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"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 upon 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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241-AY DOUBLE-SHELL TANKS 

INTEGRITY ASSESSMENT REPORT 

1.0 INTRODUCTION 

The 241-AY Tank Farm consists of two double-shell tanks (DSTs) and is located in the 200 East 
Area of the Hanford Site (see Figure 1). These underground tanks were built under Project IAP- 
614 in 1968 to 1970 as storage for aging waste and were the first DSTs at Hanford. These two 
tanks have received various wastes beginning in 1971 and aging waste during 1976 through 
1978. They now receive condensate from other aging waste tanks and AY-102 is receiving high 
heat waste from Tank C-106. 

Lockheed Martin Hanford Corporation (LMHC) manages this facility for the U. S. Department 
of Energy, Richland Operations Office (DOE-RL). Chapter 173-303-640(2) of the Washington 
State Department of Ecology ( W O E )  Dangerous Waste Regulations, Washington 
Administrative Code (WAC 1998) requires the performance of an in tes ty  assessment for each 
existing tank system scheduled to store or treat dangerous waste. The Double-Shell Tank System 
Integrity Program Plan (DOE 1997) provides guidelines for the assessment activities. 

The integrity assessment has two main parts; the design evaluation that addresses the adequacy 
of the design standards and corrosion protection measures, and the integrity assessment 
examination part that shows the tank is not leaking and is in acceptable condition for further use. 

2.0 PURPOSE 

The purpose of this integrity assessment is to determine if the AY tanks were adequately 
designed with sufficient structural strength and compatibility with the stored waste and have 
been adequately maintained so that they will not collapse, rupture, or fail during the facility's 
use. 

The following shall be considered: 

Design Standards- identify and evaluate the standards and requirements to which the tank 
system was designed, constructed, and maintained. 

Waste Characteristics- identify the waste (past and projected) and evaluate the 
compatibility of the tank components with the waste. 

Corrosion Protection- identify the material and evaluate the design and operational 
practices for corrosion protection. 
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Tank System Age- document, estimate, or otherwise determine the age of the system. 

Integrity Examination- identify the existing condition of each component material based on 
leak testing, visual, and/or ultrasonic examinations. 

3.0 SCOPE 

The scope of this assessment includes the primary steel tank and the secondary steel-lined 
concrete enclosure tank for both AY-101 and AY-102 DSTs. The integrity assessment of the 
piping system, encasement, and pits was reported in Double-Shell Tank Waste Transfer 
Piping/Pit System Integrity Assessment Report (Hundal 1997). 

4.0 DESCRIPTION 

The AY Tank Farm was to have been an extension of the existing AX Tank Farm utilizing the 
same single-shell design (Hatch 1967a). The AX tank design, however, was not used for the AY 
tanks, and instead a "tank-in-tank" (double-shell) concept was adopted (Hatch 1967a). A 
description of the studies leading to the double-shell design is included in Hatch (Hatch 1967b). 

A schematic of the DST is shown in Figure 2. The primary inner tank that contains the waste is 
75 ft. in diameter and 46 ft. 9 in. tall. It is a fully-enclosed tank, fabricated from carbon steel 
plates, and is stress-relieved following welding. The secondary concrete tank is five feet larger 
in diameter than the primary tank, thus creating a 2.5-ft. annulus between the two tanks. The 
foundation and vertical walls of the concrete tank are lined with carbon steel (also welded plate), 
which becomes the containment barrier if the primary tank should leak. The concrete tank has 
an elliptical dome, which is lined by the top portion of the primary steel tank. The total concrete 
enclosure provides the structural support necessary to resist the soil loading and the annulus that 
is fully lined with steel is a leak detection chamber. Specific design details will be discussed 
later in this report. The two AY DSTs were designed and constructed to be essentially identical 
in every respect. 

4.1 DESIGN STANDARDS 

The following paragraphs provide the design requirements and other factors used in assessing the 
integrity of the AY DST system. The design standards requirements for the 241-AY DSTs are 
contained in three specifications and nine drawings issued to Project IAP-614 (Project-614 1968) 
and in the design criteria document (Hatch 1967a). 

The 241-AY storage tanks were designed, fabricated, and inspected in accordance with the two 
national codes listed below. 
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American Society of Mechanical Engineers Boiler and Pressure Vessel Code, 
Section VIII, Division 2. [Referred to as the ASME Code] (ASME 1965). 

Building Code Requirements for Reinforced Concrete, ACI 31 8-63 
[Referred to as the ACI Building Code] (ACI 1963). 

The primary steel tank was designed for an internal vapor pressure of 60 in. of water and a 
vacuum pressure of 6 in. of water. The maximum design temperature for the tank contents was 
350°F (for the solids). The design basis specific gravity of the waste contents was 1.8, the 
viscosity ofthe liquid was 0.5-1.0 cP, and the pH was 8-10. 

The concrete enclosure tank was designed for live loads consisting of a uniformly distributed 
surface load of 40 Ib€'ft2 and a 100,000-lbf (50-ton) concentrated surface load. Dead loads 
included 8 ft. of earth cover (120 lbf7ft3) and the concrete tank components (150 IbUft3). The 
design of the concrete tank structure for the AY tanks was based on that for the AX single-shell 
tanks, but with important design improvements suggested by studies conducted at the Illinois 
Institute of Technology (IIT) (Hatch 1967a). The IIT work incorporated onsite measurements 
and sampling in order to model thermal and soil loading of the concrete shell. The analysis 
method used separate non-linear axisyrnmetric loading (Milbradt 1972,.1973). 

The design documentation does not specify an expected service life for the 241-AY tank system 
or design criteria for the secondary steel liner. The liner functions as a leakage banier. 

The AY design was analyzed for loading from the 0.12g Operating Basis Earthquake for 
Hanford (TID 7024 1963) by K. P. Milbradt of IIT using the dynamic-elastic method (Shaw 
1970). An independent analysis of the same type was conducted during a third-party review of 
the AY design and concluded that the primary steel tank was adequate to resist the 0.25g 
horizontal ground motion Design Basis Earthquake for Hanford (Holmes & Narver 1968). 

4.1.1 Primary Tank and Secondary Steel Liner 

Both the primary tank and secondary liner were fabricated from welded ASTM A5 15, Grade 60 
carbon steel plates (ASTM 1965). The plate thickness for the primary tank vertical wall ranges 
from 7/8 -in. for the lower knuckle to 318 -in. at the upper tangent line. The plate thickness for 
the dome is 3/8 -in. (except for a 1/2-in. thick center portion) and for the tank floor !4 in. (except 
for a I-in. thick center portion). The plate thickness for the entire secondary steel liner is !4 in. 
except for the haunch, which is 318 in. These values represent the minimum plate thickness. 

Every weld is full penetration. When plates of different thickness were welded together, the 
inside surface of the tank remained flush except for the base where the outside surface remained 
flush and the thicker plate had a 4-to-1 taper at fit-up. This occurred at four elevations and two 
base locations for the primary tank and at a single elevation for the secondary liner. Extensive 
examinations were required for the welds, including radiography, magnetic particle, dye 
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penetrant, visual, and leak testing. The materials, welding processes, and specific examination 
requirements that were specified for these tanks are listed in Appendix A. 

4.1.2 Reinforced Concrete Tank Structure 

The concrete tank has an 18-in. thick vertical wall, a 15-in. thick elliptical dome, and a 
foundation thickness varying from 10.5 to 23.5 in.. The haunch region, however, ranges up to 
about 47 in. in thickness. The size and placement of the additional steel reinforcement in the 
haunch region was part of the IIT program (Milbradt 1967, 1968). There are approximately 140 
dome penetrations (carbon steel pipe) ranging in diameter from 2 in. to 42 in. The foundation 
extends outward 33 in. beyond the concrete tank wall. The foundation has an array of drain slots 
to prevent water (or, waste) entrapment beneath the bottom of the secondary steel tank. These 
drain slots connect to the leak detection system. The foundation was protected from high 
temperatures during the stress relief of the primary steel tank by an 8-in. thick pad of insulating 
concrete. 

4.1.3 Construction 

Pittsburgh Des Moines Steel Company was the fabricator for the steel tanks and liners. Their 
drawings, specifications, procedures, qualifications, etc. satisfactorily implemented the design 
standards in place. The “deviations from drawing requirements” were resolved to the 
satisfaction of the Title I11 Inspector who represented the U. S. Department of Energy and the 
cognizant design representative(s) at Hanford. Copies of the Title 111 Inspector’s verification 
check sheets for the fabrication of both primary tanks are included in Appendix A. 

A single excavation was prepared for both AY DST facilities with an access road left for the 
contractors. After the reinforced concrete foundation slab was completed, the base portions of 
the secondary liner, insulating concrete pad, and primary tank bottom were fabricated and 
inspected in that order. The primary tank was then fabricated complete, stress-relieved, and 
hydrotested. The secondary steel liner was then fabricated as a tank ending where it meets the 
dome of the primary tank. The reinforcing steel for the concrete tank was welded in place and 
the steel tanks braced to support the poured concrete. The concrete tank wall and dome were 
sequentially poured using the exposed portions of the steel tanks as a form. Special precautions 
were taken to avoid any reintroduction of high stresses in the primary tank during fabrication 
steps subsequent to the stress relief. Both AY-IO1 and AY-102 primary steel tanks were 
successfully hydrotested by filling them to a depth of 39 feet and holding for 24 hours. The 
nominal operating level is 30 ft. A more detailed fabrication sequence is included in Appendix 
A. Portions of the tanks were completed as subassemblies at the fabricator’s shop and then 
transported to the site. 

The insulating concrete pad (Kaolite 2200-LI’ castable refractory) for both AY tanks deteriorated 
at the outer perimeter during the stress relief heat treatment (Lien 1969). Following extensive 

Registered trade name of Babcock & Wilcox Co. 
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testing and analysis (Caudill 1970), an outer ring of Kaolite was removed and replaced with 
reinforced concrete (Drawing H-2-35299). The newly placed concrete extends inward a 
minimum of 9 in. beyond the tangent point of the primary tank knuckle and provides full support 
of the knuckle. During its removal, the portion of the refractory located inward from the knuckle 
tangent point was found to be sound. This modification was reviewed by a “hazard review task 
force,” which concluded the modified slab to be “adequate and necessary for the safe operation 
of the 241-AY Tank Farm Facility” (Matheison 1970). 

The specified stress-relief annealing treatment required holding the entire primary tank at a 
soaking temperature of 1150’F +50°F for one hour. The actual stress relief cycles were 1,080°F 
for 3.3 hours (AY-101) and 1,020’F for 4.2 hours (AY-102). The applicable part of the ASME 
Code states that the following combinations of temperature and holding time provide acceptable 
stress relieving. 

Minimum Temperature Time Per Inch Thickness 
1,100“F One hour 
1,050”F Two hours 
l,OOO°F Three hours 

Earlier nitrate-cracking testing had qualified the minimum specified stress relief treatment (1 
hour/l,lOO°F). Additional tests were then run to demonstrate the adequacy of the lower- 
temperature cycles. All of these tests are summarized in Moore (Moore 1970). A copy of this 
letter is included in Appendix A. 

4.2 WASTE CHARACTERISTICS AND COMPATIBILITY 

The design operating specifications for the AY tanks (Project-614 1968) include: 

- Temperature 
Vapor, above 30 ft 200-220 OF 
Liquid, 4 to 30 ft 

. Specific Gravity 

210-260 OF 
Sludge, 0 to 4 ft 280-350 O F  

Liquid 1.0-1.6 
Sludge 1.6-2.5 

’ PH 8-10 

Based on Kirch’s work, the operations have to meet the corrosion specifications (Kirch 1984), 
which restrict the pH to approximately 12 or higher @H 12 is about 0.01 M NaOH). The 
corrosion specifications are based on testing at temperatures up to 356’F (180°C). Though 
higher than originally stated in the design, it is safer considering the presence of nitrate in the 
waste. 

Though both the tanks first received aging waste in 1976 (Brevick 1995), each of the tanks has 
had a slightly different waste history. Waste descriptions, past and future, are described below 
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by tank in Table 1. Based on forecasts by Kirkbride et a1 (Kirkbride 1999), the AY tanks are 
proposed to be source tanks for the vitrification process beginning around 2007 to 2020. 

