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. - EXECUTIVE SUMMARY 

Background 

Through FY 1999, six ·aouble-shell tanks were ultrasonically examined to meet the integrity 
requirements of the Washington Administratiw Code, Chapter 173-303, "Dangerous Waste 
Regulations". Subsequent to the examinJtions. integrity assessment reports were issued for each 
double-shell tank farm and submitted to the Washington State Department of Ecology in 
FY 1999. In June 2000, the Washington State Department of Ecology issued Administrative 
Orders 00N\VPKW-1250 and 00NWPKW-1251 providing prescriptive examination 
requirements for all double-shell tanks by FY 2005. In 2003, the Administrative Orders \Vere 
incorporated into the Hanford Federal Facility Agreement and Consent Order; Milestones 
Series M-48. Milestone M-48-11 requires examination by September 30, 2003, of four DSTs not 
previously examined. This report documents the required ultrasonic examination of double-shell 
tank 241-AZ-102, c?mpleted in the fourth quarter of FY 2003. 

IVIethodologv 
I 

\ 

The primary wall examinations consisted of a \'e1iical 30-inch strip consisting oftwo 15-inch 
ultrasonic examination scans. The primary wall vertical examinations were looking for wall 
thinning, cracking, and pitting in the tank wall. The weld heat affected zones examined included 
20 linear feet of vertical \velds and 25 linear feet of horizontal welds. A portion of the lower 
primary tank knuckle was also examined for pits, wall thinning and cracking. These 
examinations were performed primarily using the P-scan nondestructive examination technique. 
A second technique, Tandem Synthetic Aperture Focusing Technique (T-SAFT), was used to 
examine the high stress region of the lower knuckle. 

The ultrasonic examinations were carried out in accordance with ASME Boiler and Pressure 
Vessel Code, Section V, "Nondestructive Examinations". The personnel and non-destructive 
examination equipment were qualified to perform the examinations on the double-shell tanks by 
performance demonstration tests aclmiriisterecl by Pacific Northwest National Laboratories. 

The required accuracy for the ultrasonic examinations is to be within 0.020 inches for wall 
thinning, 0.050 inches for pitting, and 0.10 inches for cracking. The performance demonstration 
tests revealed that the examiners meet this requirement. 

Results 

Results indicated that there were six areas of reportable wall thinning detected during the 
primary tank vertical wall scans of Plate #2. A total of 8.1 square inches of thinned area was 
identified, ranging from 0.066 to 0.089 inches deep, or 13.2% to 17.8% wall thickness reduction . 
These areas ofreportable wall thinning occurred in the vicinity of the liquid-air interface levels 
that have existed since August 1986. 

IX 
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There was no additional reportable \Vall thinning in any of the other plate areas examined. This 
included the remaining primary \Vall vertical scans and the lo\ver knuckle horizontal scan. In 
addition, there were no reportable pitting indications nor any crack-like indications detected in 
any of the plates. This included examination of the lower knuckle for cracks using the T-SAFT 
system. A video from a camera located at the end of the retractable probe showed cracking and 
spalling in the air slots '. The effort to inspect the tank bottom via the air slots was abandoned 
because the probe became temporarily lodged inside an air slot. Air slots were visually inspected 
on either side of Riser 090, but all of the slots showed some form of degradation . A management 
decision was made to halt further attempts to scan the tank bottom due to the possibility of the 
RUTI probe being pemrnnently wedged between spalled concrete inside an air slot. 

There were also no crack-like indications nor reportable pitting indications detected in any of the 
\veld heat-affected zones. This included the primary tank vertical weld scans and the knuckle-to­
shell horizontal weld scan. There were three areas of reportable wall thinning detected during 
the primary tank vertical weld scan of Plate #l. A total of0.27 square inches of thinned area was 
identified, ranging from 0.041 to 0.063 inches deep, or 10. 9% to 16.8% wall thickness reduction. 

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

Conclusions 

Based on the results of this examination, the material condition of the tank appears to be 
satisfactory for continued operation, pending results of the investigation of insulating concrete 
spalling, documented via Problem Evaluation Report PER-2003-3006 and the resulting DOE 
Occurrence Report RP-CHG-TANKF ARM-2003-0039. 

The tanks inspected to date are summarized in the following table. 

X 
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Double-Shell Tanks Inspected Through August 2003 

Double-Shell Inspection Year (FY) 
Tank 1997 1998 1999 2000 2001 2002 2003 

AN-IOI 
AN-102 
AN-105 
AN-106 
AN-107 
AP-IOI 
AP-I 03 
AP-105 
AP-107 
AP-108 

AW-IOI 
AW-102 
AW-103 X 

AW-104 
AW-105 
AW- 106 
AY-101 
AY-102 
AZ-IOI 
AZ-102 

<11 Limited scope reexamination. 
(c> Linear indication evaluated. 

X 

-

P> Includes primary knuckk T-SAFT examination. 

X 

X 

X (I) 

X 

X 

X m 
X 

X 

V 

X 
' 
I 

X 

X X 

X 

X 

<
0

> .Linear indication detected; A follo1v-up inspection determined that it is a small area of incomplete fu sion. 
<5

> Primary knuckle T-SAFT examinati on only. 

Xl 

X (J) 

X Pl 

X 

(5) 

X (3) 

-
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1.0 INTRODUCTIO:'.'i 

In May 1996 the Tank Waste Remediation System (T\\'RS) Decision Board recommended, and 
U.S. Department of Energy, Richl:rnd Operations Office (RL) agrcec:, that the condition of the 
double-shell tanks (DST) should be determined by ultrasonic testing (UT) inspection of a limited 
area in six of the 28 DSTs (Figure 1-1 ). The \\ "ashington State Department of Ecology (WDOE) 
agreed with the strategy of lim ited ultr.:isonic inspect ion of DSTs. Data collected during the UT 
inspections will be used to assess the condition of the tank.judge the effects of past corrosion 
control practices, and satisfy a regulatory requirement to periodically assess the integrity of 
waste tanks. 

Figure 1- l. Typical Double-Shell Tank Configuration. 

Double-Shell Tank 
Si..r!~:;~ !..•·,er :::>r oo~ 

{F . :: iU l ~ tl .n.1al T a;..1¥ , 
Cam.,, .1 Co,~r,afio , P:r. 1 

' 

~:l hCS L~ •10 1 t:'1tOCtOt 

/ 

C:,n,~ ~IC' ·n• ic "l 
,,,, eJ nc., MJ tk 

A :inul •.J!\ ;tu;nr, I'll 
/ 

.,.., .. ,,,.· Exnatu,r s, .. cx 

_.,::__ ---,:-cc_.,.., .. =--···--·-_·-·_·- _ Air F ION Monitor 

----

~';:'::::;;~~,..,...::+--i~ece~ndary 

---------

Llr:er 

Aclnlo rce<1 
· Con=rolo 

In November 1996, DST 24 1-A \\'-1 OJ \ras the first tank inspected to determine if Hanford DST 
walls could be inspected without removing the existing surface rust and scale. Equipment 
similar to that used to perform routine inspec tions of oi I tanks and large pipelines was used. UT 
sensors were mounted on a remote-cont rolled cra\,·]er that used magnet ic ,vheels to affix itself 
and move about on the tan k \\·all s. The nrn,·ler ,,·as deployed into the tank annulus and 
vertically traversed the primary ,mcl seconcbry containment \mil s to collect data on the wall 
thickness and the size of any pits or cracks. The successful complet ion of this inspection met the 
requirements of RL iVIilestone T:21-97-455 and represe nted the first UT inspection of a Hanford 
DST (Final Report - Ultrasonic Ern111inorio11 o/Tonk 2-ll-AW-103 Trolls, Leshikar 1997). 

In fiscal year (FY) 1998. FY 1999. and FY 2000, similar inspections were performed per 
Engineering Task Plans HNF-2820 (Engin eering Task Pion for rhe Ultrasonic Inspection of 
Hanford Double-Shel/ Tanks , Pfluger 1999) ancl RPP-5583 (Engineering Task Plan/or the 
Ultrasonic Inspection off/011jrml Do11hle-Shell Tonks - FY2000, Jensen 2000) on 241 -AN-107, 
241-AN-106, 241-AN-105. 24 1-AY-102. 241-AZ-I0I, 241 -AP-1 07. and 241-AP-108. An 

1-1 
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attempt was made to examine 241-A Y-101 in FY 1999, but corrosion product on the tank wall 
prevented reliable examination. , 

In June 2000, WDOE issued an Administrative Order requiring UT examinations of the 
remaining 20 DSTs through FY 2005 (Administrative Order No. O0NWPKW-1251, Failure to 
Comply with lvfajor ivlilestone M-31 ofthe Tri-Party Agreement, Silver 2000). Based on the 
results of the above listed eight DST inspections and per WDOE Administrative Order 
requirements (Silver 2000), Engineering Task Plans RPP-6839 (Engineering Task Plan for the 
Ultrasonic Jmpecrion of Hanford Double-Shell Tanks - FY2001, Jensen 2000a), RPP-7869 
(Engin eering Task Plan for the Ultrasonic inspection of Hanford Double-Shell Tanks - FY2002, 
Jensen 2002), RPP-8867 (Engineering Task Plan for the Ultrasonic Inspection of Hanford 
Double-Shell Tanks 2-ll-AP-108, 2.:/l-AY-101, and 241-AZ-102- FY2002, Jensen 2002a), and 
RPP-11832 (Engineering Task Plan/or the Ultrasonic Inspection of Hanford Double-Shell 
Tanks - FY2003, Jensen 2002b) were prepared for ult rasonic DST inspections scheduled for 
FY 200 I, FY 2002, and FY 2003. 

In FY 2001, UT inspections were performed on four DSTs: 24 I-AN-102, 241-AW-101, 
2 41-A W -1 0 5 ,_arul_2AJ~_OJ_( fo Umvi n.g- cl ean i-ng-o f se I ec te-El--are-as o f--t-hH4-l--A-Y~ I-0+-\val 1). 
In FY 2002, UT inspections \Ve re performed on five more DSTs: 241-AN-101, 241-AW-102, 
241-A \V-104, 24 I-A W-106 and 241-A Y-101 (a more extensin examination of 24 1-A Y-101). 
The FY 2002 examination of 24 I-AP-I 08 \Vas limited to characterization of th·e linear indication 
found in FY 2000. In addition, a limited scope reexamination of the upper walls of 
tank 241-AN-l 05 was performed in FY 2002. A primary knuckle inspection on 241-A W-102 
using the Tandem Synthetic Aperture Focusing Technique (T-SAFT) not completed during 
FY 2002 was completed in early FY 2003. 

In 2003, the WDOE Administrative Order (Silver 2000) was incorporated into the Hanford 
Federal Facility Agreement and Consent Order Milestone Series M-48 -11 (HFF ACO 2003), 
requiring examination of four DSTs not previously examined. 

DST 241-AZ- l 02 was the last of the four tanks selected for inspection in FY 2003 (the others 
being 241-AP- IO I , 241-AP-l 03 and 241 -AP- I 05). Inspection of tank 241-AZ-l 02 was 
completed in the fourth quarter of FY 2003, and is the subject of this report. The services of 
COGEMA Engineering Corporation (COGEMA Engineering) were retained to provide UT 
examinations, procedures and inspectors, and report the inspec tion results . Examination of 
241-AZ-I 02 \\·as performed with UT equipment provided by CH2M HILL Hanford Group, Inc. 
(CH2M HILL). 
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2.0 OBJECTIVE AND SCOPE 

This report describes the inspection system, evaluates the inspection results, and documents 
findings \.Vith conclusions and recommendations. The inspections were conducted in accordance 
'vvith the criteria and scope set forth in RPP-11832 (Jensen 2002b) for the FY 2003 UT inspection 
of DST 241-AZ-102. 
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3.0 INSPECTION EQUIPMENT DESCRJPTION 

Crawler/ Scanning Bridge Systems - The crawler is a remotely controlled device that delivers 
the ultrasonic transducers to the tank walls. The crawler used during P-scan imaging weighs 
approximately 35 pounds and has dimensions (including its traveling bridge) of approximately 
21 inches wide by I 8 inches long by 6 inches high. The traveling bridge on the crawler can be 
outfitted with various ultrasonic tran ducer configurations (Figure 3- 1 ). 

Figure 3-1. P- can Crawler System on Tank Mock-up. 

The same type of crawler was used on a remotely operated nondestmctive examination (NOE) 
system which utilizes the Synthetic Aperture Focusing Technique / Tandem Synthetic Aperture ~ 
Focusing Technique (SAFT/T-SAFT, hereafter referred to as the T-... ,AFT system) to examine 
the primary lower knuckle region for cracks. The crawler and its tra eling bridge has 
dimensions of approximately 18.5 inches wide by 47 inches long by 9.5 inches high, and weighs 
approximately 75 pounds. The traveling bridge on the crawler is outfitted with two ultrasonic 
transducers (Figure 3-2). 

The tank bottom is inspected along the air slots using the Remote UJ-rasonic Testing Inspection 
(RUTI) crawler deployment sy tern (hereafter referred to as RUTI). This system consists of two 
crawlers that are coupled together with a boom assembly. Each crawler is approximately 
14 inches wide by 24 inches long by 14 inches high, with an overall length of approximately 
60 inches. It weighs approximately 350 pounds (including the deployment tool). One crawler 
unit contains the push-pull mechanism while the second unit contaim the deployment 
mechani m for the UT P-scan probe and camera. The camera i first used to view the air slots 
for condition and obstructions. Then the camera is changed out to the UT probe and i 
redeployed into the tank annulus space. The UT assembly is pu hed into the air lots using a 
flexible cable. The cable drive mechanism has an encoder that gives real-time status of the 
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distance the UT probe has traveled. The UT probe is attached to the tank bottom via strong 
magnets. The probe has wheels that allow it to traverse the bottom with minimal resistance. The 
UT probe is outfitted with two ultrasonic transducers (Figure 3-3). 

Figure 3-2. T-SAFT Crawler System on Tank Mock-up. 

Figure 3-3. RUTI Dual-Crawler System for Tank Bottom P-scan Imaging. 
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All three crawler systems are deployed through a 24 inch annulus inspection riser using 
customized deployment tools .- The P-scan tank wall crawler and T-SAFT crawler attach to the 
tank wall with two pairs of magnetic wheels. As the crawler moves slowly forward the 
transducers glide from side-to-side over the tank \Vall surface. The tank bottom RUTI system is 
driven onto the secondary tank floor. The UT transducers attached to the end of the probe 
examine the tank bottom as the probe is slow·ly retracted from the air slot from an extended 
position. Water couplant is continuously fed to 2ll transducers at a rate needed to maintain an 
acceptable signal. 

Deployment Tools - A deployment tool was specifically designed to insert and retrieve each 
scanning system into and out of the DST annular space. The scanner sits on a platform that is 
manually lowered to the appropriate elevation . The platform has cables attached that can be 
controlled to move the scanner platform into contact \Vith the examination surface or to the 
secondary tank floor. The scanner is then driven onto the surface or the tank floor. The 
deployment tool is retracted until the scanner needs to be removed from the annular space. 

P-scan - P-sca1i is the name of the computerized pulse-echo ultrasonic inspection system used 
by the inspection vendor. The P--scan svstem is_manufact.ured-8-J1---FeF€- Ins+i-tttte-in-frenmarl<.1-,------

----acq1TiTe aata rom zero and angle beam transducers mounted on the cra\vler, allo\vs real-time 
analysis, and records the data in elec tronic memory for post inspection analysis. Force Institute 
has designated "P-scan mode" to represent the angle beam (flaw length) view and· "T-scan 
mode" to represent the zero beam (thickness) view. T-scan mode is used for normal operation 
and, if crack-like indications are detected, then the P-scan mode is employed. 

During normal T-scan and P--scan operations, the waveforms of the reflected sound wave signals 
for each transducer are displayed in the 'A-scan monitoring mode". The displays are 
continuously monitored (but not saved), and are primarily used to verify that the transducers are 
functioning properly (e.g. , there is proper probe contact, adequate \Vater flowing, and correctly 
operating transducer cables). When an indication is detec ted , the area is rescanned using the 
"A-scan recording mode". The recorded A-scan waveforms are then reviewed off-line, serving 
as an additional tool in the evaluation of the indication. 

T-SAFT - The Pacific Nortlm·est National Laboratory .(PNNL) developed a system capable of 
examining the entire knuckle region. This remotely operated NDE system utili zes an advanced 
signal processing method known as SAFT to introduce sound \vaves from above the knuckle 
region \Vhere access is readily ach ieved, and examine the knuckle region below. SAFT is 
recognized by national standards (ASME Boiler and Pressure Vessel Code, Section XI), and has 
been used for inservice inspection of commercial nuclear po\ver plant components (Real-Time 
3-D SAFT-UT System Evol11atio11 and Validation , Doctor et al. 1996). The sound is divergent in 
nature and propagates around the knuckle and along the bottom of the waste tank. The SAFT 
technique provides a detection and location method for cracks in the knuckle region. 

PNNL used an advanced nondestructive evaluation method kno\vn as Tandem SAFT or T-SAFT, 
which utilizes two transducers in a pitch-catch mode, and has the ability to size the depth of the 
detected crack. The T-SAFT process is a technology development mandated by WDOE 
Administrative Order 00NWPKW-1251, Item 1 b, \Yhich has now been incorporated into the 
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M-48-11 Milestone (HFF ACO 2003). The I-SAFT technique has undergone extensive trials 
internally at PNNL as well as the Network for Evaluating Structural Components1 and the 
Program for the Inspection of Steel Components Phase III trials2

, and has successfully passed the 
Electric Power Research Institute (EPRI) Planar Flav,; Sizing Demonstration on April 7, 1989 at 
the EPRI NOE center. Because of its ability to size defects using the strongly forward scattered 
signal without the requirement to detect the extremely weak tip diffracted signal, the I-SAFT 
technique was a very attractive solution to the inspection of the knuckle region of Hanford's 
double-shell waste tanks. The I-SAFT application used on the Hanford Site tanks was validated 
through a performance demonstration test (PDT) that met the intent of ASME Section XI 
Appendix VIII. 

Overview Camera - This camera was deployed to observe the area immediately around the 
inspection area and to aid cra\vler deployment in the annulus. 

Side-vieYr Camera - This camera and light system ,\·e.re installed in a riser adjacent to the 
inspection riser to provide an overall view of the inspection process . 

Riser Enclosure -A modular structure that is laced ovcrJh.e_inspecti-G-rH-i--s-e-r--:--'.f-hi- tmcture is 
---usecho-combata verse weat 1er conditions and supplies an internal hoist for deployment of 

equipment. 

Data Acquisition Control Center -A pull-type trailer was used to house the crawler controls, 
video monitors, and data collection and evaluation hardware. The trailer was located inside the 
AZ Tank Farm boundary fence . 

1 Networ!,.: for Evaluating Structural Components, managed by the European Union Joint Research Centre 
" In stitu te for Energy" in Petten, the Netherlands. 

2 Progran, for the Inspection of Steel Con1ponents Phase Ill , a major international program involving 15 countries 
and some 50 NDT teams from a hundred differe nt institu tions around th e world, sponsored jointly with the · 
Commission of the European Communities and the International Atomic Energy Agency. 
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4.0 JJT INSPECTION DESCRIPTION 

The following is the description of the data collection methodology: 

Tank inspection was pe't· forrned under Job Control System (JCS) work package number 
2E-0 1-1717. All work steps, guidelines, procedures, personnel responsibilities, and protocol for 
the inspection (Jensen 20026) were included in the subject work package. Two COGEMA 
Engineering procedures establish the methods, equipment and requirements for the UT 
measurements and flaw detection. The P-scan imaging system procedure is Automated 
Ultrasonic Examination For Corrosion And Cracking, COGEMA-SVUT-TNS-007.3 
(Attachment 1), and the T-SAFT system procedure is Ultrasonic Examination O/The Knuckle 
Region, COGEMA-SVUT-INS-007.5 (Attachment 2) . 

Three remote crawler systems were utilized for the various DST 241-AZ-l 02 inspections: 

P-scan Crav,:Jer for Tank \Valls and Knuckle - A remotely controlled, steerable crmvler was 
used to deliver the P-scan UT transducersJo_the.-tank-w-all-E.f-ig-ttre-" -1-). 'f!Te crawler was 

-----aep1oye t rough the 24 inch diameter annulus inspection Riser Numbe'r 090 to perform the 
vertical wall scans , the hori zontal wall scans , and the vertical and horizontal weld scans. 

The P-scan crawler inspects the primary tank wall using one dual-element 0° transducer to detect 
wall thinning and corrosion pitting, and two 45° shear-wave transducers to detect cracking 
transverse to the scanning direction. This examination setup is illustrated in the Figure 4-1 
schematic. 

Figure 4-1. Schematic of UT Setup for Vertical Wall Inspection 
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To detect cracks parallel to the weld, a 60° shear-wave transducer was directed to\vard the weld 
and a dual-element 0° transducer is also included to detect \Vall thinning and corrosion pitting 
(Figure 4-2). 

Figure 4-_2. Schematic of UT Setup for First Pass of Weld Inspections 
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To detect cracks oriented perpendicular to welds, t\VO opposing 45° shear-wave transducers were 
directed parallel to the weld. Welds were examined from both sides of the weld crown 
(Figure 4-3) . Note that \Veld and we ld examination refer to the UT examination of the heat­
affected zone (HAZ). 

A special extension arm was attached to the crmvler to inspect the primary tank knuckle region. 
Tvvo 45° shear-wave transducers were attached to the encl of the arm to detec t cracking 
transverse to the scanning direction (Figure 4-4). To detect wall thinning and corrosion pitting in 
the knuckle region, one dual-element 0° transducer was attached to the arm (Figure 4-5). 

The setup in Figure 4-5 is used to examine extended, continuous lengths of the primary lO\\·er 
knuckle (typically 20 feet) , but interference between the transducer and the insulating concrete 
pad below the knuckle restricts the examination region to the upper 11 to 12 inches of the 
knuckle. To inspect lower portions of the knuckle (within a fe\v inches of the tank bottom plate 
weld), the P-scan transducer can be lined up with air slots in the insulating _concrete, permitting 
approximately 1 inch wide scans in the selected slots (Figure 4-6) . 

Data and images from the P-scan system were returnee! to a nearby control center located inside 
the tank farm fence. The control center contained the crawler controls, video monitors, and data 
collection and evaluation software and hardware. The UT inspector continuously monitored the 
signals for reportable indications. The entire inspection was vie\ved by a camera and lighting 
system deployed through an adjacent riser. 
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Figure 4-3 . Schematic of UT Setup for Second Pass of \Veld Inspections 
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Figure 4-5. Schematic of UT Setup for Inspection of Wall Thinning at Knuckle 
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T-SAFT Crawler for Lower Knuckle -A remotely controlled, steerable crawler was also used 
to deliver the T-SAFT transducers to the tank wall (Figure 3-2). The cra\vler was deployed 
through the same 24 inch diameter annulus inspection Riser Number 090 to perform knuckle 
wall scans. 

The T-SAFT crawler .sxstem inspects the primary tank lower knuckle wall using two 70° shear 
\vave transducers in a '•pitch-catch'' mode. The T-SAFT system has the ability to detect nnd size 
(length nnd depth) circumferentinlly oriented cracks in the knuckle regions that are located 
beyond the reach of the P-scan crawler systen-i. However, T-SAFT is not currently capable of 
identifying pitting or measuring \Vall thickness . 

The two transducers are initially positioned side-by-side and are scanned in the same direction. 
This SAFT technique provides the method for detecting and locating cracks in the knuckle 
region. The examination setup is illustrated in Figure 4-7. If cracks are detected, then an 
advanced evaluation method, T-SAFT, utilius the two transducers to size the detected crack. 
The transmit transducer initially starts in front of the receive transducer. Both transducers are 
scanned equal distances but in opposite directions. This examination setup is illustrated in 
Figure 4-8. 

\ 

Some of the electronics to support the T-SAFT system were located near the inspection riser. 
These include the electronics for driving the scanning bridge mechanisms and ele~-tronics for the 
ultrasonic pulser/receiver for inspection of the tank knuckle . Data and images from the T-SAFT 
system were returned to the control center located inside the tankfarm fence. The control center 
contained the electronics for driving the crawler, the video monitors, and data acquisition and 
analysis software and hardware. The inspector continuously monitored the signals for reportable 
indications. This inspection was also viewed by a camera and lighting system deployed through 
an adjacent riser. 
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Figure 4-7. Schematic of SAFT Setup for Detecting Cracks at Knuckle 
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Figure 4-8. Schematic of T-SAFT Setup for Sizing Cracks at Knuckle 
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RUTI Dual-Crawler Svstcm for Primarv Tank Bottom - The RUTI system was used to 
deliver the P-scan UT probe and its transd ucers to the tank bottom along the air slots 
(Figure 3-3). RUTI was deployed through the same 24 inch di ameter annulus inspec ti on Riser 
Number 090 to perform tank bottom inspections. 

