R Tt -

May 27, 2008
UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
. DOCKETED
Before the Atomic Safety and Licensing Board Panel USNRC
In the Matter of May 28, 2008 8:00 am
OFFICE OF SECRETARY
Entergy Nuclear Generation Company and Docket No. 50-293-LR RULEMAKINGS AND

Entergy Nuclear Operations, Inc. ASLBP No. 06-848-02-LR ADJUDICATIONS STAFF

(Pilgrim Nuclear Power Station)

ENTERGY’S ANSWER OPPOSING PILGRIM WATCH’S MOTION
TO STRIKE AND REQUEST TO REOPEN THE HEARING

I.  INTRODUCTION

Entergy Nuclear Generation Company and Entergy Nuclear Operations, Inc.
(collectively, “Entergy”)' hereby answer and oppose “Pilgrim Watch Motion to Strike Incorrect
and Misleading Testimony from the Record,” filed on May 15, 2008 (“Motion’). The Motion,
which seeks to strike prior testimony or reopen the hearing,’ lacks merit. The serious
accusations that Pilgrim Watch levels against the NRC Staff, Entergy, and their witnesses are
baseless. Rather, the Motion simply reflects that Pilgrim Watch failed to properly prepare for the
hearing in April, and having failed to present a credible case, now wants to revise the record to

make up for its own lack of diligence.’

The hearing on this matter concluded on April 10, 2008. On May 12, 2008, the Board directed that all parties
should file findings of fact and conclusions of law, and reply findings and conclusions, on June 9 and June 23,
respectively. Order (Setting Deadlines for Provisional Proposed Findings and Conclusions on Contention 1, and
for Pleadings Related to Pilgrim Watch’s Recent Motion Regarding CUFs) (May 12, 2008) slip op. at 3. On May
16, 2008, the Commission directed that the Board close the evidentiary record on Pilgrim Watch Contention 1 and

proceed with its stated schedule for the filing of findings of fact and conclusions of law. CLI-08-09, 67 NR.C. __
(2008).

This is but the latest of Pilgrim Watch’s continuing efforts to delay and improperly expand the scope of the
proceeding. See Pilgrim Watch Motion to Extend Hearing Schedule (Dec. 12, 2007); Pilgrim Watch Motion to
Reset Hearing Schedule (Dec. 14, 2007); Pilgrim Watch Motion on Admissibility of Factual Evidence (Dec. 15,
2007); Pilgrim Watch Motion for Clarification (Dec. 21, 2007); Pilgrim Watch Motion for Reconsideration (Dec.
28, 2007); Pilgrim Watch’s Motion for Cross Examination (Mar. 17, 2008); Pilgrim Watch Motion to Permit Late
Filed Exhibits (Mar. 24, 2008); Pilgrim Watch Motion Requesting the Record be Held Open So that the Board '
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Pilgrim Watch’s Motion accuses Entergy of failing to disclose the “Miller Pipeline
aper,”” a document authored by a third party for presentation to a construction trade
pap

organization that has been publicly available for over four years. Pilgrim Watch fails to show

that Entergy had possession, custody or control of the Miller Pipeline paper. Entergy is under no
obligation to perform a literature or internet search for publicly available documents it doeé not
possess. More importantly, the “key facts” that Pilgrim Watch accuses Entergy of failing to
disclose were, in fact, disciosed iﬁ official project documents produced to Pilgrim Watch by
Entergy in accordance with NRC rules. If Pilgrim Watch was unaware of these facts at the
hearing, it is only because Pilgrim Watch failed to adequately review the documents that Entergy
had produced.* Entergy should not be penalized for Pilgrim Watch’s failure to do its own

research prior to the hearing.

Similarly, Pilgrim Watch’s use of the May 12, 2008 letter from John Fitzgerald5 and
other cathodic protection documents to attack the testimony of the NRC Staff’s witness, Dr.
Davié, 1s inappropriate. The issue of cathodic protection was introduced by Pilgrim Watch’s

witness, Mr. Gundersen, who Pilgrim Watch put forth as a competent expert. There is simply no

May Address a New and Significant Issue [Method to Calculate Cumulative Usage Factors (CUF)] Sua Sponte
and Provide Pilgrim Watch an Opportunity for Hearing (Apr. 9, 2008); Pilgrim Watch Motion Regarding the
Cumulative Usage Factor (CUF) (May S, 2008). And just today, Pilgrim Watch filed yet another such motion.
See Pilgrim Watch Motion to Include as Part of the Record Exhibits Attached to Pilgrim Watch Motion to Strike
Incorrect and Misleading Testimony from the Record of May 15, 2008 (May 27, 2008). This conduct is dilatory,
oppressive, and inappropriate.

Motion at 2; Jonathan Raymer, Pilgrim Nuclear Power Station: Salt Service Water Discharge Piping Trenchless
Rehabilitation Chalienges, Miller Pipeline Corp., Indianapolis, IN (“Miller Pipeline paper”).

There have been a number of indications that Pilgrim Watch failed to adequately review Entergy’s disclosures in
preparation for hearing, including (1) Pilgrim Watch’s inaccurate testimony concerning the drawings that Entergy
had produced (see Entergy’s Motion in Limine to Exclude Pilgrim Watch Testimony and Exhibits (Mar. 10,
2008) at 33-34; Pilgrim Watch’s Motion to Permit Late Filed Exhibits (Mar. 24, 2008), in which Pilgrim Watch
sought to introduce documents from Entergy’s disclosures after the deadline for submission of exhibits); and Mr.
Gundersen’s testimony that Pilgrim Watch had not given him photographs disclosed by Entergy when Mr.
Gundersen prepared his testimony (Tr. 629).

5 Letter from John H. Fitzgerald III, P.E. to Mary Lampert (May 12, 2008) (“May 12 Letter™).



basis for Pilgrim Watch to strike Dr. Davis’ testimony or to introduce Mr. Fitzgerald’s post hoc

critique.

Finally, as shown specifically below, there is no merit to Pilgrim Watch’s claims that
Entergy and the NRC Staff provided inaccurate and misleading' testtimony. In sum, Pilgrim
Watch’s Motion is nothing more than an attempt by Pilgrim Watch to get a second, unwarranted

bite at the apple. Accordihgly, its Motion should be denied.

IL PILGRIM WATCH PROVIDES NO BASIS FOR ITS MOTION TO STRIKE

At the outset, a motion to strike already presented testimony is inappropriate. A motion
to strike is limited in scope and function and is used as “an appropriate mechanism for seeking
the removal of information from a pleading or other submission that is ‘irrelevant’ or

“contain[s] technical arguments based on questionable competence.” Private Fuel Storage,

L.L.C., LBP-05-20, 62 N.R.C. 187, 228 (2005), citing Power Authority of the State of New York

(James A. Fitzpatrick Nuclear Power Plant; Indian Point, Unit 3), CLI-01-14, 53 N.R.C. 488, 514

(2001); see also Florida Power & Light Co. (Turkey Point Nuclear Generating Plant, Units 3 and

4), LBP-85-29, 22 N.R.C. 300, 305 (1985). See also 10 C.F.R. § 2.233(b) (permitting the
Presiding Officer to strike argumentative, repetitious, cumulative, unreliable, immaterial, or
irrelevant testimony). No provisions in the rules permit a motion to strike testimony on the

grounds that the movant disagrees with it.

Rather, the appropriate mechanism for a party to respond to testimony with which it
disagrees is to provide contrary testimony and evidence at hearing and present counter argument
in its proposed findings of fact. See, e.g., 10 C.F.R. § 2.1209. Pilgrim Watch had a full

opportunity to develop rebuttal testimony and present its case at the hearing.



Likewise, Pilgrim Watch’s claims that Entergy failed to produce a copy of the Miller
Pipeline paper in discovery provides no basis for a motion to strike. Motion at 2. The
Commission’s regulations require that Entergy produce only those documents “in the posseséion,
custody, or control of [Entergy] that are relevant to the contentions.” 10 C.F.R. § 2.336(2a)(2)(i).
As Pilgrim Watch concedes, the document was neither authored by hor presented to Entergy
(Motion at 2 & n.2), but rather is a paper presented by a third party to a construction trade
association. Moreover, in discharge of its disclosure obligations under the Commission’s
regulations, Entergy performed a reasonable search for relevant materials in its possession,
custody, or control. This search identified and produced over 10,000 pages of documents
relevant to Pilgrirﬁ Watch Contention 1. This search did not idgntify the Miller Pipeline paper,
and Pilgrim Watch has ﬁade no showing that Entergy ever had possession, custody, or control of

this document.

Furthermore, there is no basis to Pilgrim Watch’s admitted speculation that Entergy may
have engaged Miller Pipeline as an expert in this proceeding “and 'decidevd not to disclose that
fact.” Motion at 2. Entergy did not retain Miller Pipeline in this proceeding. Entergy has not

had any contractual relationship with Miller Pipeline during this license renewal proceeding.

Moreover, the facts discussed in the Miller Pipeline paper are fully described in greater
detail in official project documents that Entergy did disclose to Pilgrim Watch as part of the
discovery process. Pilgrim Watch had these documents months before the hearing yet never
raised these issues at the hearing. For example, Entergy provided the project document for the

design and analysis of the CIPP liner that fully describes the design, installation, repairs, and



testing of the CIPP liner for both discharge loops of the Salt Service Water (“SSW”) system.®
The use of different materials for the CIPP in the Loop “A” and Loop “B’> SSW discharge lines
and the cracking and repair at the elbows during the installation of the CIPP liner are fully |

| described in this document.” That Pilgrim Watch simply ignored this and other docurﬂents
demonstrates that it failed to properly prepare for this proceeding. Such lack of diligence
provides no basis to strike testimony — even assuming a motion to strike were the proper
mechanism for challenging testimony contrary to a party’s position, which as discussed above,

we respectfully submit it is not.

III. PILGRIM WATCH FAILS TO SATISFY, OR EVEN ADDRESS, THE
COMMISSION’S REQUIREMENTS FOR REOPENING AN EVIDENTIARY
"RECORD '

‘As with Pilgrim Watch’s other recent motions to belatedly expand the record and scope
of this proceeding, Pilgrim Watch fails even to acknowledge and address the Commission’s
requirements for reopening an evidentiary record set forth in 10 C.F.R. § 2.326, much less
demonstrate that it has met these requirements. In order to reopen a closed record to consider
additional evidence, Pilgrim Watch must, among other criteria, (1) demonstrate that its Motion is
timely, (2) show that the new evidence would materially affect the outcome of the proceeding,
and (3) submit evidentiary affidavits setting forth the factual and technical basis of its claims.
See 10 C.F.R. § 2.326. Pilgrim Watch’s Motion fails to address, much less satisfy, these

requirements.

S SSW Discharge Piping CIPP Liner Design, Document Number M-1031 Rev. 1” (May 14, 2003) at 6-14
(PILLR0046106-114) (“M-1031"). .

7 Id. See also discussion at Section IIL.B.1.b infra.



A. Pilgrim Watch’s Motion To Reopen the Hearing is Inexcusably Late

At the outset, Pilgrim Watch’s Motion for the Board to consider new evidence is not
timely. Commission case law has long established that to reopen a closed evidentiary record, a
movant must “act promptly after the relevant information bec[omes] available.” Public Service

Company of New Hampshire (Seabrook Station, Units 1 and 2), CLI-90-06, 31 N.R.C. 483, 487

(1990), citing Duke Power Co. (Catawba Nuclear Station, Units 1 and 2), CLI-83-17, 17 N.R.C.

1041, 1048-50 (1983). Further, the movant must show that the issue sought to be raised could

not have been raised earlier. Pacific Gas & Electric Co. (Diablo Canyon Nuclear Plant, Units 1

& 2), ALAB-775, 19 N.R.C. 1361, 1366 (1984). A Board must reject a motion to reopen the
record predicated on information that has been available for more than a year. Metropolitan
Edison Co. (Three Mile Island Nuclear Station, Unit 1), ALAB-815, 22 N.R.C. 198, 201 (bl 985). |
Here, the Miller Pipeline paper relied on by Pilgrim Watch was dated March 22-24, 2004 and
thus has been available to the public for over four years — indeed, for approximately two years
before intervention petitions were due in this proceeding. Pilgrim Watch has made no showing
.that this document was not available to it long before now. The facts discussed in the Miller
Pipeline paper are described in greater detail in the project documents that Entergy affirmatively
disclosed to Pilgrim Watch as part of the discovery process and which Pilgrim Watch had several
months before the hearing. See discussion supra Section II and infra Section II1.B.1.b. Each of
the major claims regarding CIPP raised by Pilgrim Watch is discussed in more detail in these

documents than in the Miller Pipeline paper.

Likewise, Pilgrim Watch has made no showing that the purported cathodic protection
evidence on which it seeks to rely has been unavailable to it before now. Pilgrim Watch has had

ample opportunity to litigate its concerns here. Indeed, Mr. Amold Gundersen, Pilgrim Watch’s



testifying expert, raised cathodic protection as an issue in his testimony and rebuttal testimony.®
Pilgrim Watch offers no reason why it could not have proffered the cathodic protection
information it seeks to raise here before now, or retained an additional expert if the subject
matter exceeded Mr. Gundersen’s competence. Indeed, Pilgrim Watch suggests that the Board
“perform a simple GOOGLE search” on various key phrases related to cathodic protection,
which allegedly turns up “countless, instructilve hits” on this issue. Motion at 14. In light of the
ease with which Pilgrim Watch has found this publicly available information, Pilgrim Watch
should have heeded its own advice and pérformed its research prior to the hearing, not after. In

short, it is now too late for Pilgrim Watch to seek to reopen the record based on this information.

B. Pilgrim Watch Has Failed to Demonstrate that a Materially Different Result
Would Be Likely

To reopen a closed evidentiary record, Pilgrim Watch also “must demonstrate that a
materially different result would be or would have been likely had the newly proffered evidence
been considered initially.” 10 C.F.R. § 2.326(a)(3). Pilgrim Watch has also failed to meet this

standard.

Although no decision has in fact yet been reached on Pilgrim Watch Contention 1, the
record is closed “on the portion of the proceeding with respect to which new information is being
proffered” and it is therefore appropriate to consider “whether the additional information might

potentially alter the result [the Board] would reach in its absence.” Houston Lighting & Power

Co. (South Texas Project, Units 1 and 2), LBP-85-42, 22 N.R.C. 795, 799 (1985); see also

Private Fuel Storage L.L.C. (Independent Spent Fuel Storage Installation), CLI-05-12, 61 N.R.C.

345, 350 (2005) (“reopening requires a showing that new information will ‘likely’ trigger a

¢ Declaration of Amold Gundersen Supporting Pilgrim Watch’s Petition for Contention 1 (Jan. 26, 2008) at pp. 5,
8-9, 13, 19; Testimony of Arnold Gundersen Supporting Pilgrim Watch’s Contention 1 (Mar. 6, 2008) at pp. 25,
43,45, 48, 49, 53,



‘different result’”). In considering the significance of newly proffered information, it is
necessary to consider whether the information is new factual information. LBP-85-42, 22
N.R.C. at 799. In this regard, “[d]iffering analyses of experts of factual information already in
the record do not normally constitute the type of information for which reopening of the record

would be warranted.” Id., citing Pacific Gas & Electric Co. (Diablo Canyon Nuclear Power

Plant, Units 1 and 2), ALAB-644, 13 N.R.C. 903, 994-95 (1981) (rejecting a motion to reopen a
hearing record based on a new seismic analysis where the seismic motion records were not new

and “either were or might have been addressed” at hearing) (emphasis added); see also LBP-85-

42,22 N.R.C. at 799.

Pilgrim Watch fails to show that thé additional information might potentially alter the
result that the Board would reach in its absence. The information on which Pilgrim Watch relies
(even if it were timely raised) discusses information either contained in documents disclosed to
Pilgrim Watch in discovery, or otherwise available to Pilgrim Watch, which might have been
addressed by Pilgrim Watch ét the hearing. Moreover, Pilgrim Watch has failed to make any

showing that the assertedly new information would materially affect the result of the hearing,.

1. Pilgrim Watch Makes No Showing of a Materially Different Result
with Respect to the CIPP Liner

The Miller Pipeline paper is fully consistent with Entergy’s testimony. Many of Pilgrim
Watch’s claims allegedly based on the Miller Pipeline paper are nowhere‘ to be found within the
four corners of the paper. Moreover, Pilgrim Watch ignores conclusions stated in the Miller
paper that the CIPP, as ultimately installed, met the specifications. See, e.g., Miller Pipeline
paper at 9 (“The results of testing were used to confirm compliance with physical property

spéciﬁcations”); id. (“final inspection revealed that the cured in place pipe liner fit tight to the



interior surface of the host pipe”). Moreover, official project documents disclosed by Entergy
during the discovery process fully cover the topics and matters discussed in the Miller Pipeline
paper.’ This information was fully available to Pilgrim Watch to raise at the hearing, but it

simply failed to do so.

a, Buried Piping within the Scope of Contention 1

Pilgrim Watch erroneously claims (Motion at 3) that the Miller Pipeline paper contradicts
Entergy’s sworn testimony regarding application of CIPP to the buried SSW system discharge
piping. The scope of Contention 1 is limited to buried pipe, and therefore Entergy’s expert
testimony only addresses buried pipe that is part of relevant sjrstems. Entergy’s prefiled
testimony of Steven Woods and Brian Sullivan makes clear that the entire lengths of the buried
SSW discharge pipe, Loops “A” and “B,” are lined with CIPP.'® The non-buried portions of the

SSW system are outside the scope of Contention 1 and are not addressed in Entergy’s testimony.

Nothing in the Miller Pipeline paper contradicts Entergy’s testimony. Nowhere does the
Miller Pipeline paper suggest that any portion of buried SSW discharge system piping is not
lined with CIPP. The only contradictions are with Pilgrim Watch’s erroneous simplification and

interpretation of the Miller paper.

Pilgrim Watch claims that “Entergy incorrectly stated that the entire piping was lined;
when in fact the liner was not applied in an area near and inside the auxiliary building -

approximately 10 feet outside the building and an indeterminate footage inside the building.”

9 See infra Section IIL.B.1.b (discussing Entergy documents M-1031 and M-624).

10 Testimony of Alan Cox, Brian Sullivan, Steve Woods, and William Spataro on Pilgrim Watch Contention 1,
Regarding Adequacy of Aging Management Program for Buried Pipes and Tanks and Potential Need for
Monitoring Wells to Supplement Program (Jan. 28, 2008) (“Entergy Expert Testimony”) at A42.



Motion at 3."" However, as reflected in Figures 2, 3, and 5 provided in the Miller Pipeline paper,
the statement upon which Pilgrim Watch relies refers to the portion of the SSW system contained
within thé access vault adjacent to the auxiliary building.'> SSW piping inside of the vault
adjacent to the auxiliary building is not buried and is fully accessible. Entergy never stated that
the piping in the vault or inside the auxiliary building was lined with CIPP, and indeed such

piping (i.e., that which is not buried) is simply beyond the scope of Contention 1.

Thus, the information in the Miller Pipeline paper does not contradict either evidence
presented by Entergy or developed by the NRC Staff. Indeed, the Miller Pipeline paper -
expressly states as follows:

In April 2001, PNPS developed a specification for lining Loop “A” and Loop “B”

from the last flange connection at the Auxiliary Building piping vault to the end
of the discharge pipe at the outfall.!®

In short, the Miller Pipeline paper fully confirms, consistent with the testimony of Entergy’s
witnesses, that the entire lengths of the buried SSW discharge pipe, Loops “A” and “B,” are

lined with CIPP.

b. “Field application” of the CIPP Liner

Pilgrim Watch erroneously claims that Entergy failed to disclose or mention information
related to the installation of the CIPP liner. Motion at 1, 3. Pilgrim Watch is simply incorrect, as
Entergy has disclosed official project documents that discuss the design and installation of the

CIPP liner at length.

! Pilgrim Watch accuses the NRC Staff of the same inconsistency:

PW notes that this same factual inaccuracy is repeated by NRC Staff in the SER, 3-37,
“Since then, the entire length of both SSW buried discharge loops have been lined
internally with pipe linings cured in place — “B” Loop in 2001 and “A” Loop in 2003.”