Table 1 Tank Composition History and Forecast 

Projected Future Waste r 
Safety Considerations 

Waste Compatibility 
Criticality 

AY-102 
Past Waste Descriptions 

Projected Future Waste 

Safety Considerations 
Corrosion 
Flammability 
Waste Compatibility 
Criticality 

The initial waste into AY-IO1 in 1971 was B-Plant high-level waste. This continued 
until 1976 when aging waste was introduced. Active B-Plant cesium feed waste was 
introduced in 1978. Beginning in 1980, it received complexant concentrate waste and 
then complexed waste from 1981 to 1990. Since 1990, the tank has contained dilute 
complexed waste. It is currently considered an inactive aging waste tank, a dilute 
receiver tank receiving condensate from other aging waste tanks. 

It contains less than 3 wt. %organics and complexants 

The temperatures over the last four years, through May 1999, from Personal Computer 
Surveillance Analysis Computer System (PCSACS), have averaged about 90 "F with a 
maximum of about 125 OF. 

According to Strode and Boyles (Strode 1998). AY-101 is to be emptied of everything 
but some solids and then serve as a receiver for neutralized current acid waste (NCAWI 
and then, later, single-shell tank wastes. 

Based on the work of Hu (Hu 1997) and Divine et al (Divine 1985). corrosion is not a 
significant consideration although the hydroxide concentration is presently low. Hu 
also notes that insufficient hydrogen is generated to be of concern even if ventilation 
ceases. The current waste is compatible with the tank material and, based on Strode 
(Strode 1998). new wastes will be similar to what have been in the tank. Blaak (Blaak 
1997) states that, except for corrosion, the tank is in compliance on all counts. 

AY-102 began service in 1971 with the receipt of water and was considered a spare 
tank. It then received evaporator waste from 1976 to 1977. Not until 1977 did it 
receive aging waste. From 1978 to 1980, it received double-shell slurry feed waste and 
B-Plant waste from 1980 to 1992. It is an inactive aging waste tank that receives 
condensate from other aging waste tanks. 

It contains less than 0.5-Wf. % organic material 

The temperatures over the last four years, through May 1999, from PCSACS, have 
averaged about 75 OF with a maximum of about 95 OF. 

According to Strode and Boyles (Strode 1998), AY-102 serves as a receiver for C-I06 
and later, C-104 waste. 

Based on the work of Hu (Hu 1997). Anantutmula et al., (Anuntuhnula et al., 1994), 
and Divine et al (Divine 1985), corrosion is not a significant consideration unless 
additional nitrate is added without a compensating amount of hydroxide and nitrite. Hu 
also notes that sufficient hydrogen is generated from radiolysis to be of concern if 
ventilation ceases for about six months. The current waste is compatible with the tank 
material and, based on Strode (Strode 1998), new wastes will be similar to what have 
been in the tank. Blaak (Blaak 1997) states that the tank is in compliance on all counts. 
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NO3- 
mol/L 

AY-IO1 b’c 0.41 
AY-102 d3 f 2 g  0.008 

In addition to the observed compliance with the safety considerations, including corrosion, a 
more detailed corrosion evaluation follows. The average anion data shown in Table 2, the 
chemical species critical to compatibility of the waste with the tanks, has been taken from the 
Hanford files and abstracted from the noted documents. Tank AY-IO1 is not in compliance with 
the corrosion specifications (Kirch 1984) based on hydroxide requirements as can be seen in 
Table 1; Tank AY-102 is in compliance. These data have been evaluated using the relationships 
developed by Divine et al (Divine 1985) and corrosion is not considered to be a concern in 
AY-IO1 because of the high nitrite concentration (Anantutmula et al., 1994). Both tanks are in 
compliance with flammability, waste compatibility, and criticality requirements. 

NO; OH- POL’ Sod= A102- T 
mol/L m o m  mol/L mol/L mol/L O F  
0.78 0.003 0.01 0.06 0 94,247 
0.028 0.055 0.005 0.003 0 77,123 

4.3 CORROSION PROTECTION 

The corrosion protection is provided by design (selection of materials) (Project-614 1968) and 
administrative controls (Kirch 1984). These protective features are discussed in the following 
paragraphs. 

4.3.1 Corrosion Degradation Considerations 

Several corrosion or degradation mechanisms to be considered are listed below: 

General (uniform) corrosion 
Pitting and crevice corrosion 
Stress-corrosion cracking 
Microbiologically-influenced corrosion 
Atmospheric corrosion 
Concentration cell and waterline corrosion 
Fatigue 
Erosion and erosion corrosion 
Wear 
Hydrogen embrittlemenUHydrogen-induced cracking 
Thermal embrittlement 
Radiation embrittlement 
Creep and stress relaxation 
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. Radiation-enhanced corrosion 

Of these, only the first five are of concern. The remaining nine mechanisms would, if applicable, 
mainly affect the primary tank. They are briefly described and then readily eliminated. 

Concentration cell and waterline corrosion has been considered a possible problem. 
However, Zapp (Zapp 1992) has noted that unless the pH of the bulk waste is less than 9.5, 
there is no significant effect. Escalante (Escalante 1992) observed in his work that the 
waterline or meniscus region tends to be cathodically protected by the bulk waste. 
Anantutmula and Danielson (Anantutmula and Danielson 1996), also observed that the waste 
below protected the waterline region in the majority of their laboratory experiments. Anodic 
behavior of the meniscus region was only observed when there was no nitrite in the solution, 
which will be an unlikely condition to be found in a Hanford waste tank, 

Fatigue is typically a concern only when the number of operating cycles exceeds about 
1,000. According to the design documents (Project-614 1968), the expected number of 
operating cycles, during the entire life, is less than 1,000. Further, Schwenk and Scott 
(Schwenk 1996) have shown that the combination of system chemistry and the less severe 
operational cycling make fatigue corrosion insignificant, 

Erosion and erosion corrosion were discussed by Smith and Efmore (Smith 1992). They 
observed little effect even when high-velocity pumps were used to mix the waste. In normal 
operation, the flows are too slow to be of concern. 

Wear is the degradation of the metal surface by motion against another surface. If the two 
surfaces are of the same composition, the wear is usually called fretting. There are two main 
locations where wear might occur: a) the lower surface of the bottom of the primary tank 
where it is in contact with the insulating concrete, and b) the region where the primary tank 
and secondary liner meet at the top. The driving force for the motion is thermal expansion. 
As with fatigue, the number of temperature cycles is small so the amount of movement will 
be minimal. Though damage is visible after one cycle, it is not severe on iron even at 
300,000 cycles (Davis 1987). Similar wear effects on the secondary liner are ignored 
because of the lower temperature differentials. 

Hydrogen embrittlement and hydrogen-induced cracking have not been observed in 
metals with strengths less than about 75 ksi (Davis 1987). 

Thermal embrittlement also does not occur at temperatures at or below the design 
temperature; there is essentially no diffusion of carbon in the metal (F3ardes 1987). 

Radiation embrittlement, induced,by high neutron fluxes, is not of concern in the tanks, 
because, unlike nuclear power plants, the waste generates essentially no neutrons. 

Creep and stress relaxation are high temperature (e.g., greater than about 5OOOF) 
phenomena. Again, according to the design document (Project-614 1968), the design 
temperature is only 350'F. For A5 15 steel, there is little creep at temperatures up to the 
design value (Bardes 1987). 
Radiation-enhanced corrosion has been observed in neutral pH systems when the gamma 
dose rate exceeds lo3 R/h (Davis 1987). Similar results were found by providing hydrogen 
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peroxide. Because of the high alkalinity of the waste and the presence of the nitrite, no 
.significant radiation effect is expected in the DSTs. 

The remaining five topics, which are of potential concern, can affect the primary tank, liner, and 
in some cases, the concrete. 

. General (uniform) corrosion in the liquid waste is a function of the waste composition. 
When the waste composition is maintained within the corrosion specifications (Kirch 1984), 
the corrosion rate is expected to be less than about 0.0005 in. per year (Divine 1985). 

In general, the corrosion of the exterior of the annulus will be small because it is in contact 
with concrete. Local exceptions may occur if rainwater has penetrated between the concrete 
and the steel and reduced the pH. Corrosion of steel in Hanford soil tends to be 
approximately 0.006-0.008 in. per year (Jaske 1955, Anantutmula and Divine 1995) with 
some pitting. 

Pitting and crevice corrosion are not expected to occur in the tanks that are maintained 
within the corrosion specifications (Kirch 1984). However, in dilute simulated wastes, 
severe localized corrosion was observed (Divine 1985). These values are excluded by the 
corrosion specifications. 

It is uncertain the degree to which damage may have occurred during construction. At the 
Savannah River Site, pitting on the floor of the primary tank was observed during the wet 
lay-up as described below under microbiologically influenced corrosion (Ondrejcin 198 1). 

Stress-corrosion cracking of carbon steel waste tanks has been observed. Tank 16, a 
Savannah River Site Type I1 tank (the secondary tank is a 5-A. high "pan"), went into service 
in May 1959. By November 15, 1959, crystallized waste was observed in an annulus 
inspection to be protruding from the exterior surface of the primary (Poe 1974). The cause 
was attributed to nitrate-induced cracking. 

The general corrosion literature notes that caustic cracking can occur if the steel is stressed 
and the temperature exceeds 140°F (Davis 1987). In his work, Divine (Divine 1985) noted 
that caustic cracking of U-bends occurred at 140'F in concentrated caustic solutions or in 
dilute environments. In both cases, the dangerous concentrations are outside the limits given 
by the corrosion specifications (Kirch 1984). 

Because of its low operating temperature, the secondary liner should be immune to caustic 
cracking even in contact with the concrete. If the primary tank fails, the secondary liner will 
be susceptible to nitrate cracking. 

Microbiologically influenced corrosion usually occurs in neutral pH water but can occur 
under extremes of pH and temperature. The most likely scenario is for microbiologically 
influenced corrosion to initiate during the hydrotest period. It is estimated that about four 
days would be required to fill the tank, a minimum of one day to do the test, and another four 
days to empty the tank. A small heel of water remained and plywood was put down to 
protect the tank. During the test period and the wet lay-up time, microbiologically influenced 
corrosion could have started. It is unknown whether the temperatures, radiation, or tank 

. 
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chemistry would sterilize the system. However, after 28 years of service, it is unlikely that 
serious pitting occurred or has continued. 

Atmospheric corrosion will be prevalent in all locations and is expected to be more severe 
inside the tanks. At the West Valley Nuclear site in New York, corrosion in the liquid, waste 
similar to that at Hanford, amounted to less than 0.001 in. per year (< 0.025 mmiy), a value 
comparable to that at Hanford (Chang 1998). In the vapor space above the waste, however, 
the corrosion rate was approximately 0.004 in. per year. 

The basic atmospheric corrosion rate in the annulus is expected to be low because the relative 
humidity is low at Hanford. Typical corrosion rates based on engineering experience are 
estimated at about 0.0003 in. per year. Due to the radiation field in the annulus, formation of 
nitric acid from humid air is feasible. However, based on an average humidity of about 55% 
over the year (Hoitink 1998) and the average radiation field in the annulus (Hu 1997), the 
estimated annular atmospheric corrosion rate is negligible. 

. 

4.3.2 Corrective measures 

Only one intentional corrective measure for corrosion control is specified for out-of-specification 
tanks (Mulkey 1998) - to adjust the chemistry to within specified values. 

4.4 TANKAGE 

The 241-AY Tank Farm began operation in mid-1971 (Brevick 1995). The tanks are 
approximately 28 years old (as of 1999). 

4.5 INTEGRITY EXAMINATIONS 

This section presents reviews and tank examinations that were carried out in order to assess 
the material soundness and to determine if either tank was leaking or unfit for use. These 
reviews and examinations include the review of DST leak detection procedures and records, the 
results of visual examinations conducted on each DST, and the ultrasonic (UT) examination 
program for the DSTs and the results from the tanks examined. 

4.5.1 Leak Test 

The primary tanks were leak tested after the post-weld heat treatment. The leak test, and/or 
hydrostatic test, was performed by filling the tank with water to a height of 39 ft. and inspecting 
all accessible joints after 24 hours. The joints were coated with chalk prior to filling the tank to 
make leaks easier to detect. No leaks were noted in the construction files. 
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Detection systems for liquid leaks and airborne radiation level have been in place since the first 
DSTs began operation. 