The RUTI system is first outfitted with a UT probe housing two ult rason ic transducers, one 0° 
focu sed straight-beam transduce r to detec t \Va ll thinning and corrosion p itting, and one 45° 
shear-wave transducer to detect cracking transverse to the scanning direction. The pass along the 
air slot is then repeated using a second probe with a set of the same type of transducers, but with 
the 45° shear-wave transd ucer directed in the opposite direction (see Figure 4-9 for a schematic 
of the setup). 
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Figure 4-9. Schematic of RUTI Setup for Tank Bottom Inspection 
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As with the tank wall/ tank \ve lds P-scan crmvler, data and images from RUTI were returned to 
a nearby control center located inside the tank farm fence. The control center contained the 
crawler controls, video monitors, and data collection and evaluation software and hardware. The 
UT inspector continuously monitored the stgnals for reportable indications . 
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5.0 INPICATION REPORTING CRITERIA 

COG EMA Engineering \Vas required to report to the customer the following anomalies: 

• \Vall thinning that exceeded 10 percent of the nominal wall thickness 
• Pit depths that ~xceeded 25 percent of the nominal wall thickness 
• Cracks that exceeded 0.1 inch in depth 

The reporting criteria is established to identify indications that should be tracked. This tracking 
is to be used to determine if there is any active mechanism causing additional thinning, pit 
gro\\1h, or crack gro\'vth, based on subsequent examinations on the eight to ten year examination 
interval. The values are nominally 50% of the "acceptance criteria" established in Acceptance 
Criteria for Non-Destructive E:rnmination of Double-Shell Tanks (Jensen 1995) and 
recommended in Guidelines for Development of Structural Integrity Programs for DOE High­
Level Waste Storage Tanks (Bandyopadhyay et al. 1997). 

For indications exceeding the "acce tance criteria_'_,_11ctiOJJ.s arn--i-nit-i-ated--t-e,evah:mte-tlie 
-------cuperabiiityof1neD (Jensen 2002) through the occurrence reporting process. Indications 

exceeding the "reporting criteria' ' are reported to the CH2M HILL Project Engineer to be 
documented in the inspection report (Jensen 2002). · 
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6.0 PERFQRivIANCE DEMONSTRATION TESTS 

Prior to field use, COGEMA Engineering personnel satisfactorily completed PDTs. The tests 
\Vere conducted to qualify personnel, test procedures, and ensure the equipment's ability to 
detect and size wall thinning, pits. and cracks in a series of test plates \Vith artificial defects . The 
performance demonstration tests were performed on a tank mock-up in the 306E Fac ility located 
in the Hanford Site 300 Area. This mock-up also demonstrated the successful deployment and 
retrieval of the equipment. 

The PNNL report, "Report on Performance Demonstration Test - PDT, May 2000" 
(Attachment 3 of Ultrasonic Inspection Results of Double-Shell Tank 241-AP-108, 
Jensen 2000b) provides the details of the complete evaluation of the P-scan system PDT. The 
PNNL report, "SAFT IT-SAFT Pe,formance Demonstration Test (PDT), Noi·ember 1-1, 2002" 
(Attachment 3 of Ultrasonic Inspection Results of Double-Shell Tank 241-AW-l 02, Jensen 2003) 
provides the details on the qualification of COG EMA Engineering's Level III certified inspector 
on the T-SAFT system. 
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7.0 TANK 241-AZ-102 HISTORY 

The 241 -AZ Tan.le Fann consists of two DSTs located in the 200 Eas t Area of the Hanford Site. 
These underground tanks were built from 1971 through 1977, and ·e 75 feet in diameter with an 
operating capacity of 1.00 miUion gallons. 

Taruc 241-AZ-l 02 entered service in 1975. The primary addition to the tank were B Plant 
low-level waste, aging waste supernatant, PUREX low-level wa te, dilute non-complexed waste, 
unknown waste and waste water (Histori al Tank ontent Estimat for the Southeast Quadrant 
of the Hanford 200 Areas Brev ick et al. 1997). Other than a cau ti c addition in May 2002 and a 
number of condensate transfers, there have been no major transfers into or out of this tank after 
the final tran fer of aging waste from PUREX in 1993 (Tank 241-A Z-102 Core Sampling and 
Analysis Plan. Fiscal Year 2002 Rasmussen 2002). It is currently lassified as an Aging Waste 
Facility. The tank currently contains approximately 987,000 gallons of waste equivalent to 
approximately 359 inches: 882,000 gallons of supernatant (321 inches) and I 05,000 gallons of 
stud e 38 inches Waste Tank Summa Re ort or Month Endin Mi 31 2003 
Hanlon 2003 . 

The waste level history since January 1981 is shown in Figure 7-1 based on data obtained from 
the Tank Waste Information Network System (TWINS)3 . 

Figure 7-1 . Waste Level History of Doub.le-SheU Tank 241-AZ-l 02. 

241-AZ-102 Tank Waste Levels 
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TWINS, http://twins.pn1.go /twin .htm, queried 07/22/2003 [Data Sou.re : Mea urements ACS urface Level, 
Tank am AZ- 102, All Mea urement Date value ] 
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Since August 1986, the minimum recorded \Vaste level was approximately 311 inches 
(February 22, 1998). The maximum recorded \vaste level \Vas approximately 364 inches, 
occurring from November 17 to December 6, 2000. The average \Vaste level since August 1986 
has been 345 inches. Since October 2000, the level has also been relatively constant, averaging 
361 .5 inches. 

Since January 1995, recorded ternperntures of the tank have ranged from a maximum of l 89°F 
(October and November 1997) to a minimum of 94.3°F (July 2003), and have averaged 127°F. 
This is based on data obtained from the TWINS-1. 

4 TWINS, http ://twins .pnl.gov/twins .htm , queried 07/22/2003 [Data Source: Measurements, SACS, Tank 
Temperature Readings, Tank Name AZ-I 02, All Measurement Date va lues]. Used onl y "Good" Quality Indicator 
data. Also, ignored Ri ser-0 14 values (20.8-40.8 °F) from July 200 1. 
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8.0 . GENERAL REQUIREME~TS AND INSPECTION SCOPE 

FY 2003 Contract Number 16449 specifies that the contractor provide (among others) the 
following deliverables to the Double-Shell Tank Integrity Project (DSTIP) organization: 

• The contractor shall pro\·ide AZ-102 NDE Support and Data Analysis 

• The contractor shall prepare recommended engineering reports and studies as directed by 
the DSTIP project leads 

The areas on the primary tank that were identified for UT inspection in the engineering task plan 
(Jensen 2002b) are described below. 

Primary Tank Wall and Welds: 

• A vertical strip (approximately 30 inches \vide by 35 feet long) of the primary \Vall 
between the upper haunch transition and the lower knuckle. The vertical stri may be · 
com rised L011e 0Lmore.-s~riJ3s whese totat·wrdth is 30 me es. 

' 
• Twenty feet of the circumferential weld joining the cylinder to the !owe'. k1:1Uckle. One 

vertical weld joining the lowest shel l course plates (about 10 feet of weld), and one 
vertical weld joining the next to the lO\\·est shell course pla_tes (about 10 feet of weld). A 
minimum of twenty (20) feet of vertical weld shall be examined. 

Primary Tank Knuckle: 

• A strip in the primary lower knuckle to detect the presence of cracks orientated in the 
circumferential direction. and for pits and wall thinning. The area to be examined is 
20 feet long in the circumferential direction and, in the meridional direction, is from the 
\Veld joining the transition plate with the knuckle to the furthest reach of the transducer 
assembly that is allowed by the tank geometric constraints (using the flexible arm 
attachment to the existing P-scan system, suppleinented by T-SAFT, if available). The 
20-foot dimension is not required to be a continuous length. 

Primary Tank Bottom: 

• Strips on the primary tank bottom along the insulating concrete air slots to detect the 
presence of pits, wall thinning and cracks orientated perpendicular to the air slot 
channels . In each accessible channel, the tank directly above the channels is to be 
examined over the ,Yid th of the channel and for a distance of 12 feet towards the tank 
center beginning seven inches inboard of the outside radius of the tank. 

S- 1 
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9.0 EQUIPMENT SETUP AT AZ TANK .FARM 

Prior to performing the actual inspection, the riser (number 090, 24 inch) shield plug was 
removed, and a temporary cover and riser extension were secured to the riser. A portable 
enclosure was installed over the riser to provide the means for deploying the UT equipment and 
protecting the operators from the weather. An electric chain hoist, mounted to the roof frame, 
was used for maneuvering the equipment into position. The control center trailer was set up 
inside the AZ Tank Farm ' s boundary fence, and the control cables were run along the ground to 
the equipment located at the riser. A typical tank farm setup is shown in Figure 9-1 . Some of 
the electronics to support the T-SAFT system were also located near the inspection riser. 

Figure 9-1 . Typical Field Set-Up at Riser for Double-Shell Tank 
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10.0 INSPECTION RESULTS 

Tank 241-AZ-102 was fabricated from carbon steel plate. The primary tank's exterior surface 
varies from mill scale to coatings of various degrees of rust caused by in-service corrosion of 
carbon steel. A description of the plates is as follows with the location of the plates as shown in 
Figure 10-1 (Tanks 101 & 102 Section & Details 2:/1-AZ Tank Farm, Vitro Hanford 1973). 

Primary knuckle (top) - Connects dome of tank to side-\vall 

Primary wall - Consists of (from top to bottom) 
Plate # 1 - approximately 3 feet 3 inch tall, 3/8 inch nominal th ickness 
Plate #2 - approximately 9 feet 10 inch tall, 1/2 inch nominal thickness 
Plate #3 - approximately 9 feet 10 inch tall, 1/2 inch nominal thickness 
Plate #4 - approximately 9 feet tall, 3/4 inch nominal thickness 
Plate #5 - approximately 2 feet tall , 7 /8 inch nominal thickness 

Primary knuckl e (bottom) -Approximate! · 7/8 i11_du1omirn1--l--t--!-i-ick:ness-:-e-onnec s sidewall of 
tank'--t-o primary-tank bottom. 

The P-scan crawler was deployed through the 24 inch diameter annul us inspecti·o1_1 Riser 090 
near the north side of tank 241-AZ-l 02 for examinations of the primary wall, the lower knuckle, 
and vertical and horizontal welds. All tank ,velds examined were in the "as-welded" condition. 
The T-SAFT crawler was also deployed through the 24 inch diameter annulus inspection 
Riser 090 for examination of the lower knuckle. The various scan paths for the crawlers are 
shown in Figure 10-1 , along with other pertinent tank information. 

Additional P-scan measurements of the lower knuckle were made using the P-scan crawler 
equipped with the extension arm lined up with air slots in the insulating concrete . The locations 
of these scan paths are shown in the Figure 10-2 schematic . Also, P-scan measurements of the 
tank bottom were planned using the RUTI system, which is equipped with the UT probe lined up 
with air slots in the insulating concrete. Ho,\·ever, problems with crumbling concrete in the air 
slots prevented this task from being performed at th is time (discussed in Section 11.0). The 
locations of the air slots that were visually examined prior to abandoning this task are identified 
in Figure 10-2. 

The UT P-scan data and the T-SAfT data were examined by COGEMA Engineering's Level III 
certified inspec tor. The P-scan data were also examined by Limited Level II certified inspectors. 
The Limi ted Level II inspectors ,,·ere "P-scan Limited", indicating that they are qualified to 
collect and examine the P-scan data, but are not qualified to interpret the data. 
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Figure 10-1. Schematic of UT Scan· Paths on North Side of Tank 24 l-AZ-102 Wall (via Riser 090) 
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Figure 10-2. Top View Scl~ematic of Tank 241-AZ-102 Bottom Showing the Air Slots 
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The following pages contain ~ables that present summary and detailed wall thickness data, which 
were derived from the COGEMA "Automated Ultrasonic Thickness Data Report Sheets". The 
inspection data sheets, the transducer calibration sheets, the original tank \Vall and \veld scan 
map, and an interpretation of the data by an independent Level III certified NDE Inspector are 
included in Attachment 3 for the P-scan data. · 

Also included in the follo\ving pages are tables that present summary and detailed scan data 
derived from the "SAFT/T-SAFT Ultrasonic Data Report Sheets". The inspection data sheet, the 
transducer calibration sheet and the original tank knuckle scan map are included in Attachment 4 
for T-SAFT data. 

Tables 10-1 through 10-6 show the measured minimum \Vall thickness values obtained using the 
P-scan system, and are displayed in a summarized form by \Vall plates (including the lo\ver 
knuckle) , vertical plate welds, and horizontal knuckle weld. Although the data are reported to 
three significant figures, the accuracy of the wall thickness data, based on the results of the 
performance .demonstration test, is 0.012 inch root-mean-square (RMS). 

_I able 1 0-l s-11mmarizes-t-~1e-resu-lts o-hhe pro e of the knuckle region for-cracks using the 
T-SAFT system. 

Table 10-1. Summary of Primary Tank Wall Scan i (via Riser 090) 

Elevation of · Wall Scan Design Measured Scan 
Plate Description Wall Scan Distance Nominal Minimum Minimum% 

(inches) (inches) <1
> (inches) (inches) of Nominal 

417 
Plate # I to 34.7 0.375 0.338 90.1% 

382.3 

379 
Plate #2 to 11 4.2 0.500 0.456 91 .2% 

264.8 

261 
Plate #3 to 114.0 0.500 0.487 97.4% 

147.0 

143 
Plate #4 to 105.9 0.750 0.752 100.3 % 

3 7.1 

35 
Plate #5 to 21.0 0.875 0.878 100.3% 

14.0 

<
11 All scan widths wer~ 15 in ches. 
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Table I 0-2. Summary of Primary Tank Wall Scan 2 (via Riser 090) 

Eley·ation of \Vall Scan Design Measured 
Plate Description Wall Scan Dist a nee Nominal Minimum 

(inches) (inches) Pl (inches) (inches) 

417 
Plate #I to 34.7 0.375 0.350 

382.3 

379 0.416<21 

Plate #2 to 114.2 0.500 0.418 <2J 

264.8 0.412 <2> 

261 
Plate #3 to I 14 .0 0.500 0.504 

147.0 

143 
Plate #4 to 105.3 0.750 0.756 

37.7 

35 --
Plate #5 - ::2-:-5~ - 0.875 0,874 --- 12 .5 ' 

<1
> All scan widths were: 15 inches. 

<=> Wall thinn ing ex~eeds IO percc:nt of the nominal pbte th i..:kness. 

Table 10-3. Summary of Primary Tank Wall Scan 3 (via Riser 090) 

Elevation of Wall Scan Design Measured 
Plate Description Wall Scan Distnncc Nominal Minimum 

(inches) (inches) (IJ (inches) (inches) 

379 
0.411 (2) 

Plate #2 to 10.2 0.500 0.414 <2> 

368.8 0.434 <2
> 

<11 All scan widths were 15 inches. 
P l Wall th inn ing exceeds IO percent of the: nominal pl ate thickness. 
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Table 10-4. Summary of Primary Tank Lower Knuckle Scan Using the P-scan System 
-::. (via Riser 090) 

· Vertical Knuckle Scan Design Measured Scan 
Plate Description Locntion of Distance Nominal Minimum Minimum% 

Knuckle Scan (inches) (inches) (inches) of Nominal 

horn 2 inches 

Upper Portion of 
to 13 .5 - 14.9 Horizontal 
inches belo\\' Distance: 0.875 0.840 96.0% Lower Knuckle 

Plate #5 / 256.4 (I) 
Knuckle Weld 

From approx. 

Lower Portion of 
IO - 12 inches Total Vertical 

Lower Knuckle 
to approx. Dista nce in 4 

0.875 0.858 98.1 % 16 - 18 inches Air Slots: 
(in 4 Air Slots) 

below Plate #5 29.0 <2> 

/ Knuckle \\'eld 

<
1

> Scan widths were: 11 .5 - I ~.9 inches. 
<
2
> Horizontal x-travels of scans in slot~s~\1_'.'_·er'._:e~0'.:.::.5~7~ 0'.:.:.7~9~i~nc~h".c.es~.-----

Table 10-5 . SummJr \· of Primary Tank Weld Scans (via Riser 090) · . 

Elevation of Weld Senn Design Mensured Senn 
Weld Description Weld Scan Distnncc Nominal Minimum Minimum% 

(inches) (inches) <1
> (inches) (inches) of Nominal 

0.334 <2
) 

., -~ 89.]% 4 16 
Vertical Weld 

30.8 0.375 0.3 12 <2) 
,·, 

83 .2% Plate# ! 
to 

'· 

385.2 0.333 <2> 88 .8% . 

Vertical Weld 
379 
to 115 .7 0.500 0.473 94.6% 

Plate #2 
263.3 

Vertical Weld 
26 1 
to 113.4 0.500 0.474 94 .8% 

Plate #3 
147.6 

Vertical Weld 
143 
to 103 0.750 0.739 98.5% 

Plate #4 
40 

Vertical Weld 
35 
to 2 1.4 0.875 0.850 97.1 % 

Plate #5 
13.6 

<
1
> Scan ,1·idths were 10.4- 10.9 inches. 

<
2
> \Vall thinning exceeds IO percent of the nominal plate thickn..-:ss. 
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Table 10-6. Summary of Plate #5 / Knuckle Horizontal Weld Scans (via Riser 090) 

Vertical - Weld Scan Design Measured 
Weld Description Location of Distance Nominal Minimum 

Weld Scan (inches) <
1
> (inches) (inches) 

Horizontal Weld 
From - I in. to 

Plate #5 to Knuckle, 
- ·~. I in . above 

300.1 O.S75 0.842 Plate #5 I 
Plate-side 

Knuckle \Veld 

Horizontal Weld 
From - I in. to 
-5 .1 in . below 

Plate #5 to Knuckle, 
Plate #5 I 300.1 0.875 0.837 

Knuckle-side 
Knuckle Weld 

<
1
> Scan widths were 10.1 to 10.3 inches. 

Table 10-7. Summary of Primary Tank Lower Knuckle Scan Using the T­
---{via-Riser 090)-

Knuck le' 

P late Desc ripti on 
T-SAFT File Vcrticnl Locat ion of Horizonta l 

Numbers Horizon tnl Knuckle Scan Scan Distance 
(inches) <

1
> 

102AZ 
I thru 19 SAFT/ T-SAFT transducers 

Scan 
Minimum% 
of Nominal 

96.2% 

95 .7% 

Comments 

0812; located above the Plate #5 / 
No cracks detected 

Lower Knuckle Knuckle Weld, but entire -270 
102AZ Lower Knuckle (from weld 

using the SAFT mode 

IA thru IH to weld) probed for cracks 
0813 

<1
> Each T-SAFT file represents a horizontal scan of 12 .5 inches, but the crawler is moved only IO inches after each scan to 

ensure overlap. Therefore::, the:: total knuckle:: scan dis tance for the 27 fiks would be a few inches above 270 inches. 

Tables 10-8 through 10-18 contain the detailed data for wall scans as presented in 12 inch long 
by 15 inch wide connecting scans . Table 10-19 contains the detailed P-scan data for the lower 
knuckle scans as presented in 12 inch long by 11.5 to 12.9 inch wide connecting scans. 
Table 10-20 contai ns the detail ed P-scan data for lower knuckle scans in individual air slots as 
presented in 5.3 to 8.3 inch long by 0.59 to 0 .79 inch wide scans. Table 10-21 contains 
information on the T-SAFT data scans. The detailed data for ve1iical and horizontal welds are 
presented in 12 inch long by 10.1 to 10. 9 inch \vide scans in Tables 10-22 through 10-28. 
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Table 10-8. Primary Tank Vertical Wall Scan 1 - Plate 1 (via Riser 090) 

Elevation of - Vertical Scan I.D. Design i'>leasured 
Number Start of Location of 

i\ominal Average Wall Scan Wall Scan 
(Data Sheets) (inches) (inches) <1

> 
(inches) (inches) 

Scan " Vert . Wal I / :417 0-12 0.375 0.389 

Plate I" 405 12-24 0.375 0.388 
(Page Att. 3-3) 393 24-34.7 0.375 0.388 

11
> Scan stare was 2 inch bc;:low the;: cc;:n tc:rlint: of the first hori zontal weld, and centerline of2-l inch Ri ser 090; 

Scan wid th was 15 inch<::s . 

Table 10-9. Primary Tank Vertical Wall Scan 1 - Plate 2 (via Riser 090) 

Measured 
Minimum 
(inches) 

0.374 

0.338 

0.345 

-Elevation of Vertical Scan I.D. 
Start of Location of 

Design Measured e-------M eftSl:I red-
Number 

--\Vall- Scan- Wall S~ 
- Nominal Av~rage Minimum 

-(Dara s h eets) (inches) (inches) 11
> 

(inches) . (inches) 
' 

379 i 0- 12 0. 500 0.490 

367 12 -24 0.500 0.490 

355 24-36 0.500 0.4 96 

343 36 -48 0.500 0.500 
Scan "Vert. Wall/ 

331 48 - 60 0.500 0.502 
Plate 2" 

(Page Att. 3-4) 319 60 - 72 0.500 0.503 

307 72 - 84 0.500 0.503 

295 84 - 96 0.500 0.502 

283 96 - 108 0.500 0 .503 

271 108 - 11 4.2 0 .500 0.504 

(t> Scan start was I inch b.: low the centc;: rline ofth~ second hori zonta l we ld, and cen terline of24 inch Riser 090; 
Scan width was 15 inches. 

I 0-8 

(inches) 

0.456 

0.485 

0.483 

0.493 

0.492 

0.482 

0.498 

0.498 

0.497 

0.499 
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Table 10-10. Primary Tank Vertical \Vall Scan 1 - Plate 3 (via Riser 090) 
.. 

Elevation of - Vert ica l Scan I.D. Design l\frasu red l\·leasu red 
Number Start of Location of 

Nominal Average Minimum 
Wall Scan Wall Scan 

(Data Sheets) (inches) (inches) <
1
> 

(inches) (inches) (inches) 

'261 0- 12 0.500 0.499 0.487 

249 12 -24 0.500 0.500 0.494 

237 24 - 36 0.500 0.500 0.497 
-n-__ ) 

36-48 0.500 0.503 0.499 
Scan "Vert. Wall/ 

213 48 - 60 0.500 0.505 0.499 Plate 3" 

(Page Art. 3-5) 201 60- 72 0.500 0.507 0.5 01 

189 72 - 84 0.500 0.508 0.499 

177 84 - 96 0.500 0.507 0.501 

165 96- 108 0.500 0.505 0.499 

153 108 - 11 4 0.500 0.508 0.499 
. 

<1
> Scan start was I inch bc:low the: cw.erl inc: ot:..1-hc: thi-rd horizomal we1a , and centc:rlin.: of2-l inch Riser 090; 

Srnrnv idTh was I 5 in ches. 

Table 10-11. Primary Tank Vertical Wall Scan 1 - Plate 4 (via Riser 090) 

Scan I.D. Elevation of Vertical 
Design Measured 

Start of Location of Number 
Wall Scan Wall Scan 

Nominal Average 
(Data Sheets) (inches) (inches) <1

> 
(inch es) (inches) 

143 0- 12 0.750 0.775 

131 12 -24 0.750 0.770 

119 24 -36 0.750 0.770 

Scan "Vert. Wall/ 107 36-48 0.750 0.770 
Plate 4" 95 48- 60 0.750 0.775 

(Page Art. 3-6) 83 60- 72 0.750 0.775 

71 72 - 84 0.750 0.772 

59 84-96 0.750 0.770 

47 96 - I 05.9 0.750 0.770 

<1
> Scan start was I inch bdow the ce nterline of the fourth horizontal weld, and centerline of24 inch Riser 090; 

Scan width was 15 inches. 
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Table 10-12. Primary Tank Vertical Wall Scan 1 - Plate 5 (via Riser 090) 

Scan I.D. Elevation of Vertical 
Design l\Ieasurcd 

Number Start of Locatio n of 
Nominal Average Wall Scan Wall Scan 

(Data Sheets) (inches) (inches) ( IJ 
(inches) (inches) 

Scan "Vert. Wall/ · 35 I 0- 12 O.S75 0.905 
Plate 5" 

(Page Att. 3-7) 
')' j 12 -21 0.875 0.905 _.) 

i 

<1
> Scan start was I inch below the centerline oftht: fifth horizontal weld , and centerline of2-t inch Riser 090; 

Scan width was 15 inches. 

Measured 
Minimum 
(inches) 

0.880 

0.878 

Table 10-13 . Primary Tank Vertical Wall Scan 2 - Plate 1 (via Riser 090) 

Scan LO. Elevation of Vertical 
Design Measured Meas urea 

Start of Location of Number 
Wall Scan Wall Sea .. 

