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The Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) 
Milestone M-23-24, "Submit Single-Shell Tank Integrity Assessment Report and Associated 
Certification(s) and Determination(s) Pursuant to 40 CFR 265.191," requires that an integrity 
assessment be performed on the Hanford Site single-shell tan1cs (SSTs) and SST ancillary 
equipment. The Tri-Party Agreement stated objective is to 

determine the SST system integrity, and whether or not the SST tank system is adequately 
designed and has sufficient structural strength and compatibility with the waste to be stored or 
treated to ensure that it will not collapse, rupture, or fail. 

Based upon the integrity assessment described in this report, it is concluded that the reinforced 
concrete tan1c structures have an adequate collapse margin, justifying a continued safe storage of 
the interim-stabilized waste. However, given the tan1c leak history and current condition of the 
tank liners, long-term leak integrity, for the liquids remaining in the tanks, cannot be proven for 
any of the SSTs. 

The SSTs consist of a group of 149 tanks, divided into 133 large-capacity tanks (500,000 gallon 
to 1 million gallon) and 16 relatively small-capacity tanks (55,000 gallon), clustered within 
12 tank farms in the 200 Areas of the Hanford Site near Richland, Washington. The SSTs are 
underground, steel-lined, reinforced concrete structures that contain a variety of solid and liquid 
wastes resulting from several decades of nuclear fuel processing and radionuclide recovery 
processes conducted at the Hanford Site. The tanks were built from 1943 to 1964 resulting in a 
current average tank life of about 50 years. Although no design life is formally declared in the 
SST final design specifications, the common understanding is that the intended SST design life is 
about 25 years, indicating that all tanks are well beyond their intended design life. All SSTs 
were administratively removed from service as receivers of waste by November of 1980. 
Administratively, the tanks are considered "out of service," meaning they receive no additional 
waste; however, from the regulation viewpoint they remain as active containers of waste. 
The tan1cs maintain an important environmental protection role until retrieval and closure 
operations are completed. 

Ancillary equipment that supports SST tan1c operations is also a part of the SST system. 
This equipment includes subordinate systems and components that may be used to treat, store, or 
transfer hazardous and/or mixed waste within the boundary of the SST system. The age of the 
ancillary equipment ranges from approximately 20 to 50 years. As with the SSTs, no formal 
design life is stated in the design specifications for the ancillary equipment. 

The scope of this integrity assessment covers all 149 SSTs and in-use ancillary equipment for 
use in waste transfers (18 underground pipelines and 45 pits), as defined in Section 1. 1 and 
Appendix H. Tri-Party Agreement Milestone M-23-24 includes a list of information to be 
included in the SST system integrity assessment report. The specific sections in the integrity 
assessment report that address each of the Milestone M-23-24 requirements are listed in 
Table 1.2 of this report. 
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A number of the SSTs have been declared to be leaking. The first SST leak was detected in 
1959. Since 1959, additional SST leaks have been declared, leading to the current list of 
67 declared "confirmed or assumed leakers." Various programs have been utilized for 
addressing the SST leaks. Currently, the Interim Stabilization Program is in effect, which has the 
objective ofremoving all pumpable liquids from the SSTs. As of February 2002, 129 of the 
149 SSTs had been interim stabilized, with the stabilization program scheduled to be completed 
by September 2004. 

Given that the Interim Stabilization Program is the current "Consent Decree" program for 
dealing with SST leaks by removing liquids, the emphasis of Milestone M-23-24 assessment is 
the current and future SST structural integrity. The dominant SST structural integrity issue is 
collapse of the tank dome. Thus, the critical SST integrity assessment issue is the safety margin 
against dome collapse for the current time through the waste retrieval and closure period. 
Specifically, there must be reasonably high confidence that the dome, and its supporting 
structure, maintain sufficient capacity to carry the current soil overburden and equipment loads 
associated with SST operations and waste retrieval activities. 

The fact that all 149 SSTs have operated with no indicators of significant structural damage for 
an average tank life of about 50 years is a very positive indicator of structural integrity. . 
Specifically, over 20 years of dome elevation measurements have shown no measurable evidence 
of tank dome subsidence, indicating that the tanks remain structurally stable. Evaluations of over 
4,000 in-tank photographs and videotapes have consistently shown no indication of major 
structural degradation for the visible portions of the tanks. The under sides of all domes (most 
important structural component in the larger tanks) are fully visible and no indicators of 
significant structural degradation were found. The visible portions of tank liners in the SSTs 
categorized as leakers, appear to be fully intact (no areas of missing liner). For example, all liner 
stiffeners, which are subject to corrosion on both sides, remain in place with no apparent 
attachment weld failures. Further support for the SST structural adequacy comes from a long 
series of structural evaluations and a scale model testing program which have consistently 
predicted large margins against dome collapse. 

To ensure an adequate margin against dome collapse through the period of waste retrieval and 
closure, all known potential reinforced concrete degradation mechanisms (past and future) have 
been reviewed. The primary potential degradation mechanisms for the SSTs are the following: 

• Corrosion of the reinforcing bars, 

• Degradation of the concrete mechanical properties due to past high temperature exposure, 
and 

• Caustic waste chemical exposure damage of the concrete in leaking tanks. 

A brief summary of the results of the review of these concrete degradation mechanisms follows. 
The results of the review indicate that the collapse safety margin has not been jeopardized by 
past degradation. It is also emphasized that the environment associated with these potential 
mechanisms has been improving over the past few decades (i.e., significantly lower temperatures 
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and a large reduction in liquid waste inventory). Thus, the rate of future tank degradation should 
be significantly slower when compared to the relatively aggressive operating environment of the 
past and is not expected to substantially reduce the current collapse margins. 

Examination of the bottom surface of the SST domes using available photographs and videotapes 
has shown no signs of significant corrosion of the dome reinforcing bars. Significant corrosion 
of concrete reinforcing bars (rebar), as a result of vapor space condensate exposure, would have 
been manifested in the form of cracks and/or spalling in the concrete surface and rust stains 
following the layout pattern of the rebar adjacent to the concrete surface. For the concrete 
structure below the domes, the liner protects the concrete and rebar from direct contact with the 
caustic waste. However for tanks with breached liners, a rebar corrosion potential exists at liner 
leakage locations, with the highest potential in the SSTs with the larger leaks. Major rebar 
corrosion below the dome, jeopardizing dome stability, would be expected to be manifested in 
SST dome elevation survey data. Based upon a review of the dome elevation measurements and 
visual examinations, with emphasis on the relatively high volume leakage tanks, no indication of 
dome instability has been found. This finding indicates that if any rebar corrosion damage has 
occurred below the domes in tanks that have leaked, it is likely local in nature and does not 
compromise the SST structural integrity of the domes. 

Some of the SSTs have been exposed to relatively high waste sludge temperatures for extended 
periods of time, with at least one tank (tank A-106) exposed to about 2 years of waste sludge 
temperatures above 400 °F and a peak temperature of about 600 °F. Although the maximum 
temperatures in the load bearing concrete ( dome, walls, and footing) are significantly lower, 
thermal degradation has occurred in the high-temperature tanks. Currently, the temperature of 
the waste in all tanks is below 200 °F, with most below 100 °F (see Figure 2.3). Based upon 
published Hanford concrete test data described in Appendix F, the tanks exposed to past waste 
temperatures greater than 350 °F (AX farm design temperature) could have experienced concrete 
strength reductions of up to 35%, depending on the temperature history of the tank. 
An extensive database was generated in the late 1970s to early 1980s to quantify the effects of 
high temperature on the mechanical properties of SST concrete. Rigorous structural evaluations 
considering the effects of high temperature exposure of one of the high-heat tanks (tank C-106) 
have indicated that high temperature exposure has not jeopardized the stability of the SST domes 
and supporting structure. This conclusion is further supported by the lack of structural distress 
observed in a review of the visual examinations and dome elevation survey data for the high 
temperature tanks. 

For tanks that have leaked, the concrete has been exposed to the effects of caustic waste in the 
region of the leak. The extent of the concrete exposure and damage from leaking waste is not 
known, largely because of the inaccessibility for examination of the concrete where leaks have 
occurred. Test data on the effects of SST waste exposure on concrete, generated in the 1970s 
and 1980s, indicate a large range of potential concrete damage depending on the volume and 
temperature of the waste fluids coming in contact with the concrete. Examinations of the areas 
of tank liners available for visual inspections have consistently shown that the liners are intact, 
indicating that leaks in the liners are generally local in nature. Results of borehole leak 
investigations have also indicated that leakage through the concrete tanks is local. These 
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findings, coupled with the porous nature of the surrounding soil (i.e., no pooling of the waste 
fluids around the tank), support the position that the SST leak paths are local, precluding 
widespread damage to the concrete tanks. Concrete damage confined to local areas adjacent to a 
leak should not jeopardize the tank overall stability. This position is further supported by the 
tank visual and dome elevation survey data, which currently provide no indication of dome 
instability in tanks with high-volume leaks. 

Because SST leakage and temperatures have significantly diminished in recent decades, coupled 
with the reduced liquid waste volumes associated with the Interim Stabilization Program, it is 
likely that future degradation will be small relative to the past and the dome collapse margin will 
remain adequate for the remaining period of SST waste storage through retrieval and closure. 

In addition to the evaluation of the waste contact and temperature-related concrete degradation 
mechanisms discussed above, the existing SST waste characteristics were reviewed to assure that 
the current waste parameters are within the defined design envelopes and operational safety 
limits for the tanks. The tank waste characteristics are divided into two categories: 

• Basic design-related characteristics-temperature, corrosivity, specific gravity, and 
homogeneity 

• Waste characteristics that may lead to beyond design basis events-including flammable 
gas burn, waste fire, unstable chemical reactions, nuclear criticality. 

As demonstrated in Section 3.2, the tank waste parameters are currently within appropriate tank 
design envelopes and safe operating limits. 

Milestone M-23-24 also requires evaluation of the SST ancillary equipment. Only a small 
portion of the original SST waste transfer piping and pits is being used. This report focuses on 
the system to be used, which is appropriate because this selected set of piping and pits includes 
most of the design configurations employed for waste transfer since the early 1950s. At the time 
that the piping and pits were designed and constructed, nationally recognized design standards 
were in place that controlled materials, construction methods, quality control, and startup testing. 
Various corrosion protection methods were utilized for the piping that included protective 
coatings and cathodic protection. Visual inspections have been periodically performed on a 
number of the pits, which has consistently indicated that the pits are structurally sound. 
The integrity assessment for this set of piping and pits concluded that the components are not 
totally compliant with the current regulatory requirements, particularly for secondary 
containment and leak testing of the piping. Based upon several years of operating experience, a 
number of control measures and practices have been developed which enable the transfer of 
waste through the existing system of piping and pits with relatively low risks of adverse 
consequences to operations personnel and the environment. 

The SST integrity assessment has yielded the following conclusions: 

• The SST system is not in compliance with the leak integrity requirements specified in 
40 CFR 265.191. Nearly half of the SSTs have been declared assumed or confirmed 
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leakers and the SST system pipelines and pits do not conform to all of the tank integrity 
regulations associated with secondary containment and leak testing of the piping. 

• Based upon the current structural integrity assessment and evaluations of potential 
degradation mechanisms, it is concluded that the SSTs are structurally adequate. Given 
the relatively benign tank operating environment, coupled with the reduced liquid waste 
volumes associated with the Interim Stabilization Program, it is likely that future 
degradation will be small relative to the past and the dome collapse margin will remain 
adequate for the remaining period of SST waste storage through retrieval and closure. 

• The current waste characteristics are within the appropriate tank design envelope and safe 
operating limits. 

The uncertainties, associated with the above conclusions, are addressed in the conclusions 
section of the report. The most significant structural uncertainty is the condition of the 
reinforced concrete basemat and footing, due to the inaccessibility for inspection. Whatever the 
current condition of the basemats and footings, dome surveillance data shows no evidence of 
significant structural distress in the dome. As indicated in the report conclusions, the dome 
elevation/visual inspection surveillance data provide early indicators of a pending dome collapse. 
It is emphasized that in order to maintain sufficient confidence in the SST structural integrity for 
future operations through closure, it is necessary to periodically monitor the condition of the SST 
domes for signs of structural distress. 
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Certification requirements from 40 CFR 265.191(a), "Assessment of Existing Tank System's 
Integrity," specify that an owner must obtain "a written assessment reviewed and certified by an 
independent, qualified, registered professional engineer" that attests to the tank system's 
integrity. Specific required components of the integrity assessment are given in 40 CFR 265.191 
on such topics as structural strength, waste compatibility, leak testing, etc. to assure that the tank 
systems "will not collapse, rupture, or fail." As discussed below, these integrity-related terms 
are not included in the certification statement specified by TPA Milestone M-23-24. 

The TPA Milestone M-23-24 specified certification statement is consistent with the very general 
certification requirements given in 40 CFR 270.11 ( d)(l ). Since the 40 CFR 270.11 certification 
wording is not specific to tank integrity, it simply states that the information in the integrity 
report, is believed to be "true, accurate, and complete." Since many of the tanks have a history 
of leakage, the certification obviously does not, for example, attest to the tank systems leak 
integrity. The certification statement words "true" and "accurate" indicate that there has been no 
falsification of the data presented in the report. However, the nature of the SST integrity 
assessment requires that a significant amount of data interpretation and engineering judgment be 
applied in order to obtain meaningful conclusions. 

The certification statement word "complete" means that the data reviewed for the integrity 
assessment, extracted from the voluminous SST system data, was reasonably sufficient to 
perform a meaningful integrity evaluation. It also means that in our judgment, the information 
included in the integrity report is sufficient for the reader to understand the basis for the 
conclusions reached in the assessment. 

The multi-disciplined, comprehensive nature of the SST integrity assessment resulted in the need 
for a division in the certification responsibility as indicated in the multiple stamping provided 
below. In addition to the responsibility division indicated in the multiple stamping, it is 
emphasized that each of the individuals involved in the preparation and review of the appendices 
is a senior engineer, with the appropriate education and experience to address the integrity issues 
associated with the specific appendix. 
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This Single-Shell Tank System Integrity Assessment Report documents the information available 
to assess the Hanford Site single-shell tanks (SSTs) and ancillary equipment. The report was 
produced in response to the obligations set forth in the Hanford Federal Facility Agreement and 
Consent Order (Tri-Party Agreement) Milestone M-23-24, "Submit Single-Shell Tank System 
Integrity Assessment Report and Associated Certification(s) and Determination(s) Pursuant to 
40 CFR 265.191." 

Milestone M-23-24, in summary, requires that the SST system be evaluated to determine 
whether or not the system "is adequately designed and has sufficient structural strength and 
compatibility with the waste(s) to be stored or treated to ensure that it will not collapse, rupture, 
or fail." To accomplish this effort, the assessment must consider five categories of information: 

• Design standards, 
• Waste characteristics, 
• Corrosion protection, 
• Age of the facility, 
• Integrity examinations. 

The first four items are reviews of documentation, the last item is a leak test or other field 
examinations that determines if the tank is leaking. The complete Milestone M-23-24 wording is 
provided in Table 1.1. Note that the above five assessment categories are expanded in the 
milestone wording (A through E) and correspond to the minimum assessment requirements in 
40 CFR 265.191, (b) (1) through (b) (5). Also note that in the fifth paragraph of the milestone 
that it states that an integrity report "shall document, at a minimum, all information gathered for 
the SST system to meet the requirements of 40 CFR, Subpart J, Part 265 .191." This requirement 
is followed by a list of documentation requirements which are grouped into five groups 
(A through E) corresponding to the 40 CFR 265.191 (b)(l) through (b)(5) regulatory requirement 
groups. This Milestone list of documentation requirements is summarized in Table 1.2. 
Table 1.2 also includes two columns indicating the section in the integrity assessment report 
where each specific Milestone M-23-24 documentation requirement is addressed for the tanks 
and transfer lines and pits, respectively. 

1.1 SCOPE 

The scope of this assessment includes all 149 SSTs and the associated ancillary equipment that 
has currently been identified for use. Ancillary equipment within the SST system includes 
subordinate tank systems, vaults, transfer pipelines, pump pits, lift stations, catch tanks, 
unloading stations, and any other component that has been, is, or may be used to treat, store, or 
transfer hazardous and/or mixed waste, within the boundary of the SST system. Appendix H 
describes these SST systems as "in-use," which have a current or future mission, or "not-in-use," 
which have no currently identified future mission. Ancillary equipment that is identified in 
Appendix Has "not-in-use" is not within the scope of this integrity assessment and will be 
addressed in the SST system Resource Conservation and Recovery Act of 1976 (RCRA) closure 
plan. 
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SUBMIT SINGLE-SHELL TANK SYSTEM INTEGRITY ASSESSMENT REPORT 
AND ASSOCIATED CERTIFICATION(S) AND DETERMINATION(S) 

PURSUANT TO 40 CFR 265.191. 

This report shall document and assess the integrity ofDOE's SST system pursuant to the requirements of 40 CFR 265.191 . 
The SST system is comprised ofDOE's one hundred-forty nine (149) SST's and their ancillary equipment. 

This report shall be certified by an independent, qualified, registered, professional engineer (IQRPE) attesting to the tank 
system's integrity (see certification at M-23-24) and shall contain a conclusory statement as to DOE's determination that the 
(SST) tank system either is not leaking or is unfit for use pursuant to 40 CFR 265 .191 . 

For other than non-enterable portions of the SST system which DOE finds fit for use (pursuant to 40 CFR 265.191) by means 
other than leak testing pursuant to 40 CFR 265.191 (b) (5), such assessment/ findings may be conducted in accordance with 
the practices described in the American Petroleum Institute (API) Publication, guide for inspection of refinery equipment, 
Chapter XIII, Atmospheric and Low-Pressure Tanks. 

DOE's report shall have the objective of determining SST system integrity, and whether or not the (SST) tank system is 
adequately designed and has sufficient structural strength and compatibility with the waste(s) to be stored or treated to ensure 
that it will not collapse, rupture, or fail. 

The SST system integrity assessment report shall document, at a minimum, all information gathered for the SST system to 
meet the requirements of 40 CFR, Subpart J, Part 265.191 ( 1), (2), (3), ( 4), (5)(i) and (5)(ii), including the following: 

A. 40 CFR 265 .191 (b )( 1) - Design Standards: A concise and specific description: of the materials 
used in construction, construction methods employed, quality control, and testing performed on 
materials, and the final structure, prior to being placed in service, all engineering codes 
referenced for construction, design operating specifications, and a presentation of all calculations 
employed to determine each structures design strength, and useful life. An evaluation of the 
design life of each SST system component shall be described, based on all data gathered, waste 
compatibility with the materials of construction, history of corrosion protection, operational 
history (including any documented or detected leaks), schematics depicting the location of tank 
breaches if known, visual examinations, and any other sources of tank integrity assessment 
information gathered for each tank and associated SST system ancillary equipment. DOE' s 
report shall also include a tabular listing by component equipment number, of all transfer 
pipelines within the SST system, describing the materials of construction, and compliance with 
secondary containment requirements. 

B. 40 CFR 265.191 (b)(2)-Hazardous characteristics of the wastes that have been, or will be handled: A 
concise and specific presentation describing the compatibility of the waste stored in each tank with the 
tank structure and materials. This presentation shall include the following at a minimum: Waste 
chemical characteristics and properties such as corrosivity, temperature, homogeneity, organic content, 
specific gravity, gas retention and generation, flammability, and a comparison between the waste 
currently stored, and/or proposed to be stored in each tank to the design operating specifications for 
each tank. · 
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C. 40 CFR 265.191 (b)(3)-Existing corrosion protection measures: A thorough description and 
history of all corrosion protection measures employed for all transfer systems ( e.g., caustic flushes), 
within each SST since completion of construction. This history shall include a description of all 
sampling and analysis performed to monitor the status of corrosion inhibitor adjustments to the 
chemical composition of the waste within each SST, or transferred through SST transfer system 
lines. 

D. 40 CFR 265.191 (b)(4)-Documented age of the tank system: The age of each component of the 
SST system, including the SST's and their ancillary equipment, shall be described, including the 
completed construction date, the date placed in service, and the date of first receipt of waste. 

E. 40 CFR 265.191 (b)(5) - Results ofleak test(s), internal inspection(s), or other tank integrity 
examinations for each tank and associated ancillary equipment, including the following: 

The results of all examination(s) of the primary containment structure of each of the 149 SST's and their 
ancillary equipment 

The results of corrosion probes existing in each tank, results of testing on simulated tank structures, or 
materials, and studies of the effects of waste stored within each tank on the tank's materials of construction. 
all corrosion studies of any transfer pipelines shall also be included in this integrity assessment report. 

The results of leak and/or pressure testing, including associated testing regimen and specifications for all SST 
waste transfer systems. 

A summary, in tabular form or otherwise, of observations and conclusions from all visual examinations by 
direct observation or remote camera surveillance, within each SST. This summary shall include observations 
and conclusions from all visual observations by direct observation or remote camera surveillance, taken within 
SST system ancillary equipment ( e.g., valve pits, pump pits, double-contained receiver tanks, catch tanks, 
vaults, transfer pipelines). All videotapes from remote camera surveillance shall be retained in the facility's 
operating record and shall be available to Ecology on request. 

Certification(s) of the single-shell tank system integrity assessment report shall be by the following statement unless another 
statement is agreed to with Ecology: 

"I certify under penalty of law that I have personally examined and am familiar with the information submitted in this 
document, and all attachments, and that, based on my assessment of the plans and procedures utilized for obtaining this 
information, I believe that the information is true, accurate, and complete. I am aware that there are significant penalties for 
submitting false information, including the possibility of fine and 
imprisonment." 
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Table 1.2. SST Inte2rity Assessment Documentation Compliance to M-23-24 Requirements 
M-23-24 Tank Piping/Pits 

Requirement Specific SST Integrity Report Requirement Compliance Compliance 
Callout Section Section 

A Design standards, construction methods and materials, 2.1.2 3.1 
quality control/testing, and referenced engineering codes 
Structural design strength calculations 2.1.3 3.1 
Useful life of each SST system structure 2.6 3.6 
Design life of each SST system structure 2.4 3.1 
Compatibility of wastes with construction materials 2.3.2 3.3 
Corrosion protection history 2.3.1 3.3 
Operational History 2.1.4.1 3.4 
History of documented or detected leaks including 2.1.4.2, 2.3.2 3.5 
depiction of locations of tank breaches, if known and App. A 
Visual examinations 2.5.1 3.5 
Other tank integrity assessment information 2.5.2 NIA 
Tabular listing of all transfer pipelines describing NIA 3.0 and 
construction materials and compliance to secondary AppendixB 
containment requirements 

B Waste characteristics: corrosivity, temperature, 2.2 3.2 
homogeneity, specific gravity, comparison of current 
waste relative to design operating specification 
Waste hazardous characteristics: organic content, gas 2.2 3.2 
retention and generation, flammability 

C Corrosion protection measures, historical and present 2.3.1 3.3 
D Documented age of the tank system components 2.4 AppendixB 

including the construction date, the date placed in service, 
and the date of first receipt of waste. 

E Results of leak and/or pressure testing 2.5.3 3.5 
Results of all primary containment examinations 2.5 3.5 
Results of corrosion probes, corrosion testing, corrosion 2.3.2 3.3 
studies 
Summary of all observations and conclusions from visual 2.5.1 3.5 
examinations for SST system 
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• Tank design data, including design specifications, referenced engineering codes, 
drawings, construction documentation, construction materials 

• Structural strength calculations 

• Waste compatibility data 

• Corrosion data 

• In-tank photographs and videotape inspection data 

• Dome elevation survey data 

• Operational history 

• Leak history and testing/monitoring data 

• Waste characteristics data. 

With almost six decades of service and hundreds of facilities to evaluate, there is a vast amount 
of information available. However, there is almost no direct integrity examination data for the 
reinforced concrete on the lower portion of the tanks (basemat and footing), due largely to lack 
of accessibility. The condition of the concrete basemat and footing is addressed by inference and 
deduction from other data. 

There is much in common between the in-use and not-in-use facilities. Many of the design 
features and integrity issues are common between the facilities and the results of the integrity 
assessment of the in-use facilities also may be applicable to similar facilities, currently not in
use. 

1.2 BACKGROUND 

The first Hanford production reactor, accompanying processing facilities, and waste storage 
tanks were constructed in 1943 and 1944. In 1944, a single-shell waste storage tank received the 
first waste. Over the next 15 years, the production processes were changed to reduce the amount 
of waste generated per ton of nuclear fuel processed. At the same time the production rate 
increased and the need for more waste tanks continued until the last of the 149 SSTs was 
constructed in 1964. 

The reduction in waste generation rate and intentional concentration of the waste had the 
expected consequences of concentrating the radionuclides, which increased the heat generation 
sufficiently in some tanks to cause self-boiling of the waste. With time (radioactive decay) and 
further processing of waste in the tanks, waste heat generation has been greatly reduced. 
The highest temperature waste currently in the SST inventory is about 180 °F. 
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A total of 12 groups of tanks (tank farms) were built and 4 distinct tank sizes were employed, 
ranging in storage capacity from 55,000 gallons to 1 million gallons. The tank farms are in two 
separate areas (200 East and 200 West Areas) as shown in Figure 1.1. All SSTs are belowgrade, 
reinforced concrete structures with a carbon steel inner liner covering the concrete base and walls 
up to the top of the wall. The waste was moved from the processing facilities and within the tank 
farms by ancillary equipment that includes underground steel piping, pumps, belowgrade 
concrete valve boxes (pits), and small underground steel and concrete tanks. 

In the mid-1980s, Congress passed the Resource Conservation and Recovery Act of 1976 and its 
major amendments. It was clear that the SSTs and ancillary equipment constructed between 
1944 and 1964 did not meet the new regulations set forth to implement Resource Conservation 
and Recovery Act of 1976, particularly the provision requiring secondary containment. The first 
tank leak was detected in 1959. Since then, a total of 67 tanks have been declared confirmed or 
assumed leakers. 1 To reduce the potential for additional waste getting to the environment, no 
SST has been allowed to receive waste since 1980. In 1991, the U.S. Environmental Protection 
Agency, Washington State Department of Ecology, and the U.S. Department of Energy signed 
the Tri-Party Agreement to establish the legal road map for dealing with regulatory issues. 

1.3 ASSESSMENT STRATEGY AND DOCUMENT OVERVIEW 

The presentation of the integrity assessment is divided into two groupings of SST components: 
(1) the 149 SSTs and (2) the 18 in-use transfer lines and 45 pits. The following list outlines the 
contents of this report: 

Section 1.0 - Introduction to the SST system integrity assessment that provides an overview of 
background and objectives. 

Section 2.0 - Integrity assessment of the SSTs that follows the regulatory assessment topics 
outlined in Milestone M-23-24. 

Section 3.0 - Integrity assessment of the SST system transfer lines and pits that follows the 
regulatory assessment topics outlined in Milestone M-23-24. 

Section 4.0- Conclusions based on the information provided in Sections 2.0 and 3.0. 

Section 5.0 - List of terms definitions used in the SST integrity assessment. 

Appendix A-Design and performance details of the 149 SSTs. 

Appendix B - Integrity assessment details and integrity examinations of the SST transfer lines 
and pits. 

1 Hanlon, B. M., 2002, Waste Tank Summary Report for Month Ending February 28, 2002, HNF-EP-0182, Rev. 
167, CH2M HILL Hanford Group, Inc., Richland, Washington. 
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Appendix C - Operating history of the SST system. 

Appendix D - SST leak summary. 

Appendix E - SST integrity examination findings. 

Appendix F - SST material compatibility study. 

Appendix G - SST structural analyses. 

Appendix H - A list of all in-use and not-in-use SST facilities. 
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This section provides a summary of the integrity assessment of the SSTs. The scope of this 
section is limited to the 149 SSTs. The 'integrity assessment of the transfer lines and pits is 
summarized in Section 3.0. The objective is to present a summary of the SST integrity, and to 
determine ''whether or not the SSTs are adequately designed and have sufficient structural 
strength and compatibility with the waste to be stored or treated to ensure that the tanks will not 
collapse, rupture, or fail." Milestone M-23-24 also specifies a list of documentation 
requirements for the integrity report, as discussed in Section 1.0. The specific subsection, where 
each documentation requirement is addressed in Section 2.0, is identified for both the SSTs and 
the transfer lines/pits in Table 1.2. 

Given the current SST leak integrity status, the focus of this SST integrity assessment is 
structural integrity. The dominant SST structural integrity issue is collapse of a tank dome. 
Thus, the critical SST integrity assessment issue addressed in this report is the safety margin 
against dome collapse, for the current time through the waste retrieval and closure time period. 
Specifically, there must be reasonably high confidence that the dome, and its supporting 
structure, have sufficient capacity to carry the current soil overburden and equipment loads 
associated with SST operations and waste retrieval activities through SST closure. 

The structural integrity evaluation of the SSTs involved an extensive review of the available data 
including the following: 

• Drawings, 
• Construction specifications, 
• Operating histories, 
• Structural calculations, 
• Visual observations (still photographs and videotapes taken inside the tanks), 
• Dome elevation measurements, 
• Leak monitoring data, 
• Waste characteristics data, and 
• Steel liner/concrete degrading chemical data. 

Based upon review and evaluation of the available data and engineering judgment, it was 
concluded that there is sufficient confidence in the structural integrity of the tanks to ensure 
continued safe operation through closure provided that appropriate measures are continued to 
periodically monitor the condition of the SSTs for signs of structural distress. The basis for this 
position is provided in the remainder of this section. 

Although the tank liners are designed as non-structural components, the liners do provide some 
protection for the reinforced concrete tanks, including the leaking tanks. This concrete 
protection role resulted in an assessment of the current and future condition of the liner 
(e.g., liner corrosion mechanisms, liner visual observation data) and is included in this integrity 
assessment. 
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2.1 DESIGN STANDARDS 

This section summarizes the SST design-related supporting details that are presented in 
Appendix A. Design details include tank descriptions, design specifications, engineering codes, 
construction standards, structural design strength calculations, and operational history. 

2.1.1 Tank Descriptions 

Of the 149 SSTs, 133 are large-capacity tanks (530, 000; 758,000, and 1 million gallon)with a 
75-foot internal diameter and 16 are smaller-capacity (55,000 gallon) tanks with a 20-foot 
internal diameter. The large-capacity tanks are referred to as 100-series tanks, and the 
smaller-capacity tanks are referred to as 200-series tanks. Schematics of the 100- and 200-series 
SST configurations are shown in Figure 2.1. The tanks are clustered in 12 groups, referred to as 
tank farms. The tank farms identified as A, AX, B, BX, BY, and C in the 200 East Area and S, 
SX, T, TX, TY, and U in the 200 West Area of the Hanford Site near Richland, Washington. 
All of the tanks and tank farms are officially numbered with a "241-" prefix. For ease of 
readability, that prefix is not used in this report. 

The SSTs are underground, steel-lined, reinforced concrete vault structures. The carbon steel 
liner (1/4- to 3/8-inch thick) is the primary waste containment barrier. The reinforced concrete 
tank structure is the primary load support that resists internal hydrostatic loads from the stored 
waste, external soil loads, and equipment loads. 

The 100-series tank is a reinforced concrete structure consisting of a 12-inch-thick dish- or 
flat-bottom circular basemat, vertical cylindrical wall, and a shallow (12-foot rise) elliptically 
shaped dome with a stiffened haunch region. The bottom slab extends beyond the wall to act as 
a wall footing with continuous reinforcing steel extending from the slab into the wall. 
The vertical concrete wall for a 530,000-gallon tank is 12 inches thick, and for a 758,000-gallon 
tank is 15 inches thick. The wall thickness in a 1 million gallon tank is 24 inches in the lower 
2/3 of the wall and transitions to 15 inches in the upper wall region. For all 100-series tanks, the 
dome is 15 inches thick at the center and transitions to the thicker haunch region. 

The 200-series tank is constructed of reinforced concrete with a single internal steel liner that 
extends across the tank basemat and up the walls. They are cylindrical in shape with flat plate 
roofs and are buried to provide for radiation protection. The tank walls and roof are 12 inches 
thick and the dished tank floor has a minimum thickness of 7 inches. The 1/4-inch non-structural 
welded carbon steel liners are designed to provide leak-tight containment of the liquid 
radioactive wastes and to protect the reinforced concrete from the waste. 

The typical SST is instrumented for temperature and leak monitoring as shown in Figure 2.2. 
Figure 2.2 also shows a dome elevation benchmark and visual surveillance ( camera) access. 

-- -- ----- -----



Figure 2.1. 100- and 200-Series Single-Shell Tank Configurations 
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2.1.2 Design/Construction Standards and Engineering Codes 

RPP-10435 
Rev.O 

Page 13 

Various design standards were used for the different tank farms resulting from a 
design/construction time span of more than 20 years. Tank design standards were extracted from 
appropriate sources common to the tank design industry including the American Waterworks 
Association, American Welding Society, Portland Cement Association, American Concrete 
Institute, and American Society of Mechanical Engineers. Post-design calculations used to 
evaluate various structural issues typically utilized contemporary design acceptance criteria at 
the time of the calculation, which for the reinforced concrete structure, was generally the 
American Concrete Institute code. Supporting details for the tank design standards are provided 
in Appendix A. 

Discussions of the SST construction details including construction specifications, construction 
drawings, quality control, and construction history are provided in Appendix A. 
The construction documentation indicates a pattern of high-quality construction standards. 

2.1.3 Structural Design Strength Calculations 

Original design calculations generated during tank design and construction have not been 
recovered. However, post-construction structural evaluations that address both design conditions 
and more severe operating conditions than those considered in the original design requirements 
were reviewed. These structural evaluation documents are summarized in Appendix G. During 
the construction period ( 194 3 - 1964 ), design criteria and standards appropriate for underground 
storage tanks evolved. For example, no seismic criteria were in place for the earlier tank 
designs. The first tanks that clearly included seismic loading in their design criteria were those 
in the AX tank farm in 1963. 

Analytical techniques and calculation tools have also evolved over the years from classic hand 
computation methods to state-of-the-art finite element analysis methods. The more recent 
structural analysis methodology allows for addressing relatively complex material properties 
(aging and creep effects), thermal histories and gradients, loading profiles, detailed geometry, 
and boundary conditions of the structure. 

Data on the specific properties of Hanford concrete (especially thermal effects) have been 
measured and developed over the years (see Appendix F). The most current concrete data were 
incorporated into the analyses of the SSTs as they were performed. The most recent analyses 
utilized a model based on correlations of all concrete mechanical properties data developed to 
date. However, none of the analyses directly addressed potential concrete degradation associated 
with waste exposure as the result of liner leakage. 

In 1968, a test program involving a 1/10-scale model of a 1 million gallon tank was initiated, as 
described in Appendix E. The test results are consistent with structural capacity calculations in 
that the results demonstrate a large margin against tank collapse from soil loading. The scale 
model test results also indicate that structural distress is evidenced by widespread cracking 
initiating in the haunch region at soil loads well below the tank capacity. 
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Structural adequacy for the empty tank condition is one of the load conditions addressed in the 
structural calculations, as discussed in Appendix G. All SSTs experienced the empty-tank load 
condition during the pre-service time period. Several tanks are currently essentially empty, with 
no evidence of structural distress, including tank A-105 with the large liner breach. As discussed 
in Section 2.3.2, tank A-105 is considered to be a bounding case for concrete damage because of 
its in-service leakage. 

Operational conditions of the tanks have not always been kept within the original design 
envelope. This in turn has necessitated additional analyses to evaluate in-service conditions. 
In the early period of tank operations, an anomalous condition occurred in some tanks in which 
the steel liner tank bottom bulged upward. When the liner bulging resulted in loss of leak 
integrity, the tanks were taken out of service, followed with appropriate structural evaluations. 

The following key conclusions were drawn from the survey of post-construction structural 
analyses: 

• The structural analyses that have been performed on the SSTs over the years and scale 
model testing have all reached the same general conclusion that the tanks are not in 
danger of structural collapse for the conditions experienced by the SSTs. 

• The scale model test results demonstrate that concrete cracking in the dome region is an 
effective indicator of structural distress and should be visible at soil load levels well 
below the dome capacity. 

• Although potential structural integrity effects on concrete exposed to waste leakage are 
not directly addressed in the post-construction structural evaluations, major structural 
damage to the tanks is not evident from in-tank visual inspections and periodic dome 
elevation survey data summarized in Appendix E. This issue is addressed further in 
Appendices A and F. 

• Based upon the analyses reviewed, current operating limits are adequate for maintaining 
SST structural integrity. 

2.1.4 Operational and Leak Histories 

Detailed SST operational history supporting information is provided in Appendix C. Individual 
tank historical information (e.g., construction dates, service dates and operating temperatures) is 
summarized in Appendix A. Leak history details are provided in Appendix D. 

2.1 .4.1 Operational History Summary 

There are various aspects of the operational history, discussed in Appendix C, that are worthy of 
emphasis. The operational history can be divided into three distinct periods: 

• Startup and production period (1944- 1980), 
• Storage and stabilization period (1980-present), 
• Future period (present- tank closure). 
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The first period is characterized by tank construction and active use. Some of the tanks were 
operated relatively aggressively, particularly from the mid 1950s through the early 1970s, when 
waste concentration efforts resulted in relatively high operating temperatures. In many tanks 
sludge temperatures exceeded tank design temperatures, with the temperatures in a few tanks 
approaching 600 °F. During this period some of the tanks experienced bulges in the bottom of 
the liners and the bulges likely contributed to breaching of the tank liners and associated leakage 
(see Appendix D). 

In the early 1970s, only one of the nine Hanford weapons production reactors remained in 
operation. As a result, fuel processing declined and the need for aggressive operations to reclaim 
tank space was reduced. The majority of the leakage occurred in the 1960s and 1970s, as 
illustrated in Figure 2.3. In the 1970s a program was initiated to remove the higher heat 
producing wastes from the tanks, which resulted in much lower tank operating temperatures. A 
history of the average tank internal temperatures from 1978 to the present is shown in Figure 2.4. 
Note that above-waste temperatures are included in the average, but the figure reflects the 
downward trend in both the waste and vapor space. 

By 1980 (beginning of the second operating period) all SSTs were taken out of service, which 
meant that no additional wastes were added to the tanks and no transfers occurred, except for the 
removal of liquids. The one exception to the no-waste-additions policy occurred in 1999 when a 
small amount of supemate liquid waste was added to tank C-106 during the waste retrieval 
(sluicing) process. From the late 1970s to the present, all leaking tanks were "interim 
stabilized." The Interim Stabilization Program consists of removing the "pumpable liquids" and 
requires that (1) less than 50,000 gallons of drainable interstitial liquid remains in the stabilized 
tank; (2) less than 5,000 gallons of supemate liquid remain in the stabilized tank; and (3) the 
retrieval rate is less than 0.05 gallons per minute. Almost all tanks have either been interim 
stabilized or are in process. 

The third period (present through closure) is characterized by relatively benign operating 
conditions. Tank temperatures are typically well below 200 °F, with a current maximum waste 
temperature of about 180 °F and most tank waste temperatures below 100 °F. Liner corrosion 
and concrete degradation rates are expected to be relatively low for the current and future SST 
operating conditions (see Appendix F). 

2.1.4.2 Leak History Summary 

The first SST leak was detected in 1959, which was the first year of a series ofleak surveillance 
programs. Since 1959, additional SST leaks have been declared, resulting in the current list of 
67 tanks categorized as confirmed or assumed leakers. The procedures for categorizing a tank as 
a leaker is provided in Appendix D. 

Although less than half of the 149 SSTs are categorized as leakers, it is not possible to meet all 
current leak integrity regulatory requirements for the remaining tanks. The functions and 
requirements for leak detection and monitoring of the SST system are defined in 
Milestone M-23-23. 
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Date Declared Confirmed or Assumed Leaker 

Source: Table B-5 of Hanlon, B. M., 2002, Waste Tank Summary Report for Month 
Ending February 28, 2002, HNF-EP-0182, Rev. 167, CH2M HILL Hanford Group, Inc., 
Richland, Washington. 
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Several conclusions relative to leak history are provided in Appendix D. The following 
summarize the Appendix D conclusions: 

• Although 67 of the 149 tanks have been declared to be "confirmed or assumed leakers," 
only 7 of the tanks have been identified as large leakers, with estimated leak volumes 
greater than 50,000 gallons or leak rates greater than 10 gallons per hour. Fifty-seven of 
the remaining tanks each have estimated leak volumes of less than 10,000 gallons. 

• The approach used to determine what constitutes a leak has not been consistent. In some 
cases a leak has been inferred based on liquid level changes in tanks but has not been 
substantiated by external drywell measurements. 

• The most likely liner leak mechanisms are (1) liner bottom bulging, (2) stress corrosion 
cracking, and (3) pitting corrosion. 

• Interim stabilization has reduced the leak potential of the SSTs and there is no reason to 
expect large leaks to occur in the future. 

• Tanks that were operated outside of their design temperature limits and/or are operated at 
a pH less than 10 may have a higher potential for leaking. 

The SST integrity assessment milestone requires a "depiction oflocations of tank breaches, if 
known." The limited accessibility for inspection makes it difficult to precisely identify locations 
of tank leaks. However, as discussed in Section 2.3.2 and Appendix A, a number ofleak 
characterization investigations were performed, which do offer some understanding of the tank 
leak paths. 

2.2 CURRENT WASTE CHARACTERISTICS 

The characteristics of the waste in each tank were reviewed to ensure the waste currently stored 
and proposed to be stored is within appropriate operating specifications for each tank. Waste 
characteristics may be described in two categories. The first category includes the basic 
design-related characteristics. These characteristics are temperature, corrosivity, specific 
gravity, and waste level. The second category includes the waste characteristics that might lead 
to events that are beyond the design basis of the tanks. These issues have been addressed 
through studies and implementation of operating controls to prevent these events from occurring, 
as discussed in Appendix A. The beyond design basis events were investigated as part of 
Tri-Party Agreement Milestone M-40-00 and were mitigated or shown not to be credible events. 
The Washington State Department of Ecology investigated and concurred with closure of 
Milestone M-40-00 in May 2002.2 

A detailed tabulation of the waste characteristics is provided in Appendix A for all 149 tanks. 
Discussions of the appropriate operating limits are also provided. The sources for these values 

2 DeWitt, K, 2002, Letter regarding completion of the Tri-Party Agreement Milestone M-40-00 (to J. E. 
Rasmussen, Director Environmental Management Division, DOE, April 30), Washington State Department 
of Ecology, Richland, Washington. 
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are sample data, calculations, and engineering estimates. The values were obtained from the 
Tank Waste Information System or other information available to the public. As indicated in 
Appendix A, all tank waste characteristics are within current operating and hazardous waste 
safety limits. 

2.3 CORROSION PROTECTION AND WASTE COMPATIBILITY 

In the original tank design criteria, the issue of waste compatibility was limited to the tank liners. 
After some of the tanks began to leak, some of the concrete was exposed to the liquid waste. 
This section deals with the tank corrosion/degradation concerns for both the liners and the 
reinforced concrete exposed to the waste adjacent to a leak. 

2.3.1 Corrosion Protection 

Several types of corrosion protection were included in the original design and construction of the 
Hanford Site SSTs. These features included coatings (paints) for the carbon steel liner interior 
surfaces, three-ply asphaltic waterproofing for the carbon steel liner exterior surfaces, asphaltic 
waterproofing for the exterior surfaces of the reinforced concrete vaults, and penetrating sealer 
for the exposed concrete on the underside of the domes. Lead flashing was installed 
continuously around the top of the carbon steel liner to protect the outside of the liner from vapor 
reflux condensate running down the inside face of the concrete dome. There are some 
tank-to-tank differences in the corrosion protection features as indicated in Appendix A. 

2.3.2 Compatibility of Wastes with Construction Materials 

The SST construction materials are limited to the carbon steel liners, the concrete, and the 
concrete reinforcing bars (rebar). In the original design, the waste compatibility focus was 
limited to corrosion of the carbon steel liner (i.e., the waste was not expected to come in contact 
with the reinforced concrete). However, as the tanks leaked, waste came in contact with the 
reinforced concrete adjacent to the leak paths resulting in a waste caustic chemical attack. 
As discussed in Appendix C, due to waste concentration activities, the tanks began operating at 
higher temperatures. Waste compatibility issues for both the liner and the concrete are 
temperature dependent. Temperature alone can also degrade concrete, which is also addressed as 
a waste compatibility issue. 

Given that about half of the tanks are categorized as leakers, liner leak integrity is a secondary 
issue. However, the liners continue to play a role relative to concrete protection; therefore, a 
brief summary of liner corrosion studies is provided in this report. 

In the original tank design specifications, waste compatibility related to liner corrosion was 
addressed by specifying a minimum design pH value of 10.0. As discussed in Appendix A, a 
1945 Hanford technical manual specified monthly in-tank monitoring of the pH levels. After the 
original tanks were put into service, a series of both laboratory and in-tank corrosion studies 
were made, as described in Appendix F. Potential liner corrosion mechanisms are addressed 
including general corrosion, pitting corrosion, and stress corrosion cracking. The test data 
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indicate a relatively large range of potential in-tank corrosion rates, with a trend toward higher 
rates predicted above the liquid level line. 

The in-tank stress corrosion cracking studies were inconclusive relative to the significance of 
stress corrosion cracking in the SST liners, but stress corrosion cracking cannot be eliminated as 
a potential liner corrosion mechanism (see Appendix F). The test data also indicate that the liner 
corrosion rates (general and pitting corrosion) have likely diminished with time due to favorable 
changes in the waste chemistry and decreasing temperatures. For the current operating 
environment, the corrosion rate estimates are relatively low, as discussed in Appendix F. 

Using upper bound corrosion rates, a high degree of both general and pitting corrosion in the 
liner is predicted, with the higher corrosion rates occurring in the vapor phase above the liquid. 
Based upon visual examinations of the liner, using an extensive database of in-tank photographs 
and videotapes, the general corrosion damage appears to be less severe than the upper bound 
predictions. This over-prediction of general corrosion damage may be due in part to the 
protection provided by the liner primer paint delaying the onset of corrosion for the early 
operating time periods when the highest corrosion rates were expected because of the initial less 
favorable chemistry. 

The visual examinations are of limited use for identifying small penetrations of the liner (pitting, 
small cracks). However, the photographs showed some evidence oflocal asphalt penetration, 
providing indications of through-wall corrosion (apparently pitting) near the top of the liners of 
some tanks. Although there is some visual evidence of small penetrations through the liner, no 
evidence was found in the visual inspections of full penetration from general corrosion (i.e., no 
areas of missing liner were seen). It is difficult to quantify the depth of general corrosion from 
the visual examinations. One approach for estimating the depth of general corrosion is the 
observation that the carbon steel liner stiffeners (angle iron) all appeared to be in place. Since 
the 5/16-inch thick stiffeners are subjected to corrosion on both sides, this leads to the tentative 
conclusion that the worst-case liner general corrosion should be less than 5/32 inch, because the 
liners are subject to corrosion on one side only. Because the liner thicknesses vary from 1/4 to 
3/8 inch, the remaining liner should be at least half of the original thickness. In a large number 
of areas, the remaining liner thickness is obviously much greater than this ( original paint and 
chalk markings were observed). The liner examinations were limited to the regions above the 
top of the waste. However, in many tanks, the photographs and videotapes were taken after 
waste levels were lowered, exposing several feet of the liner for examination. From the visible 
portions of the liners, it appears that the through-wall liner corrosion damage has been 
consistently limited to local penetrations. 

The one exception to the local breach observations is a lengthy tear identified in the bulged 
bottom of the tank A-105 liner. A relatively large inventory of tank waste is known to have 
migrated through the liner tear and has had long-term contact with the lower portion of the 
concrete structure. Tank A-105 serves as a bounding case for the effect ofleaks on the concrete 
structure of the tanks, as discussed below. 

To evaluate the effects of the leaking wastes on the concrete, a series oflaboratory tests were run 
in the 1970s and 1980s, as described in Appendix F. The test results indicated a large range of 
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potential damage, depending on the extent of exposure. For tests simulating small undetectable 
leaks (waste chemicals leaking into a tight crack in the concrete), the damage to the concrete was 
found to be minimal. As an upper bound test, small concrete samples were fully immersed in 
simulated waste, which resulted in an aggressive attack to the surface of the concrete. 

It is not easy to extrapolate the test results to field conditions with high confidence due to the 
lack of field inspection data. Appendix A describes efforts to characterize the leak paths in 
several of the leaking SSTs, using existing and new drywells drilled in the vicinity of the leaks. 
In one tank (SX-108) a caisson was sunk down to the bottom of the tank footing and photos were 
taken of cracks in the lower wall and footing. Although the thermal-induced cracks were of little 
structural consequence, they provided a leak path through the concrete. Some light corrosion of 
the concrete was observed and concrete cores were extracted from the footing. Testing of the 
extracted cores indicated concrete strengths well above the design strength. The leak 
investigations resulted in similar determinations that the typical leak site was in the lower 
sidewall immediately above the footing or through the basemat. Based, in part, on this data, and 
the porous nature of the sandy soil surrounding the tanks (i.e., liquid is expected to flow through 
the soil), it appears that, with few exceptions (e.g., A-105), the concrete damage is local in 
nature. This position is further supported by the expectation that major damage to the footing 
would be detectable in the dome elevation and/or dome visual data. 

As discussed in Appendices A and D, several tanks have experienced bulging of the liner at the 
bottom of the tank. The liner bulging problem was a significant contributor to liner breaching 
and the bulged-liner tanks are judged to be the bounding cases relative to concrete exposure to 
leaking waste. Of the tanks experiencing liner bulging, tank A-105 was the most severe, 
apparently induced by a high-energy steam pressure buildup originating between the concrete 
base and liner. The resulting relatively large tear in the bottom liner was followed by a large 
volume of waste migrating between the liner and the bottom portion of the concrete structure. 
In spite of this relatively large extent and duration of chemical exposure, there is no evidence to 
suggest structural distress or dome instability consequences based upon the visual examination 
data and dome elevation surveys for tank A-105 and the other tanks with bulged liners. 

It is emphasized that following interim stabilization, the amount of waste fluid is relatively small 
and is located in the bottom half of the tanks. The corresponding reduction in fluid pressure head 
and liquid waste inventory has significantly reduced the potential for tank waste leakage and the 
corresponding potential damage to the concrete. The reduction in waste temperatures also tends 
to reduce the concrete degradation rate. This reduction in waste temperature is illustrated in 
Figure 2.4. As demonstrated in Figure 2.3, the amount of concrete exposure to leaking waste has 
been dramatically reduced in the past two decades, with less than 1 % of the total leak volume 
reported in the last decade. Thus, the rate of future concrete damage should be much reduced 
relative to the past, and is not expected to jeopardize the tank structural stability. The following 
key conclusions resulted from the waste compatibility studies reported in Appendix F: 

• In spite of the inherent uncertainties in extrapolating short-term corrosion test results to 
long-term in-service conditions, the test results are generally consistent with observed 
penetrations in some tank liners. 

- -- - -- --
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• The available corrosion data indicates that vapor space liner corrosion is bounding. 
However, for liner areas below the liquid level line, increased corrosion rates are 
generally expected near the tank bottom because of the higher waste temperatures at the 
bottom. Thus, for the liner regions below the waste, liner breaches are more likely at the 
tank bottom, especially for tanks that have experienced bottom liner bulging. 

• Because some of the Hanford SSTs have leaked, portions of the concrete of some tanks 
have been exposed to tank waste. Exposure to tank waste has the potential to degrade 
SST concrete and the amount of degradation will be greater for concrete exposed for a 
longer time and at a higher temperature, and degradation of the concrete near the bottom 
of the tanks may still be occurring. 

• The degree of concrete degradation caused by such exposure to tank waste is difficult to 
quantify because difficult access to the bottom of the tanks precludes a visual inspection 
( or other inspection). However, as discussed in Appendix E, the results of integrity 
examinations support the conclusion that any structural degradation that may have 
occurred in the:lower portion of the tanks has not significantly affected the stability of the 
tank domes. 

• Decreased waste temperatures have decreased the aggressiveness of the waste toward 
both the steel liner and the concrete tank. The increase in corrosion-inhibiting chemical 
species also acts to reduce the corrosion rates of the steel liner. 

• Elevated temperatures from past operations have degraded the mechanical properties of 
Hanford concrete. However, supporting structural analyses have shown that predicted 
degradation has not significantly affected the load carrying capacity of the tank structure. 

2.4 AGE OF THE FACILITY 

Specific construction dates and in-service and out-of-service dates are listed for each tank in the 
tank integrity summary tables provided in Appendix A. The out-of-service date indicates that no 
waste receipts or transfers, except for removing liquids, occurred after that date. The current age 
of the SSTs range from 38 to 59 years, with an average tank age of about 50 years. This age is 
well beyond the intended design life, especially for the tank liners. The issues associated with 
operating beyond the originally intended design life are addressed in Section 2.6. 

2.5 INTEGRITY EXAMINATIONS 

Because of the limited accessibility of the tanks, the SST integrity examinations are limited to 
(1) in-tank photographs and videotapes, (2) SST dome elevation surveys, and (3) leak 
monitoring. The database for each of these examination categories is relatively extensive. 
Summaries of the evaluations of these data collections are provided in Appendix E. Brief 
summaries are provided in the following subsections. 
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In addition to the integrity examination data, Appendix E ties the dome surveillance data 
evaluation to pertinent related data, including dome stability information provided by SST scale 
model testing and structural analysis results. 

2.5.1 Visual Examinations 

Access to the tank interior through dome penetrations (see Figure 2.2 for a typical camera 
observation point) has permitted still photograph and videotape surveillance of the inside surface 
of the domes and portions of the tank liners. A large collection of in-tank still photographs exists 
covering all 149 SSTs. The majority of the still photographs were taken between 1970 and 1990. 
For the majority of the tanks, still photos are available for more than one date, with the later 
photos generally taken in the 1980s. Although the still photographs are not current, they were 
taken following the more aggressive operating period, and are judged to be reasonable 
representations of the current condition of the tanks. This position is also supported by the more 
recent videotape examinations discussed in the next paragraph. Nearly 4,000 still photographs 
were reviewed during ~e preparation of Appendix E. 

Videotapes of the tank interiors were taken between 1993 and 2001 . The number of in-tank 
videotapes is much less than the number of still photographs, and not all tanks interiors have 
been videotaped. The initial screening of the videotapes to be reviewed was based on 
applicability, quality, redundancy, and availability. Some tapes resulting from the database 
search were clearly not applicable to the present task and were not reviewed. In some cases, 
older tapes of a particular tank were not reviewed if more recent videotapes showing the general 
condition of that tank were available and were of sufficiently good quality to determine the 
general condition of the tank. This screening process resulted in the review of 42 videotapes of 
varying quality that showed useful images of the tank interiors of36 SSTs. 

The following conclusions were drawn from the SST visual examinations and related data: 

• The in-tank visual surveillance data indicates that the condition of the visible dome 
concrete is structurally sound. No major cracking, surface spalling, or corrosion of the 
reinforcing bars was observed. 

• The visual examinations indicate that minor imperfections or degradation are present in 
the dome concrete surface in some of the tanks. Based upon a review of the original 
construction photographs, it is likely that many or perhaps all of the imperfections date 
back to the time of construction. There is no evidence that any of the observed surface 
imperfections significantly affect the global structural stability of the tanks. 

• Photographs and videotapes for a large number of the tanks indicate that the liners are in 
surprisingly good condition, given the tank age and past operating conditions. In other 
tanks, signs of significant general corrosion are visible, but in all cases the liners appear 
to be intact and the liner stiffeners are all in place. 
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• Based primarily on the SST scale model testing, observable cracks emanating from the 
dome haunch provide an effective early indicator of structural distress of the dome, and 
should be visible at load levels well below the ultimate load capacity. 

2.5.2 Dome Elevation Surveys 

Dome elevation surveys have been performed on SSTs since the early 1980s using benchmarks 
on dome risers (see Figure 2.2). Current SST surveillance activities require dome elevation 
surveys for all of the 100-series tanks with survey intervals not to exceed 2 years. Dome 
elevation survey procedures require a review of the survey data for evidence of unexplained 
anomalous trends in dome displacement that exceed the established screening criterion of 
0.02 foot (0.24 inch). The current dome elevation survey database was reviewed as part of the 
SST integrity assessment. The results of the review are reported in Appendix E. Based on the 
review of the dome elevation survey data and the conservative screening limit, it was concluded 
that the elevation survey data do not raise any concerns relative to the structural instability of the 
tank domes. 

It is noted that the above discussion on dome elevation monitoring is limited to the relatively 
large 100-series tanks. As discussed in Appendix E, the flat roof design of the 200-series tanks 
does not pose a dome/roof collapse issue. It is also noted that the dome elevation surveys were 
begun after the period of most aggressive operations, but serve as an indication of stability for 
the past two decades and for future operations. 

2.5.3 Leak Testing 

As part of the original construction, only the four AX farm tanks were hydrostatically leak 
tested. All weld seams in A, AX, and SX tanks were vacuum-box tested, accompanied with spot 
radiography. The welds in all the remaining tanks were all fully radiographed. Details of this 
initial testing and fabrication are presented in Appendix A. 