Motion at 3 n.3 (emphasis added).
12 Miller Pipeline paper at 4, 5, 8.

'* Miller Pipeline paper at 3 (emphasis added); see also id. at 7 (“preparation . . . included opening the vault”).

10



Specifically, in M-1031,'* in a section aptly titled “Results from CIPP Installation &
Testing SSW Loop “B” in RFO-13,” the installation, repairs, and testing of the CIPP liner in
SSW discharge pipe loop “B” are discussed in detail.’®* Similarly, in a section eﬁtitled “Results
from CIPP Installation & Testing SSW Loop “A” in RFO-14,” M-1031 provides the same
detailed information regarding the installation, repairs, and testing of the CIPP liner in SSW
discharge pipe loop “A.”'® The discussions in these sections describe the high temperatures
reached in the curing of the epoxy resin in Loop B, the splitting and repair of the CIPP liner at
the bends, and the use of a different, but equivalent polyester resin for Loop A. Moreover, as
reflected in M-1031, Entergy conducted inspections and tests of the CIPP liner for both Loop
“B” and Loop “A” which demonstrated that the CIPP, as installed, met the design
specifications.!” All of this information is provided in greater detail than is summarized in the

Miller Pipeline paper and nothing in the Miller Pipeline paper is inconsistent with M-1031.

Thus, it appears that Pilgrim Watch simply failed to review, prior to the hearing, the
information provided in Entergy’s disclosures on insﬁallation of the CIPP. Failure to prepare
one’s own case is surely not cause to reopen the record. Because Pilgrim Watch in fact had the
information that it mistakenly asserts was missing, the matters Pilgrim Watch raised “might have
been addressed” at hearing and thus are not the proper subject of a motion to reopen the record.

Diablo Canyon, ALAB-644, 13 N.R.C. at 994-95. Accordingly, Pilgrim Watch cannot show

that the Miller Pipeline paper is materially different from the information that was in Pilgrim

14" A copy of M-1031 is provided for the Board’s information as Attachment A. It is recognized in this respect that a
response to motion to reopen the record may supply documents that may be considered in ruling on the motion.
See Private Fuel Storage L.L.C., supra, CLI-05-12, 61 N.R.C. at 350-55.

15 M-1031 at 6-9 (PILLR0046106-109).
16 1d. at 10-14 (PILLR0046110-114).
'7 1d. at 6-14 (PILLR0046106-114).

11



Watch’s possession prior to the hearing. Rather, Pilgrim Watch is complaining of information

that was not presented due to its own lack of diligence.

Furthermore, Pilgrim Watch’s claims that the testimony of Entergy’s witnesses is
contradicted by newly discovered information concerning the field application of the CIPP are
simply false. Pilgrim Watch’s claims are not supported by the Miller Pipeline paper or any other

evidence or document. As such, they provide no basis for reopening the record.

First, Pilgrim Watch claims that, because Loops “A” and “B” utilize different CIPP liner
material as indicated in the Miller paper, the two loops are not “equivalent so that their
performance and ‘life expectancy’ cannot be assumed to be the same.” Motion at 4. However,
the Miller Pipeline paper makes no such statement, so this claim is nothing more than
- unsupported speculation by Pilgrim Watch. Indeed, contrary to Pilgrim Watch’s unsupported
claim, the Miller Pipeline paper notes that Entergy employed a resin specialist to ensure that
polyester resin could be used “in place of epoxy and still meet the design requirements.”18 This
is fully confirmed by the official project design document, M-1031."

Contrary to Pilgrim Watch’s claims, this information is consistent with the testimony of
Entergy’s witnesses. Entergy’s witnesses clearly specified in their pre-filed testimony that the
CIPP liner material for Loop “A” “consists of a nonwoven polyester felt tube that is saturated

with a resin and catalyst system” whereas the CIPP liner for Loop “B” uses “an epoxy resin and

'8 Miller Pipeline paper at 7.
19 M-1031 states in relevant part as follows:

Based on the RFO 13 experience, it was decided to use a different resin for the Loop-A
discharge line CIPP. The resin selected is a isophthalic polyester rather than an epoxy.
The principle design parameters remain identical and there are no changes to the required
strength characteristics or the resulting thickness required for the CIPP. The physical
parameters for the polyester resin, including flexural and tensile strength, coefficient of
thermal expansion, and long-term stability are comparable to the epoxy resin.

M-1031 at 10 (PILLR0046110) (emphasis added).

12



hardener system . . . with a polyurethane or polyethylene inner membrane.”*® Furthermore,
Entergy’s expert witness, William Spataro, testified to the characteristics of both types of liners

as follows:

The %2” thick CIPP liner, consisting of polyester felt material with a resin and
catalyst system or an epoxy resin and hardener system, forms a smooth, hard

surface that resists moisture intrusion and abrasion, and is resistant to most
chemicals and all waters. The CIPP liner is superior to the rubber liner since it is
an epoxy and polyester thermosetting resin that cures in place with a smooth hard
surface that is resistant to biofouling and other forms of degradation. Such an
impervious membrane forms an excellent protective barrier protecting the carbon
steel from internal corrosion.

Entergy Expert Testimony at A45 (emphésis added).

Thus, there are no contradictions between Entergy’s testimony and the information that
Pilgrim Watch incorrectly characterizes as new. Based on Entergy’s sworn expert testimony and
documents Entergy produced, it is clear that the CIPP liner in loops “A” and “B” are equivalent.
Pilgrim Watch has not produced any evidence that claims otherwise. The Miller Pipeline paper
does not declare that the CIPP liners in loops “A” and “B” have different characteristics; neither
does Pilgrim Watch’s expert. Rather, it is solely Pilgrim Watch’s representative that makes this
naked assertion. Pilgrim Watch fails to-produce any evidence at all, let alone evidence that could

demonstrate that a materially different result would be likely.

Again with no supporting evidence, Pilgrim Watch also declares that the repaired
portions of Loop “B” are inferior in quality. Motion at 4-5. This claim is a fabrication from
whole cloth with no support other than the naked assertion of Pilgrim Watch’s representative.
Both the Miller Pipeline paper and M-1031 clearly describe how the CIPP liner waé repaired
using Belzona 1311 Ceramic-R-Metal epoxy compound. M-1031 goes further and says that

“[tThe 1311 repair compound is a modified epoxy with strength properties that are considerably

? Entergy Expert Testimony at A43.

13



higher than the CIPP liner epoxy felt composite and was installed to a thickness greater than the
nominal %2 thickness of the liner.” M-1031 at 7 (PILLR0046107). Therefore, Pilgrim Watch
again utterly fails to demonstrate that consideration of the Miller Pipeline paper would likely

trigger a materially different result.

Pilgrim Watch also claims “there is no indication that samples from patched areas and
elbows were tested.” Motion at 7. Again, Pilgrim Watch has failed to review Entergy
documents. M-1031 says, “[t]esting was also performed on specimens cast from a sample of
Belzona 1311 Ceramic R-Metal epoxy compound that was used for CIPP lining repairs . ...”
M-1031 at 14 (PILLROO461 14). In fact, Entergy tested samples not only from the repair
Belzona material, but also from both loops upon completing installation. According to Entergy’s
specification for the CIPP, M-624, “the finished CIPP shall be inspected by visual examination
over the entire length and shall be free of significant voids (air bubbles, dry spots, pits, and
cracks).” The document goes on to say “cracks are not permitted and any affected areas of CIPP
shall be removed by cutting or excavating to completely remove the crack.”Zi Once more,
Pilgrim Watch is simply making an unsubstantiated and incorrect assertion that reflects its failure

to have reviewed documents disclosed by Entergy. Once more, Pilgrim Watch fails to

demonstrate that a materially different result would be likely.

Finally, Pilgrim Watch claims that “the probability of worker error is increased if the task
is challenging,” referring to the need to install the CIPP liner during a refueling outage. Motion
at 5. As in the other instances, Pilgrim Watch offers no evidence whatsoever to support the

claimed materiality of this assertion. The Miller Pipeline paper provides no evidence of worker

- 2! Pilgrim Nuclear Power Station Specification for Cured-In Place-Pipe (CIPP) Lining for SSW Discharge Piping
Specification Number M-624 (“M-624") (March 12, 2003) at 10. Entergy also provided this document to Pilgrim
Watch as part of its document disclosures, and a copy of M-624 is provided for the Board’s information at
Attachment B.

14



error, and indeed expressly refers to inspections and other activities specifically intended to
ensure conformance of the work with specifications and other requirements.”* Furthermore, the
Pilgrim nuclear power plant has a well-experienced staff with processes and controls in place to

correctly perform challenging tasks.”

In short, the asserted newly discovered evidence supports none of the claims advanced by
Pilgrim Watch in its motion. The testimony of Entergy is wholly consistent with this
information, and Pilgrim Watch has made no showing that a materially different result would
likely be triggered by consideration of this new information.

c. No Contradiction Regarding the Structural Integrity of the
CIPP Exists -

Pilgrim Watch also claims that the Miller Pipeline paper contradicts “Entergy’s
statements at the hearing” that the CIPP liner “has the structural integrity of a pipe.” Motion at
5-6. However, Entergy clearly stated at the hearing that the CIPP is not relied upon to maintain
structural integrity under seismic loads. Tr. at 618 (“it’s the pipe that’s relied on to meet the
seismic stresses”) (Counsel for Entergy arguing objections to introduction of proposed Pilgrim
Watch exhibit); Tr. at 621 (“the cured in place piping inside it is not relied on to meet the seismic
stresses””) (Counsel for Entergy arguing objections to introduction of proposed Pilgrim Watch

exhibit).

22 See, e.g., Miller Pipeline paper at 9 (“final inspection revealed the cured in place pipe liner fit tight to the interior
surface of the host pipe”). See also id. at 7 (“team spent several days performing quality assurance inspections
and reports to confirm that the materials conformed to specifications™).

2 Pilgrim Watch also claims that the vendor did not provide a warranty for the CIPP liner. Motion at 6. However,

Entergy never claimed in any of its documents or testimony that the CIPP liner was warranted by the
manufacturer. The basis for the 35 year expected life of the CIPP is actual field experience with such epoxy and
polyester liners. See Tr. at 655, 723 (Sullivan); at 681 (Spataro) As discussed at the hearing, Entergy will
perform inspections at 10 year periodic intervals to confirm the CIPP is performing as expected, with the first
such inspection being prior to period of extended operation under the renewed license. Tr. at 774 (Sullivan); at
776 (Cox).
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The testimony of Alan Cox cited by Pilgrim Watch is not to the contrary. His testimony
refers solely to pressure loadé and not external structural loads, such as seismic or soil
overburden. Mr. Cox’s testimony cleaﬂy stated that the CIPP was analyzed to withsténd
pressure loads inside and outside: ‘;it's actually analyzed to be able to stand the pressure loads
and the loads from outside the hydraulic pressures of the water above it as if there was no outside
pipe.” Tr. at 678. Although the statement is mischaracterized, the portion of Mr. Cox’s
testimony quoted by Pilgrim Watch in fact makes the tbpic of his discussion clear,

Itis aﬁalyzed for the head of water above it and the -- because the pipe runs

downbill, it actually draws a vacuum in parts of it. So it's analyzed to a negative

11 pounds per square inch from the outside, and it's analyzed to -- I can't
remember the -- whatever the design pressure is from the inside.

* * * * * * * * * * *

The cured-in-place-pipe has a separate analysis. It says it can withstand the
normal pressure loads acting within and from outside.

Motion at 6; see also Tr. at 678 (emphasis added).

This distinction drawn by Mr. Cox between pressure loads for which the CIPP is
analyzed and structural loads for which it is not analyzed was clearly understood by Pilgrim
Watch’s witness, if not Pilgrim Watch’s representative. Tr. at 706 (“This liner, just to make
sure, is not a seismic barrier. It is a pressure barrier.”) (Gundersen). Thus, Pilgrim Watch’s
assertion (Motion at 5-6) that Entergy claims that the CIPP liner “has the structural integrity of a
pipe,” is “earthquake proof,” and is designed to “withstand ground movement” (Motion at 5-6) is
simply wrong. Entergy has never argued or implied that the CIPP liner is relied on for structural
integrity or seismic loads and Pilgrim Watch’s attempt to so characterize Entergy’s testimony

fails. The asserted contradiction with the Miller Pipeline paper simply does not exist.
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d. Pilgrim Watch’s Other Claims of Contradiction and Incorrect
and Misleading Testimony are Wholly Without Merit

As demonstrated above, Pilgrim Watch’s claims that Entergy’s witnesses gave incorrect
and misleading testimony that is contradicted by the Miller Pipeline paper are simply not true.
The testimony of Entergy’s witnesses is fully consistent with the Miller Pipeline paper and
official project documents concerning the CIPP. Itis Piign'm Watch — not Entergy — that has

fabricated claims from whole cloth that are unsupported by facts or evidence.

Likewise Pilgrim Watch’s other claims regarding alleged incorrect and misleading
testimony by Entergy witnesses are simply untrue. Citing a draft document not in evidence,
Pilgrim Watch claims that the parties “all agree that the SSW Discharge rubb‘er liner is not
credited with a protective function.” Motion at 1. The document reads, however, since “[flor

identifving aging effects the liner is not credited with a protective function, aging effects are

identified for carbon steel in contact with salt water.” Motion at 2 (emphasis added). The
document does not state that the liner is not properly credited as part of the aging management

program consistent with the GALL Report.

As explained by Entergy’s witness Mr. Cox with respect to similar language in the aging
management review report for the SSW system (discussed below), if Entergy had credited a
qualified protective life for the rubber liner, CIPP or coating (whatever the protective covering),
there would be no aging effects on the underlying metal and no need for an aging management
program. Hence, in determining the need for an aging management program, no protective
function is credited, but the aging management program includes reliance on the protective

coating or liner combined with inspections to ensure that it remains in place. In short, there is no
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contradiction as claimed by Pilgrim Watch and as essentially acknowledged by Pilgrim Watch’s

e:xpert.24

Similarly, Pilgrim Watch’s argument that the Board should strike allegedly inaccurate
and misleading testimony from the record concerning the protective capability of coatings
(Motion at 7-8) is both inappropriate and wrong. Again, Pilgrim Watch’s sole basis is language
from the aging management review report for the SSW system that “[s]ince the coating does not
have a specified life, aging effects are evaluated as if the carbon steel was not coated.”® Again,A
the point is that, if specified life were assumed for the coating, there would be no néed for an

aging management program. As explained by Mr. Cox at the hearing:

What [the quote] simply means is if [Entergy] had a specified life of the coating, a
guaranteed life, [Entergy] would have no aging effects. We would have no
entries in the aging -- in the license renewal application for that component. We
would have none listed as the aging effect. We would have no aging management
program listed or required to manage aging effects. What we've done here is

since there is no qualified life of the coating we have said that loss of material of
that underlying metal is possible, so we have to have an aging management

program. The aging management program in this case is actually relying on the
coating and the inspections that we do periodically of the coating to prevent the

loss of material from that surface.”®

In short, there is absolutely no basis for Pilgrim Watch’s wholly inappropriate effort to strike

Entergy’s testimony, or reopen the record, on the basis of this language.

Finally, Pilgrim Watch argues that Entergy ignores the fact that the CIPP liners “simply
protect the interior from corrosion,” whereas the real issue is corrosion from the exterior
attacking the metal.” Motion at 7. This argument in the context of discussing the CIPP is a non

sequitur. As the Board well knows, Entergy has an entirely separate aging management program

* See Tr. at 748-49 (Gundersen).
¥ See Board Exhibit 70 (“Aging Management Review of the Salt Service Water System”) at 10.
26 Tr. at 748 (Cox) (emphasis added). ‘
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in place for the exterior surface of the pipe. Pilgrim Watch’s follow on statement that “[w]e
know, from Entergy’s own disclosures and the vendor’s paper that coating can deteriorate in
months and cannot be relied upon” (Motion at 7) is a wholly irrelevant, gratuitous and
completely inaccurate and unsupported statement. The record has a plethora of evidence
concerning the protective capability of coatings (and liners) that will be set forth in Entergy’s

findings.

In short, Pilgrim Watch’s other arguments of allegedly inaccurate and misleading
testimony by Entergy witnesses are inappropriate for a motion to strike or reopen the record and

moreover are simply untrue.

2. Pilgrim Watch Makes No Showing of a Materially Different Result
with Respect to Cathodic Protection

Wholl'y apart from the inexcusable lateness of Pilgrim Watch’s claims of asserted newly
found evidence on cathodic protection discussed above; the Motion makes no showing that its
proffered information on cathodic protection, even if considered, would likely trigger a
materially different result. Pilgrim Watch’s belated information (1) does not take into account
the unique circumstances of operating cathodic protection at a nuclear power plant, and (2)
ignores the fact that cathodic protection is but one of two acceptable alternatives for the license

renewal aging management of buried pipes.

Dr. Davis testified that the NRC did not mandate the use of cathodic protection as part of
the license renewal aging management program for buried piping because of a concern that the
rectifiers may be safety-related equiprﬁent such that the failure of a rectifier céuld result in
operation under a “limited condition of operation” (“LCQO”) of the plant’s technical

specifications that could require shutdown of the plant until the rectifier were repaired. Tr. at
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770 (Davis). Pilgrim Watch’s newly found expert, Mr. Fitzgerald, states in response that

“[u]nless there is a NRC rule requiring this, there is no reason to have to shut down the plant if

the rectifier should go off.**’ The Motion transforms Mr. Fitzgerald’s qualified statement to the

unequivocal declaration that “[t]here is no reason to have to shut down the plant if the rectifier

should go off.” Motion at 10 (emphasis in original).

Obviously, neither Mr. Fitzgerald28 nor Pilgrim Watch’s representative are familiar with
the NRC regulations concerning LCOs that are included in the technical specifications for
operating nuclear power plants. The NRC’s regulations expressly require that when a LCO “is

not met, the licensee shall shut down the reactor or follow any remedial action permitted by the

technical specifications until the condition can be met.” 10 C.F.R. § 50.36(c)(2) (emphasis
added). Thus, the failure of a safety-related rectifier, should cathodic protection be required,
could result in an LCO and. plant shutdown as Dr. Davis testified. Thus, unlike other
applications of cathodic protection where the outage of a rectifier for a short time is of no

29

operational concern,” even the temporary outage of a safety-related rectifier at a nuclear power

plant could place a large burden on plant operations for little material benefit.

Hence, the development of an alternative license renewal aging management program for
buried piping that does not rely upon cathodic protection. Tr. at 770 (Davis). As explained by
Entergy’s witness Mr. Cox, the GALL Re:port3 0 accordingly provides for two alternative license
renewal aging management programs for buried piping. These are M-28 (which employs

cathodic protection) and M-34 (which employs protective coatings and inspections in lieu of

21 May 12 Letter at 2 (emphasis added).

8 While reflecting some work on cathodic protection systems at nuclear power plants, Mr. Fitzgerald’s resume
shows no experience in nuclear power plant operations.

% See May 12 Letter at 2.
%% Generic Aging Lessons Learned (GALL) Report (NUREG-1801) Rev. 1 (2005)..
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cathodic protection). “They are alternatives” and “either one is acceptable.” Tr. at 769 (Cox)

(emphasts added).>' Here, Pilgrim is employing protective coatings and related inspections

under M-34 and not cathodic protection under M-28.

In short, Pilgrim Watch can make no showing that the assertedly new found evidence
concerning cathodic protection, even if considered, could likely trigger a materially different
result. At bottom, argument on the technical feasibility of employing cathodic protection at
nuclear plants is irrelevant because cathodic protection is just one acceptable option for the aging
management of buried pipes. Entergy does not rely on cathodic protection as an element of its
buried pipe aging ménagement program, and therefore the myriad of issues that Pilgrim Watch
seeks to raise and litigate at this late stage of the proceeding are wholly irrelevant and would not

lead to a materially different result even if considered by the Board.

