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1.0 INTRODUCTION

1.1 The Present Program

The GPU Nuclear Corporation (GPU-N) is engaged in a repair program for the
nuc lear steam generators at its Three Mile Island Unit 1 (TMI-1) generating
plant. A part of that program incluaces the establishment of the long-term
corrosion behavior of steam generator tube samples, from the TMI-1 steam
generators, under a programmed exposure of representative reactor coolant
chemistry and temperature variations. This long term corrosion test (LTCT)
program is being conductea for GPU-N by the westinghouse Electric Corporation
through the Westinghouse Steam Generator Programs Activity which sponsors the
testing operations at the Westinghouse Corporate R ana D (enter.

The purpose of this program, as stated in the GPU-N Short Form Specification
SP1101-22-008, Revision 2, is to demonstrate that the processes of kinetic

expansion and sulfur oxidation during peroxide cleaning and plant operation
will not result in propogation of existing IGSCC or initiation of new 1GSCC.

The GPU-N Specification SP1101-22-008 was transimitted to Westinghouse under a
cover letter of July 13, 1982, by F. S. Giacobbe, Manager, Materials
Engineering and Failure Analysis, GPU-N. That cover letter requested that the
contractor's program incluge two interim reports and a final report. The
present report is the first of the two interim reports which are structured
into the Westinghouse agreements with GPU. This report covers all program
activities from inception into May 1983, as delineated in Section 3.0, Program
Summary.

1.2 Background Discussion

The 2 nuclear steam generators of the TMI-1 facility are the once-through
steam generator (O0TSG) design furnished by the Babcock anu Wilcox Company.

As part of that supplier's manufa “uring seguence, the entire finishea 0TSG 1<
given a stress relief heat treatment, the time and temperature cycle of which
creates a grain boundary chromium depleted (GBCD) microstructure in the
nickel-chromium=iron alloy (Inconel Alloy 600) which is the tubing material of
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the generator. Extensive testing of this microstructure in agueous
environments which can cause elevated temperature faustic stres: corrosion
cracking (SCC) nas demonstrated that the GBCD condition is as least as
resistant as, if not more resistant than, the "mill annealea” conaition to the
typically intergranular caustic SCC form of gegradation (References 1-6).
Other tests have demonstrated that the GBCD microstructure possesses high
resistance to the "Coriou" type of phenomenon, an intergranular cracking
process requiring high stress, or high strain, or a high strain gradient,
coupled with a typically prolonged exposure at elevated temperatures (3.60u'F)
to high-purity water (Reference 7).

The only extensively investigated conditions which demenstrate that the GBCD
condition is selectively susceptible to intergranular forms of degradation are
at low temperatures (at or near room temperature, for example) in aqueous
species which are not representative of normal nuc lear steam generator
environments. Apart from boiling nitric acig solutions (the "Huey" ana
“modified Huey" tests), there exist certain sulfur-containing oxyanions which
can be deleterious in low temperature aqueous solutions to iron-chromium-
nickel alloys in general, if these alloys possess the GBCD structure.- In
these potentially aggressive oxyanions, the oxidatign state of sulfur is less
than 6* (or V1), species such as tetrathionate (5402'), thiosulfate

(szog‘). or "polythionic acig" (HZSXOY) having received attention

in recent years (References 8 and 9). This form of intergranular attack
(whick is selective to and requires the GBCD structure) has not teen
identified for the very common sulfate ion, soi'. however. Definitive
cbservations of the relatively high resistance of the GBCD structure, compared
to the "mili annealea” condition, to intergranular attack in acid sulfate
solutions have recently been published under EPRI sponsorship. These tests,
which used 80,000 ppm NaZSO4 at an initial room temperature pH of 3

(obtained with H2504). showed that the GBCD condition was at least as
resistant as the "mill annealeg” condition of the same heat, in 5000 hour
exposures at 630°F (Reference 10).

The low-temperature reduced sulfur oxyanion attack of GBCD Inconel 800 remains
one of the few cases to which the GBCD condition can be gemonstrated to be
selectively sensitive. A detailed, failure analysis of TMI-1 JT3G tubing
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which exhibited primary-side-initiated intergranular attack and intergranylar
cracking has led GPU-N to conclude that low-temperature sulfur-species attack
was responsible (Reference 11). This conclusion is also supported Dy
additional failure analysis reports (Raferences 12, 13, 14, 15). Both
References 11 and 12 provide possible sources of an ingress of sulfur species
into the reactor coolant system during the prolonged layup of TMI-1, and both
documents address mechanistically plausible chemical scenarios for the
production of an aggressive agueous low-temperature sulfur-bearing species.
It is the TMI-1 OTSG tubing which has had the history outlinea above and
detailed in Reference 11 which is the subject of the current LTCT program.
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2.0 OBJECTIVES

2.1 Primary Objectives

The two initial objectives of the LTCT program are responsive to the GPU=N
Specification SP1101-08-022 and were (1) the determination of the long-term
corrosion and stress corrosion performance of service-exposed TMI-1 OTSG
tubing material from the generators and (2) the identification of any
potential in-plant corrosion issues and the condiiions for such ‘s3sues. The
tests are to he performed using reactor coolant chemistry composition
representing the upper bound of specified limits for contaminants. GPU=N
Specification SP-1101-08-022 provides the chemistry limits and time ana
temperature cycles for the tests.

To meet program objectives four types of specimens were utilized in four
separate test vessels. Specimens consisted of full section, axially loaced
"Lead Test" and "Repair Test" specimens, C-ring, and U-bend specimens. “Lead
Test" and “Repair Test" specimens were prepared from service exposed Unit 1
steam generator fubing which had been removed from tha upper tubesheet
region. “Lead Test" specimens consisted of open lengths of tubing while
“Repair Tests" specimens consisted of tube/tubesheet mockups prepared Dy
explosively expanding tube sections into an outer collar following a procedure
which duplicates repairs performed on Unit 1. C-rings, which were loaded to
place 1.D. surfaces in tension, were prepared from both service exposed and
archive (non-service exposed) tubing. U=-bends were prepared from other
materials used in the fabrication of Unit 1 core structural components. The
test operational sequence and chemical compositions of the solutions usec for
each test simulated conditicns encountered in plant operations and were, with
minor variations, identical in all tests. The only difference between test
environments was that one contained thiosulfate and the remaining three
contained sulfate agditions.

2.2 Additional Objectives

Additional secondary objectives, not originally inclucea in GPU=N
$P1101-08-022 have been igentified and met as the LTCT program and on-site
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operations at TMI-1 have prcceeded. The chief of these secondary objectives
became the development of equipment for and the achievement of the hydrogen
peroxide cleanup of selected 0TSG samples for the subsequent inclusion of such
cleaned samples into the LTCT.

Another secondary objective which is an outgrowth of the preceding cleanup
activity became and is the verification of the performance of stressed alloys
representative of in-core materials when such materials are (1) pre-exposed to
a "conditioning” of reactor coolant (crntaining approximately 100 ppb of

50,4, (2) exposed to the hydrogen peroxide cleanup cycle, and (3)

subsequently exposed for prolonged periods to the "worst case”, but normal,
reactor coolant chemistry programmed by (and identical to) the main LTCT
program,

A third secondary objective was to determine, us1ng Auger electron
spectroscopy (AES), how much sulfur (in ug/cm ) is present within the first
100 nm of the inside (ID) surfaces of GPU-N steam generator tubes that were
conditioned to simulated reactor coolant chemistry at elevated temperatures,
using standaras prepared by ion implantation to calibrate the AES technique,
and X-ray photoelectron spectroscopy (xPS) to identify the sulfur compound(s)
present.
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3.0 PROGRAM SUMMARY /PLAN

The program plan has undergone several iterations, modifications and
alterations of scope since its inception under the original GPU=N
specification SP1101-22-008. As presently structured, the program consists of
three principal elements.

1. Two extended duration "Lead Tests" using "Lead Test Samples", as definea
in GPU=N SP1101-22-008. These tests started in October, 1982, and are
continuing.

2. A hydrogen peroxide cleanup run to simulate the treatment of the TMI-l
primary system. This test applied to two "Repair Test Sanples” and one
" ead Test Sample”, as defined in GPU-N $P1101-22-008, .and “Core Material
Samples”, as described in this report. It was completed in Marcn 1983.

3. Two add‘tional “Lead Test Type" extended-duration corrosion tests using
the “Repair, Lead, and Core Material Samples" of Item 2, preceding.
These tests started in May 1983 ana are continuing using the same "Lead
Test" operational sequence as the [tem 1 tests.

The present report encompasses Item 1 through May, 1983, and the entirety of
Item 2. Item 1 remains in progress and [tem 3, as noted, is underway.

[tem 1, the two long-term “Lead Tests", follows essentially the plan
originally given in GPU-N $P1101-22-008 and has consisted of two tests which
differ only in the make-up sulfur-dosing species to the otherwise normal
reactor coolant simulated chemistry (Li, B, H,, etc.). Test 1 uses
thiosulfate and Test 2 uses sulfate. Both sulfur anions are at trace levels
(100 ppb, nominally). Both tests follow the same operational sequenccs which
are:

(1) Hot Functional Test (HFT) Stage

(2) Cycle
(3) Cycle 2
(4) Cycle 3

(§5) Cycles 4-€.
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giffer the amount of B,

in the test solutions and which are

This report ccvers the 2 leao iests, item 1, from inception througn the AF

and further through Cycles 1 ana 2. As noted, the report also covers the

thereby delineates

hydrogen peroxide cleanup testing, Item 2, and, as such,
the test matrix (of samples) which constitutes item 3, the in-progress lead

test type program with the peruxice-cleaned samp les.




4.C FACILITIES DESCRIPTION

4.1 Once-trrough System

The once-through system snown schematically in Figure 4-1 ang in tne
photograph of Figure 4-2 15 the basic apparatus used for all long term
corrosion testing of GPU=N OTSG Inconel tubing. The basic element of this
apparatus is a standard Autoclave Engineers 2-liter, bolted closure autoclave,
which contains the test specimens. These specimens, which are samples of
axi#11y loaded GPU-N 0TSG Inconel 600 tubing, and cans of C-ring or U-bend
samples (depending on the individual test specifications), are plumbea for a
series flow of solution upward through the samples. Entry ports
(feed-throughs) in the autoclave head provide tne means of nitrogen gas
pressurization of the bellows of the specimen loading fixture as weil as entry
and egress of the tubing which cérries the test solution to and from the
specimens.

The first item in succession of the flow-through apparatus is a stainless

. stee] makeup tank (MUT) with a nominal 70 1 capacity, which is filled with

50 1 of the test solution. The MUT is equipped with a sight tube to monitor
the liquid level of the test solutions, and ports to provide means of soluticn
exit, sparging, and pressurizing (gas overpressure). The secong item in
series, following the MUT is a Whitey Model LP10 feed pump which is adjusted
to maintain a 100 mi/h (ideal) flow of the test solution through the system.
The *est solution flows through . check valve, into the autoc lave, internally
through the specimens, and exits the autoc lave through a cooler composea of
coiled stainless steel tubing. The cooler effluent discharges through a
Contrc’aatic back pressure (8P) regulator, which provides the method of
regulating the solution pressuve. Located down-stream from the BP regulator
is a tap for offluent sampling and, piped in parallel, a flow meter (FIM) %o
measure system flow rate. Finally, the effluent is collected, monitored ana
gisposed of in accordance to Nuclear Regulatory Commission reguirements.

Ports on the autoclave body are used for filling, evacuation, sparging and for

the attachment of the rupture disk (R/D) ana BP regulator necessary for
controlling the autoclave pressure. Both the autoclave rupture disk and the
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8P regulatcr are 2lumbec to the radiation monitored collection drum for safety
in event of an overpressure release.

The autoclave is heated by means of external clamp on resistance heaters.
Norwal safety and control equipment are used with each autoc lave system.

This basic system has been used to conduct both the HFT and Lead Test
Operations Cycles 1 and 2 (CFDA-82-353 and CFDA-82-370 respectively) for Leaa
Tests 1 and 2. The detaiied operating proceaures fcr HFT ana operations
cycles are presented in Appendix 10.1 and 10.2, respectively.

4.2 Recirculating Peroxide Loop

It is planned to expose the primary system of TMI-1 to a hydrogen peroxige
solution to ensure that any residual sulfur species will be oxidized to the
sulfate form prior to system heat up. GPU=-N elected to have the test
specimens for Tests 3 and 4 of the existing program also exposed to this
peroxide clean up operation.

In order t> accomplish this, the once-through systems of Tests 3 and 4 were
modified to produce a series recirculating system. Additional changes to the
loop system during the peroxide cleaning cycle were made to improve operating
efficiercy or to meet contingencies. The peroxide (HZOZ) loop cleaning
system, in its final form, is delineated in Figure 4-3, and shown
photographically in Figure 4-4.

In essence, the Hzoz loop consisted of two once-through systems in a
seriss loop fea by a single make-up tank. As previously describea for the
once-through system, the flow of the H202 cleaning solution tnrough the
GPU test snecimens within the autoclaves was in a series configuration.

The circuit flow from the MUT, through the autoclave and back tc the MUT 1s
strajcat-forward. The test solution is pumped from the MUT by a circulation
pump at the rate of =7 1/h. A rupture disk, plumbea to return the iest
solution to tha MUT in the event of over pressurization of the system s
located dowastream from the pump. It is followed Dy a stainless steel surge
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bottle half filled with inert gas, the function of which is to dampen pressure
fluctuations resulting from pump operations. The test solution, which is
pre-heated by flowing through a regenerative heat exchanger and heating tape
cnavered tubing prior to entering the first autoclave, flows serially through
the GPU=N specimens and exits the autoclave. The sclution flow through the
second autoclave and GPU-N specimens is similar to that of the first
autoclave. After leaving the second autoclave, the hot test solution again
enters the regenerative heat exchanger, with the purpose of heating the
sclution aboul to enter the first autoclave. Following the regenerative heat
exchanger in the loop in the order stated are a cooler, a BP regulator to
control the test solution pressure, a flow meter, a 4-way valve, a chemical
addition system, and the MUT. The normal solution flow direction is upwara
through the stainless stee] chemical addition pressure vessel to assure
complete addition of the chemicals.

It is appropriate to note the valving arrangements at the autoc laves which
permitted preconditioning of the loop tubing with the autoclaves and samples
isolated. Also note-worthy is the tubing from Autoclave 4 to the MUT return
line, necessitated by the leakage of a Repair Test sample tube weld. This
circuit returned to the MUT the very small volume of solution oassing through
the weld defect and, thereby, maintained the aP across the tut ‘-onstant.

One of the first revisions to the apparatus was the agdition of an »utomatic
chemical injector which allowed continuous addition of hydrogen peroxide
(Hzoz) to the loop and eliminated the need for discrete hourly manual

HZO2 adgitions. 1t was also necessary to add a recirculation pump to

assure rapid mixing of all chemical additions to the system.

Other valving and port arrangements in the chemical addition and loop system
permitted pressurization, evacuation, and chemical pressure vessel arainage

when necessary.

The final system was a prnduct of continuous refinement and improvement
throughout the 500 hour peroxide cleaning (exposure) operation.
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Figure 4.4. Hydrogen Peroxide Loop System Consisting of Two Autoclaves Containing
Specimens Assembied for Seres Flow
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5.0 SPECIMENS AND ENVIRONMENTS
5.1 Materials

Test materials included Inconel 600 steam generator tubing and various reactor
core materials. The steam generator tubing was supplied by GPU-N either as
sections removed from TMlI-1 or as archive 0TSG tubing. Tubes from TMI-1 were
supplied both with and without eddy current detected defects. The defects
were ID-initiated, circumferential cracks, some of which were through-wail.
Tubes for full size specimen testing were received with end pieces welded on.
The archive tubing previously had been mill annealed plus stress relieved at
1150°F for 18 hrs.

Photographs of the as-received tubes are shown in Figure 5-1. The
identifications of the full size tubes are given in Taple 5-1. Table 5-2
presents the identification of material used to make C-rings.

The compositions of the reactor core materials used to prepare mini-U-bends
are given in Table 5-3. The only material that could not be traced to a heat
number and composition was wire which was labeled 308L. An analysis made on
the scanning electron microscope with the energy dispersive X-ray spectrometer
(EDS) was consistent with the wire being 308L. In Table 5-4 are given the
alloy supplier, heat number or heat treatment code, and alloy form. The heat
treatments used and the mechanical properties are tabulated in Table 5-5 anag
the coding of the specimens in Table 5-6. A1l heat treatments Dy Westinghouse
were in dry hydrogen.

5.2 Sample Configurations

Specimens were configurea as stressed, full size tubes, C-rings ana U-bends.
The full size tubes were supplied by GPU=N in either a "lead" or "repair" test
configuration.

§.2.1 Full Size Tubes In the present LTCT, the "Lead" specimens correspond
to the free standing tubes in the steam generator while the repair tests
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simulate explosively expanded tubing within and just below the tubesheet. All
of the specimens were lead type except 894-27 (1/2 to 6-1/2).

Both types of specimens were tested under a 500 pound ~.ad except auring
temperature cooldowns to ambient when the load was increased to 1100 1bs.
These loads are representative of thcse which woulo exist on OTSG tubes aduring
operation and normal ccolaowns, respectively. Loads were obtained with a
bellows actuated rig which allowed remote adjustment at any time.

Photographs of Lhe bellows assamblies for each specimen type are shown in
Figures 5-2 and 5-3. By pressurizing the bellows, an axial tensile load can
be placed on the tube. Each bellows assembly was calibrated prior to use Dy
pressurizing to 3000 psi and measuring the resulting specimen def lection.
Specimen load was then be calculated from the elastic nodulus and dimensions
of the tube.

