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December 3,2008

Mr. Jeffrey D. Wiese
Associate Administrator ofPipeline Safety
U.S. DOT I PHMSAI PHP-Ol
1200 New Jersey Avenue, SE East Room E22-330
Washington, DC 20590

Dear Mr. Wiese:

The South Dakota Public Utilities Commission approved a permanent partial
waiver of South Dakota Codified Law 49-34B-3 which adopts 49 CFR
192.481 (a) for Montana-Dakota Utilities Company's natural gas operations
in South Dakota. This approval is noted in the attached order in South
Dakota Docket PS07-001. Please accept this letter as the required
notification to PHMSA for its 60 day waiver review process.

The required information for a waiver notice is given below:

1. Name, address and telephone number of applicant.

ATTN: Scott Besmer
Montana-Dakota Utilities Company
400 North 4th Street
Bismarck, ND 58501
701-222-7883

2. Safety regulation involved: 49 CFR 192.481 (a)
3. Pipeline facilities involved: All of Montana-Dakota Utilities' South

Dakota natural gas operations



4. Justification for the waiver: Please see attached Request for Waiver
5. PUC Order and incorporated Request for Waiver is attached.

Ifyou have any questions, please do not hesitate to contact me.

Sincerely,

Nathan D. Solem
Acting Pipeline Safety Program Manager
605-773-4210
Nathan.solem@state.sd.us

Cc: Ivan Huntoon, Office ofPipeline Safety Central Region
Scott Besmer, Montana-Dakota Utilities Company



BEFORE THE PUBLIC UTILITIES COMMISSION
OF THE STATE OF SOUTH DAKOTA

IN THE MATTER OF THE RLiNG BY) ORDER APPROVING
MONTANA-DAKOTA UnLiTIES CO., A) PARnAL WAIVER
DIVISION OF MDU RESOURCES GROUP, INC. )
FOR APPROVAL OF A WAIVER ) PS07-D01

On JanualY 18, 2007, the Public Utilities Commission (Commission) received a flUng
from Montana-Dakota Utilities Company (MDU) for approval of a waiver of a portion of 49
C.F.R. Part 192.479 and 192.481(a). MDU requests a specific waiverof Part 192.481 (a) to
allow atmospheric corrosion inspection frequency at least once evelY four calendar years,
but with intervals not to exceed 51 months. Section 192.481 subsection (a) requires
inspection of onshore pipe exposed to atmosphere for evidence of corrosion at least once
every three calendar years, but with intervals not exceeding 39 months. This waiver would
apply to exposed natural gas pipelines according to Part 192.479.

At its regularly scheduled meeting on November 12, 2008, the Commission
considered this matter. Commission Staff recommended apprOVing a partial waiver of
SDCL 49-34B-3, adopting 49 CFR 192.481(a), regarding the frequency of atmospheric
corrosion inspection, conditioned on PHMSA's review and consent. Commission Staffalso
recommended that the following conditions be imposed: (1) that the four year interval be
applied outside of business districts while a one year interval apply inside business
districts; (2) that regulator stations and emergency valves be monitored for atmospheric
corrosion when maintained or patrolled; and (3) that the operator notify the Commission of
hot spots where there aregreater corrosion rates requiring monitoring more frequently than
once evelY three years.

The Commission finds that it has jurisdiction over this matter pursuant to SDCL 49-
348. The Commission further finds that the filing is just and reasonable and shall be
approved. As the Commission's final decision In this matter, it is therefore

ORDERED, that a partial waiver of SDCL 49-348-3, adopting 49 CFR 192.481 (a),
regarding the frequency of atmospheric corrosion inspection, is hereby approved to allow
atmospheric corrosion inspection frequency of at least once evelY four calendar years, but
with intervals not to exceed 51 months, conditioned upon PHMSA's review and consent.
This waiver is further conditioned upon the following: (1) that the four year interval be
applied outside of business districts while a one year interval apply inside business
districts; (2) that regulator stations and emergency valves be monitored for atmospheric
corrosion when maintained or patrolled; and (3) that the operator notify the Commission of
hot spots where there are greater corrosion rates requiring monitoring more frequently than
once every three years.





Dated at Pierre, South Dakota, this d'S zi- day of November, 2008.
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January 12, 2007

Mr. Martin Dettman
South Dakota Public Utilities Commission
500 East CapitOl Avenue
Pierre, SD 57501

RECEIVED
JAN 1 82007

SOUTH DAKOTA PUBLIC
UTlUTlES COMMISSION

Re: Request for Waiver ofa portion of49 CPR, Part 192.479, 192.4.81(a)

Dear Mr. Bettman:

This letter defines certain existing conditions as they relate to the gas pipeline safety
regulations, and requests a specific Waiver ofPart 192.481 to allow atmospheric
corrosion inspection frequency at least once every 4 calendars years, but with intervals
notto exceed 51 months. Section 192.481 subsection (a) requires inspection ofonshore
pipe exposed to the atmosphere for evidence ofatmospheric corrosion at least once every
three calendar years not to exceed 39 months. This waiver would allow for the
atmospheric corrosion survey to be conducted concurrent with our current 4 year leak
survey interval without jeopardizing the integrity ofthe pipeline or public safety.

This waiver will apply to exposed natural gas pipelines according to Part 192.479 for
Montana-Dakota Utilities; operating in North Dakota, South Dakota, Montana, and
Wyoming, and Great Plains Natural Gas Co.; operating in Minnesota and North Dakota.

As stated in the attached, lliinois Commerce Commission Order, Docket 05-0113,
Corrosion rates in the Midwest are low relative to other sreas ofthe country. Research
shows extending the atmospheric corrosion survey requirements to four years does not
jeopardize the integrity ofthe pipeline nor public safety. In 2005 Montana-Dakota's
corrosion leaks accounted for less than four percents ofall jurisdictional leaks whereas
Great Plains' corrosion leaks accounted for less than three percent ofall jurisdictional
leaks. Historically Montana-Dakota corrosion leak frequency is four percent or less for
years 2003 and 2004. Great Plains' historical corrosion leak frequency for years 2003
and 2004 is less than two percent.
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To insure pipeline integrity and public safety, MoDtaDa-Dakota and Great Plains current
leak survey frequency is conducted once every four years exceeding the frequency
interval requirement as stated in Partl92.723 (2). Accordingly, conducting the
atmospheric corrosion survey in conjunction with the leak survey, benefits pipeline
integrity and public safety due to increased leak survey frequency and locstes potential
leaks by conducting visual inspections to identify problem areas before leaks occur.
Additionally, by using a leak survey teclmician, the operator qualification program
requirements focus on below ground 1llcilities in addition to visual inspections ofabove
ground facilities.

