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ABSTRACT

The nuclear fuel reprocessing operations, conducted at the Western New York
State Nuclear Service Center, West Valley, New York, between 1966 and 1972,
produced approximately 572,000 gaillorns of high-level |liqulid waste which is
presently being stored In underground tanks. The Nuclear Regulatory Commission,
with concurrence of the U.S. Department of Energy, contracted with Rockwel |
Hanford Operations to obtain photographic, video television, and ultrasonic
inspection records of two underground carbon steel tanks.

The results of an evaluation of these photographic, video television, and
ultrasonic Inspection records are contained herein. Also provided Is a
description of the methods used, the Inspection procedures, the inspection
equipment and operation, and the evaluation processes.
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EXECUTIVE SUMMARY

The Western New York State Nuclear Service Center, West Valley, New York,
Is the site of a former nuclear fuel reprocessing facility. The resulting
high-level radiocactive waste generated between 1966 and 1972 is presently stored
at West Valley In underground tanks.

The Nuclear Regulatory Commission (NRC), with the concurrence of the
U.S. Department of Energy (DOE), contracted with Rockwel| Hanford Oper=tions, a
DOE contractor, *o obtain photographic, video television, and ultrasonic
Inspection records of the two carbon steel tanks at West Valley. The purpose
for performing this Inspection/survelllance Is to assess the condition of the
storage tanks at West Val ley.

The two neutralized under ground waste tanks (80-1 and 8D-2), fabricated of
carbon steel plate, have a 750,000 gallon storage capacity each. At the time of
the inspection, the active tank, 8D-2, contalned about 560,000 gal lons of
neutralized waste consisting of supernatant and sludge; the standby tank, 8D-1,
contalned approximately 142,000 gallons of |iquid that was only slightly
contaminated with radionuclides at the time of the Inspection.

The onsite tank Inspections were accomplished by use of a Large Area
Scanner, developed by Rockwel| Hanford Operations, which accessed the annulus
space batween the tank and vault walls via a 30 Inch diameter riser. The
functions performed with the Large Area Scanner, on an approximately 13 foot
wide by 27 foot high surface area of each of the steel tank walls are |isted as
fol lows:

® 35 mm stil| photographs and real time video television Images to show
the visual condition of the tank walls.

® Wire brushing of the tank wall to remove any surface deposits In
preparation for ultrasonic (UT) Inspection. Real time video television
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images of the wire brushing operation.

® 35 mm stil| photographs and real time video television Images to show
the cleaned condition of the steel tank walls.

® UT inspection to determine existing tank wall thlicknesses.

Review and evaluation of 5 Inch by 7 Inch prints of the 35 mm exposures and
the real time video television Images taken before the wire brushing operations
Indicate that a considerable amount of a whitish substance, assumed to be a
calclum-based material, has accumulated on the outside surface area of the 8D-2
tank wall. Essentlally no whitish deposits were noted on tank 8D=1. However,
the heaviest rust concentration of deposited material was worse on the cooler
tank, 8D-1, than on 8D-2 and was located near the top of the tank wall in line
with the 30 Inch dlameter access riser, with decreasing amounts near the bottom
of the tank and at the outer edges of the surface area Inspected.

Photographs taken of both tanks after wire brushing showed that this
operation was generally very successful In removing the deposited material, and
produced a relatively clean surface. Surface pitting was observed to have
occurred. The photographs showed that tank 8D-2 has experlenced much !ess
corrosion than tank 80-1. This Is assumed to be because of 80=2's higher
temperature being effective In driving off the moisture and el Iminating the
electrolyte (water). During the video Inspection, the three observers estimated
that the worst pits ranged from 0.04 to 0.06 Inch In depth. PIt depth was not
extrapolated from the ultrasonic measurements,

No unusual or suspicious geometry changes (bumps, buckling, warping, etc.),
surface defects such as cracks, gouges, etc., or evidence of leaks were observed
on elther of the tanks. However, on tank 80~1, dark molst areas were noted to
originate from weepholes In a circumferential steel ring on top of the tank.
These weepholes were designed to be drainage ports for the vault roof
condensate, and the dark areas result from molsture seeping thrcugh these

vi




RHO-RE-ST-8 P

weepholes and down the tank wall. No evidence of moisture was observed on tank

80-2 because of its higher temperature (approximately 170°F).

The ultrasonic measurements, which were capaple of measuring thickness to
the nearest 1.01 Inch, Indicated that the plates for both tanks are, as a whole,
thicker than origlinally specified. Therefore, a corrosion al lowance slightly
greater than the original design corrosion al lowance of 0.250 inch presently
exists. The actual allowance varles with location along the wall.
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INTRODUCT 10N
PURFOSE

This report documents the results of an evaluation of photographlc, video
television and ultrasonic measurement Ingspection records of portions of two
carbon stes! waste storage tanks at West Valley, New York, This evaluation Is
Interded to provide Information to be used to assess the condition of the
storage tanks at West Valley, New York, Due to the volume and format of the
data contained In the Appendices, only & single master copy, to be located ot
West Valley, has a complete set of Appendlces.

The Western New York Nuclear Secvice Center (WNYNSC), located near West
Valley, New York, has served as o site of a commercial nuclear fuel reprocessing
faciiity., Operation of the center was managed by Nuclear Fueis Services,

Inc, (NFS), under a lease with the state of New York from the time construction
began In 1963 unti| February Y982, and subsequentiy, by West Valley Nuclear
Services Campany, |ncorporated.

The ftuel reprocessing portion of the center began operation In 1966 and was
shut down In 1972, Migh=level I1quid vaste vas generated during operation and
ot the time of Inspection there were approximately 372,000 gallons of high=level
radioact lve vaste stored In two underground tanks &t West Yalley, One carben
steel tank, 80=2, contalned approximately 960,000 gallons of reutral lzed vaste
ot the time of the Inspection; o stalniess steel tank contalned approximetely
12,000 gailons of acld |iquid waste. A second set of tanks (one carbon steel
and one stainiess stes!) |s malntained as backup for these active tanks,

Early In 1978, the £. 1, duPont de Nemours and Company, Savannah River
Laboratory, Alkin, South Carclina, Issued an analysis of avaliable In*ormation
relating to the waste storage system at Weat Valley. This document, “Safety
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Related Informetion Avallable on NFS Waste Tanks," f1led under NRC Docket Number
50=201 (Reterence 1), provides recommendations for studles to obtaln adJitional
safety=related Information on the existing storage system and to allow for
erhanced future planning.

Accordingly, In November 1978, the NRC, with the concurrence of the
U.S. Department of Energy (DOE), requested Rockwel | Manford Operat!ions
(Rockwel 1), a DOE contractor, to propose a plan for Inspection of the West
Valley waste storage tanks, determine thelr condition, and generally achleve the
Information gathering objectives recommended In the sbove referenced analysis.
This proposal, therefore, formed the basis of this work and conslsted of
obtaining onsite photographic, video television, and ultrasonic Inspection
records of two carbon stes! wasts storage tanks at West Valley (Reference 2),
The results of an evaluation of these Inspection records are contalned hereln,

The results of an evaluation of photographlic, video television, and
uitrasonic measurement Inspection records of |imited portions of two carbon
steel waste tanks (80«1 and BD=2) designated for the storage of neutraillzed
waste at West Valley, New York, are presented. The methods, techniques, and
procedures Implemented for ocbtaining the Inspection records are also provided.
ALl flgures for this report follow the maln text and are In the figure section,

TANK DESORIPT IONS

About 30 ml, south of Buffalo, New York, Is the spproximately 3,300«acre
New York State controlled reservation; the 1% -acre site controlled by DOE where
the waste storage tanks are located Is within this area. The waste storage
faciiities at West Valley, sltuated In the north western reglon of the
reservation (Figure 1), consist of two pairs of underground tarks within close
proximity of ssch other, One palr of the tanks (80«1 and B0=2) are designeted
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for containment of neutralized wastes; the other palr (8D-> and 80D-4) for acid
liquid waste (Figure 2). Only one tank In each pair Is an active waste storage
tank; the other Is a spare. The acid waste tanks (8D-3 and 8D-4) are not
'ncluded In the scope of this evaluation effort and, therefore, will not be
discussed further.