5.2.2 C-Rings Irnconel C-rings were made from 3/4" lengths of tubing per the
schedule shown in Table 5-C.

After transversely cutting, each specimen was drilled to take a loading stud
and then slotted. The loading method is illustrated in Figure 5-4. An
Inconel 600 stud protruded from a hole in the tube at 90° to the desired
stress location. The stud was held in place with a nut inside the tube ana a
locating depression diametrically opposite the stud nole. The C-ring was
loaded by turning the stud while holding the nut stationary.

After loading the C-ring, a second Inconel 600 nut was used to lock the stud
into place.

Three archive and four service tube C-ring specimens were strain gaged to
deteymine the relationship between specimen strain and opening displacement.

Initially, a biaxial gage was applied tu an archive spacimen with the
following results:
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This test indicated that the axial strain component was insignificant. Only
uniaxial gages in the circumferential direction were applied Lo the remaining
spec imens.

An LVDT-based diameter measuring device was developed and calibrated for
determining specimen displacement. Using this device the strain vs.
displacement curves shown in Figure 5-5 were determined. Displacement was
1imited to 7 mils to avoid gross plastic deformation of the specimens.
Subsequent tests verified that the strain vs. displacement relationship

remained linear to at least twice this displacement value.

8asea on the minimal scatter shown in the strain gage data, all specimens were
loaded to a displacement of 13.7 mils prior to autoclave exposure. This value
was extrapolated from Figure 5-5 to meet the request of GPU=N to strain the
C-rings to 0.25 percent (2500 wu strain).

A1l C-rings were weighed to the nearest 10 ug and macrophotograpns of the

stressed ID area were taken.

The test configuration for the 0D loaded Zircaloy 4 C-ring is shown 1n
Figure 5-6. The specimen deflection used was 0.08 inches which 1s about

25 percent abov~ the yield strain of the material. Type 304 stainless steel
bolts and nuts were used to load the Zircaloy 4 C-rings.

)

5.2.3 U-Bend Specimens Varicus reactor core materials were incCiuded

gexperiment as miniature U-bend specimens.




The blanks for mini-U-bends were approximately 1.5" x 0.25" x 0.030". Fer
specimens with welds, the filler metal was deposited by the TIG process at a
location corresponding to the eventual ape: and eiement of the U-bend. A
U-bend was made by bending the blank around a 1/8-in. diameter mandrel and
bolting the legs parallel with an austenitic stainless steel nut and bolt.

Figure 5-7 is a photograph of all of the U-bend specimens.

§.3 Test Solutions

5.3.1 Lead Test Solutions The preparation of the Lead Test solutions
followed a systemized procedure which is briefly summarized here. A
comprehensive description of the Lead Test Solution preparation is given in
the Appendix 10-3.

Stock solutions were prepared from the reagent grade salts of lithium
hyaroxide monohydrate (LiOH.HZO). sodium fluoride (NaF), sodium chloride
(NaC1) sodium thiosulfate pentahydrate (Nazszo3 'SHZO) and sodium
sulfate decahydrate (Nazso4 'IOHZO).

The nominal concentrations of the stock solutions were 5000 ppm Li’,
1000 ppm F~, 1000 ppm C17, 1000 ppm 520'3'. and 1000 ppm S0, ~.

In preparing an individual Lead Test solution, a weighed amount of United
States Borax and Chemical Company Special Quality boric acic was dissolved in
deionized water in a polyethylene holding tank. Aliquot volumes of the Li,
and SO4 (or 5203, gepending on the test solution) stock solutions were

added and the solution in the holding tank was deaerated by sparging with
nitrogen. Prior to transfer of the test solution from the holding tank to the
MUT, and just prior to the test startup, a weighed amount of 65 percent
aqueous solution of hydrazine (NZHd) and an aliquot volumes of F~ and

€1~ were added to an in=-line addition vessel. During the transfer process,
these species are mixed with solution from the holding tank and flushed into
the MUT. This procedure was used to minimize the loss of hyarazine and to
avoid adsorption of F~ and C1~ on the walls of the polyethylene holding

tank.
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The nominal chemical compositions for the individual Lead Test solutions are
given in Table 5-7. The sulfur species for “Solution 1" (GPU-N designation)
is exclusively thiosulfate as shown in Table 5-7; for “Solution 2" it is
exclusively sulfate,

5.3.2 Hydrogen Peroxide (gzgz) Solutions The 500 hour pre-operational
exposure of the GPU-N specimens to hydrogen peroxide solution was performed in
a recirculating loop system according to the detailed operating procedure
delineated in Appendix 10-4.

The initial composition of the 50 1 of solution in the MUT consistea of

2350 * 50 ppm boron (as H,B803), 1.8 to 2.2 ppm lithium (as LiOH) ana 0.100

+ 0.05 ppm sulfate (as Na2504). The lithium ana sulfate (sod) were

added as aliquots of the stock solutions described in Section 5.3.1. The pH
of this solution was adjusted to 8.0 - 8.2 with concentrated (28 - 30 percent
NH3) ammonium hydroxide (NH40H).

Hydrogen peroxide (HZOZ) initially was added manually to the loop in

hourly increments. Subsequently an automatic, chemical adgition system was
used to make periodic additions of a 50,00C ppm HZOZ stock solution. The
peroxide stock solution was prepared Dy weighing 166.7 g of Perone*30 tG
hyarogen peroxide 30 percent HZO2 by weight) into a 1 liter volumetric
flask and diluting to volume with water. All of the water used for solution
preparation and dilution was high purity deaerated deionized water, with a
conductivity of = 0.1 mho.

Other procedures required for test operation during the peroxige exposure are
also founa in Appendix 10-4.

* £. |. DuPont de Nemours, Inc., Industrial Chemical Division, Wilmington, Del.
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Tube

A24-94
A13-63
Bl16-22
A88-7

Al6-69
A24-94
894-27

(1) Dimensions from original top of tube in the 0TSG.

TMI-1 FULL SIZE TUBE IDE'.(IF ICATION

(1)

Section

19-5/16" - 25-7/16"
11" - 20-9/16"

52" - 59"

2" - 9-3/4"
6-1/2" to 12-1/4"
6" - 42"

4-1/2" - 10-1/2"
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Table 5-1

Heat No.

M2409
M2408
M28C0
M2560
M2345
M2409
2869

Defect Location(l)

None
16"
None
6"
gw
None
None



C-ring

Number Tube
1Al A 88-7
1A2 A 88-7
1A3 A 88-7
1A4 8111-62
1AS 8111-62
1A6 glll-62
181 A 24-94
182 A 24-94
183 A 24-94
184 A 24-94
185 A 24-94
101 8 94-27
2A1 A 13-63
2A2 A 13-63
2A4 A 13-63
2AS A 13-62
281 8 16-22
2B2 8 16-22
283 8 16-22
284 B 16-22
285 8 16-22
286 8 16-22
105 8 34-19
106 8 34-19
107 8 34-19
108 8 34-19

(1)

Dimensions from original top of

Table 5-2
INCONEL 600 C-RING MATERIAL IDENTIFICATIOUN

Location(l)

9-3/4" - lz-1/4"
9-3/4" - 12-1/4"
9-3/4" - 12-1/4"
237-5/8" -240-5/8"
237-5/8" -240-5/8"
237-5/8" ~240-5/8"
25-7/16"~ 30-13/16"
25-7/16"~ 30-13/16"
25-7/16"~ 30-13/16"
25-7/16"- 30-13/16"
25-7/16"- 30-13/16"
18-1/2" - 24-1/4"
20-9/16"~ 23-9/16"
20-9/16"- 23-9/16"

38-1/8" - 42-1/8"
8-1/8" - 42-1/8"
s9" - 64"
59 - 64"
59" - 64"
59" - 64"
59" - 64"
59" - 64"
10-1/2" - 14-1/2"
10-1/2" - 14-1/2°

10-1/2" - 14-1/2"
10-1/2" - 14-1/2"

s1ot(2)

Angle Heat
180° M2560
270° M2560

0° M2560
90° MZ560
180° M2550
9"* M2560
180° M2409
270° M2409

0° M2409
%0° M24CY
180° M2409
180° MZ28b9
180° M240&
270° m2408

0° M2408
%" M24U8
180° M2800
270° M2800

0* M2800
%0° MZz800
180° M2800

0° M2800
130° M2869
270° M2869

0° 2869
180° M2869

tube in the 0TSG.

(2) Location of C-ring cutout, per GPU-N reference angles.
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Looking down tube, the angle increases clockwise with 0°

90° at 9 o'clock, 180° at 12 o'clock, etc.
180° from the resultant maximum stress on the C-ring.

at 6 o'clock,

The slot (cutout) occurs



Table 5-2 (Continued)

C-ring s10t(2)

Number Tube Location( 1/ Angle Heat
201 A 16-69 o - 6-1/2" 180° M2345
202 A 16-69 g - 6=1/2" 270° M2345
203 A 16-69 ge - 6-1/2" Q* M2345
1E1 Archive Material M232u
1E2 Archive Material M2320
1€3 Archive Material Mz320
14 Archive Material mM2340
1ES Archive Material Mz 32U
1E6 Archive Material M2320
1£7 Archive Material mM2320

p1a1(3) A62-8 g - 11" 0° M2560

P1A2 A62-8 5" - 11" 90° Mc560

P1A3 A62-8 5" - 11" 130° M2560

P1A4 A62-8 5" - 11" 270° M2560

P1AS A62-8 " - 11" 0° M2560

p2D1 A12-62 4 - 84-1/2" . 0° M2345

P2D2 AlZ-62 o - &]1/2% %0"* M2345

P2Al A37-29 49-1/2" - 54-1/2" 0° M2408

P2A2 A37-29 49-1/2* - 54-1/2" %0° M2408

P2A3 A37-29 49-1/2" - 54-1/2" 180° M2408

P2Ad A37-29 49-1/2" - 54-1/2" 270° M2408

P2A5 A37-29 49-1/2" - 54-1/2" 0° M2408

P101 834-19 p-1/2" - 10-1/2" 0° M2869

P1D2 834-19 6-1/2" - 10-1/2" 90° M2569

P103 834-19 6-1/¢" - 10-1/2" 180° M2869

P1D4 834-19 6-1/2" - 10-1/2" 270" M25039

P10DS 834-19 6-1/2" - 10-1/2" 0° M2869

i precodt

(3) Specimens with a "P" prefix were received treated witn I anc
exposed to debris from the explosive expansion.
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Alltny

Inconel X-750

17-4 pH 0.038

410 0.11

304 0.061

JOBL*

Inconel 600

Inconel B2

.
approximate composition

Compos it lons

L0}

L0009

LA

L0077

y. 004G

Fable 5.1

of Alloys Used to Prepare Minl-U-Bends

(vaives o welght 2)

Ele moent

Al

0.70

19.0
Lo

21.0

15.40

19.04

Ta

1.01

0.31

0.017

0.031

0.045

Other

0.2) Mo
0.025 N

0.24 Mo

0.42 Mo
0.10 N




Alloy

Table 5-4

ALLOY SUPPLIER, HEAT NO., AND FORM

Supp lier

Inconel =750

17-4 pH

410

304

308L

Inconel 600

Inconel 82

Zircaloy 4

Universal Cyclops Corp.
Pitisburgh, Pa.

JOSLYN Stainless Steel,
Fort Wayne, Inc.

Carpenter Technology,
Reading Pa.

Jessop Steel Co.,
washington, Pa.

williams and Co.,
Pittsburgh, Pa.

Huntington Alloys, Inc.,
Huntington, West Va.

“eat No. or
Heat Treatment
Coge Form
Q902 Plug machined

from bar stock

Heat No. 8058l Bar stock
(2.5" dia)
Heat No. 829985 1" plate
Heat No. 30653 Plate
- Wire
Heat No. NXS34¢ Plate
Heat No. 72980 Wire

Data Proprietary - Stress annealed similar to B+W tubing.
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Table 5«6
ALLOYS AND U-BEND CODING

Coding of
Alloy Mini-U=Benas

Inconel x-750 Q-11
Q-12
17-4 pH A=l
A=2
410 g-1
B2
304 C-1
(1150°F/7 h) C=2
308L Filler Meta!l 0-1
on 304 (as required) 0=2
Inconel 82 Filler Metal E-1
on Inconel 600 -2
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Table 5-7
LONG TERM CORROSION TEST SPECIF ICATIONS

B

ies
No.

Boron (H3BO3) 2 100 ppm B
Lithium (LiCH) . 0.7 ppm Li
Thiosulfate (Nazszo )* : .15 ppm SO4
Svifate (Na2 804)
Chloride (NaCl) 0.5 .15 ppm C1

Fluoride (NaF) 0.5 - .15 ppm F 05 - .

pH 5.0 = 7.5 5.0 = 7.5
Hydrogen 15-40 cc/kg 15-40 cc/kg
Hydrazine (Nzna) 2-10 ppm 2-10 ppm
Oxygen < 10 ppb < 10 ppb

*Specified as sulfate equivalent

CYCLE
Preconditioning
HET

First Cycle

un
o

wn
o

Second Cycle
Third Cycle
Fourth Cycle

Fifth Cycle

EEERESEEERE N ER R

Sixth Cycle (which ends the test)
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6.0 OPERATING HISTORY

The operating parameters for the long term corrosion anrd peroxide cleaning
experiments were specified by GPU-N to simulate expected operating parameters
of the Thi-1 steam jcnerators. The experiments consist of maintaining
pressurize? flow of solution through the specimens while varying temperature
and the appiied load on the full size specimens.

Two autoclaves have been used for the LTCT program. Autoclave 2 corntained
spec imens exposed to sulfate chemistry and Autoclave 1 contained specimens
exposed to thiosulfate chemistry. Autoclaves 3 and 4 were operated in series
for the peroxide experiment and have been converted into once-through Tong
term corrosion apparatus for exposure of specimens exposed to the 500 hour
peroxide treatment.

6.1. Test Parameter Recording and Control

6.1.1 Temperature - Proportional type controllers regulatea current to

autoc lave heaters. The indicating thermocouple was placed in a well inserteg
through the head into the autoclave water. The control thermocouple was in
contact with the autoclave 0D within the space envelope generated by the band
heaters.

Typical temperature variation was + 5°F. Temperatures were recorded aaily.

6.1.2 Pressure - Specimen ID and 0D (autoclave) pressures were equal aque to
leaks in the specimen package. The pressure was developed and maintained with
a high pressure diagram pump and a mechanical back pressure regulator. The
test system pressure was maintained x20 psig.

The bellows gas pressure used to maintain specimen load was controlled to
within *+20 psig which is equivalent to about *10 1b on the specimens. Since
the response of both specimens in an autoclave was slightly different, ague t0
slack in the loading system, total specimen load may have variea *10 percent
from specification.
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6.1.3 Flow Rate
Solution flow rates were typically 100 * 50 cc/hr. Some deviations occurred
during temperature cycling; these were compensated for by adjusting the

pumping rates where possible.

6.1.4 Record of Test Parameters

Monthly tabulations of recorded temperatures, prassures and flowrates for
Tests 1 and 2 are presented in Appendix 10.5. This apperdix also contains
plots of the measured temperatures and pressures for these tests.

6.2 Loop Cleaning and Preconditioning

Upon the completion of construction of each autoclave loop system, a perioa of
cleaning and sulfur preconditioning was undertaken prior to LTCT operations.
The pre-operational system flushing and cleanup was accomplished by pumping
high purity demineralized water from the MUT through the system with the
autoclave at 600°F. ODuring the cleanup, test samp les were not placed in the
autoclave with the result that the flushing process also cleaned the internal
autoclave surfaces. The effectiveness of the hot water flush was determined
by evaluating the results of periodic conductivity and chloride ion analyses.

The following values are typical of those found for the makeup water used
during the flushing process: conductivity <0.5 umhd, C1" < 1loppb, F- <1
ppb, SO = 1 ppb. Flushing was terminated on Loop No. 2 when a C1~
concentratxon of 0.2 ppm and conductivity of 6 umho was achieved. When
flushing was terminated on Loop No 1 the following concentrat1ons in the loogp
effluent were measured: F~ = 1 ppb, C17 = 4 ppb, 504 = 9 ppb.

Ouring preconditioning, a length of stainless steel tubing was placeg in the
autoclave and fastenea to inlet and outlet ports on the autoclave head.
Preconditioning solutior, therefore, flowed thrcugh this tubing and dia not
contact the autoclave internal surfaces. The “preconditioned” stainless
tubing was subsequently used to prepare the sample train used in the
respective LTCT exposures.
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Both autoclave loops were preconditioned at 600°F with solution identical to
that used in the Test 2 HFT cycles. Flow of preconditioning solution was
maintained until an effluent SOi concentration > 90 percent of the

influent value was achieved. Three to five days was required to precondition
test systems.

6.3 Autoclave Loading

Test specimen identification for each autoc'ave is shown in Table 6-1. All
C-rings and U-bends were placed in cans in series flow w:ih the full size
tubes. A typical package of specimens is shown in Figure 6-1.

The total load applied to a tube specimen is the summation of the load applied
by the bellows and the load resulting from the pressure differential across
the tube wall. Since it was originally intended to operate each test system
with a aP across the specimen walls, procedures were written which reguireg
that the bellows pressure be adjusted to compensate for changes in pressure
across the tubing wall auring thermal transients and, therefore, woulad .
maintain the sample load constant. However, during heatup it was noted that
the primary to secondary aP decreased more rapidly than anticipated and
eventually became zero due to primary to secondary system leakage through
defects in the test specimens. Ouring heatup the next effect of through-wall
leakage and thermal expansion of the secondary fluid was the graaual
elimination of the aP and establishment of a single phase (solid) secondary
system. Until the secondary system was solid, this required that the bellows
pressure be increased to maintain a constant sample lozd. But once the system
was solid, specimen load was controlled solely by bellows load. Controlling
specimen load during cooldown became so experimentally difficult that it
required almost continual monitoring and control. This resulted from the fact
that the leak rate through the tube defect was variable and insufficient to
compensate for the contraction of water during cooldown.

