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FOREWARD

This Supplementary Startup Test Report includes testiny performed
since Supplement #7 dated March 10, 1988 was transmittedi to the NRC
via NRC-88-0038 dated March 20, 1988. Letter NRC-88-01:.6 dated
June 20, 1988 was transmitted to the NRC to serve as Supplement #8.
There was no update at that time since the plant had been in a Local
Leak Rate Testing Outage from February 1988 through May 1988, and as
of that letter, plant power operation had not yet reached Test
Condition Six power/flow requirements.

Since the plant's return to power operation, thirteen of the reyuired
twenty six Test Condition Six tests have been completed as well as all
four of the required Test Condition Four tests. In addition, the
balance of the feedwater system tuneup and dynamic response testing
not possible during Test Condition Three has been successfully
completed. This discrepant testing was identifiecd as Inspection
Report Open Item 3U41-88003-01 contained in Inspection Report No.
50-341/87046 (DRP).

In this supplement we are transmitting an updated copy of the entire
test report. Revision bars have been added tc show where changes have
been made, except for changes which are only cosmetic in nature or
which only involve renumbering sections or pages.

The results sections of this report will be filled in as the tests are
completed in the future.
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FERMI 2
NUCLEAR POWER PLANT

INTERIM STARTUP TEST REPORT

1.0 Introduction

1.1

1.2

1.3

Purpose

The purpose of this Interim Startup Test Report and its
associated supplements is to provide a summary of the test
results obtained in startup testing completed from initial
fuel load to the present. This report of plant startup and
power ascension teating is submitted as required per
Technical Specification 6.9.1.1. This interim report plus
its supplements cover all testing applicable to the test
conditions completed as described in UFSAR Subsection
14,1.4.8. Supplements will be issued as the remaining
testing is completed, at the intervals specified per
Technical Specification 6.9.1.3.

Included in this report are descriptions of the measured
values of the operating conditions and characteristics
obtained during the test program and any corrective actions
that were required to obtain satisfactory operation,

Test Report Format

Sections 1.0 and 2.0 of this report provide general
information about the Fermi 2 plant and the testing
program., Section 3.0 provides a basic description of the
testing we have performed along with a summary of the
results and analysis obtalned from each test. Each test
summary is divided into three subsections covering the
purpose, test criteria, and results of each test,

Plant Descriotion

The Fermi 2 Nuclear Power Plant i{s located in Frenchtown
Township, Monroe County, Michigan., The Nuclear Steam Supply
System consists of a General Electric BWR 4 nuclear reactor
rated at 3292 MWt, coupled to an English Electric
Turbine/Generator rated at 1100 MWe, constructed in a Mark I
containment with a toroidal suppression pool.

This plant is owned and operated by the Detroit Edison
Company and the Wolverine Power Cooperative, Incorporated.
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1.4 Startup Test Program Description

The Startup Test Phase began with preparation for fuel
loading and will extend to the completion of the warranty
demonstration. This phase is subdivided into four parts:

1. Fuel Loading and Open Vessel Tests
2. Initial heatup

3. Power tests

4. Warranty demonstration

The Startup Test Phase and all associated testing activities
adhere closely to NRC Regulatory Guide 1.68, "Preoperational
and Initial Startup Test Programs for Water-Cooled Power
Reactors."

The overall objectives of the Startup Test Phase are as
follows:

1. 'lo achieve an orderly and safe initial core loading

2. To perform all testing and measurements necessary to
¢atermine that the approach to initial criticality and
the subsequent power ascension are accomplished safely
and orderly

3. To conduct low-power physics tests sufficient to ensure
that physics design parameters have been met

4. To conduct initial heatup and hot functional testing so
that hot integrated operation of specified systems are
shown to meet design specifications

§. To conduct an orderly and safe Powear Ascension Program,
with requisite physics and systec testing, to ensure
that when operating at power, the plant meets design
intent

6. To conduct a successful warranty demonstration progranm

Tests conducced during the Startup Test Phase consist of
Major Plant Transients and Stability Tests. The remainder
of tests are directed toward demonstrating correct
performance of tha nuclear boiler and numerous auxiliary
plant systems while at power. Certain tests may be
{dentified with more than one part of the Startup Test
Phase, Figure 1-1 shows a general view of the Startup Test
Phase Program and should be considered in conjunction with
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Figure 1-2 which shows, graphically, the various test areas
as a function of core thermal power and flow. Note that
Figure 1-1 has been modified to reflect certain tests which
we presently intend to delete from the Startup Test Prcgram,
as discussed further in Reference 1.5.3.

For a more comprehensive description of the testing progranm
refer to Reference 1.5.2.

References

The following is a 1ist of documents that provide
supplementary information of the Fermi 2 Startup Test Phase
Progranm:

1. Fermi{ 2 Technical Specifications, Se :ion 6.

2. Updated Fina) Safety Analysis Repor., Ferml 2 Nuclear
Power Plant, Section 14.

3. Letter VP-86-0141, "Startup Test Program Changes", dated
October 17, 1986, from Frank F. "josti to James G.
Keppler.

4, Letter NRC-87-0179, "Initial Test Program Changes" dated
September 30, 1987, from B. R. Sylvia to U. S. Nuclear
Regulatory Commission, Washington, D.C.

5, Letter NRC-88-0181, "Change in Startup Test Program",
dated July 14, 1988, from B. R. Sylvia to U. S. Nuclear
Regulatory Comacssion, Washington, D.C.
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FIGURE 1-2
APPROIIMATE POWER FLOW MAP
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2.0 General Test Program Informition

2.1 Chronology of Major Events

Date
Received (5%) Facility Operating 03/20/85
License No. NPF-33

03/20/85
Completed Fuel Loading 04/04/85
06/01/85

Started Fuel Loading

Completed Open Vessel Testing

Inftial Criticality 06/21/85
07/15/85

Received (Full Power) Facility
Operating License NPF-43

Com, ' ‘ted Initial Turbine Roll 09/26/85

Bypass Line Replacement/ 10/10/85
Environsental Qualification
Equipment Upgrade Outage Begins

Neutron Source Changeout Complete 05/12/86

Outage Ends 07/24/86

Reactor Restarted 08/04/86

Completed Test Condi*ion Heatup 09/03/86
Entered Test Condition One 06/1€/86
Initial Synchronization to Grid 09/21/86
Condenser Repair Outage Begins 11/08/86
Reactor Restarted 12/18/86
Completed Test Condition "ne 01/07/87

Main Steam Line Instrument Tap 01/09,87
Repair Outage Begins

Reactor Restarted 01/24/87
Entered Test Nondition Two 02/24/87
Completed Test Condition Two 03/16/87

with Loss of Offsite Power Test



Chronology of Major Events (Continued)

kSR Refit Outage Begins
Peactor Restarted

Main St»a» Line Tap Repair
OQutage Begina

Reactor Restarted
South RFPT Lamagecd
Reactor Restarted

Commencad Test Condition Three
Testing

Compleied Core Flow Calibration
at 50% Power

Outage to Repair Reactor Recirc
MG Set "B"

Reactor Restarted

South Reactor Feedpump Returned
to Service

Qutage to Repair Feedwater
Check Valve Begins

Reactor Kestarted

Comnrnced Test Condition Three
HPCl Test Sequence

Completed Test Condition Three
KPCI Tcst Sequence

NRC Authorization to Exceed 50%
Power Received

Resumed Test Condition Three
Testing at 50-75% Power

Completed Core Flow Calibration
at 71% Power

Completed Test Condition Three
Testing

Date

03/16/87
04/03/87
04/12/87

05/10/87
05/13/87
05/14/87
06/10/87

06/14/87

06/25/87

06/28/87
07/02/81

07/31/817

10/09/87
10/14/87

10/24/87

12/05/87

12/09/87

12/11/81

12/26/87
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Chronology of Major Events (Continued)
Date

Commenced Test Condition Five 12/29/87
Testing

Completed Test Conditi n Five 12/30/87
Testing

Outage to Investigate Reactor 12/31/87
Feedpump Control problems

Reactor Restarted 01/08/88

NRC Authorization to Exceed 01/15/88
75% Power Received

Stai'ted 100 Hour Commercial 01/19/88
Operation Demonstration Run at
> 90% Net Generation

Completed Commer:ial Operation 01/23/88
Demonstration Run

Completed Core Flow Calibration 01/28/88

at 95% Power
Scheduled LLRT Outage Begins 02/27/88
Reactor Rertartea 05/05/88

Reactor Manually Scrammed Due to 05/07/88
Loss of 120 KV Bus 101

Reactor Restarted 05/08/88
Reactor Scram During HPCI 05/08/88
Surveillance

Reactor Restarted 05/09/88

Reactor Scram Due to High RPV 05/10/88
Pressure After Fallure of
Turbine Bypass Valves

Reactor Restarted 05/12/88
Commenced Test Condition Six 07/11/88
Testing

Completed Core Flow Calibration 07/17/88
at 97% Power




Chronology of Major Events (Continued)

Qutage to Repair Unidentified
Drywell Leakage 88-02

Reactor Restarted

Reactor Scram Due to False
Turbine Vi ration Sigral

Reactor Restarted

Completed Feedwater Tuneup/
Dynamic Response Testing

Perform2d One Recirculation Pump
Trip Test From Test Condition Six

Commenced and Completed
Test Condition Four '‘'esting

Plant Shutdown to Repair
"B" Reactor Recirculation Fump
Discharge Vaive

Reactor Restarted
Plant Shutdown to Repair

"B" Reactor Recirculation Pump
Discharge Valve

Date
07/23/88

08/06/88
08/13/88

08/14/88
08/16/88

08/20/88

08/20/88

08/21/88

08/23/88
8/29/88
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3.0 Tlest Results Summary
3.1 Cheamical and Radiochemical

3.1.1

3.1.3

Purpose

The principal purposes of this test are to collect
information on the chemistry and radicchemistry of
the Reactor Coolant and Support Systeas, and to
determine that the sampling equipment, procedures
and analytic techniques are adequate to ensure
specifications and process requirements are set.

Specific purposes of this test include evaluation of
fuel performance, evaluations of filter
demineralizer operation by direct and indirect
methods, confirmation ot condenser integrity,
demonstration of proper steam separator-dryer
operation, measuresent ard calibration of the
off-gas s;'stem and calibration of certain process
instrumentation, if required. Data for these
purposes are secured from a variety of sources:
plant operating records, regular routine coolant
analys's, radiocheeical measurements of specific
nuclides and special chemical tes's.

Criteria
Level 1

Chemical factors defined in the Technical
Specifications and Fuel Warrant must be maintained
within the linits specified. Wa.er quality sust be
known at all times and remain within tne guidelines
of the Water Quality Specifications.

The activity of gaseous and liquid effluents sust
conform to license limitations,

Level 2

None

Results

Prior to loading fuel, appropriat. chemistry data
was taken. All cdata remained within criteria levels
except for feedwaler cordurtivity and feedwater
copper concentration. These values could have been

elevated due to no condenser vacuum, minimum
Feedwater System flow, low sample f.ow rates and
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the normall)v expected higher corrosion product
levels di g initial plant systems operation.

During heatup test condition, these values were
within acceptable limits. See Figure 3.1 for
specific information on pre-fuel load chemistry
data.

During the heatup test condition, all chemistry data
taken fell within applicable limits excent for
Control Rod Drive (CRD) dissolved oxygen levels.
These levels are expected to decrease during further
test conditions with greater steam flow and the
steaw jet air ejectors in service which will more
effectively purge gases from the condenser. Refer
to Figure 3.1 for heatup chemistry data.

The Test Condition One data in general remained
within acceptance criteria limits, PReactor water
chemistry and radiochemistry measurements were made
at a time whe: plant conditions were fairly stable.
Reactor power was at 17§, the turbine was rolling
but with no electrical output load. Analysis of the
results showed the coolant to be well within the
Technical Spucification limits on all parameters.
Radiochemistry analyses of the coolant showed
activity levels and isotopes present to be normal
for this power level and core exposure. The Dose
Equivalent 1-131 result was far below the Technical
Specification limi: of 0.2 uCi/ga. In Test
Condition One, the steam jJet air ejectors were in
service resulting in low condensate, Condensate
demineralizer effluent, and CRD dissolved oxygen
levels. The high CRD dissolved oxygen level which
was of concern during the heatup test condition is
no longer considered to be a probles.

It shou)d be noted that Reactor Conductivity varied
considerably during the Test Condition One period.
Conductivity has, on several occasions, even
exceeded the Technical Specification values of 1.0
usho/cm for seve.al hours. It was determined that
the increase in conductivity was related to placing
the Generat:~ on line and increasing Generator
load. One po.sible expianation was that operation
of the Generator was causing the paint that was
pteviously used to coat the internals of the
Moisture Sepurator Rehester (MSR) and the Main
Turbine tn be carried intn the condenser hotwell,
t'us causing the increase in Reactor conductivity.
Another contributing factor was felt to be the
Krylon coating that was previously used as a
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preservative coating for the turbine blades, which
was being worn off the blades and into the
condenser. Further investigation discounted the
krylon coating (due to {t's chemical makeup) as a
cause of the conductivity increase. This situation
seems to be lmproving as the plant continues to
operate for longer periods at increasing power
levels. Efforts were made during the condenser
outage to resove paint from accessible areas in the
MSRs and LP turbine exhaustzs. Mechanical cleaning
by wire brushing and vacuuming was performed on the
MSR's interior shell surface and hydro-lasing of the
three LP turbine evhaust extensions to the condenser
was performed,

Both Condensate Demineralizer Effluen. and Feedwater
dissolved oxygen levels at Test Condition One were
less than 10 ppb, which are outside of the limits of
20 < 0z < 200 ppb. The 20 ppb minimum oxygen
concentration has been -ecommended to establish and
s2intain a protective magnetite film on the inner
surfaces of the carbon steel piping and equipmunt of
these systems., The problem of low condensate/
feedwater dissolved oxygen has occurred during the
startup of other operating plants. The resolution
at that time was to simply continue to monitor these
parameters at higher power levels to see (f the
levels would increase with power. If dissolved
oxygen levels do not increase to greater than 20 ppb
by 100% power, it may become necessary to inject
oxygen into the feedwater system. An assessaent
weuld first be made as to the corrosivity of the
water to the carbon steel piping to determine (f
this {s necessary.

All gaseous and liquid effluent samples obtained
during performance of this procedure were within the
license limitations. Various radloactive gaseous
effluents were analyzed during Test Tandition One,
Gradb samples were taken in an atteapt to correlate
analysis results with actual monitor readings.
However, the activity levels being seen at the
off-gas and ventilation sample points were still too
low to provice meaningful data. Only one noble gas
was detected, at a level which was just above the
ainimun Jetection limit., The off-gas monitor
readings were also still quite low and variable.

Low o”f-gas activity valucs are normal and expected
at this power level and core exposure.
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A measurement of radiolytic gas in steam was also
made at Test Condition One. Analysis results were
below the 0.06 cfm/MWt limit. Radiolytic gas is the
hydrogen and oxygen formed in the reactor by
radiation induced breakdowr. of water molecules.
Values higher than 0.06 cfa/MWt could exceed the
capacity of the off-gas system recombiners.

See Figure 3.1 for more detail regarding the
chemistry data taken during Test Condition me.

The Test Condition Three data, in general, remained
within acceptance criteria limits and satisfied
Technical Specification requirements.

Reactor witer chemistry and radiochemistry
measurements were made at a time when plant
conditions had been fairly siable for 48 hours.
During this time period, the plant power level was
held between 43 and 45 percent. Some of the
chemistry results, while still acceptable, indicated
probleas with the primary system and especially with
the reactor coolant chemistry. Approximately three
hours prior to taking samples for this test,
Condensate Filcer Demineralizer (CFD) "B" was
removed from service and CFD "F" was placed into
service, Reactor water conductivity spiked, from
0.58 uS/cm up to 0.82 uS/cam. At the same time,
sulfate levels increased in the coolant and the pH
dropped. Since all of this occurred in the same
time period, the conclusion was made that there was
a resin intrusion and that the CFDs were the source
of the resin. Numerous other cheaistry excursions
have occurred which support this conclusion.

Following those occurrences, progress was made in
reducing and eliminating the source of the resin
intrusions. The procedure for precoating the CFDs
was changed to allow for a fiber underlay on the
vessel septa. This inert underlay was used, on an
interim baiis, to reduce the amount of powdered
resin which was escaping. 3ince that time, elements
(septa’ of a new design have been installed for each
of the seven vessels, The new design septa utilizes
a porous metal meabrane which has a very small pore
size, when compared to the old design wire screen
mesh elements and the precoating procedure has been
changed to eliminate the use of the inert fiber
underlay. No further evidence of resin intrusion
has been noted since the new septa have been
installed and as a result, reactor coolant chemistry
has shown significant improvement.
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The higher than desired levels of sulfate in the
reactor vessel were utilized to complete a reactor
water cleanup (RWCU) test which could not be
accomplished in TC1. This test was to determine the
chloride removal rate of the demineralizers. A test
procedure revision was made to allow other anions to
be used as well as chloride, as they would have
similar RWCU removal rates. The RWCU successfully
demonstrated a removal capability of greater than
90% for sulfates.

Condensate and feedwater chemistry were also
examined, All values obtained, with the exception
of dissolved oxygen, wer2 within the water quality
specfications limits Again, however, some of the
results reflected the probiems which were occurring
{n the primary system. Cordensate conductivity was
higher than would be normai. and this may have been
attributable to carry-over 4 volatile resin
breakdown products in the vtexa, Fezdwater
conductivity values were also scaewhat higher than
normal, and again this may nave been partially the
result of resin breakdown. Resin escaping from the
condensate filter demineralizers .ould be exposed to
high temperatures in the feedwater system, which can
begin the process of degradation. The insoluble
fron and total metals found in the condensate,
condensate demineralizer effluent, feedwater and
reactor water were within the specification limits
and at levels expected for a plant startup.

The two exceptions noted during Test Condition Three
testing are identical to two from Test Condition
One. All are for low dissolved oxygen (< 10 ppb) in
the condensate demineralizer effluent (CDE) and in
the final feedwater (FFW). A minimum le.el of
dissolved oxygen (20 > Oz < 200 ppb) iz desired in
the feedwater system fo promite and maintain a
passive ccrrosion layer on the pipe walls. Low
levels of dissnlved oxygen can lead to excessive
corrosion and higher corrosion products in the
feedwater samples. Current corrosion product levels
cannot yet be conclusively attributed to the low
dissolved oxygen, but if the dissolved oxygen level
does not increase with increases in power, it may be
necessary to inject oxygen into the feedwater
system., These parameters of dissolved oxygen and
corrosion products will continue to be monitored
closely in future test conditions.
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All gaseous and liquid effluent samples obtained
during the performance of this procedure were within
the license limitations,

Various radiocactive gaseous effluents were analyzed
during TC3. Gre» samples were taken in an attempt
to correlate analysis results with actual monitor
recadings. However, the activity levels seen at the
off-gas and venti{lation points are still too low to
provide meaningful data. The sum of six noble
gasses is plotted against the off-gas monitor
readings, but the plot has little meaning since
present off-gas activity is too low to affect the
monitcr. However, the sctivity is sufliclert to
perform an analysis or the off-gas raclonuclides and
reactor water i{odines. By norealizing the nuclide
activities with respect to release rate, fission
yleld, and half-life, and then plotting the data, it
was determined that the plant has a "recoil" pattern
of release. Such a pattern indicates that thers i=
no failed fuel.

A measurement of radiolytic gas in steam was made.
Analysis results were below the 0.06 cfm/MWt limit,
Radiolytic gas is the hydrogen and oxygen produced
in the reactor by radiation induced breakdown of
water molecules. It is a normal expected process,
but values higher than the limit could cause the
capacity of the off-gas system reccabiners to be
exceeded.

See Figure 3.1 for more detail regarding the
chemistry data taken during Test Concdition Three.
Also note that identifying marks have been added Lo
several data points in Test Conditions One and Thrue
to note thet sample dates are other than that of the
main column heading. Reactor power conditions were,
however, approximately the sase as during the
balance of sampling.

The Test Condition Five chemistry data was actually
recorded during Test Conditior Three as the plant
achieved the required power level for the test
(65-80% CTP)., The requirements for sampling are
based upon reactor power level only. In general,
the data remained within acceptance criteria
limits,
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Reactor water chemistry and radiocheaistry
measurements were made immediately after raising
power to greater than 65 percent. The test results
showed that the reactor coolant chemistry was
satisfactory at the time the samples were taken.
Later data points taken after forward pumped drains
(FPD) had bLeen placed in service showed an increase
in conductivity to about 0.38 uS/cm and a rise in
sulfate levels to about 80 ppb. These relatively
high values can be attributed to the FPD water being
sent directly to the reactor. This was essentially
the firat time that the FPD had been utilized on a
continuous basis.

The conductivity and sulfate values peaked at the
levels previously mentioned and then began a slow
decline. The source of the sulfate contamination {s
from the FPD system piping and equipment upstream of
it. It {s known that the internal surfaces of much
of the piping and equipment in the plant had been
painted with protective coatings. This coating and
the impurities it contains is released with each
increase in power, temperature and system flow. In
the present plant condition the FPD water is no
longer cycled back to the hotwell and filtered
through the condensate filter demineralizers.
Rather, it is pumped, untreated, into the reactor
where the impurities are concentrated to the levels
observed.

Witn the exception of this first period of FPD in
service, the reactor coolant chemistry has been
maintained at a very reasonable level as compared to
previous test conditions. Prio>r to the startup in
October 1987, the plant was in a several month
outage. In that outage, all of the condensate
filter demineralizer elements were replaced with a
new design element (septa), as previously
discussed. The new elements have prevented the
resin intrusions which have occurred in the past,
and which caused reactor coolant cheaistry
problems, Even with power operations up to 70
percent, conductivity was maintained below 0.15
uS/cm prior to the placing in service of FPD,

Condensate demineralizer influent, effluent,
feedwater, and FPD cheaistry were also examined as
part of the test. All values obtained, with the
exception of dissolved oxygen, vere within the water
quality specifications limits, Condensate
demineralizer effluent water was
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excellent, with conductivity equal to that of
theoretically pure water, FPD water and feedwaler
conductivities, although within specifications, were
higher than that required to maintain the reactor
coolant conductivity below the water chemistry
guidelines value of 0.3 uS/ce.

The inscluble iron and total metals found in the
condensate, condensate demineralizer effluent,
feedwater, and reactor water were within the
specification limits and at lavels expected for a
plant startup. FPD insoluble iron was elevated, as
would be expected for the initial operation of a
system,

All gaseous and liquid effluent samples obtained
during performance of this procedure were within the
license limitations.

Various radicactive gaseous effluents were analyzed
during the test. Grab samples were taken in an
attempt to correlate analysis results with actual
monitor readings but the activity levels being seen
at the ventilation points are still too low to
provide meaningful data.

A sample of the offgas steam was taken, after the
two minute delay pipe but prior to any further
treatment. This sample was analyzed for its noble
gas activity. The nuclide activities were
norsalized with respect to release rate, fission
yleld, and half-life, and then plotted. From this
plot, it sas determined that the plant has a recoil
pattern of offgas release. Such a pattern indicates
that there s no falled fuel.

Three test exceptions were taken during the

testing. The test exceptions are similar to those
from TC-1 and from TC-3. Two are for low dissolved
oxygen in the condensate demineralizer effluent
(CDE) &nd in the final feedwater (FFW), In
addition, the third test exception documents the low
dissolved cxygen observed in the forward pumped
drain (FPD) sample. A minimum level of diisolved
oxygen (> 20 ppb) is desired in all of these systems
to promote and maintain a passive corrosion layer on
the pipe walls. Low levels of dissclved ocxygen can
lead to excescive corrosion and higher corrosion
products levels in the process stream. Based on
data obtained to date, current corrosion product
levels cannot yet be conclusively attributed to the
low dissolved oxygen.
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Since the completion of the above noted testing, the
plant has operated at power levels of up to 95%,
most notably during the 100 hour Commerical
Operation Run in late January of 1988, After the
completion of that demonstration run, adjustments to
the venting from the number five (5) north and south
feedwater heaters were made by plant operations and
chemnistry personnel to attempt to increase the
diszol.ed oxygen of the forward pumped drains wate:
and, therefore, the final feedwater. This action
was not successful in raising the dissolved oxygen
in these two streams to acceptable levels, nor has
there been any favorable indication that the
dissolved oxygen in the CDE x'll increase with
further increases in power and therefore, a design
change has been prepared to add an oxygen injection
system to the CDE if this proves necessary.

The parameters of dissolved oxygen and corrosion
products levels will continue to be monitored
closely in Test Condition Six.

See Figure 3.1 for more detail regarding the
chemistry data tuken between 66%-71% power.

