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COGEMA ENGINEERING
BNI-Subcontracts
January 9, 2004 COGEMA-04-0003
D. J. Whiting

Bechtel National, Inc.

Waste Treatment Plant

2435 Stevens Center
Richland, Washington 99352

Dear Ms. Whiting:

STRUCTURAL INTEGRITY ASSESSMENT OF THE WTP BELOW GRADE WASTE
TRANSFER LINES (SECONDARY CONTAINMENT, ANCILLARY EQUIPMENT, AND
CORROSION ASSESSMENT), REVISION 1

The integrity assessment has been completed per the contract requirements and is
attached for your use. The assessment found the design intent is sufficient to ensure
the WTP Below Grade Waste Transfer Lines (Secondary Containment and Ancillary
Equipment) will be adequately designed and that the WTP Below Grade Waste Transfer
Lines (Secondary Containment and Ancillary Equipment) will have sufficient structural
strength, compatibility with the waste(s) to be stored or treated, and corrosion protection
to ensure that they will not collapse, rupture, or fail.

If you have any questions, please contact me at (509) 376-5445, or via facsimile at
(509) 372-0504.

Sincerely,
Judestl

K. V. Scott, Manager
Facilities, Structures & Components

kid
Attachment
cc: D.C. Pfluger MS4-E2 w/ attachment

2425 Stevens Center Place, Second Floor, Richland, Washington 99352 Tel: (509) 372-3572 - Fax: (509) 372-3169
COGEMA Engineering Corporation




COGEMA-IA-015, Rev. 1
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IQRPE REVIEW —
WTP BELOW GRADE WASTE TRANSFER LINES (SECONDARY
CONTAINMENT, ANCILLARY EQUIPMENT,
AND CORROSION ASSESSMENT), REVISION 1

“l, John T. Baxter, have reviewed, and certified a portion of the design of a new
tank system or component located at the Hanford Waste Treatment Plant,
owned/operated by Department of Energy, Office of River Protection, Richland,
Washington. My duties were independent review of the current design for the
WTP Below Grade Waste Transfer Lines (Secondary Containment, Ancillary
Equipment, and Corrosion Assessment) as required by the Dangerous Waste
Regulations, namely, WAC 173-303-640(3) applicable paragraphs, i.e., (a)
through (g).”

“I certify under penalty of law that | have personally examined and am familiar
with the information submitted in this document and all attachments and that,
based on my inquiry of those individuals immediately responsible for obtaining
the information, | believe that the information is true, accurate, and complete. |
am aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment.”

The documentation reviewed indicate that the design intent fully satisfies the
requirements of the WAC.

The attached review is 10 sheets numbered 1 through 10.
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COGEMA-IA-015, Rev. 1

STRUCTURAL INTEGRITY ASSESSMENT OF THE WTP
BELOW GRADE WASTE TRANSFER LINES
(SECONDARY CONTAINMENT, ANCILLARY

EQUIPMENT, AND
CORROSION ASSESSMENT), REVISION 1

COGEMA-IA-015
REV. 1

Please note that source, special nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 (AEA), are regulated at the
U.S. Department of Energy (DOE) facilities exclusively by DOE acting
pursuant to its AEA authority. DOE asserts, that pursuant to the
AEA, it has sole and exclusive responsibility and authority to regulate
source, special nuclear, and byproduct materials at DOE-owned
nuclear facilities. Information contained herein on radionuclides is
provided for process description purposes only.
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COGEMA-IA-015, Rev. 1

ATTACHMENT A

CORROSION INTEGRITY ASSESSMENT OF WASTE TRANSFER
PIPELINES IN THE HANFORD WASTE TREATMENT PLANT

Corrosion Control Specialist,
Dennis P. Helgeson, P.E.

