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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

Three Mile Island Nuclear Station Unit I was issued operating licemse DPR-""

on April 19, 1974 and the first fuel assembly was inserted into the core omn

April 20, 1974. Fuel loading was completed on April 25, 1974. Initial Criticality
was achieved on June 5, 1974, upon completion of a Post Fuel Load Pre-Critical

test program.

Zero Power Physics testing began on June 5, 1974 and was completed on June 10,
1974. The zero power measurements were performed at a Reactor Coolant System
temperature of 532°F and a pressure of 2155 psi.

Initial escalation of the reactor above zero power commenced on Jume 15, 1574

and the turbine gemerator was initially loaded on Junme 19, 1974. Further increases
in power level were made as testing was successfully completed at each of the

four major power plateaus defined in the jower escaiation sequence. The four
major power levels and the dates they wrre first attained are as follows:

Power Level Date
15% June 16, 1974
402 June 29, 1974
76% July 14, 1974
1002 August 3, 1974

The power escalation test program was completed with successful performance of
the unit acceptance test on August 26, 1974 and on September 2, 1974, TMI Unit I
was declared commercial. Figure 1.0-1 gives the power history of Unit I from
Initial Fuel Loading to the completion of startup testing.

This report is submitted in accordance with Technical Specification 6.7.3 and
sumarizes startup test program results and unit performance from fuel loading
through 1002 full power operation as of 1200 om August 27, 1974. The integrated
burnup on the core at this date and time was 26.3 effective full power days (EFPD).
Figure 1.0-2 shows the integrated core burnup for core 1.

~ M
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Three Mile Island Unit I comrenced commercial operation on September 2, 1974

at a rated full power output >f approximately 861 MWe (gross). The nuclear
steam supply system was designed by the Babcock and Wilcox Company and was the
third in a seiles of systems to be put into service. The tandem compound turbine
generiior was supplied by the General Electric Company.

The unit ho+ been operated at power levels up to and including 100X FP since the
completion c. startup testing. In general, the performance of the unit has been
satisfactory. Testing and operation of the nuclear steam supply system and the
turbine-generator revealed a few cordi:ions that were other than predicted and
none which adversely affected plant safety. The problems enccuntered were of a
nature that would be expected during the startup of a unit of this size. An
evaluation of the unit startup and Power Escalation Test Program results concluded
that the unit can be safely operatec at full rated power.

A chronological log of the unit startup, beginning with post fuel load filling
and venting of the Reactor Coolant System is given in Figure 1.2-1. A summary of
*he startup and power escalation test results addressed by the major secriomns of
L .18 repcrt is given below.

1.2.2 INITIAL FUEL LOADING

Initial Fuel Loading began on April 20, 1974 and was completed on April 25, 1974.
Loading of the core was accomplisted under semi-dry conditions with the reactor
vessel water level maintained six inches to three feet below the vessel flange.
One major delay occurred during the loading sequence when power was lost to the
main fuel handling bridge. Overall, Initial Fuel loading wae completed in less
than five days and was conducted in 2 safe and orderly manner.

1.2.3 POST FUI'. LOAD PRECRITICAL TEST PROGRAM

Following Initial Fuel Loading and prior to Initial Criticality, a Post Fuel Load
Pre-Critical Test Program was conducted from April 26, 1974 to June 4, 1974,

During this period, the Reactor Coolant Fump Flow and Flow Coastdown Tests, Control
Rod Drive Drop Time Test, Reactor Coclant System Leakage and Surveillance Procedure
Verification Test and Pressurizer Operational Test were conducted. In all cases,
the applicable Technical Specification requirements and test acceptance criteria
were met. A brief summary of each test follows:

(a) Reactor Coolant Pump Flow Test

Reactor coolant (RC) flow measurements were conducted at 532°F, 2155 pei with the
core installed and measured flow rates were within the range of maximum and ainimum
acceptable values fer all RC pump combinations tested. RC flow with & pumps

‘operating is 146.0x10% 1bm/hr or 111.2% of the design flow rate.

(b) Reactor roolant Pump Flow Coastdown Test

The reactor 8oolnn: flow coastdown characteristics were measured at system condi-
tions of 532°F, 2155 psi with the core installed and met flow decay criteria for

all RC pump combinations tested. RC flow decays to 66.5x10° lbm/hr in 10 sec when
all 4 RC pumps are tripped. > ] 4'\ 4 -

102-1



(¢) Control Rod Drive Drop Time Test

Control rod drop time measurements were conducted at 150°F and 532°F under flow
and no flow conditions with the core installed to emsure that the control rod
assembly trip insertion times from 1002 withdrawn to three-fourths insertion
will not exceed 1.40 seconds under reactor coolant no flow =onditions and 1.66
seconds with reactor coolant flow. All acceptance criteria limits were met.

(d) Pressurizer Operational Test

The pressurizer spra' flow was set to 190.5 gpm and t..e spray bypass flow was
set to 0.99 gpm. Boch settings were well within the a. teptance criteria limits
of 190.0 +19/-6 gpm and 1.0 +0.5/-0.25 gpm, respectively.

(e) Reactor Coolant System Leakage Test and Surveillance Procedure Verification

Reactor Coolant System hot leakage measurements were conducted during the hot
functional and post fuel load pre-critical test programs. Measured results verify
that the unidentified reactor coolant leakage does not exceed the Technical
Specification limit of 1.0 gpm and that the normal control instrumentation is
sensitive enough to perform leak rate measurements. The value of normal evapora-
tive losses, as used in Technical Specification 3.1.6.2, was established as 0.51

ml
1.2.4 CORE PERFORMANCE - MEASUREMENTS AT ZERO POWER

Core performance measurements were conducted during the Zero Power Test Program
which s2gia on June 5, 1974 and ended on June 10, 1974. This section presents a
summary of the zero power measurements. In all cases, the applicabtle test and
Technicul Specifications limits were met.

(a) Initial Criticalicy

Initi.. . riticality was achieved om June 5, 1574 at reactor conditions of 532°F
and 2155 psig. Control rod groups 1 through 6 and 8 were withdruwn to 100% and
group 7 was positiomed at 75% withdrawm. Criticality was achieved by deborating
the reactor coolant from 2086 ppm to 1545 Ppm at an average dehoration rate of
73 ppu per hour. Initial criticality was acnieved in an orderly manner and good
agreement was found between the measured and predicted critical boron concentra-
tions of 1609 ppm and 1625 ppm, respectively.

(b) Nuclear Instrumentation Overlap

At least two decades overlap was measured between the source and intermediate
ranges and the linearity and absolute output of the intermediate and source range
detectors were within specifications.

(¢) Reactivity Calculations

An on-line functional check of the reactimeter(l)vas performed after initial
criticality. Reactivity calculated by the reactimeter was within +22 of the core
reactivity decermined from doublirg time measurements.

(1) A discussion of the reactimeter is given in section 4.3, 4 X
1414 O
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(d) All Rods Out Critical Boron Concentration

The measured all rods out critical boron concentration of 1617 ppm was in excellent
agreement with the predicted value of 1634 ppm.

(e) Temperacture Coefficient Measurements

The measured temperature coefficients of reactivity at 532°F, zero power were
well within the acceptance criteria limit of +0.4x107%Ak/k/OF over the range of
boron concentrations that the measurements were made.

(f) Soluble Poison Worth

The measured results for the soluble poison differential worth at 532°F were
within 1.25% of the predicted values.

(8) Control Rod Group Worth Measurements

The measured results for the differential and integral conirol rod group reactivity
worths conducted at zero power, 532°F using the boron/rod swap and rod drop
techniques were in good agreement with predicted worths. Tie maximum deviation
between measured and predicted worths was 8.33%.

(h) Ejected Control Rod Worth

Two methods were used to measure the pseudo ejected control rod worth at zero power,
532°F. The results from the boron-swap and rod drop techniques were in good agree-
ment. The best estimate for the measured result was 0.688%ak/k from the boron
swap method and the Technical Specification limit of 1.0%Ak/k was not exceeded.

(1) Shutdown Margin

Minimum shutdown margin verification and stuck contrcl rod worth measurements were
completed at the zero power, 532°F condition. The measured value of the most
reactive control rod stuck out of the core with all other control rods inserted
was 3.84%T4k/k. The shutdown margin available under this condition was at least
1.8% 4k/k, which ensures that the Technical Specification limit is satisfied.

1.2.5 CORE PERFORMANCE - MEASUREMENTS AT POWER

This section presents a summary of the phys‘c. measurements that were conducted
with the reactor at power. Testing was cond cted at the four major power plateaus
of 15%, 40Z, 76X and 1002 of 2535 megawatts thermal core power, as determined from
primary and secondary calorimetric measurements. Operation in the power range
began on June 15, 1974.