Thank you for your time and consideration.

Sincerely,

J~-
Scott Besmer
Sr. StaffEngineer

c: Doug Lee - General Office
Dave Goodin - General Office
Tamie Aberle - General Office





STATE OF ILLINOIS

ILLINOIS COMMERCE COMMISSION

Central Illinois Public Service Company
d/b/a AmerenCIPS.

Central Illinois Light Company
d/b/a AmerenCILCO and

illinois Power Company
d/b/a AmerenlP

Application for a Partial Waiver of 49
CFR Sections 192.481 and 192.723.

ORDER

05-0113

By the COmmission:

On February 24, 2005, Union Electric Company d/b/a AmerenUE,l Central
Illinois Public Service Company d/b/a AmerenCIPS, Central Illinois Light Company d/b/a
AmerenCILCO, and Illinois Power Company d/b/a AmerenlP (collectively "Petitioners")
filed with the Illinois Commerce Commission ("Commission") an Application for Waiver
("Application") seeking approval of a partial waiver of Sections 192.481 and 192.723 of
Title 49 of the Code of Federal Regulations ("CFR"). Section 192.481 concerns
atmospheric corrosion control and monitoring. Subsection (a) provides that each
natural gas pipeline operator must inspect each onshore pipeline or portion of pipeline
that is exposed to the atmosphere for evidence of atmospheric corrosion at least once
every three calendar years, but with intervals not exceeding 39 months. Petitioners
propose to extend the frequency of atmospheric corrosion inspections to at least once
every four calendar years, but with intervals not exceeding 51 months. Section 192.723
pertains to a leakage survey with leak detector equipment in areas outside of business
districts as frequently as necessary, but at least once every five calendar years at
intervals not exceeding 63 months. If a partial waiver of Section 192.481 is granted,
Petitioners will Increase the frequency of leak survey inspections to at least once every
four calendar years at intervals not eXceeding 51 months.

After considering evidence offered by Petitioners and Commission Staff ("Staff"),
on July 13, 2005, the Commission entered an Interim Order granting Petitioners the
requested relief subject to the requested concurrence as discussed below.
Enforcement of these and other minimum federal safety standards is granted to the
Commission under an agreement with the Office of Pipeline Safety within the United
States Department of Transportation ("OOr) Pipeline and Hazardous Materials Safety
Administration ("PHMSA"), entered into pursuant to Section 60106 of Title 49 of the
United States Code ("USC"). The Commission may grant waivers of the safety

1 On or about May 2, 2005, the AmerenUE illinois service territory was transferred to AmerenCIPS in
accordance with the Commission's Order on Reopening in Docket No. 03-0657. As such, AmerenUE Is
no longer a party to this docket.
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standards In accordance with 49 USC 60118(d). The federal standards codified under
49 CFR Sections 191.23, 192, 193, and 199 have been adopted by the Commission in
83 III. Adm. Code 590, "Minimum Safety Standards for Transportation of Gas and for
Gas Pipeline Facilities."

In the Interim Order the Commission found that any impact associated with the
lessened frequencies of the atmospheric corrosion inspections is outweighed by the
benefits associated with the increased distribution leakage surveys. The Commission
made other related findings which supported Its condusion that the request for the
partial waiver should be granted, SUbject to the condition that Petitioners continue to
train qualified meter readers to report atmospheric corrosion as well as any abnormal
operating conditions discovered when reading gas meters.

The Commission directed the Office of the Clerk to forward the Interim Order to
DOT, specifically PHMSA, as this agency has enforcement authority with regard to the
subject rules. In a letter dated September 19, 2005, DOT notified the Commission that
PHMSA objected to the waiver, staying the waiver pursuant to 49 USC 60118(d). The
September 19, 2005 letter, however, also informed the Commission that it may appeal
the matter by providing any new information from the Petitioners as justification to show
granting the partial waiver provided an equivalent level of safety.

Thereafter, a status hearing was convened on October 27, 2005, whereupon a
schedule was developed for the submission of additional testimony and evidence by
Petitioners in support of the partial waiver. A second eVidentiary hearing was held on
January 18, 2006. Jerome Themig, Manager of Gas Compliance and Training, Gas
Operations Support, Ken Davis, Pipeline Integrity Coordinator, and Scott Black, Gas
Engineer, Gas Operations Support, offered additional testimony on behalf of Petitioners.
Rex Evans, Program Manager of the Pipeline Safety Program within the Energy
Division of the Commission's Public Utilities Bureau, offered additional testimony on
behalf of Staff.

Mr. Davis' testimony provided additional justification as to why the waiver should
be granted to extend the atmospheric corrosion survey. He explained that the rate of
atmospheric corrosion in the Midwest is extremely low and extending the survey beyond
three calendar years will not Impact the integrity of the above ground facilities. Mr.
Davis added that the rate of atmospheric corrosion in the Midwest is low relative to
other areas in the country, particularly the coastal areas. He relied upon studies
perfurmed by the American Society for Testing Materials in support for his position. He
also provided other support for the low Midwest corrosion rate, relying upon information
prOVided by the National Association of Corrosion Engineers. Mr. Davis testified that by
utilizing the most aggressive corrosion rates in the Midwest for each study cited,
projections can be made to determine the number of years until there is a 70% wall
loss, if pipeline steel becomes exposed to atmosphere, which then requires remediation
actions per the CFR. Using this information, he concluded the minimum life expectancy
of distribution pipe, If left uncoated, is 24 years before replacement is required.
Therefore, Petitioners assert, extending the frequency of the atmospheric corrosion
study beyond three years will provide sufficient opportunity to ensure that the integrity of
the above ground facilities remains in tact.
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Mr. Black testified that the atmospheric corrosion survey will benefit from the use
of leak survey technicians due to Petitioner's operator qualification programs, quality
assurance program, and a focus on the inspection of above ground facilities. In this
regard, Mr. Black explained the operator qualification program and the oversight
provided for contract leak survey technicians. He stated that a benefit of using leak
survey technicians to perform the atmospheric corrosion survey is that they primarily
focus not only on the survey of below ground fadlities, but also conduct a detailed visual
inspection of above ground facilities while performing the survey. The leak survey
technicians' training enables them to pay particular attention to the above ground piping
at the soil-ta-air interfaces, in splash zones, at deck penetrations, under disbonded
coatings, and around pipe supports or any other location where atmospheric corrosion
may occur.