Regulations ( 40 CFR 262.191) require that a tank integrity assessment include the "results of a 
leak test." For the SSTs that have been categorized as leakers, this regulatory requirement is not 
meaningful. However, leak monitoring is included in SST operations and is of interest for tanks 
not currently declared as leaking. The feasibility and use of the SST leak monitoring capability 
for "leak testing" is discussed below. See Appendix E for additional discussions on leak testing. 

The normal leak test for atmospheric storage tanks requires that the tank be filled with water 
such that the entire steel tank is tested. It is not prudent to fill the SSTs to test the steel liner for 
leak tightness in areas that are not now exposed to liquids. Addition ofliquid to the tank will 
increase both the hydraulic head over the tank bottom and the amount of tank wall surface area 
in contact with liquid, thus increasing the risk for a leak. Hydraulic head is the primary driver 
for potential tank leaks, with increased head leading to increased leak rates. Increased surface 
area contact increases the leak potential by placing more of the tank wall and potential leak sites 
in contact with the liquid. In addition, the increased liquid inventory increases the total volume 
of drainable liquid that could potentially leak from the tank. Hence, the liquid waste at the 
current level will be used here to assess the leak tightness of the tanks. 
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For the 100-series tanks (75-foot diameter), the combination of monitoring accuracy and high 
volume per increment of level change, does not permit a standard leak test using liquid level 
monitoring. However, for the 200-series tanks (20-foot diameter) with a monitored liquid level, 
a leak test is possible using the level monitoring instrumentation currently in-use in these tanks. 
Of the sixteen 200-series SSTs, seven are assumed leakers, two are not monitored for liquid level 
and seven have a monitored free liquid surface. A review of the liquid level histories for these 
tanks from August 2001 to February 2002 shows no change in the liquid level greater than 
0.25 inch, which demonstrates that these 7 tanks are not leaking, using standard leak testing 
requirements. 

Although the I 00-series SSTs cannot be adequately leak tested, the current U.S. Department of 
Energy effort to remove all pumpable liquid from the SSTs by September 2004 will reduce, if 
not eliminate, the amount of additional waste that could enter the soil which in turn reduces the 
need for a leak-tight tank. 

2.6 USEFUL LIFE 

This section summarizes the current position on the integrity of the SSTs through the closure 
period. The primary useful life concern is SST structural integrity with dome collapse being the 
central issue. Based upon the current structural integrity evaluation, no evidence has been found 
that indicates that any SST is near collapse. The combination of successful structural operating 
history, structural analyses, visual examinations, and dome elevation measurements support the 
position that the tanks can continue to be operated through retrieval and closure without fear of 
collapse (see monitoring conditions below). 

Given the tank leak history and corrosion uncertainties, the leak integrity cannot be proven for 
any of the SSTs. While the tank liners cannot be depended upon for leak integrity, the liners 
continue to play a significant concrete protection role. If large areas ofliners were corroded 
away, there would be a potential for a corresponding large caustic waste chemical attack on the 
tank basernat and walls below the liquid waste levels. Liner inspections, using an extensive 
database of still photographs and videotapes, consistently indicate that the liners are currently 
fully intact. Testing suggests that corrosion of the liner in the vapor phase above the top of the 
waste (which is visible through inspection) is more aggressive than the corrosion occurring 
below the waste surface. However, the corrosion observed above the waste level might not 
always be bounding because of the higher waste temperatures and waste composition differences 
near the bottom of the tank, both of which could increase corrosion of the liner at the tank 
bottom. 

Following interim stabilization, the liquid waste levels are low. Thus, for future operations, the 
issue of concrete protection provided by the liner is limited to the regions near the bottom of the 
tank. Although corrosion data indicates a relatively benign environment for future corrosion, it 
is possible for general corrosion to continue and eventually remove the liner over a relatively 
large area near the bottom of the tank. If this worst case liner corrosion should occur, concrete 
damage could occur over a larger area than the local damage concept discussed earlier. 
However, the most likely expectation is that the initial liner breach would establish a local leak 
path and the limited remaining drainable liquids would drain before extensive damage to the 
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concrete would occur. Structural stability, associated with large liner penetration, is also 
supported by the tank A-105 large breach experience discussed in Section 2.3 .2. That is, the tank 
A-105 dome surveillance data provides no evidence of dome instability or structural distress. 

Although there is uncertainty relative to the current and future condition of the tank liners, 
footings, and basemat, there has been no evidence of tank instability to date and future tank 
monitoring for signs of structural distress should continue. It is emphasized that the current and 
future environments are relatively benign when compared to the past operating conditions. High 
operating temperatures ceased decades ago and the volume of leakage since the tanks were taken 
out of service in 1980 is relatively small. Thus, using structural stability as a useful life criteria, 
it is anticipated that continued usage of the SSTs can continue through the tank retrieval and 
closure periods. This structural adequacy position should continue to be confirmed through 
periodic visual inspections and dome elevation monitoring for signs of structural distress. 
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This section provides an integrity assessment of SST system ancillary equipment that is 
identified as in-use in Appendix H. Conclusions relating to structural integrity are drawn from 
evaluating the system design, waste characteristics, corrosion protection measures, and age. 
Results of tests, examinations, and past performance to assess general system condition are also 
considered. Additional details regarding structural integrity of the transfer lines and pits are 
provided in Appendix B. 

Design standards were in place for transfer piping that controlled materials, construction 
methods, quality control, and startup testing. Because the lines are buried, the material condition 
of the piping is largely unknown; however, procedures are in place to pressure test pipe lines 
prior to service to determine if a line is fit for service. 

The pits provide secondary containment for the transfer line components ( e.g., jumpers and 
pumps) at junction points. A review of the design requirements and performance history of the 
pits evaluated in this assessment indicate that the pits are sound and compatible with the waste 
transfers. Visual and remote inspection of the interior of Hanford pit structures have shown no 
structural deficiencies· or issues of a magnitude that would indicate that the pits are in danger of 
collapse. However, localized areas where the interior coating is degraded have been noted, 
depending upon the age of the pit. 

Based upon several years of operating experience, a number of control measures and practices 
have been developed which enable the transfer of waste thorough the existing system of piping · 
and pits with low risks of adverse consequences to operations personnel and the environment. 

3.1 DESIGN STANDARDS 

The waste transfer piping consists, typically, of sections of buried pipe that terminate with 
connector nozzles in diversion boxes or in the various types of pits. These lines provide a means 
for the transfer of waste between SSTs and the double-shell tank interface boundary. There are 
18 transfer lines evaluated in this assessment, ranging in length from 9 to 1,970 feet. Pipe 
diameter is either 2 or 3 inches. The lines are identified in Appendix H. Design details are 
presented in Appendix B. 

The waste transfer lines are either direct-buried or encased. 

• Direct-buried pipe, in most cases, is carbon steel, coated with a bituminous and/or plastic 
substance, usually wrapped and insulated. Trace heating is featured for some lines, the 
purpose being to keep the temperature of the transfer line and its contents above the 
temperature at which waste precipitation occurs during waste transfers. 

• Encased piping is that in which the primary transfer line is enclosed within a secondary 
containment barrier. Trace heating may be installed on some of the primary transfer 
lines. Encased piping is installed in two forms: 
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- The first type is individual stainless steel or carbon steel pipe that is encased in larger 
carbon steel pipe. Spacer blocks are welded to the primary pipe to center it within the 
encasement and to allow drainage of any potential leakage into adjacent pits for leak 
detection and recovery purposes. 

- The second type of enclosed piping is contained in a reinforced concrete trough, with 
reinforced concrete cover blocks. The troughs are sloped to drain to the adjacent pits 
for leak detection purposes. In some instances the trough cover is poured as an 
integral part of the trough and is not removable. The size of the trough is determined 
by the number of pipelines to be enclosed. 

With few exceptions the pits, though diverse in configuration, location, and use, are constructed 
of reinforced concrete and extend just enough above grade to prevent flooding by surface water. 
The pits have removable cover blocks or plates to allow entry for work. The internal surfaces of 
the pits are coated with a special protective coating to reduce surface damage caused by waste 
materials and other substances and to simplify decontamination and cleaning. The pits are 
located either at piping network intersections or on tanks as a transfer line terminus. 

The equipment in the pits provides for waste routing alternatives. As the pits came into use they 
were equipped with jumpers, pumps, valves, and other equipment. The configuration and extent 
of this equipment inside the pit has continued to change as improvements are made and as 
mission changes required different equipment. The pits also provide radiation protection for 
personnel working outside the pits at grade elevation. 

All transfer pipes slope to one or both pits to which they are attached to enhance clearing the 
pipe of liquid contents after use. The transfer pipe encasements (pipe-in-pipe) and enclosures 
(concrete troughs) stop at and/or drain into the pits that, along with the piping encasements and 
enclosures, make up the secondary containment for the primary piping. Leak detection probes 
are located in all of the pits. The pit floors are equipped with drains that direct any accumulating 
liquid to a catch tank or waste storage tank. 

There are 45 pits that range in age from 20 to 52 years that are evaluated in this assessment. 
The pits are identified in Appendix H. Design details are presented in Appendix B. 

Although formal calculations to confirm design strength and useful life have not been found for 
the transfer lines and pits that are evaluated in this assessment, the piping and pits were designed 
and constructed to nationally-recognized design codes and standards. 

All of the transfer piping that is evaluated in this assessment was constructed to meet the design 
criteria that were current at the time of construction. The principal design requirements used 
were the American Standard Code "B31" series of standards. These design requirements 
controlled materials, construction methods, quality control, and startup testing. There is no 
specific design life specified for the structures evaluated in this assessment. 

Secondary containment is provided for most active transfer lines. However, there are several 
lines being used during the latter stages of salt well pumping that are direct-buried and have no 
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secondary containment. Pressure or leak testing of all direct-buried waste transfer lines before 
the transfer of waste and annually while in-use reduces the probability that transfer through a 
leaking line would be attempted. 

Direct-buried piping failures, though infrequent, have occurred over the SST system operating 
history. It is probable that coating failure and/or cathodic protection inadequacies have 
contributed to many of these failures. 

For all but one of the transfer lines that are evaluated in this assessment, the secondary 
containment pipe terminates at the exterior of the pit wall surface rather than continuing through 
the wall. 

Cleanout boxes, which are not currently used, are located on some transfer lines. The cleanout 
boxes were designed and installed to unclog the lines in the event of plugging. No record of 
significant cleanout box leakage or failure has been found; however, the leak-tight integrity of 
the drain lines has not been established. The cleanout boxes for the piping evaluated in this 
assessment are being isolated and rendered inoperable to reduce the probability ofleakage or 
malfunction. 

Design and construction of the pits was controlled by American Concrete Institute standards that 
were current for the time that the pits were constructed. A review of the design requirements, 
performance history, and results of visual examinations indicate that the pits are structurally 
sound and compatible with the waste and operating environment. Reported failures in the pits 
have been related to connector leakage, equipment leakage, or cover block damage. There have 
been recent cover modifications or replacement of cover blocks with thick steel plates to 
accommodate special equipment related to the salt well pumping equipment. 

3.2 WASTE CHARACTERISTICS 

Hazardous characteristics of the waste are discussed in Appendices A and B, and material 
compatibility is discussed in Appendix B. Before transfer of the waste through the SST waste 
transfer system is accomplished, the waste is sampled and tested for compliance to established 
criteria for structural and material compatibility with the sending and receiving facilities. 

3.3 CORROSION PROTECTION AND WASTE COMPATIBILITY 

The corrosion protection measures initiated in the 1950s, and improved upon since, have reduced 
but not eliminated soil to pipe corrosion failures. Over the years, extensive piping corrosion and 
corrosion protection studies have been performed (see Appendix B). Internal piping corrosion 
failure resulting from the waste being transferred have been greatly reduced as operating controls 
and practices have evolved. 

Corrosion protection measures for the pits include painting or coating to protect the interior 
surface of the concrete from direct contact with the waste. No significant failures of the pit 
materials or pit function have been found due to the effects of waste characteristics. Exposure of 
the pit interior walls to the waste is not a common occurrence. 
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The evaluation of the design life of the SST system components is an ongoing process. Waste 
compatibility with materials of construction, history of corrosion protection, operational history, 
and visual examinations have been factors of this evaluation. Through this ongoing evaluation, 
process controls and practices have evolved that greatly diminish the probability of a failure in 
the existing waste transfer lines due to waste incompatibility. 

3.4 AGE CONSIDERATIONS 

Age and operational history have degraded the pipes; the pipes will continue to degrade. 
Pressure testing of the lines before use reduces the potential for degraded, leaking lines to be 
used for transferring waste. 

Local degradation of the coating in the pits has been found, which is a function of the age of the 
pits; however, this is likely the result of environmental rather than service factors. The 
direct-buried pit drains have not been tested or examined and therefore have a more questionable 
integrity. 

Degradation of jumpers and other equipment items inside the pits may occur due to normal 
service conditions. Jumpers, gaskets, seals, pumps, and other equipment that degrades in service 
or becomes obsolete is replaced or repaired at the time that the degradation is identified or before 
the next use. 

3.5 INTEGRITY EXAMINATIONS 

Because the transfer lines are buried, the material condition of the piping is unknown. 
The method used to determine current pipe integrity is to pressure test the pipe before use. 
Procedures are in place to pressure-test pipe lines to determine if a line is fit for service. 
Appendix B presents pressure test data for the transfer lines evaluated in this assessment. Many 
of the pits are such that the secondary containment pipe terminates at the exterior pit wall surface 
rather than continuing through the wall. The result is a short section of the primary waste pipe 
with inadequate secondary containment as compared with current standards. 

A remote visual examination has been performed on 12 SST system pits. The age of the pits 
examined ranged from 22 to 50 years. This remote visual examination searched the walls and 
floors of these pits for evidence of cracks, defects, or other evidence of degradation that may 
affect the capability of the pit to perform its function as secondary containment. No significant 
concrete cracking, spalling, or rebar exposure was noted and the pit walls are judged to be 
structurally sound. Little deterioration was noted in the interior wall coatings for the younger 
pits while general flaking of the coating was noted for the 50-year-old pits. 

Based upon an examination of the available design data and performance history (including 
photographs and examinations of similar pits) it is judged that the pits are not in danger of 
structural collapse. Local damage to the interior coating may be present in some pits, depending 
upon the age of the pit. 
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Twenty-eight of the 45 pit drains are embedded in concrete and are considered to provide some 
measure of containment. Leakage from the pits is possible for the remainder of the drains. 
However, the leakage should not be significant because the drains are not under pressure. 

3.6 USEFUL LIFE 

The material condition of the waste transfer lines is unknown, hence useful life cannot be 
predicted. Pressure testing is the method of determining the integrity of the line before returning 
it to service. 

No failures of the secondary containment design feature of the concrete structure of the pits have 
been found. Some of the pits have been foamed to prevent weather intrusion. The available 
visual examinations show no major structural damage; however, coatings may be degraded in 
local areas. 

Degradation of jumpers and other equipment items inside the pits may occur because of service 
conditions. If such degradation should occur, the equipment is replaced or repaired. Pressure 
test of a pipe system before waste transfer also qualifies the equipment in the pits that is 
associated with the transfer. 
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This summarizes the conclusions relative to the integrity assessment of the SST system. 
Section 4.1 addresses the tanks and Section 4.2 addresses the transfer lines and pits. 

4.1 SINGLE-SHELL TANK CONCLUSIONS 

This integrity assessment has determined that the tanks are adequately designed and has 
sufficient structural strength to support waste storage, retrieval, and closure. The tanks have 
adequate compatibility with the waste to ensure they will not collapse, rupture, or fail. 
The conclusions of this integrity assessment are as follows: 

• SST Design - The SSTs were designed several decades ago using appropriate design and 
construction standards for the intended function of underground storage of Hanford 
nuclear waste. Based upon a review of the original design data, plus the long-term 
successful operating experience, there is strong evidence that the reinforced concrete 
portion of the tanks were adequately designed. Concerning liner design adequacy, 
although leaking has occurred in many of the tanks, half of the tanks show no evidence of 
leaks despite the advanced age of the tanks. 

• Waste Compatibility- The primary issue emerging from the waste compatibility 
evaluation, is the potential for concrete degradation adjacent to tank leak paths. Although 
some attempts have been made to characterize the tank leak paths, the very limited access 
does not permit visual inspections. Based upon inference from dome surveillance data, it 
is likely that the concrete damage is local in nature. Whatever the extent of the damage_ 
to the footing and base concrete, the dome surveillance data shows no indication of dome 
instability. There was no notable difference in the dome surveillance data for the tanks 
with significant leaks and the tanks with no detected leaks. 

• Collapse, Rupture or Fail - Concerning the "collapse, rupture, or fail" issue, the word 
"rupture" is normally applied to pressurized components rather than tanks subjected to 
atmospheric pressure. For SSTs, the term "rupture" could be interpreted as a liner 
breach, which is addressed from the leak integrity perspective. The most appropriate 
interpretation of"collapse, rupture, or fail," at this point of the operating life of the SSTs, 
is a tank dome or wall collapse. The composite evidence from the integrity assessment 
supports the position that there is sufficient margin against a structural collapse. Thus, it 
is concluded that the structural integrity of the SSTs is adequate for continued safe 
operation. Given the large safety margin against dome collapse and the improving tank 
environment (lower operating temperatures, less aggressive waste chemistry, and the 
limited amount ofliquid remaining in the tanks), it is concluded that there is relatively 
high confidence that the structural integrity of the tanks will be adequate through waste 
retrieval and closure. 

The scale model testing and structural analyses indicate that the dome surveillance activities 
provide early indicators of dome collapse due to the relatively ductile dome configuration 
(heavily reinforced). Specifically, the current dome elevation screening criteria of 0.02-foot 
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(0.25-inch) deflection is very small relative to the several inches of deflection associated with 
failure. Also, significant cracking is predicted at a fraction of the dome failure loads indicating 
that large-scale cracking provides a visual precursor to dome failure. It is emphasized that to 
maintain sufficient confidence in the SST structural integrity for future operations, a careful 
in-service surveillance and corresponding structural evaluation program is required. 

The more significant uncertainties in the above conclusions are listed below: 

• Due to the limited amount of inspection data, the caustic chemical damage to the tank 
basemat and footing concrete, in leaking tanks, cannot be defined with high confidence. 
The conclusion that the concrete damage is local in nature cannot be proven, but is 
inferred from dome surveillance data and leak investigations. 

• There is significant uncertainty in the condition of the liner below the waste. Corrosion 
data indicates that higher corrosion rates are expected above the waste, but higher waste 
temperatures near the bottom may result in higher corrosion near the tank bottom. 
Inspections of tanks after waste levels were lowered showed no evidence of higher 
corrosion below past operating levels, but no data is available for the base slab liner. 

• The long-term SST structural integrity predictions are based largely upon the relatively 
benign future operating conditions, when compared to the more aggressive operating 
conditions of the past. Because operating conditions during future retrieval and closure 
operations are not fully defined, some uncertainty remains in future tank environments 
through closure. This statement is especially true for "closure" since SST closure has yet 
to be defined. As the load conditions associated with future operations become more 
clearly defined, confirmation will be needed that the loads fall within the existing 
analysis envelope or additional analyses will be necessary. 

• The long-term corrosion status of the bottom portion of the liner cannot be predicted with 
confidence. Although there is currently a significant area of wall lining available for 
inspection, there is almost no inspection data on the basemat liner, indicating the current 
condition of the basemat liner cannot be determined. 

4.2 TRANSFER LINES AND PITS CONCLUSIONS 

Based upon the assessments made for SST system transfer lines and pits, the following 
conclusions are made: 

• All of the transfer piping that is evaluated in this assessment was constructed to meet the 
design criteria that were current at the time of construction. Design standards were in 
place that controlled materials, construction methods, quality control, and startup testing. 

• Since the lines are buried, the material condition of the piping is largely unknown. 
The most viable method to determine current pipe integrity is to pressure test the pipe 
prior to use. Procedures are in place to pressure test direct-buried pipe lines to determine 
if a line is fit for service prior to use. 
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• The majority of the pipe lines evaluated in this assessment have secondary containment 
provided. In most cases however, the encasement lacks leak test data and is not 
continuous through the pit walls on either end. 

• A review of the design requirements and performance history of the pits evaluated in this 
assessment indicate that the pits are sound and compatible with the waste being handled. 
Visual and remote inspection of the interior of several of the pits evaluated in this 
assessment and of similar Hanford pit structures have shown no major structural 
deficiencies that would indicate that collapse is eminent. Localized areas where the 
coating is degraded have been noted, depending upon the age of the pit. 

• Degradation of jumpers and other equipment items inside the pits may occur due to 
service conditions. However, jumpers, gaskets, seals, pumps, and other equipment that 
degrades in service or becomes obsolete is replaced or repaired prior to use. Also, 
pressure testing of a pipe system prior to waste transfer also qualifies the equipment in 
the pits that is associated with the transfer. 

• Most of the transfer and drain lines that penetrate the walls or floors of the pits lack 
secondary containment. 

• Based upon several years of operating experience, a number of control measures and 
practices have been developed which enable the transfer of waste thorough the existing 
system of piping and pits with relatively low risks of adverse consequences to operations 
personnel and the environment. 
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Assumed Leaker: The integrity classification of a waste storage tank for which surveillance 
data indicate no loss of liquid attributed to a breach of integrity. 

B Plant: Old Hanford Site plutonium recovery and separations facility converted in 1968 for 
waste :fractionation. 

Breach: Any through-wall hole, typically used to describe a small through-wall hole in a tank 
liner. A large breach is typically described as a tear in the liner. 

Crib: An underground structure designed to receive liquid waste that can percolate into the soil 
directly and/or after traveling through a connected tile field. 

Double-Shell Tank: A reinforced concrete underground vessel with two inner steel liners to 
provide containment and backup containment of liquid wastes; annulus is instrumented to permit 
detection ofleaks from inner liner. 

Drainable Liquid: The supemate liquid and amount of interstitial liquid in a tank expected to 
be available to drain in the event of a leak condition. 

Interim Isolation (as pertains to single-shell tanks): Disconnecting and blanking or capping 
pipelines from single-shell tank systems and installing barriers to avoid inadvertent liquid 
addition. 

Interim Stabilization (as pertains to single-shell tanks): The removal of pumpable supemate 
and interstitial liquid from single-shell tank systems into double-shell tank systems. As much 
liquid as practicable will be removed. Supemate is :free-standing liquid. Interstitial liquid is that 
liquid in the waste matrix contained within the pore spaces of the salts and sludges, some of 
which is capable of gravity drainage while the rest is held by capillary forces. 

Intrusion: Introduction of water into a tank that commingles with waste and affects the total 
amount of drainable waste in the tank that must be measured against interim stabilization 
requirements. 

In-Use: A component actively transferring waste, or physically connected to a system actively 
transferring waste. 

Not-in-Use: A component that is neither actively transferring waste, nor physically connected to 
a system actively transferring waste. 

Plutonium Uranium Extraction (PUREX): Latest in a line of separation technologies, 
preceded by bismuth phosphate and REDOX. 

Reduction/Oxidation (REDOX): A facility and/or processes for separating plutonium from 
irradiated reactor fuels by using successive steps of chemical reduction/oxidation together with 
solvent extraction. 
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Single-Shell Tank (SST): At Hanford, 149 single-shell carbon steel lined concrete tanks 
(ranging in size from 55,000 to 1 million gallons) that are being used to store high-level 
radioactive wastes. 
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Tank Farm: An installation of multiple adjacent tanks, usually interconnected, for storage of 
liquid waste, or substances used in Hanford operations. Major tank fanns at Hanford are 
underground. 
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This appendix provides the single-shell tank (SST) historical design and operation information 
required to perform tank integrity assessments as required by the Hanford Federal Facility 
Agreement and Consent Order Milestone M-23-24, "Submit Single-Shell Tank Integrity 
Assessment Report and Associated Certification(s) and Determination(s) Pursuant to 40 CFR 
265.191." The following information is provided: 

• Design standards used for tank system construction, 
• Dangerous characteristics of the wastes that have been and will be contained, 
• Existing corrosion protection measures, 
• Age of the tank system. 

The scope of these evaluations is consistent with the agreements discussed in Milestone M-23-24 
and the Code of Federal Regulations requirements (40 CFR 265 .191). Items in brackets are 
element numbers in the 40 CFR 265 .191 requirements to which these assessments may be 
referenced. 

Assessment of Design Standards [b(l)] 

The original design bases were considered as part of the assessment of the SSTs. Codes and 
standards used during the design, construction, and inspection have been reviewed. Design 
calculations, construction quality control ( e.g., reinforced concrete inspection/repair, weld 
inspection/repair), and pre-service leak-tests were evaluated. Particular attention has been given 
to assessing the adequacy of system pressure boundary wall thicknesses and the concrete dome 
and foundation design to sustain anticipated loads. The design conditions were compared to past 
and future operating conditions to ensure the structures have been, and will continue to be, 
operated within their design envelope. Post-design structural analyses performed to justify 
operation outside of the original design conditions or to assess the effects of such operation were 
also reviewed. These analyses are evaluated in Appendix G. 

Assessment of Waste Characteristics and Compatibility [b(2)] 

Wastes historically contained within the system and wastes currently contained in the SSTs have 
been reviewed for constituents and characteristics that may have caused past, or have potential to 
cause future, damage or degradation to the system waste containment components. Waste 
characteristics were also reviewed to ensure there are no wastes or waste combinations that 
would lead to future uncontrolled temperature excursions, flammable gas deflagrations, waste 
fires, or other events not accounted for by the system design. 
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Waste chemistry limits established by laboratory testing and documented operating 
specifications have been evaluated to ensure the adequacy of protective measures. Available 
visual examinations were reviewed to help assess the adequacy of corrosion protection measures. 
Results of these visual examinations are reported in Appendix E. 

Component maintenance and monitoring practices were assessed relative to waste chemistry, 
temperature, level, and other factors. The effects of time in service on system degradation have 
been evaluated accordingly. 

Assessment of Tank Age [b(4)] 

The age of each component of the SST system, including the SSTs and their ancillary equipment, 
is described. The completed construction date, the date placed in service, and the date of first 
receipt of waste is also included. In addition to characterizing the tanks by construction date, 
first service date, and date removed from service, the different histories of the tanks were 
evaluated for their effect on the tank structure. Particular attention to the tank waste temperature 
and other waste characteristics was given in this assessment. 
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Design standards used for SSTs were considered "good practice" when the tanks were designed 
and constructed and were adequate for the intended use of the tanks. Design standards for the 
more recent SSTs were updated to contemporary post-World War II standards from the wartime 
standards used for the original SSTs as these standards became available. The first SSTs were 
built in 1944 and operated within their original design operating limits. As newer tank farms 
were built, the operating limits were revised based on engineering analyses that addressed the 
changing characteristics of the high-level waste coming from the new separations facilities as 
they became operational. Additional post-design analyses were used to set safe operating limits 
for the older tanks. 

Higher temperature operation, including operation beyond the original operating limits for 
"self-boiling" tanks, damaged some of the carbon steel liners. Five tanks in the SX farm and one 
tank in the A farm failed (i.e. , bottoms bulged inelastically) by steam pressure developing under 
the tank floor during "self-boiling" operations. One tank in the U farm also failed with a bulged 
bottom; the cause for this is not well understood. The carbon steel floors of all the A and AX 
farm tanks developed inelastic folds or creases that are well distributed over the entire floors 
with heights of about 6 inches and widths of up to 2 feet. Thus the SST designs did not 
adequately provide for thermal expansion compatibility between the carbon steel liners and the 
reinforced concrete tanks. 

The high temperatures resulted in strength reduction in the reinforced concrete tanks. Detailed 
analyses taking the effect of the time-at-temperature into account on concrete strength reduction 
have shown that all of the SSTs currently have adequate safety factors for all anticipated loads 
and conditions that will be encountered in current and future tank farm operations. These 
analyses are discussed in Appendix G. Because the tank temperatures are now low, they are 
below levels that would lead to further structural degradation. 

Assessment of Hazardous Waste Characteristics [b(2)] 

An evaluation of the tank waste characteristics against the operating specifications or limits was 
performed. From this evaluation it was concluded that: 

• Hazardous waste characteristics of the waste currently stored in the SSTs are within the 
specified limits. 

• Currently stored waste does not compromise the structural integrity of the tanks. 

Assessment of Corrosion Protection Measures [b(3)] 

The tank domes have been inspected and show some visible evidence of aging; however, there is 
no evidence of corrosion degradation that significantly impacts the structural capacities of the 



RPP-10435 
Rev.0 

Page A-4 

domes. Given the past operations history and the relatively benign conditions in the current 
vapor zones, no increase is expected in the current slow rate of ongoing degradation. 

The corrosion design life for the AX farm tanks was 25 years. These are the most recent SSTs 
and reached their design end-of-life in 1990. Of the total population of 149 SSTs, 67 tanks 
(45%) have been declared "confirmed leakers" or "assumed leakers." Corrosion rates on the 
liners have moderated with time as discussed in Appendix F; however, the population of tanks 
with leaking liners will increase with time. 

The carbon steel liners in the SSTs function to protect the reinforced concrete tanks from the 
highly alkaline waste. In tanks that have leaked, the waste has already contacted the structural 
elements of the reinforced concrete tanks. The structural impact of this has only been assessed in 
a qualitative manner (Han 1996). There are a limited number of leak events where field 
investigations have been conducted and found the leak location on the side of the tank 
immediately above the tank footings. These tanks are U-104, BX-102, and T-106. 

Assessment of Tank Age [b(4)] 

The most recently constructed SSTs (AX tank farm) reached their design end-of-life in 1990. 
These tanks were designed for a service life of 25 years. The earliest SSTs are much further 
beyond their design end-of-life. 
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Radioactive defense waste, resulting from the chemical processing of spent nuclear fuel, has 
been accumulating at the Hanford Site since 1944. This waste is stored in underground waste 
storage tanks. 

Five basic tank designs have been utilized in the waste storage program. Four of these designs 
are SSTs that represent the oldest tank designs in the system of buried waste storage tanks at the 
Hanford Site. The SST designs have been superseded by newer double-shell tank designs 
starting with construction of the A Y farm tanks in 1968. Typical SST configurations are shown 
in Figure A.1. 

A total of 149 SSTs were constructed between the years 1943 to 1964. The SSTs are located in 
12 separate groupings referred to as tank farms . The SST farms are located on the Hanford Site 
in the 200 East and 200 West Areas. These facilities are operated by the CH2M HILL Hanford 
Group, Inc. for the U.S. Department of Energy, Office of River Protection. 

A3.1 SINGLE-SHELL TANKS 

One hundred thirty-three SSTs have an internal diameter of 75 feet and storage capacities 
ranging from 530,000 to 758,000 gallons and then to 1 million gallons of radioactive waste. 
These tanks are referred to as the 100-series tanks. The tanks are constructed of reinforced 
concrete with a single internal steel liner that extends across the tank basemat and up the 
cylindrical sides. They are cylindrical in shape with a dome roof and are buried to provide for 
radiation protection. Structurally, the basemat reinforcing steel is extended into the cylindrical 
concrete tank footing. The height of the dome above the basemat varies from approximately 
30 to 44 feet according to the capacity of the tanks. The minimum soil depth at the dome crown 
is 5 feet. The welded carbon steel liner is independent of the reinforced concrete tank and was 
designed to provide containment of the stored liquid waste and to protect the concrete from the 
waste. Surface live loads, static and dynamic soil loads, dead loads, and hydrostatic and 
hydrodynamic loads are carried by the reinforced concrete tank and dome. 

The remaining 16 SSTs are of a different configuration. These tanks have a capacity of 
55,000 gallons with an interior diameter of20 feet. They are constructed of reinforced concrete 
with a single steel liner that extends across the tank basemat and up the cylindrical sides. 
They are cylindrical in shape with flat reinforced concrete roofs and are buried to provide for 
radiation protection. The roof is 25 feet above the basemat and the soil depth over the tank roofs 
is 11 feet. Condenser hatchway structures on the roofs of the tanks extend upward slightly above 
grade. These tanks are referred to as the 200-series tanks. 
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Figure A.1. Typical Configurations of Single-Shell Tanks at the Hanford Site 
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The 200-series tanks are identical because they were constructed from the same drawings. 
The 100-series SSTs differ in height, geometric configuration, material properties, and number 
and size of concrete reinforcement bars. The height difference accounts for the differing 
capacity of the tanks because all tanks have the same diameter. SSTs are grouped for purposes 
of the following design details based on their capacities because of the similarities in design and 
construction for tanks with identical capacities. The design details provide summaries of 
similarities and differences in the tank designs for tank capacities of 55,000; 530,000; 758,000; 
and 1 million gallons. 

The SST design details are presented in four groups in Section A4.0. 

• B, C, T, U, and BX farms 100-series tanks (75-foot diameter) 
• BY, TX, S, and TY farms 100-series tanks (75-foot diameter) 
• SX, A, and AX farms 100-series tanks (75-foot diameter) 
• B, C, T, and U farms 200-series tanks (20-foot diameter) 
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Sections A4. l through A4.5 provide the system descriptions for the SSTs, design standards used 
for the tank construction, characteristics of the waste contained in the tanks, design corrosion 
protection measures, and the effect of age and operating history on the current assessment of 
structural integrity. 

A4.1 DESCRIPTION OF SINGLE-SHELL TANKS BY TANK GROUP 

Descriptions for the tank groups include references to the principal construction documentation, 
drawings and specifications, and a detailed discussion of the physical arrangement of each tank 
group. The main components of each tank are the leak-tight carbon steel liner and the reinforced 
concrete tank that furnishes the structural capacity to resist all internal and external loads. 

A4.1.1 Description for 100-Series Tanks B, C, T, U and BX 

There are five tank farms containing 530,000-gallon tanks. Four of the five tank farms have 
tanks constructed from the same drawings (B, C, T, and U). The B, C, T, and U farm tanks were 
constructed in 1943 through 1944 while the BX farm tanks were constructed in 1947 and 1948. 
The 530,000-gallon tanks are geometrically the same and have the same material properties with 
minor differences in reinforcing steel arrangements and liner construction. 

A4.1.1.1 Construction Documentation 

The original construction drawings for each of the SST farms are listed in Attachment Al. 
These drawings are organized around a "key drawing" that can be used to identify all of the 
original construction drawings. Sufficient drawings are listed to adequately describe each SST 
group design details for use in current structural integrity assessments. 

Drawings for B, C, T, and U Farm Tanks 

The drawing sets for the B, C, T, and U tank farms comprise DuPont Hanford Engineering 
Works (HEW) drawings and the construction drawings furnished by the subcontractor, 
Morrison-Bechtel-McCone (M-B-M) Company located in Blue-Print File 73550. 1 

Key Drawing for HEW drawings:2 

W-71387 HANFORD ENGINEER WORKS 75 FT. DIAM. TANKS 
BUILDING No. 241 T-U-B&C CONCRETE DETAILS OF TANK 

1 Blue Print Files are subcontract construction records that are turned over to the Hanford Site Operations Contractor 
for inclusion in the Hanford Site record systems. These files may include drawings, specifications, and other 
as-built construction information. 
2 Throughout this appendix, capitilization of the drawing titles is taken exactly as provided on the drawings; 
inconsistencies in format are therefore a result of the various styles used in the actual drawing titles . 
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The HEW drawings provide little information on the final design and as-constructed condition of 
the B, C, T, and U farm tanks. The detailed information is contained in M-B-M Company 
construction drawings: 

"M-B-M Contract No. 869 Drawings, Blue-Print File 73550 - Tank Details" 

Key Drawing for M-B-M Company drawings: 

D-2 Typical Section 75 Foot Tanks 

The M-B-M Company drawings were issued between January 15 and 31, 1944. 

Specifications for B, C, T, and U Farm Tanks 

There are two specifications for the tanks in the B, C, T, and U farms. The first specification is: 

DuPont, 1943, "Specification No. 1946, Specification for Composite Storage Tanks - Building # 
241 at Hanford Engineer Works," Project 9536, DuPont Company, Hanford Engineer 
Works. 

This specification was apparently issued as part of the bid packages in late 1943. The last 
revision of Specification No. 1946 was issued November 5, 1943. A second specification was 
issued on January 11, 1944. This specification is included in Blue-Print File 73550. 

The full title is: 

"Blue Print File 73550, Specifications for Construction of Composite Storage Tanks Bldg. 
No. 241, Hanford Engineer Works Project 9536, Requisition NO. RPG 1451 112 No. 31, 
Equipment Piece No. 241 - 101 to 112,241 -201 to 204, Received: February 21, 1944 
by the Field Engineer." 

This specification was included in the procurement package and is apparently the replacement 
specification used to build the four original tank farms. 

Drawings for BX Farm Tanks 

The drawing set for the BX tank farm is composed of HEW drawings. 

Key Drawing: 

H-2-602, Rev. 8 Composite Tank Typical Details Concrete 241-BX 
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RPP-10435 
Rev.O 

Page A-10 

General Electric, 1946, "Specifications for Construction of Composite Storage Tanks," General 
Electric Company Hanford Works, December 6 (A copy of this specification is not 
·available). 

HW-3061, 1947, "Paragraph D. 'Steel Tank Lining' of Part IX, Specifications for Construction 
of Composite Storage Tanks, Building 241-TX. Project C-163." General Electric 
Company Hanford Works. 

These specifications were supplemented by notes on the drawings. No copy of the 1946 
specification has been found. The construction history for the TX tank farm (General Electric 
1953) states that the 1946 composite storage tank specification and Specification HW-3061 were 
used for construction of both the BX and TX tank farms. 

A4.1.1.2 Description Details 

The B, C, T, U, and BX farm tanks are 75 feet, 0 inches in diameter with storage capacities of 
530,000 gallons. These tanks are constructed of reinforced concrete with a single internal steel 
liner that extends across the tank basemat and up the cylindrical sides. These tanks are 
cylindrical in shape with dome roofs and are buried to provide for radiation protection. 
The welded carbon steel liners are independent of the reinforced concrete tanks and are designed 
to provide leak-tight containment of the liquid radioactive wastes and to protect the reinforced 
concrete from the waste. All other loads ( e.g., surface live loads, static and dynamic soil loads, 
dead loads, hydrostatic loads, and hydrodynamic loads) are carried by the reinforced concrete 
tank and dome as a design assumption. 

Reinforced Concrete Tank 

The base slab is 6-inch-thick reinforced concrete that is formed in the shape of an inverted 
long-radius dome (R = 570 feet) with a rise of 1 foot, 0 inches from the centerline of the base 
slab out to a radius of 33 feet, 8 7/8 inches as shown on Drawing D-2. This bottom shape is 
commonly referred to as a "dished" bottom. At this point, the liner and the concrete transition to 
a 4 foot, 0 inch radius knuckle which curves upward to meet the inside cylindrical sidewall. 
A circular footing is formed under the concrete sidewall of the tank. The outside edge of the 
footing is located at a radius of 40 feet, 7 inches. This footing is 2 feet, 0 inches thick by 6 feet, 
10 1/8 inches wide. The bottom of the footing is level and even with the bottom of the base slab 
at the 33 feet, 8 7 /8 inches radial distance. This footing extends 2 feet, 0 inches beyond the 
outside edge of the cylindrical sidewall. Tank sidewall concrete has an inside radius of 37 feet, 
7 inches and an outside radius of 38 feet, 7 inches, providing for a 1 foot, 0 inches wall 
thickness. 
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The sidewall extends upward 16. 7 feet from the outside top of the footing to the spring line3 of 
the dome on the inside of the wall. There are two construction joints called out, one at the top of 
the footing and the second at the top of the wall. The inner surface of the tank dome has the 
shape of a circular ellipse with a rise of 12 feet and a span of 75 feet. The elliptical shape is 
approximated by using varying radii for the inside and outside surfaces of the dome, as shown in 
Figure A.2. 

At the crown of the dome the inside radius is 95 feet, 0 inches and the outside radius is 96 feet, 
3 inches. These radii do not change for a horizontal distance of 15 feet from the centerline of the 
tank. At this point the inside radius becomes 60 feet, 0 inches and the outside radius becomes 
67 feet, 0 inches. The outer radius of the dome diverges from the elliptical shape at a radius of 
28 feet, 9 1/2 inches from the centerline of the tank, becoming a shallow cone that forms a 
:iaunch that is 4 feet, 7 inches deep at the outside edge of the dome. The inner radius of the tank 
dome changes from 60 feet to 10 feet, 0 inches and then to 2 feet, 0 inches as the surface fairs 
into the sidewall at the spring line. The additional depth at the haunch provides space for the 
relatively heavy concentration of circumferential reinforcing steel that forms the tension ring 
supporting the dome. 

As noted on Drawing D-2, the concrete mix design required a minimum 28-day strength of 
3,000 lbf/in2 with a maximum aggregate size of 1 1/2 inches. Reinforcing steel was specified as 
American Society for Testing and Materials (ASTM) serial designation A15-39 intermediate 
grade deformed bars. These bars are specified in ASTM Al5-39 as 40,000 lbf/in2 minimum 
yield strength with an ultimate tensile strength in the range of 70,000 to 90,000 lbf/in2

• 

The reinforced concrete tank for the BX farm tanks is geometrically identical to the B, C, T and 
U farm tanks. Design loads and requirements specified on the concrete drawings are also 
identical to those for the earlier tanks. The reinforcing steel (rebars) in the base slabs, footings, 
sidewalls, and tank domes is identical to that in the first-generation SSTs. Two construction 
joints were added between the base of the sidewalls and the top of the sidewalls at the spring line 
for the dome. Shear reinforcement stirrups in the haunch area of the dome were increased from 
1/2-inch diameter rebars to 5/8-inch diameter rebars. 

Carbon Steel Liner 

The leak-tight inner steel liners were fabricated from 1/4-inch carbon steel plate as shown on 
Drawings D-2, D-3, and D-4. The bottoms and sidewall are 1/4-inch plate while the knuckles 
(transitions between the bottoms and the sidewalls) are 5/16-inch plate. The liner extends up the 
sidewalls and ends at the spring line for the concrete roof dome. This point is 19 feet, 0 inches 
above the tank bottom at the centerline of the tank. The design liquid level is 2 feet, 0 inches 
below the upper edge of the liner. 

3 The spring line for a reinforced concrete dome is the location where the curve on the inside of the dome transitions 
to the vertical sidewall. 
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Four stiffener rings are welded to the inside surface of the liner. These rings are fabricated from 
carbon steel angles (L 5 inches, 3 1/2 inches x 5/16 inches) rolled to the same radius as the liner 
with the long-leg vertical to the surface and welded to the shell. The first angle is even with the 
top of the liner with the long-leg even with the top of the liner and rolled so that it slopes 
1/2 inch down to the tip. The four stiffeners are evenly spaced over a distance of 14 feet, 0 
inches downward from the top edge of the liner and are about 3 feet, 8 inches apart. Welds 
attaching the stiffeners to the shell are 1/4-fillet skip welds with 3 inches of weld every 6 inches 
on both sides of the angles. 

Welds joining the liner plates are three-pass, full-penetration, double-bevel butt welds with full 
radiographic inspection based on the original specifications. Defective welds were subject to 
complete repair. Inspection personnel reported to the DuPont Company, not the subcontractor, 
thus assuring their independence for quality purposes. The construction sequence for the carbon 
steel liners required that the main circular tank footings and tank basemats be constructed before 
work started on the liners. A three-ply asphaltic membrane waterproofing layer was then applied 
to the top of the basemat and the inside surface of the main tank footing. Two inches of 
protective grout reinforced with wire mesh were then placed on top of the membrane 
waterproofing to protect it during liner erection. The liner bottoms and knuckles were then 
assembled and welded to the top of the basemats. After initial assembly and welding the tank 
bottoms and knuckles were raised with jacks and supported about 42 inches above the basemats 
on cribbing. Drawing D-2 provides the general arrangement for the tanks and Drawings D-3 and 
D-4 show the layouts, piece marks, and cutting schedules for the tank liner bottoms and 
knuckles. Drawing D-4 shows one plate arrangement to be used for the first 12 tanks. 
Drawing D-3 shows an alternate layout to be used for the remaining 36 tanks. 

Elevating the tank bottoms allowed access for welding the undersides of the bottom plates and 
the knuckles and for inspections. After completing inspections of each tank bottom plate and 
knuckle, the exterior was cleaned and painted with two coats of DU LUX SEA CHROME 
PRIMER NUMBER 67710 before being lowered into place on the grout layer. At this point 
construction of the rest of the liner sidewalls proceeded in a normal fashion. 

The BX tank carbon steel liners are shown on Drawings H-2-602 and H-2-696. Thicker plate 
was used for the liner bottoms in the BX farm tanks, 3/8-inch thick versus 1/4-inch thick in the 
earlier tanks. The 5/16-inch knuckle thickness is the same in the BX farm tanks as in the B, C, 
T, and U farm tank liners. Upper sidewalls and angle stiffeners are the same in the BX farm 
tanks as in the earlier tanks. A revision was made in the welding procedure for the liner bottoms. 
The bottom welds were changed from double-bevel three-pass butt welds that had to be welded 
from both the top and bottom sides of the sheet to a single-bevel joint preparation with backing 
bars on the underside of the bottoms. The downhand butt weld was cited as either a two-pass 
hand weld or a single-pass machine weld. Sidewall welds were also revised to allow a 
single-bevel edge preparation with the bevel to the inside of the tank. These welds were 
three-pass full-penetration butt welds with the last pass made on the outside of the liner shell. 
Full radiography was required for all the liner welds. The construction sequence for the BX farm 
tank liners was identical to that used for the earlier SSTs. 
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There are 4 tank fanns containing 758,000-gallon tanks. The TX fann tanks were constructed in 
1947 through 1948 followed by construction of the BY fann tanks in 1948 through 1949. 
Specifications for the S fann tanks were issued in November 1949 and the construction drawings 
were issued "as-built" in November 1951. Specifications for the TY farm tanks were issued in 
March 1951 and the design drawings were signed off"as-built" in June 1952. The 
758,000-gallon tanks are geometrically identical, and have the same material properties with 
minor differences in reinforcing steel arrangements. 

A4.1.2.1 Construction Documentation 

The original construction drawings for each of the SST farms are listed in detail in Attachment 
Al. These drawings are organized around a "key drawing" that can be used to identify all of the 
original construction drawings. Sufficient drawings are listed to adequately describe each SST 
group design details for use in current structural integrity assessments. 

Drawings for TX, BY, S and TY Farm Tanks 

These drawings are the general arrangement drawings for the tank farms including the layout of 
nozzles and risers on the sides and tops of the tanks. Other drawings provide detailed 
construction information for the TX and BY reinforced concrete tanks and carbon steel liners. 
The design and construction history for the TX tank fann (General Electric 1953) indicates that 
the tanks were redesigned to increase capacity, make the base slabs more resistant to differential 
settlement, and provide extra risers for a possible future need to remove the radioactive waste for 
uranium recovery. 

As-built drawings for the TX, BY, S, and TY tank fanns are General Electric Hanford Works 
drawings. 

Key Drawing for TX tank farm: 

H-2-807, Rev. 11 18 TANK FARM GENERAL LAYOUT 

Key Drawing for BY tank farm: 

H-2-1308, Rev. 7 12 TANK FARM GENERAL LAYOUT 

Key Drawing for S tank farm: 

H-2-1774, Rev. 6 General Layout Waste Disposal Facility 241-S 

Key Drawing for TY tank farm: 

H-2-2244, Rev. 2 75 FOOT COMPOSITE STORAGE TANK SECTIONS 
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Specifications for TX, BY, S, and TY Farm Tanks 

TX Tank Farm: 
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General Electric, 1946, "Specifications for Construction of Composite Storage Tanks," General 
Electric Company Hanford Works, December 6 (A copy of this specification is not 
available). 

HW-3061, "Paragraph D. 'Steel Tank Lining' of Part IX, Specifications for Construction of 
Composite Storage Tanks, Building 241-TX. Project C-163." 

The construction history for the TX tank farm (General Electric 1953) states that the 1946 
composite storage tank specification and Specification HW-3061 were used for construction of 
both the BX and TX tank farms. 

BY Tank Farm: 

General Electric, 1948, "Specification HW-3783 Additional Waste Storage Facilities 200 East 
Area, Approved for C-271 -241-BY," General Electric Company Hanford Works. 

S Tank Farm: 

General Electric, 1949, "Specification HW 3937 Waste Disposal Facility 241-S and 207-S 200 
West Area," General Electric Company Hanford Works, November. 

TY Tank Farm: 

General Electric, 1951, "Specification HW 4696 Waste Disposal Facilities 241-BZ and TY Tank 
Farms 200 East and West Areas," General Electric Company Hanford Works, March. 

A4.1.2.2 Description Details 

The TX, BY, S, and TY farm tanks are 75 feet, 0 inches in diameter with storage capacities of 
758,000 gallons of radioactive waste. These tanks are constructed ofreinforced concrete with a 
single internal steel liner that extends across the tank basemat and up the cylindrical sides. 
They are cylindrical in shape with dome roofs and are buried to provide for radiation protection. 
The welded carbon steel liners are independent of the reinforced concrete tanks and are designed 
to provide leak-tight containment of the liquid radioactive wastes and to protect the reinforced 
concrete from the waste. All other loads such as surface live loads, static and dynamic soil loads, 
dead loads, hydrostatic loads, and hydrodynamic loads are carried by the reinforced concrete 
tank and dome as a design assumption. 

Reinforced Concrete Tank 

The base slab is 6-inch-thick reinforced concrete at the centerline of the tank. The top surface of 
the base slab is formed in the shape of an inverted long-r~dius dome (R = 569.82 feet) with a rise 
of 1 foot, 0 inches from the centerline of the base slab out to a radius of 33 ft, 8 7 /8 inches as 
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shown on Drawing H-2-812. This bottom shape is commonly referred to as a "dished" bottom. 
Because the bottom of the base slab is flat, the base slab is 18 inches thick at this radius. At this 
point, the concrete transitions to about a 4 foot, 2 inch radius knuckle, which curves upward to 
meet the cylindrical sidewall. A circular footing is formed under the concrete sidewall of the 
tanks. The outside edge of the footing is located at a radius of 41 feet, 10 1/4 inches. 
This footing is 3 feet, 0 inches thick by about 8 feet, 1 inch wide. This footing extends 3 feet, 
0 inches beyond the outside edge of the cylindrical sidewall. Tank sidewall concrete has an 
inside radius of 37 feet, 7 1/4 inches and is designed to be 1 foot, 3-inches thick. 

The sidewall extends upward 22 feet, 8 inches from the outside top of the footing to the spring 
line of the dome on the inside of the wall. There are three construction joints called out above 
the top of the footing. The highest construction joint is just below the elevations of the main 
tank sidewall inlet and outlet nozzles. The inner surface of the tank dome has the shape of a 
circular ellipse with a rise of 12 feet and a span of 75 feet. The elliptical shape is approximated 
by using varying radii for the inside and outside surfaces of the dome. 

At the crown of the dome the inside radius is 95 feet, 0 inches and the outside radius is 96 feet, 
3 inches. These radii do not change for a horizontal distance of 15 feet from the centerline of the 
tank. At this point the inside radius becomes 60 feet, 0 inches and the outside radius becomes 
67 feet, 0 inches. The outer radius of the dome diverges from the elliptical shape at a radius of 
28 feet, 9 1/2 inches from the centerline of the tank, becoming a shallow cone that forms a 
haunch which is 4 feet, 6 5/8 inches deep at the outside edge of the dome. The inner radius of 
the tank dome changes from 60 feet, 0 inches to 10 feet, 0 inches and then to 2 feet, 0 inches as 
the surface fairs into the sidewall at the spring line. The additional depth at the haunch provides 
space for the relatively heavy concentration of circumferential reinforcing steel that forms the 
tension ring supporting the dome. 

As noted on Drawing H-2-808, the concrete mix design required a minimum 28-day strength of 
3000 lbf/in2 with a maximum aggregate size of 1 1/2 inches. Reinforcing steel was specified as 
ASTM A15-39 intermediate grade deformed bars on the drawings. These bars are 40,000 lbf/in2 

minimum yield strength with an ultimate tensile strength in the range of 70,000 to 90,000 lbfi'in2
• 

Carbon Steel Liner 

The leak-tight carbon steel liners were fabricated from steel plate as shown on Drawing H-2-809. 
The bottoms and knuckle are 3/8 inch. The first row of vertical plates (strake) above the 
knuckles is 5/16-inch plate that transitions to 1/4-inch plate for the 2 upper strakes. The liner 
extends up the sidewalls and ends at the spring line for the concrete roof dome. This point is 
24 feet, 11 5/8 inches above the tank bottom at the centerline of the tank. The design liquid level 
is 1 foot, 4 inches below the upper edge of the liner at the invert elevation of the outlet nozzles. 

Six stiffener rings are welded to the inside surface of the liner. These rings are fabricated from 
carbon steel angles (L 5 inches x 3 1/2 inches x 5/16 inch) rolled with the long-leg vertical to the 
surface and welded to the shell. The first angle is even with the top of the liner with the long-leg 
even with the top of the liner and rolled so that it slopes 1/2 inch down to the tip. Six stiffeners 
are evenly spaced downward from the top edge of the liner and are about 3 feet, 10 inches apart. 
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The lowest stiffener is welded to the inside of the knuckle plates. Welds attaching the stiffeners 
to the shell are 5/16-inch fillet skip welds with 3 inches of weld every 12 inches on both sides of 
the angles. This weld pattern varies among the 4 series of758,000-gallon tanks. 

Welds joining the sidewall liner plates are two- or three-pass full-penetration double-bevel butt 
welds with full radiographic inspection based on the drawings. Defective welds were subject to 
complete repair. Inspection personnel reported to the General Electric Company, not the 
subcontractor, thus assuring their independence for quality purposes. The construction sequence 
for the carbon steel liners required that the main circular tank footings and tank basemats be 
constructed before work started on the liners. A three-ply asphaltic membrane waterproofing 
layer was then applied to the top of the basemat and the inside surface of the main tank footing. 
Two inches of protective grout reinforced with wire mesh were placed on top of the membrane 
waterproofing to protect it during liner erection. Drawing H-2-809 shows the layouts for the 
tank bottoms and knuckles. A structural steel jig was developed to weld half of a tank bottom at 
a time (HW-24800-35, pg 19). The top was welded, then the jig was used to flip the halfbottom 
over and weld the other side. Lincoln automatic welding machines furnished by General Electric 
Company were used for all bottom welds. Half bottoms were then transported to the 
construction site on a special truck and placed with a mobile crane for the TX and BY tank farm 
construction projects. 

Knuckle plates were fabricated at various steel tank vendors depending on each contract. 
They were cold-pressed to shape, stress-relieved, and repre:;sed to final shape. Subassemblies 
were joined with five plates each. After a low-temperature stress relief the subassemblies were 
shipped to the Hanford Site. The knuckle was then assembled in place ( eight sections per tank 
bottom), trimmed to fit the bottom, and welded. Tank bottoms were then raised to a height of at 
least 42 inches allowing access for welding the underside of bottom plate welds and the 
knuckles, and for inspections. After completing inspections of each tank bottom and knuckle, 
the exterior was cleaned and painted with two coats of DU LUX SEA CHROME PRIMER 
NUMBER 67710 before being lowered into place on the grout layer. For the TY and S farm 
tanks, a single layer of 55 lbf/ft2 asphalt roll roofing was spread on top of the grout layer before 
lowering the tank bottoms. At this point construction of the rest of the liner proceeded in a 
normal fashion. 

A4.1.3 Description for SX, A, and AX Farm 100-Series Tanks 

There are three tank farms containing 1-million-gallon tanks. Specifications for the SX tank 
farm were issued in May 1953 and the design drawings were signed off "as-built" in 
November 1954. Specifications for the A tank farm were issued in October 1953 and the 
construction drawings were issued "as-built" in April 1956. Specifications for the AX tank farm 
were issued in May 1963 and the construction drawings were issued "as-built" in February 1965. 
The 1-million-gallon tanks are geometrically similar with the exception of the basemats and 
foundations and have the same material properties with minor differences in concrete strength 
and reinforcing steel arrangements. 
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The original construction drawings for each of the SST farms are listed in detail in Attachment 
Al. These drawings are organized around a "key drawing" that can be used to identify all of the 
original construction drawings. Sufficient drawings are listed to adequately describe each SST 
group design details for use in current structural integrity assessments. 

Drawings for SX, A, and AX Farm Tanks 

The following key drawings are the general arrangement drawings for the tank farms including 
the layout of nozzles and risers on the sides and tops of the tanks. Other drawings provide 
detailed construction information for the SX, A, and AX reinforced concrete tanks and carbon 
steel liners. These last three series of SSTs were designed for increased capacity. The AX farm 
tanks are the only SSTs that were designed for "self-boiling" waste concentration in the tanks as 
normal operations. 

As-built drawings for the SX and A tank farms are General Electric Hanford Works drawings 
while the as-built drawings for the AX tank farm are General Electric Hanford Atomic Products 
Operation drawings. 