Periodic measurements and calibrations were performed on the plant nuclear instru-
mentation during the escalation to full power. The four power range detector
channels were calibrated based upon primary and secondary plant heat balance mea-
surements. Testing of the incore nuclear instrumentation was performed to ensure
that all detectors were functioning properly and that the detector outputs were
processed correctly by the plant computer. Core axial imbalance determined from
the incore instrumentation system was used to calibrate the out of core detector
imbalance indication. Radiation surveys of the biological shield and reactor and
auxiliary buildings were conducted to obtain base line data on accessible work
areas while the reactor is operating at power.

1.2-3 1414 11



The major physics measurements performed during power escalation consisted of
determining the moderator and power Doppler coefficients of reactivitv, determining
the worth axd associated power distributions effected by simulated dropped and
ejected courrol rods, and obtaining detailed radial and axial core power distribu-
tion measurements for several core axial imbalances. Values of minimum DNBR and
maximum linear heat rate were monitored throughout the test program to ensure that
core thermal limits would not be exceeded.

(a) Biological Shield Survey

Radiation levels in all access’ble locations of the plant adjacent to tne biological
shield were measured. The max ‘mum radiation levels found in all accessible areas
were bazlow 100 mRem/hr. and the biolngical shield meers all design criteria.

(b) Nuclear Instrumentation Calibration at Power

The power range channels were calibrated as required during the startup program to
indicate within two percent of the total core power as determined by a primary or
secondary plant heat balance. These calibrations were required due to power level,
boron and/or control rod configuration changes during testing. The acceptance
criteria were met in all instances.

(¢) Incore Detector Testing

Tests conducted on the incore detector system demonstrated that all detectors were
functioning as expected, that symmetrical detector readings agreed within acceotable
limits and that the plant computer applied the correct background, length and deple-
tion correction factors.

(d) Power Imbalance Detector Correlation

The results of the Axial Power Shaping Rod (APSR) scans performed at 40% and 76% FP
show that an acceptable incore versus out-of-core offset relationship is obtained
by using a gain.facter eof 4.033 in the power range scaled difference amplifiers.
The measured values ef mimimum DNBR and maximum linear heat rate for various axial
core imbalances indicate that the Reactor Protection Trip Setpoints provide ade-
quate protection to the core. Imbalance calculations using the backup recorder
provided areliabtle altermate to computer calculzted values.

(e) Rod Reactivity Worth Measurements

Differential control rod reactivity worth measurements were performed in comjunction
with the reactivity coefficients and pseudo ejected rod tests. The measured rod
worths agreed with the design values well within the acceptance criteria limits of
+20%.

(f) Reactivity Coefficients at Power

The measured results at 40%, 761 and 1007 FP indicate that the moderator coefficient
of reactivity will be negative during operation above 95% FP. The power doppler
coefficient measurements indicate that the least negative value is -0.00710%Ak/k/% FP
at full power conditions.



(g) Dropped Control Rod Test

The dropped control rod test performed at 402 and 764 FP met all required accep-
tance criteric and the following conclusions were drawn as a result of the
measurements :

(1) The -cre power distributions and thermal conditions that developed from a
control rod dropped into the core during operation at power showed adequate
margins to minimum DNBR a° ‘zum linear heat rate limits. The measured
worth of the dropped rod was 0.09424k/k.

(2) Quadrant power tilt calculatioaus using the backup recorder were accurate in
comparison with the computer calculated values.

(3) The rod drive control system properly responded to an asymmetric rod condition.

(h) Pseudo Ejected Comtrol Rod Test

The mensured worth of the pseudo ejected control rod ! * the rod swap technique was
0.278%Ak/k, which is well below the Technical Specification limit of 0.65%Ak/k.

The measured values of maximum linear heat rate and minimum DNBR were 13.12 kw/ft

and 4.85, respectively, with the ejected rod at 1002 withdrawn. The maximum mea-
sured radial power peak was 2.38 in the fuel assembly containing the ejected rod. Sub-
stantial margins were observed to core thermal limits in a pseudo ejected rod accident.

(1) Core Power Distributions

Core power distribution measurements were conducted at 15%, 40%, 762 and 100%
full power under steady state equilibrium xenon conditions for sypecified cont§i§
rod configurations. Comparison of the measured distributions with the PDQ-07
results shows good agreement. TFor the three cases studied at 40%, 76% and 100%
full power, the three largest measured and calculated radial peaks were chosen.
In each case, the measured values were within 8% of the calculated results.

The vesults of the minimum DNBR and maximum LHR analyses are given in Table 5.9-6.
The margins to the minimum DNBR limit of 1.55 and tte maximum LHR value of 17.1
kw/ft were 1097 and 42X, vespectively, after extrapolatiom to 112% FP. All quadrant
power tilts and axial core imbalances measured during the power distribution tests
were within the Technical Specification and normal operational limits.

() Nuclear Steam Supply System Heat Balance

Good agreement was found between hand and computer calculated heat balances during
power escalation. Preliminary calculations of tota. reactor coolant flow based
upon heat balance results indicate a flow rate of 108.6% of design at 100% FP.

(k) Reactivity Depletion Versus Burnup

The measured critical boron concentration at 22.0 EFPD and 100% FP conditions was
within 30 ppm of the predicted result and well within the acceptance criteria limit
of 86 ppm.

(1) PDQ-07 is the analytical model used by Babcock and Wilcox for core design
studies.
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(1) Neutron Noise Measurements

Neutron noise data was recorded on the T™I Unit I Core during the startup test
program to serve as baseline data for future periodic measurements. Initial
analysis of the data indicates no major differences from the expected neutron
noise signatures.

1.2.6 NUCLEAR STEAM SYSTEM PERFORMANCE

A summary of the testing performed during power operation to monitor the performance
of the nuclear steam system is presented below. The test results presented include
reactor coolant system steady state and transient operation, reactor coolunt pump
performance, radiocactive waste management and primary and secondary system water
chemistry.

(a) Reactor Coolant System Performance

Steady state operation of the reactor coolant system and the steam generators was
monirored at various power levels during the escalation to 100% FP. The average
values for reactor coolant inlet, outlet and average temperature; steam generator
pressure, temperature and level; and feedwater flow and temperature followed the
expected response with power. The response of the reactor coolant system to major
unit transients has been satisfactory. Onme area that is under study is the

low pressurizer level reached during a reactor trip. The reactor coolant pumps
have performed well and produce flows in excess of their design values. Reactor
coolant system leakage was maintained within the limits specified i-. the Technical
Specifications.

(b) Auxiliary System Performance

Radiocactive wastes generated during power operation consist of liquid, gaseous and
solid wastes. The wastes generated during the startup program were adequately
processed, stored and/or disposed using plant and off-site facilities in accordance
with the plant Technical Specifications. Primary and secondary system water
chemistry have been maintained within the limits allowable for operation at power.
Radiochemistry analyisis of reactor coolant activity indicated that no fission
product releases occurred during the startu, “est program.

1.2.7 BALANCE OF PLANT TESTING

This section presents a summary of the results of balance of plant testing, adjust-
ments and operation at power. Balance of plant systems consist mainly of the
turbine generator, main steam, turbine bypass, atmospheric dump, condensate, feed-
water, moisture sepirator, steam extraction and feedwater heating, heater drainm,
emergency feedwater, and cooling water systems. The cooling water systems consist
of the circulating water, natural draft cnoling tower, intermediate cooling water,
nuclear service closed cooling water, nuclear service river water, secondary service
closed cooling water, secondarv service river water and mechanical draft cooling
tower systems.

A summary of the testing performed on the above systems is given below and includes
the test results of the Turbine Gemerator Operational Test, the Turbine Bypass

System Test and Main Stean Safety Valve Operation, Feedwater Svstem Operation and
Testing, Emergency Feed System Operation and Testing and Power Escalation Checkpoints.
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(a) Turbine Generator Operationmal Testing

Turbine generator (TG) performance was ver; satisfactory throughout the startup
test program. Approximately 7 days of testing time were lost due to unscheduled
turbine trips and turbine related problems. Water ingestion into the turbine
through the 4B Leater extraction line due to the isolation valve failure to clcse
on high shell-side level caused by ruptured tubes was the only unanticipated
startup problem which could have led to major damage and delays; however, subse-
quent turbine operation indicates that the turbine suffered no damage. 3 bearing
vibration is approximately 0.5 mils higher than acceptable for long term operation;
balancing operations will be performed at the first convenient outage. TG output
at 2535 MWt is 861 MiWe, when conservatively corrected to design vacuum conditions
and compares well with a guaranteed vlaue of 837 MWe. Steam conditions are

10,621 900 #/hr at 592°F compared with design of 11,158,286 #/hr at 559°F. Due to
the increased amount of superheat over design, the turbine operates at less than
"valves wide open" conditions. Gross heat rate is 9993 Btu/KWhr compared with
design of 10,002 Btu/Kwhr.