_·omin-al- - A:verage Minimum 
_ (Data Shee-ts) - (inches) (in'ches) (inches) 

(inches) (inches) 1'l 
\ 

Scan "Vert. Wall/ 417 0-12 0.375 0.388 0.369 

2nd
/ Pl ate I " 405 12 - 24 0.375 0.391 0.371 

(Page Att. 3-13) 393 24 - 34 .7 0.375 0.391 0.350 

<1J Scan start was 2 inch below the centerline of tht: first horizontal weld , and 17 inches west of Scan I , centerline to 
centerline; Scan width was 15 inches. 
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Table 10-14. Primary Tank Vertical Wall Scan 2 - Plate 2 (via Riser 090) 

Elevation of - Vertical Scan I.D. 
Start of Location of 

Design l\leasu red Measured 
Number 

Wall Scan Wall Scan 
Nominal Average Minimum 

(Data Sheets) (inches) (inches) (I ) 
(inches) (inches) (inches) 

. 3'79 0- 12 Pl 0.500 0.495 0.416(5) 

379 0-12 (3) 0.500 0.495 0.418 (5) 

367 12 -24 Hl 0.500 0.500 0.412 (S ) 

355 24 - 36 0.500 0.505 0.489 

Scan "Vert. Wall/ 343 36 -48 0.500 0.505 0.498 
2nd

/ Plate 2" 33! 48 - 60 0.500 0.505 0.495 
(Page Att. 3-14) 319 60 -72 0.500 0.505 0.492 

307 72 - 84 0.500 0.510 0.498 

295 84-96 0.500 0.507 0.497 

?83 96 - !OS 0.500 0.503 0.490 

21_!_ - 108~ 1--J.-4-d- 0.50u 0.5,IO 0.497 
{ I) ') .. ·• Scan start 11 as I in ch bclo11 the cente,linc ot the second horizontal 11eld, Scan _ 11 as 17 inche~ 11cst of Scan I, centerline 

to centerline; Scan width was 15 inches. 
c~, Thinning: X-Start=5 .91" X-Stop=7.l-l" Y-Start=7.3'' Y-Stop=7.7" 
P> Thinning: X-Start = 5.25" X-Stop = 7.30" Y-Start = -6.3" Y-Stop = -7.3" 
<
4

> Thinning: X-Start = 15.06" X-Stop = 15. 79 Y-Start = 6.4" Y-Stop = 7.2" 
c;> Wall thinn ing exceeds IO p<::rcent of the nom inal plate thickness. 

Ar<::a : 1.23";,: 0.4" = 0.49 sq. in . 
Area: 2.05" x 1.0" = 2.05 sq. in. 
Area: 0.73 " x 0.8" = 0.58 sq. in . 

Table 10-15. Primary Tank Vertical Wall Scan 2 - Plate 3 (via Riser 090) 

Scan I.D. Elevation of Vertical 
Design Measured Measured 

Number Start of Location of 
Nominal Average Minimum 

W::ill Scan Wall Scan 
(Data Sheets) (inches) (inches) (ll 

(inches) (inches) (inches) 

261 0 - 12 0.500 0.510 0.504 

249 12 -24 0.500 0.51 l 0.506 

237 24 - 36 0.500 0.515 0.507 

225 36 -48 0.500 0.514 a.sos 
Scan "Vert. Wall/ 

2 13 48 -60 0.500 .0.517 0.5 l l 
2nd

/ Plate 3" 

(Page Att. 3-15) 20! 60-72 0.500 0.518 0.511 

189 72 - 84 0.500 0.5 18 .·. 0.51 l 

177 S-1-96 0.500 0.516 0.511 

165 96 - 108 0.500 0.5 14 0.508 

153 108 - 11 4 0.500 0.5 17 0.509 

. 

<
1
> Scan start was I inch below the center! ine of the thi rd horizon tal we ld, and 17 inches west of Scan I, centerline 

to centerline; Scan width was 15 inch<::s. 
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Table 10-16. Primary Tank Vertical Wall Scan 2 - Plate 4 (via Riser 090) 
-

Elevation of - Vertical Scan I.D. 
Start of Location of 

Design Measured Measured 
IS umber 

Wall Scan Wall Scan Nominal Average Minimum 
(Data Sheets) (inches) (inches) <

1
> 

(inches) (inches) (inches) 

. 143 0-12 0.750 0.775 0.763 

131 12 -24 0.750 i 0.770 0.764 

119 2-l -36 0.750 0.770 0.763 

Scan "Vert. Wall/ 107 36-48 0.750 0.772 0.763 

2nd
/ Plate 4" 95 48-60 0.750 0.773 0.759 

(Page Att . 3- I 6) 83 60- 72 0.750 0.771 0.756 

71 72 - 84 0.750 0.770 0.763 

59 84 - 96 0.750 0.770 0.759 

47 96 - I 05.3 0.750 0.775 0.759 

<
1
> Scan start was I inch below the centerline of the fourth horizontal weld, and 17 inches west of Scan I, centerline to 

centerline; Scan width was 15 inches. 

Table 10-17. Primary Tank Vertical Wall Scan 2 - Plate 5 (via Riser 090) 

Scan I.D. Elevation of Vertical 
Design Measured Measured 

Start of Location of Number 
Wall Scan Wall Scan 

Nominal Average Minimum 
(Data Sheets) (inches) (inch es) (I) 

(inches) (inches) (inches) 

Scan "Vert. Wall/ 35 0- 12 0.875 0.910 0.885 
2nd I Plate 5" 

(Page Att. 3- I 7) 23 12 - 22.5 0.875 0.905 0.874 

<1
> Scan start was l inch below th e cente rline of the fifth hori zon tal weld, and 17 inches west of Scan l , centerl ine to 

centerline; Scan wid th was 15 inches. 
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Table 10-18. Primary Tank Vertical \Vall Scan 3 - Plate 2 (via Riser 090) 

Elevation of - Vertical Scan I.D. 
Sta rt of Location of 

Design M easured Measured 
Number 

Wall Scan Wall Scan 
l'iominal Average Minimum 

(Data Sheets) (inches) (inches) (tJ 
(inches) (inches) (inches) 

Scan "Vert. Wall I -379 0-10.2 m 0.500 0.495 0.41 t (SJ 

3rd
/ Plate 2" 379 0- 10.2 (]) 0.500 0.495 0.414 (S) 

' 
(Page Att. 3-23) 379 0- 10.2 (-1 ) 0.500 0.495 0.434 (S) 

<1> Scan start was I inch below th<:: ct:nterline oftht: second horizontal weld; Scan 3 was approximately 17 inches west of 
Scan 2, centt:rlint: to centerline: Scan width was 15 inches. 

c:> Thinning: X-Start = 0.39-t'' X-Stop = 1.6-t" Y-Start = 0.887" Y-Stop = 2.02" Area: 1.25" x 1.13" = I .4 I sq. in. 
m Thinning : X -Start= 5.56" X-Srop = 8.1-t" Y-Start = 0.169" Y-Stop = -0.972" Area: 2.58" x 1.14" = 2.94 sq. in . 
(-IJ Thinning: X -Start= 6.24" X-Stop = 6.95 Y-Start = -4.14" Y-Stop = -5 .02" Area: 0. 71" x 0.88" = 0.62 sq. in. 
<5> Wall thinning exceeds IO percent of th e nom in al pl ate thi ckness. 

- ------------- ------ ----- ---
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Table 10-19. Primary Tank Lower Knuckle Scan Using the P-scan System (via Ri ser 090) 

Ve rtical - Horizontal Scan I.D. Des ign Meas ured Location of Loca tion of Number 
Horizontal Knuckle Scan Nomina l Average 

(Data Sheets) Knuckle Scan (inches) 
(inches) (inches) 

0- 12 <1) 0.875 0.870 

12 - 24 0.875 0.875 
Scan From 2 in . to 

"Y-Arm I 14 in . below 24 -36 0.875 0.882 

Knuckle" Plate #5 / 36 -48 0.875 0.885 
(Page Att . 3-25) Knuckle Weld 

48 -60 0.8 75 0.885 

60 - 68.4 0.875 0.890 

0- 12 <2> 0.875 0 .895 

Scan From 2 in . to 
12-24 0.875 0.895 

"Y-Arm I 14.9 in. below 24- 36 0.875 0.895 
Knuckle/ A" Plate #5 / 36 - 48 0.875 0.895 

_ (Pa 0 e Att. 3-26) Knuckle Weld 
0.815 48 - 60 Q.890 

60- 68 0.875 0.8 90 

0- 12 PJ 0.875 0.880 

12 -24 0.875 0.875 

24 -36 0.875 0.880 

Scan From 2 in. to 
36 - 48 0.875 0.880 

" Y-Arm I 13.5 in . below 48 -60 0.875 0.880 
Knuckle / Ir' Plate #5 / 60-72 0.875 0.880 

(Page Att. 3-27) Knuck le Weld 
72 -84 0.875 0.890 

84 - 96 0.875 0.890 

96 - 108 0.875 0.890 

108-120 0.875 0.885 

<1
> Start ofscan @ 2nd knuckle: wrtical \\·eld east of24 inch riser; Scan width was 12 inches. 

<
2
> Start of scan @ !st knuckle: vertical w,:: ld east of 24 inch ri ser; Scan width was 12.9 inches. 

0 > Start of scan @ end of previous scan: Scan width was 11.5 inches. 

10-14 

Measu red 
Minimum 
(inches) 

0.843 

0.8-G 

0.854 

0.854 

0.852 

0.848 

0.868 

0.865 

0.865 

0.853 

0.858 

0.85 6 

o.s,n 
0.840 

0.849 

0.850 

0.852 

0.846 

0.842 

0.856 

0.866 

0.856 
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Table 10-20. Primary Tank Lower Knuckle Scan Using the P-scan System in Air Slots 
(via Riser 090) 

Scan I.D. Vertical Vertical 
Location of Y-Travel of Number 

Knuckle Scan Knuckle Scan 
(Data Sheets) i.n Slot in Slot (i nches) 

Scan Exact starting 
" Y-Arm/Slot 1- 1" 8, ( I ) 

positi ons not .J 

(Page Att. 3-32) determined , but 

Scan approximately 

" Y-Arm I Slot 2-1" IO to 12 inches 5.3 (~) 

(Page Att. 3-33) 
below the 
Plate #5 / 

Scan Knuckle Weld; 
"Y-Arm I Slot Al" Scans overlap 

7.6 (J) 

(Page Att . 3-34) areas exami ned 

Scan in continuous 

"Y-Arm I Slot B2" scans (see 7.8 (4) 

(Page Att. 3-35) 
Table I 0-19) 

- --- - -
< I) Horizon tal x-travel of scan in slot was 0. 79 inches. 

<=> Horizontal x-travel ~f scan in slot was 0. 77 inches. 

P> Horizontal x-travel of scan in slot was 0.57 inches. 

<~> Horizontal x- trave l of scan in slot was 0.59 inches. 

Design Measured Measured 
Nominal Average Minimum 
(inches) (inches) (inches) 

0.875 0.890 0.864 

0.875 0.880 0.858 

0.875 0.898 0.858 

0.875 0.8 85 0 .866 
-------

Table 10-21. Primary Tank Lower Knuckle Scan Using the T-SAFT System (via Riser 090) 

T-SAFT Horizontal Distance 

File Number Vertical Location of ofT-SAFT 
Comments 

Horizontal Knuckle Scan Knuckle Scan 
(Data Sheets) (inches) (IJ 

Files 102AZ 
I thru 19 0812 SAFT I T-SAFT transducers 0 to - 190 <2J 

No cracks detected usi ng the 

located above the Plate #5 / SAFT mode 
(Page Att . 4 -3) 

Knuckle Weld , but entire 
Files 102AZ Lower Knuckle (from weld to 

1Athru1H08 13 we Id) probed for cracks 0 to -80 <3l 
No cracks detected using the 
SAFT mode 

(Page Att. 4-3) 

<
1
> Each T-SAFT file rep resents a horizonta l scan of 12.5 incht:s, but th <! crawler is moved only 10 in ches after each scan to 

ensure overlap. 
<
2
> Start of scan@ 1st knuckle vertical 11eld east of24 inch riser. 

m Start of scan @ 2nd knuckk vertical weld east of 24 inch ri ser. 

10-15 



RPP- 15765, Rev. 0 

Table 10-22. Primary Tank Vertical Wall Weld Scan - Plate 1 (via Riser 090) 

Scan I. D. Eleva tion of Ve rt ica l 
Design Measured Measured 

Start of Location of Number 
Weld Scan Weld Scan 

Nominal AYerage Minimum 
(Data Sheets) (inches) (inches) (I) 

(inches) (inches) (inches) 

Scan -4 l 6 0 - 12 (2) 0.375 0 .380 0.334 (5) 

"Vert. Weld I 
404 12 - 24 (J J 

Plate I" 0.375 0.380 0.312 (5) 

(Page Att. 3-36) 392 2-1 - 30.8 (4) 0.375 0.380 0 ~ ~ ~ (5) _.,.,., 
<
1
> Scan start was 3 inches bdow the centt:rline of the first horizontal weld ; Scan width was 10.6 inches. 

C! J Thinning: X-Start = 9.33" X-Stop = 9.38" Y-Start = -4 .01" Y-Stop = -4.08" Area: 0.05" x 0.07" = 0.0035 sq. in. 

P> Thinning: X-Start = 1-1 .20" X-Stop = 1-1 .58" Y-Start = -5.20" Y-Stop = -5 .89" Area: 0.38" x 0.69" = 0.26 sq . in . 
<•> Thinning: X-Start = 26.65" X-Stop = 26.70 Y-Start = 0.976" Y-Stop = I.OS" Area: 0.05" x 0. 10" = 0.005 sq . in. 

_c
5
> Wall thinning exceeds 10 percent of the nominal plate thickness. 

Table 10-23. P-rimar Tank-Verfrrnl Wa u-wera can - late 2 (via Riser 090) 
\ 

' Elevation of Vertica l Sca n 1.D. 
Start of Location of 

Design Measured Measured 
Number Nomina l Average Minimum 

Weld Scan Weld Scan 
(Da ta S heets) (in ches) (inc hes) (IJ 

( in ches) (in ches) (inc hes) 

379 0 - 12 0.500 0.495 0.479 

367 12 - 24 0.500 0.495 0.481 

355 24 - 36 0.500 0.500 0.473 

Scan 343 36 - 48 0.500 0.500 0.487 

" Vert . Weld/ 331 48 -60 0.500 0.500 0.476 
Plate 2" 

319 60 - 72 0.500 0.500 0.488 
(Page Att. 3-37) 

307 72- 84 0.500 0.505 0.484 

295 84 -96 0.500 0.505 0.496 

283 96 - 108 0.500 0.505 0.489 

271 108- I 15 .7 0.500 0 .505 0.499 

( I J Scan start was I inch below the centerline of the second hori zontal weld ; Scan width was I 0.4 inches. 
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Table 10-24. Primary Tank Vertical \,Vall Weld Scan - Plate 3 (via Riser 090) 
-Elevation of Vertical Scan J.D. 

Start of Loe a tion of 
Design 1\ I easu red Measured 

Number 
Weld Scan Weld Scan 

~ominal Average Minimum 
(Data Sheets) (inches) (inches) (I J 

(inches) (inches) (inches) 

·261 0- 12 0.500 0.500 0.482 

249 12-24 0.500 0.500 0.474 

237 .2• - 36 0.500 0.500 0.482 

Scan 
-rr __ ) 36-48 0.500 0.505 0.479 

"Vert. Weld/ 213 48- 60 0.500 0.505 0.479 
Plate 3" 201 60- 72 0 .500 0.505 0.478 

(Page Att. 3-38) 189 7.2 - 84 I 0.500 0.505 0.487 

177 84- 96 0.500 0.505 0.497 

165 96 - 108 0 .500 0.505 0.489 

153 108 - 113.4 0.500 0.505 0.496 

(l l Scan start was I inch below the centa line of the third hori zontal weld ; Scan width was 10.9 inches. 

Table 10-25. Primary Tank Vertical Wall Weld Scan -_Plate 4 (via Riser 090) 

Scan J.D. Elevation of Vertical 
Design Measured Measured 

Start of Location of Number 
Weld Scan Weld Senn 

Nominal Average Minimum 
(Data Sheets) (inches) (inches) P> 

(inches) (inches) (inches) 

143 0 - 12 0.750 0.760 0.740 

131 12-24 0.750 0.760 0.748 

119 24 -36 0.750 0.760 0.752 
Scan 107 36-48 0.750 0.760 0.748 

" Vert. Weld / 
Plate 4" 95 48 -60 0.750 0.760 0.749 

(Page Att . 3-39) 83 60 -72 0.750 0.758 0.749 

71 72 - 84 0.750 0.759 0.752 

59 84 -96 0.750 0.758 0.739 

47 96 - 103 0.750 0.760 0.744 

(I ) Scan start was I inc h below th.: cenkrl ine of the fo urth hori zon tal weld; Scan width was 10.5 inches. 
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Table 10-26. Primary Tank Vertical Wall Weld Scan - Plate 5 (via Riser 090) 

Elevation of - Vertical Scan I.D. 
-

Start of Location of 
Design Measured Measured 

Number 
Weld Scan Weld Scan 

Nominal AYerage Minimum 
(Data Sheets) (inches) (inches) (ll 

(inches) (inches) (inches) 

Scan 
· 35 0- 12 0.875 0.905 0.891 

" Vert. Weld/ 
Plate 5'' 

?~ 12 - 21.4 0.875 0.905 0.850 
(Page Att. 3-40) 

_., 

(I ) Scan start was I inch below the centaline of the fifth horizontal weld; Scan width was I 0.6 inches. 
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Table 10-27. Primary Tank Horizontal Weld - Plate 5 to Knuckle Scan, Plate Side 

- (via Riser 090) 

Elevation of 
Horizontal 

Scan I.D. 
Horizontal 

Location of Design l\leasured 
Number 

Weld Scan 
Weld Scan, Nominal Average 

(Data Sheets) . (lnches) 
Plate Side (inches) (inches) 
(inches) 

0 - J:2 {I) 0.875 0.909 

12-24 0.875 0.910 

24 -36 0.875 0.9 10 
Scan From - I in. to 36-48 0.875 0.9 10 

"Horz. Weld / -5.1 in . above 
Knuckle" Plate #5 / 48 -60 0.875 0.915 

(Page Att. 3-51) Knuckle Weld 60- 72 0.875 0.915 

7'2-84 0.875 0.920 

84 - 96 0.875 0.907 

96- 106.4 0.875 0.905 

-°-= '2(2) 0.8-7.5----0.895--
-

12-24 0.875 b.895 

24 - 36 0.875 0.885 

Scan From - I in. to 
36 -48 0.875 0.885 

"Horz. Weld/ -5. 1 in . above 48 - 60 0.875 0.885 
Knuckle A" Plate #5 / 60- 72 0.875 0.885 

(Page Att. 3-53) Knuck le Weld 
72 - 84 0.875 0.885 

84 -96 0.875 0.885 

96- 108 0.875 0.885 

108 - 120 0.875 0.885 

0- 12 (J) 0.875 0.890 

Scan From - I in. to 
12-24 0.875 0.895 

"Horz. We ld/ -5 . l in . above 24 - 36 0.875 0.895 
Knuckle B" Plate #5 / 36 -48 0.875 0.890 

(Page Att. 3-55) Knuckle Weld 
48 - 60 0.875 0.890 

60-73.7 0.875 0.895 

<1
> Start of scan@, 2nd knuckk vertical 11·eld east of24 inch ri se r; Scan width was 10.3 inches. 

<2J Start of scan @, I" knuckle 1-ertical 11 c:ld east of24 inch ri ser; Scan 11·idth was IO . I inches. 

P> Start of scan @ I" knuckle vertical 11·eld west of24 inch ri ser; Scan width was 10.2 inches. 
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Measured 
Minimum 
(inches) 

0.889 

0.888 

0.885 

0.887 

0.881 

0.891 

0.864 

0.860 

0.886 

o.87 

0.842 

0.865 

0.863 

0.849 

0.852 

0.8 52 

0.868 

0.863 

0.862 

0.870 

0.870 

0.871 

0.868 

0.866 

0.871 
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Table 10-28. Primary Tank Horizontal Weld - Plate 5 to Knuckle Scan, Knuckle Side 
(via Riser 090) 

I 

Elevation of 
Horizontal 

Scan I.D. 
Horizontal Location of Design Measured 

Number 
\Veld Scan 

Weld Scan, l\ominal Average 
(Data Sheets) .(inches) 

Plate Side (inches) (inches) 
(inches) 

0 - f2 (I ) i 0.S75 0.875 I 

12-24 0.875 0.875 

24 -36 0.875 0.875 
Scan From - 1 in. to 36-48 0.875 0.882 

"Horz. Weld / -5.1 in . below 
Knuckle" Plate #5 / 48 -60 0.875 0.890 

(Page Att. 3-52) Knuckle Weld 60 - 72 0.875 0.890 

72 - 84 0.875 0.890 

84 - 96 0.875 0.890 

96 - I 06.4 0.875 0.885 

0-=--1-2 (2) _ 0.875 - 0.895 --
\ 

12 - 24 0.875 0.890 

24- 36 0.875 0.892 
I 

Scan From - I in. to 
36-48 0.875 0.890 

"Horz. Weld / - 5.1 in. below 48 -60 0.875 0.885 
Knuckle A" Pl ate #5 / 60- 72 0.875 0.885 

(Page Att. 3-54) Knuckle Weld 
72 - 84 0.875 0.865 

84 -96 0.875 0.865 

96 - I 08 0.875 0.870 

108- 120 0.875 0.870 

0 - 12 (}) 0.875 0.875 

Scan From - 1 in. to 
12 -24 0.875 0.880 

"Horz. Weld/ -5. 1 in . below 24- 36 0.875 0.880 
Knuckle B" Plate #5 / 36-48 0.875 0.890 

(Page Att. 3-55) Knuckle Weld 
48 - 60 0.875 0.885 

60-73.7 0.875 0.885 

<
1J Start ofscan @ 2nd knuck le vert ical 11.:ld cast of2-t inch ri ser; Scan width was 10.3 inches. 

Pl Start of scan @ I" knuckle vertical weld cast of 24 inch ri ser: Scan width was I 0. I inches. 

Pl Start of scan@ I" knuckl e vertical wdd ,rest of 2-t inch rise r; Scan width was I 0.2 inches. 
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Measured 
Minimum 
(inches) 

0.854 

0.856 

0.S51 

0.862 

0.870 

0.856 

0.865 

0.864 

0.867 
- -~ 812 -

0.870 

0.871 

0.869 

0.864 

0.856 

0.837 

0.843 

0.849 

0.842 

0.851 

0.851 

0.872 

0.8 71 

0.855 

0.858 
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11.0 EVALUATION OF INSPECTION RESULTS 

The results from the inspection of tank 241-AZ-102 are evaluated and compared with results of 
all other tank ultrasonic inspections. 

11.1 TANK 241 -AZ-102 UT D.--\TA EVALUATION 

The UT P-scan data and T-SAFT data were interpreted by W. H. Nelson, COGEMA 
Engineering's Level III certified inspector. The P-scan data were also examined by J.B. Elder, 
an independent Level III certified NDE Inspector. Mr. Elder independently evaluated the P-scan 
raw data and concurred \.vith COGEMA Engineering's interpretation (Attachment 3). The 
P-scan and I -SAFT data have also been evaluated by PNNL as a third party review. Their 
results and conclusions were found to be consistent with those described in this report. Their 
P-scan and T-SAFT data revie\.\' is Ultrasonic Examination Of Double-Shell Tank 241-AZ-102-
Examination Completed August 2003, PNNL report number PNNL-14373, Rev. 0 
(Attachment 5). 

--The results of the tank 241-AZ- 102 UT inspections (both P-scan and T ~SAFT) indicated no 
pit-like indications and no cracking in any of the areas examined. However, there were six areas 
of reportable \vall thi1ming detected during the primary tank vertical wall scans of Plate #2, and 
three areas of reportable wall thinning detected during the primary tank vertical weld scan of 
Plate #1. These are discussed in more detail below. · 

Figure 11-1 illustrates all of the "as-found·' average wall thickness measurements of the primary 
tank vertical wall scans generated from the P-scan Inspection Data Sheets (Attachment 3). Each 
measurement plotted on Figure 11-1 is the average of all data collected over a 12 inch long by 
15 inch wide scan area. Areas of interest for tank 241-AZ-102 are the vapor space above the 
current liquid waste, the current liquid-vapor interface (approximately 30.0 feet or 360 inches), 
the liquid region, the liquid-solids interface (3.17 feet or 38 inches), and the solids region. The 
six instances of reportable wall thinning that occurred in Plate #2 were located in the vicinity of 
the liquid-vapor interface . 

The UT data show that the primary tank average wall thickness values exceeded the nominal 
values specified in the design documents . The UT data, when compared to constnrction 
specifications, drawings, standards, and codes (241-AZ Double-Shell Tanks Integrity Assessment 
Report, Jensen 1999), reveal that the as-found condition of the tank plates and welds are within 
the allowable design limits. A summary of the results associated with the areas examined is 
presented below. 

