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Table 7-1 Summary of Tank Repairs 

Area Row 
No.

Plate
No.

Picture / 
Sketch

Rep
air

Typ
e

Repairs Required Repair Required 

Upper Dome 

A 1 (P)A-1-1           
(P)A-1-2 

S
S

L x 
4
M
-      
M
M

Pit Repair- 0.070" x 3/16” dia.                        
Gouge Repair- 0.080" 1" W x 3" L                 
Gouge Repair- 0.060" (4)                               
Weld Repair- (UC) Undercut 0.070" x 2" L 
at GN                                                             
Dent Repair- 2" dia.                                        
Weld Repair- (P) Porosity 0.250" depth 

Patch plate(s) for pits 
and gouges as required   

Repair Weld(s)                
                                    
NDE testing of repairs       

Upper Dome 
A 3 (P)A-3-1 S Gouge Repair- 0.070" 1"W x 3/16" L     Patch plate                      

NDE testing of repairs       

Upper Dome 

A 4 #317                
#318
#320
#322
#323
(P)A-4-2 

L
S
S
S
S
M

Plate Repair- 4" W x 4" L x 0.181" Thk.         
Pit Repairs- 0.100" 5" W x 6" L                      
Gouge Repair- 0.070" depth                          
Gouge Repair- 0.070" depth                          
Gouge Repair- 0.070" depth                          
Weld Repair- (UC) Undercut 0.170" x 2" L 

Patch plate(s) for pits 
and gouges as required   

Repair Weld(s)                

NDE testing of repairs       

Main component
area / section
location

Plate or Sheet Number
located within the row of
the main component or
section

Picture / NDE Flaw No's -
(#317) = NDE Flaw # 317
(P)A-1-1 = below details
(P) = Picture
A = Row #
1-1 = Plate # 1 and Pic # 1

Repair Type
M = Mandatory
S = Short Term
L = Long Term
x4 = (4) Areas

Type of Repairs found / identified
Pit = Excessive depth / wall loss
Gouge = Excessive depth / wall loss
Plate = Excessive depth / wall loss
Hole = Complete wall loss
Weld Repair = Indication observed in excess of
code allowances
Dent = Depth of indentation exceeds fiber /
membrane stress allowances
GN = Grout Nozzle
0.070" 1"W x 3/16" L = following
0.070" = Depth of wall loss
1"W x 3/16" L = Size of indication / area observed
Dia. = Diameter
L = Length
W = Width

Repair / Action -
required for compliance

FIG. 7-1 TABLE LEGEND & DETAILS
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1.0 RESULTS AND CONCLUSIONS 
Willbros Government Services, LLC 
Tulsa, OK 
Tank #5 
 

 

INTRODUCTION 
An NDT inspection was conducted on Tank #5 at Red Hill in Honolulu, HI on 

August 18th – September 24th, 2010. This inspection focused on 100% testing of the 
Floor, Lower Dome, Barrel, Extension, and Upper Dome areas. The inspection was 
performed with the TesTex developed TS-2000 NDT Multi-channel System (for plate 
scanning using the principles of the Low Frequency Electromagnetic Technique) and 
the Hawkeye 2000 System (for weld testing focusing on surface and subsurface cracking 
and pinholes). All defected areas found with the above-mentioned TesTex equipment 
were backed up and sized using regular Ultrasonic Technique, Ultrasonic Shear wave 
Technique and Magnetic Particle Technique 
 The Ultrasonic Shear wave Technique was an additional service used which measured 
the depth of detected weld defects, provided they were oriented in a position that could be 
tested. The results of this inspection are detailed in the following report. 
 
RESULTS 

It is to be noted that work for this tank took place in 5 day work weeks.  The work 
in all other previously inspected tanks (15, 16, 6, 2, and 20) consisted of 4 day work 
weeks.   

In beginning of this inspection (August 18, 2010), TesTex started scanning the 
floor plates (6 plates totaling 25 ft. in diameter) of tank #5. By end of the first day, 
surface area scanning was complete on the floor (491 sq ft), and scanning started on 
course 1 of the lower dome. Day 2 saw the completion of the surface area scanning of 
course 1 (2,695 sq ft) and the first 3-foot of course 2. Day 3 consisted of scanning of the 
welds using the Hawkeye on the floor (and around all pipe entry points), course 1, and 
the first 3 foot of course 2. The first week came to a close with the completion of the 
floor, course 1 and the beginning of course 2. It is to be mentioned that all scanning to 
this point could be reached from standing on either the floor or course 1 of the lower 
dome.  In the beginning of the second week (August 23rd, 2010), both teams had to set 
up the boomed baskets with the equipment for both types of scanning (LFET for liner 
plates and BFET for welds), since accessibility was no longer available from standing on 
the floor or course 1. Once the setup was complete, work continued on course 2 and was 
finished in the morning of day 2 (4,573 sq ft).  Course 3 (5,797 sq ft) was then started and 
was finished using both baskets by the morning of day 4. The rest of day 4 was spent 
scanning course 4. Day 5 ended the week and saw the completion of course 4 (5,634 sq 
ft) and the lower dome and the beginning of Barrel scanning.  The third week (August 
30th, 2010) picked back up with barrel scanning. The scans in this section of the tank 
consisted of 8 ft. wide (the width of the basket) drops from the extension/barrel interface 
down to the lower dome/barrel interface. Each team averages about 2 drops per day. By 
the end of the week, approximately 50% of the barrel was completed. The fourth week 
(September 6th, 2010) started off with a holiday and no work for day one. Barrel scanning 
continued on day 2 and by the end of the week, scanning from the two main boomed 
baskets was finished.  This brought the total finished barrel percentage to approximately 
95%. The fifth week (September 13th, 2010) would begin with scanning the Barrel 
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section under the Catwalk. One crew scanned this section while the other went up to the 
gallery to scan course F of the upper dome.  The end of day 2 saw the completion of the 
section under the catwalk and thus the completion of barrel scanning (41,598 sq ft). It 
also saw the completion of course F (491 sq ft).  The extension area (4,712 sq ft) was 
scanned in its entirety on the third day.  Day 4 of that week started course A scanning. 
The morning of the last day of the week was lost due to a need for additional paperwork 
to be handled at Pass and I.D.  Work resumed in the afternoon and saw the completion of 
Course A (4,437 sq ft) of the upper dome. In week six, the final week (September 20th, 
2010), course B (4,082 sq ft) was scanned on day 1, course C (3,458 sq ft) was scanned 
on day 2, course D (2,632 sq ft) was scanned on day 3, and course E (1,664 sq ft) was 
scanned on day 4.  In that final week, the second day marked the arrival of an ultrasonic 
technician.  The ultrasonic technician began using magnetic particle technology on the 
welds of the lower dome/floor interface (this was done in place of Shear wave Technique 
because the intersection welds were concealed by cover plates) and was finished that 
same day.  Shear wave ultrasonics was, however, applied to the first 6 inches of 
intersection weld between the plates of course 1, just above the cover plates (intersecting 
the Floor and Course 1).  All other possible weld defect locations found in the tank, using 
the Hawkeye BFET system, were also backed up with the shear wave technique by the 
ultrasonic technician.  This occurred on the last two days of the final week (September 
23rd and September 24th) along with the final verification of all defect locations found in 
the tank.  From there, all of the gathered data was examined over the weekend, and a 
preliminary report was given on Sunday September 26th, which outlined all defects 
found in the tank.  This report characterized type, size, location, etc. for each.  In addition 
to the above-mentioned scanning, all channels (weld covers) associated welds in the 
upper dome were scanned using the Hawkeye BFET system.  Work was also performed 
in the lower tunnel on U.T. spot checks inside of the 32-inch and 18-inch lines.  These 
spot checks were done on the 32-inch line from the inside and consisted of a group of 8 
circumferential readings taken every 3-foot across the approximate 40-foot span.  The 18-
inch line was too small to access internally, so readings could only be taken at 8 and 18 
inches from the end.  Also, the inside of the manway and manway cover were scanned 
using the LFET scanner.  It is to be noted that, when it came to scanning course E and F 
in the upper dome, ultrasonic trolleys had to be used instead of the LFET scanners since 
the booms could not place the baskets close enough to the walls for safe access. 
 
