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AN 102 Video Annulus # 9173, Dated 1/3/2002
Rev v completed 4/29/04 by gbj

Minute Start to 1 hour 44 minutes to end
There were no notable areas of concern found on this film. Conditions found were similar to
those on Video #9172 described above.

Recommendations:

The annulus area of the tank should be monitored for change as a part of the ongoing inspection
protocol.

AN102V' "0oP " y#9398 ° 1
Review completed 4/29/04 by gbj

Minute Start to 1 hour .54 Minutes to end

Note: This film is marginal in quality due to graininess and flake-like image distortions.

It should also be noted that this tank is almost full of product and therefore only a por of the
upper shell course, knuckle and dome were visible in the film.

iere is moderate to heavy scale build up on the internal surfaces. This scale/cake is light
yellow to rust in color, covering approximately 80 to 90% of the tank surfaces.
No determination of the condition under this scale build up could be determined. Howev e
leading e« s of the risers were visible in the vapor space. They appeared to be full d° :nsion,
no wasting or knife edge surfaces were noted.

Recommendations:

These conditions should be monitored for change as a part of the ongoing inspectior rotocol.

AN 102 Video Annulus # 9411, Dated 5/14/92
Review completed 4/30/04 by gbj

The clarity and quantity of film taken during this inspection were found to meet the overall
VT objectives. There is a thorough audio narrative analysis on this film.

Minutes start to 1 hour 54 minutes end.
There were no notable areas of immediate concern found on this film.

Recommendations:

These conditions should be monitored for change as a part of the ongoing 5-year inspection
interval.
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AN 105 Video #9416 & 9417 Risers 17 D and 17 K Inspection Date 4/27/92
Review completed by gbj 2/15/05

These video films cover tow adjacent areas of the tank annulus. The conditions found are the
same.

The annulus primary and secondary shells are covered in light to moderate accumulations of gray
m scale, broken in areas with evidence of rust in those areas. There are several areas portrayed
in this film where isolated pitting has occurred where the mill scale is bre  en away. Based on
the amount of corrosion product associated with these pits they are assumed to be superficial.

The film #9416 runs 1 hr 30 minutes and #9417 1 hr 37 minutes.
Rect mer 7 itions:

This  ea and conditions should be monitored for change as a part of the ongoing inspection
protocol.

AN 105 Video #9125 Knuckle Scan Inspection Date 2/16/99
Review completed by gbj 3/10/05

This film was reviewed for AUT inspection technique procedure. The film demonstrates e
UT inspection of the Primary Tank lower knuckle. The film clearly shows the scanning devise
able to travel around the knuckle geometry without loosing contact with the tas  knuc!

AN 105 Video #9121 Floor Scan Inspection Date 3/1/99
Review ¢ leted by gbj 3/10/05

This film was reviewed for AUT inspection technique procedure. The film demo trates the
AUT inspection of the annulus floor plate. The film clearly shows the scanning devise able to
travel the geometry of the tank floor without loosing contact.

AN 105 Video #9118 Horizontal Pass#2 Plate Inspection Date 1/25/99
Review completed by gbj 3/10/05

This film was reviewed for AUT inspection technique procedure. The film demonstrates the

UT inspection of the Primary Tank shell. The film clearly shows the scanning devise able to
travel around the tank shell geometry without loosing contact with the tank surface.
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AP Tank Farm

AP 101 Video #9508 Inspection Dated 10/3/02 of Primary Tank
Review completed by gbj 5/12/04

Tank interior shell walls are generally free of scale or corrosion deposits. There are no areas of
wasting or deterioration noted on the internal components. There is a light scale accumulation
on the tank dome and haunch. The Riser extensions are full thickness, no wasting or knife
edging was observed.

A 101 Video #9422 Inspection Dated 2/10/92 of Tank Annulus
Review completed by ~»j 5/12/04

Film segment be: ning at 28.00.00 to end 37.24.00. This was a limited inspection of a small
portion of the tank annulus area. No areas of concern were noted in this m segment.

AP 101 Vic #9421 Inspection Dated 2/11/92 of Tank Annulus
Review completed by gbj 3/19/05

Film shows primary and secondary shell walls with accumulations of scale and patc s o: ist.
Both circumferential and long welds have been recently ab ively cleaned in the HAZ,
presumably for UT inspection. The primary shell walls have rivers of dried couplent flows
across large areas.

o significant corrosion pitting, or other damage was noted on in this area of the tank. Film was
viewed to 35 Minutes, end of recording.

AP 101 Video Riser 31 #9622 Inspection Dated 10/15/02 of Tank Annulus
Review completed by gbj 2/15/05

There is a unusual construction paper artifact duck taped to the primary tank knu le. This may
date back to the original construction of the tank. Itis ol > concern and is only noted here in
review of the film.

Film shows primary and secondary shell walls with accumulations of scale and patches of rust.
Both circ  aferential and long welds have been recently abrasively cleaned in the HAZ,
presumably for UT inspection. The primary shell w: s have rivers of dried couplent flows
across large areas.

No significant corrosion pitting, or other damage was noted on in this area of the tank. Film was
viewed to 35 Minutes, end of recording.
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Film ends at 15.15.00 Minutes.
Recommendations:

\
|
These conditions should be monitored for change as a part of the ongoing inspection protocol. |
Existing AUT data should be examined to confirm areas of noted concermn. An effort should be |
made to establish a corrosion rate based on first opportunity to re inspect these areas.

AP | Video #10646 Inspection Dated 11/24/04 of Tank Annulus, Risers 46 & 49 Primary
Ta  nspection dated 1/18/05, Riser 54 &57
Review completed by gbj 3/5/06

-

ectionf” 1 of d ° ‘tyandcoversin rodd © ' the YOl
both primary and secondary containment.

There is typical of this construction and service rust and mill scale and debris on the tank shell,
knuckle and other annulus component surfaces. There is notably on the primary tank shell,
stains, evidence of application of couplent used in UT inspection of the circumferential welds.
Numerous other con:  ction markings remain on the tank surfaces; this would seem to indicate
that little or no general wasting corrosion has occurred. The tank pedestal ar  floor slots appear
to ein as constructed condition.

In this film sequence on the annulus floor, there is an area of what appears to be a wet or stained
area. The source could not be determined, although it does not appear to be lea e from the
primary tank.

No areas of reportable corrosion or other damage was found in the review of this film.

AP 102 Video #10863 Inspection Dated 2/1/06 of Primary Tank, Risers 28
Review completed by gbj 3/5/06.

This inspection film is of good clarity and covers in good detail the Primary Tank components.

The tank dome and riser extensions are covered with a tightly adhering white scale, only broken
in small widely space ar . The internal appurtenance are generally free of scale or corrosion
deposits. There is only a light rust bloom, no residual product adhering to the exposed shell
walls. There was no evidence of corrosion or other damage noted. The Riser extensions were
panned in on, they all appeared to be full thickness, no wasting or knife edging was observed.
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AP 103 Video #8497 Inspection Dated 4/1/98 of Primary Tank
Review completed by gbj 5/13/04

This tape is without meaningful image. It was intended to record sampling process from
Riser #3.

AP 103 Video #9425 Inspection Dated 2/27/92 Tank Annulus
Review completed by gbj 5/13/04

. .Im shows primary and secondary shell walls with accumulations of scale and patches of rust.
Both cir mnferential and long welds have been recently abrasively cleaned in the AZ,

1

I ' for UT inspection. The primary shell walls have rivers of dried couplent flows
a ra S.

No significant corrosion pitting, or other damage was noted on in this area of the tank. Fil was
viewed to 1.35 Minutes, end of recording.

Recommendations:

These conditions should be monitored for change as a part of the ongoing 5 year inspection
interval.

AP 103 Video #9426 Inspection Dated 2/19/92 Tank Annulus
Review completed by gbj 5/13/04

Film shows annulus area in similar condition to that of film #9425. The primary and secondary
shell walls with accumulations of scale and patches of rust. Both circumferential and long welds
have been recently abrasively cleaned in the HAZ, presumably for UT inspection. The primary
shell walls have rivers of dried couplent flows across large areas.

No significant corrosion pitting, or other damage was noted on in this area of the tank. Film was
viewed to 1.17 Minutes.

Recommendations:

These conditions should be monitored for change as a part of the ongoing inspection protocol.

AP 103 Video #10864 Inspection Dated 2/2/06 of Primary Tank, Risers 27
Review completed by gbj 3/5/06

This inspection film is of good clarity and covers in good detail the Primary Tank components.
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The tank dome and riser extensions are covered with a tightly adhering white scale, only broken
in small wid 7 space areas. The internal appurtenances are generally free of scale or corrosion
deposits. There is only a light rust bloom, no residual product adhering to the exposed shell
walls. There was no evidence of corrosion or other damage noted. The Riser extensions were
panned in on, they :  appeared to be full thickness, no wasting or knife edging was observed.

A 103 Video #10870 Inspection Dated 8/31/05 of Tank Annulus, R 'rs 46,49,57 & 54
Review completed by gbj 3/5/06

The inspection film is of good clarity and covers in good detail the tank annulus components,
both primary and secondary containment.

T1 eis typical of this construction  d servicen  and mill scale debris on the tank sl
knuckle and other annulus component surfaces. There is notably on the primary tank shell,
stains, evidence of application of couplent used in UT inspection of the circumfer tial welds.
Numerous other construction markings remain on the tank surfaces; this would seem to indicate
that little or no general wasting corrosion has occurred.  he tank pedestal and floor slots appear
to be in as constructed condition.

No areas of reportable corrosion or other damage was found in the review of this Im.