Primary Tank \Vall : Two vertical strips encompassing Plates # 1 through #5 were examined. 
The overall average wall thickness for each plate vertical scan varied only 0.008 inches from 
plate to pla~e (for same nominal-thickness plates) and a maximum of 0.011 inches within the 
same plate (for all plates). All overall plate wall averages were bet\.veen 0.002 inches and 
0.022 inches greater than their nominal plate thickness values. No reportable pitting indications 
or crack-like indications were found . 

11 -1 
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Figure 11-1. Scan Data Average Wall Thickness Compared to Nominal Plate Thickness 
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However, areas of reportable wall thinning were detected during the second primary tank vertical 
wall scan of Plate #2 . The wall thinning was confined to three areas in the upper portion of the 
plate, approximately 6 to 17 inches below the Plate # 1 / Plate #2 horizontal weld, equivalent to 
tank elevations of approximately 374 to 363 inches (Figure 10-1) . This discovery prompted a 
third, short (10.2 inches long) inspection scan adjacent to the second scan on Plate #2 to 
determine the extent of thinning. Three more areas of wall thinning were detected approximately 
1 to 9 inches below the Plate #1 / Plate #2 horizontal weld, equivalent to tank elevations of 
approximately 3 79 to 3 71 inches . The six areas ranged from 0.4 to 1.14 inches in width, from 
0 .71 to 2.58 inches in length, and from 0.49 to 2 .94 square inches in area. A total of 8.1 square 
inches of thinned area was identified, ranging from 0.066 to 0.089 inches deep (based on 
nominal wall thickness values of 0.500 inches), or 13.2% to 17.8% wall thickness reduction 
(Tables 10-2, 10-3 , 10-14 and 10-18). 

As stated earlier, the average waste level since August 1986 has been 345 inches, with a 
maximum recorded waste level of approximately 364 inches . Since October 2000, the level has 
been relatively constant, averaging 361.5 inches. The six areas ofreportable wall thinning 
occurred in the vicinity above these liquid-air interface levels. 
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Lower Primary Knuckle Wall: A horizontal strip (21.4 feet long by approximately 12 inches 
wide) along the lower primary knuckle wall was examined using the P-scan system. The overall 
lower knuckle \Vall thickness average of 0.885 inches exceeded the nominal plate thickness value 
(0.875 inches) by 0.010 inches. Vertical strips totaling 2.4 feet long by approximately 0.7 inches 
\Vide of the lo\ver portion of the lower knuckle were examined using the P-scan transducer lined 
up with four different air slots. The inspections yielded wall thickness average values that were 
between 0.005 inches and 0.023 inches greater than the nominal plate thickness values. No 
reportable \Vall thinning , pitting indications or crack-like indications were found using the P-scan 
system. 

A horizontal scan (approximately 22 feet long) using the T-SAFT system \Vas performed just 
above the lower knuckle weld, which probed the entire lower knuckle region below the 
transducers for circumferential cracks. No reportable crack-like indications were found using the 
T-SAFT system. 

Primary Tank \Velds: One vertical weld in each of the five Plates # 1 through #5 was 
examined. The plate walls adjacent to the welds averaged 0.001 to 0.030 inches greater than 
their nominal plate thickness \·a lues . No crack-like indications were found . There were also no 
re ortable itting indicationsJ'ound. _ --- --- -- -- -- --- -

However, areas of reportable wall thinning were detected during the primary tank vertical weld 
scan of Plate #1. The wall thinning was confined to three small areas, approximately 12 to 30 
inches below the Dome/ Plate # 1 horizontal weld, equivalent to tank elevations of 
approximately 407 to 3 89 inches (Figure 10-1 ). The three areas ranged from 0.07 to 0.69 inches 
in width, from 0.05 to 0.38 inches in length, and from 0.0035 to 0.26 square inches in area. A 
total of 0.27 square inches of thinned area was identified, ranging from 0.041 to 0.063 inches 
deep (based on nominal wall thickness values of 0.375 inches), or 10.9% to 16.8% wall thickness 
reduction (Tables 10-5 and 10-22). 

Primary Tank Kn uckle-to-She ll Weld: A 25 feet long region of the horizontal knuckle-to­
shell weld was examined. No crack-like indications were found. There were also no reportable 
wall thinning or pitting indications found. The plate walls adjacent to the weld averaged 
0.023 inches greater than (plate side) to 0.007 inches greater than (knuckle side) their nominal 
plate thickness values. 

Primary Tank Bottom : According to the inspection scope outlined in the engineering task plan 
(Jensen 20026), severa l strips on the primary tank bottom along the insulating concrete air slots 
were to be inspected to detect the presence of pits, wall thinning and cracks orientated 
perpendicular to the air slot channels. Howe\·er, when the RUTI system was used to first view 
the air slots for condition and obstructions, it \\·as discovered that the insulating concrete within 
the slots was severely crumbling, and made \Vorse by the motion of the camera probe. Examples 
of two of the slots with crumbling concrete are shown in Figures 11-2 and ·11-3. At one point, 
the camera that was attached to the end of the flexible cable became lodged within a slot, 
requiring considerable effort to withdraw it. Air slots were visually inspected on either side of 
Riser 090 (Figure I 0-2), but all of the slots showed some form of degradation. A management 
decision was made to halt further attempts to scan the tank bottom due to the possibility of the 
RUTI probe being permanently \\·edged bet\veen spalled concrete inside an air slot . The 
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insulating concrete spal ling \\'aS documented \·ia Prob lem Evaluation Report PER-2003-3006 
and the result ing DO E Occurrence Report RP-C HG-T ANKFAR;\1-2003 -0039. 

Figure 11-2 . Air Slot in DST 241-AZ-102 Showing Crumbling Concrete 

.. , .. ·.•' .. , . 

~\Wblt& ) 

:,~.jlf t,:~i . 
.'.'',• · t(;,.,.._./ ~.. "., r • ~~ ~J.~, : ' 

·S:·.. . , .. , ""'} . . ,, '"· •:· " 

,,: 

... , . .... \ 

Figure 11-3. Air Slot in DST 241 -AZ- 10~ ShO\\·i ng Concrete Debris Blocking Passage 
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11.2 DST ULTRA.SONIC I:\'SPECTION DATA RESULTS COMPARISON 

The following Tables 11-1 and 11-2 provide a summary of primary tank vertical \Vall inspection 
results and a comparison of primary tank wall thinning. 

Table 11-1 reports the inspection results chronologically according to fiscal year (October 1 
through September 30). 

Table 11-1. Double-Shell Tanks Clu·onological Inspection Results Findings 

Inspection Reportable 
Reportabl e Plate Reportable Plate Reportable Weld 

Tank Year Plate Crack Thinning, Pitting 
(FY) Indication Pitting Thinning 

or Cracking 

A\V-103 1997 None None None None 

AN-107 1998 None None None None 

AN-106 1999 None None None None 

AN-105 1999 ,._ None Non" +wo vef:,~mim1te areas-of I---- one -,._ - -
a plate (20% maximum 

reduction in thickness) (al 

AZ-IOI 1999 None None One area of a plate None 
( 11 .4% maximum 

reduction.in thickness) 

AY-102 1999 None None None None 

AP-107 2000 None None None None 

AP-108 2000 None None Two minute areas of a None (bJ 

plate (13.8% maximum 
reduction in thickness). 

AW-IOI 2001 None None A pit like indication in a None 
very minute area ofa 
plate ( 16% maximum 

reduction in thickness). 

AW-105 2001 None None None None 

AY-101 2001 None Pit-like indication Some pit-like indications Three areas of I 0% 
at historical identified as thinning wall thinning in 

I iqu id-air interface vertical welds 

AN-102 2001 None None One minute area ofa plate None 
( 11 % maximum reduction 

in thickness) 

AN-IOI 2002 None None One small area of a plate Four local areas near 
(1 2 % maximum . vertical welds (14% 

reduction in thickness) maximum reduction 
in thickness) . 

AW-106 2002 None None One small area 10.4% maximum 
reduction in 

thickness 

(Cont. on nex t page) 
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Table 11-1. (Cont.) Double-Shell Tanks Chronological Inspection Results Findings 

Inspection Reportable 
Reportable Plate Reportable Plate 

Reportable Weld 
Tank Year Plate Crack 

Pitting Thinning 
Thinning, Pitting 

(FY) Indication or Cracking 

AY-101 2002 Not None 72 areas of>IO¾ wall 0:01 Investigated 
Investigated thinning. most in the 

historical liquid-air 
interface in Plate #2 
(20.2% t-nax imum 

reduction in thickness) 

AW-104 2002 None None None None 

AW-102 2002 & None None None None 
2003 (c) 

AN-105 2002 None None None Not Investigated 

AP-IOI 2003 None None None None 

AP-105 2003 None None None None 

AP-103 2003 None None None None (dl 

AZ-102 2003 None - None Six small-area~fhe 1 hree small areas of -- -
vicinity of the liquid-air wall thinning near 

interface in Plate #2 the Plate# I vertical 
(13.2% to 17.8% . weld (10 .9% to 

maximum reduction in 16.8% maximum 
thi~kness) reduction in 

thickness) 

<•l Based on a review of th e tank 2-11-AN- l 05 data gathering technique in FY 1999. prompted by the FY 2002 resu lts, the 
FY I 999 wall thinning data is consid.:red questionable. 

(bl Although below reporting critaia at th.: ti me. one li near crack-like indication 6 inch long by 0.142 inch deep in a nomi nal 
0. 750 inch thick plate \1·as observed. Subsequent examination of tank 241-AP- I OS in FY 2002 revealed no change in size. 

(cl Primary knuckle examination using T-SAFT conducted in FY 2003. 

(dl One linear crack-like indication 2.92 inches long in the 11-eld heat-affected zone ofa nominal 0.875 inch th ick plate was 
detected. A fo ll ow-up inspect ion determined that the indication is a sma ll area of incomplete fusion that is not open to either 
surface of the tank. 

The inspection results in Table 11-1 show that the overall condition of the inspected tanks is 
satisfactory. Defects or minute reportable localized plate thinning may be due to various 
reasons, such as fabrication defects, construction damage or in-service corrosion. 

\,Vall thickness data gathered from ultrasonic examination of twenty DSTs were compared to 
evaluate the degree of wall thinning that may have occurred among the tanks examined. These 
wall thickness data do not allow· a direct calculation of wall thinning, since no measurements 
were made of original plate thicknesses at the time of construction. However, wall thickness 
data from ultrasonic testing may be compared to the specified nominal pla_te thickness . This 
assessment used the minimum ,val! thickness in each scanning area (generally 12 inch by 
15 inch) from the vertical wall scans and then calculated the average for each plate using the 
minimum thickness values. 
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Table 11-2 provides a summary of wall thinning, defined as nominal plate thickness minus 
average minimum plate thickness5

, by nominal plate size, and by DST examined. The negative 
values in the table indicate where the average of all minimum values of plate thickness exceeds 
nominal plate thickness. The Table also provides the calculated average wall thinning and 
associated standard deviation by DST examined for all nominal plate thicknesses, and by 
nominal plate thickness for all DSTs examined . 

Tank 241-AZ-102 did not exhibit any significant thinning, vvith only the 0.3 75 inch thick 
Plate # 1 and the 0.500 inch thick Plate #2 minimum values averaging slightly below 
(0 .017 inches and 0.007 inches respectively) the nominal plate thickness values . 

5 Average minimum plate thickness is defined as the average of all the minimum measured thicknesses for each 
scanning area (genera lly 12 inch by 15 inch) for a given plate size and DST. 
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Table 11-2. Tank Wall Thinning By Nominal Plate Size 
- \Va ll Thinn ing* By Nom in al Pla te Size (In ches) 

DST 
FY 

Examined 0.375" 0.500" 0.5625" I 0.750" 0.875" AVG STD DEV 

AN-101 2002 n/a 0.008 n'a 0.027 0.0 15 0.013 0.014 

AN-102 2001 n/a 0.004 n/a 0.003 0.005 0.004 0.016 

AN -105 1999 n/a 0.026 n/a I 0.007 0.001 0.019 0.032 

AN- 105 2002 n/a 0.015 n/a n/exam. n/exam. 0.015 0.02 1 

AN- 106 1999 n/a 0.006 n/a 0.0 15 0.012 0.009 0.009 

AN- 107 1998 n/a -0.018 n/a -0 .015 0.013 -0 .016 0.0 17 

AP- 10 1 2003 n/a -0.008 -0.003 -0.002 0.010 -0 .004 0.008 

AP- 103 2003 n/a 0.008 -0.004 -0.009 0.007 0.000 0.012 

AP- 105 2003 n.'a 0.00-l -0.006 -0.002 0.010 0.000 0.009 

AP-1 07 2000 n/a -0 .0 I I -0.012 -0 .017 -0 .013 -0.013 0.008 

AP- 108 2000 n/a -0.01 7 -0.012 -0 .011 -0.005 -0.0 14 0.0 16 

AW-IOI 2001 n/ - 0.008- - nf 0.0 1'1:- - o-:-o-ro 0.0 10 0.013 

AW- 102 2002 n/a -0.019 n/a I -0.006 0.008 -0.0 14 0.012 

AW-103 1997 n/a -0.0 10 n/a -0.005 0.004 -0.007 0.008 

AW- 104 2002 n/a -0.036 n/a -0.03 1 -0 .007 -0.033 0.011 

AW- 105 2001 n/a 0.000 n/a 0.008 -0.003 0.002 0.018 

AW-106 2002 n/a -0.004 n/a 0.015 0 .000 0.001 0.016 

AY- 101 2001 -0 .0 11 0.030 n/a 0.0 18 0.012 0.030 0.029 

A Y- 102 1999 -0.021 0.001 n/a 0.008 n/a 0.000 0.012 

AZ-IOI 1999 0.02 1 0.027 n/a 0.020 0.003 0.024 0.01 1 

AZ-102 2003 0.0 17 0.007 n/a -0.0 I I -0 .004 0.002 0.019 

AVG : 0.000 0.001 -0.008 0.002 0.004 

STD D EV: 0.02 1 0.023 0.008 0.019 0.01 2 

* Th inning= nominal plate size - minimum th ickness 
n/a - not applicable; n/exam. - not examined 

11 -8 



RPP- 15765, Rev. 0 

12.0 FINDINGS, t;:ONCLUSIONS, AND RECOMMENDATIONS 

The findings, conclusions, and recommendations from the UT inspection of DST 241-AZ- l 02 
are listed below. 

• There were six areas of reportable \Ya[! thinning detected during the second and third 
primary tank vertical wall scans of Plate #2. The \Vall thinning was confined to areas in 
the upper portion of the plate at tank elevations of approximately 379 to 363 inches. A 
total of 8.1 square inches of thinned area was identified, ranging from 0.066 to 0.089 
inches deep, or 13.2% to 17.8% wall thickness reduction. The three areas of reportable 
wall thinning occurred in the vicinity just above the liquid-air interface levels that have 
existed since August 1986. There \\"as no additional reportable wall thinning detected in 
any of the other vertical wall plate areas examined. 

• No report~ble wall thinning was detected in any of the lower primary knuckle areas 
examined . The primary knuckle horizontal scan yielded an overall average wall 
thickness values that exceeded the nominal plate thickness val e___b_y_n.0-LO-inG-hes:-. ---­
Inspections-of the lower portion of the lower knuckle using the P-scan transducer lined up 
with air slots yielded wall thickness average values that exceeded the no~inal values. 

• No reportable pitting indications nor any crack-like indications were detected in any of 
the vertical wall plates or lower primary knuckle. This includes approximately 20 feet of 
the primary knuckle in which no circumferential crack-like indications were detected 
using both the P-scan and the T-SAFT systems. Although the P-scan system is limited to 
examining the upper t\vo-thirds of the knuckle, the T-SAFT system is capable of probing 
the entire knuckle region for crack-like indications (from weld to \veld, which includes 
the highest stress region) . 

• No crack-like indications were detected in any of the weld heat-affected zones. The 
primary tank vertical \Ve ld scans (Plates# 1 through #5) and the knuckle-to-shell 
horizontal weld scan (Plate #5 to lower knuckle) yielded overall average wall thickness 
values that ranged from 0.001 to 0.030 inches above the nominal values. 

• There were no reportable pitting indications detec ted in any of the weld heat-affected 
zones. There were three areas of reportable wall thinning detected during the primary 
tank vertical weld scan of Plate # 1. The wall thinning was confined to three small areas, 
approximately 12 to 30 inches below the Dome/ Plate # 1 horizontal we ld, equivalent to 
tank elevations of approximately 407 to 389 inches . A total of 0.27 square inches of 
thinned area was identifi ed, ra nging from 0.041 to 0.063 inches deep, or 10.9% to 16.8% 
wall thickness reduction. 
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• Examinations of areas of the primary tank bottom via the air slots were plan11ed, but were 
abandoned because the p1obe became temporarily lodged inside an air slot. Air slots 
were visually inspected on either side of Riser 090, but all of the slots sho\.ved some form 
of degradation. A management decision was made to halt further attempts to scan the 
tank bottom due to the possibility of the RUTI probe being permanently wedged between 
spalled concret.e inside an air slot. 

At this time there was no reason to believe that the conditions would be different on the 
other side of the tank through the other 24 inch Riser 089. A decision was made not to 
pursue examination through the other riser at this time. The spalling of the concrete \.Vas 
documented via Problem Evaluation Report PER-2003-3006 and the resulting DOE 
Occurrence Report RP-CHG-TANKF ARJA-2003-0039. 

• According to a recent Tank Integrity Assessment Project DST Lifecycle Schedule, tank 
241-AZ-l 02 is scheduled for its second UT examination in about eight years. Based on 
the results of this UT examination, it is recommended that this schedule be maintained -
there is no reason to perform any near-term follow-up inspections on this tank. 
Following the second UT examination, inspection paramc:ters such as wall thi1111ing rates __ _ 
can-be calculated and used to-b~tter quantt y an evaluate any ~ontinual wall thinning or 
degradation. 

A visual examination of tank 241-AZ-l 02 is scheduled in FY 2006 that will include 
visually examining the internal primary tank wall. This examination will look at areas of 
tank wall thinning. 
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13.0 FUTURE PLANNING 

The M-48 Series Milestones (HFFACO 2003) requires that initial UT examinations be 
completed on all 28 DSTs through FY 2005. The milestones require UT examination of portions 
of the primary tank vertical wall , all welds on all 28 DSTs, primary tank bottoms through air 
slots on six DSTs,the high stress region of the primary tank lower knuckle on six DSTs, and a 
circumferential scan at the liquid/air interface level that existed for five years or longer on six 
DSTs . 

Through FY 2003 , UT examinations have been completed on 20 DSTs, leaving 8 remaining 
DSTs to be examined during FY 2004 and FY 2005 at a rate of four DSTs per year. Tanks 
scheduled for UT examination in FY 2004 are 241-AP-104, 241-SY-101, 241-SY-102, and 
241-SY-103. In addition , a reexamination of tank 241-AN-105 is also scheduled during 
FY 2004. Specifics on the planned examinations are summarized in Table 13-1. 

Table 13-1. UT Inspection Sco12e ofQSis_in..EY--2DD4---

Primary Tank, 
\ 

Primary Tank, 
DST 30 inch wide 20 ft. Horizontal Primnry Tank Secondary Tank 

Verticnl Strip 
Weld and Bottom Knuckle and Floor 

20 ft. Vertical Weld 

241-AN-l05* X 

241-AP-l04 X X 

241-SY-IOI X X X X 

24I-SY-102 X X 

241-SY-103 X X X 

* Reexamination 
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ATTACHMENT 1 

AUTOi\.tIATED ULTRASONIC EXAMINATION FOR CORROSION AND CRACKING 

(COGEMA Engineering Corporation 
Procedure COGEMA-SVUT-INS-007.3, Rev. 1) 
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COGEMA-SVUT-INS-007.3 , Rev. 1 
UNCONTROLLED COPY 

AUTOlVIATED ULTRASONIC EXAMINATIO~ FOR CORROSION AND CRACKING 

1.0 PURPOSE 

This procedure .establishes the method, equipment, and requirements for automated, direct 
contact, ultrasonic (UT) straight-beam, thickness measurements, angle beam flaw detection, and 
sizing in carbon steel waste storage tanks utilizing the "P-scan" ultrasonic imaging system. 

2.0 SCOPE 

2 .1 Requirements 

The requirements herein are applicable to \Veld inspection, crack detection, sizing, \Vall 
thickness measurement, and the detection of wc!lLthinning-condition-s,sueh as-pi-tt-irrg,­
erosion, and corrosion in double shell tanks from 0.100 inches to 1.0 inches in thickness. 
At least one side must be accessible and the component surface to be m~asured must be 
parallel with the opposite surface. The requirements are also applicable to the automated 
UT detection and depth sizing of surface connected planar fla1vvs. 

2.2 Scanning 

Scanning is performed using remotely controlled automatic scanners. 

2.3 Examinations 

Examinations shall be performed from inside the annulus of the double shell tanks. 

2.4 Instructions 

This procedure provides the instructions for the use of Tip Diffraction Techniques 
including the Absolute Arrival Time Technique (AATT), and the Relative Arrival Time 
Technique (RA TT), for the sizing of planar flaws. 

2.5 Methodology 

The methodology in this procedure meets the requirements as addressed in Reference 4.1 
as applicable to meet the requirements for inspection of double shell tanks. 

3.0 RESPONSIBILITIES 

Only certified Level II or Level III ultrasonic examiners shall interpret data to determine whether 
it represents relevant or non-relevant indication in accordance with the applicable specification. 
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AUTOMATED ULTRASONIC EXAMINATION FOR CORROSION AND CRACKING 

Level III ultrasonic e?\aminers shall review all data collected prior to issuing a final report. 

4.0 REFERENCES 

4.1 ASME Boiler & Pressure Vessel Code, Section V, Article 4, 1995 Edition. 

4.2 COGEMA SV-CP-PRC-014, Qualification and Certification OF NDE Personnel. 

4.3 COGEMA SVAD-PRC-001, Nondestructive Examination Administrative 
Procedure. 

4.4 COGEMA SVUT-PRC-007, Ultrasonic Examination Procedure. 

4.5 FORCE Institutes, P-scan System 4 Instruction Manual 

5.0 PERSONNEL R,EQUIREMENTS 

5 .1 Personnel Qualifications 

Personnel performing or supervising data acquisition or performing data analysis to 
the requirements of this procedure shall be qualified and certified to at least level II in 
ultrasonics in accordance with reference 4.2 or equivalent. In addition, they shall be 
trained in techniques for sizing stress corrosion cracking/planar flaws. 

5.2 Ceriification Level 

Personnel performing review for final acceptance of examination data shall be certified to 
at least level II in ultrasonics in accordance with reference 4.2 or equivalent. 

5.3 Support Personnel 

Personnel, whose responsibilities are limited to set-up, tear down, and track or scanner 
operation need not be certified. Such personnel shall possess sufficient knowledge of the 
equipment to satisfy the Level III examiner. · 

6.0 EQUIPMENT 

6.1 Ultrasonic Instrument/Examination System 
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ENGINEERING CORP . 

AUTOMATED ULTRASO:\IC EXAMI1'ATIOX FOR CORROSION AND CRACKING 

The P-scan corµputerized pulse-echo ultrasonic inspection system shall be used . The 
system shall be equipped with a stepped gain control in units of 1 dB with a dynamic 
range of at least 115 dB, capable of generating and receiving frequencies in the range of 
0.5 to 15 MHz. The following components may be used: 

PS-4 P-scan processor 
Analysis computer Off-line data analysis with P-scan analysis software 
Digital Controller, WSC-2S, or Automatic scanner controller 
other approved scan controller 
A \\'S-5, A WS5-D, RUTI* Automatic P-scan scanner 
Pump Couplant pump for P-scan system 

*Remote Ultrasonic Inspection (R!lII) s_ystem-

6.2 Transducers 

Straight-beam and angle-beam transducers with single or dual elements, with or without 
delay tips , may be used, provided they can be attached to· and manipulated by the scanner, 
and can be adequately coupled to the test item with a resultant backwall signal response 
of at least a 2 to 1 signal-to-noise ratio. Sizes and frequencies shall be as specified for the 
following applications: 

6.2.1 For high sensitivity applications such as the detection of pitting, erosion or 
corrosion, transducer sizes in the range of 1/4 inch to 1/2 inch, with a 
frequency in the range of 4 .0 to 10 MHz, shall be used. 

6.2.2 For weld inspection, detection and sizing of planar flaws that are open to 
the surface, angle beam transducers with a nominal angle of 45 degrees 
with an element size in the range of 1/4 inch to 1/2 inch, with a frequency 
in the range of 4.0 to 10 MHz, shall be used . Where interference from 
weld geometry prevents examination of the required volume with a 45-
degree a 60-degree angle may be substituted. 

6.2 .3 Transducers of other ang les, element sizes, modes of propagation, or 
frequencies outside the above ranges may be used t~ suit other required 
examination techniques . 