A modification was therefore made to each of the four test systems which

simplified the control of specimen load. The modif ication consisted of
installation of a bleed line from the primary system to the autoclave or
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secondary sige. This line permitted the primary solution to fill the
autoclave and maintain a solid secondary system at the same pressure as the
primary system throughout the entire experiment. Elimination of the &P across
the tube permitted the specimen load to be controlled by only the bellows
loading system,

6.4 Long Term Corrosion Experiments

The two autoc laves wzre operated as long term corrosion experiments 1 ana 2.
The experiments consist of a hot functional test (HFT) of about one month
dquration followed by a series of six two months operational cycles with
varying solution chemistry. During each phase the system temperature and full
size specimen loads were varied to simulate actual steam generator operating
conditions.

The detailed test sequences for the HFT and operating cycles are presented in
Appendix 10.1 and in 10.2, respectively. DOuring heat up and while at
temperature the full size specimen loads were maintained at 500 1b. At the
beginning of each cool down to ambient, the load was increased to 1100 1bs ana
held there until the final temperature was reached. The load was then;reaucec
to 500 Ibs., except at the end of the cycle where it was reduced to 0.

Figure 6-2 is a stylizea curve of the temperature vs. time regime for the HFT
cycle of the GPU-N lead tests, and as such is an idealized representation of
the cycle for both autoclaves 1 (Leacd Test 1) and 2 (Lead Test 2). Figure 6-3
is a also a stylized curve depicting the ideal thermal profile for all of the
subsequent operating cycles of both GPU-N Lead Tests.

The departure of the temperature from the ideal curve was minimal in the
ramping, cycling, and steady state stages of the HFT and operating cycles.

Computer generated Zurves and tables for the actual operating parameters of

Tests 1 anc 2 through the HFT and first two operational cycles are presented
in Appendix 10.5.
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water samples were withdrawn from the make-up tank and autoc lave eff luent
after each new batch of make-up water was adaed (=3 weeks) and two weeks
thereafter.

6.5 Autoclave Operational Variations

Both autoc'aves operated through the first cycle with little deviation from
specifications. One general variation was the adjustment of the test
sequences to conform to a five day work week. For example, Step 6 of the
onc-ational sequence (see Appendix 10.2) requires 10 continuous days of
temperature cycles. These cycles were interrupted during week ends. The test
temperature at the end of a work week was maintained through the weekend. At
.the beginning of the next work week, cyciing was reinitiated as prescribed in
the test sequence.

Test 2 was started before a technique was developed for measuring specimen
load from bellows pressure. Ouring the HFT it is estimated that loaas were
actually 200 1bs low in the specimen. Also, for this autoclave one bellows
failed during the pressure increase proceeding the cooldown to ambient for
both the HFT and Cycle 1. After each bellows failure, tne system was opened,
the bellows replaced and the remainder of the test continued according to the
test specification. The next effect of the bellows failure was loss of loaa
during the cooldown from 600 to 140°F. The bellows failure did not occur
until most of the load increase was achieved with the result that the tubes
were subjected to most (but not all) of the high stress at 600°F. The effect

of this deviation from the test specification on the tube integrity can not be
assessed.

Examination of the bellows indicated [D initiated stress corrosion cracking as
the cause of the failure. Failure was, therefore, from the gas sige and not a
result of exposure to autoclave water. Residual moisture and chlorige
contamination were suspected in the failed bellows. A1l bellows internal
surfaces were subsequently washed in high purity water and thoroughly dried
before use.
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Minor deviations from specifications are recorded in gaily record log books on
permanent file in the Westinghouse Research Center Remote Metallographic
Laboratory.

6.6 Chemistry Monitoring During the HFT, First and Second Operating Cycles of
Lead Test 1

During the performance of the various test cycles, analyses of MUT solutions
and effluent solutions, which had passed through or over the test specimens,
were routinely performea. The intent was to control MUT chemical
concentrations within specified limits and monitor effluent solution levels to
determine what changes may have resulted from exposure to the test specimens.
The results of these analyses would provide documentation of the chemical
composition of the test solutions during each of the exposure periods.

MUT solutions were prepared as described in Appendix 10.3 (Section 10.3.2)
from concentrated stock solutions which in turn were prepared as described in
Appendix 10.3 (Section 10.3.1). MUT solutions were always prepared from stock
solutions whose concentrations had been verified Dy chemical analyses.
However, due to the time delay between sampling and analyses of MUT solutions,
no adjustments were mace in make-up tank compositions based on the results of
chemical analyses of MUT samples. In most cases, make-up tank solutions were
completely consumed prior to receipt of the results of chemical analyses on
samp les withdrawn shortly after their preparation.

The analytical chemistry results for samples collected from Lead Test 1 are
given in Tables 6-2, 6-3 and -4 for the HFT, first and second operating
cycles, respectively. The data in these tables shown that no difficulty was
encountered in maintaining either MUT pH or dissolved oxygen within control
limits. Minor deviations in lithium and boron target concentrations were
observed during both cycle 1 and cycle 2. These variations may have arisen
from operational considerations between and during cycles.

Between each operational cycle, the MUTs were backflushed with deionized water

and drained pr-or to filling with freshly prepared MUT solutions. If the MUT
had been incompletely drained following the flushing operation, the new MUT
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change would be diluted by any unremoved flush water. The location

drain value on the MUT (in the side rather than the bottom of the tank; m
incomplete removal of flush water a propable event resulting in a decreas
both lithium and boron in some cCases.

Likewise there was at least one operational variation which coula have
resulted in an increase in chemical concentrations of these species. After
preparation, each MUT solution is sparged with inert gas to remove aissolved
oxygen. If the sparging rate or length of sparging time varied between MU]
preparaticns, concentration of MUT nonvolatile species may have resulted Dy
loss of water vapor, carried off with the sparging gas. Either of these Two
events or some combination of these events may nave occurred and caused the
observed variations in targeted MUT concentrations.

Minor difficulties in control of boron concentrations became apparent as tne
concentration and the corresponding control band for boron decreased. The
relatively narrow control band for boron established at the lower noninal
boron concentrations appears to be an unreasonably tight control band in the

small volume test systems employed in this program. Broadening of this band

snould be considered in subsequent cycles.

fluoride, chloride and thiosulfate were to De controlled at low pph leveis 1n
this test. Extreme difficulty was encountered with control of the MUT
fluoride concentrations. Experience in toth Lead Test 1 and 2 showed that,
although required volumes of the analytically verified fluoride stock solution
were added to the MUT, low resulting fluorice concentrations were observed.
This was attributed to adsorption of fluoride on the walls of the
polyethlylene holding tank. The oractice of acdding F~ directly to the
stainless steel MUT during transfer of soluton from the polyethien2 holaing
tank was adopted to attempt to minimize adsorption, but this practice nhas
oroved inadeguate in Increasing MUT fluoride levels. Adsorption of fluorige

on the stainless steel MUT walls is also thought to be occurring.

Some aifficulty was also encountered 1in controlling chlorige at the desirec
MUT levels. Although chloride levels in tae MUT were within the targeted
control band duing the HFT cycle of Test 2, MUT chlorige concentration

the HFi and second operating cycle were frequently a factor of two




Although the targeted thiosulfate level in this test (0.0585 ppm) was only
slightly above the limit of detection of thiosulfate by the ion
chromatographic analysis methog, no thiosulfate was detacted in any MUT or
effluent samples. Although sulfate was routinely detectea in effluent
samples, the level of sulfate in these samples decreased with time during each
cycle. It can not be determined whether the observed sulfate was derived from
thiosulfate or was simply a result of specimen (or specimen train) sulfate
contamination.

Initial effluent samples were extremely high in fluoride, chloride and sulfate
in each test cycle. Values for these species did decrease with continued
exposure to fresh MUT solutions and eff luent concentrations gradually
approached those of the MUT solutions. This is attributed to contamination of
the specimens and specimen trains during post exposure visual examinations.
This contamination occurred despite strict compiiance with operational
procedures and techniques designed to minimize contamination. The highest
effluent levels were observed in the initial effluent sample taken during the
HFT cycle. Since the full length fg&zﬂgpecimens received no pre-test rinsing
and since some specimens received EEMEEM treatment, this high initial
effluent values are not unreasonable. |

Overall deviations from targeted concentrations have not been great and are
not expected to have a major impact on tube corrosion.

6.7 Chemistry Monitoring During the HFT, First and Second Operating Cycles of
Lead Test 2

Tables 6-5, 6-6 and 6-7 are tabulations of the analytical chemistry results
for water samples withdrawn during HFT, first and second operating cycles
respectively of Lead Test 2. As in Test 1 (Section 6.6) some difficulty was
encountered in maintaining L1¢, B, C1°, F~ and SO%' MUT

concentrations within the targeted MUT range for each of these species. The
discussion found in Section 6.6 is also pertinent for the results of this
test. The high initial effluent values for F~, C17, and s02-

observed early in each cycle are attributed to wash-0¢f of these species from
specimen and specimen container surfaces.
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6.8 Hydrogen Peroxide Experiment

The hydrogen peroxide experiment was a 500 hour experiment designed tO
simulate the proposed TMI-1 steam generator cleaning procedures. Solutirns
containing hydrogen peroxide were passed through a series of full size tube
specimens and cans of U-bends and C-rings. The recirculating system was
regularly replenished with Hzozto maintain the peroxide concentration 1In
the specified control range.

Nominal Jperating parameter specifications for this experiment were:

Temperature , 130°F

Pressure 10 psig (from make-up tank overpressure)
Flow rate 2 gallons/hr

pH , 8.0 -8.2

Boron , 2350 ppm

Lithium , 1.5-2.2 ppm

HZOZ level , 15 - 20 ppm

Full size specimen load , 500 1bs.

6.8.1 Loop Cleaning and Preconditioning - Cleanup and preconditioning of the

loops used in the peroxide cleaning procedure was accomp lished as aescribed 1n
Section 6.2. Each autoclave assembly was flushed with high purity deionized
water, with the plumbing in the once-through mode. Water flyshing of the
first peroxide loop autoclave (Loop 3) commenced January 28, 1983 and was
completed on February 3, 1983; the flushing of the second peroxide loop
autoclave (Loop 4) began on February 7, 1983 and was completed on February
1983. The high purity water cleanup of the autoc lave systems was followed

a sulfate preconditioning with the autoclave plumbing remaining in the

individual, once through configuration.

The.primary function of the sulfate preconditicning was to attain a stable
system "steady state", relative to the sulfate, in which the sulfate
concentration of the effluent is at or near the sulfate of the influent
solution. This was accomplisned by exposing the tubing and

of the GPU-N specimens, to a sulfate solution and analyzing




sulfate analytical results for Loops 3 and 4 in the cnce-through cleaning ana
flushing operation are given in Tables 6-8 and 6-9, rospectively.
Since there was interest in monitoring the loop sulfate level guring the

“

nydrogen peroxide experiment, care was taken during the clean-up ana
preconditioning of the loop systems to establish baseline sulfate values.
Tables 6~8 and 6-9 present the results of sulfate analyses obtained by 10N
chromotography for samp les withdrawn from the loops during these operations.
Sulfate preconditioning of Loop 3 was completed on February 9. The
preconditioning of Loop 4 were completed on February 17.

6.8.2 Loop Operation with Peroxide Additions - After preconditioning, Loods 3

and 4 were combined as shown in Figure 4-3 to form the closed loop system used
during the perioxide cleaning. The specimens, as identified in Table 6-1,
were placed in Autoclaves 3 and 4 and the MUT fillea with 50 1 of a solution

~
-

containing 2350 ppm B as boric acid and 2.1 ppm lithium as lithium nyaroxice.

. - ; . 2= "
After the MUT was sampled to determine the baseline SOQ level (See Table

§-13), one liter of MUT solution was flushed through the system (specimens
remained by-passea) .and removed via the effluent sampling line.

this initial flush solution was also retained for analysis (See

Adgitioas of ammonium hydroxige and sodium sulfate solutions were mace to
adjust the MUT pH to 8.2 ana increase the sulfate concentration to a value
comparable to that used auring loop precongitioning. These aaditions were
also made with the test specimens Dy-passed.

Because a "primary-to-secondary" leak at the tube collar weld was
during the leak checking (which is part of the specimen assembly

-

grain line was connected from autoclave 3 to the MUT. This draimn

orohibited the autoclave pressure from gradually increasing to tn

primary system and, thereby, significantly simplifiea operation of

specimen loading fixture by eliminating the neec to frequently adjust
pressure in the bellows. Thi in line remainea open to the MUT throughout

the entire peroxide cleaning




The HZOZ injections into the circulating system were started by discrete
manual introduction at hourly intervals. Later, an automatic peroxide
injector was added to the system to allow routine metered peroxide agdition to
the system.

A summary of the changes made to the apparatus for increased efficiency or
because of unforeseen circumstances is given in Table 6-10.

The average daily peroxide concentration of the solution in the make-up tank,
as well as the pH of this solution, is reported in Table 6-11; the caily
peroxide usage is tabulated in Table 6-12. All of the pertinent peroxide aata
listed in Tables 6-11 and 6-12 are plotted in Figures 6-4, 6-5 and 6-6.

It should be noted that in order to maintain the peroxide concentration in the
make-up tank (MUT) within the selected limits, the peroxice additions (or
deletions) were both continuous and discrete; i.e., the adagition of the
peroxide was generally accomplished with the automatic injector system, with
additional manual injections if the MUT peroxide concentration was too low.
Conversely, if the MUT peroxide concentration oegan to increase over the
target value, the injector was turned off for a predetermined length of time.
Because of this distinction, the average rate of peroxige addition was
determined by dividing the weight of peroxide added in a given period (in all
but the first and last cases, one day) by the number of hours in that period.

The scatter in the data for the weight of peroxide added (concentration) and
the average weight of addition for the first 90 hours can be attributed to tne
learning process of the operators. This learning process is graphically
illustrated in Figure 6-4: as the skill of the operators increased, the range
of values of the average daily MUT peroxide concentration decreased. After
150 hours of operation, there was a gradual decrease in the amount (ang
average rate) of peroxide addition needed to maintain a 15 ppm hydrogen
peroxide concentration in the MUT (Figure 6-5). This decrease in the amount
of HZ
decrease in volume of solution in the loop caused by sampling.

02 which was adaed can most probably be attributed to the gradual

R T N T



6.8.3 Chemistry Monitoring During the Peroxide Experiment - Ouring the entire
500 hour peroxide exposure control of chemistry was very good. Figure 6-6
shows that the system pH remained essentially constant at pH 8.2. Bcron and
lithium concentrations showed some minor variation which is presumed to be due
to the normal fluxuation in values resulting from the analysis of these
species and does not reflect any effect of peroxide adaitions.

Peroxide concentrations initially showed some variation from the 15-20 ppm
specification due to the inadequacy of manual addaitions to compensate for
consumption rates. Following installation of the peroxide injection system,
the observed spread in peroxide concentration values was narrowed
significantly (See Figure 6-4).

The analytical chemistry data obtained by analysis of the solutions withdrawn
from the loop during the peroxide exposures are presented in Table 6-13.
During the first three days of exposure to peroxide containing solutions, the
sulfate concentration in the effluent solutions gradually increased. Although
the refilling of the MUT with fresh solution on the fourth day of testing
(which was necessary due to solution loss resulting from the events documented
in Table 6-10) caused a temporary reduction in the effluent sulfate
concentrations (simply by dilution) effluent sulfate values continued to
increase through the first eight days of testing before stabilizing at = 300
ppb after 200 hours of exposure. Although the observed increase in effluent
sulfate may have been due to oxidation of lower oxidation state sulfur
containing species on tube surface or to the release of sulfate from the
network of intergranular attack comprising the tube defects, the possibility
that the observed increase in effluent sulfate was due to contamination during
the preparation of C-rings and U-bends or during assembly of the full length
tube specimens can not be discounted.

The inaccuracies involved in estimating the volumes of solution lost during
the unexpected system leaks of February 25 and 26 (See Table 6-10) make any
attempt at a material balance for sulfate, at best, crude. Nevertheless,
mate-ial balance calculations were made which show that approximately 17 mg of
302'. or approximately 7 mg of &, in excess of that intentionally adced

to the loop in MUT solutions, was movec from sample train assemblies during

the peroxide exposures.
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Table 6-1
AUTOCLAVE SPECIMEN LOADING

Full=Size C-Ring
Test No. Tube Original Replacement U-bends
1 Al3-63 1Al -
(11-18 15/16) 1A2 «2B5 After HFT
A24-94 181 «1B4 After Cycle 1
(19 5/16-25 7/16) 1BZ
101
102
ZAl
281
201
1E1
1E2
1E3
2 816-21 2A2 «lA5 After HFT -
(52-59) 2A4 «284 After Cycle 1
A88-7 2B2
(2-9 3/4) 283
202
203
1A4
1B3
103
1E4
1ES
1E6
3 A24-94 - -
(36-42)
894-27

(4 1/2-10 1/2)



Removed after H.,0, Run

- &

Removed after nz;,, Run
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GET MUT
"MISTRY LEVELS

\/l(l/&’.
I/IZIRZ

/23/82

MUT
EFF
LFE
EFF
MUT

EFF

SOURCE - phl (

5.0
to
.9

6.5

5.6

COND
u_who
om

40

60

TABLE € 2

n.o.