AP 104 Video #9427 Tank Annulus Inspection Dated 2/25/92
Review completed by gbj 6/22/04

This inspection was conducted from Riser 17, the image clarity is good, consistent with the film
of this period. No irregularities of immediate concern were found.

ne annulus primary shell is covered with light to moderate mi sc: :, rust and other corrosion
product. Surface roughness is most notable on the 1% shell course of the primary shell near the
haunch. It appears that there was a extended period where annulus area was not adequately
ventilated, allowing an atmosphere of highly humid stagnate air to exist. There are numerous
paint markings on the tank as a result of original construction. Some circumferential welds have
been abrasively cleaned in HAZ areas for UT inspection. There are rivers of concrete laitance or
splatter running down the primary tank from the dome and knuckle area. Observed internal
piping appears to be sound, no concerns were noted.

1 hour 27 minutes into the film, heavy mill scale fractures were noted on primary tank shell.
These indications are viewed as being superficial, with no measurable wall loss associated with
them.

The film was reviewed to the end at 1 hr 46 minutes.
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Recommendations:

These conditions should be monitored for change as a part of the ongoing inspection protocol.
Existing AUT data should be examined to confirm areas of noted concern. An effort should be
made to establish a corrosion rate based on first opportunity to re-inspect these areas.

AP 104 Video #10038 Primary Tank Inspection Dated 7/15/97
Review completed by gbj 6/22/04

The Primary Tank inspection was conducted from Riser 24. The film clarity is good. Areas of
interest are zeroed in on with appropriate close-ups and hold time.

The Primary Tank interior is generally free of scale or other debris. There is a light rust bloom
on the shell walls along with a very light accumulation product residue. There is an area of
significant corrosion concern located in or near the circumferential weld between the first and
second shell courses. The indication of concern appears to be a deep horizontal run of
interconnected pitting estimated to be between 4 to 5 feet in length. No estimate of the depth
could be made. The condition appears in several locations at slightly different elevations and
locations throughout circumference of the tank. The as described are seen from various vantage
points throughout the duration of the film.

Recommendations:

These conditions should be monitored for change as a part of the ongoing inspection interval.

AP 104 Video #10643 Inspection Dated 10/20/04 of Primary Tank, Risers 45 & 48
Review completed by gbj 3/5/06

This inspection was conducted from Risers 49 then 47; the image clarity is good, consistent with
the best technology available at this time.

The annulus primary shell is covered with light to moderate mill scale, rust and other corrosion
product. Surface roughness is most notable on the 1% shell course of the primary shell near the
haunch. It appears that there was a extended period where annulus area was not adequately
ventilated, allowing an atmosphere of highly humid stagnate air to exist. There are numerous
paint markings on the tank as a result of original construction. Some circumferential welds have
been abrasively cleaned in HAZ areas for UT or MT inspection. There are rivers of concrete
laitance or splatter running down the primary tank from the dome and knuckle area. Observed
internal piping appears to be sound, no concerns were noted.

There is what appears to be an accumulation of thick damp sludge, rust in color on the floor of
the annulus. No definitive det  1ination could be made as to its source.
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prolonged period of high humidity due to nonfunctioning or an inadequately functioning
ventilation system, typical of these tanks.

Some minor sloughing of the insulating grout pedestal was observed in the slots below the
knuckle.

Film was reviewed from start to 1 hr 14 minutes.
Recommendations:

anulus ventilation systems should be monitored on scheduled bases to insure operational
objectives are met. The annulus area should be monitored with Video for change ; a part of the
ongoing 5 year inspection interval.

241 AP 106 #9431 Annulus Inspection, Riser 17, Date 3/3/92
Review completed by gbj 7/13/04

This inspection was conducted from Riser 17, the image clarity is good, consistent with the film
of this period. No irregularities of immediate concern were observed.

The annulus primary and secondary shells are covered with light mill scale, rust and other scale
product, white to yellow in color. Scale and underlying metal roughness are present on both

ell surfaces throughout the annulus area. It appears that the annulus area was: jjected to a
period of high humidity, typical of the other tanks in this complex. The p ingapp 'sto bein
good condition, supports are sound, no areas of concern were noted.

Film was reviewed from start to 1 hr 27 minutes.
Recommendations:

Annulus ventilation systems should be monitored on scheduled bases to insure operational
objectives are met. The annulus area should be monitored with Video for . inge as a part of the
ongoing 5 year inspection interval.

AP 106 Video #10857 Inspection Dated 1/25/06 of Primary . ank, Risers 26
Review completed by gbj 3/7/06

The Primary Tank inspection was conducted from Riser 26. The film clarity is good. Areas of
interest are zeroed in on with appropriate close-ups and hold time.

The Primary Tank interior shell walls are generally free of product scale. There is a tightly
adhering scale, rust to white on the tank dome, broken in places exposing the underlying metal.
There are areas that appear to be preferential corrosion on the dome attachment welds and HAZ.
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Recommendations:

Annulus ventilation systems should be monitored on scheduled bases to insure operational
objectives are met. The annulus area should be monitored with Video for change as a part of the
ongoing 5 year inspection interval.

AP 107 Video #8543 & #8545 UT Scan Inspection Dated 6/19/00
Review completed by gbj 3/19/05

These film segments are of the tank primary shell UT scan procedure. No concerns were noted
in the review of the film.

AP 107 Video #8575 UT Scan of Annulus Shell Inspection Dated 6/19/00
Review completed by gbj 3/19/05

This film is of the tank primary shell UT scan procedure. No concerns were noted in the review
of the film.

241 AP 107 #9179 Annulus Risers 46, Inspection Date 4/9/02
Review completed by gbj 7/13/04

This film was completed on the same date as #9180, the conditions found are the same as
reported under that inspection.

Film was reviewed from start to finish at 50 minutes.

241 AP 107 Primary Tank Riser 24 Video #8503, Inspection Date 7/16/97 an Pri -y
Tank Risers 2, Video #9341 Date of Inspection 6/28/02
Review completed by gbj 12/2/04

Comparison of the 2 video films taken in 1997 and 2002, found little change in the condition of
the tank.

The both films clarity is fair, flaking of film due to unknown source. The product level at the
time of inspection in 1997 was below the second shell course cir weld. The 2002 film found it
was within approximately 2 feet of the top knuckle to shell weld.

The vapor space condition was found to be substantially unchanged between the 2 films taking.
The dome vapor space area is covered in a light rust colored scale. There are areas of isolated
and interconnected pitting on the dome plate segments, the depth of these indications could not
be determined. The plate attachment welds and HAZ show significant areas of preferenti.
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measures should be taken to determine the cause of the damage an mitigating action should be
taken to remove the causative mechanism.

241 AP 108 Annulus Riser 49 Video #9181 Inspection Date 4/09/02 & Riser 54 spection
Dated 4/09/02, Video # 9182
Review completed by gbj 2/15/05

This inspection was conducted from Risers 49 and 54 although the camera was relocated several
times (that is brought up out of the riser and reinserted) there was no indication if the riser
location was changed on the film title. The image clarity is good, however, the movement of the
camera is erratic at times, thus making the inspection difficult to follow. No areas requiring
follow up we  identified.

The annulus| ° ary and secondary shells are covered with light to heavy scale. The heavy scale

build up was observed just below the first and second shell course weld on the secondary

containment. Scale and underlying metal roughness and mill scale are present on both shell

surfaces throughout the annulus area. The piping appears to be in good condition, ports are

sound, no areas of concern were noted. ‘

Film was reviewed from start to 1 hr 18 minutes.
Recommendations:

Future inspection should include a review of the film to determine the location of e heavy sca
on the secondary shell. Re-inspection of this area should be done during the next 5 year
inspection program.
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Recommendations:

These conditions should be monitored for change as a part of the ongoing inspection interval.

AW 102 Annulus Riser 45 Video #9654 and 9655 Dated 08/21/01
Review Completed 21/14/05 by gbj

Film shows primary and secondary shell walls with patches of mill scale and rust. T primary
shell walls have several areas of isolated pitting in areas where the mill scale has sloughed off.
Minor pitting and pitting networks were also observed on the bottom knuckle along with general
corrosion scale and surface roughness on the haunch. However, no significant corrosion pitting,
oro er damage was noted on in these area of the tank. Film was viewed to 62 Minutes, end of
recording,.

Recommendations:

These conditions should be monitored for change as a part of the ongoing inspection interval.

AW 102 Primary Tank, Riser 45 Video #9151, Dated 09/22/01
Review Completed 2/14/05 by gbj

The film was found to be of acceptable clarity. Close up imagines of Riser extensions are
icluded in this report.

The ik product level is approximately 2 from the bottom, thus allowing almost complete
inspection of the tank shell. There is an accumulation of heavy white scale on the exposed shell
courses with patches of rust bleed through, with indications of under lying corrosion pitting.
This observed where it was evident of the level having been higher at one time.
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There is evidence in the vapor space of extensive corrosion attack. The corrosion attack is
generalized to include the dome, knuckle and exposed upper shell plate. The weldment /HAZ
associated with these components have, in places, been preferentially attacked, notably in the
HAZ at the shell to knuckle weld.

Several of the Riser extensions have wasted, although there was not evidence of complete
through wall corrosion. No absolute quantitative assessment of the metal loss could be made.

One riser nozzle was found to be steadily leaking product into the tank, this was well
documented in the video.

AW 102 Annulus Riser 17B (Highlights)Video #9437 Dated 8/5/91
Review Completed 11/5/04 by gbj

Film shows primary and secondary shell walls with accumulations of mill scale and patches of

rust, typical of this tank annulus. These ‘highlights” are narrated and are directed at

demonstrating the capability of the video inspection system more than providing a systematic

inspection of the tank. No indications of concern were noted on this film. The vic » was less
an 8 minutes.

AW 102 Annulus Riser 17B (Highlights) Video #9434 Dated 8/5/91
Review Completed 11/5/04 by gbj

This film is a duplicate of #9437 reviewed above. No narrative accompanies this film however.