CONCLUSIONS 

As a result of this inspection, TesTex found 404 flaw indications most of which 
were either proved up with ultrasonic thickness measurements or sized using Ultrasonic 
Shear Wave Technique.  All defects including their respective depth or other flaw 
characterization may be found in Section 4.0, PLATE TEST SUMMARY. 
  

Section 3.0 is TANK MAPS, which clarifies the numbering system and tank 
layout.  Section 5.0 shows typical waveforms collected from these sections.  Printouts of 
waveforms collected from this unit are included in APPENDIX A and are correlated to 
each plate where the original flaw indication(s) was observed.
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                    Totals 
 
Orientation                Vertical 
 
Plate Thickness 
Upper Dome         0.250” 
Lower Dome         0.250” 
Barrel          0.250” 
Floor          0.500” 
 
Plate Material       Carbon Steel  
 
Total Surface Area of Tank #5    ≈ 84,333 sq ft (plates) 
Upper Dome       ≈ 16,763 sq ft (plates) 
Extension       ≈   4,712 sq ft (plates) 
Barrel        ≈≈ 43,668 sq ft (plates) 
Lower Dome       ≈ 19,190 sq ft (plates) 
 
Total Surface Area and Welds Scanned by TesTex ≈ 84,333 sq ft (plates) 
        ≈ 23,978 linear ft (welds) 
Upper Dome       ≈ 16,277 sq ft (plates) 
        ≈   5,579 linear ft (welds) 
    course A        ≈≈   4,437 sq ft (plates) 
        ≈≈   1,394 linear ft (welds) 
    course B       ≈   4,082 sq ft (plates) 
        ≈   1,378 linear ft (welds) 
    course C       ≈   3,458 sq ft (plates) 
        ≈      985 linear ft (welds) 
    course D       ≈   2,632 sq ft (plates) 
        ≈      932 linear ft (welds) 
    course E       ≈   1,664 sq ft (plates) 
        ≈      590 linear ft (welds) 
    course F       ≈      491 sq ft (plates) 

≈ 300 linear ft (welds) 
Extension       ≈   4,712 sq ft (plates) 
        ≈   2,094 linear ft (welds) 
Barrel        ≈ 43,668 sq ft (plates) 
        ≈ 11,346 linear ft (welds) 
Lower Dome       ≈ 19,190 sq ft (plates) 
        ≈   4,959 linear ft (welds) 
    course 4       ≈   5,634 sq ft (plates)
        ≈   1,569 linear ft (welds) 
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    course 3       ≈   5,797 sq ft (plates) 
        ≈   1,208 linear ft (welds) 
    course 2       ≈   4,573 sq ft (plates) 
        ≈   1,135 linear ft (welds) 
    course 1       ≈   2,695 sq ft (plates) 
        ≈   1,047 linear ft (welds) 
    base:        ≈      491 sq ft (plates) 

≈ 169 linear ft (welds) 
 
Percent surface area of Tank #5 inspected            ≈≈  100%    
Surface area of Upper Dome inspected                      ≈  100%   
Surface area of Barrel inspected                         ≈  100%   
Surface area of Lower Dome inspected                      ≈  100%   
            
Tank Numbering System     See 3.0  TANK MAP   
 
          Totals 
 
Defect distribution 
 
Tank #5             404 
 
Area    
 
Upper Dome              110 
Extension             30 
Barrel               205 
Lower Dome                 57 
Floor                    2 
 
Type 
 
Underside corrosion (WL)         153 
Underside corrosion around patch plates/anchors [WL (APP)]      50 
Underside corrosion on patch plates/anchors [WL (OPP)]       46 
Through holes               0 
Topside (pits (SP), gouges (G), tack welds (TW))        36 
Dents (D)/bulges            20 
Weld (WD):  LOF/IP/Porosity/Undercutting         40 
Weld:  Cracking              1 
Grout Nozzles (GN)            48 
No Reportable Indication (NRI)          10 
 



2.0 UNIT DETAILS 
Willbros Government Services, LLC 
Tulsa, OK 
Tank #5 
 

 

Test Equipment: 
 
Electronics: 
TS-2000, 8 Channel Plate Scanner 
Hawkeye, Single Channel Pencil Probe Weld Scanner 
 
Hardware: 
U.T. Viper (Magnetic manual Crawler) 
     
Ultrasonic Thickness Meter: 
DMS-2 Krautkramer (with A-Scan Display) 
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The following section contains all individual flaw location drawings and composite 
drawings.  It is to be noted that all flaws on a plate may not appear on the same drawing.  
Below is a list of those flaws: 
 
Row  Plate  Flaw #’s 1st drawing  Flaw #’s 2nd drawing 
 
1  11  168    210 
1  14  101, 102, 103   108 
2  4  93    111 
3  3  89    112 
8  3  88    67A, 67B 
8  7  183    191 
16  4  110    125, 126, 127, 128 
19  2  61, 62    95, 96 
19  6  174    197 
20  15  68    78 
24  14  139    131 
26  4  116, 117, 118   83 
26  15  70, 71    105, 106, 107 
27  12  159    161, 162 
27  15  53, 54, 55   74 































































































































































































































































































































4.0 ULTRA SONIC READINGS
WILLBROS GOVERNMENT SERVICES. LLC
RED HILLS FUEL COMPLEX
HONOLULU, HI
32" PIPE

21 FT 0 0.412" 24 FT 0 0.387"
45 0.390" 45 0.394"
90 0.395" 90 0.400"
135 0.430" 135 0.466"
180 0.411" 180 0.441"
225 0.408" 225 0.445"
270 0.400" 270 0.443"
315 0.396" 315 0.428"