L

) (PIM)  (PIM)

<0.010

<0.005

(AIR)

2.16
2.21
2.21
2.34
2.28

50,4 ecquivalent = 0.05 te 0.15 PiM,

ANALYTICAL DATA FOR TEST | WFT CYCLE

B
('I'M)

2300
to
2400

2323
2332
2358
2359

2352

2519

(P"IM)

0.05
to
0.15

0.075
0.972
0.06
0.06

0.06

<0.05

Cl

(P'IM)

0.05
to
0.15

2.22

58.45
0.436
0.282
0.292

0.399

SOy
(PIM)

0.183
0.908
0.202
0.181

0.178

0.168

Nl
(11M)

to

10

N.053
0.040
0.086
0.0686

2.00

2.50

503

(l‘lﬁ)

0.0585

<0.05
<0.05
<0.05
<0.05

<0.05

<0.05

NEW MUT

NEW MUIT
OPEN TO
ATMOSPHERE



CET MUT
'MISTRY 1FVUFIS

't TAKIN
2/22/82
12/28/82
12/29/82
1/04/83
1/13/83
1/25/83
1/26/83

2/08/83

2/11/83

2/23/83

3/02/83

SOURCE:

59§ 3

EFF¥

MUT

FFF

MUT

F¥F¥

EVF

"

6.08
6.13

6.13

6.03

TABLE 6-3

ANALYTICAL DATA FOR TEST 1 1ST OPERATING CYCLE

CONID
il

om

58

50

52

53

)

n.o.
('™

<0.010

<0.002

<0.005

<.005

<.005

1
(1"IM)

2.65
2.64
2.72
2.56
1.83
1.96
1.85

2.20

2.11

1.95

2.15

"
(PIM)

1180
to
1220

1315
1249
1274

1217
1260

1258
1253

1235

1215

1203

1243
1246

¥
(PIM)

0.05
to

0.15

<0.05
<0.05
<0.05

<0.05

<0.050
<0.050
<0.050

<0.050
<0.050

<0.050

Cl
(I'IM)

0.05
to
0.15

0.198
0.232
0.195

0.161
0.236
0.223
0.236

0.141
0.132

0.137

Sy
(I"M)

0.173
0.064
0.129

0.135
0.158

0.064
0.064

0.028 <
0.031**

0.050
0.053**

0.028
0.031**

0.088
0.120+

Nty
(PIM)

2.0
to

10

0.698
0.041
0.046

0.321
8.2

4.5
9.8

0.1

10.6

<0.1

Sy
(P1M)

0.0585 (AsNa ,£,0,

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05 ¢

<0.05 Refill

Refill




TABLE 6-4

ANALYTICAL DATA FOR TEST | 2ND OPERATING CYCLE

(0 n.o. I 0 i cl Sy Nty 5203
SOURCE: pil g_ll‘l_(_) (1'IM) (I'I'M) (PIM) (1'IM) (PIM) (I''™) (PIM) (PIM)
om
5.0 5.2 980 0.05 0.05 2 0.0585
ET MUT to <0.010 to to to to , m——— to as
ISTRY LEVELS 1.5 2.0 1020 0.15 0.15 10 NaZSZO:‘
TAKEN
4/83 MUT 7.10 44.5 <0.905 1.71 1015 < 0.05 0.226 0.13t 7.15 <0.05
0.108+
4/83 EFF 1.60 979 <0.05 *0.933 0.314 0.82 <0.05
0.340
0.3664
9/83 EFF 1.75 1023 <0.05 0.223 0.061 <0.01 <0.05
0.092+
21/83 MUT 6.25 - <0.005 1.70 1028 <0.05 G.227 0.114 8.30 <0.05
23/83 EFF 1.81 1040 “0.01 0.302 0.038 <0.01 <0.05
16/81 EFF 152 1042 <0.01 0.296 0.033 0.02 <0.05
18/83 MUT 6.07 8 <0.005 378 1046 <0.01 0.274 0.056 16.5 <0.05
/23/8) LFF 1.62 1030 <0.01 0.287 0.028 0.02 <0.05

Duplicate Analysis
Recheck 6/17/8)
GPU Designat ion



ET MIT
ISTRY 1FEVFLS

: TAKEN
19/82

22/82

/2/82

/11/82
/11/82

SOURCE

TABLE 6-5

ANALYTICAL DATA FOR TEST 2 HFT CYCLE

COND ., I
pil " who (PIM) (PIM)
om
2.2

<0.010
23

42 <0.005 2.2

1.90
- ——==SPIKED MUT WITH F~,C17

1.97
2.10
2.01
1.98

2.00

2.07
2.07

f“4 Nzll4
{1"IM) (PIM)

0 t cl
(PIM)  (PIM)  (PIM)

2300
to
2400

0.115 "evidence'

0.08 2.75

.24

.234

0.220
0.236

Szﬂ;
(PPM)

Research
Analysis

Waltz Mill
Analysis

MUT
Refill
Open to Alr

.05




TABLE 6-6
ANALYTICAL. DATA FOR TEST 2 1ST CYCLE

COND no. b i ¥ cl. Sog Ny 5203
SOURCE il (,.._ug.._.) (M) (M) (PIM) (PIM) (M) (M) (1) (PPM)
om
ET MUT 5.0 2.2 1180  0.05 0.05 0.05 2
ISTRY LEVELS to <0.010 o to Lo to to to -
7.5 2.5 1220 0.15 0.15  0.15 10
: TAKEN
3/82 MUT 2,07 1310 <0.05 0.323 0.171  0.02
10/82 MIT 6.5 40 ©.005 1.94 1119 <0.05  0.29 0.140  3.24 REFILL MUT
. W . . - . . 12/8/82
10/82 EFE 1.95 1281  <0.05 1.60 0.245  0.05
10/82 EFF .88 1185 <0.05  0.538 0.200  <0.01
21/82 MIT  6.03 52 0.005 2.16 1205 <0.05  0.146 0.030  0.005 REFILL MUT
23/82 EFF 2.25 1196 <0.05 0.148 gi(m+ 0.005
/83 EFF 2.14 1209  <0.05 0.163 oil‘ﬁg 0.012 .
1/83 MIT  6.00 67 <0.005 1.87 1205 <0.05 0.217 0.098 4.6 <0.05 REFILL
6/83 EFF 1.93 1187  <0.05 0.236 0.097 <1 <0.05
/83 MIT  6.10 51 «©0.005 2.15 1214 <0.050 0.138 0.i60 , 8.0 REFILL
0.179
/83 EEE 195 1204  <0.050  0.147  6.145 , <0.1
0.152
16/83 B 230 1203 <0.050  0.151  0.206 , 0.1
. 0.221
17/83 LEE 220 1203 <0.050  0.127  0.179 , 3.6
0.197

*Concentrator Column.



ET MUT
ISTRY LEVELS

/14/83

/20/83

SOURCE

MUT

MuUT

EFF
FF¥
EFF
MUT

EFF

¥ Ion “hramatography Loop

pil

6.50

6.17

6.24

TABLE 6-7

ANALYTICAL. DATA FOR TEST 2 2ND OPERATING CYCLE

CUOND
u v
m

70

i3

h.o,
(PIv)

“0.010

<0.005

<0.005

<0.005

h
('IM)

1.48
1.47

1.76

1.70

L
(Vi)

980
to
1020

998
990

1026

1019
1060
1024
1037

1037

¢
(PIM)

0.05
to
0.15

<0.05
<0.05

<0.05

<0.05

<0.010
<0.010
“0.010

<0.010

Cl
(I'IM)

0.05
Lo

0.15

0.242
0.236

0.236

0.227
0.279
0.286
0.276

0.282

(

Sy sz

P"IM) (PIM)
0.05 0.0
to to

0.15 0.15
0.171 0.40
0.283 0.28

135 0.22
). 142
L7500

|

0.164 0.02
0.1664K

0.130 <0.01
0.121 <0.01
0.119 12.41
0.111 0.02

Refill




Table 6-8
DURING CLEANUP AND P

Sample

Source (P ) Remark s

2/3/83 EFF Final water Flush
2/4/83 MUT 0.l Preconaitioning

2/4/83 EFF 2 - Preconditioning

2/7/83  MUT Preconditioning

217183 EFF : Preconaitioning
2/8/83 MUT a ) Preconditioning
2/8/83 EFF ' Precondgitioning
2/9/83* MUT | Preconditioning

2/9/83*  EFF .13 29 Precongitionin

*Analysis performed at waltz Mill; others done westinghouse Research and
Development Center
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Table 6-9

NALYTICAL CHEMISTRY RESULTS FOR L(

Vi

P P
CLEANUF

o

NTNC
WWUITWW L T AVIv LI NG

AND PRE

ﬂ:u F

-~
4

-~

nal F
Precongi
Precondi
Preconadi
Orecondi
Precond?
Precondi
Precond)
Precong?
Pracong:
Precondi
Preconadi
Preconai

sthers done at westinghouse R+D.

usn

lush Sampl

tioning
tioning
Tionin
onin
tioning
ioning
1oning
tioning
tioning
tioning
1oning

1oning
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Date

2/24/83

2/25/83

2/25/83

2/26/82

2/26/83

2/28/83

3/16/83

Event
0 mixing of chemica
additions in MUT

Hourly H20-
addition

Plastic line on
peristaltic pump
broke

Rupture disk broke.
Solution pumped to
drain.

Line on peristaltic
pump failed again

Low MUT Level

Low flow (1.8 gph)
through samples

AC pressure gauge
broken on auto-
clave 4

Table 6-10
APPARATUS CHANGES AND EVENTS:

Action

Attached perustaltxc

puny to MUT to func-
tion as a mixing loop

Added automatic
H202 injector
to system

Renlaced line

Replaced aisk,
replunbed so that

in event of a future
rupture the solution
would be returned to
the MUT

Replacea line and
peristaltic pump
with a centrifugal
rotary pump

Added 50 L of
solution

Checkea andg replaced
rupture disk

None

PEROXIDE CLEANING RUNS

Result
Better solution
homogeneity

Steady addition

of peroxige to
the system

(5§ ml/h initially)

8 L of solution
lost befcre
repair

19 L of solution
lost before
repair

8 L of solution
lost before
repair

54.85 L in MUT

No disk rupture,;
possible leakage

Possibility there
was a bulk AC
pressure throughout
the entire test
period
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Table 6-11

AVERAGE DAILY MAKE-UP

-

ANK

ONS AND pH

Average HpU;
Concentration
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Tatle 6-11

Averaaqe H»07
concentration

(ppm)

1.3
0.9

0.9

(up to shutdown
initiation)

number in ( is the number of readin
peroxide concentrations were generall
the pH was usually read twice daily.

>

gs over which the average is taken.
y determined hourly (approximately

L




Table 6-12
DAILY PEROXIDE USAGE

{ ‘ N Cal in
(50,000 ppm H,U, Solution)
-~

Average weignt
H,0, per Hour
\mg/nh)

may be lower
than reportec




TABLE 6-13
PERIOXIDE LOOP ANALYTICAL DATA

TIME 24 SAMPLE CUMMULATIVE 50,2 ts LI

HOUR CLOCK SOURCE RUNNING HOURS (pﬁM) (PPM)  (PPM) REMARKS
2/18/83 MUT 0.052 2534 2.05 No Recirculation
2/18/83 1406 EFF 0.273 2573 2.14 System Flush
2/22/83 1850 AC EFF 0.400 2581 2.29 From AC Bleed Line
2/22/83 1900 EFF 0.863 2579 2.44 Initial Sol'n. Through

Start Specimens
2/22/83 2010 00.00 e i
2/23/83 0932 EFF 13:22 0.284 2579 2.53
2/23/83 1230 EFF . 16:20 0.305 2590 2.58
2/24/83 0930 EFF 37:22 0.344 2584 2.54
2/25/83 1130 EFF 63:20 0.388 2648 1.67
2/25/83 2100 EFF 71:50 0.388 2542 1.59
2/26/83 1110 MUT 87:00 0.209 2407 1.59
2/27/83 2100 EFF 120:50 0.243 2423 1.54
2/28/83 1045 EFF ~ 134:35 0.226 2420 1.56
)2/28/83 2200 EFF 145.50 0.263 2392 1.85
03/01/43 1100 EFF 158:50 0.263 2373 1.88
03/01/83 2000 EFF 167:56 7.305 2386 1.86
03/02/83 1110 EFF 183:00 0.243 2387 1.54
03/02/83 2000 EFF 191:50 0.300 2375 1.89
03/03/83 1330 EFF 209:30 0.305 2390 1.86
03/03/83 2000 EFF 215:50 0.320 2368 1.87
03/04/83 1340 EEF 233.30 0.308 2321 1.94
0.313 2375 1.87

03/04/83 2000 EFF 239.50



DATE

———

3/5/83
3/5/83
3/6/83
3/6/83
3/7/83
3/7/83
3/8/83
3/9/83
3/9/83
3/10/83
3/10/83
3/11/83

3/11/83

3/12/83'

3/12/83
3/13/83
3/13/83
3/14/83

3/14/83

1100
2100
1105
2200
2109
1115
2300
1130
2000
1115
2200
1100
2300
1115
2300
1105

2300

PEROXIDE LOOP ANALYTICAL DATA

EEEEEEEREERERREERERE |

TABLE 6-13 (CONT'D)

CUMULATIVE
RUNNING HOURS

253:50
263:50
278:50
288:50
303:00
313:50
336:50
351:05
361:50
375:20
383:50
399:05
409:50
422:50
434:50
447:65
458:50
470:55

482:50

2

S0,

o)
0.316
0.305
0.311
0.313
0.315
0.306
0.290
0.293
0.322
0.286
0.318
0.354
0.340
0.325
C.345
0.325
0.332
0.309

0.317

B Li

APPM) APPM)
2370 1.88
2351 1.85
2370 1.97
2362 1.82
2364 1.91
2311 1.81
2313 1.79
2331 1.79
2331 1.78
2335 1.74
2302 1.80
2322 1.76
2318 1.82
2285 1.78
2289 1.79
2287 1.86
2296 1.86
2280 1.77
2269 1.79



TABLE 6-13 (CONT'D)
PEROXIDE LOOP ANALYTICAIL. DATA

2
. ) -
TIME 24 SAMPIL E CUMULATIVE - 4 B
DATE HOUR CLOCK SOURCE RUNNING HOURS (PEM) _ (PPM)

3/15/83 1115 EFF 495:05 0.324
3/15/83 1600 EFF 99:50 D. 331
3/15/63 1930 MUT : 20 .327
3/16/83 0800 MUT :50 . 365
3/16/83 0800 EFF 39 .370

3/16/83 1930 EFF 27:: . 348

LoGp Effluent
Make-Up Tank




At the end cf each cycle, the specimens were removed and the C-rings were
stereomicroscopically examined. Full size tubes were then eddy current
examined while one C-ring was removed for weighing and metallographic
examination. Occasicnally additional examination technigues such as SEM or
ESCA were employed.

7.1 Visual Examination

The results of the C-ring stereomocroscopic examinations to date are

summarized in Tables 7-1, 7-2 and 7-.3. The examinations are subjective 1n
nature and have been reduced to a tabular from for presentation.

Interpretation is difficult since most of the tubes had signif icant surftace
abnormalities in the as-received condition. The primary observation following

the peroxide exposure was that the material in the ID pits, which pits are
typical of the 1D surfaces of the as-received 0TSG tuting samples, exhibited a
discoloration with respect to adjacent ID surface films. This usually darker
discoloration differentiatea the pits from the agjacent surface regions tc an
extent that the pits appeared anomalous and possibly active. However, the
number of pits, the randomness of distribution of the pits, and tne SiZes of
the pits were typical of other C-ring samp les which were not exposed to the
peroxide clean-up chemistry. Since later examinations of these peroxide
pre-exposed samples following subsequent exposure T0O normal reactor coolant
chemistry and temperatures gave observations which were typical of all other
samples, the anomalous appearance of the material in the pits following the
peroxide run is potentially interpretable in terms of differences in the
reactivity or response of the deposits as governed by solution accessibility
and/or localizeud variations in the deposit topoloay.

Since destructive examination of U-bena specimens was not performed
peroxide run, the effect of the peroxide exposure on these materials
on visual examination of the specimen surfaces. These examinations
surface abnormalities. The peroxide exposure thereforz, had no

detrimental effects on these materials. Following -ompletion of the testing,

gestructive examination of these specimens will permit a more aet




evaluation of the compined effects ci the peroxige, HFT, and

cycles.

st of the specimens that had been throu
cyc les have significant mechanical markings
pitting. However, these were gererally associatea with
surface features.

Figures 7-1 through 7-6 show before and after photomacrograpns of the

specimens removed from the experiments for metallographic analysis. The view

is looking through the C-ring cutout slot at the stressed [D surface.

7.2 Weight Changes

weight changes of C-rings removed from test to date are shown 1in T

The average change was a 0.02 percent weight loss.

7.3 Metallographic Examination

A metallographic examination was made of each C-ring removea from the test.
Each specimen was transversely sectioned. One midplane and one end surface
were mounted and polished. Etched surfaces were prepared by a 6U second
exposure to concentrated HC1, methanol rinse, 5-10 second exposure to ¢

percent tromine in methanol, and two additional methanol rinses.

Typical micrographs of the stresced region, ID surfaces of each specimen are
shown in Figures 7-7 through 7-12. No unusual surface features were observed
in any of the specimens. Surfaces examined to date have showr: intergranular

attack to a maximum depth of one to two grains.