(b) Turbine Bypass System and Main Steam Safety Valve Operation

Acceptable response of the turbine bypass valves in maintaining turbine header
pressure setpoint and respouse to small changes in setpoint at reactor powers 2152
was attained after the differemce between steam generator pressures was included
in the control system and a wiring reversal error was corrected. Peak to peak
oscillations are +6 psi.

The turbine bypass valves, along with the main steam safety valves, function
adequately to limit main steam pressure during turbine trips to <1100 psia. The
longest valve opening tim: was 2.1 seconds; peak steam pressure following the 100%
generator/turbine trip was 1082 psia.

Operation of the atmospheric dump valves was not required to limit main steam
pressure to <1100 psia during the loss of offsite power test.

Final settings of the main steam safety valves appear adequate for cortinued plant
operation; however, safety valve operation is one of several areas under study in
an attempt to optimize plant respomse tc major transients.

(¢) Feedwater System Operation and Testing

The condensate, feedwater, moisture separator, heater drain, feedwater heating,
and steam extraction systems function acceptably to support steady state and
transient operation at 100X power. Oscillations and transient response associated
with these systems are acceptable; however, investigations are continuing in
several areas in an effort to further optimize plant response. These areas are:
(1) Heater drain pump discharge valve control.

(2) Heater drain pump recirculation valve control.

(3) Ability of the feedwater pumps to supply feedwater to the steam generators
when turbine header pressure increases rapidly.

(4) Ability £ the feedwater control valves to respond to changes in valve differ-
ential pressure.
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(d) Emergency Feedwater System Operation a d Testing

With the amount of decay heat present durin_ performance of the loss of offsite
power test, the turbine driven emergency feedwater pump provided more than adequate
flow to control RCS temperature and pressure. The EFW valves had to be throttled
to keep from exceeding RCS cooldown limits s steam generator levels began in-
creasing to 951 on their operating range level indication. A setpoint of 50%
instead of 957 will be used to adequately remove decay heat without exceeding
cooldown rate limitatioms.

(e) Power Escalation Checkpoints

The secondary service closed cooling water adequately cooled its heat loads; SSCOW
heat exchanger discharge temperatures were well below their design limit of 95°F at
1002 power.

The mechanical draft cooling toser effluent temperature and differential temperature
betweer influent and effluent nad to be controlled manually because the automatic
controller was inoperative. Acceptabi~ operation could be obtained with continuous
surveillance; however, until operators gained familiarity with tower operationm,
differential temperature limits were violated several times. Final testing of the
cooling towers will be conducted at a later date.

The natural draft cooling towers ~ere performance tested under Summer conditions.
Capacity was determined as 104.1% of design. April and December performance tests
will be conducted at a later date.

Powdex e: lue t chemistry analysis demonstrates acceptable capability to clean mp
the condensate system during 1002 power operatiom.

1.2.8 UNIT PERFORMANCE

A summary is presented in this secticn of the tests performed during and after
escalation to 1001 FP which weasure the overall performance of the unit under
normal operating, transient and emergency conditions. A summary of unit response
to planned and unplanned major losd changes is presented in the section on Unit
Transient Response. The Loss of Offsite Fower and Shutdown From Outside the Control
Room tests demonstrated the ability to safely control the unit under emergency
conditions. The Unit Acceptance Test verified that the nuclear steam supply system
can operate in accordance with the warranted design specifications. In all in-
stances, rafe operation of the unit was demonstrated and the applicable Technical
Specifications requirements were met.

(a) J/nit Transient Response

Transient testing of the unit was conducted at specified ramp rates in t'ie tuibine
following, reactor/steam gene:rator following and fully integrated modes of control

at 40%, 76X and 100% of full power. The Integrated Control System (ICS) successfully
maneuvered the plant in all three modes of control during the 407 and 76% FP tests.
In the 100%-50%-100% transient, the 10Z/min design ramp rate was accomplished within
acceptable limits in the fully integrated ICS mode. The transient was completed at
8%/min in the turbine following mode and at 6Z/min on the decrease and 4%I/min on the
iucrease I the steam generator/reactor following mode. The ability of the ICS to
control the plant during a loss of reactor coolant pump, a loss of a main feedwater
pump and a dropped control rod transient was satisfactory.

1414 D21
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The reactor was successfully rumback to 15% FP during the turbine trips from

76% FP. The reactor tripped on high RC pressure after a full load rejection
at 100% FP.

(b) Loss of Offsite Power

The station emergency blackout procedure was verified for use during a blackout
and all required automatic action occurred as expected. RCS temperature and
pressure remained well within their respective limits and no increase in fission
product activity occurred as a result of this test.

(:) Shutdovm From Ou.side The Control Room

The reactor plant can be maintained in a hot shutdown condition from locations
outside of the main control room by a normal shift compliment. The alternate
control center contains sufficient instrumentation and communications to permit
satisfactory monitoring and direction of shutdown operatiomns.

(d) Unit Acceptance Test
The Three Mile Island Unit I nuclear steam supply system produces 2552.615 MWt
gTross energy output compared with the warranty value of 2449 MWt. Main steam

temperatureis 591.6°F compared with the warranty of 569°F. These results indicate
& substantial margin of NSS performance above warranty specifications.
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7/1% = GE 24 hr. restrictioe te Roll 8/13-Rx. at S0Z-trs~sient "esting in
TG/Tube leak repair in 4th stage progress.
hetr. in prog./MEC compl. S/U’s 8/13-Rx. at 95%/TP B00/34~TGC trip-Rx
(Training) . tr.oped oo hi RC press/slant cooldown/

7/16 = Comm. TC Roll #0530/Rx. to 762 Pla:. at hot 8/D.
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compl. 302 TC T.ip #1100/ERC plot S/D/RC press 480 peig/temp.145°F.
ik. repaired - rveturned to 763. | 8/19-Sec. plat. wer. ches. cleanup in
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zenor . 8/20-Plant S/U delayed by seal inj. filter
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7/20 = TC trip 01030 during TC over- 8/23-Res. temp. to 5317F/Presa. to 2155pein
speed trip test - TG controls Rx. crit 80850-imer. pwr. to 13%.
salfunction/recovered #1130 - 8/24~Rx. to 80X per.

Rx. to 80% - TG on line/set M.S5. | 8/25«Rx. to 902 pwr.
Reliefs (RV-1 thru 6). B/26-Rx. 21001 pwr. @0345/commenced U.A.1.

7/21 - Rx. @761-/Plant S/D @2300 for #1000, compl. #1700/Rx. shutdown to
MEC AZC exads aad S/U's. repair wisc. leaks/depr. te 1600psigx,

7/22 - Rx 91075 amps (IR) - Coll. data temp. to 400°F7.
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oil under RC-PIC & 1D/working 8/28-1030-coms. Rx. S/U/Rx. crit. #1047/
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problems - "A" cond. drm. viv. 8/29-0106~10cr. pwr. to 40
vas lef: open during maint,/tri 0920-Rx. to $02-500 W
ed turbine due to GE testing f 1200-incr. to 702 pwr.

1800 RPM/excessive vid. on f11 8/30-7310 T. trip ouv 11 bear. wib /1312 Bx.
bearing (7.5 mils) = Turd. off «rip oo press/tews.

line for repair/Rx to 70T pwr. 8/31-0)35~comm. Rx. S/U

#2130 -~ compl. S-hr. sosk period. 0720«Rx. X2

7/26 - Rx. to 762 #0300 TC on line ~ 1840-5yn. =n. turd. to 1800 RPM &
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7/27 = Rx @762 ~ TG orn line/cowpl. rod $/1-0013-Rx. 9702
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40-50% for repair CO-P2C. NOTES :

7/29 - Rx. at 462 - Waiting CO-PIC !
repair/incr. to 761-6th stage 1 = START POST FURL SCEED. 78 DAYS
ED tk. viv. cont. vive. caused LOAD PRE-CRITICAL ACTUAL 120 DAYE |
ICS oscillations - rumback TESTING THRU COMM- _— |
occurred - Ret. to 762. ERCIAL OPERATION. !

7/30 = Rx. at 763 - Attained renon |
Equilib. & "0" imbalance; aise 2 - INIT. CRIT. TO SCHED. 49 DAYS
NI adjust./started pur. imbal. 1002 POWER OPER.  ACTUAL 59 DATS

7/31 - Rx. at 551 due to asymetric rod
runback (8-8) - dlown fuse/ret. 3 = START 1002 POWER SCHED. 19 DATYS
te 7621 - computer failure/"A" TESTING THRU COMM- ACTUAL 29 DAYS
condenser side rube leak - chem- ERCIAL OPERATION. (9 OF THESE 29

| istry problems . srced pwr.reduct. WERE ATTRIBUTED

{ to 50%. TO THE TURE.