During the Spring 1988 LLRT Outage, major repairs
and modifications were made on the MSRs and during
that period, while all removable internals were
removed, all accessible interior surfaces with
evidence of paint coating were thoroughly wire
brushed to remove this material,

This has significantly decreased the rate of
sulphate leachate entry into the feedwater stream
when FPD are in service.

T™he remainirg testing in this section not yet
completed is the Test Condition Six steady state
data collection and the Reactor Water No Cleanup
Test.
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3.2 Radiation Measuresents

3.2

3.2.2

3.2.3

Purpose

The purpose or this test is to deteraine the
background adiation levels in the plant environs
fo baseline data and activity build-up during power
ascension tesiing to ensure the protection of plant
personnel during plant operation.

Criteria

Level 1

The radiation doses of plant origin and the
occupancy times of personnel in radiation zones
shall be controlled consistent with the guidelines
of the standards for protection against radiation
outlined in 10CFR20, “Standards for Protection
Against Radiation", and NRC Ceneral Desigr Criteria.

Level 2
None

Results

Radiation measurements were taken in the fors of
process and area radiation monitor data and site
surveys., To date, all data taken has been
acceptable and personnel radiation protection has
been provided in full coapliance with the criteria.

Se2 Figures 3.2-1 through 3.2-3 for applicable
monitor and survey readings. These Figures reflect
the results of this test for all the test conditions
for which this data was required,
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m. 3.2.2
FICURE 3.2-1
(Page 1 of 5)
Area Radiation Monitor Sensor Locations
1 (F-10) 2nd Flr, Reac. Bldg. (RB) Pers. Air Lock
2 (B-9) 1st Flr. RB Equip. Alr Lock
g (J=13) 2nd Flr. Aux. Bldg. (AB) Access Control
(G=10) 2nd Flr. AB anngo Area Control
5 (B-13) 3rd Flr. RB CRD Storage and Maintenance Area
[} (o-ig) 3r1l Fir. AB Main Control Room (CR)
7 (F-9 . RB S.E. Corner
8 (B-10) Sub hu. RB S.¥. Corner
9 (B-15) Sub Base. RB N.W. Corner
10 (G=17) Sub Base. RB N.E. Corner
" (G=11) Sub Base. RB HPCI Ra.
12 (F-<11) 1st Filr. RB Neut. Mon. Eq. Ra.
13 (F-10) 1st Flr. RB Neut Mon. Control Panel.
L] (A=11) Sub BSase. RB Suyp. Pool
15 (F-15) Stk Flr. RB Fuel Stor, Pool
16 (F-15) &th Flr. RB New Fuel Vault
17 (F-12) Sth Flr. RB Refuel Area Near Reactor
18 (F<13) Sth Fir. RB Refuel Area Near Reactor (High Range)
19 (L=12) 3rd Flr. Turbine Bldy. (TB) Turbine Inlet End

(R-10) Base. TB Sump

(N<7) 2nd Flr. TB Main Cond, Area

J (J-4) 1st Flr, TB Decon. Area

(M=17) 1st Fir. Rad. Waste Bldg. (RWB) Coutrol Rm.
(N-17) Base. RWB Equip. Drain S. Pump

(P-16) Base. RWB Floor Drain S. Pump

(R=17) 1st Flr. RWB Drum Conveyor Aisle Operating Area
Spare

(G=11) &th Flr. AB Vent, Equip. Rma

(B-15) &th Filr. RB Change Ru.

(H=12) RB Basement Air Lock

(B-12) 1st Flr. RB Drywell Air Lock Labyrinth
(G=13) 1st Flir. AB Near Blowout Pnl.

(C-9) st Flr. RB South A'r Lock

(N<2) 2nd Flr. TB Near Off Gas Equip.

(.’2) ‘.‘ '1'0 T. "ll’ S.J.‘.t. ‘m

(M-2) 3rd Flr. TB South End

(R-14) Base. RWB Scrap Cement Recuvery

(P<16) 1st Flr. RWB Receiving Area

(S<17) 1st Flr. RWB Bailing Room

(N=16) 1st Filr. RWB Filter Demin. Area

(S<17) Mezz. RVB Washdown Area

($-12) ist Flr, Service Bldg. (SB) Mach. Shop.

SN TECEUEEEERUEIBRRREIRES




Supplement 9

Page 3.2-3
FIGURE 3.2-1
(Page 2 of 5)
Area Radiation Monitor Sensor Locations
Channel No. Localion (Col.) Fioor-Bldg.

LLL) 1st Fir. Inside Drywell

L6 ist Fir. On Site Stg. Bldg. Control Room

w7 ist Flr. On Site Stg. 3ldg. Compactor Room

*ug iat Flr, On Site Stg. Bldg. "ruck Unloading Station

*The remote indicator {s located on Process Radiation Monitor Panel
H11-P884 (Relay Room).
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3.3 Fuel Loading

3.341

3.3.2

3.3.3

Purpose

The purpose of this test was to l1nad fuel safely and
efficiently to the full core size (764 assemblies).

Criteria
Level 1

The partially loaded core mus. be subcritical by at
least 0,38 perc-nt delta k/k with the analytically
determined strongest rod fully withdrawn.

There must be a neutron signal count-to-noise count
ratio of at least 2:1 on the required operable SRMs
or fuel loading chambers (FLC)., The min‘mum count
rate, as defined by the Technical Sp-.ifications,
must be met on the required operable¢ SRMs or fuel
loading chambers.

Level 2
None
Results

Prior to fuel loading, all fuel asserllies were
inspected and then stored in the fuzl pool in such a
way ‘hat no rotation of fuel assemblies would be
required during their transnfer to the reactor vessel
and also that no asseably would nass over any other
asseably in tho fuel pool during fuel loading. The
only exception to this was bundle LJK 954 which was
oriented SW instead of SE in the fuel pool, but was
verified to be properly oriented in the core.

Before the start of fuel load, all control rods were
fully inserted, all blade guides were positioned as
shown on Figure 3.3-1. Ceven Sb-Be neutron sources
wer~ installed at locations shown on Figure 3.3-1,

All applicable initial conditions were verified
prior to the start of fuel loading. Four times
during the fuel loading process, fuel loading wes
suspended for greater than efght hours, and all
applicable initial conditions were reverified befcre
fuel loading was resumed.
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The Bottom head drain temperature indication was
used to obtain the Reactor Coolant Temperature at
least once every eight hours (+ 15 minutes) during
the fuel loading process.

Detailed fuel loading sheets, approved by the
Reactor Engineer, provided the instructions on each
individual fuel assembly to be moved from a specific
location in the fuel pool to a pre-assigned location
in the core. It also provided the ins.ructions on
what contrecl rods were to be exercised for
functional ard sub-criticality checks for
pre-defined core configurations. FLC moves to be
made during the fuel loading were also included,
Most of the changes required to the fuel loading
sheets during fuel loading were to move the FLCs
earlier due to high count rates experienced when
fuei assembiies and/or the neutron sources were tco
close to the FLCs. The only uvther change involved
using Control Rod 10-27 (instead of 06-27) for a
sub-criticality check due to an accumulator problem
with Rod 06-27.

Four FLCs (one per gquadrant) were used to monitor
the count rate from the start of fuel loading up to
the point when 532 bundles were loaded in the core.
In order to keep the FLC count rate within a
desirable range and to accommodate an increasing
core size, it was necessary to move the FLCs outward
by approximately one cell routinely as fuel loading
progressed. The .ocation of FLCTs was selected to
ensure that eact quadrant of the core was adequately
monitored. (Sea Figure 3.3-4)

The upscale alarm setpoint was set at 1 x 109 ¢

and the upscale trip setpoint was set at 2 x 10

cps for each FLC. The ‘Jownscale rod block setpoint
was 3 cps. The FLCs were checked for flux response
either by control rod pulls during scheduled
svt-criticality checks or by 1ifting the FLCs
partially out of the cors., These flux response
checks were made at least once every eight hours
during fuel loading and prior to the resumption of
fuel lcading when fuel loading was delayed for eight
hours or more. In adiition, the Signul-to-Noise
ratic was calculated for each FLC prior to sgtart of
fuel load, during any required reverification of
plant initial conditions and every time the FLCs
were moved to a new location, (See Figure 3.3-2)
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Four SRMs (one per quadrant) were used to monitor
the neutron count rate starting from the point when
532 bundles were loaded in the core to the
completion of fuel load (764 bundles). With the SRM
detectors connecte* to the SRM instrumeit channels,
the rod block and . upscale irip setpoints were
set down to 1 x 10" und 2 x 107 respectively,

since no previous saturation test was performed on
the SRM detectors., The down scale rod block
setpoint was 3 cps. The SRM flux response check was
performed at least once every eight hours during the
fuel loading process by partially withdrawing ~ach
SRM.

Fuel loading commenced on March 20, 1085 with the
loading of four fuel assemblies around the central
neutron source. The loading coutinued in control
cell units that sequentially completed each face of
an increasing square core, loading in a clockwise
direct‘on until a 12 x 12 square was completed with
symmetry about the center source. The thirteen
control cells (52 bundles) needed to form a 14 x 14
square array of bundles around the center Control
Rod (30-31) were loaded next. The remaining cont ol
cells were loaded, one on each face at a time, ir a
clockwise manner, such ' ..t the core was
rotationally symmetric after every fow corirol
cells had been loaded. (See Figure 3.3-3)

Control rod functional and sub-criticality checks
were performed either after every cell (first 4
cells in the core), or afier every two or four cells
as dictated by the detailed fuel loading sheets.

The purpose of the sub-criticality checks was to
ensure that it wae safe to load the next control
cell(s).

For each btundle a visual verification was performed
to ensure tha. the bundle was proparly grappled
before the bundle was 1!fled from the fuel pool
racks, that there was adequate clearance on all
sides while the bundle was be.ng moved to the
reactor cavity and that it was loaded in the core In
the proper location with the propar orientation.
Also, physical verification was made of the fact
that the bundle was ungrappled before the hoist was
raised. Similar verifications were aade for the
blade guides lifted out of the core and the FL®
soves made during the fuel loading process.
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A« y-by-day account of the fuel load progress is
given in Figure 3.3-5. Most or the problems that
caused delays were related to the refueling bridge
(1imit switch, power loss, grapple indication, air
hose break, etc.). Fuel loading was halted on
Sundays in order to perform required weekly
survelillances on FLL/SRMs, IRMs, APRMs and “he
refueling bridge.

During the fuel loading process, FLC/SRM count rates
were monitored periodically and 1/M calculalions
were performed and plotted for each FLC/SRM and for
the average of the four FLC/SRMs (See Figure

3.3-6). The average 1/M plot was used to pr.ject
the estimated number of bundles for criticality. If
eriticality was projected during the next loading
increment then the increment size was reduced
between 1/M calculations. Strong geometric effects
were seen, particularly during the first few bundies
loaded in ‘ae core and also vhun the bundles were
loaded rear and FLC. These geometric effects
resv''ed in erronious (but highly conservative)
projections which often resulted in very small
increment s=izes (1 - 2 bundles) between 1/M
calculations., After eighty bundles Jere loaded in
the core, the maximum increment size between 1/M
calculations was reduced to one cell (4 bundles
except for the peripheral locations where a maximum
of five bundles were loaded between 1/M
calculations).

Bundle LJK 677 was identified to have a rusted
charnel fastener that had to be replaced. Some
detris was identified in the core on bundles LKJ
398, LJK 506 and LJK 957. After fuel loading was
completed, these bundles were pul.ed out of the core
to correct the respective problems and reinserted
back into the core.

After the 12 x 12 square array of hundles was
completed, a partial core shutdown sargin (SDM)
demonstration was performed by withdrawing the
analytically determined strongest Rod (26 - 27) and
a disgonally adjacent hod (22« 23) out of the core.
Sub-criticality with these Lwo rods withdrawn
demonstrated that there was at least a 0.33% delta
K/K shutdown margin for the existing core
configuration. Because the calculated Keff for the
12 x 12 array with the two rods withdrawn was
0.9758, and the calculater Keff for Lhe full co=e
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with only the strongest rod withdrawn is 0.97,
sub-criticality for the partial core demonstrated
that the shutdown margin would be met throughout the
remaining fuel loading process.

The fuel loading was completed after fifteen days on
April 4, 1985, All criteria were satisfied.
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DATE
(TIME)

03-20-85
(2019)

N3-21-85
(0005)

03-22-85
(0340)

03-22-8%
(2005)

03-22-85
(2227)

03-23-85
(2110)

03-25-85
(1420)

03-26-85
(0020)

03-26-85
(1915)

03-28-85
(1116)

03-29-85
(0807)

04-01-85
(1528)

®S/N Ratios obtained during FLC moves

FLC

FLC*

FLC*®

FLC®

FLC*

FLC*®

FLC

FLC*

FLC®

FLC®

FLC

«FLC not moved

10

50

50

6.0

10

10

16

FIGURE 3.3-2

Signal to Nolse Measurement

24

49

249

16

19.0

.9-0

189

159

10

60

50

3.8

7.0

12

1

100

12

99

59

99

9.8

3.4

"

4.7

89.9

159

39

999

119

10

50

60

6.5

150

DETECTOR CPS S/N CPS S/N CPS S/

32.3

49

149

64

19.0

159

116

374

399

Supplement §

'“‘ 3 . 3'1
D # OF BUNDLES
CPS S/N LDADED
10 24 Prior to
fuel load
8¢ 79 “
70 174 48
6.0 S 96
- - 96
- - 144
12 14,0 156
- - 196
4.8 15 260
2.3 7.3 388
90 299 K40
15 149 532
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FICURE 3.3-3
CORE LOADING SEQUENCE
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DATT
03-20-85
03-21-85
03-22-85
03-23-85
03-24-85

03-25-85
03-26-85
03-27-85
03-28-85
03-29-85

03-30-85

€3-31-85

04-01-85
04-02-85
C4-03-85

04-04-85
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FIGURE 3.3-5

Daily Fuel Loading Progress

BUNULES LOADED
DAY TO DATE  COMMENTS
“ “ Fuel load started at 2130.

32 36 Rod Block limit switch malfunction.

62 98

58 156

0 156 Weekly surveillance on SRMs, IRMs,
APRMs and Refueling Bridge.

38 196 Fuel load resumed at 1500.

82 278

84 362

76 433

66 504 Transformer #64 lost due to
initiation of its deluge (fire
protection) system.

28 532 0400 yefuel bridge power cable
problen. Cable cut and re-termed tu
restore the system.

0 532 Weekly surveillance. FLC to SRM
switchover.

i 546 Fuel load resumed at 2000,

T4 620

48 668 Air hose damaged when stuck center
section ~f the mast wes released and
dropped.

96 764 Fuel load completed at 2350.
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FIGURE 3.3-6
NUMBER OF BUNDLES LOADED
1/M Plot
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FIGURE 3.3-7
(Page 1 of 2)

FUEL LOCATION VERIFICATION
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FIGURE 3.3-7
(Page 2 of 2)

FUEL LOCATION VERIFICATION
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3.4 Full Core Shutdown Margin
3.41 Purpose

The purpose of this test is to assure that the
reactor will be subcritical throughout the first
cycle with any single control red fully withdrawn
and all other rods fully inserted with the core in
its maximum reactivity state.

Criteria

The shutdown margin of the fully loacad core with
the analytically determined strongest rod withdrawn
sust be at least 0,38 percent delta k/k plus R (an
additional margin for exposure) where R = 0.5
percent delta k/k.

Level 2
Criticality should occur within + 1.0 percent delta
k/k of the predicted critical.

Results

The fully loaded core was made critical by
withdrawing control rods following the B sequence,
using the Reduced Notch Worth Procedure. This
sequence contained the analytically strongest Rod
06-39, which was fully withdrawn before reaching
eriticality. Prior to performing the shutdown
margin demonstration, as required by Technical
Specifications, the shorting links were removed to
put the Reactor Protection Syste . in the
non-coincidence scram mode.

T™he point of criticality was demonstrated by
withdrasing control rods following the order given
in the rod pull sheets until an (approximate) 300
second period was observed with Group 3 Rod 18-51
withdrawn to notch Position 08, Moderator
temperature was recorded at 96F. Later, with
suderator temperature still at 96°F, the reactor
was then made supercritical by withdrawing Control
Rod 10-43 to Position O8. SRM A,B,C and D
yeasurements were taken every 30 seconds for three
and one half minutes. Period analysic was performed

by fitting the data linearly on a seai-log plot and
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measuring time to increase one decade from which
period was calculated. The average period was
determined to be 76.5 seconds.

shutdown margin of the fully loaded core at

with the analytically strongest rod withdrawn
was determined to be 2.72% delta k/k. Level 1
criteria were satisfied since the measured shutdown
margin was larger than R + 0.38% = 0.88% delta k/k
whe:e R {s defined here as the analytical difference
in shutdown margin (cold) at the most limiting point
in the cycle and Beginning of Life - of the core.

The difference in keff between the theoretical
ceritical configuration and the actual measured
eritical configuration was found to be 0.28% delta
k/k. This satisfies Level 2 criteria since
criticality occured withun 1% delta k/k of the
theoretical critical eigenvalue.
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3.5 Control Rod Drive Systea

3.5.1

3.5.2

Purpose

Each control rod drive (CRD) was tested to measure
insert/withdraw and scram times and friction dP
levels in the CRD hydraulic system. This was done
to demonstrate that the CRD system operates properly
over the full range of primary coolant temperatures
and pressures.

Criteria
Level 1

Each CRD must have a normal withdrawal speed less
than or equal to 3.6 inches per second, indicated by
a full 12 foot stroke in greater than or equal to 40
seconds,

The mean scram time of all the operable CRD's with
functioning accusulators must not exceed the
following times (scram time is measured from the
time the pilot scram valve solenocids are
de-energized).

Position Inserted
From Fully Withdrawn Scras Time (Seconds)

ub 0.358
36 1.096
26 1.860
6 3.419

The mean scram time of the three fastest CRD's in a
two-by-two array must not exceed the following times
(scram time is measured from the time the pilot
scram valve solenolds are de-energized),

Posit'sn Inserted
From Fully Withdrawn Scram Time (Seconds)

0.379
1.161
.97
3.642
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2

el 2

F
5

CRD must have a normal inser‘ion or withdrawal
of 3.0 (+ 0.6) inches per second incicated by
a full 12 foot alroke ir 40 co 60 seconds.

i

If the differential pressurc varistion exceeds 15
psid for a continuous drive-in, a settling test must
be prrformed. In this case the differential
settling pressure should not de less than 30 psii,
nor should it vary by more than 10 psid over a full
stroke.

3.5.3  Results

Insert/withdraw timing, friction testing, and scram
timing were performed on the CRDe at the condiilfons
specified in Figure 3.5-1,

All of the individual control rods were scrai time
tested, friction tested and insert/withdraw timed
dur/ng the Open Vessel test condition. Adjustments
to scwe CRDs had to be done In some cases to bring
insert/withdraw tines into acceptarce limits.
During the friction testing, no pressure
differertial measurements exceeded the criteria of
15 nsid und no sett.iing tests had t¢> be performed.
The four slowest rods in each sequence wart also
scramned at reduced accumulator pressure, All test
sriceria were satisfled,

During Heatup, the four slowest rods in each
sequense were scram timed at 600 psig and at 800
psig. Upon reaching rated temperature and prissure
conditions, all CROs wer. scram tiaed. The eight
slowest rods dotermined during Open Vessel and
Heatup testiny were then insert/withdraw timed,
friction .ested, and scrammed at reduce) accusulator
pressure, Figire 3.5-2 sliows the average scram time
of the eight slovest rods, four in each sequence, at
various reactor pressures crmpared to the saximum
peraissible.
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The specific results fros our rated pressure testing
are as follows:
7 » _Mean Scranm
_Rod Position ) - 40 | 36
Mean Scram Time for all 0.302 | 0.852
80 Seq. B rods (sec) W, LY
Mean Scram Time for al) 0.288 | 0.80¢
97 Seq. A rods (sec)
Mea); Scram Time for ALL 10,295 | 0.826
rods, Se¢q. A and Seq. 3 (sec)

(ere average)

Mean Scram Time of the 0.325 | 0.900
§ fastest CRDs in a two-by-~twc
array for ALL rods, Seq. A and

S@q\ B (core average)

In conjunciion with the planned scram for the
Shutdown from Qutside the Control Room test
performed in Test Condition One 4 scram times for
the four (§) slowest Sequence "A" control rods were

jeternined. All the scram times were within the
acceptance criteria.

r
R
N




FIGURE _.5-1
CONTROL~ROD- "RIVE SYSTEM YESTS
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Reaclor Pressure with Core Loaded

Test Accumulator Freop psig
Description Pressure Tests rated

Position A1l ALl

Indication
Normal Stroke Times AJY ALY U(a)

Insert/Withdraw
Coupling All Al
Friction All 4(a)
Scram Normal All All 4(a) 4(a) All
Scram Minimu» a) U(a)
Scram lero 4(a)
Scram (scram duchnrct ) Normal

voluse high level) '°
Scram Normal 4(b)

a. Refers to four CRDs selected for contiruous monitoring based on
slow normal accumulator pressure scram tises, or unusual

operating characteristics, at zero reactor presssure.

The four

selected CRDs must be compatible with rod worth minimizer, RSCS
systems, and CRD sequence requirements,
b. Scram times of the four slowest CRDs will be determined at Test

Conditions ' and 6 during planned reactor scraas,
volume fill time will be determined at Test
during plunned reactor scrams,

¢. The scram dischar
Conditions 1 and

Note: Single CRD scrams should be performed with the charging valve
closed (do not ride the charging pump head).
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FIGURE 3.5-2
Scras festing Results
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1.6 Source Range Monitor Performarce and Control Rod Sequence
Exchange

1.6.1  Purpose

The purpose of this test was to demonstrate that the
operational jources, source range monitor (SRM)
instrumentation, and rod withdrawal sequences
provide acequate information to achieve criticality
and increase power in a safe and efficient manner.
The effect of typical rod movements on reactor power
was also determined,

Criteria

There nust be a neutron signnl count-to-noise count
ratio of at least 2:1 on the required operable SRMs,

There must be a minimum count rate as defined by
Technizal Specification on the required operable
SRMs .

Level 2

None
Results

Prior t¢ the init

ftial criticality in scquence B, the
count-to-noise ratio for SRM (A, B, C and D) were
43, 149, 199 and 49 respectively. These ratios were
well above the Level 1 criteria of 2:1, The minimum
counts on the SRMs (A, B, C ard D) wero 20, 15, 40
and 15 cps respectively. These were well above the
pinimum Level ! criteria reguired of 0.7 cps.

SRM readings were also taken perlodically during
infcial criticality in both sequences and IRM
readings were obtained during the initial heatup iIn
sequence B. All test criteria were satisfied,

Performance data was gathered during power cscension
to 20% in Control Rod Sejuence A and Sequence B. At
the end of each rod worth ainimizer group, APRM,
feed flow, and stean flow values were recorded.
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Water Level Measuresent

3.741

3.0.2

3.7.3

Purpose

The purpose of this test is to measure the reference
leg temperature and recalibratc the instruments if
the measured temperature is di/ferent from the value
assumed during Lhe initial calibration.

Criteria

Level 1
None

Level 2

The difference between the actual reference leg
temperature(s) «od the value(s) assumed during
initial calibration shall be less than that asount
that will result in a scale endpoint errur of 1
percent of the !nstrumunt span for each range.

Results

Testing of tha level !nstrumentation accuracy showed
tha. scale end point errors when actual drywell
temperatures and assumed caulibration temperalures
were compared were 0.708%, 0.554%, 1.0507% and
0.320% for wide range (Div. 1), wide range (Div.
11), narrow range (Div. I) and narrow range (Div.
117, respectively. The slight Level 2 criteria
violation for Div. I narrow range level
instrumentution was found acceptable following an
evaluation performed by General Eiectric,

It was previously intended to repeat this test to
obtain another set of data with all the drywell
coolers in operation. However, based on an
evaluation performed by General Flectric, the test
results are acceptable and no further testing is
required,
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3.8 IRM Performance
3.8.1 Purpose

“he purpose of this test is to adjust the
intermediate range monitor system to obtain an
optimum overlap with the SRM and APRM systenms.

Criteria

Each IRM channel must be on s°
exceed thei» rod block setpoint.

Each APRM must be on scale before the TRiis exceed
their rod block setpoint.

