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Introduction and Background 

The Hanford Site has 177 underground waste tanks that store approximately 253 million liters of 
radioactive waste from 50 years of plutonium production [1-4]. Tank waste is in liquid, solid, 
and sludge forms. Tanks also contain a vapor space above the solid and liquid waste regions. 
Leaks began to appear in the single-shell tanks shortly after the introduction of nitrate-based 
wastes in the 1950s. Leaks are now confirmed or suspected to be present in a significant number 
of single-shell tanks [l]. The probable modes of corrosion failures are reported as nitrate stress 
corrosion cracking (SCC) and pitting [2]. No leaks have been recorded in the Hanford Site’s 
double-shell tanks (DSTs). A new program is being developed to upgrade the site’s current 
corrosion monitoring strategy for DSTs. 

Previous efforts to monitor internal corrosion of waste tank systems at Hanford and other DOE 
sites have included linear polarization resistance (LPR) and electrical resistance techniques [5-61. 
These techniques are most effective for monitoring uniform corrosion, but are not well suited for 
the detection of localized corrosion (pitting and SCC). A two year laboratory study was started 
at Hanford in 1995 to provide a technical basis for using electrochemical noise (EN) based 
corrosion monitoring systems for monitoring corrosion in Hanford nuclear waste tanks [7]. 
Based on this study, a prototype system was constructed and deployed in DST 241-AZ-101 in 
August, 1996 [8]. Based on the successful demonstration of this prototype for more than a year, 
a first-generation full-scale system was designed and installed into DST 241-AN-107 in 
September 1997 [9]. A second-generation full-scale system similar to the 241-AN-107 system 
was designed, fabricated and installed in DST 241-AN-102 in August 1998 [lo]. A third- 
generation full-scale system was deployed into DST 241-AN-105 in January 2000 [ l  11. 

All four of Hanford’s EN based corrosion-monitoring systems measure instantaneous 
fluctuations in corrosion current and potential between sets of three nominally identical mild 
steel electrodes (a working, a counter, and a pseudo-reference electrode) positioned on 
instrument trees within the waste tanks. The fluctuations in current and potential are caused by 
corrosion of the electrodes. It has been shown that each type of corrosion phenomenon presents 
a unique relationship between corrosion current and potential transients in the temporal data [12- 
301. 

Milestone Numbers A.3-1 and A.3-2 of TTP RU)-9-WT-41 demand that several of Hanford’s 
corrosion monitoring systems be tied together for operation from a single location. This report 
documents the general design of Hanford’s corrosion monitoring systems and how they will be 
tied together into a new integrated corrosion monitoring station. 

In-Tank Instrument Tree Design 

Hanford’s corrosion monitoring systems are formed from two basic parts: the in-tank instrument 
tree and the ex-tank instrumentation. The in-tank instrument trees used to deploy corrosion 
monitoring electrodes into each of the instrumented tanks are similar in design. General design 
features are as follows: 

2 



RPP-5695, Rev. 0 

0 The probe is fabricated from materials capable of providing at least five years of service. 
Typically this is 304/304L dual rated stainless steel. 
The probe is designed to fit through a 10.2-cm (4.0 in.) diameter riser. 
The probe design facilitates decontamination by minimizing areas of liquid retention. 
All materials are capable of withstanding temperature ranges up to 100°C. 
All materials are capable of withstanding liquid phase pH ranges from 7 to 14. 
All materials are capable of withstanding radiation levels up to 1000 R/hr. 
Conductor/feed-through connections are angled to withstand probe flexure. 
Probe incorporates eight channels of EN electrodes plus other equipment depending on 
tank riser selected for installation. Other pieces of equipment incorporated on some or all 
of Hanford’s systems include thermocouples, strain gauges, pressure ports, gas sampling 
ports, and high-level detectors. 
Systems are designed to collect EN data on four channels of C-ring type electrodes. 
One electrode of each C-ring array is pre-cracked and strained prior to immersion. 
Systems are designed to collect EN data on four channels of bullet shaped electrodes. 
EN electrodes are fabricated from archived ASTM A-537 CL 1 mild steel. 
Electrodes are electrically isolated from probe through the use of glass-lined feed 
throughs and radiation resistant EPDM O-ring gaskets. 
Probe body serves as grounded shield to reduce unwanted interference in the data. 