27 FT 0 0.383" 30 FT 0 0.382"
45 0.407" 45 0.383"
90 0.393" 90 0.392"

135 0 403" 135 0 406"135 0.403" 135 0.406"
180 0.415" 180 0.411"
225 0.413" 225 0.400"
270 0.400" 270 0.397"
315 0.393" 315 0.410"

33 FT 0 0.383" 36 FT 0 0.373"33 FT 0 0.383 36 FT 0 0.373
45 0.385" 45 0.399"
90 0.395" 90 0.387"
135 0.400" 135 0.393"
180 0.404" 180 0.400"
225 0.403" 225 0.393"
270 0.401" 270 0.396"
315 0 399" 315 0 390"315 0.399" 315 0.390"

39 FT 0 0.374" 42 FT 0 0.372"
45 0.369" MANWAY 45 0.380"
90 0.374" 90 0.371"
135 0.370" 135 0.350" PATCH
180 0.373" 180 0.370"180 0.373 180 0.370
225 0.373" 225 0.344"
270 0.371" 270 0.369"
315 0.371" 315 0.380"
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5.0 TYPICAL WAVEFORM 
Willbros Government Services, LLC 
Tulsa, OK 
Tank #5 
 

 

 
 

Shown above is a typical TS-2000 waveform collected from the Barrel of Tank #15. This 
particular plate exhibits nominal wall thickness.  

 
The TS-2000 display has 5 windows to facilitate the interpretation of each plate.  

Window 1 shows raw data from the scanner before the signal is processed or filtered.  
Window 2 shows the raw data filtered and processed.  Window 3 shows a 3-D view of 
the plate.  Window 4 shows a topside view of the plate.  Window shows the highest and 
lowest points of the plate baseline. 

 
The TS-2000 scanner is comprised of 8 sensors, which gives more sensitivity to 

pitting and cracking.  A line in windows 1, 2, and 3 individually represents each sensor.  
Window 4 shows each sensor, and is color marked as it detects wall loss.  Any rise in the 
waveform indicates wall loss.  The magnitude of the response is given by a color, and is 
coded to the right of the waveform.  From this color and comparing it to a calibration, a 
percent wall loss or wall remaining value can therefore be determined.

 1  2 

 3 

 4 

 5 



 

 

APPENDIX A – SAMPLE WAVEFORMS

















 

 

APPENDIX B – CALIBRATION 
 



APPENDIX B – CALIBRATION 
 

 

* Calibration Waveform: 5/16 Pits, 0.250" Wall Thickness, Carbon Steel Plate 

 
*Calibration Table:  5/16 Pits, 0.250" Wall Thickness, Carbon Steel Plate 
 
FREQ.: 10 Hz., PROBE#: 8.0” Scanner, FILE#: 99-99-99, DATE: 08/15/2005, 
UNIT#: TS-2000 
 
% WL 1 = 30.00, PHASE 1 = 0.91, AMP 1 = 0.10 | * 
% WL 2 = 60.00, PHASE 2 = 1.96, AMP 2 = 0.10 | * [QUADRATIC FIT]% 
  

WALL LOSS   DELTA PHASE    DELTA LNA   WALL REMAINING 
       5.0           0.14           0.03           0.238 
      10.0           0.29           0.05           0.225 
      15.0          0.44           0.06           0.213 
      20.0           0.59           0.08           0.200 
      25.0           0.75           0.09           0.188 
      30.0           0.91           0.10           0.175 
      35.0           1.08           0.11           0.163 
      40.0           1.25           0.11           0.150 
      45.0           1.42           0.11           0.138 
      50.0           1.60           0.11           0.125 
      55.0           1.78           0.11           0.113 
      60.0           1.96          0.10           0.100 
      65.0           2.15           0.09           0.088 
      70.0          2.34           0.08           0.075 
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APPENDIX C – TEST METHODS/PROCEDURES AND EQUIPMENT 
DESCRIPTION 
 

 

Principles of LFET 
 

Low Frequency Electromagnetic Technique (LFET) was developed out of further 
research of Remote Field Electromagnetic Technique (RFET).  The main difference of 
LFET is the placement of the sensors between the two poles of an electromagnetic driver.   

With a low frequency AC driver signal of 3 to 40 Hz for carbon steel (see Figure 
1), the driver signal fully penetrates the material being tested.  When the scanner passes 
over an area with no defects, the magnetic fields are not distorted. 

When the test material has a defect and the sensors are located above that defect, 
distortions in the magnetic field indicate presence of the flaw.  LFET instruments 
measure this distortion as changes in phase and amplitude.  Depth of the flaw is 
proportional to these phase and amplitude changes.  Diameter of the defect is related to 
the number of sensors affected.   
 
 

 



APPENDIX C – TEST METHODS/PROCEDURES AND EQUIPMENT 
DESCRIPTION 
 

 

Tank Floor Scanning Theory/Background 
 

FALCON 2000 SYSTEM 
 
 The TesTex Tank Floor Inspection System consists of a sixteenth inch modular 
swath containing 32 probe heads.  This configuration allows for a 100% coverage of the 
tank plate.  The probe emits a very low frequency electromagnetic field which penetrates 
the tank floor.  Any variation in the tank floor thickness will cause the electromagnetic 
field to change.  These changes are very small, which makes it necessary to use digital 
signal processing to enhance the resulting signal.  The resulting processed signal is in the 
form of phase and amplitude readings.  Calibration tables are used to convert these 
signals into percentage wall loss values. 
 

PROCEDURES 
 
 Each tank floor is mapped out by measuring the length, width, and orientation of 
the individual plates. The wall loss information for each plate is stored on a floppy disk. 
 

SOFTWARE 
 
 The data acquisition module collects the plate data at a given sample rate. The 
menu-driven program provides for real-time display of phase, amplitude, and probe 
position across the plate. The x-y geometry of the plate, probe speed, and other details are 
also handled by the data acquisition module. 
 
 The data analysis and display module contain the calibration curves for wall 
thinning, volume losses, and pitting. His module correlates calibration standards 
information with the plant data for flaw sizing and evaluation.  Several routines for 
digital the filtering, averaging techniques, background evaluation, curve fitting, and other 
useful signal processing techniques are also available.  Up to 16 waveforms can be 
displayed simultaneously in the screen while “zooming” algorithms are used to easily 
examine small segments of the waveforms. 
 
Plate Scanning Theory/Background 
 

To test vertically/horizontally-oriented plates, the TS 2000 scanner is placed on an 
unobstructed area on the topside of one of the plates.  The equipment is then zeroed using 
the TS 2000 PLATE SCAN software’s auto-set function.  This action also selects the 
right time constant, sets the gains of the internal amplifiers, and ensures that the data is 
displayed on the screen as it is being collected. 
 