The principal leak detection method is the daily monitoring of fixed-height and variable- 
height conductivity probes that detect the presence of liquid. The probes are at a fixed height of 
1/8 inch for the AY DSTs, which would detect a leak of less than 100 gallons from a primary 
tank assuming none of the leakage was absorbed by the insulating concrete. The probes are 
function-tested at least every six months and the test results recorded per tank farms operations 
procedure (FDH 1999). 

The probes are monitored continuously via alam tank farms operation procedure (FDH 1998). 
No leaks have been detected. 

Continuous air monitoring is a supplementary leak detection system. Outlet filters in the annulus 
air handling system are monitored for radioactive contamination. A potential leak condition is 
reported when the detection equipment reports twice the background level. 

4.5.2 Visual Examination 

The visual examinations of 241-AY-101 and 241-AY-102 were completed on June 1 and May 
28, 1992, respectively. These were closed circuit television (CCTV) examinations of two 
selected areas of the annuli of the tanks and were designed to detect visible cracks, potential leak 
sites, and other physical impairments. The objectives, procedures, observations, and conclusions 
are described in the visual examination report (Harris 1993). Permanent records include 
videotapes and color photographs in addition to the written assessments. The acceptance testing 
and detailed description of the equipment and activities are contained in the acceptance test 
report (Sumsion 1992). 

Approximately 18 percent of the primary shell surface and 30 percent of the secondary liner 
surface were examined in each tank. The two viewed areas of the annulus are on opposite sides 
of the tank and are about equal. 

“This visual examination found no indications of primary shell leakage. Further, this 
examination did not detect evidence of visible cracks, potential leak sites, or other physical 
impairments to the tank shells” (Hams 1993). 

4.5.3 Ultrasonic Examination of Six Representative Tanks 

In May 1996, the Tank Waste Remediation System (TWRS) Decision Board recommended and 
DOE-RL agreed that the condition of the DSTs should be determined by UT examination of a 
limited area in six of the 28 DSTs. The Washington State Department of Ecology (WDOE) has 
agreed with the strategy of limited UT examination of six DSTs (DOE 1997). Data collected 
during the UT examinations will be used to assess the condition of all 28 tanks. 
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The UT examinations of the six DSTs were completed between November 1996 and June 1999. 
These are listed below. 

Tank Completion Date 
AW-103 Nov. 24, 1996 (Leshikar 1997) 
AN-I07 April 9,1998 (Jensen 1999a) 
AZ-101 May28, 1999 (Jensen 1999e) 
AY-102 June 4, 1999 (Jensen 1999d) 
AN-I05 June 15,1999 (Jensen 1999b) 
AN-I06 June 22,1999 (Jensen 1999c) 

The areas of each tank that were examined generally conform to the Engineering Task Plan 
(Pfluger 1999). The schematics are shown in Figures 3 through 5. The examinations 
concentrated on the vertical wall region of the primary tank that is comprised of four or five 
courses (rings) of welded plates. The plate thickness is constant for each course, but is greater 
for the lower courses. The range of plate thickness is not the same for all DST farms. Generally, 
two vertical 15-in. wide by full-height (35 ft.) strips were examined as well as 20-ft. lengths of 
both horizontal and vertical welds in the lower region of the tank. In addition, some primary 
tank lower knuckles and tank bottoms (above the ventilation slots) were examined. The 
secondary liner was examined in three tanks. The P-Scan UT inspection system that was used 
examined the full-thickness volume of the steel plate comprising the tank wall to detect and 
quantify wall thinning, pitting, and cracking. Reportable depths for these three conditions were 
10 percent (t), 25 percent (t), and 0.18 in., respectively, where t is the nominal wall thickness. 

The equipment, procedures, and personnel were qualified to the requirements of Sections V and 
XI of the ASME Code as described in the examination report for AW-103 (Leshikar 1997). A 
demonstration that was conducted on a full-size tank section mock-up was also described in that 
report. The mechanical UT scanner was housed in a remotely-controlled crawler that provided 
the 15-in. wide scan path as the crawler advanced in a straight path along the primary tank wall. 
Water was used as the UT couplant. The electronic data were continuously transmitted via 
cables to a data acquisition trailer deployed at the site. The data report that was generated for 
each tank was reviewed independently by two experts and approved by a Level 111 UT Inspector. 
A formal report was then issued. 

UT examinations were performed on secondary steel liners in three tanks: AW-103, AN-105, 
and AN-107. A vertical strip of wall was examined in AW-103, the lower knuckle was examined 
in AN-107, and the liner floor was examined in AN-IO5 and AN-107. See the individual UT 
reports listed above for the specific areas examined in each DST. No reportable levels for 
thinning, cracking, or pitting was found in any of the steel liners. 

Six DSTs were selected for UT examination of primary steel tanks based on several factors 
relating to their design and operating history. These included plate material, waste level, and 
chemistry history, waste physical characteristics, waste temperature, and tank age (Schwenk and 
Scott 1996). Each known or suspected corrosion mechanism for these steels, when exposed to 
waste environment, was considered and four observable conditions were defined that could be 
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detected and measured by the UT equipment. Table 3 lists the main reasons each tank was 
selected for UT examination and the observable corrosion condition(s) considered “most 
favored” by that tank’s design and operating history. 

The results of the UT examinations of primary tanks are summarized in Table 4 along with the 
regions of each tank examined. The detailed descriptions of areas examined for each tank are 
contained in the individual UT reports listed above. There were no reportable cracks found in 
any of the six tanks. There was no reportable localized pitting or waterline attack found in any 
of the six tanks. There was reportable thinning only in two small areas of AN-105 located in the 
second ring down from the top knuckle. There was no reportable thinning for the other five tanks 
examined. 
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5.0 CONCLUSIONS 

This section presents the conclusions for the design evaluations, corrosion and 
compatibility reviews, and integrity examinations that were completed for the 241-AY 
DSTs. The reviews of design, fabrication, and design analyses documentation against the 
requirements of the applicable codes and standards showed that these steel and concrete 
tanks were conservatively designed, constructed to the design requirements, and correctly 
analyzed for combined normal and seismic conditions. The systematic corrosion and 
compatibility reviews did not anticipate any structurally significant corrosion 

The visual examinations and leak test reviews showed the AY tanks are not leaking and 
have not leaked in the past. The UT examinations of six DSTs representing the design 
and operating conditions most favorable to corrosion damage showed no reportable levels 
of any pits or cracks and reportable (and acceptable) levels of general corrosion 
(thinning) were found only in local regions of one tank. 

The design evaluation and evidence from the integrity examinations suggest that the 241- 
AY tanks are Structurally sound and are fit for use. Recommendations are made in 
Section 6.0 to ensure continuous safe operation of the facility. 

5.1 DESIGN STANDARDS 

The 1965 Edition of the ASME Code used the design-by-rule approach. Design-by- 
analysis, prevalent in the Code today, was first adopted for Sections I11 and VIE, Div. 1 
in the 1969 Edition. Therefore, documentation of later analyses germane to the AY tanks 
will also be cited for this design evaluation. Since the design of the AY and AZ tanks are 
nearly identical (Fisher 1994), some later analyses, as identified by Scott (Scott 1998) 
were for AY/AZ tanks. [The only differences noted were a slightly larger outside radius 
of curvature for the concrete dome for AY tanks (1,260 in. vs. 1,198 in.) and slight 
differences in plate thickness for the steel tanks]. 

The 1965 Edition of the ASME Code did not require thermal analysis of the primary steel 
tank. However, an analysis that included thermal gradient loading was performed in 
1982 to Section 111, Div. 1 (ASME k982) requirements, and concluded that the maximum 
stress intensity and principal stress for the primary steel tank are within allowable limits, 
including a 0,050-in. reduction in wall thickness for corrosion. Buckling of the primary 
tank was also analyzed and. found not to be a problem (Vollert 1982). 

The design included a positive vapor pressure in the tank of 60 in. of water. Operating 
experience has shown this to be conservative. The physical limitations of the existing 
primary tank vent systems will not permit a positive vapor-space pressure (Becker 
1994a). 
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The maximum design temperature was 350°F for the waste. Operating experience has 
shown this to be conservative. The maximum reported temperature for either AY-IO1 or 
AY-102 is less than 160°F (Huisingh 1994 and Brevick 1995a). There were references to 
earlier higher temperatures for sludge in the AY tanks (Lawler 1983 and Bendixsen 
1990), but these may not be valid since Brevick (Brevick 1995a) did not include them. 
See a recommendation in Section 6 of this report. The current operational limit on waste 
temperature is 215’F for all DSTs (Duke 1998a). 

The design of the secondary steel liner is considered adequate. It is anchored to the 
concrete structure and therefore, simply follows the movements of the concrete tank (Le., 
it is displacement-controlled). The design of the DSTs did not rely on any structural 
contribution by the liner. The wall thickness is adequate for losses due to corrosion and 
oxidation. 

The 1963 Edition of the ACI Building Code did not require ultimate load analysis of the 
secondary concrete tank or the consideration of thermal creep of concrete. However, an 
analysis that included both of these was performed in 1982 and predicted sufficient 
structural capacity for safe long-term operation (Vollert 1982). The axisymmetric 
analysis using the SAFECRACK computer program included plasticity, creep, and 
concrete cracking and the effects of elevated temperature exposure on concrete properties 
(PCA 1981). The analysis assumed a different soil density than that specified (1 15 IbWft3 
instead of 120 IbWft’ ), but the design values are conservative since Pianka (Pianka 1994) 
lists the same value used by Vollert (Vollert 1982). The specified design temperature for 
the concrete tank (350’F) is the same as that specified for the maximum waste 
temperature. This is conservative because of the insulating effect of the annulus. Also, 
the concrete tank temperature is conservative because the maximum measured waste 
temperatures (cited previously, above) were much less than the design temperature. The 
Vollert (Vollert 1982) analysis is conservative because of the reasons just cited and 
because both creep and property degradation of concrete are less for lower temperatures 
(Kassir 1996). 

The design used a 28-day strength for concrete. This is conservative since concrete 
continues to harden appreciably with time (Winter 1958). 

The seismic analyses completed during the design of the AY tanks did not use finite 
element techniques that allow adequate load combinations and the now outdated 
technology did not incorporate the current understanding of soil-structure interaction. 
Later analyses by J. L. Blume of the nearly identical 241-AZ tanks using the 
axisymmetric AXIDYN computer model (Blume 1971) effectively qualified the AY 
tanks for 0.25g seismic behavior (Vollert 1982). The combined soil-tank model was 
applied down to the basalt. “No critical overstressing was found on any part of the soil- 
tank structure for the load conditions assumed to be acting simultaneously on the 
structure.” The 0.25g seismic loading used in the analyses is essentially the same as the 
0.26g in the current Hanford Site criteria (HNF-PRO-97). The site criteria require two 
orthogonal horizontal directions, but for the radially symmetric DST, an axisymmetric 
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model used by Blume (Blume 1971) is appropriate. The fact that the increase in wall 
pressure due to a seismic-induced impact against the dome was not included in the Blume 
(Blume 1971) analysis is not considered consequential due to the high viscosity of the 
waste and the constraint of the dome. The omission of the tank walVfooting discontinuity 
from the model is unlikely to affect the conclusions. Combined loads (vertical seismic 
and normal) were included in a later analysis of the AZ-101 tank that showed it to be 
acceptable (Ryan 1989). Importantly, the results of the DELPHI Study (Han 1996) show 
the seismic loading to be a minor player in the tank failure scenarios. 

The Hanford waste tank facilities are currently operating safely under the umbrella of the 
Basis of Interim Operation (BIO) (Duke 1998a) and the associated technical safety 
requirements (Duke 1998b). Importantly, the BIO contains no reservations particular to 
the continued safe operation of the 241-AY facility. A two-phase structural analysis 
sensitivity study for the upper portions of the concrete enclosure tank was completed in 
1995 (Becker 1994b and Scott 1995) to provide information for the BIO and, in 
particular, the technical safety requirement-governing operation of the DST facilities 
(Duke 1998a). During these studies, state-of-the-art analyses were completed for the 
241-AY concrete tanks with the resulting stresses meeting those allowed in more recent 
editions of the ACI Code (ACI 1992) and ASME Code (ASME 1994). Currently, the 
technical safety requirements authorize 8.3 feet of soil and a 100-ton concentrated load 
for AY and AZ DSTs, compared with 7.5 feet and 100 tons for the other DSTs. This 
attests to the adequacy of the AY/AZ concrete tank design. 