The tank-intrusive portion of the system is manufactured by Hiline Engineering and Fabrication 
in Richland, Washington and has passed Hanford site structural analysis and seismic analysis for 
non-safety class equipment [31,32]. 
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Data Collection 

The following are the primary design features of the softwarehardware used to collect data from 
the tank-intrusive portion of the probe: 
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Current and voltage EN data is collected in an automated, user configurable fashion. 
Data are recorded at a rate of one measurement per second. 
Systems simultaneously monitor eight channels of EN electrodes. 
Systems are capable of periodically conducting LPR scans at user-configurable intervals. 
Systems are housed in climate controlled enclosures close to riser used for deployment. 
Systems use Hanford Local Area Network (LAN) to transmit data for analysis. 
Systems can be operated with commercial remote access software. 
Above ground wiring uses driven shields to reduce external electrostatic noise in the data. 
MTL Model 755-AC shunt-diode type intrinsic safety barriers are used on all conductors. 
The operating software is compatible with site standard desktop PCs. 
All data is stored in ODBC and SQL compatible databases. 

The data collection hardware is manufactured by Petroleum Research Products (PRP), Ltd. The 
data collecton software is an Amulet system produced by Corrosion & Condition Control, Ltd. 
The design of the corrosion monitoring system has been reviewed by the Hanford Site 
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Flammable Gas Equipment Advisory Board and is bounded by report FGEAB-97-040, Rev. 2 
WI. 

Existing System Designs 

Currently the corrosion monitoring systems associated with tanks 241-AN-102, 241-AN-105, 
and 241-AN-107 are each configured differently and housed in different areas of the 200E tank 
farms at the Hanford Site. 

241-AN-102 System 

Figure 1 shows the existing configuration of the 241-AN-102 system. The in-tank portion of the 
241-AN-102 corrosion probe is housed in riser 241-AN-102-WST-RISER-016 of DST 241-AN- 
102. 

25 Shunt-diode type 
intrinsk safety barriers 

Fence 

Multi-c onductoi 
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. . . . .  

/ 

Corrosion monitoring 
equipmentlcomputer 

I / 
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Sludge Waste intrusive portion of the probe 

Figure 1 : As-built configuration of the 241-AN-102 corrosion monitoring system 

Belden 1061A data cable is used to transmit data from the in-tank probe to the data collection 
hardware. The data cable extends from the top of the corrosion probe approximately 300 feet 
into the 241-AN-274 caustic addition building where it passes through MTL Model 755 AC 
intrinsic safety barriers before final termination in the PRP corrosion monitoring hardware. No 
connection was made to the Hanford LAN at the time of installation due to budgetary 
restrictions. Data collected from this system must currently be manually downloaded and carried 
to a separate computer for analysis. 
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241-AN-105 System 

Figure 2 shows the existing 241-AN-105 corrosion monitoring system. The in-tank portion of 
the 241-AN-105 corrosion probe is housed in riser 241-AN-105-WST-RISER-016 of DST 241- 
AN-105. 

Weathertight. climale 
controlled cabfflel housing 
corrosion monitoring 
hardware and shunt-diode type 
Lnlrinsic safely barriers 

2750E Fence 
Building Belden 9842 data 

cable leading to data 

Riser 241-AN-105-WST-RISER-016 241-AN-271 
. . . . . . . . ~ ~ .  

\ 
Data analysis computer 

Data collection1 
analysis compuler 

Waste intrusive portion of the probe 

Figure 2: As-built configuration of the 241-AN-105 corrosion monitoring system 

Belden 8178 data cable is used to transmit data from the in-tank probe to the data collection 
hardware. The data cable extends from the top of the corrosion probe approximately 10 feet into 
a climate-controlled weather-tight enclosure mounted adjacent to the riser. The data cable then 
passes through MTL Model 755 AC intrinsic safety barriers before final termination in the PRP 
corrosion monitoring hardware. The data signal is digitalized by the PRP equipment and 
transmitted through Belden 9842 cable approximately 500 feet into a data analysis computer 
housed in the 241-AN-271 instrument building. The data analysis computer is connected to the 
Hanford LAN through an Asymmetric Digital Subscriber Line (ADSL). Data can be analyzed 
remotely from any computer connected to the Hanford LAN 

241-AN-107 System 

Figure 3 shows the existing 241-AN-107 corrosion monitoring system. The in-tank portion of 
the 241-AN-I07 corrosion probe is housed in riser 241-AN-107-WST-RISER-016 of DST 241- 
AN-107. Belden 1220B data cable is used to transmit data from the in-tank probe to the data 
collection hardware. The data cable extends from the top of the corrosion probe into Model 
MTL 755 AC intrinsic safety barriers then runs approximately 500 feet into the 241-AN-271 
instrument building where it terminates at corrosion monitoring hardware manufactured by 
Capcis March Ltd (CML). 
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Figure 3: As-built configuration of the 241-AN-107 corrosion monitoring system 

The CML hardware is connected to the data analysis computer with an IEEE 488 cable. The 
data analysis computer is connected through an ADSL to the Hanford LAN. Data can be 
analyzed remotely from any computer connected to the Hanford LAN. 

