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PALO VERDE NUCLEAR GENERATING STATION
P.O. BOX 52034 ~ PHOENIX. ARIZONA85072-2034

102-02533-TRB/JRP
June 10, 1993

U.S. Nuclear Regulatory Commission
ATlN: Document Control Desk
Mail Station P1-37
Washington, DC 20555

Dear Sirs:

Subject: Palo Verde Nuclear Generating Station (PVNGS)
Unit 2
Docket No. STN 50-529
Draft Steam Generator Information
File: 93-056-026

The purpose of this letter is to provide data from the PVNGS Unit 2 Steam Generator tube
rupture investigation. Please note that this information is in draft form and has been
marked as such. A summary list is also enclosed for your information.

Should you have any questions, please contact J..R. Provasoli at (602) 393-5730.

Sincerely,

Thomas R. Bradish, Manager
Nuclear Regulatory Affairs

TRB/JRP/rw
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cc: B. H. Faulkenberry
C. M. Trammell
K. E. Perkins
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REV A June 10, 1993 DRAFT

II. Equipment Description

A.STEAM GENERATOR DESIGN

Each Palo Verde unit has two steam generators that separate the reactor coolant
system (RCS) ( radioactive water) and the main steam and secondary plant (non-
radioactive steam/water).

The steam generator is a shell and U-tube heat exchanger with an intergral
economizer. It operates with reactor coolant on the tube side and secondary coolant
on the shell side. During normal operation, reactor coolant leaving the core of the
reactor vessel enters the 2 "hot legs", one per loop and flows to the steam
generators. Normal hot leg temperature is 621.2 F. This hot reactor coolant enters
the steam generator through the inlet nozzle in the steam generator primary head.
Primary (reactor) coolant flows through the U-tubes giving up its heat to the
secondary feedwater in the shell side of the steam generator. The heat added by
the reactor coolant causes the feedwater (secondary coolant) to boil thus
generating steam for turbine operation. The primary (reactor coolant) and
secondary (feedwater and steam) systems are intended to be separated by the
steam generator tubes, to prevent radioactive contamination of the secondary
system.

1. Design Data and Parameters

The steam generators are vertical tube and shell heat exchangers
approximately 68 feet in height with a steam drum diameter of 20 feet. The steam
generator arrangement is shown in Figure II.A.1.a.

The steam generators are designed to transfer 3817 MWt from the reactor coolant
system to the secondary system, producing approximately 17.2 x 10 LBM/HR of
1070 psia saturated steam when provided with 450 F feedwater. Moisture
separators and steam driers in the shell side of the steam generator limit moisture
content of the steam to 0.25% wt during normal operation at full power.

The primary chamber is located at the bottom of the steam generator. It forms part
of the RCS pressure boundary and directs reactor coolant flow through the steam
generator. The primary chamber is divided into two plenums (inlet and outlet) by a
divider plate and stay tube.
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REV A June 10, 1993

II. EQUIPMENT DESCRIPTION (con't)

A.STEAM GENERATOR DESIGN

1 ~ Design Data and Parameters (con't)

The stay tube is a hollow, cylindrical tube located in the center of the steam
generator. It aids in separating the primary chamber inlet and outlet plenums, the
economizer and evaporator regions on the steam generator secondary side, and,
supports the tube sheet. The divider plate is attached to the stay tube using tongue
and groove joints to allow flexibilitybetween it, the primary chamber, and the tube
sheet.

One nozzle is provided in the inlet plenum and two in the outlet. Flow from the
associated reactor coolant loop hot leg enters through the 42 inch ID inlet nozzle,
passes through the tube sheet and U-tubes, and returns to the reactor coolant
pump suction legs via the two 30 inch ID outlet plenum nozzles (i.e., a nozzle is
provided for each associated reactor coolant pump suction pipe).

Two 16 inch primary manways and four instrument nozzles are provided. The
primary chamber is constructed of carbon steel with stainless steel cladding on
inner surfaces to minimize corrosion. Its design temperature and pressure are 650 F
and 2500 psia, respectively.