! 8/1 - Rx. at 50T - leaks in "A" Cond. PLANT SCREEN

! Repaired (loss g2¢ Hrs.) OUTAGE) . |

8/2 - Rx. to 80X - Estab. zenon equilibl

8/3 - Rx. to B5 - comwl. req'd testingy
Rx. to 951 « compl. req'd testingy
Rx. &t 1002 92010/Rx. trip 92113
due to flux/imbal./ilow on CH. A.

Q. C @ 21032 pwr. crip should
have been 1067 by BeW revised
flow summer cal.

8/4 - Rx. cric. at 0700/Rx. tc 802
1600 - Await. zenoe equilib./

Reduced to 25T (2 hrs) ro change
o1l in CO=P2C (w2r. im ofl) /Rx.
to 80T - hold for zemon equilib.
8/5«Rx. Pwr. to 1002

8/6=Reduced pwr. to £75%-01] leak 2t 3 M.
pump resulted (o sm. fire/returned to
1002 pwr.

8/7-Decr. Rx. to 90%-change powdex usl./re-

turned to 1002-Rx. rumback to 552 due tol
loss of Gr.3 out limic light om pal. ret)
|}

to 802 pwr.
8/8-Rx. at 98. 72
8/9-Rx. at 1002 pwr.-for TP 800/% & 20.
£/10-Rx. at 702-at 43T pwr.-reduced to 252
returned to 403,
8/1i-Rx. at 983-reduced to 80%-imcr. to 31,51

i |

| FIGURE 1.2-1

(Cont'd)



2.0 INITIAL FUEL LOADING

Fuel loading was initiated with the insertion of fuel assembly 1C10 into core
location 14-N on April 20, 1974 and was completed with the insertior of fuel
assembly 1C40 into core location 15-F on April 25, 1974. Figure 2.0-1 presents
a detailed map of the final core configuration, listing each fuel, burnmable
poison, control rod and orifice rod assembly location. Table 2.0-1 provides a
detailed sequence of events for ir tial fuel loading of TMI Unit I.

Neutron countrate was monitored during the core assembly on four seperate
detector channels, with a minimum of two (2) channels operating whenever core
geometry was changed. In addition to the permanently installed source range
channels, NI 1 and 2, two (2) temporary incore BFy proportional counters were
used. Independent plots of inverse neutrom countraie versus the number of fuel
assemblies loaded were maintained from the outputs of these detectors to ensure
that the core remained subecritical at all times.

Initial fuel loading at T™MI Unit I was a semi-dry operation with the reactor
vessel water level maintained six inches to three feet below the vessel flange.
The semi-dry loading improved visibility of the fuel assemblies during manipu-
lation and provided accessability to the vessel flange area when repositioning
the incore detectors. Radiation levels were not overly restrictive due to the
lower water levels in the fuel transfer and spent fuel pool canals. The maximum
radiation level measured was 25mr/hr (8~Y) at the fuel handling bridge during
transfer of the fuel assemblies with the sources.

Several minor problems and delays were encountered during fuel loading. A
descriptios™ef the problems and their resolution is given below:

(a) Hydraulic pressure on the west transfer carriage upender was lost several
times due zo a loose coupling between the hydraulic pump and the motor.
The coupling was retightened periodically to permit use of the upender.

(b) On the initial attempt to load fuel assembly 1BOl, interference occurred with
an adjacent assembly. The fuel handling bridge was re-indexed and 1BOl was
inserted with no further problem.

(¢) During insertion of fuel assembly 1Bl6, the tube down light on the main fuel
handling bridge failed to actuate at 2100 lbm and the low-load cut-out was
obtained at 600 lbm. Seating of the assembly was verified visually and the
2100 lbm low-load interlock was bypassed to ungrapple the assembly at the 600
lbm cut-out. The interlock was readjusted and no subsequent problems were
encountered.

(d) While inserting fuel assembly 1C24, the 2100 lbm low load cut-out was obtained
with the assembly three inches from the down position. The fuel handling
bridge was reindexed and the fuel assembly was then inserted smoothly.

(e) Fuel assemblies 1B18 and 1B02 would not seat properly on the imitial attempts

to insert them. After the assemblies were re-grappled, both were loaded wi*h-
out any further problem.

2.0-1



(£) The major delay during the fuel load sequence occurred when power was
lost to the main fuel handling bridge. The power loss resulted from
storting two leads in the main power cable which became frayed due tc

insufficient support as the cable moved with the bridge. The total
delay was 12 hours.

In spite of the minor delays, initial fuel loading at TMI Unit I went smoothly
and was conducted in a safe manner. Figure 2.0-2 depicts number of fuel
assemblies loaded versus time.

2.0-2



STE

NO.

-

FUEL, ASSEMBLY LOADING SEQUENCE

CRA - Control Rod Assembly

ORA = Orifice Rod Assembly

BPRA - Burnable Poison Rod Assembly
APSRA - Axial Power Shaping Rod Assembly

DET( )= Auxiliary Neutron Detector

Support
Support
Fuel

Fuel

Fuel
Fuel
Fuel

Fuel
Puel
Fuel
Fuel

Fuel

Fuel

Fuel

___ ASSEMBLY
L PR .7
DET A
DET B
1C10 ORA 026
(Neutron Source)
1c22 ORA 005
(Neutron Source)
1C37
1c28 BPRA 828
1026 BPRA B26
1C53
1AL CRA Cl0
1A02 CRA co%
iB55 BPRA B68
iB27 BPRA BTl
1B57 BPRA BSS
1A49 APSRA AD3
1A1T7 CRA c29
1823 BPRA BS6
1824 BPRA B2l
1826 BPRA BSL
ZA01 CRA cL3
1A30 CRA cL2
1806 BPRA BOL
1B5% BPFRA 303
151+ BPRA 346

TARLE 2.0-1

1K

13-0
13-F
12-0

1h-M

13-M
12-M
13-L

11-N

10-L
~i=-K
20=K

il-E

CORE LOCATION

ACTION
Insert
Insert

Insert
Insert

Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Ingert
Insert

-
~nsery



JNo.  TTyEE ID# ___ FEATURE  IDF CORE LOCATION  ACTION
2k Fuel 1A21 APSRA ADL 10-N Insert
25 Fuel 1436 CRA cll 9-M Insert
26 Fuel 1338 BPRA B22 9-N Insert
27 Fuel 1B08 BPRA B23 E-M Insert
28-1 Support DET B 10-P Remove
28-2 Support DET B T-M Insert
29 Fuel 1A04 CRA cl1 11-0 Insert
30 Fuel 1823 BPA B27 10=0 Insert
k8 Fuel ical VRA 018 12-F Insert
3 Fuel 1ck2 11-P Insert
33 Fuel 1ALE CRA CSé G-k Insert
3k Fuel 1A29 CRA cST 8-1 Inser:
35 Fuel 1ALS CRA CS5 10-E Insert
36 Fuel 1311 BPRA BO? 8-K Insert
37 Fuel 1801 BPRA BOS 9-E Insert
38 Fuel 1835 CRA cé1 8-H Insert
35 Mael 18320 BPRA BO7 T=L Insert
40 Fuel 1860 BPFRA B18 10-G Insert
L1 Fuel 1A26 CRA cs8 T-K Insert
Lz Fuel 1406 CRA C5& 9-C Insert
L3 Fuel 1BSL BPRA BOS T-E Insert
L4 Fuel 1812 BPRA BOS 8-G Insert
L5 Fuel 1410 CRA c60 7-G Insert
ué Fuel 1BS2 EFRA 210 6-K Insert
L7 Fuel 1B19 BPFRA 316 S=F Insert
L8 Fuel 1456 CRA css 6-E Insers
49 Fuel 1A27 CRA CS3 8.7 Iaser

TABLE 2.0-1 (con%'3)




ASSEMBLY

TYPE ID ¥ FEATURE _ ID # CORE LOCATION  ACTION
Support DET A 14=E Remove
Support DET A S-E Insert
Fuel 1861 BPRA B13 6=-G Inser:
Fuel 1BL5 BPRA Bll T-F Insert
Fuel 1ALL CRA cs1 6-F Insert
Fuel 1BL9 BPRA B37 5=E Insert
Fuel 1B04 BPRA EX 3-E Insert
Fuel 1A36 CRA 50 3=G Insert
Fuel 1AS1 CRA cS2 T-E Insert
Fuel 1828 BPRA B63 5-F Insert
Fuel 1803 BPRA Bél 6-E Insert
Fuel 1ASL CRA €35 5-E Insert
Fuel 1850 BFGA B4l L-G Insert
Fuel 1B40 BPRA B29 T-D Insert
Fuel 1ALl APSRA A07 L-F Insert
Fuel 1A22 APSERA A08 6-D Insert
Fuel 1337 BPRA B6L LeE Insert
Fuel 1807 BPRA B€2 5«2 Insers
Fuel 1A35 CRA ca2 “=D Insert
Fuel 1831 BPRa BL3 3-F Insert
Fuel 1BL3 BPRA B33 6-C Insert
Fuel 1AL3 CRA cal 3-E Insert
Fuel 1033 BFRA BLL 3-D Insers
Fuel 1C36 2-F Insers
Puel 1ak2 CRA ca3 S=C Insers
Fuel 1c31 BPRA B40O ‘= Insert
Fuel 1CL6 3=C Insers
Fuel 0kl ORA 038 <=3 Inser=