None
Result~

During the initial criticality, all IRMs except IRM
showed response prior to the 3RM's reaching 5 x
10" cps. IRM D was repaired and tested
satisfactorily at a later date. Range 6/7 overlap
ibration was also cc ‘leted
h was reading 2rrati

retested su

rwent ret

A)l APRMs were shown to be unscale prior to any IRM
exceeding its r ylock setpoint during a plan

shutdown in

not reading one-half decade belc heir range 9 rod
block setpoints, lthough Technical Specilication
verification of overlap was satisfactorily perforned

+t was note. that IRM ¢ ., F and H were
]
L}

in conjunction with Plant Surveillance procedures,
the test was reperformed after APRMs were adjusted
at a higher power level. Results of this

1

reperformance follow below.
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RM G Range 6/7 Overlap Calibration was reperformed
successfully during the plant restart in October
1987. This calibration was necessary due to the
replacement of the preamplifier for this IRM.

During the startup of the reactor after the Soring
1988 LLRT Outage, IRM/APRM overlap was checked and
ad justments were made to the IRM gains to provide
additional margin to the IRM high rod hlock
setpoint. The Level I criteria that each APRM must
be on scale before the IRMs exceed their rod block
setpoint (< 108/125 on range 10) was satisfied as is
shown by the following final settings:

APRM Reading IRM Reading

All GAFs = 1.0 After Adjustment Range
A 8.3 20/125 10
B 7.9 137125 10
c 8.0 60/125 10
D 7.9 807125 10
E 8.1 4u/125 10
F 8.6 26/125 i0
G 20/125 1C
K 297125 10

Since the IPMs had been ad‘'usted, the SRM/IRM
overlap was reverified during a reartor startup in
August 1988, and it was showr that each IRM was on
scale before the SRMs exceeded their rod block
setpoint.
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3.9 LPRM Calibration

3.9.1

Purpose

The purpose of this test is to verify LPRM response
to flua changes and proper LPRM connection to
ileutron monitoring ~lectronics and to calibrate the
LPRM's to their calculated valves.

Criteria

Tevel 1

None
Level 2

Each LPRM reading will be within 10 percent of its
calcnlated value,

Results

The initial LPRM verification test was performed
wiile the Reactor was at rated pressure in the
heatup test condition, in conjunction with scram
time testing. Specific control rods were selected
to be used for flux response checks based on their
proximity to the LPRM strings. The withdrawal of
these rods from Fosition 00 (FULL IN) to Position 48
(FULL OUT) was observed in terms of the LPRM flux
response as the rod was withdrawn past each of tre
four LPRMs for the associated LPRM string. All 172
LPRMs (43 LPRM strings with 4 LPPMs per string) were
observed, using Brush Recorders and 3TARTREC Systenm
for €lux response. Initially, no flux resp ns was
observed on 25 of the 172 LPRMs For the LPRMs that
showed flux response. the proper order of the LPKM
response (D, C, B, A) was observed.

During supplemental testing, it was found that sc
LPRM detectors were connected in reverse order anc
these were corrected. One detector was found
damaged and had to b» repaired. During Test
Condition Ore all remaining LPRMs were obsorved tuo
show proper flux response following repair efforts.

An initial LPRM calibration utilizing the Traversing
In-Core Probe (TIP) System and the Backup Core
Limits Evaluation ‘BUCLE) program was conducted in
Test Condition One. Utiliziug TIP traces, local
LPRM readings, and heat balance information, a gain
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ad justment factor (GAF) was determined for each
I.PRM.

These GAFs were then used to adjust the gains of the
LPRMs and a folluwup test was performed to verify
criteria. Due tc non-steady ,tate ccnditions, a
total of four full sets of 1.iP traces vere made.
Upon completion of the test, a total of 23 LPRMs did
not meet the above criteria. The majority of the
failures were reasonably close to the criteria, or
were in the low power region of the core where
criteria can be ignored.

During Test Condition Three relevant portions of REP
'i4,000.05, LPRM Calibration - Computer
llevermination, were performed. This entailed
gperforming an OD-1 with a complete set of TIP
traces, running a P! to update the LPRM CAFs,
obtaining an OD-10 Option 7 GAF edit, and obtaining
the initial LPRM flux amplifier input currents.

All 172 GAFs were reviewed, and it was determincd
that eight (8) GAF adjustments on the following
LPRMs were necessar;.

16-33A 48-17A
48-33A 24-25A
16-5TA 08-17D
16-09A 32-49D

These eight GAF values were outside of the 0.95 to
1.05 range, and were used to calculate new LPRM flux
amplifier input currents.

Following these eight (8) LPRM GAF adjfustments, an
OD-1 with TIP traces was performed, a P! vas run and
an OD-10, Option 7 GAF edit was obtained.

Upon review of the GAF edit only one LPRM CGAF was
outside of the 1.00 + 0.10 required range. LPRM
32-49D was reading 0.0, and was diagnosed as a
drifter on the latest P! edit. IGAF was manually
set, a P! was run, and the LPRM 32-49D had a GAF of
1.0.

Upon completion of REP 54.000.05, al. 172 LPRM
readings were verified to be withir, 10 percent ol
their calculated readings, thue satisfying the Level
2 criteria.
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During Test Cordition 6, relevant portions of REP
54,000.05, LPRM Calibration - Computer
Determination, were performed. This entailed
performine an OD-1 with a complete set of TIP
traces, r. ‘ng a P! to update the LPRM CAFs,
obtaining a:. OD-10 Option 7 GAF edit, and obtaining
the initial LPKM flux amplifier input currents.

All 172 GAFs were reviewed, and it was determined
that 52 GAF adjustmerts were necessary. LPRM 40-1T7A
is failed low and is bypassed.

These 52 values we : outside of the 0.95 to 1.05
range, and were \'. J to calculate new LPRM flux
amplifier input « ‘rents.

Following these ,2 LPRM CAF adjustments, an OD-1
with TIP traces was performed, a P! was run and an
0D-10, Option 7 GAF edit was obtained.

Upon review of the GAF edit, all but three LPRM GAFs
were between .91 - 1,11, the required range, thus
satisfying the Level 2 criteria. LPRM 40-17A is
failed low and bypassed, ther<fore has a GAF of

0.0. LPRM 08-17A has a GAF of .91 and 24-33D has a
GAF of 1.11. Since these GAFs were equal to the
criteria value and not outside of the tolerance, no
further adjustments were made based on that and the
location of these LPRMs not being near critical fuel
segments.

This concludes the planned LPRM Calibraticns during
the Startup Test Program.
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3.10 Average Power Range Monitor Calibration

3.10.1

3.10.2

3.10.3

Purpose

The purpcse of this test is to calibrate the APRM
system.

Criteria
Level 1

In the startup mode, all APRM channels must produce
a scram at less than or equal to 15 percent cf rated
thermal power.

The APRM channels must b2 calibrated to read equal
to, or greater than the actual core thermal power.
Recalibration of *he APRM system is not necessary
from a safety standpoint if at least two APRM
channels per RPS trip circuit have readings greater
than or equal to core power. Technical
3pecification and fuel warranty limits on APRM scram
and rod block shall not be exceeded.

Level ©

If the above criterla are satisfied, then the APRM
channels will be considered to be reading accurately
if they agree with tho heat balance to within (+7,
-0) percent of rated power.

Results

During he.tup, each APRM channel was calibrated to
read greater than or equal to a manual calculation
of Core Thermal Power based upon a constant heatup
rate analysis. The APRM scram trip setpoinis were
also adjusted to produce a scram at less than 15% of
rated power. The Level 1 criteria was satisfied.

An infitial APXM calibration was performed during
Test Condition One at a Reactor Power of 13.3%. All
APRMs were adjusted to read within (+3, -0)% of
calculated core thermal power, as determined by a
manual heat balance calculation. A second APRM
calibration was performed later in Test Condition
One when core thermal power (CTP) was determined to
be 15.56% as de.ermined from a manual heat balance
calculation. APRM gain adjustments were then
evaluat 4 and the APRMs adjusted to read 16,0% which
is +0.44% above CTP and satisfies the above Level 2
criteria.
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During Test Condition .wo, fo.lowing a full core
LPRM calibration, each APRM channel wac calibrated
to a reactor power of 48.4%. This reactor core
thermal power was ca’culated by heat balance, and
the six APRMs were calibrated to read within (47,
-0)% of the L8.4% power, thus satisfying Level 2
criteria. This also ensured that the Level 1
criteria requiring that the APRM channels be
calibrated to read equal to, or greater than the
actual core thermal power was met. Finally, the
Scale Factor was determined to be equal to 1.0 since
no APRM gain adjustments were imposed. This
satisfied the Level ! criteria requiring that
Technical Specifications and fuel warranty limits on
APRM scram and rod *lock shall not be exceeded.

During Test Conditlon Three, the Process Computer
was used to determine a core thermal power of
48.3%. No APRM gain adjustments were imposed which
allowed the Scale Factor to be set equal to 1.0.
Therefore, the six APRM desired readings were
determined to be /8.3%.

The six APRM readings taken lncally at Relay Room
Panel H11-P608 revealed that the absolute
differences between the desired and current APRM
readin; were within (+2%, -0%) except for APRM B
which initially read 48.2%. Therefore, APRM B was
adjusted by changing the setting of the R16 gain
potentiometer to read greater than 48.3% CTP.

The final APRM readings at that power were as
follows:

APRM A 50.0 APRM D 49.2
APRM B 48.8 APRA E 48.6
APRM C 49.0 APRM F 49.2

The scale Factor was determined to be equal to 1.0
and all the APRMs are reading greater than core
thermal power. This satisfied the Level 1 criteria.

As seen by the data above, the Level 2 criteria is
also satisfied.

During Test Condition Five, the Process Computer was
used to determine the core thermal power of 71.7%.
No APRM gain adjustments were imposed which allowed
the Scale Factor to be set equal to 1.0 .nd,
therefore, the desired APRM readings were determined
to be 71.7%. The actual APRM readings taken locally
at the Relay Room panel H11-P608 were between 70.0%
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to 71% of rated power. All six (6) APRMs were
adjusted to read greater than 71.7% CTP by changing
the sett'ng of the R16 gain potentiometer.

The final APRM readings at that power were as
follows:

APRM A T2.0% APRM D 72.0%
APRM B 72.0% APRM E 72.0%
APRM C 72.0% APRM F 72.0%

Since the Scale Factor was determi.ed to be equal to
1.0 and all APRMs are reading greater than core
thermal powe:, the Level 1 criteria is satisfied.
The Level 2 criteria is also satisfied by the above
readings.

During Test Condition 6, the Process Computer was
used to determine the core thermal power of 96.8%.
No APRM gain adjustments were imposed which allowed
the Scale Factor to be set equal to 1.0, and
therefore the desired APRM readings were determined
to be 96.8%. The actual APRM readings taken locally
at the Relay Room Panel H11-P608 were acceptable
ercept APRM "E" which was adjusted from 96.0% to
97.0% by changing the setting of the R16 gain
potentiometer.

The final APRM readings a. that power were as
follows:

APRM A 97.0% APRM D 97.5%
APRM B 97.0% APRM E 97.0%
APRM C 97.0% APRM F 97.5%

Since the Scale Factor was determined to be 1.0 and
all APRMs were reading greater than the calculated
core thermal power of 96.8%, both the Level I and
Level Il criteria are satisfied.
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3.11 Proness Computer

3.1

3.11.2

3.11.3

Purpose

The purpose of this te~' is to verify the
performance of the orccess computer under plant
operating conditions.

Criteria
Level 1
None
Level ¢

Programs OD-1, P1, and OD-6 are cuasidered
operational when the MCPR, the maximum LHGR, the
maximum APLHGR, and the LPRM gain adjustment factors
calculated by BUCLE and the process computer agree
with the tolerances specified in the F3AR.

Remaining programs will be considered operational on
the successful completion of the static and dynamic
testing.

Results

The TIP System consists of five identical prches
used to measure and record ti.e axial neutron flux
profile at 43 radial core locations. The recorded
information is used by the Process Computer to
calibrate the fixed in-core Local Power Range
Monitors., Each probe is driven into and withdrawn
from the core by its associated drive mechanism.

In order to operate automatically, the TIP drive
control units must be programmed with the probe
position at top and bottom of the core. These top
and bottom limits are programmed and verified in the
TIP cold alignment. This portion of the test was
performed successfully by hand-cranking the TIPS Lo
the top of the core and setting the core limits
based on the resulting position readings.

In order to follow and read data from the TIP
machines, the Process Computer must receive position
information and flux signals from the TIP System.
This interface is tested in the Static System Test
Case by running the TIP machines in various
eonfigurations and verifying the proper responses on
the Process Computer,
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The Ctatic Syscem ] Case had two objectives:
verification of the program logic and checkout of
the TIP interface. The first objective was
successfully achieved, but the TIP interface
checkout was unsuccessful due to a problem with the
TIP System that resulted in the loss of TIP position
intication. This original position indicatiou
reoblem was repaired.,

As part of the Test Condition One testing, the TIP
top and bottom core limits were reverified under hot
conditious, and the TIP interface with the X-Y
plotter was also verified to funclion properly.
Following repairs to TIP "C" ball valve, a process
computer interface problem, and TiP "B" Logic, a
successful OD-1 was obtained from the process
somputer. It was noted that a three (3) second
delay was occurring between X-Y plotter traces and
the machine normalized, full power adjusted TIP
array. This probles was corrected prior to the OD-1
portion of the Dynamic System Test Case.

The Dynamic System Test Case was performed during
steady state ccnditions with reactor power at
approximatley 20%. The testing included:

1. Verification of the Computer Qutage Recovery
Monitor JORM) to initialize necessary variables
and exposure arrays as part of initial plant
computer startup and to allow for controlled set
of data in further system testing

Verification that all required plant sensors for
NSS programs are being properly scanned.

Verification of the heat balance subroutine usea
hy OD-~3 and P1 by comparing it with a manually
‘alculated heat balance.

Performing an LPRM calibration to verify the
operation of QOD-1 prior to the verification of
thermal 1liuit calculations.

Verification of thermal limits calculations and
coire power distribution.

'erification of the exposure updating progranms
P4 (10 Minute Core Energy Increment), P1
(Periodic Core Evaluation), P2 (Daily Core
Performance Summary) and P3 (Monthly Core
Performance Summary
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7. Verifying key variable memory locations and
performing manual calculations to verify the
remaining NSS software at steady state operation
and symmetric rod pattern.

Thermal limit and LPRM calibration factor
calculations were verified in conjunction with the
DSTC. The verification was performed by taking the
same data that is input to the P1 program, for its
calculation, and inputting it into an approved
offline computer program (Backup Core Limits
Evaluation (BUCLE), which also performs the P1
calculations. The resulting thermal limits and L¥RM
calibration factors were verified against the
criteria. In all instances the results were in the
same fuel assembly and the results are as follows:

Parameter Location P1 Results Bucle Results % Error
Max LHGR 33-52-13 3.78 3.78 0%
Max MAPLHGR 27-10-13 3.30 3.30 0%
Min CPR 27-10 3.877 3.876 .02%

P1 Result - Bucle Result
% Error = * 100%

P1 Result

The Local Power Range Monitor (LPRM) gain adjustment
factors calculated by BUCLE and the process computer
were verified to agree within 2%.

Programs OD-1, P1, 00-6 and the remaining NSS
programs were considered operational upon the
satisfactory performance of this procedure.

During Test Condition Three, a Process Computer -
BUCLE Comparison was performed at steady-state
conditions at 48.4% reactor power and 93% core
flow. With P1 Dlocked, the following list of
process computer edits were obtained and compared to
the respective BUCLE edits:

RCAL

GAF

W

PBUN

EBUN

NSS Core Perfcrmance Log

Thermal Data in Fuel Assembly IX, JY

The 12 Bundles Closest to CPR Limits

The 12 Highest Ratios of a Bundle MAPLHGR to its

L IMLHGR

Target Exposure and Pover Data
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Each process computer value was verified to agree
vith each BUCLE value to within + 2% (FSAR
tolerances).

An MCPR of 2.819 was calculated by P1, and an MCPR
of 2.821 was calculated by BUCLEs PINEWRP, each for
bundle 17-18. These values are within 0.07% of each
other, therefore satisfying the Level 2 criteria.

An MLHGR of 5.76 was calculated by P1, and an MLHGR
of 5.75 was calculated by BUCLEs PINEWRP, each for
bundle 17-26-11. These values are within 0.17% of
each other, therefore satisfying the Level 2
criteria.

An MAPLHGR of 5,05 was calculated for bundle
17-26-11 by both P1 and BUCLEs PINEWRP. Therefore,
the Level 2 criteria was satisfied.

The process computer OD-10, Option 7 GAF edit was
compercd to the BUCLEs EDITMAP GAF array. Ihe
values were verified to agree within + 2%, therefore
satisfying the Level 2 criteria.

During Test Condition Three, the Process Computer -
Power Change Verification was performed to
demonstrate the performance of the OD-4 and 0D-5
programs during power changes.

The test was performed in three sections where two
of those sections dealt with the performance of OD-Y
and OD-5 programs after a large power change (> 20%
of rated power) from either recirculation flow alone
Jr control rods alone, as compared to P! program.
One section dealt with comparison of symmetric and
non-symmetric Pis.

Symmetric P1 and Non-Symmetric P1 Comparison

Once steady-state conditions were established, P
program was run with the symmetry flag set to
reflect mirror symmetric conditions. After P1 run
was completed, the Bundle Power array (PBUN) was
obtained from OD-10 Option 22. Next, the symmetry
flag was set to 3 (asymmetric) and P! run again and
MFLCPR and MFLPD were compared against the last P1
(symmetric) run. Also the Bundle Powers were
compared against the last edit and all these
parameters ware observed to be within £% rms. Once
all the required edits were obtained, the core
symnetry flag was restored to mirror symaetry.
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Large Power Change (using flow only)

This section was performed by establishing
steady-state conditions, running OD-4s for at least
10 different rods, running OD-5, running P! and then
blocking P1. With P! blocked, power was raised by
flow alone, at least 20% of rated rwer and once
steady-state conditions were estabiished at the new
power level, OD-4s were run for the same rods as
before, OD-5 was rur; and then P! was run. 0OD-4 and
0D-5 edits were then compared against P! before and
after the power change and the results were as
follows:

0D-5 vs P1 OD-4 vs 1'1

(% 4iff) (% dirf)
Power (%) MFLCPR MFLPD MFLCPR  MFLPD
53,49 0.348 0.05 0.732 0.202
73.57 0.265 0.141 1.550 0.572

The overall power increase was 20.08% of rated power
and the "SML NSS" video alarm flag was observed
during power ramp. OD-18 Verification Data was
completed and the core flow (WT) was verified to be
between WLO anc WHI. OD-19 Verification Data was
completed and the APRM A value was verified to be
within the proper power band. The high and low
powers pertaining to the power band from Data Class
15 were compared to tne OD-3 edit and were found Co
be within 1% of each other.

&qrgo Power thnse (ug}ng j_qtr.l rods only

> \
- dhibdodr &

)

This portion of the test was performed after
steady-state conditions were established at 26.,08%
power and all required edits (OD-4s, OD-5 and P1)
were obtained before blocking P1. Power was
increased by rods alone to 48% power to provide an
overall power change of 21.92% of rated. Once
steady-state conditions were reached, the required
edits (OD-4s, OD-5 and P1) were obtained for
comparison. The results were as follows:

0D-5 vs P! OD-4 vs P1
(¥ diff) 1 uifrn
Power (%) MFLCPR MFLPD MFLCPR  MFLPD
26,08 0.1 0.167 0.3 0.13
48,00 1.63 4.57 1.82 4.83
- <
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At the conclusion of this segment of the test, P1
was restored to normal operation.

Based un the above successful testing, OD-4 and OD-5
programs are considered operational, which satisfies
the Level 2 criteria.

During Test Condition Three, with the reactor
operating at a steady-state power of approximately
49%, the Process Computer PCIOMR (Preconditioning
Interim Operating Management Recommcndation)
Verification was performed to verify the correct
operation of the OD-11 program.

There are fifteen options associated with the OD-11
program: Options 1 through 11, Options 66, 77, &8
and 99. OD-11 calculates and edits da‘ta pertinent
to the monitoring and applications of the PCIOMR.
This program has six options (1 through 5 and 11)
which edit information concerning the present power
distribution and the stured preconditioned envelope,
twe options (6 and 7) concerning predicted pouwer
increases due to control rod withdrawals, four
options (8, 77, 88 and 99) which perait monitoring
of the preconditioning ramp rate on a model basis,
and two options (9 and 10) which allow operators to
establish and maintain the preconditioned envelope.
In addition, Option 66 is available for automatic
editing or suppression of the Option 3 and 6 edits.
The verification testing was performed as follows:

Data Interrogation

The first step was to save PCIKON, KWTH, IEXPC and
IPC arrays on magnetic tape. During the course uf
the test, several of the arrays were changed to
force messages on the alarm typer or other edits
which would facilitate checkout of the OD-11
software. At the end of the test, this magnetic
tape was used to restore these arrays back to their
original values,

Since this test had originally been scheduled for
Test Condition Five and was now being conducted at a
relatively low power level in Test Condition Three,
the thrashold nodal power was reduced to 5 kW/ft
(from 14 kW/ft) so that there would be some nodes in
the core that would exceed this artificially low
threshold value,

Nodal power edits on OD-11 Option 4 were checked
against hand calculation for selected controlled and
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uncontrolled nodes and were found to be in general
agreement. Nodal exposure and control rod pnsitions
were satisfactorily compared aga.nst OD-10 edits.
Nodal powers, pre-corditioned power values, the
envelope powe' values and exposure edits on OD-11
Options 1, 2, 3, 4 and 5 vwere compared for
consistency.

Envelope Updating

OD-~11 Option 1 was run to obtain tne edit of Nodes
versus DELTA-E intervals., OD-11 Option 9 was run
for a selected non-zero DELTA-E interval and
verified to properly updatc the nodes in that
interval. Next, OD-11 Option 2 was run to get an
edit of P-PC versus nuaber of nodes in each
interval. Since the nodal power for all nodes was
below the pre-set minim m pre-conditioned value,
process computer parareter PF was increased fcr a
selected node to provide a situaticn for which the
nodal power exceeded its pre-conditioned value and
would be a candidate for envelope updating. ON-11
Option 1C was run and this selected node was
verified to be properly updated before PF was
restored to its origins" value,

Predictive Overpower Model

OD-11 Option 6 was run to get control rod notch
positions and rod withdrawal permissives then
compared against OD-7 and 0D-11 Option 5 and Option
7 for consistency. PCIKON (1) was lowered from
7.945 to 5.5 to create a situation where rod
withdrawal would not be permitted on OD-1% Option
6. OD-11 Option 7 was run to verify that the
predictive model was working properly hefore PCIKON
(1) was restored to its orignal value.

Automatic Alarm and Initiation

This segment of the test involved checking out OD-11
Option 66 which turas on (or off) the OD-11 Option 3
and Option 6 edits. These options (3 and 6) only
run if the fraction of feedwater flow is greater
than PCIKON (3). This portion was checked by
actually reducing PCIKON (3) to a value below the
frection of freedwater flow and either obtaining the
Option 3 and 6 edits or verifying the e«dits were
suopressed.

The Feedwater Alarm setpoint calculated Ly the OD-11
program was verified against the hand calculations.
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PCIKON (5) was changed from 0.3 to -10 to create a
situation which would provide an overpower alarm.
Once this was verified, PCI¥FON (5) was changed to 10
which produced a message that the overpower alarm
had cleared before the original value of PCIKON (5)
was restored. Control rods were maneuvered to check
oul alarms assoclated with overpower situations due
to »od pulls. PCIKON (%), and #CIKON (7) and WTFACT
array was changed to create situvatiors which would
be identified ty the OD-11 program as a potential
overpower condition resulting in an alarm and/or P!
initiation. The effect ol KNOT variable was checked
by setting it to -2 and observing that P1 aborted
after initiation due tc "asymmetry" as expected. It
was also verified that for a significant change in
Core Thermal power, OD-11 Option 3 and 6 edits will
be printed after P! even i{f these edits are turned
off by Option bé.

Static Test of OD-11 Rewp Monitor

The first nortion of the OD-11 Ramp Monitor check
was to determine the proper value of threshold
power, PCIKON (i), PCIKON {(3) and IPC array which
would enable the selection of five nodes
representing margin to envelope (P - max (PC, ¥WTH))
in the following five segments:

Less than -,055 kW/ft

Greater than -,055 kW/ft but less than 0.0
Between 0.0 and 0.2 kW/ft

Slightly above 0.2 kW/ft

Largest P - max (PC, KWNTH) value

Once these five nodes were selected, OD-11 Option 8
was initiated by running OD-11 Opt.ion 77 and OD-11
Option 88. The subsequent OD-11 Option 8 and Option
3 edits were compared for consistency. The
parameters that were checkea for
consistency/accuracy were the nusber of overpower
nodes, margin to envelope, peak nodal power, ramp
rate, nodal exposure and that the PC v lue falls
into the proper segment for ramping. upon running
another P1 {t was verified that all the previously
flagged overpower nodes were properly initialized.
Of the five selected nodes, four of the nodes were
observed to behave predictably but the P-PC value
for the highest power node was somewhat lower than
expected, The calculated P-PC was 1.2 wtich was
outside the 1.32 + .055 kW/ft range. Upon further
investigation it was observed that the origina’
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setup to perform this portion of the test was based
on the peak noda! power of 6.66 kW/ft. However,
after approximately five hours when this portion of
the test was being performed, the maximum nodal
power was 6.56 kW/ft which i{s 0.1 kW/ft lower than
the original nodal power and acceptably explains
this discrepancy.