Key Drawing SX tank farm: 

H-2-39501, Rev. 11 GENERAL LAYOUT WASTE DISPOSAL FACILITY 241-SX 

Key Drawing A tank farm : 

H-2-55901, Rev. 4 241-A GENERAL LAYOUT 

Key Drawing AX tank farm : 

H-2-44552, Rev. 3 PLOT PLAN FINISHED GRADING AND FACILITIES. 

Specifications for SX, A, and AX Farm Tanks 

The construction specifications (supplemented by notes on the drawings) are listed below. 

SX Tank Farm: 

General Electric, 1953a, "Specifications For Waste Disposal Facility 241-SX Specification HW-
4957," General Electric Company, May. 

A Tank Farm: 

General Electric, 1953b, "Specification HWS-5614 Specifications for PUREX Waste Disposal 
Facility Project CA-513-A," General Electric Hanford Atomic Products Operation, 
October. 
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General Electric, 1963, "HWS-8237 Specification for PUREX 241-AX Tank Farm Project 
CAC-545," General Electric Hanford Atomic Products Operation, May. 

A4.1.3.2 Description Details 

The SX, A, and AX farm tanlcs are 75 feet, 0 inches in diameter with storage capacities of 
1 million gallons. These tanlcs are constructed of reinforced concrete with a single internal steel 
liner that extends across the tanlc basemat and up the cylindrical sides. They are cylindrical in 
shape with dome roofs and are buried to provide for radiation protection. The welded carbon 
steel liners are independent of the reinforced concrete tanks and are designed to provide 
leak-tight containment of the liquid radioactive wastes and to protect the reinforced concrete 
from the waste. All other loads such as surface live loads, static and dynamic soil loads, dead 
loads, hydrostatic loads, and hydrodynamic loads are carried by the reinforced concrete tanlc and 
dome as a design assumption. 

Reinforced Concrete Tank 

The base slabs for the SX farm tanks are 8-inch-thick reinforced concrete at the centerline of the 
tank. The top surface of the base slab is formed in the shape of an inverted long-radius dome 
(R = 569.82 feet) with a rise of 1 foot, 2 7/8 inches from the centerline of the base slab out to a 
radius of 37 feet, 8 1/2 inches as shown on Drawing H-2-39517. Because the bottom of the base 
slab is flat , the base slab is 20 7 /8 inches thick at this radius which is 2 inches beyond the outside 
face of the vertical liner wall. There is no transition radius or knuckle from the tanlc bottom to 
the sidewall as in the earlier SSTs. A circular footing is formed under the concrete sidewall of 
each tank. The outside edge of the footing is located at a radius of 41 feet, 5 inches. 
This footing is 1 foot, 11 inches thick by about 6 feet wide. This footing extends 1 foot, 
10 1/2 inches beyond the outside edge of the cylindrical sidewall. 

Base slabs for the A and AX farm tanlcs are flat slabs. The A farm tank slab is 6 inches thick 
extending out from the tanlc centerline to the 8 feet, 0 inches wide by 2 feet, 0 inches thick 
circular footing that is centered under the tank sidewall. The outer edge of the main footing is 
located at a radius of 41 feet, 6 1/2 inches and the top surface of the base slab and footing are 
continuous. Base slab thickness was increased in the AX farm tanks to 1 foot , 6 inches to 
provide space for leak detection drain slots under the bottom plate of the carbon steel liner on top 
the base slab. The drain slots are 2 1/2 inches deep by 5 1/2 inches wide in a continuous square 
array spaced 13 feet, 9 inches apart in both directions as shown on Drawing H-2-44563. 
The leak detection system on the AX farm tanlcs is prototypic for the systems used on the later 
DSTs. Otherwise the base slabs and foundation rings have similar dimensions. 

T anlc sidewalls extend upward 31 feet, 3 5/8 inches from the outside top of the footing to the 
spring line of the dome on the inside of the wall. Sidewalls are 2 feet, 0 inches thick on top the 
footings with an inside radius of 37 feet, 6 1/2 inches. The thickness of the sidewall tapers from 
2 feet, 0 inches on top of the footings to 1 foot, 3 inches starting at a height of 14 feet, 
2 5/8 inches above the footing over a distance of 6 feet, 0 inches. A 1/4 -inch by 8-inch steel 
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plate water stop is embedded several inches in the top of the footing at the mid-plane of the 
sidewall extending upward into the wall concrete. There are four construction joints called out 
above the top of the footing and these joints have a keyed profile. The highest construction joint 
is just below the elevations of the main tank sidewall inlet and outlet nozzles. The inner surface 
of the tank dome has the shape of a circular ellipse with a rise of 12 feet and a span of 7 5 feet. 
The elliptical shape is approximated by using varying radii for the inside and outside surfaces of 
the dome. 

At the crown of the dome the inside radius is 95 feet, 0 inches and the outside radius is 96 feet, 
3 inches. These radii do not change for a horizontal distance of 15 feet from the centerline of the 
tank. At this point the inside radius becomes 60 feet, 0 inches and the outside radius becomes 
67 feet, 0 inches. The outer radius of the dome diverges from the elliptical shape at a radius of 
28 feet, 9 1/2 inches from the centerline of the tank, becoming a shallow cone that forms a 
haunch which is 4 feet, 6 5/8 inches deep at the outside edge of the dome. The inner radius of 
the tank dome changes from 60 feet, 0 inches to 10 feet, 0 inches and then to 2 feet, 0 inches as 
the surface fairs into the sidewall at the spring line. The additional depth at the haunch provides 
space for the relatively heavy concentration of circumferential reinforcing steel that forms the 
tension ring supporting the dome. Domes on the .AX. farm tanks use longer radii for the dome 
area near the tank centerline out to a radius of about 25 feet; they have less curvature in the 
crown area than the other SSTs. 

As noted on Drawing H-2-39512, the concrete mix design required a minimum 28-day strength 
of 3,000 lbf/in2 with a maximum aggregate size of 1 1/2 inches. The SX and A farm tanks were 
built with 3,000 lbf/in2 concrete whereas the .AX. farm tanks were built with 4,000 lbf/in2 

concrete. Reinforcing steel was specified as ASTM A15-50T intermediate grade deformed bars 
with deformations conforming to ASTM A305-50T in the construction specifications. 

Carbon Steel Liner 

The leak-tight carbon steel liners were fabricated from steel plate as shown on Drawing 
H-2-39511. The bottoms and sidewalls are 3/8 inch. The liner extends up the sidewalls and ends 
at the spring line for the concrete roof dome. This point is 32 feet, 3 7 /8 inches above the tank 
bottom at the centerline of the tank. The design liquid level is 1 foot, 4 inches below the upper 
edge of the liner at the invert elevation of the outlet nozzles. 

Ten stiffener rings are welded to the inside surface of the liner. Nine rings are fabricated from 
carbon steel angles (L 5 inches x 3 1/2 inches x 5/16 inch) rolled with the long-leg vertical to the 
surface. The tip of the 5-inch leg is welded to the liner shell. The first angle stiffener is welded 
to the liner 9 inches above the joint between the liner bottom and the sidewall. Eight more angle 
stiffeners are evenly spaced upward from the first stiffener with separations of 3 feet, 5 inches. 
Welds attaching the stiffeners to the shell are 1/4-inch fillet skip welds with 3 inches of weld 
every 24 inches on opposite sides of the toe of the stiffener angles. This weld pattern varies 
among the 3 series of I-million-gallon tanks. The top stiffener ring includes 2 ring plates that are 
1/4-inch plate with widths of 12 and 16 inches. The 12-inch plate is welded perpendicular to the 
sidewall 1/4-inch below the top edge of the sidewall. The 16-inch plate is embedded 3 inches 
into the dome concrete and tack welded to the vertical wall reinforcement. This upper plate 
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slopes downward 1 inch per foot to form a drip lip for reflux condensate from the dome. 
See Drawing H-2-39511 for additional details of closure plates and welding. Stiffener 
arrangements and the flashing details at the top of the carbon steel liners vary somewhat among 
the I-million-gallon tanks as shown on the drawings. 

Horizontal welds joining the sidewall liner plates are two- or three-pass full-penetration 
double-bevel butt welds while the vertical welds were full-penetration double-vee groove welds. 
Bottom plate welds were double-welded square butt joints with the exception of final closure 
welds, which were full-penetration butt joints with back-up strips on the underside of the plate. 
For the SX farm tanks, the weld connecting the sidewall plate to the tank bottom is a 5/16-inch 
double-fillet weld which is a weaker weld than a full-penetration butt weld and is probably one 
of the reasons that so many of the SX farm tanks leaked. This weld was changed to a reinforced 
full-penetration butt weld on the A series tanks and revised to a short radius knuckle in the 
AX farm tanks. Full radiography was dropped for the SX farm tanks and replaced with 
vacuum-box leak testing with soapy water. Spot radiographic examinations were specified in 
addition to the vacuum box testing for the SX and A tank farms. One hundred percent 
radiographic inspection was reinstated for the AX farm tank construction in addition to 
vacuum-box leak testing. AX farm tank liners were also given a leak test by filling them with 
water after dusting all the weld seams with chalk. Defective welds were subject to complete 
repair. Inspection personnel were hired by the subcontractor. The construction sequence for the 
carbon steel liners required that the main circular tank footings and tank basemats be constructed 
before work started on the liners. A three-ply asphaltic membrane waterproofing layer was then 
applied to the top of the basemat and the inside surface of the main tank footing. Two inches of 
protective grout were placed on top of the membrane waterproofing to protect it during liner 
erection. This waterproofing layer was eliminated in the AX farm tank design. Drawing 
H-2-39511 shows the layouts for the tank bottoms and sidewalls. The tank liners were then 
constructed on the top of these basemats and foundation rings . 

A4.1.4 Description for 200-Series B, C, T and U Farm Tanks 

There are 4 tank farms containing 55,000-gallon tanks. All four of the farms (B, C, T, and U) 
contain tanks constructed from the same drawings. The B, C, T, and U farm tanks were 
constructed in 1943 through 1944. 

A4.1.4.1 Construction Documentation 

The original construction drawings for each of the SST farms are listed in detail in 
Attachment Al. These drawings are organized around a "key drawing" that can be used to 
identify all of the original construction drawings. Sufficient drawings are listed to adequately 
describe each SST group design details for use in current structural integrity assessments. 
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The drawing sets for B, C, T, and U tank farms comprise the HEW drawings and the 
construction drawings furnished by the subcontractor, M-B-M Company located in Blue Print 
File 73550.4 

Key Drawing for HEW drawings: 

W-72742 HANFORD ENGINEER WORKS 20' - O" DIA. STORAGE TANKS 
ARRANGEMENT BLDG# 241-T, 241-U, 241-B, 241-C 

The HEW drawings provide little information on the final design and constructed condition of 
the B, C, T, and U farm tanks. The detailed information is contained in the M-B-M Company 
construction drawings: 

"M-B-M Contract No. 869 Drawings, Blue-Print File 73550 - Tank Details" 

Key Drawing for MBM Company drawings: 

D-20 Typical Details of20'Tank 

The M-B-M Company drawings were issued between January 15 and 31, 1944. Construction of 
tank foundations could not have started before the end of January 1944 because the drawings 
were being changed. 

Specifications for B, C, T, and U Farm 200-Series Tanks 

There are two specifications available for the B, C, T, and U farm tanks: 

DuPont, 1943, "Specification No. 1946, Specification for Composite Storage Tanks - Building# 
241 at Hanford Engineer Works," Project 9536, DuPont Company, Hanford Engineer 
Works. 

"Blue Print File 73550, Specifications for Construction of Composite Storage Tanks Bldg. 
No. 241, Hanford Engineer Works Project 9536, Requisition NO. RPG 1451 112 No. 31, 
Equipment Piece No. 241 - 101 to 112, 241 - 201 to 204, Received: February 21, 1944 
by the Field Engineer." 

A4.1.4.2 Description Details 

The B, C, T, and U farm 200-series tanks are 20 feet, 0 inches in diameter with storage capacities 
of 55,000 gallons. These tanks are constructed of reinforced concrete with a single internal steel 
liner that extends across the tank basemat and up the cylindrical sides. They are cylindrical in 
shape with flat plate roofs and are buried to provide for radiation protection. The welded carbon 

4 Blue Print Files are subcontract construction records that are turned over to the Hanford Site Operations Contractor 
for inclusion in the Hanford Site record systems. These files may include drawings, specifications, and other 
"as-built" construction information. 
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steel liners are independent of the reinforced concrete tanks and are designed to provide 
leak-tight containment of the liquid radioactive wastes and to protect the reinforced concrete 
from the waste. All other loads such as surface live loads, static and dynamic soil loads, dead 
loads, hydrostatic loads, and hydrodynamic loads are carried by the reinforced concrete tank and 
dome as a design assumption. 

Reinforced Concrete Tank 

The base slab is 7-inch-thick reinforced concrete that is formed in the shape of an inverted 
long-radius dome (R = 55 feet, 1 inch) with a rise of 6 inches from the centerline of the base slab 
out to a radius of 7 feet, 4 7 /8 inches as shown on Drawing D-20. At this point, the liner and the 
concrete transition to a 3 feet, 0 inch radius knuckle that curves upward to meet the inside 
cylindrical sidewall. A circular footing is formed under the concrete sidewall of the tanks. 
The outside edge of the footing is located at a radius of 12 feet, 1 inch. This footing is 1 foot, 
6 inches thick by 4 feet, 8 1/8 inches wide. The bottom of the footing is level and even with the 
bottom of the base slab at the 7 feet, 4 7 /8 inches radial distance. This footing extends 1 foot, 
0 inches beyond the outside edge of the cylindrical sidewall. Tank sidewall concrete has an 
inside radius of about 10 feet, 1 inch and an outside radius of 11 feet, 1 inch providing for a 
1 foot, 0-inch wall thickness. 

The sidewall extends upward 24 feet, 7 inches from the outside top of the footing to the 
underside of the flat plate roof. There are construction joints called out at the top of the footing 
and the top of the wall. A 1 foot, 0 inches thick flat plate forms the roof of the tank as shown in 
Figure A.1. This roof is strengthened by the integral condenser hatchway trunk structures on top 
of the roof that extend to the ground surface. The walls of the hatchways form deep beams with 
a height of 12 feet, 0 inches spanning the 20 feet, 0 inches diameter tank that greatly increase the 
roof load capacity. 

As noted on Drawing D-2, the concrete mix design required a minimum 28-day strength of 
3000 lbf/in2 with a maximum aggregate size of 1 1/2 inches. Reinforcing steel was specified as 
ASTM A15-39 intermediate grade deformed bars. These bars are specified in ASTM A15-39 as 
40,000 lbf/in2 minimum yield strength with an ultimate tensile strength in the range of 70,000 to 
90,000 lbf/in2

• 

Carbon Steel Liner 

The leak-tight inner steel liners were fabricated from 1/4-inch carbon steel plate as shown on 
Drawings D-20 and D-23. The liner bottoms, knuckles (transitions between the bottoms and the 
sidewalls), and sidewalls are 1/4-inch plate. The liner extends up the sidewalls and ends 6 inches 
below the underside of the flat plate concrete roof. This point is 25 feet, 6 inches above the tank 
bottom at the centerline of the tank. The design liquid level is 1 foot, 1 inch below the upper 
edge of the liner. 

One stiffener ring is welded to the inside surface of the liner immediately adjacent to the top 
edge. This ring is fabricated from carbon steel angles (L 3 inches x 3 inches x 5/16 inch) rolled 
to match the inside radius of the liner with the one leg vertical to the surface and welded to the 
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shell. This stiffener is rolled so that the leg standing out from the liner slopes 1/2 inch down to 
the tip. Welds attaching the stiffeners to the shell are 1/4-fillet skip welds with 3 inches of weld 
every 6 inches on opposite sides of the angles. 

Welds joining the liner plates are three-pass full-penetration double-bevel butt welds with full 
radiographic inspection based on the original specifications. Defective welds were subject to 
complete repair. Inspection personnel reported to the DuPont Company, not the subcontractor, 
thus assuring their independence for quality purposes. The construction sequence for the carbon 
steel liners required that the main circular tank footings and tank basemats be constructed before 
work started on the liners. After initial assembly and welding the tank bottoms and knuckles 
were raised with jacks and supported about 42 inches above the basemats on cribbing. 

Elevating the tank bottoms allowed access for welding the undersides of the bottom plates and 
the knuckles, and allowed access for inspections. After completing inspections of each tank 
bottom plate and knuckle, the exterior was cleaned before being lowered into place on the 
concrete base slab. At this point, construction of the rest of the liner sidewalls proceeded in a 
normal fashion. 

A4.2 DESIGN ST AND ARDS 

The design standards for each of the SST groups are presented in Sections A4.2.1 through 
A4.2.4. There are no calculation packages for the original design of any of the SST farms; 
however, the design normal operating conditions for most of the tank farms have been 
reconstituted from notes on drawings and other historical documents. 

A4.2.1 Design Standards for the B, C, T, U and BX Farm Tanks 

The basic design standard used for the carbon steel liners of the B, C, T, U, and BX farm tanks 
was the "Standard Specifications for Elevated Steel Water Tanks, Standpipes and Reservoirs" 
promulgated by the American Waterworks Association. Welding standards were those of the 
American Welding Society. The reinforced concrete tanks were designed in accordance with 
loadings and requirements specified on ·the drawings and in the specifications. Specification No. 
1946 references a Portland Cement Association "Bulletin ST-58, Specifications for Prestressed 
Concrete Tanks On or Underground," as guidance for design of the reinforced concrete; 
however, none of the SSTs have any prestressed components. A second guide for reinforced 
concrete design was referenced as "Recommended Practice and Standard Specifications for 
Concrete and Reinforced Concrete" (ASTM 1940). This document is reproduced in Julyk (1994, 
Appendix A). There is no specific reference to the design method for the reinforced concrete 
dome in the plans and specifications. Correspondence from the mid-1950s (Stivers 1955) 
concerning structural evaluation of SSTs references two Portland Cement Association standards: 
ST-55, "Design of Circular Domes," and ST-57, "Circular Concrete Tanks Without 
Prestressing." Earlier versions of these standards are probably the original design methods for 
the concrete SSTs. These standards have been included in the tables for this assessment as the 
most likely design standards. Details of the tank geometries, design loads, and concrete and steel 
materials and fabrication requirements are listed in Tables A.1 and A.2. These standards were 
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considered "good practice" when the tanks were designed and constructed and were adequate for 
the intended use of the tanks. 

A4.2.1.1 Design (Normal) Operating Conditions 

The original design loads and requirements for the SSTs are listed in Specification No. 1946. 
When the specification was revised and issued as part of B.P.F. 73550, these loads and 
requirements were listed as notes on Drawings D-2 and W71387. These requirements apply to 
the SST components as follows: 

1. Liquid is stored at atmospheric pressure. (Normal operations) 

2. Specific gravity ofliquid is 1.25. (Normal operations) 

3. Liquid will have a pH value of 10.0. (Normal operations) 

4. Tank will be warmed slowly through a period of 20 days before being put into service. 
The rate of filling will be such that tank will be filled during a period of one month. 
(Normal operations limit) 

5. Backfill material- sand and gravel. Unit weight 100 lbf/ft3 in place. Approximate 
angle ofrepose: 26 degrees. (Design requirement for the reinforced concrete tank and 
normal operation limit) 

6. No hydrostatic uplift under tank floor. (Design requirement for the reinforced concrete 
tank) 

7. Steel lining of tank shall be absolutely liquid-tight. (Design, construction, and 
inspection requirement for the carbon steel liner) 

8. Concrete wall surrounding tank is assumed to resist full hydrostatic pressure of liquid 
in tank. (Design requirement for the reinforced concrete tank) 

9. Bearing value of soil is 8000 lbf/ft2 at footing elevation. (Design input for the 
reinforced concrete tank) 

10. Domed roof shall resist effect of a 34,000 lbf concentrated load applied at top of 
backfill in any location during backfilling operations. (Design load for the reinforced 
concrete tank, normal operations limit) 

11. Steel liner must be full of water when wall concrete is poured. (Design requirement for 
the carbon steel liner, construction requirement) 
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Table A.1. B, C, T, U, and BX Farm Reinforced 
Concrete Tank Desi2n Standards (2 Sheets) 

Base Slab1 Tank Sidewall Tank Dome 

Thickness 

6 in. I ft-0 in. I ft-3 in.b 

Inside Radius 

570 ft 37 ft-7 in. 95 ft-0 in . 

Knuckle Radius 

- 4 ft-0 5/16 in. Varies 

Height 

-- 17 ft-0 in. 3 I ft-0 in. 

Design Codes 

PCA ST-57, PCA ST-55 PCA ST-57, PCA ST-55 PCA ST-57, PCA ST-55 

Recommended Practice and Recommended Practice and Recommended Practice and 
Standard Specifications for Standard Specifications for Standard Specifications for 
Concrete and Reinforced Concrete and Reinforced Concrete Concrete and Reinforced Concrete 
Concrete (ASTM 1940) (ASTM 1940) (ASTM 1940) 

Construction Specifications 

Spec. No. 1946 Spec. No. 1946 Spec. No. 1946 
BPF 73550 - RPG-1451 I /2 BPF 73550 - RPG-I 451 1/2 BPF 73550 - RPG-1451 I /2 

General Electric 1946 General Electric 1946 General Electric 1946 
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Table A.1. B, C, T, U, and BX Farm Reinforced 
Concrete Tank Design Standards (2 Sheets) 

Base Slab" Tank Sidewall Tank Dome 

Concrete Compressive Strength 

3,000 psi 3,000 psi 3,000 psi 

Maximum Concrete Aggregate Size 

I 1/2 in . I 1/2 in. I 1/2 in. 

Reinforcing Steel 

ASTM A 15-39 Intermediate ASTM AIS-39 Intermediate ASTM AIS-39 Intermediate 
Grade Grade Grade 
Fy = 40 ksi Fy= 40 ksi Fy= 40 ksi 

Internal Corrosion Protection 

Magnesium Zinc Fluorosilicate 3 -- -- Coats (min.) 

External Waterproofing 

3-Ply Asphaltic Fabric Coating 

-- -- Asphalt - ASTM D449-37T 
Fabric Fed. Spec. HHC-581 

bOn the tank centerline. 
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Table A.2. B, C, T, U, and BX Farm Tank Liner Design Standards (2 Sheets) 
Tank Farm Liner Bottom Liner Knuckle Liner Sidewall Liner Stiffeners 

Thickness 

B 

C 
1/4 in. 5/16 in. 1/4 in. 5/ 16 in. 

T 

u 
BX 3/8 in. 5/16 in. 1/4 in. 5/16 in. 

Inside Radius 

B 

C 

T 570 ft - 37 ft-6 in. L5 in. x 3 1/2 in. LL v• 
u 

BX 

Knuckle Radius 

B 

C 

T -- 4 ft-0 in. -- --
u 

BX 

Height 

B 

C 

T -- -- 18 ft-0 in. --
u 

BX 

Design Codes 

B 

C 

T AWWA AWWA AWWA AWWA 

u 
BX 

Construction Specifications 

B 

C Spec. No. 1946 Spec. No. 1946 Spec. No. 1946 Spec. No. 1946 

T 
BPF 73550 - RPG-1451 BPF 73550-RPG-1451 BPF 73550 - RPG-1451 BPF 73550-RPG-1451 
1/2 1/2 1/2 1/2 

u 
BX W-3061 W-3061 W-3061 W-3061 
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Table A.2. B, C, T, U, and BX Farm Tank Liner Design Standards (2 Sheets) 
Tank Farm Liner Bottom 

B 

C A WS Code for Arc and 

T 
Gas Welding in Building 
Construct., Section 4, 

u Workmanship 

BX 

B 

C 

T Full Radiography 

u 
BX 

8 

C ASTM A 7-39 or 
T ASTM AI0-39 

u Fy = 33 ksi 

BX 

B , 

C 2 coats DULUX 
T SEACHROME PRJMER 

u NO. 67710b 

BX 

B 

C 
3-Ply Asphaltic Fabric 
Coating 

T Asphalt - ASTM D449-

u 37T Fabric Fed. Spec. 
HHC-581 

BX 

•LL V = rolled long leg vertical to sidewall. 
t>inside and outside. 

Liner Knuckle Liner Sidewall 

Weld Specifications 

A WS Code for Arc and A WS Code for Arc and 
Gas Welding in Building Gas Welding in Building 
Construct. , Section 4, Construct. , Section 4, 
Workmanship Workmanship 

Weld Inspections 

Full Radiography Full Radiography 

Reinforcing Steel 

ASTM A7-39 or ASTM A7-39 or 
ASTM AI0-39 ASTM AI0-39 
Fy = 33 ksi Fy = 33 ksi 

Internal Corrosion Protection 

2 coats DULUX 2 coats DULUX 
SEACHROME PRJMER SEACHROME PRJMER 
NO. 67710 (inside)' NO. 67710 (inside) 

External Waterproofing 

3-Ply Asphaltic Fabric 3-Ply Asphaltic Fabric 
Coating Coating 

Asphalt - ASTM D449- Asphalt - ASTM D449-
37T Fabric Fed. Spec. 37T Fabric Fed. Spec. 
HHC-581 HHC-581 

<The inside liner shell was sandblasted before coating after final construction. 

A WW A= American Waterworks Association. 
A WS = American Welding Society. 

Liner Stiffeners 

A WS Code for Arc and 
Gas Welding in Building 
Construct., Section 4, 
Workmanship 

--

ASTM A7-39 

2 coats DULUX 
SEACHROME PRJMER 
NO. 67710 

--
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1. Waste maximum temperature 220 °F. (Design requirement, normal operations limit) 
2. Maximum soil cover 9 ft. (Design requirements, normal operations limit) 

Those items identified in the above list as normal operations were the original operating limits 
for the SSTs. Operation outside these limits would be expected to degrade the leak-tight 
characteristics of the carbon steel liner and the structural capacity of the reinforced concrete tank. 
These tanks operated within the normal operating limits for the first five years after construction. 
See Section A4.4.1 for a discussion of operating limits over the life of the tanks. 

A4.2.2 Design Standards for the TX, BY, S, and TY Farm Tanks 

The basic design standard used for the carbon steel liners of the TX, BY, S, and TY tanks was 
the "Standard Specifications for Elevated Steel Water Tanks, Standpipes and Reservoirs" 
promulgated by the American Waterworks Association. Welding standards were those of the 
American Welding Society. The reinforced concrete tanks were designed in accordance with 
loadings and requirements specified on the drawings and in the specifications. We do not have 
specific reference to the design method for the reinforced concrete dome in the plans and 
specifications, nor do we have access to the original design calculations for any of the SSTs. 
Correspondence from the mid 1950s (Stivers 1955) concerning structural evaluation of SSTs 
references two Portland Cement Association standards: ST-55, "Design of Circular Domes," and 
ST-57, "Circular Concrete Tanks Without Prestressing." Earlier versions of these standards are 
probably the original design methods for the SST concrete tanks. These standards have been 
included as the design standards. Details of the tank geometries, design loads, and concrete and 
steel materials and fabrication requirements are listed in Tables A.3 and A.4. These standards 
were considered "good practice" at the point in time the tanks were designed and constructed and 
were adequate for the intended use of the tanks. 

A4.2.2.1 Design (Normal) Operating Conditions 

General Electric took over operations at the Hanford Site in September 1948. They were 
responsible for the design and construction of the TX, BY, S, TY, SX, and A tank farms. 
The design criteria used for the design of these tanks were standardized in 1948 and did not 
change through the design of the A tank farm. These criteria are listed in Stivers (1955). 

These design requirements differ from those used for the B, C, T, U, and BX farm tanks 
primarily in that waste with a higher specific gravity was specified and the unit weight of backfill 
was closer to actual conditions in the tank farms. Other elements of the original B, C, T, U, and 
BX farms tank design criteria were retained: 

1. Liquid is stored at pressures between- 12 inches water gage and atmospheric pressure. 
(Normal operations) 

2. Specific gravity of liquid 1.50. (Normal operations) 
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Table A.3. TX, BY, S, and TY Farm Reinforced 
Concrete Tank Desi2n Standards (2 Sheets) 

Base Slab" Tank Sidewall Tank Dome 

Thickness 

6 in. I ft-3 in. I ft-3 in.b 

Inside Radius 

570 ft 37 ft-7 1/4 in. 95 ft-0 in. 

Knuckle Radius 

-- 4ft-1 l/2in. Varies 

Height 
,. 

-- 22 ft-8 in. 36 ft-I I 1/4 in. 

Design Codes 

PCA ST-55 PCA ST-55 PCA ST-55 

PCA ST-57 PCA ST-57 PCA ST-57 

Construction Specifications 

General Electric 1946 General Electric 1946 General Electric 1946 
HW-3061 HW-3061 HW-3061 

HW-3783 HW-3783 HW-3783 

HW-3937 HW-3937 HW-3937 

HW-4696 HW-4696 HW-4696 

Concrete Compressive Strength 

3,000 psi 3,000 psi 3,000 psi 
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Table A.3. TX, BY, S, and TY Farm Reinforced 
Concrete Tank Design Standards (2 Sheets) 

Base Slab" Tank Sidewall Tank Dome 

Maximum Concrete Aggregate Size 

I 1/2 in. I 1/2 in. I 1/2 in. 

Reinforcing Steel 

ASTM AIS-39 ASTM AIS-39 ASTM AIS-39 
ASTM A16-35 ASTM A16-35 ASTM A16-35 
Intermediate Grade Intermediate Grade Intermediate Grade 
Fy= 40 ksi Fy=40 ksi Fy= 40 ksi 

Corrosion Protection 

Magnesium Zine Fluorosilicate -- -- - 3 Coats (min.) 

Waterproofing 

3-Ply Asphaltic 

-- -- Asphalt - ASTM D449-37T 
Fabric Fed. Spec. HHC-581 

"Top of base slab is an inverted dome. Thickness at tank centerline. Bottom of base slab is flat. 
bOn the tank centerline. 
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Table A.4. TX, BY, S, and TY Farm Tank Liner Desi2n Standards (3 Sheets) 
Tank Farm Bottom Knuckle Sidewall' Stiffeners Dome Risers 

Thickness 

TX 

BY 
3/8 in . 3/8 in. 

s 
5/16, I /4 in. 5/16 in . --

TY 

Inside Radius 

TX 

BY L 5 in. x 3 1/2 in. 570 ft -- 37 ft-6 in. LLVb --s 
TY 

Knuckle Radius 

TX 

BY 
-- 4 ft-0 in. -- -- -s 

TY 

Height 

TX '• 

BY 
-- -- 24 ft- I I 5/8 in. -- --s 

TY 

Design Codes 

TX AWWA AWWA AWWA AWWA --
BY ASME-1946 ASME-1946 ASME-1946 ASME-1946 
s Section VIII Para. Section VIII Para. Section VIII Para. Section Vlll Para. --

TY U-68 U-68 U-68 U-68 

Construction Specifications 

TX General Electric General Electric General Electric General Electric 
1946 1946 1946 1946 --
HW-3061 HW-3061 HW-3061 HW-3061 

BY ASME-1946 ASME-1946 ASME- 1946 ASME-1946 
s Section VIII Para. Section VIII Para. Section VIII Para. Section Vlll Para. --

TY U-68 U-68 U-68 U-68 
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Table A.4. TX, BY, S, and TY Farm Tank Liner Desie:n Standards (3 Sheets) 
Tank Farm Bottom Knuckle Sidewall• Stiffeners Dome Risers 

Weld Specifications 

TX API-ASME for API-ASME for API-ASME for APl~ASME for 
unfired vessels for unfired vessels for unfired vessels for unfired vessels for 
petroleum liquids petroleum liquids petroleum liquids petroleum liquids -
and gases and gases and gases and gases 

BY ASME-1946 ASME-1946 ASME-1946 ASME-1946 

s Section VIII, Para. Section VIII, Para. Section VIII, Para. Section VIII, Para. --
U-68; Section IX, U-68; Section IX, U-68; Section IX, U-68; Section IX, 

TY Part II Part II Part II Part II 

Weld Inspections 

TX 

BY 
Full Radiography Full Radiography · Full Radiography -- -s 

TY 

Liner Materials 

TX Plates: ASTM Plates: ASTM Plates: ASTM Shapes: ASTM --
BY A285-46 A285-46 A285-46 A7-40 

s Plates: ASTM Plates: ASTM Plates: ASTM Shapes: ASTM ASTM A7-50T 
A283-46T Grade B A283-46T Grade B A283-46T Grade B A7-50T ASTM A283-49T 

ASTM A285-46 

TY Plates: ASTM Plates: ASTM Plates: ASTM Shapes: ASTM ASTM A7-50T 
A283-49T Grade B A283-49T Grade B A283-49T Grade B A7-50T ASTM A283-49T 

ASTM A285-46 

Steel Chemistry Limits 

TX Carbon 0.30% max. Carbon 0.30% max. Carbon 0.30% max. 

Manganese 1.00% Manganese 1.00% Manganese 1.00% -- --
BY max. max. max. 

s Carbon: 0.08 - Carbon: 0.08- Carbon: 0.08- Carbon 0.30% max. Carbon 0.30% max. 
0.14% 0.14% 0.14% Manganese 1.00% Manganese 1.00% 
Manganese 0.30 - Manganese 0.30 - Manganese 0.30 - max. max. 
0.50% 0.50% 0.50% 

Phosphorus 0.04% Phosphorus 0.04% Phosphorus 0.04% 
max. max. max. 
Sulphur 0.05% Sulphur 0.05% Sulphur 0.05% 
max. max. max. 

TY Carbon: 0.08 - Carbon: 0.08 - Carbon: 0.08 - Carbon 0.30% max. Carbon 0.30% max. 
0.16% 0.16% 0.16% Manganese 1.00% Manganese 1.00% 
Manganese 0.30 - Manganese 0.30 - Manganese 0.30 - max. max. 
0.50% 0.50% 0.50% 

Phosphorus 0.04% Phosphorus 0.04% Phosphorus 0.04% 
max. max. max. 

Sulphur 0.05% Sulphur 0.05% Sulphur 0.05% 
max. max. max. 
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Table A.4. TX, BY, S, and TY Farm Tank Liner Desi2n Standards (3 Sheets) 
Tank Farm Bottom Knuckle Sidewall" 

Welding Electrodes 

TX - - --
BY 

s A WS-ASTM A233- A WS-ASTM A233- A WS-ASTM A233-
45T 45T 45T 
E-6010, E-601 I, E-6010, E-6011, E-6010, E-601 I, 

TY E-6012, E-6013, E-6012, E-6013 , E-6012, E-6013 , 
E-6020, E-6030 E-6020, E-6030 E-6020, E-6030 

Internal Corrosion Protection< 

TX 2 coats DULUX 2 coats DULUX 2 coats DULUX 
SEA CHROME SEACHROME SEACHROME 
PRlMERNO. 

PRIMER NO. PRIMER NO. BY 67710 (inside and 
outside) 

67710 67710 

s 3 coats oi I-base 3 coats oil-base 3 coats oil-base 
paint paint paint 

1 coat oil-base 1 coat oil-base 1 coat oil-base 
TY primer (inside and primer primer 

outside) 

External Waterproofing 

TX 3-Ply Asphaltic 3-Ply Asphaltic 3-Ply Asphaltic 

Asphalt - ASTM Asphalt - ASTM Asphalt - ASTM 
D449-37T Fabric D449-37T Fabric D449-37T Fabric 

BY Fed. Spec. HHC- Fed. Spec. HHC- Fed. Spec. HHC-
581 581 581 

s 3-Ply Asphaltic 
3-Ply Asphaltic 3-Ply Asphaltic 

Concrete Primer 
ASTM D41-41 

ASTM D41-41 ASTM D41-41 

TY Asphalt ASTM 
Asphalt ASTM Asphalt ASTM 

D449-42T, Type B 
D449-42T, Type B D449-42T, Type B 
Membrane Fabric Membrane Fabric 

Mer.1brane Fabric 
ASTM D173-44 ASTM DI 73-44 

ASTM D 173-44 

'Liner thickness varied over the height of the sidewall. 
11.L V = rolled long leg vertical to sidewall. 

Stiffeners Dome Risers 

- -

A WS-ASTM A233- A WS-ASTM A233-
45T 45T 
E-6010, E-6011, E-6010, E-6011, 
E-6012, E-6013, E-6012, E-6013, 
E-6020, E-6030 E-6020, E-6030 

2 coats DULUX 2 coats DULUX 
SEACHROME SEACHROME 
PRIMER NO. PRIMER NO. 
67710 67710 

3 coats oil-base 3 coats oil-base 
paint paint 

1 coat oil-base I coat oil-base 
primer primer 

Coal-Tar Enamel 
- AWWA 7A.5-

1940 

Coal-Tar Enamel 
-- AWWA 7A.5-

1940 

'For Sand TY tank farms, a three-part-oil-based paint system was specified. The first coat was a red chromate primer compatible 
with asphaltic top coats. The two top coats were black and green bituminous paints containing gilsonite asphalt and synthetic resins 
with a softening point after drying in excess of 212 °F. 

AP! = American Petroleum Institute. 
ASME = American Society of Mechanical Engineers. 
A WW A= American Waterworks Association. 

.. 
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4. Tank will be warmed slowly through a period of20 days before being put into service. 
The rate of filling will be such that tank will be filled during a period of one month. 
(Normal operations) 

5. Backfill material - sand and gravel. Unit weight 115 lb£'ft3
. (Design requirement for 

the reinforced concrete tank and normal operation limit) 

6. No hydrostatic uplift under tank floor. (Design requirement for the reinforced concrete 
tank) 

7. Steel lining of tank shall be absolutely liquid-tight. (Design, construction, and 
inspection requirement for the carbon steel liner) 

8. Concrete wall surrounding tank is assumed to resist full hydrostatic pressure of liquid in 
tank. (Design requirement for the reinforced concrete tank) 

9. Bearing value of soil is 8,000 lb£'ft2 at footing elevation. (Design input for the 
reinforced concrete tank) 

10. Domed roof shall resist effect of two D-8 tractors at 35,000 lbf each concentrated load 
applied at top of backfill in any location during backfilling operations. (Design load for 
the reinforced concrete tank, normal operations) 

11 . Steel liner must be full of water when wall concrete is poured. (Design requirement for 
the carbon steel liner, construction requirement) 

12. Waste maximum temperature 220 °F. (Design requirement, normal operations) 

13. Seven foot soil cover (Design requirements, normal operations). 

Those items identified in the above list as normal operations were the original operating limits 
for the TX, BY, S, and TY farm tanks. Operation outside these limits would be expected to 
degrade the leak-tight characteristics of the carbon steel liner and the structural capacity of the 
reinforced concrete tank. These tanks were operated within their normal operation limits for the 
first few years after construction. See Section A4.4. l for a discussion of operating limits over 
the life of the tanks. 

A4.2.3 Design Standards for the SX, A, and AX Farm Tanks 

The basic design standard used for the carbon steel liners of the SX farm tanks was the "Standard 
Specifications for Elevated Steel Water Tanks, Standpipes and Reservoirs" promulgated by the 
American Waterworks Association. This standard was revised to ASME Section VIII, 
Paragraph U68 for the A and AX farm tanks. Welding standards were ASME Section VIII code 
for unfired vessels for petroleum liquids and gases. The reinforced concrete tanks were designed 
in accordance with loadings and requirements specified on the drawings and in the specifications 
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similar to those used for the earlier tank farms. Details of the tank geometries, design loads, and 
concrete and steel materials and fabrication requirements are listed in Tables A.5 and A.6. 
These standards were considered "good practice" at the time the tanks were designed and 
constructed and were adequate for the intended use of the tanks. Note that the design standards 
for the A and AX farm tanks were updated to post-World War II standards from the wartime 
standards used for the original SSTs. 

The first six tanks in the SX farm were used to pilot test self-boiling operations. Because of the 
observations from this testing, completion of tanks SX-107 through SX-115 and the entire A 
tank farm was delayed to include design of larger capacity vessel off gas systems with additional 
condensing capacity. Airlift circulators were developed to provide for mixing of the self-boiling 
wastes, and pressure relief devices were included in the off gas systems to protect the tanks. See 
Appendix C for more detailed discussion of the design changes made in the SX and A farm tanks 
to allow for use of the tanks for self-boiling waste concentration. 

A4.2.3.1 Design (Normal) Operating Conditions 

General Electric took over operations at the Hanford Site in September 1948. That contractor 
was responsible for the design and construction of the TX, BY, S, TY, SX, and A tank farms. 
The design criteria used for those tanks were standardized in 1948 and did not change through 
the design of the A tank farm. Thus, the design normal operating conditions for the SX and 
A tank farms are the same as those listed in Section A4.2.2. l. See Section A4.4.1.1 for a 
discussion of the use of post-design analyses to develop revised operating limits for self-boiling 
operations in the SX and A tank farms. 

Design of the AX tank farm was started in September 1962, which was about the same date as 
the final revision to the bid specification that was issued. Work on the design progressed into 
February 1963 when the design agent was redirected (General Electric 1963a). The following 
quote from the monthly Chemical Processing Division report describes the design change. 

Design work was started on February 8 to prepare a modified design of the A type 
bottom-supported, high-level waste storage tank. Modified designs will be prepared for 
improvement in circulation, temperature control, leak detection, material of construction, and 
sidewall load carrying capability. 

The final design standards taken from the drawings and construction specifications are listed in 
Tables A.5 and A.6. The normal operating conditions for the AX tank farm are consistent with 
operation as self-boiling waste concentration tanks. The design requirements, including normal 
operating conditions for the plutonium-uranium extraction (PUREX) AX farm tanks, are 
reported in Doud and Stivers (1962). These design requirements amended for the redirection of 
the Design Agent, which occurred in February 1963, are listed in Tables A.7 and A.8. 



Table A.5. SX, A, and AX Farm Reinforced 
Concrete Tank Desien Standards (2 Sheets) 

Tank Farm Base Slab" Tank Sidewall 

Thickness 

sx 8 in. 2 ft-0 in. tapering to I ft-3 in. 

A 6 in. 2 ft-0 in. tapering to I ft-3 in. 

AX I ft-6 in. 2 ft-0 in. tapering to I ft-3 in. 

Inside Radius 

sx 570 ft 3 7 ft-6 1/2 in. 

A Flat 37 ft-6 1/2 in. 

AX Flat 3 7 ft-6 1/2 in. 

Knuckle Radius 

sx 
-- -

A 

AX 4-8 in. max. --
Height 

sx -- 31 ft-3 5/8 in. 

A -- 32 ft-6 3/4 in. 

AX -- 32 ft-6 3/4 in. 

Design Codes 

sx PCA ST-55 PCA ST-55 

A PCA ST-57 PCA ST-57 

AX ACI 318-51 ACI 318-51 

Construction Specifications 

sx HW-4957 HW-4957 

A HW-5614 HW-5614 

AX HWS-8237 HWS-8237 

Concrete Compressive Strength< 

sx 
A 

3,000 psi 3,000 psi 

AX 4,000 psi 4,000 psi 

Maximum Concrete Aggregate Size 

sx 
A I 1/2 in. I 1/2 in. 

AX 

Reinforcing Steel 

sx ASTM A15-50T ASTM Al5-50T 
ASTM A305-50T ASTM A305-50T 

A Intennediate Grade Intennediate Grade 
Fy=40 ksi Fy=40 ksi 

AX HW-4798-S HW-4798-S 
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Tank Dome 

I ft-3 in.b 

I ft-3 in.b 

I ft-3 in.b 

95 ft-0 in. 

95 ft-0 in. 

117 ft-6 in. 

Varies 

Varies 

44 ft-3 7/8 in. 

44 ft-3 7/8 in. 

44 ft-6 in. 

PCA ST-55 
PCA ST-57 

ACI 318-51 

HW-4957 

HW-5614 

HWS-8237 

3,000 psi 

4,000 psi 

I 1/2 in. 

ASTM Al5-50T 
ASTM A305-50T 
Intennediate Grade 
Fy=40ksi 

HW-4798-S 



Table A.5. SX, A, and AX Farm Reinforced 
Concrete Tank Desi2n Standards {2 Sheets) 

Tank Farm Base Slab" Tank Sidewall 

Internal Corrosion Protection 

sx -- --

A 
- -

AX 

External Waterproofing 

sx - --
A 

-- -

AX -- --
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Tank Dome 

Magnesium Zinc Fluorosilicate 
3 coats (min.) 

-

--
3-Ply Asphaltic 
Primer ASTM D41-41 
Asphalt-ASTM D449-49, 
Type C, "Glasfab" by Owens 
Coming 

-
"Top of SX base slab is an inverted dome. Thickness at tank centerline. Bottom of base slab is flat. 
~ickness at tank centerline. 
<concrete for SX and A tanks furnished to contractor by Atomic Energy Commission. 
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Table A.6. SX, A, and AX Farm Tank Liner Desien Standards (2 Sheets) 
Tank Farm Liner Bottom Liner Sidewall Liner Stiffeners Dome Risers 

Thickness 

sx 
A 3/8 in. 3/8 in. 5/16 in. -

AX 

Inside Radius 

sx 570 ft 37 ft-6 in. L 5 in. x 3 1/2 in. LLV" -
A 

Flat slab 37 ft-6 in. L 5 in . x 3 1/2 in. LLV0 --
AX 

Height 

sx -- 32 ft-3 7/8 in. -- --
A 

-- 32 ft-6 in. - --
AX 

Design Codes 

sx AWWA AWWA AWWA AWWA 

A ASME-1946 ASME-1946 ASME-1946 ASME-1946 

AX 
Section VIII, Section VIII, Section VIII, Section VIII, 
Para. U-68 Para. U-68 Para. U-68 Para. U-68 

Construction Specifications 

sx HW-4957 HW-4957 HW-4957 HW-4957 

A HW-5614 HW-5614 HW-5614 HW-5614 

AX HWS-8237 HWS-8237 HWS-8237 HWS-8237 

Weld Specifications 

sx HW-4926-S HW-4926-S HW-4926-S HW-4926-S 
HW-4900-S HW-4900-S HW-4900-S HW-4900-S 

A ASME- 1946 ASME-1946 ASME-1946 ASME-1946 
Section VIII, Section VIII, Section VIII, Section VIII, 

AX Para. U-68; Para. U-68; Para. U-68; Para. U-68; 
Section IX, Part II Section IX, Part II Section IX, Part II Section IX, Part II 

Weld Inspections 

sx Vacuum box soap leak Vacuum box soap leak 
test. IO in. Hg min. and test. IO in. Hg min. and - --

A spot radiographic spot radiographic 
examinations examinations 

AX Full radiography and Full radiography and 
vacuum box testing vacuum box testing -- --
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Table A.6. SX, A, and AX Farm Tank Liner Desh?n Standards (2 Sheets) 
Tank Farm Liner Bottom Liner Sidewall Liner Stiffeners Dome Risers 

Liner Materials 

sx Plates: ASTM A283- Plates: ASTM A283- Shapes: ASTM A7-52T ASTM A7-52T 
52T Grade A or B 52T Grade A or B ASTM Al20-47 

ASTM A283-52T 

A Plates: ASTM A283- Plates: ASTM A283- Shapes: ASTM A 7-52T ASTM A7-52T 
52T, ASTM A285-52T 52T, ASTM A285-52T ASTM Al20-47 

ASTM A283-52T 

AX Plates: ASTM A201, Plates: ASTM A20 I , Shapes: ASTM A36 ASTM AI06 
Grade A Grade A ASTM A53 

ASTM Al20 
ASTM A36 

Steel Chemistry Limits 

sx Carbon 0.26% max. Carbon 0.26% max. -- --
Manganese 0.60% max. Manganese 0.60% max. 

A Carbon 0.26% max. Carbon 0.26% max. -- --
Manganese 0.30 - 0.60% Manganese 0.30 - 0.60% 

Phosphorus 0.04% max. Phosphorus 0.04% max. 

Sulfur 0.05% max. Sulfur 0.05% max. 

AX Carbon 0.18 - 0.22% Carbon 0.18 - 0.22% -- --
Ladle Analysis Ladle Analysis 

0.16 - 0.24% check 0.16-0.24% check 
Analysis Analysis 

' 
Welding Electrodes 

sx A WS-ASTM A233-45T A WS-ASTM A233-45T A WS-ASTM A233-45T A WS-ASTM A233-45T 
E-6010, E-6011, E-6010, E-6011, E-6010, E-6011, E-6010, E-6011 , 

A E-6012, E-6013, E-6012, E-6013, E-6012, E-6013, E-60 I 2, E-6013, 
E-6020, E-6030 E-6020, E-6030 E-6020, E-6030 E-6020, E-6030 

AX ASTM A233-58T ASTM A233-58T ASTM A233-58T ASTM A233-58T 
E-7015, E-7016, E-7015, E-7016, E-7015 , E-7016, E-7015, E-7016, 
E-7018 E-7018 E-7018 E-7018 

Internal Corrosion Protectionb 

sx I coat Red Lead Primer< 
I coat Red Lead Primer I coat Red Lead Primer I coat Red Lead Primer 

3 coats oil-based paint A 

AX 2 coats Red Lead Primer 2 coats Red Lead Primer 2 coats Red Lead Primer I coat Red Lead Primer< 

3 coats oil-based paintd 

External Waterproofing 

sx 
3-Ply Asphaltic -- -- --

A 

AX - -- -- --
•LL V = rolled long leg vertical to sidewall. 

bA three part oil-based paint system was specified. The first coat was a red chromate primer compatible with asphaltic top coats. 
The two top coats were black and green bituminous paints containing gilsonite asphalt and synthetic resins with a softening point 
after drying in excess of212 °F. 
°Federal Specification No. TT-P-86-A, Type I, National Lead Company "Dutch Boy 0655" Liquid Red Lead or approved equal. 

~evised for AX tanks to Mil. Spec. MIL-C18480 (docks) Am. 1 bituminous coating, 2 coats. 

A WW A= American Waterworks Association. 
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Item Vapor Phase Liquid Phase 

Temperature {°F) 200-222 210-280 

Specific Gravity -- 1.1 to 1.6 

Vapor Pressure (lbf/in2
) -- 13.7-17.7 

aractenst1cs 
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Solid Phase 

210-280 

1.65 to 2.5 

--



T 8 AXF able A . . arm T kD an es1~n R t eqmremen s 

Item Requirement Quantity 

Earthquake Design load Zone 2 

Earth cover Radiation shield 6 ft soil 

Design load I ft-3 in. 

Tanlc dome live load Support construction 40 lbf7ft2 
operating equipment 50 tons 

Steel shell Leak-tight corrosion ASTM A201 Grade A 
resistant barrier 

Welding Leak-tight and failure Double-V butt joint 
resistant 

Concrete shell Secondary containment, --
support dome and earth 
loads 

Thermocouples Stress computation and --
heat transfer validation 

Useable liquid volume 1 million gal. --

Vapor pressure Absorb intermittent 6 in. water 
pressure surges vacuum to 17. 7 lbf7in2 

absolute 

pH Alkaline 8-10 

Specific gravity Waste concentration 1.8 

Design temperature Maximum probable 
- Vapor 220 Of 
- Liquid 280 Of 
- Solid 350 Of 

Incremental temperature Absorb transient thermal 2 °F/day 
change in 24 hrs gradients 

Corrosion allowance 25-year design life 1/16 in. 

Leak detection facility Detect any leak in steel One per tank 
tank 
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Remarks 

Pacific Coast UBC 

Soil unit weight of 
120 lbf7ft3 

Dome concrete 

Uniform + concentrated 
loads 

Design to take hydrostatic 
loads 

100% radiography 

Design to take internal 
hydrostatic load 

Required on all tanks 

Filled to 9 in. below 
spring line of dome 

Water seal on main vapor 
header limits pressure 
surges of off gas system to 
66 in. H20 ga. Or 
17. 7 lbf7in2 absolute 

Corrosion protection 

Tanks eventually used to 
store solidified 
non-boiling waste 

--

Maximum bulk temp. rise 
in 24 hrs 

--
Detect and contain any 
leakage that occurs 
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The basic design standard used for the carbon steel liners of the B, C, T, and U farm 200-series 
tanks was the "Standard Specifications for Elevated Steel Water Tanks, Standpipes and 
Reservoirs" promulgated by the American Waterworks Association. Welding standards were 
those of the American Welding Society. The reinforced concrete tanks were designed in 
accordance with loadings and requirements specified on the drawings and in the specifications. 
Specification No. 1946 references a Portland Cement Association Bulletin ST-58, 
"Specifications for Prestressed Concrete Tanks On or Underground," as guidance for design of 
the reinforced concrete; however, none of the SSTs have any prestressed components. A second 
guide for reinforced concrete design was referenced as "Recommended Practice and Standard 
Specifications for Concrete and Reinforced Concrete" (ASTM 1940). This document is 
reproduced in Julyk (1994, Appendix A). Correspondence from the mid-1950s (Stivers 1955) 
concerning structural evaluation of SSTs references a Portland Cement Association standard 
ST-57, "Circular Concrete Tanks Without Prestressing." An earlier version of this standard is 
probably the original design method for the SST concrete tanks. This standard is included in the 
tables as the most likely design standard. Details of the tank geometries, design loads, and 
concrete and steel materials and fabrication requirements are listed in Tables A.9 and A.IO. 
These standards were considered "good practice" when the tanks were designed and constructed 
and were adequate for the intended use of the tanks. 

A4.2.4.1 Normal Operating Conditions 

The original design loads and requirements for the tanks are listed in Specification No. 1946 
(DuPont 1943). When the specification was revised and issued as part ofB.P.F. 73550 (1944) 
these loads and requirements were listed as notes on Drawing D-2. These requirements apply to 
the SST components as follows: 

1. Liquid is stored at atmospheric pressure. (Normal operations) 

2. Specific gravity ofliquid is 1.25. (Normal operations) 

3. Liquid will have a pH value of 10.0. (Normal operations) 

4. Tank will be warmed slowly through a period of 20 days before being put into service. 
The rate of filling will be such that tank will be filled during a period of one month. 
(Normal operations) 

5. Backfill material- sand and gravel. Unit weight 100 lbfi'ft3 in place. Approximate 
angle ofrepose: 26 degrees. (Design requirement for the reinforced concrete tank) 

6. No hydrostatic uplift under tank floor. (Design requirement for the reinforced concrete 
tank) 
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Table A.9. B, C, T, and U Farm 200-Series 
Concrete Tank Desi2n Standards (2 Sheets) 

Base Slab Tank Sidewall Tank Roof 

Thickness 

7 in. I ft-0 in. I ft-0 in. 

Inside Radius 

55 ft-I in. !Oft-Jin. Flat slab 

KnuckJe Radius 

-- 3 ft-0 1/4 in. NA 

Height 

-- 24 ft-7 in. 26 ft-0 in. 

Design Codes 

PCA ST-57 PCA ST-57 PCA ST-57 

Recommended Practice and Recommended Practice and Recommended Practice and 
Standard Specifications for Standard Specifications for Standard Specifications for 
Concrete and Reinforced Concrete Concrete and Reinforced Concrete Concrete and Reinforced Concrete 
(ASTM 1940) (ASTM 1940) (ASTM 1940) 

Construction Specifications 

Spec. No. 1946 Spec. No. 1946 Spec. No. 1946 
BPF73550-RPG-14511/2 BPF 73550- RPG-1451 1/2 BPF73550-RPG-1451 l/2 

Concrete Compressive Strength 

3,000 psi 3,000 psi 3,000 psi 

Maximum Concrete Aggregate Size 

I 1/2 in. I 1/2 in. I 1/2 in. 
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Table A.9. B, C, T, and U Farm 200-Series 
Concrete Tank Desi2n Standards (2 Sheets) 

Base Slab Tank Sidewall 

Reinforcing Steel 
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Tank Roof 

ASTM Al5-39 Intermediate ASTM Al5-39 Intermediate ASTM Al5-39 Intermediate 
Grade Grade Grade 
Fy= 40 ksi Fy= 40 ksi Fy=40ksi 

Internal Corrosion Protection 

Magnesium Zinc Fluorosilicate -- -- 3 coats (min.) 

External Waterproofing 

3-Ply Asphaltic 

-- -- Asphalt - ASTM D449-37T 
Fabric Fed. Spec. HHC-581 



Table A.10. B, C, T, and U Farm 200-Series 
Tank Liner Desi2n Standards (2 Sheets) 

Tank Farm Liner Bottom Liner Knuckle Liner Sidewall 

Thickness 

B 

C 
1/4 in. 1/4 in . 1/4 in. 

T 

u 
Inside Radius 

B 

C 
55 ft- I in. - IO ft-0 in. 

T 

u 
Knuckle Radius 

B 

C 
-- 3 ft-0 in. --

T 

u 
Height 

B 

C 
-- -- 18 ft-0 in. 