TABLE 2.0-1 (cont'd)
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81
82
83
84
85
86
87
88
89
90

92
93
ok
95
56
S7-1
57-2
98
5%
100
101
102

ASSEMBLY
s S + I s, SN i
Puel 1c23
Fuel 1407 CRA CLT
el 1428 CRA cL8
Puel 1809 BPRA 8B5S
Fuel 1419 CRA cL9
Fuel 1813 BPRA B36
Fuel 1409 APSRA A06
Fuel 1A37 CRA C3k
Fuel 1B53 BPRA BS2
Fuel 1ALT CRA €33
Fuel 1825 BPRA BL2
Fuel 1c01 CRA c20
Fuel 1B16 BPRA Blk
Fuel 1C54 CRA Cl9
Fuel 1814 BPRA B15
Fuel 1C50 CRA c18
Fuel 1C48
Fuel i1C17
Fuel 1C29
Fuel 1016
Support DET B
Suppert DET B
Fuel 1C56 CRA clz
Fuel cak
Fuel 1ALL CRA €30
Fuel 1847 3PRA 302
Fuel 1cs8

TABLE 2.0-1 (ecnt'd)

5-B

UK
bk
bel
3G
3-E
3-K
31
2-F
2=GC
2-H

=¥

1-E
=K
T=M

1-L

CORE IOCATION

Y ¢
J J L

ACTION

Insert
Ingert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Inser:
Insert
Insert
Inser:
Insert
Insert
Insert
Insert
Insert
Remove
Insert
Insert
Insers
Insert
Insert
Insert

5



STEP ASSEMBLY
¥

Xo. TYPE D FEATURE po 2L CORE LOCATION  ACTIO
103 Fuel 1A52 CRA cus 8-N Insert
104 Fuel 18L1 BPRA BaL £-0 Insert
105 Fuel 2403 CRA Ci3 8-P Insert
106 Fuel L5 8-R Insert
107 Fuel 1ALS CRA cué T=M Insert
108 Fuel 1851 BPRA B32 T=N Insert
109 Fuel 1A38 CRA (o 3 § T=0 Inser:
110 Fuel 1818 BPRA BOS T=P Insert
i Fuel 1C06 7-R Insert
112 Fuel 1802 BPRA 357 6=M Insert
113 Fuel 1A12 APSRA A0S 6=N Insert
11k Fuel 1336 BPRA B38 6-C Insert
115 Fuel 1060 CRA ciL 6-P Insert
116 Fuel 1C20 6-R Insert
117 Fuel 1A55 CRA €32 S=M Insert
118 Fuel 1822 BPRA BS8 S5-N Insert
119 Fuel 1A32 CRA €15 5=0 Insert
120 Fuel 125 5=P Insert
121 Fuel 1805 BFRA 360 LM Insert
122 Fuel 1A18 CRA €16 L=l Insert
23 Fuel 1CLT BPRA B3 40 Insert
12k Fuel 1A25 CRA c17 =M Insert
125 Fuel 103k BRRA B35S 3-N Insert
126 Fuel iC35 3-0 Insert
127 Fuel iC52 2-M Insert
128 Fuel 1051 2-N Inser:
129 Fuel 1A43 CRA ¥ 10-F Insert
130 Fuel 1ALS CRA cLo 1l-C Insert

1414 035



STEP
NO.

131
132
133
13k
135
136
137
138

suel
Fuel
Fuel
Fuel
Fuel
Mel

Muel

ASSEMBLY
1B10 BEPRA
1A23 CRA
B2l BPRA
1450 APSRA
1A31 CRA
1BLL BPFRA
1A0% CRA
-k ¢ BPRA
iC57 CRA
1834 BFRA
1C13 CRA
1815 BPRA
1Cos CRA
1C15
1659
1839
1c08
DET A
DET A
icos CRA
1018
1420 CRA
1856 BPRA
1C07
1A24 CRA
1842 BFRA
1C02 CRA
iC30

B20
co7
Bl19
Co6

cau

c36
Bl2

TASLE 2.0-1 (cont'd)

CORE LOCATION

.-
-~

12-H

13-F
1k-L
1s=K
1L-E
1L-G
17
15-L
15-K
15-H

15-G

15-F

1414 154

A

ACTION

Insert
Insert
Insers
Insert
Insert
Insert
Insert
Inser:
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Remove
Insert
Insert
Inser:
Insert
Inser:
Insert
Insert
Insers
Insers

Insers



180-1
180-2
181

182-1

182-2

IBE 7 __Toaue
Fuel 1A53 CRA
Puel 1832 BPRA
Fuel 1A40 CRA
Fuel 1BL6 EPRA
Fuel 1C1k

Fuel 1BL8 BPRA
Fuel 1A33 APSRA
Fuel 1B2% BPFRA
Fuel 1012 CRA
Fuel icks

Fuel 1A16 CRA
Fuel 1858 BPRA
Fuel 1A08 CRA
Fuel 1C19

Fuel 1B39 BFR”.
Fuel 1A3L CRA
Fuel 1C27 BPRA
Fuel 1403 TRA
Fuel 1032 BFRA
Fuel “Chk

Fuel 1C55

Fuel 1038

Fuel 1c20 CRA
Fuel 110 ORA
Fuel 1Cll

Fuel 1Ce22 ORA
Fuel 1C22 ORA

ASSEMBLY

A0l
BLS
co2

caé
B66

co3

B67
Co4
BLE
Co5
BS1

026
026

005

005

TABLE 2.0-1 (sopt'd)

CORE LOCATION

-

S-E
S-D
G=C

9-B

12-E

12-D

13-E
13-D
13-C
1L-E

1k-N

Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Insert
Inse.t
Insert
Insert
Insert
Insert
Insert
Insert
Remove
Insert
Ingert
Remeve

Inser:

ACTION



STEP ASSEMBLY

_No. e S ¢ I AN , \ i 1D ¢ ORE LOCATION  ACTION
183 Fuel 1CcL3 2-D Insert
18 Support DET B 1-L Remove
185 Fuel 1c09 1-L Insore
186 Support DET A 15-¥ Remo e
187 Fuel 1C40 15-F Inser:

1414 036
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FINAL FUEL LOADING DISTRIBUTION FOR CORE 1, CYCLE 1

X
1C18 1207 | 1C30|1C14 |1c48
FUEL TRANSFER N\
1C41 | 1C23/1C04 [1B56 | 1C02|1B46 [1C12 | 1C19] 1C22 | CANAL
038 C24| B12 | CO1{ B17! cO2 66;
1C46 |1C31 | 1A42]1B43|1A20 | 1B42|1A40 |1829 | 1A08| 1C27 |1C44
B4O | C23| B32| C36 | B31| c25| B4S | CO3| B4S
| 1C43]1C33 [1A35 | 1B07|1A22 [1B40 | 1A24|1B32 |1433 | 1B58| 1A34 [1C32 1C38j
B44| C22 | B62| AO8| B29 | €37! B39 | AO1 | B66| CO4| BS51
1C36|1A13 11837 | 1A54| 1B03{1A51 | 1804|1453 |1B48 | 1A16| 1839 [1403 | 1C55
' C21| B64 | C35| B61| C52 | B30| C38| BS3| C26{ B67| COS
—(1C49 | 1CO1{1B31 [1A11 | 1B28| 1A44 |1B45 | 1A27|1B19 |1A43 | 1B10| 1AS0 [1B30 | 1€05 |1C40
C20) B43| AO7| B63| CS1| B11 | ¢53| B16| C39 | B6S| A02| BSO | CO6
1C17| 1B16|1A37|1B50 | 1A39 1B61|1A10 | 1B12]|1A06 [1B60 | 1A48| 1821 |1A0S5 | 1B15|1C08
b Bl4| C34| B41| 50| B13| c60 | BOS| c54) B18| c40| B47| c27 | B19
—|1C29 | 1C54|1B53|1A19 | 1B49| 1456 |1B54 | 1835|1801 |1A15 | 1B17| 1A23 |1844 | 1C13]1C39
C19| B52| c49| B37| c59| Bo8 | c61| BOS| C55 B46| C41| B4S co?7
——|1C16| 1B14{1A47(1B13 | 1A28| 1B52(1A26 | 1B11| 1A46 [1B06 | 1430| 1824 |1431 | 1834 |1C59
[ C33] B36 | C48 L10| CS8 | BOl C36| BO4 | c42| B21| C28 | B20
—|1C09 | 1C50|1B25|1A09 | 1B09| 1A07|1B20 | 1A29) 1859 (1401 | 1B23| 1A49 |{1B27 | 1C57 (1C15
C18] B42| AO6| B59| C47| BO7 | c57| BO3| c43| 356] A03| B71| co8
---L- 1C52| 1A25|1B05 | 1AS55( 1B02|1A45 | 1808| 1436|1826 | 1A17| 1B55]1402 | 1¢53
C17| B6O! C321 BS7| C46 | B23| c44| BS54 | C29 B6§ c09
1C51|1C34|1A18 | 1B22] 1121851 | 1AS2| 1B38 |1AZ21 | 1B5/| 1ALG [1C28 | ICIT]
. B35| Cl16 BSSL AO5| B32 | C45| B22| AO4| BSS| C10| B28
1C35|1C47 | 1A32% 1B36|1A38 | 1B41| 1A41|1B33 | 1A04| 1C26 {1C37 [
B34| C15 B38| C31| B24{ c30| 327| c11]| B26
1C10| 1C25! 1C60|1B18 | 1C03| 1B47,1C56 | 1C42| 1C21
6;& Cl4] BO6 | C13| BO2| Cr2 018
1C20|1C06 | 1c45|1c5811c24 I |
puispetepdptaget -} |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2
1A01 thro.gh 1456 - 2.06 wt. I fuel assemblies
1BO1 through 1B6l1 - 2,72 wt. I fuel assemblies
1C01 through 1C60 - 3.05 wt. I fuel assemblies
CO1 through C61 - Control Rod Assemblies
A0l through AO8 - Axial Power Shaping Rod Assemblies