The "rocess Computer overpower alara setpoint based
on feedwater flow was checked against hand
calculations. The alarm setpoint was reduced to
check the program trat provides the "potential
overpower alarm" prior to restoring the setpoint
back to its original value.

The pre-conditioned power values and the ramp rates
were successfully checked for accuracy against hand
calculations. The OD-11 Option 8 ramp monitoring
program was observed to properly account for step
change in nodal power due to OD-2 runs and the nodal
PC values from the OD-11 Option 4 edits were
successfully checked against hand calculations.
Finally, the OD-11 Option 8 auto termination feature
based on low ramp rate wss verified to be properly
functioning before the PCIKON, KWTH, IE¥PC and IPC
arrays were restored to their original values.

Based on the above surcessful testing, the PCIOMR
program, OD-11, is considere¢d operational which
satisfies the Level 2 criteria.

During Test Condition 6, a Process Computer - BUCLE |
Comparison was performed at steady-state corditions
at 96,.8% reactor power and 97.7% core flow. With P!
blocked, the following list of process computer
edits were obtained and compared to the respective
BUCLE edits: |

RCAL
GAF
W
PBUN
EBUN
NSS Core Performance Log |
Therzal Data in Fuel Assembly IX, JY '
The 12 Bundles Closest to CPR Limits
The 12 Highes! Ratios of a Bundle MAPLHGR to
its LIMLHGR
Target Exposure and Power Data

Each process computer value was verified to agree
with each BUCLE value to within + 2%,
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An MCPR 0" 1.483 was calculated by P1, arnd an MCPR
of 1.479 was calculated by BUCLEs PINEWRP, each for
bundle 15-48. These values are within 0.27% of each
other, therefore satisfying Lhe Level 2 criteria.

An MLHGR of 11.63 was calculated by P1, and an MLHGR
of 11.67 was calculated by BUCLEs PINEWRP, each for
bundle 43-46-4, These values are within 0.34% of
each other, therefore satisfying the !evel 2
criteria.

An MAPLHGR of 10.13 was calculated by P1, and an
MAPLHGR of 10.12 was calculated by BUCLEs PINEWRP,
each for bundle 17-50-8. These values are within
0.09% of each other, therefore satisfying the
Level 2 criteria.

The process computer OD-10, Option T GAF edit was
compared to the BUCLEs EDITMAP GAF arrsy. The
values were verified to agree withir » %%, Lherefore
satisfying the Level 2 criteria.

The following discrepancies were noteu:

When comparing the value of Fuel Segment Quality
(QUAL), Segment Void Fraction (VF) and Sugment Power
(POW) for the incore limiting bundle ured for the
comparison (43-46), the BUCLE value and tne OD-6,
Ontion 2 value differed by greater than 2% for
several nodes,

oD-6,

Parameter Node Cpt. 2 BUCLF Error
POW 2l 0.0735 0.072 2.04%
QUAL 3 -0.0076 -0.0073 3.95%
QUAL “ 0.0073 0.0077 5.20%
VF 2 0.035 0.036 2.78%

Since the computed values were very small, the small
relative differences resulted in large percentage
differences. Since the actual absolute differences
are small, these discrepancies are not considered
significant.

When comparing the values from the LPRM RCAL Array,
the BUCLE value and the OD-10 value for LPRMs
16-57-D and 56-33-D differed by 2.57% and 2.19%,
respectively, thereby exceeding the requirement for
agreement to within 2%. The raw LPRM readings
manually inputted into the BUCLE Prog~am were
rounded values (18% vice 18.45% for 16-57-D and
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23% vice 23.5% for 56-33-D). As a result, the BUCLE
Program yielded RCAL values which exceeded the 2%
requirement. Had the inputs been made using at
least the first deciaal, the BUCLE RCAL Array values
would have been very close to the OD-10 values (to
much less than a 2% difference) and, therefore, this
deviation is acceptable.

This concludes the series of tests performed on the
Process Computer during the Startup Test Program.
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3.12 RCIC Systen
3.12.1 Purpose
The purpose of this test {s to verify the proper
operation of the RCIC system over its expected

operating pressure range.

Criteria

Level 1

The average pump discharge flow must be equal to or
greater than Lhe 100-percent-rated value after 50
seconds have elapsed from initiation on all auto
starts at any reactor pressure between 150 psig and
rated. With pump discharge at any pressure between
250 psig and 100 psi above rated pressure, the
required flow is 600 gpm. (The 100 psi is a
conservatively high value for line losses. The
measured value may be used if available).

The RCIC turbine shall not trip or isolate during
auto or manual starts.

)y provide a margin or the overspee< trip and
solation, the first and subsequent speed peaks on
the transient start skall not exceed the rated speed
of the RCIC turbine by more than 5 percent.

» small speed or flow changes in either manual or
tomat ic mode, the decay ratio of each recor-ed
RCIC system variable must be less than 0.25.

The turbine gland seal condenser system shall be
‘apable of preventing steam leakage to the
atmosphere.

The delta P switch for the RCIC steam supply line
high-flow isolat:@on trip shall be adjusted tc
actuate at 300 percent of the maximum required
steady state flow, with the Reactor assumed to be
near the pressure for main relief valve actuation.
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Results

During the Heatup Test Condition, the RCIC pump
suction and discharge was lined-up in a closed loop
with the condensate storage tank. The system was
subjected to negative and positive 10% step changes
in flow at system flows of 600 gpm and 270 gpm using
both a step generator and the RCIC flow controller.
Minimum flow data was also taken at a speed of 2000
rpm and a PCIC quickstart was performed.

The RCIC system was able to supply 600 gpm at a
discharge pressure of ‘140 psig in 35 seconds when
automatically started using 940 psig steam from the
vessel. The K72 time delay relay was set down from
10 sec to 5 sec to prevent the RCIC turbire from
coasting down excessively before the opening of the
Steam Admissiocn Valve, thus reducing the experienced
transient. The RCIC turbine did not isolate or trip
during the auto and maunal starts. In addition,
there were no RUIC turbine speed peaks or
oscillations in RCIC system variables in the
transient testing.

The RCIC system was also subjected to an extended
run at rated flow conditions. RCIC performed
satisfactorily with all system temperatures
stabilized below alarm levels and a negative
pressure maintained on the gland seal condenser

system.

11 Level 1 and Level 2 criteria were satisfied
xcept the RCIC steam supply high flow isolation

rip setting. During the Outage for the replacement
of the Main Steam Bypass Lines, engineering
modifications to the instrument lines were completed
that were expected to solve the problems found with
the instrument sensing lines.

A
4
e
t

Upon recommencing Heatup in August of 1986, the RCIC
ECM module was found malfunctioning and was
replaced, Because of this and the instrument line
modifications discussed atove, the RCIC system was
subjected to further testing including 10% positive
and negative step changes i~ both speed and flow,
and a quickstart,

With the reactor pressure at 955 psig, the RCIC
system was able to supply 600 gpm at a discharge
pressure of 1143 psiz in 33 seconds. All Level 1
and Level 2 criteria were satisfied except the
turbin2 glanc seal system verifi ion and the RCI
steam supply high flow isolation trip s¢ ing.
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Due tn a failure of the RCIC Barometric Condenser
Vacum Pump, data did not show the existance of a
vacuum on the vacuum tank as required by the test
criteria. Subsequent work on the B.rometric
Condenser Pump corrected the problems and it was
retested successfully.

Data was also taken during this test to determine
the actual 300% value for the RCIC steam supply line
high flow isolation trip setpoint. However, the
trip setpoints were not adjusted to these settings,
but are being left at the current trip setpoints
given in the Technical Specifications. The current
settings as specified by the Technical Specification
are set conservatively compared to the value
calculated by the performance of this testing, yet
provide ample margin to prevent spurious RCIC
isolations on system automatic initiations.

During Test Condition One, RCIC system testing
consisted of a hot manual vessel injection, two (2)
cold quick start vessel injections, a 150 psig CST
to CST run, a 150 psig vessel injection, and a CST
to CST run at rated pressure for baseline data. The
only problem of any significance during any of cnese
runs was a turbine speed peak 29 rpm above the Level
2 limit of 4725 rpm, which occurred during the
initial hot manual vessel injection. Minor

ad justments were made to the RCIC control circuitry
and the problem did not recccur in subsequent tests.

For the hot manual vessel injection, with the
reactor supplying steam at a pressure of 915 psig,
the RCIC pump delivered a flowrate of > 600 gpm at a
discharge pressure of 965 psig in 28.4 seconds. As
discrnssed above, the turbine reached a maximum speed
peak of 4764 rpm, which exceeded the Level 2
criteria. Based on data “aken in conjunction with
this test, it was determined that the actual line
loss value for the RCIC system was 50 psid.

For the first cold vessel injection, with the
reactor supplying steam at a pressure of 913 psig,
the RCIC pump delivered a flowrate of > 600 gpm at a
discharge pressure of 970 psig in 28.5 seconds. The
maximum speed peak was 4686 rpm for the RCIC
turbine.
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For the second cold vessel injection, with the
reactor supplying steam at a pressure of 910 psig,
the RCIC pump deliverad a flowrate of > 600 gpm at a
discharge pressure of 970 psig in 29.2 seconds, with
a maximum speed peak of U488 rpm.

During the 150 psig CST to CST run, with the reactor
supplying steam at a pressure at 165 psig, the RCIC
pump delivered a flowrate of > 600 gnm at a

discharge pressure of 271 psig in 22.0 seconds, with
a maximum speed peak of 2818,

During the rated reactor pressure CST to CST run,
with the reactor supplying steam at a pressure of
920 psig, the RCIC pump delivered a flowrate of

> 600 gpm at a discharge pressure of 1095 psig in 29
socondl. with no discernable speed peak as the
turbine ramped up smoothly to a final speed of 4500

ru.

The 150 psig vessel injection was conducted with the
reactor supplying steum at 160 psig. The system
reached > 600 gpm in an 01.paod time of 21.5 seconds
at a discharge pressure ol 215 psig, with a maximum
speed peak of 2641 rpu.

RCIC testing was successfully completed with a 150
psig cold CST to CST baseline data test. With the
reactor supplying steam at a pressure of 165 psig,
the RCIC pump delivered a flowrate of > 600 gpm ot a
discharge pressure of 360 psig in 19.5 “seconds, with
an initial speed peak of 141f rom followed by a
smooth ramp to a final maximum *peed of 2766 rpm.

Subsequent to the completion of testing, data
gathered to determine the RCIC steam supply line
high flow isolation t~ip setpoint was evaluated
further by Nuclear Engineering. The results of this
evaluation validate the flow equation used to
determine the initial trip setpoint as presently
listed in Tech. Spec. Table 3.3.2-2 and, therefore,
no adjustment is necessary. This evaluation is
deteiled in Design Calculation #4595 Revision B.
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3.13 HPCI Systes

3.13.1

3.13.2

As discussed in memorandum NRC-87-0179, "Initial
Test Program Changes", dated September 30, 1987,
from B. R. Sylvia to U.S. Nuclear Regulatory
Commission, Washington, D.C., the Level 1 criteria
for system response time to rated flow has been
modified to agree with Plant Technical
Specifications. The Level 2 criteria for margin to
overspeed trip has been modified to reflect the
control system hydraulic modifications which
improved the stop and control valva response to a
quick start.

Purpose

The purpose of this test iz to verify proper
operation of the High Pressure Coolant Injection
(HFCI) system sver {ts expected operating pressure
range,

Criteria
lLevel 1

The average pump discharge flow must be equal to or
greater than the 100-percent-rated value with a
system response time of less than or equal to

30 seconds as defined in Technicali Specifications at
any reactor pressure between 150 psig and rated.
With putp discharge at any pressur~ between 250 psig
and 100 psi above rated pressure, the flow should be
at least 5000 gpm. (The 100 psi is a conservatively
high value for line losses. The measured value may
be used if available).

The HPCI turbine shall not trip or isclate during
auto or manual starts.

Level 2

The turbine gland seal condenser system shall be
capable of preventing steam leakage to the
atmosphere.

The delta P switch for the HPCI steam supply line
high flow isolation trip shall be adjusted to
actuate at 300 percent of the maximum required
steady-state flow with the reactor assumed to be
near main relief valve actuation pressure.
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For small s; :ed or flow changes in eithe~ manual or
automatic mode, the decay ratioc of each recorded
HPCI system variable must be less than 0.25.

The margin to avoid the overspeed trip shall be at
least 10% of the nominal overspeed trip setpoint of
5000 rpm, during all auto starts of the HPCI system.

Results

Foliowing setup of the control system, initial
coupled “urbine performance runs were performed on
the HPCI system during initial heatup. Dynamic
stability chec 1 were conducted with the HPCI pump
suction and d..charge lined-up in a closed loop to
the °ST. Flow step changes of + 500 gpm were
introduced by the flow controller in automatic, with
HPCI system Tlows at 5000 gpm and 2700 gpm.

During automatic initiation testing of HPCI, a
discharge flow of 5000 gpm was reached in 23.4
seconds. Twenty-five seconds after the automatic
initiation HPCI flow had reached 5310 gpm at a
discharge pressure of 1140 psig, 190 psig greater
than reactor pressure. HPCI did not trip or isolate
during any of the manual or automatic starts.
Adequate margin was demonstrated on turbine speed
peaks and oscillations of system variables. An
extended run was performed in which systenm
temperatures stabilized at acceptable levels and the
gland seal system performed satisfactorily.

All Level ! and Level 2 criteria were satisfied
except for the steam supply isolation trip

setpoint. During the extended Outage which started
in the Fall of 1985, engineering modifications were
completed that were expected to correct the problems
experienced with the instrument sensing lines.
Because of this modification, the EGR bypass line
{nstallation, and other modifications that were made
to the HPCI System during the Outage, the Startup
Tests were repeated for this system when the plant
restarted in August of 1986,

Dynamic Stability checks were again completed using
500 gpm step changes introduced in both manual and
automatic flow control modes with the HPCI System
operating in a closed loop to the CST. Level 2
criteria was exceeded when HPCI System flow had a
measured decay ratio of 0.28 resulting from a
mid-flow speed decrease step change in the manual
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mode. This is currently considered to be acceptable
but will be exanined closely in HPCI testing at
higher test conditions.

During a HPCI automatic inftiation in the CST closed
loop lineup, a HPCI System flow of 5000 gpm was
achieved in 21.2 seconds. Twenty-five seconds after
the automatic initiation occurred, HPCI flow was
5003 gpm at 1185 psig pump discharge jressure, 225
psig greater than the 960 psig rea~ .or pressure.

Data was also taken during this test to determine
the actual 300% value for the HPCI steam supply line
high flow isolation trip setpoiri.. However, the
trip setpoints were not adjuste | to these settings,
but are being left at the curreat trip setpcints
given in Technical Specificaticns. The current
{solation settings as specified in Technical
Specifications are considered acceptable as they are
conservative yet provide ample margin to prevent
spurious HPCI i{solations on system automatic
initiations.

All other Level 1 and 2 criteria were met.

During retesting of HPCI in September of 1986, a
sluggish response was noted in the HPCI control
valve. In an attempt to make the HPCI System more
responsive, it was decided to replace the ECR in the
hydraulic portion of the HPCI control system. As a
result, the 1000 psig hot CST injection was repeated
to verify proper control system operation. HPCl was
successfully quick started and HPCI discharge flow
reached the 100-percent-rated value (5000 gpm) in
21.0 seconds. Following the automatic initiation,
HPCI flow leveled out at 5100 gpm with a discharge
pressure of 1190 psig. The initial speed peak was
2134 rpm and the maximum peak was 4114 rpm. All
ther Level 1 and Level 2 criteria were met,.

In June of 1987, following the February 1987 turbine
rotor replacement (reference LER 87-006-00) and
prior to the scheduled Test Condition Three HPL{
test sequence, tuning of the HPCI governor control
system was performed. During this tuning, a RCIC
turbine trip occurred on low suction pressure when
the HPCI turbine was Quick Started., To preven®
recurrence, HPCI and RCIC suctions were aligned t-
iifferent sources.
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During the initial vessel injection attempt, the
HPCI turbine underwent a total of five overspeed
trip/rese. actions, violating Level 1 criteria,
prior to being secured. Two diagnostic CST to CST
runs determined the overspeed cunditions were
minimua flow related, and consequently, the second
vessel injection attempt was to provide an immediate
flowpath to the vessel by manually opening the
injection valve immediately following the Quick
Start.

The second vessel injection attempt was aborted when
a logic problem caused the injection valve to cycle
closed, creating a water hammer damaging the suction
relief valve, suction pressure instrumentation and
the flow transmitier. In addition, the RGSC was
founa to be Jefective.

Following repairs to the suction relief valve and
replacement/recalibration of the RGSC, suction and
flow instrumentation, retuning was performed.

Once .he governor control system had been retuned, a
third vessel injection attempt and dynamic stability
checks were performed, this time successfully. Time
to rated flow was 25.2 seconds, exceeling the Level
! criteria of 25 seconds. The initial speed peak
was 1096 rpm and the maximum speed peak was at 3991
rpm. All speed and flow step changes exhibited
acceptable decay ratios. At no time did the g.and
seal condenser system allow steam leakage t
atmosphere.

Following the ruquired 72 hour cooldown period, a
'0ld vessel injection attempt resulted in two
verspeed trip/reset actions, a Level 1 criteria
violation.

Per GE recommendation, the control valve hydraulic

assist valve was fully closed and retuning was
performed. After the retuning effort, another HPCI
vessel injection and dynamic stability checks were
performed, resulting in a time to rated flow of 22.3 4(“1
seconds with initial and maximum speek peaks of 122¢ u’\f
and 4303 rpm, respectively. This exceeded the Level N
2 criteria for a maximum speed peak of H42U0 rpm.

Several speed and flow steps at mid flow conditions

failed to achieve Level 2 quarter damping criteria,. [

At no time did the gland seal condenser system allow 4
steam leakage to atmosphere,
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After the required 72 hour cooldow., period, HPCI
Cold Quick Started to the vessel. Time to rated
flow was 27.5 seconds, exceeding the Level 1
criteria of 25 seconds. The initial and maximum
speed peaks were 1095 and 4461 rpm, respectively.
This exceeeded the Level 2 criteria of a maximum
speed peak of 4200 rpm. At no time did the gland
se2l condenser system allow steam leakage %0
atmosphere.

The second Cold Quick Start to the vessel occurred
286 hours after the previous Cold Quick Start, far
in excess of the required 72 hour cooldown pariod.
Time to rated flow was 30.85 seconds, exceeding the
Technical Specification allowable value of 30
seconds and the Level 1 criteria of 25 seconds. The
initfal and maximum speed peaks were 2918 anc 4328
rpm, respectively, exceedinpg Level 2 criteria for a
maximum speed neak of 4200 rpm. At no time did the
gland seal condenser system allow steam leakage to
Atmosphere.

During a diagnostic test to investigate HPCI
performance after a 24 hour cooldown period, the
HPCI turbine tripped on overspeed. In order to
further investigate HPCI performance, five
jiagnostic HPCI CST to CST test runs wer? performed.

As a result of this and otl investigations, t!
HPCI turbine ontrcl oil system was disassembled,
leaned, and inspected and the HPCI ECR was
replaced. During the HPCI outage, the HPCI
iischarge check valve was changed from a 1ift che
a swing check in an attempt to improve closing

¢

times to mitigate sucti piping overpressurs
!

transients observy

juring HFCI turbine trips

llcwing HPCI perablility nhecks, tuning was agair
performed resulting in acoaeptable turb..e
performance HPC] Art performance was
further i{mproved t the HPCI stop valve
limit switches, r jelay to the RGSC ramg
start.

In October of 1987, the Test Condition Three HPCI
Vessel Injectiu) test sequence was reperformed {ir
its entirety, beginning with the Hot Ve=sel
Injection.
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the Level 2 criteria for quarter damping. This
wniition was accepted because of the high degree of
stability at higher flow rates.

Following the manuai start a Hct Quick Start to the
vessel was performed, with rated flow occurring
a'ter 20.5 seconds. The maximum transient speed
peak was 4117 rpm. All other Level ) and Level 2
criteia were met,

Following a 91 hour cooldown, the first HPCI Cold
Quick Start was performed, with rated flow occurring
after 21.5 seconds. The maximum transint speed
peak xas 4130 rpm. All other Level 1 and Level 2
criteria were met.

The final HPCl Cold Quick Start was performed
following a T4 hour cooldown period. The maximum
transient speed peak was 4123 rpr and rated fliow was
obtaived 21.4 sevonds after init.ation.
Approximately one min. ¢ ‘nto the test, the HPCI
turbine tripped on High RPV Water Level (level 8).
Because of the short duration of the test, Clar’
Seal Svstem data could t be take.:. This Level &
criteria violation was accepted based on acceptabie
Gland Seal System performance on ¢ll prior tesis

The HPCI turbine trip on Level 8 was avoidable with
a more rapid rfeedwater turbine speed udjustment and
was not the result of any HPCI System component
malfunction and, therefore, was not considered co be
a violation of the Level 1 criteria. All other
Level ! and Level 2 criteria were satistied,

F~-llowing the completion of HPCI Vessel Injeci un
testing, the final Co’d CST Quick fiart test was
performed to collect bauselin, data for the
Operations Surveillance iesting Program. After a 72
hour cooldcwn peériod, HPCI was Quick S.arted to the
CST, with rated 1'low occurring after 19.9 ~conds.
The maximum transien. speed peak was 414 <4 and
steady state flow stabilizea at S400 gpm v &
discharge pressure at 1260 psig.

Data gathered Juring the above testing to determine
the HPCI steam line high fiow isolation trip
setpcint has been further evaluated by Nuclear
‘eineering. The results of this evaluation
jate the flow equation used to determine the
dal trip setpoint &s pres:ntly listed in Tech.
Table 3.3.2 and therefore no adjustaent is

' ‘ e
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necessary. This evaluation is detailed in Design
Calculation #4572 Revisiun C.

During the startup following the Spring 1988 LLRT
Outage, the final Cold and Hot CST Injections &and
stability checks were performed at a reactor
pressure of 150 psig.

During the Cold Quick Start, HPCI discharge flow
r~ached greater than 5000 gpm within 19.2 seconds.
Pump discharge pressure was 275 psig which was
greater than 100 psig above reaclor pressure. HPCI
speed reacrned » maximum value of 2816 rym which is
well below the 10% margin to the overspeed trip
setpoint of 5000 rpm (4420 rpm). All applicable
test criteria were met.

Follusing the above testing, HPCI was started
manually and flow steps ir both manual (speed
ntrol) and auto (flow control) modes were
performed with pump flow between 4500 and 5100 gpm.
Stability vas successfully demonstrated by this
testirg and all HPCI system variable respcnses were
shown to have decay ratics less than 0.25. A Hot
Quick Start was then performed and HPCI discharge
flow reached greater than 5000 gpm within 16.1
seconds with a discharge pressure of 290 psig which

was greater than 100 psi above reactor pressure.
The maximum speed reached by HPCI vas 2816 rpm. All
applicable test crite: ia were met

This concludes all required HPCI test.ng cduring the
Startup Test Progranm,
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3.14 Selected Process Temperatures

3.14.1

Purpose

T.e purposes of this procedure are to establish the
proper setting of the low speed limiter for the
recirculation pumps to avoid coolant temperature
stratification in the reactor pressure vessel bottom
read region, to provide assurance that the measured
pottom head drain temperature cor.esponds to bottom
head coolant temperature during normal operations,
and to identify any reactor operating modes that
cause temperature rtratification.

Criteria
Level 1

The reactor recirculation pumps shall not be
restarted nor flow increased unless the coolant
temperatures between the steam dome and betom head
drain are within 145°F, T™he recirculation pump in
an idle loop must not be started, active loop flow
must not be raisea, and power must not be incre \sed
unless the idle loop suction temperature is within
5N°F of the active loop suction temperature. IY
two pumps are idle, the loop suction tempcrature
must be within S50*F of the -team dome temperature
before pump startup.

aval 2
Level ¢

During operaticn of two recirculation punps at rated

yre flow, the bottom head temperature as messured
by th” bottom drain line thermocouple should be
within 30°F ot the recirculation loop

temperatures.
Results

For the initial testing conducted in 1985, the
olant temperatures measured at 30% Recirulation
~ np speed satisfied toe Level 1 criteria. The
instability of the recirc. speed controller that
urred during this test precluded an effective
investiigation of the stratificatior. phenomenon at
w flows, The test also allowed setting of the low
speed liniter based on flow ntroller variations
f+ 2% of rated speed. Flow roller vaciations
f + 5% were experienced prior t tification s
the test was terminated,.
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The miniaum recirculation pump speed data collection
was resumed in August, 1986 following completion uf
the preceding Outage. In subsequent heatup testing,
the Lacirc MG Sets were hand cranked down to specds
of about 20%. The Level | criteria was satisfied at
all times during this test. The low speed limiter
setting was chosen to be 28% speed based on the
previously observed controller instability below
that level.