T 

u 
Design Codes 

B 

C 
AWWA AWWA AWWA 

T 

u 
Construction Specifications 

B 

C Spec. No. 1946 Spec. No. 1946 Spec. No. 1946 
BPF 73550- RPG-1451 BPF 73550- RPG-145 I BPF 73550- RPG-145 I 

T 1/2 1/2 1/2 

u 
Weld Specifications 

B 
A WS Code for Arc and A WS Code for Arc and A WS Code for Arc and 

C Gas Welding in Building Gas Welding in Building Gas Welding in Building 

T Construct. Section 4, Construct. Section 4, Construct. Section 4, 

u 
Workmanship Workmanship Workmanship 
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Liner Stiffeners 

5/16 in. 

L 3 in. x 3 in. 

-

--

AWWA 

Spec. No. I 946 
BPF 73550-RPG-1451 
1/2 

A WS Code for Arc and 
Gas Welding in Building 
Construct. Section 4, 
Workmanship 



Table A.10. B, C, T, and U Farm 200-Series 
Tank Liner Design Standards (2 Sheets) 

Tank Farm Liner Bottom Liner Knuckle Liner Sidewall 

Weld Inspections 

B 

C 

T 
Full Radiography Full Radiography Full Radiography 

u 
Reinforcing Steel 

B 

C ASTM A 7-39 or ASTM A7-39 or ASTM A7-39 or 
ASTM AI0-39 ASTM AI0-39 ASTM AI0-39 

T Fy = 33 ksi Fy = 33 ksi Fy= 33 ksi 

u 
Internal Corrosion Protection 

B 

C 2 coats DULUX 2 coats (inside)• 2 coats (inside) DULUX 
SEACHROME PRIMER DULUX SEACHROME SEACHROME PRIMER 

T NO. 67710 PRIMER NO. 67710 NO. 67710 

u 
*The inside liner shell was sandblasted before coating after final construction. 

A WW A= American Waterworks Association. 
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Liner Stiffeners 

--

ASTM A7-39 

2 coats DULUX 
SEACHROME PRIMER 
NO. 67710 
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7. Steel lining of tank shall be absolutely liquid-tight. (Design, construction, and 
inspection requirement for the carbon steel liner) 

8. Concrete wall surrounding tank is assumed to resist full hydrostatic pressure ofliquid in 
tank. (Design requirement for the reinforced concrete tank) 

9. Bearing value of soil is 8,000 lbf/ft:2 at footing elevation. (Design input for the 
reinforced concrete tank) 

10. Steel liner must be full of water when wall concrete is poured. (Design requirement for 
the carbon steel liner, construction requirement) 

An additional requirement is specified on Drawing W71387: 

1. Waste maximum temperature 220 °F. (Design requirement, normal operations) 

Those items identified in the above list as normal operations were the original operating limits 
for the B, C, T, and U farm 200-series SSTs. Operation outside these limits would be expected 
to degrade the leak-tight characteristics of the carbon steel liner and the structural capacity of the 
reinforced concrete tank. The only available post-design analysis for these tanks is provided in 
Ramble (1983) where new operating limits were specified. 

A4.3 CORROSION PROTECTION FEATURES 

Several types of corrosion protection were included in the original design and construction of the 
Hanford Site SSTs. These features included the following: 

, 

• Coatings (paints) for the carbon steel liners 

• Three-ply asphaltic waterproofing for the carbon steel liners and the reinforced concrete 
tanks 

• Penetrating sealer for the exposed concrete on the undersides of the domes 

• Process operations controls on the alkalinity of the waste sent to the tanks. 

Corrosion protection features are listed in the design standard tables in Section A4.2. 
The features were standardized for all of the SSTs. Some of the coatings were revised at times 
as listed in the tables. Several corrosion protection features were eliminated in the SX, A, and 
AX farm tanks as noted in the tables. 

A4.3.1 Corrosion Protection of Carbon Steel Liners 

SST design and construction had several provisions for protecting the carbon steel liners. 
The interior surfaces of the carbon steel liners were sandblasted after completion of construction 
including the shell, angle stiffeners, all pipes and pipe risers entering the tank through the tank 
walls and the tank domes, and exposed carbon steel above the domes. All of these elements 
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were given two coats of "DU LUX SEACHROME PRIMER NUMBER 67710" for protection. 
As previously noted, the exterior bottom plate and knuckle steel in contact with the grout pad on 
top of the basemat was given two coats of the same primer to protect it from external corrosion 
resulting from groundwater. These coatings are still visible on the liner sections that were above 
the waste levels in many of the SSTs. All coatings used on the carbon steel liners soften at 
temperatures above 212 °F 

A three-ply membrane waterproofing was applied over the concrete basemat and also over the 
entire exterior wall area of the carbon steel liners before pouring the reinforced concrete tank 
walls and dome. The basemat was first cleaned of all dirt, rust, grease, paint, oil, or any other 
foreign substances; then it was given a primer coat at a rate of 10 lbf/100 ft2

• The asphaltic 
waterproofing was applied at a rate of 40 to 50 lbf/100 ft2 as a tack layer followed by three layers 
of impregnated cotton fabric with the same rate of asphalt applied between each layer and a final 
layer of asphalt at the same rate on top of the last fabric layer. Two inches of wire mesh 
reinforced grout were placed on top of the base slab to the elevation of the main footing 
construction joint to protect the membrane during the tank liner construction processes. 

After completing the carbon steel liners, the exterior walls of the liners were cleaned and the 
same three-ply asphaltic membrane waterproofing was applied directly to the carbon steel. 
A splice between the membrane under the tank bottoms and the membrane on the outside of the 
carbon steel walls is described in the specifications. The note on Drawing D-2 requires the 
three-ply membrane to be at least 3/16 inch to 1/4 inch thick on the outside wall followed by 
application of additional asphalt to a total thickness of not less than 3/8 inch and not more than 
1/2 inch This membrane on the outside walls of the liners was then given a 1/2-inch minimum 
protective coat of either cement plaster with metal reinforcement for strength or gunite before 
placing reinforcement bars and forms for pouring the concrete sidewalls. 

Several additional protection features were added after construction of the reinforced concrete 
tank was completed. A 12-inch wide sheet of lead flashing was installed continuously around 
the top of the liner as shown on Drawing D-7. It is anchored in a slot formed in the dome 
concrete 3 inches above the top edge of the liner with dry pack concrete. It slopes downward 
and is folded and crimped around the three-ply waterproofing membrane which is continuous 
over the top of the angle, around the toe to the underside of the standing leg. This flashing 
protects the outside of the carbon steel liner from vapor reflux condensate running down the 
inside face of the concrete dome. 

A4.3.2 Corrosion Protection of Concrete Tanks 

The carbon steel liners in the SSTs were designed to provide leak-tight integrity to contain the 
high-level nuclear waste; however, they were also included in the design to perform a function to 
protect the concrete from the high pH alkaline waste. 

The ceilings of the domes on the tanks were given repetitive (a minimum of three) coats of 
magnesium zinc fluorosilicate wash (Trade name "Lapidolith" in 1944) after the concrete had 
cured a minimum of two weeks. The fluorosilicate is a waterproofing sealer that is used to fill 
the pores of concrete to prevent penetration by vapors of chemicals incompatible with the 
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reinforced concrete and improve the resistance of the concrete to these materials (PCA 1989, 
pg. 8). Testing of concrete coatings was included in the tank materials corrosion test program 
conducted during design of the reduction-oxidation (REDOX) process (Koenig and Sanborn, 
1950). Lapidolith coated concrete bars retained their integrity when exposed to vapors above 
several types of simulated hot wastes although there was some discoloration observed. 

The roof of the dome has several types of penetrations including pipe risers, manholes for 
construction access, and condenser hatchway structures as shown on Drawing D-7. A thre~-ply 
bituminous waterproofing was applied covering the entire top of the dome and extending down 
the outside of the dome and tank sidewall a distance of 1 foot, 0 inches below the spring line of 
the dome. This coating was extended up the sides of the concrete collars on the pipe risers and 
up the sides of the condenser hatchway structures. The manholes were covered after grouting 
around the edges to provide a fair surface for waterproofing. This waterproofing was also 
covered with a gunite layer and metal reinforcement to protect it from construction activities. 
Waterproofing on the dome roof protected the reinforcing steel from corrosion by rain or 
snowmelt water percolating down from the ground surface. 

Protective coating and waterproofing features for the SSTs are generally the same for the four 
tank groups. Galvanized iron flashings were added at the top of the waterproofing and gunite 
installations on the risers to further limit groundwater migration downward into the dome 
concrete. 

A4.3.3 Process Controls on Waste Alkalinity 

The original bismuth-phosphate separation process used at B Plant and T Plant specified that the 
waste should have a pH of 10.0 (HEW 1945). At that time pH was measured in the tanks on a 
monthly basis. As additional process facilities were brought on line from 1944 through 1970, all 
but one of the processes specified a waste pH of 10.0 or higher. The PUREX Plant specified a 
range of 8.0 to 10.0 for waste from the processes used at that facility. These controls were 
applied with procedures in the various plant operating manuals. The practice of measuring pH 
in-tank was superseded by stoichiometric controls in the waste handling sections of each process 
facility. When the waste was ready for transfer from the separations plants to the SSTs, it was 
commonly neutralized to a pH in the range of 12-13 allowing for subsequent loss of alkalinity so 
as to remain above pH 10 for long-term storage. 

A4.4 PAST OPERATIONS AND CURRENT HAZARDOUS WASTE 
CHARACTERISTICS 

The following sections address operations events (occurrences) that were beyond the original 
design bases for the SSTs. The events are described and their known effects on the tank 
structures are presented. In all cases, post-design structural analyses were performed to establish 
new operating limits that maintained adequate safety margins for the concurrent SST structural 
capacities. Figure A.3 is a site plan for the 200 East and West Areas. This figure is useful for 
locating the SST farms and the various process facilities discussed in the following sections. 
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The operations period with beyond design basis events that may have challenged SST structural 
integrity extended from initiation of separations operations in 1944 to today. Important 
operations categories that led to operational excursions were: 

• Self-boiling waste concentration operations in the S, SX, A, and AX tank farms (high 
temperatures), 

• Waste concentration processes included in-tank solidification (ITS) operations in the BX 
and BY tank farms and similar operations at the 242-T Evaporator in the TX and TY tank 
farms (high temperatures), 

• Interim stabilization leading to additional dome loads from crystalline solids accumulated 
on hanging equipment. 

High transient and steady-state operating temperatures damaged the carbon steel tank liners, in 
some cases producing leaks. These same high temperatures resulted in degradation of the 
structural strength and deformation properties of the associated reinforced concrete tanks. 
This damage is described. 

The SST carbon steel liners have also been affected by long-term corrosion. Forty-five percent 
of the SSTs are considered to be leaking (suspected plus confirmed leaks). Asphalt tar leaks 
through perforated liners were observed during operations of the ITS systems and the 242-T 
Evaporator. Corrosion of the reinforced concrete tank lower sidewall and footing by the tank 
waste may have occurred when leaks were initiated in these areas. Structurally significant in situ 
leak investigations are summarized including the in situ investigation of the lower sidewall and 
footing of tank SX-108. 

Hazardous characteristics of the waste contained in the SSTs during past operations and the use 
of hazards analyses during these operations are discussed followed by presentation of the current 
hazardous waste characteristics. 

A4.4.1 Self-Boiling Tank Farm Operations 

Tank farm operations changed significantly when the REDOX and PUREX processes started up. 
These processes were designed to utilize the SSTs for waste concentration through self-boiling 
operations in the tank farms. The heating rate in the fresh waste that went into the tanks 
supporting the REDOX separations eventually reached a level of about 2 to 3 million Btu/hr in 
the hottest tanks. PUREX self-boiling tanks received fresh waste with heating rates of up to 
15 million Btu/hr in the hottest tanks. 

Many of the tanks in the REDOX Sand SX tank farms and the PUREX A and AX tank farms 
were operated as self-boiling waste concentration tanks for many years. Table A. I I provides a 
comparison between the normal operating limits for the original S, SX, A, and AX tank farms 
and the self-boiling operating limits adopted for tank farm operations. 



Table A.11. Design Limits Compared to Self-Boiling Operating Limits 

Revised 
Revised 

Revised Revised 
Design Limits 

Operating 
Design Limits Operating Design 

Operating Operating 
Design B,C,T,U, 

Limits B, C, 
TX,-BY, S, Limits TX, Limits SX 

Limits SX Limits A 
Parameters and BX Tank 

T, U and BX 
TY, and A BY, Sand and A Tank 

Self-Boiling Self-Boiling 
Farms Tank Farms TY Tank Farms 

Tank Farms 
Farms 

Tank Farm Tank Farm 

Spec. Gravity 
1.37 

Supemate 1.25 1.8 1.50 1.8 1.50 1.68 
2.5 

Sludge 

Waste Level• 
17 ft-2 in. 14 ft-0 in. 2311-I0in. 15 ft-0 in. 30 ft-3 I /8 in. I 6 ft . 21 ft-6 in. 

Maximum 

Liquid pH 10.0 10.0 10.0 10.0 10.0 >9.5 8-10 

Preheat Before 
20 days to 20 days to 20 days to 60 days to 

Operation 
Operating 2 °r per day Operating 2 °r per day Operating bring to self- 2 °F per day 

Temp Temp Temp boiling 

Fill Restrictions 
40 °F change 40 °r change 

Tank bottom One month to 
per transfer. 

One month to 
per transfer. 

One month to Max. 80 °Fin 
Sidewall concrete fill 

Four weeks 
fill 

Four weeks 
fill 30 days 

2 °F/day 
between between 

Dome 
transfers. transfers. 

Vapor Space 
Atmospheric Atmospheric -12 in . water Atmospheric -12 in . water 

+ 69in. water + 83 in . water 
Pressure Limits - 6 in . water - 6 in. water 

Waste Maximum 
300 °F max. 

300 °F max. 
Temperature 

220 Of 220 °F 220 Of 220 °F 220°F at tank 
at tank bottom 

bottom 

4 each except 3 scfm each 
4 each except 

Airlift Circulators None None None None SX-105 with 
SX-105 with 5 circulator 

5 

•fill limits were imposed on the SX and A farm self-boiling tanks that were less than their original design capacity. 

Design 
Umlts 

AX Self-
Boiling Tank 

Farm 

1.37 
2.5 

31 ft-9 in. 

8-10 

Ambient heel 
50,000 gal. 

2 °F/day 

+66 in. water 
- 6 in. water 

350 °F max. 
at tank bottom 

21 
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Operating 
Limits AX, 
Self-Boiling 
Tank Farms 

1.37 
2.5 

31 ft-9 in. 

8-10 

Ambient heel 
50,000 gal. 

2 °f/day 

+ 60 in. water 
- 6 in. water 

300 °f max. at 
tank bottom 

1/2 of all 
circulators 
operational 
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The tank farm self-boiling operating limits were reconciled with the original design limits 
through the conduct of new post-design structural thermal and thermomechanical analyses. 
A good example of one of these analyses is presented in Doud and Stivers (1959) where safe 
loading curves were developed for all of the existing tanks. These hand calculations addressed 
maximum allowable stresses, waste specific gravity, waste storage depth, thermal stresses, and 
vapor space pressure surges within the context of the Portland Cement Association and 
American Concrete Institute codes in effect in 1959. The references for this analysis included a 
Portland Cement Association publication, ~'Effects of Long Exposure of Concrete to High 
Temperatures" (PCA 1953a). For example, depth curves were developed for each of the tank 
designs taking into account waste maximum specific gravity so that the tank remained within 
acceptable design margins for the hydrostatic loading. Table A.11 shows that the SX and 
A tanks were limited in the depths of waste for self-boiling operation to less than the tank 
original waste storage design capacity. The older SSTs were also limited in their fill depths for 
storage of higher specific gravity wastes. Fill depth limits were imposed in the operating limits. 

During development of operating limits for self-boiling operation in the SX, A, and AX tank 
farms, the operations process engineering organization had to develop procedures to deal with 
high temperature excursions that occurred in the bottoms of the tanks when sludge layers 
developed. These procedures were often used in the period from the start of self-boiling 
operations in 1952 to operations of the AX tank farm in the late 1960s. Maximum temperature 
excursions for the self-boiling tanks are reported in Bendixsen (1990). The highest temperature 
excursion occurred in tank A-106, which was in the range of 590 °F in the sludge on the bottom 
of the tank. These temperature excursions peaked in the sludge at the bottom of the tanks, which 
ranged from _2 to about 6 feet deep. Above the sludge the temperatures were limited to that of 
the concentrated boiling waste which is noted above under normal operating condition for the 
AX tanks as 280 °F maximum. Maximum temperatures in the vapor under the SST domes were 
limited to the atmospheric pressure vapor temperature of the waste, which was typically less than 
222 °F. Thus, temperature degradation effects on the tank concrete were principally limited to 
the lower tank sidewalls and the footings. There has been little effect on the domes. 

Additional post-design analyses were performed periodically to address changes in tank farm 
operating limits for self-boiling operation and changes in the building codes such as the 
escalation of seismic design requirements for west coast states since 1944. The first seismic 
zoning for the Hanford Site was reported in Neumann (1959) where use of Zone 2 provisions for 
the Pacific Coast Uniform Building Code is recommended. This requirement was incorporated 
in the design requirements for the AX farm tanks discussed in Section A4.2.3. Appendix G 
provides a summary of the most important post-design analyses for the SSTs since the early 
1950s. 

The peak. period for plutonium production at Hanford was 1956 to 1970 as shown in Anderson 
(1990, pg.28). Production dropped to zero in 1972. No new waste has gone into the SSTs since 
1980. Therefore, the radionuclides in the waste have been decaying and the waste heating rates 
dropping since the mid 1970s. Current tank temperatures are much lower than historical peak. 
temperatures from operations in the late 1950s and 1960s. Current operating limits for the SSTs 
are based on Ramble (1983). Operating liµiits for th~ Phase I lead-transfer retrieval feed tanks 
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C-102 and C-104 are developed in Julyk (1999) and are based on the most recent seismic and 
structural evaluations of tank C-106 for past high temperature operation. 

A4.4.2 In-Tank Solidification Process 

A waste management program was developed in the early 1960s (Tomlinson 1963) that provided 
for separation of high-heat long-life radionuclides from existing non-boiling wastes in the 
Hanford tanks so that the remaining waste could be returned to the tanks and solidified as a salt 
cake with little or no water content. Separation of most of the heat-generating radionuclides 
allowed the resulting waste to safely be stored as a salt cake which did not need water to provide 
evaporative cooling. Existing wastes were sluiced (removed) from tanks and sent to the B Plant, 
which had been refitted as a specialty separations plant for cesium, strontium, and a number of 
other radionuclides. Once waste was processed, it was returned for solidification by the ITS 
program and the 242T Evaporator ITS program. These were the programs that concentrated the 
waste and stored the resulting salt cake in many of the Hanford SSTs. These programs were 
essentially complete by 1975. The ITS systems and the 242-T Evaporator were superseded by 
construction of the 242-S Evaporator in the 200 West Area followed by construction of the 
242-A Evaporator in the 200 East Area near the PUREX Plant. Figure A.3 is a site map showing 
the locations of the various facilities discussed in this section. The ITS systems are not shown on 
this map because they were portable equipment. 

The ITS was developed to concentrate "coating wastes" which were too hot to send to cribs.5 

These dilute wastes were concentrated by a factor of about 4: 1 to form sludge waste intended for 
final long-term disposal in the SSTs. A general discussion of the ITS processes is provided in 
Appendix C. Two ITS systems were operated in the 200 East Area using BY farm tanks for final 
storage of concentrated waste. An existing evaporator (242-T) was restarted in the 200 West 
Area and used to concentrate dilute wastes from 1965 through 1976 (Agnew 1997). 

The ITS process initially used evaporation assemblies inserted into existing tanks to concentrate 
dilute wastes transferred from older SSTs that were not set up for self-boiling operation. ITS No. 
1 was first set up in tank BY-101 as a pilot operation. The evaporator reassembled a short airlift 
circulator with an inner 8-inch-diameter pipe and an outer 30-inch-diameter pipe. Low pressure 
heated air was pumped down the central pipe, through radial distribution pipes, and was sparged 
at the bottom of the assembly (bubbled out ports) on the lower ends of the pipes at an elevation 
17.5 feet above the tank bottom to evaporate water out of the waste to an off gas system for 
disposal in cribs. Carbon dioxide gas was injected into the inlet air stream at some rate 
calculated to react with the excess NaOH in the waste to form carbonate, which would crystallize 
more easily. Operating characteristics of the evaporator (Bierman 1961) were: 

• Air Pressure 
• Inlet Temperature 
• Sparge Temperature 
• Air flow 

20 lbf7in2 gage 
1200 °F 
700 °F 
4,200 standard ft3 /minute (350 Hp Compressor) 

5 Cribs are underground engineered timber structures designed to facilitate high infiltration rates without saturating 
the soil column so that the waste remained in the soil column. 

- --------- - - - -



• Heater Power 
• Off gas design temperature 
• Waste concentration 

1,440 kW 
157 °F maximum 
Specific Gravity 1.9 
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There was a fairly elaborate offgas deentrainment system included to limit radionuclide content 
in the condensate that was sent to cribs. Temperatures reported in the liquid waste surrounding 
the evaporator during normal operations are reported in General Electric (General Electric 1965) 
as 322 °F. ITS No. 1 was first installed in tank BY-101 and then moved to tank BY-102. ITS 
No. 2 was developed using an electrical heater rather than the heated air injection system of the 
first unit. ITS No. 2 was installed in tank BY-112. Lacking further information on ITS No. 2, 
which achieved similar evaporation rates to ITS No. 1, the same maximum operating 
temperature is assumed for tank BY-112. 

When ITS No. 1 was set up in tank BY-102 the operation was changed. Tank BY-102 became a 
concentration receiver tank for dilute wastes from other tank farms. The waste was concentrated 
until the material in the bottom of the tank was about 10% solids, then a batch transfer was made 
to one or more tanks set up in cascade where the waste was supposed to crystallize out in the 
tank bottoms. Remaining supemate was then pumped back to ITS No. 1 for re-concentration and 
additional dilute supemates from other farms were added as feed. 

A similar arrangement was set up in the 200 West Area using the 242-T Evaporator to 
concentrate the dilute intermediate-level coating and other wastes. The design criteria for adding 
additional tanks in cascades for both ITS No. 2 and the 242-T Evaporator (McKnight 1970) has 
specifications for transfer piping, pumps, and the addition of airlift circulators to each of the 
selected tanks. The cascade lines built into the tanks could not be used for those transfers 
because of the fill depth limitations in the operations limits. 

Pumps: 

• 100 gallons/minute at 300 foot head 
• Suction inlet 16.5 feet above tank bottom 

Transfer Lines: 

• Direct-buried waste concentrate transfer lines 
• Flow rate 60 gallons/minute 
• Specific gravity 1.7 
• Temperature 240 °F 
• Heat traced 200 °F minimum. 

Airlift Circulators: 

• Three per tank 

Tanks were set up in cascades of 3 tanks using ITS No. 2 and 242-T Evaporator as the sources of 
the concentrated waste. The power levels of the ITS installations and the 242-T Evaporator were 
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high enough that the circulating waste would have brought the temperatures of the cascade 
receiver tanks up into the range of 200 to 240 °Fas the tanks accumulated salt cake. 
The receiver tanks were cascaded by means of pumps in each tank because the allowable waste 
storage levels were adjusted to account for the waste specific gravity. Salt cake receiver tanks 
are assigned these values as past maximum temperatures unless there are other occurrences such 
as self-boiling operation that produced higher temperatures. 

Two new evaporators were designed and constructed in the 1970s. The 242-S Evaporator started 
operating in 1972 in the 200 West Area followed by the 242-A Evaporator in the 200 East Area 
in 1976. The newer 242-S and 242-A Evaporators use a partial-vacuum evaporation process that 
operates at significantly lower temperatures than the ITS and 242-T Evaporator equipment. 
Storage of concentrated waste from 242-S and 242-A Evaporators has not resulted in operations 
outside the normal operating limits for any of the SSTs. Because of the chemistry of the dilute 
wastes, neither the ITS systems nor the 242-T Evaporator could produce a dry final crystalline 
waste; they produced a concentrated hygroscopic waste from which it is difficult to remove the 
last few percent water contents. After startup, it was determined that the 242-S and 242-A 
Evaporators were capable of producing crystalline salt cake. Supemate from the ITS and 242-T 
Evaporator bottoms tanks was recycled with other dilute feed wastes through the 242-S and 
242-A Evaporators ~nd deposited on top of the existing sludges in the tanks. 

A4.4.3 Interim Stabilization and Isolation 

The operational status of SSTs was reclassified from "active" to "inactive" in 1980. Since then 
the principal objective of SST waste management activities has been to eliminate free liquids in 
the tanks to the maximum practical extent. Initially, deep-well turbine pumps were used to 
remove bulk liquids and transfer them to DSTs. In recent years, salt well screens and 
recirculating jet (venturi) pumps have been installed in SSTs to remove drainable interstitial 
liquids from sludge and salt cake. Jet pumps are capable ofremoving liquids at the very low 
flow rates associated with inflow to salt wells. Typically, jet pumping takes place over a period 
of several months and is terminated when inflow to the salt well decreases to extremely low 
rates. 

SSTs are classified as interim stabilized when drainable liquid inventories have been removed to 
designated target values. Interim isolation includes measures to isolate tanks by sealing pits and 
boxes with interconnecting drains (to prevent future intrusion of free liquids from sources such 
as rainfall or snow melt) and by blanking off interconnecting piping systems (to prevent liquid 
additions from sources such as condensate or flush water). All SSTs are scheduled to meet 
interim stabilization requirements in 2004. 

A collateral issue developed in a number of SSTs in which free liquids were eliminated by the 
waste concentration programs followed by salt well pumping. Thick agglomerations of 
crystalline solids accumulated on dome-suspended equipment such as thermocouple trees, pumps 
and airlift circulators. These features, which have been referred to as "lollipops" or "popsicles," 
can add significant weight (several thousand pounds per hardware item) to tank dome loads. 
Formation oflollipops in salt cake storage tanks occurred as a result of what has been termed the 
"cold finger effect." Precipitation occurred preferentially on metal hardware items because the 
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hardware conducted heat away from the solution much faster than it was released at the air 
surface or at slurry-concrete interfaces. The extent of the dome loading condition induced by 
lollipops is dependent upon the extent of liquid level reduction in the tanks. While free liquid is 
present in a tank, the liquid exerts a buoyant force on the submerged portion of the encrusted 
hardware. The buoyant force is reduced as the liquid level is drawn down. When the buoyant 
force is eliminated, the load is transferred to the tank dome as part of the hardware load. 
The issue relating to dome loading from lollipops was a structural integrity concern for many 
tanks in BY tank farm as well as some tanks in TX tank farm during the 1970s. Since that time, 
tank farms administrative control procedures have been revised to include consideration of dome 
load effects of lollipops in calculations of allowable load margins and controls. 

A4.4.4 Tank Damage from High Temperatures 

This section provides an initial discussion of the information sources used to estimate the high 
temperature operations histories for the SSTs and compares our current findings to previous 
findings. Historic reports of high-temperature SST operations and observed correlated damage 
to the SST carbon steel liners and reinforced concrete tanks is discussed following the 
temperature information sources. 

A4.4.4.1 Sources of Single-Shell Tank Operations Temperature Data 

Temperature data from the early operating period of the SSTs has been found in the monthly 
operating reports of the 200 Areas Chemical Processing Division and the monthly reports of the 
Research and Engineering Development subdivision of the same organization. The titles of these 
organizations varied through time depending on the Hanford Operations contractor. Monthly 
reports are continuous from 1944 through the 1980s in the library collection. These reports have 
been publicly available in the U.S. Department of Energy Reading Room at Washington State 
University since 1982. Additional reports from the process engineering organizations from 1950 
to 1970 have been downgraded and cleared for public access in the last 5 years. The period from 
1950 through 1970 was searched because plutonium production stopped the first time in 1972 
and the first double-shell tanks (A Y tank farm) were built in 1968. The hottest waste from the 
PUREX Plant went into these tanks after 1968. 

Several summary reports have been written on SST temperature histories. A 1981 study 
(Mercier, Wonacott, and DeFigh-Price) contains data acquired for before 1972 that was collected 
from log book entries, inputs to monthly reports and other similar sources. Temperature data are 
reported as thermocouple data and bulb data. Each of the SX, A, and AX farm tanks were built 
with thermowells offset 10 to 15 feet from the tank centerlines. A thermowell was typically a 
heavy wall pipe with an inner diameter of 3/4 to 1 inch extending from a small ( 4 inch) riser 
downward to within 2 inches of the tank bottom. Each thermowell was capped at the bottom 
with a welded plate. Bulb aneroid thermometers ( described in the Instrumentation sections of 
the construction specifications) were installed in these thermowells with the bulbs located at the 
bottom of the thermowells. These thermometers provided continuous analog indication of the 
bottom temperatures at one point over a temperature range of 68 to 428 °F. Additional 
thermocouple arrays provided information at other locations on the bottom and sides of the 
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tanks. Both the bulb thermometers and the thermocouples measured waste temperature at the 
bottom of the tank. 

SST storage space was a precious commodity from 1944 through 1972; therefore, monthly 
reports concentrated on start-up of self-boiling operations in the self-concentrating tanks and 
operational occurrences such as tank leaks, liner bottom bulges, and high temperature operational 
excursions. Many of the reports discuss the temperature of the sludge on the floor of the tank. 
Often the reports on the A and AX farm tanks give the average sludge temperature for the eight 
to 22 thermocouples on the tank bottoms as well as the peak temperature for the "hot-spot" in the 
sludge. This is true for the information reported in Bendixson, which has been corroborated 
from the monthly reports. The SX tanks that were used for self-concentration were typically 
outfitted with eight thermocouple trees extending all the way to the tank bottoms for temperature 
data acquisition in addition to the original thermometer installations. The database is 
fragmentary with respect to continuous monitoring, but appears to adequately address the 
outliers in operating temperature data. The data collected for this report is reasonably consistent 
with previous efforts to collect historical temperature data. Because of the lack of a continuous 
daily or weekly temperature record for each tank, there is a possibility that the historical highest 
peak temperature may have been missed for some tanks. 

A4.4.4.2 Tank Damage from High Temperatures 

High operating temperatures affected both the carbon steel liners and the reinforced concrete ' 
tanks. As shown in Table A.12, many tanks in the S, SX, A, and AX farms were operated at 
temperatures considerably above the original design operating limits. 

High temperature operation did affect the structural condition of the SST carbon steel liners. 
Five tanks in the SX farm experienced bulged bottoms during high temperature operations. In all 
cases this resulted in breach of the leak-tight integrity of the liner. It was common practice to 
install additional thermocouple trees in new thermowells to probe the elevations of the bulged 
tank bottoms as reported in the monthly operations reports (Atlantic Richfield 1967). Bulging of 
the tank bottoms was generally attributed to steam formation under the bottom liner during 
self-boiling operation (Barnes and Hanson 1958; Brownell 1958). It was concluded that the 
liners underwent plastic bending and tensile strains when the bottoms bulged. The SX farm 
tanks used a weaker fillet weld connection between the carbon steel liner sidewall and the 
bottom plate (as discussed in Section A4. l .3.2), which probably contributed to the relatively high 
leak rate in this tank farm. 

The A and AX farm tanks were operated at temperatures significantly higher than any other 
tanks as shown in Table A.12. Only one tank in the A farm experienced a bulged bottom sheet. 
The tank A-105 event was characterized as a "steam eruption" when reported on January 28, 
1965. There was considerable local contamination around the tank from material ejected from 
the tank and the bottom bulged 8.5 feet as reported in Beard and Hatch (1967). Additional 
instrumentation was installed beneath and inside the tank to measure temperatures and observe 
the self-boiling operations. Because of the large heat generation rate in the sludge and supernate 
inside the tank, a decision was made to install new pump pits and empty the tank quickly to 
avoid a potential thermal runaway condition that could have occurred if the tank somehow dried 
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Photographs and three-dimensional mapping conducted after the tank was emptied showed that 
sludge had moved under the bottom of the liner and the liner was ripped away from the sidewall 
over about one-half the tank circumference (Woodward Clyde 1978). 

Before using the A and AX farm tanks for storage of concentrated PUREX Plant salt cake waste, 
the supemate and sludge in the tanks were sluiced to remove the inventory. This material was 
then sent to B Plant for separation of the long-lived high-heat radionuclides, principally cesium 
and strontium. The tanks were inspected during the sluicing (Rasmussen 1980) and found to 
have numerous ridges in the bottom plates about 6 inches high and 1 to 2 feet wide. 
These plastically deformed ridges are evidence that the design provisions for thermal expansion 
compatibility between the carbon steel liners and the reinforced concrete tanks during 
high-temperature operation were inadequate. 

A small number of other tanks in the earlier tank farms were subjected to less severe 
high-temperature operations as shown in Tables A.13 and A.14. These tanks are typically the. 
head-end or first tanks in multi-tank cascades that received the more concentrated high-level 
waste from the bismuth-phosphate and REDOX separations processes in the early 1950s. 
Tank U-104 is the only tank in this group that experienced a bulge in 1956. This tank was 
sluiced for uranium recovery in 1955 and contained only sluicing water when it bulged. 

The asphalt waterproofing on the outside of the carbon steel liners and under the grout pads on 
top the concrete basemat softens with increasing temperatures, with initiation of softening in the 
range of 83 to 315 °F (ASTM 036-95 [2000]) depending on the type of asphalt. The asphalt 
probably liquified in the lower side walls and on top the basemat in the hotter tanks. Historic 
reports of liquid asphalt running through pinhole pitting corrosion in the carbon steel liners and 
flowing on top of the waste is reported in Section A4.4.5. 

The reinforced concrete tanks were also effected by high-temperature operation. As noted in that 
section, additional post-design analyses have been performed to evaluate the impact of past 
high-temperature operation on current operating limits for the SSTs. 

A4.4.5 Tank Damage from Corrosion 

This section provides information on the SST design corrosion allowances and the anticipated 
design end-of-life dates. Corrosion events are discussed where leak locations have been 
confirmed on the tank sidewalls immediately above the footings through detailed in situ drilling, 
radiation monitoring, and soil sampling at the tank locations supplemented by laboratory testing 
of the soil samples. The single in situ investigation of the foundation of tank SX-108 after the 
tank leaked and the results of the investigation are reported. · 



Table A.12. SX, A, and AX Operations History 

e -0 "' c .... 
~ .. 

Q 
... .. .. .... ~ .s .. u = u .. ~ DD E -- u -~ 4,1 ·:- 0 ·- Estimated 

"" C ~ ::i -; = ·- .. .. - > C .. ~ !: :s :i C 0/ 
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..... Soil Cover Operations Occurrences 
C f-, ... 0 ,_, "' < ~ "' rJJ .. rJJ 

rJJ> C .. ' > 'c .. 0 u .. •- C (ft) 
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101 7 1954 (3) 1980 6.32 PS 1.5 psi (I) HT 
102 

0 
3 1954 1980 6.62 None 

103 6 1954 1980 6.72 None 
104 6 1955 1980 6.22 HT 
105 5 7 1955 1980 6.52 HT 
106 0 6 1954 1980 6.82 None 

107 7 1956 1964 6.32 
PS 0.6 psi (I) LC, LB (15) 

bulge gone (17) 
sx 

108 
I million 1953-1955 

6 1955 1962 6.52 
PS 0.6 psi {I) LC (10) LB 2 

l/2ft(l3) 
109 7 1955 1965 6.52 LB (18) 
110 4 8 1959 1976 6.22 HT 
Ill 7 1956 1974 6.52 HT 
112 7 1956 1969 6.62 LC, LB (16) 

113 I 1958 1958 6.22 LB 4 ft (7) (8) (9) 

114 7 1957 1972 6.52 HT 
115 6 1958 1965 6.62 LC (10) 

IOI 10 1956 (2) 1980 7.0min. 
Self-boiling temp. 

excursion 
102 7 1956 1980 7.0 min. HT 
103 7 1956 1980 7.0 min. PS> 2.2 psi (6) High temp. 

A 
104 

I million 1953-1956 4 
7 1957 1975 7.51 

High temp, Leaked during 
sluicing (19). 

105 7 1957 1963 7.51 
Large steam bump (12) LB 

8.5 ft (14) 
106 7 1957 1980 7.0 min. HT 
IOI 8 1965 1980 7.23 HT(4) 

AX 102 I million 1963-1965 22 
10 1965 1980 7.47 HT 

103 6 1965 1980 7.47 HT(4) 
104 7 1965 1974 7.47 HT(4) 

I. Hannon, M. K.(1957) 8. General Electric ( 1962) Damaged pump confirms bottom-bulge. 15. Atlantic Richfield ( 1968) 
2. Brevick, Gaddis and Pickett (1995). All A 9. Hanson and Stivers (1962) Leak test confirms leak. 16. Atlantic Richfield (1969) 

and AX tanks. 10. lsochem (1966) Drilling programs waste 15 ft .below SX-115, 
3. Brevick, Stroup and Funk (1997). All SX tanks 11 ft below SX-108 . 

17. Atlantic Richfield (1969a) 
I 8. Atlantic Richfield ( 1969b) 
19. Rasmussen (1980) 4 . Bendixsen ( 1990). 11. lsochem ( 1967) 

5. Huisingh, Ha and Flanagan (1994) 12. General Electric (1965) 
6. General Electric (1956a) 13. Atlantic Richfield (1967) NE quadrant of floor above leak. 
7. Barnes and Hanson (I 958) 14. General Electric ( 1965a) 
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Historic Peak 
Temperature 

("F) (year) 
(S) 

320 (1957) 
212 (1985) 
225 (1985) 
300 (1956) 
330 (1975) 
195 (1963) 

390 (1958) 

320 (1958) 

295 (1962) 
310 (1966) 
320 (1965) 
315 (1962) 

268 ( 1958) (7) 
335 (1958) 
260 (1960) 

441 (1961)(4) 

420 (1961) 
594 (1958) (4) 

578 (1963)(4) 

325 (1963) 

594 (1963) 
455 (1968)(4) 

250 (1970) 
540 (1966)( 4) 
460 (1970)(4) 

LB = Liner-buldged 
LC = Leak confinned 
HT= High Temperature Operation 
PS = Steam Pressure Surge 
UNO= Unless noted otherwise 



Table A.13. B, C, T, U, and BX Operations History (3 Sheets) 

E -0 .. "' C' 
~ - "' .. "' "' Cf CJ Q :::, CJ .. .:;,t. bl) E,..... CJ QI ·~ - ~ o ·- Estimated '"' C ~ ~-; :::, > C ct- .. C: Operations 

.:;,t. .. ~ "' C ,; Soil Cover f- 0 - "" t;; VJ ii ::r; ~~ C _o~ Occurences VJ > C .. ' Cf 0 •- C ;. > ';; (ft) (3) 
f- u '- - w 

101 1945 (2) 5 1974 9.0 max. None 
102 1945 6 I 978 9.0 max. None 
103 1945 3 1977 7.95 None 
104 1946 2 1972 9.0 max. None 
105 1947 I 1977 9.0 max. None 

B 106 
530,000 1943-44 

1947 4 1977 9.0 max. None 
107 1945 5 1969 9.0 max. None 
108 1945 5 1977 9.0 max. None 
109 1946 5 1977 9.0 max. None 
110 1945 4 1971 9.0 max. None 
Ill 1946 I 1976 9.0 max. None 
112 1946 5 1977 9.0 max. None 
101 1946 4 1970 5.57 None 
102 1946 0 1976 5.47 None 
103 1946 5 1979 5.27 None 
104 1946 7 1980 5.87 None 
105 1947 4 1979 5.47 HT 

C 
106 

530,000 1943-44 
1947 6 1979 5.77 HT 

107 1946 7 1978 5.77 None 
108 1947 8 1976 5.47 None 
109 1948 6 1976 5.67 None 
110 1964 4 1976 5.37 None 
Ill 1946 5 1978 5.60 None 
112 1946 4 1978 5.57 None 

Historic Peak 
Temperaturt 

(
0 F) (year) 

(3) 

137 (1977) 
108(1989) 
83 (1976) 
122 (1989) 
107 (I 989) 
86 (I 982) 
124 (1989) 
105 (1989) 
105 (1989) 
121 (1989) 
98 (I 979) 
101 (1989) 
112 (1980) 
106 (1978) 
168 (1977) 

I 95 (I 982)(1) 
I 56 (1976)(1) 
216 (1994) (I) 
168 (1988)(1) 
99 (1980)( I) 

160 (1963) 
118 (1985)(1) 

I 90 (1964) 
160 (1961) 
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Table A.13. B, C, T, U, and BX Operations History (3 Sheets) 

E "O .... ~ 
:l ... .. .. .... "' CJ Q :::, CJ 

"' .:.: 01> E ,..._ CJ .. ·- -; ~ 0 ·- Estimated '"' C f! ::s ct :::, > i:: .. i:: .:.: .. 0 - 01) t ... .. C .. :~ Soil Cover Operations 
C 1-o ... 0 '-' "' rJJ ~~ VJ> C '- I 

"' 0 •- C '>< > 'c; (fl) (3) Occurrences 
1-o "--u lol 

IOI 1945 (5) 5 1979 6.55 None 

102 1945 6 1976 5.85 None 

103 1945 6 1974 6.25 None 

104 1946 5 1974 6.75 Liner-bulged 

105 1946 3 1976 6.15 None 

T 
106 

530,000 1943-44 
1947 9 1973 6.15 Leak 115,000 gallons (6) 

107 1945 3 1976 6.75 None 

108 1945 6 1974 6.75 None 

109 1945 6 1974 6.25 None 

110 1945 3 1976 6.55 None 

Ill 1945 5 1974 6.15 None 

112 1946 3 1977 6.15 None 

Shroud rods disposed in 
IOI 1946 (4) 2 1960 6.25 tank 300,000 curies Co60 

(10) 

102 1946 6 1979 6.25 None 

103 1947 5 1978 6.15 None 

104 1947 4 1951 6.45 
Leak 55,000 gallons (7) 

Liner-bulged 5 ft (9) 

u 105 530,000 1943-44 1947 5 1978 6.15 None 

106 1948 4 1977 5.75 None 

107 1948 4 1980 6.95 None 

108 1949 4 1979 6.05 None 

109 1949 4 1978 5.65 None 

I 10 1946 5 1975 7.15 Self-boiling (8) (11) HT 

Ill 1947 5 1980 6.15 None 

112 1947 5 1970 6.05 None 

- - - - ----- - - - - - - ----
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Historic Peak 
Temperature 

(°F) (year) 
(3) 

103 (1988) 

94(1976) 

96 (1976) 

90 (1978) 

93 (1985) 

93 (1979) 

114(1981) 

90 (1978) 

91 (I 978) 

91 (1976) 

98 (1981) 

87 (1978) 

92(1977) 

134 (1978) 

132 (1977) 

240 (1955) 

146 (1977) 

122 (1976) 

122 (1976) 

130(1980) 

120 (1977) 

260-300 (1954) 

130 (1956) 

160 (1956) 



Table A.13. B, C, T, U, and BX Operations History (3 Sheets) 

E "Cl ..... c ... .. ... .... ~ .. ., Q = ., .. .:,t ""E ~ u GI •~ "' o·;;: Estimated "" = > C -;= C ~ = -; ~ ; ~ .:,t .. - .. C .. Soil Cover Operations Occurrences !-- 0 - "" "' en ... ;;. 
C - 0 ._, "'en en > C ... ' .. .,,. .. 0 •- C " > 'o (fl) (3) 

!-- u "" - '-l 

101 1948 (2) 2 1972 9.0 max. Self-boiling 

102 1948 6 1971 9.25 Leak 70,000 gallons ( 15) 

103 1948 5 1977 9.0 max. None 

104 1949 6 1980 9.0 max. Self-boiling 

105 1949 6 1980 9.0 max. None 

BX 106 
530,000 1946-47 

1949 4 1971 9.0 max. None 

107 1948 2 1977 9.0 max. None 

108 1949 7 1974 9.0 max. None 

109 1950 4 1974 9.0 max. None 

110 1949 5 1977 8.2 None 

Ill 1950 6 1977 8.4 None 

112 1951 5 1977 9.0 max. None 

I. WHC-SD-WM-ER-313, 1996. NI = No information . 
2. Brevick, Gaddis and Pickett (1994). HT= High temperature operation 
3. Julyk ( 1998). 
4. Brevick, Stroup, and Funk (1997). 
5. Brevick, Stroup, and Funk (1997a). 
6. Atlantic Richfield (1973). 
7. Huisingh, Ha, and Flanagan (1994). 
8. Tomlinson (1955). 
9. General Electric (1956). 
10. Atlantic Richfield (1969a). 
11 . Irish 1953. 
12. Williams 200 I . 
13. General Electric (1952). 
14. ARIICO(l970). 
15. Womack and Larkin ( 1971 ). 
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Historic Peak 
Temperature 

("F) (year) 
(3) 

240 (1951) (13) 

83 (1977) 

99(1979) 

240 (1951) (13) 

126 (1977) 

115 (1974) 

88(1977) 

90(1980) 

77 (1993) 

104 (1974) 

111 (1977) 

90(1980) 



E .. .. .!II: 

"' C ., 
.!II: f-, C .. 
f-, 

101 
102 
103 
104 
105 
106 
107 
108 
109 

TX 110 
Ill 
112 
113 

114 

115 

116 

117 
11!1 

Table A.14. TX, BY, S, and TY Operations History (3 Sheets) 

"Cl C' .... ... .. .... ~ Q ., <J :::, (J 

"" E .-. <J -~ .. ·- 0 ·- Estimated f = (1 
:::, ., - ;,. t .. t :::: C .. ... .. Soil Cover Operations Occurrences 0 - "" "' ~~ "' en ~~ ... o-
C .. ' en ;>-
0 •- C ;,. 'o (ft) (5) >< "' -u i:.:i 

5 1949 (3) 1980 10. 11 Self-boiling (7) HT 
5 1950 1977 10.22 242TBT HT 
6 1950 1980 10.15 242TBT HT 
6 1950 1977 9.82 None 
6 1952 1977 10.27 Self-boiling (6) HT, 242TBT 
5 1952 1977 10.19 242TBT HT 
7 1952 1977 10.09 None 
3 1952 1977 10.38 None 
5 1949 1977 9.24 242TBT HT 

758,000 1947-48 6 1949 1977 9.73 242TBT HT 
5 1950 1977 9.44 242TBTHT 
6 1950 1974 9.83 242TBT HT 
3 1952 1971 8.59 242TBT HT 

3 1952 1971 9.07 
Tar leakage thru wall (12), 

242TBTHT 
6 1952 1977 8.92 242TUT IIT 

3 1952 1969 8.45 
Tar leakage over liner (12), 

242TBT HT 
6 1952 1969 9.58 242TllT I IT 
7 I 1J52 1980 9.07 None 

Historic Peak 
(

0 F) (year) 
(2) 

240 (1951) 
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240 (1970) (11) 
240 (1970) (11) 

128 (1977) 
240 (1951) 

240 (1970) (11) 
110 (1976) 
116 (1977) 

240 (1970) (11) 
240 (1970) (11) 
240 (1970) (11) 
240 (1970) (11) 
240 (1970) (11) 

240 (1970) (11) 

240 (1970) (11) 

240 (1970) (1 I) 

240 ( 1970) ( I I) 
240 (1970)(11) 



E .. • .:.: 
'- C .. .:.: 
C !-.. 
!-

IOI 

102 

103 
104 
105 
106 

107 

BY 
108 

109 

110 

111 

112 

Table A.14. TX, BY, S, and TY Operations History (3 Sheets) 

.,, to .... .... .. .. ~ Q .... :::, .. 
CD E ,..._ .. -~ ~ .E 0 ·- Estimated :::, 
~ =-; = .. - .. i: C OI .... Soil Cover Orcrotions Occurrences O - CD ~~ 

.... .. 0 ._, "' "' C/l .. C/l r,i> C .. ' 
0 ... •- C > 'o (ft) (5) u '--w 

5 1950(4) 1971 7.0 min. ·· 
ITS# I evaporation tank (9) 

HT 

5 1950 1977 9.65 
ITS # I evaporation tank (9) 

HT 
8 1950 1973 7.0 min. ITSBT ( I 0) HT 
5 1950 1977 9.5 ITSBT ( I 0) HT 
3 1951 1974 9.45 ITSBT (I 0) HT 
5 1953 1977 9.4 ITSBT (I 0) HT 

6 1950 1974 8.75 
ITSBT (I 0) Tar leakage over 

liner (8) HT 
758,000 1948-49 ITSBT (I 0) Tar leakage thru 

7 1951 1972 8.99 wall (8) HT 

6 1953 1979 8.77 
ITS BT ( I 0) Tar leakage thru 

wall (12) HT 

4 1951 1979 9.04 
ITS BT ( I 0) Tar leakage thru 

wall (8) HT 

4 1951 1977 7.0min . 
ITS BT ( I 0) Tar leakage over 

liner (8) HT 
ITS # 2 evaporation tank (9) 

7 1951 1978 7.0min. HT 
Tar leakage thru wall (8) 

Historic Peak 
("F) (year) 

(2) 

322 (1965) 

322 (1965) 
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240 (1970) (11) 
240 (1970) (11) 
240 (1970) (11) 
240 (1970) (11) 

240 (1970) (11) 

240 (1970) (11) . 

240 (1970) (11) 

240 (1970) (11) 

240 (1970) (11) 

322 (1967) 



Table A.14. TX, BY, S, and TY Operations History (3 Sheets) 

e "Cl 
~ .. .... .. .:,/, ~ e,.... " "' C ~ = Cl 
::s .. = .:,/, 0 - ~ 

C !-- VJ>._ "' C .. 0 
!-- u 

IOI 

102 
103 
104 
105 

s 106 758,000 1950-51 
107 
108 
109 
I 10 
111 
112 
IOI 
102 

TY 
103 758,000 I 951-52 
104 
105 
106 

I. HNF-SD-WM-ER-321, 1997. 
2. Huisingh, Ha and Flanagan (1994) All tanks UNO. 
3. Brevick, Stroup and Funk (1997a). All TX tanks. 
4. Brevick, Gaddis and Pickett (1995). All BY tanks. 
5. Julyk ( 1998). 
6. General Electric (1951 d). 
7. General Electric (1951b). 
8. Atlantic Richfield (1969c). 
9. General Electric (1965b). 
IO. Anderson (1990). 
11. McKnight (1970). 
12. Godfrey ( I 969). 
13. Brevick, Stroup, and Funk (1997). 
14. General Electric (1954). 
I 5. General Electric (1959). 
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Q 
-; ~ 
C .. 

t~ .. 
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5 

8 
7 
4 
5 
6 
6 
6 
5 
7 
5 
5 
3 
5 
3 
5 
I 
5 

.... - .. .. " ::s " Estimated 
~ 'E 0 ·-.. t Soil - .. ~~ "' V) Cover .. ' 
•- C > 'o "" - (ft) (5) 

1953 (13) 1980 7.0min. 

1953 1980 7.0 min. 
1953 1980 7.0 min. 
1953 1968 7.0min. 
1953 1974 7.41 
1953 1979 6.56 
1952 1980 7.0 min. 
1952 1979 7.0 min. 
1952 1979 6.56 
1952 1979 7.0min. 
1952 1972 7.0 min. 
1952 1974 7.0 min. 

1953 (l) 1973 7.08 
1953 1979 6.90 
1953 1976 6.88 
1953 1974 7.05 
1953 1960 7.02 
1953 1977 7.39 

ITSBT = ITS bottoms tank 
HT= High temperature operations 
OIS = Out of Service 
UNO= Unless noted otherwise 

Operations Occurrences 

PS 1.3 psi I/day (14) Self-boiling, 
HT 

None 
None 
HT 

None 
None 
HT 

None 
None 
HT 

None 
None 
None 
None 
None 
None 
None 

Leak Detected (15) 

Historic Peak 
Temperature 

(°F) (year) 
(2) 

300 (1953) 

140 (1979) 
130 (1979) 
300 (1953) 
125 (1980) 
144 (1976) 
240 (1952) 
195 (1982) 
150 (1974) 
240 (1952) 
169(1976) 
141 (1978) 
83 (1976) 
82 (1977) 
86 {1977) 
114 (1976) 
112 (1976) 
106 (1976) 
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The AX farm tanks are the only ones for which the original corrosion design requirements are 
available. These tanks were designed with a 25-year design life and a 1/16-inch corrosion 
allowance. These are the most recent SSTs and reached their design end-of-life in 1990. Of the 
total population of 149 SSTs, there are 67 tanks (45%) assumed to be leakers. Corrosion rates on 
the steel liners have moderated with time as explained in Appendix F; however, the population of 
tanks with leaking liners will increase with time. 

The carbon steel liners in the SSTs have two functions: 

• Provide leak-tight containment of the highly alkaline high-level waste 
• Protect the reinforced concrete tank from chemical attack by the alkaline waste. 

In the case of the 67 tanks that are assumed leakers, the waste has contacted the structural 
elements of the reinforced concrete tanks. Available information on compatibility between the 
Hanford wastes and reinforced concrete are presented in Appendix F. The degree of potential 
degradation of the concrete depends on the length of the exposure, the amount of waste leaking 
each day to refresh the waste around the exposed location, and the actual wetted area of the tank 
structure. 

Leaks tend to follow the path of least resistance. When a liner is first breached, the waste will 
flow toward the breach until the waste falls below the leak location or until the tank is pumped 
out. 

A4.4.5.2 Corrosion Events 

There is limited data from waste concentration operations records and field investigations of 
some early leaks in the SST farms relating to corrosion damage of tanks. This information is 
also reported in Tables A.12 through A.15. 

The ITS evaporation tanks and the bottoms receiver tanks for both ITS and 242-T Evaporator 
waste concentration processes operated near or slightly above the high-temperature normal 
design limits for the 758,000-gallon SSTs. These tanks and maximum operating temperatures 
are noted in Table A.14. The elevated temperatures allowed waterproofing asphalt to leak into 
the tanks through pitting corrosion holes that were developed at the interface between the waste 
and the vapor space in the tanks. Elevations of the leaks were correlated to waste levels held 
steady for some time through review of past operations records. 

A second set of corrosion-related operating events are the early leaks in the tank farms that were 
investigated with detailed in situ drilling programs. These programs including soil sampling at 
intervals as the final borehole was drilled through the location of the leak. Tanks for which these 
types of information are available include U-104, BX- I 02, and T-106. 
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201 

B 
202 
203 
204 
201 

C 
202 
203 
204 

55,000 
201 

T 
202 
203 
204 
201 

u 202 
203 
204 

I. WHC-SD-WM-ER-310, 1997. 
2. WHC-SO-WM-ER-3 13, 1996. 
3. HNF-SD-WM-ER-320, 1997. 
4. HNF-SO-WM-ER-325, 1997. 

Table A.15. B, C, T and U (20-ft diameter tanks) Operations History 

.,, .. .. ..... :l - .. .. "' ,. _ 
:, -~ "' ~ 'E C .i 0 t Estimated = 

~ .. " .... .... 
~ c Soil Cover Operations Occurrences 

~ en " en C ..... 
0 •- C ~Q > 0 (fl) u '"' -

1971 Sl2 None 

1952 
Sl2 None 

1977 Sl2 None 
Sl2 HT 
Sl2 None 

1947-48 1977 
Sl2 None 
Sl2 None 

1943-44 0 
Sl2 None 
Sl2 None 

1952 1976 
Sl2 None 
Sl2 None 
Sl2 None 
Sl2 None 

1956 
1977 

Sl2 None 
Sl2 None 

1954 Sl2 None 
HT= Hign temperature operation 

Historic Peak 
Temperature 

(
0 F) (year) 

112 (1989) (I) 
74 (1975) (I) 
110(1989) (I) 
220(1989) (I l 
81 (1978) (2) 
80 (1978) (2) 
83 ( I 978)(2) 

-
8 I (1976)(3) 
73 (1994) (3) 

79 ( 1988) (3) 
77 (1976) (3) 
78 (1/77) (4) 
67 (9/95) (4) 
82 (2/77) (4) 
77 (2/77)(4) 
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The investigation of the tank T-106 leak is reported in Atlantic Richfield (1973). The in situ 
investigation included a program for drilling a series of 16 wells sequentially near the location of 
the leak on the tank. As each well was drilled, a gamma ray detector was lowered into the well 
to determine the depth of contaminated soil. Scanning in each new well was used to improve the 
precision of the location information on the leak. Sediment samples were taken in each borehole 
at intervals of 1.5 meters and packaged for laboratory analysis. A total of 16 wells were drilled 
to measure the three-dimensional extent of the waste plume. The concentration isobars plotted in 
the report show that the leak occurred in the sidewall of the tank immediately above the footing. 

The in situ drilling and laboratory testing investigations for tanks BX-102 and U-104 were 
similar in overall scope to the tank T-106 investigations and resulted in similar determinations 
that the leak site was in the lower sidewall immediately above the footings. The tank BX-102 
leak is reported in Womack and Larkin (1971) as 70,000 gallons. Tank U-104 leaked 
55,000 gallons as reported in Huisingh, Ha, and Flanagan (1994) . Tank U-104 received fresh 
metal waste from the bismuth-phosphate process at T Plant in 1955. As a head end tank on a 
three-tank cascade, it should have self-boiled; therefore, it has been assigned a maximum 
temperature consistent with head end tanks in the BY, TX and TY tank farms. All of these tanks 
have a 4-foot radius knuckle at the transition from the carbon steel liner sidewall to the tank 
bottom. The shortest leak paths proximate to the tank footings are through the reinforced 
concrete tank sidewall and floor on the wall above the knuckle and on the floor at the lower end 
of the knuckle plates, respectively. 