The neutralized waste tanks, Identlfied as 8D-1 and 8D-2, are 70 feet in
dlameter by 27 feet high and have a 750,000 gallon storage capacity each. The
tank walls consist of approximately equal section heights of 0.500, 0.534 and
0.656 Inch thick carbon steel plate from top to bottom, respectively. The
floors and roofs of the tanks are flat and conslist of 0.656 and 0.438 inch thick
carbon steel plate, respectively. The ASTM-A-201, Grade A carbon steel walls,
roofs and floors have been postweld heat treated (stress-rel ieved) and provide,
by design, for a 0.250 Inch thick corrosion al lowance (originally estimated to
have a design |ife of 50 years).

Each primary tank rests on perlite blocks iaid on @ 3 Inch layer of pea
gravel, all retained In a 72 foot 6 inch diameter by 15 inch high carbon steel
ring which in turn sits on a carbon steel pan, 75 feet in diameter by 63 Inches
high. This pan rests on a second layer of pea gravel placed on the floor inside
of a 75 foot 7 Inch diameter outer reinforced concrete vault. The steel tanks
and concrete vaults were bullt in 1964 and 1965 to the Uniform Bullding Code,
Zone il!, specifications.

A single 30 inch diameter access opening Is located directly above the
annulus space between the steel tank wall and concrete vault wall. See Figure 3
for a cross-section of the tank.

A more detalied descr({ption of the tank features may be found in
Reference 3.
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TANK CONTENTS

The active waste tank, 8D-2, contained approximately 560,000 gallons of
neutral ized waste at the time of Inspection. Past and present conditions of the
waste In the tank which may affect tank wall surface deposits and condition are
the following:

® The wastes were originally close to bollIng temperatures (present
temperatures are 180 to 185°F).

® Alr Is continuously admitted via four airlift circulators at a rate of
2 feet>/minute per air |Ift,

° During its lifetime, a liquid=air Interface has existed at least at one
and probably at several liquid depths for extended periods of time.

® The tank contents are continuously being cooled by evaporation from the
liquid's surface. At the time of the inspection, 8D-2's evaporation
rate was approximately 3 gal ions per hour.

Tank 8D-1, which contains the condensed water from 8D-2, was approximately
one~trird full of slightly contaminated water at the time of inspection.
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ONSITE EXAMINATION
PHOTOGRAPH IC

One set of 35-mm photographs was taken of each tank to evaluate the initial
"as-1s" condition of the tank wall surface area; a second set of photographs was
taken of each tank after wire brushing of the areas to evaluate the "after wire
brushing" condition. A total of one thousand five hundred seventy-eight, 35-mm
photographs were taken. Wire brushing was performed to remove surface deposits
which have accumulated on the tank wall during Its existence.

All photographs taken of both tanks before wire brushing were spaced on a
gridwork of 9.9 iInches horlizontally and 6.5 Inches vertically. Photographs
taken after wire brushing of tank 8D-1 are spaced on a gridwork of 19.8 inches
hor izontally and 13.0 Inches vertically; for tank 8D-2 they are spaced
14,8 inches horizontally and 9.8 inches vertically. All photographs were taken
using a Nikon F2 single lens reflex camera equipped with a Nikon 35-mm F2.8
lens. Exposures were made on Ektachrome slide dupllicating film 5071, which has
an ASA rating of approximateiy 4, with the use of a Lowel 1,000 watt Tota-Light
I1ght source at exposure times of 1/60 of a second. The very slow ASA 4 film
was used to allow for a longer residence time In the 1500 R/hr radiation field.

Each exposed sl|lide was reproduced as a 5 Inch by 7 Inch print which
resulted In approximately a 1/2 Inch overlap for the photos taken with a
9.9 Inches horlizontal spacing. The center to center spacing of these prints Is
about 6 3/8 Inches; thus, the 5 inch x 7 Inch prints represent approximately a
2/3 scale image.

VIDEO TELEVISION

Real time video tape Inspection records of both tanks were made during the
photographic and wire brushing operations. These recordings were made using an
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Edo Western Corporation television camera, Model CH-1831-30531, with an 8.5-mm
lens, and a Sony VO 2800 video recorder. The Lowel 1,000 watt Tota-Light was
used as a |ight source with proper control being maintained with a Variac

vol tage regulator.

The continuous real time video television scans made during photographic
operations include 0.5 to 1.0 second pause time Interruption to allow for
operation of equipment and exposure of the film at each photograph location.

The video television scans made during the wire brushing of tank 8D-1 record the
continuous horlizontal passes along the tank wall at a travel speed of

2.415 Inches/second and Incremental vertical steps of 2 inches for each pass.
For tank 8D-2, the video television records show continuous horizontal passes
along the tank wall at a speed of 17.7 Inches/second and incremental vertical
steps of 1 Inch for each pass.

ULTRASON IC INSPECT ION

Ultrasonic Inspection records of each tank were obtained after wire
brushing removed the loose scale and rust from the tank walls. For tank 8D-1,
UT Inspection readings were taken on a gridwork of 1 Inch spacings for both the
hor izontal and vertical directions; for tank 8D-2, readings were taken on a
gridwork of 2 Inch spacings for both directions, as the photographs showed
significantly less signs of corrosion.

One longitudinal and four shear mode UT transducers were used to obtaln
data at each location on the gridwork patterns. The longitudinal mode
transducer measured wall thickness and Identiflied any external or internal flaws
within the wall. The four shear mode transducers, two left and right looking
and two up and down looking, propagated ultrasonic waves at 45° to the wall
surface area for location of internal or external flaws which would not be
detected by the longitudinal transducer.
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All UT data generated and collected at each data point location on the
gridwork patterns, In addition to X and Y reference coordinates, were recorded
and stored in mass storage on magnetic disk.

Continuous monitoring of the UT Inspection data was performed during the
inspection process by visual observation of a graphical representation of the
wall thickness and wall condition on two separate cathode ray tube monitors.

One monitor was used to determine the validity of the data and to observe the
thickness and condition of the tank wall at a given data point of the gridwork.
A second monitor displayed a graphical representation of the tank wall thickness
and condition based on the data accummulated from the most recent 24 points
evaluated. An on-the-spot judgmental evaluation of the data was made during the
Inspection process, and where necessary, locallzed areas of the tank wall were
relnspected using a data point gridwork of 1/8 inch spacings. The operator was
alsc able to determine If low readings (l.e., 0.32 inch or less) were due to
poor coupling. The operator thus has to assist in the evaluation of the output
to delete the standing wave spikes (typlical In UT measurements), which printed
as 0.32 Inch. His Input was also valuable In Identifying double reflections,
which might otherwise be Interpreted as thickness anomal ies.
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RESULTS AND DATA EVALUATIONS

Radlation levels were monitored continuously dur ing operations and
equipment was surveyed upon removal. No contamination of equlpment was
experienced, and none of the tank walls were observed to have leakage after wire
brushing. Radiation levels Increased, as Indicated by an air monitor alarm
during wire brushing. This was determined by the West Val ley personnel to be
because of natural ly occuring radon gas.