During Test Condition Six, with the reactor
operating at 95.9% CTP and 97% CF, the bottom head
temparature as measured from the bottom drain line
thermocouple was within 1 of the renirculation
loop temperature thereby satisfying the Level 2
criteria of < 30°F delta temperalure. Following
entry into and completion of Test Condition 4
testing, tte “ifferential temperature between the
steam dome and the bottom hesd temperature was
verified to be within 44 F prior tc the restart of
the first recirculation pumy, thoreby .atllf‘;ng the
Level 1 criteria that this difference be < 145°F,
Additionally, the loop suction temperature was
verified to be within 1°F of the steam dome
temperature prior to this first pump restart which
nntllfls; the Level 1 criteria that this difference
be < 50°F.

Although the second pump was not restarted due Lo
the failure of its disch.rge valve to close and
permit restart, the suction temperature of this idle
loop wes verifivd to be within 3°F of the active
loop suction temperature and therefore would have
satisfied the Level 1 criteria that this difference
be < 50°F had the pump been restarted.

This concludes the required selected process
temperatures section of the Startup Test I'rogranm.
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3.15 Systea Expaasion

3.15.1

3.'5.2

Purpose

The purpose of this test is to verify that selected
plant piping systems are free and unrestrained with
regard to thermal expansion, and to verify that the
thermal movement of the piping and associated
support system components {s consistent with the
analytical prediction of the piping system stress
analysls.

Criteria
Level 1

The measured displacements at the instrumented
locations shall be within the greater of the
specified allowable tolerance of the calculated
values, or + 0.25 inches for the specific points,

There shall be no obstruction vhinh wiil interfere
with the expected thermal expansion of the piping
system,

Electrical cables shall be able to accommodate
expected thermal expansion of the piping system.

Instrumentation anu branch piping can accommodate
expected thermal expansion of the piping system.

The constant hanger shall not be bottomed or tooped
out.

The spring hanger shall not be bottomed or topped
out.

The snubbei' shall not be bottomed or topped out.
Level 2

The measured displacements at the instrumented
locations should be within the greater of th-
specified expected tolerance of the calculated
values, or + 0.25 inches “or the specific points.

The installed cold posil .on of the constant hanger
rust be within + 53 of the design cold load.

The installed cold position of the spring hanger
sust be within + 5% of the decign cola ioad.
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The snubber may duviate from its design cold
position setting + 1/2", providing the position is
not less than 1/2" from bottoming out,

Results

Piping Inspection Results

Selecte piping systems were walked down at various
plant cunditions to identify possible restraints to
projected thermal expansinn. These walkdowns
occured at ambient temperature, 250°F and rated
temperature. Hanger and snubber settings were
recorded ard thermal expansion (PVDET) sensors were
verified to be intact.

No restraints to projected thermal expansion were
identified. One-hundred and forty-three (143)
supports were identified as being out of tolerarnce
or topped or bottomed out. Follewing
re-verification and engineering evaluation, sixteen
(16) supports were adjusted or modified and the
remainder accepted as is.

The East and West Main Steam Bypass Lines were
rep.aced during the Outage which started in the fall
of 1985, because of cracks which were discovered in
these lines. During subsequent testing following
reactor restart in August, 1986 “hese lines were
visually inspected to verify that they were
unrestrained with regards to prnjected thermal
expansion. These walkcdowns occured at aabient
temperatures; and at recirc loop temperatures of

350 and rated.

No restraints to bypass line thermal expansion were
identified. Five supports were found out of
tnlerance, and upon eneineering evaluation were
accepted as-is.

Third tnerme. cycle visual inspections and hanger
readings were made on all system piping including
the replaced Main Steam Bypass Lines. There were no
restraints to thermal expansion identified.
Two-hundred-ninety-five (295) supports were
identified as not being within their proper working
range. Following engineering evaluation and
reverification, eight (8) suppr . vere reset and
the remaining svpporcs accapt as-is".
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Sys'em Expansion Results

Selected points on the piping systeas were wired
with reamote sensors to monitor the thermally induced
piping movements during system operation. The
monitored points were expected to undergo large
movements or experience large thermal stresses.

After establishing initial readings for the sensors
at ambient. conditions, the sensors were monitored
guring th .nitlal heatup of the plant. Data was
recorded at S0"F intervals until the reactor
reached operating temperatura. The evaluations
found several criteria exceedances, but upon
engineering evaluation of the exceedances, all were
found acceptable.

In aduitior, initial ambient sensor readings taken
before Lup were rompa.ed to ambient sensor
readings after a Heatup and cooldown cycle was
completed. No appreciable difference in the before
and after readings were noted, indicating piping
movement was nol restrained.

Thermal Expansion data was again taken at LU°F
intervals at moderator temperatures beginning at
100“F during the subsequent heatup cycle following
initial heatup. The data was evaluated at each
temperature plateau before proceeding to the next
level. Upon reaching rated temperature, four Level
2 criteria violations existed, but these were very
minor ar4 accepted as-is.

The East anJ West Main Steam Bypass Lines that were
replaced in the fall of 1985 were also monitored for
expected thermal expansion during the subsequent
heatup a'ter the Outage. The heatup and cooldown
ser jor readings satisfied all Level 1 and Level 2
criteria except at the 350%F reci=c loop
temperature plateau. At that point there was one
Level 2 failure which resulted from inadaquate
heating of the bypass pip‘ng due to the bypass
valves being closed at the time the test was
performed. At higher (lesperatures data was taken
with the bypass valves open, and all criteria were
satisfied.

During Test Condition Six, with the reactor
operating at 96.6% CTP and 97.5% CF, additional
sensor readings were taken. Movement was determined
from baseline roadings taken at cold conditions
during the previous plant shutdown.
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There were two apparent Level 1 criteria exceedaices
and twenty three Level 2 criteria exceedances
associated with this data collection. Displacement
sensor D-203 located on the RCIC Steam Supply Line
had a reading of 580 mils vs an allowable of 241
mils; however, sensors D-201, D202 and D-204, also
located on the RCIC Steam Line, were very close to
the ana'ytical prediction. Additionally,
displacements of sensors on the B main steam line
are close to their analytically predicied
displacement which indicates that the overall header
is moving in the predicted direction and therefore
sensor D-203 may not be working properly; however,
if this is nc* the case, preliminary calculations
show that the maximum stress in the RCIC system
caused by this exceedance is 7% of the allowable
stres: and is therefore acceptable.

The load measured by force sensor KOO4A was 28,321
1bs vs an allowable Level 1 vaiue of 12,515 lbs.
Previous to thia test during initial heatup of the
plant in 1985, a load of 35,687 lbs. was measured by
this sensor and detailed calculations at that time
deemed that load to be acceptable., Since the
present load is less than that previcusly evaluated
and found acceptadle, this load is also acceptable.

Detailed evaluations by Sargent & Lundy are ongoing
for the above Level 1 violations and the twenty
three Luvel 2 violations but not yet complete as of
tuis repori date.
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3.16 Core Power Distribution

NOTE: As discussed in memorandum VP-86-0141, "Startup Test
Program Changes", dated October 17, 1986, from Frank

E. Agosti to James G. Keppler, it is our intention
to delete this test.
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3.17 Care Perforsance

3.17.1 Purpose

a. To evaluate the core thermal power,

b. To evaluate the following core performance
parameters:

Maximus linear heat generation rate (MLHCR)
Minimum cri.ical power ratio (MCPR)

Maximum average planar linear heat
generation rate (MAPLHGR).

Criceria
Level 1

The maximum linear heat generation rate (MLHCR)
during steady-state conditions shall not exceed the
allowable heat flux as specified in the Technical
Specifications,

e steady-state minimum critical power ratio (MCPR)
shall be mainctained greater than, or equal to, the
value spe:ified in the Technical Specifications

The maximum average planar linear heat generation
rate (MAPLHCR) shall not exceed the limits given In
the plant Technical Specifications,.

Steady-state reactor power shall be limited to full
rated maximum valuec on or brlow the design flow
trol line.

aputer analycis of wt
at 15,.6% reactor power
were met, during Test

Performnance parameter
tnad

44
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0D-3 (Core Thermal Power/APRM Calibration). All
Level 1 criteria were satisfied upon the
detersination and verification of the following
parameters:

Core Thermal Power (CMWT)

Percent of Rated Core Thermal Power (FCT PWR)

Core Flow (WT)

Maximum Linear Heat Generation Rate (MLHGR)

Minimum Critical Power Ratio (MCPR)

Muximum Average Planar Linear Heat Ceneration
Rate (MAPLHGR)

During Test C.ndition Threv, the Process Computer
programs (P! and OD-3 Option 2) were again run to
detormine the above parameters:

The Process Computer edits werc utilized to
deteralne that all requirements associated xith the
test wera satisfied as follows:

rhe Core Marimum Fracticn of Limiting Power Density
was 0.43 which satisfied the acceptance criteria
that this value be less than or equal to 1.0,

The Ccre Maximum Fraction of the Limiting Critical
Power Ratio was O.44 which satisfies the acceptance
eriteria that this value be less than or equai to
1.0.

The Core Ma:imum Average Planar Linear Heat
Generation Rate Ratio was 0.42 which satisfies the
acceptance criteria that this value he less than or
equal to 1.0,

The rated masimum value for reactor power at 95.3%
of rated core flow was determined to be is 96.5% of
rated Core Thermal Power based on the design flow
control line. The actual calculited CTP was 48.6%
which was below the design flow control line.

Measured core flow was 95.3% ~f rated core flow
which satisfies the criteria that core flow does
not exceed {ts rated veluc.

During Test Condition Five, the Frocess Computer
programs (P! and OD-3 Option 2' we-e run during the
performance of the Reactor Engin.ering procadure
§4,000.07 (Core Perforsance Parameter Check). The
Process Computer edits were utilized to determine
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that all requirements associated with the test were
satisfied as follows.

The Process Computer value cf Core Maximum Fraction
of Limiting Power Density was 0.663, which satisfies
the acvaptance criteria that requires this value to
be less than or agqual to 1.0.

The Process Computer value of Core Maximum Fraction
of the Limiting Critical Power Ratio was 0.704,
which satisfies the acceptance criteria that
requires this value to be less than oi' equal to 1.0,

The Process Computer value of Core Maximum Average
Planar Linear Heat Generation Rate Ratio was 0.:25.
which satisfies thes acceptance criteria that

requires this value to be less than or equal Lo 1.0.

The rated maximum value for reactor power at 61.4%
nf rated vore flow was det~~mined to be T4S of rated
Core Thermal Power based on the desipgn flow control
line. The actual CTP was 71.8% which was below the
design flow control l.ine.

Measured core flow was 61.4% of rated core flow
which satisfies the criteria that core flow does not
oxceed {ts rated value.

During Test Conditirn Six, Process Computer Programs
P1 and OD-3 Option 2 were run during the performance
of the Reactor Engineering procedure 51.000.07 (Cor~
Performance Parameter Check). The Process Computer
edits wvere utilized to determine that all
requirements as_ociated with the test were satisfied
as follows:

The Process Computer value of Core Maximum Fraction '
of Limiting Power Density was 0.877. This satisfies
the accaptance criteria which requires this value to
be less than or equal to 1.0.

The Process Computer value of Core Max!mum Fraction

o' the Limiting Critical Power Ratio was 0.849.

This satisfies the acceptance criteria which

requires this value to be less than or equal to 1.0. |

The Proct.s Computer value of Core Maximum Average
Planar Linear Heat Generation Rate Ratio was 0.821.
Mis satisfies the acceptance criteria which

reguires this value to be less than or equal to 1.0,
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The rated maximum value for reactor power at 99.8%
of rated core flow was determined to be 100% of
rate¢ Core Thermal Power basea on the design flow
control line. The actual CTP was 98.4% which was
below the design flow control line.

Measured core flow was 99.8% of rated core flow
which satisfies the criteria that core flow does not
exceed its rated value.

During Test Condition Four, Process Computer
Programs P! and OD-3 Option 2 were run during the
performance of the Reactor Engineering procedure
4.000.07 (Core Performance Paraseter Check). The
Process Computer edits were utilized to determine
that all requirements assoclated with the test were
satisfied as follows:

The Process Ccaputer value of Core Maximum Fraction
of Limiting Power Density was 0.39. This satisfies
the acceptance criteria which requires this value to
be less than or equal to 1.0,

The Process Computer value of Core Maximun Fraction
of the Limiting Critical Power Ratio was ©.582.

This satisfies the acceptance criteria which
requires this value to be less than or equal to 1.0,

The Process Computeér value of ".re Maximum Average
Planar Linear Heat Ceneration Rate Ratio was 0.375.
This satisfies the acceptance criteria which

requires this value to be less than or equal to 1.0.

The rated maximum value for reactor power at 35% Jf
rated core flow was determined to be 50% of rated
core Thermal Power based on the design flow control

ine. The actual CTP was 39.6% which was below the
jesign flow control line.

Measured core flow wis 35% of rated core flow which
satisfies the criteria that ccre flow dues not
exceud its rated value.
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3.1%2 Steam Production

This test was previously deleted from the FSAR (Section
"u‘o'oaa 13).
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3.19 Core Power-Void Mode Response

NOTE: As discussed in memorandum VP-8f .0141, "Startup Test
Prugram Changes", dated October 17, 1986, from Frank
E. Agosti{ to James u. Keppler, it is our intention
to delete this test.
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3.20 Pressure Regulator

3.20.1 Purpose
The purpose of this test is to:

¢ Determine the optimum settings for the pressure
control loop by analysis of the transients
induced in the reactor pressure control system
by seans of the pressure regulators.

b. To demonstiate the takeover capability of the
backup pressure regulator on failure of the
cor:itrolling pressure regulator and to set

spacing between the setpoints at an appropriate
value

¢. To demonstrate smooth pressure control
transition between the control valves and bypass
valves when the reactor generates more steanm
than is used by the turbine.

3.20.2 Criteria
Level 1

The decay ratio must be less than 1.0 for each
process variable that exhibits oscillatory response
"0 pressure regulator changes.

Level 2

In all tests the decay ratioc must be less than or
equal to 0.25 for each process variable that
exhibits oscillatory response to pressure regulator
changes when the plant i{s operating above the lower
limit setting of the master flow controller.

Pressure control deadband, delay, etc., shal) be
small encugh for steady-state limit cycles, if any,
to produce turbine steam flow variations no larger
than 0.5 percent of rated flow.

During the simulated failure of the controlling
pressure regulator along the 100 percent rod line,
the backup regulator shall control the transient so
that the peak neutron flux or peak vessel pressure
remains b,lou the scram settings by 7.5 percent and
10 1b/in.*, respectively.
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After a pressure setpoint adjustment, the time
between the setpoint change and the occurrence of
the pressure peak shall be 10 seconds or less.

(This applies to pressure setpoint changes made with
the recirculation system in the master or local
manual control mnde.)

Results

Pruper pressure regulator operation was demonstrated
in Test Condition One by analysis of system response
to step increases and decreases in pressure demand
with the hvpass valves open and generator not on the
line. A¢ .:ional steady-state measurements were
taken with the gunerator loaded and bypass valves
closed. All Level 1| and Level 2 criteria were met.

The pressure setpoint changes on each regulator,
while significant in magnitude (11-13 psig), were
stable and well damped. As such no system tuning
was performed in this test condition.

The Regulator failure tests yielded significantly
different responses (14 psig change for failure of
#1; 6 psig change for failure of #2). This
discrepancy in response is likely attributable to
difierences in the time delay circuitry for each
channel in the High Value Gate and difference of 1.7
psig in the sensed pressure being fed to each
regulator channe.. The time delay component in the
regulator high value gates has since been removed.

The testing performed for the Prassure Regulator
during Test Condition Two consisted of introducing
10 psig step change and simulated regulator fallures
in the Pressure Control Systes.

The Level 1 criteria for this test during Test
Condicion Two was satisfied when no process
variables were found to be divergent and all decay
ratios were less than 1.0 during the 10 psig step
changes and uioulated reguleto~ fallures.

Steadv-state steam flow variations were monitored by
seasuring generator electrical output limit cycling
due to pressure controller operation, The Level 2
eriteria requiring that these variations are no
larger than 1.0 percent peak-to-peak of rated flow
was satisfied by analysis of the generator output
which showed a maximum variation of 0.9 percent
peak-to-neak ¢ ' rated flow.
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The other Level 2 crileria asscclated with this test
required that, after a pressure setpoint adjustrert,
the time between the change ana the occurrence .f
the pressure peak shall be 10 seconds or less.
Analysis of this test's 10 psig steps showed peak
pressures betweern 3.6 and 5.2 seconds, satisfying
the criteria.

Finally, the elimination of the time delay to backup
regulator takeover resulted i) significant
improvemsent over Test Condition One results in
response to both norsal transfers ~7d regulator
failures. At no time did the bypass valves enter
their "FAST" mode and all transients were controlied
and strongly damped.

Pressure regulator testing during Test Condition
Three was performed at 71.4 CTP to verify the
optimum settings for the pressure control loop by
aralysis of system response to step decreases and
increases 'n pressure demand. In addition, the
takeover capability of the backup pressure regulator
upon failure of the controlling pressure regulator
was demonstrated. Proper pressure regulator
operation was demonstrated with both the Turbine
Control Valves ilnne and with "incipient"™
conditions, defined as that condition where the load
demand has )just barely closed the bypass valves,
Additional steady-state measurements were taken wi.th
the generator loaded and the bypass valves closed.

For the 10.0 psig down and up steps and regulator
failures performed in this test, no process
variables were found to be divergent and all decay
ratios were less than 1.0, thereby satisfying the
Level 1 criteria.

An analysis of the steady state generator output
data recorded during this test shows a maximum peak
to peak value of 9.3 MWe whirh is less than 11.54
MWe (1% peak-to-peak) and, therefore satisfies the
Level ! criteria.

An analysis of the 10.0 psig down and up steps show
peak pressures occur between 4.3 and 6.0 seconds
after step initiation, well within the ten (10)
second Level ? criteria for this test.
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The followi.g Table summarizes the pressure data
resulting from the step changes an. regulator
fallures:

Initial Max/Min Final

Test Description Press Press Press
CV

Reg #1 Fallure 963.7 973.5  967.2
Reg <2 Failure 963.7  973.7  967.5
Reg #1 10 psig downstep 963.5 951.0  952.9
h'g #1 10 psig upstep 052.9 965.6  963.7
Re, #2 10 psig dov step 964.3 951.7 953.1
Reg #2 10 psig upstep 953.3 966.0  963.9
Incipient

Reg #1 10 psig downstep 963.9 953.3 953.9
Reg #' 10 prig upstep 953.7 964.8  963.5
Reg #2 10 psig downstep 964.3 953.3 954.2
Reg #2 10 psig upstep 954.2  965.4  964.3

Pressure regulator testing during Test Condition
Five was performed to verify the optimum se.tings
for the pressure control loop by analysis of syster
response to step droreases and increases in pressure
demand. Proper prassure regulater operation was
demonstrated with both the Turbine Control Valves
and the Bypars Valves controlling pressure.
Additional steady-state measurements were taken with
the geuerator loaded and bypass valves closed,

Sor the 10 psig down and up steps performed in this
test, all process variables were strongly damped and
no decay ratios were found to exceed 0.25,
satisfying both the Level 1 and Level 2 criteria.

An analysis of the 10 psig down and up steps show
peak pressures occur betwer ' 3.2 and 5.1 seconds
after step initiation, well witnin the ten (10)
second Level 2 criteria for this test.

Rated turbine steam flow is equivalent to 1154 MwWe,
consuquently, 1% peak to peak variations sust be
less than 11,54 MWe. £n analysis of the steady
state generator output shows « maximum peak to peak
value of 9.928 MWe, thus satisfying the Level 2
criteria.
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The following Table summarizes Lhe pressure data
resulting from the pressure setpcint step changes.

Initial Max/Min Final
Test Des-rig{&gh Eres; Epess Press

TUV Siepi
Reg #1 10 psig downstep
#1 10 psig upstep
Reg #2 10 psig downsteg
Reg #2 10 psig upstep

BPV Steps

Reg #1 10 psig downstep 965.
Reg #1 10 psig upste;g 955.
Reg #2 10 psig downsteg 965.2 953.1
Reg #2 10 psig upsteg G54, 967.7

Pressure Regulator testing has not yel been
ompleted in Test Condition Six,
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j+21 Feedwater Sys'ea
Purpose

a. To adjust the feedwater control system for
ceptable reactor water level control.

To demonstrate stable reactor response to
subcooling changes.

To demonstrate the capability of the automatic
core flow runback feature to prevent low water
level scram following the trip of one feedwater
pump .

To demonstrate adequate response to feeiwater
heating loss.

To determine the maximum {eedwater
capability.

Criteria
Level 1

The response of any level-related variable to any
test input change, or disturbance, must not diverge
juring the setpoint changes.

feedwater temperature I
r temperature decrease due
ase must be less than or equal
resultant MCPR must b greater thar
safety limit,.
f

feedwalter temperature loss

. ]
in simulated heat flux canr exceed the

eqd valilue wi

ed Level 2 value by more than 2 percent, The
' 8

1 be based on the actual tes!
feedwater temperature change and power

apablility

FSAR.




3.21.3

Supplement 9
Fage 3.21-2

A scram must not occur from low water level
following a trip of one of the operating feedwater
pusps. There should be a greater than 3-in,
un:or-lovol margin to scram for the feedwater pump
trip.

For the feedwater temperature loss test, the
increase in simulated heat flux cannot exceed the
predicted value referenced to the actual Teedwater
temperature change and power level, which will be
taken from the Transient Safety Analysis Design
Report.

The average rate of response of the feedwater
actuator to large (>20 percent of pump flow) step
disturbances shall be between 10 to 25 percent of
pump rated feedwater flow/sec. This average
response rate will be assessed by determining the
time required to pass linearly through the 10
percent and 90 percent response points of the flow
transient.

The dynamic flow response of each feedwater actuator
(turbine or valve) to small (<10 percent) step
disturbances shall be the following:

a. Maximum time to 10 percent of a step disturbance
<1.1 sec.

0. Maximum time from 10 to 90 percent of a atep
isturbance <1.9 sec.

¢. Peak overshoot (percentage of step disturbance)
<15 percent.

Results

During the initis]l heatup, the feedwater system
performed satisfactorily in both the manual and
automatic modes. All level-related variables did
not diverge during testing and all systes related
variables did not exceed a 0.25 decay ratio for
their oscillatory responses in the level setpoint
changes. All applicable test criteria were
satisfied.

During Test Condition One, as previously done during
the heatup testing, the Startup Level Controller
setpoint was adjusted to aimulate step changes of
three inches for Reactor water level. During the
setpoint increase water level increased in a smooth
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manner with little overshoot and stabilized within
75 seconds. During the setpoint decrease water
level decreased and overshot the three inch down
step by 2 to 3 additional inches. This overshoct
dampened rapidly and water level stabilized within
110 seconds.

The Test Condition One test was completed
satisfactorily. The criteria that the decay ratio
of level control systes-related variables being less
than .25 was met for all portions of this test.

During Test Condition Two, feedwater system tesiing
was limited to single element master level
controller step changes due to equipment problems
with the Dynamic Compensator Lead/Lag Netwurk
Computation Module. The dynamic flow response of
the Reactor feed pump turbines was not able to be
checked because the flow to the Reactor was
insufficient to allow automatic level control with
two pumps operating witr both minimum flow bypass
valves shut. Both minimum flow bypass valves are
required to be closed to adequately measure the flow
response of the feedwater actuators to step inputs.

Feedwater system response to five inch Reactor level
changes using setpoint tape manipulations in single
element automatic control were smooth and
controlled. All applicable acceptance criteria were
met for the conditions tested.

In Test Condition Three, at a reactor power of U8%,
testing was conducted in both One Element and Three
Element nodes, with each feedpump feeding the vessel
and the ¢ "er in standby. This satisfied the above
noted Test Condition Two testing that could not be
completed earlier due to the inoperative Dynamic
Computation module,

Both SRFPT Control Systems (System #1 and System #2)
were tuned and + 103 speed demand steps with the
pump in the recirculation mode were performed.