After zeroing, the scanner is moved to the beginning of the scan sweep area.  The 
scanner is then gradually moved across the surface of the tube and data is collected via 
magnetic medium on the PC.  The processing of the data occurs real-time and the data is 
stored as several waveforms and stored as several signal responses.  Among these are 
phase and amplitude for each individual channel. 
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SYSTEM DESCRIPTION 
 

ELECTRONICS:  The digital system consists of function generators, power 
amplifiers, difference amplifiers, phase rotators, auto-zero phase shifters, A-to-D 
converters, digital controllers, etc.  One of the key design objectives was to achieve as 
low a noise as possible.  We detect phase changes to an accuracy of 1/10 of a degree and 
amplitude signals of a fraction of a microvolt.  The TS 2000 contains all the electronics 
and software for data acquisition.  It contains an internal A-to-D converter, which 
connects to the PC through a serial port.   
 

SOFTWARE:  Consists of two modules 
 

The data acquisition module collects the tube data at a given sample rate.  The 
menu driven, user-oriented program provides for real-time display of phase, amplitude, 
and probe position in the tube.  The row and column of the tube, probe speed, and other 
bookkeeping details are also handled by the data acquisition module.  
 

The data analysis and display module contains the calibration curves for plate 
thinning, volume losses, pits, vibration/fret wear, and correlates the calibration standard 
information with the actual plant data for flaw sizing and evaluation.  It has routines for 
digital filtering, averaging techniques, background evaluation, curve fitting, and other 
useful signal processing techniques.  Up to three waveforms can be displayed 
simultaneously on the screen and the "zooming" algorithm enables the user to easily 
examine small segments of the waveform. 
 

DETECTION ACCURACY 
 

The TesTex, Inc. developed lock-in amplifier is capable of measuring very low 
level signals in the microvolt range and can measure small phase angle changes of a 
fraction of a degree, even in the presence of a considerable amount of noise.  This 
system, when used in conjunction with the calibration standards: partial and through-wall 
pitting, gradual wall thinning.  Hydrogen damage, etc. and their respective calibration 
curves, allows us to measure small gradual wall losses on the order of 10%, pits of 
diameter 0.062" (1.57mm), and vibration/fret wear of five volume percent. 
 
Weld Scanning Theory/Background 
 

TesTex, Inc. has developed a special electromagnetic probe based on the principle 
of achieving a “balanced field” for the probe. This probe is also very sensitive to small 
changes in electromagnetic field and the noise is significantly reduced by appropriate 
phase rotation of the horizontal and vertical component of the signal. A single element 
probe of this type was used to detect “surface and subsurface cracking” This probe was 
called Hawkeye and it is successfully used for testing cracks, welds, pipes, plates, etc.  

 
The system works by PHASE ROTATING liftoff noise into the ACOS signal 

while leaving the CRACK signal in the ASIN waveform.  Processing is used to reduce 
gradual changes in the waveform to make detection easier. 
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Ultrasonic Shear Wave (Angle Beam) Testing Description 
 
 The instrument used for Shear Wave or Angle Beam Testing is a simple pulse-
echo flaw detector with A-Scan, receiving, and transmitting capabilities in which the user 
can size the length, depth, and distance of the flaw.   
  

The primary reason for using shear waves is for the detection of discontinuities 
with geometries and orientations non-parallel to the testing surface.  The Angle Beam 
technique is extensively used for weld testing at ½ step and full step distances.  The 
frequency range specifically for weld testing with angle beam transducers is 1MHz to 
5MHz.  The most common Angle Beam contact transducers are designed to produce 
shear waves of 45, 60, and 70° in steel.



 
 

 

APPENDIX D – TANK INTERIOR PHOTOGRAPHS 
                     

  
(Typical photographs of the tanks are provided for the Tunnel Access, Tank entry
access, tower structures, domes and surface areas. Reference project pictures
located in Appendix D of the main report. )



APPENDIX D – TANK INTERIOR PHOTOGRAPHS 
 

 

A view of the tunnel area around tank  

 
A view of the manway     

(Typical Tunnel Access)

(Typical Tank Access)



APPENDIX D – TANK INTERIOR PHOTOGRAPHS 
 

 

 
A view of the upper dome, tower, and booms from the catwalk. 

 
Looking down at the lower dome and the crew inspecting under the catwalk. 



APPENDIX D – TANK INTERIOR PHOTOGRAPHS 
 

 

 
Looking at the tower/catwalk structure while descending in one of the baskets. 

 
Lower dome view from above showing extensive coating failure. 



APPENDIX D – TANK INTERIOR PHOTOGRAPHS 
 

 

 
A view from the tank bottom of one of the teams scanning the barrel 

.  
Picture showing part of the floor and lower dome 



APPENDIX D – TANK INTERIOR PHOTOGRAPHS 
 

 

 
Another view of one crew inspecting the barrel just above the lower dome. 



APPENDIX D – TANK INTERIOR PHOTOGRAPHS 
 

 

 
Looking up from the floor at one crew inspecting the barrel under the catwalk and the 
other crew-inspecting course E of the upper dome. 

 
A view of the very top of tank             (Typical Tank upper dome section)



APPENDIX D – TANK INTERIOR PHOTOGRAPHS 
 

 

 
                   (Typical Tank upper dome section view from the catwalk)
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APPENDIX E – TESTEX EQUIPMENT 

 

 
Above:  A specially developed 8” wide hand scanner used for the majority of the surface 
scanning.  Below:  A TesTex crewmember using the hand scanner from one of the 
baskets. 
 

 
 



APPENDIX E – TESTEX EQUIPMENT 

 

 
 

Above:  The Hawkeye Pencil Probe used for testing all welds in tank # 2.  Below:  A 
TesTex crewmember using the Hawkeye a weld from one of the baskets. 
 



 
 

 

APPENDIX F – DEFECT AREA PHOTOGRAPHS AND MAGNETIC PARTICLE 
REPORT















 

 

APPENDIX G – SHEAR WAVE REPORT AND CALIBRATIONS 



































 

 

APPENDIX H – INSPECTION PROCEDURE 



TesTex Inspection Procedure 
For Storage Tanks 1-20 

at the 
Red Hill site 

Oahu, Hawaii 
 
 

Flaw reporting and marking 
 
When areas reading less than nominal wall are found, the area is marked directly with 
paint.  That area is then measured to the nearest permanent landmark (such as a weld line, 
patch plate, etc).  The information is then placed on the TesTex-Red Hill preliminary data 
sheet.  Copies of these sheets are to be given to the job contact at the beginning of the 
following day.  Additional copies are to be faxed or emailed to TesTex headquarters once 
a week for processing. 
 
The Inspection begins on the Floor of the Tank 
 
Numbering and Inspection 
 

1) Number the floor plates as per the TesTex-Red Hill tank floor drawing, paying 
close attention to the orientation of landmarks such as the 36” and 18” pipes, 
Tower corners, patch plates, etc.  Keep in mind that odd numbered tanks are 
mirrored in comparison to even numbered tanks. 