7.4 Auger and X-ray Photoelectron Spectroscopy (XPS

Pickup by New Surfaces of OTSG Tubing

Appendix 10.6 describes the experimental methodology

ion-implanted sulfur standards and the microanalytic

1
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The analysis of ion implanteg

spectroscopy can detect quantities

2 'Y

3ug/ft®) if aistributed within the fi
such an amount of sulfur were distributed
tnick region below the surface, the ! ' ‘ Tur wou ld
be 0.03 .g/cm3 \3;9;/ftz,. Amounts
detection.
The conditiornea samples showed significant boron contamination, absent
the standards. The Auger signai for the boron compound inigentif ieg
concistea of a major peak at 170 eV anc a minor peak at
latter may interfere with the culfur peak at 148 eV ang
sulfur levels that .an go undetected by a factor of ten
sverlap occurred in XPS, however, and the XPS detection

il

was determined to be five times that of AES, or 0.15 w9/

[

/ft") within the first

0.,
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7.5 Eddy Current Inspection Results

In September, 1982, the Fiela Data Analysis section of westinghouse Nuclear
Energy Systems undertook eddy current testing of a number of long term
corrosion test tube samples which haa been renoved from the Three Mile Islanc
(TM1) Unit No. 1 steam generators. A baseline myltiple frequency eddy current
inspection was performea at test frequencies which were specifiea by GPU=N. A
list of eighteen tubes which were inspected is contained in Table 7-5. A1l
eighteen tubes were eddy current inspected using a gifferential bobbin probe
and test freguercies of 45 Khz, 200 Khz, 400 Khz, and 800 Khz.

The calibration standard consisted of a section of archive tubing with & U.USc¢
inch diameter thru-wall drilled hole. The phase angle of the drilled hole was
set &t 40° for all frequencies. The 400 Khz drilled hole signal is shown in
Figure 7-13. A section of OTSG tubing with machined partial ID ingications,
which was to be used for 'repair' tests, was not employea in this phase of the
program,

Indicatierns were noteg on five tubes during the baselire inspection:

Jube ' Section Indication

Al6-69 (Fig. 7-14) 2"-6-1/2" 95 percent [.D.

Al3-63 (Fig. "=15) 20-9/16"-23-9/16" Small gent

A88-7 (Fig. 7-16) 2"-9-3/4" 42 percent 1.0.

Al3-63 (Fig. 7-17) 11"-20-9/16" < 20 percent 0.0.
9o percent [.D.

A2¢-94 19-5/16"-25-7/16" 30 percent 0.C.

Adoitional eday current testing was performed upon completion of each cycle of
operation of each autoclave loop. A summary of these inspections is presented
in Table 7-5 with further explanation following.

On November 15, 1982, tubes 816-22 and A88-7 were reinspected after their
first cycle of autoclave testing (the "MFT" cycle). There appeared to be no
change in the signal from the indication on A88-7 (Figure 7-18) and no
indications were notea on B816-22.

010684:5 83



Tubes A24-94 ana Al3-63 were reinspected on November 30, 1982, following their
first ("HFT") autoclave cycle. Tube Al3-63 (Figure 7-19) exhibited a thry
wall ingication. Tube A24-94 (Figure 7-20) exhibitea the previously observea
30 percent 0.0D. ingication.

Three tubes were inspected on Fepruary 15, 1983. Tubes A24-94, 36" to 4¢",
and B94-27, 4-1/2" to 10-1/2" showed no indications. Tube Al6-69, 6-1/2" to
12-1/4" exhibitec an 1.D. indication the size of which was gifficult to
estimate due to a distortion of the signal (Figure 7-21). It is estimatec
that this indication coulc be as much as 80 percent thru wall. Subsequent
inspections of this tube showed this indication consistently in the range of
60 to 80 percent.

Inspections of tubes AB88-7 and Ble-22, 52"-59", were performea on February ZZ,
1983. As can be seer from Figure 7-22, there was no change in the signal for
tube A88-7. No indications were observed in tube glé-22.

Tubes Al3-63 and A24-94 were reinspected on March 2, 1983. There was
essentially no change in tne indications previously observea on these tubes.
A copy of the signal for tube Al3-63 is provided in Figure 7-23.

On March 23, 1983, Tubes Al6-69, B94-27, ana A24-94, 36" to 42" were

reinspected. The indication on Al6-69 (Figure 7-24) remained the same and no
indications were observed on B94-27 and A24-94.

1029¢/0150¢/010684:5 84
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Figure 7.2. Macrophotograph of Specimen P2A1
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AFTER HFT
Macrophotograph ol Specimen 1A2

Figure 7.3
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AS RECEIVED AFTER 1ST OPERATION CYCLE

Figure 7.4. Macrophotograph of Specimen 181
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AS RECEIVED AFTER 1ST OPERATION CYCLE 4

Figure 7.6. Macrophotograph of Specimen 282
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RESULTS OF VESHAL EXAMINATION OF ( RINGS TEST #)
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TANME 7.2
RESUI TS OF VISUAL EXAMINATION OF C-RINGS-TEST 12

MIUTIANTCAL
NUMIBE R INCIPIENT SIN W nxr MAJEC B MARKS

1D (48] n 2 3 i i o

OLD MARKS

b

DBRICHT MITAL PATOHES
BRIGIHT METALSOXTDE PATCHES
BRIGHT METALAOXIDE PATUHES

RUSTY 1D STAINS
10 MEXUL.PIT




SRV TATT WM (0D
)
wo

wo

no

"8

gryia al

W

)

N 18- KD
N - A
s al
Alsid Ol
s O

Alsi al

LA

Ly al o

SRV I3
IOINNLLEA

{ouo)

al o al

O MTIVIES

1N WAL SNAWIBdS 30 z:.—.(z_;bn-

L FINL

SNOT LAASHO NNSNND ON

@ @ a
FWMIEI0
“Lid

waar sl

TNSIA 0 SE S

ININ &

SIVINLLYW i)




Table 7-4
WE IGHT CHANGES OF EXPOSED C-RINGS

Sample Initial Final weight Last Cycle

Number weight weight Change Cung1etec
(gm) Tgm) ("93

P1Al 7.88915 7.88771 -1.44 Hy 07

P2Al 7.69279 7.69167 -1.12 Hy Uy

1A2 7.81927 7.81571  =2.56 HfT

181 7.58345 7.58255 -0.9 1st

2R2 7.61330 7.01205 -1.25 HFT

262 7.47326 7.47159 -1.6 1st
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Date of
l!\f;ln«‘t 10N

9/82

11/15/82

11/30/82

Tube

A24-94
B94-27
B16-22
Al6-69
B111-62
Al3-63
Al3-63
A88-7
Al3-6G3
Bl16-22
A37-29
B27-47
A37-29
B27-47
B113-62
A24-94

B16-22
AB8-7

A24-94
Al3-63

TABLE 7-5

SUMMARY OF TUBE FDDY CURRENT INSPECTIONS

_Section

25 7/16-30 13/16
18-24%

59-64

2-6'

257 5/8-240 5/8
38 1/8-41 1/8
20 9/15-23 J/16
9 3/4-12 1/4
11-20 9/16
52-59

354%-41%

58-64

29%-35%

52-58

31%5-37%

19 5/6-25 7/16

$2-59
9 3/4-12 1/4

19 5/16-25 7/16
Il'&’(‘ (’/l()

Indication
ID.

0.

Change From

Previous Inspection

YIS

NO Comisnt

Baseline

Inspection

Af_er HFT

After HFT




TABLLE 7-5 (Cont 'd)
SUMMARY OF TUUE EDDY CURRENT INSPRCTIONS

Change from
Date of Indication l‘rt'yi()lns§ __IAI!Sjlf(‘j ion
YES NO ) Coament

Inspect icn Tube ~ Sect R - 1D. oD.

2/15/83 A24-9A 36-42 Baseline Inspection

B94-27 4+ -10%
Al6-69 64x12%
ABB-7 9 3/4-12 1/4 Post Cycle 1
B16-22 52-59

3/2/83 Al3-63 11-20 9/16 Post Cycle 1
A24-94 19 5/16-25 7/16

% nster H)()) Run

3/23/83 Al6-69 6% i 2%
B94-27 4%-10%
\24-94 36-42




8.0 SUMMARY

Consistent with the objectives of the LTCT program, testing is in progress to
monitor the long-term corrosion and stress corrosion performance of
service-exposed TMI-1 OTSG tubing. Specimens in two “"Lead Tests" have
completed approximately six months of exposure to lithiated boric acia
solutions, with compositions comparable to that of PWR primary coolant, in a
refreshed autoclave system.

In adgition to lithium hyaroxice and boric acid, each test solution also
contained low level contaminants concisting of C17 (~ 0.1 ppm as NaCl),

F™ (~0.1 ppm as NaF) and sulfur containing species. Test 2 contained ~ 0.l
ppm SO, 2= as Na,S0, andzTest 1 contained ~ 0.058 ppm 5,05 b= as

N325303 {0.058 ppm 5,04 ~ is the molar equivalent of U.l ppm

50, e

The specimens in these tests have been subjected to cperational seguences
which parallel those encountered in normal plant operations. Each test has
completed a HFT cycle and two Operations cycles. Although the lithium
hydroxide and boric acid concentrations during successive cycles has been
reduced to simulate plant practice due to core depletion, nominal contaminant
levels have remained unchanged.

Specimens in the two lead tests consist of axially loaded tubes and C-rings
stresssed to place the ID surface in tension. Tube specimens were prepared
from a TMI 07136 tube material both with and without in-plant generated ocfects
C-rings were prepared from both service exposed and archieve (non-service
exposed), tubing material.

Metallographic examination of (-rings removed at the end of each cycle has
shown no evidence of new defect formation attributable to the simulated plant
exposure conditions. Likewise, periodic eaay currenrt examination of the tube
specimens has shown no inaication of growth of defects existing prior to start
of the test.

1029¢/0150¢c/010684:5 115
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A 500 hour hydrogen peroxide clean-up exposure of other specimens was
performed in a recirculating loop. Chemistry and operational conditions
during the exposure parallelea those expected to be used auring the peroxide
clean-up of the TMI-1 primary system. Specimens in the HZOZ exposure
consisted of axially loaded TMI OTSG tubes which nad previously been
explosively expanded into a collar (simulating the repair process for defected
tubes in the upper tubesheet), an axially loaced tube, C-rings comparable to
those in Tests 1 and 2, and U-bends prepared from materials used in other
TMI-1 core components. Visual examination of all specimens following the
peroxide exposure showea the existance of shallow pits on the 1D surface of
some of the C-rings.

These peroxide exposed specimens have been inserted in two adaitional
once-through loops and will be subjected to chemical and operational
conditions identical to those of "Lead Test No. 2". AIll four tests are
currently in progress.

1029¢/0150c/010684:5 116



9.0 FUTURE WORK

Consistent with the program plan, Lead Tests 1 and Z are C ntinuing through

four additional operations cycles. The test solution composition during these

s -

exposures will be established as outlinea in Table 5-7. Likewise, the
specimens which were exposed to the peroxide cleaning solution, have been
olaced in two additional tests which will follow the “Lead Test" format.
These tests, Tests 3 and 4, have been started and will be subjected to a HFT
and four Operations Cycles. Tests 1 and 2 will be placeo on hola until the
HFT cycle of Tests 3 and 4 are completed. A1l four tests will then De
restarted at the same time and be maintained on the same operations schedule.
This will make the eddy current and visual inspection shutdowns for all tests
coincige. Completion of each Operations Cycle, incluaing eady current and
visua) examination of samples, should require approximately two calendar

months.

Post-test metallography, as presently structured, shall consist of 48 samples
selected for examination from those specimens remaining after the final test
exposure. The option for examination of additional specimens shall remain

open.

A second interim report will update the operations of Tests 1 and 2 and report
on the initial exposures of Tests 3 and 4. Specifically, the second interim

A >

will contain data generated during Cycles 3 and 4 for Tests 1 and 2 and the

HFT and Cycles 1 and 2 for Tests 3 and 4.

T 9™

AR =TT -
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10.0

10.1

APPENDICES

Procedure for Loop Operations During Lead Test HFT Cycle.

The following procedure applies to operation during the HFT cycle of Lead
Tests 1 and 2.

1.

Note:

5.

6.

Fill the autoclave with make-up tank wat~r for the appropriate test
(No. 1 = thio-sulfate-dosed RCS, No. 2 = sulfate-dosed RCS). Leave some
head space in the autoclave, after the sample train is loaded.

Sparge N, through the autoclave bulk, venting the N, (and whatever

waer vapor it carried) out the top of the autoclave and into the ragwaste
drain line.

After sparging has proceeded for a standard interval, initiate pumping at
1120 psig.

1120 psig is the system pressure for all of the HFT phase only. (It
corresponds to a pressure above the saturation pressure for 550°F,
the maximum temperature of the HFT phase).

The autoclave will fi1l from pumping through the leak. When full, valve
off sparge inlets and exits. The autoc lave pressure will now rise to
1120 psig.

Apply 2260 psig total tc the pressurization lsading bellows. (This gives
a aP between the bellows and the bulk of 1140 psi which, acting on the
0.44 in2 arez of the bellows, applies 500 1b. axial load on the

samp les).

Foliow temperature cycles per GPU proceaures, maintaining all 3 pressures
(bellows, autoclave, and system) at the values given. Specific steps for
1120 psig system 1120 psig autoclave, and 2260 psig bellows, with
constant flow are:
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0°F and hold 24 + 8 hr,
at (100" * 50°)/hr.

for 24

A

-*
-
—

to 450 times at (100 *

for 1 week (minimum).
Initiate cooidown.
Increase bellows pressure to 3620 * 250 psig; that is to a -
l

between 3370 psig MINIMUM and 3870 MAXIMUM. The lower ena of the

range is preferrea to precluce overloading if the system pressure

drops on cooling.

Note: The required sampie load of 1100 b *+ 10 percent (990 to
1210 1b) is achieved by a differential pressure bDetween

the bellows and the autoclave of 2500 * 250 psi (2250 to

2750 psi). Example: 1120 psig autoclave * 2230 psi
gifferential = 3370 psig bellows.

Maintain 1120 psig in system and autoclave while still at 550 * 5°F.

Cool to 130 *+ 5°F at a rate of (100 * 50°F)/hr. (as far as
In practice this rate will prevail until about 225°F.
the maximum achievable rate should be instituted 1O

in 4 to 5 hours from 225°F.

cooling, close attention to the autoc lave pressure 1s required
and adjustments to the bellows pressure may be required must De
compensate for rapidly by decreasing the bellows pressure so that
the bellows pressure is always within tre range of 2250 - 2750 psig
greater than the autoc lave pressure. In fact, the autoclave
contents could become 2-phase on cooling if the contraction OF
autoc lave water is not overcome rapidly enough by the pump rate
through the leak, and the autoclave pressure will drop. When tnis
happens, simply lower the bellows pressure so that 1t 1s not above
2750 psig more than the autoclave nor below 2250 psig more than the

autoc lave, and log all changes: time, temperature and

-~ A N
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(7e) At 130 *+ 5 F, maintain or restore the 1120 psig autoclave and system
pressures followed by decreasing the bellows pressure 10 2260 psig,
while maintaining continuous circulation,

Maintain parameters of (7e) and

(8a) Vent MUT H, overpressure
<

(8b) Sparge MUT solution with N, with continuous venting for a minimum
3 2 g

of 15 minutes to purge H, from the gas space of the MUT.
(8¢c) Sparge air at atmosphare pressure into MUT
(8d) Maintain aerated MUT at atmospheric pressure

Circulate under conditions of (8d) for a minimum of

aqueous pressure, 2260 psig bellows pressure.

Depressurize all systems, stop circulations, open autoc lave while warm
(130°F) and remove samples for inspection.

10.2 Procedure for Loop Operations During the Lead Test Qperations Cycles

The following procecure applies to operation during Operations cycles for
Tests 1 and 2 which follow the HFT cycle in series.

Fill the autoc lave with make-up tank water for the appropriate test
1 = thio-sulfate-dosed RCS, No. 2 = sulfate-dosed RCS). Leave some

space in the autoclave, after the sampie train is loaded.

Sparge N, through the autoclave bulk, venting the N, (and whatever
<

-

water vapor it carries) out the top of the autoclave and into the

radwaste drain line.

After sparging ha ‘ led for a standard interval, add

overpressure to the MUT and initiate pumping at 1760 psig.

1028, 10180 /010ARA * &
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1760 psig is the system pressure for all of the Uperations
Cycles. (It corresponds to a pressure above the saturation
pressure for 6C0°F, the maximum temperature of the Uperations

Cycles.)

The autoclave will fill from pumping through the leak. When f
off sparge inlets and exits. The autoclave pressure will now
1760 psig.

Apply 2900 psig total to the pressurization loading bellows. (This gives
a aP between the bellows and the bulk of 1140 psi which, acting on the
0.44 1n2 area of the bellows, applies 500 lb. axial loag on the

samp les. )

Follow temperature cycles per GPU procedures, maintaining all 3 pressures
(bellows, autoclave, and system) at the values given. Specific steps for
1760 psig system, 1760 psig autoclave, and 2900 psig bellows, wit
constant flow are:

(6a) Heat to 150 * S0°F and hold 24 * 8 hr.

(6b) Heat to 600 * t (100" * 50°)/hr.

(6c) Hold at 600 + 5°F for 24 + & hr.

(6d) Cycle (600 * 5°F) to (500 * 5°F)
each endpoint temperature for 24 *

(6e) Hold at 600 * 5°F for 2 weeks (minimum).
Initiate cocldown.

-

(7a) lncrease bellows pressure to 4260 * 250 psig; that to a

is
between 4010 ps NIMUM and 4510 psig MAXIMUM. The

prec lude overloading i1f the

e S el o >
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The required sample load of 1100 1o * 10 percent (990 to

achieved D) differential pressure Detween

and the autoclave of 2500 + 250 psi | 250 to

1760 psig autoclave *+ 2250

] at 000 +*

(7p) Maintain 1760 psig in system and autoclave while stil

(7¢) Cool to 130 - 5°F at a rate of (100 * 50°F/nr (as far as

~r

practical). In practice this rate will prevail until about 225°F.
2

Below 225°F, the maximum achievable rate should be institutea to
reach 130 + 5°F in 4 to 5 hours from 225°F.

while cooling, close attention to the autoc lave pressure 1S required
and adjustments to the bellows pressure may De required if the

autoc lave pressure drops. Drops in the autoc lave pressure must De
compensated for rapidly by decreasing the bellows pressure so that
the bellows pressure is always within the range of 2250 - 2750 psig
greater than the autoc lave pressure.