The secondary side of the steam generator consists of two cylindrical shells, joined
to the steam drum by a conical section. The secondary side shell forms the
pressure boundary between the steam generator secondary side and containment
atmosphere, and contains the steam generator internals. The shell is constructed of
carbon steel and has a design temperature and pressure of 575 F and 1270 psia
respectively. It consists of:

A. Lower and intermediate shell
B. A transition cone
C. A steam drum
D. The head.

The lower and intermediate shell surrounds the steam generator evaporator and
economizer sections. It has an inside diameter of 178 inches and is provided with
the following penetrations:

A. Economizer feedwater nozzles, 14 inch (2)
B. Hand holes, 6 inch (2)

C. Level instrument nozzles. 0.75 inch (4)
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REV A June 10, 1993 DRAFT

II~ EQUIPMENT DESCRIPTION (con't)

A.STEAM GENERATOR DESIGN

D. Economizer blowdown nozzle, 2 inch (1)

1. Design Data and Parameters (con't)

The transition cone also surrounds the steam generator evaporator section. It
provides the changes in diameter from the intermediate shell to the steam drum.
The transition cone is provided with the following penetrations:

A. Secondary manways, 16 inch (2)
B. Downcomer feedwater nozzle, 6 inch (1)
C. Level instrument nozzles, 0.75 inch (4)

The head is the top of the steam generator. It is provided with two, 28 inch main
steam outlet nozzles which are each connected to a main steam line. Each outlet
nozzle includes an intergral flow orifice which limits steam flow (to reduce
containment peak pressure) in the event of a steam line rupture.

2. Material

The steam generator is constructed of low alloy steel (P3) pressure containing
members and Inconel 600 tubing. The tubesheet is a 23.5" thick low alloy steel
base, with 1/4" thick Inconel 600 cladding on the primary surfaces. The tubes are
made of high temperature mill annealed Inconel 600. Supports are constructed of
ferritic stainless steels. With the exception of the tube sheet, and the scallop bars
on the partial eggcrates, carbon steels do not come in direct contact with the tubes.

B. TUBE DESIGN

Each generator contains 11,012, three quarter inch O.D., Inconel 600 alloy tubes,
which make up the tube bundle. The average wail thickness of the tubes is 0.042
inch. Tubes are inserted into the tubesheet by a method known as expiansion
(explosive
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REV A June 10, 1993 l3RAFT

II. EQUIPMENT DESCRIPTION (con't

)B. TUBE DESIGN (cont)

The tube bundle is enclosed by a baffle which forms the downcomer annulus just
inside the shell. The top of the baffle serves to support the separator deck.

The tubes are arranged in rows with all tubes in a given row having the same
length. The rows are staggered, forming a triangular pitch arrangement as is shown
in Figure II.B.1. The shorter tubes which have 180'ends are at the center of the
tube bundle in the first 18 rows. All subsequent rows have double 90'ends. The
vacant space (4-1/4") between the tubes in the first row is called the tube lane which
is open through the vertical legs of the tube bundle. The tube lane is the boundary
between the hot leg side and the cold leg side of the secondary side of the steam
generator.



I P

(



REV A June 10, 1993 DRAFT

II. EQUIPMENT DESCRIPTION (con't)

C. INTERNALSUPPORT STRUCTURES

The steam generator is of a stayed design to support the tubesheet, and as a result,
the center of the tube bundle contains a cylindrical cavity. The tube supports are
designed to provide support during operation or combined seismic/ accident
conditions while offering minium restrictions to,steam/water flow in the tube bundle.

The steam generators were designed to ensure that critical vibration frequencies do
not occur during either normal operation or abnormal conditions. The tubing and
tubing supports are designed and fabricated with consideration given to secondary
side flow induced vibrations. In addition, the steam generator assemblies are
designed to withstand blowdown forces resulting from the severance of a steam
nozzle.

There are three types of tube supports in the Palo Verde steam generators. Refer to
Figure II.C.a for the locations of the tube supports.

Flow Distribution Plate (01H and 01C)

The flow distribution plate is the first horizontal support on both the hot and cold leg
side of the steam generators. It is a "drilled hole" type of support.

2. Horizontal eggcrate supports (02K-09H and 02C-09C)

Horizontal eggcrate supports are a diagonal eggcrate design, as shown in Figure
II.C.2.a. They provide horizontal stabilization for the tubes within the tube bundle
and are used from 02H thru 09H and 02C thru 09C. The top two horizontal eggcrate
supports are referred to as partial supports as only a portion of the tubes pass
through each one. The partial eggcrates are stiffened by a scallop bar welded onto
the face of the eggcrate. See Figure II.C.2.b.

3. 8atwlngs

Batwing stabilizers horizontally support the bends in the U-tubes. (See Fig II.C.3.a.)
The purpose of these stabilizers, which are constructed of strips of steel, is to
prevent tube-to-tube contact rather than provide structural support for the tubes.