 
Floor 
 
2) Once numbered, the floor (made up of 7 plates for a total of 25 feet in diameter) 

can now be scanned. Each of the 4 Technicians will use specially designed 8” 
wide LFET (Low Frequency Electromagnetic Technique) scanners.  The 
electronics for each is to be the TesTex 8 channel TS-2000 instrument.  Each 
technician’s computer is to be running software WinLFET version 1.80.03, TS-
2000 option.  Since the floor plates are carbon steel with a thickness of 0.500”, the 
frequency should be set to between 5 and 10 Hz.  The actual frequency will be 
determined by the lowest frequency in the range producing the cleanest baseline 
(signal to noise below 0.5 degrees phase).  Note:  At a minimum, all technicians 
must check their system using the calibration plate at the beginning of each day.  
See separate LFET procedure for more details.  Also note that if power is lost, 
once restored, all computer settings must be re-entered. 

 
Notes:   
 
*  All patch and cover plates throughout the tank will be spot checked with 
conventional ultrasonic technique.  Also, if any nozzles exist in the tank, U.T. will be 



performed at the 12, 3, 6, and 9 o’clock positions around the circumference of the 
pipe as well as a spot check on the face of the nozzle. 
 
*  Additionally, the corners of all plates throughout the tank must be checked with 
U.T. 
 
Lower Dome 
 
3) Using the position of the catwalk above and the corners of the tower, start to 

layout and mark the quadrants (A, B, C, and D).  Quadrant A begins directly 
under the catwalk at the closest corner of the tower.  Likewise, quadrant B begins 
at the next corner clockwise around the tower.  Continue this pattern for the other 
two quadrants.  Paint lines showing the locations of each quadrant on course 1 
and as far as you can reach on course 2, along with each quadrant letter so as to 
clearly be seen from above. 

 
Course 1 
 

4) Once the quadrants have been identified, numbers are then assigned to the plates 
(wrote in chalk on each plate) of course 1.  The numbers begin in quadrant A and 
continue through quadrant D. 

 
5) Once the floor plates have been scanned, technicians can begin scanning the 

plates in course 1.  These plates, as well as the rest of the tank, are carbon steel 
with a thickness of 0.250”.  A frequency of 10 Hz (plus or minus up to 1 Hz is 
allowed for cleanliness of signal) will be used for the remainder of the inspection. 

 
Course 2 
 

6) Once all of the plates of course 1 have been scanned, scanning is to begin on the 
first 3 feet of course 2.  Plates again are numbered in chalk starting with plate 1 at 
the beginning of quadrant A and continuing around to quadrant D.  When the first 
3’ has been scanned, the two boomed baskets must be loaded with all of the 
equipment (3 TS-2000 electronics per basket) and the 2 outrigger trays (2 per 
basket to place computers on).  Once the baskets have been fitted with all of the 
items, scanning can continue on the remainder of course 2.  This is done by 
starting at the 3’ line and scanning vertical passes up and down the width of the 
basket from the 3’ line to the interface between course 3 and 4.  All area now 
above the 3’ line of course 2 must be both scanned with the 8” hand scanners (all 
plate surface area) and with the Hawkeye pencil probes (all welds). When 
scanning with the Hawkeye, a scan is taken on each side of all welds (probe 
bisects the weld/plate interface on each side).  The software is to be set on a 
frequency of 100 Hz, gain of 18, rotation of 305.  The probe should be used on the 
calibration plate periodically to assure proper function.  See separate Hawkeye 
procedure for more details. 

 



Notes: 
 
*  There will be area in quadrant A and quadrant D that will not be reachable in the 
boomed baskets.  This area will be scanned with an auxiliary basket at the end of the 
job (see barrel section for more details). 
 
*  If a project coordinator is on site during the first week, this person will scan all 
welds below 3’ on course 2 to include course 1 and the floor.  Otherwise, the four 
technicians will scan these welds as each section is done. 
 
*  Additionally, all intersection welds between course 1 and the floor must be retested 
using Shear Wave Ultrasonic Technique.  This is performed when a Certified 
Ultrasonic Technician is available.  Also, all possible defect locations found in welds 
throughout the tank, will be backed up with Shear Wave Ultrasonic technique.  In 
addition, all welds will be visually inspected for pinholes.  These pinhole areas, if 
found to have depth, will be marked for later Shear Wave sizing. 
 
 Course 3 
 
7) Once all of the plates in course 2 have been scanned, the teams can move to 

course 3.  Again, plates in this course are numbered as they were in course 2.  
Scanning also is performed in the same pattern of vertical up and down 
movements the width of the basket between the intersection of course 2 & 3 and 
course 4. 

 
Course 4 
 

8) Repeat the procedure for course 3. 
 
Barrel 
 

9) The Barrel consists of 28 courses (or rows) of plates.  The plates in each course 
will be numbered 1 through X starting in quadrant A.   

 
10) When scanning the barrel, drops as wide as the width of the basket are made 

vertically the entire height of the barrel section.  Within a drop, there will be 28 
scanning areas (i.e. the basket will be repositioned 28 times to cover the height of 
the barrel).  Chalk lines will be placed at each end of the baskets on the wall the 
full height of the barrel to show individual drops.  There will be 19 drops for each 
basket for a total of 38 that are reachable in the boomed baskets. 

 
Note: 
 
*  There will be 2 additional drops (one in quadrant A and one in quadrant D under 
the catwalk) that will be scanned using the auxiliary doublewide basket.  These scans 
are best done after the upper dome has been scanned (so as to not lose time 



dismantling equipment from the boomed baskets).  Both drops are done at the same 
time and includes the lower dome from 3’ above the course 1 and course 2 
intersection to barrel. 
 

Expansion joint 
 
11) The expansion joint consists of a lip of double plate that extends from the tank wall 
into the tank perpendicularly at the barrel-extension interface or at the barrel-upper dome 
interface.  The welds associated with this area must be scanned using the Hawkeye 
system. 
 
Extension (not present in all tanks) 
 

12) The extension section consists of 4 courses of plates and is approximately 15’ in 
height.  This section, if present, is numbered and scanned the same way as the 
barrel. 

 
Notes:  The area around the catwalk that is not reachable in the baskets will be scanned at 
the end of the job from the catwalk.  A ladder will be used to reach the rest of the 
extension area above the catwalk that is out of reach by standing. 
 
*  Additionally, the inside of the manway will be scanned with LFET scanners after the 
catwalk area. 
 
Upper Dome 
 

Course A 
 

13) This section is scanned the same way as the barrel.  The plate numbering should 
be much the same as it was for the lower dome. 

 
Note:  Some tanks have a channel over the welds of the upper dome.  If this is the case, 
U.T. spot checks will be done at the bottom of each vertical channel where they intersect 
a horizontal channel.  No Hawkeye weld scanning will be done since the exposed welds 
are not structural.  The only exception to this will be if wall loss is found around the 
intersection points of the channels. 
 

Course B 
 

14) This section is numbered and scanned the same way as course A. 
 