A document review of AY/AZ analyses (Abatt 1998) has noted some concerns regarding 
certain variables pertaining to the tanks. Those concerns not yet addressed in this report 
include pressure loads due to wind, abnormal pump loads, riser impact loads, and thermal 
cyclic history missing from the Vollert (Vollert 1982) thermal analysis. Any pressure 
loads from wind would simply add or subtract slightly from the hydrostatic loads. Since 
these are small when compared with the thermally-induced loads, the slight changes due 
to the wind are considered very minor and therefore insignificant. Abnormal pump loads 
are associated with pump plugging or failure. Given the current usage of these tanks as 
condensate receivers, these incidents are too improbable to be considered. Riser impact 
loads are considered not to be relevant to this assessment since they are not unique to the 
AY Tank Farm and are addressed by site dome-load control procedures. 

The single remaining (Abatt 1998) concern is the possible effect of thermal cycling 
history on the Vollert analysis. Brevick (Brevick 1995a) reports the temperature history 
for the two tanks and shows low average temperatures with very modest variations. 
These values for AY-101 were 106°F (+4g°F/-69'F) and 81°F (+43"F/-29'F) for AY- 
102.. This observed temperature cycling is considered to be of no significance. 
Operating conditions leading to more severe temperature cycling are not anticipated for 
these tanks. 

The successful leak-free operation of the 241-AY tank system for 29 years demonstrates 
that the design is adequate for the intended service. A visual examination performed in 
1993 of the annulus region showed no evidence of leakage or of any physical impairment 
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to the tank shells (Hanis 1993). Additional confirmation is provided by the leak-free 
performance of the 26 additional DSTs of a very similar design that are operating at 
Hanford. 

The 241-AY DSTs were conservatively designed to the requirements of existing codes 
and standards. The design requirements, including all of the extensive tests and 
examinations, were satisfactorily translated to the fabricators' specifications and 
drawings and the quality control program ensured that these requirements were met 
during fabrication. The insulating concrete beneath the primary tank deteriorated around 
its periphery due to the stress relief cycle, but the suspect material was replaced with 
structural concrete. The specified 1,100'F stress relief cycle could not be attained, but 
additional corrosion tests were run to demonstrate the adequacy of a lower-temperature 
stress relief cycle. 

Analysis methods more suitable to today's practices have been applied to the AY tank 
design and concluded that these tanks have adequate strength to provide many more years 
of safe storage of Hanford waste assuming a total corrosion allowance of 0.050 in. 
Analyses included the effects of long-term exposure at elevated temperatures on the 
behavior of the tank concrete. Seismic analyses showed that a 0.268 safe shutdown 
earthquake would put minimal demands on the concrete tank structure and therefore, the 
seismic resistance of the tank would remain intact. 

The tanks are designed for a maximum temperature of 350°F in contact with sludge. As 
noted in Table 2, neither of the tanks have exceeded 247'F and are therefore well within 
design limits. Estimated corrosion rates suggest the design corrosion allowance of 
0.050 in. for the 50-year life of the tank (Project-614 1968) is adequate. 

The secondary tank is designed for a maximum of one week in contact with the waste 

5.2 WASTE CHARACTERISTICS AND COMPATIBILITY 

Two topics are mandated for tank farm compatibility evaluations: waste characteristics 
and corrosion protection measures. Determining waste characteristics requires both a 
review of past practice and, where available, information on current analyses. Past 
practice provides a general picture of what is in the tanks but should be superseded by 
analysis of the tank contents. Because the tanks were often filled, partially drained, 
refilled, etc., the contents may be layered. Therefore, an analysis may provide details for 
the point at which the sample was taken, but be misleading for the rest of the tank. 

Not all wastes contained within the tanks meet the Hanford corrosion specifications for 
corrosivity (Kirch 1984). Using the modeling done by Divine (Divine 1985), it can be 
seen the corrosion rates are still within the design limits. Future wastes are also expected 
to meet these standards. 
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The secondary steel liner would contain waste only if the primary tank fails. The 
maximum time the secondary steel liner is expected to contain waste will be one week. 

From the information presented above on the wastes, none are considered energetic; none 
of the tanks are on the hydrogen watch list and no special controls are required. No 
reactions are expected that could pressurize the tanks above the design limit (Project-614 
1968) of 60 in. of water. 

5.3 CORROSION PROTECTION 

As described in Section 4, several corrosion concerns were examined: 

. . . . . . . . . . . . . . 

Atmospheric corrosion 
General (uniform) corrosion 
Pitting and crevice corrosion 
Stress-corrosion cracking 
Microbiologically-influenced corrosion 
Concentration cell and waterline corrosion 
Fatigue 
Erosion and erosion corrosion 
Wear 
Hydrogen embrittlement/Hydrogen-induced cracking 
Thermal embrittlement 
Radiation embrittlement 
Creep and stress relaxation 
Radiation-enhanced corrosion 

The last nine failure mechanisms in the list were readily eliminated as being insignificant 
or inapplicable to the tanks. The first five are of potential concern and evaluated in more 
detail. None were found to be of critical importance. 

Atmospheric corrosion of the steel in the internal dome region is expected to be higher 
than that of the steel submerged in the liquid. The actual rate of corrosion is a function of 
the relative humidity and the ammonia concentration and cannot be calculated but must 
be evaluated by nondestructive techniques. 

Uniform corrosion rates in the tank, under the liquid, are expected to be small as are the 
rates in the annular space and on the exterior of the liner. However, if rainwater has 
penetrated the concrete and reached the liner, relatively high, but unknown, corrosion 
rates could be attained. Nevertheless, these rates are not expected to impact the allowed 
one-week exposure time (Project-614 1968) of the secondary containment to the waste, 
which is only applicable if the primary tank fails catastrophically by cracking. 
Catastrophic failure of the primary tank by corrosion is not probable. 

Pitting and crevice corrosion during operation is not important when the waste is 
maintained within the corrosion specifications (Kirch 1984). There is a slight possibility 
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of pitting on the exterior of the steel liner, but even at the maximum forecast pitting rate, 
it will not impact its effectiveness to contain leaks. 

Stress-corrosion cracking has been shown to be of minor significance because of the 
waste chemistry and the stress-relief anneal of the primary tank. Further, experience at 
Savannah River shows that if the tank cracks, the waste is likely to plug the crack; 
therefore, catastrophic failure is not likely (Poe 1974). 

Microbiologically-influenced corrosion is not a significant concern at this time. Most 
effects of microbiologically-influenced corrosion occur within a few weeks or months 
and the most hazardous period was during the hydrotesting of the tanks nearly 30 years 
ago. 

No action has been proposed for any potential corrosion problem except for adjusting the 
waste chemistry (Mulkey 1998). 

5.4 TANKAGE 

The tanks are approximately 28 years old. The latter half of their service life has been as 
“inactive dilute receiver tanks.” The maximum-recorded waste temperature is less than 
one-half the design temperature. A service life was not addressed in the design 
documents but Vollert (Vollert 1982) has qualified the design of the primary tank for 50 
years with a corrosion allowance of 0.050 in. 

5.5 MATERIAL CONDITION 

5.5.1 Primary Tank 

The visual examinations and leak detection system review showed that the primary tanks 
in AY-101 and AY-102 are not leaking and there was no evidence of any past leakage. 

The six tanks that were UT examined are tanks that are expected to corrode more than the 
general tank population. The preponderance of evidence from the UT examination of 
these six tanks suggests that the primary steel tanks in Hanford DSTs are not degrading to 
any appreciable extent. The following conclusions are reached for corrosion of the 
primary tanks. 

Stress-corrosion cracking was not found in any of the six tanks examined, including 
four tanks that favored this corrosion mechanism. Tanks AZ-101 and AY-102 were 
fabricated from the least crack-resistant of the three steels used for DSTs and had the 
longest exposure time and the highest waste temperatures. AY-102 also had the most 
filliempty cycles that would result in more stress cycles for the lower knuckle. AN- 106 
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had a high level of phosphate that could contribute to corrosion cracking and AN-107 had 
a low level of corrosion inhibitor. 

Unfortunately, the surface condition ofthe lower knuckle of AY-102’ did not allow UT 
examination (Jensen 1999d). However, due to the age of the tank, any stress-corrosion 
cracking occurring would likely have propagated through wall. Also, corrosion-fatigue 
cracking typically requires 1,000 cycles before it is a problem. None of the tanks are 
expected to experience 1,000 stress cycles. 

Waterline attack was not found in any of the six tanks examined, including two tanks 
that favored this corrosion mechanism. Tanks AZ-101 and AN-105 had remained at the 
same waste levels for extended periods (96 months for AZ-101 and 103 months for AN- 
105). 

Pitting was not found in the six tanks examined by UT, as defined by the inspection 
criteria (Pfluger 1999). However, localized pit-like indications were observed in tank 
AN-105 (Jensen 1999b). In addition, earlier visual examinations oftwo tanks that had 
previously held waste and a thermocouple tree that had been removed from a waste tank 
did show some moderate pitting. The interiors of the primary tanks for AP-104 and AP- 
107 were examined by visual means in 1997 when they were nearly empty (Anantatmula 
1997). Both tanks had held waste for some period during their 10-year operation. AP- 
104 had contained flush water and decontamination waste (from N Reactor) for several 
months and then was at the 6411. level for the following eight years. The thermocouple 
tree was examined by visual means just after removal from the AZ-101 interior after 20 
years ofwaste exposure (Schwenk and Scott 1997). 

Since penetration by pitting is rapid (Davis 1987), active pitting is not occurring in the 
Hanford DSTs. Otherwise, pitting would have been found at reportable levels during UT 
examinations. Also, if pitting had occurred in tanks that contained untreated water prior 
to waste addition, progression would likely be arrested by the addition of waste 
containing OH- or NO-3 (Davis 1987). 

General corrosion (thinning) a t  reportable levels was found in localized areas of one 
ring of the AN-105 primary tank and was not found in any of the other five tanks 
examined. For AN-105, there was general wall thinning at less than reportable levels for 
the ring nearest the top knuckle (referred to as Plate #1 in the UT report) and for the 
second ring down from the knuckle (Plate #2 in the UT report). The reportable corrosion 
thinning of this primary tank occurred only in two very small areas of the second ring 
down from the top knuckle. Reportable thinning for this %-in. thick plate is >0.050 
inches. The Inspection Review Panel (Anantatmula 1999) suspects the thinning in this 
tank is due to vapor-phase corrosion (general corrosion and pitting) during an earlier 16- 
month period when the tank contained double-shell slurry feed and the waste level was 
lower (Brevick 1995b). The Panel also stated that the tank is currently full and contains 

Poured concrete used for the repair of the adjacent Kaolite pad left concrete adhering to 
the surface of the lower knuckle. 
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waste that is considered to be benign from a corrosion standpoint. The structural analysis 
performed for the two small, thinned areas showed the plate to be structurally acceptable. 
Importantly, the three tanks with the highest waste temperature showed no reportable 
thinning. 

Wall thinning by corrosion is not prevalent for Hanford DSTs because five tanks that 
collectively represent the highest waste temperatures, two plate materials, longest 
exposure times, many waste types, and four tank farms, showed no reportable wall 
thinning for exposures to all three waste phases (liquid, vapor, and sludge). 

Waste temperature is not a significant contributor to wall thinning in Hanford DSTs. 

There is nothing apparently unique about the design, material, or fabrication of the 
primary tank in AN-105 that could explain the observed wall thinning. It is not known 
what operational parameters caused the wall thinning to occur only in AN-105. For 
example, the similar waste level histories for AN-106 and AN-107 did not precipitate 
corrosion thinning in those tanks. Also, AY-102 contained only water for the first five 
years and it did not show thinning in the vapor space. It has been suggested 
(Anantatmula 1999) that differences in air currents and relative humidity between the 
tanks at the start of operations might have led to enough condensation in tank AN-105 
that resulted in the observed wall thinning in AN-105. See the recommendations in 
Section 6.0. 

5.5.2 Steel Liner 

The visual examinations and leak detection system review showed that the secondary 
steel liners in AY-IO1 and AY-102 are not leaking and there was no evidence of any past 
leakage. 

The UT examinations that were carried out on three secondary liners showed that the 
secondary liners in Hanford DSTs remain structurally sound and are not corroding by 
thinning, cracking, or pitting to any appreciable extent. 
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6.0 RECOMMENDATIONS 

The following recommendations are made to help ensure the continued safe operation of 
the AY DSTs. 