10
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REV A June 10, 1993 DRAFT

II. EQUIPMENT DESCRIPTION (con't)

C. INTERNALSUPPORT STRUCTURES (con't)

4.Vertical Straps

The vertical straps and associated support grids provide vertical support for the
tubes in the horizontal run at the upper region of the generator. The support grids
are hung from structural support straps that are attached to "I"beams in the upper
head. In addition, several vertical supports float, that is, they are not attached to any
"I"beams. That configuration provides vertical stabilization for the tubes. See Figure
II.C.4.a.

D. FLOW PATHS

The steam generator principal flow paths are illustrated in Figure II.D.a. Reactor
coolant enters the bottom of the steam generator through the single hot leg inlet
nozzle, flows through the U-tubes, and exits through the two cold leg outlet nozzles.
A vertical divider plate and stay cylinder separate the inlet and outlet plenums in the
lower head.

The secondary (feedwater) flow paths into the steam generator are via the
downcomer and the economizer flow nozzles. The extent of flow in each path
depends on the reactor power level of the operating unit for downcomer flow.

The feedwater ring distributes feedwater entering the steam generator from the
downcomer feedwater nozzle. It consists of a pipe with ten "J" tube extensions and
is located above the U-tube bundle, outside the wrapper plate. Feedwater enters
the feed ring and is directed to the top of the moisture separator support plate,
where it combines with moisture separated from the steam-water mixture, and
drains to the downcomer annulus (between the wrapper plate and the secondary
side shell). The "J" tubes minimize feed ring water hammer by minimizing the
amount of water flashing to steam during shutdown periods. Feedwater is added
through the feed ring during emergency conditions to prevent thermally shocking
the U-tubes.

Economizer flow enters just above the tube sheet on the cold leg side of the steam
generator. It increases steam generator efficiency by preheating incoming
feedwater before the feedwater enters the evaporator section. The economizer
consists of a flow distribution box and flow distribution plate. A divider plate
separates it from the steam generator hot leg side. Feedwater is introduced to the
economizer distribution box through two feedwater nozzles. Feedwater flow enters

11
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REV A June 10, 1993 DRAFT

II. EQUIPIVlENT OESCRIPTION (con't)

D. FLOW PATHS (con't)

the economizer through two nozzles into the distribution box.

The distribution box is of rectangular cross-section and encircles the cold leg side of
the tube bundle below the flow distribution plate. l-loles machined in the distribution
box uniformly admit feedwater to the area under the distribution plate. The flow
distribution plate is perforated to ensure uniform feedwater distribution in the
economizer section.

During low power operation, all feedwater flow passes through the downcomer
valves (SGA-UV-130, SGB-UV-135). At 15% power, the downcomer valves shut,
and ail flow is directed through the economizer valves. The reason for having flow
through the downcomer valves at low power is to provide sufficient feedwater
preheating. At 50% power, the downcomer valves re-open and supply 10% of total
feed flow between 50% and 100% power. This provides sub-cooling for the
recirculating water and increased recirculation ratio.

One hundred and ninety-four moisture separators, mounted on the moisture
separator support plate, remove moisture from the steam-water mixture leaving the
steam generator evaporator section. Each moisture separator consists of a spinner
blade assembly, nine corrugated screening layers, and an outer wrapper and cover
plate. The spinner blades are fixed, forcing the steam water mixture entering the
moisture separators into a circular motion. Centrifugal force separates the heavier
water droplets from the steam. The water passes through holes in the side of the
separator and falls to the top of the support plate; the partially dried steam rises to
the corrugated screens. These screens provide a tortuous path which causes
additional moisture to be separated. Orifice plates are installed in 62 moisture
separators to equalize steam flow through them.

One hundred and forty-two steam dryers, mounted on the dryer support plate above
the moisture separators, provide additional moisture removal before the steam
leaves the steam generator. The dryers are corrugated metal baffles. Steam enters
the bottom of the dryers, passes radially through the baffles, and exits. The tortuous
path causes moisture to impinge on the baffle sides and drop to drain plates below
the dryers. These plates drain through piping to the moisture separator support
plate where they the water joins water removed by the moisture separators and
downcomer feedwater. Water removed by the moisture separators and steam
dryers is referred to as recirculating water. Steam leaving the dryers has a quality
greater than 99.75% (i.e., less than 0.25% moisture).