6.3 Cables 

6.3 .1 Cables of any compatible type and number of connectors may be used for 
examination. The length shall be limited to 400 feet , or less where signal 
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.degradation occurs. The same cables shall be used for calibration and 
examination. 

6.3.2 The scanner control cable for analog scanners shall be limited to 330 feet 
maximum. Digitally controlled scanners shall have a maximum cable 
length as stipulated by the manufacture's recommendation. 

6.4 Couplant 

6.4.1 Site approved water should be used as couplant for the examination. 

6.4 .2 Couplant application should be accomplished by means of an automatic 
couplant deliver '~ystem wlie_neY.er- poss-i~l@-c-Ga-Fe-should-b-e---rakento use 
only as much water as required, as excess vvater 'in the annulus is 
undesirable . 

6 .5 User Calibration Blocks 

6.5.1 For general thickness measurements, or the detection of pitting, erosion, or 
corrosion, user calibration blocks shall be made of an acoustically similar 
material as that being measured. A standard step block with 0.1 inch or 
greater increments encompassing the nominal thickness to be measured 
shall be used . 

6.5.2 For weld inspection, crack detection and sizing measurements, user 
calibration blocks shall be made of an acoustically similar material as that 
being measured. A standard notched block with 0.1 inch or greater 
increments encompassing the nominal thickness to be measured shall be 
used . 

6.6 Reference Blocks 

Reference blocks (e.g., Rompas, IIW, DSC) utilized for beam angle exit point 
determination or screen width calibration shall be of similar material composition as the 
component under examination. 

6.7 Pulse Repetition Rate 

The repetition rates are set at rates such that signal wrap-around does not occur. In 
addition , the rates are sufficient to pulse the transducer at least six times within the time 
necessary to rno\·e one-half the transducer dimension parallel to the scan direction at 

maximum scanning speed. 
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7.0 CALIBRA TIOi\'. 

7 .1 Verification of Instrument Linearity 

Instrument alignment verification for screen height and amplitude control-----­
___ __.erformed within three (3) months prior to use of the instrument or at the 
beginning and end of each outage period, whichever is less. Instrument linearity 
verification is independent of transducer or scanner characteristics. Verification with one 
transducer/scanner combination is valid for any other combination. The due date for 
alignment verification shall be recorded on the calibration sheet. 

_______ _,~ ~-Systemi" rame ers 

The system parameters used for calibration and examination should be established as 
outlined in Reference 4.5 as required. The system should be operated in the I-SCAN 
program for thickness mapping and zero degree inspection and in the P-SCAN program 
for crack detection, weld inspection and/or additional evaluation. 

7.3 General Requirements 

7 .3.1 Calibration shall include the complete ultrasonic examination system. Any 
change in transducers, \Vedges, couplants , cables, instruments, recording 
devices, scanners, power source, or any other parts of the examination 
system shall be cause for system calibration check. 

7 .3 .2 If a secondary ultrasonic system is to be used, it must be calibrated before 
the inspection is started and not removed from the examination system 
during the inspection or recalibration will be required. 

7 .3.3 System calibration checks and final calibration for instrument sensitivity 
and sweep range shall be performed on the same block used for initial 
calibration using at least one reflector. These checks shall be performed: 

a) At the start and finish of each series of examinations. 
b) At intervals not to exceed - - hours . 
c) When there is a change as described in 7 .3 .1. 
d) If the examiner suspects a malfunction. 
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7.3.4 If the horizontal sweep, thickness , or "Z " positions have changed more 
than 5 percent of the nominal thickness , void all examinations performed 
after the last valid calibration verification, and reexamine the voided areas . 

7 .3.5 Calibration checks may be performed on either a reference block or the 
basic calibration block, but must include a check of the entire examination 
system. Calibration checks may be accomplished by static or dynamic 
calibration. 

7.3.6 Simulated calibration checks may be used in lieu of calibration checks 
where the spread of contamination or serious time constraints would result 
from performing a standard calibration check. Simulated calibration will 
use blocks, cables, or transducers of si ilaLt}Lpes-and Leng-th-s-as-th0se-­
use or testing and \Vil! be documented on the calibration data sheet. A 
baseline, simulated calibration shall be performed immediately after 
performing the initial calibration, or after a calibration check where the 
entire examination system is utilized . The initial simulated calibration 
check values are independent of the values obtained util izing the entire 
examination system. The established tolerance applies to the subsequent 
simulated calibration checks. 

7.3.7 During calibration, the temperature of the calibration block should be 
within 25 degrees of the ambient inspection temperature . 

7.4 Calibration Process for Thickness Mapping / I-scan 

The basic process for calibration is the same for thickness mapping (I-scan) , weld 
inspection, flaw detection, and sizing. The calibration reflectors for straight beam are the 
bachvall reflections from a step wedge. The reflectors for angle beam transducers are the 
notch base and tips from a notched block. The calibration process is as follows : 

7.4.1 Select and connect the appropriate transducer(s) , input the parameters, 
including thickness, frequency, index delay, gates, inspection method(s), 
and velocity. Appl y the couplant to the appl icable points on the calibration 
standard . (Select a suffi ciently thin step for detection of unexpected low 
reading or pits and a step greater than the maximum thickness expected). 

7.4.2 Place the transducer(s) on the calibrati on s tep nearest to the nominal 
thickness of the item to be examined. Adjust the gain control to produce a 
reflection of 80% full screen height (FSH) . Input this gain level as the 
reference level. Obtain a response from the other calibration points, and 
verify that they produce an acceptable signal. Initial calibration accuracy 
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will be \vithin +/- 0.010". in I-scan. Perform steps 7.4.1 and 7.4.2 for 
each physical transducer being used. 

7.4.3 Position the transducer to produce a response from the smaller of the two 
(2) steps to be used for calibration. Using the scan menu, collect a reading 
from that step. The transducer may be removed from the scanner and 
remain stationary "static" while the scanner is manipulated to make a 
larger indication on the screen. 

7.4.4 Position the transducer on the thicker step and collect data from that step. 
Using the level control, measure the thickness from each step. Adjust the 
system to read the correct thickness with index delay and veloc ity if 
needed. 

7.4.5 Repeat these steps as req ui red until the system is accurately measuring the 
thickness over the entire inspection range with each transdt1cer/active 
inspection. During initial calibration, all intermediate steps within the 
inspection range should be confirmed. 

7.4.6 The vital parameters used for the calibration shall be identical to the 
inspection parameters with the exceptions of file name(s), X, Y and Z 
ranges, reference level compensations, thickness, gates or comment 
parameters which may be adjusted as required. 

7.4.7 At a minimum, readings from the thinnest and thickest calibration 
reflectors shall be recorded for each applicable transducer on the 
Automated Ultrasonic Thickness Calibration Sheet (Attachment 4). 

7.5 Calibration Process for Weld Inspection/ Crack Detection IP-scan 

7.5.1 Select and connect the appropriate transducer(s), input the parameters, 
including thickness, frequency, index delay, gates, inspection method(s), 
and velocity. Apply the couplant to the applicable points on the calibration 
standard. The 5%T notch on a l " thick plate should be used to obtain the 
reference level. 

7.5.2 Manipulate the transducer to receive the maximum response from the 
reference notch . Adjust the gain control to produce a reflection of 80% 
full screen height (FSH). Input this value as the reference level. Obtain a 
response from the calibration reflector and verify that the response is 
within+/- 2dB. 
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7.5.3 Position the transducer to produce a response from the reference reflector. 
Using the scan menu, collect data from that notch. The transducer may be 
removed from the scanner and remain stationary "static" while the scanner 
is manipulated to make an indication on the screen. 

7.5.4 Use the level control to determine the peak amplitude and the position of 
the indication at the peak amplitude. Use index delay and velocity (if 
required) to adjust the system to plot the reflectors in the appropriate 
positions. The ID notch should plot on the ID at or near the peak 
amplitude. 

7.5.5 Repeat steps 7.5 .2 through 7.5.3 as required for each transducer until the 
system is calibrated. __ 

7.5.6 The vital parameters used for the calibration shall be identical to the 
inspection parameters with the exceptions of file name(s), X, Y and Z 
ranges, reference level compensations, thickness, gates or comment 
parameters v,:hich may be adjusted as required. 

7.5.7 The calibration reflector(s) and response shall be recorded for each 
applicable transducer on the Automated Ultrasonic P-Scan Calibration 
Sheet (Attachment 7) . 

7.6 Sizing Calibration for Tip Diffraction Techniques (AATT, RA TT) 

a) Select an appropriate transducer. 

b) Select a sizing calibration block of similar thickness and material containing 
at least two notches of known depths . 

c) For the AA TT technique, set at least two gates, to cover the entire area of 
interest: The first gate in the first leg, ending just before the ID. Position the 
transducer on the calibration block. Alternately peak the shallow and deep 
signals from the notch tips (see Attachment 6). Using the index delay and 
velocity controls, adjust the system until the system corr:ectly reads the 
remaining ligament with the "Z" cursor. 

d) For the RA TT technique, the system mode should be set to A-SCAN. 
Manipulate the transducer until signals are obtained from the shallow notch 
tip and the notch base simultaneously (see Figure 2, Attachment 6). Using the 
index delay and velocity, adj ust the distance between the two signals to read 
the actual reflector depth in inches. Repeat the same process on the deep 
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8.0 

notch. Alternate this procedure until the screen/system represents a desirable 
linear depth screen in inches. 

e) Save the calibration, and record this data on the Automated Ultrasonic P-Scan 
Calibration Sheet (Attachment 7). 

EXAMINATIOi\ 

8.1 Surface Condition 

8.1.1 The surface from which measurements are to be taken should be free of 
loose scale, unbonded coating, heayY oxidation, weld-spatter, or other 

-------------nnru1aitteern1aal'\~\·hh1Cic:hh~mnaay interfere with movement offhe transducer or the 
transmission of sound into the material. 

8 .1.2 A surface finish of 250 RMS or better should be provided. The request ing 
organization must approve the use of any base material preparation 
process, which may reduce the thickness below the allowable tolerance. 

8.2 Extent of Examination 

The location of the areas to be measured and/or the number of scans to be performed 
shall be designated by the applicable work instructions. The location, scan numbers, and 
reference points of all scans shall be recorded on the applicable data sheets . See 
attachment 1 for minimum examination volume and beam direction for weld inspection. 

NOTE : Additional scan areas will not require revision to this procedure. 

8.3 Flaw Location 

\Vhen performing examinations to detect planar flaws, angle beam transducers shall be 
used. Calibration is performed as in Section 7.5 . All angle beam examinations shall be 
performed in P-scan. 

8.4 Ultrasonic Measurement 

User calibration shall have been completed per the applicable requirements of Section 7.0 
prior to performing any of the examinations. 

8.4 .1 The amplitude of the first back reflection obtained from the item to be 
examined shall be adjusted as necessary using the Transfer Correction to 
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maintain approximately the same amplitude as that used for calibration. 
The dB value obtained \Vith straight beam transducer should be recorded 
on the report. This value should be considered during analysis of P-scan 
angle beam data also . 

8.4.2 Transducer overlap bet\veen passes shall be a minimum of 50% of the 
element size. Scanning speed shall not exceed 6 inches per second. 

8.4 .3 Should measurements be observed larger or smaller than the range 
calibrated for in Section 6.0, check the calibration for accuracy in the 
encountered thickness range . If the calibration is accurate in this range, 
amend the calibration sheet and continue the examination. If the 
calibration is !lQ__! within the tolerance allo\',·ed in the spec, then recalibrate 
an rescan all areas where readings were encountered outside the 
originally calibrated range . 

8.5 Limitations and Precautions 

8.5.1 Care must be taken to ensure the transducer face is flush with the 
examination surface during scanning. 

8.5.2 When it is ne_cessary to determine the origin of mid-wall indications, a 
4MHz shear wave transducer(s) may be used in the P-Scan program to 
detect pit openings or perpendicular connections between laminar 
indications. 

8.6 Recording 

Upon completion of each scan area, the data file(s) shall be recorded on a disk. All 
measurements within the predetermined gated area are stored, along with the text 
information \Vith each file. 

8.7 General Sizing Guidelines 

8.7.1 It is recognized that, of the methods of sizing descri~ed in this procedure, 
no one technique is completely accurate in sizing all flaws in all 
thicknesses. By using complementary methods, however, a realistic 
approximation of the fl aw depth can be obtained. 
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8.7.2 The method of sizing pits is primarily utilizing a zero degree dual element 
transducer. The 45-degree shear \Vave transducers may be used to confim1 
qualitatively the depth of the pit. 

8.7.3 When sizing crack-like indications, the entire flawed area shall be scanned 
with the imaging mode. The entire flaw length shall be evaluated. It is 
recommended that A-Scans be recorded at the deepest location of the flaw. 
The primary technique for sizing crack-like indications is the high 
frequency , 45 degree shear wave transducer utilizing the Absolute Arrival 
Time Technique (AATT). The dual element, straight beam may be used as 
a complimentary technique. 

8.7.4 Additional sizing teclmique_sequences may be utilized if the primary 
------------, t~e~chlu~1i~q~u;e~s irid~e~ntified prove to be indeterminable. ' 

8.8 Sizing with Tip Diffraction Techniques (AA TT, RATT) 

8.8 .1 The AA TT technique uses shear waves to obtain a diffracted echo 
(satellite pulse) from the flaw tip (see Figure 1 Attaclunent 6) . The RA TT 
technique uses shear wave reflected signals from both the flaw tip and the 
flaw base (see Figure 2 Attachment 6) . Both techniques can be utilized 
using the same transducer. 

a) AATT Technique 

Locate the deepest extremity of the flaw and maximize the signal from the 
flaw tip . The distance to the flaw tip represents the remaining material 
ligament from the outside surface. To determine the relative through wall 
flaw depth, subtract this dimension from the local material wall thickness . 

b) RA TT Technique 

Locate the deepest extremity of the fl aw, and obtain a signal from the flaw 
base. Manipulate the transducer until the doublet (flaw base and tip signal 
appearing simultaneously) is observed. These signals do not have to be 
peaked, as the doublet separation directly indicates the relative through 
wall depth. To determine remaining material ligament, subtract the 
relative through wall depth measurement from the local material wall 
thickness. 

8. 8.2 Other sizing techniques or variations to the techniques may be used with 
the approval of the UT Level Ill. Such approval, signature and a 
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description of the technique shall be recorded in the "Remarks" column on 
the Ultrasonic Sizing Calibration Sheet (Attachment 7). 

9.0 EVALUATION 

9 .1 Relevant Indications 

Relevant indications including pitting, thinning and crack-like indications along with the 
minimum thickness reading in the area of interest shall be recorded and used for 
evaluation per Paragraph 9.2. 

9 .1.1 P-scan data shall be evaluatf!d to a sensitivity of 20% reference level 
-------------7.(_:J1"J4:-;:idJ:Bl\)-. --..;A;;-i1T1-::cr~a~ck-like indications are recordable regardless of amplitude. 

9.1.2 I-scan data shall be evaluated utilizing all available images· to detect and 
evaluate indications. 

9.1.3 Reportable indications shall be evaluated by Level III personnel prior to 
final report submittal. 

9.2 Reporting/Special Criteria 

Reporting and special notification criteria are noted in Section 9.8. 

9 .3 Statistical Information 

The statistical information (Minimum and Mean thickness) provided under "Setup" pages 
1 & 2 of the post-processing software should be reported for each "Part" of a given scan 
location. Where data noise invalidates these values, the analyst should determine the 
values using the level control. 

9.4 Printouts 

Printouts should be made in accordance with the customer's request.. In absence of further 
direction, both the merged set-up pages and the merged image, adjusted to show the 
minimum thickness, shall be printed at a level that best shows the wear patterns or at 
Nominal T - 12 .5%, whichever provides the most useful information. P-scan data should 
be printed with the level control set at 20% reference level (-14dB). 
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9.5 Recording Crack Size 

9.5.1 All fla\v sizing data acquired should be used to determine the flaw depth. 
This data shall be reported individually for each flaw and shall include all 
data necessary to achieve the best accuracy of flavv depth. 

9.5.2 If, during sizing, a flaw length other than that reported during the detection 
examination is measured, or other d iscrepant conditions occur, record the 
corrected lengths, locations. or distances on the Ultrasonic P-scan Data 
Report (Attachment 8) in the spaces provided. 

9.5.3 If, during sizing, the area is determined not to be flawed, and the resultant 
reflector(s) is due to com12onentfur..eld__geom€-try or metallurgical structure, 

--- t e true origin (e .g., root , m ismatch, etc .) shall be documented and 
substantiated on the Ultrasonic P-scan Data Report . 

9.6 Scanning Limitations 

Record all limitations due to weld configurations, obstructions, single side access 
restrictions, etc. , in the remarks section on the applicable Ultrasonic Data Report . Details 
as to specific length or area in relation to L (X) and/or W (Y) reference points should be 
recorded. 

9 .7 Flaw Evaluation 

Reportable indications shall be evaluated by Level III personnel prior to final report 
submittal. 

9.8 Reporting Levels 

All indications which meet or exceed the following cond itions shall be reported to the 
p roject cognizant engineer. 

a) Pit depth exceeds 25% of the wall thickness. 

b) Wall thinning exceeds 10% of the wall thickness. 

c) Surface crack depths exceeding 0.18 inches. 
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10.0 REPORTS 

10.1 Thickness Data Reports 

An Automated Ultrasonic Thickness Data Report (Attachment 3) shall be prepared for 
each examination or series of examinations performed. This report shall include identity 
of equipment, the thickness measurements obtained, and should be referenced to the 
calibration sheet. 

10.2 Calibration Reports 

An Automated Ultrasonic Examination Calibration Sheet (Attachment 4) shall be 
prepared for each examination or ser· es_o.Lexamination-s-performed. This report shall . 

------~ 1-;::;-nc~·me t e materials and equipment used for examination. ' 

10.3 Sketch Sheets 

An Automated Ultrasonic Examination Sketch Sheet (Attachment 5) should be prepared 
for each examination or series of examinations performed. This report should include 
identity of scanning equipment and a sketch of the component or item examined, 
identifying scan locations, including dimensions, reference points, and grid locations, 
where applicable. 

10.4 Sizing Data Reports 

An Ultrasonic Sizing Data Report (Attachment 8) shall be completed only when cracking 
is detected . Each report shall be related to the applicable Automated Ultrasonic 
Examination Calibration Sheet(s). 

10.5 Cover Sheets 

·whenever several locations are being examined on the same conponent an Automated 
Ultrasonic Examination Report Cover Sheet (Attachment 1) and an Automated Ultrasonic 
Thickness Report Summary Sheet (Attachment 2) should be completed. 

10.6 Final Reports 

Final reports are to be distributed and maintained in accordance with the applicable 
contract. 
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11.0 ATTACHMENTS 

11.1 Attachment 1: Examination Volume, Minimum Beam Directions and Extent of 
Examination 

11.2 Attachment 2: Sample Automated Ultrasonic Thickness Data Report 

11.3 Attachment 3: Sample Automated Ultrasonic Th.ickness Calibration Sheet 

11.4 Attachment 4: Figure 1: Absolute Arrival Time Technique (AATT) 
Figure 2: Relative Arrival Time Technique (RA TT). 

11.5 Attachment 5: Sample P-scan Calibration Data Sheet 

-------~1 ~ .n__Attachm.@Bt-6: -ampl-e-lJltrasont< P:scan ata eport , 
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Attachment 1: Examination Volume, Minimum Beam Directions and Extent of Examination 

ill' . Y:" t: 1 . ·, <::. l 
Vertical T-Scan/P-Scan Strips 

Examination Volume: The examination Primary \Vall 
volume 1s l " on each side of the weld for the O T-scan and 45 deg. P-scan strips, 2 
lower 3/4T. When probes are parallel to the ea. 15"---~ 
weld , scan 1" wide area as close to the toe as ~ 

possible. 

I Annulus I 

Secondary 
Knuckle 
45 deg . 
P-Scan 

Jt 

Vertical Weld lnspe< tion 

45 deg. P-S can 
directions 

0 T-Scan and 

1 1 
60 deg P-Scan • +-

Horizontal \Veld Inspection 

45 deg. P-Scan 

• • 
• • 

I Primary Tank I 

Horizontal T-Scan Strip 
Primary Knuckle 
0 T-Scan and 45 deg. P-Scan 

0 deg. T-Scan 
i 60 deg. P-Scan 

t 

l ___ , __ i+ __ I 
~ T-Scan and 45 deg . P-Scan 1---~-, 

Slot Inspection 

SECONDARY BOTTOM 
0 deg. T-Scan 
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Attachment 1 (continued) : E:x.1ent of Examination 

Primary Tank \ Vall 

Vertical Strips - Examine a vertical strip 30" x 35 feet long of the primary wall between the 
upper haunch transition and the lov.:er knuckle for pits, cracks and wall thinning. Axial cracks on 
the tank inner wall surface shall be detected and sized . The vertical strip may be comprised of 
one or more strips whose total width is equal to 30 inches. 

Weld Areas - Examine 20 feet of horizontal weld area (heat affected zone), at tank to knuckle 
weld. Examine one -10 foot section of vertical weld joining the lowest shell course plates and 
one -10 foot section of vertical weld joining the next to lowest shell course plates. Axial and 
circumferential cracks on the tank in surface...sha-11-be Eietect-e-d and si:z-e-d. 

\ 

Primary Tank Knuckle 

Examine 20 feet of the primary tank lower knuckle in the circumferential direction to detect and 
size cracking in the circumferential direction and to detect pits and wall thinning. The area to be 
examined is from the weld joining the transition plate with the knuckle to the furthest reach of 
the transducer assembly that is allowed by geometric constraints. 

Secon dary' Tank 

Secondary Tank Lower Knuckle - Examine a 20 foot length of the secondary tank knuckle over 
the entire area of the knuckle for the presence of circumferential cracks. 

Secondary Tank Bottom - Examine the secondary tank bottom over an area of 10 ft2 to detect 
and measure thickness and pits . 

I 
Primary Tank Bottom 

Examine the primary tank bottom for pits, wall thinning and cracks oriented in the 
circumferential direction (perpendicular to the air channels) in 16 air channels . The tank bottom 
is to be examined for a distance of 12 feet towards the tank center, starting seven inches inboard 
of the outside radius of the tank cylindrical section. The primary tank bottom scan head is 
designed to examine the accessible area in the air channel in one pass through the channel. 
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A h ttac men_t 2 S lA amp e utomate d Ul trasonrc IC ' ess ata . Th' kn D R eport 
4/00 

AUTOMATED ULTRASONIC THICKNESS 
DATA REPORT 

LOCATION I SYSTEM EXAM START I EXAM END I JOB# 

COMPONENT ID EXA.Ml~IAT ION SURFACE I NOM. THICKNESS 
0 OD O ID O PAINTED 

CO~IFIGUR.'\ TION TO CALI BRA TED RANGE I TEMP 
OF 

CIRCUMFERENCE/TOTAL LENGTH EXAMINED REF . LEVEL CORRECTION (TRANS CORR) 
DB 

PROCEDURE I REV MATERIAL TY?E I CONDITION 
o ss • cs OTHER 

FILE NAME/ITEM# TRA~ISDUC~R 
0 DUAL 0 SGL • ODEG 0 ANGLE 

Xa REF. POINT (Lo) I Yo REF . POl~IT (Wo) SCAN WIDTH 
- -

f"P,Rnr, X START X STOP YST.A.RT Y STOP AVE MIN. THK, AclEA COMMENTS 
l~IDICATIO~I TH!< R LIG REPORTABLE 

SUMMARY 

REMARKS 

Examiner Analyst Reviewer Page 

Level Date Level Date Level Date of - - - - -
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4100 AUTOMATED ULTRASONIC THICKNESS 

CALIBRATION SHEET 
LOCATION SYSTE/1.I CALIBRATION BLOCK 

PROCEDURE THICKNESS MATERIAL 

UT SYSTEM SERIAL# REFERENCE BLOCK 

SOFTW/l.RE VERSION I REV. THICKNESS MATERIAL 

Ll~JEARITY DUE DA TE REFERENCE BLOCK TEMP PYRO SN. 
OF 

SCANr•JER TYPE SERIAL # COUPLANT BATCH# 

SCANNER CABLE CABLE LENGTH CABLE# 

SIGNAL CABLE -CABl±-LE~ !&Fl CABLE# 
I 

CHAN~JEL TRANSDUCER MODEL FF.EO SIZE SERIAL # GATE EVAL ANGLE WEDGE IMAGE 
MAKE METHOD TYPE 

1 

2 

3 

4 

INITIAL CALIBRATION I CALIBRATION CHECKS 
DATE 

TIME 

REFLECTOR 

CH. 1 THK.1 

THK. 2 

CH. 2 THK.1 

THK. 2 

CH. 3 THK.1 

THK. 2 

CH 4 THK.1 

THK. 2 

FILE# 

EXAMINER 

REMARKS 

Examiner Examiner Reviewer 

LEVEL DATE Level Date Leve l - Date - -

-
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Attachment 4 : Absolute Arrival Time Technique (AA TT) & Relative Arrival Time Technique 
. (RATT) 

Transducer 

Shear wave transducer 
Base 

Tip Signal 
• 

Of EPER 

.,________,\ __ 
Ti Signal _ ---

-------'-4-~ 

Figure 1. Absolute Arrival Time Technique 

Doublet separation 
indicates depth 

Tip 

Flaw Tip and Base Signals 

Figure 2. Relative Arrival Time Technique 
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Attachment 5: Sam le P -scan Calibrat ion Sheet 
4/00 AUTOMATED ULTRASONIC P-SCAN CALIBRATION 

SHEET 
LOCATIO~l 

PROCEDURE 

UT SYSTEM 

SOFTWARE VERS!Ot•I 

LINEARITY DUE DATE 

SCAN~IER TYPE 

SCANNER CABLE 

SIG~IAL CABLE 

CHM l~IEL TRANSDUCER 

2 

3 

4 

INITIAL CALIBRATION 
DATE 
TIME 
REFLECTOR/ 
ORRI ENTATION 
CH . 1 AMPLITUDE 

LOCATION 

CH. 2 AMPLITUDE 

LOCATION 

CH . 3 AMPLITUDE 

LOCATION 

CH . 4 AMPLITUDE 

LOCATION 

FILE# 
EXAMINER 

SYSTEM CALIBRAT IO~I BLOCK 

THICK~IESS 

SERIAL# REFERENCE BLOCK 

REV THICKNESS 

REFERENCE BLOCK TEMP 

SERIAL# COUPLANT 

CABLE LENGTH CABLE# 

GABkE--LEN6T-H T.A:B[ E-# 

f,IODEL FREQ SIZE SERIAL ~ GATE EVAL ANGLE 
METHOD NOM./ACT. 

