 
and 8 DSTs were video inspected. The UT inspections have detected four instances of notable 
localized pitting or crevice-like corrosion at previous waterlines (AN-102, AN-105, AP-108 and 
AY- 101). along with the detection of a significant original construction defect (a crack-like 
indication in AP-108) that will be periodically re-inspected to assess if there is any growth. The 
video examinations have shown notable corrosion on the inner tank dome surfaces, as well as 
significant annulus corrosion in AY-IO1 along with an interior stain that potentially could be the 
result of a pinhole leak. The interior stain and the annulus corrosion are shown in Figure 2. 
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. . ~ ~ ~ ~~~.~ ............ i.i.:.:.~:.._:.:.:.:.~.~.~.~.~.~. . . . . . . . . . . . . .... ~.~.~.~.~.~.:...~.~. . ...~..~...~ 

Fig. 2, Interior stain (left) and Aiinulus C 

12 recent. engineering study of IXT anriulus ventilalion. and recent. video inspection results on 
tanks with long-terrn inoperable annulus ventilai.ion systeins (tcg., 7 year outage in A?'- 1 O X ) .  
confirm rhe importance. o C  maintaining operational anniilus ventilation systeins to  ctvoid 
significant t.arik wall corrosion and prolong tarik 'life. A c.hange is k i n g  made to the Fkinford 
Tank Fariiis Technical Safety Rr.yuiremc.nts (TSK) to incorporate m administrative coil trol 
reyuiring an operablc 1XT annuhis vcnrilation system. The UT and visual inspection rcsulis 
show .notable interior i.ank wall pilling ;ind thinning fioni waterlirie ccrrrosion, also highlight the. 
importance of maintaining 13ST waste chernistry within specifica1.ion: which will k? discirssed in 
mort:. detitil in the. next scction. 

IIST WASTE CHEMISTRY CONJROI, 

The Himford j)roct:.ss waste liquids were generally adjiisied 10 a pH > 10 prior to t1lscRarg.i: inlo 
1he SSI's. Nitrate-induced Stress Corrosion Cracking (.SC!O) in the Savannah Kivcr Site (SRS) 
non-stress relieved SSTs, a id  the subseqrieiit investigat ion in the 1970s established early 
chemistry limits IO corwol SCC. 

The DSTs were originiilly designed to operate with their contents at pl-1 8- 14. These cliemistry 
limits wele based on the SRS work. 'The SRS work de.terrnined that itre corrosion of low carbon 
steels, like those used in  the construci.ion of the DSTs. WLS depende.iit on i.he concmwations of 
hydroxide. (otr], nitrate [NO;]. and nitrite (NO;] anions in the liquid waste. Additicmtlly. it wits 
deter'mincd that. carbonate, phosphatel sulfate. silicate. Iluoride, and chloride. constitucnts in low 
concentrations hitd little effect on corrosion potential. 

However. in the early 1980s, during prqmalion of'the Envircinniental Empact Staternerrts (EIS} 
for DSl's in the AW and AN tank hrms, it was found thitr. the available corrosion tlatci did riot 
adequately describe all wastes proposed for storage in the DS'Ts. Also, the chemi.. 
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to be adjusted to keep hydroxide-to-nitrite ratios within the acceptable range as the wastes were 
concentrated in the Hanford 242-A evaporator. This DST waste chemistry adjustment was 
accomplished by adding caustic (concentrated sodium hydroxide solution) to the supernatant. 

In response to these EIS findings, an extensive experimental data development task was initiated 
at PNNL. This program generated several thousand corrosion test coupons exposed to non- 
radioactive chemical simulants representing waste compositions consistent with known and 
expected waste chemistry ranges (3). The results of these coupon tests showed that, in general, 
corrosion outside the DST design limits was observed only in very dilute nitrite and hydroxide 
solutions and in high-concentration hydroxide solutions at elevated temperatures. Also, SCC 
was observed only on highly stressed U-bend specimens in solutions with high nitrate and low 
hydroxide concentrations or in high hydroxide solutions at high temperatures. 

Based on this work, new chemistry control limits were set in 1984. ' However, supplemental 
work at PNM, in 1994 identified that the presence of nitrite [Na-] was important even when 
there were low concentrations of nitrate [NQ-I. As a result, the chemistry limits were modified to 
include the ratio of nitrate to hydroxide plus nitrite in dilute regions. The present chemistry 
limits used for the DST corrosion control are summarized in Table 11. 