PHOTOGRAPH IC

Photographs of the outside walls of both steel tanks, showing the before
and after wire brushed conditions, were reviewed and evaluated for obvious
features expected to be visible on the outer surfaces. These Items
Include: geametry changes (bumps, bucklling, warping, etc.), corrosion deposits,
surface defects (cracks, gouges, etc.), and deposits of leaking material.

All of the 35 mm stil| exposures (slides) to be reviewed were first printed
Ina5 Inch x 7 Inch format. For tank 8D-2, prints of all exposures, for both
the before and after wire brushed conditions, were reviewed. For tank 8D-1,
prints of all exposures taken after wire brushing and prints of the
corresponding exposures taken before wire brushing were reviewed.

Reviews of photographs taken prlor to the wire brushing operation showed a
heavy deposit of an unknown whitish material to have accumulated on the outside
surface of tank 8D-2 (the hot tank). The heaviest rust concentration was on
8D-1 (the cold tank). Both the rust and whitish deposits were !ocated near the
top of the tank and centered under the 30-inch diameter access riser, with
decreased deposlits being observed near the bottom of the tank and at the outer
edges of the surface area Investigated. Figure 11 shows the general
distribution of deposited material, both rust and whitish materlial, relative to
the area Inspected.
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Other local lzed heavy concentrations of the corrosion material were
observed to be accumulated on weldments extending to the limits of the weld heat
affected area, or In the form of striations, bel leved to be assoclated with
surface scratches or marks made during fabrication, which resulted in disturbing
the protective action provided by the mill scale.

Positive 'dentification of the whitish substance was not Included In the
work scope of this evaluation ef fort and, consequently, was not performed.
However, It appears to be a calclum-based materlal that presumably came from the
concrete vault. It Is hypothesized that the rust deposits and whitish material
were worse under the 30-Inch dlameter access riser because of an envirommental
condition created within the vault annulus area which Is a result of circulating
alr currents and temperature conditions associated with the riser or rain water
leaching through the shielding sand In the access port riser and draining around
the access port plug onto the tank.

The whitish material was described by members of the fleld tank inspection
team as a |Ight, rather porous, flaky, powdery, chalky material with an
of f=white to grayish color except for larger pleces showing a rust color on the
back surface which had been against the steel. (The gold color of the 8D-2
photographs was due to radiation damage to the fiim.) The whitish material came
off In chunks or crumbled when wire-brushed.

The amount of corrosion deposit accummulated on tank 80D-2 (the hotter tank)
was much less than was observed on tank 8D-1. In fact, the amount of deposit
over a major portion of the area evaluated on tank 8D-2, near the bottom and the
outer edges, was so slight that the construction Identification markings placed
on the steel plates during fabrication could easily be Identified and
read; thus, these areas of the tank 8D-2 appeared relatively clean except for a
very siight whitish powdery flIm deposited on the surface over the mill scale.
Tank 80-2 Is judged to be In excel lent condition.
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Because of the extent of deposited material on the wall of tank 8D-1,
evaluation of the photographs taken before wire brushing proved to be
questionable. Since a valld evaluation of the tank wall condition could only be
made by evaluating a clean surface, It was decided to develop the prints of
every other exposure of tank 8D-1 showing the wall condition before wire
brushing. The video television records produced during the photographic and
wire brushing operations further substantiate this decision.

Photos representing the typical "before wire brushing" condition of tanks
80-1 and 8D-2, are shown In Figures 12 through 15 and 20 through 23,
respectively.

Approximately six hundred twenty-five, 5 Inch by 7 Inch prints, 225 for
tank 80-1 and 400 for tank 8D-2, showing the steel tank surface after wire
brushing were reviewed. These photographs showed that the wire brushing
operation was very successful in removing the whitish material deposited on the
surface of the tank 80D-2 leaving a relatively clean surface area. Surface
pitting, as a result of corrosion, was observed. Most pitting appears toc have
occurred where the most corrosion material had been deposited. No attempt was
made to determine the actual depth of the pitting from these photographs.
However, |t was estimated by the operators that, In the worst cases, the pits
could range from 0.040 to 0.060 inch deep. In areas of heavy rust bulld=-up,
poor coupling of the UT head resulted In |Iimited data. |In these areas, the
photographs were used to augment the data evaluation. Tank 8D-1 has experienced
much more severe pitting than tank 8D-2. This Is attributed to the fact that
since tank 80-1 Is much cooler than 8D-2, the resulting condensation on tank
8D-1 has enhanced the corrosion process.

Typical photos ~f the most severe pitting observed on tanks 8D-1 and 80D-2
are shown In Figures 16 through 19 and 24 through 27, respectively.

No unusual or suspicious geometry changes (bumps, buckling, warping, etc.),

10
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surface defects such as cracks, gouges, etc., or evidence of leaks were observed
on any of the photographs for either of the tanks. However, the photos of tank
80-1 did reveal some dark areas where moisture appeared to exIst. These areas
originate from cutouts In a circumferential ring around the top of the tank and
are a result of moisture seeping through these drainage holes down the wall
surface. No evldgpce of molsture was observed In the photos of tank 80-2.

For more detailed Inspection of the before and after wire brushed tank
condition, Appendix B contains all 5 Inch by 7 Inch prints developed from the
35-mm exposures and maps correlating the photograph Identification numbers with
tank areas Inspected.

VIDEO TELEVISION

All video television scans taken of both tanks during photography before
wire brushing, during wire brushing, and during photography after wire brushing
were reviewed In playback of the tapes. Coples of the video tapes are provided
In Appendix C.

Viewing of video tapes substantiated conclusions drawn from reviewing the
photographs taken before wire brushing with respect to the distribution of
deposited material on the tank walls. These tapes correlated well with the
photographs and confirmed that the least amount of material was deposited near
the bottom of the tank walls and toward the edges of the area Inspected and that
the maximum deposits were located In line with the 30-inch diameter riser and
near the top of the tank walls. In summary, the distribution of deposited
material as shown In Figure 11 was conf irmed.

Also, It was conflrmed that much less corrosion material existed on tank
8D-2, the hotter tank, as compared to that on tank 8D-1. Most of the wall
surface of tank 80D-2 appeared relatively clean and free of corrosion. Except
for small localized areas, and other than that located under the 30-inch

11
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diameter riser, the construction markings placed on the steel plates could be
Identified. Most of the locallized areas which contained corrosion were along
weldments.

Videc television records made during the wire brushing operation showed
large quantities of material being removed In pleces about 1-inch to 2-inches in
dliameter In reglons of Its highest concentration.

The video television records made during photography of the tanks after the
wire brushing operation revealed that both tank walls had been cleaned to a bare
metal or clean mil| scale surface. In areas where the corrosion had been
removed, pitting of the tank wall could be observed. However, because of the
lack of contrasting colors, and the lack of depth perception on the video
television screen, the extent and depth of pitting could not be assessed. It
was noted, however, that the amount of pitting associated with tank 8D-2, the
hotter tank, was much iess than with tank 8D-1. This, again, is attributed to
the lack of molsture on the wall of tank 8D-2.