C38, 005, 026, 018 - O-.4ifice Rod Assemblies

BO1-B24, 326-B68,371 - Burnable
(*) - Assembly with

Neu :ron Source

FIGURE 2.0-1

Poison Rod Assemblies

1414 937
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3.0 POST FUEL LOAD PRECRITICAL TEST PROGRAM

A Post Fuel Load Precritical Test Program was conducted following initial fuel
loading. This section of the report presents the scope and results of that

testing.

The Control Rod Drive Drop Time Test was conducted at reactor coolant system
conditions of 150°F, 450 psi and 532°F, 2155 psi with and without reactor

coolant flow. The purpose of the test is to measure the total trip insertion

time from trip ‘mitiation to three-fourths insertion for each comtrol rod assembly.
Reactor Coolant Pump Flow and Flow Coastdown measurements were conducted at system
conditions of 532°F, 2155 psi to determine core flow characteristics. Pressurizer
testing was also conducted at hot conditions to determine the pressurizer spray
valve and bypass flow settings. Reactor coolant system leakage measurements were
performed to verify that RCS leak rate was within acceptable limits. In all cases,
applicable test crite-ja and Technical Specification requirements were met.




3.1 REACTOR COOLANT PUMP FLOW TEST

3.1.1 PURPOSE

The Reactor Coolant Pump Flow Test was performed with the core installed

to determine the functional capabilities of the Reactor Coolant System and
Reactor Coolant Pumps and tc determine the reactor coolant flow characterisitcs
for various pump operating combinationms.

3.1.2 TEST METHOD

Reactor coolant loop flows were determined by means of loop flowweter AP cells
in.called in the reactor coolant system. The output of the AP cells were con-
verted to temperature compensated flow indication according to Equatiom 3.1-1.

v, ] 2
vl

Flow = C_| AP (Equation 3.1-1)

Where: Cf = Flow coefficient = 397100
4P = Indicated flowmeter differential pressure

V. = Specific volume at reference conditions of
68°F, 14.7 psa

Vg = Specific volume at system conditions

For each reactor cuvolant pump combination, steady state temperature, pressure and
flow was maintained and data was recorded by the plant computer, hrusi recorders
and reactimeter. Measured flow rates were averag 1 over a specified time and the
results were compared with acceptance criteria.

3.1.3 TEST RESULTS
Reactor coolant flow was measured at 532°F, 2155 psi for twelve (12) reactor
coolant pump operating combinatioms. Table 3.1-1 lists the measured flow rates

along with the minimum and maximum allowable flows. As can be seen from table
3.1-1, all measured flow rates were within the acceptance criteria.

3.1.4 CONCLUSIONS

Reactor coolant flow measurements were conducted at 532°F, 2155 psi with the core
installed and all measured flow rates were within the range of acceptable values.

3.1-1



REACTOR COOLANT FLOW RATES AT 532°F,
2155 PSI WITH REACTOR CORE INSTALLED

Pump Minimum Acceptable Maximum Acceptable Measured
Case Combination Flgw Rate Flow Rate Flgw Rate
P Runnin (X10° 1bm/hr) (X10° lbm/hr) (X10° 1bm/hr
1 - * * 39.8
2 B * I 40.48
3 c * * 40.85
4 D * . 40.72
5 A, B,C, D 138.5 154.5 146.0
6 A, B, D 103.2 154.5 110.13
7 A, D 67.8 154.5 73.75
8 B, C, D 103.2 154.5 109.7
9 A, C 67.8 154.5 74.25
10 A, B 62.4 154.5 80.35
11 ¢, D 62.4 154.5 81.17
12 B, D * * 73.98

* - Indicates that no acceptance criteria was applied to the pump combination.

1414 047
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3.2 REACTOR COOLANT PUMP FLOW COASTIOWN TEST

3.2.1 PURPOSE

The Reactor Coolant Pump Flow Coastdown Test was performed to determine reactor
coolant flow characteristics for specific reactor coclant pump trip combinations.
Test g was conducted at system conditions of 532°F, 2155 psi with the core
‘nstalled.

3.2.2 TEST RETHOD

Eight (8) different reactor coo.ant pump combinations were selected for the
measurement of flow coastdown characteristics. The eight combinations and a
description of each is summarized in Table 3.2-1. TFor each pump combinationm,

steady state conditions were established and data was recorded by the plant computer
and test recorders. All or a portion of the coolant pumps were then tripped and
data was recorded through the resulting flow transient. Reactor coolant flow
indication was obtained from the loop flowmeter ivstrumentation as described in
section 3.1. The hiararchy of single reactor coolant pump flows was determined
during the Reactor Coolant Pump Flow Test, which was performed in conjunction

with the coastdown test.

3.2.3 TEST RESULTS

The results of this test at 532°F, 2155 psi with the core installed are summarized
in Figures 3.2-1 through 3.2.-4. Measured reactor coolant flow versus time is
plotted along with the acceptance criteria limits for each reactor coolant pump
combination. The flow values plottei were obtained by dividing the indicated flow
at a specific time, t, after the trip by the measured minimum initial core flotr
with the pump combination running. All minimum core flow criteria were wet. In
addition to the minimum flow criteria, a further requirement was imposed upon cases
4, 5 and .6, that the reactor coolant flow decrease by a certain parcentage within
a specified time after the pumps were tripped. This criteria was also met .in each
case.

3.2.4 CONCLUSIONS

The reactor coolant flow coastdown characteristics measured at system conditionms
of 532°F, 2155 psi with the core installed met all applicable acceptance criteria.
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S1UR 2% 2

Case

REACTO®. COOLANT PUMP FLOW COASTDOWN COMSINATIONS

Pump Initfally Running

A,

A,

B, C, D

B, D - three lowest flow pumps

D - lowest flow pumps in each loop

Pumps Tripped

A, B, C, D

A, B, D

A, D

C - highest flow pump

C, D - pumps in higher flow loop

B, C - higher flow pump each loop

B - pump in loop with idle pump

C - higher flow pump in loop with
two pumps operating



MEASURED REACTOR COOLANT FLOW COASTDOWN AT 532°F
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FIGURE 3.2-1

Time After Pump Trip, Seconds



MEASURED REACTOR COOLANT FLW COASTDOWN AT 532°F

==
1 -]
: _94
: e
=
e u - -
: == 3 = : —3 4
. » . 1“!
E == =
wrlwml,é@m! i =
=== == = H
: . === i
= EZ =F
== : o
E : mz
3 : = MM...
.m m E = 2 |
E == |
—- 4=
s ==
= == =)
I* ““-I.III"J"~ lm = > = : e
8 2 3 s & e
—

FIGURE 3.2-2

Time After Pump Trip, Seconds



Spuodag ‘dyay dung 1933y awyy

N4/

= - 0z 91 21
f It I

1414

e S

=5 jpue—
el
')

I o

- -
: o
— o
=
—
P ST S S —
s coll o -

——

w.
(]
[
i % : i i t T Aw_ m H : ..i. i H Wu
| : q : i1 | ' r e _. z ; _~ |8 i ﬂ.
{ i 1 K1 pili N R .%_, A oy B
i : i T LERR R NN LA (1 | il i »
| Ll N s 3
| ; m M it il 2 -
41 : * i ! | Mo M_ : _ -
| BL | | i it I e s I A ae m
| i 1 N 09 i
~ i H { ch b e 1l W. n
: “ | . W L INCE I
| : w1 “u; B
: i aal N !
L t T .= R / k! -
| . ~ 8 m
» i "
| b
[

001

e

——
-
— o
—
=3
—
et - - -
— |
.