The total waste loss for the tank T-106 l~ak is estimated at 115,000 gallons which occurred over 
a period of about 6 months from late 1973 to early 1974 (Anderson 1990). The structural impact 
of this leak has not been assessed. 

A4.4.5.3 In Situ Footing Investigation 

Tank SX-108 was built in 1953-1954 and first placed into service in November 1955. It received 
REDOX salt waste, started boiling in June 1956 and was filled to capacity in January 1959. 
After the waste ceased boiling, the tank supemate was pumped out in early 1962. 

As a standard practice, water was added to the tank to dissolve sodium nitrate from the residual 
sludge in the tank for recycling to the REDOX process. The tank was refilled in 1963 on 
schedule with REDOX salt waste. The first significant leak was detected under the tank between 
August and December 1965. After testing the tank for ongoing leaks it was decided that the leak 
had self-sealed and the tank was returned to service. In March 1967 there was renewed evidence 
of leakage while the tank was in self-boiling operation so the tank was taken out of service. 
The supemate was pumped to another tank and an air cooling system was installed to cool the 
residual 142,000 gallons of sludge. 

A drilling program (General Electric 1965c) in combination with radiation monitoring in 
drywells around the tank and lateral wells under the tank was used to locate the leak at the 
northwest quadrant of the tank at depths of 7 and 11 feet below the tank basemat. A later attempt 
to probe the bottom of the tank (Atlantic Richfield 1967) discovered a liner bulge in the same 
area. The leak in 1965 was determined to be about 2,400 gallons of waste. Renewed leaking in 
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1967 was estimated to be in the range of Oto 33,000 gallons (Ebasco 1992). The cesium-137 
contour line isobar plots in Ebasco (1992) indicate the source of the leak to be through the tank 
floor near the inside of the sidewall concrete. 

The Atlantic Richfield Hanford process engineering organization contracted with two research 
engineers at the Illinois Institute of Technology to conduct field soil tests and develop 
thermomechanical models of the SSTs. These models were to be used to analyze the state of 
stress in all the SSTs accounting for active and reactive soil loads, liquid hydrostatic load, vapor 
pressures, and thermal loadings due to the self-boiling operations. Results of the interim stress 
and strength analysis report (Milbradt 1969) concluded that the combined loads from self-boiling 
operation with sludge at a temperature of 300 °F on the tank bottom would result in cracking of 
the reinforced concrete tank in the circumferential (hoop direction). For the SX farm tanks this 
cracking extended full depth through the footing from the outer edge back under the sidewall a 
foot or two into the floor of the tank and some distance (a few feet) up the sidewall of the tank. 
Based on the concrete tensile strength, the cracks were predicted to occur at horizontal intervals 
of about 2 feet around _the perimeter of the footing and lower sidewall. The cracking is caused 
by the thermal expansion of the bottom of the tanks which is restrained by the cooler outside toe 
of the footing and the cooler sidewall concrete. The reinforced concrete tank floor goes into 
compression as it tries to expand in a radial direction, and the outer part of the floor, footing and 
lower sidewall go into hoop tension trying to restrain the thermal expansion. 

Analysis results further concluded that the concrete at the junction of the footing and sidewall 
cracked in tension when the sludge temperature reached 250 °F which then transferred the load to 
the circumferential reinforcing steel. As the floor temperature increased to 300 °F it was 
calculated that the cracks opened to apertures of 0.005 to 0.010 inch at temperature. 
The reinforcing steel remained in the elastic range, so the cracks would close on cooling. 
Given the results of a preliminary analysis for the SX farm tanks completed in 1967, it was 
decided to sink an 8 or 10 feet diameter caisson down the side of tank SX-108 near the area of 
the leak in late 1968 (LET-041068 1968). The goal was to examine the condition of the concrete 
that had been contacted by tank waste and verify the concrete tensile cracking predicted by the 
analyses. 

The caisson was sunk down to the bottom elevation of the tank SX-108 footing in late 1968. 
The lower sidewall of the tank, top of the footing, and the edge of the footing down to the 
footing bottom were exposed. Cracking predicted by the Illinois Institute of Technology 
analyses was encountered extending downward through the footing and some distance up the 
tank sidewall. Some of the cracks in the footing toe initiate at the top of the footing, but do not 
extend full depth. This location was photographed and is shown in Figure A.4 which is taken 
from Milbradt (1969). Items of interest in this figure include the cracks themselves, the 
horizontal distance between cracks, the two locations where concrete samples were cored 
full-depth through the footing and the general appearance of the concrete. This photograph has 
been retouched by a draftsman. The path of the cracks would be difficult to see in the 
photograph at the distance where the picture was taken. A fine ink pen was used to trace the 
crack paths on the print to make them more visible. Other photographs in Milbradt (1969) show 
the actual cracks with separate close-up images. 
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Both concrete core samples were cleaned up, trimmed, and tested between 5,000 and 
6,000 lbf/in2 compressive strength. The conditions at the footing are described in Atlantic 
Richfield (1970): 

Radiation measurements were obtained as follows: 500 mR/hr under the footing, 5000 counts per 
minute on the bottom side of one core, and 150 mR/hr at the bottom of the caisson (even with the 
bottom of the footing). 

A crust 1/4 to 1/2 in. deep, measuring 500 counts per minute was chipped from the top of the 
footing. A sample analysis revealed the following: 

pH 
NO3 
Cs 131 

Sample 
9.6 
0.4 mg/g 
2 X 10 4 µCi/g 

Normal Soil 
7-8 
Significantly Less 
0 

These data indicate a small leak through the cylinder in the vicinity of the caisson. 

The total leakage at tank SX-108 may have been as high as 35,400 gallons. The footing location 
inspected was not the principal leak path described above, but rather a secondary minor leak path 
in close proximity to the main leak. Some light concrete corrosion was encountered on the top of 
the footing based on the above sample analysis. 

Tables A.12 through A.15 provide a summary of the historical highest temperature reported 
during tank operations since construction, the depth of soil above each tank dome (where 
available) and historical references for any other significant operational occurrences beyond the 
original design operations limits. Tank leak events are noted for the larger leaks which are more 
likely to have affected the structural capacity of the lower sidewall or footing. The single 
instance of a post-leak in situ inspection of the tank SX-108 lower sidewall and footing is also 
reported. There are additional tanks that operated at elevated temperatures as discussed in 
Appendix C. Information on these tanks is included in these tables. 

A4.4.6 Operations Period Hazard Analysis 

Hazard analyses were performed to evaluate the impact of potential abnormal operations events 
as the SSTs operations progressed from the first SSTs with relatively limited heat loads to the 
later tanks used for self-boiling waste concentration. An early hazard study by Stivers (1957) 
evaluated consequences of variations in the operation of the tanks. Scenarios studied included 
large leaks that might contaminate the Columbia River and steam surges that might vent out the 
vapor exhaust stack to contaminate the work area around the tanks. The consequences of a loss 
of cooling water that allowed the tanks to boil dry was evaluated. This study assumed maximum 
radioactive heat loads of 4 million Btu/hr and 16 million Btu/hr in the SX and A farm tanks, 
respectively. This study resulted in construction of back-up cooling water supplies for the tank 
farms. 

A second hazard analysis was conducted following the steam explosion that ruptured the carbon 
steel liner floor in tank A-105 (Beard and Hatch 1967). Scenarios included leaking supemate 
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into the soil and losing the water inventory allowing the sludge to dry. The consequences of 
losing water inventory included temperatures as high as 10000 °F, expelling nitrite acid gas and 
radionuclides, and an uncontrolled destruction of the tank. The preferred alternative was to keep 
the waste temperature under control with water additions and move the waste inventory to 
another tank as soon as possible. 

Other analyses were performed addressing hydrogen generation and combustion of the nitrates in 
dry waste at higher temperatures. This list of beyond design basis hazards developed over time 
into the following list. 

• Ferrocyanide 
• Organic content 
• Organic complexant 
• Fissile material criticality 
• High temperature 
• Flammable gas generation and retention. 

To date, no SST has been disrupted by these beyond design basis hazards. These hazards were 
investigated as part of the Hanford Federal Facility Agreement and Consent Order Milestone 
M-40-00 and were found to be mitigated or shown not to be credible events. Hazardous waste 
characteristics of the wastes currently stored in the SSTs that will continue to be stored for some 
time are discussed in Section A4.4.2. 

A4.4.7 Current Hazardous Waste Characteristics 

This section presents the current SST contents and the design limits imposed by the safety 
documentation and other sources. This data was evaluated and considered in Section A2.0. 
No waste has been added to any of the SSTs since 1980; consequently, waste characteristics have 
remained constant or improved. Historic tank waste additions and transfers are discussed in 
Appendix C. The scope here addresses the compatibility of the existing waste with the tank 
design. 

The following subsections define the waste characteristics that are important to maintain future 
operation within the design envelope of the tank. Waste characteristics are described in two 
parts. The first part includes the basic design-related characteristics: corrosivity, temperature, 
homogeneity, and specific gravity. The second part addresses the waste characteristics that 
might lead to events that are beyond the design basis of the tanks, including organic content, gas 
retention, and generation and flammability. · 

Table A.16 presents the hazardous waste characteristic for each tank. The table also lists the 
operational safety limit or safety criterion to show that tank operation is maintained within the 
accepted design envelope. Not all parameters in Table A.16 are defined as operational safety 
limits. 
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I Identification I Estimated 

241-BX-109 11.2 Est 69 193 0 0 <0.5 1.51 

241-BX-110 >13.0 Est 65 65 139 I <0.5 1.59 

241-BX-111 11.5 Est 66 32 157 0 <0.5 1.52 

241-BX-112 >13 .0 Est 65 163 0 I <0.5 1.35 

241-BY-101 JO.I Est 74 37 333 0 <0.5 1.70 

241-BY-102 >13 .0 Est 88 0 277 0 <0.5 1.63 

241-BY-103 13.6 Spl 76 9 407 0 1.2 1.65 

241-BY-104 >13 .0 Est 116 45 313 0 0.7 1.69 

241-BY-105 13.5 Spl 102 48 441 a <0.5 1.73 

241-BY-106 13.2 Sp! 110 84 460 a <0.5 1.62 

241-BY-107 >13 .0 Est 94 15 257 0 <0.5 1.67 

241-BY-108 >13 .0 Est 102 40 182 0 <0.5 1.57 

241-BY-109 >13 .0 Est 87 24 253 0 0.5 1.69 

241-BY-110 12. l Est 108 43 323 0 0.6 1.61 

241-BY-111 >13.0 Est 80 0 302 0 0.6 1.68 

241-BY-112 > 13.0 Est 85 0 284 0 0.8 1.70 

241-C-101 10.1 Sp! 84 88 0 0 <0.5 1.54 
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241-C-106 10.1 Sp! 81 6 0 30 <0.5 1.17 

241-C-107 >13 .0 Est 112 248 0 0 <0.5 1.4 l 

241-C-108 10.5 Est 71 66 0 0 <0.5 1.45 

241-C-109 8.7 Spl 71 63 0 0 <0.5 1.44 

241-C-110 10.4 Sp! 66 177 0 I <0.5 1.36 

241-C-111 I I.I Est 68 57 0 0 < 0.5 1.44 

241-C-112 6.9 Spl 76 104 0 0 <0.5 1.57 

241-C-201 9.8 Est 60 I 0 0 4.5 1.39 

241-C-202 11.3 Est 59 I 0 0 3.9 1.39 

241-C-203 10.2 Est 59 3 0 0 3.2 1.41 

241-C-204 10.9 Est 60 3 0 0 2.1 1.41 

241-S-101 13.4 Spl 111 123 302 0 <0.5 1.64 
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241-S-103 

241-S-104 
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241-S-108 

241-S-109 

241-S-110 
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241-T-101 

241 -T-102 
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0.003 
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II. en en !--o en -
Tank pH 

Sample/ OF kgal wt% glee + Identification • Estimated 

241-T-109 >13 .0 Est 60 0 62 0 <0.5 1.55 

241-T-l 10 8.4 Sp! 63 314 55 I <0.5 1.27 

241-T-l 11 9.7 Sp! 63 447 0 0 <0.5 1.24 

241-T-112 11.4 Est 60 60 0 7 <0.5 1.24 

241-T-201 >13 .0 Est 63 29 0 2 <0.5 1.25 

2-+ l-T-202 >13 .0 Est 62 21 0 0 <0.5 1.20 

241-T-203 >13.0 Est 63 37 0 0 <0.5 1.22 

24 l-T-204 >13 .0 Est 62 37 0 0 < 0.5 1.21 

241-TX-101 >13 .0 Est 77 74 17 0 <0.5 1.73 

241-TX-102 >13 .0 Est 80 2 215 0 <0.5 1.64 

241-TX-103 >13 .0 Est 70 0 145 0 <0.5 1.64 

241-TX-104 >13 .0 Est 64 34 32 3 <0.5 1.71 

241-TX-105 >13 .0 Est 94 8 568 0 <0.5 1.66 

241-TX-106 >13.0 Est 79 5 341 0 <0.5 1.65 

241-TX-107 >13.0 Est 66 0 30 0 <0.5 1.65 

241-TX-108 >13.0 Est 64 6 123 0 <0.5 1.65 

241-TX-109 12.9 Est 83 363 0 0 <0.5 1.41 

241-TX-110 >13 .0 Est 77 37 430 0 <0.5 1.65 

241 -TX-111 >13.0 Est 78 43 322 0 <0.5 1.64 

241-TX-112 >13 .0 Est 72 0 634 0 <0.5 1.66 

241-TX-113 >13.0 Est 72 93 546 0 <0.5 1.63 

241-TX-114 >13.0 Est 90 4 528 0 <0.5 1.64 

241-TX-115 >13 .0 Est 70 8 546 0 <0.5 1.66 

241-TX-116 >13.0 Est 89 66 531 0 <0.5 1.57 

241-TX-l 17 >13 .0 Est 97 29 452 0 <0.5 1.58 

241-TX-118 >13 .0 Est 74 0 256 0 0 .9 1.67 

241-TY-101 >13.0 Est 66 72 46 0 <0.5 1.62 

241-TY-102 >13 .0 Est 59 0 69 0 < 0.5 1.65 

241-TY-103 ll.1 Est 83 103 52 0 <0.5 1.63 

241-TY-104 >13.0 Est 61 43 0 0 0.6 1.63 

241-TY-105 9.8 Est 77 231 0 0 < 0.5 1.52 

241-TY-106 >13.0 Est 59 16 0 0 <0.5 1.36 

241-U-101 >13.0 Est 62 24 0 0 < 0.5 1.75 

241-U-102 12.7 Sp! 83 37 238 a 0.7 1.67 

en > 
< !--
c., ~ .-. 
w - '° - N u="' < < 'Q 
II. ::;; g. 

ig ~ 2 
<<'-" 
W..J 
:x:'"' 

%LFL 

0.10 

0.10 

0.50 

0.32 

0.13 

0.10 

2.92 

0.17 

0 .20 

0.19 

0.19 

0.15 

0.07 

0.30 

0.20 

0.06 

1.75 

1.05 

0.68 

0.21 

0.14 

0.19 

0.10 

0.16 

0.12 

0.22 

0.13 

0.02 

0.22 

0.15 

0.17 

0.11 

0.18 

1.29 

RPP-10435 
Rev. 0 

Page A-79 

VI 
..J ~ C 

i;ol Z 0 :5 5 Q O .: - .. CZ:: = z !-- .: w II. 

< ~ u ~ !-- • ~ 
<( C • > !-- >.o :; ~ &"'! Uz~'; 

0 w • 00 
c., ... N 

:3 ~ V ~ uen -u WZ:C, ~o '"'0 .. Uc ti: ~ 
~ .. 

en 

wt% Pu g/L 

b 0.000 

b 0.001 

b 0.003 

b 0.004 
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b 0.004 

b 0.003 
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b 0.024 

b 0.005 

b 0.005 
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b 0.034 
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b 0.002 

b 0.005 

b 0.005 
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b 0.003 
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b 0.156 

0.0 - 0.2 0.005 

b 0.000 

0.0- 0.2 0.004 

0.0 -
0.004 

0.03 

b 0.001 

b 0.001 

b 0.002 

b 0.005 
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Tank 

pH 
Sample/ OF kgal wt% glee %LFL i Identification i Estimated 

241-U-103 11.7 Spl 83 13 405 1 0.8 1.66 1.90 

241-U-104 >13 .0 Est no data 122 0 0 <0.5 1.34 0.05 

241-U-105 12.0 Spl 84 32 321 0 1.8 1.66 3.97 

241-U-106 13.5 Spl 78 0 170 2 2 .3 1.58 1.26 

241-U-107 12.4 Spl 77 13 373 a <0.5 1.64 1.23 

241-U-108 13.7 Est 85 29 415 a <0.5 1.66 1.49 

241-U-109 >13 .0 Est 83 27 373 a <0.5 1.64 0.99 

241-U-l 10 7.3 Sp! 74 176 0 0 <0.5 1.66 3.29 

241-U-I JI 12.9 Spl 78 26 314 0 <0.5 1.61 1.08 

241-U-112 >13 .0 Est 61 45 0 0 <0.5 1.65 0.55 

241 -U-201 >13 .0 Est 60 4 0 I <0.5 1.54 0.03 

241-U-202 >13 .0 Est 60 3 0 I <0.5 1.53 0.03 

241 -U-203 >13 .0 Est 59 3 0 I <0.5 1.53 0.05 

241 -U-204 >13 .0 Est 59 3 0 I <0.5 1.51 0.01 

Note a: Tank in process of interim stabilization. Final volume will be determined at completion (HNF-EP-0182). 
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b 0.002 

b 0.006 

b 0.007 

b 0.009 

b 0.007 

b 0.069 

b 0.001 

b 0.005 

b 0.003 

b 0.001 

b 0.000 

b 0.000 

b 0.000 

b 0.001 

Note b: In February 1991, 24 single shell tanks became part of the "Ferrocyanide Watch List" Later, six of the twenty-four tanks were 
removed from this list. The remaining eighteen tanks became the "Ferrocyanide Tanks." Data is given for these eighteen tanks . 

LFL = lower flammability limit. 



A4.4.7.1 Basic Design-Related Waste Characteristics 

Corrosivity (pH) 
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A rough measure of the corrosivity of waste is pH. The pH is used to determine if a substance is 
an acid ( < 7) or a base/alkaline (> 7). Acids can induce a fast steel degradation and alkaline salts 
can induce a fast concrete degradation. Table A.16 presents waste pH values for each tank. 
Values vary from 6.9 to more than 13, but most pH values are greater than 11 . Many of these pH 
values are estimates based on calculations, the others are sample measurements. The design 
(normal) operating conditions are listed in Section A4.2. The design operating conditions for 
some tanks are 8 to 10 pH; for other tanks the pH can be > 10. Hanford wastes are alkaline in 
nature and generally contain process-borne corrosion-inhibiting chemicals. These chemicals, a 
combination of nitrite and hydroxide, reduce the propensity for liner corrosion. Details and 
background regarding estimated levels of liner corrosion and concrete degradation are discussed 
in Appendix F. In summary, the tank steel liner will be slowly corroded by the alkaline waste 
(pH > 7.) The steel liner protects the concrete from the degrading effects of the alkaline waste. 
However, if the waste contacts the concrete, the alkaline mixture may damage the concrete. 
Sixty-seven tanks are considered confirmed or assumed leakers. The degrading effect of the 
leaking alkaline mixture permeating into the concrete is summarized in Section A4.4.5. 

Temperature 

As the radioactive isotopes in the waste mix decay, they generate heat. The ventilation system 
helps heat dissipation. The waste temperature in the tanks is slowly decreasing as the isotopes 
decay. Temperature in the eight highest heat tanks is limited to a maximum of 205 °F to 
preclude a rapid release of steam (HNF-SD-WM-TSR-006, LCO 3.3.1). This temperature is 
below the operating specification of 300 °F temperature that could significantly affect the 
concrete structural integrity (OSD-T-151-00013). As shown on Table A.16 current maximum 
temperatures do not exceed 181 °F and therefore pose no risk to the structural integrity of the 
tanks. 

Homogeneity 

The SST waste is not homogenous. Waste homogeneity has no apparent detrimental effect on 
the tank structural integrity. The wastes are separated into three basic forms - sludge, salt cake, 
and supernate as shown on Table A.16. In summary, waste homogeneity has no apparent 
detrimental effect on the tank structure and it varies from tank to tank. The effect of waste 
homogeneity on tank liner corrosion is discussed in Appendix F. 

Specific Gravity 

Specific gravity compares the density of the waste to the density of water (water= 1). For a 
given volume of waste in a tank, the higher the specific gravity the higher the weight and 
therefore the higher the internal pressure on the tank wall and floor. Section A4.2 of this 
appendix, list a specific gravity that varies from 1.1 to 1.8, depending on the type of tank, for the 
design (normal) operating conditions. Tanks were designed to withstand waste-weight loads 



RPP-10435 
Rev.0 

Page A-82 

when the tank is empty and internal loadings when the tank is full, control of tank waste level 
maintains tank stresses within the normal operating range. In summary, the waste loads on the 
tanks are not increasing and are within the design capacity of the tanks based on the most recent 
post-design analyses of the tanks. 

A4.4.7.2 Beyond Design Basis Waste Characteristics Issues 

The following sections present postulated exothermic events ( e.g., waste fires, flammable gas 
bums, violent chemical reactions [reactivity], and nuclear criticality) that could challenge the 
integrity of the SSTs, and describe how each were mitigated or shown not to be credible events 
for the Hanford SSTs. All the beyond design basis waste characteristics issues were investigated 
as part of Hanford Federal Facility Agreement and Consent Order Milestone M-40-00 and were 
mitigated or shown not to be credible events. The Washington State Department of Ecology 
investigated and concurred with closure ofM-40-00 in May 2002 (DeWitt 2002). 

Ferro cyanide 

Defense waste operations at the Hanford Site during the 1950s used ferrocyanide, in a number of 
waste tanks, to scavenge cesium-137 from waste supematants. This formed 
ferrocyanide-containing sludge that settled in layers in a number of waste tanks. As a result of 
these operations, approximately 140 metric tons of ferrocyanide [as Fe(CN)4] was added to 
18 SSTs at the Hanford Site. Ferrocyanide, in sufficiently high concentrations and mixed with 
oxidizing material such as sodium nitrate/nitrate, can react exothermically or even explode when 
heated to high temperatures. The risk posed by the continued storage of ferrocyanide wastes in 
Hanford Site SSTs was studied extensively. Experiments showed that ferrocyanide 
concentrations of greater than about 15 wt% were necessary to bum. The SSTs that received 
ferrocyanide waste were screened against an 8 wt% criterion. Waste sample data showed that 
the ferrocyanide had decomposed (aged) to inert chemicals through radiolysis and hydrolysis, 
and ferrocyanide concentrations were far below the 8 wt% criterion (see Table A.16) 
(WHC-SD-WM-SARR-038, Rev. 1). 

Fissile Material Criticality 

During its operating life, the mission of the Hanford Site was to maximize fissile plutonium 
materials production that was needed for defense purposes; there was a strong incentive to 
minimize the amount of plutonium discarded as waste. Nuclear criticality of tank waste is 
mainly a function of four important parameters: amount and quality of fissile material, type and 
amount of neutron absorbers, waste geometry, and neutron moderation. Based on study and 
analysis of these parameters, WHC-SD-WM-TI-725, Tank Farm Nuclear Criticality Review, 
concluded that under current plutonium inventories and operating conditions, a nuclear criticality 
accident is not credible in any of the SSTs. In addition administrative controls 
(HNF-SD-WM-TSR-006, AC 5.7) are in place to ensure waste remains subcritical. For the 
Hanford Site, plutonium concentration less than 2.6 gPu/L ensure the waste remains subcritical. 
As shown on Table A.16, all SSTs have a plutonium concentration below 2.6 gPu/L equivalence. 
The fissile material content of the waste is expressed in terms of its plutonium-239 equivalence. 
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That is, all isotopes of plutonium (i.e., plutonium-238, plutonium-239, plutonium-240, and 
plutonium-241) are treated as plutonium-239 (WHC-SD-WM-TI-725). 

Organic Content 

Two types of organic material were used in various separation processes at the Hanford Site. 
The two types are organic solvents and organic complexants, each of which has unique 
hazardous characteristics. The average total organic carbon content for each SST is listed in 
Table A.16. 

Organic Solvent 

The only tank with a floating organic layer is tank C-103. During years of storage and exposure 
to radiation the volatile material in the waste evaporated and was vented from the tank 
headspace, leaving a heavy organic material that will not easily release vapor into the air (low 
vapor pressure). Organic solvent vapors in tank C-103 are not considered a flammability hazard 
(HNF-4240). 

Organic Complexant 

The risk posed by the continued storage of complexant bearing wastes in Hanford Site SSTs was 
studied extensively. The organic complexants were sent to the SSTs in low concentrations and 
are in wastes that include high concentrations of inerts and diluents ( e.g., sodium carbonate, 
sodium sulfate, and hydroxy salts of aluminum, iron, and silicon). Sample data and combustion 
testing of waste samples confirmed that organic complexant concentrations are low, and that 
combustion was not possible in the SST wastes (HNF-3588, Revision 0A). The average total 
organic content for the 149 SSTs is listed in Table A.16. 

Gas Retention, Generation, and Flammability 

Waste has the ability to retain a substantial fraction of gases. Part of these gases may be rapidly 
released by waste disturbing activities ( e.g., waste pumping and equipment installation). 
Roughly half of the retained flammable gas is released during salt well pumping that typically 
extends over a period of several months. The release of retained gas is usually gradual and is 
dissipated by the ventilation system. Flammable gas monitoring and ignition controls are in 
place to prevent flammable gas burn (HNF-SD-WM-TSR-006, LCO 5.10). 

Gas generation in SST waste was extensively examined. The SST ventilation rates exceed the 
flammable gas generation rates. These ventilation rates ensure that the flammable gas 
concentrations remain below the lower flammability limit (LFL) (RPP-5926). The LFL is the 
lowest concentration of flammable gas that will bum if ignited. In summary, for undisturbed 
waste, the flammable gases are maintained below the LFL in the tank headspace by the 
ventilation system. 

Flammability for each tank is described in Table A.16 as percent ofLFL. Other flammability 
issues, such as ferrocyanide and organics were discussed before under the organic content. 
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A4.4.7.3 Current Waste Characteristics of Each Tank Compared to Design Operating 
Specification 

Table A.16 identifies current waste characteristics for each of the 149 SSTs. For those 
characteristics that must remain within certain limits or values to control or preclude an event 
outside of the tank design envelope, a limit is specified. All tank waste characteristics are within 
administrative limits that preclude beyond design basis event. 

Waste tank characteristics were obtained from the Tank Waste Information System (TWINS) as 
of March 11, 2002. Other data sources were also used, as noted in the text and table heading. 
TWINS provides access to a wide variety of Hanford waste tank databases that are updated 
regularly with new waste sample data but also include calculated values. 

A4.5 TANKAGE 

Tables A.12 through A.15 provide the dates of original SST construction, the first year each SST 
was put into service, and the date each SST was relieved from service. 
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T, U, B, and C Farm 100-Series Tanks 

DuPont Drawings 

Key Drawing: 
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W-71387 HANFORD ENGINEER WORKS 75 FT. DIAM. TANKS BUILDING 
No. 241 T-U-B&C CONCRETE DETAILS OF TANK 

W-72743 HANFORD ENGINEER WORKS 75 FT. DIAM. TANKS BUILDING 
No. 241 T-U-B&C ARRANGEMENT 

HW-72182, SH. 3 TANK FARMS 241-B, BX & BY PLOT PLAN 

HW-72182, SH. 2 TANK FARM 241-U PLOT PLAN 

HW-72182, SH. 1 BUILDING 241-T PLOT PLAN 

HW-72182, SH. 4 TANK FARM 241-C PLOT PLAN 

M-B-M Company Contract No. 869 Drawings/Blue-Print File 73550-Tank Details 

D-1 General Layout 

D-2 Typical Section 75 Ft Tanks 

D-3 Structural Steel Lining for 75 Ft Tanks 

D-4 Structural Steel Lining for 75 Ft Tanks 

D-5 Floor & Wall Reinforcing Steel for 75 Ft Tanks 

D-6 Dome Reinforcing Steel for 75 Ft Tanks 

D-7 Miscellaneous Details for 75 Ft Tanks 

D-8 Screed & Footing Forms for 75 Ft Tanks 

D-9 Dome Form Layout for 75 Ft Tanks 

D-10 Dome Form Details for 75 Ft Tanks 

Note 1: The drawing sets for Tank Farms T-U-B & C comprise the DuPont Hanford
Engineering Works drawings and the construction drawings furnished by the Subcontractor M
B-M Company located in Blue-Print File 73550. 
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Key Drawing: 
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HW-72742 HANFORD ENGINEER WORKS 20'-0" DIA. STORAGE TANKS. 
ARRANGEMENT BLDG# 241-T, 241-U, 241-B, 241-CWQ 

W-72743 HANFORD ENGINEER WORKS - BLDG. 241 20' <D COMPOSITE 
STORAGE TANKS CONCRETE PLAN & DETAILS 

HW-72182, SH. 3 TANK FARMS 241-B, BX & BY PLOT PLAN (See 100-Series Tank 
Dwgs.) 

HW-72182, SH. 2 TANK FARM 241-U PLOT PLAN (See 100-Series Tank Dwgs.) 

HW-72182, SH. 1 BUILDING 241-T PLOT PLAN (See 100-Series Tank Dwgs.) 

HW-72182, SH. 4 TANK.FARM 241-C PLOT PLAN (See 100-Series Tank Dwgs.) 

H-2-558 216-T-32 & 216-B-7A & 7B & 201 TK BAFFLE MODIFICATIONS 

M-B-M Company Contract No. 869 Drawings/Blue-Print File 73550 - Tank Details 

D-20 Typical Sections for 20 Ft Tanks 

D-21 Floor and Wall Reinforcing Steel for 20 Ft Tanks 

D-22 Roof Reinforcing Steel for 20 Ft Tanks 

D-23 Structural Steel Lining for 20 Ft Tanks 

D-24 Screed & Footing Forms for 20 Ft Tanks 

Note 1: The drawing sets for Tank Farms T-U-B & C comprise the DuPont 
Hanford-Engineering Works drawings and the construction drawings furnished by the 
Subcontractor M-B-M Company located in Blue-Print File 73550. 

Note 2: Drawings Nos. D-20 through D-24 have numerous cross-references to Drawings 
Nos. D-1 through D-10 in the B-U-T & C, JOO-Series Tank Drawings. 
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BX Farm 100-Series Tanks 

Hanford Wo~· .s Drawings 

Key Drawing: 

H-2-602, Rev. 8 

H-2-609, Rev. 3 

H-2-605, Rev. 7 

H-2-606, Rev. 3 

H-2-607, Rev. 17 

H-2-608, Rev. 0 

H-2-696, Rev. 0 

COMPOSITE TANK TYPICAL DETAILS CONCRETE 241-BX 

ADDITIONAL WASTE STORAGE PLOT PLAN 

REINFORCING- CONCRETE WALL & FLOOR 241 - BX 

REINFORCING- CONCRETE & ROOF DETAILS 241-BX 

75 FOOT TANK 241-BX MISCELLANEOUS DETAILS 

SCREED & FOOTING FORM DETAILS 241-BX 

STEEL PLATE DETAILS 75 FOOT TANK - 241 - BX SUPERSEDES 
H-2-603 DATED 10-14-46 

TX Farm 100-Series Tanks 

Hanford Works Drawings 

Key Drawing: 

H-2-807, Rev. 11 

H-2-808, Rev. 7 

H-2-809, Rev. 0 

H-2-812, Rev. 3 

H-2-813, Rev. 2 

H-2-816, Rev. 2 

H-2-817, Rev. 5 

SK-2-514, Rev. 2 

18 TANK FARM GENERAL LAYOUT 

75 FOOT TANK SECTIONS 

75 FOOT TANK STEEL PLATE DETAILS 

75 FOOT TANK BASE FOOTING & WALL REINFORCING 

75 FOOT TANK DOME REINFORCING 

75 FOOT TANK HATCHWAY & TRUNK DETAILS 

75 FOOT TANK NOZZLE, PIPING AND RISER ASSEMBLIES 

18 TANK FARM MISC. CONCRETE DETAILS 



BY Farm 100-Series Tanks 

Hanford Works Drawings 

Key Drawing: 

12 TANK FARM GENERAL LAYOUT 

75 - FOOT TANK SECTIONS 

75 FOOT TANK STEEL PLATE DETAILS 

75 FOOT TANK BASE FOOTING & WALL REINFORCING 

75 - FOOT TANK DOME REINFORCING 

75 - FOOTTANKHATCHWAY & TRUNK.DETAILS 

75 FOOT TANK NOZZLE & PIPING DET'S. 
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H-2-1308, Rev. 7 

H-2-1312, Rev. 2 

H-2-1313, Rev. 4 

H-2-1314,.Rev. 2 

H-2-1315, Rev. 2 

H-2-1317, Rev. 1 

H-2-1318, Rev. 2 

H-2-1319, Rev. 6 75 -FOOT TANK DOME RISER & MISC. FITTING DETAILS 241 -
BY - 101 TO 112 INCL. 

H-2-1321, Rev. 4 

H-2-1322, Rev. 2 

H-2-1331, Rev. 6 

H-2-1581, Rev. 1 

75 FOOT TANK NOZZLE, PIPING AND RISER ASSEMBLIES 

12 TANK FARM MISC. CONCRETE DETAILS 

75 FOOT TANK DOME RISER FIXTURE LAYOUT 

75 FOOT TANK DOME RISER PLUG DETAILS 

S Farm 100-Series Tanks 

Hanford Works Drawings 

Key Drawin::,: 

H-2-1774, Rev. 6 

H-2-1784, Rev. 2 

H-2-1783, Rev. 3 

H-2-1785, Rev. 1 

H-2-1786, Rev. 1 

H-2-1791, Rev. 1 

GENERAL LAYOUT WASTE DISPOSAL FACILITY 241-S 

75 FOOT TANK STEEL TANK LINER DETAILS 

75 FOOT COMPOSITE STORAGE TANK SECTIONS 

75 FOOT TANK BASE FOOTING & WALL REINFORCING 

75 - FOOT TANK DOME REINFORCING 

75 FOOT TANK & NOZZLE, RISER AND PIPING ASSEMBLIES 



H-2-1789, Rev. 3 

H-2-1794, Rev. 2 

H-2-1787, Rev. 1 

H-2-1790, Rev. 1 

H-2-1818, Rev. 1 

75 FOOT TANK NOZZLE & PIPING DETAILS 

75 FOOT TANK DOME RISER FIXTURE LAYOUT 

75 FOOT TANK CONDENSER HATCHWAY DETS 
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75 FOOT TANK DOME PIPE RISER & MISCELLANEOUS FIXTURE 
DETAILS 

75 FOOT TANK DOME RISER PLUG DETAILS 

TY Farm 100-Series Tanks 

Hanford Works Drawings 

Key Drawing: 

H-2-2244, Rev. 2 

H-2-2223, Rev. 8 

H-2-2245, Rev. 3 

H-2-2246, Rev. 2 

H-2-2247, Rev. 2 

H-2-2248, Rev. 2 

H-2-2250, Rev. 3 

H-2-2277, Rev. 3 

H-2-2228, Rev. 3 

H-2-2293, Rev. 2 

H-2-2251, Rev. 3 

H-2-2252, Rev. 2 

H-2-2256, Rev. 2 

H-2-2254, Rev. 2 

75 FOOT COMPOSITE STORAGE TANK SECTIONS 

WASTE DISPOSAL FACILITIES 200 WEST AREA GENERAL 
LAYOUT 

75 FOOT TANK STEEL TANK LINER DETAILS 

75 FOOT TANK BASE FOOTING & WALL REINFORCING 

75 FOOT TANK DOME REINFORCING 

75 FOOT TANK CONDENSER HATCHWAY DETS 

75 FOOT TANK NOZZLE & PIPING DETAILS 

75 FOOT TANK NOZZLE ASSEMBLY DETAILS 

DOME RISER FIXTURE LAYOUT 

PUMP & SLUICE PIT ARRANGEMENT-TANKS 101 & 102 

75 FOOT TANK DOME PIPE RISER & MISCELLANEOUS FIXTURE 
DETAILS 

75 FOOT TANK DOME RISER ASSEMBLY DETAILS 

75 FOOT TANK DOME RISER PLUG DETAILS 

75 FT - TANK AIR CONDENSER DETAILS 



SX Farm 100-Series Tanks 

U.S. Atomic Energy Commission Drawings 

Key Drawing: 
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H-2-39501, Rev. 11 GENERAL LAYOUT WASTE DISPOSAL FACILITY 241-SX 

H-2-39901, Rev. 5 TANKS 107-115 MANIFOLD FACILITIES GENERAL LAYOUT 

H-2-39510, Rev. 8 PLAN 75 FT. TANKS WASTE DISPOSAL FACILITY 241-SX TKS 101 
-115 

H-2-39511, Rev. 3 75 FT. STORAGE TANKS COMPOSITE SECTION WASTE 
DISPOSAL FACILITY 241-SX 

H-2-39512, Rev. 2 75 FT. TANK BASE FOOTING & WALL REINFORCING WASTE 
DISPOSAL FACILITY 241-SX 

H-2-39513, Rev. 1 75 FT. TANK DOME REINFORCING WASTE DISPOSAL FACILITY 
241-SX 

H-2-39514, Rev. 1 75 FT. DIA. TANKS CONDENSERHATCHWAYDTLS. WASTE 
DISPOSAL FACILITY 241-SX 

H-2-39515, Rev. 1 DOME RISERS & MISC. FIXTURE DETAILS WASTE DISPOSAL 
FACILITY 241 -SX 

H-2-39516, Rev. 4 75 FOOT TANK DOME RISER PLUG DETAILS WASTE DISPOSAL 
FACILITY 241 -SX 

H-2-39517, Rev. 3 75 FT. DIA. TANK NOZZLE ASSEMBLIES & DTLS. WASTE 
DISPOSAL FACILITY 241 - SX 

H-2-39909, Rev. 1 TANKS 107 - 115 MANIFOLD FACILITIES VAPOR MANIFOLD 
SUPPORT DETAILS 

A Farm 100-Series Tanks 

U.S. Atomic Energy Commission Drawings 

Key Drawing: 

H-2-55901, Rev. 4 241 -A GENERAL LAYOUT 

H-2-55910, Rev. 6 WASTE STORAGE TANKS DOME PLAN AND FIXTURE LAYOUT 

H-2-55911, Rev. 1 WASTE STORAGE TANKS COMPOSITE SECTION 



H-2-55912, Rev. 1 WASTE STORAGE TANKS BASE FOOTING &WALL 
REINFORCING 

H-2-55913, Rev. 2 WASTE STORAGE TANKS DOME REINFORCING 
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H-2-55916, Rev. 2 WASTE STORAGE TANKS NOZZLE ASSEMBLIES & DETAILS 

H-2-56136, Rev. 1 FILL NOZZLE CHECK VALVE 

H-2-56154, Rev. 1 ALTERNATE CONSTRUCTION MANHOLE-DETAILS 

H-2-55917, Sht 1, Rev. 1 

H-2-55917, Sht 2, Rev. 1 

WASTE STORAGE TANKS DOME RISER DETAILS 

WASTE STORAGE TANKS DOME RISER DETAILS 

H-2-55915, Rev. 2 WASTE STORAGE TANK DOME RISER PLUG DETAILS 

H-2-55922, Rev. 2 WASTE STORAGE TANKS TEMPERATURE MONITORING 
SYSTEM 

H-2-56350, Rev. 0 ARRANGEMENT AIR-LIFT CIRCULATORS 

H-2-56342, Rev. 0 DETAILS AIR-LIFT CIRCULATOR 

AX Farm 100-Series Tanks 

U.S. Atomic Energy Commission Drawings 

Key Drawing: 

H-2-44552, Rev. 3 PLOT PLAN FINISHED GRADING AND FACILITIES 

H-2-44562, Rev. 4 STRUCTURAL WASTE STORAGE TANKS COMPOSITE SECTION 
&DETAILS 

H-2-44563, Rev. 2 STRUCTURAL WASTE STORAGE TANKS DRAIN 
ARRANGEMENT &DETAILS 

H-2-44565, Rev. 2 STRUCTURAL WASTE STORAGE TANKS DOME 
REINFORCEMENT PLAN & DETAILS 

H-2-44560, Rev. 6 DOME PLAN 

H-2-44576, Rev. 2 STRUCTURAL- LEAK DETECTION PIT TANKS 101 & 103 -AX 

H-2-44577, Rev. 2 STRUCTURAL LEAK DETECTION PIT DETAILS 

H-2-44624, Rev. 3 DIRECT BURIED PIPING SECTIONS TKS 101, 102, 103 & 104-AX 
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H-2-44633, Rev. 4 PROCESS WASTE LINES TK. FARM AREA PLANS & SECTIONS 

H-2-44632, Rev. 3 PROCESS WASTE LINES SECTIONS & DETAILS 

H-2-44635, Rev. 3 PROCESS WASTE LINES SECTIONS & DETAILS 

H-2-44570, Rev. 2 DOME RISERS & PLUGS -DETAILS 

H-2-44571, Rev. 3 DOME RISERS & PLUGS-DETAILS 

H-2-44676, Rev. 6 AIR-LIFT PIPING ARRGT & CIRCULATOR DETAILS 

H-2-44737, Rev. 2 INSTRUMENTATION TANK FARM PLOT PLAN 
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INTEGRITY ASSESSMENT DETAILS OF THE SINGLE-SHELL TANK SYSTEM 
TRANSFER LINES AND PITS 

Bl.0 OBJECTIVE 

This appendix assesses the integrity of the Hanford Site single-shell tank (SST) system ancillary 
equipment for waste transfer lines and pits. This appendix supports the requirements set forth in 
Milestone M-23-24, "Submit Single-Shell Tank System Integrity Assessment Report and 
Associated Certification(s) and Determination(s) Pursuant to 40 CFR 265.191," Paragraphs A, B, 
C, D, and E, of the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1989). 
Supporting data are provided to determine if transfer piping and pits are adequately designed and 
have sufficient structural strength and compatibility with the waste to ensure that the structures will 
not collapse, rupture, or fail. 
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The approach used to assess the integrity of the transfer piping and pits is to initially characterize 
the system description, function, design requirements, quality control, startup testing, waste 
characteristics, corrosion protection measures, age, and other factors applicable to the piping and 
pits. Examinations of piping (pressure tests) and pits (photographic and visual examinations) are 
also cited. Conclusions relating to structural integrity are then made for the in-use components 
(taken from Appendix H) evaluated in this assessment. 
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Based upon the assessments made for transfer lines and pits, the following key conclusions are 
made: 

• All of the in-use transfer piping that is evaluated in this assessment was constructed to 
meet the design criteria that were current at the time of construction. Appropriate design 
standards were in place that controlled materials, construction methods, quality control, 
and startup testing. 

• Because the lines are buried, the material condition of the piping is unknown. No records 
have been found of pressure testing anomalies that would indicate failures of the in-use 
piping evaluated in this assessment. Procedures are in place to pressure test pipelines to 
determine if a line is fit-for-service prior to use. 

• The majority of the in-use pipelines evaluated in this assessment have secondary 
containment provided. In most cases the encasement lacks leak test data and is not 
continuous through the pit walls on either end. 

• A review of the design requirements and performance history of the pits evaluated in this 
assessment indicate that the pits are sound and compatible with the waste being handled. 
Remote inspections have been performed on the interior of approximately 20% of the pits 
evaluated in this assessment. Visual and remote inspection of the interior of Hanford pit 
structures with similar design and function have also been made. No major structural 
deficiencies have been noted in these inspections. Localized areas where the coating on 
the pit walls is degraded have been observed, depending on the age of the pit. 

• Degradation of jumpers and other equipment items inside the pits may occur. Jumpers, 
gaskets, seals, pumps, and other equipment that degrades in service or becomes obsolete 
is replaced or repaired. Pressure tests of a pipe system prior to waste transfer also qualify 
the equipment in the pits that is associated with the transfer. 

• Most of the transfer and drain lines that penetrate the walls or floor of the pit lack 
secondary containment. Leak integrity of pit drains is uncertain. 
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Sections B4. l through B4.6 provide the system description, design standards, waste 
characteristics, corrosion protection measures, age, and other factors used to evaluate the design 
and assess the condition of the system. Tables B.1 and B.2 depict the items being assessed. 

B4.1 DESCRIPTION AND FUNCTION OF THE WASTE TRANSFER PIPING AND 
PITS 

The following sections provide the descriptions and functions of the in-scope waste transfer 
piping and pits. 

B4.1.1 Description and Function of Waste Transfer Piping 

The waste transfer piping typically consists of sections of buried pipe that terminate with 
connector nozzles in diversion boxes or in the various types of pits. These lines provide a means 
for the transfer of waste between SSTs and the double-shell tank (DST) interface boundary. 
Cleanout boxes are located where clogging was anticipated and consist of risers that tie into the 
transfer line and allow operators at grade elevation to flush the transfer pipe in either direction to 
free the lines. These cleanout boxes are non-isolable appendages to the respective waste transfer 
pipes and are assessed as part of the piping. 

The waste transfer lines are either direct-buried or encased. 

• Direct-buried pipe, in most cases, is carbon-steel material coated with a bituminous 
and/or plastic substance. Direct-buried pipe is usually bubble wrapped and insulated with 
a foam material. The bubble wrap is installed to allow movement between the insulation 
and the primary piping. Trace heating is installed for some lines, the purpose being to 
keep the temperature of the transfer line and its contents above the temperature at which 
waste precipitation occurs. The centerline of the pipe is buried 3 feet or more below 
grade. 

• Encased piping is that in which the primary transfer line is enclosed within a secondary 
containment barrier. Trace heating may be installed on the primary transfer lines. 
Encased piping is installed in two forms: 

- The first type of encased piping is individual stainless steel or carbon steel pipe that is 
encased in larger carbon steel pipe. Spacer blocks are welded to the primary pipe to 
center it within the encasement and to allow drainage ofleaked waste into adjacent 
pits for leak detection purposes. 

- The second type of encased piping is contained in a reinforced concrete trough with 
reinforced concrete cover blocks. The troughs are sloped to drain to the adjacent pits 
for leak detection purposes. In some instances the trough cover is poured as an 
integral part of the trough and is not removable. The size of the trough is determined 
by the number of lines to be enclosed. Inspection risers are installed at regular 
intervals to enable sampling and general inspection of the trough enclosure cavity. 
The approximately 2-inch-diameter, schedule 40, carbon steel, pipe inspection risers 
are threaded and capped. They extend approximately 2 feet above grade. 
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Table B.1. Design Details and Integrity Examinations, Single-Shell Tank Transfer Lines (6 Sheets) 
~-

Transfer 
D . . i Drawing Construction 

~Line : escript on · Number - \Specifications' 
;:..l umber :. 1.. • f • '., :: ?)t.J •. : .,,_; . 
fi,,,·:~·1o,~ ·"v:t ...... 1'\. -!~1 ~:t~ttiiJ.t:,. ·i; ~l11" ,1: • .,,. p :.~~ -\._ • ., 

SL-100 

SL-104 

SL-107 

SL-108 

2-inch Pipe 
with 4-inch 
Encasement 

241-AX-B 
Valve Pit to 

241-A-B 
Valve Pit 

2-inch Pipe 
with4-inch 
Encasement 

241-A-B 
Valve Pit to 

241-A-A 
Valve Pit 

2-inch Pipe 
with 4-inch 
Encasement 

Distributor Pit 
241-A-0lH to 

241-A-A 
Valve Pit 

2-inch Pipe 
with 4-inch 

Encasement. 

Distributor Pit 
241-AX-0IA 
to 241-AX-A 

Valve Pit 

L _ _____ _ 

H-2-69184 
H-2-69188 
H-2-69241 
H-2-69244 

H-2-69184 
H-2-69188 

H-2-69184 
H-2-69186 
H-2-69188 
H-2-69192 

H-2-69198 
H-2-69241 
H-2-69244 
H-2-73373 
H-2-73051 

B-102-Cl 
(1974) 

B-102-Cl 
(1974) 

B-102-Cl 
(1974) 

B-102-Cl 
(1974) 

Trace 
Age Pipe Heat/ 

as of 2002 Length Coated/ 

(Ye~rs) •: ' J.!e:.f}.- . Insulation 

27 610 

27 32 

27 110 

27 290 

Trace Heat/ 
Coated/ 

Insulation 

No Trace 
Heat/ 

Coated/ 
No 

Insulation 

Trace Heat/ 
Coated/ 

Insulation 

Trace Heat/ 
Coated/ 

Insulation 

Leak Test/ 
Usage 

Leak tested 
4-15-2000 

Leak tested 
5-1-1996 

Leak tested 
5-1-1996 

Last used 
1-28-2002 

Leak tested 
2-24-1998 

Last used 
4-3-2001 

Iµ..~; 
Assessed Integrity - ,~ Remarks 

' < 
Transfer pipe - No 
integrity issues. 2 

Encasement - Not 
continuous through the 
pit wall on either end.3 

Transfer pipe - No 
integrity issues. 2 

Encasement - Not 
continuous through the 
pit wall on either end.3 

Transfer pipe - No 
integrity issues.2 

Encasement - Not 
continuous through the 
pit wall on either end.3 

Transfer pipe - No 
integrity issues.2 

Encasement - Not 
continuous through the 
pit wall on either end.3 

Leak test - Document No. 
ES-00-00019/O. 

Leak test - Document No. 
ES-96-00257 /0. 

Encasement - Drains to 
Distributor Pit 241-A-0 1H 
to enable leak detection. 

Leak test - Document No. 
ES-96-00257 /0. 

Encasement drains to 
Pump Pit 241-AX-0lA to 
enable leak detection. 

Leak test - Document No. 
ES-97-00536/W. 



RPP-10435 
Rev. 0 

Page B-6 · 

Table B.1. Design Details and Integrity Examinations, Single-Shell Tank Transfer Lines (6 Sheets) 

Age Pipe 
Trace 

Construction · Heat/ Leak Test/ 
Specifications1 as of2002 Length 

Coated/ Usage 
Assessed Integrity 

(Years) (feet) 
Insulation 

SL-110 2-inch Pipe H-2-69241 B-102-Cl 27 32 No Trace Lea_k tested Transfer pipe - No Leak test - Document No. 
with 4-inch H-2-69244 (1974) Heat/ 2-24-1998 integrity issues.2 ES-97-00536/W. 
Encasement Coated/ Encasement- Not 
241-AX-B No continuous through the 

Valve Pit to Insulation pit wall on either end.3 

241-AX-A 
Valve Pit 

SN-216 3-inch Pipe H-2-37316 HCP-681 27 1,970 Trace Heat/ Leak tested Transfer pipe - No Transfer line encasement 
SN-282 with 6-inch H-2-37317 (1974) Coated/ 1-8-2002 integrity issues. 2 drains to both pits. 

Encasement H-2-37344 B-101-C3 Insulation Last used Encasement- Not Transfer line leak 
241-U-D H-2-37777 (1974) 12-5-2001 continuous through the detection is provided on 

Valve Pit to H-2-37778 pit wall on either end.3 both ends. 
241-SY-B H-2-37780 

Encasement - Failed a 
Valve Pit H-2-71650 

recent leak test - integrity 
H-2-73917 
H-2-76535 uncertain. 

Leak test - Document No. 
WS-01-00483/O. 

SN-275 3-inch Pipe H-2-37777 B-101-C3 27 440 Trace Heat/ Leak tested Transfer pipe - No Encasement drains to 
with 6-inch H-2-37778 (1974) Coated/ 12-4-1998 integrity issues.2 Pump Pit 241-AX-0lA to 
Encasement H-2-37780 Insulation Last used Encasement- Not enable leak detection. 

241-SY-A H-2-37805 1-9-2002 continuous through the Leak test- Document No. 
Valve Pit to pit wall on either end.3 ES-98-00177/O. 

241-S-A 
Valve Pit 



SN-276 

NHW
V720 
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Table B.1. Design Details and Integrity Examinations, Single-Shell Tank Transfer Lines (6 Sheets) 

·,,. 
Age Pipe 

Trace 
. Drawing Construction Heat/ Leak Test/ 
. Number Specifications1 as of2002 Length 

Coated/ Usage ... . (Years) (feet) 
Insulation ~ . 

3-inch Pipe H-2-37777 B-101-C3 27 458 Trace Heat/ No data. Transfer pipe - No Encasement drains to 
with 6-inch H-2-37778 (1974) Coated/ integrity issues.2 Valve Pit 241-S-B to 
Encasement H-2-37780 Insulation Encasement- Not enable leak detection. 

241-SY-B H-2-37805 continuous through the 
Valve Pit to pit wall on either end.3 

241-S-B 
Valve Pit 

3-inch Pipe H-2-90364 B-220-Cl 18 400 No Trace No data. Transfer pipe - No leak Encasement drains to 
with 6-inch H-2-93631 (1982) Heat/Coated test data found. Sluice Pit 241-AY-02D. 
Encasement H-2-94017 /Insulation Encasement leak detection 

241-AY-02D H-2-94018 per spec., is provided. 

Sluice Pit to and drawing The pit is lined with a 
241-AR-151 stainless steel liner. 

Diversion 
Box 

2-inch Pipe H-2-37318 B-145-Cl 28 498 Trace Heat/ No data. Transfer pipe - No leak Encasement drains to 
with4-inch H-2-37777 (1981) (22 since last Coated/ test data found. Valve Pit 241-SY-A to 
Encasement H-2-37778 HCP-681-Cl modification) Insulation Encasement- Not enable leak detection. 

3-inch H-2-71620 (1974) continuous through 
DR-375 with H-2-73178 B-23l ~Cl either the 202-S or valve 

6-inch (1980) pit wall.3 

Encasement B-101-C3 

242-S 
(1974) 

Evaporator to 
241-SY-A 
Valve Pit 
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Table B.1. Design Details and Integrity Examinations, Single-Shell Tank Transfer Lines (6 Sheets) 

Age Pipe 
Trace 
Heat/ Leak Test/ 

as of2002 I.:ength 
Coated/ Usage 

(Years) (feet) 
·Insulation 

2-inch with 4- H-2-46188 B-127-Cl 24 90 Trace Heat/ Leak tested Transfer pipe - No Encasement drains to 
inch H-2-46523 (1977) Coated/ 10-30-1998 integrity issues.2 Distributor Pit 241-S-02B 

Encasement H-2-46525 Insulation Last used Encasement - Not to enable leak detection. 

241-S-02B H-2-73182 6-24-2000 continuous through Leak test - Document No. 
Distributor Pit valve pit wall.3 WS-98-00176/O. 

to 241-S-A 
Valve Pit 

3-inch H-2-1807 EK-4113-Cl 52 years 1,949 Concrete No data. Transfer pipe - No leak The concrete enclosure for 
Concrete H-2-5333 Sheet (1986) ( 16 since last Encasement test data found. 2 the transfer line drains to 
Enclosed 2 B-231-Cl modification) or Coated/ the 241-S-15 l Diversion 

(3-inch V-517 H-2-44511, (1980) Insulation Box. 
with 6-inch Sheet 28, C-187-D (M26a only) 
Encasement 29,30, and 38 HW-4314 
short span) H-2-71639 (1950) 

241-S-151 H-2-71663 

Diversion H-2-71664 

Box to the H-2-77259 

202S Bldg. 

2-inch with H-2-37344 HCP-681 27 210 Trace Heat/ Leak tested Transfer pipe - No Transfer line encasement 
4-inch H-2-37345 (1974) Coated/ 9-27-2000 integrity issues. 2 drains to Valve Pit 241-U-

Encasement H-2-37346 Insulation Last used Encasement- Not B to enable leak detect. 

241-U-B H-2-37369 9-9-2001 continuous through pit Leak test - Document 
Valve Pit to wall on either end.3 No.WS-00-00374/O. 

241-U-D 
Valve pit 



RPP-10435 
Rev.O 

Page B-9 · 

Table B.1. Design Details and Integrity Examinations, Single-Shell Tank Transfer Lines (6 Sheets) 
. , Trace 

Age Pipe . Heat/ Leak Test/ 
as of2002 Length · Coated/ Usage 

Assessed Integrity 
(Years) (feet) 

· Insulation 

SL-111 2-inch Direct H-2-37343 HCP-681 27 145 Trace Heat/ Leak tested Transfer pipe - No Transfer line drains 
Buried H-2-37345 (1974) Coated/ 12-19-2000 secondary containment.4 toward distributor pit. 