The video television records of tank 8D-1 taken after wire brushing also
revealed the presence of moisture on the tank wall extending from small cutouts
in the steel ring around the top of the tank. The amount of molsture present
could not be determined; however, free moisture In the form of water droplets
was not observed. Instead, the molsture appeared to seep along the tank surface
to form damp spots extending from each of the cutouts down the tank wall for an
estimated distance of 2 to 4 feet and extending horizontal ly approximately 1 to
2 feet. This molisture Is believed to have seeped through the small cutouts in
the top ring from the top of the tank roof.

No other moisture or damp spots, other than those observed on tank 8D-1,
were noted during the video tape reviews. Also, no Indications of bumps,
Lockling, warping, cracks, gouges, or other surface irregularities were
observed. Particular attention was gliven to the tank welds which, other than a
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slight amount of plitting, showed no visible structura' defects or evidence of
leaking.

ULTRASON IC MEASUREMENTS

Ultrasonic measurements were taken of the tank wall thickness of both tanks
8D-1 and 8D-2. Scans were normally done on 1 inch by 1 inch grids for 8D=1
(e.g., @ data point was recorded every 1 Inch along the vertical and horizontal
direction). The grid for 8D-2 was 2 inch by 2 inch as there was much less
variation. All measurements were taken right after wire brushing of the
surfaces had been completed. The equipment was unable to access the bottom
30 Inches of the tank. The middle (0.543 Inch thick) and top (0.500 inch thick)
plates were measured and all plate areas were thicker than the drawings
Indicated they would be.

The UT data disk taken on the lower plate In tank 8D=2 was mechanically
damaged while attempting to read the disk. The section of the disk containing
the flle Identification field was gouged; a computer specialist was contracted
to assist and the bulk of the data was read. The pattern relative to missing
data points was quite similar to that found on the upper plates. The bottom
plates of 8D-2 were consistently thicker than the drawings specified and the UT
data showed |ittle variations In thickness.

The Initial data collection plan included making duplicate data disks to
prevent Just such time delays and costs. However, the controlling program to be
used did not work while at West Valley, and copies could not be made.

Thickress data was much harder to obtain for tank 8D-1, especlally where
the photographs and video television showed heavy surface corrosion products and
pitting, due to poor coupling. The data did conflirm that the area shown in
Figure 11 as having greater corrosion also was thinner than the areas showing
less corrosion. A lot of data was not readable due to poor coupling (printed as

13
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W¥%"), Blanks indicated values within a certaln rangé (e.g., 0.51, 0.52 and
0.53 Inch for the 0.500 inch thick region). A number of readings were 0.32 to
0.34 Inch. These are felt to be caused solely by line signal noise due to poor
coupling. They were most prevalent at weld transitions and badly pitted
regions. Even If these were correct values, the 0.250 Inch corrosion al lowance
from the specified plate thickness was not used up In any case. It Is concluded
that the plates, as a whole, are presently thicker than was specified. Also,
tank 8D-1 wall was measurably thinner than 8D-2 wall In the vicinity of the
30-inch riser (area shown in Figure 11). A sample of the output is shown In
Figure 28. A complete set of UT data sheets for the test runs is provided In
Appendix D. UT data sheets for 8D-1 and 8D-2 Tanks are provided In Appendix E.

A video presentation (designed to ald the operator) of the cross section of
the tank wall was generated as the UT scan progressed. The front surface,
irrespective of conditions, was represented by a straight vertical line. Any
variations In wall thickness were displayed as changes in the distance to the
back surface of the wall. UT returns from the shear transducers were variable
Intensity amplitude signals displayed as a function of distance referenced to
the back surface of the wall.

A comparison of tank 8D-2 printouts versus the video presentation was made
to determine the cause of low values, high values and missing data. The audio
track on the video tape contained comments made during the tests to explain
various conditions of the displayed signal that might otherwise be
misinterpreted. In evaluating these sections of the tank, both the video and
audio were used.

Prior to the evaluation of the tank wall, a comparison of the test plate
versus the video representation was made. The section evaluated includes seven
test holes from 1/16" to 1/4", and a cross pattern milled In the plate. The
wal |l thickness showed as two parallel Iines. The holes caused the shear wave
return to bs displayed as echos clustered near the back wall proportionate to

14
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the flaw size, and relative to the position as the scan approached and passed.

These video tapes were origlinally Intended to be used as a field ald to
operations only, and not as a permanent record. Therefore, the video tapes were
reused and the following sections of tank 80-2 were the only sections remaining
on video tape:

X =0 to 136" Y= 151" to 211"
and
X =0 to 136" Y= 271" to 307"
Evaluation

Low Values - The computer program that generated the wall thickness printout was
designed to Ignore any signal return less than .32 Inches. This was done to
avold signals from shear wave transducer transmission nolse, which could show up
In the longlitudinal gate. Throughout the printouts are a very few .32 inch
values. These should be Ignored.

An analysis of the video tape Indicates that all other low values are
valld, and should be conslidered (particularly when clustered) as thinner areas.
Areas of note are Jjust above and below the horizontal weld between the center
and upper plate.

High Values - There were very few extremely high readings, and al | appear to be
second echoes.

Missing Data - Approximately 108 of the data examined was missing. There were
several causes for missing data Including the following:

S A N R DR g%
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® Loss of couplant,

® Extremely bad front surface preventing the Initial ultrasound penetration,
and

° Bad al ignment.
Shear Return - Though the extraction and printout of the inner tank wall
condition was not within the scope of this report, It would be Impossible to
evaluate the video versus the printout without considering It. Tank 8D=2 was
quite free of shear wave return which would Indicate a falrly uniform back
surface free of defects. However, two areas showed consliderable shear return:

® The weld between the center and upper plate, and

® That portion of the upper plate that has been consistently above the |iquid
level.

Statistical Analysis - A statistical evaluation of a portion of the ultrasenic
thickness data ylelded the fol lowing results:

95% Conf ldence

Expected Mean Student Interval for the Number
Tank Wal| Thickness Thickness Deviation True Thickness of Readings
80=1 0.534 0.543 0.021 0.531 to 0.555 13,445
80-2 0.500 0.524 0.014 0.516 to 0.532 2,910

The units of the numbers are iInches.

The 958 conflidence Intervals are to be Interpreted as meaning that if 100
similar areas of the tank are Inspected and the corresponding Intervals
computed, then 958 of the Intervals wlll| contaln the true wall thickness. These
are computed based upon Student's t+ distribution. The expected wall thickness
for tank 8D-1 is contained In the conflidence interval. This glives credibility
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to statements that the wall thickness Is within acceptable |imits, The expected
wall thickness for tank 8D-2 Is less than the lower end of the confldences.

This leads us to conclude, with a reasonable degree of confldence, that the true
thickness of the tank |s greater than we expected.

The distribution of the wall thickness for both tanks Is bimodal. For
80-1, the larger mode Is located at 0.53 Inches, 43% of the observations. The
other mode Is assoclated with 0.56, 0,57 and 0.58 Inches, with 31% (108, 13%,
and 8%) of the observations. The larger mode for tank 8D-2 is 0.52 Inches with
57% of the observations and the second mode between 0.54, 0.55 Inches with 20%
(9%, 11%) of the observations. This Is to be Interpreted to mean that In
general the wall thickness of each tank is larger than expected.

Summary

Nothing definitive can be sald about the welds without extracting the shear
wave Information., However, the video did verlfy that the low value signals,
Indicating thin areas, above and below the upper weld were valld. Though there
were missing data throughout the scans, the video presentation enabled the
viewer to see adJacent points, thus showing consistent wall thickness. The
value of using a high density scanning grid was quite apparent.