AW 102 Tank Annulus, Video #10348 Riser 50 Dated 8/21/01 & AW 103 Primary Tank
Inspection Dated 4/17/02
Review Completed 3/12/06 by gbj

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.
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AW 104 Annulus Riser 48 Video #9662 Dated 11/07/01
Review Completed 11/3/04 by gbj

Film shows primary and secondary shell walls with accumulations of scale and patches of rust.
The primary shell walls have rivers of what is described as “dried laitance flows” across large
areas running to the bottom of the tank. The appearance of these flows is not consistent with
original construction laitance flow, in that it clearly occurred much later in 1e life of the tank.
This is more probably spill of chemical additives used to adjust the ph of the stored product.

Minor pitting and pitting networks were also observed. The film shows the primary te
pedestal and bottom slots, no evidence of leakage or structural distortion was seen.

Nosig 1 tcorrosion pitting, or other damage was noted on in this area of the tank. F n was
view to 46 Mim  , end of rc  rding.

Recommendations:

These conditions should be monitored for change as a part of the ongoing inspection interval.

AW 104 Annulus Riser 49 Video #9212 Dated 7/30,
weview Completed 11/3/04 by gbj

Film shows primary and secondary shell walls with patches of mill scale and rust. __.e primary
shell walls have rivers of what is described as “dried laitance flows” across large areas running to
the bottom of the tank. Minor pitting and pitting networks were also observed. There is wh
appears to be general corrosion scale and surface roughness in the haunch and knuckle areas.
However, no significant corrosion pitting, or other damage was noted on in this area of the tank.
Film was view to 47 Minutes, end of recording.

One area of note; the tank bottom at the knuckle to pedest: interface was found have an
inordinate amount of what appears to be corrosion product and other debris, see picture below.
This condition should be followed in all future inspections.
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SY Tank Farm

SY 101 DVD #10474 & #10119 Inspections Dated 5/15/03 of Primary Tank
Riser 6 Review completed by gbj 2/05/06

The DVD conversion from the VHS video film was found to be of acceptable clarity. It was
noted however that the lighting intensity on this film segment was not adjustable, which lead to
washout in some areas of the inspection.

The tank product level is approximately 2 feet below the knuckle to shell atta ment weld.
There is an accumulation of heavy white scale up to the nuckle weld, evidence of the level
having been higher at one time. The knuckle and dome are covered with corrosion product (rust)
and heavy white/yellow ch  «  residue.

The isevidenceinthev: rspaceofl ittomoderate -rosions :on all surfaces, no
notable damage was found. The weldment / AZ in the vapor space appear tc e in serviceable
condition, no preferential corrosion noted.

iser extensions appear to be full thickness, no wasting or thinning was fou:
Recommendations:

These conditions should = monitored for change as a part of the ongoing inspection interval.

SY 101 DVD #10475 Inspection Dated 4/30/03 of Tank Annulus
Review completed by gbj 2/6/06

Film shows primary and secondary tank components have light to moderate accumulations of
rust scale and post heat treatment gray scale over most of the observable surfaces. The primary
shell walls have rivers of dried laitance flow, typical of tanks of this construction. There appears
to be superficial corrosion pitting and pitting networks where the mill scale has broken away
from the plate. The film shows clearly the primary tank support pedestal and bottom slots.
There was no evidence of leakage or structural distortion was found in this area.

There were no areas concerns of note found on this segment of film.

SY 101 DVD #10117 Inspection Dated 4/29/03 of Tank Annulus
Review completed by gbj 2/6/06

Film shows primary and secondary tank components have light to moderate accumulations of
rust scale and post heat treatment gray scale over most of the observable surfaces. The primary
shell walls have rivers of dried laitance flow, typical of tanks of is construction. There appears
to be superficial corrosion pitting and pitting networks where the mill scale has broken away
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SY 102 DVD #10479 Inspection Dated 4/30/03 of Tank Annulus
Riser 40 & 49 Review completed by gbj 2/7/06

Film shows primary and secondary shell walls with accumulations of scale and patches of rust.
The primary shell walls have rivers of dried couplent flows across large areas. Minort ing and
pitting networks were also observed. The film shows the primary tank pedestal and bottom slots,
no evidence of leakage or structural distortion was seen.

No significant corrosion pitting, or other damage was noted on in this area of the tank. Film was
view to the end of recording.

SY 102 DVD V11 Hection Da  ~ 5/1/03 of ] 2 ulus
Riser 44 & 4. ......w completed b: »j 7/

Fil shows primary and secondary tank components have light to moderate accumulations of
rust scale and post heat treatment gray scale over most of the observable surfaces. The primary
shell walls have rivers of dried laitance flow, typical of tanks of this construction. There appears
to be superficial corrosion pitting and pitting networks where the mill scale has broken away
from the plate. The film shows clearly the primary tank support pedestal and bottom slots.
There was no evidence of leakage or structural distortion was found in this area.

There were no areas concerns of note found on this segment of film.

SY 103 DVD #10484 Inspection Dated 4/22/03 of Tank Annulus
. er 46 & 50 Review completed by —j 2/8/06

Film shows primary and secondary tank components have light to moderate accumulations «

t scale and post heat treatment gray scale over most of the observable surfaces. The primary
shell walls have rivers of dried laitance flow, typical of tanks of this construction. ...ere appears
to be superficial corrosion pitting and pitting networks where the mill scale has broken away
from the plate. The film shows clearly the primary tank support pedestal and bottom slots.

nere was no evidence of leakage or structural distortion was found in this area.

There were no areas concerns of note found on this segment of film.
Recommendations:

These conditions should be monitore for change as a part of the ongoing inspection interval.
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AY-101 Video #10369 Inspection Dated 1/17/01 of Tank Annulus, Riser 81
Review completed by gbj 3/6/06

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

This film segment confirms findings in the previously film reviewed. There is reason to believe
from this film segment that there has been infiltration of water into the annulus. This is
evidenced by a white scale, calcium like bathtub ring on the primary tank up to approximately
the top of the bottom knuckle or bottom of the first shell course.

A )1 Videoi )373 Inspecti  Dated 1/18/01 of Tank Annulus, Riser 85
2 v.  nplet " by gbj 3/6/06

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

This film segment confirms findings in the previously film reviewed of this area. See comments
in review of DVD’s 10367, 10368 & 10369.

AY- 101 Video #10372 Inspection Dated 1/18/01 of Tank Annulus, Riser 77
Review completed by gbj 3/6/06

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

This film segment confirms findings in the previously film reviewed of this area. See comments
in review of DVD’s 10367, 10368 & 10369.

AY- 101 Video #10370 Inspection Dated 1/18/01 of Tank Annulus, Riser 79
Review completed by gbj 3/6/06

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

This film segment confirms findings in the previously film reviewed of this area. See comments
in review of DVD’s 10367, 10368 & 10369.

E-49



RPP-28538, Rev. 1

AY- 101 Video #10374 Inspection Dated 1/27/01 of Tank Annulus, Riser 77 & Inspection
Dated 4/11/01 Riser 77
Review completed by gbj 3/6/06

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

This film segment confirms findings in the previously film reviewed of this area. See comments
inreview of /D’s 10367, 10368 & 10369.

Note that the inspection film dated 4/11/01 appears to be an attempt to gauge with a ruler the
size/depth of some of the corroded surface of the tank. No meaningful information could be
determined from this reviewer.

AY- 101 Video #10375 Inspection Dated 1/27/01 of Tank Annulus, Riser 91
Review completed by gbj 3/6/06

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

This film segment confirms findings in the previously film reviewed of this area. See comments
in review of DVD’s 10367, 10368 & 10369.

AY- 1 Video #10390 Inspection Dated 7/12/01 of Tank Annulus, Riser 84
eview completed by gbj 3/6/06

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

This film segment confirms findings in the previously film reviewed of this area. See comments
in review of DVD’s 10367, 10368 & 10369.

AY- 101 Video #10391 Inspection Dated 7/13/01 of Tank Annulus, Riser 80
Review completed by gbj 3/6/06

The inspection film is of good clarity and covers in adequate detail the tank annu  : components,
both primary and secondary containment.

This fi  segment confirms findings in the previously film reviewed of this area. See comments
in review of DVD’s 10367, 10368 & 10369.
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The tank was filled to approximately %2 to 1/3 of its capacity at the time of the inspection.

There v little or no meaningful accumulation of product scale on the shell or internal
components. The tank dome was covered in a light to moderate layer of rust. Mc ‘rate to server
preferential cc  sion was noted in the dome area on the ligament attachment welds, in the

v dment and HAZ. The nozzle extensions appeared to be thinning, the attachment welds were
covered in heavy corrosion product in areas, no determination as to their condition could be
made. The internal components appeared to be in serviceable condition, no damage was
observed.

AZ- 101 Video #10404 Inspection Dated 9/25/01 of Tank Annulus, Risers 82 & 83
Review completed 3/9/06 by gbj

The inspection film is of good clarity and covers in ad  1ate detail the tank annulus components,
both pri  ary and secondary containment.

The annulus primary tank is covered in a light to moderate rust and mill scale. There are areas of
scattered and interconnected pitting networks on most of the surfaces observed in this film
sequence, these networks are considered to be superficial, although absolute dete  ination of the
their severity could be made. 'These networks are most notable on the upper portion of the tank
shell and knuckle. There are typical construction writing and marking artifacts throughout the
tank. The bottom shell and knuckle appear to be in like condition but with less e* lence of scale
and interconnected pitting networks. The tank pedestal appears to be in good condition, no
notable damage or other concerns were observed.

The secondary tank shell is covered in heavy deposit of light colored scale and rust like corrosion
deposit. There is evidence of water infiltration from the top of the tank. This is believed to be
the source of the scale, although where and how this may have occurred is uncertain. The floor
of the annulus is covered in loose scale that has fallen from the tank shell accumulated over
time. There are areas of staining that suggest again that water has been p t on the floor of
the annulus at one time. That said, none was found to be present at the time of this inspection.

