EXPRESSION OF INTEREST (EOI) DOUBLE-SHELL TANK PRIMARY BOTTON NON-VISUAL, NON-
DESTRUCTIVE EXAMINATION SYSTEM

Questions and Answers

October 6, 2016

Revision 1

1. It would be good to know the wall thicknesses also. The sketch shows general configuration but wall
thickness is missing which is important to decide what ultrasonic technique could be adapted. Wall
thickness will only be important if we consider guided waves.

Please see attachment 1.

2. Is the desire to inspect the entire tank floor or are there specific areas of interest that are more
critical?

We recognize that inspection of the entire floor is a lofty goal, but it is certainly our best case scenario, if
feasible. If not the entire floor, a statistically representative subset of the floor would need to be
determined. The defects we have experienced to data and believe we face on the tank bottom are
localized in nature. Given the tank design, the bottom is under higher stress closer to the knuckle and
one might postulate a higher flaw potential towards the outer radius as a result. Along those same lines,
the tank stresses are symmetrical around the circumference and flaw distribution may follow that
pattern. Without clear understanding of the degradation phenomenon at work, we are left looking for
the most extensive inspection that is feasible to begin to characterize potential failure mechanisms.
Once we know the nature of the degradation, the long term plan for periodic monitoring can be
determined (i.e. less coverage area and extreme value statistical extrapolation based on the population
sample).

3. Are you interested in NDE technologies only, or would monitoring technologies be of interest as well?

The inspection approach we feel has best fit our operating strategy has been periodic inspection with a
deployed NDE system. Permanently installed equipment in the annulus space would pose several
challenges with regard to installation, long term reliability, and data retrieval. We would absolutely be
interested in ideas from vendors to provide such a capability. We do have similar monitoring system
infrastructure for things such as liquid level and temperature.

4. What is the critical flaw size or goal for detection and can the type of degradation be narrowed at all?
The ultimate long-term goal is to demonstrate the ability to detect and characterize flaws in the tank

bottom that have the characteristics listed in Table 1. The plate thicknesses of the tank wall, knuckle
and bottom range from 0.5 to 1 in. across the fleet, as summarized in Table 1.



Table 1: Target Flaw Detection and Characterization

Reportable Level Values Action Level Values

Thinning 10% thickness 20% thickness
Pitting 25% thickness 50% thickness
Cracking Any linear indication greater than >12 inch. 20% of thickness

6 inch in length and 0.1 inch in depth. <12 inch. 50% of thickness

Attachment 1 is an illustration of the general construction of the tank primary liner and tabulated
summary of plate length and thickness for each for each tank type.

We recognize the challenge in detecting and characterizing these flaws types and sizes in the tank
bottom given the access restrictions presented by the refractory pad. Therefore, an objective of this
initial NDE assessment is to determine the flaw types and sizes that each participating technology can
detect and characterize within reasonable bounds. This will be accomplished by evaluating the flaw
detection and characterization abilities (ideally including identification of ID or OD connectivity and
sizing) of participating technologies across a range of flaw sizes. The lower bound flaw sizes will most
likely be represented by the reportable level values listed in Table 1. Flaws that are incrementally larger
than the reportable level values in Table 1 will be included (e.g., 50% and 75% through-wall) with the
upper bound flaw sizes governed by plate thickness of the mock-up(s) used (i.e., 100% through-wall
flaw) and mock-up width/length. The flaws used in this initial assessment will be simple geometry
machined cuts/notches/pits/thinning in one or more mock-up(s), such as the one depicted in the EOI.
The mock-up(s) that will be used are composed of 7/8 in. thick plate representing segments A, B, and
C. Segment D is a 0.5 in. thick plate that currently extends ~ 1 ft. from segment C, and will be extended
to a length appropriate to support this initial NDE technology assessment.

Examples of flaw geometries that will be used to evaluate the NDE technologies are provided in Table

2. As a minimum standard, NDE technologies are expected to accurately identify locations of weld
seams.

Table 2: Example Flaw Geometries for Initial NDE Assessment

Example Through-wall Depths
Flaw Type Description Example Lower Increment Increment Increment Upper
of surrogate width, bound #1 #2 #3 bound
machined length or (set by (set by
flaw diameter reportable actionable
ranges level value) | level value)
THINNING Thinned area 10% 20% 50% 75%
of plate, with
avery For 0.75-in. | For 0.75-in. | For 0.75-in. | For 0.75-in.
gradual thick plate, | thick plate, | thick plate, | thick plate,
transition 2-10in. =.075in. =0.15in. =0.38in. =0.56in. 100%
from the full by For 0.5-in For 0.5-in For0.5-in. [ For0.5-in. | through-
wall 2-10in. | thick plate, | thick plate, | thick plate, | thick plate, wall
thickness to =0.050in. [ =0.10in. =0.25in. =0.38in.
the target
through-wall
thickness