Consider the tanks in this farm for subsequent ultrasonic and visual examinations. 
Subsequent examinations should be performed on six tanks from the 28-tank 
population within the next ten years. 

Within the next two years, ultrasonic inspections of the lower knuckle and bottom of 
the primary and secondary tanks should be performed on five of the 28 tanks. Tank 
AY- 102 should be given special consideration for knuckle inspection because its 
waste-level history promotes relatively higher cyclic stresses as compared to other 
tanks. However, if the concrete on the knuckle cannot be removed, another tank 
should be selected that has a waste-level history that promotes high cyclic stresses. 

Pursue the validity of the reported high sludge temperatures for AY tanks (Lawler 
1983 and Bendixsen 1990) and assess any effects on existing thermal analyses 
(Vollert 1982) and long-term concrete properties. Amend the Brevick report (Brevick 
1995a) as necessary regarding temperatures and date for first aging waste. 
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7.0 FIGURES 
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APPENDIX A - FABRICATION RECORDS 

A1 Materials, Welding Processes, and Examination Requirements Specified for AY- 
101 and AY-102. 

A2 

A3 

A4 

A5 

A6 

PDM Steel Company Primary Tank Fabrication Drawings. 

Detailed Fabrication Sequence Followed for AY-101 and AY-102. 

Title 111 Inspector’s Verification Sheets for Fabrication of AY-10UAY-102. 

Subassembly Fabrication at PDM Provo Shop. 

Excerpts from Kaolite Pad Repair. 

A7 Excerpts from Stress-Relief Incident. 
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- 
Primary and Secondary Tanks 

Temporary Attachments Clips, etc. and 
Structural Steel Shapes 
Carbon Steel Welding Fittings 

Flanges ASTM A181 GR I 

Carbon Steel Pipe 

Welded ASTM A5 15, GR 60 Carbon 
Steel Plates 
ASTM A53, Type E or S 

ASTM A234, GR WPB 

ASTM A53, GR B (Type E or S) 
ASTM A106, GR A or B (Type E or S) 

A1 Materials, Welding Processes, and Examination Requirements Specified for 
AY-101 and AY-102. 

Stainless Steel Pipe 12 inches and 
smaller 

ASTM A1341283 Welded (Sizes > 24") 
ASTM A312, Type 304L 

20-inch Vapor Vent Pipe 

Flexible Annulus Penetration Sleeves 
(Double convoluted, Plain end, 5 1" of 
axial and lateral movement) 

ASTM A409, Type 304L 

Bellows- 304,3 16, or 321 SS Pipe Ends- 
Sch 40 A106 

- 

B. The following welding methods were allowed. 

Welding methods were limited to automatic submerged arc (SAW) or automatic 
gas metal arc (GMAW) for all tank floor plate-to-plate welds and all girth welds 
except the side plate-to-knuckle welds. (Manual SMAW was later allowed for 
tank floor welds due to distortion problems, Ref. Design Change 2124-7). All 
other welding could be manual SAW, manual GMAW, or manual shielded metal 
arc (SMAW). A removable copper backup was required for all automatic 
welding. All welders, welding operators, and welding procedures were to be 
qualified to Section IX of the ASME Code. Welding materials were to comply 
with ASTM A233, ASTM A559, or ASTM A558. All butt welds were to be full 
penetration and no repair welding was allowed without customer approval. 

C. The following examinations during welding and fabrication were required. 

This information is taken from drawings and specifications issued to Project 614. The 
reader should review Specification HWS-7789 and Drawing Nos. H-2-64447, H-2- 
64448, and H-2-64449 for accurate referencing. 
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Radiographic examination (1 00%) was required for: 
1) all butt welds on the primary tank except those above the dome 

knuckle-to-side plate tangent 
2) all butt welds on the secondary tank joining floor plates, knuckles, and 

first course of side plates 
3) all weld extensions on plate surfaces at intersections of welds requiring 

radiographic examination. 

Magnetic particle examination was required for: 
1) all areas on either surfaces of primary tank or inside surface of the 

secondary tank where clips, lugs, etc., have been removed and all areas 
of plate repair except for surfaces of primary tank dome plates 

2) the first and last pass on all tank penetrations 
3) all repair weld passes where radiography cannot be performed. 

Vacuum leak testing was required for: 
1) full length of all welds in bottom of primary and secondary tanks. 

Liquid penetrant examination was required for: 
1) each pass of welds joining air lift circulators to dome penetration pipe 
stubs. 

Visual inspection was required for: 
1) all welds 
2) all repair weld passes where radiography cannot be performed. 
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PDM Steel Company Primary Tank Fabrication Drawings. 
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d I .  
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A3 Detailed Fabrication Sequence Followed for AY-101 and AY-102. 

10. 

10. 

10. 

10. 

11. 

12. 

13. 

1L 

15. 

18. 

19. 

m. 
21. 

22. 

23. 

w . 
25. 

26. 

46 



HNF-4959, Rev. 0 

A4 Title 111 Inspector's Verification Sheets for Fabrication of AY-lOl/AY-102. 
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A5 Subassembly Fabrication at PDM Provo Shop. 

buSject: coatract hi(!,;-l)?lZL - Pwex ::asto Storage Facil i tx  
:iac.fmd Uorks - I!lcbland, IrlasNrGtOn 
:.cek~y %port F r  G c Z l  - General Conditions 

C;ntlman: 

The fo l lou iw  items ore i n  progross: 

1. step *o..res!, 
A. 
E. Zabrlcate s t ructural  material. 

Fabricate top h u c k l e s  and dome sect ions.  

?+e following ta rge t  dates  have bean establ ished:  

6 - 2 
6 - y 
6 - 16 

SN? L buckle aasenblias and s t r u c t u r a l  matcli& 
Ship I ,  lmuckle assenblies, 18 dople plates and s t r u c t u r a l  matsrial. 
Ship compression rings, remainder of tb dore plates ,  raf ters  md 
th mzaindw of tb s t r u c t u r a l  na tor ia l .  

Yours very tmly, 

mi l  
cc: R. Wendlpndt - Sea 

J. A d m a  - ?gh 
L. C o l v o s s i  - Pgh 
J. Semersheim - ?ro 
R. I;eck3 - sc 
8. Unshorn - SC 

a. deJQ% - . h O  
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A6 Excerpts from Kaolite Pad Repair. 

INTER -OFFICE MEMORANDUM 

E m b e r  3 ,  1969 

TD w .  5 .  T.mves 

.ROY 0. G. Lien 

,.*'..#c. * " n  I... *"..,, 
<.v<..mn. m Dc."I"r.,, 

.Y.,TC, 241-AY TANK 102 - INSULATING WNCRETE 
I AP-614 

On October 17. 1969. A I  Shor t  and I v i s i t e d  t h e  RY Tank FaPm S i t e  and 
Inves t iga ted  t h e  i n s u l a t l n g  concrete i n  Tank 102. 
Tank 102 had been s t r e s s  r e l i e v e d  and f i l l e d  w l t h  water f o r  t h e  hydro 
t**t. 

V i s u a l  examination of t h e  i n s u l a t i n g  concrete a t  the base of t h e  pr imary 
tank d isc losed cons iderah ie  c rack ing  and s p a l l l n g  Of t h e  surf.ace layer  
around t h e  tank  periphery. A couple of cracks Were approximately 1/4" 
wide, several f e e t  deep, and extended the  f u l l  he lgh t  o f  t h e  Insu la t i ng  
concrete. The concre te  top  surface f e l t  spongy t o  the  touch. 
of t h e  a l r  passage slots were p a r t i a l l y  blocked by spa l l ed  concrete.  

There was no v i sua l  evidence of tank  sett lement or I n d i c a t i o n  o f  la rge  
unsupported area5 around t h e  per iphery  o f  t h e  pr imary tank. The bent 
p l a t e  r i n g  around t h e  I n s u l a t i n g  concrete vas In place except for  one 
break of approximately one Inch a t  a p l a t e  sp l i ce .  There was no 
I n d i c a t i o n  of concre te  s p a l i l n g  beyond the  r e t a i n e r  p la te .  

It I s  my op ln lon  t h a t  t h e  sur face  cracking and s p a l l l n g  o f  i n s u l a t i n g  
concrete was a d i r e c t  r e m i t  of stresses Incurred during thermal 
s t ress  r e l i e f  o f  t h e  primary tank. &re s p e c l f i c d l l y ,  t e n s i l e  5tress.85 
i n  t h e  per iphery  o f  t h e  I n s u l a t i n g  concrete and stresses produced by 
s k i n  f r l c t i o n  from expanslon and con t rac t i on  o f  pr imary tank. 

A t  t h i s  t ime I feel t h e  i n s u l a t l n g  concrete i s  adequately suppor t ing  

aga ln  a t t e r  t h e  p r l m r y  t ank  hydro t e s t  water has been removed. 

A t  t h l 5  t ime 

&any 

the  p r i w r y  tank  bu t  f e e l  it HOUld be Wise t o  0xamine t h e  ConCrete 

A 
0. G. LIEN 

DGL:hl 

cc: M. H. P iskad lo  
f f i L /F i l e  
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Excerpts from Stress-Relief Incident 

m Files  
'pwu: B.K r 

p&c 

Contract AT(45-1)-2124, dated 7-29-68, ya8 awarded t o  the Pittsburgh- 
DES Moines Stee l  Cam-- for the fabr imt ion  and erection of tro s t e e l  
vaste tanks and re la ted  mrk. ' P a r t  of the re la ted  work included s t r e s s  
relieving the tanks by heating them internally, holding the  heet to 
1150OF 1+ 50° for one hour pr  inch of s t e e l  platate t h i c h w s .  
a l so  specifled t h a t  the maximMl temperature d i f fe ren t ia l  be 2000F 
thruwhout t h e  tank, and that the rate Of lnwlease and decrease in 
temwrature be limited, after a t t a i n i n t  6o0°F, t o  lOOOF per hour. 

Prior to entering i n t o  a contract for the construction of che tro 
241-AT s t e e l  tanks, a program w 6  in i t ia ted  whereby COUIJO~S of s t e e l ,  
of t h e  s a x  gpade as t h a t  used for the  tanks, yere heatad and -sed 
to ?I*% aalut ion ror determining the  effect ivmess of s t r e s s  relieved 
s tee l .  Soma d e t a i l s  concerning the  abwe tes t ing  program ere found i n  
the second p a r a s e p h  of Attachment I. 

k i n g  discussions held between Vitro, ASKSO, and AB2 personnel, imich 
l ed  to the f i n a l i z a t i o n  of Specification H+S-7789, all par t ies  were 
made cognizant of the f a c t  that stress rel ieving of s t e c l  can be 
acconpliehed by employing 6 e v e x l  combinati0ll6 of temperature and 
holdina period. 
the applicable mrt of %he ASME Boiler  and Pressure Vessel Code which 
specif ies  tbt the  maximum t emxra ture  d i f le ren t ia l  shall not be more 
than 25O.oF *thin any 15-foot length; the  maximum tenperatwe risR 
and reduction betreen 6OO0F and U @ F  be 4 W F  p r  hour; and the 
follu- combinations of temperature and holding period e8 acoeptahle 
stress relieving: 

Mlnimrnn Time per inch 
Temwrature Tliickamess 

It y 9 s  

In a&ti t ion,  the representatives were f a n l l i a r  with 

l loOo F 

lwOo F 
10500 F 
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A l l  of the p r t i c i p n t s ,  having mtiefied themselves t h a t  different  
combinations of t h e  above c r i t e r i a  could r e s u l t  in providing B completely 
s a t i s f a c b r y  job of s t r e s s  relicvlng, agreed that the ideal  s i tuat ions 
should be made a p r t  O f  the specificatioob BO t h a t  the contractor 
w o a d  make the oyliimum e f f o r t  t o  comply, but t h a t  each wmld be 
s a t i s f i e d  w i t h  the best results t h e t  the contractor could a t t a b  
provided they vere within the provisions of Section VI11 of the MhE 
mile7 and Pressure Vessel Code. 

h i n g  the s t ress  relieving Bct iTl t ies  on both tanks ,  the heating cycle 
vas signif icant ly  longer than envisioned o r  desirable, and became Of 
equipncnt l in i ta t ions ,  the attalnment of minimum holding tempratares  
of llOO°F were uncertain. 
able e t  the tlme, tne  deEiSione yere reached to accomplish the  s t r e s s  
re l ieving by mintaining minimum temperatures of l O W F  f o r  a t  least 
three  hours. The thinklna here is t h a t  l e s a  harm is done to  the s t e e l  
f ibers  by acceptins a longer holding period 
tank's temperature t o  drop below 60WF and repeat  t he  process, €erhaps 
more than once. Tne poss ib i l i ty  of detrimental d i s tor t ion  of the  done 
during extended holding p r i o d s  vas reviewed and jud@ to be uxlikeiy. 