Maintaining the correct waste chemistry minimizes general corrosion, pitting corrosion, and any 
potential for SCC in these stress-relieved DSTs. Unfortunately, in the past, there were many 
instances where DST waste chemistry was allowed to remain out of specification for extended 
periods of time (e.g., in the worst case, DSTs AN-I02 and AN-107 were out of specification for 
17 years). No action was taken to return tanks minimally outside of their chemistry specifica- 
tions although it was realized that this would potentially decrease tank life. Over the last decade 
limited resources were prioritized to resolving immediate safety issues and implementing a high- 
level waste treatment capability allowing the tanks to be retrieved and ultimately closed. Long- 
term risk mitigation activities, such as adjustment of minimally out of specification tank 
chemistry, were therefore not funded in favor of the resolution of immediate risks. 
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The above listings are just a sampling of the recommendations under development and 
evaluation, and Reference 2 contains a complete description of these life extension options. The 
EP will reconvene to review new test and evaluation data, newly developed models and test 
results for natural mixing mechanisms (for caustic to enter into the sludge/salt-cake layers at the 
tank bottom), and the feasibility of longer term studies to better define SCC on the extended time 
scale the DSTs will need to remain in service. 

CONCLUSION 

The DST Life Extension Program has two key goa ~, 1) maximize the useful life of the DSTs 
and 2) evaluate DST integrity to accurately predict useful tank lie. Program results to date 
indicate that the useful life of the tanks can be extended beyond their design life. These tanks 
can therefore provide an extended waste receiving and staging function for the Hanford High- 
Level Waste Treatment Complex. The DST Life Extension Program is also developing the 
necessary capabilities to baseline tank integrity and extrapolate out to derive expected tank life. 
This will allow the Hanford High-Level Waste Treatment Complex to accurately plan for the use 
of and the potential replacement of these critical DSTs over the course of High-Level Waste 
retrieval and treatment at the Hanford Site. 
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The DSIs were consmicted o P  good alloys, with thick, stress relieved walls, which appear to 
have weathered this past neglect. I3owever. if the IXTS are to remain viable for the expccted 
duration of thi: mission, waste chmistry must bc maintained within specifications in accordance 
with ?l'ahle 11. [)%' waste. chemistry compliance to Specif'icatioiis is now a Technical Safe.ry 
Keyuuement (TSK) in recognition of its importance. These protective 'I'SK level controls are 
CoUpkd with rcquire.ments for frequent sampling and analysis of tank chemistries, to veriry both 
compliance arid the effeci. o l  any chmical  additions that have been made to adjust chemistry. 
Furthei-more. there h a  bten work performrd to increase the accuracy of caustic depletion models 
that predict when tanks will kcome out. 0 1  specification. This predictive bitsis will support 
proactive management; it will facilitate lime1)t planning and budgeting to ensure imk chemistry 
is inaintaineti in specification. 

Al)I)I?'IONAL 1)SI' LIFE EXTENSION OPTIONS 

'I'hc til' madc several additional recomrnendations (2) arid options for DST life extension. wii 
these are hcing pursued and evaluated. These options to htr accoinplished in FY 2002 include: 

Clontirrucd development of Electrochemical Noise (EN) probes for direct, real time, detcciion 
o l  in-tank corrosion. ['This is an EM-SO 'WA project that has already had sc?vc?rid in-timk EX 
probe assemblies in place ar Harif'ord (see Figure 3).] 
1 kvelop [)Yt repair technologies and options, such as weLd repair, epoxy patches. and 
mechanical plugs. This is also an 13vI.50 TFA sponsored program k i n g  Icd hy the Savmiah 
River Si.te. 
Dwclop a waste heel lay-up procedure to ensure that pumped down tanks remain free of' 
corrosion. 
E:\'iIluiHe the modilications necessary t.o inhibit dilute addirions (e.g., condensate retiii-n 
water. piping Ilush water, etc.) to the IXT waste. 
Clontinue development and dejfii>yme.nt o l  T-SMT and EMAT (as discus%d in the. UTI' 
sz.tion above!. 

Fig. 3. ?bird generation EN probe design used in DST AN-105. 
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