Distributor Pit H-2-37352 Insulation Last used Leak test - Document No. 
241-U-02B to H-2-37389 9-9-2000 WS-00-00792. 

241-U-B 
Valve Pit 

SL-113 2-inch Direct H-2-37346 HCP-681 27 9 Coated Leak tested Transfer pipe - No Leak test - Document No. 
Buried (1974) (only) 3-21-2001 secondary containment.4 WS-01-00001 . 

241-U-C Last used 
Valve Pit to 9-1-2001 

241-U-D 
Valve Pit 

SL-114 2-inch Direct H-2-37345 HCP-681 27 9 Coated Leak tested Transfer pipe - No Leak test- Document No. 
Buried (1974) (only) 8-24-1999 secondary containment.4 WS-99-00339/O. 

.. 241-U-A Last used 
Valve Pit to 12-30-1999 

241-U-B 
Valve Pit 

SN-204 3-inch Direct H-2-37344 HCP-681 27 220 Trace Heat/ Leak tested Transfer pipe - No Leak test - Document No. 
Buried H-2-37346 (1974) Coated/ 3-21-2001 secondary containment.4 WS-01-00001 . 

241-U-09A Insulation Last used 
Pump Pit to 9-1-2001 

241-U-C 
Valve Pit 



Table B.1. Design Details and Integrity Examinations, Single-Shell Tank Transfer Lines (6 Sheets) 

Drawing 
Number 

Construction 
Specifications1 

Age 
as of2002 

(Years) 

Pipe 
Length 
(feet) 

Trace 
HeaU 

Coated/ 
Insulation 

Leak TesU 
Usage 

'Table B.3 provides further details on Construction Specifications including applicable codes and standards. 
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~ransfer piping described in this table was constructed to meet the design criteria that were current at the ti~~ of construction. Design standards were in place that 
controlled materials, construction methods, quality control, and startup testing. 
3Secondary containment requirements are not met because encasements do not continue through the pit walls. In most cases the encasement lacks leak test data. Primary 
pipes are pressure tested before use and repaired, or the waste transfers are rerouted to prevent a waste leak. 
4Transfer line does not meet secondary containment requirement. Primary pipes are pressure tested before use and reparied, or the waste transfer are rerouted to prevent a 
waste leak. 
5Combined line, shown as two lines in Appendix H. 
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Table B.2. Design Details and Integrity Examinations, Single-Shell Tank Ancillary Pits (11 Sheets) 

241-A-0lH 

241-A-A 

241-A-B 

241-AR-151 

Distributor Pit 
located on Tanlc 

241-A-101 

Valve Pit is 
located in 241-A 

Tanlc Farm 

Valve Pit is 
located in 241-A 

TanlcFarm 

Diversion Box is 
located in 200 

East 

241-AX-0lA Distributor pit on 
Tanlc 241-AX-101 

H-2-69149 
H-2-69184 

H-2-69186, Detail XII 
H-2-69192 
H-2-73388 

H-2-69150 
H-2-69184 

H-2-19186, Detail XI 
H-2-69188 
H-2-69205 

H-2-69150 
H-2-69184 

H-2-19186, Detail XI 
H-2-69188 
H-2-69205 

H-2-90354 
H-2-90690 
H-2-93629 
H-2-93631 
H-2-93634 
H-2-93639 
H-2-94017 

H-2-44561 
H-2-63826 
H-2-63828 
H-2-69241 
H-2-69247 

Construction 
Specifications1 

B-102-Cl 
B-17lb-Cl 
B-181-Cl 

B-102-Cl 

B-102-Cl 

B-220-Cl 

B-102-Cl 
HWS-8237 

Age 
as of2002 

(Years) 

28 

28 

28 

20 

40 
(28 since 

modification) 

Concrete structure - No 
integrity issues. 2 

Transfer pipe - No 
through-wall 
encasement. 3 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
through-wall 
encasement.3 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
through-wall 
encasement. 3 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
integrity issues.3 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
through-wall 
encasement.3 

3-inch-diameter DR-311-M24 drains 
pit to Tanlc 241-A-102(R2). 

3-inch-diameter DR-310/31 l-M24 
drains pit to Tanlc 241-A-102(R2). 

3-inch-dia.meter DR-V717-M9 with 
6-inch Enc-M9 drains Diversion Box 

to Tanlc 001 in 244AR Vault. 

Drain - Pipe is embedded in concrete. 



RPP-10435 
Rev. 0 

Page B-12 · 

Table B.2. Design Details and Integrity Examinations, Single-Shell Tank Ancillary Pits (11 Sheets) 

241-AX-A Valve pit located 
in 241-AX Taruc 

Farm 

241-AX-B Valve Pit located 
in 241-AX Taruc 

Farm 

241-AX-155 Diversion Box is 
located West of 
241-AX Taruc 

Farm 

241-BY-05A Pump Pit located 
on Taruc 241-BY-

105 

Drawing 
Number 

H-2-69150 
H-2-69241 
H-2-69244 
H-2-69250 

H-2-69150 
H-2-69241 
H-2-69244 
H-2-69250 

H-2-90353 
H-2-90354 
H-2-90355 
H-2-90359 
H-2-90360 
H-2-90362 
H-2-90690 

H-2-42067 
H-2-42068 
H-2-70886 

H-2-70895, Sheet 2 
H-2-73247 

Construction 
Specifications' 

B-102-Cl 

B-102-Cl 

B-220-Cl 

B-144-Cl 
C-362 

HW-4314 Rev.2, 
P93, except 

as noted in remarks 

Age 
as of2002 

(Years) 

28 

28 

20 

50 

Assessed Integrity 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
through-wall 
encasement.3 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
through-wall 
encasement. 3 

Concrete structure - No 
integrity issues.2 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
through-wall 
encasement. 3 

3-inch-diameter DR-336/326-M24 
drains pit to Taruc 241-AX-104(R-
7D), but encasement does not appear 
to drain. Drain encasement does have 
swab/test risers. 

Pit is lined with stainless steel plate. 

3-inch-diameter DR-V713-M9 with 6-
inch-diameter Encasement - M26a 
drains pit to Diverter Station 241-AX-
152. 

Transfer pipe is P93, ASTM A-53, 
seamless, schedule 80,212 °Fat 200 
psig, is described in Project C-362, 
Supplement No. 2, HW-4314, Page 4 
of 4, dated 1/17/51. 

Drain - 2-inch diameter schedule 40 
pipe embedded in concrete. 
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Drawing Construction 
Age 

as of2002 Assessed Integrity 
Number Specifications1 

(Years) 

Pump Pit located H-2-41756 B-144-Cl 50 Concrete structure - No Transfer pipe is P93, ASTM A-53, 
on H-2-42067 C-362 

• • • 2 
mtegnty issues. seamless, schedule 80, 212 °Pat 200 

Tank 241-BY-106 H-2-42068 HW-4314 Rev.2, Transfer pipe - No psig, is described in Project C-362, 
H-2-70886 P93, except as noted through-wall Supplement No. 2, HW-4314, Page 4 

H-2-70895, Sheet 2 in remarks encasement. 3 of 4, dated 1/17/51. 
H-2-73248 Drain - 2-inch diameter schedule 40 

pipe embedded in concrete. 

Salt Well Heel Pit H-2-41191 B-17lc-Cl 50 Concrete structure - No Transfer pipe is P93, ASTM A-53, 
located on H-2-41294 B-181-Cl 

. . . 2 
mtegnty issues. seamless, schedule 80, 212 °Pat 200 

Tank 241-C-102 H-2-41345 C-362 Transfer pipe - No psig, is described in Project C-362, 
H-2-73973 HW-4314 Rev.2, through-wall Supplement No. 2, HW-4314, Page 4 
H-2-73974 P93, except as noted encasement. 3 of 4, dated 1/17 /51. 

in remarks Drain - Pipe is embedded in concrete. 

Salt Well Heel Pit H-2-38600 B-17lc-Cl 50 Concrete structure - No Transfer pipe is P93, ASTM A-53, 
located on H-2-38672 B-181-Cl 

• • • 2 
seamless, schedule 80, 212 °Pat 200 mtegnty issues. 

Tank 241-C-103 H-2-41191 C-362 Transfer pipe - No psig, is described in Project C-362, 
H-2-41294 HW-4314 Rev.2, through-wall Supplement No. 2, HW-4314, Page 4 
H-2-41345 P93, except as noted encasement.3 of 4, dated 1/17/51. 
H-2-73343 in remarks Drain - Pipe is embedded in concrete. 

Pump Pit on H-2-37004 B-17lc-Cl 50 Concrete structure - No H-2-41436 depicts installation of a 
Tank 241-C-104 H-2-41190 B-181-Cl integrity issues.2 conductivity element to the drain. 

H-2-41343 C-362 Transfer pipe - No Drain - Pipe is embedded in concrete. 
H-2-73344 HW-4314 Rev.2, through-wall 
H-2-73973 P93, except as noted encasement.3 

in remarks 
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Heel Pit located 
on Tank 241-C-

104 

Sluice Pit located 
on Tank 24 l-C-

104 

Salt Well Caisson 
located on Tank 

241-C-104 

Pump Pit located 
on Tank 24 l-C-

106 

Heel Pit located 
on Tank 24 l-C-

106 

Dra"'.ing 
Number 

H-2-37004 
H-2-41192 
H-2-41294 
H-2-41345 
H-2-73344 
H-2-73973 

H-2-37004 
H-2-41194 
H-2-41318 
H-2-41344 
H-2-41423 
H-2-73344 

H-2-34961, Detail I 
H-2-73344 
H-2-73973 
H-2-73983 

H-2-41190 
H-2-41318 
H-2-41343 
H-2-73346 

H-2-818423 
H-2-818448 
H-2-818522 

H-2-41192 
H-2-41294 
H-2-41345 
H-2-73346 

H-2-820725 

Construction 
Specifications 1 

B-17lc-Cl 
B-181-Cl 

C-362 
HW-4314 Rev.2, 

P93, except as noted 
in remarks 

B-17lc-Cl 
B-181-Cl 

C-362 
HW-4314 Rev.2, 

P93 

B-17lc-Cl 
B-181-Cl 

B-17lc-Cl 
B-181-Cl 

C-362 
HW-4314 Rev.2, 

P93 

W-320-Cl 

B-171c-Cl 
B-181-Cl 

C-362 
HW-4314 Rev.2, 

P93, except as noted 

W-320-Cl 

Age 
. as of 2002 

(Years) 

50 

50 

22 

50 
(6 since 

modification) 

50 
(6 since 

modification) 

Concrete structure - No 
. . • 2 
mtegnty issues. 

Transfer pipe - No 
through-wall 
encasement. 3 

Concrete structure - No 
. • • 2 
mtegnty issues. 

Transfer pipe- No 
through-wall 
encasement. 3 

H-2-41192, requires piping material 
in accordance with HW-4314, Rev.2, 
Code P93. 

Drain - 2-inch-diameter pipe is 
embedded in concrete. 

Drain - Pipe is embedded in concrete. 

Concrete/Culvert walls - Culvert/piping penetration caulking 
No integrity issues.2 not considered adequate secondary 

containment. 

Concrete structure - No 
integrity issues.2 

Concrete structure - No 
integrity issues.2 

Drain- M35, embedded in concrete. 

Encasement has a connector nozzle 
inside the pit. 

Transfer pipe inactive. 

Drain - 2-inch-diameter pipe 
embedded in concrete. 

Transfer pipe inactive. 

Drain - 2-inch-diameter pipe 
embedded in concrete. 
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Construction 
Age 

Specifications1 as of 2002 Assessed Integrity Remarks 
. (Years) 

Sluice Pit located H-2-41194 B-l 7lc-Cl 50 Concrete structure - No Transfer pipe inactive. 
on Tank 241-C- H-2-41318 B-181-Cl (6 since integrity issues. 2 

Drain - 2-inch-diameter pipe 
106 H-2-41344 C-362 modification) embedded in concrete. 

H-2-73346 HW-4314 Rev.2, 
H-2-818450 P93 
H-2-818518 W-320-Cl 
H-2-818520 

Valve Pit in 241-S H-2-37805 HAP-655 30 Concrete structure - No 3-inch-diameter DR-303 drains Valve 
Tank Farm H-2-46151 integrity issues.2 Pit into Tank 241-S-102. 

H-2-46152 Transfer pipe -No 
H-2-46153 through-wall 
H-2-46188 encasement.3 

H-2-46190 
H-2-46193 

Det. VII 

Valve Pit in 241-S H-2-37805 HAP-655 30 Concrete - No integrity 3-inch-diameter DR-389/303 drains 
Tank Farm H-2-46151 . 2 issues. Valve Pit into Tank 241-S-102. 

H-2-46152 Process - No through-
H-2-46153 wall encasement. 3 

H-2-46188 
H-2-46190 
H-2-46193 

Det. VII 

Valve Pit is in H-2-46151 HAP-655 30 Concrete structure - No 3-inch-dia rneter DR-390/3 1 0-M24 
241 -S Tank Farm H-2-46152 integrity issues.2 drains Valve Pit to Tanlc 241-S-107. 

H-2-46153 Transfer pipe - No 
H-2-46189 through-wall 
H-2-46191 encasement. 3 
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Drawing Construction 
Age 

.Number Specifications1 as of2002 
· (Years) · 

241 -S-D Valve Pit is in H-2-46151 HAP-655 30 Concrete structure - No 3-inch-diameter DR-310-M24 drains 
241-S Tan.le Farm H-2-46152 integrity issues. 2 Valve Pit to Tan.le 241-S-107. 

H-2-46153 Transfer pipe - No 
H-2-46189 through-wall 
H-2-46191 encasement. 3 

241-S-0IA Pump Pit is H-2-46148 HAP-655 30 Concrete structure - No Drain - M25 embedded in concrete. 
located on Tank H-2-46154 integrity issues. 2 

241-S-101 H-2-46188 Transfer pipe - No 
H-2-46196 through-wall 

encasement. 3 

241-S-02B Distributor Pit is H-2-46149 B-127-Cl 30 Concrete structure - No Drain - M25 embedded in concrete. 
located on H-2-46154 B-l 7lb-Cl (22 since integrity issues. 2 

Tank 241-S- l 02 H-2-46521 B-181-Cl modification) 
H-2-46523 B-222-Cl 
H-2-46525 HAP-655 
H-2-73182 

241-S-07A Pump Pit is H-2-46148 HAP-655 30 Concrete structure - No Drain - M25 embedded in concrete. 
located on Tank H-2-46189 B-180-Cl integrity issues.2 

241-S-107 H-2-46196 B-181-Cl Transfer pipe - No 
H-2-70604 through-wall 
H-2-73186 encasement. 3 

H-2-73891 

241-S-09A Pump Pit is H-2-46148 HAP-655 30 Concrete structure - No Drain - M25 embedded in concrete. 
located on Tank H-2-46154 B-181-Cl integrity issues.2 

241-S-109 H-2-46189 B-222-Cl Transfer pipe - No 
H-2-46196 through-wall 
H-2-73188 encasement. 3 
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Construction 
Age 

Specifications1 as of2002 : 
(Years) 

Pump Pit located H-2-46148 HAP-655 30 Concrete Structure - No Drain - M25 embedded in concrete. 
on Tanlc 241-S- H-2-46154 B-181-Cl integrity issues.2 

111 H-2-46189 B-222-Cl Transfer pipe - No 
H-2-46197 through-wall 
H-2-73190 encasement. 3 

Pump Pit is H-2-46148 HAP-655 30 Concrete structure - No Drain - M25 embedded in concrete. 
located on Tanlc H-2-46154 B-181-Cl 

. . • 2 
mtegnty issues. 

241-S-112 H-2-46189 B-222-Cl Transfer pipe - No 
H-2-46197 through-wall 
H-2-73191 encasement. 3 

Pump Pit located H-2-46150 HAP-655 30 Concrete structure - No Drain - M25 embedded in concrete. 
on Tanlc 241-SX- H-2-46154 B-222-Cl integrity issues.2 

101 H-2-46155 Transfer pipe - No 
H-2-46240 through-wall 
H-2-46248 encasement.3 

H-2-73218 

Pump Pit is H-2-46150 HAP-655 30 Concrete structure - No Drain - M25 embedded in concrete. 
located on Tanlc H-2-46154 B-222-Cl integrity issues.2 

241-SX-102 H-2-46155 Transfer pipe - No 
H-2-46240 through-wall 
H-2-46248 encasement. 3 

H-2-73219 

Pump Pit is H-2-46150 HAP-655 30 Concrete structure - No Drain - M25 embedded in concrete. 
located on Tanlc H-2-46154 B-222-Cl integrity issues.2 

241-SX-103 H-2-46155 Transfer pipe - No 
H-2-46240 through-wall 
H-2-46248 encasement. 3 

H-2-73220 
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Construction 
Age 

Specifications1 as of2002 
(Years) 

Pump Pit is H-2-46240 HAP-655 30 Concrete structure - No Drain - M25 embedded in concrete. 
located on Tank H-2-46243 B-222-Cl integrity issues.2 

241-SX-105 . H-2-73222· Transfer pipe - No 
through-wall 
encasement. 3 

Valve Pit is H-2-46151 HAP-655 30 Concrete structure - No 
located in 241-SX H-2-46152 integrity issues. 2 

Tank Farm H-2-46153 Transfer pipe - No 
H-2-46154 through-wall 
H-2-46240 encasement. 3 

H-2-46241 

Valve Pit is H-2-46151 HAP-655 30 Concrete structure - No 
located in 241-SX H-2-46152 integrity issues.2 

Tank Farm H-2-46153 Transfer pipe - No 
H-2-46154 through-wall 
H-2-46240 encasement. 3 

H-2-46241 

Valve Pit is H-2-37320 HCP-681-Cl 27 Concrete structure - No 3-inch-diameter DR-317-M24 drains 
located in 241-U H-2-37321 integrity issues. 2 pit to Tank 241-U-105. 

Tank Farm H-2-37343 Transfer pipe - No 
H-2-37345 through-wall 
H-2-37355 encasement. 3 

Valve Pit is H-2-37320 HCP-681-Cl 27 Concrete structure - No 3-inch-diameter DR-319/317-M24 
located in 241-U H-2-37321 integrity issues. 2 drains pit to Tank 241-U-105. 

Tank Farm H-2-37343 Transfer pipe - No 
H-2-37345 through-wall 
H-2-37355 encasement. 3 
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, ... Age 
Drawing • ." , . Construction · as of2002 Assessed Integrity., . 
Number Specifications1 

. 
(Years) 

.. " ... ·•· < 

~ r;, • r ·· :.: ,._ . ' 
H-2-37320 HCP-681-Cl 27 Concrete structure - No 3-inch-diameter DR-322/320-M24 
H-2-37321 integrity issues. 2 drains the pit to Tank 24 l-U-111. 

Tank Farm H-2-37344 Transfer pipe - No 
H-2-37346 through-wall 
H-2-37355 encasement.3 

Valve Pit is H-2-37320 HCP-681-Cl 27 Concrete structure - No 3-inch-diameter DR-320-M24 drains 
located in 241-U H-2-37344 integrity issues.2 the pit to Tank 241-U-11 l. 

Tank Farm H-2-37346 Transfer pipe - No 
H-2-37320 through-wall 
H-2-37358 encasement. 3 

H-2-37377 

Distributor Pit is H-2-37321 C-362 51 Concrete structure - No Drawing - Early concrete per HW-
located on Tank H-2-37343 HCP-681-Cl (27 since integrity issues.2 4798-S, HW-4301, and HW-4585. 

241-U-102 H-2-37350 B-17la-Cl modification) Transfer pipe - No Drain - 2-inch pipe embedded in 
H-2-37351 B-222-Cl through-wall concrete. 
H-2-40147 Piping P93 per HW- encasement. 3 

H-2-40192 4314, Rev.2 except 
H-2-40560 as noted 
H-2-73149 

Distributor Pit H-2-37344 C-362 51 Concrete structure - No Drawing - Early concrete per HW-
located on Tank H-2-37350 HCP-681-Cl (27 since integrity issues. 2 4798-S, HW-4301, and HW-4585. 

241-U-107 H-2-37377 B-171a-Cl modification) Transfer pipe - No Drain - 2-inch pipe embedded in 
H-2-40147 B-222-Cl through-wall concrete. 
H-2-40192 Piping P93 per HW- encasement. 3 

H-2-40559 4314, Rev.2 except 
H-2-73155 as noted 
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Distributor Pit 
located on Tank 

241-U-108 

Pump Pit is 
located on Tank 

241-U-109 

Distributor Pit is 
located on Tank 

241-U-109 

Pump Pit is 
located on 

Tank 241-U-111 

H-2-37344 
H-2-37350 
H-2-37377 
H-2-40147 
H-2-40192 
H-2-40559 
H-2-73156 

H-2-37344 
H-2-37347 
H-2-37377 
H-2-40073 
H-2-40191 
H-2-40558 
H-2-73155 

H-2-37344 
H-2-37350 
H-2-37377 
H-2-40147 
H-2-40192 
H-2-40559 
H-2-73155 

H-2-37321 
H-2-37385 

C-362 
HCP-681-Cl 
B-171a-Cl 
B-222-Cl 

Piping P93 per HW-
4314, Rev.2 except 

as noted 

C-362 
HCP-681-Cl 
B-171a-Cl 
B-222-Cl 

Piping P93 per HW-
4314, Rev.2 except 

as noted 

C-362 
HCP-681-Cl 
B-171a-Cl 
B-222-Cl 

Piping P93 per HW-
4314, Rev.2 except 

as noted 

HCP-681-Cl 
B-222-Cl 

. Age , 
· .' as of 2002: .. ' 

. (Years) 

51 
(27 since 

modification) 

51 
(27 since 

modification) 

27 

27 

Concrete structure - No 
inte~rity issues. 2 

Transfer pipe - No 
through-wall 
encasement. 3 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
through-wall 
encasement. 3 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
through-wall 
encasement. 3 

Concrete structure - No 
integrity issues.2 

Transfer pipe - No 
through-wall 
encasement. 3 

Drawing- Early concrete per HW-
4798-S, HW-4301, and HW-4585. 

Drain - 2-inch pipe embedded in 
concrete. 

Drawing- Early concrete per HW-
4798-S, HW-4301, and HW-4585. 

Drain - 2-inch pipe embedded in 
concrete. 

Drain - 2-inch-diameter pipe 
embedded in concrete. 

Drain - M24 embedded in concrete. 
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Construction .. 
Specifications1 

Age as or,2002 
(Years) 

1Table B.3 provides further details on Construction Specifications including applicable codes and standards. 
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2Review of the design requirements and performance history indicate that the pits are sound and compatible with the waste being handled. Remote inspections have 
been performed on the interior of approximately 20% of the pits. No major structural deficiencies have been noted in these inspections. 
3Secondary containment requirements are not met because encasements do not continue through the pit walls. In most cases the encasement lacks leak test data. 
Primary pipes are pressure tested before use and repaired, or the waste transfers are rerouted to prevent a waste leak. 
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With few exceptions the pits are constructed of reinforced concrete and extend just enough above 
grade to prevent flooding by surface water. A pit is considered secondary containment for a 
primary transfer pipe. The pits have removable cover blocks or plates to allow entry for work. 
The internal surfaces of the pits are coated with a material to reduce surface wicking of 
contaminated and other substances and to simplify decontamination and cleaning. The pits are 
either located at the piping network intersections or on the tanks as transfer line terminuses. 

The equipment in many of the pits has often been modified, especially in the pits located on the 
tanks. As the pits were first used they were equipped with jumpers, pumps, valves, and other 
equipment. The configuration and extent of this equipment has continued to change as 
improvements are made and as mission changes have required different equipment. The pits 
provide radiation protection for personnel working outside the pits at grade elevation. 

All transfer pipes slope to one or both pits to which they are attached to enhance clearing the 
pipe of liquid contents after use. The transfer pipe encasements (pipe-in-pipe) and enclosures 
(concrete troughs) stop at and/or drain into the pits which, along with the encasements and 
enclosures, make up the secondary containment for the primary piping. The pit floors are 
equipped with drains that direct any accumulating liquid to a catch tank or waste storage tank. 
The catch tanks provide temporary waste storage. 

The salt well caisson pit (241-C-04D) located on tank C-104 is configured differently from the 
concrete pits. This pit contains a salt well pumping system. This pit is constructed from a 
section of vertical galvanized corrugated culvert pipe. The floor is constructed of concrete and 
the cover is steel plate with a hinged section for access. The interior walls of the pit are painted. 
This pit does not provide the inherent radiation protection that the conventional pits do for 
operating personnel. 

B4.2 DESIGN STANDARDS 

Sections B4.2.1 and B4.2.2 describe the design standards for the waste transfer piping and the 
waste transfer pits. The version (date) of the specification or standard each project used during 
the piping and pit designs were normally the version current at that time. Most construction 
projects at Hanford were accompanied by a unique construction specification that provided the 
specific requirements for that project. Table B.3 identifies construction specifications, general 
design codes, and standards for the piping and pits being assessed. 

Formal calculations to determine each structure's design strength and useful life have not been 
found. 

B4.2.1 Waste Transfer Piping Design Standards 

Table B.1, along with Table B.3, with exception of information not readily available, describes 
piping that is evaluated in this assessment, and the construction specifications used to construct 
the piping. Table B.1 also lists the principal design drawings. 



r,· ·c. •·~ ' , 
' 

Constru~tion Design 
1-. Code Specification . (Date) 

' •·• 

B-101-C3 831 .1 
() 974) 

8-102-CI 831 .1 
(1973) 

8-103-CI 831.1 
(1974) 

ASME8 
and PY 
Code 

Section 
VIII 

8-127-CI B31 .1 
(1977) 

Table B.3. Construction Specifications for the Transfer System (5 Sheets) 

Encasement · .(Pipe Code) Design Encasement Pipe 
' and Pipe Code& Temp'erature Pipe , 

ASTM': Temperature Test Weld ASTM Trace Coating 
and Pressure and and 

I• Material Pressure Inspection Material Pressure Heat ·Insulation I '· Standards Standards 
' 

(M25) (M25) (M25) (M25) (M26) .. (M26) Yes Coating per 
A53 or A106 330 °Fat 550 psig 100 % X-ray A53 or Al06 200 °Fat 60 AWWA-

carbon steel, 1- 375 psig (SL) carbon steel, psig (90 psig C203, 
inch, 6-inch (SL) or 350 psig schedule 40. Test Pressure) Insulation: 

diameter, 230 psig (SN) Urethane. 
schedule 40. (SN) 

(M25) (M25) (M25) (M25) (M26) (M26) Yes Coating per 
A53 Type S, Gr. 330 °Fat 550 psig 100 % X-ray Same as 20 psig and 200 AWWA-
8, pipe, A-234 375 psig (SL) inner pipe. °F Maximum C203, 

fittings. Carbon (SL) or 350 psig Operation ( 180 Insulation: 
steel, schedule 230 psig (SN) psig Urethane. 

40. (SN) Test Pressure) 

(M9) (M9) (M9) (M9) None None No Coating per 
A312, TP 304L, 250 Of at 300 450 psig 100% X-ray AWWA-
3/4-inch, 12-inch psig per HWS- for 3-inch- C203, 

diameter, 9078 circumferent Insulation: 
schedule I OS. ial Welds Urethane. 

(M25) (M25) (M25) (M25) (M26) (M26) Yes Coating per 
A53 or A106 338 °F@400 600 psig 100 % X-ray A53 or A106 338 Of at 60 AWWA-

carbon steel, 3- psig (SL) carbon steel, psig C203, 
inch and smaller, (SL) 275 psig 415 psig 6-inch (90 psig test Insulation: 

schedule 40. (SN) (SN) diameter, pressure) Urethane. 
maximum 

schedule 40. 

Drain 
Pipe 
Code 

.,, 

M24 

M24 

1'/one 

M24 
(5 foot 

head test) 
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Concrete 
Specifications 

and 
Standards 

AC! 301, 
ASTM A615 
and others. 

AC! 301, 
ASTM A615 
and others. 

AC! 301, 
ASTM A615 

and others 
per HWS-

9078. 

AC! 301, 
ASTM A615 
and others. 



Table B.3. Construction Specifications for the Transfer System (5 Sheets) 
. ~··· ·.t~ *"lli' E:..', .... - ., 

(Pipe Code) · Design Encasement Encasement Pipe 
· D.eslgn and ' Pipe Code& Pipe Construction Temperature ·' Test Temperature Coating 

Specification Code ASTM and Pressure Weld ASTM and Trace and 
. (Date)}'. Material Inspection Material Heat 

Standards Pressure Standards Pressure Insulation 
1, 

' . ... /,:;! .. ~ .· " 
B-144-CI B31 .1 (M25) (M25) (M25) (M25) None .. None No Insulation: 

(I 978) A53 or A106 340 °Fat 150 psig 100 % X-ray Urethane 
carbon steel, 1 100 psig 

1/4-inch-
diameter and 

smaller, 
schedule 40. 

B-145-CI B31.1 None None None None None None None None 
(1981) 

B-171a-C1 B31.1 (M25) (M25) (M25) (M25) None None None None 
(1979) A53 or AI06 340 °Fat 150 psig 100 % X-ray 

carbon steel, 1 100 psig 
1/4-inch-

diameter and 
smaller, 

schedule 40. 

B-171b-C1 B31 .1 (M25) (M25) (M25) (M25) None None None Coating per 
(1980) A53 or AI06 340 °Fat 150 psig 100 % X-ray AWWA-

carbon steel, 2- 100 psig C203, 
inch-diameter Insulation: 
and smaller, Urethane. 
schedule 40. 

B-171c-CI B31 .1 (M25) (M25) (M25) (M25) None None None Coating per 
(1980) A53 or A106 340 °Fat 150 psig 100 % X-ray AWWA-

carbon steel, 1 100 psig C203, 
1/4-inch- Insulation: 

diameter and Urethane. 
smaller, 

schedule 40. 

Drain 
. Pipe 
Code 

. ·' ,: 

M24 

None 

None 

None 

M24 
(8 psig 

Test 
Pressure) 
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Concrete 
Specifications 

and : 
Standards 
' .... 

ACI 301, 
ASTM A615 
and others. 

None 

AC! 301, 
ASTM A615 
and others. 

AC! 301, 
ASTM A615 
and others. 

AC! 301, 
ASTMA615 
and others. 



RPP-10435 
Rev. 0 

Page B-25· 

Table B.3. Construction Specifications for the Transfer System (5 Sheets) 

Design Encasement Encasement Concrete Pipe Code& Temperature Test Weld ASTM Specifications 
md Pressure Inspection Material and 

Pressure .Standards Standards 

B-180-Cl B31.1 (M25) (M25) (M25) (M25) (M26a) ·(M26a) Yes Coating per M35 ACI301, 
(1979) A53 or A106 340 °Fat 150 psig 100 % X-ray A53orA106 340 °F@60 AWWA- (8 psig ASTM A615 

carbon steel, 3- (encasement (process) carbon steel, psig C203, test and others. 
inch-diameter Process) 413 psig schedule 40 (90 psig test) Insulation: pressure) 

and less, 275 psig (encasem Urethane. 
schedule 40. (process) ent 

100 psig process) 

B-181-Ct B31.1 None None None Visual None None None Coated per None None 
(1980) AWWA-

C203. 

B-220-Cl B31.1 (M25) (M25) (M25) (M9) or (M26a) (M26a) None Coating per M26a ACI 301, 
(1982) A53 or Al06 340 °Fat 275 412.5 (M25) A53 or Al06 340 °Fat 60 AWWA- and M9 ASTM A6l5 

carbon steel, 2- psig psig 100 % X-ray carbon steel, psig C203, and others. 
inch- and 3-inch- (M9) (M9) schedule 40 (90 psig test)* Insulation: 

diameter, 340 °Fat 275 412.5 Urethane. 

1 

schedule 40 or psig psig 
(M9) 

A3 12 Grade TP 
304L 

schedule 40S. 

B-222-CJ B31 .1 See Drawings See Drawings None None None None None Coated per None None 
(1980) AWWA-

C203. 



Table B.3. Construction Specifications for the Transfer System (5 Sheets) 
•. I . 

l (Pipe Code) Design E:ncasement Encasement -Pipe 
Construction Design and Temperature Test Pipe Code& Temperature Pipe Coating q._; Co<le ASTM Weld ASTM Trace Specification 

1 t~~Mate~v* and Pressure and and 
~ -..-..)_ ..... .,./'_'!.11:~,'U.~ ~~~1it ~tPressure Inspection Material Pressure J,::r: /nsulatlon ·-~~; .,. l'ff Standards , Standards 

, .. 
• ,.; ..... <u~.-..'> :.1,,., .. ., .. 

-:,L, · . .;·i--,l':'1J ., ............ , . . ·•;,·~. ,, 
B-231-Cl B31.1 (M25) (M25) (M25) (M9) or (M26a) (M26a) None Coating per 

(1980) A53 or Al06 200 °Fat 115 150 psig (M25) A53 or A106 200 °Fat 60 AWWA-
carbon steel, 2- psig (M9) X-ray carbon steel, psig C203, 

inch- and 3-inch- or 100 psig (550 psig schedule 40 (90 psig test) Insulation: 
diameter, (M9) for SL Urethane. 

schedule 40 or (330 °Fat 375 138) 
(M9) psig 

A3 12 Grade TP for SL 138) 
304L 

schedule 40S. 

EK-4113-Cl 831 .1 (M9) (M9) (M9) (M9) (M26a) (M26a) None Coating per 
831.3 A312, 304L 320 Of 115 psig X-ray A53 or Al06 320 °Fat 60 AWWA-
(1986) schedule 40S. 75 psig carbon steel, psig C203, 

schedule 40 (90 psig test) Insulation: 
Urethane. 

HAP-655 B31.1 (M25) (M25) (M25) (M25) None None Yes Coating per 
HWS-9131 (1972) A53 or AI0G 330 °Fat 550 psig 100 % X-ray AWWA-

carbon steel, 2- 375 psig (SL) C203, 
inch- and 3-inch- (SL) or 350 psig Insulation: 

diameter, 230 psig (SN) Urethane. 
schedule 40. (SN) 

HCP-681-Cl B31 .1 (M25) (M25) (M25) (M25) (M26) (M26) Yes Coating per 
(1974) A53 or Al06 330 °Fat 550 psig 100 % X-ray Carbon steel 200 °Fat 60 AWWA-

carbon steel, 2- 375 psig (SL) perAWWA psig C203, 
inch- and 3-inch- (SL) or 350 psig C202, (50 psig test) Insulation: 

diameter, 230 psig (SN) (4-inch- Urethane. 
schedule 40. (SN) diameter, 

0.109-inch 
wall) , 6-inch-

diameter, 
(0.135-inch 

wall) 

Drain 
Pipe 
Code 

~c:il11-1: , 
(M9) and 

(M24) 
30 psig 

test 
pressure 

Encasem 
ent Drain 

M26a 
(15 psig 

Test 
Pressure) 

(M24) 
200 °Fat 
20 psig 

Direct 
Buried, 

M24 
200 Fat 
20 psig 

test 
pressure. 
50 psig 
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Concrete 
· Specifications 

and 
Standards 

.,~};~.;I'~.. :. ;c_<.-

AC! 301, 
ASTM A615 
and others. 

AC! 301 , 
ASTM A615 
and others. 

AC! 301, 
ASTM A615 
and others. 

ACI 301, 
ASTMA615 
and others. 



Table B.3. Construction Specifications for the Transfer System (5 Sheets) 
'"• .".:"n . (Pipe Code) Encasement 

'. Design 1-~ arid Design Pipe Code& 
Encasement Pipe Pipe 

Construction . ., Temperature Test Te'mperature Coating · 
Specification 

Code ·. ASTM and Pressure Weld ASTM and Trace and 
(Date) , Material Inspection Material Heat ,_ .-: 1-, Pressure Pressure Insulation Standards -''' ,' 

Standards ·-. e ,. 

W-320-CI B31.3 (M9) (M9) (M9) (M9) (M26a) (M26a) None Coating per 
(1994) A312, 304L 180 °Fat 320 480 psig Radiographi Al06, 180 °Fat 320 AWWA-

4-inch-diameter psig Max. Op. c Test: 5% GrB, psig Maximum C213 
or less, schedule 40 Op. Test P. 352 Detection of 

schedule 40S. psig poor quality 
coating 
areas 

Required. 

C-187-D B31.1 (P9 I) and (P90) (?91) (P91) Visual and None None None None 
HW-99 (1942) A3 12, A269 or Ambient 200 psig hammer test 
C-362, Al58 AISI Type at 100 psig (P90) at test 

Supplement #I 347 (?90) 300 psig pressure 
and #2 (P93) 370 °Fat 150 Hammer See 

HW-4314 seamless A53 psig Test at Remarks 
schedule 80. (P93) Pressure 

212 °Fat 200 (P93) 
psig 300 psig 

HWS-8237 831.1 Note I Note I Note I Note I Note I Note I None Note I 
CAC-945 (1963) 

HWS-9078 B31.7and (M9) (M9) (M9) (M9) None None None Coated per 
ASMEB A312 TP 304L 250 °Fat 300 450 psig 100 % X-ray AWWA-
andPV smls., 3/4-inch- psig C203. 
Section through 12-inch-

VIII, diameter, 
Division schedule I OS. 
(1973) 

1 Piping codes are as assigned from Drawing H-2-31750. 

Drain , 
Pipe 
Code 

None 

None 

None 

None 
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Concrete 
Specifications 

and 
Standards 

ACI 301, 
ASTM A615 
and others. 

None 

3000 psi 
concrete & 
rebar per 

HWS-4798-S. 

ACI 301, 
ASTM A615 
and others. 
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Piping material codes ( e.g., M25, M26, M9) defined in Piping Material Code Reference Index 
(Drawing H-2-31750) cited in the construction specifications were developed to provide 
consistency and simplification of the piping systems during design and construction. These 
piping material codes provided specific information (material and schedule) for the specified 
piping design. Through the use of these codes, different construction practices and levels of 
quality control are assigned to piping with different functions; this results in different levels of 
product integrity using the same materials. The use of different materials, as required by the 
intended function, is more effectively controlled through the use of these codes. 

The piping material codes used in the design of the piping and pits that are evaluated in this 
assessment are shown in Table B.3. Piping size, schedule, and material may be determined 
through the use of Tables B.1 and B.3. 

B4.2.1.1 Carbon-Steel Piping 

In most cases, the direct-buried waste transfer piping material is schedule 40 carbon steel per 
ASTM A53 Grade B or ASTM A106 Grade B. Encased piping is often of this same material. 
Some of the early pits required that the nozzle sections that pass through the pit floor or wall be 
schedule 80, rather than schedule 40, carbon steel, ASTM A53 material. The material standards 
identified for this piping have not changed. 

B4.2.1.2 Stainless-Steel Piping 

Stainless-steel transfer line piping is encased in carbon-steel pipe, enclosed in a concrete trough, 
or used in pit construction as wall or floor pass-through nozzles. In this later application the 
stainless-steel pipe pass-throughs were embedded in concrete. 

Where stainless-steel piping is routed in concrete troughs, the piping is supported by vitrified 
clay spools and intermittently anchored. The anchoring material in contact with the transfer pipe 
is stainless steel. 

The basic design, fabrication, and installation requirements for the waste transfer piping are 
provided by the following codes: 

• American Standard Code for Power Piping (ASA B31.1 ), 

• American Standard Code for Chemical Plant and Petroleum Refinery Piping 
(ASA B31.3), and 

• Nuclear Piping Code (ANSI B31. 7). 

Each code is nationally recognized and is adequate for providing the basic requirements for the 
construction of the waste piping. 



B4.2.1.3 Fabrication 
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Welders, welding equipment, and welding procedures for each specific type of weld were 
qualified through ASA B31.1, ASA B31.3, or ANSI B31. 7 before production welding began. 
Each weld is assigned a number. For each weld in a transfer line, records were kept including 
welding maps, which identified each weld, the welder, and the details of the non-destructive 
weld examinations that were performed. 

Butt-welded fabrication joints were used, where practical, on all primary waste transfer and 
encasement piping. Piping welds made in the 1940s to early 1950s received a hammer test while 
at hydrostatic test pressure to determine acceptability, as specified in ASA B3 l. l, 1942 edition. 
The welds were marked with blue carpenter's chalk during the test pressure to increase leakage 
visibility. As inspection technologies developed over the years, nearly all of these butt-welded 
joints were examined by radiography. The procedural requirements and acceptance criteria for 
performing the non-destructive weld examinations are found in ASA B31.1, ASA B31.3, and 
ANSI B31. 7. Typically, the construction specifications or the drawings determine whether a 
weld will be examined and, if so, which examination(s) will be performed. As shown in 
Table B.3, 100% radiography is specified for nearly all the pressure boundary piping evaluated 
in this assessment. Normally, a less rigorous examination such as 10% radiography or liquid 
penetrant testing was required for drain line and encasement welds. Both of these radiography 
examinations (100% on primary piping and 10% on encasement piping) exceed the requirements 
of ASA B 31.1, B3 l.3, or B3 l.7. 

Cathodic protection was a design requirement for the waste storage and transfer systems in the 
late 1940s. Evidence of this is found on Drawings H-2-1778, H-2-1134, H-2-1135, and H-2-983, 
as well as other drawings. Cathodic protection installations began in the 1940s and successive 
projects continued. There were intervals of interruption as described in Review of the Corrosion 
Protection Program for High-Level Waste (HL W) Underground Storage Tanks and Associated 
Piping at the Hanford Site (DACCO SCI INC) (March 1994). That document provides a 
comprehensive review of the succession of cathodic protection projects, presents hazards of 
improperly utilized systems, and presents recommendations for continuing the program. 
A recent description of the cathodic protection program may be found in the memorandum to 
M. R. Koch from T. J. Bowman, "Assessment and History of Cathodic Protection Application 
onto Saltwell Transfer Lines" (Bowman 2000). 

B4.2.2 Waste Transfer Pit Design Standards 

Table B.2 identifies pits that are within scope and the construction specifications and drawings 
that provide the requirements used to construct the pits. The following are among the 
requirements included in the construction specifications or drawings: 

• Specifications for Structural Concrete for Buildings (ACI-301) 

• Recommended Practice for Cold Weather Concreting (ACI-306) 

• Manual of Standard Practice for Detailing Reinforced Concrete Structures (ACI-315) 



• Building Code Requirements for Reinforced Concrete (ACl-318) 

• Recommended Practice for Hot Weather Concreting (ACI-605) 

• Standard Specification for Deformed and Plain Billet-Steel Bars for Concrete 
Reinforcement (ACI-615). 
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In the 1940s and early 1950s concrete casting requirements and separate specifications related to 
specific activities were described on project drawings. Most of these requirements were later 
combined and placed in construction specifications to provide a more direct and consistent 
communication of requirements to the contractors. 

During construction of the pits, pipe nozzles (short sections of pipe) were placed in the concrete 
forms before pouring the concrete. Each nozzle was of a material and size compatible for its 
intended use. The waste transfer nozzles embedded in the pit walls and pit floors complied with 
the requirements of the attached waste transfer lines. In those instances where the nozzles were 
not installed during construction, core drilling through the pit wall or floor was necessary to 
access the pit. 

The pit drain lines, normally direct-buried carbon steel, schedule 40, pipe, sloped to a tank. 
Some pit drain lines were constructed of stainless steel material while other drain line 
installations, either of carbon steel or stainless steel material, were encased in stainless steel or 
carbon-steel piping. Leak detection was designed into these encasements. 

The jumpers, pumps, valves, and other waste containing equipment inside the pit were generally 
designed to the same level of integrity as the waste transfer line. The hydrostatic test pressure of 
the jumpers, manifolds, and arrays of equipment is usually based upon the operating pressure of 
the equipment. The following are specifications used to construct the jumpers: 

• Jumper Fabrication (HWS-5786) 
• Jumper Fabrication (HS-BS-0084) 
• Tube Jumper Fabrication (HWS-10284) 
• Jumper Fabrication (SFS 05-107). 

The principal code used to design the jumpers was American Standard Code for Power Piping 
(ASA B31.1). 

The inside wall surfaces of some pits are lined with 11 gauge stainless steel sheet with welded 
seams. For the pits with a concrete finish, the inside pit walls and slab and all surfaces of the 
cover blocks received a special protective coating. Typically, as required by Construction 
Specification for Saltwe/1 Receiver Vessels (B-180-Cl), the application required a minimum of 
three coats of paint for an accumulated 5 mil minimum thickness. This construction 
specification also provided the requirements and standards for qualifying a coating or painting 
product. 
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Leak detection designs have varied to respond to the configuration of the specific equipment 
being monitored. Piping that is encased within a second pipe slopes toward adjacent pits which 
provides a path for any leakage to drain into the pits by way of a drain line that connects the 
containment piping to the pit. Conductivity measurements or visual observations within the pit 
may then be used to detect leaks. Direct leak detection is not used for buried piping or piping 
encased in concrete. Leaks may be inferred by the presence of radioactive pools at or near the 
ground surface. Mass transfer balances during waste transfers and visual observations are other 
examples of leak detection methods being used. 

B4.3 WASTE CHARACTERISTICS 

The waste transferred through the network of underground transfer lines and support facilities 
originates in the SSTs and proceeds to the DST interface boundary. Because the waste transfers 
go to the DSTs, procedures must follow the requirements for DSTs. Tank Farm Waste Transfer 
Compatibility Program (HNF-SD-WM-OCD-015 Fowler) and Tank Farms Operations 
Administrative Controls (HNF-IP-1266 Coleman) provide the rules and controls for maintaining 
compatible waste forms and meeting the regulatory requirements. Before a waste transfer, a 
compatibility assessment is conducted that addresses criticality, flammable gas accumulation, 
energetics (ignitability and reactivity), corrosion, heat generation, and chemical compatibility. 
Double-Shell Tank Waste Analysis Plan (HNF-SD-WM-EV-053 Mulkey-2001) establishes 
sampling and analysis requirements compliant with WAC 173-303. Compliance with these 
sampling and analysis requirements prevents the transfer of waste into the DST system that may 
be incompatible with the system or non-compliant with the Washington Administrative Code. 

Alkaline waste is not normally aggressively corrosive to the transfer piping materials designed 
for waste containment. However, some waste may contain halogens, such as chloride and 
fluoride, which could enhance stress corrosion cracking of the stainless steel material in some of 
the transfer lines. Failures of stainless steel transfer lines due to waste corrosivity have been 
rare, as discussed in Section B4.4. 

B4.4 CORROSION PROTECTION MEASURES 

Review of the reference documents indicates that the focus at Hanford during these early years 
was on production of materials. The consequence of failure of a direct-buried pipe and 
subsequent release of radioactive material to the local surrounding environment interfered with 
production goals. It was recognized that a certain number of piping failures were inevitable and 
emphasis was placed on the reduction of these failures (e.g., enhanced corrosion protection and 
cathodic protection), but more importantly, expended effort toward design and practices that 
would reduce the consequences of piping failures. These efforts resulted in various forms of 
secondary containment that would enable production to continue with a minimum interruption 
following a piping failure. 

The historical review of corrosion protection practices includes piping no longer in the active 
SST piping system. This piping is not in the scope of this assessment but was reviewed to gain 
insight into the failure mechanisms that may be important at the Hanford Site. 
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B4.4.1 Corrosion Protection from the 1940s to 1955 

From the 1940s to 1955 there were recorded piping failures. Most failures at this time were 
related to the local conditions present adjacent to the pipe ( e.g., soil, water, loss of coating) and 
construction or operating practices. Investigations and inspections of these failures resulted in 
recommended design adjustments. The following is a summary of these investigations and 
accompanying recommendations. 

Encasement of Process Waste Lines - 200 Areas (HW-7109, MacCready, 194 7) considered more 
intensive weld examination and placing the waste transfer piping in a trough enclosure or pipe 
encasement to reduce the failure frequency. Secondly, HW-7109 also considered draining the 
leakage to a controlled container should leakage occur. 

Some Aspects of the Corrosion of Buried Stainless Steel Pipe at the Hanford Works HW-54341 
(Plott) provided a study of the influence of native soil bacteria on the corrosion of stainless steel. 
This study, prepared in 1948, states that the corrosion of Type 347 stainless steel tested was 
primarily electrochemical in nature possibly complemented by a bacteria presence. 

The following are four failure studies or evaluations. Each study includes recommendations to 
minimize corrosion-initiated piping failures . 

• Protection of Exterior Buried Waste Lines HW-24500 (Udine 1952) investigated and 
evaluated the methods of protecting underground waste lines, discussed the effects of 
waste-line failures, and recommended protection for buried steel lines. Field experiments 
by the General Electric Company at the Hanford Site found coatings and tapes 
unsatisfactory for waste line protection. It was not clear whether this finding pertained to 
stainless-steel piping, carbon-steel piping, or piping of either material. However, after 
this report was issued, there were few instances of direct-buried, coated, stainless-steel 
piping. The following is a summary of the recommendations made in HW-24500 Udine 
1952. 

- All exterior buried process lines shall be cathodically protected in accordance with 
Standards for Application of Cathodic Protection for Stainless Steel Buried in the 
Ground (HW-3946-S). 

- All exterior process lines carrying high-activity solution in congested areas 
( e.g., under roads) shall be enclosed in a reinforced enclosure. 

- No special concrete finish or waterproofing, except in special cases, is required for 
enclosures. 

- All exterior buried waste lines carrying low-activity solutions need not be enclosed 
except in congested areas. 

- The character of the solution carried shall be analyzed at the detail design stage and 
the necessity of an enclosure determined. 



- The enclosure for single exterior buried waste lines shall be similar to that 
recommended for multiple lines. 
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• Cathodic Protection of Stainless Steel Waste Lines, Interim Report No.I, Underground 
Pipeline and Structure Corrosion Study Program HW-33504 (Jaske 1954) was prepared 
to demonstrate the practical aspects of cathodic protection of stainless-steel waste lines 
and collect, in a brief form, the information that has been used as a basis for the present 
concept. This document recommended that the design shall stipulate the continued use of 
cathodic protection on all buried stainless-steel process lines ( enclosed or directly buried) 
in accordance with Standards for Application of Cathodic Protection for Stainless Steel 
Buried in the Ground (HW-3946-S). 

HW-33504 (Jaske 1954) further concluded the following: 

"The theory and practical aspects that are understood indicate that pit-type corrosion 
and/or failure can occur readily in stainless steel, not only when buried in the soil, but in 
damp, unventilated areas where ready access to oxygen is impaired." 

Also included in this document were standards for the application of cathodic protection 
for stainless steel buried in the ground. Field practices to be followed during the 
fabrication and underground installation of stainless-steel piping necessary to avoid pipe 
damage were listed. 

• An Evaluation of Buried Waste Line Design Practice, Interim Report No. 2, Underground 
Piping and Structure Corrosion Study Program HW-35009 (Jaske 1955a) reviews the 
design for buried waste transfer lines. This document recommended that new waste line 
construction at the Hanford Site conform to the following general policies. 

- All lines constructed in areas where free and unimpeded access to major process 
facilities is essential to economic operation will be encased. The individual method 
should suit the material to be transported and the extent of encasement should be 
reduced to a bare minimum. 

- Generally, the design for waste lines shall stipulate the use of Somastic-coated 
construction in order to take best advantage of reduced first cost and the possibility of 
leak detection and repair. Where special purpose lines are constructed for conveying 
highly valuable or toxic fluids ( e.g., dissolver solution), re-evaluation of this 
requirement should be made to correlate such designs with the end purposes of the 
proposed facility. 

- Temporary lines or lines internal to tank farms and highly contaminated areas are 
most economically installed bare. This practice is proper and should continue 
wherever practical. 

- All stainless-steel lines, regardless of construction, shall be cathodically protected in 
accordance with Hanford Standards. 
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- Acid lines shall be separated from waste lines whenever practical, to increase access 
for purposes of repair. 

• Evaluation of Soil Corrosion at Hanford Atomic Products Operation Summary Report -
Underground Pipeline and Structure Corrosion Study Program HW-33911 (Jaske 
1955b) was prepared to provide recommendations to minimize external corrosion to 
underground piping at the Hanford Site. The following are recommendations made in 
HW-33911. 

- Bare carbon steel should be avoided except for temporary construction or non-process 
facilities oflimited capital value. All process lines operating with fluids at ambient 
temperatures should be coated with a good grade of regular or synthetic coal tar 
enamel in accordance with the specifications of the American Water Works 
Association. The joint construction of wrought steel pipe is optional, but is best 
limited to standard methods with a minimum of projections that can serve as 
discharge points for current leakage. 

- Cathodic protection should always accompany the use of any buried installation using 
stainless steel. Coatings of any sort should not be used indiscriminately unless 
essential to the operation of leak detection devices or for minimizing the current 
requirements for cathodic protection. 

- Applications where the temperature of the soil will be elevated should be reviewed 
with caution. Cathodic protection of major process lines should be strongly 
considered where the soil temperatures exceed 130 °F. Coatings should be applied in 
all cases and should consist of synthetic resins or bituminous enamels especially 
compounded for operation at the elevated temperature 

- Before final acceptance of new facilities, tests for circulating DC currents should be 
conducted as part of such acceptance. 

During this period, recommendations regarding corrosion protection of piping were 
incorporated into the design basis while considering the safety, technical, and 
economic merits of the issues. 

B4.4.2 Corrosion Protection from 1955 to Present 

The existing corrosion protection measures have developed and evolved based, to a large extent, 
on the recommendations of the noted studies (Udine 1952, Jaske 1955a, Jaske 1955b, Jaske 
1954). A review of failures during the last 30 years shows most corrosion progressing from the 
exterior toward the interior piping wall. Between 1975 and 1995 there were 25 recorded waste 
transfer line failures, 17 of which occurred in S or SX farm tanks. The Final Report on 
Evaluation of Risk Assessment Document for Restarting 242-S Evaporator concluded that stray 
currents are the likely cause of the waste transfer line failures. More detail on these failures and 
their causes may be found in The Single Shell Tank Saltwell Transfer Piping Evaluation 
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(WHC-SD-WM-ES-259 Walter-1993) and S Tank Farm SL-119 Saltwell Piping Failure Analysis 
(WHC-SD-WM-ANAL-014 Carlos-1993). 

The following corrosion protection measures are currently in place at the SST systems. 

• Cathodic protection of piping between valve pits and DST interfaces where available. 

• Characterization of waste before transfer. 

• Bituminous or plastic coating of the exterior of direct-buried pipes. 

With the proper implementation of these protective measures, the piping systems evaluated in 
this assessment should have adequate protection against corrosion with sufficient strength for 
their intended use. Either coating or cathodic protection should adequately protect the 
direct-buried carbon-steel piping from external corrosions. Observations and analyses have 
shown external corrosion failures in direct-buried carbon-steel piping are less frequent but not 
eliminated when coated and cathodically protected. 

B4.5 AGE 

The age of the components in the SST waste transfer system, as noted in Tables B.1 and B.2, 
varies considerably. Age and operational history have degraded the pipes and the piping will 
continue to degrade. Pressure testing of the lines prior to use addresses this issue. 

Local degradation of the coating in the pits has been found, however this is likely the result of 
environmental rather than service factors. The directly buried pit drains have not been tested or 
examined and therefore have a more questionable integrity. 

B4.6 INTEGRITY EXAMINATIONS 

Conclusive integrity examinations of a constructed in-service SST waste transfer system have 
proven difficult to accomplish. Accessibility, radiation dose rates, and expansiveness of the 
transfer system are factors difficult to overcome in this effort. 

B4.6.1 Leak Testing of the Waste Transfer Piping 

The direct-buried waste transfer lines require a successful pressure test in accordance with 
Operating Specifications for Pressure Checking of All Direct Buried and Cross-Site Transfer Lines 
(OSD-T-151-00010) within 12 months before the transfer. The 12-month interval may be 
extended where a waiver from the Washington State Department of Ecology is in effect. Table B.1 
lists the date of the last leak test and the date of the last transfer through the lines. Lines that fail 
leak tests are repaired or the waste transfer is rerouted through a different line. 

B4.6.2 Visual Examination of the Waste Transfer Pits 

Photographs of cover blocks have been taken and are catalogued in the project files for this project 
reference. These exterior photographs are useful because they show such features as the general 
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condition of the aboveground portion of the pit, whether there is adequate surface drainage, and 
whether any modifications (e.g., cover block changes) have been made. 

A remote visual examination has been performed on 32 DST system pits (Double-Shell Tank 
Waste Transfer Piping/Pit System Integrity Assessment Report (HNF-SD-WM-ER-623). The age 
of the pits examined ranged from 20 to 40 years. The remote visual examination searched the 
walls and floor of the pits for evidence of cracks, defects, or other evidence of degradation that 
may affect the capability of the pit to perform its function as secondary containment and to retain 
its structural load-carrying capability. The only pit that was a part of the examinations in which 
cracks in the concrete walls were found was the 241-AX-152 diverter station pump pit. 
HNF-SD-WM-ER-623 concluded that "these apparent cracks are thought to be related to separate 
concrete pours made during construction and are not significantly degrading to the structure." 