12
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REV A June 10, 1993 DRAFT

II~ EQUIPMENT DESCRIPTION

D. FLOW PATHS (con't)

To minimize corrosion and solid deposit buildup, steam generator water chemistry
must be maintained within specifications. Chemistry is controlled by feedwater
chemical addition and steam generator biowdown. The steam generator is equipped
with a blowdown system as depicted in Figures II.D.b and II.D.c.Both the hot leg
side and the cold leg side (economizer) have this feature. Blowdown provides the
ability to remove concentrated impurities from the steam generator, and thereby
lessens the possibility of steam generator corrosion, A normal continuous
blowdown of 0.2% main steaming rate (MSR) is maintained. Abnormal (1% MSR)
and High Capacity ('?10% MSR) biowdown are utilized as chemistry conditions
dictate.

E. SG LEVELCONTROL

Each steam generator has its own feedwater control system (FWCS). Each system
regulates flow to its corresponding steam generator by adjusting the position of the
downcomer valve and/or the economizer valve or the regulating the speed of the
feedwater pump.

Depending on the reactor power level, the FWCS functions as a three-element
system at high power levels (above 15%), or as a single element control system
(below 15%). Additional control stability is achieved by varying the program gains
and time constants as a function of reactor power.

The economizer feedwater control valve position program is generated as a
function of the flow demand signal. This valve position program is designed such
that, during low flow operations (less than 15% reactor power), the economizer
feedwater control valve is closed, allowing the downcomer valve to regulate flow.
When reactor power goes above 15% (both FWCS sense greater than 15% reactor
power), the economizer valve regulates flow. the valve program provides hysteresis
in the position demand signal at low flow demand conditions. This prevents cycling
of the valve and continued operation with a small valve opening. During high flow
operation, pump speed control is the primary mechanism for regulating the
feedwater flow rate. The downcomer feedwater control valve position program is
also a function of the flow demand signal generated by the single-element or the
three-element control system.

When reactor power is greater than 15% (as sensed by both FWCS), the
downcomer valve closes and the economizer valve starts to regulate the feedwater
flow. When the flow demand signal increases further, the downcomer valve position
demand program re-opens the downcomer valve to a pre-determined position

13
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REV A June 10, 1993 DRAFT

II. EQUIPMENT DESCRIPTION

E. SG LEVELCONTROL (con't)

(approximately 60% open).

Programming of the downcomer feedwater control valve in this manner during high
flow conditions is necessary to alleviate the effects of the steam carry-under,
thereby enhancing steam generator recirculation ratio stability. Steam carry-under
refers to any apparent loss or lowering of downcomer level which allows steam to
pass under the bottom of the tube shroud even in the presence of adequate
feedwater flow to the S/G. It is caused by the recirculation water from the
separators being at or near saturation temperature. This tends to boil off a high
proportion of the water in the downcomer which results in a lowering of indicated
level. Water from the feed pumps is sub-cooled so that the amount of boil-off in the
downcomer is reduced. This results in stabilization of the level indication and
promotes increased recirculation. In addition, during power ascension, the
feedwater pump speed is also increased to provide the necessary head to force the
water into the S/G.

F. EDDY CURRENT TESTING OVERVIEW

Eddy current is a circulating electrical current induced in a conducting article by an
alternating magnetic field. As the magnetic field alternates, so does the eddy
current (reverses). This eddy current flow is limited to the area of the inducing
magnetic field. Figure II.F.a illustrates a typical eddy current induced in an article by
a test coil on the surface of the article. Eddy currents travel parallel to the surface
being tested.

Eddy current testing is a non-destructive process that induces small electrical
currents into a conductive article in order to observe the interaction between the
article and the currents. A number of factors can affect the interaction of the eddy
currents with the article. Evaluation of the test results can correlate those factors to
indications of areas of concern within the article.
The testing process requires a test coil, generator, and an indicator.

The purpose of eddy current testing is to meet Technical Specifications and ASME
requirements. The testing detects degradation of tubes in the steam generators
(SG). Periodic testing of tubes is intended to ensure degraded tubes will be
identified before a leak occurs. Minor degradation of tubes can also be identified
and tracked prior to becoming significant.