Mr. Themig testified that if PHMSA has any reservation about the partial waiver
of Section 192.481, Petitioners are agreeable to Inspect for atmospheric corrosion on a
four year interval and in each of the fifth, sixth, seventh, and eighth years, report the
results of inspections to PHMSA and Staff, with a comparison to the previous survey.
He indicated that this would allow PHMSA to evaluate the effectiveness of the
atmospheric corrosion survey and improve the remediation program during the second
cycle of the survey. If the results are not favorable to the second cycle, then PHMSA
may call Into question the waiver to extend atmospheric corrosion inspections beyond
the present three year requirement. Mr. Themig noted further that the request to move
the atmospheric corrosion Inspection to four years does not provide a positive cash
benefit to Petitioners. He stated that moving to a four year leak survey will increase
operation and maintenance costs. However, the importance of having a more effective
atmospheric corrosion survey and remediation program outweighs the increased cost.
Finally, Mr. Themig addressed a concern he learned from PHMSA regarding the
inspection of facilities that may experience sweating due to pressure drop. He stated
that such facilities are normally the large customer metering facilities and pressure
control stations of which all are visited at least once annually for calibration or
inspection, which includes inspection for atmospheric corrosion. In addition, Mr. Themig
stated that Petitioners would continue their practice of atmospheric corrosion monitoring
as part of the annual inspections of regulator stations, metering correctors, and above
ground emergency drops.

In response to the additional evidence offered by Petitioners, Mr. Evans agreed
that atmospheric corrosion surveys can be extended beyond the current three year
requirement without jeopardizing the integrity of the pipeline. He also agreed with Mr.
Black that the leak survey technidan is the best individual to conduct a detailed visual
inspection of above ground piping without the distraction of completing other duties,
such as meter reading. Mr. Evans was also of the opinion that if PHMSA reviews the
preViously filed testimony, along with the supplemental testimony provided by
Petitioners, it should find the partial waiver consistent with pipeline safety and, in fact,
enhances the safety of Petitioners' natural gas distribution pipeline system. With regard
to the September 19, 2005 PHMSA letter, specifically the statement therein that
operators should maintain their preventive measures to identify potential leaks by
conducting visual inspections for atmospheric corrosion and find problem areas before
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leaks occur, rather than rely on discovering leaks after they occur, Mr. Evans offered
that the statement should not be construed to imply that Petitioners are abandoning
their visual inspections. He noted that meter readers will continue to be trained and
qualified to recognize and report atmospheric corrosion abnormalities when found.

On February 23, 2006, the Commission entered a Second Interim Order finding
that in light of the additional evidence, any negative impact associated with the lessened
frequencies of the atmospheric corrosion inspections is outweighed by the benefits
associated with increased distribution surveys. The supplemental testimony offered by
Petitioners and Staff support the conclusion in the Second Interim Order that extending
the atmospheric corrosion inspections from three years to four years will not affect the
integrity of Petitioners' natural gas distribution system. The Commission further found
convincing the studies and other evidence put forth by Petitioners indicating that
corrosion rates in the Midwest are low relative to other areas of the country and given
even the most aggressive corrosion rate, a four year inspection period is adequate to
ensure detection of any abnormalities in above ground gas pipelines. Additionally. the
Commission supported the use of the more qualified leak survey technicians as the
appropriate personnel to not only confirm the leak survey but also to provide detailed
Inspections of above ground facllttles for atmospheric corrosion. This Is due to the
training and qualification testing they receive, the quality assurance Inspections
administered by Ameren Services Company, and the other monitoring activities
performed by Ameren Services Company as detailed in this record.

With regard to Petitioners' offer to inspect for atmospheric corrosion on a four
year interval and in each of the fifth, sixth, seventh, and eighth years, as explained by
Mr. Themig and supported by Mr. Evans, the Commission concluded in the Second
Interim Order that implementing this proposal will provide valuable information on the
effectiveness of Petitioners' alternative inspection program. In the event that any
unanticipated results are observed, Staff can recommend to the Commission that it
reconsider the partial waiver of Section 192.481(a).

As reqUired by 49 USC 60118(d), the Commission directed the Office of the
Clerk to forward the Second Interim Order to the PHMSA. PHMSA advised via letter
dated October 3, 2006, that after evaluation of the Commission's Second Interim Order,
it does not object to the waiver with the following conditions Imposed:

1. Outside of business districts, atmospheric corrosion control
monitoring must be conducted at least once every four calendar
years at intervals not exceeding 51 months.

2. Inside of business districts, atmospheric corrosion control
monitoring must be conducted at least once every calendar year at
intervals not exceeding 15 months.

3. Operators must identify, inspect, and notify the Commission of
those areas reqUiring atmospheric corrosion control monitoring
more frequently than once every three calendar years. These
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areas Include "hot spots" where there are greater atmospheric
corrosion rates.

a. Above ground pipelines where there is greater exposure to
road salts and chemicals;

b. Areas where pipelines could have accelerated atmospheric
corrosion due to industrial chemicals In the atmosphere;

c. Pipelines that may experience sweating due to pressure
drop, such as regulator stations, metering correctors, and
large customer's regulator/meter sets;

d. Inside regulator/meter sets that are subject to corrosive
environments; and

e. Other areas that show accelerated atmospheric corrosion.

Upon review of PHMSA's October 3, 2006 letter, Petitioners agreed to abide by
the conditions as stated therein and enumerated herein. Such agreement was reflected
on the record by counsel for Petitioners at a hearing held on October 26, 2006. Staff
affirmed its agreement with the aforesaid conditions at that same hearing.

The Commission, having considered the entire record and being fuliy advised in
the premises, is of the opinion and finds that:

(1) Petitioners are engaged In the transmission, distribution, transportation,
and sale of natural gas to customers at retail in Illinois, and as such are
pUblic utilities within the meaning of the Public Utilities Act, 220 ILCS 5/1
101, et seq.;

(2) the Commission has jurisdiction over Petitioners and the subject matter
herein;

(3) the recitals of facts and conclusions reached in the prefatory portion of this
Order are supported by the evidence of record and are hereby adopted as
findings of facts;

(4) the request for a partial waiver of 49 CFR 192.481(a) should be granted
subject to the conditions that (1) Petitioners continue to train and qualify
Meter Readers to report atmospheric corrosion as well as any abnormal
operating conditions discovered when reading gas meters. (2) Petitioners
increase the frequency by which they conduct distribution leakage surveys
govemed by Section 192.723(b)(2) as described In the prefatory portion of
this Order, and (3) Petitioners conduct the inspections and report the
results to Staff as described by Mr. Themig In his supplemental testimony
and at the hearing;

5
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(5) the request for partial waiver of 49 CFR 192.481(a) should be granted
subject to the conditions set forth in PHMSA's October 3, 2006 letter. and
enumerated herein;

(6) this partial waiver of 49 CFR 192.481{a) does not lengthen or change any
other required leak survey interval: e.g., for business districts or
cathodically unprotected service lines;

(7) the' partial waiver of 49 CFR 192.481{a) should become effective upon
entry of this Order;

(8) the Office of the Clerk should be directed to serve this Order on the
Secretary of DOT, the Regional Director of the Central Region of the
PHMSA, and the Associate Administrator of the Office of Pipeline Safety
within the PHMSA.