Another ald provided by evaluating the video was seeing the shear wave
return. The tank, In general, was free of excessive shear wave return
Indicating & uniform corrosion free Inner surface (this was not true of tank
8D-1). However, In addition to a large amount of shear return at the upper
weld, falrly constant shear return started at approximately 247 Inches from the
bottom. Historically, the liquid level (Reference Appendix A) has been at or
below this level,

These video tapes were of scans that covered less than half of the tank
8D-2 scanned area.

17
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COMPARISON OF RESULTS TO HANFORD EXPERIENCE

The purpose of this effort was to: (1) assess the extent of corrosion
of the West Valley low-carbon steel tank which has been exposed to high-
leve)l nuclear waste similar in composition to that stored at Hanford for
several years and (2) report results of corrosion study of thorax process-
ing solution and 304L SS. The Nuclear Fuel Services (NFS) at West Valley,
New York reprocessed both commercial nuclear power reactor and defense
production reactor fuels at the Center from 1966 to 1972. Approximately
560,000 gallons of liquid high level radioactive wastes, stored in under-
ground tanks, resulted from this reprocessing. The reprocessing plant is
now being maintained in a shut down condition. There are two types of
liquid high level waste and two types of waste storage tanks at NFS.

There are two large carbon steel tanks (8D1 and 8D2) housed in separate
concrete vaults. Tank 8D2 contains about 550,000 gallons of neutralized
high level waste from the Purex processing of uranium-based fuels, and
Tank 801 is a spare. There are also two smaller tanks (803 and 80D4)
constructed of stainless steel and housed in a common concrete vault.
Tank 8D4 contains about 12,000 gallons of acidic high level waste from
the Thorex processing of thorium-based fuels, and Tank 803 is a spare.
The two low-carbon steel tanks were thermnally stress relieved prior to
completion of the concrete vaults.

At Hanford, essentially all neutralized alkaline wastes were stored
in low-carbon steel, single shell tanks surrounded by reinforced concrete.
The first double shel)l tank farms at Hanford were constructed and stress
relieved in the late 60's and early 70's. These were the AY and AZ tank
farms. Tank 101 AY received some neutralized alkaline waste from the
Zer:;e? processing of N reactor fuel just before Purex was put on standby
in 1971,

Prior Corrosion Studies

Low-Carbon Steel

In-tank corrosion tests were made at Hanford in Busmuth Phosphate,
Redox, and Purex-type alkaline high-level waste. Corrosion specimens
were 1020 mild steel coupons, weldments and stressed (bent beam) specimens.
Coupons and weldments were 1/8" x 1/2" x 1-1/2", whereas the bent beam
specimens were 1/8" x 1/2" x 1-1/2". Exposures were made in the liguid
and in the vapor phases for periods ranging from 0.5 to 6 years. General
corrosion rates of 1020 mild steel based on weight loss ranged from
about 0.5 to 7 mils/year. Pitting appeared to be somewhat more severe in
the vapor phase than in the liquid phase. No significant difference in
the corrosiveness of Redox and Purex wastes was found and no stress
corrosion cracking (SCC) of bent beam specimens was observed in any case.
The in-tank corrosion rate data indicated the tank liners would eventually
{perhaps 100 years) be penetrated by pitting attack.

!
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Associated laboratory tests using simulated neutralized alkaline
solutions tended to yield corrosion rates eguivelent or slightly higher
than those reported above. General corrosion rates ranged from 0.02 *o
$.0 mils /year whole pitting ranged from zero tc 5.0 mils in depth.

Other than the Hanford in-tank tests and associated laboratory tests
with simulated solutions, little work was done to further define tne
corrosiveness of alkaline high-level waste on low-carbon steel until
failure of an underground tank occurred at Savannah River in 1985 through
stress corrgosion cracking. A Savannah River report descrives the history
of the tank, service conditions, inspection of the tank walls and metal-
lographic inspection of specimens removed from areas of the leaks.
Further laboratory work with test specimens expcced to simulated waste
solutions confirmed that the failure was due to stress corrosion cracking.
Studies were made both at Savannah River and at Hanford to determine the
variables that effect the SCC of mild steel in waste sclution. Material
variables that were evaluated included stress level, base metal composi-
tion, weld metal composition, welding procedure and the presence of weld
repair areas. Environmental variables included nitrate concentration,
nitrate plus nitrite concentration, effect of added sulfate, temperature,
pH and the effect of a cathodic current.

Consistent SCC results were obtained only with large (3' x 3' and
3" x 1') weldments presumably due to the higher stress level attained
during fabrication. No cracking was observed with stress relieved
weldments in any cese; a partial stress relief produced by pascing a
wide gas burner over the welded areas was not completely effective
whereas a complete thermal stress relief prevented SCC. The cracking
propensity of as-welded weldments was independent of carbon content
between the limits evaluated, 0.08 to 0.26 percent; cracking was not
alleviated when a nickel-base alloy (not susceptible to SCC in nitrate
solution) was used as filler metal. Weldments fabricated from low alloy
steels were also found to be susceptible to SCC in nitrate solution.
Weld repair areas were especially susceptible presumably due to increased
plastic deformation in the weld area. The nitrate concentration required
to produce cracking of as-welded weldments in alkaline nitrate solution
was found to be about four molar, whereas the presence of nitrite appeared
to exert little effect on SCC of mild steel. Added sulfate (and probably
other anions) inhibited SCC in nitrate solution. No cracking of Savannah
River tanks which contained F Area waste occurred probably because of
the higher content of sodium sulfate, 5.8 ve 2.3 wt percent for H Area waste.

Interest in the corrosion of underground tank liners was again
revived with the advent of the in-tank solidification program. Failure
of cooling coils by pitting corrosion in high-level waste tanks became
common at the Savannah River facility after sludge removal operations
were initiated. The preoposed corrosion mechanism was based on oxygen
depletion cells formed in crevices between the coils and the support
fixtures. The corrosion was propogated by an zeration cell, accelerated
by sulfate made soluble by sludge removal operztions and made possible by
sluicing with water which diluted the nitrite to the extent that it became
only partially effective as an anodic inhibitor. Sluicing with supernatant
solution or with dilute alkaline nitrite solution should eliminate this
type of attack. Hanford tanks contain no cooling coils however &nd sluicing
has been done largely with supernatant solution.
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Stainless Steel

The 804 stainless steel tank at the NFS contains about 12,000 gallons
of acidic high level waste from thorex processing of thorium-based fuels.
The only data available at Hanford was developed from a short study in
which sensitized (1250 degrees Fahrenheit heat treatment for one hour plus
@ water quench) A151 304L stainless steel specimens were exposed to disolver
solution and vapor for 975 hours at boiling and waste concentrator solution
for 650 hours. Results were 0.046 inches/year in dissolver solution and
C.028 inches/year in the vapor. For the waste concentrator the corrosion
rate was 0.23 inches/year.

Conclusions

Because of the similarity of early Hanford neutralized alkaline waste
composition to that stored in tank 802 at NSF, a conservative general
corrosion rate for the NFS can be assumed.

Based on in-tank and laboratory studies conducted at Hanford a
conservative estimate for pitting would be .007 inches/year.

Stress corrosion cracking should not be a potential problem since
the low-carbon steel tank has been stress relieved. SD.® and OH™
inhibit SCC, and tank temperatures by now should be below that
required.