7-101 Vi .0 #10405 Inspection Dated 9/25/01 of Tank Annulus, Risers 86
Review completed 3/9/06 by gbj

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

. ..is film sequence similar to that described in DVD #10405 above. No significant corrosion or
other damage was found.
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AZ- 101 Video #10873 Inspection Dated 9/25/01 of Tank Annulus, Risers 78
Review completed 3/9/06 by gbj

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

This film sequence similar to that described in DVD #10405 above. No significant corrosion or
other damage was found.

AZ- 102 Video #10410 Inspection Dated 2/8/01 of Tank Annulus, Risers 82
Review « ple 13/9/t by gbj

The inspection filmis of »od ¢l :y and coversin ~ « ail the tank annul' components,
both primary and secondary containment.

This film sequence similar to that described in DVD #10405 above. No significant corrosion or
other damage was found.

AZ- 102 Videc 10411 Inspection Dated 2/28/01 of Tank Annulus, Risers 84
Review completed 3/9/06 by gbj

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.

This film sequence similar to that described in DVD #10405 above. No significant corrosion or
other damage was found.

AZ- 102 Video #10409 Inspection Dated 2/6/01 of Tank Annulus, Risers 79
Review completed 3/9/06 by gbj

The inspection film is of good clarity and covers in ade 1ate detail the tank annulus components,
both primary and secondary containment.

This film sequence similar to that described in DVD #10405 above. No significant corrosion or
other damage was found.

AZ- 102 Video #10413 Inspection Dated 2/7/01 of Tank Annulus, Risers 87
Review completed 3/9/06 by gbj

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
both primary and secondary containment.
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1is film sequence similar to that described in DVD #10405 above. No significant corrosion or
other damage was found.

AZ-102 Video #10412 Inspection Dated 2/7/01 of Tank Annulus, Risers 85
Review completed 3/9/06 by gbj

The inspection film is of good clarity and covers in adequate detail the tank annulus components,
th primary and secondary containment.

This film sequence similar to that described in DVD #10405 above. No significant corrosion or
other damage was found.

AZ- 101 Video #10872 Inspection Dated 9/26/01 Primary Tank, Risers 65
Review completed 3/9/06 by gbj

The inspection film is of poor clarity and quality. The camera upon entering the tank
immediately formed condensate on the lens which greatly attenuated the image clarity.

This condition persisted throughout the film. No meaningful inspection condition report could
be made as a result.
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APPENDIX F

CORROSION MONITORING ASS™""MENT
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FORWARD BY THE IQRPE

In the early days of the DST integrity assessment effort, an industry corrosion expert was
contracted to assess the corrosion monitoring programs at Hanford. That assessment served as a
basis for section 9.2.7 of this document. Since the corrosion expert’s assessment, more in-depth
studies have been performed. The assessment that follows includes consideration of corrosion
monitoring in both the DST’s and the transfer lines. The corrosion expert had a background in
natural gas and petroleum piping, the failure of either is generally immediately dangerous to life
and health of the general public. The IQRPE understands that the failure of Hanford piping,
while serious from an environmental standpoint, is not catastrophic to human life or property
(other than the loss of the transfer pipe).

Therefore this assessment of the Hanford corrosion monitoring programs and methods was used
as a general guide in providing a more practical assessment as is rovided 19.2.7.

In the pages that follow, “recommendations” have been revised to “best practices.”
Improvements or activities identified as a “‘best practice” may be programmatically beneficial
following a cost-benefits analysis against the tank farm mission. Most “best practices” identified
in this appendix are generally life-extension activities that when implemented could greatly
extend the useful life of the transfer lines or tanks. Some best practices have been extracted to
section 9.2.7 and identified as “recommendations.” Those practices are considered necessary
and sufficient to monitor tank and pip: ne integrity for the purpose of meeting the 2028 tank
farm mission.

As indicated, this corrosion expert’s assessment was v ten early in the project. Throughout the

text, the IQRPE has inserted “IQRPE’s notes,” that are intended to update ¢ reader on more
irrent developments regarding the contextual subject matter.
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3.2 INSPECTION PROGRAMS FOR ASSESSING INTEGRITY OF TRANSFER
PIPING

Hanford has a network of piping for transferring waste products between tanks. The transfers are
conducted routinely. A review of the procedures suggests the transfer lines are flushed with
relatively small volumes of water following each transfer. However, the transfer procedures
make no reference to the use of pigs for cleaning the pipelines by displacing any debris, which

ty e settled on low spots along the pipeline. Without pig launchers and receivers and a
routine maintenance pigging program, the transfer pipelines could not be inspec ., using in-line
inspection vehicles, i.e., intelligent igs. The companies who provide in-line inspection ser es
will be very reluctant to allow one ot their intelligent pigs pass through the transfer lines, since
the pig would become contaminated, and subsequently could not be used for inspections at other
facilities. Thus, it is highly unlikely that the transfer lines could be inspected, using in-line
inspection techniques.

A leak or failure of the encasements around the transfer lines could be quite significant, and
would undoubtedly interrupt the schedules for transferring and consolidating of waste products.
Consequently, there needs to be an alternate methodology for inspecting the exter 1 surfaces of
these encasement around the transfer pipelines, such that their integrity can be assessed.
Although hydrostatic pressure tests can be conducted to demonstrate integrity, there may be
some hesitation for conducting such tests. Each test imposes stresses on the pipeline materials,
and may allow any pre-existing (as of the time of the pressure test) defects to grow. If the
pipeline fails, the site of the failure will have to be determined prior to repairing the encased
pipeline, and this could require the excavation of the entire pipeline.

The exterior surface of the encased transfer pipelines (the encasement) can be inspected by above
grade (ground) instrumentation. Then, only small sections of the pipelines would need to be
excavated to allow the direct examination of the exterior surface.

IQRPEs note: document Rrr-27097 provides an in-depth study of the feasibility of using
above ground assessment of buried piping.

3.3 HISTORICALLY CORROSION RATES HAVE BEEN CALCULATED FROM
CHEMICAL ANALYSES

Although corrosion monitoring has been important to Hanford Operations, the use of corrosion
monitoring instrumentation was never the priority. Instead of installing corrosion monitoring
instrumentation throughout the facilities, the approach was to collect fluid samples, analyze
them, and match the compositions to a matrix of chemical compositions and the corresponding
corrosion rates, which was based on extensive laboratory testing. This follows the methodology
developed at the U.S. Government’s Savannah River facilities. This approach has worked
successfully over the years, as evidenced by the overall integrity of the systems at Hanford.

Part of that success may be related to the historically low corrosion rates at Hanford.

However, due to the complexity and expense associated with the collection and analysis of the
radioactive fluids/waste products, the number of chemical analyses, which can be conducted, is
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pipelines typically through wire brushes. (Note that if there is loose debris, the brushes could
easily become contaminated).

In-line inspection tools, which pass through pipelines, will have numerous sets of magnets
around the circumference of the inspection tool. The inspection tools, which pass through the
small bore piping within heat exchangers, will have numerous channels, but nowhere near as
many channels as inspection tools passing through large diameter pipelines. By virtue of which
particular detectors report have found anomalies within the magnetic fields, it is possible to
determine the azimuth (circumferential position) of individual corrosion indications.

Figure 2. Magnetic Flux Leakage.

i
I
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MFL inspection technology cannot provide as high a resolution as ultrasonic measurements.
Typically, the resolution is of the order of magnitude of 20-25 mils, versus 10 mils for ultrasonic
measurements. However, it is possible to inspect large areas of base metal very quickly, using
this technology. MFL techniques are frequently used when inspecting pipelines, and tethered
MFL tools could be used to inspect the transfer pipelines, provided the debris within the lines
have been clt  ed.

4.3 X-RAY RADIOGRAPHY

X-Ray radiography is a technique for inspecting localized areas on metals, where the wall
thickness is sufficiently thin that a certain portion of X-ray signals on one side of the metal will
penetrate through the metal, such that it can be easily detected on the opposite side. This is
shown in Figure 3 below. In the technique, an X-ray source (natural or electronic) is located on
one side of a piece of metal that is to be inspected. The X-ray film or electronic detector is
locate  on the opposite side of the metal. When viewed, the bright spots on the image are
indicative of areas with reduced wall thickness, since there is not as much base metal available
for attenuating the signals. Typically, the technicians making the radiographs wi place a step
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The coupons are inserted into the process systems for extended periods of time, such as 90-180
days, depending on the corrosion rates previously encountered. At the end of the exposure
period, the coupons are removed, and any corrosion products are cleaned from the surface.
NACE RP-0775 describes the cleaning process and methodology for analyzing coupon results.
By comparing the initial weight to the final weight, the loss in mass can be determined.

The reduction in mass, coupled with the surface area of the coupons, the density of the metal,
and e exposure period can then be used to calculate the general corrosion rate. If pits are
observed on the coupons ter the coupons have been cleaned, the depth of the pits should be
measured, using needle gages. These are spring-loaded dial gages attached to a fine point
needle. By comparing the depth of a pit to adjacent base metal, which has not corroded, and the
exposure period, it is possible to estimate the localized (pitting) corrosion rate. Note that this

approach assumes pit initiation corresponds with the installation of the coupon into the process
fluids.

Both the general and localized or pitting corrosion rates are used to characterize the
corrosiveness of the environment being monitored. NACE RP-0775 includes guidelines, which
help define “acceptable” corrosion rates, based on an industry consensus. For general corrosion
rates, it is generally considered desirable to keep corrosion at less than 1 mil per year (mpy).
Acceptable localized or pitting corrosion rates are generally those less than 2 mpy. However, the
indivi company operators may either raise or lower the acceptable range, based on the
present extent of corrosion damage, the design criteria, i.e., the amount of material which can be
lost wh :still being able to maintain system pressures, and the desired remaining life for the
system.