Attachments I1 end III diacuss the  conditions and considaretions 
relevant  t o  the ac tua l  strestr rel ieving a c t i v i t i e s .  
shove the  comprieon of the  ac tua l  conditions with those required in 
the ASME Boiler and Pressure vessel  Code. 

It 1s the consensus judgment of m C 0 ,  AES and F& t h a t  the AX Tanks 
were adequately s t r e s s  reileved end t h a t  t h e i r  i n t e a r i t y  YBS in no 
-.my compromieed by the modified specificstioo conditions which were 
ellawed. 

I n  considerat im o f  the  al ternat ives  ava i l -  

than t o  R l l O W  the 

Attachment I V  

Contract Administrator 
. ... 

Attachments: 
No. I, L t r  f r m  3L Moore/JH slaqshter  

No. 21, Hem, fxm M Schmlze/Flle 

No. r11, Mcma f t m  UC Amstmna/Nle 

astea  sept. 22, 1970 

dated Oct. 6, 1969 

dated'Feb. 2, 1970 

dated Jan. 16, lYI0 
No. m, Memo frm MI Parker/GB Pleat 
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U .  S .  Atomic Energy Commission 
Richland Opera t ions  Off ice  
Ric i i l  and, W a s h i n a t o n  

A t t e n t i o n :  MY. J. H. Sbnughter 

Sub jec t :  STRESS RELIEVING AND STRESS CORROSION 
CRACKING OF ASTM h515, G;W\DE 60 CARBOS 
STEEL - Contrac t  AT[45-1)-2130 

Gentlemen: 

There  a p p a r e n t l y  i s  s t i l l  some concern as t o  whctiim 
o r  n o t  t h e  r e c e n t l y  c o n s t r u c t e d  AY Tanks icere adc -  
q u n t e l y  s t r e s s  r e l i e v e d  s i n c e  t h e  c o n t r a c t o r  was 
alloioed t o  S t r e s s  r e l i e v e  a t  1000 F. r a t h e r  t h a n  
1100 F. as s p e c i f i e d  b y  Vi i ro .  As you l;now,.rlio 
ASNE B o i l e r  a n 3  P r e s s u r e  Vessel Code a l l o i s  one 
t o  s t ress  r e l i e v e  a t  t e n p e r a t u r e s  l e s s  t hen  11.00 
F. f o r  a p p r o p r i a t e l y  lonxe r  p e r i o d s  of  t ime.  Th i s  
r c c o u r s e  was taken dur ing  t h e  s t r e s s  r e l i ev j .ng  o f  
t h e  AY Tanks. I t  i s  my op in ion  t h z t  an adequa te  
s t r e s s  r e l j . e f  was ncconlplislied by 1'3i.i b y  t h e i r  
fo l lowing  t h e  ASXI: code. F.er;ults of  c o r r o s i o n  
t e s t s  conducted  l ie re  i n  the  Z O O  Area g i v e  fur-  
t h e r  ccn f idcnce  i n  t h e  s t r o s s  r e l i e f .  These 
t e s t s  a r e  d e s c r i b e d  belois f o r  your i n fo rma t ion .  

P r i o r  t o  thc c o n s t r u c t i o n  of t h e  AY 'Tanks, B 
. program 11'8s conducted t o  evaluate t h e  e f f e c t i v e -  

nes s  of  s t r e s s  r e l i e v i n g  as a n c m s  of  eliiiiina~T- 
ing  n i t r a t e  stress c o r r o s i o n  c rack in2  of ASTbl 
A 5 1 5 ,  Grade 60 carbon steel vcldment coupons. 
Y:cldimnt coupoiis were fabricated from 3 /8  i n c h  
and 718 i n c h  plate. Finishod d h e n s i o n s  of 

. .  . .  the coupons were one f o o t  by t h r e e  f e e t .  A f t e r  
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f a b r i c a t i o n ,  s0t.s of  e i g h t  coupons wei'e subj ec.ted 
to a stress r e l i e f  f o r  one hoc+ a t  e i t h e r  1 1 0 3  F. 
o r  600  F.  One s e t  of coupom rece ived  no s t r e s s  
r e l i e f  Treatment. Af te l -  e i g h t  wceks erposi:-rc to 
5 M NaSOj soli i t . ion a t  190  F . ,  c r acks  lied drveiopeZ. 
et-the v e l d s  i n  coupons t h a t  had rocoivcd no stress 
r e l i e f .  S l i g h t  c r a c k i n g  had occurred  i n  tvu cou- 
poiis from t h c  s e t  t h a t  had been s tress  I-elicrcd 
a t  600  F. 
t l id t  had r ece ived  a 1100 F.  S t r e s s  r e l i e f .  

No c r a c k i n g  had  occur red  i n  tho  s e t  

Fol1oiuj.ng t h e  stress r e l i e v i n g  oE t h e  two AY Tenbs, 
t h r e c  a d d i t i o n a l  coupons were f a b r i c n t e d  i n  the - 
same geometry as those  above. One rece ived  no 
stress relief, one v a s  s t r e s s  r e l i e v e d  a t  950 F. 
f o r  f i v e  hours p e r  i n c h  of t h i c k n e s s  and one 501- 
t h r e e  hours  per i n c h  of t h i c k n e s s  a t  1 0 0 0  F., i n  
accordance i r i t h  S e c t i o n  VIII; l'zragrsph UCS-SG 
of t h e  ASElE B o i l e r  and P r e s s u r e  Vessel Code. 
These coupons tiere t h e n  exposed t o  b o i l i n g  5 M 
NsN03 s o l u t i o n .  Cracking  occ.urre2 a f t e r  four- 
wce'xs exposure i n  t h e  couyon52~1iat  had  reccived 
no stress r e l i e f .  The remain ing  two coupons .did 
no t  crack dur ing  a f i v e  month exposure.  

Very t r u l y  your s ,  

, 

g,q I), 
&-&L/ 

E. L .  I,loorc 
P r i n c i p a l  
M e t a l l u r g i s t  

ELi l : s c r  . cc: OJ E l g e r L  
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Ootobsr 6. 1969 

Hu Gfhulse 
IAP-61k - AY Tank. 
Stre88 RslieTiW Of TK 102 Tank on 9-30-69 

On ruesdr\y. .9-30-69; I was =all* a t  hama by Dave Squires aweral  times between ' 
7:OO and 11:30 p.m. resarding zeogrsss and problems during s t r e a s  r e l i e f  of Tank 102. 
A R e r  the  second c a l l ,  about 8:30 or 9:00, I t r i e d  t o  c a l l  Barge Orarsa t o  aee il hs 
wmted t o  &o out t o  t h e  tnnks but could not ra inc  him. 

Squires calla@. pbout llr30 to  t e l l  me t h a t  ha and-the ARJiCO people, B i l l  Aribtrong; 
Pnul Hatch. and Ernie Home. had had a confernnos regarding rate-of-r ise  and 
time-at-temperature. Hatch w a  concerned with pomslblc bad e f f e o t o  on K m l i t e  sub- 
Jected t o  a high tempermture for aw leneth of time. 
three hours at 1000'F r a t h e r  than  go for the full 1100 P minimum for one hour. 
Squire8 WLU) concerned about p x s i b l e  contractual e f fec ts  and'haking of t h e  precedent, 
1969". Suppose t h e  rats-of-rise was t- slow; should we 
t e l l  t h a  t o  shut t h e  whole job dDim and stmt from scratch v i t h  (L d i r r c r e n t  system? 
This W a s  unacceptdble t O  Hatch aa being even WWse.rI 'pDinte& out - tha t  if. indeed, 
thcy couldn't reach'll60 F'minimum they would be proposing a lovw temperature aod 
longer time in accordanck with ASME: Code. 
only on the  banie of "OUT spec says" io t h a t  t h e  spec is writ ten mound ASm Code. 

ond it wan decided t o  meep t h i s  ap t ion  in the  hil; pocket ra ther  than allow it out in 
the spec. 
sFec.3 In v i e w  of t h e  fact t h a t  Squires had t r i e d  t o  call both Kligf ie ld  and Grave# 
and could get no response. I t o l d  Squires I would ge t  out there  r i g h t  away.. 

I arr ived at the  tank farm a t  about 12:30Rbnd talked at  eane let@ir v i t h  Squires 
ahout the yrogrcso mid we rend the  chwta . ,  Sguiree l c h  at a h t  330%Cter h a v i w  
recorded the  readings every hour. 

'?be r a t t o f - r i e c  through the  midnight t o  4:oO a.m. mea vas bo F per hour m d  was 
The thermocouples in the  t d  

b O t t 5  were performing e r r a t i c a l l y  v l t h  the  exception or nubern  15, 16. 21. and 23, 
Yhich were Cairly w n a t w t  and aceed with t h e  two thernocouplss fas tened t o  the  .' 

I talked with stein and he wae not I n  favor of the  1000 F lor th ree  hours but wanted 
t o  stay with the  o r i g i n a l  spec t o  s tay with tho 1100 F l o r  one hour. 
would be f ine  if h o . w d d  hold t h e  180 F per hour r iae  8nd.that t h i s  would be only 
112 1 1 0 ~  over t h e  new Mreemcnt m d  I Eould'sec no problem there .  

p"' 

They had decided to06& for 

I ermined t h e  a l t e r n s t s s .  

i We would be hard put t o  d e w  t h e i r  request 

- A l s o .  when the  spec'vas wri t ten,  discussion about t h i s  very problem hsd taken place 

It may be of i n t e r e s t  t o  note t h a t  Saveanah River had t h i s  option in t h e i r  , 
~ 

~ 

. 

. 

I"' i 
! 

. _ _  i - 
' the 8ome for thermoooupleo at all Points  in t h e  tank. 

i knuc?les. Tmperature in t h e  b-e concrete was 180 F consis tent ly .  ,' 

! 
I t o l d  him this 
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D u r &  t h i s  time the AILUCO people checked at in te rva ls  until about b : O O  when 

t h e  low F in t h e  bottcm with readings of 915. 935. 960 ond 1030 F. t h e  knuckle 
reading being 970 and 980. 
range. 
end s t a r t e d  t h e  three  h- count at t h a t  time althougb Btein s t i l l  had t h e  option 
of eoing up per t h c  orisinal SPOC i f  hm Eould. 
h:OO a.m. On w a i  extremely slow m d  it was OhYioUB t h a t  we had peaked Out. Tbua. 
v h i l r  t h e  decision t o  go fm t h e  opt ion of th ree  hours at 1000 F w a s  made for a 
d i f f e r e n t  reason. it Would have had t o  ba made on the  baala Or t h e  a c t a  PerfOmaOCS. 

S te in  f s l l c d  Tam Cordon at about 6:30 to hdviss him of events and & him out  by 
7:30& start t h e  reduction part or t h e  oycle. 
arr ived in the  morning nnd wanted t o  doCUmcnt all happenings. 
my account of the  pEDking-OUt Ibm Gordon interrupted and atrsnuously obJectcd t o  any 
idea t h a t  him aquipimeot could not  have continued beyond t h e  points reached. He also 
blamed t h e  Original long delay at heat-up of t h e  tank b o t t w  t o  our thermocouples 
s t a t i n g  t h a t  it w a s  h i s  bel ief  t h a t  these  thermccouples vere Win& i n  water in t h e  
l iaol i te  and were no t  recording tank botUom temperature. 
bottom temperature could have been over ZOO0 if there WM any water in t h e  Kaolite 
for the thermocouples t o  l a y  in .  

lipan return t o  Richland, a meeting YLLB held in Ben Kirz' office v i t h  Krema. Mrz.  
FAkins. linoeber. Kligfield and Graves: I w a ~  asked how I vas sure  t h C  t a k  wa8 
s t reao  rel ieved and I s t a t e d  that minim= temperatures were baaed on t h e  correlat ion 
between t h e  four bottom thermmouplcs and t h e  ones i n  tho knuokle. 
t h a t  A W X  Code allowed s t r e s s  r e l l w i n g  a t  100 F leos (1000 F) for three  houre. Elkins 
asked nbout my fur thcr  reduction and consequent time. A check in t h e  Code book shoved 
t h a t  for 50 P more reduction (950.)) f l v c  hour8 at temperature would be  required. A 
qulck check of my mteo slimed t h a t  readings from 3:OO a.m. t o  8:OO a.m. confirmed t h a t  
t h l a  condition was met also.  