CALIBRATION CHECKS 

MATERIAL 

MATERIAL 

PYRO SN. 

BATCH# 

WEDGE IMAGE 
TYPE 

REMARKS _____________ _____ -'--------
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CONFIGURATION TO CALIBRATED RANGE I TEMP 
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PROCEDURE I REV MATERIAL TYPE 
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FILE ~IAMc/lTEM# TRMISDUCER 
0 DUAL 0 SGL OODEG 0 ANGLE 

Xo REF. POINT (Lo) I Yo REF. POINT (Wo) SCAN WIDTH 

SIZING METHOD ANGLE REFERENCE CAL. SET-UP 
- si=tEET 

\ 

1 45/60 DEGREE 
SHEAR 
2 AATT 
3 RATT 
4 DUAL O DEGREE 

INDICATION INFORMATION 
IND METHOD WELD DEPTH MAX X1 LENGTH X2 Y1 WIDTH Y2 INDICATION 

SIDE R. LIG . AMP TYPE 

REMARKS 

Examiner Analyst Reviewer Page 
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Level Date Level Date Level Date - - -
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1.0 PURPOSE 

This procedure establishes the method, equipment, and requirements for the direct contact, 
ultrasonic angle beam flaw detection and sizing, in the knuckle region of Hanford' s carbon steel 
double shell tank's (DSTs) utilizing the Remotely Operated Nondestrnctive Examination 
(RONDE) ultrasonic imaging system. 

2.0 SCOPE 

2.1 Requirements 

The re uirements _cin_are-appliG-abl€-to e-x-aminat-ion--oftlTe knuckle region of Hanford ' s 
DSTs tttilizing the RONDE ultrasonic imaging system. The RONDE system provides 
ultrasonic detection and sizing of surface connected planar flaw (i.e. cracks) that are 
oriente_d circumferentially around the tank in the knuckle region. · 

2.2 Scanning 

Scanning is performed using a remotely controlled scanner. 

2.3 Examinations 

Examinations shall be performed from inside the annulus region of the DSTs. 

2.4 Instructions 

This procedure provides the instructions for the use of the RONDE system in the pitch­
catch mode for detection of planar flaws oriented circumferentially in the knuckle region 
of the DSTs and in the Tandem SAFT (I-SAFT) mode for depth sizing of planar flaws 
oriented circumferentially in the knuckle region of the DSTs . 

Att. 2-3 



A 
COGEMA ENGINEERING 

RPP-15765, Rev. 0 

COGEMA-SVUT-INS-007.5, Rev. 0 
UNCONTROLLED COPY 

ULTRASONIC EXAMINATION OF THE KNUCKLE REGION 

2.5 Methodology 

The methodology in this procedure meets the applicable requirements addressed in 
Reference 4.1 as applicable to meet the requirements for inspection of the double shell 
tank knuckle region. 

3.0 RESPONSIBILITIES 

Only certified Level II or Level III ultrasonic examiners shall interpret data to determine whether 
they represent relevant or non-relevant indications in accordance with the applicable 
specification. Level III ultrasonic examiners shall reviev; all data collected prior to issuing a 
final report. 

--,--------------- -- --- -
4.0 REFERENCES 

4.1 ASME Boiler & Pressure Vessel Code, Section V, Article 4, 1995 Edition. 

4.2 COGEMA SVCP-PRC-014, Qualification and Certification ofNDE Personnel, 

4 .3 COGEMA SVAD-PRC-001, Nondestructive Examination Administrative 
Procedure. 

4.4 COGEMA SVUT-PRC-007, Ultrasonic Examination Procedure. 

4.5 RONDE Instruction Manual 

5.0 PERSONNEL REQUIREMENTS 

5 .1 Personnel Qualifications 

Personnel performing or supervising data acquisition or performing data analysis to the 
requirements of this procedure shall be qualified and certified to at least Level II in 
ultrasonics in accordance with reference 4.2 or equivalent. In addition, they shall be 
trained in techniques for sizing stress corrosion cracking/planar flaws using SAFT/T­
SAFT. 
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6.0 

5.2 Certification Level 

Personnel performing reviev..- for final, acceptance of examination data shall be certified to 
at least Level II in ultrasonics in accordance with reference 4.2 or equivalent. 

5.3 Support Personnel 

Personnel, \Vhose responsibi lities are limited to set-up, tear down, and track or scanner 
operation need not be certified . Such personnel shall possess sufficient knowledge of the 
equipment to satisfy the Level III examiner. 

EQUIPMENT 

6.1 Ultrasonic Instrument/Examination System 

The RONDE ultrasonic system shall be used for the examination of the knuckle region of 
the Hanford DST's. The system shall be equipped with a stepped gain control in units of 
1 dB with a range of at least 75 dB, capable of generating and receiving frequencies in the 
range of 0.5 to 5 MHz. The follo\ving components may be used: 

RITEC Pulser/Receiver 
Intel P4/2.5 GHZ Acquisition Computer 
Compumotor/Precision Motion Control Stepper Motors and Control 
GXS-MC-2600 Magnetic Wheel Crawler 
Pump Couplant Pump for RONDE System 
Dell Data Acquisition and Analysis 

Computers 

6.2 Transducers 

Angel beam transducers that produce shear waves at 70 degrees shall be used for the 
knuckle region inspection. The transducer diameter shall be approximately 0.5 inches, 
\vith a center frequency of approximately 3 .5 MHz. 
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6.3 Cables · 

Cables of any compatible type and number of connectors may be used for the 
examination. The length of the cables between the tank top electronics enclosure and the 
scanning crawler should not be greater than 100 feet. The length of cables between the 
tank top electronics enclosure and the control trailer should not exceed 425 feet. 

6.4 Couplant 

6.4 . l Site approved water should be used as couplant for the examination. 

6.4.2 Couplant application should be accomplished by means of an automatic 
___ ---·----~co.uplar1t-delivery-sys-t:em whenever possible:-Care s 04ld be taken to use only as 

much \Vater as required , as excess water in the annulus is undesirable . 

6.5 User Calibration Blocks 

For crack detection and sizing measurements, user calibration blocks shall be made of an 
acoustically similar material as that being measured. 

6 .6 Reference Blocks 

Reference blocks (e.g. Rompas, IIW, DSC) utilized for beam angle exit point 
determination or screen width calibration shall be of similar material composition as the 
component under examination. 

6. 7 Pulse Repetition Rate 

The repetition rates are set at rates such that signal wrap-around does not occur. 

7.0 CALIBRATION 

7.1 Verification of Instrument Linearity 

Instrument alignment verification for screen height and amplitude control linearity should 
be performed within three (3) months prior to use of the instrument or at the beginning 
and end of each outage period, whichever is less. Instrument linearity verification is 
independent of transducer or scanner characteristics. Verification with one 
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transducer/scanner combination is valid for any other combination. The due date for 
alignment verification shall be recorded on the calibration sheet. 

7.2 System Parameters 

The system parameters used for calibration and examination should be established as 
outlined in Reference 4.5 as required. 

7.3 General Requirements 

7.3 .1 Calibration shall include the complete ultrasonic examination system. 
Any change in transducers, wedges, couplants, cables, instruments, 
rn-cerding-devices~ canners, power source, or an:x other parts of the 
examination system shall be cause for system calibration check. 

7.3.2 System calibration checks and final calibration for instrument sensitivity 
and sweep range shall be performed on the same block used for initial 
calibration using at least one reflector. These checks shall be performed: 

a) At the start and finish of each series of examinations. 
b) At intervals not to exceed 16 hours . 
c) When there is a change as described in 7.3.1. 
d) If the examiner suspects a malfunction. 

7.3.3 During calibration, the temperature of the calibration block should be 
within 25 degrees Fahrenheit of the ambient inspection temperature . 

7.4 Calibration Process for Knuckle Crack Detection and Sizing 

7.4.1 Select and connect the two appropriate transducers (XI and X2). Verify 
the parameters, including thickness, frequency, and velocity. Place the 
SAFT/T-SAFT Scanning Bridge on the calibration fixture. Apply the 
couplant to the applicable point on the calibration standard. The I 0% T 
notch on a 0.875-inch thick plate should be used to obtain the reference 
level. 

7.4 .2 Assure transducers are in the park position. Translate XI and X2 
transducers one inch to the start of scan sequence. Position gain control 
knob to 20 dB . Acquire one IO-inch line of data. Envelope detect and 
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project this data file . Utilizing the SAFT Analyses code, record the 
amplitude from the 10% notch. For later amplitude calibration checks, 
verify that the amplitude is within± 3dB. Also record the distance 
between the 10% notch and the end of the plate signal. Verify that this 
distance is within± 0.1 inch of the calibration standard. 

7.4.3 The vital parameters used for the calibration shall be identical to the 
inspection parameters with the exception of file names, X, Y, and Z 
ranges, reference level compensations, thickness, velocity, or comment 
parameters , which may be adjusted as required. 

7.4.4 The calibration reflector response and distance between notch and encicl_ 
- rl-ate shall b-e--re-coTilecl foreach trans ucer pair op the SAFT IT-SAFT 

Ultrasonic Examination Calibration Sheet (Attachment 2) . 

8.0 EXAMINATION 

8.1 Surface Condition 

8.1.1 The surface from \Vhich measurements are to be taken should be free of 
loose scale, unbonded coating, heavy oxidation, weld spatter, or other 
material, which may interfere \\·ith movement of the transducer or the 
transmission of sound into the material. 

8.1.2 A surface finish of250 RMS or better should be provided. The requesting 
organization must approve the use of any base material preparation 
process, which may reduce the thickness below the allowable tolerance. 

8.2 Location of the Scanning Bridge 

The location of the scanning bridge is critical in providing consistent and 
repeatable data acquisition. Location of the lower feet of the scanning bridge just 
below the upper knuckle weld is the desired position. 

8.3 Extent of Examination 

See Attachment 1 fo r examination parameters of the knuckle region. The location, 
scan numbers, and reference points of all scans shall be recorded on the applicable 

data sheets . 
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8.4 Ultrasonic Measurement 

User calibration shall ha\·e been completed per the applicable requirements of 
Section 7 .0 prior to performing any of the examinations. 

8.4.1 Transducer overlap between passes shall be a minimum of 50% of the 
element size for planar flav,: detection and sizing. Scanning speed shall 
not exceed 6 inches per second. 

8.4.2 Should measurements be observed larger or smaller than the range 
calibrated for in Section 7.0, check the calibration for accuracy in the 
encountered thickness range. If the calibration is accurate in this_r_ange,~ 

- -- - amenchh-e calio ration sheet and continue the exa(llination. If the 
calibration is not within the tolerance allowed in the spec, then recalibrate 
and rescan all areas where readings were encountered outside the 
originally calibrated range. 

8.5 Limitations and Precautions 

8.5.1 Care must be taken to ensure the transducer face is flush with the 
examination surface during scanning. 

8.6 Recording 

Upon completion of each scan area, the data file(s) shall be saved on the hard 
drive . 

8.7 Flaw Detection and Location 

Flaw detection and location shall be performed using the pitch-catch mode. Data 
is analyzed to provide the detection of the planar flaw, location, and length sizing 
in the knuckle region . 

8.8 General Sizing Guidelines 

8.8 .1 T-SAFT provides a means for sizing the depth or through-wall dimension 
of vertically oriented planar defects. 
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8.8 .2 T-SAFT uses a transmitting and receiving transducer pair in a pitch-catch 
arrangement. 

8.8.3 When sizing planar defects, the entire flawed area shall be scanned in the 
T-SAFT mode and evaluated. 

8.9 Sizing Utilizing the T-SAFT Technique 

8.9 .1 The peak response from the comer trap of the planar flaw is used to 
initially set up the I -SAFT scanning. Location of this comer trap is found 
using the pitch-catch data. 

-----
- 8, 9-.-2 for T-8-A-FT data acquisition, tne two tanaemtr'\nsducers are positioned 

side by side at the peak ( corner trap) response location. 

8.9.3 The transmit and receive transducers are moved in opposite directions 
approximately 4 inches ( or as much as possible) prior to initiating the T­
S AFT scan. 

8.9.4 The tandem data acquisition begins by scanning the two transducers 
towards each other, up to the mid-point of the scan (corner trap location) 
and continuing way from each other, to the end of the scan line. Once the 
scan line is complete, the pair of transducers returns to their start 
positions, are both incremented circumferentially (around tank), and start 
the next scan line . 

8.9.5 Flaw depth is determined as half the distance from the upper half 
amplitude point to the lower half amplitude point in the B-scan views. 
The half amplitude points correspond to the -6dB points in the 
appropriate image. 

8.9.6 Flaw length is determined by the loss of signal at the -l0dB point from 
the pitch-catch corner trap signal. 

9.0 EVALUATION 

9 .1 Relevant Indications 

9.1.1 All crack-like indications are considered relevant and shall be recorded . 
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9.1.2 Reportable indications shall be evaluated by Ultrasonic Level III 
personnel prior to final report submittal. 

9.2 Reporting/Special Criteria 

Reporting and special notification criteria are noted in Section 9.8. 

9.3 Printouts 

Printouts of ultrasonic data should be made in accordance with the customer's 
request. 

9 .4_ Recording Grack--Size- ------

9.5 

All flaw sizing data acquired should be used to determine the fla\.v_ depth. This 
data shall be reported individually for each flaw and shall include all data 
necessary to achieve the best accuracy of flaw depth. 

Scanning Limitations 

Record all limitations due to weld configurations, obstructions, single side access 
restrictions, etc., in the remarks section on the SAFT/T-SAFT Ultrasonic 
Examination Data Report. 

9.6 Flaw Evaluation 

Reportable indications shall be evaluated by Ultrasonic Level III personnel prior 
to final report submittal. 

9.7 Reporting Levels 

All indications \vhich meet or exceed the following conditions shall be reported to 
the project cognizant engineer. 

• Surface crack depths exceeding 0.10 inches. 
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10.0 REPORTS 

10. 1 Calibration Reports 

A SAFT/I-SAFT Ultrasonic Examination Calibration Sheet (Attachment 2) shall 
be prepared for each examination or series of examinations performed. This 
report shall include the materials and equipment used for the examination. 

10.2 Sketch Sheets 

A SAFT/I-SAFT Ultrasonic Examination Knuckle Sketch Sheet (Attachment 4) 
should be prepared for each examination or series of examinations 2erformed 

--1l1i-s repoft should-rndmf-ei"d~nt1ly o scanning equipme[lt and a sketch of the 
component or item examined, identifying scan locations, including dimensions, 
reference points, and grid locations, where applicable . 

10.3 Ultrasonic Data Reports 

A SAFT/I-SAFT Ultrasonic Examination Data Report (Attachment 3) shall be 
completed to document each examination. Each report shall be related to the 
applicable SAFT/I-SAFT Ultrasonic Examination Calibration Sheet(s). 

10.4 Final Reports 

Final reports are to be distributed and maintained in accordance with the 
applicable contract. 

11.0 ATTACHMENTS 

11.1 Attachment 1: Examination Parameters of the Knuckle Region 

11.2 Attachment 2: SAFT/I-SAFT Ultrasonic Examination Calibration Sheet 

11.3 Attachment 3: SAFT/I-SAFT Ultrasonic Examination Data Report 

11.4 Attachment 4: Knuckle Sketch Sheet 
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ATTACHMENT 1: EXAMINATION PARAMETERS OF THE KNUCKLE REGION 
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ATTACHMENT 2: SAFT/T-SAFT ULTRASONIC EXAMINATION CALIBRATION SHEET 

10/02 I SAFT/T-SAFT ULTRA.SONIC CALIBR.\TION SHEET 
LOCATION I SYSTEM CALIBRATION BLOC"-

PROCEDURE REV THICKNESS MATERJAL 

UT SYSTEM SERIAL# REFERENCE BLOC"-

SOFTWARE VERSION REV THIC"-NESS MATERJAL 

Ll);EAR ITY DUE D.-\TE REFERENCE BLOC"- TEMP PYRO SN. 
o F 

SCANNER TYPE SERI..\L # COUPLANT BATCH# 

SCANNER CABLE CABLE LENGTH CABLE# 

STGNA7- CABLE CABLE LENGTH \ CABLE# 

TRA.1'ISDUCER INFORi\lATION 
TRANSDUCER# TRANSD UCER ~!AKE MODE L FREQ SIZE SERIAL# WEDGE TYPE ANGLE 

XI 
X2 

CALIBRATION CHECKS 
DATE CAL IN CAL OUT END OF BLOC K NOTCH DIFF AMPLITUDE DIFF FILE NAME 

RE~IA~S 

EXAM INER EXAMINER REVIEWER PAGE 

LEVEL DATE LEVEL D . .\TE LEVEL DATE OF 
-- -- -- - -
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ATTACHMENT 3: SAFT/T-SAFT ULTRASONIC EXAMINATION DATA REPORT 

10102 I SAFT/T-SAFT ULTRASONIC DATA REPORT / 
LOCATION I SYSTEM EX.A},! START I E:X.<\M END I JOB# 

COMPONENT ID E:X.'\MINATION SURFACE 
noD nm 

CONF!GURA T!ON I TEMP 

ClRCUMFERENCEffOTAL LENGTH EXA\IINED 

PROCEDURE I REV M.-\ TERJAL TYPE I NOi-.!. THICKNESS 

FILE NAME TRANSDUCERS (2) I WEDGES 

Y (CIRCUMFERENCE) START POS!T!ON I T-SAFT FILE NA\tE - -
T-S.-\FT INFORMATION \ 

T-SAFT FILE NO. Y START YSTOP X POSITION LENGTH DEPTH SCA\l'i ER X POS ITION 

RE/-.IARKS 

EX<\M!NER ANALYST REVIEWER PAGE 

LEVEL DATE LEVEL DATE LEVEL DATE OF 
-- -- -- -
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Knuckle 
Side View 

Air Line 

'ATTACHMENT 4: KNUCKLE SKETCH SHEET 

Tank 
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Air Line 

Knuckle Front Flat View 
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ULTRASONIC P-SCAN 
DATA REPORT R!st.R ,•' qo 

LOCATION SYSii: 1,1 X,!r Si ART I EXA.',1 END I J03 ~ 
? o~ £,CST ~N\l 1'-·~Q °"' yS?-'-) M !q c1.., D12 .:;- ?o t../~ 0?- 1-n 
COMPON::N t ID 

\o2..-At. 
E:<A,\IINA ilON SURFACE I CONDITION 

BOD D ID • PA!NEu 
CONflGURA TION 

-Y\...~Tu 
TO CALl6RA TED RANGE I~~~ . o" -ro 2 12. 11 CF 

CIRCUMfERENCEffOTAL LENGTH EXA~:INED 
jC)E;,y" 

R::F. LEVEL CORRECTION (iRANS. CORR) 6- DB 
PROCEDURE l REV 
t" OG.'l'=-:,--,'""\~-S\Jl-\1--:s..NS- oo,, 3 I 

f, IATERIAL iY?E 
oss ~cs OinER ~"' ;1°\\Y:. .750 

,, 

FILE NAME<JT~~- w o..\\ \?.~ \ ~\o_¼:_ 4 
TRJ.:-;soucER 

~ ANGLE L¾S 0 • DUAL ;3JSGL O0D::G 

X,;~~ POINT ~ ) \ j ~:o R::l". FO!m ('No) 11 1
' q_ a\. I j;;T SCAN 1N:OTH 

's" I ow oe~ It "le\ A5S To QL o-1- ?,.,c.1 .PR!,<":-, 
SIZING METHOD I />.NGLE I REFERENCE CAL. SHEET SET-UP 

1 45/60 DEGREE SHEAR r-- T , 
2 MTT I I ---' 
3 RATT I i 
4 DUAL O DEGREE I l .\ -

INDICATION INFORMATION 
IND METHOD WE LD DEPTH 1'.IAX X1 LENGTH X2 Y1 WIDTH I Y2 INDICATION 

SIDE R. LIG. AMP TYPE 
......._..._ 

.........____ 
.........____ I 

r-------.._ I 
----- t---.... I .. 

---r---..._ I 
!'----.... 

--------.::.:,__ 

------
t---.. I 

----- ..... I I 
-----------I 

------------I .. ~ 
.........____ 

REMARKS 
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ULTRASONIC P-SCAN 
DATA REPORT R!sl.Q qo ,-: 

LOCATION SYSTE,\I ~X"M STARi I EXAl,I : ND I JOB ~ 
? o~ f:...C:ST 'T-t',.N\t ~~o .....-.. "?.S?-l..) <; 1Gk., 0125'· 2.oLJS" O~-'-H 
COMPCr- i:NT 10 

\o? A1- t XA/,UN,; il0N S:.JR.=ACE C0NDITIO,~ . - ~OD 0 10 • P,;!NED 
CO,'lflGUivl. TION 

~ lo. te. TO CALl3RATEO RANGE I TEMP 
o '' To ? .-i II AIY)~ Of 

CIRCUMFERENCEfi'OiAL LENGTH EXAMIN::0 
"2.3.9'. REF. LEVEL COR;;ECTI0N (TRANS. CORR) 

~ oa 
PROCEDURE I REV 
; OG.V:.:,-1"\~-<S\JV..1-"S..N'=>- 00'7, 3 l 

MATERIAL TYPE 
, 87 5 /I oss 18) cs 0TH::R N.O·r1'1:-r\'.\j: , 

FiLENA,',t~~~I~\-. \JJo.\\ \"2.~ \ \J\a.\. e. C:... BANSDUCER 4-50 • DUAL ~SGL • OOEG ~ ANGLE x~\' POINT ~ o) 
. 

~o'tl.':'.F. P0l,'<~'lo) n• ~~I c SCAN WIDTH 
,. l)ll) rif.7- ~Q.'.-1 A'">S To c~ '"2...,q 1A.S:<,. 15'' 

SIZING METHOD ANGLE REFERENCE CAL. SHEET SET-UP 
1 45/60 DEGREE SHEAR 

~ 2 AATT ----3 RATT ~ -
4 DUAL O DEGRcE I -

INDICATION INFORMATION 
IND METHOD WELD DEPTH MAX X1 LENGTH X2 Y1 \NIDTH Y2 INDICATION 

SIDE R. LIG. AMP TYPE 

---- ...... 

---- ......______ 

r------.._ 
~r---... ' 

r---...._ 

I r--_ 

I ~._ -r---..... 
~ 
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----.. I ......______ 
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AUTOMATED ULTRASON!C THICKNESS I . 
DATA REPORT 'R.~.J?. 9 D 

CO,'.~=at :::1/T 10 I ~X.!f, 11.'l!. ilON SU?,F;,CE I ~;0:.1. T:i!CK.'l=SS 
l oz- A-z... ~00 • JO OPA!.'IEO 600 ,, 
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03 
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l,tAX. T;-;:,;. 