PITTING Rounded 25% 50% 75% 90%
milled-out
area with a For 0.75-in. | For 0.75-in. | For 0.75-in. | For 0.75-in.
sharp thick plate, | thick plate, thick plate, | thick
transition . =0.19in. =0.38in. =0.56in. plate,= 100%
0.25-2in. .
from the full . 0.68in. through-
diameter - - - -
wall For 0.5-in. For 0.5-in. For 0.5-in. For 0.5-in. wall
thickness to thick plate, | thick plate, | thick plate, | thick plate,
the target =0.13in. =0.25in. =0.38.in. =0.45in.
through-wall
thickness
CRACKING | Cut with 20% 50% 75%
rounded
edges For 0.75-in. | For 0.75-in. | For 0.75-in.
01021 thick plate, | thick plate, | thick plate, 100%
e in. _ =0.15in. =0.38in. | =0.56in. °
by 0.1in. - - - through-
6-18 in For 0.5-in For 0.5-in. For 0.5-in. wall
’ thick: thick plate, | thick plate,
satisfied by | =0.25in. =0.38in.
lower
bound

Although the purpose of this initial NDE technology evaluation is to assess flaw detection and

characterization ability without the access limitations that will ultimately be encountered in the

eventual final NDE demonstration or in the real double-shell tanks, we may elect to provide an

opportunity for participants to demonstrate the ability of their technology to traverse removable mock-
up air slots if one or more participating technologies is already prepared to overcome this access
challenge and wishes to leverage the opportunity to demonstrate that.

5. How is the bottom layout configured? We can see that the welded knuckle is Butt welded, (where the
shell to the bottom is joined).

The weld seams are all full penetration double-v butt welded.

Graphic 1:

DOUBLE -V BUTT WELD
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Graphic 2:
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6. It is our belief that the bottom plates are also Butt welded. Is there any historic data or drawings that
can confirm this?

You are correct. The historical data reviewed by WRPS from DST construction do confirm this.
7. Will the technique need to be applied to the whole base surface?

The inspection technique will need to be able to assess for degradation in either the tank bottom plate
base metal and weld seams. We recognize that inspection of the entire floor is a lofty goal, but it is
certainly our best case scenario, if feasible. If not the entire floor, a statistically representative subset of
the floor would need to be determined. The defects we have experienced to data and believe we face
on the tank bottom are localized in nature. Given the tank design, the bottom is under higher stress
closer to the knuckle and one might postulate a higher flaw potential towards the outer radius as a
result. Along those same lines, the tank stresses are symmetrical around the circumference and flaw
distribution may follow that pattern. Without clear understanding of the degradation phenomenon at
work, we are left looking for the most extensive inspection that is feasible to begin to characterize
potential failure mechanisms. Once we know the nature of the degradation, the long term plan for



periodic monitoring can be determined (i.e. less coverage area and extreme value statistical
extrapolation based on the population sample).

8. Is there a defect depth that need not be found. i.e. What is the minimum defect size that needs to be
detected and what is the minimum defect size (depth/length) that needs to be accurately measured?

Inspection technology needs to be able to detect our reportable level values from our inspection
program plan. These are provided in the Table 1.

9. Are there any LTQR for the tank especially the welds, e.g. radiography so that potential defects can be
compared against original design?

Each double-shell tank received extensive non-destructive examination at the time of construction and

completion of the tank was contingent upon passing. These radiography records are available and have
been evaluated for the primary tank bottom of each double-shell tank. Should a defect be found that is

along a weld seam for example, it could be correlated to a location of high re-work.

Table 3:

v v v v v v

100% Visual — Primary and Secondary

100% Radiography — Primary and Secondary v v v v v v
Vacuum Leak Test v v

Liquid Penetrant v v v v
Magnetic Particle v v v v v v
Hydrostatic Leak Test — Primary v v v v v v

10. What is the grade of steel used for the tank base?

It varies based on tank farm, but the table below provides a summary:

Tank Farm Material Type Plate Thickness (in.)
3/8

241-AY ASTM A515-65, Gr 60

_‘
o
(=3
0]
I

ASTM A515-69, Gr 60 1/2
241-SY ASTM A516-72, Gr 65 1/2
241-AW ASTM A537-744, Class 1 1/2
241-AN ASTM A537-75, Class 1 1/2
241-AP ASTM A537-79, Class 1 1/2

*See attachment 1 for additional information.



11. Can design information on the wall and base be supplied including weld locations, original thickness?

Attachment 1 shows the plate thickness and how they change along the tank wall and floor. General
layout of the tank bottom plates are shown in the graphic response to question 5. While plate layout
drawings are available and the design dimensions of the plates are known, that information is not
readily available to provide at this time as it is unique for each tank farm. More work will be required on
the part of WRPS to gather and interpret the information. It will certainly be necessary to interpret the
data gathered through inspection against tank design characteristics.

Overall, the graphics above should provide understanding of the number of weld seams to be
encountered for each tank design and in what orientation those seams are relative to the annulus space
where inspection will originate.

12. I am interested to learn a little more about the initial demonstration planned for December. What
would the timeline be for the demonstration? How much time will we have with the specimen to set up,
trouble-shoot equipment, initially test the system, etc?

We envisioned a half day (~ 4 hours) for each vendor. This should allow more than enough time to:
e Make any necessary small adjustments to their scanner or probe to accommodate the mock-up
e Perform functional testing
e Review the protocol and expectations with us
e Scanand collect data
e Tear down



Attachmentl

HANFORD DOUBLE-SHELL TANK CROSS SECTION SUMMARY
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