4, 7€S 1V NMOGLSVOD MO INVTIO00 HOLOVAN (AuNSVaR



012

e i

ARA

g

2

40

Total Coolant Flow, T Minimm Initial

N
=

MEASURED REACTOR COOLANT FLOW COASTDOWN AT 532°F

Tiwe After Pump Trips, Seconds

‘ |
e |
i ! il
‘ l Hin '
et i
| U | 1 ' : | ‘LI
é ﬁ’ " Hi f !
il U R L W | |
l ! 1HHLL |
l 1
{ i u'
1141
H
i
| LN | I
il
il i i

I i i

JISHINHN SRR R -

- as 16 20 24 28




3.3 CONTROL ROD DRIVE DROP TIME TEST

3.3.1 PURPOST

Technical Specifications 4.7 places limits on the control rod trip inmsertion
times for reactor coolant system full flow and no flow conditions. Ths Conmtrol
Rod Drive Drop Time Test measurcs the data to fulfill the Technical Specification
limit and to establish data for future periodic testing.

3.3.2 TEST METHOD

The Control Rod Drive Drop Time Test was performed using strip chart recorders

to time the rod drops. Each control rod group was pulled to 100% withdrawn and
then dropped into the core using the manual trip pushbu:iton. A zero time signal
was furnished to the test recorders for each control rod assembly from a contact on
the manual trip switch, A second signal to indicate three-fourths insertion was
furnished tc the recorders by a reed switch located on tie nosition indicator
tube of each control rod drive. The test was conducted at nominal reactor cool=-
ant system conditions of 150°F, 450 psi and 532°F, 2155 psi under flow and no
flow conditions. Control rod groups 1 through 7 were each withdrawn to 100Z and
tripped at each of the four (4) test conditions. After drop time measurements on
all the groups were completed, the rods with the fastest and slowest trip insertion
times were tripped ten additional times to demonstrate repeatability of the
measurement. Measurements were performed on the group 8 control rois to verify
that they do not drop into the core when power to the control rod drive trip
breaker undervoltage coils is interrupted.

3.3.3 TEST RESULTS

The measured results for the first test condition of 150°F, 450 psi with no reactor
coolant flow show that rod H-10 was the fastest at 1.104 sec. and rod M7 was
slowest at 1.16 sec. Ten additional drops on rods H-10 and M-7 produced drop times
within 16 ms and 20 ms, respectively. The group 8 rods were withdrawn to 25%

and no rod movement was observed when the control rod drives were tripped, as
requirec.

The measured results for the second test conditicn of 150°F, 450 psi with one
reactor coolant pump operating show that rod F-10 was fastest at 1.128 seconds and
rod M-9 was slowest at 1.176 seconds. Ten additional drops on rods F-10 and M-9
produced drop times within 16 ms and 24 ms, respectively.

The measured results for the third test conditiom of 532°1—", 2155 psi with no
reactor coolant pumps operating show that rod H-10 was fastest at 1.072 seconds
and rod 0-5 was slowest at 1.115 seconds. Ten additionmal crops on rods H-10 and
0-5 produced drop times within 25 ms and 20 ms, respectively.

The measured results for the fourth test condition of 532°F, 2155 psi with 100%
reactor coolant flow conditions show that rod H-10 was the fastest at 1.225 seconds

and rod M-5 was the slowest at 1.363 seconds. Ten additional drops on rods H-10
and M-5 produced drop times within 25 ms and 19 ms, respectively.

1414 045
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3.3.4 CONCLUSIONS

Control Rod Drop Time measurements conducted at 150°F and 532°F show that the
control rod assembly trip insertion time from 1002 withdrawn to three-fourths
insertion will not exceed 1.40 seconds under reactor coolant no flow conditions
and 1.66 seconds under reactor coolant flow conditions. The requirements of
Technical Specification 4.7.]1 were met in all cases.

1414 D49
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3.4 PRESSURIZER TEST
3.4.1 PURPOSE

Pressurizer Operational tes’ing was conducted prior to initial criticality to
set the pressurizer spray und bypass flows at the prescribed setpoints.

3.4 2 TEST METHOD

The technique used to set the pressurizer spray and bypass flows was based upon
balancing the heat input to aid the heat losses from the pressurizer. Initial
steady state pressure and tewperature conditions were established in the
pressurizer without spray or bypass flow. The power irput from the pressurizer
heaters necessary to maintain steady state conditions was recorded. The
additional heat input required to balance spray and bypass flow was then cal-
culated using Equation 3.4-1,

F=K (40 (Equation 3.4-1)
Bep = Be Rres
Where: F - is the spray or bypass flow

K - is a constant = 9,03

AQ - is the difference between the heater input
with flow and the h:ater input without flow

hfp - is the enthalpy of saturated water at the
pressurizer temperature

h - is the enthalpy of saturated water at
f RCS
the RCS temperature

Bzat input to the pressurizer from the heaters was then increased by the amount
calculated. The bypass and spray valve flows were increased to balance the
additional heat input and maintain the pressurizer temperature and pressure at
their initial values.

3.4.3 TEST RESULTS
The measured results from setting the pressurizer spray and spray valve bypass
flow are listed in Table 3.4-1. ""he bypass and spray flows were set at 0.99

gpm and 190.5 gpm, respectively. The measured pressurizer heat loss was in
excess of 100KW at system conditions of 53Z°F and 2155 psi.

3.4.4 CONCLUSIONS

The pressurizer spray flow was set within rhe acceptance criteria limit of
190.0 +19/-6 gpm. The pressurizer spray bypass flow was set within the acceptance
criteria limit >f 1.0 +0.5/-0.25 gpm.

1414 05"
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final
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Initial

final

MEASURED RESULTS FOR DETERMINATION OF
PRESSURIZER SPRAY AND BYPASS FLOW AT 532°F

A. Pressurizer Spray Bypass Flow

RCS RCS Pressurizer Heater
Pressure Tg!gernture Temperature Power
2157psig 532.0°F 644.1°F 106.. 9KW
2159psig 531.0°F 644.2°F 124. 5kw

B. Pressurizer Spray Flow (with bypass flow)

RCS RCS Pressurizer Heater
Pressure Tegpgtatute ngnetnture Power
1406psig 530.7°F 586.8°F 132.69KW
1404p51g 533.6°F 587.1°F 1609 . 35KW

Spray Bypass
Flow

0.0gpm

0.99gpm

Spray

0.0gpm
190. 5gpm



3.5 REACTOR COOLANT SYSTEM LEAKAGE
3.5.1 PURPOSE
The purposes of the Reactor Coolant System (RCS) hot leakage test were as follows:

1) Determine RCS leakage by calculating change in RCS inventory over a period of
time.

2) Determine the accuracy of the method used to determine RCS leakage by imposing
a "known" leak rate.

3) Examine systems containing reactor coolant to identify leakage.

4) Establish a value for"normal exaporative losses" as used by Technical Specifi-
cation 3.1.6.2.

5) Verify the Surveillance Procedure for RCS leakage determination.
3:5.2 TEST METEOD

The RCS hot leakage and surveillance procedure verification test was performed
during the hot functional and post fuel load pre-critical test programs and its
results served as a hasis for conducting the Surveillance Procedurs for RCS leak-
age determination during the power escalation test program.

With the primary plant at 532°F and 2155 psig, pressurizer level, makeup tank
level, reactor coolant drain tank (RCDT) level and RCS temperature were monitored
as a function of time. Changes in RCS inventory were computed over a four hour
period. These computations resulted in a measured ‘eak rate of 0.821 gpm during
the four hours, when corrected for an RCP #3 seal purge flow addition of 0.07 gpm.

A known leak rate of .68 gpm was then established to determine the sensitivity of
the above computations in yielding accurate values for leakage. Again, changes

in RCS inventory were computed over a four hour period. The computations reculted
in a leak rate of 0.659 gpm during the four hours, when corrected for RCP #3 seal
purge flow addition and the known leak rate of .68 gpm.