Upon cmple$ion of t h e  meeting. Kl igf ie ld  and I talked t o  Jot" Adams, PDM, Director 
of Research, and requested t h a t  he come out t o  Hanford LLB soon 8s possible t o  discuss 
nev s t r e i s  r e l i e f  procedures for TK-101 and t o  nee t h e  in te rna l  support system 80 t h a t  
he could b e t t e r  appreciate t h e  problcms YE ant ic ipa te  io the  removal of t h e  supports.  
Adams 8tatOd t h a t  he vould be Unavailable throwh tlre niddle of t h e  week of 1016 and 
VantCd t o  Bee t h e  C W e s  for ot reas  relief Of TK-102 a d  t a l k  with TOm Oordon prior 
t o  doming Out. 
h l r  with t h e  yeenoy of a rlsi t  by Adama. 

One snall item of i n t e r e s t  -8 t h o  near f a i l u r e  of o m  of the sprinee 011 t h e  ionu- 
l o t i o n  holding bands. 
b e t t s  i n  the  inaulatlon and vas thUl,oXpOnul t o  tank ehe l l  temperature. 
t h e  spring vas annealed and quite re laxed.  
behind t h e  ~ p r i n g .  
t h l a  could be provented. 

N i l 1  h s t r o n g  Erne dorn t o  Lltay. A t  thttbae we were get t ing Very ClDl le  t o  

Dome tempernture at t h a t  time vas in t h e  1080-1170 
A t  b:30  a.m. YC decided t h a t  ve would accept the bottom ai being at 1000 F 

In the  event,temperature riac f rom 

d' +" r t  ' 

aliova~. up at s h u t  8:oo. Herb Eager 
While I vns giviw him 

' 
It eaca~es me hov tank  

! 

Grave8 s t a t e d  

! 

I 
~ 

,: 
We l a t e r  ta lked t o  Bob Hendlant, PlW, Bellems,  Wsshington, t o  impress 

The spr ing  had been loaated DO tha t  it straddled a gap betveen 
Tlurt area of 

Insulat ion we8 s tuf fed  into t h e  crack 
I pointed. t h i s  Out t o  Al shor t  i n  t h e  morning BO t b a t  on 'Zi-101 

. - 
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TO I 

Ftoc: 

Su3$octr 

February 2, 1970 

P i l o  

F. C. nrnntrocg , 

PlWJECT SAP-614 - P U X X  ThsX FAR11 tXPANSIOX 
POST WELD HEAT TIIFATIUG - WLKKS 2d1-AY-101 LW 102 

The post weld h e a t  t res t inq .wns  accomplished by i n t r a u c i n g  
t h e  f l ane  f ron  two propane gal) fired hurnQrs of 10,000,000 Btu 
per hr. capac i ty  e i r c o t l y  i n t o  the tonkn. The t nnks ,  vhich 
*est on 8.  of kaol i te  insnlati.nr: concrcto, wore i n su l s t ce  on 
t h e  s idcn  nnd (IC- with 3" of n ine ra l  w o o l  bat t ing.  
of tho  tan); wal l  tmpcrn tu ros  %?a0 by rifans OC uniformly'spaccd 
t h c ~ c u u p l c s  connoctcd to continuo110 strip c h a r t  rccorde~b. 
Tam 241-AY-102 was treat t r ea t ad  boforc 741-AY-101 duo t o  i t 0  
earlier empla t ion .  Tlm following fa  an-account  of the poa t  
ve ld  haa t  t r e a t i n g  of thn  t w o  tanka: 

Honitoiing 

Tnnk 243:?3=&Q 

Xn~nediatcly prior to l i g l i t i r g  off the bnreers tho propane 
z::pply l i n c  was proonurizod 2nd inopoctcd with the aid of soap 
solut ion.  A P t e r  s eve ra l  m a l l  leaks were ropairerl. tho l i n e  was. 
r.p?roved for use. , A l l  recorCcre worc rnndizg the s m o  aubiont  
tc.qmrature. 

The f i r s t  burnor was lit a t  s p p m x i x n t e l ~  4 : 3 0  p."., 9/2G/G9. 
In t h o  irmcdintely ensuing ,pczlod a uiSnif icant  ariount of f i r i n q  
sy5tcn trouble was exparieiicod by t h e  contractor  porforning t h e  
w c r k .  
Gf +I10 p i l o t  l i g h t s  by t h o  m i n  fu&+.'istrorzz. Of t h c  two bcrncr6 
thc one in the nortbtrest qjwilrant. 9m.r thc most tro:rhle. 
causcd t k  6af!oty valve w:ikctl wn8 nctuntod by the  flam rod a t  t h e  
p i lo t  11Ght to shu t  off t?;&C,i::cuel 8ur~ly to  tho  bumor. 
Pcroiot.ent tr6utle with the p i lo t  l i q h t r )  and o the r  equiyzont 
occurred ror the first th ree  ilayc ind sporac ica l ly  euring tho 
who10 heat  t r e a t i n g  perioC. 

As evleenw.2 by escaping ste.m, free water b o i l h q  off i n  t b o  
in sc ln t ing  coxrate a p n  which the tank rested provonted t h e  
tcnk hottan ke!nperature f r o m  r i s i n g  above rpixoxinately 210. , 
u n t i l  t h e  n i g h t  of 9/ tO/G9.  

T ! h  Mst scr iouo traublc rzi.0 $he, r c m i s t c n t  blowing oct 

This 

ATTACMENT 111 . .  
. . .. ..- ;...a .. .- . 
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After  o vrry aloa rise i n  t r r : icrature  the contractor  prow4aed 
t o  increaqe t h e  hea t  at  a mxicun rcte of l[IOoP per  hour u n t i l  
t h e  h.?o dcz0 thantocouplea noare3t t h e  burnars ~ 2 . d  1000aP to  
go t  t he  Scnof i t  of nor0 rnrli.Int hszt n t  t l m  tnnk bottcc. It 
hnd hnan 0pparcr.t s i n c e  fire up that those  two tharcocounlcs 
W C ~ C  not  rcyzasentct ivo of t h e  othcr fioiomn thcrmoccu?lcs. bu t  
nlwnyo lcnd becanno of thcir  prc;.iniS' to t h e  burncr flas>cs. 
It wc.si CctarnizoE by lirJ!CO's r c t a l l u r g i n t ,  D r .  !.!oorc, t h a t  
r . e ta l1uss ica l ly  no ham would he dcnc. Ey c o n ~ e ) ~ s u s  of 2PIICO. 
v i t ro  nn2 heC, t hc  mtter w n s  rol'crrp; t o  tho contractor 's  
engineerin? hCUdquertcr6 ir;~.I'fttsI,-&ih, Pa. ,  f o r  guidance. 
Durin.7 t i i i n  t1m cycl ing oh. tntl of f  o f  t l in  hurners was rcqirired 
to hold tha  eprraE hotwecnl'2 211 tm.prraturca i f i th in  tolernnc0. 
.After a strc51 anelyeis  thc.Cc:ntrnctor'n chief cn&eer, John 
hums, mpprovoC the ahacn incrcaoc t o  100O*p with the provieo 
t h o t  the tomporuture difforenco hotween thc botton and top of 
tho lower knuckle bo h+ to a naxiaun of 220.F. 
confirncd the NlncO ne ta l lu rg tca l  &?p?roval. 

nt approxLnnte2.y 10100 a.n., 9 / 3 0 / 6 9  the heat  was incraased 
within the 100.F pcr  hr. r a t e  to  1000OP at p a  two control  
tham.ocouplcs neares t  the h i u n ~ r a .  

' 

no also 
. .  

A t  approximataly 12800 n i h i g h t  9 / 3 0 / 6 9  it nppea rd  t h a t  dun to 
1 i r . i t o  05 haa t  t r snc fe r  it wnulC bc ivpossibla to  reach 110G'P 
( tho SPEC. . r? inhm)  in a l l  scct iona of t h e  tank in nny rcason&lo 
t i nc ,  if aver. It was agreed by I?. 1. Hoorc, AR!ICO; P. Kntch, 
r.?::m? n. 3- Sauirarr. mc: ti. E.  z m s t r o n n .  nillico end via .... -. .. .~ .___ ~~. . ~. ~~ ~~~~~ 

tc lccon 11. Schul(:zc, V i t r o ,  t bn t  a holainG.tbe of  three hour6 
at 1000. i n  accordance with ASYE Eoiler nnd nrcssure Vessnl 
Code, Sect ion V I 1 1  UCS-96 woulE be ncccptn8. It  was consfCsrGd 
t?..Jt t h i s  was Frcicrai,la, espac ia l ly  in vim? of tho  extended 
hcntintj per iod,  to  cont1r:ucd cxtenUc8 heat3.nq ni.th it0 
s t tendant  oxidst ion just f o r  tho sake of trying t o  ncet 
npccil'ications. 

P.t np.=roxinatoly 6130 a.m., 10/1/€3, t ! !c  tank .botvm tcnpcrature',  
rcachei? -1300eF-w:ii10 t he  ra%isu:i Coan' t c z p x n t u r c  waq' l150~F.  
Chcso tcxpcroturea wero hold u n t i l  7 : 3 0  a.n. when cont rc l lcd  

r.4 

' coollnq was cmencad .  n t  npproxiratcly 4:JO p . ~ ,  10/1/G9, 
aftcr n stoa2y rate of decl ine wall within thcnaximum of 100°P/hr., 
t h e  600'F non-cr i t ica l  twpara turc '  waa rcachoa. 

_I- Tbnk 241-AY-lCl 

?he vnntins  of this tank wns from the hottor;, r a t h e r  than Prom 
t h e  t n p  a s  i n  Tank 102-r~Y. 
near +?io b o t t m  of t.ho t rmk t o  a i d  i n  nzrrowinv t h o  sprcntl 
kot-uecn t h e  done and Lotton tev.pcraturaa ,by using convection 
heating rcro eFfcctively. Tc.r,pornzy thrrrwcouples worn 
inatallcd on rho inside fnce of t\s tnnk t o t t o n  t o  ala in , '. 
cor rec t ly  r s n i t o r i n g  Llottm tmpezntorca.  

'rcn 4 "  ven t  pirlca were extended to 

. .  
. .. 

. . .  

. .. 
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Tho burners ware fired off a t  4x30 p . ~ . ,  10-31-69. 
C m a  t~~.peratures %ere 500.2.. 
tho  n iqh twhi lo  the bas0 insu la t ing  concrete d r i ed  out. 

A t  9100 ?.a. 
This tezporatura wan held  (luring 

A t  7110 a.m., 11/1/69, tho control lod heating porioS wan staxtCdJ 
Le., 100.P p e r  h r .  rise with Max-itin difference of 200.P. 
a t  7100 p.m. done terGornt*urcs wera 90Oe-950'P. 

?.t approxizately 9100 om burnoi stoi.pea f i r i n g  due t o  l o w  gas  
The 

ica wn5 washed oLf t h o  tanks  am3 c n o q h  va?or pressure  was 
ohtainod to firs both burncra bu t  there wac not  ena*iqh prossure 
to  provide aZcquntc flw to lncreaoe tho f i r i n g  rate. 
t c v a r a t u r a  of a p p r o x h . t e l y  900.P Enxinun w a s  maintainad o n t i l  
4130 p.m. 11/2/69 whon sto.am vas li?pliod t o  t h o  Fropnno tanka.' 
This incrcnned the l i n e  pressure to  d;! psi. w e l l  over . t h a t  required 
for f u l l  f i r i ng .  . .  
A t  i t 0 0  p.n. a11 bast t a p a r n t u r a s  war0 over 1 0 0 0 * ~ , i n 8  doma 
tenparatnros ware 1030.P to 1115.P. Thc.raQS% l i t t l e  toTnpnraturo 
incrcana ztttcr 10100 p a . ,  11/2/69. -A. hen: t r c n s f c r  equilihritu 
Seanod t o  have b'cen rnac?tcd. . 
bccauuo of e l e c t r i c a l  con t ro l  diZfioul t ic t .  The dono t e p e r a t u r $  
droppcd about 30.P bcforc  re - iqn i t ion  whila tho o t h o r  sur facos  ., 
of tho tank %era bnrs ly  nffected. 

