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This report is intenced 1o summarize plant ang resctor operations for
the six month period commencing with the completion of Phase || testing,
Thereby satistying the reporting requiremerts of the Provisional Opera=
ting License DPR=1| and Section 30,59 ot 10 2FR &N,

geners! Symmar y

A'

8.

| ntroguction

The Pathfincer Flant achieved initial criticality on a titteen element

siab core on March 24, 1964, The full ecore loading, boiler ang
superheater, was completed in a deliberate manner and zero power
TesTing on the 2.2 w/o reference core was completed late in the Fall
of 1985, At that time in the testing program, additional excess
reactivity was gained by loading thirty=two 3,2 w/0 boiler elements
in place of 2.2 w/o elements, Then, the reference core for power
operation includec 64 2.2 w/o elements, 32 3.2 w/o elements, and 40
poison snims in the voiler core and 409 highly enriched elements in
the superheater core, Additional zero power, Phase |, tests were
completed on This core early in 1966, The results of the Phase |
Testing were repcrted in the Phase | Report = NSP 8601 previously
submitted to the AEC,

The Nuciear |nstrumentation Calibration Test, the Superheater Ragiative

Cooling Test, and the Flooded Nuc'ear warmup Test were completed at
reactor power levels less than 8 MWT, These tests were completed in
May of |96€ and the results were reported in the Phase || Report =
NSP 8602 previously submitted to the AEC,

Phase ||| testing began with reactar testing up to 8 MWT yith steam
flow conditions, The test procedures used to complete the Phase |||
TesTing and 10 reach tull power n a sate manner are:

I, Test 277,2A "Initial Steam Operations to 8 MWT."

2. Test 278.1A "Initial Reactor Qperations to 40 MWT
and Turbine Startup."

3. Test 278.2A "Reactor and Turbine-Generator Operation
20% to 100% Power (190 mWT),"

This report summarizes the reactor and plant testing beginning with

the initial steam flow tests through the 40% (76 MWT) power testing

summary of Pathtinder Startup Zrocedyre

To tully appreciate the sTarvup ang testing phases of the Pathfinger
reactor, a short summary of the Pathtinder Startup Procedure is in
order :
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T. SR80 ~hg MAin Stpaw 'scigt iz~ YSive

AT & s*oam ‘low ot spproximarely 70,000 Ibs/hr, the
main sTeam | ne icw flow meters 2re on scale, The
MEIV is opened ang The power=1to+fiow protection
system relies on & signal from the main steam |ine
low tlow meters,

8, Rai the B * r o T rize o

The steam flow is raisec to 92,000 I(bs/hr 10 clear
the tlow intericck scheme ang the reactor power g
reised ang maintaines at ¢ slightly greater than
equilibrium cordition ¢ heat up the resctor (and
oressurize) at s rate of approx mately (°F/minyte,
when The pressure reaches 540 psig, The pressure
confrol svstem is put on sutomatic,

9. in * 1 -

The *urbine is put on the |in2 st 20% power., The
steam |ine pressure may be aytomatically controlled
by the inlet valvas; however, during the present
testing some of the steam tiow is bypassed to *the
condenser through the dump valve, Unger these
congitions, The dump valve automatically controle
The steam . ine pressure,

9. B r |8a%inn

Atter the turbine is on 'he | . ne, the aower escale~
Tion 18 & royutine marter, Tre superneater proTecTion
1§ attorged by Tthe steam temperatyre satety svstem
ang the steam |ina pressure safeTy system, Algo, @
steam flow less thar 80,000 Ibs/hr will initiate »
scram, The control rog positTions determ ne the
maximum allowabie cteam temperatyre,

Summacy of Resctror Testing ~ inivial Steam Flow throuoh ¢0% Power

Beginning with the initial rigse 10 8 MwT and tor each subsequen
power incre2se of not more than 20%, the rod positions, the super=
heater fuel! Temperatyres, anc The ouTier steam temperatures were
pregicted. The varicus operating parameiers were closely wartched
and whenever they were any value other than expected, the testing
wos haiteg until The ditferences were uncerstood, All ditterences
noted during the rise 1o 40% power were not of any satety
signiticence,