Integrated System Design 

The integrated system will be physically located in the 241-AN-271 instrument building and will 
house the 241-AN-102, 241-AN-105, 241-AN-107 corrosion monitoring systems plus any future 
systems to be installed in 241-AN farm. The system is comprised of indoor cabinetry, data 
collection computers, corrosion monitoring equipment, and cabling to tie the remote systems to 
the Hanford LAN. This system is designed to meet the requirements of Milestone Numbers A.3- 
1 and A.3-2 of TTP RLO-9-WT-41. Once installed, this system will provide a centralized data 
analysis and control station for all tanks instrumented for corrosion monitoring in the 200E area 
tank farms. 

Since the configuration of each of the existing corrosion monitoring systems currently installed 
in 241-AN-102, 241-AN-105, and 241-AN-107 is somewhat different, different pieces of 
equipment will be installed for each system in the final integrated cabinet. Based on the 
performance of the 241-AN-105, the 241-AN-102 and 241-AN-107 systems plus any future 
systems may be upgraded to match the configuration of the 241-AN-105 equipment. The design 
of the integrated system will allow for such upgrades. 
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The 241-AN-271 instrument building will serve as the centralized location for the corrosion 
monitoring systems operating or planned for operation in the 200E area tank farms. A dedicated 
Rittal Model PC-4603-703 instrument cabinet will be permanently installed in this building to 
house the instrumentation associated with these systems. Specific pieces of equipment to he 
installed in the cabinet include four Dell Optiplex GX-1 computers for data collection and 
analysis, the PRP corrosion monitoring hardware for tanks 241-AN-102 and 241-AN-107, a 
MultiSync 15” computer monitor, Blackbox switch gear (part numbers SW-722A-R3, EHN-05 1- 
0005, and EHN-054-0005), a SmartPro model SMART700RM uninterupted power supply 
(UPS), an Allied Telesyn eight-port unmanaged 10Base-T Huh (model AT-MR820TR) 
AUI/BNC/UTP uplink to tie the computers into a single ADSL, and the Westel ADSL 
equipment (ATU-C Part # A90-320504EB and ATU-R Part # A99-FC2RT-RT1000) to tie the 
field computers to the Hanford LAN. Pending the succesful demonstration of the 241-AN-105 
system, the PRP hardware for 241-AN-102 and 241-AN-107 located in the integrated system 
cabinet will he removed and relocated in separate enclosures by the appropriate risers in the 
field. The control/data collection computers for these two systems will remain in the integrated 
system cabinet. 

Summary and Conclusions 

Milestone Numbers A.3-1 and A.3-2 of TTP RLO-9-WT-41 demand that several of Hanford’s 
corrosion monitoring systems he tied together for operation from a single location. Primary 
design features of this new integrated system are as follows: 
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e 

e 

e 

e 

[I1 

Existing EN based corrosion monitoring systems currently operating in DSTs 241-AN- 
102 and 241-AN-107 will he controlled from the new integrated system cabinet. 
The new EN based system installed in 241-AN-105 will he controlled from the new 
integrated system cabinet. 
Future corrosion monitoring systems in the 241-AN farm will he controlled from the new 
integrated system cabinet. 
The current configurations of the 241-AN-102 and 241-AN-107 systems are different 
from the 241-AN-105 system. If the 241-AN-105 system outperforms the 241-AN-102 
and 241-AN-107 systems, the 241-AN-102 and 241-AN-107 systems will he upgraded to 
match the 241-AN-105 system design. The new integrated system design will facilitate 
these configuration changes. 
At the conclusion of install, all systems will utilize the same corrosion monitoring 
hardware manufactured by PRP Ltd. and the same software manufactured by Corrosion 
& Condition Control, Ltd. 
All corrosion monitoring system housed in the integrated system cabinet will he tied to 
the Hanford LAN through the use of commercially available ethemet and ADSL 
equipment. 
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