While the data base for judging the condition of the 8D4 SS tank

may be marginal, it is felt that a conservative estimate of expected
general corrosion rate would lie in the range 0.03 to 0.05 inches

per year. It is probably much lower since these data are for boiling
conditions.
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CONCLUSIONS

The area of each tank wall which could be evaluated was approximately
13 feet by 27 feet, or a total of approximately 351 teet? representing about 5%
of each tank wall surface area. Photography covered a slightly larger area than
the UT due to the equipment setup.

Review of the photographs and video tapes show that the extent of corrosion
products on the outside surface of tank 8D-2, the active tank, Is considerably
less than that observed on tenk 8D-1, the standby tank. This most |ikely arises
because the active tank Is at a higher temperature (approximately 170°F). This
elevated temperature has minimized the presence of moisture and thereby retarded
the corrosion process. Consequently, the condition of tank 8D-1 provides a
reference basis for comparison and the overall condition of tank 8D-2 would most
|Tkely be assessed as somewhat better.

No contamination of equipment occurred. No leakage or evidence of l|eakage
was observed el ther before, during, or after the wire brushing operation. An
Increase In detectable alrborne contamination observed during the wire brushing
operation was attributed to natural ly occurring radon by the resident health
physiclst.

Visual observation of the corrosion pattern on the outside surface of the
tanks does not correlate with the fluid fill levels. There is however, same
correlation of the deposited material and the amount of corrosion with the
weldments and weld heat affected areas. In addition, same minor striations were
observed on the tank walls which are belleved to be associated with surface
scratches or marks which disturbed the protective mill scale and were placed on
the tanks during fabrication.

The amount of whitish material deposited on tank 8D-2 was notably more than
on B8D=1., The surface area of the 8D-2 tank not covered by corrosion, was only
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slightly covered with a very light whitish powdery film which was easily removed
by wire brushing. This powdery film was so |ight that construction markings
placed on the steel plates during fabrication were still visible and readable.
Wire brushing of these areas did not remove the markings or base metal; thus,
Indicating sound material.

Both the rust and whitish deposits on the tank walls appeared to be
concentrated most heavily under the 30-Inch diameter access riser with decreased
amounts of deposits near the edges of the area inspected.

The worst pitting observed from review of the photographs was judged by the
operators to be from 0.040 to 0.060 inch deep, which is considerably less than
the 0.250 Inch thick corrosion al lowance provided for during design of the
tanks. Specific data on pit depth was not obtained from the UT data.

The Inside wall surfaces of the tanks were Inspected by UT only and the
data evaiuation Is not within the scope of this document.

RECOMMENDAT IONS

Be. 'use the amount of corrosion which has been observed to date is far from
approaching the 0.250 inch corrosion limit provided by design, the urgency for
further Inspection ef forts does not appear to be critical at this time.

Since the worst corrosion was observed on tank 8D-1, this tank could be
establ Ished as a base |ine for evaluation and monitoring of the waste tank
storage system. Manned enty of the annulus space of 8D-1 could be developed to
Include, but not be limited to, the following considerctions:

1. Actual determination of the maximum depth of pitting In the area which
has been wire brushed under the 30-inch dlameter access riser.
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Visual ly inspect the entire exposed outside tank surface area to locate
the areas of heaviest deposits and then evaluate these areas for depth

of pitting. This visual Inspection should also Include the top of the

tank roof. Actual determination of the maximum depth of pitting of the
tank wall.

Perform detailed visual Inspection, and possible nondestructive testing
of critical stress areas, such as around nozzles, welds and

penetrations.

Attempt to obtain photographs of the inside surface area of the tank to
supplement inspection of the outside surface area.

Attempt to obtain photographs or video television records of the
outside surface of the tank wail from the annulus space around the

interior vault roof support ~olumns.

Wirebrush tank 8D-1 exterior and coat with a rust inhibitor.
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EQUIPMENT DESCRIPTION AND OPERATION

Inspection of the sections outside wall of nuclear waste storage tanks 8D-1
and 8D-2 at West Valley, New York, was conducted with an annulus inspection
system developed by Rockwell for this purpose.

The annulus Inspection system, referred to herein as the Large Area Scanner
(LAS), consisted of: a mechanical drive mechanism for entrance and egress
vertically Into and out of the tank annulus region; a vertical carriage assembiy
consisting of a set of manipulator arms with drive tracks for extending along
the tank walls Into the annulus reglon; a horizontal carriage assembly for
traversing horizontally on the manipulator arms to conduct the inspection
operations remotely; and 2 microprocessor based control console for remote
control of the scanning motions, data collection and local identification.

The LAS was used to transport both visual and ultrasonic (UT) Inspection
instruments. This provided for two Inspection methods: (1) visual Inspection
of the wall surface by video television and photographs, and (2) UT of the
existing wall thickness.

Access to each tank wall was through the 30 inch diameter access riser
located just above the annulus space between the steel tank and concrete vault.
Because of the cuivature of the steel tank wali, and the existence of only a
single access riser, Inspection was |imited to approximately 5% of the tank wall
(an area 13 feet wide by about 27 feet high).

The equipment developed to accomplish the Inspection task has several
unique features. When In position for scanning, the frame and track look |ike
an Inverted "T". The vertical support is approximately 54 feet long; the
horlzcntal arms are approximately 13 feet long. For Insertion and wlthdrawal
the horizontal arms fold upward Into two 6 foot 6 Inch sections along side and
parallel to the vertical support. Collapse and extension of the horizontal arms
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are accomplished using a winch to pull a cable attached to the arms. Constant
force extension springs are used to take up and play out the cable during
vertical scanning. The horizontal arms are attached to the vertical scanning
carriage which travels on a track mounted toc the vertical support. A second
carrlage trave's horizontally across the horizontal arms. All inspection
components are mounted on this second carrlage.

Centering within the annulus space Is malntained by two outriggers, one
attached to each of the horizontal arms. Mechanical |inkage between the
outriggers and the horizontal arms provide for automatic positioning of the
outriggers as the horizontal arms are folded down to their operating position.
When the horlzontal arms are retracted the outriggers automatically retract to a
position parallel to the arms allowing for insertion or withdrawal from the
annulus space. Figures 4 and 5 show the LAS in the folded positions, for
insertion Intc the tank annulus space, and in the opened position, for
performing the inspection operations, respectively.

The driving power for both the horizontal and vertical carriages Is
provided by two stepping motors. Each motor Is capable of very accurate
position control. The horlizontal position can be controlled to within 0.006
inch. Vertical position can be controlled t: within 0.002 Inch. Limit switches
are used as horlzontal and vertical reference positions. All location
information Is referenced to the fixed reference switch positions. Any position
may be repeated within an estimated 0.75 Inch, the uncertainty being due
primarily to flexing of the vertical support and the horizontal arms.

Overal| system control is provided from control consoles which house two
motor controllers, a counter, video character generator, video monitor, switch
panel, limit switch light panel, an AIM 65 microprocessor and the UT
Instrumentation. Limit switch lights Indicate critical carriage positions
(i.e., vertical and horizontal reference positions, upper and lower limit, left
and right |imit, horizontal carriage center position, and horizontal arm folded
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or unfolded position). Electrical Interlocks prevent vertical travel unless the
hor izontal arms are elther completely fclded or completely unfolded. The
microprocessor controls the motor drive functions as well as triggering the
camera. A desired number of frames is keypunched into the microprocessor and a
start command given. The system automatically scans and takes photographs until
the specified number of frames is reached. At that point the system stops
automatical ly and awaits further operator Instructions. One system control
console and microprocessor Is shown In Figure 5. A second control console which
houses the UT Instrumentation Is not shown.