After the completion of SRFPT Speed Control System
testing, the NRFP was then placed in standby after
the SRFP was placed into service feeding the
vessel, Level setpoint tape changes of up to + §
{nches were performed in both One E.. ent and Three
Element modes. Once proper Level Contrul System
response was verified, the + 5 inch level setpoint
ad justment ramps were performed in both One and
Three Elemont modes,



Supplement 9
Page 3.21-4

following completion of SRFP testing, both of the
NRFPT Speed Control Systems were tuned and tested,
again with the pump in the recirculation mode. Once
the NRFP was placed in service feeding the vessel,
level setpoint change testing was performed in the
same manner as the SRFP.

The STARTREC traces for both One and Three Element
Control mode were analyzed for quarter damped
response. The following signals were deemed to be
Level Control System-related:

Feedwater Control Function Generator Output - NRFP
Feedwater Control Function Generator Output - SRFP
Master Feedwater Controller Output

North Reactor Feed Pump Flow

South Reactor Feed Pump Flow

North RFPT Speed

South RFPT Speed

All of the above signals showed quarter damped
(0.25) response to + 5 inch level setpoint changes
which satisfies the Level ! criteria of
non-divergence and the Level 2 criteria of decay
ratio.

In Test Condition Three at a reactor power of 71.4%,
additional water level setpoint changes (+ 5 inches)
in both Single and Three ZIlement modes were
performed. The applicable Level 1 criteria for no
divergence and Level 2 criteria for quarter damping
were met for the testing performed.

Planned testin, to verify the dynamic flow response
and rate of response and the feedwater turbine
actuators (Level 2 criteria) could not be performed
due to Feed Pump Turbine speed control anxd hydraulie
control ofl system problem,

In Test Condition Five at a reactor power of 71.2%,
water level setpoint changes (+ 5 inches) wers again
performed in both Single and Three Element modes.
The Level ! criteria for no divergence and the

Level 2 criteria for quarter damping of level
control system related signals were met.

T™his testing provided confidence that the Feed Pumps
would adequately respond to expectea demands until
hydraulic control oil system repairs and turbine
speed -ontrol system modifications could be made
during the Spring 1988 LLRT Outage.
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Prios tu the shutdown for the Spring 1988 LLRT
Outage, diagnostic tests wece performed to determine
the physical response of the RFPTs to open loop step
changes. This response information resulted in a
redesign of the Woodward Governor control amplifier
cards, one of which was installed in the NRFP
Turbine System #2 on an experimental basis. During
the LLRT outage, th~ Governor pilot actuators on
both RFPTs were replaced with new units and the
control oil systems were modified to install
hydraulic accumulators, The entire
feedwater/governor control system was also
recaiibrated on both RFPTs.

Durtng the power ascension in the startup following
the LLRT outage, limited inner speed loop (+ 60 rpm)
step response testing of the original and
caperimental speed control amplifiers verified that
the newly modified asplifier cards would be
necessary since speed control stability could not be
achieved with the original amplifier cards. An
experimental amplifier card was then also installed
in the SRFP Turbine System #2 and stability of the
feedwater contro) system wes demunstrated by the
performance of + 60 rpm inner speed loop steps on
both RFPTs and + 5 inch level controller setpoint
changes in 3 element mode only,

Following the completion of Test Condition Six
steady state testing during the startup after Outage
88-02, the entire Test Conditicn Three feedwater
tuneup optimization and test sequence were performed
at approximately 75% CTP with the newly designed
speed control amplifier cards installed in both
speed control channels of both the North and South
RFPTs.



Supplement §
Page 3.21-6

The results of the speed control system testing is
tabulated below.

Dynamic Flow Response to small (< 10%) step
disturbances (100 rpm = ~ 7% flow)

Delay Rise Peax Settle

Step Time Time Overshcot Time

System Size (Sec) (Sec) (%) (Sec)

KFPT  Number (rpm) < 1.1 < 1.9 < 158 < W
North #1 100 up 0.36 0.80 23 4.4
North #1 100 dn  0.52 0.70 23 5.96
North #2 100 up O.44 0.90 1 u.u2
North #2 100 dn  0.48 0.84 22 5.06
South N 100 up 0.46 0.80 23 5.32
South #1 100 dn  0.40 0.74 20 4,66
South #2 100 up 0.50 0.80 23 3.30
South #2 100 dn  0.52 0.76 21 5.76

As can be seen from the above, all applicable
Level 2 criteria with the exception of Peak
Overshoot were met; however, this has been deemed
acceptable by GE based upon the acceptable rate of
response to the steps and the high degree of
stability following the steps.

Average Rate of Response to large (> 2(% flow)
disturbance 250 rom = - 20-21% flow)

Rate of Response

System Step Size % Flow/Sec
RFPT  Number (rpm) >10 «25% Flow/Sec
North " 250 up 20.0
North A 250 dn 15.6
North i 250 wp 18.0
North i 250 dn 17.2
South A 250 up 18.8
South A 250 dn 12.1
South " 250 up 18.0
South ‘02 250 dn 1.7

As can be seen from the above, the Level 2 criteria
has been met.
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Following the completion of the above RFPT tuning,

+ 5 inch Reactor Water level setpoint changes were
performed with the feedwater controller in both

3 element and single element modes. The Level 1
ceriteria for non divergence and the Level 2 criteria
for quarter dampening of all level control related
variables was met.

With the reactor operating in Test Condition Six at '
96.8% CTP and 97% CF, + 5 inch Reactor Water level ‘
setpoint changes were again performed with the

feedwater controller in both 3 element and single

element modes. The applicable Level 1 and Level 2

criteria were met.

Tie remaining fesdwater system testing required for

the Startup Test Program which includes the Maximum .
Feedwater Runout Capability, One Pump Trip and Loss

of Feedwater Heating tests has not yet been

performed,
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3.22 Turbine Valve Surveillance

3.22.1

j.22.2

3.22.3

Purpose

To demonstrate acceptable procedures and maxisum
power levels for surveillance testing of the main
turbine ~ontrol and stop valves without producing a
reactor scranm,

Criteria

Level 1

None

Level 2

Peak neutron flux must be at least 7.5 percent below
the scram trip setting. sonk vessel pressure must
remain at least 10 1b/in.” below the high-pressure
scra? setting. Peak heat flux must remain at least
5.0 percent below its scram trip point,

Peak steam flow in the high-flow lines must resain
10 percent below the high-flow isolation trip
settings.

Results

Turbine Control and Stop Valve Surveillance testing
has been performed up to a power level of 91.4%

CTP. All criteria to that point have been satisfied
and from a reactor physics standpoint this test
could be performed at higher power levels; however,
due to a balance of plant considerations with
fluctuating heater levels and turbine control valves
nearing 100% open, the highest power level
recommended to perform this test was determined to
be < 90% CTP.
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The results of the testing performed are tabulated
below for the most limiting control valve.

Margin to Margin to Margin to Margin to

Neutron High Heat High
Rx Flux Pressure Flux Steanm
Power  Scrams Scram Scram Flow

(8)_ __ (%) _ (psi) (%) (M1b/hr)
Acceptance > 7.5 > 10 >5.0 >0.354

Criteria
STUT.050.024 70.8 40.2 95.8 8.68 2.34
® STUT.050.024 Supplement 1 %76.8 33.8 93.9 13.29 2.03
Information Only Data Set 80.0 33.0 91.0 8.00 1.98
STUT.050.024 Supplement 2 B84.5 9.2 84.8 7.34 1.40
STUT.050.024 Supplement 3 87.8 21.6 80.0 6.98 1.17
STUT.050.024 Supplement 4 90.0 22.3 80.0 9.52 L B
STUT.050.024 Supplement 5 91.4 21.8 72.7 9.14 1.08

® This data set taken was not on the 100% rod line, resulting in the
higher margin to heat fiux scram (flow blased).

Additionally, the East and West Bypass Valves were
tested at 70.8% CTP; however, the criteria, although
met at this power level, does not apply to this
testing since the valves are manually stroked slowly
open then slowly closed in turn and at no time do
the valves enter a fast open/trip closed mode.
Therefore, there is no transient associated with
pressure regulator response, and the only effact
seen {s due to the reduction in feedwater
temperature due to the diversion of ~ 15% steam flow
to the condenser. A confirmatory Bypass Valve test
at approximateiy 90% CTP is planned to evaluate the
efr'ects of Bypass Valve testing on balance of plant
equipment at that power level.




Supplement 9
Page 3.23-1

3.23 Main Steam Isolation Valves

3.23.1

3.23.2

Purpose

a. To check functionally the main steam line
isolation valves (MSIVs) for proper operation at
selected power levels.

b. To determine reactor transient behavior during
any after simultaneous full closure of all
MSIVs.

¢. To determine isolation valve closurc time,
Criteria
Level }

The MSIV stroke time (tg) shall be no faster than
3.0 seconds (average of the fastest valve in each
steanline) and for any individual valve 2.5 seconds
<tg <5 seconds. Total effective closure time for
any Individual MSIV shall be tgo) plus the maximum
instrumentation delay time and shall be <5.5
seconds.

The positive change in vessel done pressure
occurring within 30 seconds after the simultaneous
full ~losure of all MSIVs must not exceed the Level
2 criteria by more than 25 psi. The positive change
in simulated heat flux shall not exceed the Level 2
criteria by more than 2 percent of rated value.

Flooding of the main steam lines shall not occur
following the full MSIV closure test.

The reactor sust scram during the full simultaneous
MSIV closure test to limit the severity of the
neutron flux and simulated fuel surface heat flux
transient

Level 2

During full closure of individual valves, peak
vessel pressure must be at least 10 psi below scram,
peak neutron flux must be at least 7.5 percent below
scram, and steam flow in individual lines must be at
least 10 percent below isclation trip setting. The
peak heat flux must be at least 5 percent less than
its trip point., The reactor shall not scram or
isolate as a result of individual valve testing.
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The relief valves must reclose properly (without
leakage) following the pressure transient resulting
from the simultaneous MSIV full closure.

The positive change in vessel dome pressure and
simulated heat flux occurring within the first 30
seconds after the closure of all MSIV valves must
not exceed the predicted values in the Transient
Safety Analysis Design Report. Predicted values
will be referenced to actual test conditions of
initial power level and dome prescure and will use
beginning of life nuclear data. The predicted
values will be corracted for the appropriate
measured parameters.

After the full MSIV closure, the initial action of
the RCIC and HPCI shall be automatic if L2 is
reached, with RCIC capable of establishing an
avercge pump discharge flow equal to or greater than
600 gpe within the first 50 seconds after automatic
initiation and HPCI capable of establishing an
average pump discharge flow equal to or greater than
5000 gpm within the first 25 seconds after automatic
initiation,

If the low-low set pressure relief logic functions
after the simultaneous full MSIV closure test, the
open/close actions of the SRVs shall occur within
+20 psi of the low-low set design setpoints. The
total number of opening cy>les, for the
safety/ielief valves opening on low-low setpaoint,
after initial blowdown {s not to exceed four times
during the initial 5 minutes following isolation.
If any safety relief valves open as a result of this
test, only one valve may r~~pen after the first
blowdown.

Recirculation pump trip shall be initiated if L2 is
reached after the MSIV full closure test,

Results

During the Heatup Test Condition, with the RPV at
rated terperature and pressure conditions, each of
the inboard and outboard isclation valves were
successfully closed slowly to the approximately 90%
open position and then fully reocpened, without any
noticeable change in reactor pressure, APRM readings
or reactor water level.
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In Test Condition One, with the Reactor at 7% power,
a fast full closure of each individual MSIV was
performed. All applicable Level 1 and Level 2
criteria were met. The closure times are shown in
the table below, using a calculated maximum
instrument delay time of 0.299 seconds.

Test Condition One®*

| T T T |
| W1 | ts | tay | Total |
| PO22A | 4.298 | 4.611 | 4,910 |
| FO22B | 3.505 | 3.703 | 4,002 |
| FO22C | 4,798 | 4.904 | 5.203 |
| PO22D | 3.205 | 3.301 | 3.600 |
| PO28A | 4.294 | 4.387 | u.686 |
| F0288 | 3.809 | 3.839 | 4.138 |
| PO28C | 3.617 | 3.899 | 4,198 |
| FO28D | 4,057 | 4.226 | 4.525 |

® All recorded times are measured in seconds,

During Test Condition Three, with the reactor at
69.2% CTP, each of the inboard and outboard
isolation valves were successfully closed slowly to
the approximately 90% open position and then fully
reopened without any noticeable change in reactor
pressure, APRM readings or reactor water level.

During Test Condition Six with the reactor at 96.8%
CTP, each of the inboard and outboard isclation
valves were successfully closed slowly to th»
approximately 90% open position and then “.)ly
reopened without any noticeable change ir reactor
pressure, APRM readings or reactor water level.

The remaining Level ! and Level 2 criteria are
associated with the MSIV simultaneous full closure
and will be verified when that test is performed.
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3.24 Relief Valves

3.24.1

3.24.2

3.24.3

Purpose

The purposes of this test are to verify that the
Safety Relief Valves (SRV) function properly (can be
cpened and closed manually), reset properly after
operation, &nd that there are no major blockages in
the relief valve discharge piping.

Criteria
Level 1

There should be a positive indication of steam
discharge during the manual actuation of each valve.

Level 2

Variables related to the pressure control system may
contain oscillatory modes of response. In these
cases, the decay ratio for each controlled mode of
response must be less than or egual to 0.25.

The temperature measured by thermocouples on Lhe
discharge side of the valves shall return to within
10°F of the temperature recorded before the valve
was opened. If pressure sensors are avallable, they
shall return to their initial state upon valve
closure.

Ouring the 250 psig functional test, the steam flow
through each relief valve as measured by the initial
and final bypass valve (BPV) position shall not
differ by more than 10 percent from the average
relief valve steam flow as measured by bypass valvs
position,

During the rated pressure test, the steam flow
through each relief valve as measured by change in
MW(e) is not to differ by more than 0.5 percent of
rated MW(e) from the average of all the valve
responses,

Results

During the heatup testing, all 15 SRVs were manually
actuatcd, There was positive indication of steam
discharge upon actuation of each SRV, As each SRV
was operated there was a sudden temperature rise on
the SRV discharge tailpipe, the appropriate pressure
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switch responded, and BPV position decreased to
control reactor pressure. The Level ' criteria was
satisfied,

Al]l pertinent variables related to pressure control
did not exhibit any oscillatory responses with decay
ratios greater than 0.25.

The SRV discharge line tempg¢ratures for five SRVs
did not return to within 10°F of t .. temperature
recorded prior to actuation as quickly as the other
discharge lines; however, they did cool down
sufficiently to indicate that the SRVs were not
leaking. Shortly after the performance of this test
a reactor scrau occurred and on the subsequent
startup, the SRV tailpipe temperatures remained low,
further verifying that the SRVs did properly
reclose.

Three SRVs had steam flow values, as measured by BPV
position change, that differed from the average
relief valve steam flow by greater t.an 108, The
bypass valve position was inadequate to get a proper
value of stear flow from BPV position change. Upon
the actuation of each SRV the BPV closed completely.
Had there been more bypass steam flow, the EPY would
not have closed completely and there would bt a more
accurate value of SRV steam flow. This stear flow
variance was reevaluated during the Test Condition
Two SRV testing.

All fifteen SRVs were manually actuated with the
plant at rated pressure during Test Condition Two.
Plant parameters related to pressure control were
monitored on the GETARS computer, as well as other
plant parameter responses, including generator load
decreases.

The Level ! criteria was met based on three positive
indications of steam discharge during the actuation
of each valve, They were the sudden temperature
rise in the dis~harge tailpipe, the positive
indication of a MWe decrease during the valve
actuations, and the response from the taiipipe
nressure sensor of each valve being tested,

The Level 2 criteria requiring that Pressure Control
System variables did not exhibit any oscillatory
responses with decay ratios greater than 0.25, was
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verified by the analysis of the GETARS data of the
following variables:

Pressure Regulator Output
Control Valve Demand
Control Valve #1 Position
Narrow Range Pressure
Generator Output (Uross Mwe)

GETARS data was also used to verify that the change
in the plant's MWe following each SRV 1ift did not
differ by more than 0.5% of the rated MWe from the
average of all valves responsec. All SRVs exhibited
a less than 5.5 MWe variation from the 68.5 Mie
average variation, thus satisfying the Level 2
criteria.

SRVs B21-F013J and B21-FO13M did not return to
within 10°F of their initial tailpipe temperature
values during the test. However, the temperatures
did return to within 10°F of their initial valuas
when checked at a late: time, thus satisfying a
Level 2 criteria.

Finally, part of the Licensing Commitment 2.c.5 of
the full power operating license was satisfled by
this Test Condition Two relief valve test., It was
demonstrated that all adjacent temperature readings
were within 48°F of each other following a 10
second SRV 1ift with a suppression pool mixing
system in operation.

This concludes the relief valve testing to be
performed during the Startup Tost Phase Progranm.
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3.25 Turbine Stop Valve and Control Valve Fast Closure Trips

3.25-1

3-2502

Purpose

The purpose of this test is to demonstrate the
response of the reactor and its control systeas to
protective trips in the turbine and generator.

Criteria
Level 1

For turbine/generator trips, there should be a delay
of no more than 0.1 seconds foilowing the beginning
of control or stop valve clcsure before the
beginning of bypass valve opening. The bypass
valves should be npened to a point corresponding to
greater than or equal to 80 percent of their
capacity within 0.3 seconds from the beginning of
control or stop valve closure motion.

Flooding of the main steam lines shall not occur
following the turbine/generator trips.

The positive change in vessel dome pressure
occurring within 30 secouds after either generatcr
or turbine trip must not exceed the Level 2 criteria
by more than 25 psi.

The positive change in simulated heat flux shall not
exceed the Level 2 criteria by more than 2 percent
of rated value.

Level 2

There shall be no MSIV closure in the first j
minutes of the transient, and operator action shall
not be required in that period to avoid the MSIV
trip.

The positive change in vessel dome pressure and in
sisulated heat flux that nccur within the first 30
seconds after the initiation of either ganerator or
turbine trip must not exceed the predicted values in
the Transient Safety Analysis Design Report.

For the turbine/generator trip within the bypass
valves capacity, the reactor shall not scram for
initial thermal pceer values less than or equal to
25 percent ol rated.
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[f the low-low set pressure relief logic functicns,
the pen/close actions of the SRVs shall © Ar
within + 20 psi of their design setpoints., If any

|

safety relief valves open, only onc valve may reoper
after the first blowdown.

3.25.3 Results

During the Test Condition testing with a reactor
power of 21.8%, a turbine/generator trip was
initiated with a generator outpu f 151 MWe, by

opening both generator output breakers CM and CF.

A rcactor scram did not occur foll ng the
tubine/generator trip with the rea r at 21.8%
power. This i{s required at a reacc powe!r 25%,

therefore, satisfying the Level 2 cr. ‘erla.

The East and West bypass valves began opening w i
0.04 seconds and 0.06 seconds, respectively,
following the beg nning of the coutrol and st

valve closure. T11is satisfied the < Q.1 second
pening cime required for the Level 1 criteria.
The Level 1 criteria (applicable to Test Conditior
Six) requiring that the bypass valves open to a
point rresponding to > 80% of their capacity
within 0.3 seconds from the beginning of the contr
and stop valves closure aotions was not satisfied
the Test Condition Two testing. The valves
ly opened ‘0 56.3% of their combined canacr‘ty at
.3 seconds with the West Bypass Valve open 99.8%,
and the East Bypass Valve open 12.7%. Repairs and
line response time testing of the East Bypas:
Valve Unitized Actuator were performed successfully
fiwring the MSR itage. The effects of steam f'ow on
"Yp 1SS valve response time was further evaluats
fol owing an inadvertent turbine trip from 50%
. reactor power on 7/20/87. The East and West By
Valves began cpening within 0.025 seconds and 0.065
seconds, respectively, and had reached > 80% of
their capacity within 0.2 seconds which would have
satisfied the above level 1 criteria if it had beer
applicable.

.
'

-.
-

§ apletion of Test Condition F|

; | | ey
with the reactor operating at 74.6% CTP with 73.6%
re low, an inadvertent turpine/generat
trip/reactor scram was experienced The 1a
Lr . I € wWaSs 1 \‘ & rda ”~
Number 3 Se ' th ,
i v - 4 . A N » e v
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been performed to determine {f this inadvertent trip
can be substituted for the full power
rurbine/generator trip scheduled during Test
Condition Six. This event occurred as a result of a
Water Level 8 trip signal rather than from normal
operating condition. Therefore, a code similation
of a trip from full power and normal operating
conditions was performed. It was concluded that all
test criteria would have been satisfied If the test
was performed as scheduled, Consequently, we have
taken credit for this situation in accordance with
10CFR50.59 and this change to the Startup Test
Program has been subamitted by letter NRC-88-0181,
dated 7-14-88, as required by Fe-'sil 2 License
Condition 2.C(14),
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3.26 Shutdown from Outside the Control Roum

3.26.1

3.26.2

Purpose

To demonstrate that the reactor can be brought from
a wormal, initial, steady-state power level to the
hot shutdown conditinn and to verify that the plant
has the potential for being safely cooled from hot
shutdown to cold shutdown conditions from outside
the control room.

Criteria

Level 1
None

Level 2

During the cold shutdown demonstration, the reactor
sust be brought to the point where cooldown is
initiated and under control.

During the simulatcd control room evacuation and hot
shutdown demonstration, the reactor vessel pressure
and watesr level are controlled using equipment and
controls outside the control room.

Results

During the simulated controcl room evacuation and hot
shutdown test performed during Test Condition One,
the designated Shutdown Crew, consisting of the
minimum shift complemernt, performed all activities
associated with the reactor shutdown and control of
the reactor vessel water level and pressure from
outside the Control Room.

The reactor vessel pressure and water level were
controlled for a period of over thirty minutes
following successful reactor shutdown and isclation
from outside the Control Rooa by the minimum shift
complement, which successfully meets all test
criteria and performance objectives of the
applicable governing documents.
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The test sequence of events was as follows:

Time
1223
1224
1224

1224
1225
1226
1226
1228
1230

1233
1233

1234
1235
1237

1238
1239

1313

Event
Test Start Time (Hi Comm Announcement)
"Shutdown Crew" Evacuation of Control Room

APRMs A4B to Standby (to initiate Reactor
Scranm)

Relay TTR-2 manually tripped (to initiate
Main Turbine Trip)

Main Steam Line Radiation Monitors to
Standby (}o initiate MSIV Isolation)

Restoration of APRMs A4B and the Main Steanm
Line Radiation Monitors to the Operate
positions

Exit Relay Room

Transfer Switches operated at Remote
Shutdown Panel (RSP) (RSP Control)

RHRSW started at Remote Shutdown Panel (RHR
Service Water Pumps A&C)

RHR Pump A started at Rczote Shutdown Panel

Div I1 Transfer Switch operated (Div II D.C.
ESF Power)

RCIC initiated from Remote Shutdown Panel
RCIC at rated flow (600 gpm)

"A" SRV cycled from Remote Shutdown Panel
(Open for approximately seven seconds)

"B" SRV cycled fron Remote Shutdown Panel
(Omen for app: )ximately nine seconds)

Start of Stable Control " riod in Hot
Shutdown

Completion of Stable Control Period In Hot
Shutdown
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Time Event

1313 Transfer Sw.'ches operated (RSP Transfer to
Control Room Control)

1313 Tezt Termination

The remaining testing within this section, involving
a demonstration of the plant's capability to reach
cold shutdown conditions from ¢ .tside the control
room, is scheduled to be peric.med following the
MSIV simultaneocus full closure test in Test
Condition Six.
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3.27 Flow Control

30".‘

j.21.2

3.27.3

Purpose

4. To determine the correct Jain settings for the
individual recirculation controllers,

b. To demonstrate plant response to changes in
recirculation flow in both local manual and
master manual mode.

¢. To set the limits of range of operation for the
recirculation pumps.

Criteria
Level !

The “ransient response of any variable related to
the recirculation systes to any test input sust not
diverge.

Level 2

The decay rativ of the speed loop response shall be
<0.25 at any speed,

Flow control system limit cycles (if any) must
produce a turbine steas flow variation no larger
than +0.5 percent of the rated steam flow value.

The APRM neutron flux trip avoidance margin shall be
>7.5 percent, and the heat flux trip avoidance
sargin shall be 25.0 percent as a result of the
recirculation flow control maneuvers.

K ilts

In Test Condition Two, + 4% step change testing was
performed on both recirculation systee speed control
loops in the lccal manual mode at 38.8% Reactor
power and 47.5% core flow,

A review of the data recorded indicates no variables
related to the recirculation systes were divergent.