IT IS THEREFORE ORDERED by the Illinois Commerce Commission that the
partial waiver of 49 CFR 192.481(a) requested by Central Illinois Public Service
Company d/b/a AmerenCIPS, Central Illinois Light Company d/b/a AmerenCILCO, and
Illinois Power d/b/a AmerenlP is hereby granted; said waiver to be effective upon entry
of this Order.

IT IS FURTHER ORDERED that the partial waiver of 49 CFR 192.481{a) is
subject to the conditions identified in Findings (4) and (5).

IT IS FURTHER ORDERED that the Office of the Clerk shall serve this Order on
those individuals identified in Finding (8).

IT IS FURTHER ORDERED that subject to the provisions of 83 III. Adm. Code
200.880, this Order is final; it is not SUbject to the Administrative Review Law.

By order of the Commission this 29th day of November, 2006.

(SIGNED) CHARLES E. BOX

Chairman
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T~~~ANA.DAKOTA
ADivisIon ofMDU Resources Group, Inc.

400 North Fourth Stree'
BlsmelC~ NO 58501
(70 I) 222-7900

October 9, 2008

Ms. Patricia Van Gerpen
Executive Director
South Dakota Public Utilities
Commission

State Capitol Building
500 East Capitol
Pierre, SO 57501

Re: Request for partial Waiver of
49 CFR, Part 192.479, 192.481(a)
Docket No. PS07-001

Dear Ms. Van Gerpen:

Montana-Dakota Utilities Co. (Montana-Dakota), a Division of MDU Resources Group,
Inc., herewith submits additional information in support of its request for a partial Waiver
of Part 192.481 to allow atmospheric corrosion inspection frequency at least once every
4 calendars years, but with intervals not to exceed 51 months as submitted on January
12,2007 in the above referenced Docket.

As noted in the Company's request, Section 192.481 subsection (a) requires inspection
of onshore pipe exposed to the atmosphere for evidence of atmospheric corrosion at
least once every three calendar years not to exceed 39 months. Montana-Dakota's
request for a waiver would allow the atmospheric corrosion survey to be conducted
concurrent with the Company's current 4 year leak survey without jeopardizing the
integrity of the pipeline or public safety.

Scott Besmer, Senior Staff Engineer, in Montana-Dakota's gas distribution department
worked with Martin Bettmann, the Commission's Pipeline Safety Program Manager, in
regard to this request for a waiver. Mr. Bettmann provided his recommendation
regarding the Company's request to the Commission on October 18, 2007. As noted
therein, Mr. Bettmann recommended approval with certain conditions as referenced
below. Montana-Dakota does not oppose the addition of the conditions recommended
by Mr. Bettmann.

Mr. Betlmann's recommended conditions to approval of Montana-Dakota's request:



MONTANA-DAKCffA UTiUTIES co.

Atmospheric corrosion control monitoring will be conducted in conjunction with
distribution system leakage surveys:

a. Outside of business districts, atmospheric corrosion control monitoring
and leakage surveys must be conducted at least once every four calendar
years at intervals not exceeding 51 months.

b. Inside of business districts, atmospheric corrosion control monitoring and
leakage surveys must be conducted at least once every calendar year at
intervals not exceeding 15 months.

Atmospheric corrosion control monitoring of regulator stations, essential and
emergency valves, and other above ground piping that may be monitored
pursuant to the 49 CFR, Part 192.721, will be conducted at the same time that
those facilities are maintained or patrolled.

In addition, the operator must identify, inspect, and notify SDPUC of those areas
requiring atmospheric corrosion control monitoring more frequently than once
every three calendar years. These areas include "hot spots" where there are
greater atmospheric corrosion rates such as areas subject to road salts and
chemicals, industrial chemicals in the atmosphere, inside regulator/meter sets
that are subject to corrosive environments; and other areas that show
accelerated atmospheric corrosion.

Montana-Dakota does not track atmospheric corrosion survey costs as a separate cost
item as field employees perform this task in conjunction with the leak survey test. It is
estimated that the incremental cost of performing the atmospheric corrosion survey
along with the leak survey test to be approximately $2,200. Montana-Dakota estimates
the cost of conducting the atmospheric corrosion survey separately from the leak survey
test to be approximately $41 ,140. The proposal to conduct the atmospheric corrosion
survey along with leak surveys will continue to provide efficiencies without
compromising pipeline integrity.

This partial waiver will apply to exposed natural gas pipelines according to CFR 49 Part
192.479. Accordingly, in maintaining conformance to CFR 49 Part 192.479(c) which
states; "Except portions of pipelines in offshore splash zones or soil to air surfaces, the
operator need not protect from atmospheric corrosion any pipeline for which the
operator demonstrates by test, investigation, or experience appropriate to the
environment of the pipeline that corrosion will - (1) only be a light surface oxide; or (2)
not affect the safe operation of the pipeline before the next scheduled inspection."
Montana-Dakota reviewed Bridges/ Exposed Mains, District Station Inspections,
Isolated Valve Inspections, Miscellaneous Customer/Employee Inspection and FI Leak
Survey records from 1998-2006 to identify any instances of atmospheric corrosion.
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MCJJTANA-DAKOTA UTILITIES CO.

Those records identify 6 instances of atmospheric corrosion in the state of South
Dakota as indicted in the below table:

SD Corrosion
Corrosion
Instances

as % of Leaks
Total
Leaks

Instances
of

CorrosionYear
2,Gpg
2005
i2Q~~ o;c'
2003
'~O@2~1';"" ',!,'1»:~:'1"'~ :f)-A·' '."O~2~~
2001

1

Montana-Dakota's research shows extending the atmospheric corrosion survey
requirements by 1 year (from three years to four years) does not jeopardize the integrity
of a pipeline nor public safety. As identified in the table above, Montana-Dakota
reported218 jurisdictional leaks in 2006, with corrosion leaks accounting for less than
0.46% of all jurisdictional leaks on Montana-Dakota's natural gas system in South
Dakota. Additionally, Montana-Dakota's South Dakota's natural gas system annual
corrosion leak frequency is 0.64% or less of all jurisdictional leaks for the years 1998
through 2006 supporting the Company's position that atmospheric corrosion is minimal.