In fact, the autoclave contents could become Z-phase on cooling if
the contraction of autoclave water is not overcome rapidly enough Dy
the pump rate tirough the leak, and the autoc lave pressure will
drop. When this happens, simply lower the bellows pressure so that
it is not above 2750 psig more than the autoclave nor below 2250
psig more than the autoclave, and log all changes: time,

temperature and pressures.
At 130 * 5°F, maintain or restore the 1760 psig autoc lave and system
pressure followed by decreasing the bellows pressure to 2900 psig,

while maintaining continuous circulation.

Maintain parameters of (7e) for a minimum of 1 week.
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8.

Reheat to (600 * 5)

(8b)

Heat to (600 +* 5) *F at (100 + 50) °F/hr maintaining 1760

autoclave pressure and the required differential
bellows for the 500 1b load (see Step 5). Specif

total pressure should always be between 2790 ana 3010 psig | 28

the 1140 * 110 psig differential bellows pressure of Step 5.

Hold at (600 + 5) °F for 1 month minimum.

Initiate cooldown.

(9a)

Repeat Steps (7a) and (7b).

Cool to ambient. Follow steps (7c) and (7d, except take temperature
to ambient.

At ambient, repeat Step (7e), by restoring autoclave to 1760 psig if
necessary and lowering bellows pressure to 2900 * 110 psi. Maintain
circulation.

Maintain conditions of (9c) ana

(10c)

10d)

Vent MUT H, overpressure.

-
)
[

Sparge MUT solution with N, with continuous ventin for a
E i q

minimun of 15 minutes to purge H, from the gas space of the
MUT.

-
|

Sparge air at atmospheric pressure into MU

Maintain aerated MUT at atmospheric pressure.

Circulate under conditions of (10d)

aqueot

3

us pressures, 2900 psig bellows




12. Depressurize all systems, stop circulations, open autoc lave and remove
samples for inspection.

The above 12 steps cover the first Operations Cycle of GPU sP-1101-22-008,
Rev. 1, on Lead Tests, their Paragraph 4,.5.3.8, Steps 14-26.

GPU SP-1101-22-008, Rev. 1, Paragraph 4.5.3.8, Steps 27-30 are repeat
operations. Each GPU step requires all 12 of the above westinghouse steps,
except that their Step 30 requires 2 of our 12 steps. Note from GPU
$P-1101-22-008, Rev. 1, that the make up tank chemistry is the only variation
from GPU step to step.

10.3 Methods for Preparation of Stock and Makeup Tank Solutions

For preparation of all solutions, except boric acia solutions, reagent grage
chemicals will be used. Special Quality Grade* (Nuclear Grade) H3RO3, )
with a maximum sulfate concentration of 0.00016 percent (1.6 ppm) will be used
to prepare 211 boric acid solutions in the LTCT program. weighings will te
made on an analytical balance for all weights below 50g. Over 5C g, a top
loading balance will be used.

Deionized water with a conductivity of ~0.1 umho (when deaerated) will be used
for dilution.

Graduates and storage (holding) tanks will be of polyethylene.

One liter stock solutions, 1000 ppm in respect to the anion, will be
;olumetrically prepared for sodium fluoride, sodium chlorige, sodium
thiosulfate and sodium sulfate. The lithium hydroxide stock solution will be
5000 ppm in respect to lithium. Aliquot volumes will be pipetted from the
stock solutions for individual make up tank solution preparations.

The orothoboric acid will be weighed and dissolved in approximately 20 1 of
demineralized water. This solution will be placed in a 50-1 polyethylene

*J.S. Borax and Chemical Corp.
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holding tank, along with the required aliquot volumes of the specified anion
and cation ssock solutions and diluted to 50 1 with addaitional water.

problems associated with the loss of fluoride and hydrazine 1in the

tanks, F~, hydrazine, and C1~ will be added to the MUT auring

process just p test startup.

The 5C 1 test solution will be deaerated (and mixed) Dy sparging with
nitrogen; the sparging tube (stainless steel or Inconel 600), of sufficient
length to extend to the bottom of the tank, will be manually swirlea several
tin@s to compliment the mixing by sparging. The 50 1 of solution will be
stored under continuous nitrogen sparging in the holding tank until ready
use. A minimum of 4 hours of sparging is required to provide mixing and
deaeration of the solution.

10.3.1 Preparation of Stock Solutions

Lithium Hydroxide (LiOH)

Dissolve 30.2262 g LiOH'H‘O in deionized water in a 1-1 polyethylene

volumetric flask, and adc¢ sufficient waier to make 1.0 1. LiOH will be
weighed on an analytical balance. Lithium concentration is 5C00 ppm.
Solution will be stored in a polyethylene bottle.

Sodium Fluoride (NaF)

Dissolve 2.2102 g. NaF (weighed on an analytical baiance) 1in 2 1-1
polyethylene volumetric flask partially filled with geilonized water; ada
sufficient water to make 1.0 1. The solution will be stored in a polyethylene
bottle. The flucride concentr-.ion is 1000 ppm.

Sodium Chloride

Dissolve 1.6485
polyethylene vo
water to make 1.0 1. The solution

The chloride concentration 1S

1A - Y1 &0~ ""1".:‘ 19
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Sodium Thiosulfate (NaZSZU3'5H20)

Dissolve 1.2918 g Na25203‘5H20 (weighed on an analytical halance)

in a 1-1 polyethylene volumetric flask partially filled with deionizead water.
Add enough water to make 1.0 1. The solution will be stored in a polyethylene
bottle. The solution will contain an equivalent of 1000 ppm soﬁ‘.

Sodium Sulfate (NaZSOQ'IOHZO)

Dissolve 3.3540 g Na2504'10H20 (weighea on an analytical balance) in

a 1-1 polyethylene volumetric flask partialiy fillea with deionized water.

Add enough water to make 1.0 1. The solution will be storea in a polyethylene
bottle. The soi‘ concentration is 1000 ppm.
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10.3.2 Lead Test Solutions

HFT Solution 1 = Thiosulfate dosed RCS.
HFT Solution 2 = Sulfate dosed RCS.
weigh 672.1 g orthoboric acia (2350 ppm B equivalent) for each Solution.

* Dissolve in 20 )1 deionized water and place in 50-1 polyetinylene storage tank
for each Solution.

add 5 m)] stock (1000 ppm equivalent 504) Na25203 solution
to Solution 1 only.
add 5 m1 stock (1000 ppm 504) Nazszo4 solution to Solution 2
only.
add 23 ml stock (5000 ppm Li) LiOH solution to each Solution.
* Add sufficient deionized water (~30 1) to bring total volume up to 50 1
for each Solution.
Add 0.7210 g of 65 percent aqueous hydrazine solution, 5 m1 stock (1000
ppm F) NaF solution, and 5 ml stock (1000 ppm C1) NaCl solution to the
in=line addition vessel prior to solution transfer from the storage tank
to the MUT.

Calculatea solution concentration (ppm):
B = 2350
Li = 2.3
F =0.1
' = 0.1
0, = 0.1
**  Hydrazine = 6

" sufficient water will be used initially to dissolve easily the orthoboric
acid. Enough additional water , 30 1) will be added to attain the 50 1
desired volume.

= Target value. Permissible range = 2-10 ppm.
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2843.¢ orthoboric aciad
*Dissolve in 20 1 deionized water and
tank for each Solution,

add 5 ml stock (1000 ppm

{ crn \

add 5 ml steck (1000 ppm 30,) Na7504 solution

23 m)! stock (5000 ppm Li) LiOH solution to

*Add sufficient deionized water (=30 1) to bring total volume

each solution,

g of 65 percent aqueous hyarazine solution, 5 ml stock (1000

solution and 5 ml stock (1000 ppm C1) NaCl solution to the
in=-1ine addit.on vessel prior to soluton transfer from the storage tank
to the MUT.

Calculatea solution concentration (ppm):

B = 1200

Hydracine

Target value. Permissible range = 2-10




orthoboric acia for each Solution.

1| deionized water and place in

Solution 1 and Solution

stock (1000 ppm F) NaF solution to each
stock (1000 pom C1) NaCl solution to each Solution.

add stock (1000 ppm SGA) NaZSZU3

add 5 m1 stock (1000 ppm SO,) Na,30, solution to Solution 2 on!

-

soluticn to Solution 1 only.

y »
—

add 18.5 ml stock (5C00 ppm Li) Li0OH solution to eacn Solution.

*Add sufficient deionized water (=30 1) to bring total volume to

each Solution,

Add 0.7210 g of 65 percent aqueous hydrazine solution, 5 ml stock (100(

ppm F) NaF solution and 5 ml stock (1000 ppm C1) NaCl solution to the
in-line addition vessel prior to soluton transfer from the storage tank
to the MUT.

Calculated solution concentration (ppm):
B8 =« 1000
L.1 = o85

" .
¢ = 0.1

Cl1 = 0.1

N, = 0.1

Hydrazine = 6

Target value. Permissible range =

= &L

v.«—\g N1 &0~ l ~0A L
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Gcle 3

weigh 143 g orthoboric acid for each Solution.
*Dissolve in 20 1 deionized wat:~ and place in 50-1 polysthylene nolaing
tank for each Solution.

add 5 ml stock (1000 ppm 504) Na25203 solution to Solution 1 only.

add 5 o1 stock (1000 ppm 504) Na2504 solution to Solution 2 only.

add 11.5 m) stock (5000 ppm Li) LiOH solution to each Solution.

*Add sufficient deionized water (=30 1) to bring total volume to 50 1 for
each Solution.

Add 0.7210 g of 65 percent aqueous hyarazine solution, 5 ml stock (1000
ppm F) NaF solution and 5 m] stock (1000 ppm C1) NaCl solution to the
in-line aadition vessel prior to soluton transfer from the storage tank
to the MUT.

Calculated solution concentration (ppm):
B = 500
Li = 1.15
F =0.1
Cl = 0.1
S0, = 0.1
**  Hydrazine = 6

**  Target value. Permissible range = 2-10 ppm.
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Cycle 4, Cycle 5, Cycle 6

weigh 28.598 g o~thoboric acid for each Solution.
*Dissolve in 20 1 deionized water and place in 50-1 polyethylere holaing
tank for each Solution.

ada 5 ml stock (1000 ppm 504) Na25203 solution to Solution 1 cnly.

add 5 ml stock (1000 ppm SO.) Na2$04 solution to Solution 2 only.

add 8.5 ml stock (5000 ppm Li) LiOH solution to each Solution.

*Add sufficient deionized water (=30 1) to bring total volume to 50 1 for
each Solution.

Ada 0.7210 g of 65 percent aqueous hycdrazine solution, 5 ml stock (1000
ppm F) NaF solution and 5 ml stock (1000 ppm C1) NaCl solution to the
in=line addition vessel prior to soluton transfer from the storage tank
to the MUT,

Calculated solution concentration {ppm) :

B = 100
Li = 0.85
F =0.1
Cl = 0.1
SO‘ = 0.1
Hydrazine = 6

Target value. Permissible range = 2-10 ppm.
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50 B, 2.C 7.2 ppm LiCH, 100 * 50 ppb 0, and pH 8.1 *

0.1 adjusted with ammonia) and transfer to the MUT using stancard metnoas
already established for these operations. Prepare an additiona! batch of
4 L (or more) for filling autoclaves (Step 6).

From this point on in the test procedure it is important 1O

accurately measure and record the volume of all solutions either
added to or removed from the loop. All residual analytical
chemistry samples should be retained following the analysis, with an
anaiytical chemistry procegure record of how much (volume or weight,
of the submitted sample was actually consumed Dy the analytical
procedure. Any other effluent samples (for pH, etc.) shoula also be
retained. A record should be kept of the amoung of soiution aacea

to the MUT and the time of acdition.

Sparge the MUT for the standard time interval to assure that the solution
1s deoxygenated.

Initiate flow through the bypass leg (with specimens isolatea) at maximum
f lowrate.

Maintain maximum flow conditions and sample the MUT nhourly until two

successive samples show that the pr and conductivity are stable -

within specified range and measured conductivity remains = ¢ wmno.

additions of the ammonium hydroxide stock solution, as required,

maintain pH in specified range.

Sample the MUT for determination of

-~
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0.

100

12.

i 111 the autoc laves with the addi*ional makeup solution of Step 1 ana
pipe in the sample stringers. Note trat the sample stringers go in test
with the "as-is" inside surface condition (no pre-test :insing or
flushing) Maintain sample inlet and outlet valves closed and Dypass
valves open at this step, lezving air in the sample stringers.

Prior to initiating flow through the specimens, set the back pressure
regulator in the pressure relief/drain line of each autociave at 400 psig
and heat autoclave to 130 * 5°F.

Initiate recirculation flow through the specimens at the maximum flow
rate achievable. The entrapped air in the specimens will be pushed out
and on into the makeup tank.

Adjust and balance temperature-flow values using heating tapes, ana - if
necessary - flowrate adjustments.

For the autoclave containing the 2 repair test specimens, apply 1155 psig
total pressure to the bellows. (This gives a aP between the bellows and
the autoclave bulk, which is at atmospheric pressure of 1140 psi, which,

"~ acting on the 0.44 1n2 area of the bellows, applies 500 1b axial locad

on the samples).

For the autoc 1ave containing the full section lead test specimen, the
autoclave may begin to fill with primar solution through a possible
leak. If this occurs, autoclave pressure will rise to 320 psig. The
bellows pressure should then be increased to 1460 psig total bellows
pressure (this gives a aP between the bellows and the autoc lave bulk of
1140 psi which produces a 500 1b axial load on the sample. If the 400
psig primary pressure is insufficient to cause a primary to secondary
leak, the bellows pressure should be set at 1155 psig as in Step 1C.

Using the value of the solution volume in the loop (see Step 1,, add the
required volume of the hydrogen peroxide stock solution to the MUT by way
of the addition bomb to produce a MUT concentrztion of 20 ppm.
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after the peroxige addition, sample the MU
the des yeroxide concentration has been achieved.
concentration is not correct, continue to
Wwhen stable peroxide concentration, flowrate, and temperature are
achieved on both systems, the 500 hour cleaning cycle
the MUT and autociave effluent and determine ph and A,U,

& &

concentration,

Until the n?oz consumption rate and the stability of the pH 1is
determined, sample the MUT and autoc lave eff luent hourly* and perform
”ZOL concentration and pH measurements. Measure and record the data,
hour and volume of all flushing and sampling volumes and of all volumes

of additions to the loop, and maintain a continuous current record of the

volume of solution in the loop for the entire duration of the test.

After conditions have stabilized and/or consumption rates have Deen

determined, institute the reduced frequency of analyses which insures

that 15-20 ppm h202 is maintained in the MUT. Continue the

operations for the remainder of the 500 hour test.

10.4.2 Procedure for "”92 Analysis Using Peroxide Kit HP-50

Test Method. The HP-50** kit employs the reagent ammonium thiocyanate plus
ferrous iron in acid solution to give a red-orange color with hydrogen
peroxide. The test is based on the oaication of ferrous 1ron to ferric iron
by peroxide with the formation of the intensely colored ferric thiocyante
comp lex.

*At the beginning of the test cycle, peroxide analyses of effluents shouc De
conducted more frequently an hourly, until it is established that the hourly

rate is sufficiently frequent tc track peroxide consumption.

*x (HEMetrics, Inc., Warrenton, Va.
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Sample Preparation.

Measure 5.0 m! of loop water into the “snap-cup” using ine precalibrated

ga,mpl\n,g_; syringe.

Add two drops of 20 weight percent sulfamic acig solution

Dilute to 25 ml with distilled water.

Each sample tu be analyzed with this kit must be diluted, as above,
orior to analysis with the kit.

Analysis Procedure.

[nsert the ampoule tip into one of the four depressions at the bottom of
the snap-cup and squeeze the ampoule toward the side of the cup. This
novement will break the ampoule tip. The sample fluid will fill the
ampoule, mix with the reagent, and form a colored solution whose
intensity corresponds to the concentration of peroxide. A small bubble
will remain in the tube.

Remove the ampoule and cover the tip with a finger. [Invert the CHEMet
several times, allowing the bubble to travel from end to end each time.

(A protective cot may be used to prevent skin puncture.)

Use the appropriate comparator to determine the level of peroxide in the
samp le.

Readings should be taken no longer than 30 seconds after the CHEMet has Deen

fired.

.4.3 Procedure for Preparation of 50,000 ppm H-0, Stock Solution.

Measure out 150 cc of 30 nercent H,0,* (0.3 g H ) solution.
& &

OuPont "Perone" 30 EG Hydrogen Peroxide.
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Quantitatively transfer to a 1 liter poliyethylene volumetric fla

e

dilute to one liter. Stopper and invert several times to assure mixing

is complete.

Using a micropiet transfer 50 ul of th lution pr

another polyethylene volume.ric flask, and dilute

and mix. (The concentration cf this sociution should be Z.

Analyze the solution prepared in Step 3 using the CHEMetrics hyarogen

peroxide analysis kit

Calculate the concentration of the stock solution prepared 1n Step ¢
using the following expression:

the concentration of the hzoq stock solution in ppm,
&

the H202 concentration determined by use of the CHEMetrics
hZOZ analysis kit (Step 4)

the volume of the stock solution used to prepare the solution
in Step 3.

| abe] the stock solution prepared in Step 2 with the date and the

concentration calculated in Step 5.