'p ressure  cauoed by i c i n v  up  of t h o  propane s toraga tanks. 

3 

A t  12100 om., II burner  cu t .o f f  

. .~ 

coaling w a s  i zn in t ahe i  
hour. Tho non-cr. 

I 
Ilurino t h e  post weld h e a t  t r c n t i n g  o f  hot> taxks, tho  concreto 
fawidation? n m o r  e:t,aicoC. A tcxporsturo of 203.2. ?%a k a o l l t c  
innulacing c o n a o t o  wan intended to  protact  t h e  foundntion 
concrete. Exon temperatures &O-JC 5F10°F. Although tho spcc i f  i- 
cat ion rqu i r amon t  .of holding t h e  t a s k s  at 1150°F f 50' For ono 
hour was not rot, the hal2 inq  of tho tmiin a t  1000: .,far t h r e e  
hours is  i n  full agroanant with the provisions of t l e  ADHI: Doilor 
and Pressure V e a i e l  cad0 and a o o u r c ~  n pos i t i ve  pos:wela BU~DS 
relief to conbat stress corrosion cracking. 

m r m o  

col DR Cuotavsim 

i 

YIP, Shnw (6) ,..5:-.- :; 

. .  
.. . . : . .  . .~ . 
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AY TANK STRESS RELIEF 

Intrcauction 

This r~mmary desfribes basic s t rew-re l ie f  procedures being applied 

t o  two Waste storage t a n k a  (AY Tanks) t h s t  are  being erected i n  200-East 

Area; t h e  n w  tank8 nre bll erpanslon o r  the Purex Tank Farm high-level, 

radiosctiw-waste storage capacity. 

Stress-rel ief  a c t i v i t i e s  of the Pittsburgh-Des m i n e s  Steel Company 

w e  outlined here. 
these a e t i v i t l s s  by VitrolHanrord Engineering Services. 

Also included are  the  Obe.eNation snd monitoring of 

Prelimln.rY Raauircments 

The Contractor s h n l l  notify the  Conmission i n  wri t ing when each tank 

i m  ready f o r  stress rel ieving.  

t b s t  all welding and t h e m 1  cutting vork en the  tank is complete. 
Phe s t ress - re l ie f  no t i f ica t ion  m u s t  certifV 

Upon receipt or P Btrcss-relief notification, t h e  Contractor and the  

C d s a i o n  shall make n j o i n t  inspection or the  t m k .  

cies, omissions. e tc . .  revealed in t h i s  inspection s h a l l  be corrected ~4 

requested by. t h e  C-ission. 

Ddrects, discrepan- 

~ I n m ~ ~ t - i 6 n  . 
A l l  exposed vessel  surfaces vi11 be complete* covered with three-inch 

nominal thiclrness mineral wool insulation, U.S.  Gypsum Co. SF252 Thermafiber 
' a inern l   WOO^.^.'^ Chloride Content OP the  insuls t ion w i l l  not exceed 0.10%." 

Attachment w i l l  be in sueh a manner as t o  insure coverage without voids and 
t o  ~ I W  for vesse l  erprnsi~n.~ 

-1- 
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. 

The nine iron-constantan thernacouplcs, TE-102-29 through TE-102-37 

per Vitro Drawing H-2-64374, p e n w e n t l y  located in the  struftuml concrete 

base slab. will be monitored throughout the  operation on L Poxboro S t r i p  

approx.), 12 point fapaci ty .  

Tvcnty-four of t h e  twenty-five iron-conetautlo thermocovplea, TE-102-1 

through TE-102-25 per V i t r o  Drawing H-2-64372, permmsntly located .gainet  

the teak bottom, v i 1 1  bo monitored on a Lee& b Northrup Strip Reforder 

Speedomax 0 Model 5-60374-1308, range Oo-120O0F. chart s p e d  4"/hr, 24 point 

The s h e l l  m d  roof thcrmoeouple locations are  at 1 5 - i t  in te rva ls  u 
ehwn on PDM Drawing 38570-EL1. 

through TC-48 w i l l  be monitored on two Lee& k Northrup S t r i p  Recorders 
Speedomax 0 Hodel 6-60374-1466, r a g e  0°-1200DF, chart speed 4"/hr,  24 point 

capacity each. 

Recorder Model ED-12-30-23, range O0-12OO0F, chart speed 100mm/hr (&"/hr 

capacity. 

The forty-eight shel l  thermocouples TC-1 

The twenty-four rwf thermocouples, TC-49 through TC-72, w i l l  also be 
monitored on M L h N Reoorder. 

Tenporvy thermocouples on t h e  s h e l l  md roof wi l l  be Chr-1-Alumel 

1SA Type R, AWG No. 20. 

p 6  1-1964 (Old ISA spec . ) .  

the  tank surface by using s t e e l  compression strips tack welded t o  the  sur- 

face. 

t o  mar the  vessel surface. 
vessel after all  other s t ress - re l iev ing  preparations are complete and 5wt 

Thermocouple junctions vi11 be welded per ASA 

Themocouple junc t ions  w i l l  be i n  contact with 

After lrtreas relieving, these s t r i p s  w i l l  be gromd off  80 as not 
These thermocouples w i l l  be attached t o  the  

.prior to-start up. - 

The strip charts  recorded s h a l l  be Cert i f ied by PDM and m i s h e d  t o  

Firing Equiement 

The strees-relieving equipment vi11 Consi6t of tvo 10,000,000 Btu/hr 

TateJonnea, propane-fired burners.5 
48 x b8 x 318 inch steel adaptor plate. 

The burners w i l l  each be bolted t o  a 
The adapter plates  w i l l  be tack 

-2- 

68 



HNF-4959, Rev. 0 

1 0  , 

The air-gas mixture w i l l  enter  t h e  ves8el a t  16 inchea of water prea- 

Venting will be accomplished by uaing a temporan, s l i d -  awe ( 0 . 5 8  p i g ) .  

ing cover an Penetration 6. This cover w i l l  be adjusted t o  obtsin B good 

fo roe iu l  exhaust. The m t u d  in te rna l  pressure is of no use except t o  knoy 

t h a t  it franot exesed 0.58 psig. 

Burner rcguht ion  w i l l  be as StatEd i n  Item 12, Operation. The valve 

will be on top  of t h e  t d  roof close t o  the  burner a6 will be the m m  t h a t  

,operates the valve. 

-3- 
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Proeano SUDPlY 

Propane supply tdss w i l l  be located approximately 8s s h a m  on PDM 
Drawing SR-2-38570.18 

t r a f f i c  w i l l  not be allowed in the  v ic in i ty  of the l ines .14 

Propane lines a h a l l  run e.st of T& 101. l6  Vehicle 

The propane gae l i n e s  will be screwed s t e e l  pipe 2" dismeter.  There 

w i l l  be a short  sect ion of rubber home with screwed-end connections t o  take  

the piping b a d ,  due t o  V C b 8 e l  expansion, off the e q n i p e n t .  

l i n e s  Imm the  propane tanka vi11 be rmanirolded in to  t h e  2" gar line with 

capper tubing. 

Connecting 

Sepfzate l i n e s  w i l l  he run t o  each of t h e  two burners. 
The entire propane feed system w i l l  be t e s t e d  pr ior  t o  t i e - i n  t o  t h e  

burners t o  888ure that t h e r e  w i l l  he no leaks. 

propane l ines  with sir and soap bubble t e a t .  

be two pounds per  square inch.l' 

PDM will pressur ize  t h e  

The pressure between t h e  f1r.t regulator and the  r a t i o  re&utor w i l l  

I 1 0  

lY 1 
Requirements 

The temperature requirements of t h i s  BtreSS-relieVing operation are  

LS s ta ted  i n  Vitro Specif icat ion Hws-7789 (as revised by contract  amend- 

ment No. 2).6 
Holding temperature - ll5OOF 50'F 
Holding period - 53 minutes minilnm 
Rate of temperature rise; ambient t o  6 0 0 ~ ~  - no r e s t r i c t i o n  

Rate of temperature rise *& 6 W F  - 100°F/hr with a t o t a l  

maximm var ia t ion  Of ZOOOF between the highest  and lowest 

thermocouples 

above 6 0 0 ~ ~  

~ 

Cooldoyo rate (after holding period) - not t o  exceed 100°F/hr 

Insulation may be removed after the vessel temperature drops 

below 600OF 

I 
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The s t a r t i n g  sequence for  burner operation is LS follo116. 

1. Connect 8- lines from t h e  propene supply in to  the burner gas l l n e s .  
The connection vi11 be made J w t  p r i o r  to start-up; and, i f  far any 
reeson start-up is d e l v e d .  these  l inea  w i l l  be redlseonnected. 

open vplves on propsne supply tanks after d i n g  certain all other 
v ~ l v e s  00 t h e  burner s p u i p n t  are cloned. 

S t a r t  the  blower v i t h  t h e  b l a s t  gate #I i n  the cloeed posit ion.  

2. 

3 .  

h .  Energize t h e  igni t ion trP1Isfo-r 
burner viewport. 

and observe the  spark through t h e  

5. tiimultanaously open valves 19 and 111. 
but #9 should be opened shout a qvsrter tu rn .  
now be l ighted - observe. 
Obaerve the p i l o t  flune M d  adjust valve #¶ 60 that  the pressure an 
e u g e  Y13 reads about 10 inches of water pressure. note: This w i l l  
have t o  be r e a a u s t e d  after t h e  b l a s t  gate #I  is opened. 

X 1 1  msy be opened dl t h e  way 
The pi lot  flame Should 

6 .  

7. Check adenoid  valve X14 which should n w  be in the  Open posi t ion.  

8. Open b a l l  vdve /I10 a d  immediately thereaf te r  open the b las t  gate X I  
&out half way. 

Continue t o  open t h e  Dlast gate  u n t i l  16 inches of water pressure is 
read on gauge X 1 3 .  

The main burner flame is now in operation - check. 

9 .  

10. Observe t h e  main flame a d  adJust t h e  burner mixes 60 that a semi- 
luminous flame i s  obtained. 

ll. Start the  second burner i n  t h e  same manner. 

12. Heat input v i l l  be control led by regulating the msin burner input valve 
#l6 iind id t h e  input sir volume. - . 

Safety Precautions 

Pittsburgh-Des Hoines personnel w i l l  be in  attendance at d l  times 

during t h e  s t ress-rel ieving period. 

on t h e  b m e r s ,  constant h w  survei l lance i s  considered n e c e e s ~ ~ y .  

Even though safety e s u i p n t  is employed 

In the  event O f  a flame failure on e i t h e r  or bath burners, ell equip- 

ment vill be shut d m  and t h e  propane supply l ines  disconnected. The air 

-5- 
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volume i n  t h e  vessel  will bo allowed t o  stratlfy for a perlod of one-half 

hour end the i n t e r n a l  atmosphere w i l l  be t e a t e d  for explosive p o t e n t i a  
5 w i n g  a ~ i n e  snfety ~xplosion &ter at d l  l eve ls .  If LU) elrplosive atnos- 

phcrr should e x i s t ,  the blowers w i l l  be put i n t e  operation with d l  vents 

open u n t i l  t h i s  concentration is removed. 

for m explosive poten t ia l  and blow out any excess propane g ~ s  ehould lt 
PDM will have avai lable  instruments to s q l e  t h e  m u l w  atmosphere 

e x i s t  .'4 

I 
T i t l e  I11 Functions 

. 

. 

. 

Witnem a i r l soap  t e s t  of lines.' 

Aeeure no vehicle tmtrie near tanlrdl ines .  

Witness-check ench t h e m c o u p l e  to assure each 18 operating and correctly 
connected (prior t o  s ta r tup) .  

. Inspect insulation t o  see tha t  all is covered. 

. Hake frequent ObaerVations or s t r i p  char t s  during s t r e a s  re l ieving.  

. Obtain certified strip charts. 

-6- 
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