Independent of the leakage monitoring operations above, a survey of all primary
system boundary piping, valves, fittings, instrument comnections, and flanges was
made in an attempt to measure and identify every drop of leakage that was not
evaporating to the containment, auxiliary building, or RCDT atmosphere. This
survey resulted in a measured leakage of 0.231 gpm. The difference between the
average value of computed leakage for the two four-hour runs minus the survey
measured (identified) leakage is the established value of "normal evaporative
losses" used in the Surveillance Procedure for leakage determination during normal
plant operation.

RCS leakage was monitored every day during the power escalation program when the

reactor was critical, as required by Technical Specifications. The Surveillance
Procedure for leakage determination was used for this purpose.

3.5-1 \4\4



3.3.3 TEST RESULTS

The average value of computed leakage for the two four~hour runs was 0.740 gpm.
No value of leakage computed for any single hour out of the eight differed from
the 0.740 gpm figure by more than +l gpm, thereby supporting the contention ihat
RCS level and temperature instrumentation is sensitive enough to detect a 1 gpm
leak within 1 hour.

The total measured identiried leakage was 0.231 gpr. This results in a value of
0.51 gpm for th: "normal evaporative losses".

3.5.4 CONCLUSIONS
Reactor Coolant System hot leakage measurements were conducted prior to initial
criticality. The measured results verify that the reactor coolant leakage does

not ezceed the Technica. Specification requirements and that the normal comtrol
instrumentation is sensitive emough to perform leak rate messurements.

1414
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4.0 CORE PERFORMANCE - MEASUREMENTS AT ZERO POWFR

Three Mile Island Unit One, Core 1 consists of 177 fuel assemblies, each con-
taining 208 fuel rods, 16 control rod guide tubes and one incore instrument
guide tube. The arrangement of these assemblies is shown in Figure 4.0-1.

The inner 117 assemblies, which are arranged in a checkerboard pattern, are
of two different emrichments - 2.06 and 2.72 wt. % uranium - 235. An outer
ring of 60 assemblies enriched %o 3.05 wt. 2 uranium - 235 completes the core.
Lumped burnable poison is distributed throughout the core. A detailed loading
map of Core 1, with each fuel assembly, control rod, orifice rod and lumped
burnable poison assembly is given in Figure 2.0-1 of section 2.0.

The reactivity of the core is controlled by 61 full-length Ag-In-Cd control
rods and soluble boron in the Reactor Coolant System (RCS). Eight (8) partial
length control rods are provided for additonal control of axial power distri-
butions. The locations of the 69 control rods are also shown in Figure 4.0-1.
The important design data and calculated performance characteristics of Core 1
are tabulated in Table 4.0-1.

Core performance measuremevts were conducted during the Zero Power lest Program
which began on June 5, 1974 and ended on June 10, 1974. This section presents

the results and an eva': ition of the zero power tests, which included initial
criticality,nuclear ims:rumentation overlap, verification of reactivity calcula-
tions, all rods out critical boron determination, temperature coefficient measure-
ments, shutdown margin determination and soluble poison and control rod reactivity
worth measurements. A comparison of measured and predicted results is given based

on onr-site analysis. In all cases, the applicable test and Technical Specification
acceptance criteria were met.

4.0-1



Table 4.0-1. Core 1 Design Data and Performance Characteristics

Reactor

Design heat output, Mit#

Vessel coolant inlet temp, F

Vessel coolant outlet temp, F

Core coolant outlet temp, F

Core coolant operating pressure, psig
Core coolant r‘". F

Core and Fuel Assemblies

Total number fuel assy in core

Number fuel rods per fuel assy

Number control rod guide tubes per assy
Number incore instr positions per fuel assy
Fuel rod outside diameter, in.

Cladding thickness (min) in.

Fuel rod pitch, in.

Fuel assembly pitch spacing, in.

Cladding material

Fuel

Material

Form

Pellet diameter, in. (a)
(a)

Active length, in. (a)
Density (Unit 1, Core 1), % theor ‘2

Heat Transfer and Fluid Flow at Rated Power ‘2

Total heat transfer surface.in cove, £e2
Average heat flux, Btu/h-ft .
Maximum heat flux (at min DNBR), Btu/h-ft
Average power density in core, kW/¢
Average thermal output, kW/ft of fuel rod
Maximum thermal output, kW/ft of fuel rod
Maximum clcdding surface temp, F

Average fuel temp of hottest pin, F
Maxigum fuel central temp at hot spot, F
Total reactor coolant flow, 10°1b /h

Core flow area (eff for heat transfer), ft
Core coclant average velocity, fps
Coolant outlet temp at hot channel, F

2

2535
554
603.8
606.2
2185
579.3

177

208

16

1

0.430

0.026

0.568

8.587
Zircaloy-4
(cold worked)

U0,

Dished-end,
cylindrical pettets
0.364

141.2

92.5

48,766
174,870
469,873
82.31
5.69
18.2
650
3,237
4,953
131.32
49.19
15.73
647.1

*Note: The core will be cperated with a 100% FP value of 2535 MWt
(Technical Specification limit) even though the rated power

of this core is 2568 MWt.

TABLE 4.0-1
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Power Distribution

Maximum/average power ratio, radial x local
(F4p, nuclear)

Maximum/average power ratio, axial

(Pz nuclear)

Overall power ratio (F, nuclear)

Power generated in fuci and cladding, %

Hot Channel Factors

Power peaking factor (FQ)
Flow area reduction factor (Fp)
Interior bundle cells
Peripheral bundle zells
Loca. .42t flux factor (rQ“)
Hot spsl maximum/average heat flux ratio
(Fq nuc and mech)

DNB Data

Design overpower, X rated power

DNB ratio at design overpower (W-3)

DNB ratio at design power (W-3)

Limiting DNB ratio at design overpower (W-3)

Fuel Anuﬁ)lz Volume Fractions

Fuel

Moderator
Zircaloy
Stainless steel
Void

Total UO2 (BOL, First Core)

Metric tons

Core Dimensions , ie.

Equivalent diameter
Active height (with/without densification)

Unit Cell H20 to U Atomic Rat.»> (Fuel Assembly)

Cold
Hot

Full-Power Lifetime, days

First cycle

TABLE 4.0-1 (Cont'd)

1.78
1.70

1.011

0.98
0.97
1.014
3.12

0.303
0.102
0.003

0.012
1.000

93.1

128.9
141.1/144.0

460



Yuel Irraciation, MWd/mtU
First cycle average

Fuel Loading, wt 2 235y

Core average first cycle

Centrol Data

Control rod material
Number full-length rods
Number APSEs

Control rod cladding material

(a) Following densification

TABLE 4.0-1 (Cont'd)

14,400

2.62

Ag-In-Cd
61

$5-304
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4.1 INITIAL CRITICALITY

Initial criticality was achieved on June 5, 1974 at reactor conditions of 532°F
and 2155 psig. Control rod groups 1 through 4 were previously withdrawn during
the heatup to 532°F. The initial reactor ~oolant system (RCS) boron concentra-
tion was 2086 ppm. The approach to critical began by withdrawing control rod
groups 5, 6 and 8 to 100% and positioning group 7 at 75% withdrawn. Criticality
was subsequently achieved by deborating the reactor coolant system to a boron
concentration of 1545 ppm. The procedure used in the approach to critical is
outlined balew in three basic steps.

Step 1 Control Rod Withdrawal

Group 8 100X withdrawn
Group 5 100% withdrawn
Group 6 1002 withdrawn
Group 7 752 withdrawn

Step 2 Debora.e using a feed and bleed flow rate of 50 gpm until criticalicy is
almost achieved, as indicated by any inverse count rate plot reading
approximately 0.05.

Step 3 Stop deboration and increase letdown flow to maximum (140 gpm) to enhance
mixing between the makeup tank and the reactor coolant system. Achieve

initial criticality and position control rod group 7 to control neutrom flux
as the reacto~ coolant system boron concentration reaches equilibrium.

Throughout the approach to criticality, plots of inverse multiplication were
maintained by two independent persons. Two plots of inverse count rate (ICR)
versus control rod positiosn were maintained during control rod withdrawal. Two
plots of ICR versus RCS boron concentration and two plots of ICR versus gallons
of demineralized water added were maintaiied during the dilution sequence. At
the end of each reactivity addition (borom dilution or control rod withdrawal),
count rates were obtained from each startup range neutron detector channel. The
ratio of the initial average count rate to the count rate at the end of each
reactivity addition is the value plotted.

During control rod withdrawal (Step 1) ICR plots versus control rod group position
were maintained from the outputs of source range channels NI 1 and 2. The with-
drawal interval for each control rod group was limited to no more than half tho2
remaining predicted distance to criticality as determined from the ICR plots.

Deboration of the reactor coolant system was accomplished in two steps as indicated
above. First, deboration from 2086 ppm was commenced using a feed and bleed flow
rate of 50 gpm (Step 2). RC boron samples were taken every 30 minutes and samp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>