14
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REV A June 10, 1993 DRAFT

II~ EQUIPMENT DESCRIPTION

F. EDDY CURRENT TESTING OVERVIEW (con't)

Eddy current testing, unlike other forms of non-destructive testing, is impacted by a
number of variables which appear in the output indication. These variables constrict
the use of eddy current testing. This has resulted in the development of highly
specialized eddy current equipment, designed to separate the variables of interest
from the others. The following paragraphs describe these variables 8 identify their
characteristics as related to eddy current testing.

To successfully perform eddy current testing, the NOT specialist must be aware of
the direction and distribution of eddy currents in the article. The direction is
determined by the type of coil used in the testing. Eddy current distribution in the
article is determined by the frequency used in the testing, the coupling between the
coil and the article, and the conductivity and permeability of the article.

1. Eddy Currents Induced by Inside Coil

As shown in Figure II.F.a, when an inside coil is used, the path of the eddy currents
is in the same direction as the windings of the coil. Eddy currents flow around the
inside of the cylinder and a discontinuity, such as a crack, will disrupt this flow.
Because the inside coil tests the complete circumference of the cylinder, it is not
possible to isolate a discontinuity to a specific point on the circumference. Eddy
currents induced by use of the inside coil are effective in detecting discontinuities
that are axially oriented.

2. Depth of Eddy Current Penetration

Penetration of the eddy current in an article must be known in order to interpret
indications. Eddy currents are strongest near the surface and weaken with depth.
Penetration depth can be as little as one quarter of an inch. This "skin effect" is
directly affected by the inducing frequency, the higher the frequency the less the
depth of penetration.

A standard depth, defined as the depth where the eddy current is reduced to 1/e
(approximately 37%) of the surface current, is used at PNGS. This concept allows a
tabulation of depths based on frequency (time), conductivity and permeability.

The eddy current density, is related to the strength of the coils'agnetic field. As the
field's strength decreases, the eddy current density decreases. The test coil
magnetic field strength decreases through the article. This decrease in field
strength, which is the result of the eddy currents within the test article, is frequently
the result of the article's opposing magnetic field.

When a coil is applied to an article, the depth of penetration increases. For deep
penetration, low frequencies must be used, conversely high frequencies will
produce maximum eddy current density at the surface. Therefore, changing the II.
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EQUIPMENT DESCRIPTION

F. EDDY CURRENT TESTING OVERVIEW (con't)

frequency changes the testing depth in that article.

The depth of eddy current penetration is also related to the conductivity of the
article. As the conductivity increases, the depth of penetration decreases. The depth
of penetration will change as the conductivity of the article changes.

When the article is composed of a magnetic material, the effect of permeability on
the depth of penetration must be considered. The depth of penetration decreases
as the permeability increases.

3. Test Coil Arrangements

Figure II.F.3.a. illustrates the relationship between air, conductive materials and lift-
off. The electromagnetic field, as previously discussed, is strongest near the coil
and dissipates with distance from the coil. This causes a pronounced lift-offeffect
for small variations in coil-to-object spacing. For example, a spacing change from
contact to.001" will produce a lift-offeffect many times greater than a spacing
change of.010" to.011". Lift-offeffect is generally an undesired effect causing
increased noise and reduced coupling which results in poor measuring ability . In
some instances, equipment having phase discrimination capability can readily
separate lift-offfrom conductivity or other variables. Lift-offcan however, be useful
when measuring non-conductive coatings on conductive bases. A non-conductive
coating such as paint or plastic causes a space between the coil and conducting
base, allowing lift-offto represent the coating thickness. Lift-offis also useful in
profilometry and proximity applications. Lift-offis a term most applicable to testing
objects with a surface or probe coil.

Fill Factor: Fill factor is the descriptive term for how well a test object will
electromagnetically couple with the test coil that surrounds or is inserted into it. Fill
factor then pertains to inspections using bobbin or encircling coils. Like lift-off
electromagnetic coupling between test coil and test object is most efficient when the
coil is nearest the surface of the part.

Fill factor can be described as the ratio of the test object diameter to coil diameter
squared. The diameters squared is a simplified equation resulting in the division of
effective coil and part areas. The area of a circle is represented as: () appears in
both numerator and denominator of the fractional equation; therefore, ( ) cancels,
leaving the ratio of diameters squared ( ) = n = Fill Factor.