C. Pilgrim Watch Has Failed to Submit Affidavits Setting Forth the Factual
and/or Technical Basis of its Claims

Finally, Pilgrim Watch’s attempt to reopen the evidentiary hearing record must also fail
because the Motion is not accompanied by any affidavit setting forth the factual and/or technical
bases for its claims. 10 C.F.R. § 2.326(b). The Miller Pipeline paper (Exhibit 1), the letter from
Mr. Fitzpatrick (Exhibit 2), and the emails discussed in the Motion and also attached at Exhibit 3
are not sworn, notarized statements and are therefore not affidavits. 'fhe regulation governing
motions to reopen the record requires that affidavits be submitted in support of the factual and/or

technical bases therein. 10 C.F.R. § 2.326(b).

3! In the table on page 9 of the Motion, this testimony of Mr. Cox is incorrectly cited to transcript page 770. Pilgrim
Watch seeks to strike this allegedly “incorrect statement made by Mr. Cox, Entergy’s expert.” Motion at 8.
However, Pilgrim Watch provides no argument why this statement is allegedly incorrect, much less why it should
be stricken. The argument in the table onpage 9 of the Motion solely concerns Dr. Davis’s testimony and does
not address Mr. Cox’s testimony. Moreover, the May 12 letter of Mr. Fitzgerald discusses neither Mr. Cox’s
testimony nor acceptable aging management programs under the GALL Report.
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IV. CONCLUSION

For the foregoing reasons, the Board should deny Pilgrim Watch’s Motion.

Dated: May 27, 2008

Respectfully Submitted,

(Foullouolo.

David R. Lewis

Paul A. Gaukler

PILLSBURY WINTHROP SHAW PITTMAN LLP
2300 N Street, NW )
Washington, DC 20037-1128

Tel. (202) 663-8000

Counsel for Entergy
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C A

Statement of Prohiem

This calculation provides the design for 2 Cured-In-Place-Pipe (CIPP} lining for the Salt
Service Waler (SSW) buried discharge piping at Pilgrim Nuclear Power Station (PNPS).
The purpose of the CIPP is ta provide a new internal lining for the existing steel pipe that
can withstand the impased hydraulic and mechanical loads while maintaining the
structural integrity of the discharge pipe for soil, overburden, seismic, and live loads

[Ret. 1],

The SSW piping ta receive the CIPP is the discharge piping for Loop "A" and Loop “B*
from the last Range connection in the Auxiliary Building piping vault to the end of the
discharge pipe &t the Seal Well opening.

The Loop "A" discharge piping is approximately 240 f total (length 1o be lined) with
three(3) 45-degree elbows and one(1) 50-degree long radius elbow [Ref. 2},

The Loop "B discharge piping is approximately 225 fi total (length to be lined) with .
four(4) 45-degree elbows and one(!) 90-degree Jong radius elbow [Ref. 3],

This caleulation also includes the as-built CIPP material test results from lining the
Loop "B" discharge in RFO-13 and the Loop "A" discharge in RFO-14.
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B,

uymary of Results

The CIPP minimum required thickness (fyuv) is 0.450". The final CIPP nominal design
thickness (¢ vou) based on the minitaum required thickness increased by 10% to account
for thickness variations in the actual installation is 0.495". A standard 13.5 mm (0.531")
liner thickness is the appropriate thickness to use.

The analysis demonstrates that stresses in the CIPP liner remain within acceptable limits
for all internal or external pressure loading on the liner plus other sustained and
sccasional mechanical and differential thermal expansion loads including thase that result
from interactior with the original stee] pipe..
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Results from CIPP Installation & Testing SSW Loop "B" in RFQ-13

This section of the calculation was added afier the installation, inspection, and testing far
the SSW discharge line CIPP wark in RFO-13 was completed for Loop-B in accordance
with PDC 01-09 {Ref. 13].

SSW Loop-B discharge piping received u successful CIPP lining instaliation in RFQO-13
under PDC 01-09. An atrempt to also line SSW Loop-A discharge piping was aborted

when problems developed with the epoxy beginning to cure after the wetout process but
prior to starting the inversion process. These problems were attribuled to unusually high
ambient terperature conditions ( > 90°F) during the epoxy batching and wetout process.

The SSW Loop-B liner was cured at elevated temperature using a steamn/air mixture at

approximately 180°F. Inspection of Loep-B after the CIPP installation revealed that the

liner had severed circumferentially and separated in three locations during the cooldown
after curing as reported in NCR 01-038 [Ref. 17). The first severed focavion was after the
second horizontal 45-degree elbow from the inlet end. The second and third severed
locations were in both ends of the vertical 45-degree elbow turning down to the seal well
discharge. These three locations where the epoxy liner had severed were artributed to
restrained thermal contraction upen cooldown following the curing process. Each of the

" locations is at an elbow at the end of a Jong straight run of pipe that is constrained

between two elbows,

It is apparant based on the evidence that the epoxy sets (the term "gel” is often used) at an
elevated temperature in excess of 180°F (actual peak epoXy temperature is not known)
and fully cures into the salid structural compound at this elevated temperature, Upon
cooling down, restrained thermal contraction aceurs and builds tensile stress over the
entire decreasing temperature range from at least 180°F down to the normal ambient of
approximately S0°F. .

It had previously been considered that the potential to build up high 1ensile siress during
the first cooldown from curing would be minimized by a plastic creep or relaxation effect
that would relieve these initial stresses. It is apparent that this relaxation of stress during
cooldown did not occur, The large ( > 130°F differential) temperature reduction during
the cooldown caused the thermal contraction stress to exceed the tensile strength of the
liner, which resulted in the severing and separation that was seen in the Loop-B
installation for each long run that was restrained between two elbows,

The restrained thermal contraction stresses, which were induced by the first-time
cooldown from elevated temperature curing, were completely relieved by the severing
that occurred at the three elbow locations. The CIPP lining was repaired as described
below. Subsequent to the relieving of the thermal stresses and the epoxy repair, the
assumplions in this calculation for in-service restrained thermal contraction stresses over
the temperature range from 30 to 100°F are valid for the life of the CIPP installation.
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The CIPP liner was repaired using Belzona 1311 Ceramic R-Metal epoxy compound in
accordance with FRN 01-09-02 [Ref. 14] and CGI-861 [Ref. 21}. The CIPP polyurethane
membrane was removed by abrasion for approximntely a 2" width back from the severed
edges and the epoxy surface was roughened and scored as a means to achieve a good
surface for bonding to the repair epoxy. The 131} epoxy compound was installed by
troweling and contouring such that the repair was buih up to a greater thickness than the
CIPP lining with a crown that was contoured onto the roughened surface of the severed
ends. The entire repair al each Jocation was performed as a single application to the fulj
thickness.

The 1311 repair compound is a modified epoxy with sirength properties that are
considerably higher than the CIPP liner epoxy felt composile and was installed to a
thickness greater than the nominal 1/2" thickness of the liner The repair was required to
meet the same minimum flexural and tensile properties as the CIPP liner.

Testing of samples from the CIPP installation was performed in accordance with
Specification M-624 [Ref. 1] and CGI-860 [Ref. 4]. The following physical properties
were measured for the test specimens described below, and are critical charscteristics that
provided the basis for acceptance of the CIPP irstallation:

Average Thickness

Flexural Modulus of Elasiicity

Flexural Strength

Tensile Strength

Flexural testing was performed on three specimens taken at both the enuance and
termination point (total six specimens) to determine the Flexural Modulus of Elasticity
and the Flexural Strength in accordance with ASTM Standard D790 [Ref. 23], Testing
was required only for the flatwise orientation of the specimens.

Tensile testing was performed an three specimens taken at both the entrance and
termination point (toral six specimens) to determine the Tensile Strength in accordance
with ASTM Standard D638 [Ref. 22].

The average thickness of all samples was 2 0.495".
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Testing was performed on samples taken from the SSW Loop-B CIPP liner for the
parameters in the following table (see attached report). The test results for Flexural
Modulus and Flexural Strength exceeded the rated values while the test results for Tensile
Strength were below the rated values as shown below:

Rated : SSW Laap-B SSW Loop-B
Physical Property Short-Tarm Valus Inlet Sample Outlet Sample

Flaxural Modulus = SQD,DUO PSI 407,400 PSI 375,600 PSI
Flexural Strength = 4,000 PSI 5,618 PSI 4,173 PSI
Tansile Strength = 4,000 PSi 2,711 PSI 3,318 PsI

(Test rasults from Massachusetts Matarials Resaarch)

These test results were accepted as satisfactory via NCR 01-048 [Ref, 18], The design
analysis for the CIPP installation is included in this calculation. The actual tensile
strength value used in the analysis is 1,333 PSL, which is one-third of the rated value of
4,000 PS1. The reduction factor of three applied to the rated values is to account for
environmental effects. The above test data shows that the lowest measured value is more
than two times the tensile strength value used (2,711 /1,333 = 2.03).

An additional Loop-B inlet sample was tested independenty and showed more favorable
results (see below). Nonetheless, the reduction factor of three used in the analysis was
known 1o be very conservative for epoxy resin materials, which are far more stable than
other polymers and do not deteriorate or age significantly even for long-term service.
Furthermore, this analysis includes an additional factor of safety equel to two for the
allowable primary stresses. Therefore, these results are acceptable and the SSW Loop-B
CIPP installation is considered to meet the design requirements in this analysis.

308

a

An additional Loop-B inlet sample was sent to a different independent test lab thar is
known to have particular expertise in testing of composite plastics (see attached report).
These results were as follows: '

Rated SSW Loop-B
Physical Property Shon-Term Value Inlat Sample

Flaxural Modulus = 300,000 PS! 337,865 PSI
Flexural Strength = 4,000 PS! 6,325 PSI
Tensile Strength = 4,000 PSI 3,629 PSI
(Test regults from HTS Inc.)
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Testing was also performed on specimens cast from a sample of the Belzona 1311
Ceramic R-Metal epoxy compound that was used for the CIPP lining repairs in
accordance with CGI-861 [Ref. 21], Flexural testing was performed on three specimens
and iensile testing was performed on three specimens {total six specimens). The test
resulis for Flexural Modulus, Flexural Strength, and Tensile Strength exceeded the rated
values as shown below (see attached report):

Rated Belzcna 1311
Physical Property Short-Term Value Ceramic R-Matal

Flexural Modulus 300,000 PSI 2,520,000 PS)
Flexural Stength 4,000 PSI 11,168 PSI
Tensile Strength = 4,000 PS! 5,648 PS|

(Test resutts from Massachuseits Materials Research)
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Results from CIPP Installation & Testing SSW Loop "A" in RFO-14

This section of the calculation was added by Revision 1 after the remaining installation,
inspection, and testing for the SSW Loop-A discharge line CIPP work was completed
during RFO-14 in accordance with PDC 01-09 [Ref. 13].

SSW Loop-A dischurge piping received a successful CIPP lining installation in RFO-14
under PDC 01-09, The previous attempt to linc the SSW Loop-A discharge piping in
RFO-13 had been aborted when problems developed with the epoxy beginning to cure
after the wetout process but prior to starting the inversion process. These problems were
attributed to unusually high ambient temperawre conditions { > 90°F) during the epoxy
baiching and weiout process. As a result of that experience, an alternate CIPP resin
system was selected for the Loop-A CIPP liner installation based on the lessons learned in
CR-PNP-2001-0230! [Rel. 24].

Following is additional information from the Root Cause Analysis in CR-PNP-2001-
02301 and the resulting lessons-leamed from the RFO-13 experience in which the CIPP
liner was successfully installed in the Loop-B discharge line but the installation attempt
was aborted for the Loop-A discharge line.

The aborted instaliation attempt for the Loop-A discharge in RFO-13 is described and
evaluated in CR-PNP-2001-02301 and the lessons-learned from this experience were
incorporated into the RFO-14 installation effort. The Root Cause Analysis results and
Corrective Actions to Preclude Recurrence did not involve design issues nor did they
specifically require that the CIPP design be changed from that successfully used in the
Loop-B discharge line. .

The problems identified were primarily with the project implementatian process at PNPS,
the level of knowledge of the PNPS and vendor personnei directly and indirectly involved
with the work, and the hundling of the aborted CIPP lincr and materials. This review
resulted in the decision 1o use a different resin system that has improved workability as
described below. Once the epoxy resin/curing agent mixture saturating the liner tube
began to polymerize after the wet-out process was completed, the liner became unusable

_ and the polymerization process had to be allowed to continue until the epoxidation

reaction tvas complele.

Based on the RFO-13 experience, it was decided to use & different resin for the Loop-A
discharge line CIPP. The resin selected is an isophthalic polyester rather than an epoxy.
The principle design parameters remain identical and there are no changes to the required
sirength characteristics or the resulting thickness required for the CIPP. The physical
parameters for the polyester resin, including flexural and tensile strength, eoefficient of
thermal expansion, and Jong-term stability are comparable to the epoxy resin.
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The significant benefit of the polyester resin is the much longer “pot life" in the wet-out
condition. This is significant because the RFO-13 aborted attempt was due to the
spontaneous reaction of the wet-out liner prior to installation. Epoxy resins have a
shorter pot life once mixed with their curing agents and are more sensitive to ambient
ternperature and ultra-violet light impingement. In RFO-13, the combination of nnusoally
hot weather conditions and bright sunlight caused the epoxidation reaction to begin
during the wet-out or subsequent handling of the liner. The short pot life for cpoxy resin
was the principle reason for performing the wet-out process at the installation site rather

than offsite.

The corractive actions to preclude recurrence of these prablems included performing the
wet-out process in a contolled environment. The optimum method is to perform the wet-
out at a dedicated offsite CIPP wet-out facility and then transport the fully wet-out liner 10
the site in 2 refrigeraced truck. To do this, the pot-life of the resin most be sufficiently
long te accommodate the handling and transport time plus adequate margin for potential
delays. This pot life requirement simply cannot be met by the epoxy resin but is readily
accommodated by the polyester resin. In the refrigerated condition (approximately 30 to
40°F), the pot life is approximately 5 days for the epaxy while it is 21 days for the
polyester resin.

This design analysis is applicable to Loop-A with the one substitution that the term
“epoxy” with respect to the Loop-B CIPP liner resin be replaced with the term
“isophthalic polvester™ as applied to the A" discharge line only. The flexural modulus
and the flexural and tensile strength requirements are the same for the epoxy and
polvester resins. The coefficients of thermal expansion for the epoxy and polyester resins
with synthetic fiber filler are also equivalent.

The S5W Loop-A liner was cured at elevated temperature using heated circulating water
at approximately 180°F maximum. Inspection of Loop-A after the CIPP instatlation and
curing were complete showed that the liner had not severed or separated during the
cooldown due to restrained thermal contraction as had the Loop-B lining, Therefore, in
accordance with the PDC 01-09 instructions given in FRN 01-09-04, the restrained
thermal contractian tensile stresses were relieved by intentionally making cuts at
designated locations if severing did not occur upon cooldown. The first stress relief
location was after the first horizontal 43-degree elbow from the inlet end [Ref. t5]. The
separation that occurred at this location was approximately 1" and, based on this being
the Jongest straight run of pipe that is restrained between two elbows ai 118'-2" versus the
next longest straight run at only 24'.4',", no further stress relief cuts were mage.

The restrained thermal contraction stresses, which were induced by the first-time
cooldown from elevated temperature curing, were relieved by the severing thay was done
at the first elbow location. The CIPP lining was repaired as described below. Subsequent
to the relieving of the thermal stresses and the epoxy repair, the assumptions in this
calculation for in-service restrained thermal contraction siresses over the temperature
range from 30 to 100°F are valid for the life of the CIPP installation.
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The CIPP liner was repaired vsing Belzona 131] Ceramic R-Metal epoxy compound in
accordance with FRN 01-09-02 {Ref. 14] and CGI-86] [Ref. 21]. The CIPP polyethylenc
membrane was removed by abrasion for approximately a 2 width back from the severed
edges and the epoxy surface was roughened and scored as a means to achieve a good
surface for bonding to the repair epoxy. The 1311 epoxy compound was installed by
troweling and contouring such that the repair was built up o a greater thickness than the
CIPP lining with a crown that was contoured onto the roughened surface of the severed
ends, The entire repair was performed as a single application to the full thickness.

The 1311 repair compound is a modified epaxy with s:rength properties that are_
considerably higher than the CIPP liner epoxy felt composite and was installed toa
thickness greater than the nominal 1/2" thickness of the liner The repair was requised to
meet the same minimum flexura! and tensile properties as the CIPP liner.

Testing of samples from the CIPP installation was performed in accordance with
Specification M-624 [Ref, 1] and CGI-860 [Ref. 4]. The following phvsical properties
were measured for the test specimens described below, and are critical characteristics thm
provided the basis for acceptance of the CIPP installation;

Average Thickness

Flexural Modujus of Elasticity
Flexural Strength

Tensile Strength

Flexural testing was performed on three specimens taken at both the entrance and
termination paint (total six specimens) to determine the Flexural Modulus of Elasticity
and the Flexural Strength in eccordance with ASTM Standard D790 [Ref. 23). Testing
was required only for the flaiwise orientation of the specimens.

Tensile testing was perfdmled on three specimens taken at both the entrance and
iermination point (total six specimens) to determine the Tensile Strength in accordance
with ASTM Standard D638 [Ref. 22].

The CIPP nominal design wall thickness is 0.495", The controlling parameter for the
design thickness of the Imer is an external pressure of 25 fi w.3. (-11 PSIG). This design
value for external pressure is based on the Calculation M-630 SsW System Hydraulic
Analysis [Ref. 8]. The SSW discharge piping downstream of the system RBCCW and
TBCCW heat exchangers operates at negative pressure under certain flow conditions due
10 a "siphon” effect based on the piping elevations and flow rates. The lowest absolute
pressure oceurs at equivalent plpmg nodes in Loop "A" and Loop "B that are at the
highest elevation of the discharge piping downstream of the heat exchangers in the
Auxiliary Bay vault flanges at EL (+)15.6 ft.
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" The limiting case for lowest absolute pressure occurs for emergency operation at the

design jow tide level, The piping negative pressure is combined with potential external
hydrostatic pressure to give an equivalent 10tal external pressure acting on the pipe of

25 ft w.g. (equivalent to -11 PSIG iiternal pressure). The CIPP liner is also designed
based on a positive internal pressure of 30 PSIG, which is greuter than the design pressure
included in Specification M-300 that applics to the SSW discharge lines dawnstream of
the last valve in the system. ’

CIPP liner thickness was measured at both the inlet end in the Auxiliary Bay vault and at
the discharge outlet in the seawater discharge scal well, The inlet end CIPP thickness
was greater than the nominal design wall thickness of 0.495". For the discharge end
samples, NCR 03-027 [Ref. 19] reported the thickness to range from 0.466" o 0,507"
with an average thickness of 0.490" (including the membrane). Based on a review of the
actual installed liner, the condition reported in NCR 03-027 was determined to be
“Accept-As-18". This nonconformance was dispositioned with the following information.

For the installation of the CIPP liner in the SSW discharge line, it has been observed that
there is an "end effect” that occurs at the discharge outlet that causes thinning of the end
of the lining run after the Jast 90-degree elbow. This thinning is caused by swretching that
occurs 2s the inversion is ended at the discharge pipe opening and the closed end of the
inverted water-filied liner is held back at that position. The configuration of the SSW
discharge lines adds to this end effect because there is a 17.4 fi drop in elevation just
before going into the last 90-degree elbow at the discharge, This additional static head of
water, together with the axial tension from the closed end of the wbe inversion, resuits in
liner thinning at the outlet end of the run. The only outlet-end thickness measurement is
at the end of the liner where there is acut made 10 install the outlet WEKO seal. This
Jocation is less than 8" from the pipe outlet and is heavily influenced by the end effect,

From the design of the CIPP liner, it can be seen that the required thickness at the outlet
end of the SSW discharge pipe is significamly Jower than it is at the inlet end. When the
SSW line drops from EL 11 ftto -6.4 ft there is 2 change in the hydraulic design
condizions from negative pressure to positive pressure. The maximum internal oparating
pressure range for the outlet section of the SSW discharge lines is less than 5.0 PSI
occurring at the discharge outlet elevation for the design storm ride at EL +13.5 ft

{Ref. 8]. There is no point in the discharge line that experiences greater than & 9 PS1
range of pressure.