Sto'' 
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ULTRASONIC P-SCAN 

DATA REPORT R:!sl.Q 90 .. .. 
L0CATI0/1 SYSE\I I ~?·"~lwn ,j EXAM END I JOB ~ 

'? o'::l ~ Tu...:1\1.. ~~o .....-... '?S?-'---1 7' //,,. ,, "l.. 07 1./ "2J D <:; i'i<-LI\ 
C0M?ONENT IQ 

\ 67- A7 EXA,\~NA TI0N SURFACE I C0NDITi0N 
~OD 0 ID O PAINTED 

CONFIGURATION -Pl~+e.. TO 
CALIBRATED RANG E I TEMP 

o'' -rn l.'-Jllf" ~l'Y)~ Of 
CIRCU,\IFERENCE/iOT AL LENG TH EXA~IIN::D 

11 REF. LEVEL CORRECTION (TRANS. CORR) 6-· /0. z DB 
PROCEDUR:: I P. ::V MAT ERIAL TYPE 
r OG.¥=-:r<\~-'S\Jl.,\1--::s..r-:::i:i - 001, 3 I oss 18] cs OTHER -n\'f. • 500 ,, 

FILE NAME<YEM\ l ) \ \ \ ~ \ ~ \- TRANSDUCER 
~ ANGLE L./5 ° ~"'" . t o.. ~ ... _ c.. e 2. • DUAL :3) SGL 0 00::G 

X.:i Rff. POINT (Lo) \ 1 · Yo RU. POINT (W°ln ' ' 4- o ~ V'" SCAN WIDTH ,s" l ' I 612\01.0 l-\o~I_ LvelJ IPA~s TD ~- o :_i.r-J PAs~ 
SIZING METHOD I ANGLE REFERENCE CAL. SHEET SET-UP 

I 1 45/60 DEGREE SHEAR 
I 

2 AATT ---r 

3- RATT--- -- - ~, -- --4 DUAL O o=G~::E I -
INDICATI ON INFOR1'vlATION 

IND METHOD WELD D::PTH t-.lAX X1 LE NGTH X2 Y1 WIDTH Y2 INDICATION 
SIDE R LIG. AMP TYPE 

----...._,___ 

----- ----- r----..... 
~r-----. -

-i----...__ 

I'---.__ 

-----
t--._ 
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-- r--. 
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A UTOMATED UL TRA SO N!C THICK NESS 
DATA REP ORT l<LS~IQ 9D 

LOCATION ,: • '""'' SYSE I.I 1~Ft~1;t~~'t~ I ~~~~~D J0 3 ~ 
. ';Zc,c;, ).::..t:>.sT" iP,.••0:IM ~O 'j:)5 'f'- ~ Os-\./) 

CO,',!?m!::NT JO 
I 02~ l\z 

EX;_\ liN.!.T!0N SU?.FACE I ~;01.1.g !Ci<.'l:SS 
rsa' 0·J 0 10 0 PAl,'-ITEO . 15'' 

c o.-;;=1GUKA TION iO I CALl3?.AT::Jif3;;NG :: It~~ 1-<.NuCJ,t.~ • To J' 0 
,. 

o,= 
CIF:CUMFcP.E,'iCE/T01A!.. L: NGTii EXA,\:IN:O 

(p'o.~r, I F.::F. LEV::!.. CO?.P.ECTION (TPJ..NS. CO?..'~) 
~ 03 

PP.OCEDU?.:: I F. ::V l I /, L.\T:: ?. IA!.. TY?E I CONDITION 
r o G,1;: ;r(\O.-~-.J\,\-r-l.N6- oD"'1. ~ 0 ss ~ c s · OTri :: ?. 
FILE N.;f.l::/ITE,1,1;; 

'<- AS<'..rn f l<Nuc,.,:.'-~ 
T ?,A;'l SDUCER 

g) DUAL O SGL @ODEG O M/GLE 
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AUTOMATED ULTRASONIC TH ICKNESS 

DATA REPO RT l<:S..SF..J2 ~ D. 
· ;y~n~-~s~ .-i..N~ ~Qinl sys,:: ,'-' ?s? - q I ~{{,)' STAAT 

'7 0~ 07 5 b 
I EXA.\I END 
, ··w"3 I J0 3:: 

03-4) 
CO,W'O/':::NT ID 

/D?-A7 
EX,!.\IIN.l, TiOtl SURFACE I mu rn:CKN::ss 

~ OD D ID D FA!/IE O 
con=:GU?.l.TiON TO ~ ALl=."-ATED RANG: , ~·~~ kN L\ C.'\l.t ,~ ~ ,'I'"\ ~- - ,..._._ '-z,'' ,o / .(J , , c-r 
c 1.;cu:.•F::F. ::~CE/iOi',!.L Lc.liG Tr. cX.A.',!i /:::o ~~~ - . I F.:.::. L::V::1_ COi<.P. ::Ci!O,•I (T?.!..'iS. COi' .. ~) 

~ _ D5 
P?,OCEDU?.:: I F.::V I I1 " - - il. l " ry- - I c c,•;0Ir I0N ,·r.l c. 1"'1 _ r ::. 
,... (") G.~t<'\~ - S'JUT. "C.~ 5 - , 'l n ::i. 0 ss IA! cs OTr.:?. 
FILE 11.!,.',l::/lT c. ,\!;; 

Y· p.cz.y;.., I l<.'tJU.. L'tl..L.l"S) (')., 
T,=.;.~SDUCE?. 

~ DUAL 0SGL ~ ODEG 0 /..NGU: 
x., R:: i'. POlz_T (L:) l~'r- 1/ '1..-+ WQ\I Y&tF.F£I~:\ £"'',) d SCAN l'l!Oi'H 

I a . 9" 
, 

EM.• c:, 2.4 1
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AUTOMATED UL TP.ASONIC THICKNESS 

DATA R::PORT R"'i.~Q...qo _ 
k°;~,o.~~~ -cc..;,.;.. \:'~~-11'" SYSi:1.t l~t\',;~-=no,'5c. I ;~·~=/) I ,o-. 

'PS?- c..\ ·J~-t/) 
cm.~=c~:::NT 10 

) t:{2..- ~z. I EX.!},!lll-1.TION SUR.=;.,CE I t-;0.-,1. TH!CKN::SS 
r;o oo • 10 • ?A!mED 

con=,GuP • .i. TIO,'l TO I CALl~'v. T::O RANG= ,~~~ k~UC.K.U. ~~..o; :-..tro I, I),, op 
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'(- A~T'I"' I .k'IJ~C-U,~ / 13 
I T,¼'lSOUCE?. 
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U LTRASO NIC P-SCAN 

DATA REPORT 
KI'JE,Q, 90 

LOCATION SYSTEM EY,M Sift.RT I EX-1.M END IJ~~-LJ1 zoo E."6T Th..:l\l. r~Q. 'rv\ 'PS? -'-{ "7 7.,}0'7, c~i?:5' ~'2..3 o 
C0,1,'PONENT ID EXA~flNAilOM SURFACE CONDITION 

) O?..- f.\z__ g oo 0 ID O PAINTED 
CONrlGURA TION 

K't..1v.t..~Lt.. 
TO CALIERA TEO RANG:: I TEM? o>- T"O ~.s-·· ~M(:, OF 

CIRCUMFERENCE/TOT AL LENGTH EXAl,IINEQ ~s.,· · j R::F. LEVEL CORRECTION (TRANS. CORR) 
~ DB 

PROCEDURE I RE'/ I 
MAT ERIAL TY?E 

• 'i::,1 ':i ,. l" 'n GF-:,'tr\A.-5\JL\'I" -~~~- c,o""l . "_2, oss EJcs · OTH::R rJOl"'\. 1i<:l~ . 
FILE NAMEnTEM# 

Y- ,{:\Qr,"\ ( 45 /.k"-lUC.l,t~ 
Tr<ANSDUCER 

g ANGLE LJ ,;o • DUAL ~SGL O ODEG 
Xo REF. POINT (Lo) '2."2- \J <!.,,,-.1-,i Y.t R.:F. FOl;s.'T (W0 ) SCAN W:Oil-i /Z,l,,. E ... ~ o~ t.4'' e~s~ or: ~n:?.wl;!.l.S) 

SIZING METHOD ANGLE REFERENCE CAL. SHEET SET-UP 
1 45/60 DEGREE SHEAR ---2 AATT ------ --- --

-:3 RAT-r- I ,-_ 

4 DUAL O DEGREE I -
INDICATION INFORMATION 

IND METHOD WELD DEPTH MAX X1 LENGTH X2 Y1 WIDTH Y2 INDICATION 
SIDE R. LIG. AMP TYPE 

----- t--._ I 

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

I 
-------....__ I 

~r--------.. 
~i------.-.... 

,-..______ 

----- r--... 
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ULTRASONIC P-SCAN 
DATA REPORT 

'R 1:"582. q D 
LOCAilON SYST:,\I 

PS?-L\ 
I ~<Al,)START I EXAMEND I JOl~-4 t 7.00 l;:t:>ST n....,u ,;:-c.r.2,.._ 1 n 03 0'2>'3s ·2.:z.30 

COMPON~}JT ID 
I 02...- C::;.-z.. 

EX,1.Mi1'F,i lON SURFACE CCNDITI0N 
f2?00 0 ID O PAINTED 

CONFIGURATION TO CAUERA TED RANGE I TEMP k ~u ulu.S... o'· p -z,s •· i:::....,,...n, •F 
CIRCUMFERENCE/TOTAL LENGTH EXA:1,IINED I ;:.EF. L:VEL CORRECTION (TRANS. CORR) 

/SJ 12, g ,, DB 
PROCEDURE I R:V I 

I MAT i:RIAL TYPE 
C-.o G,,r:';'0)v, r,, -:5V l.,\T. S::~ '.:>- 007, 3 0 SS [i;?CS OTHER t::!01"'1, ~\l. B'1-5 .. 
FIL: NAME/ITEM# 

Y- D~WJ }4-;} koJU~~ A 
I Ti').:·iSJCCER 

~ ANGLE tJ ,5'-' 0 DUAL c8JSGL OODEG 
· Xo REF. POINT (Lo) STtl,~,c.O ~ I YtEF POINT (Wo) 

t,?,I'' ot l.c'uu<-\LLJ::. or 1j,J<z2.Wti.LO 
I SCANW!DTH 12. I {p I I 

SIZING METHOD ANGLE REFERENCE CAL. SHEET SET-UP 
1 45/60 DEGREE SHEAR ----2 AATT ----3 RAT! -----4 DUAL O DEGREE -

INDJC.i',TIO,'~ INFORMATION 
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Mr. Daron Tate 
COGEMA Engineering Corp. 
2425 Stevens Center 
Richland, WA 99352 

RPP-15765 , Rev. 0 

August 13th. 2003 

Tius letter is to certify that I have analyzed the P-scan automated ultrasonic data from 
Hanford waste tank AZ 102. The data reviewed for the primary tank wall was collected 
by Mr. Nelson and Mr. Purdy May 20th. through July 24th. 2003. The data is acce_ptable._ 
The-data-from--:vertie-al---strips, vertical viclas, nonzonta we , exten~ed Y-arm knuckle 
scan and four slots examined with the extended Y-arm was analyzed to the requirements 
ofCOGEMA procedure SVUT-IN'S-007.3 Revision I . · 

There are several areas that meet or exceed the 10% wall-loss criteria in Pla,tes I and 2. 
Most of these areas are could be classified as pitting or as corrosion. Most are not 
reportable to the reporting criteria for pitting, but are reportable as corrosion: There are 
Reportable areas in the following scans: 

Vertical Weld Plate 1 
Vertical Wall Scan 2 Plate 2 
Vertical Wall Scan 3 Plate 2 (additional 12 scan on Plate 2) 

Other than the above areas, there are no reportable indications. No cracking or other 
reportable pitting or thinning was detected in any of the areas examined. 

ames B. Elder 
AS't\11' UT Level III 

CC: Mr. W. H . Nelson - COGEMA 
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Summary 
::. 

COG EMA Engineering Corporation (COG EMA), under a contract from CH2M Hill Hanford Group 
(CH2M Hill), has performed an ultrasonic nondestructive examination of selected portions of Double­
Shell Tank 241-AZ-102. 'The purpose of this examination was to provide information that could be used 
to evaluate the integrity of the wall of the primary tank . The requirements for the ultrasonic examination 
of Tank 241-AZ- I 02 were to detect, characterize (identify, size, and locate), and record measurements 
made of any wall thinning, pitting, or cracks that might be present in the wall of the primary tank. Any 
measurements that exceed the requirements set forth in the Engineering Task Plan (ETP), RPP-11832 
(Jensen 2002) and summarized on page I of this document, are reported to CH2M Hill and the Pacific 
Northwest National Laboratory (PNNL) for further evaluation. Under the contract with CH2M Hill, all 
data is to be recorded on disk and paper copies of all measurements are provided to PNNL for third-party 
evaluation. PNNL is responsible for preparing a report that describes the results of the COG EMA 
ultrasonic examinations. 

Examination Results 

The results of the examination of Tank 241-AZ- I 02 have been evaluated by PNNL personnel. The 
ultrasonic examination consisted of two 15-in. wide scans over the entire height of the tank, one short IS­
in. wide scan on the top of Plate #2, and the heat-affected zone (HAZ) of five vertical welds and one 
horizontal weld . Utilizing the Extended-Arm (also known as Y-Arm) scanner, the examination included 
the upper portion of the knuckle extending down around the knuckle approximately 12-in. and portions of 
the lower knuckle extending down to the lower knuckle weld area (high stress region) in 4 areas 
accessible in the air slot openings. The examination was performed to detect any wall thinning, pitting, or 
cracking in the primary tank wall and knuckle . The knuckle was also examined using the Remotely 
Operated Nondestructive Examiirntion (RONDE) system for circumferentially oriented cracking. 

Primary Tank Wall Vertical Scan Paths 

Two 15-in.-wide vertical scan paths were perfo rmed on Plates# !, #2, #3, #4, and #5. A short 15-in. 
wide scan was also performed adjacent to the vertical scan path #2 near the top of Plate #2. The plates 
were examined for wall thinning, pitting, and cracks oriented vertically on the primary tank wall. The 
resu lts indicated three areas near the top of Plate #2 that exceeded the reportable leve l of I 0% of the 
nominal thickness. There were no other areas of wall thinning in Plates # I, #3, #4, or #5 th at exceeded 
the reportable leve l of I 0% of the nominal thickness . No pitting or vertical crack-like indicat ions were 
detected in Plates # 1, #2, #3, #4, or #S. 

Ill 
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Primary Tank \,Vall \Veld Scan Paths 

The HAZ of vertical welds in Plates #1, #2, #3 , #4, and #5 \Vere examined for wall thinning, pitting, 
and cracks oriented either perpendicular or parallel to the weld. There were three areas in the HAZ of the 
vertical weld in Plate #1 that exceeded the reportable level of 10% of the nominal thickness . There were 
no other areas of wall thinning in the HAZ of vertical welds in Plates #2, #3, #4, and #5 that exceeded the 
reportable level of I 0% of the nominal thickness . No pitting or crack-like indications were detected in 
the weld HAZ areas in Plates #1, #2, #3, #4, and #5. 

The HAZ of the horizontal weld between Plate #5 and the tank knuckle was examined for wall 
thinning, pitting and cracks oriented either perpendicular or parallel to the weld. There were no areas of 
wal l thinning that exceeded the reportable level of 10% of the nominal thickness . No pitting or crack-like 
indications \Vere detected in th e weld areas on Plate #5 side or on the knuckle side of the horizontal weld. 

Primary Tank Knuckle Scan Paths 

Exrenoecr:.--Arm Scanning 

The upper portion of the knuckle area was scanned utilizing the Extended-Arm scanner attached to 
the A WS-5O crawler. The Exte nded-Arm scanned the transducers down around the knuckle 
approximately 12-in. from a starting position 2-in. down from the upper knuckle weld joining Plate #5 to 
the knuckle. The knuckle was examined for wall thinning, pitting, and cracks oriented circumferentially 
around the primary tank. There were no areas that exceeded the reportable level of I 0% of the nominal 
thickness . No pitting or circumferentially oriented crack-like indications were detected in the upper 
portion of the knuckle area. 

Four small areas on the lower portion of the knuckle area were examined for wall thinning only 
utilizing the Extended-Arm scanner in areas accessible through selected air slots. The four areas. 
examined were in a ir slots designated as Slot 4, Slot!, Slot A, and Slot B. There were no areas that 
exceeded the reportable leve l of I 0% of the nom inal thickness. 

Remotely Operated Nondestructive Examination Scanning 

The resu Its of the RONDE ultrasonic examination of the knuck le region of Tank 24 !-AZ- I 02 
provided by COG EMA have been evaluated by PNNL personnel. The results of the examination of Tank 
241-AZ- I 02 indicated no circumferential crack-like indications were present anywhere in the knuckle 
region bet\veen the upper knuckle weld and the lower knuckle weld over the approximately 270 
circumferential inches scann ed. 

IV 

Att. 5-6 



RPP-15765, Rev. 0 
PNNL-14373 Rev. 0 

Contents 

1.0 Introduction ........ ....... ...... ........... .... ....... ... ... ... .... .... ........... ... .. ..... ... .... .. .... .. .... ....... ..... .......... ..... ... . 

2.0 Qualified Personnel, Equipment, and Procedure ........... ..... .. .... .. ... ..... ........ ... .. ........ ... ... ... .... ..... .. . . 

2.1 Personnel Qualifications ...... ... ... .... .... .... ..... ... .... .................. ....... ...... ...... ...... .. ... ... ... ... .. ...... . . 
2.2 Ultrasonic Examiirntion Equipment .. ...... ..... .. .. .. ...... ..... .. ..... .. ................. ...... .. .. ...... .. ........... . 
2.3 Ultrasonic Examination Procedure ........ .. ..... ...... ... ...... ... ........ ........ .. ........... ..... ... ..... .. .......... . 

3.0 Ultrasonic Examination Configuration ..... ....... ... ...... ..... ......... ... .. .. .. ... .. ....... ... .. .... ... .. ............ ..... . . 

3.1 Primary Tank Wall Transducer Configuration .. .. .... ....... ..... ....... .......... ....... ...... ..... ..... ....... .. . 
3.2 Weld Zone Transducer Configuration .... ....... .... .. ......... ......... .. ..... .... ... .... ..... ... ...... ... .... ..... ... . 

2 

2 
,., 
.) 

3 

4 

4 
5 

3.3 Knuckle Area Transducer Configuration ... ..... .. .... .... ..... ........ ....... ... ....... ..... .... ... ..... ... ... . ., . ., . 7 

4.0 Ultrasonic Examination Location ..... .. ... ..... ....... ...... .... .. ...... .... ... ..... ... ..... .. .... .. .. .... ... .'... .......... .... .. . 11 

5.0 Ultrasonic Examination Results ... .... ... ... .................. ..... ...... ... ... .. .. ... .. ... ... .... ...... .. ....... .. .... .. ......... . 13 

6.0 Conclusions ............. .. ....... ..... ... .... ... ... ... .. .. ............ .... .... ... ... .... .. ... .. ... ...... ..... ... .... ... ... ............. ....... 18 

6.1 Primary Tank Wall Vertical Scan Paths... .... ..... ... ...... ..... ............... .... .......... .. .... .......... .. ... ... . 18 
6.2 Primary Tank Wall Weld Scan Paths ....... ........ .... .. .......... ..... ... ..... .. ... ..... ....... ........ ...... ...... ... 18 
6.3 Primary Tank Knuckl e Scan Paths ... ..... ........ ... ... .... ... ... ...... .. .... ....... ............... ... ....... .... .... .... 19 

7.0 References ... ............ .... ... ..... ............ ... ........ .. .... ......... ... ...... ..... .. ... ..... ...... .. .. .... .... ..... ... .. .. .. ..... ....... 20 

V 

Att. 5-7 



RPP-15765, Rev. 0 
PNNL-14373 Rev. 0 

Figures 

3.1 Transducer Configuration for Examining the Primary Tank Wall........................................... 4 

3.2 Transducer Configurations for Examination of Weld Zone in the Primary Tank Wall. ....... ... 5 

3.3 Views of the Weld Zone to be Ultrasonically Examined in the Primary Tank Wall..... ..... ...... 6 

3.4 Sketch of a Section of the Knuckle Examined with the Extended-Arm Scanner.. ..... ... .... .. ..... 7 

3.5 Lower Knuck le Examination in Air Slot Regions (End View).... ..... ...... .... .. ... ........ ........... ..... 8 

3.6 Lower Knuckle Examination in Air Slot Regions (Side View)... .... ...... .. .. ... .. ..... ............ ......... 8 

3.7 RONDE on Test Mockup ..... ..... .................... ... . '. .... ....... ....... .::.:..:..:.:.. .. ·· ·· ···· .... ··· ·· ................... ~.. 9 

\ 

3.8 General Knuck le Scanning Arrangement.... .............. .. ........ ...... .... ... ..... ............ ...... ............ ..... 10 

4.1 UT of24 I-AZ-102 from Riser 90 .. .... ......... .............. .. ... ................. ... ... ..... ...... ... ...... ................ 11 

4.2 Sketch of Scan Paths on Tank 241-AZ- I 02....... .... .. ........................................ ... ...... .... ........ .... 12 

5.1 UT Data from Tank 241-AZ-102 ........ ... ..... ..... ....... ....... ........ .................... ...... .. .... ... ..... .......... 15 

5.2 UT Data from Tank 241-AZ-102 cont... .. ......... .. ... .............................. .......................... ..... .... .. 16 

5.3 UT Data from Tank 241-AZ-102 Knuckle Region. ............. .. .... ... .... .......... ... ...... .. ........... ....... 17 

VJ 

Att. 5-8 



RPP-1 5765, Rev. 0 
PNNL-14373 Rev. 0 

-::. 1.0 Introduction 

COG EMA Engineering Corporation (COGEMA), under a contract from CH2M Hill Hanford Group 
(CH2M Hill), has performed an ultrasonic nondestructive examination (UT) of selected portions of 
Double-Shell Tank (DST) 241-AZ- l 02. The purpose of this examination was to provide information that 
could be used to evaluate the integrity of the DST. The requirements for the UT of Tank 241-AZ-I 02 
were to detect, characterize (identify, size, and locate), and record measurements made of any wall 
thinning, pitting, or cracks that might be present in the wall of the primary tank. Any measurements that 
exceed the requirements set forth in the Engineering Task Plan (ETP), RPP-11832 (Jensen 2002), are 
reported to CH2M Hill and the Pacific Northwest National Laboratory (PNNL) for further evaluation. 
Specific measurements that are reported include the following: 

• Wall thinning that exceeds I 0% of the nominal thickness of the plate. 
• Pits with depths that exceed 25% of the nominal plate thickness. 
• Stress-corrosion cracks that exceed 0.10-in. (throu 0 h-wajl}Jh_at are de.t~cted in-the inner wal-1 of the 

tmrk, heat-affected zone (HAZ) of welds, or in the tank knuckle and tank bottom. 

The accuracy requirements for ultrasonic measurements for the different types of defe~ts·are as follows: 

• Wall thinning- measure thickness within ±0.020-in. 
• Pits- size depths within ±0.050-in . 
• Cracks - size the depth of cracks on the inner wal I surfaces within ±0.1-in. 
• Location - locate all reportable indications within± 1.0-in. 

Under the contract with CH2M Hill , all data is to be recorded on disk and paper copies of all 
measurements are provided to PNNL for third-party eva luation . PNNL is responsible for preparing a 
report that describes the results of the COGEMA UT. 

Att . 5-9 

I 
__j 

I 
I 
I 
I 



RPP-15765, Rev. 0 
PNNL-14373 Rev. 0 

2.0 Qualified =Personnel, Equipment, and Procedure 

Qualification of personnel participating in the DST inspection program, the UT equipment 
(instrument and mechanical scanning fixture), and the UT procedure that will be used in the examination 
of the current DST is required by CH2M Hill. Personnel participating in the examinations are to be 
certified in accordance with the American Society for Nondestructive Testing (ASNT) Guideline SNT­
TC-IA-92 and associated documentation is to be provided . The capability of the UT system is to be 
validated through a performance demonstration test (PDT) administered by PNNL on a mock-up 
simulating the actual DST. The current procedure for the UT is to be based on the Section V, Article 4, 
Boiler and Pressure Vessel Code defined by the American Society for Mechanical Engineers (ASME). 

2.1 Personnel Qualifications 

The follo,ving individuals were qualified and certified to perform UT of the Hanford DST 241-AZ-
102: -- --

• Mr. Wesley Nelson, ASNT Level [II (#LM-1874) in UT, has been identified as CQGEMA's UT 
Level Ill authority for this project. Mr: Nelson has been certified by COG EMA as a ·UT Level III in 
accordance with COG EMA procedure COGEMA-SVCP-PRC-0 I 4, latest revision. Further 
documentation has been provided to establish his qualifications . Reference: Letter from PNNL to 
C.E. Jensen dated August 22, 2000, "Report on Performance Demonstration Test - PDT, May 2000" 
and "SAFT/T-SAFT Performance Demonstration Test (PDT) (Mr. Wesley Nelson)," dated November 
14,2002. 