Fill factor willalways be a number less than 1. Most efficient fillfactors approach 1.
A fillfactor of 0.99 is more desirable than a fillfactor of 0.75. A poor fillfactor will not

16



h



REV A June 10, 1993 DRAFT

II. EQUIPMENT DESCRIPTION

F. EDDY CURRENT TESTING OVERVIEW (con't)

3. Test Coil Arrangements (con't)

allow the coil to be sufficiently loaded by the test object. This is analogous to the
effect of drawing a bow only slightly and releasing an arrow. The result would be
that with the bow slightly drawn and released, little effect would be produced to
propel the arrow.

In electrical terms, it is said the coil is loaded by the test object. How much the coil
is loaded by the test object, due to fillfactor, can be calculated in relative terms.

Probe size is determined by the maximum sized probe going through the bend in
the tubing; @.590" probe is used in the low rows at PVNGS, whereas @.610"
probe is used in the rows above row 3.

Discontinuities:Discontinuities are characterized as cracks, pits, gouges, vibrational
damage and corrosion that, in turn, cause the effective conductivity of the test
object to be reduced. Any discontinuity that appreciably changes the normal eddy
current flow can be detected.

Discontinuities open to the surface are more easily detected than subsurface
discontinuities and can be detected with a wide range of frequencies. Subsurface
investigations require a more careful frequency selection. Discontinuity detection at
depths greater than 1/2 inch in stainless steel is difficultdue, in part, to the sparse
distribution of magnetic flux lines at the low frequency required for such deep
penetration s.

Signal-to-Noise Ratio: Signal-to-noise ratio is the ratio of signals of interest to
unwanted signals. Common noise sources are variations in the surface roughness,
geometry, and homogeneity. Other electrical noises can be due to external sources
such as welding machines, electric motors and generators. Mechanical vibrations
such as physical movement of test coil or test object can increase test system
noise. Noise is considered to be anything that interferes with a test system's ability
to define a measurement.

Signal-to-noise ratios can be improved by several methods..lf,a part is dirty or
scaly, signal-to-noise ratio can be improved by cleaning that part. Electrical
interference can 4e improved by shielding or isolation. Phase discrimination and
filtering can also improve signal -to- noise ratio.

Test coils can be categorized in three main mechanical groups: pancake coils,
bobbin coils and encircling coils. For the purposes of this report, only pancake coils
and bobbin coils will be discussed.

17
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EQUIPIVIENT DESCRIPTION

F. EDDY CURRENT TESTING OVERVIEW (con't)3.

Test Coil Arrangements (con't)

Pancake Coil: Surface coil, probe coil, flat coil or pancake coil are all common
terms used to describe the same test coil type. This type of coil provides a
convenient method of examining the surface of a test object. Figure II.F.3.b.
illustrates a typical coil used for surface scanning. This type of coil can be shaped to
fit particular II. geometric configurations in order to solve complex inspection
problems. For example, probe coils fabricated in a pencil shape (pencil probe) are
used to inspect threaded areas of mounting studs and nuts or serrated areas of
turbine wheels and turbine blade assemblies. These coils may be used where high
resolution is required by adding coil shielding.

The motorized rotating pancake coil (MRPC) obtains its data by spinning at a
uniform rate while being withdrawn from the article tested. This provides a helical
scan of the hole using a "spinning probe" technique. To ensure complete inspection
coverage by the MRPC, the test object surface must be carefully scanned. This
method is therefore time intensive. At PVNGS a MRPC travel speed of 1/5"/second
is used. As a result, 100% MRPC of one tube from BW1 to TEW takes 1-1/2 hours.
For this reason, coil inspections of large test objects are often limited to critical
areas. MRPC coils are used extensively in SG inspection for crack detection on
tubesheet areas. Three coil MRPC probes can only test straight sections of tubing.

Bobbin Coil: Bobbin coil, ID coil, and inside probe describe coils used to inspect
from the inside or bore of a tubular test object. Bobbin coils are inserted in the tube
ID by long semi-flexible shafts and retrieved with an attached pull cable. Figure
II.F.3.c illustrates a typical bobbin coil.

The volume of material examined at one time is greater using a bobbin coil than
with a probe coil; although, the relative sensitivity is lower for a bobbin coil. PVNGS
uses a travel speed of 24"/second and a sample rate of 000 samples/second for
bobbin coils.

During a test, it is essential that the bobbin be centered in the coil. If the bobbin is
not centered, a uniform discontinuity response is difficultto obtain. To ensure proper
response and proper centering, the the bobbin probe has flexible standoffs
(wiskers) to center the probe. Since the bobbin probe looks at 360 of tube at once,
bobbin coils are not able to identify/locate deposits.