At ieast once each week redetermine tne concentration of the stock
’

solution by the procedure described in Steps 3 through 6.

nce hydrogen peroxide will decompose in bright light,

1

stock solution in a dark place when not being used.
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.4.4 Procedure for the A en of Ammonium Hydroxige

Withdraw 500 ml of solution from the locp using the
Adjust loop flow so that the

Pressurize the sampling bomb from tie top within nitrogen.

appliec must be greater than the pressure 1n the MUT.

Open the valve at the bottom of the bomb to allow any solution in the
bomb to be forced into the MUT. The bomb will be empty when pressure
the MUT begins to rise. At that point close the valve at the bottom of
the bomb.

Bleed the MUT nitrogen pressure back to the amount maintained G.ring
normal operations.

Shut the valve at the +op of the addition bomb and disconnect the
nitrogen supply.

Connect the vacuum source to the valve at the top of the agdition bomb.
Open the valve and begin to evacuate the bomb.

Calculate the volume of concentrated ammorium nydroxide (14 M) required
to increase the loop pH by using the titration curve (Figure 10-1) and
the following formula:

V. =2 V. (ml - ml
A L ‘"“desired pH present pH’

where,

V, = The volume of 14 M Nh4uh (ml, to be Added,

V. = The volume (liters) of solution in the loop,

the readin i from Figure 1 which correspon
desired pH = e reading aer ved om gu - co spcnas

to the desired pH,
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m]presen' R the reading gerived from Figure 1 which corresponcs

to the present pH.

TE. To avoid adding excess Nd,0OH and producing a higher pH than gesired,
4 9 9

Wi

adjustments should initially be made to the bottom of the 8.0 to 8.2 ph
control range. After experience with the system and the procegure 1§

achieved, adjustment to the middle of the pH range should be attempted.

g, To ~250 m] of the solution removed from the loop in step 1), add the

volume of the 14 M NHGOH solution calculated in step 8).

10. Shut the valve at the top of the chemical addition bomb, and suck the

solution centaining the NK,OH into the bomb by opening the valve at the
bottom of the bomb. '

11. When all of the NH,OH containing solution has entered the bomb, rinse
the container with the remaining 250 m1 of loop solution from ste ]

/'

and suck this soluticn into the sampling bamb.

k<
~n
.

Make sure that addition valves at the top and bottom of the bomb are
closed, then divert loop flow through the bamb and flush bomb contents
into the MUT.

13. Allow 15 minutes to assure mixing and then sample the MUT. Oetermine pH

to assure that the desired increase has been achieved.

10.4.5 Procedure for the Manual Addition of Hydrogen Peroxide to the LOOp

| Withdraw 500 ml of solution from the loop using the effluent sample tap.

2. Adjust loop flow so that the chemical addition bomb is isolated.

3, Pressurize the sampling bomb from the top with.n nitrogen. Ihe pressure

—

applied must be greater than the pressure in the MU

T~

- IN180¢ 10 3781 -
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6.

Open the valve at the bottom of the bomb to allow any solution in the
bomb to be forced into the MUT. The bomb will be empty when pressure in
the MUT begins to rise. At that point close the valve at the bottom of
the bomb.

Bleed the MUT nitrogen pressure back to the amount maintained during
normal operations.

Shut the valve at the top of the addition bomb and disconnect the

nitrogen supply.

Connect the vacuum source to the valve at the top of the addition bomb.
Open the valve and begin to evacuate the bamb.

Calculate the amount of the H,0, stock solution (nominally 50,000
ppm) required to change the loop concentration to the desired amount
using the following expression:

al . v

VA.—rs—

the volume of stock solution (liters) to be u.:3Jed to the loop,

aC = the desired increase in loop HZOZ concentration, in ppm,
= the volume, in liters, of solution in the loop,
= the concentration of the H202 stock solution, in ppm.

To ~250 m) of the sulution removed from the loop in step‘l), add the
volume of the H?O2 Lolution calculated in step 8).

10. Shut the valve at the top of the chemical addition bomb, and suck the

solution containing the H?Oz into the bomb by opening the valve at
the bottom of the bomb.

1029¢ /0150c/010684:5 139



11. wner al) of the peroxide containing solution has enterec the bomt, rinse
the container with the remaining 250 ml of loop solution from stex 1),
ar.2 suck this solution into the sampling bomb.

12. Make sure that adcition valves at the top arc bottom of the bl are
clcsed, then civert loop flow through the bomb ang flusn bomt contents
into the M.T.

13. Allow 15 minutes to assure mixing and then sample the MUT. Analyze for
nzoz to assure that tne gesired HZO2 concentration nas been
acnhieved.
NOTE: hyarogen peroxige aogitions to the loop should only be mage when
loop p4 is »7.0 to avoid decomposition.

1J.4.6 Procecure for Loop Shutcown

1. At the completion of the 500 hour peroxide exposure (4:20 p.m. on karcn
15, 1983), sample the make-up tank (MUT) solution for (a) peroxige
arialysis, ana (b) ion chromatographic sulfate analysis.

2. Terminate peroxide agditions.

3. Retain 500 pound loac on specimens and ge-energize all loop heaters.

4. while maintaining flow through the specimens at the specified test
flowrate, sample the MUT solution hourly and analyze for peroxige for the
initial 2-3 hours of the cooldown period.

§, Maintain flow through the specimens overnight, Twenty-four hour

surveillance during the cooldown is not recuired. However, prior to
leaving the laboratory for the evening, sample the MUT for peroxige anc

sulfate analyses.




-

1u.

11.

On the following morring, again sample the MUT for percxide ang sulfate
analyses.

Terminate flow and reguce pressure on DOth the bellows ang tne remzinger
of the locp system.

Drain the contents of each autoclave into separate labelec containers and
retain for further analysis at a later time.

Open the autoclaves, gisconnect the sample train, ang grain solution from
each sample train into separate, appropriately labelec containers. Set
asige for further analysis at a later time.

Transfer specimens to appropriate location for post-test examinationrs.

Orain KUT ang remainder of loop into labeleg containers. Retain for
subsequent post-test analyses.

0i0684:5 141



10.5 Uperating Congitions for Loop 1 and 2 Through Operations Cycle Z.

Operating temperatures, pressures, and flowrates for leac Test . (LoCf 1)
measures during the HFT cycle and Uperations cycles 1 ang 2 are preésentel &3
monthly tabulations in Tables 1U-1 through 10-6. Plots o the corresgoraing
temperature anc pressure data for the months of Novemper, 1962 through Fey,
1953 are presentec in Figures 10-2 through 10-8. The analogous cat: for Test
Z (Loop 2) are presented in Tables 10-7 through 10-13 anc Figures lu-9 thro.ch
1U-15, respectively.

1029¢/0150¢c/010684:5 14z




The norizontal scale represent a gepth below the surface, based on & xniws
sputtering rate of 50 A/min (Reference 14).

For eact curve in Figure 10-15, the fractiona) area cf a 1U nm slice was
compared with the total area under the curve, Tne total area ynger the Curve
represents a known Quantity of sulfur ang the fractional areas are
proportional to the fraction of sulfur atoms stopped within each slice.

Table 10-14 summarizes the results of the calculation.

Tne concentration of S in eacn slice is calculateg from the formyla

Xe ® zfot/(N + 2fot) (10.4=2
where ¢t = ion fluence (1ons/cm2) or total aose
§ = fraction of ions stopped within the selectec slice (Tacle 1)
N = nunber of non-sulfur atoms witnin the slice (estimatec at
9 x 1016 atoms, haseg on pure nickel)

By plotting normalizec peak-to-peak heights (Equation 10.4-1) vs. sulfur
concentrations (Equation 10.4-2), a calipration curve for sulfur analysis 1s
obtained (Figure 10-17). The cal.bration curve of Figure 10-17 is baseg on
the gata obtained from the stangaras with § x 1015 ang 1 x 1016

ions/:mz. The gata for the third standard need to be correctea for sulfur
loss due to sputtering during ion jmplantation, an effect tunat can be
neg{e:tec for the lower fluences.

Determination of Detection Limits

when the sulfur peak-to-peak height Decomes less than twice the noise level 1n
the derivative Auger spectrum, the apparent sulfur concentration may be 10U

percent in error and that concentratior constitutes the instrumental getection
limit. Lower concentrations will ge undetected or will be determined with
very low accuracy if getected. The instrumenial detection limit for this
investigation is encountered at the last point of each of the curves in

Figure 10-16. From Table 10-14, the corresponding number of s atoms is
calculated to be 0.006. x 5 x 10°° x 2= 6 1043 atoms in a 10 nm slice.




Tnis is converted to ug/cmz by multiplying the number of atoms by the mass
of a sulfur atom (1.66 x lu-‘7 kg x 3Z). The result is a getection 1171t of
3x 107 we/em® in a 10 nm slice.

Analysis of Concitiones Sarples

Six areas were analyzec on Inconel 6C. sanplies cut from TMI=1 UTSG tubes which
had been subjected to elevatec temperature conditioning in simuiatec reactior
coolant cheristry. ho sulfur was detected in any of tne specimens at
gepth level, but all areas showed significant boron levels. The poron signs]
in the Auger spectrum consistec of two peaks, the main peak at 17U eV anc &
secordary peak at 152 eV. The peak-to-oeak height of tne secondary peak w2s
about half that of the main peak. Normal boron signzls consist of only one
peai at 179 eV. The reason for the shift ard the appearance of a seconc [ean
is not clear at this time. One possidility is that a boron-compound wés
formec, but the compound has not been identifieg.

because of the proximity of the second boron peak and the sulfur signal, X=-ray
photoelectron spectroscopy (XPS) was used to gifferentiate Letween sulfur anc
boron. The XPS boron signal consisted of a single line ingicating a ls
bincding energy of 190.9 eV. No sulfur was getected Dy KPS, Tnis limits the
amount of sulfur that might have been present to 0.15 ug/cm‘ n the first

100 nm below the surface and to one tenth of that amount within the first

10 nm below the surface.

The Auger analyses are summarized in “composition tables" attachec to the
report. The compositions given are essentially normalized peak=-to-peak
heights (similar to Equation 10.4-1, for each element) and not calipratec.
They give, however, some qualitative idea of how tne composition changes with
sputtering time. The sputter rate used was 5 nm/min,

Summary

Calisration curves for ALS analysis of sulfur in Inconel 600 are available,
Unfortunately, the presence of an unidentified boron compound makes the use of
AES on the GPU-N tubes undesirable, at least for sulfur analysis. XPS is less
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AUTOCLAVE #31 NOVEMBER 1982

2 4 6 8 18 12 14 18
DAY

Seoe

4000

3000
Pb PRESSURE (PSD)

2008 |
Pe & Pa PRESSURE (PSD)

1000 |

‘ AUTOCLAVE TEMPERATURE F
a a 2 A A A A 2 A 5 A i A A A a

182'2224202930

FIGURE 10-2 NOVIMBER OPERATING CONDITIONS FOR TEST 1
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AUTOCLAVE #31 MONTH OF FEBRUARY

BELLOWS PRESHURE <cPB I

2500

SBEYSTEM & AUTOCLAVE PRESSUNE <RI

2000

1500

AUTOCLAVE TEMF‘ERAYU"E <F D

FIGURE 10-5 FEBRUARY OPI RATING CONDITIONS FOR TEsT |




AUTOCLAVE #31 MONTH OF MARCH

BELLOWS PRESSURE (PSIDD

AUTOCLAVE & SYSTEM PRESSURE (PSDD

AUTOCLAVE TEMPERATURE (F)

SAMPLE INSFEST ION

A A A

12 14 16 18 28 22
DAY

FIGURE 10-6 MARCH OPY RATING CONDITIONS FOR TEST 1




AUTOCLAVE #31 MONTH OF APRIL

S8 T N AT - Rt o0 ek WA S e SN S o ot e e
4000 }
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1962 }
AUTOCLAVE TEMPERATURE (F)
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FIGURE 10-7 APRIL OPERATING CONDITIONS FOR TEST 1
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FIGURE 10-13 FEBRUARY OPERATING CONDITIONS FOR TEST 2
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TABLE 10-
OPERATING PARAMETERS FOR TEST LOOP 1

THMI LEAD TEST #1

JTOCLAVE#31
JVEMBER 1982

W TIME  Ps Fa Fh Fmut AC T MUT T MUT LEVEL EFFLUENT
FSI FS1 FSI FSI F F INCHES ml/hr

? “os Q. 0 0 12 69 69 21.4 - B

} 955 13120 . 1120 0 12 &9 69

!1003 1120 1120 2260 12 69 69

1029 1120 1120 2240 12 155 70 21.3 s3

} 740 1i20 1120 2260 13 153 73 20.3 51

ey - 1120 1120 2260 13 153 73

3 1200 1120 1120 2260 13 545 73

3 1400 1120 1120 2240 13 545 73

3 744 1120 1120 2260 ‘3 549 74 19.0 85

§ 84U 1120 1120 2260 13 45 74

4 945 1120 1120 2260 13 550 74

$ 1030 1120 1120 2260 i3 448 74

$ 1130 1120 1120 2260 13 550 74

$ 1230 1i20 1120 2240 13 453 74

$ 1330 1120 1120 2260 13 548 74

3 1430 1120 1120 2260 i3 450 74

s 1525 1120 1120 2260 13 $50 74

5 727 1120 1120 2260 13 548 72 17.8 93

3 734 1120 1120 2260 13 549 71 14.3 B6 X

733 1120 1120 2260 1 550 72 $3.% 96

) 734 1120 1120 2260 13 550 71 2.0 101

1 728 1120 1120 2260 13 550 72 10.8 94

i 800 1120 1120 3400 13 £50 72

1 1300 1120 1120 3400 13 132 72

1 1305 1120 1120 2260 13 132 73

1 1515 1120 1120 2260 0 131 70 10.0 101

2 738 1120 1120 2260 0 132 70 9.1 105

s 725 1120 1120 2260 0 131 74 28.8 -

§ 220 1120 1120 2260 0 130 73 27.5 162

5 1420 1120 1120 2260 0 130 73

& 1427 500 500 2260 0 130 73

4 1421 1120 1120 2260 0 130 73

7 1120 1120 1120 2260 0 131 73 36.3 98

8 738 1120 1120 2260 0 132 72 24.9 9%

® 735 1120 1120 2260 0 131 72 23.8 102

2 27220 1120 1120 2260 0 130 2 19.8 98

3 738 1120 1120 2260 0 130 72 18.6 97

4 725 1120 1120 2260 0 130 72 17.3 98

4 950 1120 1120 2260 0 130 72

4 955 0 0 0 0 0 72

OTE *x°* INDICATES MUT OR EFFLUENT SAMFLE TAREN

OMMENTS #
AY

MUT SAMFLE PH-5.6 CONDUCTIVITY 68 wOHM
1 MUT OFENED TC ATMOSFHERE
2 MUT REFILL



TABLE 10-2
OPERATING PARAMETERS FOR TEST LOOP 1

TOCLAVE#31 TMI LEADl TEST #1
CEMBER 1982

Y TINE : Fa Fb AC T MUT LEVEL EFFLUENT
FSI PSI F INCHES ml/hr

1129 0 0
1330 1760 1760 0
1332 1760 1760 3510
1335 1760 176C 3510
1422 1760 1760 3510
745 1760 1760 3510
750 1760 1760 %510
1258 1760 1740 3510
840 1760 1760 3510
?0S 1760 1760 S10
1005 1760 1760 3510
820 1760 1760 2400
835 1760 1760 3400
1020 1760 17490 3400
1513 1760 1760 3400
800 1760 1760 34600
830 1760 1760 3I4C0
1000 1760 1760 3400
820 1760 1760 3300
83% 1760 1760 3300
1020 1760 1760 3300

66 ' 20.3 X
(Y-}
of
148
149
149
600
603
603
499
S00
S00
600
600
602
602
902
49S
49%
996

(rarenan annn

P S N N e e

[ T e ol l il e
Ut an

[y
w

TE *x* INDICATES MUT OR EFFLUENT SAMFLE TAKERN
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OPERAT ING PARMETERS FOR TEST LOOP 1

AUTOCLAVES#31 THI LEAD TEST #1
FEBRUARY 1983

DAY TIME Fs Fa Fb Fmut AL MUT T MUT LEVEL EFFLUENI f.lﬂu
F51 FS1 FSI FSI F F INCHES ml/hr

% ¢ 77 21.0 104
605 78 17.9 101
597 Ho 18.5 79
9599 ’8 17.5 117
600 14.5 108
4601 84 13.5 128
604 84 12.3 134
996 84 i1.3 99
604 84 10.1 79
603 81 27 .3 (4]3)
603 82 26.3 92
16 805 1760 1760 3510 605 25.1 93
17 745 1760 1760 3500 602 78 24.0 92
18 730 17460 1760 3500 597 77 23.0 80
21 740 1760 1760 3500 602 76 19.6 106
22 735 1760 1760 3500 9 601 73 18.5 100
23 1107 1760 1760 3500 ) o975 7 17.4 94
24 753 1760 1760 3500 ) 404 165 87
29 815 1760 176C 3500 602 15.6 92
26 745 1760 1760 3500 - 601 79 14.3 218
28 740 1760 1760 3500 : 604 12.0 80

735 1760 1760 3510
800 17460 1760 3510
745 1760 1760 3500
808 1760 1760 3510
745 1760 1760 3500
735 1760 1760 3510
745 1760 1760 3510
10 735 1760 1760 3510
11 805 1760 1760 3510
14 747 1760 1760 3500
15 734 1760 1760 3510

g an

4,

Mh‘-‘_‘-‘..—.””h‘h»pm

g

NOTE *"%x* INDICATES MUT OR EFFLUENT SAMFLE TAKEN

COMMENTS
IAY
11 KEFILL MUT (11310) 02 5 FPR. CONB,= 53 ulHM FH=4.,03




OPERATING PARAMETERS FOR TEST LOOP 1

TEST #1

Fmiat MU \ MUT LEVEL
FSI F INCHES

[
cCcXa

e

"
-
1
-
350C 1
3(;\)(.’
3500
3500
35)\«‘(‘
3500
3500
31500
3500
ISV0
3900
c )
.
3500
/ Ao00
740 3500
1760 3500
& 3500
60 1500