(5 pages including coversheet)



S Corrosion Control Specialists

i P.O. Box 5303

=

Kent, Washington 98064-5303
Phone (253) 520-3424 « Fax (253) 520-3425

TTTIT

CORROSION INTEGRITY ASSESSMENT OF

Waste Transfer Pipelines in the
Hanford Waste Treatment Plant
Owned/Operated by the U. S. Department of Energy
Office of River Protection, Richland Washington
per WAC 173-303-640(3)(a) through (g)

This corrosion certification is for the waste transfer pipelines at the Hanford Waste Treatment
Plant Richland, Washington. The transfer pipelines included in this certification are shown on
drawings 24590-PTF-M6-PWD-P0057 AND —P0058 with the exception of the two lines on hold
(RLD-ZS-03382-F10A AND RLD-03383-F10A-03). This corrosion integrity assessment was
conducted to identify components of the environment or the piping network that could lead to
corrosion damage to the pipe that could lead to failure of the pipe. The assessment evaluated the
corrosion protection measures taken to assure that they were correctly designed and compatible
with the environment in which they are to operate. This assessment is provided as a subcontract
from COGEMA Engineering. This assessment has considered:

A. CORROSION/CORROSION CONTROL STANDARDS DESIGN STANDARDS AND
ENGINEERING DOCUMENTS:

NFPA 70 - 1996 National Electrical Code (NEC)

NACE International Recommended Practice. "Control of External Corrosion on
RP-0169-1996 Underground or Submerged Metallic Piping Systems"

WAC 173-303-640 - Washington Administrative Code, Title 173, WAC Department
October 3, 2001" of Ecology, Dangerous Waste Regulations for Tank Systems

NACE-RP-0274 High Voltage Electrical Inspection of Pipe]ine Coatings

Steel Structures Painting Council (SSPC)
SSPC-SPI  Solvent Cleaning
SSPC-SPIO  Near-White Blast Cleaning
SSPC-SP11  Power Tool Cleaning to Bare Metal
SSPC-VISI  Visual Standards for Abrasive Blast Cleaned Steel
SSPC-PA2  Measurement of Dry Paint Thickness with Magnetic Gauges
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Bechtel Document  24590-WTP-DB-ENG-01-001, REV 0 ~ Basis for Design
NACE Publication  Corrosion Data Survey compiled by Norman E. Hamner — Metals

Section
B PLANT DESIGN DOCUMENTS REVIEWED IN PREPARATION OF THE
ASSESSMENT

24590-BOF-3PS-CE01-T0001, Rev. 4 Engineering Spec for Excavation and Backfill

24590-WTP-PER-J-02-002, Rev. 1 Low-Point Leak Detection in Secondary Containment
Systems for Buried Co-Axial Transfer Lines

24590-PTF-PER-M-02-003, Rev. 1 Underground Pipe Protection

24590-WTP-PER-PS-02-001, Rev. 3 Ancillary Equipment Pipe Support Design_

24590-WTP-PER-PL-02-001, Rev 2 Piping Material Class Description

24590-WTP-3PS-NWP0-T0001, Rev.1 Engineering Specification for General Welding and
NDE Requirements for Supplier Fabricated Piping

24590-WTP-3PS-PB01-T0001, Rev. 0 Engineering Specification for Technical Supply
Conditions for Pipe, Fittings, and Flanges

SCN NO. 24590-WTP-3PN-PB01-00001 Change Notice for the specification listed above

24590-WTP-3PS-PS02-T0001, Rev. 2 Engineering Specification for Shop Fabrication of
Piping

SCN NO. 24590-WTP-3PN-PS-02-00008 Change Notice for the specification listed above

24590-WTP-3PS-PS02-T0002, Rev. 1 Engineering Specification for Cold Bending of Pipe

SCN NO. 24590-WTP-3PN-PS02-00010 Change Notice for the specification listed above

24590-WTP-3PS-PX04-TP001, Rev. 0 Specification for Shop Applied Fusion Bonded Epoxy
Coating for Underground Carbon Steel Pipe

24590-WTP-3PS-PX04-T0004, Rev. 0 Engineering Specification for Epoxy Coating of
Stainless Steel Items that Are Buried, Embedded or
Insulated

24590-WTP-3PS-G000-T0001, Rev. 0 General Specification for Supplier Quality Assurance
Program Requirements

24590-WTP-3PS-EQ00-T0002, Rev. 2 Engineering Specification for Cathodic Protection

24590-WTP-3YD-CPE-00001, Rev. C System Description for Cathodic Protection

WTSC99-1036-42-17 RPP-WTP Geo-technical Investigation Final Report,
Shannon & Wilson, 2000