Pancake coils and bobbin coils may also be classified by how the coils are
electrically connected. The three coil categories are absolute, differential and
hybrid. For purposes of this report, only the categories of absolute and differential

18
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REV A June 10, 1993 DRAFT

EQUIPMENT DESCRIPTION

F. EDDY CURRENT TESTING OVERVIEW (con't)3.

Test Coil Arrangements (con't)

will be addressed.

Absolute Coil: An absolute coil can be defined as making a measurement without
direct reference or comparison to a standard as the measurement is being made .

Some applications for absolute coil systems would be measurements of
conductivity, permeability, dimensions and hardness.
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REV A June 10, 1993

II~ EQUIPMENT DESCRIPTION

F.EDDY CURRENT TESTING OVERVIEW (con't)

3. Test Coil Arrangements (con't)

Differential Coil:Differential coils consist of two or more coils electrically connected
to oppose each other. Differential coils can be categorized into two types. One is
the self-comparison differential, and the other is external reference differential.

The self-comparison differential coil compares one area of a test object to another
area of the same object. A common use is two coils connected opposing, so that if
both coils are affected by identical test object conditions, the net output is "0" or no
signal. The self-comparison arrangement is insensitive to test object variables that
occur gradually. Variables such as slowly changing wall thickness, diameter or
conductivity are effectively discriminated against with the self-comparison
differential coil.

Only when a different condition is presented to one or the other test coils is an
output signal generated. The coils are usually mechanically and electrically similar
which allows the arrangement to be impervious to temperature changes. Short
discontinuities such as cracks, pits or other localized discontinuities with abrupt
boundaries can be readily detected using the self-comparison differential coil.

Another differential arrangement is the external reference differential coil. As the
name implies, an external reference is used to affect one coil while the other coil is
affected by the test object. Figure II.F3.d illustrates this concept. This system is
effective in detecting differences between a standard object and test objects. This
type of system is useful for determining comparative conductivity, permeability and
dimensional measurements. This method requires that one coil be affected by the
standard object and the other coil affected by an acceptable test object. The
external reference differential coil system is sensitive to measurable differences
between the standard object and test object. However, it may be necessary to
provide additional discrimination to separate and define variables present in the test
object.

Using the modern Eddy Current equipment, the same differential coil can be used
as both a self-comparison and an external differential coil

4. Eddy Current Testing Conditions 8 Methods at PVNGS

At Palo Verde, eddy current inspections are conducted on installed thin-wall Inconel
600 tubing. The tubing is structurally supported by ferromagnetic tube supports at
several locations, therefore the tube support response signal must be removed in

20
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EQUIPMENT DESCRIPTION

F.EDDY CURRENT TESTING OVERVIEW (con't)

3. Test Coil Arrangements (con't)

order to obtain accurate indications from tube wall data

A multiparameter technique is used to suppress tube support signal response:

1. A frequency is selected to give optimum phase and amplitude information about
the tube wall. This is called the prime frequency. At the prime frequency the
response to the tube support and a calibrating through-wall hole are equal in
amplitude response.

2 A second frequency called the subtracter frequency is selected on the basis of
tube support response. Since the tube support surrounds the OD of the tube, a low
frequency is selected. At the subtracter frequency the tube support signal response
is approximately 10 times greater than the calibrating through-wall hole.

3. The mixing unit amplitude adjustments are set so both prime and subtracter tube
support signal amplitudes are equal and phased in a manner to cause signal
subtraction. The tube support signals cancel, leaving only slightly attenuated prime
data information. For suppression of inside or near-surface signals, a higher
subtracter frequency would be chosen.

A combination of prime, low and high subtracter frequencies are often used to
suppress both near and far surface signals, leaving only data pertaining to the part
thickness and its condition. Optimization of frequency then depends on the desired
measurement or parameter of interest.
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III~ Initiating Event 8c Background

Qn March 14, 1993, Unit 2 experienced a steam generator tube rupture in the P2
steam generator. Details of the resulting transient and recovery are contained in the
Incident Investigation Report for the event (reference IIR-2-3-0012).