Many oil companies and petrochemical plants in: corrosion coupons throughout the
production systems, and maintain databases to ar e corrosion coupon results. Itis also a
common practice to retain the processed corrosion coupons within files, rather than to reuse
individual coupons. The latter practice  ows the corrosion engineers to reexamine the coupons
at some time in the future, should it be necessary to look for patterns of attack or perhaps
indications of erosion-corrosion. Per verbal comments, Hanford has reused the metal coupons,
which were used in early testing programs. This is because the corrosion rates were extremely
low. However, the cost of metal coupons is relatively low, and, consequently, it is best practice

at metal co  ons used in future tests be archived and kept in envelopes, which have been
treated with corrosion inhibitors.

Figure 4 illustrates a representative corrosion coupon, such as might be installed within systems
to be monitored. Note that insulating washers are used to prevent electrical shorts when the
coupons are attached to the access fitting plugs or other coupon holders. Figure 5 illustrates
other corrosion coupons, which are in common use. Thicker coupons have additional ndity
and support, which may be necessary if the coupons are installed at a point where flow could
cause the coupons to vibrate and possibly fail from fatigue. The round, flat metal coupons are
typical for flush mounts, as will be discussed in the next section. The stainless steel coupon on
the right side of Figure 5, which has a number of holes, would be used to assess th¢ ropensity
for scale deposition. If the holes become filled during the exposure period, then scale formation
is likely.
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Figure 8. Coupon Holders for Flush Mounted Coupons.
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5.2.3 U-Bend Coupons

U-Bend coupons are thin strips of met:  which have been plastically deformed (mechani ly
bent) to the shape of the letter “U.” The intrados, the interior surface of the U-bend, is under
compressive forces, while ¢ extrados, the exterior surface, is under tensile forces. The bending
imposed forces beyond the yield point, and thus testing of U-Bends is rather severe.

Each U-Bend coupon is held together by the mounting holes at the ends. Teflon insulators are
inserted through the holes, and the two ends of the coupons are bolted together, ensuring a
continuing tensile load on the exterior surface of the coupon. The coupons are inserted into the
process fluids, much like the flat metal coupons described above. They are most frequently used
as a “go-no go” indicator for stress corrosion cracking, and as such should be used to determine
if the propensity for cracking is a concern. It is a best practice that U-bend coupons be in  ted
into each of the DSTs, in addition to the flat metal coupons used for measuring weight loss and
localized  ing corrosion rates.

ERPE 's note: SCC has been identified as a non-concern in the DST’s per document
RPP-RPT-28968.

5.2.4 Exposure Period

Coupons are t_ cally left within systems for 90-180 day periods before they are removed and
assessed. The specific exposure period selected is based on the corrosivity of the flui

Since the corrosion rates within the DSTs at Hanford have been very low (much less than

1 mpy), it is recommended that the maximum exposure periods be 180 days. ote that this
assumes the presence of electronic probes, which provide continuous documentation that no
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5.6 AUTOMATIC DATA COLLECTORS TO MEASURE AND RECORD
ELECTRONIC PROBE DATA

Usually 1t is not convenient to go out to corrosion probes installed within process systems, and
take the measurements. Accordingly, it is most convenient to attach the electronic corrosion
probe to a device, which will automatically measure and record the data, which yields the
corrosion rates. The manufacturers of the electronic corrosion probes use different names for the
automatic or remote data collectors/data loggers, and there are different types of collectors,
depending upon whether the corrosion probes use linear polarization resistance (LPR), electrical
resistance (ER), or high-resolution electrical resistance techniques. Nevertheless, from the
perspective of the user, there are many common features the automatic data loggers share.

Corrosion probes are typically read at regular intervals, such as once an hour, once a day, once a
week, or once a month. This can be done manually, or through the use of automatic (or remote)
data l¢ ers. The data I : battery powe | electronic® ts, which are connec . to t
corrosion probes, and can be programmed to automatically measure 1d record the probe
readings at preset time intervals. The automatic data collectors are typically mounted near the
corrosion probes, such that the electrical cable between the two units is approximately 10 feet in
length. By measuring changes in the electrical resistance for ER or high-resolution ER probes
over time, the corrosion trends can be established, and the consequences of any transient
corrosion event would be recorded by virtue of changes in the electrical resistance. However, if
an automatic data collector/logger is connected to an LPR probe, the unit would record each
(indi  1dent) measurement of the corrosion rate within the system.

Figure 15 brings the three key points of the systems together, and is illustrative of both ER and
LPR based systems. Note the electrical probe that is installed into a pipeline through an access
fitting. A wire leads from the end of the corrosion probe to the automatic data loy r.

The corrosion probe measurements are stored within the automatic data collector, and a hand
held unit is physically connected to the automatic data collector in order to download (transfer)
the data. That data in turn is taken to a computer for processing/analysis to determine the
corrosion rates and trends.

One of the advantages of using a battery powered data collection system, such as described
above, is that it could be installed an operating at a much lower cost than electrochemical noise
systems, which require extensive telecommunication networks and computer systems.

The automatic or remote data collectors have been used extensively in oil production systems for
monitoring corrosion within those systems, and they have been found to be quite dependable.

It would be quite easy to set up similar systems to monitor corrosion within the double shell
waste storage tanks and transfer pipelines at Hanford. Consider first the use of automatic data
collectors in conjunction with the waste storage tanks. Corrosion probe assemblies would
include both electrical resistance probes and electrochemical noise probes. The wire leads from
the electrical resistance probes would go from the top of the probe holder assembly to the
automatic data collectors. 1s ment technicians could then go directly to the above ground data
collector, and retrieve the recently collected corrosion probe data. (Multiple channel units e
available, which enables the use of several probes installed at different levels within the
supernate and sludge pile. Note that if for any reason the automatic data collector failed, the
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Although difficult to interpret, the measurement of electrochemical noise is relatively simple,
and uses the same three-probe assembly as used for LPR measurements. However, there are
major differences in the collection of the data and interpretation of results. In the ECN
technique, no current or potential differences are applied between the electrodes.

However, sensitive electronics are used to measure the minute changes in current and voltage
between the electrodes, and that data is recorded continuously. The short-term fluctuations in
current and potential are indicative of the corrosion processes, such as the formation of corrosion
product films.

NACE International has published books, such as “Electrochemical Impedance and Noise” by
Robert Cottis and Stephen Turgoose (1999), which attempts to explain intricacies associated
with using the EN/ECN technique and the interpretation of results. The authors note that,
whereas some analyses can be simple, others can be very difficult to interpret. Their book
includes examples, which illustrate pit initiation, propagation, and the : »assivation of a pit.

also exi /€ discussions of st thods that are  Hloyed to he o ze
the patterns and interpret results. The reader is referred to that and other books for a tutorial on
the use of ECN techniques for monitoring corrosion.

The manufacturers of the EN instrumentation have made extensive efforts to attain an industry
acceptance of the technique. EN has been used for many laboratory studies of corrosion.

There have been efforts to use the technology for monitoring corrosion within crude oil
production systems, which represents one of the largest markets for using corrosion monitoring
instrumentation. However, with the exception of a few companies, there has been only limited
deployment of EN technology outside of laboratory settings.  he first reason is that use of the
EN technique can be very data intensive, and require the collection and review of ¢ rmous
quantities of data. This necessitates an electronic review of the data. Second, the monitoring
(EN) probes must be installed at key locations throughout the system being monitored.

Thus extensive telecommunications systems are necessary, in order to be able to automatically
collect the data. That can be very expensive. Third, there can be many sources of interference in
operating systems (including pipeline transfer networks) — much more so than laboratory
systems, where the variables can be more closely controlled. As such, it can be very difficult to
identify the events that are directly related to the corro n processes.

There are only a limited number of individuals worldwide, who have the experience to properly
interpret ECN results. Consequently, it is recommended Hanford have several personnel
available, who have been properly trained and experienced to be able to use this monitoring
technique. It should also be used in conjunction with other “classical”” monitoring techniques,
such as the use of coupons or ER/LPR probes, which are more straightforward to interpret.
This will ultimately establish a confidence in the technique. By virtue of obtaining similar
results from independent monitoring techniques, the results from each are validated.

5.8  ACCESS FITTINGS

Access fittings are specially designed threaded fittings, which will allow access to the interior of
a pipeline, tank, or vessel. Consider the case of access fittings on pipe as an example of how
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Figure 17. Flush Coupon Mounted Even With the Bottom of Pipe.
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Figure 18 illustrates the extraction tools used to remove the plug assemblies, from the access
fittings. Note the location of the service block and the different positions for the outer and inner
barrels of the retrieval tool, when installing or removing a plug. The two man crew assigned to
remove coupons would need approximately six (6) feet clearance in the axial direction from the
access fitting to safely remove and replace coupons or probes. Figure 19 illustrates an operator
using an extraction tool.
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Figure 18. Service Valve and Retrieval Tool.
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Per the ASTM code, the pressure testing consists of filling a system with the test fluid, and then
increasing the pressure to the test levels, where it w  be held for a specific period of time.
There are specific guidelines regarding the allowable drop of pressure, which may occur if the
temperature of the fluids drops a few degrees.

Pressure testing will typically take the pipeline segments tested up to 110% of the Maximum
Allowable Operating Pressure (MAOP or MOP). Note that the MAOP is defined within

ASTM B31G, based on the materials of construction, including the heat treatments, the wall
thickness, and the corrosion allowance. Pipelines, which pass the pressure tests, will be certified
to provide the assurance of integrity for a period of one year, per B31.8. If there are pre-existing
flaws within the pipeline, the strength tests will cause defects larger than a critical size to leak.
Thus defective sections can be removed from the pipelines and 1 laced.

ne ASME B31.8 Integrity Supplemental Standard discusses Class 1 natural gas transmission
p ‘lines. It defines corrosior ~ fectsinto * e catt »r  —those that require *° ediate

% ¢C

repairs,” “scheduled repairs,” and “continue to monitor.” These are:
. Immediate repairs. Corrosion defects that would fail during pressure tests to 110% of
the MAOP.