The CIPP design minimum required wall thickness {fyy, ) is 0.4530 inch, which
corresponds to & maximum negative (external) pressure of - 11 PSIG and a maximum
internal pressure of 30 PSIG. The value of 0.450 inch was increased by 10% to give the
final CIPP nominal design wall thickness ({xom ) equal 10 0.493 inch. The actual nominal
thickness of the CIPP liner (based on the tube thickness used) is 0.531 inch, which
corresponds closely with the actual inlet end thickness measurements. The average of the
outiet end thickness measurements is 0.490 inch. The polyethylene membrane is no
greater than 0.012 inch thickness,
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Testing was performed on sampies taken from the SSW Loop-A CIPP liner for the
parameters in the following table (see attached report). The test results for Flexural
Modulus and Flexural Strength exceeded the cated values while the test results for Tansile
Strength were belaw the rated values as shown below: K

Rated SSW Loop-A
Short-Term Value inlet Sample

300,000 PS! 472,000 PSY
4,000 PSI 4,240 PSI
4,000 PS) 2,720 PS!

SSW Loop-A
Outiet Sample

411,000 PSI
5,640 P8l
3,960 Psi

Physical Property
Flexural Modulus
Flaxural Strength =

Tensile Strength =
{Test rasults fram M&P Laboratory)

These test results were accepted as satisfactory via NCR 03-039 {Ref. 20]. The design
analysis for the CIPP installation is included in this calculation. The actual tensile
strength value used in the analysis is 1,333 PSI, which is one-third of the rated value of
4,000 PS1. The reduction factor of three applied to the rated values is to account for
environmental effects. The above test data shows that the lowest measured value is more
than two times the tensile strength value used (2,720/ 1,333 = 2.04).

The reduction factor of three used in the analvsis was known to be very conservative for
epoxy and isophthalic polyester resin and catalyst systems, which are far more stable than
other polymers and do not deteriorate or age significantly even for long-term service.
Furthermore, this analysis includes an additional factor of safety equal to twa far the
allowable primary stresses. Therefare, these results are acceptable and the SSW Loop-A
CIPP installation is considered lo meet the design requirements in this analysis.

Testing was also performed on specimens cast from a sample of the Belzona 1311
Ceramic R-Metal epoxy compound that was used for the CIPP lining repairs in
accordance with CGI-861 [Ref, 21]. Fiexural testing was performed on three specimens
and tensile testing was performed on three specimens (total six specimens). The test
resubts for Flexural Modulus, Flexural Strength, and Tensile Strength exceeded the rated
values as shown below (see attached report): ‘

Physical Property

Aated
Short-Term Value

Belzona 1311
Caramic R-Matat
Lot1

Belzana 1311
Ceramic R-Meta!
Lot2

Flaxural Modulus

300,000 PSI

1,170,000 PS|

1,260,000 PSI

Flexural Strength

4,000 PS}

8,350 PSI

2,100 P8I

Tensils Sirength

4,000 PSt

4,760 PSI_

4,980 P8I

(Test resuits from M&P Laboratory}
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C.

Method of Solution

The CIPP design herein is based on the methods inciuded in ASTM F1216 [Ref, 5]
Appendix X1 *Design Considerations”. The inputs, assumptions, and cases analyzed are
in conformance with PNPS Sgecification M-624 [Ref. 11,

Calculations are performed to determine the required thickness of the CIPP liner based on
the foliowing CIPP physical properties:

Flexural Modulus of Elasticity
Flexurat Strengith
Tensile Strength

These physical properties are critical characteristics that are verified in accordance with
CGI-860 [Ref. 4].

The CIPP minimurn required thickness (¢ ww) shall be the larger of that required by either
the extemnal Joad or internal pressure analysis. The final CTPP nominal design thickness
(2 nou) Shall be based on the minimum required thickness increased by 10% to account
for thickness variations in the actual installation. The actual thickness recommended to
be used js the next standard millimeter thickness greater than the nomina] design
thickness.

The external pressure analysis is a buckling calculation in which the controliing
parameters are the CIPP diameter, thickness, flexural medulus of elasticity, existing pipe
ovality, and a dimensianless enhancement factor that accounts for the support and
restraint provided by the existing pipe and sail envelope. For this analysis, the existing
pipe is assumed to provide the suppon represented by the "enhancement factor” and to
support the soil, overburden, and seismic loads throughout the design life of the
installation.

The internal pressure analysis is a ring tensior or hoop pressure stress calculation in
which the controlling parameters are the CIPP diameter, thickness, and tensile strength,
For this analysis, the existing pipe is not assumed to provide any restraint or support for
the liner intemnal pressure but does support the soil, overburden, and seismic Joads
throughout the design life of the installation.

An additional interna) pressure analysis is done in which the existing pipe does provide
support for the liner internal pressure but has & hole or opening across which the CIPP
liner span is not supported by the pipe. For this case. the CIPP is considered tobe a
circuiar flat plate fixed at the edge and subjected to the full internal differential pressure.

PILLR0046115



| CALCULATION SHEET

‘CALC.#  M-1031

REV.

_1___ DATE _14MAY-2003

SHEET  [6 of 3%

The flat plate apalysis is a bending stress calculation in which the controlling parameters
are the CIPP diameter, thickness, and flexural strength. There is & maximum diameter
hole in the existing pipe above which the CIPP flat plate loading case is less limiting than
the ring tension case above,

To confirm the adequacy of the CIPP design for all imposed loads and conditions, an
additional pipe stress analysis is also performed. The additional analysis considers the
effects of all sustained and occasional pressure, mechanical and restrained thermal
expansion loads. To perform a rational analysis that explicitly accounts for both primary
and secondary stresses and their effects, a methodology based on ASME B&PV Cade
Section I Subsections NB-3200 and NB-3630 is used. This is not meant to imply that
the CIPP liner is designed in accordance with the totality of the ASME Code Section Il
criteria but rather uses the methodology to evaluate primary and secondary stresses due to
all imposed loads as presented in this calculation.
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D.

Input Data and Assumptions

. The SSW piping 1o receive the CIPP is the buried discharge piping for Loop "A" and

Loop "B" from the last flange cannection in the Auxiliary Building piping vault to the end
of the discharge pipe at the Seal Well opening [Refs. 1, 2, 3].

. The purpose of the CIPP installation is to provide a new protective lining capable of

withstanding the internal and external hydraulic loads and to protect the existing steel
pipe that maintains the structural integrity of the discharge pipe for soil, overburden,
seismic, and live loads [Ref. 1).

. This design is based on providing a CIPP installation that will provide a protective liner

for the existing SSW discharge piping with a 33 year design life [Ref, 1].

. The CIPP process to be used is an epoxy resin and hardener (curing agent) system for

Loop-B in RFO-~13 and a isophthalic polyester resin and catalyst sysiem for Loop-A in
RFO-14. These resins are extremely stable high strength compounds that exhibit long
term physical strength, integrity, durability, and chemical resistance [Refs. 10'& 11).

. The epoxy resin system used for the CIPF in Loop-B is Shell EPON Resin 92135 and

Curing Agent 9264. The Shell Chemical Corporation EPON industrial epoxies are high
swrangth modified bisphenol epichlorohydrin based epoxy resins with a propylimidazole
curing agent. The AOC Vipel L704-Series isophthalic polvester resin and Akzo Nobel
peroxide-based catalyst system used for the CIPP in Loop-A is also a high strength resin
formulated for pipe lining applications. These compounds are rated for continuous
service up to 140°F and are resistant to acids, bases, sadium hypochlorite, and
hydrocarbon solvents {Refs. 10 & 11].

. The Belzona 1311 Ceramic R-Meta) repair epoxy is a very high sirength modified

epoxide resin with silicon carbide and a diethylenetriamine curing agent. The repair
epoxy is used as a "neat” mixture without a felt compasite thereby retaining the full
strenigth of the epoxy resin. This compound is also rated for continuous service up to
140°F and is resistant to acids, bases, sodium hypochlorite, and hydrocarbon solvents

[Ref. 12].

. The SSW discharge piping is 22" nominal diameter standard weight carbon steel pipe

0.375" wall thickness) with a 3/16" nawral rubber lining thickness. Existing rabber
lining and coatings that are imtact will remain in place for the CIPP installation [Ref. 11.

. The CIPP minimum required thickness (fmr¢) shall be the larger of that required by either

the external load or internal pressure analysis. The final CIPP nominal design thickness
(1 non) shall be based on the minimum required thickness increased by 10% to account
for thickness variations in the actua) installation. The actual thickness is then rounded to
the next standard millimeter thickness greater than the nominal design thickness [Ref. 1].
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. For the external pressure design case, the analysis of the CIPP liner is based on the

original steel pipe being in a partially deteriorated condition. A "partially deteriorated
pipe” is one that can support the soil and overburden loads thraughout the design life of
the installation (see below). For the external pressure case, the original pipe is assumed
to provide support to the CIPP liner to resist the ovalizing effect that extemal pressure

. cun create. However, the original pipe is not required to be integral or free of flaws,

cracks, or corrosion, The stec! pipe will be inspected prior to the CIPP installation and
will be confirmed to meet the oriszinal design requirements with repairs made as needed.
The "partially detesiorated pipe” is considered to exist at the end of life condition for the
CIPP instaliation {Ref. 5. .

. For the external load analysis, the design equations used shall be for the "Pamal)y

Deteriorated Gravity Pipe Condition” in ASTM F1216. For the negative pressure -
(vacuum) design condition, the CIPP shall be designed as a gravity pipe with the external
hydrostatic pressure increased by an amount equal to the negative pressure [Ref. 5].

1. For the internal positive pressure design case, the analysis of the CIPP liner is based on

the original steel pipe being in a fully deteriorated condition. A "fully deteriorated pipe”
is one that is not structurally sound and cannot support the soil and overburden loads aud
for which the surrounding soil does not provide adequate side sopport. The CIPP liner is
designed for the posilive pressure of 30 PSIG with no assumption of support from the
steel pipe. The basis for this requirement is that the CIPP liner is intended 1o be a
prassure boundary that protects the steel pipe from the SSW and therefore shall withstand
the maximum S5W pressure based only on the strength of the CIPP liner [Ref. 1].

. An additjonal internal pressure design case is based on the original steel pipe being in the

partially deteriorated condition where the existing pipe provides support but has a hole or
opening across which the CIPP liner span is not supported by the pipe. Far this case, the
CIPP is considered to be a circular flat plate fixed at the edge and subjected to the full
internal differential pressure, The maximum diameter hole (d) in the existing pipe for
which the flat plate Ioading case remains applicable is determined and the allowable hole
size for the highest design pressure anywhere in the SSW system of 100 PSIG [Ref, 7).

. For the internal pressure analysis, the desvgn equations used shall be for the "Fully

Deteriorased Pressure Pipe Condition” in ASTM F1216. For the additional case
described above, the design shall be based on the "Partially Dctenornted Pressure
Condition" in ASTM F1216 [Ref. 5].

. ‘This calculation considers & "partially deteriorated” condition to exist for the origiml steel

discharge line at the end of life for the CIPP installation (35 years). The partially
deteriorated stee} pipe condition is realistic based on PNPS plani experience, inspection
results, angd observation of the intact condition of the pipe and external pipe Wrap on
previously excavated spools coupled with the following explanation of corrosion, Future
corrosion from the I will be inhibited by the new CIPP liner. The OD of the stee] pipe
experiences conditions that are not highly conducive 1o corrosion, i.e., external pipe wrap,
minimal ground water, and soil conditions of compacted backfill.
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15.

Localized corrosion of the stecl pipe that might occur despite the'above considerations is
known 1o occur at an extremely slow rate (well Jess than 10 mils/year at the most
aggressive localized conditions). This localized corrosion would be expected to involve
the formation of “tubercles”, which are mounds of corrasion products that cap localized
regions of metat loss, The tuberculation carrosion process is essentially self-limiting and

" causes minimal long-term wastage of the base metal for this type of buried steel pipe

instaliation. The long term corrosion that might occur will be bounded by the allowable
extent of localized wall thinning included in the SSW buried piping design analysis
calcufation M-976 {Ref. 9].

. The long-term (time-temperatuse corrected) Flexural Modulus of Elasticity (£r) shall be

reduced from the short-term by multiplying the shori-term value by 0.50. An
Enhancement Factor (X') value of 7.0 shall be used. An Ovality Reduction Factor (C) of
0.90 shall be used, based on a 0.250 inch maximum 10 mean inside diameter differential

[Ref. 1],

. The long-term (time-temperature corrected) flexural strength (Sm.) and tensile strength

(S+1.) shall be equal 1o one-third the rated shoni-term strength vatues listed below [Ref. 1],

. The maximum allowable swess for the external Joad and imernal pressure analyses shall

be equal to one-half the long-term flexural and tensile strengths, that is, a Factor of Safety
(N ) equal 10 2 shall be used in the design equations [Ref. 1].

. The SSW discharge piping downstream of the svstem RBCCW and TBCCW heat

20.

exchangers operates at negative pressure under certain flow conditions due to a "siphon”
effect based on the piping elevations and flow rates. The piping negative pressure is
combined with potential external hydrostatic pressure 1o give an equivalent tolal external
pressure acting on the pipe of 23 ft w.g. (equivaient to -11 PSIG intemal pressure). The
CIPP liner is designed based on this same external hydrostatic pressure since the original
stee} pipe is not required to provide a complete pressure boundary. The CIPP liner is also
designed based on 2 positive internal pressure of| 30 PSIG, which is greater than the
design pressure included in Specification M-300 that applies only to the SSW discharge
lines downstream of the last vaive in the system [Ref. 7].

The shor-term design values to be used shall be as follows [Ref. 1):

‘ Rated
Physical Property Short-Term Value

Fiaxural Modulus 300,000 PSI
Flexura!l Strength 4,000 PSI
Tenslle Strangth 4,000 PSI
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21{. The design loadings shall be as follows [Ref.

Design Paramaeter . Design Value
Maximum Internal Pressure/Temperature 30 PSIG @ 100°F
Minimum Operating Temperatura 30°F

Maximum External Differential Pressure
{Minimum Internal Pressurs) 25 #tw.g. (-11 PSIG Intarnal)

Portions of the SSW discharge piping are narmally operating at negative pressure, The

Maximum External Differential Pressure of 25 ft w.g. is based on the highest negasive -
operating pressure for the discharge piping plis an accounting for groundwater pressure
acting externally, External soil, overburden, seismic, and live joads do not act upon the
CIPP liner because the stee] pipe will remain the structural component.

. For a stress intensity range analysis that uses the range of pressures over which the piping
operates, the actual maximum internal operating pressure range for the affected section of
the SSW discharge lines is less than 9.0 PSI occurring at the discharge autlet elevation in
the piping for the design storm tide at EL +13.5 fi, and the maximum range for negative
pressure is also less thap 9.0 PSI occurring at the highest point in the discharge line at
EL +15.6 fi (this pressure range does not include the additional 5 §t external groundwater
hydrostatic-head included in the external pressure analysis), There is no point in the
discharge line that experiences greater than a 9 PSI range of pressure [Ref. 8].

. The maximum temperature range of aperation for the affected section of (hc‘;SSW
discharge lines is 30°F to 100°F [Ref. 7].

. A tensile madulus of elasticity value of 300,000 PSI is used for stress analysis in
conjunction with the long-term tensile strength of 1,333 PS1, This is conservative since
the Jong-term modulus of elasticity is reduced from the short-term by 0.50 while the long-
term tensile strength is only one-third the short-term value. Rated shari-torm value for
tensile strength is 4,000 PSI and tensile modulus of elasticity is 550,000 PS! for felt
composites [Ref. 10}. Therefore, using 1,333 PSI tensile strength with a modulus of
elasticity value of 300,000 PSI will be bounding for ail short to long-term conditions.

. The coefficient of thermal expansion for the CIPP epoxy and polyester resin is equal to
or less than 4.0 x 10°° inch/inch-°F (7.2 x 10°¥ inchfinch-°C) [Refs. 10 & 1 1].

. The coefficient of thermal expansion for the Belzona 1311 repair epoxy is equal to
or less than 2.0 x 10°% inchvinch-SF (3.6 x 10°® inch/inch-°C) [Ref. 12).
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E. Colculations / Analvses

Definition of Terms

Do Ouwside diameter for the CIPP lining, inches
d Hole or opening diameter in existing pipe wall, inches
t Wall thickness, inches
Mininuwan required wall thickness, inches
Nominal design wall thickness, inches
Pe External hiydrosiatic design pressure, PSIG
Py Internal hydrostatic design pressure, PSIG
Actual maximum operaiing pressure range, PSI
X Enhancemen: factor of the soil and existing pipe adjacent 10 the CIPP
Ers  Shart-zerm flexural modulus of elasticity, PSI _
Ern Long-term (time-temperature corrected) flexural medulus of elasticity, PSI
Ex Long-term (sime-temperature corrected) tensile modulus of elasticity, PSI
Srandard Dimension Ratie = (Do / 8}
c Ovality reduction factor '
q Percentage ovaliry of original pipe
M; Resulrant moment from design loads, inch-tbs
N Facior of safety
Primary stress index for internal pressure
Primary stress index for moment loading .
Secondary stress index for internal pressure
Secondary stress index for moment loading
Secondary stress index for thermal loading
Mean pipe radius = (Do - 1) /2, inch
Bend radius of elbow(long radius) = (1.5 x Dq), inch
Thermal expansion stress from restraint of free end displacement, PSt
Tensile stress from pressure in hoop or Iongitudinal direction, PSI
Tensile stress from mechanical louds, PSI
Poisson’s ratio
Long-tern: (ime-temperature corrected) flexural strength, PSI
Short-term rensile strength, PSI
Long-rerm (time-temperature corrected) tensile strength, PS!
Strain, inch/inch
Coefficient of thermal expansion, inchfinch- F
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Design Equations
CIPP Design for Externa) Pressure

Partially deteriorated existing pipe condition
(ASTM F1216 Equation X1.1):

2K%E 1 C
Pe= FL & * —
-] (spr-1P N

‘Where the Standard Dimension Rario (SDR) is:

SDR=P;°—

The Ovaliry Reduction Factor (C) is:

(-3
C= 100 s
g
1+
( 100]

The percentage ovality of original pipe (g} is:

{ Maximuminside Diamerer—MeanInsideDiameter )
MeanlnsideDiameter

q =100=*

CIPP Design for Injernal Pressure

Fully deteriorated existing pipe condition
{ASTM F1216 Equation X1.7):

287

P =
'” (SDR-2)N
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- Partially deteriorated existing pipe condition
(ASTM Fi216 Equation X1.6):

, .
5.33 *(Do) . Se o6
i Bl B e Q
(SDR-1y \d N

1 =

The maximum diameter hole (d) in the existing pipe for which the CIPP can be
considered to be a circular flat plate fixed at the edge and subjected 1o transverse pressure
is determined using the following relaton (ASTM F1216 Equation X1.5):

d ; Ps
*5(-3'5183(130) EQ7

The calculations above determine the appropriate value for the CIPP minimum required
wall thickness (2w ), Which is then used to determine the final CIPP nominal design wal}
thickness:

tnom =ty * 110 EQS
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CIPP Design Calculations
The mean inside diameier of the existing pipe to be lined:
22.000" Pipe O.D.

(2x0375" = (-)0.750"  Pipe wall
(2x0.188" = ()D.375"  Rubber lining

20.875" Mean I.D.