Course C 
 

15) This section is numbered and scanned the same way as course B. * 
 



*  Inspection of portions or this entire course will depend on how close the baskets can 
get to the surface of the tank.  Scanning procedure may resort to that of course D. 
 

Course D 
 

16) Scanning of this course depends on how close the boom is able to position the 
basket to the surface.  Traditionally in past inspections, the basket was too far 
away from the surface to hand scan-using LFET.  The alternative was 100% U.T. 
measurements by using a special designed delivery unit. 

 
Course E 

 
17) Inspection of this course is to be done with the special designed U.T. delivery 

units. 
 

Course F 
 

18) This course is the top of the tank.  Access to this course is by the ladder staircase, 
which is outside of the tank.  This ladder staircase leads up and over to a manhole 
in the top of the tank.  Enter into and down the ladder to the penthouse platform. 
From this platform, U.T readings will be taken on the 24 plates of the course 
above you. 

 
Pipes 
 

19) The 18 and 32-inch supply pipes in the lower tunnel under the tank will be U.T. 
spot-checked.  A technician is to craw into the 32 inch line and take 8 
circumferential U.T. readings every 3 feet.  The 18-inch line is too small to enter 
into, so the U.T. readings are taken at 8” and 18”, just inside of the pipe.  
Additional methods may be used such as, Shear Wave Ultrasonics on the welds or 
special designed LFET scanners for I.D. surface inspections. * 

 
* Special designed scanners are a concept at this time and are not included in the price of 
the inspection 

































































































































































































































































Enter dimensions, 
properties and 
loading:

Plate dimensions:

thickness: t .0.14 in

radius: a .3 in

Applied uniform pressure: q .87 psi

Modulus of elasticity: E ..30 106 lbf

in2

Poisson's ratio: 0.3

Radial location of applied load: r o ..00001 in

t =Tmin localized area

a = Radius of localized area

q= Pressure at localized area(See Note 3)

(See Note 1)

(See Note 2)

Section Note(s):
-
Note 1: The Tmin calculation is based on iterations of calculations of various wall thicknesses at the
specific localized area under evaluation; until the thickness range exceeds the allowable stresses
per the relevant code which the tank is being evaluated. Therefore defining the Tmin required for
this specific localized area. Calculations can not utilize or compare to the equations or formulas in
the evaluating API 653 Code; due to the evaluating code does not account for the support or load
resistance provided by the concrete / gunite liner. Therefore the equations or formulas in the
evaluating API 653 Code would require a much greater Tmin thickness per the applied loadings
and stresses at each location.
-
Note 2: The cases evaluated are localized areas at various elevations and configuration based on
location. This location is in the shell region and sized for the area determined possible due to
construction methods and filling of concrete / gunite liner. In the vertical section on the liner gravity
will aid in the filling process which should reduce the overall size. The size is based on the largest
area determined by the grout nozzles and anchor rod connections which penetrate thru the tank's
shell.
-
Note 3: The pressure is at the specific localized area under evaluation. The pressure is developed
from the hydraulic head pressure at that location and internal hoop stress developed. The pressure
will be uniformly applied at that location.



Constants:

Shear modulus: G E
.2 ( )1

D is a plate constant used in determining boundary values; it 
is also used in the general equations for deflection, slope, 
moment and shear. Ksro is the tangential shear constant 
used in determining the deflection due to shear.

D
.E t3

.12 1 2
=D 7538.462 lbf in

K sro .0.30 1 .
r o
a

2

1 .2 ln a
r o

=K sro 0.3



Boundary values: 

The Ln functions used in the equations below are 
defined at the end of this document.

Mr is radial moment, Q is shear, y is deflection and  is slope.

Due to bending:

At the edge of the plate (a):

M ra .q
.8 a2

a2 r o
2 2

=M ra 97.875 lbf in
in

y a .0 in =y a 0 in

a .0 deg =a 0 deg

At the center of the plate (c):

M c ...q a2 ( )1 L 14 =M c 63.619 lbf in
in

y c ..q a4

.2 D
L 14 .2 L 11 =y c 0.015 in

Due to tangential shear stresses:

y sro
..K sro q a2

.t G
=y sro 0.0001 in

Section Note(s):
-
Note 4: Bending occurs in each case based on the localized area or spot has a small
void or sectional area where the concrete / gunite liner is not in contact with the
tank's metal surface. This allows for this area to be subjected to the full hydraulic
head and internal hoop stress at that location. Therefore allowing a bending moment
and deflection to occur.
-
Note 5: The deflection will be the greatest at the center of the localized area.
-
Note 6: Tangential stresses will reflect the relative or associative hoop stress at that
localized spot location.

(See Note 4)

(See Note 5)

(See Note 6)



General formulas and graphs 
for deflection, slope, 
moment, shear and stress
as a function of r:

Define r, the range of the radius:

r ..,a
100

a
50

a

Deflection:

y( )r y c
.M c r2

..2 D ( )1
LT y( )r

0.03 0.772 1.515 2.257 3
0.02

0.013

0.005

0.002

0.01

y( )r
in

r
in

Deflections at the center and outer radius:

=y( ).0 in 0.015 in =y( )a 0 in

Maximum deflection (magnitude):

Y
.( )r 100

in

y( )r A max( )Y B min( )Y

y max .( )>A B A .( )A B B =y max 0.015 in

(See Note 5)

(See Note 5) (See Note 7)



Large deflection 
condition check:

Check to verify that the absolute value of the maximum deflection is 
less than one-half the plate thickness (an assumption stated in the 
Notation file which must hold true):

check if ,,>y max
t
2

0 1 =check 1

If |ymax| is greater than t/2 (i.e., check = 0), the equations in this 
table are subject to large errors. For large deflections, use the 
equations provided in Table 24a to obtain stress and deflection. 
Read the Notation file for more specific information. Other 
values are not available.

Table 24a

Notation file



Slope:

( )r
.M c r

.D ( )1
LT ( )r

0.03 0.772 1.515 2.257 3
0

0.15

0.3

0.45

0.6

( )r
deg

r
in

Slope at center and outer radius:

=( ).0 in 0 deg =( )a 0 deg

Maximum slope (magnitude):

S
.( )r 100

in

( )r A max( )S B min( )S

max .( )>A B A .( )A B B =max 0.429 deg

Slope Diagram



Moment; radial and tangential:

M r( )r M c LT M( )r M t( )r
..( )r D 1 2

r
.M r( )r

0.03 0.772 1.515 2 257 3
97.875

56.77

15.665

25.441

66 546

M r( )r
.lbf in

in

r
in

0.03 0.772 1.515 2 257 3
29.362

5.385

18 592

42 569

66 546

M t( )r
.lbf in

in

r
in

 Moment Diagram



Radial and tangential moment at center and outer radius:

=M r( ).0 in 63.619 lbf in
in

=M r( )a 97.875 lbf in
in

=M t( ).0.01 in 63.618 lbf in
in

=M t( )a 29.362 lbf in
in

Maximum radial and tangential moment (magnitude):