A remote visual examination has also been performed on 12 SST system pits. The age of the pits 
examined ranged from 22 to 50 years. No significant concrete cracking, spalling, or rebar 
exposure was noted and the pit walls are judged to be structurally adequate. Little deterioration 
was noted in the interior wall coatings for the younger pits while general flaking of the coating was 
noted for the 50 year old pits. 

Based on examination of the available design data and performance history (including 
photographs and examinations of similar pits) it is judged that the pits are not in danger of 
structural collapse. Local damage to the interior coating may be present in some pits. 

Several of the pit drains (28 of 45) are embedded in concrete and are considered to provide some 
measure of containment. Leakage from the pits is possible for the remainder of the drains. 

Table B.2 presents an assessment of the available integrity information for each pit. 
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H-2-69244, Rev. 3, Piping Plan Valve Pits 241-AX-A and 241-AX-B. 
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H-2-69247, Rev. 2, Piping Arrangement 241-AXTank Farm Distribution Pits AX-OJA, 02A, 
03A, and 04A. 

H-2-69250, Rev. 1, Jumper Arrangement Valve Pits 241-AX-A and 141-AX-B. 

H-2-70604, Rev. 4, Piping Arrangement Pump Pit 241-S-07A. 

H-2-70886, Rev. 4, Piping and Instrumentation Plan 241 BY Tank Farm. 

H-2-70895, Rev. 5, Piping Arrangement Pump Pits Tank Farms 241-B, 241-BX, and 241-BY. 

H-2-71639, Rev. 1, Piping Enlarged Plans 241-S, SX and SY Areas. 

H-2-71650, Rev. 1, Piping Plans, Details 241-S, 241-SX, and 241-SY Areas. 

H-2-71663, Rev. 4, Piping Plan, Elevation 240-S-151, and 240-S-302. 

H-2-71664, Rev. 2, Piping Plan 241-S-151 and 241-S-302A. 

H-2-71665, Rev. 2, Piping Plan, Elevation 241-UX-154, and 241-UX-302. 

H-2-73051, Rev. 4, Drawing Index. 

H-2-73149, Rev. 5, Piping Waste Tank Isolation 241-U-l 02. 

H-2-73155, Rev. 4, Piping Waste Tank Isolation 241-U-107. 

H-2-73156, Rev. 4, Piping Waste Tank Isolation 241-U-108. 

H-2-73182, Rev. 5, Piping Waste Tank Isolation Tank 241-S-102. 

H-2-73186, Rev. 5, Piping Waste Tank Isolation Tank 241-S-107. 

H-2-73188, Rev. 5, Piping Waste Tank Isolation Tank 241-S-l 09. 

H-2-73190, Rev. 5, Piping Waste Tank Isolation Tank 241-S-111. 

H-2-73191, Rev. 5, Piping Waste Tank Isolation Tank 241-S-112. 

H-2-73218, Rev. 3, Piping Waste Tank Isolation 241-SX-JOJ. 



H-2-73219, Rev. 2, Piping Waste Tank Isolation 241-SX-102. 

H-2-73220, Rev. 4, Piping Waste Tank Isolation 241-SX-103. 

H-2-73247, Rev. 5, Piping Waste Tank Isolation 241-BY-105. 

H-2-73248, Rev. 5,Piping Waste Tank Isolation 241-BY-106. 

H-2-73343, Rev. 3, Piping Waste Tank Isolation Tank-241-C-103. 

H-2-73344, Rev. 4, Piping Waste Tank Isolation Tank 241-C-104. 

H-2-73346, Rev. 3, Piping Waste Tank Isolation Tank 241-C-106. 

H-2-73373, Rev. 4, Piping Waste Tank Isolation 241-AX and Tank Farm Plot Plan. 

H-2-73388, Rev. 2, Piping Waste Tank Isolation. 

H-2-73891, Rev. 4, Piping 07A Pump Pit Modification. 

H-2-73917, Rev. 3, Piping Plans and Sections. 

H-2-73973, Rev. 3, Piping and Instrumentation Plan 241-C Tank Farm. 

H-2-73974, Rev. 2, Piping and Instrumentation Pump Pit Plans 241-C Tank Farm. 

H-2-76535, Rev. 0, Piping Plan and Section. 

H-2-77259, Rev. 1, Piping I Structural Plan, Sections, and Details. 

H-2-90353, Rev. 1, Piping Engineering Flow Diagram Waste Transfer. 

H-2-90354, Rev. 3, Piping and Hydraulic Diagram. 

H-2-90355, Rev. 3, Piping Plan, Section Line V713, and V714. 

H-2-90359, Rev. 2, Piping Diversion Box 241-AX-155. 

H-2-90360, Rev. 1, Piping Miscellaneous Plans and Details. 

H-2-90362, Rev. 2, Piping Detail and Section Line V713. 

H-2-90364, Rev. 1, Piping Expansion Void Plan and Details. 
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H-2-90690, Rev. 1, Structural Diversion Box 241-AX-155 Plan and Miscellaneous Details. 

H-2-93629, Rev. 2, Piping Plan and Details. 



H-2-93631, Rev. 1, Piping Diversion Box 241-AR-151. 

H-2-93634, Rev. 1, Piping Equipment Arrangement 241-AR-l 51. 

H-2-93639, Rev. 2, Structural Diversion Box 241-AR-l 51 Plan and Sections. 

H-2-94O17, Rev. 1, Piping Plan and Section Line V720. 

H-2-94O18, Rev. 1, Piping Profile and Details Line V720. 

H-2-818423, Rev. 1, Drawing List C-106 Sluicing System. 
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H-2-818448, Rev. 3, Structural 241-C-06A Pump Pit Modification Plan, Sections, and Details. 

H-2-81845O, Rev. 3, Structural 241-C-06C Sluice Pit Modification Plan, Sections, and Details. 

H-2-818518, Rev. 2, Piping General Notes Legend and Key Plan. 

H-2-81852O, Rev. 2, Piping 241-C Tank Farm. 

H-2-818522, Rev. 2, Piping, Pump Pit C-06A Plan, Sections, and Details. 

H-2-82O725, Rev. 2, Heel Pit 241-C-06B Shielded Work Platform Replacement. 

HCP-681-Cl, Rev. 1, Construction Specification for Additional Waste Concentrate Routings 
242-S to 241-U Bottoms Tanks. 

HW-43O1, Issued 09/15/50, Specification for Reinforcing Steel for Concrete. 

HW-4314, 06/15/50 (Rev. 2), Specification - Process, Utility and Sewer Piping for Separations 
Division -Areas 200 East and 200 West. 

HW-4314, 01/17/51, (Sup #1 and 2), Waste Metal Removal and Recovery Facilities Project 
C-362, Supplement No. I Fabrication, Wrapping, Testing, Cleaning and Erection Code 
P-90 and P-100 Piping and Special Cases of Codes P-91 and P-93 and Supplement 
No. 2, Changes and Additions to HW-4314, Rev. 2. 

HW-4585, Issued 06/26/50, Specification for Manufacture and Delivery of Concrete. 

HW-4 798-S, Issued 05/31/51, Standard Specification for Placing Reinforced Concrete. 

HWS-8237, Rev. 2, Specification for PUREX 241-A Tank Farm Project CAC-945. 

HWS-9O78, 01/30/73, Construction Specification for lnterplant Waste Transfer System 200 East 
Area Project HAP-666 Replace Direct Buried Radioactive Waste Transfer Lines. 

HWS-9131, Rev. 1, Construction Specification for Evaporator Transfer Facilities for 241-S and 
241-SXTankFarms Project 655. 
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M-23-24, 10/25/01, Hanford Federal Facility Agreement and Consent Order, as amended by 
changes M-23-01-01, August 2001. 

TO-140-170, Rev. H-3, Pressure Testing of Waste Transfer Piping. 

WAC 173-303, Dangerous Waste Regulations, Washington Administrative Code, as amended. 

W-320-Cl, 09/30/94, Construction Specification Tank 241-C-106 Sluicing Package 1-
Sitework/Jnterfarm Piping System. 
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The operational history of single-shell tanks (SSTs) is important in that it permits distinctions to 
be made between normal operating conditions for which each SST farm was designed and 
abnormal operation beyond normal operating limits that individual tanks may have experienced 
since they were originally constructed. Abnormal operating conditions of particular interest 
include high temperature operation above design conditions, waste chemistry excursions away 
from normal operating conditions, and leaks that may have allowed waste to chemically contact 
the reinforced concrete components of a tank. 

This appendix provides a historical overview of operations of SST farms at Hanford, including 
information on design and construction of individual farms, the associated chemical processing 
operations that generated tank waste, evolutionary features of SST farms, and various secondary 
waste handling operations that were performed to isolate long-life fission products, minimize 
waste volumes, and eliminate free liquids. The implications of tank design, construction and 
operating conditions relating to beyond-design-basis operations, material responses, and 
structural integrity are considered in other sections of this report. Specifically, the reader is 
directed to Appendix A for discussions and assessments of tank integrity implications of the 
historical information presented in this section. 

Groundbreaking for construction of the first major facilities at the Hanford Site (B, D, and F 
reactors; B, T, and U processing facilities and associated high-level waste storage tanks; and fuel 
fabrication facilities in the 300 Area) occurred in March 1943. The first tank waste from 
chemical separation activities at T Plant was generated on December 26, 1944. Tank farm 
facilities and operations at Hanford have undergone a continuous evolution since that time, 
driven by events and developments in the following categories: 

• Advances in chemical processing technology for plutonium separation 

• Process modifications resulting in incremental reductions in waste generation rates and 
more efficient utilization of tank storage volumes 

• Periodic "expansions" (construction of major new facilities) at Hanford during the late 
1940s and 1950s in response to world events and politics of the Cold War 

• Increased environmental awareness and regulation. 

The original chemical process for separation and recovery of plutonium from irradiated reactor 
fuel was the bismuth phosphate process. The first canyon facilities at Hanford (T Plant and 
B Plant) were designed to house this process. Tank waste was generated from operations at 
B Plant and T Plant from late 1944 until 1956, when the bismuth phosphate process was 
terminated. The second chemical separation process, the reduction-oxidation (REDOX) process, 
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became operational in January 1952. A third separation process, the plutonium-uranium 
extraction (PUREX) process, went on line in January 1956. A fourth significant chemical 
process at Hanford was the tributyl phosphate (TBP) process, which was utilized to reclaim 
uranium from bismuth phosphate process waste. The various processes generated tank wastes 
with unique chemical and physical properties. 

When plutonium production began in 1944, waste generation from the bismuth phosphate 
process was on the order of 17,000 gallons per ton of uranium fuel processed (Anderson 1990). 
Almost immediately, strategies were devised and implemented to reduce waste generation rates 
and conserve storage tank capacity. By the time the bismuth phosphate process was 
discontinued 12 years later, the waste generation rate had been reduced to about 5,000 gallons 
per ton of uranium. Subsequent chemical separation processes (REDOX and PUREX) generated 
significantly lower volumes of tank waste per ton of uranium processed. With incremental 
reductions in waste generation rates, fission products in the waste became increasingly 
concentrated. A threshold was reached in the early 1950s where fission products were 
sufficiently concentra.ted in some tanks to cause the supemate to boil (self-concentrate) from the 
heat released by radiolytic decay. This attribute was incorporated into subsequent design and 
operations strategies for managing tank wastes from the REDOX and PUREX processes. 

Following the end of World War II, between August 1945 and August 1947, there was a lull in 
plutonium production at Hanford. The first major expansion of Hanford facilities in 1947 - 1949 
included construction of two additional production reactors (DR and H), development of the 
REDOX process, completion of C Plant (Hot Semi-Works) for pilot-plant evaluation of the 
REDOX process, and construction of Z Plant. Three additional tank farms (BX, BY, and TX) 
containing 42 SSTs were constructed during this period. 

The second major expansion (1950 - 1952) came on the heels of the first successful test of an 
atomic device by the Soviet Union. This period saw the construction of the REDOX Facility, 
C Reactor, two additional tank farms (Sand TY) containing 18 SSTs, and the 242-B and 
242-T Evaporators at Hanford. The U Plant was refitted for the uranium recovery mission. 
Numerous other facilities in the U.S. Department of Energy complex (Nevada Test Site, Pacific 
Proving Ground, Idaho National Engineering and Environmental Laboratory, Paducah, Savannah 
River, Rocky Flats, Pantex, Fernald, Sandia National Laboratories) were established at this time. 

The third major augmentation of facilities was initiated soon after the election of President 
Dwight D. Eisenhower in 1952. This period of new facilities construction included KE and KW 
reactors (which were much larger than previous reactor facilities), the PUREX Plant, and two 
additional tank farms (SX and A) containing 21 additional SSTs. The period from 1956 to 1963 
following the third expansion was the period of peak defense production at the Hanford Site. 
The last SSTs to be constructed at Hanford were the four tanks in AX tank farm, which was 
completed in 1964. All storage tanks constructed since 1964 have been double-shell tanks. 
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The B, C, T and U tank farms were constructed during World War II as part of the Manhattan 
Project. The four farms were constructed from a single set of drawings and specifications. 
These four farms include twelve 100-series tanks and four 200-series tanks. All tanks have an 
interior carbon steel liner, enclosed by reinforced concrete footing ring, base slab, cylinder and 
dome. The steel liners are constructed of 0.25-inch carbon steel with a 5/16-inch lower knuckle. 
The 100-series tanks are 7 5 feet in diameter with a liner height of 18 feet and a nominal storage 
capacity of 530,000 gallons. The 100-series tanks had 12-inch dished bottoms and a 4-foot 
radiused transition from the base slab to the sidewall. The tank domes were unlined. However, 
the dome surfaces were treated with a penetrating sealer to resist environmental effects of 
protracted elevated temperature and humidity as noted in Appendix A. The 200-series tanks, 
which are 20 feet in diameter and have 55,000-gallon capacities, were designed as "receiver" 
tanks (i.e., surge tanks or temporary storage tanks). All of the tanks are constructed below grade. 
The 100-series tanks are covered by 6 to 8 feet of soil. The 200-series tanks have approximately 
12 feet of soil cover. The soil cover contributes to shielding. The 100-series tanks are arranged 
in cascade lines of three tanks. 

The BX tank farm was constructed in 1946 ...:. 1947 and is comprised of twelve 100-series tanks 
of the same design, capacity, and layout as the 100-series tanks in the first four farms, except that 
the thickness of the bottom liner was increased from 1/4-inch to 3/8-inch. Operating experience 
with the bismuth phosphate process revealed that 200-series receiver tanks were nonessential, so 

· they were omitted from the design for BX tank farm and subsequent tank farms. The 100-series 
tanks in B, C, T, U and BX tank farms are referred to as the "first-generation" Hanford SST 
design. 

The TX tank farm was _constructed in 1947- 1948 as Project C-163. This was the first of several 
farms to incorporate a "second-generation" tank design. The TX tank farm includes eighteen 
100-series tanks ( consisting of three cascade lines of four tanks and two cascade lines of three 
tanks). Second-generation tanks had the same 12-inch dish and radiused transition between the 
floor and sidewall as the previous design. However, the cylinder (sidewall) height was extended, 
increasing tank capacity from 530,000 gallons to 758,000 gallons. Liner height was increased 
from 18 feet to 26 feet. Another change was the reconfiguration of riser penetrations for 
improved access, and provision of a large-diameter central riser. The thickness of the bottom 
liner and lower knuckle was increased to 3/8-inch and the thickness of the liner on the lower 
6 feet of the sidewall was increased to 5/16-inch. 

Three additional tank farms were constructed utilizing the second-generation SST design. The 
BY tank farm was constructed in 1948 - 1949 as Project C-271. The Stank farm was 
constructed as Project C-187D in 1950 - 1951. Both tank farms are comprised of 12 tanks 
arranged in 4 cascade lines of 3 tanks. The TY tank farm, which was constructed in 1951 -
1952, contains 6 tanks arranged in 3 cascade lines of2 tanks. 

First- and second-generation SSTs were designed for storage of non-boiling waste from the 
bismuth phosphate process, with maximum temperatures not to exceed 220 °F. The principal 
waste streams from the bismuth phosphate process were as follows (Anderson 1990): 
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• Metal waste from fuel dissolution, which contained all of the uranium, approximately 
90% of the fission product activity, and approximately 1 % of the product (plutonium). 

• Byproduct cake solution and waste solution from the first decontamination cycle, which 
contained about 10% of the fission product activity and 1 % of the product. 

• Second decontamination cycle waste, containing less than 0.1 % of the fission product 
activity and about 1 % of the product. 

• Alkaline coating removal waste, contaminated with fission products at low 
concentrations. This stream was combined with first decontamination cycle waste for 
storage. 

From startup in 1944 into the early 1950s, fission product concentrations in waste streams from 
the bismuth phosphate process were low enough that self-boiling was not an operational concern. 
In 1944 the bismuth phosphate process generated about 17,000 gallons of tank waste per ton of 
uranium processed. For much of this period, the focus of optimization studies for tank farms 
operations was on strategies for accomplishing liquid waste volume reduction. Soil column 
disposal of second decontamination cycle supemate was implemented for T Plant wastes in late 
1947 and B Plant wastes in early 1948. Liquid was discharged to "cribs," which are engineered 
structures designed to facilitate high infiltration rates without saturating the soil column, thereby 
eliminating the potential for liquid to accumulate and pool on the ground surface. Concentration 
of first decontamination cycle waste by evaporation (242-T and 242-B Evaporators) began in 
1951 . First-cycle supemate was disposed to cribs beginning in 1953. By the time the bismuth 
phosphate process was discontinued in 1956, various waste minimization strategies had reduced 
the overall waste generation rate to about 5,000 gallons per ton of uranium processed. 

First- and second-generation tanks were not designed for storage of boiling liquids. However, 
supemate did boil for extended periods in some of those tanks. Records indicate that several 
tanks in BY and TX tank farms approached the boiling point in 1951 (GEC 1951). Tank TX-105 
reached a maximum temperature of238 °Fin January 1952 (GEC 1952). The head-end tanks in 
the four cascade lines in the Stank farm (tanks S-101, S-104, S-107, S-110) all reached boiling 
temperature between late 1952 and early 1954 (GEC 1953; GEC 1954). However, it should be 
noted that the S tank farm received REDOX waste rather than bismuth phosphate waste. Effects 
of temperature on tank integrity are discussed in Appendix A. 
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During the second major facilities expansion period at Hanford in 1950 - 1952, a severe supply 
problem developed with uranium inventories for ongoing weapons production. At the time, 
much of the nation's uranium inventory was sequestered in tanks as metal waste from the 
bismuth phosphate process. The bismuth phosphate process did not include process steps to 
recover uranium from dissolved fuel. U Plant, an unused third chemical separations plant that 
had been constructed during World War II, was refitted for a uranium recovery mission in 1952. 

Four uranium recovery vaults (244-BXR, -CR, -TXR and -UR) were constructed for 
hydraulically mining (sluicing) the uranium-bearing sludge from the SSTs, and for dissolving the 
sludges with nitric acid. Forty-three SSTs were equipped with pump pits, sluice pits, and 
retrieval equipment as follows (Rodenhizer 1987): 

B farm tanks: 101, 102, 103 
BX farm tanks: 101, 102, 103, 104, 105, 106 
BY farm tanks: 101, 102, 103, 104, 105, 106, 111, 112 
C farm tanks: 101, 102, 103, 104, 105,106,201,202,203,204 
T farm tanks: 101, 102, 103 
TX farm tanks: 101, 102, 103, 104, 105, 106, 107, 108 
U farm tanks: 101, 102, 103, 104, 105, 106, 107, 108, 109. 

Dissolved uranium sludge wastes were chemically adjusted at the recovery vaults and were 
staged at WR vault en route to U Plant. At U Plant, the TBP process was used to separate 
uranium from fission products. In the TBP process, aqueous solutions containing UO2(NO3) 2 

were brought into contact with an organic TBP solution. A salting agent (nitric acid) in the 
aqueous phase caused uranium to be taken up in the organic phase. The uranium was recovered 
from the organic phase in a multi-step process. The aqueous phase containing the fission 
products was returned to SSTs. 

Uranium-depleted wastes from U Plant contained about 9,200 gallons per ton of uranium 
(unconcentrated) and 5,500 gallons per ton of uranium (concentrated). Subsequent processing in 
the 242-B and 242-T Evaporators reduced the waste volume to a value of about 3,600 gallons per 
ton of uranium, which was similar to the uranium concentration in metal waste from the bismuth 
phosphate plants. However, the liquid waste generation rate from uranium recovery operations 
was more than twice the volumetric rate that could be processed by the evaporators. 
Consequently, between 1952 and 1954, the volume of tank waste increased significantly as a 
consequence of the to the uranium recovery mission. This problem was addressed by cesium 
scavenging (refer to Section C7.2). 
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The REDOX process proceeded from bench-scale development at the 3 706 Building in 1949 to 
pilot-plant testing at C Plant (Hot Semi-Works) in 1950 and on into full-scale production at the 
REDOX process building beginning in January 1952. The REDOX process was a continuous 
solvent extraction process that used methyl isobutyl ketone (MIBK, also known as hex one) as 
the organic extractant and aluminum nitrate as the salting agent (Gerber 1992). Aluminum-clad 
fuels and zircaloy-clad fuels were both processed at REDOX. As a result, two separate types of 
coating waste were associated with the process. The concentrated high-level waste component 
was referred to simply as "REDOX waste." 

REDOX wastes were routed to the Stank farm for storage between 1952 and 1954. 
The operating experience at S tank farm represents a transitional period from non-boiling to 
boiling waste storage operations. Tanks in the S tank farm conform to the "second generation" 
design, which did not incorporate provisions for protracted storage of self-concentrating waste. 
Fission product activity in REDOX waste was high enough to induce mild boiling conditions in 
tanks S-107 and S-110 (240 °F maximum waste temperature; Appendix A), which were filled in 
1952. In early 1953, waste was being routed to the two remaining cascade lines headed by tanks 
S-101 and S-104. There was a major concern that REDOX operations might have to be 
suspended later that year due to insufficient tank storage capacity. Feasibility studies had been 
performed regarding the practicality of enhancing the tendency for REDOX waste to 
self-concentrate in tanks by diverting condensate to cribs (rather than refluxing it back to tanks). 
Additionally, it had been determined that condensate did not exceed contamination limits for crib 
disposal (Kane and Bums 1952; Madson 1953). The decision was made to implement this 
option in spring 1953 as a means of creating the additional storage volume needed to extend 
REDOX operations into 1954 without interruption. Condensers of suitable capacity were 
installed to remove entrained water vapor and limit airborne releases of contamination and other 
necessary piping modifications were made to tanks S-101 and S-104 during spring and summer 
of 1953. Self-boiling conditions (300 °F maximum waste temperatures; Appendix A) were 
achieved later in the year. 

The SX tank farm was constructed between 1953 and 1955 to a "third-generation" SST design 
(Project CG-539). The SX tank farm consists of fifteen 100-series tanks arranged in five cascade 
lines of three tanks. The tanks in this farm were the first to be designed specifically for storage 
of self-boiling waste. Third-generation tanks have a 75 foot diameter, a 32 foot liner height, and 
a 30 foot nominal operating depth, yielding a 1 million gallon storage capacity. The 
third-generation design retained the 12-inch dished bottom, but eliminated the radiused transition 
(i.e., the "knuckle") between the bottom and sidewall as a design simplification and cost savings. 
The liner material on the bottom and sidewalls of SX tanks is 3/8-inch carbon steel. 

Tanks SX-101 through SX-106 were completed in 1953 and placed in service in the second 
quarter of 1954. The headspaces of the first six SX farm tanks were tied together by a common 
belowgrade vessel ventilation system. Tanks SX-101 through SX-105 received the same types 
of REDOX process waste that had been routed to the S tank farm. Tank SX-106 was a dedicated 
slurry receiver and storage repository for lab wastes (Brevick 1997c). The vapor offgas stream 
from tanks SX-101 through SX-105 was drawn through tank SX-106 before it went to the 
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241-SX-401 Condenser Building. This configuration took advantage of the near-empty 
condition of tank SX-106 to provide large surge volume to absorb potential pressure transients. 
Tank SX-106 also was equipped with a water seal that was designed to release and vent to the 
atmosphere if a positive pressure transient exceeded 2.2 psig (Adler and Merrill 1955). 

Beginning in 1953 and continuing into 1954, a number of steam eruption events (tank bumps) 
were observed in tanks S-101 and SX-101 (and tank S-104 to a lesser extent). Some events 
involved a series of sharp pressure pulses from essentially instantaneous steam releases ( overall 
duration from 2 to 30 minutes) while others exhibited a gradual rise of headspace pressure to a 
value that would be sustained for a period of two to four hours before gradually dissipating to 
normal ambient pressure. Some releases of contamination were associated with these events. 
Releases were more of a problem at the S tank farm, where condensers on individual tanks 
provided less environmental isolation. These events were associated with retention and release 
of heat in sludge formed by self-concentration of waste. A thorough evaluation of tank bumps 
was completed (Rohrmann and Cook 1955) and a number of modifications were made to the 
design of the vessel ventilation system for the nine unfinished tanks in SX tank farm to control 
steam eruptions. The ventilation system for the unfinished tanks was resized and a second 
condenser building was added to the project. Tanks SX-107 through SX-115 also were equipped 
with airlift circulators for continuous waste agitation. Tank integrity implications of steam 
eruptions are addressed as an aspect of the discussion of S, SX, and A tank farms in Appendix A. 

Construction of tanks SX-107 through SX-115 and supporting facilities was completed in the 
second quarter of 1955. Tank SX-109 was finished and placed in service on an expedited basis. 
Tanks SX-107, SX-108, and SX-109 were utilized in "production tests" to collect and correlate 
data on temperature profiles, heat retention and release characteristics, and specifically to 
evaluate pressure surges (steam eruptions) in tanks filled to what was termed the "safe operating 
(hydrostatic head) limit" of 10 lb/in2 gauge - corresponding to a liquid level of approximately 
17 feet. For the duration of these tests, airlift circulators were not operated (i.e., waste was not 
agitated). Several tanks in the tanks SX-107 through SX-115 group never were filled to 
capacity. Tanks SX-107 and SX-108 received only minor additions after the "production tests" 
were concluded in 1956 or 1957. The maximum historic liquid levels in tanks SX-113 and 
SX-115 were about 11 feet and 22 feet, respectively (Brevick et al. 1997c). Liner instability 
events (bulged bottoms) occurred in several of these tanks (SX-108, SX-113, and possibly 
SX-115) (McCullugh and Cartmell 1968). All 9 tanks in the SX-107 through SX-115 group 
were designated as leaking tanks in the 1962 - 1976 timeframe. All tanks in the SX tank farm 
( except tank SX-106) were exposed to boiling supemate and superheated sludge. Maximum 
operating temperatures for SX tanks and tank integrity implications are presented and discussed 
in Appendix A. 

During the first year of operation, before high-level and coating wastes were segregated, the 
liquid waste generation rate from REDOX operations was about 4,400 gallons per ton of 
uranium. Self-concentration of waste was one of several innovations that were implemented to 
reduce REDOX liquid waste volumes. The combined effect of waste volume reduction 
strategies over the life of the REDOX process was to reduce liquid waste generation to just under 
600 gallons per ton of uranium. The final production run at the REDOX Facility was completed 
in December 1966 (Baxter 1991). Decommissioning activities commenced in early 1967. 
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The PUREX Plant began test runs in late 1955 and came on line in January 1956. This process 
used TBP and kerosene (like uranium recovery operations at U Plant) for extraction (instead of 
hexone, which is highly flammable) and nitric acid (rather than aluminum nitrate) as the salting 
agent. Nitric acid could be distilled and reused many times, which significantly reduced 
high-level waste generation relative to the earlier chemical separation processes. 

Four waste streams generated at the PUREX Plant were discharged to SSTs. 

• Cladding waste - Cladding was removed from aluminum-clad fuel in a boiling solution 
of sodium nitrate, which was neutralized by addition of 50% caustic. Zircaloy-clad fuel 
underwent decladding in a boiling ammonium nitrate-ammonium fluoride solution, which 
was neutralized by addition of 50% caustic. 

• Organic wash waste - Before reuse, solvent was treated by washing with potassium 
permanganate and sodium carbonate, followed by dilute nitric acid and a final sodium 
carbonate wash. This stream was combined with boiling waste until 1969. 

• Neutralized PUREX Plant acid waste -High-level waste was neutralized before it was 
sent to tanks. A sugar denitration step was used for some period of time to partially 
neutralize the waste. Beginning in 1967, this stream was routed as an acid solution to 
B Plant for strontium removal before it went to tanks. 

• Thorium waste - Two thorium separation campaigns were conducted at the PUREX 
Plant, in 1966 and 1970. All of the waste from these campaigns went to tank C-104. 

The A tank farm was built as part of new facilities construction for the PUREX process in 1954 -
1955. The A farm tanks represent a "fourth-generation" SST design. They are 100-series tanks 
with the same diameter, operating depth, and nominal storage capacity as the SX farm tanks. 
The six tanks in the A tank farm were arranged in two cascade lines of three tanks; the third 
tanks in each line were tied together by an additional overflow connection. The principal change 
that distinguished the fourth-generation design was the elimination of the 12-inch dish; A farm 
tanks have flat bottoms. The exposed concrete dome surfaces did not receive the seal coating 
treatment that was applied in the older tanks (refer to Appendix A). The A tank farm was 
designed for storage of self-concentrating waste with a boiling period of 5 to 10 years. The farm 
was equipped with an integrated vapor header and vessel ventilation system. Tanks in the A tank 
farm were the first to be equipped with airlift circulators at the time of construction (four per 
tank). Self-concentration of waste in the A tank farm was initially achieved in tank A-103 in 
July 1956. According to Anderson (1990), boil-off of supemate in A farm tanks reached a rate 
of 10 gallons per minute in 1957, and periodic water additions to tanks became necessary to 
maintain temperature control. Appendix A indicates that all tanks in A farm experienced peak 
sludge temperatures of at least 300 °F (594 °Fin the case of tank A-106). Refer to Appendix A 
for discussion of tank integrity implications of elevated operating temperatures. 
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The most prominent SST liner instability event at the Hanford Site occurred as the result of a 
large bump in Tank A-105 accompanied by a violent steam release in January 1965. The ground 
in the vicinity of tank A-105 shook during the event. The vapor pressure excursion in the tank 
was sufficient to dislodge a riser cover on an adjacent tank, permitting steam from that tank to 
vent to the atmosphere, and to eject minor amounts of supemate onto the ground surface through 
piping connections that were not isolated by vapor seals. Subsequent inspection revealed that the 
liner on the floor of tank A-105 was bulged upward to a maximum height of 8.5 feet, creating a 
void volume between the liner and the base slab of approximately 80,000 gallons. Unlike earlier 
incidents involving tank SX-113 and other tanks in the SX farm, the liner in tank A-105 had been 
ruptured and permanently deformed. This ev.ent also differed from previous experiences at 
SX tank farm to the extent that tanks in A tank farm had been constructed with airlift circulators 
and they were operating normally when the event took place (Beard et al. 1967). Tank A-105 
experienced wide liquid-level fluctuations and periodic steam releases for some time afterward. 
Remedial actions were undertaken beginning in late 1965 to decant the supemate and minimize 
the amount of sludge in the tank by sluicing. 

The AX tank farm was the final SST farm to be built at the Hanford Site in 1963 - 1964. 
The AX tank farm consisted of four 100-series tanks. Diameter, operating depth, and capacity 
were the same as SX and A farm tanks. Like the tanks in the A tank farm, AX farm tanks have 
flat bottoms. The design treatment for joining the base slab and the sidewall differed somewhat 
from the A farm tank design. Unlike other 1 million gallon SSTs, the tanks in the AX tank farm 
were not equipped with a large central riser or overflow connections (cascade lines). A unique 
feature of AX farm tanks was the construction of drain slots in the concrete base slabs, which 
was the basis for a liner leak detection capability that had not existed with any previous tanks. 
Tanks in the AX tank farm also were equipped with a close-spaced arrangement of22 airlift 
circulators per tank. The vapor header and vessel ventilation system was connected to the A tank 
farm ventilation system. The inside surfaces of AX tank domes were not treated with a seal 
coating (see Appendix A). According to Stivers (1959), PUREX waste that went to A and AX 
tank farms exhibited heat generation rates of between 10 and 15 BTU/hr/gal. By comparison, 
the most concentrated tank waste from the bismuth phosphate process in 1945 generated less 
than 1 BTU/hr/gal and REDOX process waste was typically in the range of2 to 3 BTU/hr/gal. 
The higher specific heat characteristics of PUREX waste resulted in higher temperatures in the A 
and AX farm tanks. The effects of temperature on the tank structure are discussed in 
Appendices A and F. 
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The operational status of SSTs was reclassified from "active" to "inactive" in 1980. Since that 
time, the principal objective of waste management activities in SSTs has been to eliminate free 
liquids in the tanks to the maximum practical extent. Initially, deep-well turbine pumps were 
used to remove bulk liquids and transfer them to double-shell tanks. In recent years, salt well 
screens and recirculating jet (venturi) pumps have been installed in SSTs to remove drainable 
interstitial liquids from sludge and salt cake. Jet pumps are capable ofremoving liquids at the 
very flow rates associated with inflow to salt wells. Typically, jet pumping takes place over a 
period of several months and is terminated when inflow to the salt well decreases to extremely 
low rates. 

C6.2 LOADS ON DOME-SUSPENDED HARDWARE 

A collateral issue developed in a number of SSTs in which free liquids were eliminated by the 
in-tank solidification (ITS) program and by salt well pumping. Thick agglomerations of 
crystalline solids accumulated on dome-suspended equipment such as thermocouple trees, pumps 
and airlift circulators. These features, which have been referred to as "lollipops" or "popsicles," 
can add significant weight (several thousand pounds per hardware item) to tank dome loads. 
Formation oflollipops in ITS tanks occurred as a result of what has been termed the "cold finger 
effect." Precipitation occurred preferentially on metal hardware items because the hardware 
conducted heat away from the solution much faster than it was released at the air surface or at 
slurry-concrete interfaces. The extent of the dome loading condition induced by lollipops is 
dependent on the extent of liquid level reduction in the tanks. While free liquid is present in a 
tank, the liquid exerts a buoyant force on the submerged portion of the encrusted hardware. 
The buoyant force is reduced as the liquid level is drawn down. When the buoyant force is 
eliminated, the load is transferred to the tank dome as part of the hardware load. The issue 
relating to dome loading from lollipops was a structural integrity concern for many tanks in 
BY tank farm as well as some tanks in TX tank farm during the 1970s. Since that time, tank 
farms administrative control procedures have been revised to include consideration of dome load 
effects of lollipops in calculations of allowable load margins and controls (refer to CHG 2002b 
and CHG 2002c). 

C6.3 INTERIM STABILIZATION AND ISOLATION 

SSTs are classified as interim stabilized when drainable liquid inventories have been removed to 
designated target values. Interim isolation includes measures to isolate tanks by sealing pits and 

. boxes with interconnecting drains (to prevent future intrusion of free liquids from sources such 
as rainfall or snow melt) and by blanking off interconnecting piping systems (to prevent liquid 
additions from sources such as condensate or flush water). All SSTs are scheduled to meet 
interim stabilization requirements in 2004. 
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Over the course of plutonium processing and tank waste storage operations at the Hanford Site, a 
variety of different approaches were taken to minimize waste volumes stored in SSTs. 
Each successive plutonium separation process to be implemented at Hanford generated more 
concentrated tank waste both in terms of the reduced volume of liquid waste per ton of uranium 
processed and increased fission product activity per unit volume. Additional strategies were 
devised to concentrate waste in tanks. The most important waste volume reduction activities are 
listed below: 

• Atmospheric pressure evaporation of bismuth phosphate waste in the 242-B and 
242-T Evaporators 

• Volume reduction of uranium recovery waste by scavenging with potassium ferrocyanide 
and decanting of supemate 

• Self-concentrating waste storage operations involving REDOX and PUREX high-level 
waste 

• ITS of non-boiling wastes using steam-coil and electric immersion heaters at BY tank 
farm 

• Vacuum (reduced-pressure) evaporation of supemate from REDOX and PUREX waste in 
the 242-S and 242-A Evaporators/Crystallizers. (The 242-A and 242-S Evaporators are 
functionally associated with the SST system but are not considered to be part of the 
system.) 

Several of these activities have already been mentioned above in connection with the chemical 
processing operations they supported. Supplemental information for each of these activities is 
provided in the following sections. 

C7.1 ATMOSPHERIC PRESSURE EVAPORATION OF BISMUTH PHOSPHATE 
WASTE IN THE 242-B AND 242-T EVAPORATORS 

The concept of concentrating first decontamination cycle waste from the bismuth phosphate 
process was first proposed in June 1949. Separate evaporator facilities were constructed adjacent 
to the B and T tank farms and both facilities began operating in 1951. Approximately 
8.6 million gallons of bismuth phosphate waste was processed at 242-T Evaporator, resulting in 
an 82.1 % volume reduction (i.e., recovery of approximately 7 .1 million gallons of tank storage 
space). T Plant also processed approximately 5.9 million gallons of uranium recovery waste, 
reducing this volume by about 35.5% (2.1 million gallons). The 242-T Evaporator ceased 
operating in July 1955. The 242-B Evaporator processed approximately 6.0 million gallons of 
bismuth phosphate waste and 6.5 million gallons of uranium recovery waste, achieving about the 
same percentage volume reductions as 242-T Evaporator. 
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Bismuth phosphate waste was processed in two passes. The first pass yielded a volume 
reduction of about 70%. The bottoms from the first pass were cycled through the evaporator a 
second time, resulting in an additional concentration of about 30%. The 242-B and 
242-T Evaporators operated at atmospheric pressure, with boiling points of the concentrated 
slurries well above 212 °F. After cooling and settling, solids formed in the SSTs that received 
evaporator bottoms. These solids tend to be amorphous or microcrystalline (i.e., more like 
sludge than salt cake in appearance) and have a tendency to retain interstitial liquids. 

The 242-T Evaporator was reactivated on December 3, 1965 and operated again until April 19, 
1976, recovering an additional 24.5 million gallons of tank space (Anderson 1990). 

C7.2 VOLUME REDUCTION OF URANIUM RECOVERY WASTE BY 
SCAVENGING WITH POTASSIUM FERROCYANIDE AND DECANTING OF 
SUPERNATE 

As indicated in Section C3.0, the uranium recovery mission generated large volumes of 
chemically complicated waste. A scavenging method, which involved additions of potassium 
ferrocyanide and nickel to the waste, was implemented in October 1954 to precipitate long-life 
fission products (principally cesium-137). After scavenging, residual fission product activity 
was generally low enough in the supemate in uranium recovery waste tanks that it could be 
decanted and discharged to ground. Over 29 million gallons of "in-plant" scavenged waste was 
disposed in this manner. Beginning in November 1955, cesium scavenging was also carried out 
at the 241-CR Facility, resulting in an additional 11.7 million gallons of"in-farm" scavenged 
supemate being disposed to ground. Cesium scavenging operations were concluded in 1957. 

The complexed ferrocyanide waste that remained in 24 SSTs from these operations was the 
source of a concern regarding potential reactivity of the waste. Extensive sampling and testing 
has shown that the ferrocyanide has largely decomposed over time and that only inconsequential 
quantities remain in tanks. 

C7.3 SELF-CONCENTRATING WASTE STORAGE OPERATIONS INVOLVING 
REDOX AND PUREX HIGH-LEVEL WASTE 

Fission products in the high-level waste streams from the REDOX and PUREX processes were 
sufficiently concentrated that the waste could readily be induced to boil in the tanks. It was 
necessary to control the rate of self concentration, either by condensing the water vapor in the 
vessel ventilation system and returning it to the tanks, or by making periodic additions of cooling 
water. Sludge accumulated in self-boiling tanks, which consisted of microcrystalline salts 
(principally oxides and hydroxides) that precipitated out of solution. Elevated temperatures were 
associated with the sludge phase in self-boiling tanks, because of the tendency for strontium-90 
( one of the more common and energetic fission products in tank waste) to be concentrated in the 
sludge. Self-concentrating waste from the REDOX process was stored principally in S and SX 
tank farms . Self-concentrating waste from the PUREX process was principally stored in A an 
AX tank farms among SSTs. 
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C7.4 IN-TANK SOLIDIFICATION OF NON-BOILING WASTES USING HOT-AIR 
SPARGING AND ELECTRIC IMMERSION HEATERS AT BY TANK FARM 

The ITS process removed water from tank waste with in-tank evaporation equipment. The ITS 
program was conducted in two phases. The initial ITS unit was planned and installed in 
tank BY-101. Heated air was sparged into the tank to induce evaporation. Air compressed at 
4,200 std ft:3/min to 15-20 lb/in2 was heated to 1200 °Fin a compressed air tank equipped with an 
electric heater. Heated air was directed into tank BY- IO 1 through an airlift circulator/evaporator. 
The airlift circulator/evaporator was a pipe-in-pipe arrangement with a finned annulus 
specifically designed to maximize conductive heat transfer from air to metal to solution, limiting 
the exit air temperature to about 700 °F, which was low enough _to minimize entrainment of 
supemate in the off gas stream (McElfresh 1963). Hot air rising through the supemate-induced 
localized evaporation, emerging at approximately 170 °F. The overall average temperature of 
the supemate was maintained at about 157 °F. The offgas stream went through a demister 
( deentrainer bed), filter bed, and condenser tower before it was discharged to the atmosphere. 
Condensate was cribbed (216-B-50). The heatup rate in the tank was limited to 3 °F/day to limit 
transient thermal stresses to the tank (Shefcik 1964). Startup ofITS #1 occurred on March 19, 
1965. After completing operations in tank BY-101, the ITS #1 unit was moved to tank BY-102. 

The operation was modified when ITS #1 was set up in tank BY-102. Tank BY-102 became a 
receiver tank for dilute wastes from other tank farms. The waste was concentrated until the 
material in the bottom of the tank was about 10% solids. Then a batch transfer was made to one 
or several other tanks where the waste was allowed to crystallize. The residual supemate was 
then pumped back to the ITS tank for re-concentration and additional dilute supemate from other 
farms was added as feed. On August 24, 1971, ITS #1 was converted from an evaporator to a 
cooler for ITS #2 (Anderson 1990). ITS #2 used electric heaters to evaporate waste in feed 
tank BY-112. 

Liquid waste from a number of farms was sent to BY tank farm for ITS. Approximately 
3.7 million gallons of saltcake waste currently resides in BY farm tanks from this program 
(Brevick 1997a). The ITS program was terminated on June 30, 1974 after accomplishing 
35.1 million gallons ofliquid waste volume reduction (Anderson 1990). Operating temperature 
data are for BY farm tanks involved in the ITS program are presented and discussed in 
Appendix A. 

C7.5 VACUUM (REDUCED-PRESSURE) EVAPORATION OF SUPERNATE FROM 
REDOX AND PUREX WASTE IN THE 242-S AND 242-A 
EVAPORATOR/CRYSTALLIZERS 

The 242-S and 242-A Evaporators, which started up in 1973 and 1977 respectively, represent the 
most recent waste volume-reduction system to be implemented at Hanford. These evaporators 
recirculate a concentrated waste slurry within a vacuum vessel, which induces the waste to 
crystallize. A primary advantage of the current evaporation process is that interstitial liquid is 
readily drainable from a crystalline waste matrix. Consequently, saltwell pumping is more 
efficient in tanks with crystallized solids compared to tanks containing salt and sludges generated 
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by other (earlier) solidification processes. A second significant advantage of the current 
evaporation process is that the temperature of slurry that is returned to tanks is well below 
200 °P, because evaporation occurs at temperatures in the 150 °Prange in the vacuum vessel. 
The 242-S Evaporator is no longer operating. During its operational history, 242-S Evaporator 
accomplished approximately 34.6 million of liquid waste volume reduction. The 
242-A Evaporator continues to operate periodically as aqueous feed becomes available, 
including liquid removed from SSTs by salt well pumping. Although the 242-A and 242-S 
Evaporators are functionally associated with the SST system, they are not considered to be part 
of the SST system. 



C8.0 RESIDUAL HIGH HEAT TANKS 

RPP-10435 
Rev.0 

Page C-15 

The contents and liquid levels in most SSTs and double-shell tanks have been modified on 
numerous occasions. Liquid wastes have been redistributed between different tanks and farms. 
Waste transfers have been made to support a variety of operational objectives. The earliest 
major phase of tank waste redistribution was associated with the uranium recovery program in 
the mid-1950s. Also beginning in the mid- l 950s, supemate was pumped from various tanks and 
sent to evaporators for concentration. Sluicing operations utilized high-volume water sprays to 
break up layered sludge into particles that were small enough to be pumped out of a tank. Major 
sluicing operations were carried out in the late 1960s to reduce the heat generation rates in the A 
and AX tanks by recovering and isolating strontium-89/90 (the principal heat producing 
constituent in sludge) and cesium-137. The sluiced waste was dissolved with nitric acid at 
244-AR vault, processed through B Plant and neutralized with sodium hydroxide before being 
returned to tank farms. Through the 1970s and 1980s, many SSTs were reused for storage of salt 
slurry/salt cake waste from evaporation campaigns and then were interim isolated and/or interim 
stabilized, which involves removal of pumpable liquids and measures to prevent future liquid 
additions. Storage volume made available by concentration and evaporation of existing waste 
was often reused to accept waste from secondary sources ( e.g., B Plant low-level waste, 
evaporator bottoms, ion exchange waste, N Reactor decontamination waste, and laboratory 
wastes). The complex histories ofliquid-level changes in individual SSTs are documented in 
Brevick et al. (1997a, 1997b, and 1997c). Because of specific circumstances relating to the 
operational histories of individual tanks, a number of SSTs continued to generate sufficient heat 
into the 1990s to require active ventilation and administrative controls on waste temperature. 

Tanks are designated as high-heat tanks based on a heat generation criterion of26,000 BTU/hr 
and imposition of temperature surveillance requirements in Tank Farms Technical Safety 
Requirements (CHG 2001). The list of high-heat tanks consists of eight SSTs in the SX tank 
farm (SX-103, SX-107, SX-108, SX-109, SX-110, SX-111, SX-112, SX-114). Tank C-106 was 
recently removed from the list after the tank was successfully sluiced to remove most of the 
heat-generating sludge. Tanks A-104 and A-105 also were listed for a period of time during the 
early to mid-1990s. Supplemental historical information is provided below regarding the basis 
for residual high-heat concerns for tanks in the A, C, and SX tank farms. 

C8.1 TANKS A-104 AND A-105 

During sluicing operations to remove sludge from tank A-104 in 1975, contamination was 
detected in adjacent drywells and the tank was designated as a leaker. Efforts to remove 
additional sludge from the tank were discontinued at that time. Free liquid was eliminated from 
the tank and the residual sludge was allowed to dry. 

The event involving the breach of the liner in tank A-105 has been discussed above in 
conjunction with PUREX process operations. Neither tank currently contains any free liquid and 
the residual sludge levels are approximately 0.9 foot and 1.2 feet, respectively. 

As indicated in Table 3.4.2.11-2 of the current tank farms final safety analysis report 
(CHG 2002a), heat release rates in tanks A-104 and A-105 are currently about 52,000 and 
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50,000 BTU/hr, respectively. Although the tanks have not been actively ventilated for a number 
of years, sludge temperatures have stabilized below 180 °P. The assessment provided in the final 
safety analysis report is that the two tanks do not currently exhibit conditions that constitute 
safety concerns for high-heat tanks. 

C8.2 TANK C-106 

Tank C-106 became a high-heat tank as a result of its use as a sludge wash receiver during the 
sluicing and strontium sludge reprocessing operations in A and AX tank farms. In these 
operations, sludge was mobilized by sluicing and pumped to the 244-AR vault, where it was 
washed with water for cesium removal before dissolution and strontium recovery at B Plant. 
At B Plant, cesium was removed from supemate by ion exchange. Strontium was separated by 
centrifuging and solvent extraction. Cesium and strontium were then purified, encapsulated, and 
segregated as dry halide salts (Rasmussen 1980). The sludge washing step was discontinued 
when it was discovered that large volumes of very fine strontium-bearing sludge particles were 
accumulating in tank G-106, creating a heat generation problem. 

Cesium-bearing solutions were collected in tank C-105 for ion exchange. Incidental solids that 
accumulated in tank C-105 during this operation contained sufficient fission product activity that 
supplemental cooling eventually was required. Tanks C-105 and C-106 were placed on a 
separate vessel ventilation system and periodic water additions were begun in 1971 when it was 
determined that sludge temperatures were above 212 °P. In 1975, the heat generation rates in the 
two tanks were estimated to be approximately 92,000 BTU/hr and 115,000 BTU/hr, respectively 
(Walker 1977). Periodic water additions to tank C-105 continued until 1988. In the case of 
tank C-106, it was necessary to continue this practice until the tank was successfully sluiced in 
1999 to remove most of the sludge. The sluicing campaign was conducted under Project W-320. 
As a result of sluicing, the high-heat issue with tank C-106 has been resolved. 

C8.3 EIGHT SX FARM TANKS 

The initial experience with self-concentrating waste was acquired from operations at the Sand 
SX tank farms, which received self-boiling waste from the REDOX process. All of the tanks in 
the SX tank farm (with the exception of tank SX-106) received waste that boiled 
(self-concentrated) for extended periods. The SX tanks were equipped with integrated vessel 
ventilation systems for collecting the large volumes of condensate generated by self-boiling 
waste and airlift circulators to agitate the supemate layer, which served to minimize the 
accumulation of heat within the sludge layer (leading to unpredictable steam release events -
i.e., "bumps"). However, SX tank farm was not equipped with a sluicing system that could be 
used to break up and pump out sludge from tanks after self-concentration of waste ceased to 
occur. SST farms that were designed and constructed after the SX tank farm (i.e., A and AX 
tank farms) were equipped with sluicing systems. Consequently, SX tanks still contain the 
sludge and the long-life fission products (principally strontium-89/90) that were generated by 
REDOX process operations, whereas most of the sludge in A and AX tank farms has been 
removed by sluicing, enabling the longer-life radionuclides to be removed and segregated. 
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Heat loading in the eight SX farm tanks (SX-103, SX-107, SX-108, SX-109, SX-110, SX-111, 
SX-112, SX-114) ranges from a low of about 28,000 BTU/hr (tank SX-103) to a high of about 
61,000 BTU/hr (tank SX-111). Temperatures are maintained below 180 °F by operation of the 
tank ventilation system. 
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This appendix reviews the single-shell tank (SST) leak history and current leak status as 
specified by the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) 
Milestone M-23-24, "Submit Single-Shell Tank Integrity Assessment Report and Associated 
Certification(s) and Determination(s) Pursuant to 40 CFR 265.191," Part A, and includes 
documented or detected leaks and available schematics depicting the location of tank leaks. 
The information in this appendix supports the SST system integrity assessment to determine 
whether the SSTs may be susceptible to rupture and/or liner failure leading to large leaks. 
This appendix does not address leaks that occurred outside of the tanks (e.g., transfer line leaks). 
Leaks other than those occurring in the SSTs are discussed in Appendix B. In addition, this 
appendix evaluates SST leak history, past and current operating practices, and current tank 
conditions to determine whether there may be a set of tanks that potentially could be more 
susceptible to leaking. Information from Appendices A, C, E, and F supplement this appendix. 
Tri-Party Agreement Milestone M-23-23, "Submit Single-Shell Tank System Leak Detection 
and Monitoring Functions and Requirements Document for Ecology Approval," establishes the 
leak detection requirements that will be applied to the SST system. 

- - ---------- ---- - - - - - ------- -



D2.0 CONCLUSIONS 

RPP-10435 
Rev. 0 

Page D-2 

The conclusions resulting from the review of leak history and current leak status and presented in 
this appendix follow: 

• Sixty-seven of the 149 Hanford SSTs have been declared "confirmed or assumed 
leakers." 

• Only 7 SSTs (A-105, BX-102, SX-110, SX-113, SX-115, T-106, and U-104) have been 
identified as large leakers, with estimated leak volumes greater than 50,000 gallons or 
leak rates greater than 10 gallons per hour. 

• Fifty-seven of the 67 declared "confirmed leakers" or "assumed leakers" have estimated 
leaked volumes less than 10,000 gallons. 

• The approach used to determine what constitutes a leak has not been consistent. In some 
cases a leak has been inferred based on liquid level changes in tanks but has not been 
substantiated by external drywell measurements. 

• The most likely leak failure mechanisms for the SSTs are (1) liner bottom bulging, 
(2) stress corrosion cracking, and (3) pitting corrosion due primarily to high temperatures 
and high waste corrosiveness associated with past-practice operations. 

• Interim stabilization has reduced the leak potential of the SSTs and there is no reason to 
expect large leaks of SST liners to occur because: 

- Elimination of high-heat tanks and reduction of waste temperatures below 200 °F has 
reduced the risk for liner bulging to occur 

- Pumpable liquids have been removed from the tanks and the hydraulic head has been 
reduced, the primary driving force for free liquid to leak from the tank. 

- Reduction of waste corrosive properties over time has resulted in a reduction ofliner 
corrosion rates, which has reduced the risk of corrosion and stress corrosion cracking. 

• Tanks that were operated outside of their design temperature limits and or are operated at 
a pH less than 10 may have a higher potential for leaking 

• There is no reason to expect failures of the liner to occur that would cause large leaks in 
interim stabilized tanks. The expected leak rate for the SSTs, based on a 95% confidence 
interval, is less than 1.8 gallons per hour (Isaacson 1981 ). 
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The information developed in this appendix is based on a review of the documented SST leak 
history. It reviews potential failure mechanisms and evaluates leak history to correlate potential 
failure mechanisms with known tank conditions. 
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Construction of SSTs at Hanford began in 1944 to provide storage for radioactive wastes 
resulting from plutonium/uranium separation processes necessary for plutonium production. 
The first SSTs to be identified as leakers were tanks TY-106 and U-101 in 1959. Both tanks 
were classified as leakers and removed from service. Seven tanks (A-105, BX-102, SX-110, 
SX-113, SX-115, T-106, and U-104) have been identified as large leakers, with estimated leak 
volumes greater than 50,000 gallons or leak rates greater than 10 gallons per hour (Nelson and 
Ohl 1999). To date, 67 of the 149 SSTs have been declared "confirmed leakers" or "assumed 
leakers." Fifty-seven of the declared leakers (85%) are estimated to have leaked less than 
10,000 gallons. 

The last tank to be declared an assumed leaker was tank T-101 in 1992. Furthermore, the last 
tank to be declared a "releaker" was tank T-111 in 1994. An assumed re-leaker is defined as a 
tank that has been declared as an assumed leaker and then the surveillance data indicate a new 
loss of liquid attributed to a breach of integrity. The SSTs were formally removed from active 
service in 1980, but they continue to store approximately 5.8 million gallons of drainable liquid 
(Hanlon 2002). The Tri-Party Agreement M-45 series of milestones are in place to address 
retrieval and closure of SSTs. Table D.1 provides a list of the declared confirmed or assumed 
leakers along with leak dates and leak volume estimates (Hanlon 2001). The table also includes 
the following information about each tank: 

• Year leak declared, 
• Estimated leak volume, 
• Methods for leak detection, 
• Early waste characteristics. 



Tank 

A-103 

A-104 

A-105 

AX-102 

AX-104 
B-101 

B-103 

B-105 

B-107 

B-110 

B-111 

B-112 

B-201 
B-203 
B-204 

BX-101 
BX-102 
BX-108 
BX-I 10 

BX-111 
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Table D.1. Single-Shell Tanks Declared Confirmed or Assumed Leakers (4 Sheets) 
Year Leak Leak Estimate Leak Detection Waste Group/ Waste Typcc 
Declared" (eat.)" Methodb 

1987 5,500 Liquid level and drywell Double-shell slurry feed, non-complexed waste and 
evaporator feed 

1975 500 to 2,500 Drywell and lateral Sluice, neutralized acid waste, water, and B Plant high-
level waste 

1963 10,000 to Liquid level and lateral Neutralized acid waste and ion exchange waste 
277,000 

1988 3,000 Liquid level and drywell Complex concentrate waste, double-shell slurry feed, 
and evaporator feed 

1977 8,000° Drywell Non-complexed waste and neutralized acid waste 
1974 8,000° Drywell Cladding waste, evaporator bottoms waste and B Plant 

low-level waste 
1978 8,000 ° Drywell Cladding waste, evaporator bottoms waste, and ion 

exchange waste 
1978 8,000° Drywell Evaporator bottoms waste and first-cycle 

decontamination waste 
1980 8,000 Liquid level First-cycle decontamination waste, evaporator bottoms 

waste and cladding waste 
1981 10,000 Drywell Second-cycle decontamination waste and B Plant cell 

drainage waste 
1978 8,000° Drywell Second-cycle decontamination waste and B Plant cell 

drainage waste 
1978 2,000 Drywell Second-cycle decontamination waste and B Plant cell 

drainage waste 
1980 1,200 Liquid level and drywell Lanthanum fluoride decontamination waste 
1983 300 Liquid level Lanthanum fluoride decontamination waste 
1984 400 Liquid level Lanthanum fluoride decontamination waste 
1972 8,000° Drywell Tributyl phosphate waste and cladding waste 
1971 70,000 Drywell Tributyl phosphate waste and cladding waste 
1974 2,500 Liquid level and drywell Tributyl phosphate waste and cladding waste 
1976 8,000 ° Drywell First-cycle decontamination waste and in-tank 

solidified evaporator bottoms waste 
1984, 1993 8,000 d Drywell First-cycle decontamination waste, and in-tank 

solidified evaporator bottoms waste 



Tank 

BY-103 

BY-105 

BY-106 

BY-107 

BY-108 

C-101 
C-110 

C-111 

C-201 
C-202 
C-203 
C-204 
S-104 

SX-104 

SX-107 

SX-108 
SX-109 

SX-110 

SX-111 

SX-112 

SX-113 

RPP-10435 
Rev. 0 

Page D-6 

Table D.1. Single-Shell Tanks Declared Confirmed or Assumed Leakers (4 Sheets) 

Year Leak Leak Estimate Leak Detection Waste Group/ Waste Typec 
Declared" (gal.)" Methodb 

1973 <5,000 Drywell Ferrocyanide-scavenged tributyl phosphate waste and 
in-tank solidified evaporator bottoms waste 

1984 8,000 ° Drywell Ferrocyanide-scavenged tributyl phosphate waste and 
in-tank solidified evaporator bottoms waste 

1984 8,000 d Drywell Ferrocyanide-scavenged tributyl phosphate waste and 
in-tank solidified evaporator bottoms waste. 