The LAS was Initially positioned with the use of a crane while the vertical
support was bolted to a support framework. The support framework rested on the
access riser flange. With the two manipulator arms folded to the vertical
position (Figure 4), the LAS was lowered under its own power under manual
control through the 30 Inch access riser into the annulus space. The
manipulator arms were then lowered or unfolded to the horizontal position
(Figure 5). Concurrent with this operation, the smal ler outrigger arms
extended, perpendicular to the manipulator arms, to position the drive tracks
radially within the annulus space. The scanner carriage was then positionad
under manual control to an X and Y reference coordinate as a starting position.
From this position the scanning motion was accomplished by stepping motors whose
control lers accepted el ther digital Instructions from the microprocessor or
manual Instructions from the control panel for stepping directions and rates.

Once the LAS was In place on a given tank, all Inspections were done
without moving the vertical support. All maintenance, film changes, and other
work on the Inspection equipment was done by driving both carriages out of the
riser and driving the horizontal carriage to the end of one horizontal arm. All
hands-on work was then done away from the radliation field emanating from the
open riser.

Prior to the actual scanning operation, the apparatus was switched to
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microprocessor control and the programmed routine called up fom the keyboard.
Commands were then entered via the keyboard Into the microprocessor, as
required, to obtain the desired scanning control. Thus, the actual scanning
operation was automatic unti| the scanner reached a control position that was
keypunched Into the microprocessor.

seration of the LAS was similar for all the three basic functions; visual
Inspection, UT Inspection and wire brushing. Visual Inspection by photographs
was accomplished by mounting a 35-mm camera head (Figure 6) on the carriage
assembly and controlling the scanner to stop as required for the camera to
obtain the desired exposures. Location coordinates were exposed onto the film
and video Image simultaneously, by means of a commercially avallable camera
"data back" (Figure 7) with video character generator. Location data was
suppl led by counting the stepping motor pulses, processing them, and sending the
information to the data back and character generayor.

Ultrasonic Inspection was accomplished by replacing the camera head with a
UT transducer assembly (Figure 8); wire brushing was accompl Ished by using a
power driven wire brush assembly (Figure 9).

In addition to the 35 mm stil| photographs, the visual Inspection also
Included a small television camera which allowed for re ' *I~> [nspection during

the scanning operations (Figure 10). Video televisic n records were
made of portions of both the photographic and wire bri .

Upon completion of the scanning operations, the turned to
the center position, the track support arms were fol e 1cal

position, the controls were switched to manual operatio nd the AS was
manual ly driven out of the annulus space through the access rliser.

A complete parts |ist and a set of fabrication drawings for the LAS Is
provided In Appendix A.
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The complete microprocessor package conslisted of a RME5 modul ar
mlcroprocessor with operator access from an AIM 65 microprocessor, a Shugarte
Disc Storage system, and a KB600O computer controllable ultrasonic generator and
signal processor.

Automated operation of the equlipment was accomplished by programming the
AIM 65 microprocessor to perform the foullowing tasks:

® Define the limits of the area to be Inspected.

® Monltor and keep track of the position of the device being used (l.e.,
camera, UT detector, or wire brush).

® Operate the device In use.

The operation of the camera consisted of moving the selected distances In the
reference X and Y coordinate system, actuating the camera shutter, advancing the
flim, and recording the frame number. The functions required to perform UT
Inspection consisted of moving the selected distance In the reference X and Y
coordinate system, operation of the UT pulser, monitoring the steel tank wall
thickness, adjusting gate distances In order to gather shear wave Information by
control ling the UT signal processor, and store the wall thicknesses and flaw
Information In mass storage (disc) by reference to location,

The UT scans were performed using five transducers which were controlled by
a set of programmed Instructions glven to the KB6000 UT generator and signal
processor. One longltudinal mode transducer measured wall thickness and any
Internal flaws within the wall. Four shear mode ftransducers, two left and right
looking and two up and down looking, propagated waves at 45°, No return of
these signals Indicated a :lean backsurface; whereas, any return of the signal
Indicated some backsurface or Internal ancmaly. The system was set up only to
look at the back surface.

The programmed Instructions glven to the KB600O also control led changes In
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the distance gates In accordance with the wall thicknesses as measured by the
longitudinal transducer, and stored all detected returns by amplitude and
distance In buffers which, In turn, were placed in mass storage (dlsc) by
location via the AIM 65,

SYSTEM OPERATION

The UT inspection system operation routine was Initlated by providing
specific Information requested by the preprogrammed functions. These Include
the area to be scanned, the starting positions In the reference X and Y
coordinate system, and the density or spacing of the sampling. After providing
the required data, the computer responds by printing all entered data for
verification. At this point, the automated UT scanning operation Is initiated
by & positive response from the operator.

Starting from the designated start position, each position Is Interrogated
first with the longitudinal transducer to determine wall thickness; then the
shear time gates are set to |Imit returns only from the area in question, and
each shear transducer |s pulsed. The wall thickness and any response from the
shear transducers |s stored In the buffer as each fransduce~ Is pulsed.

Based on the previously selected sampling density Instructions provided to
the computer, the console |s then automatically relocated to the next sequential
samplIng location. After three polnts have been sampled, the data for each
sample point contalned In the buffers (location, wall thickness and shear
signals returned) are transferred to mass storage (disc).

Upon transfer of the first data from the buffer to disc, a flle name Is
automatical ly generated which references the first scan position. Fifteen
blocks of data (45 samples) are stored In each file. A new flle name Is
generated for each succesive file as the process automatically repeats. Each
side of a disc contains 100 flles.
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All data was stored sequentially on the discs for the contlinuous scans,
Data from speclal scans (l.,e., welds or small locallzed areas In question which
were redone) were stored on separate dlscs.

EQUIPMENT L IMITATIONS AND MEASUREMENT CONSTRAINTS

A number of external constraints |Imited the extent of detall obtalned on
the waste tanks. These are |isted In this section, along with equlpment
callbration Information. Accuracy of the equipment Is also dlscussed.

The horlzontal distance along the clrcumference of each tank |nspected was
constralned by the existence of only a single 30 Inch dlameter access rlser.
Thus, only one entrance to the annulus space of each tank was avallable for
Inspection of the tank walls. In addition, the size of the access opening
(30 inches In diameter) restricted the length of the curved horizontal track to
a total length of about 13 feet. Because of the curvature of the tank wal! and
the restricted access opening, the area of each tank wall which could be
Inspected was approximate!'y 13 feet wide by 27 feet high, or a total of
approximately 351 feet? which represents about 5§ of the total wall surface ares
of each tank,

The high radiation flelds (1500 R/hr) preclude any manned entry Into the
80=2 annulus. Although It Is possible to have manned entry Into the 8D-!
annulus, as had been done In the past, this was not Included as part of this
Inspection program.

During the photographic scans of tank 80D-2, the radiation |evel of
1500 R/hr |imited the camera time within the annulus space to about 25 minutes
before demage to the flIm would have become unacceptable. All photographs ere
clear and have good resolution; however, the radiation flelid did alter the
color balance which must be considered In evaluating thesé prints. Resolution
of detalls approximately 1/64 Inch In size or larger was accompl |shed.
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Subsequent to starting the inspection operations, it was found that the
temperature In the annulus space of tank 80-2 was very close to the maximum
operating temperature |imit of the equipment. Precooling of the cooling air
supplied to the equipment, and Insulation of the video camera was necessary.
The cameras were prefocused as both the distance from the wall and focal length
were known.