24590-PTF-M6-PWD-P0057, Rev. 0 P&ID Plant Wash & Disposal System Underground
Transfer Lines (Q)

24590-PTF-M6-PWD-P0058, Rev. 0 P&ID Plant Wash & Disposal System Underground

' Transfer Lines (Q)
24590-PTF-3YD-PWD-00001, Rev. 0 System Description for Plant Wash and Disposal
: System PWD and Radioactive Liquid Waste Disposal

System RLD

24590-WTP-3PS-DB01-T0001, Rev. 6 Engineering specification for Furnishing and
delivering Ready Mix Concrete

24590-BOF-3PS-C000-T0002, Rev. 0 Engineering Specification for Excavation and Backfill
of Underground Radioactive Waste Transfer Lines

24590-PTF-M6-PWD-P0002, Rev. 1 P&ID Plant Wash & Disposal System Effluent
Collection System PWD-VSL-00033/00043/00044

24590-BOF-C2-C12T-00002, Rev. 3 RPP-WTP General Arrangement Plan

24590-PTF-P1-PO1T-P0011, Rev. 3 Pretreatment Facility General Arrangement Section E-
E

24590-PTF-P1-P01T-P0008, Rev. 2 Pretreatment Facility General Arrangement Section B-B

Page 2 of 4




C. CHARACTERISTICS OF THE SOILS SURROUNDING THE PIPELINES AND THE
RATES OF CORROSION THAT MIGHT BE EXPECTED

See “Buried Pipeline and Ancillary Equipment vs: Soil Environment Compatibility Report
for Buried Pipelines at River Protection Project — Waste Treatment Plant dated August
11, 2003 attached.

D. PLANNED CORROSION PROTECTION MEASURES:
1  Impressed current cathodic protection

2 Fusion bonded epoxy coating

3. Corrosion allowance included in pipe material specification.
OR

1 Isolation of the steel pipe from contact with the soil

2  Corrosion allowance included in pipe material specification.

E: COMMENTS:

COGEMA Engineering has provided all documents requested in completing this assessment.
COGEMA personnel interviewed were fully responsive to all inquires about the subject pipelines,
their operation, or the soil environment into which they are to be placed. Notwithstanding the
statements or information contained herein, this assessment conducted by Corrosion Control
Specialists is based on that data and information supplied by COGEMA.

F CERTIFICATION LIMITATIONS;

This certification is only for the identified pipe material, coating, and cathodic protection specified
in the design documents reviewed. If the materials of construction change or if the planned
operation or use is changed or if a significant structural change is made, a new assessment

* certification is required.

CORROSION INTEGRITY ASSESSMENT CERTIFICATION

I, Dennis Helgeson have reviewed, and certified a portion of a design of a new tank system or
component located at the Hanford Waste Treatment Plant, owned/operated by the U. S.
Department of Energy, Office of River Protection, Richland Washington. My duties, as an
independent corrosion expert, were to review the design for the waste transfer piping inside the
plant to determine if it was compatible with the soils at the site and would not fail as a result of

corrosion damage, as required by the Dangerous Waste Regulations, namely, WAC 173-303-
640(3) (a).
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I certify under penalty of law that I have personally examined and am familiar with the information
submitted in this document and all attachments and that, based on my inquiry of those individuals
immediately responsible for obtaining the information, I believe that the information is true,
accurate, and complete. I am aware that there are significant penalties for submitting false
information, including the possibility of fine and imprisonment.

The undersigned is a registered professional engineer in the state of Washington.