99
599
600
204
497
4%
96
&1
&02

— )
o \/

i Ln

R el
'

P

[y
r

nen ¢

S00
4y
HO4
606
610
S03
498
498
Syt

604
0%
497
601
S96
600
S04
499
S00
S99
603
604
603
603
610
6035
609
602
504
oS98
o998
oS98
135
139
136
134

q ot

r

b i b B
<

onon

(

1
1L

1760 3500
1760 350(
1760 2900
1760 3500
1760 3500
1760 3500
1760 3500
1760 3500
1760 3500
1760 3500
1760 3300
1760 3500
1760 3500
1760 3500
1760 3500
1760 X500
17690 3500
1760 3500
1760 3500
1760 3500
1760 3500
1760 3300
1760 500
1760 4795
1760 4795
2760 3500
1760 3500
1760 2S00

—

S

P Tl ol
agrAIIaTITAIOTTareranan A Anen en O O

moummumomoto o

Mmoo aad

(PR ol

*x* INDICATES MUT OR EFFLUENT SAMFLE TAKEN




OPERATING PARAMETERS FOR TEST LOOP 1

(%

~d

POF 1/60 1/4 ST I\
15 1760 1760 3500
80S 1750 1760 3500
745 176 1760 3500 ) S99
80 1760 1760 2300 s8e
850 176¢ 1760 3500 . 89
799 1760 1760 3500 5 8593
120 1760 1760 3500 15 o993
B80S 1760 1760 3500 15 S97
1008 1760 1760 3500 15 599
Sav 1760 1760 3500 15 €97
827 1760 1760 3500 19 602
B80S 1760 1760 3500 15 603
750 176C 1760 3500 1S5 S96
799 1760 1760 3500 15 604
800 1760 1760 33500 1S5 591

W s o= w

N

W NN -

(.
—
m

*x* INDICATES MUT Ok EFFLUENT SAMFLE TAKEN

OMMENTS S

Fb Pmut MUT LEVEL EFFLUENT
FS1 FS INCHES ml/hr

n

500
4795
479%S
VZ-1° : 2500
S
760 3500
1 760 39500
0 0 ) ) ¥
0 ¢ O ( Q

~J

6.0 79

NN

NN NN N NN

il S0 & BF

b bbULINI2IOR

INUICATES MUT OR EFFLUENT SAMFLE TAKEN

O

15 MIN.)/ MUT S




TABLE 10-7
OHﬁUﬂINGE%RN&ﬂERSEUR‘ﬂEﬂ'UIP 2

JCLAVE#$2Y TMI LEALD TEST #2

JBER 1982
T1ME Fe Fa Fb Fmut Y il MUT T MUT LEVEL EFFLUENT FL
FSI FSl FS1 PSI F F INCHES mi/nr
1115 0 0 0 19 71 69 23.4 100
1115 2080 2050 0 2 71 &9
1400 2050 2050 0 12 71 69 -
1400 0 0 0 12 71 69
1330 0 0 0 2 73 70 an .9 100
1330 1120 1120 1140 12 73 70
1418 1120 1120 1140 12 73 70
1430 1120 1120 1140 2 150 70
1520 1120 1120 1140 12 155 70 _
721 1200 1100 1150 12 154 72 20.6 100
816 1200 1100 1150 13 154 72
913 1200 1110 2260 13 335 72
1000 1200 1110 2260 13 400 72
1200 1200 1110 2260 13 =48 72
1340 1200 1110 2260 13 549 72
1529 1120 1120 2250 13 547 72
650 1120 1120 22350 13 548 72
742 1120 1120 2250 13 53 72
840 1120 1120 2250 13 5aS 72
923 11.0 1120 2250 13 450 72
103 1120 1120 2250 13 550 72
1115 1120 1120 2250 13 446 72
1210 1120 1120 2250 13 552 2
1300 1120 1120 2250 13 448 72
1505 1120 1129 2250 13 545 72
1505 1120 1120 2260 2 45 73 20.3 108
740 1120 1120 2250 13 548 v o 18.9 63
B11 1100 1100 2250 13 548 72 18.8 x 102 »
830 1120 1120 2250 13 547 73 17.6 ¢
835 1130 1130 2250 13 547 73 ibeS 120
| B42 1125 1125 2260 13 548 73 15.5 % 93 X%
728 1120 1120 2260 13 548 73 14.3 112
i 730 1120 1120 3400 13 548 73
» 820 4% 450 3400 13 457 73
» 820 700 700 3200 13 437 73
> 10SS 700 700 3200 13 225 73
’ 1238 700 700 3200 13 135 73
) 1120 1120 1120 2260 13 135 73
? 1535 1120 1120 2260 0 133 73

ITE *%* INUDILATES MUT OR EFFLUENT SAMFLE TAKEN

OMMENTSS
AY
- 15:05 AUDED 75cc OF HALIDE TO MUT




TEST #2

Fb
FS1

2260
2260
2260
adol
2260
2260
2260
2260
2260
2260
Q0

INLI1CATES MUT OR EFFLUEN)

 TOLLAVES’Y  ThLl LEAD
vemBek 1982
\ TLME e Fa
Fsi P51
835 1120 1120
834 1120 1120
742 1120 1120
740 1120 1120
732 1120 1120
730 % $'5 Y 1120
73 1120 1120
732 1129 1120
810 3120 1120
705 990 SS90
728 O 0
e “%*
MMENTS S
Y
REFILL MUT

FUME MALFUNT ION

TABLE 10-8
OPERATING PARAMETFRS FOR TEST LOOP 2

Fmut
FSI

COCCOOCOCCC

SAMFLE TAKEN

AC
F

132
132
131
131
130
131
128
130
130
130

0

MUT T

F

&7
68
70
70
70
68
69
6%
&Y
69
69

MUT LEVEL
INCHES

10.3
9.0 x
31.1
30.6
29.1 X%
24.9
23.5
23

——

20.8 x
19.5

EFFLUENT
ml/hr

i 93
.93
112
110
128
100
107
94

115 %
0

¢



TING PARAMETERS FOR
OPERATING P




C
OPERATING PAPPMETERS FOR TEST LOOP 2

MUT T MUT LEVEL EFFLUEN!
eSS F F INCHES mi/hr
o £ . g L 750 ol 1% el 8¢ 12.0 g
' liew © 1760 3100 15 6U0 /8 10.6 Y6
“ o 178G 1700 3100 15 60w Va4 .8 91
- . 1,00 1/ 310u 15 6G1 78 BeS 78
) kS 769 1/a0 alue 1S el /8
& ¥ b teouQ 1400 $H0L 15 601 /8
é A pATITY el ¥ 19 601 78
o BLO 1wy FROINTY 0 1% 406 78
6 B s Lad Q 15 406 78
& Bal S0 300 ] 1S 367 76
' 854 7% 7,9 Q  §- 308 78
) w1 25 25 ] 19 279 78
6 104n 2% 25 ) 15 187 78 .
@ 1130 Q0 Q Q 15 105 78
6 1300 V) V] (0] 15 78 78
6 13500 Vv V] (4] 4] Q 0 0.0 0
3 1450 Q 0 0 15 0 76 28.5 x 0
. A 00 900 S00 1S 70 76
4 740 S00 S00 S00 15 70 76
2 725 1760 176C 2000 15 70 76
2 728 1760 1740 3100 1S 70 76
2 730 1760 1760 3100 15 70 76
. 815 1760 1760 3100 8- 131 76
2 102% 1760 1760 3100 15 131 75 28.3 84
3 740 1760 1760 3100 1S 131 78 27 +3 é8
4 742 1760 1760 29350 1S 129 78 27.0 63
4 1040 1760 1760 3100 15 125 78
7 745 1760 17320 2825 18 128 76 25.3 76
F 810 1760 1760 2925 15 128 76
8 750 1760 1760 2700 15 129 74 24.8 63
9 745 1760 1760 2520 15 74 24 23.3 79
9 808 1760 1760 2520 & 129 24
4 215 1760 1760 3100 15 2955 74
9 1335 1760 1760 3100 1S 598 74
7 1400 1760 1760 3100 & S99 77 23.5 8BS
) 740 1760 1760 3100 15 598 74 22.9 112
1 750 1760 1760 3100 b §-° 98 76 21.3 110
3 740 1760 1760 3150 15 s98 74 17,3 110
3 729 1760 1760 3150 15 S97 73 16.0 120
5 732 1760 1760 3150 ) §-1 S$97 49 14.5 115 x
? 739 1760 1760 3150 1S S97 70 13.0 312
} 745 1760 1760 3150 1S S$97 71 11.8 111
735 1760 1760 3150 15 604 72 7.5 106

JTE "%' INDICATES MUT OR EFFLUENT SAMF'.E TAKEN

IMMENTS§
\
HELLOWS FAILURE
MUT REFILL (SOL)
BELLOWS NITROGEN SUFFLY LOW
BELLOWS NITROGEN SUFFLY RESTOREL



TABLE 10-11
OPERATING PARAMETERS FOR TEST

E429 THI LEAD TEST #2

DAY T L ME ’ ‘3 Fb Al MUT MUT LEVEL EFFLUENT FLUW
FS1 FSI FS1 f F INCHES ml/hr

8
-

603 79 6.3 102
599 71 28.4 120
600 76 27.4 b
600 79 26.0 94
600 24.8 102
600 21.1 122
099 17.3 4
600 18.5 111t
999 17.3 1068
a9y 15.8 105
097 11.5 133
976 10.3 112
16 730 1760 1760 3150 597 6.8 115
14 15350 i 760 1760 0 83 H.3 115
16 2030 1760 1760 0 o 83 8.0 115
17 /35 1760 1740 0 74 - 8.0 0y
18 728 1760 1760 0 8 7¢ 8.0 77
18 740 0 0 0 0 0,0 )
27 1800 0 0 0 0 0.0 0
27 2015 i #460 1760 3150 o 75 21.4 160
27 2035 1760 1760 3150 - 150 S0 160
28 735 1760 1760 3150 : 150 21.0 11
28 1730 1760 1760 J150 - o 20D 112

748 1760 1760 3150
1305 1760 1760 3150
795 1760 1760 3150
790 1760 1760 3150
805 1760 1760 3150
735 1760 1760 3150
740 1760 1760 3150
740 1760 1760 3150
743 1760 1760 3150
800 1760 1760 3150
74% 1 /60 1760 3150
15 730 1760 1760 3150

2. R, Bi.N3. B4,
~ - Wil

LR R
W W W

1
1
1
H
1
1
15
1
1
1
1
i
 §-
1

NOTE *"%* INDICATES MUT OR EFFLUENT SANFLE TAKEN

COMMENTS 5

DAY

| MUT REFILIEDR (50 L3

16 HELLOWS FATLUKE

I GHUT DOWN Gy #] COMELE T E
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TABLE 10-13
OPERATING PARAMETERS FOR TEST LOOP 2

e "X" INDICATES MUT OR EFFLUENT SAMFLE TAKEN

REFILLED MUT
MUT N2 SPARGED - MUT 5 PSI AIR

TOCLAVE$2? TMI LEAD TEST $2

Y 1983

Y TIME Fs Fa MUT LEVEL EFFLUENT F
PS8l » 'S INCHES ml/hr

e 0.0 0

80O 0
0

800 QO

TE *x* INDICATES MUT OR EFFLUENT SAMFLE TAKEN




Table 10-14

< E

FRACTION OF SULFUR ATOMS STOPPED WITHIN A 10 NM SLICE U

MATERIAL AT VARIQUS DEPTHS BELOW THE SURFACE

Depth of

Center of Slice

(nm)

Total




0.5 Auger and X-Ray Photoelectron Spectroscopy (XPS) Studies of Sulfur

Pick-up by Archive 0TSG Surf aces.

-
|

his Appendix section describes the detailed analytical methoadology, incClud
standards preparation, that was applied to 0TSG surface analyses for sulfur
pickup following e<posure of archive tubing samp les to a preconditioning at
B8O

elevated temperature in simulated reactor coolant with L10H, ana

i b

5.
very dilute S0, anion.

Preparation of Standarcs

-

Six sections of unconditioned archive Inccnel 600 0TSG tubing, approximately

1 em x 1 cm on the sides, were ground and polished on the ID sige to provice a
flat surface for mounting on a heat sink.

The standards were prepared by exposing the 00 surfaces of the ground

1 -
spec1mens to 150 KeV S%-lons to various doses ranging from 5 x 10*~

Sn-1ons/cm to 5 x 10° Szlcm Theoretical calculations
preOICt a mean penetration depth of 320 A with a straggling of 130 A, so that
99 percent of the ions would be stopped within 710 A from the entry surface.

Analysis of Standards

Figure 10-16 shows the AES analyse s of three standaras (5

- 7 > 5 - 2

Sp/em™, 1 x 10l 32/¢ma, 5 x 10 Zlcm‘ to a depth

of ~1200 A. The vertical scale represents normalized neak-to-peak neights of

the sulfur signal (ns), calculated as follows:

where h . 15 the peak-to-peak height of the sulfur line in the gerivative

spectrum
is the sensitivity factor as defined n Reference 16.

a. are analogous guantities for element i and the summation

is over all elemeats detected (5, C, 0, Cr, Fe,




The horizontal scale represent a depth below the surface, based on & Kknown
sputtering rate of 50 A/min (Reference 17).

For each curve in Figure 10-16, the fractional

compared with the total area under the curve. The

represents a known quantity of sulfur and the fractional areas are
proportional to the fraction of sulfur atoms stoppec within each slice.

Table 10-14 summarizes the results of the calculation.

The concentration of S in each slice 1is calculated from the formula

: : r 2 .
where ¢t = ion fluence (ions/cm™) or total dose
f = fraction of ions stopped within the selected slice (Table 1)
N = number of non-sulfur atoms within the slice (estimated at

9 x 1016 atoms, based on pure nickel)

By plotting normalized peak-to-peak heights (Equation 10.4-1) vs. sulfur
concentrations (Equation 10.4-2), a calibration curve for sulfur analysis is
obtained (Figure 10-17). The calibration curve of Figure 10-17 is based on
the data obtained from the standards with 5 x 1015 and 1 x 1016

1ons/cm‘. The data for the third standard need to be corrected for sulfur

loss due to sputtering during ion implantation, an effect that can be
neglected for the lower fluences.

Determination of Detection Limits

when the sulfur peak-to-peak height becomes less than twice the noise level in
the derivative Auger spectrum, the apparent sulfur concentration may be 100
percent in error and that concentration constitutes the instrumental getection
1imit. Lower concentrations will go undetected or will be determined with
very low accuracy if detected. The instrumental detection lim’t for this
investigation is encountered at the last point of each of the curves 1n

Figure 1C-16. From Table 10-14, the corresponding number of s atoms is
15 13

calculated to be 0.006 x 5 x 10 x 2 =6 x 10°° atoms in a 10 nm slic

-
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. 2 -
This is converted to wg/cm” by multiplying the number of atoms Dy the mass

-

of a sulfur atom (1.66 x 107°’ kg x 32). The result is a detection limit of

1"‘3 ‘ &
Ay ug/:m in a

The detection limit for sulfur in the XPS technigue was determined as the
sulfur level at which the uncertainty in the sulfur peak minus background

value was as great as the scatter of the points in the background. It was
-3

found to be five times the Auger detection limit, or 15 x 10 ug/cw“ in a

10 nm slice

Analysis of Conditioned Samples

Six areas were analyzed on Inconel 600 samples cut from TMI-1 OTSG tubes which
had been subjected to elevated temperature conditioning in simulated reactor
coolant chemistry. <0 sulfur was detected in any of the specimens at any
depth level, but all areas showed signif icant boron levels. The boron signal
in the Auger spectrum consisted of two peaks, the main peak at 170 eV and a
secondary peak at 152 eV. The peak-to-peak height of the secondary peak was
about half that of the main peak. Normal boron signals consist of only one
peak at 179 eV. The reason for the shift and the appearance of a second peax
is not clear at this time. One possibility is that a boron-compound was

formed, but the compound has not Deen identified.

Because of the proximity of the second boron peak and the sulfur signal, X-ray
photoelectron spectroscopy (XPS) was used 1o differentiate between sulfur ang
boron. The APS boron signal consisted of a single line indicating a ls

.nding energy of 190.9 eV. No sulfur was detected by XPS. This limits the
amount of sulfur that might have been present to 0.15 ug/cn in the first
100 nm below the surface and to one tenth of that amount within the first
10 nm below the surface.

The Auger analyses are summarized in “composition tables" attached to the
report. The compositions given are essentially normalized peak-to-peak

heights (similar to Equation 10.4-1, for each element) and not calibrateaq.




-y

'hey give, however, some qualitative idea of .ow the composition chang

-

sputtering time. The sputter rate used was 5 nm/min,

¢
summary
e e

Calibration curves for AES analysis of sulfur in Inconel 600 are availabpl
Unfortunately, the presence of an unidentified boron compound makes the

AES on the GPU-N tubes undesirarie, at least for sulfur analysis. XPS
sensitive to sulfur, but ~iu be used to jifferentiate between DoOron and
sulfur. The detection limit for sulfur (by XPS) has been determined.
Standards are available to calibrate the XPS technique for guantitative sulfur

analysis. (However, the calibration is costly and time consuming.)

1029¢/0150c/010684:5 1
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