Mr
( )r 100

in

M r( )r Ar max( )Mr B min( )Mr

Mt
.( )r 100

in

M t( )r At max( )Mt Bt min( )Mt

Mr max .( )>Ar B Ar .( )Ar B B =Mr max 97.875 lbf in
in

Mt max .( )>At Bt At .( )At Bt Bt =Mt max 63.609 lbf in
in



Shear:

Q( )r LT Q( )r

0.03 0.772 1.515 2 257 3
130.5

94.939

59.377

23.816

11.745

Q( )r
lbf
in

r
in

Shear at center and outer radius:

=Q( ).0.01 in 0.435 lbf
in

=Q( )a 130.5 lbf
in

Maximum shear (magnitude):

V
.( )r 100

in

Q( )r A max( )V B min( )V

Q max .( )>A B A .( )A B B =Q max 130.5 lbf
in

 Shear Diagram



Bending stresses; radial 
and tangential:

r( )r
.6 M r( )r

t2 t( )r
.6 M t( )r

t2

0.03 0.772 1 515 2 257 3
2.996 104

1.738 104

4795.301

7787.916

2.037 104

r( )r

psi

r
in

0.03 0.772 1 515 2.257 3
8988.52

1648.607

5691.306

1 303 104

2.037 104

t( )r

psi

r
in

Section Note(s):
-
Note 7: Bending will occur in each localized area or spot that has a small void or
sectional area where the concrete / gunite liner is not in contact with the tank's metal
surface. This allows for this area to be subjected to the full hydraulic head and
internal hoop stress at that location. Therefore allowing a bending moment and
deflection to occur.
-
Tangential stresses will reflect the relative or associative hoop stress at that
localized spot location. Radial stresses will reflect the relative or associative bending
moment stress at that localized spot location.
-
The deflection will be the greatest at the center of the localized area for the tank's
plate fiber and membrane stresses.

Radial Stress

Tangential Stress



Radial and tangential stress at center and outer radius:

=r( ).0.01 in 1.947 104 psi =r( )a 2.996 104 psi

=t( ).0.01 in 1.947 104 psi =t( )a 8988.52 psi

Maximum radial and tangential stresses:

r .r 100
in

r( )r Ar max( )r Br min( )r

t .r 100
in

t( )r At max( )t Bt min( )t

r max .( )>Ar Br Ar .( )Ar Br Br =r max 2.996 104 psi

t max .( )>At Bt At .( )At Bt Bt =t max 1.947 104 psi

Tangential Stress

Radial Stress



Review the maximum values 
for deflection, slope, moment, 
stress and shear:

=y max 0.015 in =max 0.429 deg

=Mr max 97.875 lbf in
in

=Mt max 63.609 lbf in
in

=r max 2.996 104 psi =t max 1.947 104 psi

=Q max 130.5 lbf
in

Total deflection of plate (bending induced plus shear induced):

y ro.total y( ).0 in y sro =y ro.total 0.015 in



The remainder of the document displays the general plate 
functions and constants used in the equations above.

L 11 .1
64

1 .4
r o
a

2

.5
r o
a

4

...4
r o
a

2

2
r o
a

2

ln a
r o

L 14 .1
16

1
r o
a

4

..4
r o
a

2

ln a
r o

G 11( )r ..1
64

+

...1 .4
r o
r

2

.5
r o
r

4

...4
r o
r

2

2
r o
r

2

ln r
r o

>r r o

G 14( )r ..1
16

1
r o
r

4

..4
r o
r

2

ln r
r o

>r r o

G 17( )r ..1
4

1 .1
4

1
r o
r

4

.
r o
r

2

1 .( )1 ln r
r o

>r r o

LT y( )r ..q r4

D
G 11( )r LT M( )r ..q r2 G 17( )r

LT ( )r ..q r3

D
G 14( )r LT Q( )r ..q

.2 r
r2 r o

2 r r o

End of Section



Table 24  Formulas for shear, moment and deflection of flat circular plates 
of constant thickness

Case 10b Solid circular plate fixed; uniformly 
distributed pressure from ro to a

Solid circular plate

Uniformly distributed pressure from ro to a

Notation file Provides a description of Table 24 and the notation used.

Willbros Government Services, LLC.
Redhill Project - Tank 5
100ft Dia. x 250ft Tall Tank,
Built 1943
Carbon steel construction
Engineering / Stress Analysis
-
This stress analysis was used to evaluate the applicable
components for applied loadings and resulting stresses.
These calculations were used to base the Tmin
calculations for the components and determine suitability
for service in accordance with API 653.



Enter dimensions, 
properties and 
loading:

Plate dimensions:

thickness: t .0.4 in

radius: a .6 in

Applied uniform pressure: q .108 psi

Modulus of elasticity: E ..30 106 lbf

in2

Poisson's ratio: 0.3

Radial location of applied load: r o ..00001 in



Constants:

Shear modulus: G E
.2 ( )1

D is a plate constant used in determining boundary values; it 
is also used in the general equations for deflection, slope, 
moment and shear. Ksro is the tangential shear constant 
used in determining the deflection due to shear.

D
.E t3

.12 1 2
=D 1.758 105 lbf in

K sro .0.30 1 .
r o
a

2

1 .2 ln a
r o

=K sro 0.3



Boundary values: 

The Ln functions used in the equations below are 
defined at the end of this document.

Mr is radial moment, Q is shear, y is deflection and  is slope.

Due to bending:

At the edge of the plate (a):

M ra .q
.8 a2

a2 r o
2 2

=M ra 486 lbf in
in

y a .0 in =y a 0 in

a .0 deg =a 0 deg

At the center of the plate (c):

M c ...q a2 ( )1 L 14 =M c 315.9 lbf in
in

y c ..q a4

.2 D
L 14 .2 L 11 =y c 0.012 in

Due to tangential shear stresses:

y sro
..K sro q a2

.t G
=y sro 0.0003 in



General formulas and graphs 
for deflection, slope, 
moment, shear and stress
as a function of r:

Define r, the range of the radius:

r ..,a
100

a
50

a

Deflection:

y( )r y c
.M c r2

..2 D ( )1
LT y( )r

0.06 1.545 3.03 4.515 6
0.015

0.01

0.005

1.735 10 18

0.005

y( )r
in

r
in

Deflections at the center and outer radius:

=y( ).0 in 0.012 in =y( )a 0 in

Maximum deflection (magnitude):

Y
.( )r 100

in

y( )r A max( )Y B min( )Y

y max .( )>A B A .( )A B B =y max 0.012 in



Large deflection 
condition check:

Check to verify that the absolute value of the maximum deflection is 
less than one-half the plate thickness (an assumption stated in the 
Notation file which must hold true):

check if ,,>y max
t
2

0 1 =check 1

If |ymax| is greater than t/2 (i.e., check = 0), the equations in this 
table are subject to large errors. For large deflections, use the 
equations provided in Table 24a to obtain stress and deflection. 
Read the Notation file for more specific information. Other 
values are not available.