Signature: ﬁ&/’/ %ﬁgéé%atc: g/ o=

Company: Corrosion Control Specialists
P. O. Box 5303
Kent, WA 98064

Telephone:  (253) 520-3424 Fax: (253) 520-3425
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C (S Corrosion Control Specialists

P.O. Box 5303
Kent, Washington 98064-5303
Phone (253) 520-3424 » Fax (253) 520-3425
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T

BURIED PIPELINE AND
ANCILLARY EQUIPMENT
VS
SOIL ENVIRONMENT
COMPATIBILITY REPORT

for the
River Protection Project - Waste Treatment Plant
Hanford, Washington

The U.S. Department of Energy (DOE) plans to construct a dangerous waste Waste Treatment
Plant (WTP) at their Hanford, Washington facility. Construction of the plant is part of the DOE
River Protection Project. Mixed waste will be received, pretreated, and vitrified in three primary
waste treatment facilities. Waste will be transferred into the WTP, between WTP waste treatment
facilities, and out of the WTP in buried piping. That transfer piping is the subject of this
compatibility report. This report addresses only pipelines that will have active cathodic protection.

This report is being prepared to assure compliance with the state of Washingten Department of
Ecology regulation described in WAC 173-303-640(3) and its guidance 94-114.

Pipeline Design

The buried transfer piping for the WIP will be a sloped coaxial system. The coaxial system for
transfer of the waste is made up of a carrier pipe made of 316L stainless steel to contain the
waste. That carrier pipe will run inside an encasement pipe that is made of carbon steel. The
encasement pipe is a secondary containment system in the event of a leak from the carrier pipe.
The encasement pipe also isolates the carrier pipe from corrosion by the surrounding soils. The
encasement pipes are to be 6-inch diameter Schedule 40 carbon steel. The pipe will have a
nominal wall thickness of 0.280 inches. A leak detection system is incorporated into the pipeline
design to provide an alarm in the event of a leak. The exterior of the encasement pipe is to be
coated with a factory applied fusion bonded epoxy (FBE). The FBE is a primary method of
corrosion control by isolating the pipe from contact with the soil. Specifications for the coating
and its application are described in Bechtel documents 24590-WTP-3PS-PX04-T0001, Rev 0 and
24590-WTP-3PS-PX04-T0004, Rev 0. The specification for the WTP recognizes that the FBE
may not be 100 percent effective and calls for the installation of cathodic protection to
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supplement it. Details of the Bechtel’s plan for cathodic protection are described in their
documents 24590-WTP-3PS-EQ00-T0002, Rev 2 and 24590-WTP-3YD-CPE-00001, Rev C.

The drawings 24590-PTF-M6-PWD-P0057 and —P0058 identify the transfer pipelines that are the
subject of this report. All of the pipelines shown on these drawings are within the scope of this
report with the exception of the two lines on hold (RLD-ZS-03383-F10-03 and RLD-ZS-03382-
F10A-04) which are the effluent lines from the Waste Treatment Plant to the Hanford site
disposal facilities, the LERF and ETF facilities. Also the three transfer lines from the Hanford
Tank Farms to the Pretreatment Facility (FRP-PZ-01749-W62F-03, FRP-PZ-01750-W62F-03,
and FRP-PZ-01751-W62F-03) are excluded from the cathodic protection engineering
specification, and are therefore not the subjects of cathodic protection discussed in this report,
- This report considers the metallic pipe that makes up the transfer piping at the WTP. It does not
address any FRP piping nor does it address any steel piping that is isolated from the soil
environment by encasement in high-density polyethylene pipe.

The compatibility of the carrier pipe with the wastes being transferred inside it is not the subject
of this report. That compatibility is the responsibility of others. Any corrosion that might occur in
the annular air space between the carrier pipe and the encasement pipe should be minimal to nil
but that compatibility evaluation is also the responsibility of others.

This report is to evaluate if the FBE coating and cathodic protecﬁon system make the encasement
pipe compatible with the soils at the site.

A detailed description of the make up of the piping network at the WTP is described in the
following Bechtel documents:

24590-BOF-3PS-CEOI-T0001, Rev. 4 .
24590-WTP-PER-J-02-002, Rev. 1
24590-PTF-PER-M-02-003, Rev. 1
24590-WTP-PER-PL-02-001, Rev. 2
24590-WTP-3PS-NWP0-T0001, Rev. 1
24590-WTP-3PS-PB01-T0001, Rev. 0
24590-WTP-3PS-PS02-T0001, Rev. 2
24590-WTP-3PS-PS02-T0002, Rev. 1
' 24590-WTP-3PS-G000-TP002, Rev. 1