A qualitative review of the speed response of the
A Reactor Recirculation MC Set verified that the
decay ratio was < 0.25 for the + 4% speed steps
performed,
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The B Reactor Recirculation (RR) MG Sct exhibited ¢
linit cycle of approximately 2 1/2% speed
peak-to-peak when operating at 38% speed. Due to
this 1imit cycle, the "B" speed loop response Decay
Ratio could not ba verified and will be retested
when controller optimization is performed in Test
Condition Three.

Flow control system limit cycles were verified and
the peak-to-peak changy in gross generator output
during steady-state conditions was less than ¢+ 0.5%
of rated generator output or 11,5 MWe peak-to-peak.
T™is oriteria was satisfied with the largest
observed generator output limit cycle of 10,55 Mwe
peak-to-peak (s 468 of rated output).

T™he peak APRM neutron flux was 57.718, This APRM
reading includes an APRM gain adjustment factor of
1.25 which was required due to a high core peaking
factor, The calculated APRM neutron flux trip
ov:lunoo margin was 60.29%, satisfying the > 7.5%
eriteria.

T™e pinisum heat flux trip avoidance margin was

22.39% for the increasing speed steps, satisfying
the criteria of > 5.08.

In Test Condition Three, testing was performed to
demonstrate that the plant response to changes in
recirculation flow was stable following flow control
system tuning, Initial settings were also input to
the dual limiter portion of the Master Flow
Controller control circuitry in the Master Manual
Mode of recirculation flow control. Jet pump
baseline data for compliance with Technical
Specifica’ ions Surveillance 4.4,1,2, Jet Pumps
Operability, along the 758 rod line was obtained,

The test way conducted in three segments to support
the above objsctives.

T™e first segment consisted of individual
Recirculation MG Set « §-11% speed step tests in
local manual mode at the applicable region of
highest gain for each Recirculation MC Set. The
speeds associated with these fons of high gain
were previously fdentified as 653 for RR MG Set “"A"
and 69% for RR NG Set "B". The second segasent
consisted of + 4.6% speed steps in the Master Manual
Mode of operalion at RR MG Set speed/flow points of
968 flow, 708 RR MG Set speed and 508 RE MG Set

speed
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The third segment consisted of adjustament of the
dual limiter portion of the Master Flow Controller
and obtaining baseline jet pusp d/p data at 2% speed
steps between 61% to 95% core flow along the 758 rod
1ine. The sequence of testing was to reduce the
Master Flow Controller M/A station output slowly
until no further core flow decrease occurred, This
point was then labelled as the ainimum core flow
point and loop speeds, core flow and "lo-pot"
setting of the dual limiter were recordad., The
point was verified by Master Flow Controller M/A
station output increases unti. the core flow just
started to respond. The Master Flow Contiroller was
then adjusted in 2% Increasing speed steps with flow
allowed to reach steady sta.e for each step. Jet
pusp baseline data was recorded when steady state
conditions werc obtained at each new speed plateau.
This increase was halted at the electrical speed
stop on RR MG Set "A", The "hi-pot" setting of the
dual limiter for the Master Flow Controller was then
adjusted to slightly lower the RR NG Set speeds to
be less than the electrical high speed stop

setting. Tnis point was then labelled as the
maxisum core flow point and loop speeds, core flow
and "hi-pot" setting of the dual limiter were
recorded.

The dual limiter setpoints at the 758 rod line are
tabulated below:

Minisua Flow Data: Marisus Flow Data

Core Flow: 613 Core Flow: 95t
MG Set "A" Speed: M68 MG Set "A™ Speed: 78.5%
MG Set "B" Speed: 45.58 MG Set “B" Speed: 78,58
"Lo-Pot® Setting: 31 "Hi-Pot® Setting: 68

These settings will be evaluated again during the
Step Change Testing/Ramp Test scheduled during Test
Condition Six,

A review of the STARTREC traces for the above
testing indicated that no variables related to the
Recirculation Systes vere divergent, therely
satisfying the Level | criteria for this test,



Lew he apnlicat

the speed lcop resg
ller, "B"™ RR MG Set |
Master Flow “ontroller t

pet the Level 2 0.25 d

All of the post step steady state turbine 2team flow

variations were less than 11.5 MW(e) peak Lo peak,
satisfying the applicable Level 2 c1iter! e
results are tabulated below
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Meets Criteria
Mi(e) of <11.5 Mul(e)
Step variation  Peak to Pesk
Both Loops
4-63 decrease
(50% speed) 8.69 Yes
Both Loops
4-6% increase
(50% speed) 6.83 Yes

All scram avoidance margins were met as shown by the
values tabulated below:

APRM High Heat Flux

Fluz Margin Trip Avoidance Meets
Step Margin >7.5% Margin >5.0%8 Criteria
Loop A 9-118
increase 38.1% 36.1% Yes
(65% speed)
Loop B 9-11%
{ncrease 37.0% 34.9% Yes
(698 speed)
Both Loops
4-6% increase
(96% flow) 3T.1% 35.448 Yes
Both Loops
4-6% increase
(708 speed) 41,68 28.2% Yes
Both Loops
4-6% increase
(50% speed) 52.6% 5.1 Yes

With respect to the previously noted limit cycle (2
1/2% speed peak-to-peak) on the B Reactor
Recirculacion MG Set speed loop at 388 speed, this
problem has since disappeared after Scoop Tube cam
shaping and has been attributed to an anomaly of the
original cams,

Both A and B MG Sets do, however, exhibit speed
oscillations of approximately 3§ speed peak-to-peak
in the 24-28% and 52-56% speed ranges. These
oscillations are due to an inherent anomaly in the
fluid coupler hydraulic system and this phenosencon
is not specific to Fermi 2 NG Sets. The
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oscillations in the 24-28% speed range has been
overcome by prohibiting operations helow 28% speed.

Investigation 58 to the effect of the oscillation in
the 52-56% soeed region was conducted and the effect
of these oscillations have been minimized by
unbalancing the Reactor Recirculation MG Set speeds
within the limitation of Tech. Spec. 3.4.1.3 while

ramping flow upward through this region.

In Test Condition Six, step charge testing in both
local manual and saster sanual wi « perforsed on the
100% Load Line to demonstrate that the plant
response to changes in recirculation flow was
stable. Individual Recirculation MG Set + 4-6%
speed steps in local manual mode were performed at
the previously identi{fied highest : region speeds
of 658 for Reactor Recirculation MG Set "A"™ and 69%
for Reactor Recirculation MG Set "B". Master sanual
node speed steps of + 2-3% were performed at Reactor
Recirculation MG Set speed/flow points of 1008 flow,
758 Reactor Recirculation MG Set speed and 65§
Reactor Recirculation MG Set speed.

A qualitative review of the applicable STARTREC
traces showed that the response of "A™ RR MG Set
Speed Loop Contruller, "B"™ RR MG Set S,eed Loop
Controller and the Master Flow Controller to the
required steps w«ll met the Level ! criteria for non
divergence and the Level 2 < 0.25 damping criteria,

All of the post step steady state turbine steam flcw
variations were less than 11.5 M¥(e) peak to peak,
satisfying the applicable Level 2 criteria. The
results are Labulated below:

Meets Criteria
M¥(e) of «<11.5 Mile)
Step Variation Peak to Peak
Looo A
4-6% decreass 7.4 Yes
(65% speed)
Loop A
4-6% increase 6.8 Yes
(658 speed)
Loop B
4-6% decrease $.3 Yes

(69% speed)
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Meets Criteria
Mu(e) ef <11.5 Mile)
Step variation Peak to Peak
Loop B
4-€% {ncrease 6.8 Yes
(69% speed)
Both Loops
2-3% decrease
(100% flow) 6.2 Yes
Both Loops
2-31 increase
(1008 flow) 6.2 Yes
Both Loops
2-3% decrease
(75% speed) 5.6 Yes
Both Loops
2-3% increase
(758 spued) 7.4 Yes
Both Loops
2-3% decrease
(658 speed) 5.6 Yes
Both Loops
2-3% increase
(65% speed) 8.1 Yes
All scram avoidance margins were met as shown by the
values tabulated below:
APRM High Heat Flux
Flux Margin Trip Avoidance Meets
Step Margin >7.5% Margin >5.08 Criteria
Loogp A 4-6%
increase 26.9% 20.2% Yes
(658 speed)
Loop B 4-6%
{ncrease 22.1% 21.6% Yes
(69% speed)

Both Loops
2-3% increase |
(1008 flow) 12.1% 10,48 Yes
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APRM High Heat Flux

Flux Margin Trip Avoidance Meets
Step Margin >7.5% Margin >5.08 Criteria
Both Loops
2-3% increase
(758 speed) 19.28 20.2% Yes
Both Loops
2-3% increase
(658 speed) 28.08 19.7% Yes

The remaining tasting in this section to obtain Jet
Pump baseline data along the 1008 Rod Line and the
verification/adjustaent of the dual limiter
setpoints of the master flow controller has not yet
been completed.
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3 28 Recirculation Syst

3.28.1

3.28.2

3.28.3

Purpose

a. To verify that the feedwater control systea can
satisfactorily control the water level without a
resulting turbine trip/scram and obtain actual
pump speed/flow.

b. To verify recirculation pump startup under
pressur.zed reactor conditions.

¢, To obtain recirculation system performance data.

d. To verify that no recirculation systes
cavitation ozcurs in the operable region of the
power=11ov map.

Criteria

Level 1

The response of any level-related variables during
pump trips sust not diverge.

Level 2

The simulated heat flux sargin to avoid a scram
shall be grealer than or equal to 5.0 percent during
the cae pump trip recovery.

The APRM margin to avoid a scram shall be greater
than or equal to 7.5 percent during the one pusp
trip recovery.

During the noncavitation verification, runback logic
shall have settings adequate to prevent operation iu
areas of potential cavitation,

During the one pump trip, the reactor water level
margin to avold a high-level trip (L8) shall be
greater than or equal to 3.0 inches.

Results

Dur.ig Test Condition Two, recirculation systems
baseline performance data was recorded at 38.8%
reactor power and 47.58 core flow and at 88% reactor
power and 55.7% core flow,
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Baseline Recirculation System Performance data at
Test Condition Three power - flow conditions was
coilected at 47 power and 1008 core flow.

Also during Test Condition Three, n test was run to
verify that the recirculation pump runback limits
are sufficient as to prevent operation where
recirculation pusp or jet pump cavitation lis
predicted to occur.

The test was conducted by establishing total oore
flow at 908 (+ 3%) of rated at a reactor power of
44,24, Both Recirculation MG Set Scoop Tubes were
locked and while reducing reactor power by the
insertion of control rods, jet pump dp,
recirculation pusp vibration, drive flow, pump dulta
pressure, and pusp suction temperatures were
continuously monitored for indications of pumsp
cavitation. Throughout the power reduction to the
actuation of L miter #1 at 23.6% of rated feedwrter
flow and 27.4% of rated reactor power, no
indications of pusp cavitation were observed,
Reactor power was further reduced to 21.7% rated
feedwater flow and 25.3% of recctor power at which
point the power reduction was stopped due to
indication of an increasing width of the recording
of reactor core delta P which could be an early
indication of cavitation, Therefore, it may be
concluded that the runback logic settings are
conservat..ely adjusted such that operation in areas
of potential cavitation {s prevented and that the
Level 2 criteria has been satisfactorily met,

During Test Condition Six, recirculation systea
baseline perforsance data was recorded at 98.6% CTP
and 1008 CF.

Also during Test Condition Six, the one
recirculation pump trip test from 95.9% CTP and
978 CF was conducted to verify that the feedwater
control system can satisfactorily control the
reactor water level without a resulting turbine
trip/scram and to obtain data for actual
recirculation MG Set speed vs flow In the single
recirculation loop configuration.

The test was conducted from the above initlal
conditions by placing the Reactor Recirculation MG
Set "A" motor OMC switch to the Off position,
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Follovi.o' the transient and after stable conditions
were reached, the "B" Reactor Recirculation MG Set
speed was reduced to 75% and speed/flow data In the
single loop configuration was gatherad in 2% (+ 1%)
decreasing incresents until speed was reached.
Test Condition Four was then entered by placing the
"B" Reactor Recirculation MG Set motor CMC switoh to
the Off position. Upon completion of the required
Test Condition Four tests (as described elsewhere in
this report), "A" Reactor Recirculation MG Set was
restarted to exit from Test Condition Four. Upon
atteapting the restart of "B" Reactor Recirculation
MG Set, its discharge valve B31-FO31B failed to
close, and therefore restart logic could not be

' flec. The plant was shut down to effect

‘s to this valve and after restart and power
son to the same approximate initial conditions

© .9.9% CTP and 86.9% CF, "B" Reactor Recirculation
MG Set was tripped and a restart attempted with the
same resulting failure of B31-FO31B to close. The
plant {s currently shut down to further investigate
the problen,

A qualitative review of b - wnse of level
related variables recorded ig the one pumsp trip
from 95.9% CTP showed that the Level ! ciiteria for
this test was met since none were divergent., The
margin to the reactor water high level (LB) trip was
5.1 inches thereby satisfying the Level 2 criteria
of > 3.0 inches.

The Level 2 criteria of APRM and Sisulated Heat Flux
Margins to Scram could not be verified for the one
pusp trip recovery due to the inability to restart
the "B" Reactor Recirculation MG Set,

T™he restart of the "A" Reactor Recirculation NG Set
from Test Condition Four was, however, evaluated to
this criteria with the APRM Margin to Scras being
79.6% and tne Sisulated Heat Flua Margin to Soras
peing 22.4% thereby satisfying the Level 2 criteria,

The balance of this test to verify the restart of
recirculation pumps under pressurized reactor
conditions with the other pump running will be
performed when the plant returns to operation.




Supplement 9
Page 3.29-1

3.29 Loss of Turbine-Generator and Offsite Power

3.29.1

3.29.2

3.29.3

Purpose

a. To determine the reactor transient performance
during the loss of the main generator and all
offsite power.

b. To demonstrate acceptable performance of the
station electrical supply system.

Criteria
Level 1

The reactor protection system, the diesel-generator,
RCIC and HPCI must function properly without manual
assistance. HPCI and/or RCIC system action, if
necessary, shall keep the reactor water level above
the initiation level of low-pressure core spray,
LPCI, and automatic depressurization systess.

Level 2

If the low-low set pressure relief logic functions,
the open/close actions of the SRVs shall occur
within +20 psi of their design setpoints. If any
safety relief valves open, only one may “eopen after
the first blowdown.

Results

The test was initiated during Test Condition Two by
isolating the plant from off-site power by
simultareously opening both the 345 KV and 13.2 KV
feeds to the in-plant busses.

It was demonstrated that the foliowing actions
occurred once the test was ini.iated without any
operator assistance:

1. The Reactor Protection System automatically
scrammed the reactor.

2. The Turbine/Cenerator Protection System
automatically initiated a trip and fast closure
of the Main Turbine steam admission valves.

3, The Emergency Diesel Generators automatically
started and properly loaded the ESF busses, and
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4. Control of reactor water level and pressure
during transient conditions were waintained.

It was also demonstrati* that the required eguipment
and support systems operated satisfactorily without
dependence on off-site power sources for the
extended test duration of 30 minutes. No automatic
initiation signal/setpoint was received for elther
JdPCI or RCIC. The lowest reactor water level
reached during the test was 138.8 inches. The Level
! setpoint of 31.8 inches, at which Core Spray, LPCI
and ADS are initiated, was therefore avoided by a
significant margin. Based on the above, the Level 1
criteria for this test was successfully met.

Following the first blowdown, only SRV B21-FO13A
reopened. This satisfies the Level 2 criteria
requirement that specifies anly one SRV may open at
that time.

The low-low set pressure relief function for two
low-low set valves, SIV "A" and SRV "G" was actuated
during the test. On increasing reactor pressure,
six SRVs lifted at a pressure of 1100.1 psi. These
actuations were in accordance with the Level 2
criteria required for this test.

This concludes all Loss of Turbine/Generator and
Off-Site Power testing during the Startup Test Phase
progran.
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3.30 Steady-State Vibration

3.30.1

3.30.2

3.30.3

Purpose

To determine the vibration characteristics of the
primary pressure boundary piping (NSSS) and ESF
(ECCS) piping systems for vibrations induced by
recirculation flows, hot two-phase forces, and hot
hydrodynamic transients; and to demonstrate that
flow-induced vibrations, similar in nature to those
expected during normal and abnormal operation, will
not cause damage and excessive pipe movement and
vibration.

Criteria
Level 1

The measured vibration levels of the piping shall
not exceed the acceptable specified values.

Level 2

The measured vibration levels of the piping must not
exceed the expected specified values.

Results

During Test Condition One, the RCIC Steam Supply
Line inside the drywell and tne RCIC Pump Discharge
Line near its connection to the Feedwater Line were
monitored for vibration using installed sensors
during a vessel injection at rated conditions.
Evaluation of the data showed that all vibration
levels were within acceptable values.

During Test Condition Two, steady state vibration
was measured for selected piping systems at 25% (+
5%) of rated steam flow and at 50% (+ 5%) of rated
core flow. Data was initially gathered for seven
piping systems consisting of Feedwater, Main Steanm,
Reactor Recirculation, RHR, SRVs D&J, HPCI and
RCIC. More data was collected at a later date for
eight locations on the Main Steam piping and one
location on the RCIC piping at 25% and 29% rated
steam flow.

This extra testing was necessary because the Level 1
eriterion for six of these locations were exceeded
in the initial set of data. Also, more data was
needed to determine the impact of the removal of
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snubbers from piping between the Turbine Control
Valves and the High Pressure Turbine.

A total of eight Level 1 criterions for iastruments
pD-015, D-016, D-017, A-014, A-015, and A-016, were
exceeded in this second set of data. However, based
on hand held vibration m:asurements and/or detailed
pipe stress analysis by Sargent and Lundy, all
criteria violatinns were found acceptable.

Revised criteria levels for selected sensor
locations were incorporated into future test plans.

During Test Condition Three, vibration data was
collected to determine the flow induced vibration
responses of the Main Steam Lines, Reactor
Recircula*tion Loops, Feedwater, HPCI, RCIC, RHR and
Safety Relief Valve piping during steady-state
vibration hardwired testing. Steady-state vibration
data was obtained and analyzed for 80 (+ 5)% and 100
(+ 5)% of rated core flow, and 50% (+ 5%) and 75%

(+ 5%) of rated steam flow. Post transient
steady-state data was also obtained following two
HPCI RPV injection for HPCI piping sensors.

There was a total of two (2) exceedences to the
Level 1 criteria as follows during the 80% core flow
data collection:

Level 1 Measurement
Sensor mils p-p mils p-p
A-015 14 49.6

For sensors A-O014 and A-015, it was determined that
their readings were unreliable, and that vibration

for this area of piping i{s acceptable based on the

readings of sensors D-009, D-010 and D-011.

There was one exceedence to the Level 2 criteria
during the 100% Core Flow data collection.

Level 2 Measurement
Sensor inch p-p inch p-p
SA-RZ 0.024 0.027
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The Level 2 criteria exseedence for sensor SA-hZ was
evaluated and considered to be acceptable. Review
of the same sensor data at 25% steam flow and 50%
core flow showed satisfactory peak-to-peak
amplitude.

There was one exceedunce to the Level 1 criteria
during the 75% Steaa Flow data collection.

Level 1 Measurement
Sensor inch p-p inch p-p
A-006 50 i

For sensor A-006, it was determined after an
evaluation by Sargent and Lundy given the as-built
location of the sensor, reviewing the design
calculations and similar test data, that the
vibration criteria of A-006 would be acceptable to a
new increased value of 84 mils peak-to-peak.

Although sensor A-601 (RHR Head Spray Line) appeared
to have exceeded its Level 1 criteria based on
vibration data taken at 70.1% steam flow, it had
previously been determined from data at
approximately 60% steam flow that this sensor was
not giving a true reading. This diLgnostic data was
collected to determine sensor operubility prior to
raising power and it was noted that this particular
sensor's reading was not consistent with the other
eight (8) neighboring sensors on the same line. An
evaluation was performed at that time by Sargent and
Lundy and it was determined that Lhis sensor reading
was not correct and would not be a restraint to
raising reactor power.

There was also one exceedance to the Level 2
criteria during the 75% Steam Flow data collection.

Level 2 Measurement
Sensor inch p-p inch p-p
SA-RZ 0.024 0.026

The Level 2 criteria exceedance for sensor SA-RZ was
previously evaluated during the 100% Core Flow cata
collection and found to be acceptable.

There were no piping vibration criteria exceedances
during the 50% (+ 5%) Steam Flow data collection.
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Post transient steady-state data following the HPCI
RPV injection was analyzed and found acceptable;
however, this data collection was repeated due to
the subsequent replicement of E41-F005, HPCI
Discharge Check Valve. Results from this additional
data collection during a HPCI RFV Injection in
October of 1987 were also acceptable.

During Test Condition Six, vibration data was
collected to determine the flow induced vibration
responses of the Main Steam Lines, Reactor
Recirculation Loops, Feedwater, RCIC, HPCI, RHR and
Safety/Reiief Valve piping during steady state
operation of the plant with Main Steam flow between
G5 and 100% of rated steam flow.

Vibration data was collected during the following
steady-state conditions:

Date Performed Power Core Flow Main Steam Flow

July 9, 1988 G7.1 97 95.3
July 11, 1988 96.74 97.5 95.3

In the first data set, there were two (2) apparent
Level 1 criteria exceedances associated with
accelerometers A-052 and A-053. These
accelerometers are located on Safety Relief Valve
B21-FO13E piping. However, based on Sargent and
Lundy recalculations of allowables transmitted to
the site on May 20, 1988, the Level 1 criteria
associated with these sensors were being revised and
the sensor readings were within the new Level 1
criteria.

Level 1 Measurement New Level 1
Sensor Mils p-p _Mils p-p Mils p-p
A-052 9 16 17
A-053 8 12 16

There were no Level 2 criteria exceedances.
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In the second set of data performed to the revised
procedure, no Level 1 and only one (1) Level 2
criteria violation were found.

Level 1 Level 2
Measurement Allowable Expacted
Sensor Mils p-p Mils p-p Mils p-p
SB-RZ2 76 110 56

This exceedance has been reviewed by General
Electric and has been found acceptable.

Also during the Test Condition Six steady state
testing, the vibration traces corresponding to
Lanyard Potentiometers RA-SX1 (Recirculation

Loop A), and RB-HX4 (Recirculation Loop B) and
Accelerometer A-108 were indicative of bad sensors.
Based on other adequate data from nearby sensors,
the omission of these threes from the data set was
found acceptable by both Sargent and Lundy and
General Electric.
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3.31 Recirculation System Flow Calibration

3.31.1

3.31.2

3.31.3

Purpose

To perform a complete calibration of .he installed
recirculation system flow instrumentation.

Criteria
Level 1
None
Level 2

Jet pump flow instrumentation is adjusted so that
the jet pump total flow recorder provides a correct
core flow indication at rated conditions.

The APRM/RBM flow-bias instrumentation is adjusted
to function properly at rated conditions.

The flow coutrol system shall be adjusted to limit
maximum core flow to 102.5 percent of rated flow by
limiting MG set scoop tube position.

Results

During Test Condition Three at a reactor power of
45%, a total core flow calibration was performed
using Reactor Engineering procedure 56.000.02. This
was the first core flow calibration performed and
therefore, approximately 5% margin as established
between rated and indicated core flow.

During the initial run, the jet pump milli-volt
readings were found to be varying making it
difficult to obtain accurate readings. Several
readings were taken at each square rooter. The
highes: and lowest readings were averaged together
and the average value was recorded. The Reactor
Engineering procedure required that the jet pump
square rooter output be within .25 ma of the
expected output based upon measured input. This
requirement was not initially met. The Reactor
Engineering in-house code calculated a total core
flow of 97.7%. This value compared well against the
General Electric code, JRPUMP, (which calculated
core flow to be 97.6%). This is a very good
agreeme! . since the Reactor Engineering code used
Jet pump instrument span from I[&C calibration
sheets, while JRPUMP used the design instrument span
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of 10-50 ma.

An RC network 'as developed to filter the jet pump
milli-volt readings and the Reactor Engineering
procedure was run a second time. Milli-volt
readings were taken simultaneously from the input
and output jacks of the square root extractors.

This method enabled us to meet the requirement that
the output of the square root be within .25 ma of
the expected output. The filter helped, but did not
prevent, the oscillations in the milli-volt
readings.