The valge 20.875" will be the outside diameter (Dg ) for the CIPP lJining used in che
following design equations,

The existing pipe is assurned to have an ovality with 2 maximum differential becween the
maximum and mean inside diameter of 0.250", therefore the ovality reduction factor is:

[( 20,875 +0. 750) -20. 875]

The long-term (time-temperature corrected) flexural modulus of elasticiry (Ex) is!
Eg = 0.50(Egs) = 0.50(300,000) = 150,000 PS/

The long-term (time-temperature corrected) flexural serength (Sg) is:
Spp = 0.333(Epg) = 0.333(4,000) = 1,333 PSI

The long-term (time-temperature corrected) tensile strength (St is:

S = 0.333(Eqs) = 0.333(4,000) = 1,333 ST
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CIPP design involves finding the Srandard Dimension Ratio (SDR) that satisfies the
internal and external pressure design cases using the design values for the flexural and

tensile properties for the liner, o
The Standard Dimension Ratio is calculated for & CIPP thickness af 0.450™

20.875

SDR = 0.450

= 46.4 (dimensionless)

The design external hydrostatic pressure corresponding to the partially deeriorated
existing pipe condition is:

(7.0} = (150,000 X
L2 (7.0)%( . 000) ! - »%9-9=n.1 PSIG (externat)
1-(0.3) (464-1)

Fe

The design internal hydrostatic pressuse cotresponding to the fully deteriorated existing
pipe condition is:

2% (1,333) .
1= (—m =300 PSIG (internal)
An intemal hydrostatic pressure design case is also considered for the partially
deteriorated existing pipe condition where the existing pipe provides support but hasa
hole or opening acrogs which the CIPP liner span is not supported by the pipe. For this
case, the CIPP is considered to be a ciscular flat plate fixed at the edge and subjected 1o
the full intemal differential pressure. The maximum diameter hole (d) in the existing
pipe for which the flat piate loading case remains applicable is:

0.5
d_ . 83( 0.450)

20.875 © L 20875

Therefore, the maximum hole diamater for flat plate loading (dyax ) is:

0.
0.450 .
= 20, B3 —— | =3.609"
dMAX 20375*183(2 ,875) 3
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For the design case, the allowable hole diameter (2) corresponding to an internal pressure
of 30 PSIG with flat plate loading is found to be 5.000" as follows:

= 30PSIG 4

2
P 5.33 *[20.873] , 1333

(46.4-1)> \ 5.000 2

For smaller hole sizes, the CIPP liner remains within design for higher intemnal pressures.
The highest design pressure anywhere in the SSW system is 100 PSIG. The allowable
hole diameter (d) corresponding to an internal pressure of 100 PSIG with flat plate
Joading is found to be 2,740" as follows:

2
5.33 *(20.875) L 1333 100 PSIG

B = 2.740 2

(46.4-1)%
The calculations above determine that the appropriate vatue for the CIPP minimum

required wall thickness (zmpy ) is 0.450", which is then increased by 10% to give the final
CIPP nominal design wall thickness:

InoM = 0450 * 1.10 = 0.495"

The next standard CIPP millimeter (mm) thickness greater than the nominal design wail
thickness is 13.5 mm:

13.5mm
25,4 MM

= 0.531"
inch

The percent difference between the 13.5 mm standard CIPP thickness and the minimum
required thickness {tvpv ) is:

0'5?1" -11*100=+18%
0.450"

Pl 1 RDN4R126



 CALCULATION SHEET. _ .' U
CALC.# _ M-1031 ; -
REV. __1 DATE _14.MAY-2003
sieer _ 27 ofF _ 37

Calculstion of Design External Pressure Value

The design value for external pressure is based on the SSW hydraulic analysis in
Calcuiation M-630 {Ref. 8). The SSW discharge piping downstream of the system
RBCCW and TBCCW heat exchangers operates at hegative pressure under certain flow
conditions due to a “siphon" effect based on the piping elevations and flow rates. The
Jowest absolute pressure occurs at equivalent piping nodes in Loop "A" and Loop "B that
are al the highest elevation of the discharge piping in the Auxiliary Bay vault flanges at
EL (+)15.6 ft. The limiting case for lowest absolute pressure occurs for emergency
operation at the design low tide level. The piping ncgative pressure is combined with
potential external hydrostatic pressure due to a groundwater 5 foot static head to give an
equivalent total external pressure acting on the pipe.

1470 PSIA
(-}6.00 PSIA
(x) 23] frw.g/PSI
{(+)5.00 ftwg.

Atmospheric Pressure

Absolute Pressure & Node (+)EL 13.6 ft
Convert to External Static Head

Add 5 ft External Groundwater Head

nnuwun

2510 fiwe.

Equivalent Total External Static Head
(x)0.433  PSVft w.g.

Convert to External Pressure

{1}

Equivalent Total External Pressure © 1090 PSIG

This confirms the design value given in Specification M-624 for equivalent negative
pressure acting on the pipe of -11 PSIG internal pressure. The CIPP liner is designed
based on the equivalem external hydrostatic pressure.
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CIPP Pipe Stress Analvsis

To confirm the adequacy of the CIPP design for all imposed loads and conditions, the
following analysis is performed. This additional analysis considers the effects of other
sustained and occasional pressure, mechanical, and thermal expansion loads. To perform
u rational analysis that explicitly accounts for both primary and secondary stresses and
their effects, the methodology used is based on ASME B&PV Code Section I (Ref. 6]
Subsections NB-3200 "Design by Analysis" and NB-3650 "Analysis of Piping Products”
as shown below.

The following correlations are based on the general relationship that Sy (membrane
siress) is equal to the Jesser of (2/3)Sy or (1/3)5¢.

The combination of primary membrane plus bending stress intensity has an allowable
stress intensity of 1.55y as follows:

PL <+ 'PB < I.SSM‘z Sy = O.SSU

The combination of primary membrane plus secondary bending and thermal expansion
stress intensity has an allowable stress intensity of 3.0Sy as follows:

PL+PB +O'£ SS'OSM =2Sy =SU

High strength epoxy compounds do not exhibit a true yield paint in their stress-strain
curves. The elongation at break for the cpoxy-felt composite being used is 1.5%. Using
the rated short term tensile strength and linear modulus of elasticity, the elongation at
break is:

S'rs _ 4,000

€ =‘ Exg 300,000

=0.0133 = 1.33% versus 1.5% at break

This shows that there is very little yielding before reaching the rensile strength.
Therefore, the definition that Sy, is equal to (1/3)Sy is applicable.
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The CIPP liner is encased within the original steel SSW pipe, which remains the

structural component of the discharge line. The design calculations above ensure that the
CIPP can withstand the internal design pressure hoop stress and the external design
pressure buckling loads. There are other loads that may be imposed on the CIPP directly
from the structural steel pipe due to the strain (£) experienced from the Joads imposed on
the steel pipe. These piping strains, i.e., displacements, will then be imposed on the CIPP
liner within the steel pipe. To account for all the patential loads, whether their origin be
weight, overburden, or seismic, and to use an intensified stress that includes the effects of
discontinuities and concentration effects, it will be assumed that the steel pipe is at the
yield stress Sy value of 30,000 PSI and calculate the resulting straim:

o= O _ 30000 = 00010 mely
Ep  30s10°

The CIPP is then subjected to the same localized strain value, with the resulting stress:
or = Er (&) =300,000(0.0010) = 300,57

This tensile stress value will be used to account for all imposed Joads from the steel pipe
1o the CIPP whether due to bending or axial loads. This suess is of the type due to a
strain-controlled load application, i.e., the steel pipe will be at the strain corresponding 1o
its yield point regardless of the stress in the CIPP. A strain-controlled load has the self-
limiting characteristic of a secondary stress, and the same value will be used for all
imposed loads in the following equations. This tensile stress value will be substituted for
the expression in each equation that represents the resultant stress caused by the sustained
and occasional mechanical moment loading on the discharge line. The appropriate stress
indices will be applied to the pressure and thermal loading terms but the above tensile
stress (07 ) will be used directly in all cases for the mechanical moment loading term
since it includes stress intensification effects.
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The primary steess intensity is evaluated at design conditions for pressure and bending
loads as follows:

Bl PIDO +32(QQ_}M[. < O'SSTL EQ9S
2’N0M 21
B] = 0.5

B?‘[%]M‘ =07 = 300 PST

&

substituting:

o.s(wL 300 < 0.5(1,333)

2=0495
616 < 661PSI . OK

The B, and B, stress indices in the above case are applicable to both straight pipe sections
and ejbows.

The primary plus secondary stress intensity is evaluated for the maximum range of
pressure, temperarure, and bending moment that can accur a5 the sysiem goes from one
load set to any other load set that may follow it in time. This maximum range is analyzed
as follows:

CI(%&D_Q} cz(-g—‘;-}w,--i—c_,,Ersa(AT) < S EQo
NOM ,

where: Byax = 9-0 PSI Max Pressure Range

This is the maximion operating pressure range fron the SSW hydraulic analysis
[Ref. 8) occurring as either a -9.0 PSIG 10 zero ar the discharge pipe inlet or zero
0 +9.0 PSIG ar the discharge pipe outler end.
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First case is for straight pipe sections:
where; ¢ =10

CQ(%)M’ =0t =300 PSI

substituting:

Lof 90420875
T\ 2+0495

+300 + 1.0(300,000)(4.0 %1072 )(100-30) <1333
1,330 < 1,333PS] . OK
Second case is for elbows:

(2R-7,) _(2%313)~102

= =12
2(R -I ) 2(31.3-10.2)

where: =

~

Cq("D—O]M, =0r= 300 PSI

2]
C} = 1 0
substituting: |

* 2 ' .
1.2[50—-:%75% 300 + 1.0( 300,000)(4.0 X107 ) (100-30) < 1,333

240495

1368 > 1333PSI caiculatéd stress exceeds criteria
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For this type of secondary stress range anatysis, this is not an unacceprable result but
requires that further analysis of the particular load case be performed as follows:

1. The primary stress case (EQ 9) is satisfactary, this confirms that grass failure will not
occur since the secondary stresses are self-limiting, i.e., the loads imposed from the
steel pipe 1o the CIPP (second termyin EQ 10) act as a strain-controlled secondary
stress within the CIPP that cannot couse failure, However, distortion and thermal
ratcheting must also be considered (below) when EQ 10 exceeds the allowable.

. The thermal expansion stress alone (third term in EQ 10), as calculated below, is
within an allowable stress of 2/3(Sy ). Therefore, thermal stress ratcheting will not
occur from thermal stress alone, and the bending stresses that are superimposed npon
this stress (second term in EQ 10) to exceed the eriteria are due to occasional loads
representative of the faulted case saismic loads. .

Any distortion that does occur from the worst case [oading combination would be
localized at the elbow and would be self-relieving.

This primary and secondary stress intensity range equation maximizes the stress
intensity (i.e., twice the maximum shear stress) by combining the pressure stress in
the hoop direction, which is a either a tensile or compressive stress, with the
longitudinal stresses. A Mohr's circle diagram analysis on the following pages shows
the worst case stress combination where the longitudinal stresses are also in tensjon
and the stress intensity is maximized.

Thermal expansion stress evaluated separately:

o = G Ersa(AT) < (%4)Smy
substituring:
1.0(300,000){4.0x 1075 J100-30) s (24 )(1.333)

840 < 885,51 - 0K
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Evaluate Maximum Primary & Secondary Stress Intensity (Mohr’s Circle Analysis):

The stress intensity equation has three components in this application as follows:

1. Pressure stress range in the hoop direction for max/min operating pressures.

2. Longitudinal bending stress range, this is taken 1o be the maximum stress that can be
created in the CIPP due to the stee) pipe stress range being equal to the yield stress
due to all the combined sustained and oceasional loads acting on the steel pipe.
including faulted case ‘seismic loads.

Longitudinal restrained thermal expansion stress range. The worst case for the CIPP
is the restrained contraction that cccurs where the temperature change is the design
range of 100°F decreasing to 30°F. Since the CIPP is cured at greater than 100°F
and is maintained in a state of conformance to the original pipe ID at 100°F prior to
releasing the curing hydrostatic pressure and temperature, there is no case where
restrained thermal expansion will ereate greater stress than the restrained thermal
contraction Joad case combination,

The Mohr's circle analyses of these load cases is as shown on the following page. Itis
seen that the maximum possible lead combination value aof 1,368 PSI requires the
longitudinal stresses to be tensile with hoop stress simultaneausly compressive. For this
CIPP installation, this comresponds 10 a thermal expansion stress due 10 restraint of
thermal contraction (tensile stress) together with the negative pressure case.

It is concluded that the CIPP stress analysis is acceptable, based on the considerations
above, and that the CIPP installation will operate within allowable stress Limits.
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MOHR'S CIRCLE ANALYSIS

PRIMARY + SECONDARY STRESS INTENSITY RANGE
STRAIGHT PIPE CASE

This analysis shows that the cade stress equation is & worst case
loac combination that applies for the case where the maximum
thermal expansion stresa is in the tension direction and hoop stress -7
is compressive as shown in Case #1 balow versus the Case #2 B MAX, STRESS
" caombinatian with thermal cornpression thal will not oceur.

CASE #1 l 190

INTENSITY CIRCLE

— —

r

Gr HOOP = (-)180 PS!
G LONG = 028!
G7 BENDING = {+)300 PSI

Oz THERMAL = (+)840 PS!
MAX STRESS INTENSITY RANGE = 190 + 1140 = 1330 PSI

1140

CASE #2 I 190

1 -1140

"

O HOOP = {+)150 PS
Op LONG = (+)95 PS{ OR 0 PS
G BENDING = {-)300 PS!

Ot THERMAL = ()840 PS}
MAX STRESS INTENSITY RANGE = 1140 + 190 = 1330 PS|
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MOHR'S CIRCLE ANALYSIS {coptinued}
PRIMARY + SECONDARY STRESS INTENSITY RANGE
PIPE ELBOW CASE (C,=1.2)

This analysis shows that the code stress eqoation is a worst case

load combination thal applies for the case whare the' maximum

thermal expansion stress is in the tension direction and heap strass T MAX STAZSS
Is compressive as shown in Casa #3 beiow varsus the Case #4 INTENSITY ClRCLE
combination with thermal compression that will nct oceur. /

CASE #3 1225

!

Op HOOP = 122180 = (-)228PS!

-

Op LONG = DPSI

O7BENDING = (+)300 PS!

Ge THERMAL = (+)840 PS!
MAX STRESS INTENSITY RANGE = 228+ 1140 = 1368 PSI

-
—

CASE #4 Tzza /_\
] 1-1140)
¢ I \\\\\_’//z/ T

Op HOOP = 1.2x190 = (+)228 PSI
Op LONG = {+)114 PS| OR 0PSI
O7 BENDING = {-)300 PS!

Ot THERMAL = (-)840 PS
MAX STRESS INTENSITY RANGE = 1140 + 228 = 1368 PSI
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SHELL _EPON® RESIN SYSTEMS FOR PIPE REMABILITATION

Ye recommend the use of one of the six Shell EPON® Resin/LPON
CURING AGENT® systems for the repair of pipe tn place. Eich of thess
systems has been designed to do a specific job and provide long term -
integrity and dursbility, A brief guide to salecting the right system
is given below,

EPON® Resin 9210 & E['ON CURING AGENT® 270

This system is designed to rehabilitate pipes carrying potable
water at temperatures vp to about 30° L. This system provides 2
tough, flexible barrier to {ahibit carresian and is reconmendad for
repairing pipe with minor leaks. The maxinum operating prassure
depends on the size of cracks and condition of the origingl pipe.
While the system can ezsily span small cracks, it tends to creep and
is not suitable as 2 Jong term “"stand alone' pipe under pressure. The
use of KEVLAR® reinforcement with this System greatly {mproves its
ability to withstand pressure,

EPON Resin 8215 & EPON CURING AGENT 9270

This system i$ designed for general purpose use at lemperatures
up to about 50° C and is very similar to the EPON 921079270 system.
1t provides 3 tough, flexible barrier which inhibits corrosian and is
recomend for repairing pipe with minor lesks. It {s resistant to
hydrocarbons and caustics. The maximum operating pressure depends on
the size of ¢racks and cond{tion of the ariginal pipe. While the
systen can easily span small cracks, it tends to creep and i< not
suitable as ¢ long term "stand alope" pipe under prassure. The use of
KEVLAR reinforcement with this system greatly improves its ability to
withstand pressure.

EPON Resin 9215 & EPON CURING AGENT 9264

The resin and curing ageat mix of this system has 2 long working
1ife of all of {7 hours. It {s recommended for repairs where a "stand
alone” pipe 1s needed with long term physical integrity, durabijity
and resistance to chemical attack. The system exhibits low creep and
cap be used to repair pipe where Jarge sections of the ald pipe are
missing., Pipe prepared with this system 1s resistant to acids, bases
and hydrocarbon solvests and can operate in continuous service at '
temperatures of up to €5° C, :
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EPON Rosin 9215 & EPON CURING ACENT 9263

The properties of this system are very similar to that of the’
EPON 9215/5264 systam. The resin and curing agent mix is designed to
be Jess sensitive to water and o begin curing at a lower temperature,
thus producing betier laminates 4n the prasence of water, This System
i5 also recommended for repairs where a "stand alone* pipe is needed
with Tong term physical integrity, durabi1ity and resistance to
chemical attack. The system exhibits low creep and can be used to
repair pipe whers large sections of the old pipe are missing, Pipe
prepared with this system §s vesistant to acids, bases and hydrocarbon
solvents and can eperate in continuavs service at temperatures of up
to 65° C. e

EPON Resin 9220 & EPON CURING AGENT 3264
—-—-——_'—_—m—_-_.‘.

This 1s the newest addition to our family of pipe'repair systems,
hence, not all of the data is avallable for this system which you will
find for other systems in this brochure.

This system was designed especially for making thick walled
Insitupipe™, 1.e., )5mm or thicker, DeSirable features are low
viscosity to spesd wetout and the Jongest working life of any of our
systems ~ 13 hours. 1t is recommended far repairs where 1 “stand
alone” pipe {s needed with lang term physical integrity, durability
and resistance to chemical attack. The system exhibits low creep and
can be used to repair pips where large sections of the old pipe are
missing, Plpe prepared with this system is resistant to acids, bases
and hydrocarbon solvents and can operate in continuous service at
temperatures of up to 65° C.

EPON Resin 9225 b EPON CURING AGENT 9290

Pipe prepared with this system can operate in continugus service
at teémperatures up to 8¢ C. This system produces pipe with low creep
giving Tong term physical integrity and the ability to operate as a
stand alone pipe. This system also exhibits the best resistance ta
attack by acids, bases and solvents compared to the other EPON Resin
systems. . =

TYPES OF CURING AGENTS AND CROSSLINKING REACTIONS

The EPON CURING AGENT 9270 is a proprietary mixtures of amines.
These amines undergo addition polymerization with e oxy resin
resulting in a three dimensional, insolubie, infus‘ig'la, erosstinked
polymar network. The molecular structure of the polymer netwark
formed {5 composed of about 30% of the curing agents,

The EPON CURING AGENTS 8264, 5269 and 9290 ire proprietary
mixtures of amines which causes the epoxy resin to undergo catalytie
homapolymerization resulting in 2 three dimensional, insoluble,
infusible, crosslinked polymer network. The molecular structyre of
the go'l,vmer netwark formed {s composed of Jegs that 10X of the curing
agents.
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A Subsidiary of THE MMR GROUP, INC.

Massachusetis Materials Reseanrch, inc.

PO BOK 810 « 241 WEST BOYLSTON STREET + WEST BOYLSTON, MA M523 » TEL. 508.833-8282 ¢ FAX 508-8359025

Entergy Nuclear Generating Co. - e DATE: May 2, 2001
Pilgrim Nuelear Power Station
600 Rocky Hill Road P.0. NO.: P501-10803
Plymouth, Ma. 02360-5599

MMR NOQ.: -F4-23

ATTENTION: M. Philip Harizi ) MMR D # B Loopin& Out
L And Belzona Mt

PAGE# |

SAMPLE JDENTIFICATION;  Cured in place (CIPP) Liner samples from;
1) Bloopls
2) BLoopOm
And
3) Belzona 1311, Ceramic R-Metal Material

MMR has completed the required testing on the three types of materia! received from Entergy.
The samples recelved from the B Loop In and B Loop Out were sectioned and machined into
tensfie and flexural strength test samples per ASTM D 638 and D 790, respectively.
The Tensile Test Resuks are gs follows;

Test Sample No. { Width in. | Depth in. | Areasq | Uhimate | Uhkimaie | Remarks
No., Loop in Load Jb. | Stress
PSI

1 B-OUT 7465 419 3128 960 3069
2 B-OUT2 |.744 . 1.368 2738 978 3562
3 B-OUT3 {.738 a3 .245 BI3 3518 Ave,
3316 P51

B-IN§ 7685 4965 3816 988 2589
B-IN2 .660 446 .294 825 2806
B-IN2 153 480 3614 990 2739 Ave,

2711 PSI

MASSACHUSETTS MATERIALS RESEARCH, INC.