. Scheduled repairs. Corrosion defects that would fail between 110-139% of the MAOP.
These must be addressed if they could grow to failure before the next integrity
evaluation.

e Continue to Monitor. Corrosion defects that would not fail at 139% of the MAOP, but
which must be monitored to ensure they will not grow to the point of creating concerns
for the integrity of the systems, prior to the next integrity evaluation.

By conducting pressure tests at 139% of the MAOP, it is possible to remove all “immediate” and
“scheduled” defects, and to be left only with defects, which should be monitored, but do not
require repairs at the present time. [The largest size defects that could remain after pressure
testing to 139% of MAOP would be those defects, whose length and depth is such that it would
only fail at pressures above 1.39 times the MAOP. For pipelines, where the original MAOP is
72% of the yield pressure, the largest defects that could remain are those that would fail only if
pressures are greater than yield pressure, since 0.72 times 1.39 equals 1.00].

Unfortunately, pressure tests provide no information regarding the number, size, or location of
remaining defects, or the growth rate for the individual defects. Hence, other spection/survey
technologies may be required for locating the position of such anomalies, and in-line inspections
via intelligent pigging has been one of the most common approaches to determining the size and
location of such indications within pipelines, which have launchers and receivers.

6.2.1 General Considerations Associated with ydrotesting of Pipelines

It is common practice to conduct hydrostatic pressure tests following the construction of new
pipelines. All hydrotest waters must be removed from the pipelines, following pressure testing.
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One of the first questions to address is whether it is feasible to use the direct assessment process.
For example, the following conditions can make it difficult to apply the technique:

(a) Locations where coatings cause electrical shielding, i.e., at disbonded coating
(b) Backfill with significant rock content or rock ledges
(c) Certain ground surfaces, such as pavement, frozen ground, and reinforced concrete

(d) Situations, where it is not possible to acquire measurements from above ground in a
reasonable time frame

(e) Locations, which are adjacent to buried metallic structures
® Inaccessible areas

After a review of local conditions, it would be determined whether the direct assessment

methodology could be applied. It may be necessary to divide the pipeline into a number of

« ferent regions, and at least two indirect inspection technologies would be used to assess each

region. The methodologies should complement each other, but would use different
istrumentation and techniques. For example, consider a pipeline, having a good coating.

A close interval survey could be used to quantify the cathodic protection, interferences, current

shielding, and coating quality. This would be accompanied by a Direct Current Voltage Gradient

(DCVQG) survey to identify the locations of damaged coatings.

If there are locations along a pipeline, where certain indirect inspections are not practical, su  as
at cased road crossings, then alternate inspection technologies must be identified for use in
completing the investigations. The location would be treated as a separate ECDA region, and the
second or third inspection technique must be able to provide confidence in the validity of the
results. If alternate inspection technologies are not available, then the ECDA process cannot be
applied.

6.4.2 Indirect Inspections

Indirect inspections are used to identify the locations of coating faults, such as holidays, blisters,
etc., insufficient cathodic protection, electrical shorts, inte rences, current shielding, and other
anomalies along pipelines. The indirect inspections also identify areas, where corrosion may be
occurring, or has occurred. Some of the pipeline survey techniques, which are typically used
include:

. Depth of Pipe surveys

. Soil Resistivity surveys

. Probe to Probe Potential surveys

. Close Interval on/off Potential surveys

o Direct Current Voltage Gradient surveys
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. Electromagnetic current attenuation surveys
. Alternating Current Voltage Gradient surveys

There are advantages and disadvantages for each technique, depending on the type of anomalies
to be detected and the condition along the pipeline. It is best to consult with a company that
provides such direct assessment services to pipeline companies, and have them review the
available data and select the appropriate indirect inspection methodologies. They should collect
and analyze the field data. Note that engineering skill, coupled with experience, is essential to

properly identify the locations on the buried pipeline that are most likely to have external
corrosion.

The inspection/surveys, which that are selected, should be conducted at approximately the same

time. T}  the different inspection/survey tec™ " jues will “see” essentially tt “2nt of
corrosion on the exterior surfaces of the buried pipeline, and t}  results can be
Each of the d____rent sets of inspection/si  eys resul need to be tied to the sa e

points on the pipeline, enabling the comparisons.

The results from the different surveys would be compiled or displayed together, such that it is
possible to determine the locations having the greatest likelihood of external corrosion.

A certain number of those locations would then be selected for excavation, and direct visual
examination of the exterior surface of the piping.

6.4.3 Direct Examinations

Direct examination requires the excavation of pipelines, such that the cause and extent of the
corrosion can be determined, using visual examinations. This step starts with the review,
ranking, and prioritization of indications identified in the Indirect Inspections step. Each of the
indications would be placed in one of three categories, namely

. Immediate Action required
. Scheduled Action Required
. Suitable for Monitoring

The highest priority indications will be subject to excavation and direct observations of the pipe
surface, including a series of tests on the surrounding soil and electrolytes. NACE Standard
RP0502 requires at least one excavation and direct examination of the external ~ face of the
pipeline (or cased pipeline). However, if this is the first time the particular pipeline has been
subjected to the direct assessment process, a minimum of two areas to be excavated and directly
examined.

The excavations should be conducted methodically, in such a way that data can be collected
throughout the digging. When the soil is removed, 1e condition of the pipeline coating should
be documented, using sketches / photography, and field notes. Ifliquid is underneath blisters,
they should be “popped,” such that the pH of the liquid can be determined.
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7.1 CORROSION MONITORING WITHIN TRANSFER PIPELINES

At the present time, there is no program for monitoring corrosion rates within the transfer lines,
1.e., internal corrosion, which may be associated with the transfer of radioactive wastes between
storage tanks during the waste consolidation and vitrification processes. Some of the failures of
the transfer pipelines have been associated with erosion-corrosion mechanisms. Consequently, it
is considered best practice for corrosion monitoring coupons and instrumentation to be installed
within the transfer pipelines at Hanford as one measure of the integrity of the transfer pipelines.

Note that unlike pipelines used in other industries, the transfer pipelines at Hanford are u | only
intermittently, i.e., « y when the radioactive wastes ar associated fluids are being transferred.
Although the pipelines are flushed briefly following the waste transfers, the pipelines are not
cleaned, using clea: 1g pigs or another technology to remove the debris. Thus, small ¢  1tities
of the products being transferred may remain within the pipeline. A boroscope  mination of
the piping associated with the SL-503 Valve Pit Jumper failu revealed depositions on the
interior of the piping (see Section 8.4.2). Thus it must be assumed that a portion of the contents
from within the waste storage tanks will remain within the transfer pipelines.

It should also be noted that a portion of the water used to help flush the transfer pipelines may
remain within low spots along the pipeline, following the transfers. Further, air will enter the
pipeline, following the completion of the transfers. Hence, the combination of waste roducts,
water, : | air/oxygen makes it possible for corrosion to occur not only during the transfer of
waste products, but also during the period of time between transfers

Ideally, it would be best to conduct depth of cover surveys, such that low spots along the transfer
1 e 1es could be identified. Any residual water used to flush the transfer lines is most ~ :ly to
collect or pool at the low spots, and this is where corrosion is most likely. Thus, in theory,
access fittings should be installed at the 6:00 o’clock position on horizontal sections of the
pipeline, which corresponds to low spots along the pipeline, which are slightly deeper than
adjacent segments.

However, it must be recognized that there will be extreme reluctance to weld an access fitting
onto a pipeline containing some radioactive deposits. As such, it will not be practical to install
corrosion monitoring access fittings onto existing single wall transfer pipelines.

Likewise, it would not be practical to install access fittings on new transfer pipelines, which are
encased within larger diameter pipelines. (By the time the engineering studies would have been
completed, the encased transfer pipelines would have already been placed in service).
Accordingly, the most practical method for monitoring corrosion within the transfer pipelines
would be to install the access fittings in new jumpers, and then replace the existing jumpers with
the new ones, which contain the access fittings.

It is considered best practice for multiple access fittings to be installed on the jumpers. This wi
allow the use of multiple techniques for monitoring corrosion. The first two access fittings
should accommodate:

. Flush coupon (C-steel element)
. Flush mounted ER Probe (C-steel element)
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If the transfer pipelines are single wall and apart from nearby structures, either automated or
manual ultrasonic surveys would be conducted around the entire circumference of the transfer
pipeline, and extending a convenient axial length, such as 10 feet. The automation would enable
much of the scanning to be completed remotely, thereby minimizing any exposure of individuals
to radioactive materials within the transfer line.

Note that the wall thickness measurements by ultrasonic techniques will have a limited value.
Although the data shows the extent of internal corrosion, which occurred at a specific location

“)ng the pipeline, it may or may not be representative of conditions elsewhere along the
pipeline. As such, the data should not be used to the exclusion of other techniques. The results
from ultrasonic inspections should be compared to results from other corrosion monitoring or
corrosion rate modeling results, before drawing conclusions.

7.3  CONTINUE MODELING CORROSION RATES FROM CHEMICAL
ANALYSES

The corrosion control program at Hanford is unique, as compared to the corrosion control

programs in other industries. Most industries have adopted the practice of inserting corrosion

monitoring coupons or electronic probes within the process streams, and using those results as
: basis for initiating chemical treatment programs or other corrosion mitigation programs.

In contrast, the corrosion control programs at Hanford have been primarily based on modeling of
the corrosion rates, based on the chemical analysis of the waste products within the storage
tanks. The results from the chemical analyses of fluid samples are matched to corresponding
values in data matrices, which correlate chemical compositions and corrosion rates, as
determined by extensive laboratory tests. This approach has apparently served Hanford
satisfactorily,  evidenced by the years of service obtained to date. As such, fluid samples
should continue to be analyzed, and the corrosion rate modeling approach should be continued
into the future. However, it should be complemented with field measurements of the corrosion
rates. This double check will help validate results.