As noted in the response to Staffs Data Request No. 1-2, Montana-Dakota also
reviewed information filed by Ameren Services Company in a similar case before the
Illinois Commerce Commission regarding studies performed by the American Society
for Testing and Material (ASTM) of atmospheric corrosion that typically consist of
exposing bare test specimens to a wide variety of conditions at sites scattered across
the United States using standard test panels. The study indicates an extremely low
atmospheric corrosion rate in the Midwest.

To insure pipeline integrity and public safety, Montana-Dakota's current leak survey
frequency is conducted once every four years; exceeding the frequency interval
requirement as stated in Part192.723 (2). Accordingly, the benefits to conducting the
atmospheric corrosion survey in conjunction with the leak survey include pipeline
integrity and public safety as hazardous leaks will be detected sooner. Additionally, the
increased leak survey frequency more effectively focuses efforts on leak detection in
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conjunction with visual inspections of above ground piping to identify problem areas
before hazardous leaks occur to insure a safe natural gas system and public safety.
Additionally, by using leak survey technicians, the operator qualification leak detection
program requirements focus on below ground facilities in addition to visual inspections
of above ground facilities identifying areas of concern before they become hazards.

Therefore, granting this partial waiver that will allow extending the survey interval
frequency one year for atmospheric corrosion inspection will not affect the safe
operation of the system.

Also attached are the responses provided to Staff's data request submitted to Mr. Martin
Bettmann on September 7, 2007. Montana-Dakota's similar requests for a partial
waiver have been approved by the North Dakota Public Service Commission and the
Montana Public Service Commission with conditions similar to those recommended by
the South Dakota Commission Staff. The U.S. Department of Transportation, Pipeline
and Hazardous Materials Safety Administration subsequently concurred with the partiai
waiver requests authorized in Montana and North Dakota.

Montana-Dakota requests that the Commission accept Staff's recommendation to allow
the waiver with the conditions noted above.

Sincerely,

~/M
Donald R. Ball
Vice President-Regulatory Affairs

Attachments
cc: D. Gerdes
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September 7, 2007

Mr. Martin Bettman
South bakota Public Utilities Commission
500 East Capitol Avenue
Pierre, SD 57501

Re: MDU Docket No. 1'S07-001 Data Request No.1

Dear Mr. Bettman:

Attached are responses to SD Public Utilities Commission's questions regarding
Montana-Dakota Utilities Co. 's request for a partial atmospheric corrosion waiver. If
after review, there are additional questions, please do not hesitate to contact me.

Thank you for your time and consideration.

Sincerely,

Scott Besmer
Sr. Staff Engineer

C:Frank Morehouse - General Office
Doug Lee - General Office
Tamie Aberle - General Office .
Jim Mann - Rapid City
Pat Darras - Bismarck



Montana-Dakota Utilities Co.
August 2007

MDU Docket No. PS07-001
Data Request No.1

1-1. Provide a written report of all atmospheric corrosion discovered by various MOU personnel within
SD since January 1, 1998. The report should contain the following infonnation: Date Discovered,
Location (to include town and type offacility, i.e. meter set, regulator station, valve, etc.) Discovered
By Gob title only), Date Repaired, and any appropriate comments.

Date
Discovered
4-5-07
9-15-06
8-26-05
8-26-04
12-4-03
8-23-02
2001
6-14-00
1999
1998

Repair
Date Address
4-5-07 908 Leblanc
5-11-07 Dunlap Ave Bridge
8-26-05 827 Franklin Street
9-16-04 311 Custer Lot 120
12-4-03 200 Charles St Lot 28
8-23-02 430 D. Matn
None Reported
6-14-00 421 Summit
None Reported
None Reported

Town
Rapid City
Deadwood
Rapid City
Belle Fourche
Deadwood
Lead

Belle Fourche

Detected
By
Serviceperson
Serviceperson
Serviceperson
MDU Contractor
Working Foreman
MDU Contractor

MDU Contractor

Facility
Service Riser
Main~Bridge Crossing
Service Riser
Service Riser
Service Riser
Service Riser

.Service Riser

1-2. Inparagraph 3 ofthe waiver request reference is made to "Research" shows that extending the
corrosion survey requirements to four years does not jeopardize the integrity of the pipeline nor
public safety. Please provide a copy of the referenced research material.

See attached illinois Commerce Commission, Docket No. 05-0113, Supplemental Direct Testimony
ofKen Davis. "TheAmerican Society for Testing and Material (ASTM) has performed studies of
atmospheric corrosion that typically consist of exposing bare test specimens to a wide variety of
conditions at sites scattered across the United States using standard test panels. The weight loss and
penetration of the specimens is recorded and used to predict average corrosion rates for various
atmospheres. Many of these results indicate an average loss ofmetal in mils per year (1 mil = .001")
and are displayed in tables and graphs that will be referred to later...The results of the referenced
ASTM studies indicate that the corrosion rates of industrial and rural atmospheres in the Midwest are
low compared to areas near the coasts ...All of the cited studies indicate an extremely low
atmospheric corrosion rate in the Midwest in which carbon steel typically deteriorated at 3 mils
(.003") or less per year...Using the most aggressive atmospheric corrosion rate cited, the minimum
life expectancy ofdistribution pipe, it ifwere left uncoated, is 24 years ...The ASTM studies also
demonstrate that with appropriate survey and remediation programs, the atmospheric corrosion
survey interval can be safely and reasonably extended beyond 3 years without impacting the integrity
of above ground facilities."
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Montana-Dakota Utilities Co.
August 2007

1-3. Provide by year for the last five full years the number of atmospheric corrosion leaks compared to all
other categories of above ground leaks.

Year
2006
2005
2004
2003
2002

Atmospheric
Corrosion

o
1
1·
1
1

All Other Categories
ofAbove Ground Leaks

9
2
5
3
5

1-4. Provide a comparison of the number of leak per mile of distribution pipe found during routine annual
business district leak surveys compared to non-business district leak surveys by year for the last ten
calendar years (1998-2007).

Year
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998

Business
District
Data not complete
2% ofleaks discovered
Not identifiable in records.
Not identifiable in records.
Not identifiable in records.
Not identifiable in records.
Not identifiable in records.
Not identifiable in records.
Not identifiable in records.
Not identifiable in records.

Non-Business
District

10% ofleaks discovered

2
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'9

ILLINOIS COMMERCE COMMISSION'- -: .. -...• :- ...•. -.- ..-- .: -, ,', ..•..... --,:-::.,,--,,:,- '-"-'-"""-"' -.,_ ,,

DOCKET NO, 05-011;3

SlffiPL:E;MENTAL DlRECr TES:rJ~PNY

OF'

REN'DAVJS

iQ;Pllljise$tateyoilrlulJne,titIe, alid blisiness ,address.