Soil Environment
To evaluate the relative corrosion performance of different soils a number of properties of the soil
are evaluated. The principal properties evaluated are outlined in WAC 173-303-
640(3)(a)(iii)(A)(I-VIII) to include:

@ Soil moisture content

)  SoilpH
(III)  Soil sulfides level
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(AV)  Soil resistivity

4% Structure to Soil Potentials

VD Influence of nearby underground metallic structures
(VII) Existence of stray electric currents

(VIII) Existing corrosion protection methods -

The moisture content of soils at the WTP site varies seasonally between 2-4 %. The pH of the
soils recently measured at the site ranged from 5.84 to 7.94 with an average of 6.88. Sulfates and
chlorides measured at the site were: below detectable limits or below any threshold that would
impact corrosion of carbon steel. In-situ soil resistivity ranged from 14,300 to 143,000 ohm-cm
with an average of 61,300 ohm-cm. Laboratory testing indicated resistivity between 61,000 and
over a million ohm-cm. In as much as this is a planned facility no structure to soil potentials have
been recorded. The site for the WTP is near the 200 East area and evaluation of the nearby buried
tanks are a consideration as well as any stray current that might result from cathodic protection of
those tanks. Interaction between cathodic protection systems in the 200 East Area and cathodic
protection systems at the WTP site would be a design consideration for waste transfer lines

routed between the sites. A summary of all the soil properties is tabulated and discussed in the
Shannon & Wilson Report WTSC99-1036-42-17.

Other Corrosion Considerations

The corrosion of steel in soils is an electrochemical process and not just chemical interaction of
the soil with the metal. The electrochemical theory is that four elements are necessary for
corrosion to occur. The four elements are anodes on the metal surface, cathodes on the metal
surface, a metallic path between the anode and cathode (the metal itself) and an electrolyte (soil).
This model of corrosion is referred to as a corrosion cell. If all four elements are present, direct
current flows from the anode areas into the soils, through the soil and onto the cathode areas, and
through the metal back to the anode. Anodes and cathodes occur on the metal surface caused by a
wide variety of reasons including:

Alloying of the metals

Differential aecration of the soil

Different resistivity of the electrolyte

Cold working of metal surface - .
Coupling of two different metal in the electrolyte
Welded areas vs. un-welded areas of metal surface
Coated or un-coated areas of metal surface

Stray Current

Many of these conditions are present for the intra plant-piping network planned for this WTP site.
The encasement pipe as specified is alloyed carbon steel creating the initial anode — cathodes cells.
The FBE coating specified is an excellent coating and tight quality control is planned for factory
application. However the coating will still have some holidays that go undetected and the coating
will experience some undetected nicks and scrapes during installation. Additionally the piping will
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be inter-tied with valves, pumps, leak detection probes, etc which will be made up of different
metals creating galvanic couples. Moreover field coating of the weld joints cannot fully match the
quality achieved at the factory. Further the piping in the plant may pass under roads or paved
areas in one area while in other areas in may be under native soil. Areas under the paved areas will
have reduced moisture content and a lower aeration content than the native soil areas. The
encasement clearly will experience corrosion by interaction with the soil environment.

Discussion

The Table shown below was published as part of the National Association of Corrosion Engineers
(NACE) Basic Corrosion Course. It is intended to be a guideline of possible corrosion in
homogenous soil. Considering the soil conditions at the WTP described above, the soils would be
classified as only progressively less corrosive to carbon steel.

Rough Indications of Soil
Corrosivity vs. Resistivity

Ohm-cm Description

Below 500 Very corrosive

500-1,000 Corrosive

1,000-2,000 Moderately corrosive

2,000-10,000 Mildly corrosive

Above 10,000 Progressively less corrosive

If one uses it as a guide for the WTP, it suggests the WTP_would expect very little corrosion of
buried metals at the site. However, since the resistivity at the site is not homogenous but rather is
heterogeneous, the different corrosion cells created by different resistivities at the site will
increase corrosion above that indicated by the above table.