Table 24a

Notation file



Slope:

( )r
.M c r

.D ( )1
LT ( )r

0.06 1.545 3.03 4.515 6
0

0.05

0.1

0.15

0.2

( )r
deg

r
in

Slope at center and outer radius:

=( ).0 in 0 deg =( )a 0 deg

Maximum slope (magnitude):

S
.( )r 100

in

( )r A max( )S B min( )S

max .( )>A B A .( )A B B =max 0.183 deg



Moment; radial and tangential:

M r( )r M c LT M( )r M t( )r
..( )r D 1 2

r
.M r( )r

0.06 1 545 3.03 4 515 6
486

281.892

77.783

126 325

330.434

M r( )r
.lbf in

in

r
in

0.06 1 545 3.03 4 515 6
145.8

26.742

92 317

211 375

330.434

M t( )r

lbf in
in

r
in



Radial and tangential moment at center and outer radius:

=M r( ).0 in 315.9
.lbf in

in
=M r( )a 486 lbf in

in

=M t( ).0.01 in 315.899 lbf in
in

=M t( )a 145.8
.lbf in

in

Maximum radial and tangential moment (magnitude):

Mr
( )r 100

in

M r( )r Ar max( )Mr B min( )Mr

Mt
.( )r 100

in

M t( )r At max( )Mt Bt min( )Mt

Mr max .( )>Ar B Ar .( )Ar B B =Mr max 486 lbf in
in

Mt max .( )>At Bt At .( )At Bt Bt =Mt max 315.854 lbf in
in



Shear:

Q( )r LT Q( )r

0.06 1 545 3.03 4 515 6
324

235.71

147.42

59 13

29.16

Q( )r
lbf
in

r
in

Shear at center and outer radius:

=Q( ).0.01 in 0.54 lbf
in

=Q( )a 324 lbf
in

Maximum shear (magnitude):

V
.( )r 100

in

Q( )r A max( )V B min( )V

Q max .( )>A B A .( )A B B =Q max 324 lbf
in



Bending stresses; radial 
and tangential:

r( )r
.6 M r( )r

t2 t( )r
.6 M t( )r

t2

0.06 1 545 3.03 4 515 6
1.822 104

1.057 104

2916.866

4737.201

1 239 104

r( )r

psi

r
in

0.06 1.545 3.03 4.515 6
5467.5

1002.808

3461.884

7926.576

1 239 104

t( )r

psi

r
in



Radial and tangential stress at center and outer radius:

=r( ).0.01 in 1.185 104 psi =r( )a 1.822 104 psi

=t( ).0.01 in 1.185 104 psi =t( )a 5467.5 psi

Maximum radial and tangential stresses:

r .r 100
in

r( )r Ar max( )r Br min( )r

t .r 100
in

t( )r At max( )t Bt min( )t

r max .( )>Ar Br Ar .( )Ar Br Br =r max 1.822 104 psi

t max .( )>At Bt At .( )At Bt Bt =t max 1.184 104 psi



Review the maximum values 
for deflection, slope, moment, 
stress and shear:

=y max 0.012 in =max 0.183 deg

=Mr max 486 lbf in
in

=Mt max 315.854 lbf in
in

=r max 1.822 104 psi =t max 1.184 104 psi

=Q max 324 lbf
in

Total deflection of plate (bending induced plus shear induced):

y ro.total y( ).0 in y sro =y ro.total 0.013 in



The remainder of the document displays the general plate 
functions and constants used in the equations above.

L 11 .1
64

1 .4
r o
a

2

.5
r o
a

4

...4
r o
a

2

2
r o
a

2

ln a
r o

L 14 .1
16

1
r o
a

4

..4
r o
a

2

ln a
r o

G 11( )r ..1
64

+

...1 .4
r o
r

2
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4

...4
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2

2
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r

2

ln r
r o

>r r o

G 14( )r ..1
16

1
r o
r

4

..4
r o
r

2

ln r
r o

>r r o

G 17( )r ..1
4

1 .1
4

1
r o
r

4

.
r o
r

2

1 .( )1 ln r
r o

>r r o

LT y( )r ..q r4

D
G 11( )r LT M( )r ..q r2 G 17( )r

LT ( )r ..q r3

D
G 14( )r LT Q( )r ..q

.2 r
r2 r o

2 r r o

End of Section



































































RED HILL TANK 
N0. 5 PRODUCT: 
JP-5

DATE   REMARKS

10/20/52 Cleaned tank. Labor Cost: $1950. Material: $430 

10/11/63 Calibrated gauge. 

5/14/64 Cleaned tank. 

3/21/65 Telltale #2 started to leak. Rate of leakage one gallon 
  in 1 hour 15 minutes with 14'-10-1/2" ullage. NSFO 
  leakage analyzed. Oil is clean; analysis identical with 
  product in tank. Leak in telltale piping suspected. Tank 
  worked on intermittently for six months; no leak found. 
  Tank filled. Trace amount of leakage in telltale #2. 
  Suspect leak partially rusted over. Estimated labor . 
  cost: $1800. 

4/6/70 Emptied and cleaned for conversion. Contract N62471-70 
  C0288, Red Hill Increment I for conversion to Navy 
  Distillate. 

2/10/71 Emptied and cleaned for conversion. Converted to Navy 
  Distillate. Telemeter system installed. 

12/29/71 Turned back by contractor to NSC and topped off with Navy 
  Distillate. 

2/10/72 Telltale leak found--about 2 quarts per day. 

8/73 32" line blanked in tank. 

8/8/74   Emptied tank. 

8/19/74 Tank opened and washed down for conversion from Navy 
  Distillate to JP-5. Blank installed on 32" line inside 
  tank. Bottom welds i44 plates extending up for 
  approximately 6') magnafluxed by Shipyard QAR. See report 
  on file. 



8/21/74 Inspected tank--okay. 

10/74 Tank converted from Navy Distillate to JP-5. 

12/23/75 Leak on 10' sample tap. Transfer JP-5 to Tank 55 and PC 
  Tank 4. Completed 25 December 1975. Started to transfer 
  to Red Hill at 0950, 30 December 1975. Finished 2030, 3 
  January 1976. 

12/29/75 Facilities Branch installed 4-3/4" valves on sample lines. 



1/76 A leak in a sample line required an unusual transfer of 
 JP-5 to a cleaned Pearl City JP-4 Tank 4. Repairs were 
 completed and product returned to Tank 5. 
5/10/81 Tank was removed from service and turned over to the 
 contractor for initial repairs and lining. 
4/21/82 The Deputy Director and Distribution Facilities 
Specialist
 participated in a final inspection of tank. Many 
 discrepancies were noted and tank was not accepted. 
4/22/82 Reinspection of tank was held at which time the tank 
 passed. 

4/1/83 Tank is still being tested for leaks. If necessary, the 
 contractor will return in August or September 1983 for a 
 final rework. 