1984 15,100 Liquid level Ferrocyanide-scavenged tributyl phosphate waste and 
in-tank solidified evaporator bottoms waste 

1972 <5,000 Drywell Ferrocyanide-scavenged tributyl phosphate waste and 
in-tank solidified evaporator bottoms waste 

1980 20,000 Liquid level and drywell Tributyl phosphate waste and cladding waste 
1984 2,000 Drywell First-cycle decontamination waste and tributyl 

phosphate waste 
1968 5,500 Liquid level Ferrocyanide-scavenged tributyl phosphate waste and 

first-cycle decontamination waste 
1988 550 Liquid level (photographs, Groth 1987) Hot semi-works waste 
1988 450 Liquid level (photographs, Groth 1987) Hot semi-works waste 
1984 400 Liquid level Hot semi-works waste 
1988 350 Liquid level (photographs, Groth 1987) Hot semi-works waste 
1968 2,4000 Liquid level REDOX high-level waste 
1988 6,000 Interstitial liquid level measurement REDOX high-level waste and evaporator bottoms 

(Jones et al. 2000) waste 
1964 < 5,000 Waste transfer records (Jones et al. REDOX high-level waste 

2000) 
1962 2,400 to 35,000 Drywell (Agnew 1998) and laterals REDOX high-level waste 
1965 < 10,000 Drywell and laterals REDOX high-level waste 

1976 5,500 Liquid level REDOX high-level waste and REDOX ion exchange 
waste 

1974 500 to 2,000 Unaccounted volume loss (Agnew REDOX high-level waste and REDOX ion exchange 
1998) and lateral waste 

1969 30,000 Unaccounted volume loss (Agnew REDOX high-level waste 
1998) 

1962 15,000 Liquid level and lateral REDOX high-level waste and diatomaceous earth 



Tank 

SX-114 

SX-115 
T-101 

T-103 

T-106 
T-107 

T-108 

T-109 
T-111 

TX-105 
TX-107 
TX-110 

TX-113 

TX-114 

TX-115 

TX-116 

TX-117 

TY-101 

TY-103 
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Table D.1. Single-Shell Tanks Declared Confirmed or Assumed Leakers (4 Sheets) 

. Year Leak Leak Estimate Leak Detection Waste Group/ Waste Typec 
Declared' (gaI.t Methodb 

1972 8,QQQd Drywell REDOX high-level waste and REDOX ion exchange 
waste 

1965 50,000 Liquid level and lateral (WHC 1992) REDOX high-level waste 
1992 7,500 Liquid level Cladding waste and mixture of several miscellaneous 

wastes 
1974 < 1,000 Liquid level Cladding waste and mixture of several miscellaneous 

wastes 
1973 115,000 Liquid level First-cycle decontamination waste and cladding waste 
1984 8,000° Drywell Ferrocyanide-scavenged tributyl phosphate waste and 

first-cycle decontamination waste 
1974 < 1,000 Liquid level First-cycle decontamination waste and tributyl 

phosphate waste 
1974 < 1,000 Drywell Tributyl phosphate waste and evaporator bottoms waste 

1979, 1994 < 1,000 Liquid level Second-cycle decontamination waste and Lanthanum 
fluoride decontamination waste 

1977 8,000° Drywell REDOX high-level waste evaporator bottoms waste 
1984 2,500 Drvwell REDOX high-level waste evaporator bottoms waste 
1977 8,000° Liquid level and drywell Evaporator bottoms waste and first-cycle 

decontamination waste 
1974 8,QQQd Drywell Evaporator bottoms waste and first-cycle 

decontamination waste 
1974 8,QQQd Drywell Evaporator bottoms waste and first-cycle 

decontamination waste 
1977 8,000° Drywell Evaporator bottoms waste and REDOX high-level 

waste 
1977 8,000° Drywell Evaporator bottoms waste and first-cycle 

decontamination waste 
1977 8,000° Drywell Evaporator bottoms waste and first-cycle 

decontamination waste 
1973 < 1,000 Liquid level Ferrocyanide-scavenged first-cycle decontamination 

waste and evaporator bottoms waste 
1973 3,000 Liquid level and drywell Tributyl phosphate waste and ferrocyanide-scavenged 

first-cycle decontamination waste 



RPP-10435 
Rev.O 

Page D-8 

Table D.l. Single-Shell Tanks Declared Confirmed or Assumed Leakers (4 Sheets) 

Tank Year Leak Leak Estimate Leak Detection 
Declared" (2al.)1 Methodb 

TY-104 1981 1,400 Liquid level 

TY-105 1960 35,000 Drywell 
TY-106 1959 20,000 Drvwell 
U-101 1959 30,000 Drywell 
U-104 1961 55,000 Drywell 
U-110 1975 5,000 to 8,100 Liquid level and drvwell 
U-112 1980 8,500 Liquid level and drywell 

a Data taken from Hanlon 2001 
b Information from Welty 1989 and other cited sources in table 
r Hill and Simpson 1994 

Waste Group/ Waste Typer 

Tributyl phosphate waste and ferrocyanide-scavenged 
first-cycle decontamination waste 
Tributyl phosphate waste 
Tributyl phosphate waste 
REDOX high-level waste 
REDOX high-level waste and diatomaceous earth 
First-cycle decontamination waste and cladding waste 
Unknown 

d Average leak volume for 19 tanks with a total estimated leak volume of 150,000 gallons (Baumhardt 1989) 
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The approach used throughout the life of the SSTs to determine what constitutes a leaker was not 
consistent. Anecdotal information indicates that, in some circumstances, a leak was merely 
inferred on the basis of partial or inconclusive data. Accordingly, not all leakers may actually 
have leaked. The current procedure for the tank leak assessment process in Tank Waste 
Remediation System Process Engineering Instruction Manual (Section 26.1 of 
HNF-SD-WM-PROC-021, Rev. 2B, 1999) governs declaration of a tank leak at Hanford. 
This procedure specifies the actions to be taken after a first data anomaly is observed. 
This includes the convening of a review panel and the use of a Probability Assessment Decision 
Analysis to determine tank leak integrity. The recommendation resulting from this assessment 
results in the tank being classified as "assumed leaker" or "assumed sound." Tank Leak 
Assessment Process: Technical Background (Eppel 1998) provides the technical basis for the 
statistical analysis. The most recent application of this procedure is reported in Leak Assessment 
Report for B-111 (Thompson 1999). Tank B-111 was classified as "questionable integrity'' in 
1978 based on unexplained drywell data. The activity was subsequently attributed to transfer 
line leakage (Nelson and Ohl 1999). The leak status of tank B-111 was re-evaluated in 1998 
because of an unexplained liquid level drop in liquid observation well. Based on available data 
the report concluded that tank B-111 did not leak in September 1998 (Thompson 1999). 
However, the Hanlon report has not been changed to reflect this. It should be noted that the tank 
leak assessment process has not been retroactively applied to the early SST leak data. 

Before the adoption of the Tank Leak Assessment Process, the mechanism for declaring a tank a 
leaker was more ad-hoc and in some cases resulted in tanks being declared as leakers ( and even 
assigned leak volumes) without quantitative evidence of any breach of liner integrity (Baumhardt 
1989; Welty 1988; Eppel 1998). Several reports of tank leaks before 1981 refer to review 
committees; however, the workings of such committees are not well documented. 

Declaration of leaks in SSTs was made either as the result of an observed decrease in the waste 
surface level, as determined by a surface level gauge, by the detection of radioactivity in vertical 
drywells or horizontal laterals (available for A farm tanks and selected SX farm tanks, see 
Appendix A), or a combination of these methods with liner visual inspections. The visual 
inspections of some tanks revealed bitumastic coating seeping through the liner, which indicates 
through-wall penetration of the liner had occurred by pitting corrosion. Internal inspections of 
tanks also have shown a bulged bottom liner in six tanks that were declared leakers early in their 
service life (less than 14 years of service). 

The current in-tank leak detection program relies on either a surface level measurement for a 
movable waste surface (liquid, partial-liquid, or slurry) or an interstitial liquid level measurement 
inside a liquid observation well if the waste surface is dry. If neither of these options is 
available, no leak detection capability is claimed (Barnes 2002). 
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The original chemical process for separation and recovery of plutonium from irradiated reactor 
fuel was the bismuth phosphate process. The second chemical separation process was the 
reduction-oxidation (REDOX) process, which became operational in January 1952. A third 
separation process, the plutonium-uranium extraction (PUREX) process, went online in January 
1956. A fourth significant chemical process at Hanford was the tributyl phosphate process, 
which was utilized to reclaim uranium from bismuth phosphate process waste. The various 
processes generated tank wastes with unique characteristics. For a more detailed discussion on 
waste processing history, see Appendix C. Several of the SSTs storing these wastes experienced 
peak temperatures above boiling and in some cases exceeding the intended tank design 
temperatures. The structural implications of this practice were found to be acceptable 
(see Appendix A). Most tanks were operated at full capacity. 

DS.1.1 Failure Mechanisms 

High-temperature operation and/or corrosivity of wastes during the early tank life may have led 
to tank leaks. In addition, the SST carbon steel liners were not stress relieved and high 
temperature waste may have caused some tank liner bottoms to deform or bulge upward. 
Bulged bottoms increase the stresses in the liner to the point that they may tear. Therefore, 
bulged bottoms in the boiling waste tanks likely led to breach of the tank bottom liner. Some 
waste types, introduced into the SSTs during early operations, were more corrosive as indicated 
by waste corrosivity evaluations (Anantatmula et al. 1994). 

At least two modes of corrosion may have caused leaks. It was confirmed by the 
U.S. Department of Energy Savannah River Site that the non-stress-relieved carbon steel waste 
tanks at that Site failed as the result of nitrate induced stress-corrosion cracking near the welds. 
For the SSTs, pitting corrosion of the liner contacting the waste could not be completely ruled 
out as a failure mechanism for early wastes that had a combination of high nitrate concentrations 
and pH values less than 10. For wastes with pH greater than 10, pitting corrosion of the liner 
contacting the waste can still occur if enough nitrate and/or chloride are present with little or no 
nitrite. However, pitting corrosion can still occur in the vapor space region in tanks containing 
wastes with pH values greater than 10, as reported in Appendix F. Refer to Appendix A for a 
discussion of SST design and operating specifications. Although uniform corrosion occurs, it 
does not usually lead to leak failure of industrial systems. Ultrasonic inspection of tank wall and 
bottom of non-stress relieved tanks at the Savannah River Site indicated very little general wall 
thinning in 10 years of testing. Based on the foregoing and the discussion in Appendix F, it is 
likely that the Hanford SSTs leaked as the result of a combination of stress corrosion cracking 
and pitting corrosion. A review of tank failures, types of waste stored, and tank temperatures 
indicated that there is no strong correlation between waste type and tank leak failure. However, 
there may be some correlation between tank temperature and confirmed or assumed leakers. 
Higher temperature tanks typically experienced liner failures early in their operating history. 
However, there are exceptions (i.e., high-temperature tank A-106 has not leaked). 



D5.1.1.1 Tanks with Bulging Bottoms 

RPP-10435 
Rev. 0 

Page D-11 

Six tanks have been documented with bulged bottoms, as indicated in Table D.2. Four of these 
tank bulges are attributed to expansion of the carbon steel liner bottom resulting from the 
addition of boiling wastes. Tank A-105 bulging is attributed to a steam flash between the carbon 
steel liner and the concrete base mat. For a more detailed discussion of tank A-105 bulging, 
please see Appendix A. The cause of the tank U-104 bulge is not documented. 

T bl D 2 s· I Sh II T k "th B I dB tt a e .. mg e- e an S WI u1ge 0 oms 
Tank Boil Date Leak Date Leak Mechanism Reference 
A-105 Mar '63 1963 Steam expansion Godfrey 1969 

SX-107 Jun '56 1964 Thermal expansion Godfrey 1969 
SX-108 Jun ' 56 1962 Thermal expansion Godfrey 1969 

SX- 112 Mar '56 1969 Thermal expansion Godfrey 1969 

SX-113 Apr '58 1958 Thermal expansion Godfrey 1969 

U-104 . unknown 1956 Unknown Roberts 1961 

Source: Nelson and Ohl 1999. 

Simple two-dimensional calculations indicate that a temperature delta on the order of 160 °F 
would create a thermally induced structural instability in a flat plate of A283, grade C mild 
carbon steel. Complex thermal modeling would be necessary to accurately portray the details of 
the steel/concrete/soil thermal interactions and combine those thermally induced stresses with the 
applied loads of incoming waste and the dished bottom configuration of most of the SST designs. 
In simple terms, tanks that received boiling waste (A, AX, and SX farms) may have been 
subjected to thermally induced loads sufficiently high to bulge (and fail) the bottoms creating a 
leak path between the liner and concrete to the base mat/footing construction joint. 

Tanks that received boiling waste in the A, AX, and SX tank farms may have been subjected to 
thermally induced loads sufficiently high to bulge the liner bottoms creating a potential leak path 
between the liner and concrete to the base mat/footing construction joint. 

The large leak rates associated with tank SX-110 (12 gallons per hour), tank SX-115 
(306 gallons per hour), and tank T-106 (102 gallons per hour) are suspect for bulging liner 
bottoms or a similar catastrophic failure (Nelson and Ohl 1999). 

A large leak of the liner has been defined as a loss of 50,000 gallons or more, or leaks greater 
than 10 gallons per hour (lsaacson,1981). These large leaks have been associated more with 
process and operational upsets of the early operational scenarios than with the current status of 
the SSTs. Because operating conditions that may have influenced liner leaks no longer occur 
large leaks may be less likely to occur low probability of occurrence (Nelson and Ohl 1999) . 

. Table D.3 presents information on the seven tanks known to have leaked according to the above 
definitions of large leaks. Five tanks meet the leak volume definition, five tanks meet the leak 
rate definition, and three tanks meet both definitions. 



a e . . T bl D 3 L ar ge ea s m mg.e- e ans L k . s· I Sh II T k 
Age of Tank Method of 

Tank Date 
(yrs) 

Volume (gal) Detection 

A-105 1963 6 10,000 to 277,000 Lateral 
BX-102 1971 23 70,000 Drywell 
SX-110 1976 16 5,500 Liquid level 

decrease 
SX-113 1962 4 15,000 Liquid level 

decrease and 
laterals 

SX-115 1965 7 50,000 Liquid level 
decrease 

T-106 1973 26 115,000 Liquid level 
decrease 

U-104 1961 14 55,000 Drvwell 
a) Leak rate estlmated by Nelson and Ohl 1999 
b) Leak rate referenced in W ornack 1971 
c) Leak rate referenced in lsaacson 1981 
d) Leak rate referenced in Hanson 1962 
e) Leak rate estimated by Nelson and Ohl 1999 from Roberts 1961 
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Rate (gal/h) 

0.3 to 6 a 

1 D 

12 C 

55 ° 

306 C 

102 C 

140 C 

Since 1980, the year in which all the remaining Hanford SSTs were removed from service, the 
U.S. Department of Energy has taken significant measures to reduce the leak potential. These 
include: 

• SSTs are no longer receiving waste. 

• High-heat tanks have been eliminated and reduction of waste temperatures have been 
reduced to below 200 °F. 

• SSTs are being interim stabilized (saltwell pumping), which removes the pumpable liquid 
from the tanks and reduces the hydraulic head (the primary driving force for free liquid to 
leak from the tank). In addition, natural evaporation processes have further reduced the 
waste inventories. 

These measures have significantly reduced the SST leak potential. As of February 2002, 129 of 
the 149 Hanford SSTs were interim stabilized. Interim stabilization of the remaining Hanford 
tanks will be completed in 2004 (per Consent Decree). Current waste characteristics are within 
established acceptable limits for the SSTs (see Appendix A). Because of interim stabilization 
and decay ofradionuclides with time, the waste volumes and current tank temperatures are low. 
As reported in Appendix A, the current pH, which is a measure of corrosivity of the stored waste, 

· is greater than 10 for the majority of tanks. Therefore, the wastes are more benign, leading to 
lower uniform corrosion rates (less than or at 0.2 mil per year) (Anantatmula 1999). The low 
temperatures also result in precipitation of solids that are likely to seal holes in the liner. 
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There is no compelling reason to expect large leaks of the liner to occur in interim stabilized 
tanks based on the current low temperature and reduced liquid volume in these tanks. This is 
substantiated by a review of visual examinations of the interior of some of the high-heat tanks, 
notably tank C-106, which does not show significant liner damage. 

A detailed engineering study to estimate leak rates associated with hydraulic retrieval of sludge 
from tank C-106 was performed in 1993 (Lowe 1993). This study estimated leak rates from a 
distribution of20 stress corrosion cracks to be as high as 40,000 gallons over a 500-hour 
retrieval campaign for an overall leak rate of 80 gallons per hour. No leaks were detected during 
the Project W-320 sluicing operation for tank C-106. 

In addition, an earlier study (Isaacson 1981) identified 13 leaking SSTs with "confirmed" or 
"postulated" leak rates. After declaring three of these tanks as large leakers and removing them 
from the population, this study found that 95% of the SSTs would leak at a rate less than 
1.8 gallons per hour with 95% confidence. 

Statistical analyses were performed previously to predict the failure rate of the SST liners (Catlin 
1980; Reynolds 1983; Wagenblast 1986). These analyses were based primarily on pre-1980 tank 
data. The number of actual leaks reported since 1980 are considerably less than those predicted 
by these models. There are several reasons why the models are conservative. These models 
assume the "questionable integrity" tanks as having already leaked. More importantly, the 
models are based on leaks that occurred as the result of high temperatures and more corrosive 
wastes. Current temperatures and waste volumes are low, and the wastes are currently less 
corrosive. 

At the present time, it is difficult to accurately assess the extent of liner damage except to say 
that the uniform corrosion rates are expected to be low. Tank liners have been in service beyond 
their reasonably expected lifetimes. Of the SSTs that are assumed to be sound, those tanks that 
have lower pH waste and/or experienced past waste temperature greater than the design 
temperature may have a higher potential to leak or would be more suspect for through-wall 
corrosion. This is because the tanks that had lower pH waste at boiling temperatures experienced 
higher corrosion rates in the past compared with those that had higher pH waste at lower 
temperatures. However, currently the SSTs in general are expected to be corroding at low 
corrosion rates. In addition, leaks may not be occurring in the SSTs because of the reduced 
liquid inventory and reduction of the hydraulic head in interim stabilized tanks. 
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This section provides a summary of the information forming the basis for the declaration of 
individual tank leaks. This information is presented in the Single-Shell Tank Leak History 
Compilation (HNF-4872, Volume n and has been included in this appendix, along with 
additional available supporting information. 

Specific references to original documentation such as occurrence reports and leak investigations 
are cited where possible. It is important to note that for roughly one-third of the 67 SSTs 
identified as assumed leakers, only summary information (i.e., no original reference) is available 
through the standard document control and archive systems. Where no tank-specific reference is 
cited, the majority of the summary information came from Welty (1988) and Brevick (1993). 

Additional tank-specific data is tabulated in Appendix A. 

D6.1 A TANK FARM 

D6.1.1 Tank A-103 

Tank A-103 was declared an assumed leaker in 1987 based on liquid level calculations. 
This tank was reclassified from "active/sound" to "sound/deactivated" in August 1980. 

No radiation peaks have been observed in laterals under this tank. Drywells at both the northeast 
and southwest quadrants around this tank (10-03-01 and 10-03-07) have shown radiation peaks 
at or below the tank bottom since 1964. Activity at drywell 10-03-07 increased significantly 
between February 1968 and September 1969. In May 1978 drywell 10-03-01 developed a peak 
that was associated with the transport of existing activity by a 60,000-gallon raw water 
(uncontaminated) leak to the ground in February 1978. A sluicing pump was installed in this 
tank in 1976. Sluicing was completed in November 1976, after which time the tank became a 
DSSF waste receiver for the 242-A Evaporator. 

A surface level decrease in December 1979 was attributed crust slumping (Occurrence Report 
79-118). A surface level decrease in September 1980 was attributed to mixing of dissimilar 
solids within the tank (Occurrence Report 80-82). A surface level decrease in April 1981 was 
attributed to slurry growth followed by crust collapse (Limit Deviation Report 81-02). Drywells 
and laterals remained stable during all of these events. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. It is also one of the 18 "typical" tanks used to estimate leak volume for 19 other 
SSTs with assumed leaks that could not be estimated by surface level measurements. 
The estimated leak volume for tank A-103 is 5,500 gallons. 

D6.1.2 Tank A-104 

Tank A-104 was classified as a confirmed leaker in April 1975 and pumped down to a sludge 
heel (Occurrence Report 75-39). It was classified as interim stabilized in 1984. Confirmation of 
the leakage was based on activity in the laterals underneath the tank (Occurrence Report 75-39). 
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At the time of the leak, the tank was being sluiced and contained approximately 60,000 gallons 
of waste. A preliminary estimate of the volume of waste released was set at 5,000 gallons. 
Subsequent gamma logging, neutron logging, and sediment conductivity measurements have 
placed the leak volume at between 1,200 to 1,500 gallons. These studies also placed the actual 
leak date as February 1975. It is believed that a crack developed in the bottom of the northwest 
quadrant of the tank, where activity was first found in the soil near the center lateral. 

D6.1.3 Tank A-105 

Tank A-105 was built in 1955, containing approximately 18 inches of water until it was placed 
into service in 1962. In May 1962, 330,000 gallons of supemate were added to the tank. In 
January 1963 thermally hot condensate waste was added to prepare the tank for the addition of 
PUREX self-boiling waste. Tank wastes reached boiling temperature in March 1963. In 
September 1963, the waste level rose 12 inches (33,000 gallons). It is now believed that steam 
was forming under the tank liner and deforming it upward (Neilsen 1991). 

The tank was suspected of leaking in November 1963 when activity was detected in one lateral. 
The tank level had been raised from 260 inches to 280 inches in July 1963. It was concluded that 
the tank had developed a sidewall leak between the elevations of 260 to 280 inches. The waste 
level was lowered to 260 inches and activity in the lateral slowly decreased. Because of a lack of 
other storage space, the tank was allowed to refill to the suspected leak zone by October 1964. 
No further leakage was detected, so the tank was filled to capacity in December 1964. A steam 
release occurred in January 1965, pushing steam out a riser in tank A-103. This release 
contaminated the area around the tank, but no leakage was indicated until March 1965, when 
activity in a lateral again increased. Investigations following the steam release determined that 
the tank bottom had bulged upward approximately 8 feet, creating a void space volume of 
approximately 80,000 gallons. The tank remained unchanged until April 1967, when surface 
level fluctuations began to occur. It was concluded that the fluctuations were caused by collapse 
and re-growth of a steam bubble in the void space below the tank bottom. The tank was sluiced 
and pumped down to the 35-inch waste level by August 1968. At this time it was concluded that 
the tank bottom had ruptured and the void space contained a significant amount of sludge. 
Further investigations have disputed the sludge leak volume estimate, because activities and 
temperatures in the tank laterals have remained comparatively low. 

Estimated leak volumes for this tank range from 10,000 to 277,000 gallons, with much of the 
uncertainty for the larger volume coming from uncertainty in estimating how much of 
610,000 gallons of cooling water added was lost to evaporation. The initial event is estimated to 
have leaked a lower bound 10,000 to 45,000 gallons. 

D6.2 AX TANK FARM 

The AX tank farm comprises four 100-series, I-million-gallon, 75-foot-diameter tanks originally 
designed to provide storage for aging wastes from PUREX and B Plant. The AX farm tanks are 
a fifth-generation design intended to store self-boiling wastes with temperatures up to 250 °F. 
The AX tank farm has a grid of drain slots below each liner for leak detection and no overflow 
lines between tanks. They were in service from 1963 to 1980. Leak detection capabilities for 
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these tanks include drywells, but no laterals are present in this fann. Any leakage from an AX 
fann tank is captured first by a pattern of drainage slots in the concrete base pad and then in an 
adjacent leak detection pit. Although tanks AX-102 and AX-104 are classified as assumed 
leakers, no definitive evidence has been found indicating a tank leak (Hendrickson 1997). 

D6.2.1 Tank AX-102 

Tank AX-102 was reclassified from "active/sound" to "sound/deactivated" in September 1980. 
It was declared an assumed leaker in 1988 on the basis ofliquid level decreases that could not be 
attributed to evaporation. The tank contained 184,000 gallons of water until late 1966, when it 
was filled to 833,000 gallons with organic wash waste. In early 1969, the tank was flushed and 
preheated for B Plant and PUREX wastes. Two occurrence reports were written in April 1975 
discussing increased activity in drywell 11-02-11 at the 55-foot level. In May 1975 the tank was 
pumped to a minimum heel. The contamination was subsequently attributed to leakage from the 
tank' s 20-inch direct-buried vapor line at the point where it joined the vessel vent system header. 
In late 1975 an asphalt sealant was injected into the soil to stabilize the activity and seal the vent 
header leak. The tank was subsequently refilled to the 282-inch level with B Plant waste. 
An increase in activity in the tank AX-I 02 leak detection pit in December 1977 was attributed to 
evaporation of water in the pit. A similar activity increase in May 1979 was attributed to 
improper instrument settings (Deviation Report 79-6). 

Tank AX-102 is one of24 tanks for which the leak volume estimate is based solely on liquid 
level calculations. It is also one of the 18 "typical" tanks used to estimate leak volume for 
19 other SSTs with assumed leaks that could not be estimated by surface level measurements. 
The estimated leak volume for tank AX-102 is 3,000 gallons. 

D6.2.2 Tank AX-104 

Tank AX-104 was formerly classified as "questionable integrity" in November 1977 based on 
increasing activity in drywell 11-04-08 (Occurrence Report 77-202). Previous (1975) activity 
detected in drywell 11-04-11 had been attributed to a leak in the tank's 20-inch vapor line at 
points above the tank and connected to the 24-inch vent header. Occurrence Report 76-08 was 
issued in January 1976 based on increased drywell activity that was subsequently attributed to 
the same vapor header leak. The tank's integrity was questioned because it is unlikely that 
activity from the vapor header leak could be transported to drywell 11-04-08 without passing 
through drywell 11-04-10, which remained uncontaminated. 

Tank AX-104 is one of 19 tanks grouped together (see Table D.l) to estimate a cumulative leak 
volume based on the assumption that their mean leak volume was approximately the same as the 
mean leak volume for 18 tanks which were considered to be "typical leakers." The 18 typical 
leakers were determined to have a mean estimated leak volume of7,782 gallons. After some 
rounding, this group of 19 tanks were assessed a cumulative leak volume estimate of 
150,000 gallons with individual leak volume estimates of 8,000 gallons each [Jensen 1989; 
Baumhardt 1989; Hanlon 1999]. 
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Tanlc B-101 was classified as "questionable integrity'' in 1974, as soon as drywells 20-01-01 and 
20-01-07 were installed. Activity was detected at the 40- to 50-foot level. This tanlc was first 
filled with metal waste in 1945. Drywell 20-01-06 was installed in 197 5. This drywell indicated 
soil contamination beginning at the top of the tanlc liner, apparently from an old leak or spill. 
Drywells are the only means of leak detection for this tanlc, as the waste surface is solid and the 
FIC level gauge has been placed in intrusion mode. 

D6.3.2 Tank B-103 

Tanlc B-103 was first used to store metal waste in late 1945.- It was classified as "questionable 
integrity" in 1978 because of unexplained activity at the tanlc base in drywells 20-03-03 and 
20-03-06. Liquid level decreases before January 1975 were attributed to moisture removed by 
active tanlc ventilation. 

D6.3.3 Tank B-105 

Tanlc B-105 began operation in 194 7 and was filled with second-cycle waste from tanlc B-104 
via the cascade line by August 1947. Tanlc B-105 was classified as an assumed leaker in 1978 
because of unexplained activity in drywells 20-05-06 and 20-06-06. 

D6.3.4 Tank B-107 

Tank B-107 was filled with first-cycle waste from May 1945 to October 1945. The tanlc was 
classified as "questionable integrity" in 1969 because of an unexplained liquid level decrease. 
In 1973 it was reclassified as a assumed leaker. In 1980 it was designated as an assumed leaker. 
The estimated leak volume for tanlc B-107 is 8,000 gallons. 

D6.3.5 Tank B-110 

Tanlc B-110 was filled with second-cycle waste from 1945 to 1952. The tanlc was first suspected 
as a leaker in 1970, and classified as a assumed leaker in 1973 because of an unexplained liquid 
level drop. In 1981 it was reclassified as a confirmed leaker. The estimated leak volume for 
tanlc B-110 is 10,000 gallons. 

D6.3.6 Tank B-111 

Tanlc B-111 was filled with second-cycle waste from 1945 to 1946. The tanlc was characterized 
as "questionable integrity" in 1978 because of unexplained activity in drywells 20-11-09 and 
20-12-06. This activity has subsequently been attributed to transfer line leakage. 

The leak status of tanlc B-111 was re-evaluated in 1999 because of an unexplained liquid level 
<4:o_p in a liquid observation well. The evidence suggested that tanlc B-111 was not leaking at the 
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time and that based on the preponderance of evidence available, it was not likely that the tank 
leaked in September 1998 (Thompson 1999). 

D6.3.7 Tank B-112 

Tank B-112 was filled with second-cycle waste in 1946. The tank was characterized as 
"questionable integrity'' in 1978 because of unexplained activity in drywells 20-12-03 and 
20-12-06. At the time activity was detected in the drywells, the liquid surface of this tank was 
being monitored. The leak volume estimate was placed at 2,000 gallons because it was 
considered unreasonable to assume that more than 2,000 gallons could leak without a surface 
level decrease. 

D6.3.8 Tank B-201 

Tank B-201 began filling with 224 waste in 1952 and was actively cascading to a crib. In 1971 it 
was classified as "questionable integrity'' because of a slow unexplained liquid level decrease 
and increasing activity in drywell 20-00-01. A liquid level decrease in 1974 exceeded the 
allowable limit, and the remaining supemate was removed. This tank is one of24 tanks for 
which the leak volume estimate is based solely on liquid level calculations. The estimated leak 
volume for tank B-201 is 1,200 gallons. The tank was classified as an assumed leaker in 1980. 
This tank has no drywell or liquid observation well. Operating Limit Deviation Report 82-04 
was issued in 1982 when the liquid level dropped more than 1 inch. Subsequent photographs in 
1982 confirmed that a liquid level decrease had occurred. Photographs taken in 1986 show a 
higher surface level than the previous photographs. 

D6.3.9 Tank B-203 

Tank B-203 was filled with 224 waste in 1952. This tank is one of24 tanks for which the leak 
volume estimate is based solely on liquid level calculations. The estimated leak volume for 
tank B-203 is 300 gallons. Photographs taken between 1978 and 1981 indicate a slow surface 
level decrease. Operating Limit Deviation Report 82-08 was issued in 1982 because the surface 
level exceeded the decrease criterion. The tank was declared a confirmed leaker in 1983 based 
on recommendations made by a peer review team. This tank has no liquid observation wells or 
drywells. 

D6.3.10 Tank B-204 

Tank B-204 was filled with 224 waste in 1952. Environmental Protection Deviation report 
83-02 was issued in 1983 when evidence was found of a liquid level decrease while conducting a 
classification study. The tank was reclassified to assumed leaker in 1984, based on 
recommendations of a peer review team. This tank is one of 24 tanks for which the leak volume 
estimate is based solely on liquid level calculations. The estimated leak volume for tank B-204 
is 400 gallons. 
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Tanlc BX-101 was first filled with metal waste in 1948. It was classified as "questionable 
integrity" in 1972 based on unexplained activity in drywell 21-01-01. At least part of the 
extensive activity in this drywell is attributed to a leaking pump riser. In-tanlc photographs have 
confirmed surface level increases from intrusions. A leaking diversion box drain has been 
identified as the cause of the intrusions. The drain has been relocated. This tanlc received an 
inadvertent transfer of approximately 1,800 gallons of organic ion exchange resin in 1972. 

D6.4.2 Tank BX-102 

Tanlc BX-102 was first filled with metal waste in 1948. The tanlc was held static at 22 inches of 
waste between 1957 and 1962. Between 1962 and 1968 the tanlc was held static at maximum 
capacity, then returned to active service in 1969. Between 1959 and 1969 an increase in activity 
was observed in drywell 61. This was attributed to a 30,000-gallon to 90,000-gallon spill of 
first-cycle bismuth-phosphate waste in 1951 between tanlcs BX-102 and BX-103. There is some 
spectra gamma logging indication that in fact, this spill was metal waste instead of first-cycle 
waste. In 1969, readings in drywell 61 were trending downward until about the time the tanlc 
was returned to active service, at which time they increased sharply. In 1970 the tank was 
classified as "questionable integrity," pumped to a minimum heel of 22 inches and removed from 
service. Readings in drywell 61 have decreased steadily since that time. Nineteen additional 
drywells were drilled to determine the extent of the contamination. The pattern of contamination 
revealed by these drywells indicate that the tanlc's concrete shell failed near drywell 27 
(southeast tanlc quadrant, near the tanlc footing approximately 40 feet below grade) and that 
31,000 cubic feet of soil has been wetted by the leak. This estimated volume of contaminated 
soil and an assumed soil porosity of 30% yield the currently estimated leak volume of 
70,000 gallons. Liquid level measurements in the tanlc provide inconclusive evidence of a leak. 
It is believed that the tanlc failed by pitting corrosion at the 22-inch level, where the tanlc waste 
was held static for 5 years. 

The following figures are reproduced from an investigation and evaluation of the BX-102 tanlc 
leak conducted in 1971 (ARH-2035). Figure D.1 summarizes the tank BX-102 level inventory. 
Figure D.2 shows a plan view of the leak pattern from tanlc BX-102 as monitored by the 
drywells, and Figure D.3 shows a elevation view of the leak pattern monitored by the drywells. 
Based on an analysis of the drywell data the most probable cause of the BX-102 tank leak was: 
(1) the concrete shell of the tanlc was breached on its southeast edge near the tank footing, 
approximately 40 feet below grade and (2) the carbon steel liner failed approximately 2 feet from 
the tanlc bottom. It is believed pitting corrosion caused the liner failure. 



Figure D.1. Tank BX-102 Level Inventory 
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Figure D.2. Plan View of Leak Pattern from Tank BX-102 
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Figure D.3. Elevation View of Leak Pattern from Tank BX-102 
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D6.4.3 Tank BX-108 
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Tank BX-108 was filled with first-cycle waste in 1949. The tank was declared as an assumed 
leaker in the fourth quarter of 1973 based on a 0.9-inch level drop indication between March 
1973 and July 1973. The validity of these level drop data is questionable because of the 
developmental status of newly installed FIC gauges and problems with their calibration. 
An additional 0.9-inch level drop was reported between July 1973 and March 1974. This level 
drop forms the basis of the current 2,500 gallon leak volume estimate. Drywell 21-08-06 
showed increased activity in March 1974, and all residual supernate was removed by the third 
quarter of 1976 (Burton 1974). 

D6.4.4 Tank BX-110 

Tank BX-110 was filled with first-cycle waste in January 1950. By 1970 the integrity of the tank 
was questionable, based on increased activity in area drywells. 

D6.4.5 Tank BX-111 

Tank BX-111 was filled with first-cycle waste in 1950. The tank was categorized as 
questionable integrity in 1978 based on increased activity in area drywells. The tank classified 
as a re-leaker in 1993 based on an unexplained surface level decrease. 

D6.5 BY TANK FARM 

D6.5.1 Tank BY-103 

Tank BY-103 was filled with metal waste in 1951. The tank was classified as an assumed leaker 
in 1973 and was removed from service with an estimated leak volume of approximately 
5,000 gallons. The basis for removing the tank from service was an observed increase in activity 
in drywell 22-03-09. Liquid level data for this tank provide inconclusive evidence of a leak 
because of the number of intrusions of rainwater and snowmelt. 

D6.5.2 Tank BY-105 

Tank BY-105 was filled with metal waste in 1951. The tank was removed from service as an 
assumed leaker in 1974 based on increasing activity in area drywells. In 1966, 19 tons of 
Portland cement were added to this tank to test the cement's properties as an immobilization 
agent for liquid waste. Drywells are the only means of leak detection for this tank. 

D6.5.3 Tank BY-106 

Tank BY-106 began to receive first-cycle waste in 1953. The tank was removed from service as 
having questionable integrity in 1977, based on increasing activity in area drywells. Drywell 
22-05-05 has shown activity migrating from 31 feet in 1972 to 63 feet in 1983. Drywells are the 
primary means of leak detection for this tank. 



D6.5.4 Tank BY-107 
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Tank BY-107 was filled with first-cycle waste in 1951. The tank was classified as "questionable 
integrity'' in 1974, based on unexplained liquid level decreases. Increasing activity in area 
drywells has been attributed to movement of soil contamination from other sources. Intrusion 
prevention was completed in 1982, but subsequent in-tank photographs show more surface liquid 
than previous photographs. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank BY -107 is 15,100 gallons. 

D6.5.5 Tank BY-108 

Tank BY-108 was filled with first cycle waste from the tank BY-107 cascade between 1951 and 
1953. The tank was classified as an assumed leaker in 1972, with an estimated leak volume of 
approximately 5,000 gallons. Drywells 22-08-02 and 22-08-12 showed increased activity in 
1974. A 2,600-gallon intrusion of snow melt occurred in 1980. Drywells are the only means of 
leak detection available for this tank. 

D6.6 CTANKFARM 

D6.6.1 Tank C-101 

Tank C-101 was filled with metal waste in 1946. The tank was pumped to a minimum heel in 
1969, following an unexplained liquid level decrease. It was classified as "questionable 
integrity" in 1970. In 1970, several new drywells were found to be contaminated when first 
monitored. The tank was classified as a confirmed leaker in 1980 based on the recommendations 
of a review team evaluating the recategorization of nine questionable integrity tanks. Because of 
solids, drywells are now the only means of leak detection for this tank. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank C-101 is 20,000 gallons. 

D6.6.2 Tank C-110 

Tank C-110 was filled with first-cycle waste from 1964 to 1967. The tank was removed from 
service in 1976, following the discovery of unexplained activity in drywells 30-10-02 and 
30-10-09. The tank was declared an assumed leaker in 1984, with an estimated leak volume of 
2,000 gallons. 

D6.6.3 Tank C-111 

Tank C-111 received first-cycle waste beginning in August 1946. By November 1946, the tank 
was full and cascaded into tank C-112 until April 1947. The tank was classified as "questionable 
integrity" in 1968 on the basis of an unexplained liquid level decrease. The tank was removed 
from service in 1975. Drywell monitoring is now the only method for leak detection in this tank. 
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This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank C-111 is 5,500 gallons. 

D6.6.4 Tank C-201 

Tank C-201 was filled with metal waste in 1947. The tank was removed from service in 1976 
and classified as "not intended for reuse." The tank was_ classified as an assumed leaker in 1988 
with an estimated leak volume of 550 gallons. This tank does not have drywells or liquid 
observation wells. 

D6.6.5 Tank C-202 

Tank C-202 was filled with metal waste in 1947. It was removed from service in 1976 and 
classified as "not intended for reuse." The tank was declared an assumed leaker in 1988 with an 
estimated leak volume of 450 gallons. This tank does not have drywells or liquid observation 
wells. 

D6.6.6 Tank C-203 

Tank C-203 was filled with metal waste in 1947. The tank was removed from service in 1976 
and classified as "not intended for reuse." It was declared an assumed leaker in 1984 with a leak 
volume of 400 gallons. This tank does not have drywells or liquid observation wells. The tank 
was interim isolated in 1982. Since that time, surface level measurements have shown a 
decrease of approximately 3 inches. Because of this, EPDR 84-03 was issued in May 1984 and a 
peer review team was convened to determine the integrity of the tank. This peer review resulted 
in the tank being declared a confirmed leaker. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank C-203 is 400 gallons. 

D6.6.7 Tank C-204 

Tank C-204 was filled with metal waste in 1948. The tank was not intended for reuse by 1976 
and inactive by 1977. In 1988 the tank was classified as an assumed leaker with a leak volume 
of 350 gallons. This tank does not have drywells or liquid observation wells. 

D6.7 STANK FARM 

D6.7.1 Tank S-104 

Tank S-104 was filled with REDOX waste from 1953 to 1974. In 1968 the tank was classified 
as an assumed leaker of 24,000 gallons and removed from service. The leak volume is based on 
an unexplained liquid level decrease. Four drywells are the primary leak detection mechanisms 
now available for this tank. Tank S-104 does not have a liquid observation well and has a solid 
waste surface layer. This tank is one of 24 tanks for which the leak volume estimate is based 
solely on liquid level calculations. -- -



D6.8 SX TANK FARM 

D6.8.1 Tank SX-104 
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Tank SX-104 was removed from service and labeled inactive in 1980. It is classified as an 
assumed leaker. This tank is one of24 tanks for which the leak volume estimate is based solely 
on liquid level calculations. The estimated leak volume for tank SX-104 is 6,000 gallons. 

D6.8.2 Tank SX-107 

Tank SX-107 was removed from service and classified as an assumed leaker in 1964. 
The estimated leak volume is less than 5,000 gallons. 

D6.8.3 Tank SX-108 

The first indications of a possible leak in tank SX-108 were noted in December 1962 when a 
small increase in activity was recorded in two laterals. Additional monitoring detected no 
increased activity, so the tank was kept in service. Increased activity was again detected in the 
laterals in August 1964, followed by the detection of activity in drywell 41-08-11. No liquid 
level decrease was detected during this time, so the leak was judged to have become inactive. 
In 1965 the leak volume was estimated at 2,400 gallons, based on soil samples and activity levels 
in the drywells and laterals. In 1967 the tank was declared to be leaking based on increased 
activity in the laterals. The tank was subsequently taken out of service and the supemate 
pumped. Activity in the laterals has increased and stabilized since the 1965 leak volume 
estimate. It appears that the leak has continued and the underground plume has spread and 
moved south. Photographs taken in the tank since 1967 indicate that the leak volume may 
approach 33,000 gallons, but heat generation data suggest that enough heat was available to 
evaporate this volume. Thus the total leak volume for the operating history of this tank is set at 
the range of2,400 to 35,000 gallons (Neilsen 1992b). 

D6.8.4 Tank SX-109 

Tank SX-109 was first suspected of leaking in January 1965 when activity was detected in two 
laterals. By February 1965 the tank was declared a confirmed leaker. Significant increases in 
activity were identified in drywells in September 1972, and the tank was pumped to a minimum 
level. Additional leakage has occurred since the tank was pumped. By 1992 the activity in the 
drywells around the tank was stable or decreasing. Initial estimates of total leakage from the 
tank were 5,000 gallons and 56,000 (±15,000) gallons. By January 1992 the leak volume 
estimate had been revised to 10,000 gallons, based on an approximate comparison of the size of 
the contaminated area under this tank and that under tank SX-108 (Neilsen 1992a). 

D6.8.5 Tank SX-110 

Tank SX-110 was classified as "questionable integrity" and removed from service in 1976 
following an unexplained liquid level decrease (Occurrence Report 76-91). The tank now 

- -
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contains mostly solids, so the only available means of leak detection are drywell and lateral 
activity readings. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for this tank is 5,500 gallons. 

D6.8.6 Tank SX-111 

Tank SX-111 was classified as a confirmed leaker and removed from service in May 1974 on the 
basis of increased activity in center leak detection lateral 44-11-02 (Occurrence Reports 74-38 
and 75-05). Neither of the other two laterals nor the drywells have shown any increased activity. 
The estimated leak volume for this tank is 500 to 2,000 gallons. 

D6.8.7 Tank SX-112 

Tank SX-11 2 was classified as a confirmed leaker and removed from service in 1969. 
The estimated leak volume for this tank is 30,000 gallons. 

D6.8.8 Tank SX-113 

Tank SX-113 was classified as a confirmed leaker in 1962 and removed from service. In 1958 
the tank bottom bulged shortly after self concentrating waste was routed to the tank 
(Hanson 1962). Although the bulge receded several days later, the integrity of the tank was in 
doubt, and the boiling waste was pumped to another tank. The tank bottom bulged again after 
these wastes were removed. This bulge also receded over a period of several days. Although the 
tank bottom had bulged twice, the tank laterals and area drywells showed no increased activity. 
Moreover, no damage to the tank liner could be observed by internal periscopic examination. 
Since waste storage space was limited, it was decided to leak test this tank for potential re-use by 
adding liquid to the tank and attempting to observe a liquid level decrease. Leak testing of this 
tank was started on October 10, 1962 and terminated November 13, 1962, following a liquid 
level decrease and an increase in activity in the laterals under the tank. It was estimated that 
15,000 gallons of waste was lost during the leak test at a leak rate of approximately 55 gallons 
per hour. The remaining contents of tank SX-113 were transferred to tank SX-114 on November 
14 and 15, 1962. 

D6.8.9 Tank SX-114 

Tank SX-114 was classified as "questionable integrity" in 1972 and removed from service. 
The basis for the questionable integrity classification was unexplained activity in area drywells. 

D6.8.10 Tank SX-115 

In March 1965 a liquid level decrease over 1 week in tank SX-115 indicated that the tank had 
developed a leak. The level decrease of 18 inches indicated that about 51,000 gallons of waste 
and sodium nitrate solution had been lost. The tank was subsequently pumped, leaving 
approximately 8,000 gal of solids and interstitial liquid. Stress corrosion cracking of the liner by 
the alkaline solution is suspected to be the most probable cause of tank failure. 



D6.9 T TANK FARM 

D6.9.1 Tank T-101 
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Tank T-101 was declared an asswned leaker in 1992 based on a liquid level decrease of 
2.6 inches (Occurrence Report RL-WHC-TANKFARM-1992-0073). This level drop forms the 
basis for the estimated leak volume of7,500 gallons. Tank T-101 was interim stabilized in 
April 1993. Increased activity in drywells 50-01-04, 50-01-06, and 50-00-03 has been attributed 
to a leak through a spare fill line caused by the tank being overfilled in an attempt to utilize the 
cascade line to tank T-102. Activity in drywell 50-01-12 has been attributed to leakage of the 
cascade line to tank T-102. 

This tank is one of 24 tanks for which the leak volwne estimate is based solely on liquid level 
calculations. 

D6.9.2 Tank T-103 

Tank T-103 was classified as "questionable integrity" and removed from service in 1974 on the 
basis of a liquid level decrease in excess of0.3 inches between November 1973 and February 
1974. Increased activity in drywells 50-03-04, 50-03-05, and 50-03-06 has been attributed to 
this tank leak. The increased activity at the 20 foot level of drywell 50-03-04 has been attributed 
to past leakage form the spare fill line to tank T-103 resulting from overfilling the tank. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank T-103 is less than 1,000 gallons. 

D6.9.3 Tank T-106 

Tank T-106 recorded level decreases of over 41 inches over a period of 49 days between 
April 20, 1973 and June 8, 1973 for a total estimated leak volume of 115,000 gallons 
(Smith 1973). The tank was pwnped to minimum heel in June 1973 and further pumped down to 
a residual layer ofless than 6 inches by July 1974. All of the drywells adjacent to this tank show 
significant levels of activity. This leak event received significant analysis and investigation at 
the time. The majority of this analysis is included directly or via reference in Smith (1973). 

The Figure D.4 is reproduced from an investigation and evaluation of the tank T-106 leak 
conducted in 1973 (ARH-2874). The figure shows both a plan view and elevation view of the 
tank T-106 leak pattern as monitored by the drywells. The intent of ARH-2874 was to determine 
whether the leak would be retained by the sediments surrounding the tank and did not provide 
specific information on the cause of a tank leak. However, based on a review of the drywell data 
the failure location appears similar to that of tank BX-102. 
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Figure D.4. Tank T-106 Leak Pattern 
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D6.9.4 Tank T-107 
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Tank T-107 was classified as "questionable integrity" in April 1976 and removed from service. 
The basis for this classification was increasing activity in area drywells. Drywell 50-07-07 
shows a peak activity at 42 feet, which has been slowly declining since first monitored in 1974. 
Drywell 50-07-03 showed a peak at 43 feet when first monitored in 1975. This peak has been 
declining since September 1977. 

D6.9.5 Tank T-108 

Tank T-108 was classified as an assumed leaker and removed from service in 1974. The basis 
for this classification was an unexplained level decrease of more than 0.3 inches. Drywells in the 
area show activity, but the source of the activity has not been confirmed. A 1979 reevaluation of 
activity in drywell 50-08-07 concluded the activity in this drywell was migrating from the 
direction of tank T-106. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank T-108 is less than 1,000 gallons. 

D6.9.6 Tank T-109 

Tank T-109 was classified as an assumed leaker and removed from service in 1974. The basis 
for this classification was increased activity in drywell 50-09-10 starting at the 39-foot depth. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank T-109 is less than 1,000 gallons. 

D6.9.7 Tank T-111 

Tank T-111 was classified as an assumed leaker and removed from service in 1974. The basis 
for this classification is an unexplained liquid level decrease of more than 0.3 inches. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank T-110 is less than 1,000 gallons. 

D6.10 TXTANKFARM 

D6.10.1 Tank TX-105 

Tank TX-105 was removed from service in 1976 and classified as an assumed leaker in 1977. 
The basis for this classification was activity in 5 of the 6 drywells associated with this tank. 

D6.10.2 Tank TX-107 

Tank TX-107 was classified as "inactive" and "questionable integrity'' in 1977 and confirmed 
leaker in 1984. Four drywells were drilled in 1977 to determine the source of new activity in 
drywell 51-03-12 at the 51 foot level. Occurrence Report 77-103 concluded that increased 



RPP-10435 
Rev. 0 

Page D-31 

activity in drywell 51-07-08 may have come from tank TX-I 07. Increasing activity in drywell 
51-07-07 prompted Occurrence Report 83-22. A peer review team study reclassified the tank 
from questionable integrity to confirmed leaker in May 1984. The estimated leak volume for this 
tank is 2,500 gallons. 

D6.10.3 Tank TX-110 

Tank TX-110 was classified as "questionable integrity" in 1974. In March 1974 there was a 
liquid level decrease of greater than 0.5 inches and the tank was removed from service. 
An intensive 19-day study of liquid level, drywell monitoring, and psychrometric analyses 
provided no further explanation of the level decrease. In June 1997 new activity was observed in 
drywell 51-10-01 at 55 feet. Drywell 51-10-13 was drilled in an attempt to better characterize 
the source of the new activity (Occurrence Report 79-31 ). Other liquid level decreases in 1979 
(Occurrence Report 70-31) and 1980 (Operating Limit Deviation Report 80-13) were attributed 
to measurement interference from solids. 

D6.10.4 Tank TX-113 

Tank TX-113 was classified as "questionable integrity'' in 1974 (Occurrence Report 74-129) and 
removed from service in 1976. The basis for this classification was unexplained increased 
activity in area drywells. 

D6.10.5 Tank TX-114 

Tank TX-114 was classified as "questionable integrity'' in 1974 (Occurrence Report 74-129) and 
removed from service in 197 5. The basis for this classification was unexplained increased 
activity in area drywells. All drywells associated with this tank have activity at the 43 foot level, 
with well 51-14-04 showing an extensive profile change below the 48 foot level in 1977 and 
1978. 

D6.10.6 Tank TX-115 

Tank TX-115 was classified as a dormant leaker in 1972 and "questionable integrity'' in 1984. 
The basis for the dormant leaker classification was increased activity in area drywells 
(Occurrence Report 76-47). The tank was classified as "removed from service" in 1974 and later 
reclassified as "active" in 1976. 

D6.10. 7 Tank TX-116 

Tank TX-116 was classified as "questionable integrity'' in 1976. In 1972, 95 tons of 
diatomaceous earth were added in an attempt to stabilize the tank. More than 100,000 gallons of 
liquid were salt well pumped before the tank was classified as interim stabilized. 

D6.10.8 Tank TX-117 

Tank TX-117 was classified as "questionable integrity'' in 1977. The tank was removed from 
service in 1969. In 1971 an unsuccessful attempt to stabilize the tank was made by adding 
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41 tons of diatomaceous earth. Photographs taken inside the tank in 1969 show a radial crack in 
the tank ' s concrete dome. 

D6.11 TYTANKFARM 

D6.11.1 Tank TY-101 

Tank TY-101 was declared an assumed leaker and removed from service in 1973. The basis of 
this classification was an unexplained liquid level decrease of greater than 0.3 inches. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank TY-101 is less than 1,000 gallons. 

D6.11.2 Tank TY-103 

Tank TY-103 was classified as a confirmed leaker in 1973 and inactive in 1976. Drywells 
52-03-06 and 52-03-03 had shown activity increase, indicating leakage from either tank TY-I 03 
or tank TY-105. An Operating Limit Deviation Report (82-09) was issued in 1982 because of an 
unexplained liquid level decrease. The estimated leak volume for this tank is 3,000 gallons. 

D6.11.3 Tank TY-104 

Tank TY-104 was classified as "questionable integrity" and removed from service in 197 4 
following an unexplained liquid level decrease of more than 0.3 inches. It was reclassified as a 
confirmed leaker in 1981 based on recommendations made by a review team on the 
reclassification of 5 questionable integrity tanks. 

This tank is 1 of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank TY-104 is 1,400 gallons. 

D6.11.4 Tank TY-105 

Tank TY-I 05 was classified as a confirmed leaker in 1959 and removed from service in 1960. 
Both drywells associated with this tank show activity. The estimated leak volume for this tank is 
35,000 gallons. 

D6.11.5 Tank TY-106 

Tank TY-106 was classified as a confirmed leaker and removed from service in 1959. 
In February 1972, 27 tons of diatomaceous earth were added in an attempt to stabilize the tank. 
Four of the five drywells associated with this tank have shown activity. The estimated leak 
volume for this tank is 20,000 gallons. 
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D6.12.1 Tank U-101 
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Tank U-101 was classified as a confirmed leaker and removed from service in 1959. From 1969 
to 1972 the tank received a variety of solid wastes, including 6 casks of experimental fuel 
elements, shroud tubes, and ceramic samarium balls from May 1969 to June 1971. 
The estimated leak volume for this tank is 30,000 gallons. 

D6.12.2 Tank U-104 

Tank U-104 was classified as a confirmed leaker and removed from service in 1961 . It was 
interim stabilized by the addition of diatomaceous earth. A ruptured tank bottom was detected in 
1956 when the installation of a heel jet could not be accomplished (Roberts 1961). Occurrence 
Report 78-09 was written in 1978 because of increasing activity in drywell 60-04-08. 
The estimated leak volume for this tank is 55,000 gallons. 

D6.12.3 Tank U-110 

Tank U-110 was classified as a confirmed leaker and pumped to a minimum heel in 1975. 
The basis for this action was increasing activity in drywell 60-10-07 that could not be explained 
by anything other than a tank leak. Waste transfers masked liquid level decreases that had been 
slowly accumulating over 14 months. The accumulated level drop over this period was 
approximately 3 inches, which provides the basis for the estimated leak volume of 8, I 00 gallons. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. 

D6.12.4 Tank U-112 

Tank U-112 was classified as "questionable integrity" and removed from service in 1970. 
The basis for this action was an unexplained liquid level decrease. Moreover, large activity 
peaks were discovered in drywell 60-12-01 when it was drilled in 1974. In 1980 the tank was 
reclassified as a confirmed leaker based on the recommendations of a review team evaluating the 
reclassification of 9 questionable integrity tanks. 

This tank is one of 24 tanks for which the leak volume estimate is based solely on liquid level 
calculations. The estimated leak volume for tank U-112 is 8,500 gallons. 
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