A NACE publication “Corrosion Data Survey” has compiled empirical historical data on
corrosion rates of carbon steel in various soil resistivities. From this information we find a range
of corrosion rates for the resistivity at the WTP. Corrosion rates could be less than 2 mils per year
to as high as 10 mils per year. If this relative guide were used we would expect serious damage
from anywhere from 15 to 70 years. Since most of the resistivity data is well above the 10,000
ohm-cm level it more likely closer to the 70 years than 15. However this determination of
corrosion rates is subjective based on the experience of the corrosion engineer. Neither use of this
approach nor the table above provides a satisfactory way for determining compatibility of the
piping network at the WTP site.

If it were known the metals were buried in a homogenous soil then laboratory testing could be
conducted to determine a more objective prediction of corrosion rates. The laboratory approach
would be to complete a linear polarization curve to determine the polarization resistance. Then,
the data would be combined with the electrochemical constant and the surface area of the test
sample in an equation that results in corrosion rates in mils per year. However nonuniform soils
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are present at the site, thus precluding use of this approach. Moreover the pipelines on the site
will be subjected to some increased corrosion as indicated by the other corrosion consideration

noted above. The corrosion impact of these factors would be left out of any corrosion rate
calculation.

The determination in this case as in most soils leaves the expected corrosion rates determination

to a subjective determination of a corrosion engineer based on his experience. Even if a corrosion

rate for the WTP site could be defined, the other information needed to determine the pipe-soil

compatibility is the planned life of the pipelines. The amount of waste to be processed at the WTP

and the time needed to process the waste are just estimates. Therefore with only a rough

indication corrosion rate in these soils and a planned design life of 40 years for the. WTP
- corrosion mitigating measures are required to assure pipe-soil compatibility.

The methods available to mitigate corrosion cells include the following:
1 Remove or insulate the electrical path between anodes and cathodes
2 Change or treat the soil
3 Isolate the pipe from the soil.
4 Apply anodic or cathodic protection

The first two approaches are not practical for any buried piping network. The most common
method of accomplishing the third approach is to apply a non-conductive coating to the pipeline
surface. A good coating system effectively isolates nearly all the pipe from the soil. However
pinholes and holidays may exist in most coatings and some metal will remain in contact with the
soil. Some corrosion can be expected to continue. Anodic protection is impractical for a buried
pipeline system A correctly designed and operated cathodic protection system will effectively
mitigate all corrosion on the pipeline by sacrificing another material (anode) that is remote from
the metal surface. With an effective cathodic protection system installed at.the WTP, there
wouldn’t be any corrosion of the pipeline and it would be considered compatible with the soil.

Applying cathodic protection to a bare steel pipeline results in high installation cost and high
operating expenses. Good engineering practice is to apply a coating to the pipeline and also install
cathodic protection. The cost of installing and operating a cathodic protection system for a coated
pipeline is 5% or less of that required for a bare pipe. The cathodic protection system for a coated
pipeline is protecting just the pinholes or holidays in the coating that comes in contact with the
soil. The WTP plan calls for this approach of applymg cathodic protection to a coated pxpmg
network. This plan for the WTP piping is good engineering practice. The question remains is the
coating system specified and the cathodic protection specified adequate to make the pipelines at
the WTP compatible with the site soils?

The selection of FBE coating for the WTP is an excellent choice for this application because it is
environmentally compatible with the soils and will provide an excellent barrier between the pipe
and soil with the minimum of holidays. The FBE coating called out in the project specifications is
of the highest quality. The specifications outlines excellent application procedures. The
specification requires detailed inspection procedures for quality control for application of the .
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coating. Moreover the storage, handling and shipping procedures for the pipe in route to the WIP
site should ensure the pipe is placed in the ground in excellent condition.

The cathodic protection system specification for the WIP requires the quality of all system
components to be met with the national standards by the designer. It provides the designer with
direction on what installation practices may be used at the site. It requires the designer establish
quality assurance procedures for the design, procurement, and installation of the system. A
cathodic protection system designed and installed in accordance with the specification will provide
a system that will mitigate all corrosion of the pipelines at the WTP.

In my professional opinion that if the piping is coated with FBE in accordance with the
specification and is cathodically protected in accordance with the specification the pipelines will
be compatible with the soils at this WTP.

Dennis R. Helgeson, P. E’
Corrosion Speclahsts # 2736
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