The Reactor Engineering procedure was run a third
time using a different filter with a 4-5 second time
constant. The milli-volt readings were still
unstable but average values were recorded. Core
flow wa3 calculated to be 100.0% by the Rezctor
Engineering code, while JRPUMP calculated core flow
to be 99.8%. The flow calibration was completed by
adjusting B21-602 A, B and B31-607 A, B, C, D
summers, which satisfies the Level 2 criteria for
the adjustment of instrumentation providing core
flow iniication and APRM/RBM flow-bias. The
recirculation system was placed {n MASTER MANUAL.
Speed and flow data was collected while flow was
decreased from 100% to 80%. Flow vs speed data was
plotted for this range. This data was extrapolated
out to 102.5% core flow to obtain the corresponding
speed. Flow was increased tu 95%. The
recirculation system was placed in the LOCAL MANUAL
mode. MG Set "A" speed was increased to 850 rpm
(equivalent to 102.5% flow). The mechanical stop
was set at this speed. The electrical stop ws set
6/64" before the mechanical stop based upon tie
scoop tube positioner. This position is at 840 rpm
(equivalent to 101% flow). The mechanical and
electrical ='7ps were set {n a similar manner on MG
Set "B". ML Set "A" speed was reduced and MG Set
"B" was increased. The mechanical stop was set at
868 rpm (equivalent to 102.5% flow). The electrical
stop was set at 855 rpm (equivalent to 100.7%
flow). This is 14/64" before the mechanical stop
based upon the scoop tube positioner. This
satisfies the Level 2 criteria of limiting the
maximum core flow to 102.5% of rated by limiting the
MG Set Scoop Tube positions,

Later during Test Condition Three at a reactor power
of 71% and 94.5% core flow, a total core flow

calibration was performed using Reactor Engineering
Procedure 56.000.02. This power and core flow were
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sufficiently high to obtain data at the upper end of
the Test Condition Three window.

The latest revision of the Reactor Engineering
Procedure incorporated the lessons learned from the
previous core flow calihration performed at 45%

CTP. The RC filter network was modified for ease of
connection and proper resistor configuration and

the procedure was modified to ensure that this
filter was properly applied. This resolved previous
concerns with APRM flow unit GAFs and jet pump
summer ad justments and facilitated the adjustment
portion of this test. The basic sequence was that
data was gathered following a calibration check of
Jet pump loop instrumentation. The data was used in
the in-house Reactor Encineering code to calculate
total cure flow, jet pump loop flows and APRM Flow
Unit Gain Adjustment Factors. Total core flow
correction was not required. Jet pump loop flows
required adjustments as one loop was indicating
greater than calculested flow and the other was
indicating less than calculated flow. The APRM flow
units also required adjustment because of the
increased drive flow required for the same core flow
(decreased M-ratio). Trese adjustments were
calculated as Gain Adjustment Factors (GAFs) and
were successfully applied to the flow units. The
existing settings of the Reactor Recirculation MG
Sets scoop tube high speed electrical stops required
thal a small adjustment t2 made to the high speed
stops so that the required speed to obtain 100%
indicated flow could be reached., This limited the
available data for extrapolation of the final 102.5%
flow equivalent speed and coupled with the
requirements for conservatism with respect to
Technical Spec.fications setpoints combined to
provide sufficient error in the settings of the
electrical high speed stops to preclude obtaining
100% flow at predicted high speed stop settings.

The procedure allows for readjustment of the high
speed stops if required to obtain 100% core flow,
but does not require the adjustment. Due to the
nonlinear behavior of two phase flow losses from the
§0% rod line to the 75% rod line, it was determined
that further adjustments would not be done at this
time, out rather would be adjusted at the 100% rod
line at approximately 90% power.
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The Level 2 criteria associated with this test were
satisfied as follows:

b.

The B21-K602A/B jet pump flow loop summers were
adjusted in accordance with the flow calculated
in Reactor Engineering Procedure 56.000.02.

The computer code output indicated the following
gain adjustment factors for B21-K602A/B:

B21-K602A (GAF) = 0.9520
B21-K602B (GAF) = 1.0380

Composite gains were calculated per Reactor
Engineering Procedure £5.000.02 and entered into
the Reactor Engintering data book.

The composite gains for the jet pump loops were:

B21-K602A (CGAF) = 1.000
B21-K602B (CGAF) = 1.040

The B31-K607 A,B,C,D summers (APRM/RBM
flow-bias) were adjusted usinz the GAFs
calculated in Reactor Engineering Procedure
56.000.02.

The computer code output indicated the following
Gain Aajustment Factors for flow units B31-K607A
through B31-K607D:

Flow Unit A - B31-K607A (GAF) = 1.021
Flow Unit B - B31-K607B (GAF) = 1.039
Flow Unit C - B31-K607C (GAF) = 1.034
Flow Unit D - B31-K607D (GAF) = 1.019

The mechanical high speed stops were set at
102.5% core flow which equated to 81.4% speed
(912 rpm) for RR MG Set A and 82.3% (922 rpm)
for RR MC Set B. 'The electrical high speed
stops were set at 100% core flow for the "A" MG
Set which equated to 80.0% speed (896 rpm), and
100% for the "B" MG Set which equated to 80.5%
speed (902 rpm).

After completion of the 100 hour commercial run at

> 90% CTP but prior to entry into Test Condition
Six, another calibration of the recirculation systenm
flow instrumentation was run at 95.5% CTP to
determine the scoop tube electrical and mechanical
stop positions.
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Reactor Z£.zireering Procedure 56.000.02 was used to
determine the actual core flow at the time of this
test. The Process Computer program OD-3 Option 2
was run to obtain the initial conditions for this
test, and based on that OD-2 Jption 2 edit, the core
flow was 96.21 Mlba/hr. Tre core flow as indicated
on the control room reccrder B21-R613 was 94
Mlbm/hr. However, the actual core flow was
determined to be 91.82 Mlbm/hr and the jet pump
summers and flow units were adjusted to bring the
indicated flow with!n acceptable agreement (within
+ 2% of rated flow) of the calculated flow. After
the adjustments were made, the indicated core flow
on the control room recorder B21-R613 was 91.0
Mibm/hr and the core flow obtaincd via the Process
Computer was 92.77 Mlbm/hr. Reactor Engineering
Procedure 56.000.02 was also used to delermine the
Gain Adjustment Factors to be applied to tne
recirculation system flow units which were used to
adjust the Technical Specification re. (red flow
biased rod block and scram setpoints. ?2rior to
these adjustments, the fluw blased AFRM rod blocks
were set approximately a. the rated load line
causing rod blocks when anproaching the rated load
line. The average GAF applied to the flow units was
1.09 which raised the APRM flow biased rod block
line about 6% above the rated lcad line. This
provided the margin to be able to operate at or near
the rated load line with the rod block annunciator
cleared. The calculation portion of REP 56.000.02
was run twice: first by using an estimated number
of 33.0 Mlbm/hr for the rated recirculation drive
flow and the second time by using the actual value
of the rated drive flow as determined from the new
M-ratio. The new M-ratio was determined to be 2,198
for loop A and 2.168 for loop B. The design M-ratio
{s 1.84 and the difference in the design versus
actual M-ratios suggest that at the present time,
the actual rated recirculation drive flow is 31.4
Mibm/hr and not 35.2 Mbm/hr. An evaluation run of
REP 56.000.02 will be performed later at rated plant
conditions to obtain the updated M-ratio, core dP
and indicated versus actual core flow values.

Once the core flow and recirculation flow unit
adjustments were made, core flow was ~educed from 91
Mibm/hr indicated (92.93 Mlbm/hr from the Process
Computer) to 81 Mlbm/hr indicated (83.28 Mlba/hr
from the Frocess Computer) in approximately 2% core
flow steps. Core flow versus recirculation MG Set
speed data was collected at each step.
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The core flow versus percent of rated MG Set speed
was graphed and used to exrapolate the
Recirculation MG Set speed corresponding to 102.5%
of rated core flow.

The extrapolated speed was determined using the core
flow signal from the Proces: Computer instead of
Control Room recorder B31-R613 to set the mechanical
stops as this resulted in a more conservative
(lower) Recirculation MG Set speed.

Or.ce the MC Set speeds corresponding to 102.5% core
flow was determined, the mechanical and electrical
stops for both A and B MC Sets were set. This was
accomplished by first increasing the recirculation
speed to 79% in individual manual mode. At thus
point, A MC Set speed was increased to 86.2% speed
(equivalent to 102.0% core flow) using the M/A
station B31-R621A. The previous electrical and
mechanical stop settings were adjusted to allow this
speed increase. The "A"™ MG Set scoop tube was then
locked and the speed manually cranked up to 970 rpm
(86.6% speed) corresponding to 102.5% core flow and
the mecharical stops set. The MG Set A speed was
manually cranked down to 953 rpm (85.1%) to sel the
electrical stops. This was the speed assoclated
with 100.9% of rated core flow. Once this was
accomplished, the A M 3Set scoop tube was unlocked
and the speed reduced to 79% speed to match the B MC
Set speed. The same procedure was repeated for B MC
Set, and the mechanical stop was set at 960 rpa
(85.7%) corresponding to 102.2% core flow and the
electrical stop was set at 948 rpm (84.6%) which is
equivalent to 101,0% of rated core flow.

The Master flow control limiter Hi-pots were set to
provide a maximum flow (in Master Manual mode) of
98% as indicated on the B31-R613 recorder or 100%
core flow per Process Computer Program OD-3 Option
2.

The Level * criteria associated with this test were
met as follows:

a. The computer code output indicated the following
gain adjustment factors for B21-K602A/B jet pump
flow loop summers at 91.82% core flow:

B21-K602A (GAF) = 0.9672
B21-K602B (GAF) = 0.9762
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Composite CAFs for the jet pump loops were
calcuiated per of Reactor Engineering Procedure
56.000.02 and were as follows:

B21-K602A (CGAF) = 1.038
B21-K602B (CGAF) = 1.015

An evaluation run of 56.000.02 is planned at
rated conditions to verify that this Level 2
criteria is indeed satisfied.

b. The B31-K607 A,B,C,D summers (APRM/RLM
flow-bias) were adjusted using the GAFs
calculated in Reactor Engineering Procedure
56.000.02.

The previous GCAFs were ali set at 1.00 so the
Composite Gain Adjustment Factors (CGAF) were
equal to the calculated (GAFs). -

The compute. code output indicated the following
Gain Adjustment Factors for flow units B31-K607A
~hrough B31-K607D:

Flow Unit A - B31-K607A (GAF) = 1.083
Flow Unit B - B31-K607B (GAF) = 1.092
Flow Unit C - B31-K607C (GAF) = 1.098
Flow Unit D - B31-K607D (GAF) = 1.077

c. As previously noted, the mechanical stops for MG
Sets scoop tubes were set at 86.6% speed (970
rpm) for "A" and 85.7% (960 rpm) for "B". This
translates to an equivalent flow of 102.5% for
"A" and 102.2% for "B".

During Test Condition Six, another complete
calibration of the recirculation system flow
instrumentation sas performed at 96.97% CTP and
96.54% CF to resolve issues raised in the previous
core flow calibration,

REP 56.000,02, Core Flow Calibration, was performed
in the performance mode for this test. As a
prerequisite, the zero and full span settings of
single tapped and double tapped jet pump
transmitters and square root converters were checked
and calibrated as necessary. In addition, the
Recirculation Flow Units were calibrated as required
per REP 56.000.02 and the zer. and full span
settings of the Recirculation Flow Nozzle
transmitters were obtained and documented.
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A complete set of single tapped and double tapped
jet pump delta Pressure measurements were obtained,
and core flow evaluations were performed per this
procedure. These evaluations revealed that the Loop
Flow Variations for Loop A was 3.18% which exceeded
the 3% criteria as stated. To resolve .his issue,
another set of measurements was obtained and
evaluated per this procedure, and this time the Loop
Flow Variation criteria for Loops A and B were 2.06%
and 0.08%, respectively, which met the 3% criteria.
This time, however, the Nozzle Plugging criteria, as
stated in REP 56.000.02, associated with jet pumps
9/10 and jet pumps 11/12 was exceeded. To resolve
this discrepancy, an attempt was made to obtain a
set of readings associated with jet pumps 9 and 10
and y'or Jet pumps 11 and 12 such that these readings
were .iken at the same time every 10 seconds for 2
minutes and averaged before they were compared.
Based on this, the nozzle plugging criteria was
satisfied. This is due to the fluctuating nature of
these readings, and the outcome is quite sensitive
to how and when these readings are taken. The
actual core flow was determined to be 96.54 Mlbm/hr
by performing the required calculations in REP
56.000.02. The indicated co~e flow on the control
roos recorder B21-R613 was reading 96 Mlbam/nr and
the process computer OD3 Option 2 edit was showing
97.73 Mlba/hr. The loop drive flows at the time of
this test were calculated to be 14.87 Mlbe/hr for
Loop A and 15.06 Mlbm/hr for Loop B for a total
drive flow of 29.93 Mlbm/hr. New M ratios were
determined to be 2.159 for Loop A and 2.288 for Loop
B, Total Rated drive flow was determined to be 31
Mlbm/hr and the jet pump summers and flow units were
ad justed based on the Gain Adjustment Factors
derived in REP 56.000.02.

wWhen core flow was increased to 100% of rated core
flow, the recirculation MG set speeds were measured
using a Strobe-o-tac to determine how this Jata
point would compare with the MG Set speed versus
core flow projection made during the previous core
flow calibration. The results were as follows:

MG Set Spé»ﬁni;pp}

A B

100% Core Flow 928
Existing Electrical Stop 953
Existing Mechanical Stog 970
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Using the projections obtained from previous test
and superimposing the 100% core flow data point from
this test on these points, the projected core flows
associated with the electrical and mechanical stops
are as follows:

Projected Core Flows (%)

MG Set A MG Set B Average

At Zlectrical Stop 102.0 101.0 101.5
At Mechanical Stop 103.7 102.2 102.95

Based on this, both MC sets at their respective
electrical stops would result in a projected core
flow of 101.5% of rated. The MG sets at the
mechanical stops would result in a projected core
flow of 102.95% of rated. These are within the
requirements of Technical Specification Surveillance
4.4.1.1.2 which states that the electrical and
mechanical stops be set at less than or equal to
102.5% and 105.0% of rated core flow, respectively.
Based on this, it was decided that the electrical
and mechanical stops were not required to be

ad justed.

Also at 100% of Rated flow, the core dP was found to
be 20.26 psid which is 1.61 psi below prediction
which supports supplemental data analysis
requirements.,

The Level 2 criteria associated with this test were
met as follows:

The computer code output indicated the following
gain adjustment factors for B21-K602A/B at 96.54%
core flow.

B21-K602A (GAF) = 1.025
B21-K602B (GAF) = 1.017

Conjosite CAFs for the jet pump loops were
calcu.ated per Reactor Engineering Procedure
56.000.02 and were as follows:

B21-K602A (CGAF) = 1.064
B21-K602B (CGAF) = 1.032

Jet Pump Summers Gain Adjustments were made per
REP 56.000.02 to satisfy this criteria.
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The B31-K607 A,B,C,D summers were :djusted using the
GAFs calculated in Reactor Engineering Procedure
56.000.02.

The computer code output indicated the following
Gain Adjustment Factors for flow units B31-K607A
through B31-K6070:

Flow Unit A B31-K60TA GAF = 1,020
Flow Unit B B31-K607B GAF = 1.020
Flow Unit C B31-K607C GAF = 1.007
Flow Unit D B31-K607D GAF = 1.014

Composite GAFs for Flow Units B31-K60TA through
B31-K-607D were calculated p.‘ REP 56.000.02 ard
were as follows:

Flow Unit A B31-K607A GAF = 1.105
Flow Unit B B31-K607B GAF = 1,114
Flow Unit C B31-K607C GAF = 1.106
Flow Unit D B31-K607D GAF = 1.092

Adjustments were made per REP 56.000.02, and this
Level 2 criteria has been satisfied.

The mechanical stops for MG sets were set at 86,6%
speed for "A" and 85.7% for "B". This translates to
an equivalent flow of 1C3.7% for "A" and 102.2% for
"B" or an average of 102.95 for both which exceeds
the criteria for this test but is within the
requirements of Technical Specifications, and
therefore no adjustments were made as previously
discussed,

This concludes the recirculation system flow
calibrations during the Startup Test Progranm.
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3.32 Reactor Water Cleanup System

3.32.1

3.32.2

3.32.3

Purpose

The purpose of this test {s to demonstrate specific
aspects of the mechanical operability of the reactor
water cleanup systenm.

Criteria
Level 1
Nonz
Level 2

The temperature at the tube side outlet of the
non-regenerative heat exchangers (NRHX) shall not
exceed 130°F in the blowdown mode and shall not
exceed 120°F in the normal mode.

The cooling water supplied to the non-regenerative
heat exchangers shall be less than 6 percent above
the flow corresponding to the heat exchangers
capacity (as determined from the process diagram)
and the existing temperature differential across the
heat exchangers. The outlet tempe-ature shall not
exceed 180°F,

The bottom head flow indicator will be recalibrated
against the RWCU flow indicator if the deviation is
greater than 25 gpnm.

The pump available NPSH {s 13 feet or greater during
the hot shutdown with loss of RPV recirculation
pumps mode defined in the process diagranms.

Results

During the Heatup test condition, the RWCU system
was placed {n a configuration so that flow was taken
from the bottom drain and directly fed back to the
vessel, bypassing the demineralizers. In this
configuration G33-610, bottom drain flow, should
read the same as G33-609, system inlet flow. Our
data showed a maximum deviation of 62 gpm. Bottom
drain flow was recalibrated such that the Level 2
criteria could be sati:fled.

Also during Heatup, the RWCU syster was nperated in
both the normal and blowdown modes with the reactor
at rated temperature and pressure. Process
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variables were recorded in order to demonstrate the
proper performance of the RWCU system in each of
these modes. The non-regenerative heat exchange
tube side outlet teaperctures for the normal and
blowdown mode were 112°F and 122°F

iespectively. These values were within the Level 2
criteria limits of 120°F and 130°F for each

mode. Using temperature measurerents from the RBCCW
side of the non-regeneialive heat exchangers (NRHX)
the cooling water flow was calcuiated to be less
than 6% above the NRHX capacity. The
non-regenerative heat exchanger cooling water outlet
temperatures were well within our Level 2 coriteria
of 180°F. Al. applicable Level 2 criteria were
satisfied,

During Test Condition Four, the Hot Standby Mode of
the Reactor Water Cleanup System was used to prevent
temperature stratification in the reactor vessel
while the recirculation pumps were not running.

Data was taken in this mode to determine the RWCU
pump NPSH during natural circulation conditions
where NPSH is most limiting. The actual NPSH was
calculated to be 702 feet and is cons!stent with the
NPSH measured at other BWR plants. This satisfies
the Level 2 criteria that NPSH be > 13 feet in the
most limiting mode of operation.

This concludes the required Startup Test Program
testing on the Reactor Water Cleanup Systenm.
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3.33 Residual Heat Removal System

3.3341

3.33.2

3.33.3

Purpose

The purpose of this test is to demonstrate the
ability of the Residual Heat Removal (RHR) System to
reaove residual and decay heat from the nuclear
uys“Im so that refueling and nuclear servicing can
be perforeed.

Crjterla
Level !
None
Level 2

The RHF Svstea is capable of operating in the
suppression pool cooling and shutdown cooling modes
at the flow rates and temperature differentials
indicated on the process diagrams.

Results

During the Heatup test phase, each division of the
RHR system was placed in the Suopression Pool
Cooling Mode and process data was taken for a 30
minute time pericd. The extrapolated heat capacity
for both heat exchangers indicated an excess
capacity of 67.5%. This was expected since in early
heat exchanger life the heat transfer coefficlent is
larger and capacity was deteramined to accoammodate
some deterioration.

The remaining testing in this section to demonstrate
the operation of RHR {n the shutdown cooling mode
has not yet been performed. It is anticipated that
this test will be coordinated with the MSIV full
isolation and Shutdown from Outside the Control
Room/Cold Shutdown Demonstration tests.
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3.34 Piping System Dynamic Response Testing

3.34.1

3.34.2

3.34.3

Purpose

Verify that piping system structural behavicr under
probable transient loadings is acceptable and within
the limit predicted by analytical investigations.

Criteria
Level 1

The measured vibration levels of the piping shall
not exceed the acceptable specified values.

Level 2

The measured vibration levels of the piping must not
exceed the expected specified values.

Results

Piping dynamic transient vibrations were monitored
during Heatup, in conjunction with Relief Valve
testing, for two SRV lines and selected Main Steam
Lines. All vibration data recorded was within the
acceptable and expected limits as defined by the
Level 1 and Level 2 criteria.

Piping dynamic transient vibrations were monitored
during Test Condition Two in conjunction with relief
valve actuations during relief valve testing, and
during the planned Turbine/Cenerator Load Reject
(Within Bypass) test. Data for the two SRV lines
and the Main Steam Lines showed all vibration data
was within Level ! and Level 2 criteria except
D-001, which was inoperable, and D-003, D-005 and
D-008 which did not meet Level 2 criteria. All
vioclations were reviewed and evaluated by Sargent
and Lundy and were found to be acceptable. It is
worth noting that the original criteria for these
instruments were given as “information only" and
were mistakenly incorporated into the procedure as
Level 2 criteria,

During Test Condition Three, data was collected to
determine the flow induced vibrational response of
the High Pressure Coolant Injection (HPCI) system
piping during a planned HFCI System cold vessel
injection to the reactor.
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During the first successful HPCI cold vessel

injection to the reactor the load on force pin

F-155, located at the HPCl discharge, exceeded its

Level 1 criteria. After a detailed walkdown of the

HPCI supports and upon completion of further |

analysis of the HPCI System pipe supports by Sargent ‘

and Lundy, three additional strain gauge networks on

three other HPCI supports were installed to msonitor ‘

strains during the next cold injection. |
|

During that cold injection, all Level 1 and 2
criteria were satisfied. The additional strain
gauges were monitored and these values were provided
to Nuclear Engineering for evaluation and were found
acceptable.

Subsequent to this test, a HPCI vessel injection was
performed on 7-5-87 which resulted in a HPCI
overspeed trip. During that event, a water hammer
and suction line overpressurization transient
occurred (reference LER-87-030-00) which, after
engineering analyis, has resulted in the
replacement of EW1-FO05, HPCI Discharge Check Valve
and several HPCI System hanger modifications.

Due to these changes in HPCI piping cenfiguration,
this testing was reperforsed to evaluate HPCI piping
response during the next planned HPCI Quick Start
testing sequence.

That additional test was performed in conjunction
with a Hot Quick Start Vessel Injection on October
14, 1987 and resulted i{n all criteria being met.
Ihe results from the three tests are summarized
below!

Level 1
Sensor 6/22/87 7/4/87 10/14/87 Allowable

F-155 13966 1be 4929 1be 2164 1bp 10000 1lbg

As described in Reference 1.5.3 of this report, the
{nitial test program was changed to allow taking
credit for certain inadvertent scrams if a
supporting analysis of the collected data
demonstrated that the test results are valid when
extrapolated to higher power levels.

On December 31, 1987 an inadvertent
turbine/generator trip did occur while at 74.8
percent reactor power. The UFSAR required analysis
of the ¢ata collected from the turbine/generator
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trip was subsequently performed by General
Electric. The analysis demonstrated that although
the trip occurred at a lower power level, the
purpose of the test and all test criteria were
satisfactorily met for the NSSS (GE) portion of the
vibration data. This i{s documented in Reference
1.5.5 of this report.

It should be noted also that the Sargent and Lundy
required data was also recorded for this test.
However, a failed sensor at the time of the
inadvertant turbine trip induced noise in the sensor
readings for the Sargent and Lundy data. This
sensor, F-006, has been confirmed as the source of
the unusial sensor readings and has subsequently
been removed from service.

Consequently, the Sargent and Lundy data recorded is
suspect as are any associated criteria violations.
The Sargent and Lundy vibratiun data will be
recorded during a future turbine trip either
inadvertent or acheduled. The Main Steanm
instrumentation in the d:ywell was unaffected by the
failed F-006 and the data collected was found
satisfactory by the General Electric NSSS piping
analysis.

During Test Condition Six prior to the entry into
Test Condition Four, piping vibration data was
recorded for the recirculation loops when Recirc.
Pump A was tripped with the reactor operating at 97%
power, There were two Level 2 criteria violations
that were evaluated by General Electric and found
acceptable.

The violations were as follows:

Measured
Level 1 Level 2 Vibration
Sensor Inches p-p Inches p-p Inches p-p
M-Sx ’0626 0-038 0-202
”'m 003'8 c.m 00029

After Recirc, Pump B was reduced to minimum speed,
vibration data was obtained when it was tripped to
bring the plant to natural circulation conditions.
All criteria was satisfied.
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Subsequently, Recirc. Pump A was restarted on the
recovery from Test Condition Four. Vibration data
taken during the restart satisfied all criteria.

The Recirc. Pump B restart could not be performed at
this time due to a torque switch problem with the
Recirc. Pump B Discharge Valve, B31-FO31B and will
be completed when the plant returns to power
operation and this portion of testing is repeated.
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