As an aside, TFC corrosion engineers need to understand that when and if corrosion-modeling
programs are applied to conditions within the transfer pipelines, the modeling should reflect
conditions within those pelines, such as an increased concentration of oxygen.

8.0 CORROSION MONITORING PROGRAM FOR THE DSTS AT HANFORD

This section will describe the corrosion monitoring programs, which are presently being used to
monitor the integrity of the double shell waste storage tanks at Hanford. There will be
recommendations regarding measures, which could be implemented to enhance the reli.  lity of
these monitoring systems, using complementary, independent corrosion monitoring techniques.
This section will also comment on the procedures used to transfer waste products between tanks
from the perspective of possible corrosion within the transfer lines, and will summarize several
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14%. Thus, RPP-11581 evidences at damage to the base materials has been minimal to
date. If corrosion monitoring coupons or instrumentation had been installed within the
tanks, the results from such monitoring would have been expected to be extremely low
and as such, it would have been difficult to document the satisfactory performance of the
corrosion probes.

. An earlier report, HNF-4860 “241-AN Double Shell Tanks Integrity Assessment Report,”
also discussed inspection results, and focused on several tanks, which had b 1 identified
as the most favorable for stress corrosion cracking mechanisms to be active. However,
neither cracks, nor evidence of pitting was found during the examinations of tanks
AW-103, AN-107, AZ-101, AY-102, AN-105, or AN-106. Evidence of general
corrosion, i.e., wall thinning, was only found for localized areas on tank AN-105; and the

N-105 data was determined to be suspect. Nevertheless, the overall inspection results
evidence low rosion rates, which is good from the perspective of maintaining the
in it  of the tanks, but which can be a challenge wh  validal zct sion
monitoring systems.

o Despite the historical low corrosion rates, it is possible that conditions within the tanks at
Hanford could change in the future — particularly when the radioactive wastes are
transferred between tanks. There will be a long time in  val between successive
ultrasonic inspections of individual DSTs, and there is a long period of time between
collections of samples of the waste. Consequently, it is considered best practice for
corrosion monitc 1g instrumentation to be installed within all DSTs. This will provide
some measure and early warning of any changes in the conditions within 2 tanks, which
could affect the corrosion rates and the integrity of the tanks.

8.2 CORROSION MONITOF NG WITHIN THE STORAGE TANKS

The subsections under this section will describe the use of electrochemical noise (EN or ECN)
techniques for corrosion monitoring at Hanford, and will note limitations of the technology, as
reported in the semiannual Corrosion Monitoring Status reports. Although promising, further
laboratory work to be needed in order to properly interpret the meaning of the N signals,
particularly those which have been recorded within low corrosion rate environments, i.€., less
than 1 mpy, at Hanford. It is recommended that the EN monitoring be complemented with the
use of other monitoring techniques, including electrical resistance probes and coupons.

By comparing the results from multiple monitoring techniques, it will be possible to have better
confidence regarding the actual corrosion rates within the waste storage tanks. Concurrently,
Hanford should continue to develop the database and experience to properly interpret transient
EN signals.
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Table 11-1 from RPP11581. Double-Shell Tanks Chronological
Inspection Results Findings. (2 Sheets)

Inspection | Reportable Reportable Wel(

Tank Year Plate Crack Repo;tiil:i)llf Plate Rep,(l),:i?::iimate Thinning, Pittin
(FY) Indication & & or Cracking |
AN-105 | 2002 None None None Not Investigated _I

@ Based on a review of the tank 241-AN-105 data gathering technigue in FY 1999, prompted by the FY 2002 results, the
FY 1999 wall thinning data is considered questionable.

® Although below reporting criteria at the time, one linear crack-like indication 6 inch fong by 0.142 inch deep in a nominal
0.750 inch thick plate was observed. Subsequent examination of tank 241-AP-108 in FY 2002 revealed no change in size.

© Primary knuckle examination using T-SAFT conducted in FY 2003.
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8.2.1 History of Corrosion Monitoring at Hanford

The primary corrosion monitoring program for Hanford’s waste storage tanks have been through
a waste chemistry sampling and analysis program. In this program, the tank waste is sampled,
analyzed, and compared to corrosion control specifications derived from laboratory exposures.
The corrosion rate for the walls of the waste storage tanks have been deduced by matching the
measure tank chemistries with those from laboratory studies, and then extracting the corrosion
rates from tables, as determined from laboratory studies. This approach was based on the
extensive Hanford Waste Tank Corrosion Study in 1980. Pacific Northwest Laboratories
performed tests using various environments, and statistically interpreted the data. The studies
have determined that the corrosion processes are controlled by the concentrations of hydroxide,
nitrate, and nitrite within the waste. Hen  the control of the concentration of these anions |

t  i1theb: for controlling corrosion rates within the waste tanks.

Operational Specification Documents such as OSD-T-151-00007 specify that the tank contents
must be within the compositional limits, but do not specify a time interval between successive
sampling and analysis of the waste chemistries from the individual storage tanks.

Likewise, acceptable corrosion rates are not defined within that document.

Thus, the primary corrosion monitoring program at Hanford has been the periodic (undefined
time period) collection and analysis of samples from the waste tanks, and then using the
chemical analyses as the basis for deducing the corrosion rates of the walls within the different
waste storage tanks, and also as the basis for making chemical additions in order to bring the
waste products into compliance. Recently, this chemical analysis approach to corrosion
monitoring has been supplemented by the use of electrochemical noise (EN or ECN) techn’ 1es,
in several of the DSTs, and will be discussed shortly.

Note that Hanford had previously considered other corrosion monitoring techniques, such as the
use of metal coupons, electrical resistance probes, or linear polarization resistance techniques,
but reported only a limited degree of success, using those techniques. RPP-5694, 4 Plan to
Develop and Demonstrate Electrochemical Noise Based Corrosion Monitoring System in
Hanford Site Waste Tanks, reported that metal coupons, the ER and LPR probes were most
effective for monitoring uniform corrosion, but were not well suited for early detection of
localized forms of corrosion, such as pitting and stress corrosion cracking (SCC). Pitting and
SCC have been identified as the most likely mode of failure for Hanford’s Double Shell Tanks
(DSTs), per ARH-ST-111, UC-70 “Compilation of Hanford Corrosion Studies,” July 1975 by
D.C. Lini, and WHC-SD-WM-ER-414, Rev 1, “Hanford Waste Tank System Degradation
Mechanisms Report,” October 1996 by G.L. Edgemon and R.P. Anantatmula. Hence, Hanford
desired a monitoring technique more able to detect the onset of localized or gene ¢ -osion
mechanisms.

IQRPE’s note: SCC is not a concern for the DST primary tanks as discussed in
document RPP-RPT-28968

Recent measurements of the general and localized corrosion rates within the waste storage tanks
have resulted in the reporting of low corrosion rates, i.e., less than 1 mpy (0.001 inch/year).
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in September 1997, and a similar system was installed in 241-AN-102 in August 1998.

Figure 20 is a representative illustration, which shows the position of the EN probe assembly
within DST 241-AN-107.

A third generation unit was built and installed in 241-AN-105 in January 2000. The similar unit
was installed in 241-AN-104 in January 2001. The EN monitoring systems, which had
previously been installed in 241-AN-102 and 241-AN-107 were then removed and replaced with
an upgraded design, which matched the design of the 241 AN-104 system. These upgrades were
completed in mid 2001. Note that the EN system built for 241-AZ-101 did not have the
necessary sensitivity to be able to detect and record potential noise for electrodes within the low
electrolyte levels in the vapor space, and consequently the components were removed in 2000.

Figure 20. Schematic of EN Monitoring System, as installed at 241-AN-107.
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8.2.3 Design Criterion for EN Probe Design

It is not a trivial matter to design electrochemical noise probes. Quite the contrary, there are
many features, which were part of the custom designs. The following is a list of the features,
which were incorporated into the design for the tank-intrusive portion of the 241-AN-105
corrosion monitoring system, as originally presented in the semi-annual Corrosion Monitoring

Progress Reports. Similar criteria were used when designing EN corrosion monitoring systems
for other DSTs.

. The probe is fabricated from materials capable of providing at least five years of service.
. The maximum diameter of the probe fits through 4 inch diameter riser.
. The probe design facilitates decontamination by minimizing areas of liquid retention.
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However, there may be low spots along the transfer lines, where water can “pool,” i.e., collect.
Some corrosion may occur at these locations, if water remains within pools, and air/oxygen
enters the transfer lines, following the transfers.

IQRPE'’s note: SL-167 is an example of a transfer line most recently discovered and
~nnfirmed to have a low point.

Mechanical pigs are not used to either clean the pipelines, or to displace any water remaining
within the pipelines. Since the pigs are not used to clean the pipelines or displace any remaining
pools of water, it will not be practical to inspect the transfer lines, using intelligent pigs.
Although boroscopes can be used to visually observe the interior surface of the pipeline, they
will not be able to detect small, highly localized corrosion, which is hidden underneath any
deposition.

At the present time, it will mnerally not be practical to monitor the interior of the transfer lines
for indications of corrosion — particularly for transfer pipelines, which are encased by larger
diameter pipes. Hence, the best approach for monitoring corrosion associated with the transfers
is to install the monitoring instrumentation on new jumpers, which are used in the transfers.
This will be discussed further in Section 9, and includes the use of corrosion coupons and
electronic probes.

84  PREVIOUS FAILURES OF THE TRANSFER LINES

Transfer pipelines are an essential component of the waste consolidation efforts at Hanford.
They are used periodically when transferring waste products and liquids between the tanks, and
as such are as essential to the consolidation efforts as the storage tanks themselves. However,
the pipelines are not impervious to attack. Internal corrosion and external corrosion processes
can cause these lines to fail.