• Mr. James B. Elcler, AS 1T Le\'el Ill (#JM-1891) in UT, has been contracted by COG EMA to 
provide peer revi ew of all DST UT data . Mr. Elder has been certified by JBNDT as a UT Level III in 
accordance with JBNDT written practice JBNDT-WP-1 , latest revision . Further documentation has 
been provided to establish hi s qualifications. Reference: PNNL-1 I 971, Final Report - Ultrasonic 
Examination of Double-Shell Tank 241-AN-107. 

• Mr. William D. Purdy, COG EMA UT Level II limited (for P-Scan data acquisition only) . 
Mr. Purdy has been certified in accordance with COG EMA procedure COGEMA-SVCP-PRC-0 I 4, 
latest rev ision. Further documentati on has been provided to establish hi s qualifications. Reference: 
Letter from PNNL to C.E. Jensen dated October 5, 2001, "Purdy Performance Demonstration Test 
(PDT) Report ." 

2 
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2.2 Ultrasonic Examination Equipment 

CH2M Hill has provided the UT equipment for the examination of Tank 241-AZ-102. This 
equipment consists of a Force Institute P-Scan ultrasonic test instrument and a Force Institute A WS-5D 
remote-controlled , magnetic-wheel crawler for examining the primary tank wall. Ultrasonic transducers 
used for the examinations are commercial off the shelf. The P-Scan ultrasonic system has been qualified 
through a PDT administered by PNNL. Reference: PNNL-11971 , Final Report- Ultrasonic Examination 
of Double-Shell Tank 241-AN-107. 

CH2M Hill and PNNL have provided the UT equipment for the examination of the knuckle region of 
Tank 241-AZ-l 02 . This equipment consists of a Force Institute A WS-SD remote-controlled, magnetic­
wheel crawler for transporting the PNNL RONDE scanning bridge. Ultrasonic transducers used for the 
examinations are commercial off the shelf. The RONDE ultrasonic system has been qualified through a 
PDT administered by PNNL. Reference: E-mail from Gerald J. Posakony to Susan L. Crawford and 
Allan F. Pardini , dated September 27, 2002, "SAFT-T-SAFT PDT." 

2.3 Ultrasonic Examination Procedure 

COG EMA has prov ided the UT procedure for the examination of Tank 241-AZ-l 02 . This procedure, 
COGEMA-SVUT-INS-007.3, Revision 1, out lin es the type of UT and mechanical equipment that are to 
be used as wel I as the types of transducers. Both straight-beam and angle-beam transducers are used for 
the examination of the primary tank wall and the HAZ of selected primary tank vertical and horizontal 
welds . The examination procedures include full doc umentation on methods for calibration, examination, 
and reporting. Hard copies of the T-Scan (thickness) and P-Scan (projection or angle beam) views of all 
areas scanned are made a\·ailable for analysis. The UT procedure requires th e use of specific UT 
transducers for the different examinations. A calibration performed before and after the examinations 
insures that each transducer used in the in spect ion is adjusted and that the entire system is performing 
correct ly. The COG EMA UT procedure has been qualified through a PDT. Reference: PNNL-11971, 
Final Report - Ultrasonic .Examination of Do11ble-Shell Tank 241-AN-107. 

COGEMA has provided the RONDE UT procedure for the examination of Tank 241-AZ-102. This 
procedure, COGEMA-SVUT-INS-007.5, Revision 0, outlines the type of UT and mechanical equipment 
that are to be used as well as the types of transducers. Only angle-beam transducers are used for the 
examination of th e knuckle region of the primary tank wal I. The examination procedures include ful I 
documentation on methods for calibration, examination, and reporting. Hard copies of the SAFT/TSAFT 
views of al I areas scanned are made avai !able for analysis. The UT procedure requires the use of specific 
UT transducers for the knuckle examinations. A ca libration performed before and after the examinations 
identifies the specific transducers used and the sensitivity adjustments needed to perform the inspection. 
The COG EMA UT procedure has been qualified through a PDT administered by PNNL. Reference: · 
"SAFT/T-SAFT Performance Demonstration Test (PDT) (Mr. Wesley Nelson)," dated November 14, 
2002. 
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3.0 Ultrasonic Examination Confi;guration 

COG EMA is required to inspect selected portions of the DSTs which may include the primary and 
secondary tank walls, the HAZ of the primary tank vertical and horizontal welds, and the tank knuckle 
and bottoms. The P-Scan system has been configured to perfonn these examinations and has been 
performance tested. The examination of Tank 241-AZ-102 included UT o f the primary tank wall, the 
HAZ of selected welds in the primary tank wall the upper portion of the knuckle extending axially 
downward from the upper knuckle weld approximately 12-in., selected po,tions of the knuckle in the air 
slot openings that extend to the lower knuckle weld, the entire knuckle reg ion for circumferentially 
oriented stress corrosion cracks utilizing the RONDE system, and under the tank within the air slots. 

3.1 Primary Tank Wall Transducer Configuration 

Figure 3.1 provides an example of the scanning configuration generaJly used durin an examination 
o e pnmary a wa . owever, ot er configurations can be used at tht:: discretion of the COGEMA 
UT Level ill (i .e., 45-degree transducers can be removed for simple wall thickness measurements). The 
functional diagram in Figure 3.1 shows one straight-beam and two angle-beam transducers ganged 
together for examining the primary tank wall. The straight beam is desigm!d to detect and record wall 
thinning and pits, and the angle beams are designed to detect and record any cracking that may be present. 
These transducers are attached to the scanning bridge and they all move together. Information is captured 
every 0.035-in. (or as set by the NDE inspector) as the assembly is scanned across a line. At the end of 
each scan the fixture is indexed 0.035-in. (or as set by the NDE inspector) and the scan is repeated. The 
mechanical scanning fixture is designed to scan a maximum of 15-in. and then index for the next scan. 
The hard copy provides a permanent record that is used for the subsequent analysis. 

Holcllnt Fbltul'9 ScanDll'Ktlon 

Sound Beams 

Transducer Specifications: 

Angle-Beam 
Type: MWB-45 04E 
Frequency: 4 MHz 
Size: 8 X 9 mm 
Manufacturer: Krautkramer 

Straight-Beam 
Type: MSEB SB 
Frequency: 5 MHz 
Size: Dual - 2 X 8 mm 
Manufacturer: Krautkramer 

Figure 3.1. Transducer Configuration for Examining the Primary Tank Wall 
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3.2 Weld Zone Transducer Configuration 

Figure 3.2 is a functional ketch that show the configurations for examination of the weld zone. The 
area of interest (HAZ of the weld) is shown as lying adjacent lo the weld. Both cracks and pitting may 

occur in this region. The 'A' portion of this sketch shows the 60-degree angle-beam transducers used for 

detecting cracks parallel to th weld. The straight-beam transducers in this sketch are used for detecting 
and recording any pitting or II thinning that may be pre ent. All transducers are ganged together. The 
scanning distance traveled is limited to a total of approximately 5.0-in. The sketch titled B' shows the 

arrangement for detecting cracks that may lie perpendicular to the weld. Four 45-degree, angle-beam 
transducers are u ed for this in pection. Again the transducers are ganged together but the scan is limited 

to a total of approximately 4.0-in. The weld zone requirements are shown in Figure 3.3. The can 
protocol data capture, and index are the same for examining other weld areas in the tank. 

Holdlng Axture Bean Direction 
Transducer Specifications: 

f--+--------;;;;;;d b :;;;;;----;~ ~ ;;--------,_~.J;~,;;----:..::-=..1.::=:.~-1 -ftng-J-e..Bea . 
Type: MWB-60 04E 

A Configuration for pitting and cracks parallel to weld 

ScMI Dll'Ktlon 

onfiguration for cracks perpendicular to weld 

Frequency: 4 MHz 

Size: 8 X mm 
Manufacturer: Krautkramer 

Straight-Beam 

Type: MSEB SB 
Frequency: 5 MHz 
Size: Dual - 2 X 8 mm 

Manufacturer: Krautkramer 

Transducer Specifications: 

Angle-Beam 
Type: MWB-45 04E 
Frequency: 4 MHz 
Size: 8 X 9 mm 

Manufacturer: Krautkramer 

Figure 3.2 . Transducer nfigurations for Examination of Weld Zone in the Primary Tank Wall 
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In the HAZ, the requirement for characterizing cracks that lie perpendicular or parallel to welds in the 
primary tank wall is described in Figure 3.3. The HAZs are located on either ide of th weld and defined 
as being within I -in. of the toe of the weld and on the inner three-quarters of the thickne (3/4T) of the 
plate. These zones are con id red most likely to experience stress- orrosion cracking. 

Scan Direction 

Weld Crown Weld Zones to be Inspected 

Too View --- Cracks Peroendicular to the Weld I 

Holdlng Flxta.l,. Scan Direction 

f 1nner Wall of Tank 

A zone ¼ Tfrom the inner surface and 1.0-in.from the 
toe of the weld i to be ultrasonically examined for 
crackin ,, corro ·ion or pilling. Examinations are to be 
made 011 both ide of th weld. 

I End View --- racks Parallel to the Weld 

Figure 3.3. Views of th Weld Zone to be Ultrasonically Examined in the Primary Tank Wall 
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3.3 Knuckle Area Transducer Configuration 

3.3.1 Extended-Arm Scanning System 

PNNL-14373 Rev. 0 

Examination of the'k11l1ckle lltilizes a modified scanning bridge known as the Extended-Arm scanner. 
The Extended-Arm provides scanning of the transducers directly on the knuckle region .. The Extended­
Arm is a special fixtllre that attaches to the A WS-5D magnetic wheel crawler. Its purpose is to extend the 
reach of the transducer assembly. This extension allows the transducer assembly to follow the curve of 
the upper portion of the knuckle below the transition Plate #5 to lipper knuckle weld. It is designed to 
hold the dual 0-degree or two 45-degree transducers in the same configuration as used for the examination 
of the tank wall. The transducer configuration used for crack detection in this.examination was two 
opposing 45-degree angle-beam transducers that were rotated 90-degrees from the orientation used for the 
wall crack inspection. This configuration is designed to detect crac�s that are in a circumferential 
direction with respect to the axis of the tank. Figure 3.4 is a sketch showing the area of the section of the 
knuckle examined using the Extended-Arm fixture. With the transducer positioned 2-in. below the 
transition Plate #5 to upper knuckle weld., the scanning b_ridge was set to scan the transducer ' 

____ acJdkional elistanee o -m. m . -m steps (or as set by the operator). Upon completion 
of the scan, the bridge was indexed circumferentially 0.035-in. (or as set by the operator) and the scan 
downward is repeated to obtain a pixel size 0.035-in. x 0.035-in. (or as set by the operator). 

___... 
Welds 

Knuckle Section of Knuckle / 
Examined with the Y-Arm

Figure 3.4. Sketch of a Section of the Knuckle Examined with the Extended-Arm Scanner 
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Additional Extended-Arm scanning was done on areas that were accessible in the air slots that extend 

under the tank in the concrete support foundation. Figure 3.5 provides an end view (looking down the air 

slot) and Figure 3.6 provides a side view (looking along the circumference of the tank) of the examination 

of the lower knuckle in the region of the air slots. 

Ir.ct�I':\ er:1. D\,�ct.ion 

Figure 3.5. Lower Knuckle Examination in Air Slot Regions (End View) 

�-----~-· _1:_· -1_:·, ____ � 

Figure 3.6. Lower Knuckle Examination in Air Slot Regions (Side View) 
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3.3.2 Remotely Operated Nondestructive Examination System (RONDE) 

The RONDE system has been configured to perform the examination of tre high tre region of tbe 
primary tank knuckle. The RONDE examination of Tank 241-AZ-102 concentrated on lhe knuckle 
region from the upper knuckle weld to tbe lower knuckle weld (approxim tely 19-in. measured on the 
in ide diameter) and extended circumferentially around the tank approxim ately 270-in. Figure 3.7 
provide an image of the actual equipment and configuration for the exam nation of the knuckle region of 
the primary tank and lhe approximate location of the scanner during normal operation. 

Figure 3. 7 RONDE on Test Mockup 

The functional diagram in Figure 3.8 show two 70° angle-beam tran ucers in a pitch-catch 
arrangement for examining the knuckle region of the primary tank. The angle beam tran ducers ar 

des·igned to detect and record any circumferential cracking that may be prei:ent. The e tran ducers are 
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attached to the canning bridge and can move together or individually. During crack detection scanning, 
the two tran ducers move together in unison, transducer A pitching the sound' and tran ducer B 
' catching the ound. If a era k i detected th two tran ducers are operated indi iduall in a passing 
motion allowing for sizing of the detected crack. During detection scanning, infonnation i captured 
every 0.025-in. (or as set by the NDE inspector) as the transducers are scanned down towards the knuckle. 
At the end f each scan line the fixture is incremented 0.25-in. ( or a set by the ND in pector) and the 
next scan line is acquired. Th mechanical scanning fixture is designed to scan the transducers 
approximately I 0-in. by 12.5-in .; however, the sound field from the 70° transducer interrogates the entire 
volume of the knuckle and the C- can (plan view) display of the data shows the entire knuckle from the 
upper knuckle weld to the lower knuckle weld and l 2.5-in. in circumference. Thi -scan display is 
immediately evaluated to idenrify any crack-like indication which may require additional scanning for 
izing. If no crack-like indication is identified .in the 12.5-in. circumferential area can of the knuckle, the 

crawler transports the bridge to the next area. The bard copy C-scan view provides a permanent record 
that can be used for any ubsequent analysis. 

pper KnuckJe Weld 

Increment Direction 

Scan Direction 

l 
-­II 

~ I 

I j 

Figure 3.8 General Knuckle Scanning Arrangement 
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4.0 Ultrasonic Examination Location 

Tank 241-AZ- l 02 is located in the Hanford 200 East area in AZ Tank Farm. The crawler and 
associated scanner that hold the transducers were lowered into the 24-in . riser located on the north side of 
241 -AZ-l 02 and designated as Riser 90. Riser 90 was originally called out as Riser 18B. Figure 4.1 
provides a graphic of the location of this riser. 

~ 
241-AZ-102 

19 20 
21 17D 

NORTH 29 
17C 15C 17E 

26 
. 5 15D 25 

158 3 ,30 138 20 
25 2 21-- - 14E 24E ---25 24D 2 1 2 

178 140 
11 13A 22A 

2 10 7 
2 15E 18A 

21 2 
20 15A 248 ,2 

17A 2 
148 168 15F 

' 2 9 2 
\ 

16A 
2 

6 10 1 
k 27 28 14A .2 

10 24A F 
2 2 2 ' 

15L ,' J17f 
I 14C 24C -12A 

7 16C . 2 15G ,-20 

2 
188 23A 

2 2 

R;se;;;;,7K 

15K 10 4 
13C 

14F 
24G 2 2 24F 

14G 2 21 130 15H 
20 

17J 5 
25 15J 151 17H 

26 
19 

171 21 
20 

TANK RISER LOCATION 

Figure 4.1. UT of 24 l-AZ-102 from Riser 90 
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Figure 4.2 describes the areas on the primary wall of Tank 241-AZ-l 02 that were ultrasonicaJly 
examined. Two 15-in.-wide vertical scan paths were performed on Plates #1, #2, #3, #4, and #5 below 
the entrance to Riser 90. A short third vertical scan was performed just west of Vertical Scan #2. 
Vertical weld RAZ examinations were done on Plates #1, #2, #3, #4, and #5, and the horizontal weld 
RAZ examination was done on the transition Plate #5 to knuckle weld. Approximately 270 
circumferential inches of the knuckle region was also scanned. 

24-in. Dia. Ri'lel' # 90 

Air Pipe 

~ 

I 
I 

WEST 

Plole #1 --..-- JR I -in. 

::::z=~-="----.---_j 
Plate tn 

Plate #3 

Plale #4 

Honzontal Weld Examined 

I Knuckle Exam in Air Slots 

Figure 4.2. Sketch of Scan Paths on Tank 241-AZ-102 
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5.0 -ultrasonic Examination Results 

COG EMA has provided detailed reports including T-Scan and P-Scan hard copies of all areas that 
were ultrasonically examii1ed to PNNL for third-party review. The data was analyzed by COG EMA 
Level III Mr. Wes Nelson and peer reviewed by JBNDT Level III Mr. Jim Elder. The results of the 
examination of Tank 24 I-AZ-I 02 are presented in Figures 5. I, 5.2, and 5.3. 

Figures 5. I and 5.2 show the wall thickness examination results for the primary tank wall and the 
HAZs of both vertical and horizontal welds. The examination consisted of two vertical paths beneath the 
24-in. diameter riser and one short vertical path adjacent to Vertical scan #2. Vertical scan #I was 15-in. 
wide on Plates# I, #2, #3, #4, and #5 and started directly below the centerline of the 24-in. riser. Vertical 
scan #2 was adjacent to vertical scan # I and was also I 5-in. wide on Plates #I, #2, #3, #4, and #5. 
Vertical scan #3 was adjacent to vertical scan #2 and was also 15-in. wide but only extends approximately 
I 0-in. on the top of Plate #2. The HAZs of vertical welds in Plates# I, #2, #3, #4, and #5 were examined 
and the HAZ in the horizontal weld between Plate #5 and the knuckle section was also examined. Areas 
in t~,e fig-ures-th-at-show1:wo measurements in t he same box are the result of the vertical scan paths 
overlapping the horizontal HAZ scan paths . Figures 5. I and 5.2 display the minimum r.eadings taken in 
each 15-in. wide by 12-in. long area of the scan. In the overlapping areas, both minimum readings from 
each of vertical and horizontal scan paths are given . Highlighted areas in Plate #I and Plate #2 show 
minimum wall thickness exceeded the reportable level of I 0% of the nominal thickness . The three areas 
in Plate# I are in the HAZ of the ve11ical weld. The three areas in Plate #2 are near the end of the plate in 
the base metal. 

Figure 5.3 shows the examination performed on the knuckle of the primary tank wall. The readings 
distributed around the circumference of the tank knuckle represent the minimum reading in each 12-in. 
long by 12-in. wide portion extending down around the knuckle. The four areas denoted as Slot 4, Slot I, 
Slot A, and Slot B, represent small areas that were scanned extending down to the lower knuckle weld in 
the air slots . These scan areas are approximately I-in. long (increment direction around the 
circumference of the tank), and 7-in wide (scan direction is down around the knuckle and into the air slot) 
as shown previously in Section 3 of this report. 

COG EMA has provided detailed reports and data of al I areas of the knuckle region on Tank 241-AZ­
I 02 that were ultrasonically examined utilizing the RONDE system to PNNL for third-party review. The 
data was analyzed by COG EMA Leve l III Mr. Wes Nelson. Upon receipt of the data, PNNL staff 
members Susan Crawford and Al Pardini performed a peer revie\v of the results. 

The examination consisted of24 indi vidual scans, each being 12.5-in. in width (circumferential 
direction) . The crawler was moved around the circumference in 10-in. increments, thereby providing for 
a 2.5-in overlap during data acquisition . The total amount of knuckle scanned was approximately 270-in. 
measured circumferentially arollnd the tank. The data was displayed in a C-scan (plan) view and 
provided an image of the entire knuckle, from upper knuckle weld to lower knuckle weld (approximately 
19-in. measured on the inside diameter), inclusive of the predicted high-stress region . Further analysis 
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was performed on selected data files by PNNL using the SAFT analysis algorithm to verify position of 
the lower knuckle weld . PNNL was unable to verify that a lower knuckle weld exists on 24 l-AZ-102 . 

'( 

The results of the examination of Tank 241-AZ-l 02 indicated no circumferential cracking was 
present anywhere in the knuckle region between the upper knuckle weld and the predicted lower knuckle 
weld over the approximately 270 circumferential inches scanned. 

------
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6.0 Conclusions 

The results of the examination of Tank 241-AZ-102 have been evaluated by PNNL personnel. The 
examination consisted of two 15-in. wide scans over the entire height of the tank, one short 15-in. wide 
scan on the top of Plate #2, and the HAZs of 5 vertical welds and I horizontal weld. Utilizing the 
Extended-Arm scanner, the examination included the upper portion of the knuckle extending down 
around the knuckle approximately 12-in. and portions of the lower knuckle extending down to the lower 
knuckle weld area (high stress region) in 4 areas accessible in the air slot region . The examination was 
performed to detect any wall thinning, pitting, or cracking in the primary tank wall and knuckle. The 
knuckle was also examined using the RONDE system for circumferentially oriented cracking. 

6.1 Primary Tank Wa ll Vertica l Scan Paths 

Two 15-in.-wide scan paths were performed on Plates # I, #2, #3, #4, and #5 and one short 15-in. 
wide scan on the top of Plate #2. The plates were examined for wall thinning, pitting, and cracks oriented 
vertically on the primary tank wall. The_!!sults indicated that the nominal thickness i.n Plate #1 is 0.375-
in . anathe rnini mum thickness in this area was 0.338-in. The minimum thicknesses in the areas scanned 
with nominal thickness of 0.5 00-in . were as follows; Plate #2 was 0.411-in. and Plate #.3 was 0.487-in . 
The nominal thickness in Plate #4 is 0.750-in. and the minimum thickness in thi s area was 0.752-in. The 
nominal thickness in Plate #5 is 0.875-in. and the minimum thickness in this area was 0.874-in . There 
were three areas of wall thinning th at exceeded the reportable level of 10% of the nominal thickness. The 
areas were located near the top of Plate #2. No pitting or vertical crack-like indications were detected in 
Plates #1, #2, #3, #4, or #5. 

6.2 Primary Tank Wall \Veld Scan Paths 

The HAZ of veriical welds in Plates# I, #2, #3, #4, and #5 were examined for wall thinning, pitting 
and cracks oriented either perpendicular or parallel to the weld. The results indicated that the minimum 
thicknesses in th e \veld areas scanned were as follows: The nominal thi ckness of Plate # I is 0.3 75-in. and 
the minimum thickness in this weld area was 0.312-in. The nominal thickness of Plate #2 is 0.500-in . and 
the minimum thickness in this weld area was 0.473-in. The nominal thickness in Plate #3 is 0.500- in . 
and the minimum thickness in thi s weld area was 0.474-in. The nominal thickness in Plate #4 is 0.750-in. 
and the minimum thickness in thi s weld area was 0.739-in. The nominal thickness in Plate #5 is 0.875-in. 
and the minimum thickness in thi s \veld area was 0.850-in . There were three areas of wall thinning that 
exceeded the reportable level of I 0% of the nominal thickness. The areas were located in the HAZ of the 
vert ical weld in Plate# I. No pitting or crack-like indicat ions were detected in the weld areas in Plates# I, 
#2, #3, #4, or #5. 

The HAZ of the horizontal weld between Plate #5 and the tank knuckle was examined for wall 
thinning, pitting and cracks oriented either perpendicular or parallel to the weld. The results indicated 
that the min imum thickness in the \,·eld area with nominal thickness of 0.875-in. on Plate #5 was 
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0.842-in . The minimum thickness in the weld area with nominal thickness of 0.875-in. on the knuckle 
was 0.837-in . There were no areas of wall thinning that exceeded the reportable level of 10% of the 
nominal thickness. No pitting or crack- like indications were detected in the weld areas on Plate #5 side 
or on the knuckle side of the horizontal weld . 

6.3 Primary Tank Knuckle Scan Paths 

6.3.1 Extended-Arm Scanning 

The upper portion of the knuckle area was scanned utilizing the Extended-Arm scanner attached to 
the A WS-5D crawler. The Extended-Arm scanned the transducers down around the knuckle 
approximately 12-in. from a starting posi tion 2-in. down from the upper knuckle weld joining Plate #5 to 
the knuckle. The knuckle \vas examined for wall thinning, pitting, and cracks oriented circumferentially 
around the primary tank. The results indicated that the minimum thickness in the approximately 22 
circumferential feet of knuckle area examined with nominal thickness of 0.875-in. was 0.840-in. There 
were no areas that exceeded the reportable level of I 0% of the nominal thickness . No pining or 
-circHmferent-ial~y oriented crnck="like indications were detected in the upper pot;tion of the knuckle area. 

Four small areas on the lower portion of the knuckle area were examined for wall thinning utilizing the 
Extended-Arm scanner in areas accessible through selected air slots . The four areas examined were in air 
slots designated as Slot 4, Slot!, Slot A, and Slot B. The results indicated that the minimum thickness in 
the lower po1iion of the knuckle area, with nominal thickness of 0.875-in ., in the selected air slots was 
0.858-in. There were no areas that exceeded the reportable level of I 0% of the nominal thickness. 

6.3 .2 Remotely Operated l\ondestructive Examination Scanning 

The results of the examination of the knuckle region of Tank 241-AZ-102 have been evaluated by 
PNNL personnel. The UT concentrated on the examination of the knuckle region from the upper knuckle 
weld to the lower knuckle weld (approximately 19 in . measured on the inside diameter) and extended 
circumferentially around the tank approximately 270 in . The data provided by the COG EMA Level III 
UT of the results of th e examination of Tank 241-AZ-l 02 indicated no circumferential crack-like 
indications were present in the approximately 270 circumferential inches scanned of the knuckle region . 
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