Richard C, Greeno
Manager of Fatigue and Simulated Service Testing

The results reponied above apply only 1o the test samples(s) provided. We believe the chove test o be relible and comrect.
Ipsccuracies or erors, If the occur, will be corrected free of charge. In po event shall Massachusents Mmerinls Research, Inc.
be liable for any special, consequentlal or ather demages, The above testing wes conducted in actordmce with MMR's
Quality Contral Manual, Revision #15A, dated 31 August, and your purchass order requireraents, This material is controlled
under the Unfied Swnes Nuclewr Regulstory Commission Rules and Regulstions, Tite , Chapter 1, Code of Federal
Regulstions —Enzrgy, Part 421,

DIl | PNARACAAR
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A Subsidlary of THE MMR GROUR, INC.

Massachusetts Malerials Research, Inc.

PO BOX BI0 = 241 WEST BOYLSTON STREET * WEST BOYLSTON, MA 01582 ¢ TEL 8058358262 « FAX 508-833-8025

DATE: May 2, 2001
P.0. NO.:
MMR NO.: F4-23

ATTENTION: MMR ID #:
PAGE#: 2
SAMPLE IDENTIFICATION:

Flsxura] Test Results

Test Sample i Tangent
Na. No. i , moduls
Loop : : psi
B-Owl |, 384.000
B-Our2 371,965
B-Out 3 .53 - 370.909
B-IN 1 . 410,566
B-IN 2 . 371,965
B-IN3 439,595

~ MASSACHUSETTS MATERIALS RESEARCH, INC.

chh%rccno

Maneger of Fatigue and Simulated Service Testing

The results reporied sbove apply only to (ie test samples(s) provided, We believe the above test 10 be relisble and carreet,
Inaccuracies or errors, if the oczur, will be corvected free of charge. In no event shal) Massachusens Materials Research, Inc,
be lisble fox any special, consequential or other dsmages. The above testing was conducied in accordence with MMR's
Quality Control Manual, Revision #1SA, dated 31 August, and your purchase oeder requirements. This tosterlal s controlled
under the United States Nuclear Regulstory Commisslon Rules and Reguladons, Title , Chapter 1, Code of Federal
Regulations ~Energy, Part #21.

Pl | RPANAR1A4A
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A Subsidlary af THE MMA GROUF, INC.

Massachusetts Materials Reseanrch, Inc.

PQ BOX B1C « 241 WEST BOYLSTON STREET « WEST BOYLSTON, MA 01583 » TEL. 500-835-8282 « FAX 500-835-8025

DATE: May 2, 2001

P.O. NG
MMR NO.: F423

ATTENTION: MMR ID #:

PAGE#: 3
SAMPLE IDENTIFICATION:

A Belzona kit was received, mixed per the enclosed instructions and spread onto & flat plats
treated with e release compound. The sample was put into en enviromental chember set at BS
degrees F. for 16 houss 1o cure, Flexural and tensile samples were then rough eut and machined
from the cured Belzona and tested per ASTM D 790 and D 638, the test results are listed in the
following tables. ’

Belzona 1311, ceramic R-Material Tensile Test results
TestNo. |[Semple | Widthin | Depoth [Area sq | Ukimae | Ultimate | Remarks

Type in in. Loed Ib. | Swess psi :
) Belzona | .689 377 2508 1538 5921
2 “ 12 430 .3062 1935 6320

3 N 711 318 .2403 1130 4702
All three specimens broke at voidsin the material,
Belzona 1311, ceramic R-Material Flexural Strength Tests Results
Test no. | Materisl { Width | Deepth | Span Stress Tangen:

Type in. in. m . si modulus

1 Belona | 501 387 6 10,795 | 1.67%
] psi
2 2 507 . 6 7890 16876
psi
3 . . 4 4 14,820 | 5.4"6 psi

MASSACHUSETTS MATERIALS RESEARCH, INC,
1,/4\ "y
Ric . Greeno
Manager of Fatigue aad Simulated Service Testing

The resubts reparted abave apply only to the test samples(s) provided. We belleve the above test 1 be relisble &d corrext.
Insccuracies or exrors, ifthe occur, will be comected free of charge. In no event shall Massachusetts Materinls R %, Inc.
be ligble far my specicl, copsequentiol or other demagas. The abave testing was coaducted in accordance with MMR's
Quality Control Manual, Revision #154, dated 31 Angust, and your purchase otder requiranents, This material is controlied
under the United Stares Nuclear Regulatary Comimission Rules and Regulations, Title , Chopter 1, Code of Federal
Regulations ~Energy, Part£21,

DIt | PNNAR1AR
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ASTX DE3§ [I0RI INI)

Pest typa: Tensile

Operator mase: K. PRODAFGSAVARE

Sample Tdentificatioa: 1725-1T1
Interface Typs: £2/43/4400 Series
Kachise Parametzrs of tesi:
Sanple Rate (ptslpec): 14.00¢
Crosshead Speed {iofmin ): 2000

Dimensjons;
o gpec. 1 Spec, 3 Spec. 3
11500 74400 (73300
5000 4600 43800
2,0000 1.0000 2.00¢8
41,5000 49,5000 4.5000

P

gk {ial
"Thickaree lin)
Spac gavge len [in)
:Grip distanee: (in]

out of 3 gpecimezs, 0 excluded.
Sagpie; copaenta; LOOF & IN

Pansile
stresgth

fpecizen  ROLL DIE.

Humber

Mean:

standard
Deviatien:

Kinjeus:

Maxigun:

ASTH D M
1EHSILE EROPANTIES OF PLASTICS

CALC-M-1031 Rev 0
Attachment _2
Paga _4 of _&

Ingtron Cozpotstion |
geries 1X Automated Materia)s festing Systea §.05

fept Dage: 031 May 2001

Sample Type: ASTH

Bomidity [¥): 50
Tecperature (deg. Fl: M

Elpngaties

- 11,30

11,430

1.251
9.950
12.300

. WR AT Ry

wwam s . mamlerca ARRAN
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JLIAYRAL PROTENIIES OF FLAITIC

s b 190

OUPFORT QPAN » ¢°

Pisaurnl 1 pulat bend
fperasol pago: B.C

Sampile SGancifications IFIfeL<A
T arfare Type: 42/41/4800 Savian
sashine Paramerzys nf hanl:
Sampis Racs {pte/oscit 10.000
Crasshead 3pecd (injain ): J1600

UimwtindOua
fpuc. L Epec. 2 Spec. 1

Ridry  fan), L53800 .%3é00  .E3VAN
Daprr  (tn} .46000  .4R00D L 4D1DO
tpan (inl §.0008 4.N0OR  £.0800

ouc ot 1 specimens, 9 sxcluded,
Saspie comaencs. LCO? ‘2T IN

nispleomt acain Loxd

at at [ H
spaciman Tinld Viald ?Seid
suzber (4n /i tiuwg

Uy T LA L L TR TR T LA it

»386L 19200
V3738 0212
13339 10192

Aeun:

Otandazd

Daviafian: DI

Kinisumg 22399

Naxinga 273

CALC M-1031 Revod
Attachment _2
Page 5 _of £ _

Inatron Cozparacion
Saxies 15 auvvastod Mapwrials Tneetng Buives €.00
Taut Uace: 03 May 3903

Jample Typer ASTH

Bumidiny { ¥ )2 1]
Tapperarury: {dag. ¥); T

ducoss nogulus

at ot
¥iell Blaszicity
{pedl {pes}

$339.7 262965
4358 L6840
$407.1 11603e

237985,

3iy80U0.

ISAN6E.
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Vipel™1704-AAP Series
Polyester Resin

Vipel™ Isophthalic Based
Resin for Underground
Sewer Pipe Liners

TVINCAL LIQUID AESIN PRUPERTIES Y1) Vipe!
Nominul Test Method

Viscosity @ 77°F25°C R VF Brookfleld

Spindle ¥4 @ 20 RPM. cps. . 5,000 Q103
Thixindex220 d Q003
Color Opague
szmfcﬁmvi:y @ TTF25°C W Q004
Non-Yalutiles, % 4] Q005
GziTime@ 140°F with
(1.0%QDi-(¢-tert-bityl-Cvelohexyl) -
petuxvdicarbonate and 0.5% :
Trigonax®<2S ), minutes Q068
Pol Lufcn"?'r”F"S’C ]

24 Di-{d~ten-butyl-cyclohexyl)

peroxvducarbonme and +0.5%

Trigonox®32S) hours 48

Trigonox isa trademark of Akzo Nobel Cheniicals

1= noo pack Pago

JYPIEDL. CASY MECHANICAL PROPERTICS® () 3eo hack Hag0

Tensile Swengih, PSUMPa 13,500/93.1 ASTMD-633
Tensile Modulus, PSUGPa 600,00004.1 ASTMD-638
Tensile Elongation, % 0 ASTMD-633
Flexural Sirength, PSI/MPa 23.30016) ASTMD-790
FlexuralModulus, PSUGPa - 630,0004.3 ASTMD-790
Heas Distortion Temperature, : ,

AF/OC@ 264 psi 2100 ASTMD-648
Barzol Hardness L ASTMD.2583

* T paesi

DESORIPTION
Thc Vipei™ L704'AAP Senes isa hlch

weig
polyesicrresin, V:pcl"‘L‘lDﬂ-AAP Series
providus the corrosion resistance, dura-
bitity and ioughness tha: is required for

. cured in place pipe applications. Refer to

the AQC Corrosion Resistamt  Resin
Guide for corrosian resistance infonna-
tion listed under F701. A typical resin in
thisserigs is VipeI™ L704-AAP-12,

FEATURES

® Exceliens catalyzed pot life

B Superior mechanical propenies
R Exceljent wet-out properties

® Excelient curing properties

. BENEFITS

agaptobillty

AQC's Vipel™ L704-AAP Series
molesular architeciure provides an
excellent balance of carrpsion and
physical properies.

Pl | RNNAR14R
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Warid Leader in Rexin Yeehtitlogy

ASTM F1216 TEST RESULTS ON L704
6 mm Appiied Felt
ONE MONTH RESULTS AT 77°F

L704 REQUIREMENTS

(sophthalic) % B

PASS ORFALL

 CONTROL SAMPLE

“XURAL STRENGTH. psi 9.544

STANDARD DEVIATION 2521

EXURAL MODULVUS. psi 564.989

TANDARD DE}V\ ATION 15.329

TAP WATER

FLEXURAL STRENGH, psi 10,513

STANDARD DEVIATION 431

% FLEXURAL STRENGTH. psi RETENTION 100

FLEXURAL MODULUS, psi 563.496

STANDARD DEVIATION { - 10.993

% FLEXUARAL MODULUS RETENTION 100

5% NITRIC ACID

FLEXURAL STRENGH, psi 10.672

STANDARD DEVIATION 894

% FLEXURAL STRENGTH. psi RETENTION 100

FLEXURAL MODULUS. psi 528173

STANDARD DEVIATION 13.842

% FLEXUANAL MODULUS_RETENTION 100

10% PHOSPHORIC ACID

FLEXL STRENGH, psi 10.301

STANDARD DEVIATION 1.439

% FLEXURAL STRENGTH. psi RETENTION 100

FLEXURAL MODULUS. psi 552,543

STANDARD DEVIATION 9.333
% FLEXUARAL MODULUS RETENTION 98 -

10% SULFURIC ACTD

FLEXURAL STRENGH. psi 12,438

STANDARD DEVIATION 620

% FLEXURAL STRENGTH. =TENTION 100

FLEXURAL MODULUS, psi 545 889

STANDARD DEVIATION 6,319 .

% FLEXUARAL MODULUS_RETENTION 97

AMOCO GASOLINE

FLEXURAL STRENGH psi 9.209

STANDARD DEVIATION 1278

. % FLEXURAL STRENGTH. psi RETENTION 97

FLEXURAL MODULUS. psi 567,531

STANDARD DEVIATION 4.611

950 HIGHWAY 57 EAST + COLLIBRVILLE, TENNESSEE 38077 » BO1/B54-2600 ¢ B01/854.1183 FAX o www.goc-resins.com

PILLRD046149
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% FLEXURAL MODULUS RETENTION

VEGETABLE O11,

URAL STRENGEL

NDARD DEVIATION

% FLEXURAL STRENGTH. pg RETENTION

>80

>80

Augnst 1. 1999

mdmw-umuuw-mwhuww W betlove flus §

bifily Lo o oma's w—u—t-ymyl’urmnuh;unfu- The
e S e e e b e T A
Eodacio,

Our daticns Aomid ool be take as ids _ﬂhpmn‘uﬂd‘--th.-r‘.ydawi—-um
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World Leader in Resin Technology

February 28, 2001

ASTM D696-98
Coefficient of Linear Thermal Expansion of L-704 Series in a clear casting.

The samples were scanned from 20°C to 100°C at 10°C per minute. The
COE was evaluated from 25°C w0 80°C. ‘

Sample COE (25° to 80°C)
L1704 Series 60.45 e-06 / °C (mm/mm/°C)
61.11 e-06 / °C (mm/mm/°C)
62.28 e-06 / °C (mm/rony/°C)
61.28 e-06 / °C {mm/mm/°C) Average

PILLLR0O0D46151



Bnl"z N .A' Warld {gaders In the canservatlon of man-mads

msourcas and the environment

1. PRODUCT NAME "

BELZONA® 1311

{Ceramic R-Matal}

Repalr sysiem cesigned for rebullding
metals damaged by arosion-conasian,

2. MANUFACTURER
Belzona Inc.,

Americs's Galeway Park,
2000 N.W. 88th Caunt
Miarni, Floriga 33172
Belzona Polymerics Ltd,,
Clara Road,

Harroqate, Nonth Yorzshire
HG3 4AY, Erglang,

3. PRODUCT DESCRIPTION

A ThO-COmpONENnt, non-rachinabls grade
material Sases on a sflicon-stoel alioy
blended within high molecuiar waight
reacii/p p0lymers and ofigomars. the
system is designed for rebullding meta's
ang offars protaction against the effects of
eroston-carrasion. Ideally sulted to be
ovarcoated with Belzono® 1321 (Ce-
ramic S-Metal],

2plicati
Certrifugal and wurbine pumps.
Heat exchangers. water box encs,
dfsision bars and tube shests.
Buterfty and gate vaivas,
Prapeflars,
Kart nozzies.
Sow thrustars.
Pioe slbows,
T-pleces.

4. TECHNICAL DATA

Paste
Very dark gray

Appeasance
Color

Gel strangth
al 77F (25°C)
Densiy

150 - 380 glem MF
28-28g/em

Paste

Appsarance
Gray

Cofor

Gel strength
Bl 77°F (25°C)
Density

76- 150 glem QY
1.63 - 1.68 giem?

Mbed Propeniag
Mixing Ratio by Weight
(Base : Salidifier) 5:1
Mixing Ratic by Volums
(Basa : Solidifien 3:t
Mixed Form Paste
Peak Exothetm
Temparatura 239 - 284¢F
(118 - 140°C)
25 42 mins.
nil at
0.5 inch
(1.27cm)
2.26.2.52 glem’

Time 1o Paak Sxotherm
Slump Resistance -

Mixad Donsty

Q  Shelf Uite:

Saparate base and salidifer companems
ahall havs a 5 yezs shell life when s:ared
betwesn 32¢F {0°C) and B6°F (30°C).

Q Working Life;

Will vary according to lampereture.
AL 77¢F (25°C) the ueable ife of mixac
material is 15 minuas.

O Volume Capacity:

The volume capacity ol a 1 kg. unit of
mixed Baizona® 1311 16 252 in3
{413 cm).

O Cure Thme:

Allaw to solidiy for the imes shown in the
chart below batore gublecting it to the
candilions Indicated.

5. PHYSICAL / MECHANICAL

PROPERTIES
Detetmined aftar 7 days cure at TPF
(25:C). Post cusing the material with heat

CALC M-1031 Rev 1"

Attachment ¢4 - »

Page _1 _of 2

PRODUCT
SPECIFICATION

- SHEET
BELZONA® 1311

results in & more highly crass-iinked
polymer. Far anhanced pedormancs this
matarial may be post-curad by heating 1o
212 (100°C) for a period ofup to 24
hours. This shouid be carred out
foftwaing an initial cura period of 24 hours
at ambient tamparature. -

& Abrasion Resistance:

Taher

The Taber abrasion resistancs with § kg
Ioad Is typically:
H10 Whaels (Wa))
CS517 Wnaels {Dry)
1oss par 1000 ¢ycles

125 mm'
48 mm

Q Adheslon:

Tenaile Shear

Whsn 1asted in accordance with ASTM
D1002, using degraasac aubstrates which
have been grit blastac 1o a 3.4 mil prafile,
typical vatues will ta,

Mila s1ge! 2,700 psi {190 kgalem?)
Brass 2,270 psi (160 kgs/em?)
Copper 2.200 pal {155 kga/cr?)
Stainless sies! 2,800 pal (196 kgsicm?)
Aluminium 2,000 psl {140 kgs/emm)

0 Chemicatl Rasistance:
Once fully cureq, the matartal will demon-
sirate axcellent resistance 1o the foltowing
chemicals;
carbonic acid
104 hydrobromic acid
10% hydrochigric acid
10% nitric acid
20% nitrous seid
5% phaaptioric acid
10% sulfuric acid
20% smmonia sojution
fime water
20% potassium hydroxide
20% sodium hydroxide
propanof
buteno|
athylene gtyco!
disthanotamine

s

Continued . . .

CURE TIMES

Movemars or use Involving
no loading or immerslon

¢ Machining and/ar lightioading

Full alecwical, mechanical or
thermal joading

lmmersion in chemicals

TEMPERATURE
41 (5°C)

214 hrs
3 hrs

3hrs
4 hrs

ahrs
8 hrs

112 day
3 days

4 days
Sdays

2days
4 days

50°F {IIFC) 58 [15'C) 68%F (20°C) T7°F {25°C) BE°F {30°C)

1314 hrs 1hr
2hs

1 day
2 days

————

shr
12 hrs thr

18 hre
1 day

20 hrs
1172 days

PILLRO046152



mothylamine (26% In watar)
hydrocarbons
mineral olia
inarganic salts
* for 8 move dofalled uascription of
chamical resislance propan/as, rafar
to Proguct Dala M507.

QO Compressive Strength:
Whan tgsted in accordanca with ASTM
D&8S, typical valuas obtainad will be
13,000 psi (914 kgs/am™,

O Corrosion Resistanca:

Onga fuily curad, will show no visiblg
signs of corrosion after 5,000 hours
exposues in the ASTM B117-73 sall spray
cabinst.

O Electrical Properifes:
Dieleciric Constant

Testad w ASTM D150 is typically
3.28 at 1600Hz

Dielecirlc Stength
Temad to ASTM D143 is typically
32 volts/mli (1280 valts/mm).

Dissipation Factar .
Tested 10 ASTM D150 ia typically
< 0.00D5 a1 1 MHz

Surface Reaistivity
Tested 10 ASTM D257 is typcially
5.76 x 10" ohm.

Volume Reaistivity
Tested to ASTM D257 is typcially
1.03 x 10* ohm crm.

0  Frexural Strangth:

When lasted to ASTM D780, typical
values obtained will be 10,000 pai
703 kgs/em?y),

3 Hardness:
Tha hardnoss of the material whan tested
1o ASTM D785 is typlcally Rockwell A104.

Q Heat Distortion Temparsature:
Tastad to ASTM D648 (284 psi fibar
sirass), typical valuas obtained will be
136°F (58°C).