As of the time of writing this report (January 2004), an investigation is about to start the

evalui mofa :ak associated with the failure of S103 saltwell piping. The following
subsections highlight the fact that product transfers are a necessary component of the waste
consolidation program, and report that there have been previous internal and external corrosion
failures of transfer lines at Hanford. Accordingly, a corrosion monitoring and insj  tion
program is need¢ to ensure that the integrity of the transfer pipelines is maintained.

8 1 Waste Consolidation — Ongoing Operations

A 1995 memo/report 95-RT1-104 “Double Shell Waste Consolidation and Retrieval Planning
Base Case,” dated November 2, 1995 summarizes the planning for waste retrieval and

consolid: on efforts going into the future. This includes consolidation of the sludge from Tank
Z -C-106 with neutralized current acid waste (NCAW) and neutralized cladding removal
wastes (NCRW). It also included attachments, Internal Memo 73510-95-017, which des___bed

the “Double Shell Tank Waste Consolidation and Retrieval Planning Base Case,” dated August
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29, 1995. The need for waste consolidation was discussed, and issues/considerations, such as
insufficient shielding in valve pits AX-A and AX-B and the underground waste transfer lines,
was noted. The planning required numerous transfers of radioactive wastes between various
storage tanks as part of the overall consolidation. Although not a point of emphasis in the memo,
it was obvious that the integrity of each of the transfer lines must be maintained, in order for the
waste products to be transferred.

8.4.2 SL-503 Valve Pit Jumper

One such failure of a transfer line was reported in WHC-SD-RE-TI-222, “Metallurgical Failure
of SL-503 Valve Pit Jumper,” released on 10/01/1996. Specifically, a leak was detected in the

IS

€7 503 waste transfer line in October 1994. The failure in SL-503 occurred within a wall of the
valve pit, i a weld between a Hastelloy Bn-—'e  d the carbon steel ping. (The inner and
outer transfer piping was fabricated from AS53 Type S, Grade B, and A106 Grade B). It was
prohibitively difficult to remove the concrete core surrounding the pipe in part because the
concrete core drill remained stuck on the core. Further examinations were completed in a hot

¢t due to the high radiation levels, which were up to 7R/hr y and 120 Rad/hr uncorrected open

window reading.

Macro photographs taken at the ends and sides of the pipe and nozzle evidenced a deposit lining
the ins : walls of the inner pipe in all views. The depositions made it difficult to be 0
directly examine the inner surface of the piping. Nevertheless, a wall thinning of app 1ately
35 mils was estimated. Boroscopic examinations were made at the location where the carbon
steel pipe joined the Hastelloy B nozzle. Following the in-situ boroscopic examinations, the
failed ction was removed in June of 1996, and shipped to the Pacific Northwest National
Laboratory for failure analysis. (The report noted that only limited examination was conducted
“in the field” because of the high radiation levels emanating from the pipe, diffic iesin
accessing the failed region, and the high cost of conducting a more thorough examination.)

The weld and heat affected zone of the carbon steel was much rougher than that for the Hastelloy
B nozzle, which was attributed to the effects of surface corrosion. (Actua 7/, carbon steel would
be expected to corrode preferentially anytime it is joined to Hastelloy B, as such a connection
represents a galvanic couple). The report noted that there was nothing to suggest that this
particular failure was related to anything from the exterior surface of the pipeline. The failure
appeared to be related to an erosion-related internal corrosion mechanism, which was assisted by
the galvanic couple.

Table 1 in that report also noted six previous failures associated with the piping and pump
failures in B-Plant/200 East Area Line. These include (a) 10/82 — no description /ailable,

-5/83 — no description available, (c) 9/6/84 — 244 A Pump, (d) 9/10/84 — AY02D Jumper
(H-2-70774), (e) 10/22/84 — A-B Valve Pit Jumper (H-2-70459), and (f) 11/18/84 — the 233 Line.
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Much effort has gone into the development of the present electrochemical noise monitoring
system, both at Hanford and other DOE facilities. However, the technology is not yet
sufficiently “mature,” as to be the exclusively used corrosion monitoring technique. Instead,
further developmental work is needed in order to be able to properly interpret the significance of
the observed EN noise patterns. Such work should be conducted under laboratory conditions,
where the variables and sources of electrochemical noise can be better controlled.

inford is on the leading edge in the development and application of the new technology.
However, many unknowns remain in the interpreting of the results. It will be a slow process to
develop the databases for properly interpreting field conditions. As such, EN monitoring should
be coupled with other monitoring techniques, such as electrical resistance and coupons, for
least the present time.

9.2 SUMMAR AND BEST PRACTICES FOR MONITORING — WITHIN
RANSFER LINES

In addition to monitoring the corrosion processes within the double shell waste storage tanks, the
corrosion processes should also be monitored within the transfer pipelines, as failures of transfer
lines are not acceptable. Previous failures of transfer lines have been attributed to both internal
corrosion and external corrosion, as discussed in Section 8.4. Presently, there is no program for
monitoring corrosion within the buried transfer pipelines at Hanford. Consequently, a corrosion
monitoring and inspection program is needed for botl e interior and exterior surface of the
transfer pipelines.

As has been observed in the examination of failed sections of transfer pipe, some of the
radioactive debris will remain within the pipelines. It will not be practical to weld new access
fitting onto the existing transfer pipelines, whether they have a single wall or have a second wall
for containment. However, it is possible to install access fittings and corrosion monitoring on
new jumpers and install them in the pits at the tank farms. These relatively small sections of
piping are used to direct the transfer of waste products between the designated pelines for any
particular transfer, and it is far easier and more practical to install the monitoring on the jumpers
than on the existing pipelines. As such, it is considered best practice that corrosion monitoring
instrun 1tation be installed on new replacement jumpers.

Access fittings would be welded onto new jumpers, before they have gone into service. The type
of access fittings would be like those described in Section 5.2 of this report. For the purposes of
the monitoring the transfers, it is best practice for three access fittings to be installed, each
separated by less than 1 foot between centers. The access fittings should be oriented along the
path that water would follow if directed through the jumper. The first access fitting would have
a 1sh mounted corrosion coupon, with the height of the metal coupon corresponding to the
relative height of the interior wall of the 1mper. The second access fitting should con na
flush-mounted, high-resolution electrical resistance probe, which is electrically connected to an
automated data collector. Readings would be collected at regular intervals throughout the
transfer, such as once every 15 minutes, depending upon the duration of the transfer. The third
access fitting would contain a corrosion probe or a coupon made from stainless steel or some
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other inert material, which will not corrode when placed within the fluids that are to be
transferred. The stainless steel probe or coupon would be flush mounted, and adjusted to the
height of the interior wall of the transfer jumper. Since it has been made from an inert material,
any “corrosion,” which is measured, would be attributed to erosion of the pipeline material
during the transfer — not corrosion. [Note that there is a preference to use corrosion probes rather
than coupons, since the probes could remain within the system, providing data, while the
coupons would need to be periodically extracted and replaced. Such extractions/replacements
are not desirable at Hanford, due to the radioactive nature of the waste products being
transported through the pipelines].

The monitoring coupons or instrumentation is flush mounted, such that the conditions along the
pipe wall (rather than mid-stream) are observed. Also by virtue of being flush mounted, there
does not need to be a separation of 6-10 pipe diameters between the access fittings, since

ups flush  >unted ¢ >sion monitoring instrumentation will not affect e fluid flow and
the validity of downstream monit ilts.

Besides the possibility of internal corrosion, the integrity of the transfer pipelines can also be
compromised by external corrosion. Examples of such failures were discussed in Section 8.4.

fa e of the S103 saltwell piping was just reported in January 2004, and investigations will
soon be examining the root cause of that failure. Thus, external corrosion does poise a real threat
to the integrity of the transfer pipelines, and as such the pipelines should be inspected to assess
the integrity of those lines.

IQRPE’s note: the external corrosion threat is increased further in light of the current
condition of the cathodic protection systems as identified in document RPP-25299.

External corrosion can occur whenever there are holidays on the exterior coating, the cathodic
protection is inadequate, and moisture (water) can wet the exterior surface of the transfer line
(or external casing). Instrumentation is available to indirectly examine buried pipelines, such
that  precise location, depth of burial, and degree of severity of indications along the length of
tran - pipelines can be determined. The indirect inspection techniques include close interval
surveys, direct current voltage gradient (DCVG) surveys, pipeline current mapper surveys, soil
resistivity surveys, and alternating current voltage gradients (ACVG). When properly
conducted, these surveys will identify the location of coating holidays and an estimation of the
extent of external corrosion. As an example, current will flow from holidays, or holes on the
exterior coating of buried pipe, while the inspection techniques have been developed to detect
the associated electromagnetic fields. These indirect inspections of buried sections of pipe are
conducted above grade (above the ground), and only require a point of contact with the external
surface of the pipeline. It is recommended that such surveys of the exterior surface of the
transfer pipelines be conducted and interpreted by a service company, who routinely provides
such indirect inspection services. Thus, the follow-up excavations and direct visual
examinations would focus upon the segments, where corrosion is indicated. Corrpro®
Companies, Inc. is one such company, who can provide the recommended indirect inspection
services.

® Corrpro is a registered trademark of Corrpro Companies, Inc., Medina, OH.

F-69




RPP-28538, Rev. 1

IYKPE 'S note: again, in light of the resulls of the study provided in KFF-2/09/, indirect
assessment may not be feasible or practical with the cathodic protection system in its
rurvent condition.

[The indirect inspections only inspects the exterior surface of buried pipe. The techniques
cannot provide any information regarding the interior surface of the piping. The technique
cannot be used to assess the exterior surface of transfer piping, if that piping has1 :n encased
within a larger pipe. Thus, the indirect inspections should only be used for assessing the

inte ity of the exterior surface of transfer pipelines, which are in contact with the soil.
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APPENDIX G

SUMMARY OF FINDINGS AND RECOMMENDATIONS

























































































































































