Indication of primary to secondary leakage had been observed in Unit 2 as early as
July 1992. A chronology of the leakage indications and observations is presented
below:

July 2, 1992:
Unit 2 began measuring detectable levels of tritium (H-3) at a concentration of 1E-5
uCi/ml in the secondary plant. No other nuclides, which would be typically detected
in the presence of primary-to-secondary leakage (such as iodine or xenon
isotopes), were identified. The initial leak rates were calculated per 74CH-9ZZ66 at
approximately 0.69 and 1.17 gallons per day in SG N and SG A2, respectively.
Chemistry Action Document (CAD) 2-92-0027 was issued to monitor RU-4, RU-5,
and RU-141's ten minute and hourly trends every four hours to note any increases
in activity. Trend information was logged in the Unit 2 Radiation Monitoring System
(RMS)/Effluents Shift Log.

July 2, 1992 to February 4, 1993:
CAD 2-92-0027 remained in place. Tritium concentrations remained relatively
constant in the range of 1-6 to 5RE-6 uCI/ml.

February 4, 1993:
RU-4 and RU-5 setpoints were lowered from a UFSAR value of 4E-6 uCi/cc to more
closely monitor any minor increases in steam generator activity. Although the
setpoints were lowered, the change was statistically insignificant when compared to
typical background readings of 1E-6 uCi/cc for these monitors.

February 20, 1993:
Iodine -131 (l-131) was first detected in SG f12 blowdown at approximately 3E-8
uCi/ml. No increase in H-3 concentrations were noted at the time.

February 20, 1993 to February 27, 1993:
I-131 concentration trend up from 3E-8 uCi/ml to 1E-7 uCi/ml. RU-4 and RU-5
trends also increase.

February 28, 1993:
CAD 2-93-0018 was issued to increase monitoring of RU-4, RU-5 and RU-
1141trends to every two hours

22
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III~ INITIATINGEVENT & BACKGROUND

March 1, 1993:
Leak rate stabilizes. RU-4 and RU-5 setpoints raised in accordance with 74RM-
9EF42 due to higher equilibrium concentrations in the steam generators.

March 3, 1993:
Use of I-131 to calculate steam generator lealc rate was begun. Prior to that time,
tritium was used for leak rate calculations with typical values of 0.5 to 3 gallons per
day. Initial 1-131 leak rate calculations showed about 8 gallons per day.

March 9, 1993:
RU-4 and RU-5 setpoints were raised after monitor readings and steam generator I-

131 activities stabilized.

March 9, 1993 to March 13, 1993:
Steam generator tube leak rates calculated by the I-131 method were fairly
constant at about 10 gallons per day.

March 13, 1993 to March 14, 1993:
RU-4, RU-5 and RU-141 trends were reviewed at two hour intervals. The following
log entries were made by the onshift RMS technicians:

(March 13, 1993)

0640 RU-141 trends, stable, RU-4, 5 trends increasing slightly

0845 RU-141 trends stable, RU-4, 5 trends slight steady increase

1040 RU-141 trends stable, RU-4, 5 trends still slight increase

1255 RV-141, 4,5 trends stable.

1445 RU-141, 4,5 trends sat.

1650 RU-4, 5, 141 trends sat.

l1840 Reviewed RU-4/5/141 trends, console log, and DCU displays
(no trend changes noted in log).

2050 Reviewed RU-4/5/141 trends, console log, and DCU displays
(no trend changes noted in log).

2340 Reviewed RU-4/5/141 trends, console log, and DCU displays
(no trend changes noted in log).
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Ill. INITIATINGEVENT 8c BACKGROUND

(March 14, 1993) - 0245Reviewed DCU displays, RU-4/5/141 trends and console
log (no trend changes noted in log).

March 14, 1993:
Post incident review of 10 second monitor readings, obtained from ERFDADS, for
RU-4, RU-5, and RU-141 indicated no discernible increasing or decreasing trends
from 0300 until the rupture occurred. Only RU-141 readings increased significantly,
by a factor of ten, within minutes following the start of the rupture.

Summary
As described above, Unit 2 had been monitoring for primary-to-secondary leakage
since July, 1992. Secondary radiation monitors began to alarm in February 1993.
The alarms were not long in duration but were consistently received during small
reactor coolant system pressure transients, such as when shifting charging pumps.
Beginning March 3, 1993 steam generator I-131 concentrations became large
enough to calculate and track leak rate in gallons per day. The leak rate was
calculated by the I-131 method at least 19 separate times between March 2 and
March 13, 1993. During that time period, the leak rate was nominally 8-10 gallons
per day. Increases in leak rate levels were noted during plant changes in power
levels and high rate blowdowns. However, the calculated leak rates were
decreasing for two days prior to the incident. Lealc rates were discussed at the
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