¥y nari,1els~enpavis. .MytitlIJis'Pipeliue, Integrity C.GordinatQr. My business
'. : -, ',. -.: "'.. ..-

aMt~sisqU7E. A,dah)s Sl.Spr41gfield,Irdi'2,n1i'.1 amc;mployed by Ameren
.. . - -' .. ,--,' '-'-.' ."-,-'... .... .... .. .. ...... .. .... .-

'Seliiices'Con'ip!\iJy,.whkb prpvi!lestechnicaI,advisory and, financial services to

11 tl1eAm~reJicompanies, arrn:>ng oibeI'll.

,Please stilt~y~ur ejluclIti(>nanl:l expeiienceas it relates to corrosion of

,distributiiJil r m alia related mattei's.", ",,., p pg, ".." '

li'eo'eiV'ed iny;Biicnelot ofArts.iil Maniigeinen:t from the: UnlversityofillinQis-

15 Sptiilgfield,lInd~ Masters in Business Ad.ph'ijsti'iifion,ftom MiIlikinUniversity.

1 belong io the'Na'ikirii!1 AssoCiaticin ofCorrosionE'1&ii1eets (NACE), and I~ a
-- ---

NACE-'certi~edSe,njor CortosjonTechnologist#l\433a~ well as a NACE

1'8 cetfifietl Cathodic'Ptolectio,n 'SpeQialist #44:)3. I have over 14 years ofc01To~jon

, 1'9 reliLtbtl experiencie apd have,attended niimerousNAOE ~ucatiQn courses that

2'0 include Basic Corrosion, CathOdic Protection Data filterprela!ion, Internal

21 Corrosion. aild CathbdicProtection DesigjJJ.

22 Q. Whlitis, tbepurpose ofyour testimony?

-I-



23 A. My testimony will provide addiiional'support for the waiv~r sought by the
- ._-,' - -'.- --- -. ',- - , '. - -

24 Am~en Cofupatiies, and more specifically, provide justification as to why the

25 waiver shotUdbegrailted to extend'the atiilosphericcOl1'osionsurvey, I wiJ]

26 lleinonstrate the rate of atinosp.he,ic'corrosion in the Midwest is extremeJy low

;indi!)jlt ei<:telidiiig the survey beYond three caclendar yeat!! will not impact t!)e

2!l

29 'Q.

30 A.

31

32

33

34

35

36

37

38

39

40

41 Q.

42

43 A.

44

45

jtite~ty iifthe above groffiid facilities.

WJiafis ';itiliospheric corrosion?

Atmospheric corrosion is tjefined 'as the gr\ldllal degradl!tion ,or ;l1teration ,ofa

material b)'contact wllh substances in the atri1o~pl,lere, such as oxygen, carbon

-dioxide; water vapor, and sulfur arid chlorine compounds (ASM InteniatiQnal,

Metals Handbook- Volume 13, (ASM International 19!17), p. 2.), Atmospheric

corrosion of above grade gas piping is affected primarilyby tWo factors: the

atmosphere and the nulterial. The malerial at above grade gas facilities is

,primarily carbonsleel pipe'and'is sUbjectto corrosiollin most atmospheres ifleft

llilcci)ated, Ifctiated properly, atmospheric corrosion can be'readily Cllol'\ll1ed in

most'ehvrrtilitnehts, Amereil SerVices' Gas Policy 09reqllires all new l!boye

'ground ,gas fadlities are coated and that the coatings,on existing faCilities ate

maiiltained.

W\1at typ'~s of atmil,spheticcorrosion occur in the AJn~reD C"mpanies service

territories?

There are'primarily four types of corrosive atmospheres: ,industrial, nlaritle, rural,

alldindool', liltheArrieren(]oliIplliiies'sel'vice tertitone~i indnstrial,rtirahand

indoor atttiosphercscail be round. An irtdustnalatl1losphere is characterized by



46

47

48

49

50

51

52

53.

54

55

56

:57

58

59 A.

.60

61

62

63

64

65

66

67

pollutiO)J in·lh~fOlm ofsul~rcqrnp,ounds, "molls fonns ofchlondl;S,and

oi\to~en oxiiies that combinewltJl.I:ain, log,·or dllW to crealea corrOS.lve fIlm on

exposed sleel(Natipnal Ass9cjation of GOJrOSklU Enginl:l'rs,:Basjc,ColTosion,

(National AssoCiatioll·of C9rrosjQn:E\1gin.e.e~s lSl~4),p ..222.). A rural a!.mQsphere

contains'origatilc andinorglll}ic dllSls im,te.ad:ofchemica,l c9n1'!Jllina,nts which

'combine idth,the v,arious forms. Qfmoisllu"e t9 create a corrosiv.e. atnJpsphere·that

is typitiiily filiUler than1heindusi;i1il·atmospher\l (National f.:ssocialj.oll of

Corrosion Eqglne.ers, ;Basi.c. COrr9sipll,: (N:i!#9nal AsspciapollcofCorrosion

Engin\lers 1984J,p.~22,). An indQoratmosp4e~ will !Ill fqUJ)!I,insiq.e,a business
_.', -. -.... - :.',.,,-."

orHome,thll.fis. ft~u~)lt~d by people and has an envirp)lment t!Jat cOllld be moist

but. contains nfJ. strgng or cG)lc\jJIlrajed chemic.a! conlarninarJls.
, ,'''.. .. .

WJiai'l~tiie ~telifatinosphe.rii: c.9rrOSlonon thl' Ameren C!Jmpanieslabove

graile.niill1nil gas facilities?

Lowrelativ.e:lo.otner;rreljsofthe cPUlltry, p;u'ticularly;in eompa*on ~e tl\ll

CQllSIl}1 ar~as. The American Society for l'estiiJg and Materials. (ASTM') has

performed stlllliesQf atmosph_epc corrosionthattypiclilly cOI)'8i$t ofexposing bare

lest specimens tp a wiqe varietyofconditipns at sites scattere" l!cross. the United

State.sousing ~tand;rrd test PJUlels.The weight loss and penetration pithe

sPl:cimens is recorded anclused tgW'edi~t ave~ge corrosion r.ates for villious.

atmospheres. Many Qfthese results indicate an avcrage loss cifmetal in mils per

year (imil = ,QI)I ") and are disp)llYcd i)llables am;lgraphs that will.bereferred to

later.