3 Heat Resistance:

For many typical applications. the praduct
is tharmally stable 1o 450°F (200°C) dry
and 14O°F (B0*C) wet.

0 Impact Strength:
Reverse noichad impact strengtn is
typically 0.93 fuiv.fin. or 50 Jm.

Q Shrinkage:
§.0% minimum
£.005% maximum

A 1 Thermal Expansion:

Testad 1o ASTM E228 Whe coeffican: af
thermat expanglon is typically
255 ppmC.

6. SURFACE PREPARATION
AND APPLICATION
PROCEDURES

For prapar technique, sefer 10 the Belzona

instructions for Use leafles whichis

gniciosed with each packaged product.

Araas rabuitt with Betzana® 1311 may be

ovearcosted with Belzona® 1321 (Ce-

ramic §-Ma:al)

"7. AVAILABILITY AND COST

Belzona® 1311 s availabls from &
network of Beizona® Distribuors
thraughout the world for prompt delivary
10 the application site. For information,
consult the Belzona® Distibutor in your
area.

1

Attachment 4
Page .2 of 2

B. WARRANTY

Belzona® guarantaas this product wiil
maeet the pariormance clalma stated
herain when matertal |s storad and usad
88 ingructad in the Belzona® instructions
far Uso leaflet. Betzona® further guaran.
taes that alt its products are caratully
manufactured to ansure the highest
quality passibla and tesiad strictly in
accorcance with universally recognised
standards (ASTM, ANSLH, BS, DIN, elc).
Since Belzona® has ne cantral aver the
uss of the proguct described herein, no
wartanty far any application can be givan,

9. TECHNICAL SERVICES
Csmplste technical assistance is avallabls
and incluces Rully trained Tachnical
Consultants, technical aervice petsannsl
and fufly stalied research, davelopment
ar.d quallty cantra! laboratories,

10. HEALTH AND SAFETY

Prior ta using thls matarial, plaase consult
the Material Safety Dara Shest provided
it gach packaged product

11. APPROVALS/
ACCEPTANCES

US.DA

ASS

BUREAU VERITAS

CATERPILLAR

HATO

GENERAL MOTORS

TOYOTA

YORK INTEANATIONAL

FORD

AUSSIAN REGISTER OF SHIPPING

BELZONA

Private anc Conftidantal - For imamaUss Qny
b 15 R

Worlg 1600873 Inihe co

Belzona ing.,
2000 N.w. 88 Cour,
Mismy, Floriga 33172,

USA.

Tob: 1 {205) 554 <p84
Fxc +1(308) 893 1180
Betnna Potymarick Lid.,

Claro Road,
Haropate. HG1 4AY,
Engiang.

g
Taki 44 () 1420 SE7641

]
B3 EN 18Q 90021 1984
Cartifients No. Q108336

Foc +484 (0) 1823 505087

Belzona®1311.Product Specification Sheet (Page 2)
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“I¥e help you see the whole picture.”

nat: www,the-rrandp-fab.com  s-mall: info@the-mandp-lshcom
2210 Technalogy Drive PG Dox 724

Schensctady, NY (2300

phone: 518-382.0082

fax: 518-382.1182

43} Gaslington Rd., Suite L

Gireenvlle, SC 29615 Page 1 of 4
phone: 8642974417

fox: B64-297.4517 REPORT

L&B NC.: NR-0E5%
DATEZ RECEIVED: April 18, 2003
SQUE3TZD BY: Ballip Harizi

COMPANY : rgy Nuclear Generation Co.

nterx
- Pilgrim Nuclear Power Station
STRZET ADDRESS: 600 Rocky Hill Road
CITY:. Plymouth, MA 02360
: (508) 830-7725 CO2IES: N.V. Giaja

PURCESSE ORDSX NO.: PS02-10876

CUSTOMER REQUEST NO.: N.ZE,

DZSCRIPTION OF MATERIRL BND WORK REQUESTED:

fleceived meteriels as described in the document “Testing
Reguirements for PNPS SSW Discherge Piping Cured-In-2lace-Pipe
(CI?P) Lining and Belzona 13211 Ceramic R-Metal Samples for POC
01-08, Specification Humber M-624, CGI Evaluatlion Wa. 860, and
CGI Evaluation No. 861", Rev. 1, dated 02-MRY~2003.
WORK BY: James I, Getman, Ropert [. Kraus

RESULTS SOURCE NO.: N.A, DATE REP.: May 8, 2003

The two material samples were identified as (1)

Selzona 13ii, and (2) CIP? lining material. Flexural Modulus of
Elasticity, Flexural Srcrength and Tensile Strength tests were
requested.

' {Copsinued oh page 2)

Reviewed py: ’ ?M F. K/LAMJ

Dale L. Purvis ’ Robert F. Kraus

1HEREBY CERTIFY THAT THE DAVA CONTAINED IN THIS REPORT HAVE BEEN GENI
MEET THE REQUIREHMENTE OF THE ABOVE PURCHASE ORDER.

PILLR0O046154
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Sample Identifications

Two Belzcna 1311 kits (Ceramic R-Metal) were received.
Each kit consisted of a base and a sclidifier.
1) PrL-84240, PIL Lot &508,
PO No. PS01-10981, Regaived 02-May-2001
Belzona 1311 Base Lotc# 4503681,
Belzona 1311 Solidifier Lot'd 4904021,

PII-24112, PIL Loz “none”,

PO No. 2501-11474, Recelved 28-Aug-2001

Selzona :311 Sase Loz# 49€S7ER,

Selzona 1311 SolidiZier Lot# 4892931,
1 in the list, above, was identified in the test results as
1#. Irvem z was identifiad as “Lot 2%,

Six CIPP guarter—-pipe segments ‘ware zecaived, They
uniguely laneled as fcllows.
1) Loop-k-in #1, 4/27/03.
2) Locp-i-In #2, 4/Z7/03.
3) Loop-&-In #3, 4/27/03.
4) Locp-E-Dut %1, 4/27/03.
S) Leecp-k-Out #2, 4/27/03.
6) Lcop-&-Ouz #3, 4/27/03.

-Items i, 2 and 32, in zhe lis:i abovae, were identified in the test

-t

results as “IN”. Items 4, 5 and % were ide ed as “OoUT”,

Test Results

The results of each test zre listed in Table 1.

Flexural Strength and Mogulus of Ziasticitv Tests

The Belzona 1311 material was cured at The M&F Lab. A

total of six specimens (three from Lot 1 anc¢ three fxom Lot 2), -

each of z rominal size of 0.3 in, by 0.1 in. by 2.5 in., ware
fabricated for the measurement of Flexuxzl Strength and Modulus.
flexural strength and modulus were measured at room temperature
in 3~Point bending in accordance with BASTM D750-02. The
specimen preparation was performed azt The M&? Labh.

2210 Technalogy Drive, PO Box 724, Schenectady, NY 12301 481 Garlinpron Road, Suite L, Grecavilie, SC 29615

PILL.R0046155
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THE M¢P LAB

TABLE 1
ROOM TEMPERATURE TEST RESULTS FOR PNPS §SW DISCHARGE PIPING CIPP

LINING AND BELZONA 131} CERAMIC R-METAL FOR PDC 01-09, SPEC M-624,
CGIEVALUATION 860 & CGI EVALUATION 861

Saxnple
Label

Specimen
Label

Flexural
Modulus
of Elasticity
(psi)

Flexural
Strength
(psi)

- Tensile

Strength
(psi)

Acceprance
Criteria

Belzona
1311
Lot!

1,10 x10°

8570

4096

1.2} x10°

9020

4386

1.20 x10°

7470

3432

Belzona
1in
Lat2

131 x10°

9890

5401

1.22 x10°

9880

5304

1.36 x10°

7330

4250

CIpp
IN

467 x10°

4410

2368

469 x10°

3850

2848

479 x10°

4450

2958

Flexural
Modulus of
Elasvcity >
300,000 psi

Flexural
Strepgth 2
4,000 psi

Tensile
Strength 2
4,000 psi

- i T %10 5310 7018
SETP 3 425 10° 3610 4026
3 415 %100 5790 3637

Notes: 1. The CIPP IN material specimen #2 d d not meet the aceeptance criteria for flexural

suength.

2. None of the three CIPP IN specimens met the aceeptance criteria for tensile srength,

3. The CIPP OUT spzcimens #1 end #3 did not meet the acceptance criteria for 1ensile
strength.

4. The acceptance criteria were documented in “Testing Requlrcmcms for PINPS SSW
Discharge Piping Cured-In-Place-Pipe (CIPP) Lining and Belzona 1311 Ceramic R-
Metal Samples for PDC 01-09, Specification Number M-624, CGl Evaluation No. 860

and CGI Evaluation No. 861", Rev. 1, dated 02-MAY-2003. _

The CIP® meterial was cured by the client, & total of
six specimens {three labeied IN and three labeled ODT), sach of
& nominal size of 0.7 in..by 0.3 in. by 7 in., were fabricated
fnr the meastrement of Flf—vu*al Strength and Modulus, . Flexural
.Strength and Modulus' were measured &t room temperature in 3-
Foint bending in accordancs with ASTM D790-02. The specimen
preparation was performed at The M&P Lab.

2210 Technology Drive, PO Box 134, Scheneguady, NY 12301 481 Garlington Rost, Suhs L, Greenvlile, 5C 29515

PILLR0046156
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Flexurel Modulus was calculated from the cross-
sectional dimensions and the slope of the steepest tangent line
to a test specimen plot of stress as a function of strain. A
result was expressed in psi (pounds per square inch),

Flexural Strength was calculated from the cross~
secticnsl dimensions and the maximum sustainec test load. Each
result vwas expressad in psi units,

-

Tensile Strength

The Zalzona 1311 materlisl we.s cured at The M:® Lab., B
total cf six specimens (Three Iram Lot : and thrzee from Lot 2),
each with the nominal shape of A5TM D63E-02 Type I sgecimens,
were fatricated - for th measurement ol Tensile Strengch.
Tensile Strength was measured zT room temperature in accordance
with' A5 DS3&~- 02 The specimer preparation was psrformed at
The Mé&P Lab.

Thz CIP? material was czured by the client., B tczal of
six specimens (:inree labeled IN and thres lsbelad OUT), eazh
with the nominal shape of ASTM D63E-02 Type I specimens, ware
fapricated for the measursment of Tensile Scrength. Tensile
Strangth was mezsursd at room temperature in accordance with
ASTM DE32-02. The specimens wers removed Ifzocm the pipe wall
along the longitudinal diraciion by personnel at The WMaP Lab,
21l sides of each specimen were machined to remove affects from
external membranes or the host pipe.

[
=
3
£
&

prior to @ach test, the actual crags-sectional
dimensions were measured, and 2 specimen’s initiazl area was
calculzted. This area wes used as the denomlnator in 2 fraction
with the corresponding specimen mazimum sustained load in the
numerztcr to calculate the Tensile Strength in msi,

Testing applicable to supplied items was periormed in

accordance with 10CER50 Appendix B, 10CFR Part 21 and revision 4
of The M&P Lab’s guality program manual, dated 30 November 1998,

Materizl Disposition

The specimsns will be retained at The MaP Lab for six
months and then discarded.

-
2210 Technalogy Drive. PD Box 725, Schenestady, NY 12301 “481 Gaclingion Road, Suite L, Gresnville, SC 29815
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ENN-DC-134 Rev. 0 ATTACHMENT S.1 DESIGN VERIFICATION COVER PAGE

DESIGN VERIFICATION COVER PAGE

0 p.2 D3 . QJ4AF X pnPS

Document No. M-1831 Revision Page 1of (o
= WACHECKL(IST

Title: SSW Discharge Piping CIPP Liner Desion

B Quality Relaled T Non Quality Related

DV Method: XDesign Review O Alternate Caiculation G Qualification Testing

VERIFICATION DISCIPLINE VERIFICATION COMPLETE AND COMMENTS
REQUIRED RESOLVED (DV print, sign. and date)

Elactrical

/ Machanical 7 {E w

s. P uwosds

s/zo/z %03

Instrument and Conwrol

CiviVStructural

PrinUSign After Comments Have Been Resolved

0r!ginator:(PH/upp. H/;,Q,g//ﬁ’z: .\ Date:o %\ ) /2 062

PILLR0046158
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e

ENN-DC-134 REV O ATTACHMENT 8.7 CALCULATION DESIGN VERIRICATION CHECKLIST

IDENTIFICATION: : DISCIPLINE:
Document Title: SSW Discharge Pioing CIPP Liner Desi 3 civilstructural
3 Electricat

Doc. No.: S-1031 Rev. _1_QACat Q Cliac

0

- SPidoons __S&L 20/Z 00 Mechanical
Verifier: Brnt Sign ata B

Managar aulhorization T [ other

for supervisor
parforming
variflcation, V 74"

W NA Print Slgn

3

METHOD OF VERIFICATION:
Design Review [3{ Altemate Calculations [ Qualification Test [J

3

4. Designinputs ~ Ware the inputs correctly selected and Relerence
incorporated into the dssign? Page No.

Deslign Inputs include dasign bases, plant operational condiions, parformance OR
ts and :

requirements, regulatary requi nts, codes, standards,
fisld data, ete. Allinformaticn used as design inputs should have besn Paragraph No. _Sewrt. I>
reviowad and approved by the respensible design orgenization, as applicable,

Allinputs need to be retrievable or axcerpts of documents used should be Complation of the Raleranca Boxes I8
atiachad, optional for afl questions.

See site spacific design input proceduras for guidance in identifying inputs.

Yas (X No O NA O

Verifier Camments: Ate/C

06

308

0

Resolution: <44

PILLR0046159
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Assumptions ~ Are assumptions necessary fo perform the
design activity adequataly described and reasonabla? -‘Where
necessary, are assumptions identified for subsequent re-
verification when the detafled activities are completad?

Yes B4, No (1 Na O
Varifier Comments: Ao sstetrfind AStaam@Trrns PR

Resolution: _}f/_;i

Refarance
Page No.
OR :
Paragraph No. <<¥, &

Quallty Assurance — Arg the appropriate quality and quality
agsurance requirements specitied?

Yes [J No O3 NiA B4

Verifler Comments: A/_/ﬁ

Resalution: A'ZA

_Referance

Page No.
OR
Paragraph No,

Codes, Standards and Begulatory Raquirements — Are the
applicable codes, standards and regulatory requirements,
including issue and addenda properly Identified and are their
requirements for design met?

Yes R, Ne D N [
Veritier Comments: _//bwe

Resolution: jfff

Reterence

Page No.
OR

Paragreph No. Seuf & ¢ £

PILLR0046160
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Construction and Opsrating Experience - Have applicable Reference
construction and operating experience esn considersd? Page No.

OR

Yes 52 No [ wa 0 Paragraph No, _Stet £
Verifier Comments: /c‘a—/téma/ A, K 1/2

Resolution: ;"_'/__/i

5

Intarfaces — Have the deslgn intarface requirements been Refaerance
satistied and documented? Page No.

CR
Yes [ No O NIAJZ. Paragraph No.

Verifier Comments: _4_/&_

3

06

Resolution: /4

Methods — Was an appropriste analytical method used? Reference
Pege No.

Yes  Ne NA OR
& = ' Paragraph No, %<7, ¢

Verifier Comments; _AdsMS

Resolution: V%77

PILLR0046161
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Design Outputs ~ Is the outpul reasonable comparad fo the
inputs?

Yes B No (O WA 3
Verifier Comments: _ASWE

Resolution: 74

Relerence

Page No,
OR

Paragraph No. St é 4 £

Acceptance Criteria - Ara the acceptance criteria
incorporated in the calculation sufficient to aliow verilication
that dasign requiremeants have baen satisfaciorily
accamplished?

Yes &1 No J A ]
Verifler Commants: Aot

Resolutior; 7/

Referance

Page Na.
OR

ParagraphNo. _Secficd £

Recards and Dacumentation - Ara requirements for record
preparation, review, approval, retention, ate., adeguately
speciflied?

A all documents preparad In a clear tegible manner sultable for microfiming and/or
other.documentalion storage method? Have all impactad documents been identiflad
tor update?

Yos 5. No [] SNnAad

Veritier Comments;: A&

Reaplution: A/%4

Referenca

Page No.
OR

ParagraphNo. .

PIL1.R0D046162
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Software Quality Assuranse- For a calculation that utilized
software applications (e.g., GOTHIC, SYMCORD), was i
proparly verified and valldaled in accordance with ENN IT-

104 or previous sile SQA Program?

Raference

Page No.
OR
Paragraph No.

Yes [J No [ A BA
Veritier Comments: _AYA

Resclution: Nﬁ

OTHER COMMENTS oo TP E
ESOLUTIONS
A

All comments for “NO" answers have been resolved satistactorily.

Pll | RNND4AR1ARR
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X Safety-Related ] Non-Safety-Related [ "Q"-List tem [ Non'Q"  RTYPE 85,21

PILGAIM NUCLEAR POWER STATION
SPECIFICATION
FOR -
GURED-IN-PLACE-PIPE (CIPP) LINING
FOR SSW DISCHARGE PIPING

SPECIFICATION NUMBER __M-624

[()BID Addendurn Ne.

—

K PURCHASE  DATE: _ 12-MAR-2003

™
=) .
L7 ABME B&PY CODE CERTIFICATION: [JREQD [RNOT REQD

M
)
5

- 4 | .
i A N Ry AL
" g0 | P.D,Harizl | 04/02/01 | S.P. Woods

p4/oz/01 | R.PMur uﬁa'/l/ 040270 B &hePe
PREPARED VERIFIED

ace | DA02/01
soM ! APPROVED
BY DATE BY DATE REVIEW DATE BY DATE

ENTERGY NUCLEAR GENERATING COMPANY
PILGRIM NUCLEAR POWER STATION
600 ROCKY HILL ROAD
PLYMOUTH, MA 02360

Specification M-624

NEB3.08 Rev, 18
Page 1 of 12
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This spadiltication provides lhe requiramanis for the daslgn, malerlals, Installation,
Inspectlons, and lesting of a Cured-In-Place-Pipa (CIPP) lining for the Salt Service Water
(S8W) disoharge piping at Pligrim Muclaar Pawer Slallon (PNPS), The purpose of the
GIPP Is 1o provide & new prolective fining lor ths exlating steel pipe that maintains the
struatural intagrlty of the dlscharge pipe for soll, overburden, selsmic, and five loads,

The SSW plping to recalve the CIFP Is the discharge plping for Loop "A" and Loop "B
from the last flange oonnection in the Auxllary Bullding piping vault to the end of the
discharge pipe at the Saa Wall opsning.

The SSW dischargs piping Is 22" nominal dlameter slanderd welght carbon steel pips
{0,378" wall thiokness) with 8 3/16" natural rubber linlhg thickness. Flangs sonneclions
are tubber-lIned Pressure Class 160 flal-daoed slip-on flanges, Existing rubber lining and
coatings that are Intaot will remaln In place for the CIPF installation,

The Loop “A" discharge piping Is approximately 240 ft (total langth to be fined) wilh
lhrea(3) 46-dagree albows and ona(1) 80-degrae long radius elbow,

The Laop "B" discharge piping Is approximately 225 ft (total length to be lnad) with
four(d4) 46-degrae albows and ons{1) 80-degree long radius albow,

As & result of plpe spool replacements parformsd In 1299, there Is a2 40'-0" spool In Loop
"A" and a 403" spool in Loop "B" that are 22" nominal diameler standard welght carbon
stael pipe (0.375" wall thickness) coated with Duromar EAC-FE apoxy with a minimum
1/32" {0,031") thickness, and include "WEKO" slastomeric expansion seals on both end
fiange joints of the replacament spoal, which are to be removed before the CIPP
Installation.

This spealflcailon pravidas the requitaments for the CIPP deslgn, matarlals, instaliation,
inapactions, iesting, and Suppller documentatlion,

The S8W discharge piping is part of a 'Q", Safely-Related, PNPS Class | system, The
CIPP design, matetiais, Instalialion, Inspections, tasiing, and dostmentation ara o be
performed and/or acoepted undar the PNPS Nucleer Quallty Assuranca program in
accordance with Appendly B to Part 50 of Tile 10 of the Code of Faderal Regulalions
{10CFRE0 Appendix B), .