The UT inspection of tank 80-2 was restricted to cover only the tank wall
area above the pan or from aboutr 30 inches above the tank bottom. The LAS could
not be lowered below the top edge of the pan wlthout getting stuck and possibly
resulting In permanent damage to the equlpment.

A test plate was machined with accurately measured steps which matched the
plate thicknesses and holes. This test plate vas mounted above the tank and a
test run made before and after each tank Inspection. Al! steps and holes were
accurately mapped to 0.01 Inch. There were no cbserved variations between test
runs. The UT measurement equipment was capable of measuring tank wall
thicknesses to the nearest 0.01 Inch.

The tank wall consistantly tested thicker than shown on the design
drawings. There are no plate samples (taken during tank construction) left from
the wall area. Therefore, It must be assumed that thicker plate than specified
was used In the walls of both tanks though no records exist to confirm this.
Though this did not af fect the results of the UT inspection In determining the
present condifion, It did hinder the Interpretation of the data, as the
beginning plate thicknesses were not known. This meant ihat if a uniform
thickness decrease had occurred, It could go undetected as the true starting
point Is not known.

The video television recordings are in black and white, thus Interpretation

of these Inspection records Is |Iimited due to lack of color contrast. The
photograpns show trye representation of surface Images and were useful when

28
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compared to the video recordings to confirm patterns of deposits, etc.

Each of the horlizontal manipulator arms deflects downward approximately 1/2 )
to 3/4 inch as the horlzontal carriage traverses to the end of the arm. Thus,
the path of each horizontal scan can be described as being very close to an arc
projected on the wall of the tank. The inspection head moved laterally along
the horizontal arm of the LAS. This was monitored so the location of the UT
head was known at all times.
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FIGURE 4. LAS in Folded Position.

'
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FIGURE 5. LAS in Open Position with Control

Console and Microprocessor to the Side.



FIGURE 6. 35-mm Camera.

FLGURF - Data Back for 35-mm Camera.
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FIGURE 9. Wire Brush Assembly.
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FIGURE 10. Video Television Camera Assembly.
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FIGURE 11. General Description of Areas Covered by Depositing Material,



FIGURE 12. Tank 8D-1 Before Wire Brushing,

Near Center of Area Inspected.

FIGURE 13. Tank 80-1 Weldment Before Wire Brushing,

Near Center of Area Inspected.
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[GURE 19. Tank 8D-1 Weldment After Wire Brushing,

Near Edge of Area Inspected.
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FIGURE 24. Tank 8D-2 After Wire Brushing,
Near Center of Area Inspected.

FIGURE 25. Tank 80-2 Weldment After Wire Brushing,
Near Center of Area Inspected.
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Sample Data Key: 0,656 in, design thickness; 67, 68, and G9 values not printed;
grid is 1 in. by in.; ** are values less than 32
> Y (vertical) direction

T1 71 %k 4k *k T2 %% *% T3 71 71 %% TI7%% T3 %% 73 %% 7
T2 72 »k %% 72 72 72 72 72 72 713 712 712 12 13 73 72

71 72 72 %% %x 71 72 72 74 72 72 72 73 73 713 73
72 72 %% %+ 71 72 70 72 72 72 73 73 71 74
71 72 *x *k 72 71 72 71 72 71 72 72 72 70 13 71 73 72
TI 66 72 *+ »x 71 71 71 71 72 72 70 72 72 73 73 72 74 72
T2 72 #% %x 72 71 71 72 72 72 712 72 73 72 73 73 713

J0 72 72 %% x% 71 72 72 72 72 713 712 13 12 72 73 713
72 72 %% %% 72 72 72 10 72 72 70 712 72 12 72 13 74
72 70 %% *%x 72 70 12 72 70 12 71 72 72 72 72
72 72 %% %% 71 72 70 72 72 72 71 73 72 13 72 72 73 13
71 72 72 %% *x 71 72 72 70 12 T 72 70 72 70
72 %% %% 71 72 72 7372 72 12 72 72 713 70
72 72 71 %% %% 11 10 72 72 72 72 72 72 73 72 73
71 72 *%x &% 10 72 72 72 72 72 72 72 72 70
72 72 72 %% **x 10 72 72 72 12 712 712 73
73 72 *x 71 72 72 72 71 7V 12 71V T4 T 72
30 65 70 72 %% 71 72 73 72 7 72 72 73 70 73 713
72 712 73 10 713 72 72 72 12 72 72 12 73 72 13
7 71 71 72 70 72 72 72 12 11 12 70 12 72
72 13 712 72 72 72 70 712 72 713 72 72 713
71 71 72 712 12 71 72 0 72 72 713 712 12 712 71V 13 710 13 13
71 72 12 73 %% 72 70 72 72 72 713 12 13 13 73
73 73 72 *% 73 7! 72 72 712 72 72 72 73 73
71 72 72 13 72 71 72 73 72 74 72 72 713 74 55 T
7V 72 72 72 73 72 710 72 72 12 71 713 72 13 i3 13 711 12
T 12 172 1371 71 72 12 7 73 71 13 12 72 71 %+ 70
77 71 72 72 70 73 73 74 72 72
72 72 12 1V 71 72 72 70 72 74 72 71 T
72 72 72 713 13 71 72 T2 71 72 712 13 713 713 13 71 10
72 13 72 A% 12 12 1D 72 72 72 72 12 1 ** 77 73 72
71 72 13 72 w% 73 72 72 712 12 13 73 73 455 713
7V 72102131 T T2 N 0 41T
72 13 N 2 72 71 72 13 12 137010
12 72 12 [ ig 2 6u Tz L 72 72 % 72
212 1 72 2 72 12 13 72 10 72
N1 1211 Mm 72 72 12 7:
66 72 i2 12 13 712 72 713 70 o1 g0
mnmi2imn 72 1 y -2 (b 12 T 42 18 74
12 12 12 72 712 7370 713 72 70 71 12 12 72 13 14 713
13 72 72 12 12 12 TR N 727
M 74 72 11 73 72 12 72 73 73 712 14

X (horizontal) direction
-
-~
N

-
LS ]
-
LS}

13 7 74 72 13

FIGURE 28. Sample of Ultrasonic Data
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APPENDIX A

LARGE AREA SCANNER FABRICATION
DRAWINGS
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APPENDIX B

PHOTOGRAPHS OF TANK 8D-1
AND 8D-2 TANK EXTERNAL SURFACE
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EXTERNAL SURFACE
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ONE COPY OF VIDEO TAPES IS AT
WEST VALLEY NUCLEAR SERVICES
A SECOND SET IS AT
ROCKWELL

Ce1
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APPENDIX D

LR A T AL O P T IR DT An TreT
ULTDAS\(‘“”‘ INSPECTION OL PUT FOR TEST
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ONE CET OF THE UT TEST PLATE DATA
WILL BE SENT UNDER SEPARATE COVER TO
WEST VALLEY IN THE FINAL PACKAGE.

ONLY ONE SET WAS MADE.
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APPENDIX E

ULTRASONIC QUTPUT FOR 8D-1 AND
8D0-2 TANKS
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ONE SET OF THE ULTRASONIC DATA
WILL BE SENT UNDER SEPARATE
COVER TO WEST VALLEY IN
THE FINAL PACKAGE.

ONLY ONE SET WAS MADE.
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