-3-



68

69

70

71

72

73

74

75

76

Whildhe Ailjeren Companies service territones.'are largely rutal, 011e to the

concentration offactones in certain areas,'ihe following areas in Illinois dJUld be

c'onslderedtb'have industrial aunospheres;'Deciltut, Danvill~, Peoria,Tliscola,

Cha:mpaign;'UrIlapa, LaSalIe.Peru, Quincy,ll!idSt. Louis metro e,ast (IIliliois

side). "Cons'eWi/!ively, the blilanceoftheservicetemt<irles can'be consid~red

rural 6rsemi-iildiistrilil. The results bftbe refereiiced ASTM studies iiidicate that

the cOJ'rosi(jiir~tes ofindtistrial and ruraIatmb1!pfieres in flieMidwest atehiW

comparetlto'!ihwHleai"the coasts. This can be 6bserVediJi the following table

sult1iflafized from',the attachment Table I. (I mil = .001"):

,. mpy '= mils'pet year

Note: The CCill\pletetable frOm which theabove,rlatawas'tiiken is attached as

"Table 1'; (National Ass'oelation of Corrosion Engineers, NACE Corrosion

Engineer's ali-fetence Book, (National ASsociation ofG:orrosion Engin'eers J99 I),

77

18

79

80

81

82

83

84

85

86

,~v.ir(jnm,ntTlIjle

Industrial
SubUrban

Rural
industrial
hiciiJ~trial

llid\i.itriaf
Se;nj~j~du~tlial

Industrial
M-arine
Marine

Corroll!on.~a1i>
mpy·'
{j:~

0,i7
:0.8'
1.5
f.s
~~;:

1,5
5.2 -42

ill.?

-_..-

87

89

p. 81.). Ameren .6", 4. J.

Additional support for this low MidWest corrosion rate is found in the following

-4-



.90

91

'92

.93

,94

96

100

101

102

103

104

lOS

106

107

108 Q.

109

110 A.

111

Table 2jtheroostaggressive metaUoss was 7.3 roils (.0073") in15.5 years in

Monroeville, :PA, or OSroils (0005'') per ye!U' (National Asspciation of

'Corrasion Engineers,NACE Corrosion Enginell,r's Reference Book, (National

Assol1iation ofCorrosion ~gineers Bi91), p.82,).. Ameren.Eit 4.2.

Chllrtl;ihe calcuh.ted averageredul1tion.ofthic)rnessis 8.to 10 mi1s(.008"

to .01:0"hn i oyears 01' 1.6 to:Z,mils (.(iOl(Wto .QOZ") per 'year (National

Aissodition irfCoITosioIl Bnginccrs,NACE Corrosio,n Engineer's Reference

B(ltik,(Niition~IAssociationpfCotrosion Engineers 19'91), p. SO.). Amercn

Ex.4J.

Ch<6'Lijtbe c\llculated l\verl\ge reduction in ttiickness is li mils (.0.08"') for 16

years.orSmils (.0005") per. year (National Assol1iation ofCorrosion

Engineers,'Bllsil1 Corrosion, <National Associ!ition'ofConosion Engineers

19M), p; 227). Amerel) Ex. 4.4.

Alh)ttbe citelht\1dies inQieate an·extrem,eiy lowatrno~phllric corrosion rate in

the;'Mii:!wesi'in whil1h ~arbon: steeI.typil1l1lly deteriorates· aU )TIils (.003") or less

per year. W!1illlit clIO be noted th~t MidwestcQlwsion rll~es varywidely. the

mllst aggreJ!slvll,rate cited in tiw studies reviewed for bare carbonstl'el is3.3 mils

(.0033") per year.

Whatls 'the'plll~nli~limpa~toHhis'rat~.of at!Uospn~rlc !lorrosiOIl on the

Alllerep Companies distribution piping fae)Iities?

Utllizin,g the mQst aggressive-corrosion ralt;S·in theMid~est for eal1h stlldycited,

projections I1lUl pe made to. detennine. tbenuniber ofyears Wltilihere is',a'70%

-5-



Il3 requires remedial aclion per the Code ofFederal Regulations. The distribution

:114 piping faci1iti~s with the thinnes.t wall subject 10 atmospheric corrosion "I an

115 :AtDerenCcill'ipany are facilities qonstru¢ted of~/.i" diameter piping with a nominal

n6 wallthic~n~ss'l>f1l3 mils (.1I3"), Walll6sses for this P!ping ilte projected lit the

117 niosi:ailwessiv,e cQrtoSion r~tes cited in:tIie.stlldies above and Summarized in the

119 Three Quarter Inch Di.ameter :J'ipiiJg wan Loss Proje.etions
.

.120

l'i\hle 2
Chan I
Ch:irt2

Midwest Industri'ai,
Most Aggressive
Rate *mpy.

0.49 (,00049''}
0:5 (.0005")
0.5 (.0005")

% ofWall Loss
- in One Year

0.4'3%
0.44%
0.44%

Years until 70%
ofWall is Lost**

24
161
{S8
l58

121

122

123

124

125

126

li7

128

129

130

131

*mpyis:mils per year

.** Based on 'the following-code, 7,0% was used as the rnllXim\lil1 wall loss.

OF-R 49 192.487 (a) states '~...each-segJi1cntofgenerally corroded

distribution line pipe with aremaining wall thickness less than that

reqUited for the maocimum;aIlowable operating pressure ofthe pipeline, or

a remainingWal1 thiCkness less tban 30.% of the nominal wall thicknes.s,

must he replaced'; (Colle ofFederal Regulations, title 49 - Transportation,

Part 192.487, 2004,).

Using the robSt aIlgressivecorrosion rate cited above, theminitnum life

expectancy ofdistribution pipe, if it were left uncoated, is 24 years befQre

rep1acemetltlsJequired,

-6-



132 Q.

:133 A.

WhahonclusioDs J:llD you drawfrom thcllbon studies .aDd iufllrmation?

Tn ·tJle Amer¢n Companies} servi~e territories,A$TMstu~ies indic!!te lila!'

134 atmQsphe.l';ic.corTosilln rates for ~wecatlion~tef\l \lT~ eXtremely.low. Using the

13.5 most aggr~siYe aln!ospheric corrosion r1!te.ci~ed, the minimum lifeelC;pectan9Y of
;.,':

136 i.\is!riblltionplpe; ifit were teft.uncoatc:4, is1.4 years. The smcliclHeferenced

indiqate 'iMh,;thre~yca.r:!!fJT1QSPheric $urvcY, wJUle it1l!ay !>e:app.ropnale ~Qr the

1:1$

1:3"9

140

142 Q.

143 A.

l4ll-

145

.146

147

148

cQl\S!alrfl~'QlI$;js eX:tre~elY'conservativc fq:r1lle; Midwest. The ASTMslUc)ie:s
•.• - 'C' - 'C'_., -- .,' _ c"', , ...•.... "', ._', ...-.. :.- '. -." '-'''', _.' .. -. "',," ·'-·c '" .. '.". - .. , - _... .. ..