Speclflcation M-B24 Rev, Ei Pege 2of 12
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EQUIPMENT OR SERVICES REQUIAED

The Suppller shalf petform ths cleaning,-eXaminailen, and as-headed coatihg/ining
preparations for the exisling sleel pipe prict to installing the CIPR liner,

The Supplier shall provida sufficient number of workers and yesoutaes to parform work on
& continuous 24 hour/day basls in accordance with the Owner's schedule,

The Suppller shall provide all CIPP liner materlals and end seals,
The Supplier shall be responsibie for Inatalling the GIPP iner and for the auring process,

The Suppliet shall provide the nacessaty aquipment and shall parform the monitoting and
controliing of all GIPP liner curing parameters,

The Owner shall provide all necessary access to the SSW disaharge plping Inaluding the
opening of the Auxiliaty Bulldlng piptng vaults, removal of piping spools, and installation of
outlet coflerdams,

The Owner shall be rasponsible for the required Inspections and tests and perorming
araminalions or varltying that ali examinations have been performed and that the
applicable criterla have been met,

The Owner shall perfotm any necessaty wsld rapalrs of the axlsting steel pipe.
The Owner ghall provide all necassary slaging and work platiorms,

The Ownsr shalt provids the necessary ventitation, alr quallty monltoring, and confined-
space safety training for afl workers,

The Ownar shall provide all clean waler required and shall dlspose of waste waler from
cuting the CIPP linat,

The Owner shall provide afl necessary escurlty parsonnet and radiological monitoring
duting the work,

APPLICABLE DOGUMENTS

ASTM F1216 "Practice fot Behabliitation of Exlsting Plpelines and Gondults by the
Inversien and Curing of Resin-impregnated Tubse®

ASTM D638 "Standard Test Methods for Tenslle Properies of Plasties®

ASTM D790 "Standerd Test Methods for Flaxural Properiles of Unrelnforned and
Relnforced FPlastics and Eleclical insulation Materials"

Speclification M-624 Rav, E1 Page 3 of 12




DESIGN REQUIREMENTS

The praparation, verlfloation, and independent review of a safoly-relaled design
aalculailon for the CIPP Instaliation will b tha rosponalbiilty of the Ownaer.

The CIPP minimum raqulred thiokness ({j) shall be the largst of that required by either
the exlemal load or Internal pressurs analysis, The finat CIPP nominal daslgn thickness
(fnom) shall be basad on the minimuim required thickness increased by 10% o acoount for
thlakness varlations In the agtual instaflation, The actual thiskness used shall e rounded
{0 lhe next standard milllmeter thlckness greater than the nominal dasign thickness,

The maximum allowable stress for the exiermnal joad and internal pressure analyses shall
be aqual to ohe-half the long-tarm (ftme-lemparature cotrected) llexural and tensiia
strengths, that Is, a Factor of Safaty (M) equal to 2 shall be used In the design squations,

Fot the exlernal load analysls, the design shalf be based on the Partlally Deterlorated
Gravity Pipe Condltion, For the negative prassure {vacuum) design condition, the GiPP
shall be deslgned as a gravity pipe with the extarnal hydrostatlo presstirs Increased by an
amount equal to the negative pressurs, The long-tarm (Hma-lemparature correctad)
Fiexural Modulus of Elesticlty (5,) shall be egus) to ons-half the shori-term value. An
Enhancement Faotor (X} value of 7,0 shall be usad, An Ovallty Raduction Faator {C) of
©.80 shall be used, based on & 0,250 Inoh maximum to mean Inslds diameter differsnljal,

Far the inlsrnal pressurs analysis, the deslgn shall be bassd on the Fully Deterlorated
Pressure Plps Condition. The deslgn shall use jong-term flexural strength {o,) and tenslie
strength (o) squal to one-third the rated shoh-term strangth values listed below.

The short-term deslgn values lo be used, and verifled by testing In Section 7.0 below,
shall be as {ollows;

. Rated
Physleal Property Short-Term Value

Flexural Modulus 300,000 PSI
Flaxural Strength 4,000 P8I
Tenalle Strength 4,000 PS|

Spec(fleation M-624 Rav, Ei Page 4 of 12
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The deslgn loadings shall be as jallows!

Deslgn Paramatar Deslgn Value

Maximum Internal Pressure/Temperature 30 PSIG @ 100°F

Minlmum Operating Tamperalure 30°F

Maximum External Diiferential Pressure | '
{Minimum Intetnal Pressure) 25 flw,g. (+11 PSIG Inletnal)

Pottlons of the SSW discharge piping are normally operating at negative pressure, The
Maximum Extarmal Dlfferantial Pressure of 25 ft w.g. Is based on the hlghest nagative
operatlng pressure for the discharge plplng pilts ah accounting for groundwater pressure
acting exlernally, Exiatnal soll, overburden, selsmic, and live joads do not act upon the
CIPP liner because the sleel pipe Wil remaln the shructutal component,

MATERIALS

The CIPP liner material shall consist of a felt tube composed of woven ot non-woven
malerlal capable of earrying resin and withstanding the inslallation pressures, and curlng
temperatures, and shall be compatible with the resin system used, Elthat an spoky resih
and hardener {curing agent) system, o & polyester resin usihg polymerization inltlators
(catalysts) systern shall be used.

The CIPP system shall achleve the physlcal strength properiies in accordance with this
specification. To contirm the actual short-term strength praperiles, test samples of the
CIPP shall be takan al the {ina} installation after the curing Is completed, The samplas
shall be cut from a section of CIPP thet has been cured within the SSW pipe or within a
like diameter pipe provided for this purpose at the entrance and termination paint as
described in Saation 6,0 balow.

The cured speaimans tekan at the time of linal installatlon shall meet or exceed the
following minimum values, which correspand to the shorl-lerm velues described In Seation
4,00

Minimum
Physlcal Property Measured Value

Flexural Modulus 30Q,000 PSI
Flexural Stranglh 4,000 PS|
Tensile Strength , 4,000 P8I

Spacification M-624 Rev. E1 Page 5 of 12
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The liner fell lube shall have a unilorm ihickness Thal when comprassed &t installation
pressures will equal ot axcesd the spacliad nominal design thickness as measured at the
test sample looationa, :

The liner shall be tabtlcatad using & fiber base materlial capable of expanding to the slze
lhat when Installed will oura whils In contac! with the sxisting pipe. lining, ot coating,

The average Inside dlamater of tha axisting rubbar-lined pips Is 20.875" excapt ot the 40
foot apoxy-coalad spool section in each line that Is 21.188" Inside diametet :

Tha oulslde sutface of the linar tube (before wataut) shall be encapsulaled within a
translucent flaxlble membrane that allows cbasrvation of the resin iImpregnation (wetout)
procadurs,

The walt colot of the interlor plpe surface of the GIPP after Instaliation shall be a light
reflectiva colot that enhances final vislial examination,

Any lubrlcant used In the invarsion waler shall be a nontoxle blodsgradable ol of
- vegetable arlgin.

The end seals 1o be used at the entrance and termination point of the GIPP shall ba
expanding lype seals with an EPDM elastomer element and ALEXN alioy retaining bands,
Alternative materlals may be used If approved by the Owner,

Material Safety Data Shesls (MSDS) shall be submiited to the Owner prior to delivary of
any chamical matarals to PNPS,
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FABRICATION AND INSTALLATION REQUIREMENTS

GIPP Installation shall be by tho lIner ivarslon proaess with the folowing speciits
requirements, ' ' ‘

The SSW discharge lines shall be cloanad of all dehrls, forelgn malsrial, and blologlcal
matier and inspeoted as described In Saclion 7.0 prior to the CIPP Installalion,

The axlsting "WEKO" seals Inslalied at flangs Joints in the plplng shall be removed,

The exlsting tubber lining and other urethane and epoxy compound coatings and previous
lining repalrs shall be visually sxainined. Loose or damagad lining or coalings shalf be
remaved and the underlylng stesl plpe examined as desoribed In Ssction 7.0 below, It Is
not hecsssaty to repale the rubber lining or coalings,

The CIPP Installatlon shall not bagin unllf the Owner has Inspected and raviswad the final
examinatlon rasulls and any measurements, preparations, or tapalts petformed an the
ex(sting pips, lining, or coatings,

Ths felt liner tube welowt process shall be conducted so as io produce a unjform
distribution of the spoxy or polyasier resin mixture throughoul the tubs,

The wstout process shall not begin untl the Owner has inspeated and reviewed the
processing squlpment to be used for the wetoul, Inversion, and ouring process.

Tha CIPP Insiallation shall be periormad by the Inversion process, The Invarsion
pressure shall be sulliclent to cause the impregnated tube to invert from the point of
Inversion to the point of termination and hold the {ube tight to the plpe wall durlng the
curing process,

A pull tape may be used to augmenl the Inversion process and shall be kepl under tenslon
throughout the Invarslon process lo prevent It from getting trapped under the liner.

Provislon shall be made to produce test samples of the GIPF at the anirance and
termination polnt for each Inversion length of tublng Installed. The sample matertal shall
be cut from & section of CIPP that has besn oured within the SSW pipe or within a ke
dlameter pipe provided at the entrance and iermination of the S8W pipe for this purpose,
Addltional plate test semples may be mads using a clamped moid for a seatlon of
salurated falt, The axlal length required for the sample materlal and the handling of the
samples Is described In Sectlon 7.0 below,

Curing shall be accomplished using dreulated heated waler, steam, ar pressurized heated
alr, The heated alr/waler should be drculated the length of pipe to uniformiy raisa the
terparalurs to effect a cure of the resin. The temperature of the hot supply and retum
waler, steam, or alr shall be monitored during the aciual curlng oonditions, The Supplisr
shall determine the appropriate curlng times and temperatures and Is responsible for
praviding all monitoring and control of the curing parametars,
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[12) The required pressure lo hold the flexible iube tight agalnst ths existing pipe shall be
malntalned untll the cure has bean subsatantially compleled...The-Suppliar shall detemine
the approprlate preaste to bo maintainad during the cuting procsss and Is responstble for
nroviding all monftoring and cantrol ol tha curlng parameiors.

The GIPP shall be coolad lo & tomperature balaw 100°F bafors relleving pressure used
during curing,

End seals shall be Inslalled at the entrance and termination point of the CIPP of the type
deserlbed In Secilon 5.0,

INSPECTION, EXAMINATION, AND TEST REQUIREMENTS

The exlsting rubbst lining and other coalings and previous Iining repairs shell be visually
exanined. Loose or damagad {ining or coatings shall be removed and the underlying
sleal plpe axamined, Any slgnillcant corroston shall be removad and the stes! pipe
thickness conflrmed lo be greater than the minimum required thickness to he pravided by
the Owner. Stes! plpe wall thickness shall be datarmined eithar by dirsct measurement of
the depth of wall loss due o corrosion (measurad as & gap betwaen the lowest point of
tha plt and a prolongation of tha orlginal contour of the plpe) or by ultrasonlc measutement
of the ramalning wal! thickness,

The Owner shall provida an inspection and review of the inltial examination results and
approve the method and materlals to be used for any repalrs or praparations performed
on the existing pips, lining, or coatings,

The CIPP Instaliation shall not begin until the Qwner has inspacted and raviewed the final
sxaminatlon results and any measurements, preparations, or repalrs psriormed on the
exlsting pips, lining, or coatings.

Ptlor to beginning the wetout processing of each tube, the Owner rapresentative(s) shall
verlty that the equipment setup Is capable of ensuring a therough and unlform wetout and
Impregnation of the felt tube with the epoxy ot polyester resin mixture, The Suppller shall
demonstrate the handling and processing of the liner from the wstout through the
somplele inversion and curing process, The wetou! process shall not begin bsfore the
stooessiul complellon of this Owner verification, The Suppller shall demonstrats the
methods of operation for the equipment to the satistaction of the Owner rapresantalive(s).
Aftsr accaptance of tha selup, the Ownar repressniative(s) shall withess the wetout,
Inversion, and curlng process,
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(6]

The linar el ube malerial shall have a reasonably uniform thickness with varlatioha not
greater than 4/-10% of the average flattened tube total thickness with the exoeption of
Jocalized areas that may have & [esset o grealer lhickg_qes ‘over a Widih at the surfaoe
that Is less than the nominal lube thiakness and far any lengih. The fell lube shali be
visuglly examined wilh thlokness maasurements tequired only for araas that are Identiiled
visually or by tactlie means as varying significantly from the average thicknasa, Unlformity
of thickness for the Iiner felt tube materlal Is a critical characteristic that, logsthet with the
physical propery tes!s desorlbad below, provides the basis for acsaptance of the QIPP
installation,

The following physical properties dafined in Section 5.0, as measursd for the test
specimans desctibed below, ars orllical characteristios that provide the basts for
acceptance of the CIPF installation; '

Avetage Thiokness

Flaxural Modulus of Elastlolty
Flexural Strength

Tenalle Strenglh

Tast samples af the CIPP shall be taken al hoth the antranse and termination point aftar
the curing Is completed for each nvarsion length of tubing Installed ae described in
Sactlon 6,0, An amount of sample materfal suitable for the preparation of & minimum of
slx specimens with a minlmum axlallength of 10" as desorlbed below shall be aallectad at
both the entranoe and {ermination paint sample locafions,

Additional plate test samples may be Inoluded uslng a clamped moeld for a saction of
salurated felt, The plaie specimens will be tasted in adidition to the samples desorlbet
above,

Tast sample materlal shali be Immediately marked wlth identification for tracseablilly and
prepared for shipment to a testing laboralory previously agreed to by the Owner,

The thicknass of the cured samples shall be msasurad with a caliper or simlilar devige
priot to shipment. Thickness measurements are only raqulired for the cured test samples
taken from the entrance and termination points, The average thickness of the aurad
samples shall be equal to or greater than the nominal design thickness ({yom) determinad
in the Saction 4,0 analysls,

Test specimens shall b prepared from axially orlented sample materlal with a minimum
length of 10* and an individual speclimen width of 1-1/2" each unless othenwlse agresd to
by the Ownast. .

Flexural testing shall be performed on at laas! three specimens taken at boih the entrance
and termination polnt (totel six specimens) to determine the Flexural Modulus of Elasticity
and the Flexural Strength In accordance with ASTM Standard D790, Testing Is requirad
only for the ilatwise orlentatioh of the specimaens,
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{1a)

[14]

[16)

[16)
[17]

Tenslle testing shall be parformed on at-feast-threa spacimens laken at both ths entrancs
and larmination polnt {total slx spacimens) to determine the Tenslle Strangth In
acootdance with ASTM Siandard D838,

Test specimens may bs preparad by machining the samples, 1l is not required thal the
orlginal Inside or outslde surfacas be retained In the tesl spacimens |f machining s

parformed.

The finished CIPP shall bo napectad by visual oxaminalion over the entire length end
shall be fres of signifisant volds (alr bubbles), dry spots, plte, and oradks,

Any slgnificant imperiections found shall be reporlad to the Owner to be dispositioned.

Yolds (alr bubbles), dry spots, and pils shall prefsrably be rapalred with Belzona 1811
Ceramlc R-Matal epoxy compound, The Inside sutiace mambrane may be removed as
needed to make repalrs, As an alternatlvs, othar epoxy or urethane repair compounds
may be used It approved by the Owner, Repalrs shall ba allowsd 1o oure sufficlently long
at amblent temparature or auring may be acceleralad by heatlng,

Cracks are not parmitted and any affecied areas of GIPP shall be removed by cutting ot
axcavating to completely remove the orack, The area shall preferably be repalred with
Belzona 1311 Caramic R-Metal apoxy compound, Alternative rapalrs may be approved
by the Owner. o »

The CIPP Inversion around bends may result in wrinkies or fins due to malsrial bunching
of the tubs along the Inner radius of the bend and thinning of the tube around the outer
radius of the bend, The wrinklas, fins, ar thinning are not considared to be imperfections
or defects and are accounled for by the design analysls,

HANDLING, CLEANING, SHIPPING, AND STORAGE BEQUIREMENTS

The Suppller shall be responsibie for all shipping end handling of the CIFP malerlals and
supplies, The Owner wil provide & sultable area & of In close proximlty o ths Installation
work slte for the Supplier to set up the work vehicles or temporary struclures necessary
for the storage, handling, and watout process for the CIPP matetials, Ths work area wil

be avallable to the Supplier for the duration of the Installation project,
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QUALITY ASSURANCE REQUIREMENTS

The SSW-dlischargs piping la par of a "Q", Bafaty-Relaled, PNPS Class | system, The
CIPP design, malarfals, inalaflation, Inepactions, festing, and dooumentation are {o be
performed and/or acoepted under Ihe PNPS Nudlsar Quallty Assuranae (QA) program In
accordance with Appendix B 1o Part 50 of Tltle 10 of the Cade of Fedaral Regulations
(10CFRE0 Appendix B},

Dafeats or nohoonformanoas found In the exlsting discharge piplng or the CIFP
installation shall be documented via the PNPS Nonconformance Report (NCR) prooass
for disposition by the Ownat ptiar to any repalr work baing performad,

PNPS Quallty Assurances/Quality Control (QA/QC) persannef shall perform the Inspeotion
functlon and shall perform, reviéw, and/orsonfirm examinations without restriotion fo
ensure that ths Inapeation objsotives havs bean achieved, PNPS Quality Control
personhel shall parfarm examinations direotly and/or Integrate Supplier examinations
and/or use remote means lo complete the Inspeation function,

The CIPP malerlals and nslallation will be contralled as & "Commerclal Grads tem" (CG))
under the PNPS Quallty Assurancs program. This specifloation Idenliftes oritical
charastetistics that will require confirmation by the Owner to somplete the acceptanee of
the CIPP installation, Any psramsler, variable, or characteristic not identifiad In this
speclfication as a "critical characteristic” shall ba monitored and controlled solsly by the
-Buppller,

Final acqeptance of the CIPP Inatallation will require the compistion of the physiaal
property testing describad In Section 7,0, The installed CIPP may be relsased jor S8W
aystemn operatlon Immediately following the satistagtory compiation of the post-instaliation
Inspection, and prior to final acoeptancs, for statlon operation In the cold candiion anly.

GUARANTEE , |
Completion of a GIPP instaliation for whioh the tes| samples adeqguately mest the oritlcal
characteristics defined In this Specification and for which any defsots or nonconformances
have baen sucasssfully disposttioned will fultiil the perfarmance requiraments for this
wotk,
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11.0 CONTROL Of_’ INTERFACE BETWEEN SUPPLIER AND PURCHABER
All cotraspondance lo and from the Suppller shall refetanca the Biituhase Order number,

(1)
(2]

Suppller technlcal Information shall be submiitad to the Owner upon request. The finel
preparation, verlfication, and independent review of a salety-related design caloulation for
the CIPP Installation will be the responsibllity of the Owner,

12,0 METHOD OF ACCEPTANCE

(1

[2)

The CIPP Installation will bs controlled as a *Commerolal Grades ltem" (CGI) under the
PNPS Quality Assurance program,

The Inspection and testing described In Seallon 7.0 shall be the method of accaptance for
the CIPP Installation. Inspections and testing shall be perfarmed by PNPS Quallty Contral
ot an approved PNPS asupplier,

13,0 DEFINITION OF "g"

(1)

Quality Assurancs (QA) deslgnator that, when utllized with ltems or ssrvices/activities,
Ideniifies that QA Program efements are applicable In order to masl 10CFREC Appendix B
regulrements,

14,0 APPLICABILITY OF 10CFR21

{1

The Ownar shali be responsible for any notiflcations pursuant lo Part 21 of Title 10 of ths
Code of Faderal Regulations (10CGFR21) "Reparting of Defects and Noncompliance"
during the CIPP [nstallation process and at any time in the future, This does not praciude
the Supplier from raporting 1o the NRC any known or suspectsd dafeot or failure to comply
with applicable requlrements for this or any other GIPF Installation,
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