3JS9,demOIJ~j,rllte:t)lat willtapPrllpriatesw:vey@dremedialion programs;.the

atmos~herlC.C6ITQsionsurvey interval clll1·pes!lfely.and rellSopablyexlelJr.led

ocyond3 years without impacting 1I1e il)legiit): of above .ground fllcilities.

noes this con({i\Jde'your tesliml)uY'l

Yes.

-7-



----,,'-,,'~~~

Ameren Exhibit 4.1

CORROSION RAtES OF cARBON STEEL TABLE 1
CAlISFii\1ING SPECIMENS AT VARIOUS LOCATIONS

CjiirOilonrlilO, (I)
,l'fi1/ympl''

N~nnlllJ'Wil,n$, NWt, Canaila
P~jlIx,~ "
~~~g~:J~er Istend

Q,i1tr.91~i.ii, '
FQf\;A/nidor ,Pier, CZ

~:~~~::TPA '
sialli:bolilige, irA
Mo'nnilil, 'OOe. Ganada
Oilillil!niNHo
MlillliiiiWn' 01'1
eittst:>\;i!l~.PA
C61I.1iiiIM.'OH'

~:~~~~C~\f'
eei\Jj,,'feril. p~
c""ilOri. B;,lieiSea. -Engiaod

'1;,,:
il;aioiiRfi8r;'~
C~jlj,Kenl':'llyif\.

(OOlhlell•• WVdI
lrom:oeelinj

Xliie:eli;icll"NC
(800:it ',ornocelin)

C~~ KIIYllf~" fL
(39,11 0("",;,8-') yd
l'OIn oce.oj

gaytP.o~ e.ld!. FL,
q"pe Kennelly. FL

lO',i""iJ kly;ti,'ijn yll
t'binoeuull)

',Polnl 81\'115, CA
l<u,rl,S.ech. NO

,(80 ,n .Irom'oCiian)
G:O,I,~!a POlnl Bliach. Penlma.

CZ
Cape Kennedy, Fe (beach)

'Yype 0,1
~liinenl

ROIit
·Rundana

AulBi mann.

=t'
ulbiUl
Ru'*';

~
tndUsliiaI
',SlIiiilflluolrfal
lridaslrial=a:
l~
lilllUSIrlaI m'orfne

Ms,rjoe

MaMe

M_
M;sri",

MU'~l!l

Marine

Merine

M~ne

Marine

'~.7B

4.6

13
14;5
14;5
1l!J>
'to,
22.8
~

l'ZS
2B
28
~,
33
33
311
38
46,
48'
51
51
61
'N
84
94

132

141

165
295

·:442
500

6&6
1070

0.03
Q.la

0.5
:0.57
0.57
0.77
0.8
ll$
Q;9
0.,9
1.1
1.1
1.2'
Ul
'1.3
1.5
1.5
'1.8
1.9
,2:0
,2.0
2.4
3.1
~.3

'3.1

'5.8

6.5
'11.6

17.4
19.7

21,0

27.0
42,0

{,al-:.Jw~)'ear:a"ef'age·'Atn~rCnS-()urtc: NACEColTOisionBJ;lginCCit:;Re(ercnce13oo.k., i.99J ~_P! :81

,S"u,~e: Mo"", Hlln~Qk.9111i>d;.V6IulllilL1', 720.ASM197~.



AmcrCD Exbibit 4.3

0,25 .---------o,,__-.,..-----..,.---,,..., 10.0

6.0

8

StructulOal
carbon sfeel

witn Cu

4 6
Tima, years

:OH~i·Cu·P HSLA steel

Structural
'carbonSleeJ" '

_~ =:z;=:::::::=====~ ~.O

0.'2

0.1

0.15

Oorrosior:Uit !hr~ldYP6$bf llfeels In €l111ndustrial,at)nQsphare,
SouTce: Me/als Handb(jo~; Ylhed.. Volume 13. p. 1304; ASM 1987



A'JllerenE~hihjt 4.4

CORROSION OF STRUCtURAL STEEL
. '/NVA'RIOUSENVJRONMENTS

'TIme,
lYp!i.of.AfrD!J@phor" Yr•

Averll!l& Rll'duellon hi Thickness, Mils'
Si,uplurlll Sl/'IlGtUl1!1 "

Carbon C<ijlJillc UNS tiNS UNS UNS
S.lilli)Si~ K1tS.10b 1<,11430" ~11&30~ KllS16'

.hid~si'i!ll 3,5
(Newark. I'M 7.5

15.5

$iJliiHildusiiiel 1,5
(Mori,o·e~iJIe. PAl 3.5

7,5
15.5

Seml.l~dusirial 1.5
(SoUlhBahd. PAl 3.5

7.5
15.5

Sunil 2;5
fPOllor·Cpunty. PAl 3.5

7.5
15.5

;MQ<l"rala marine 0;5
(KureBl/llch. NC. 1.5
'800 If ,from ocean) 3;5

7;5

Silvare malineO;5
;(l<vre'~eaCh;NQ. 2.0
Boil fi(jtti ocean) 3.5

5.0

3.3 26 ,.3. 1.8 1.'1
4.1 .3.2 1.5 2.1 '1 .'7
5;3 4.0 ,.8 2.'1

2,2 1·7 1.1 'j .'i 1.2
0:7 2;5 1.2 2.. 1 1.4
U ':);2, 1.4 2.4 1.7
7'.3 '4,7 1.8 '1.8

1:6 1.4 1.0 1,3 Ul
2.9 2.2 1.3 1.9 ·1.5
4.6 3.2 1.8 2:1' l·ll
7;0 4.8 2.2 ....;,;,; 2.5

1.3 O.B 1.2
2.0 1.7 1.1 1.4 ·1.2
3.0 '2:5 1.3 1.5 1,5
4.7 3.8 1.4 2.0

'0.9 0.8 0.6 0.8 0.7
2..3 1 9 1.1 1.7 1,2
A.9 3..3 1.a ZS 1.:9
5.6 4.5 2.5 3.7 2.9

7,2. 4.3 2.2 3;8 1..1
36:0 19.0 3,3 12.2
57.0 38.0 28•.7 3.9

t 'f 19.4 3B,B 5.0

2.2

1.6
2.4

1.5
2,4

1.8

1.0
1.7
2.2

01 To o.btljin e<julvalerit vll1ues In~m. ml!lliply IIS\ed value by 25. bl ASTM All42 (lype -l}. c) AStM
AStJa'(gtadeA). d) ASTM A514 (tYpe B) aJitlA517 (grade B). e) ASTMAS14 (type F) and AS1?
(9r~&~'F). f\ Specimen corroded completely away.

•Source:Melels Hiindbook, 91h ed" Volume 1, p. 723. ASM H11S.