Several ot the predicted rod heignts were in error because of the
lack ot knowi@dge of *he rog worths at power, The total rod worths
ang the reactivity capatvilities ot tre core appear to be known very
accuretely,



The superue g * » o TRRT ST, TG At e ERON O SR"S8"e ol v@1y A
Boser on “aY neisncy reay Th, TR § W8 Er DOWSr fPACT DN wos

SLIQAT!y 1085 *'on Cxp@"ed, o Idrogidon@ingly, ™e outie! sTeam
'OMPerytures ware gy 'y @%s T v Gxpecteo,

The super @y 18r o ' ist § & m 'eMDe” Y .ror respPONSE O THE DOS I TioN
Of TRE SUPer ester roG6s wAas Qi ‘terert nan exDOCTEC Lyt *he Total
TOMpAratyre «.§8 G uriny ("8 "7 & 109r il was 8§ exDeC TR, DU"”Q
the deiler rog irvercrange ~t 0% prebr, tUe superheater temperatyre
FESPONSE whAS A3 Dren: "«a,

At each 20% Dower STAD, 4 3er @5 ¢ Tagts were repested.

inglyge:

‘o

2.

Flyig Dyram Litect

Tie Dynemics Teste (433, crack T™ae dynamics eftects of
changes in foegwaTer ‘emperstura, feedwater 10w,
“@ACTOr pressure, recircylztion tiow, ang zontrol rod
motien, [ne tes*s are pertormed by @staclisning
$T02dy s721e CONQITIONS N0 TREN IATrOQuUCINg KNOwn
crenges ang reccrging *te eftects of these changes on
OTher CritTiral parame ers,

These 1es's were ail compie @0 wi h sal igtactory
resul s except tor the rec rculd 100 tiow Tests, The
FECIFCLIANG (0" 1nw TRE 8§ "t11de '™he Tripping of running
recircyiatior cumps, Gecause of The ynexpecTed large
DACKT IDw Thru 2k & tridpec oump, "€ dynamics responses
ware "oT accurstely pregicted, 'T wat also gevermined
That 1he incre2se (0 rec rsuletion tlow, caused by the
Clogivg 2 ™e gigcnarge vaoive OF & Tripped pump, may
exCOOC ""@ Tectil spes ticut or Limil of 455 gpm/sec,
A pump "@8Tart 5' sower w4 tCver compleieo tecause of
THE Same Tech sdec limit, 4itheygh Tthe pump Trip tests
have been giscont nyec, e recirculavion flow tests
involving disciarge . :lve motion have continyed,

A snitety system hag taer Agoed 10 IniTiaTe & reactor
SCram wrenéver 3 recircyl21i10n pump acciden.ally 1rips
or the pump ¢iow arcps teiow 2 minimum valye,

R..;,.r - .g‘-‘l. Y*-O‘

Reactar srutoow” Tests (43, were completed at dach
power level Tc show thaT e rex"Tor &nd plant sysiems
wOuld FeSPONG in & sate my~rer o rynback, scram, (sola-
1ion gorem, (280 d.mp, &n¢ iurdb @ irips., All 1ests
wé&re st necesscrily per-ormeg 3 eacn "0% power level,

Farly in tre tegting progrom, a1l runback sigrals, with
the exceptior ¢ 're srorY perina on the Leg N channel
ANG "he figh cower I@.Cig On Y@ POwer channels, were

gh.

Thece tests



STNVETTE0 T 1M TieTS sortrolieg shytoown, Qur ng
2 controlled +NJ100wn, Ail rogs are run in until They
Are HOTTOMeO; «"eress, auring & runbéck, the roas will
rFUn 1m oty until the initiating signal is cleared,
UnTil the etfects ¢f various coarating rog positions
car 5@ more “noroughly evalyateg, this action will
remin n At tec’,

LC2d oumd Tests have besn completed up *c 50% power
wiThOu? '.lul"“g th & rescTor scram,

The reactor ang plant sys"ems responced 'n a sate
mennrer To all rescior shytoowns, 1080 dump tests,
ang turbine trips, None of trege nitiated tests
resulted in any superreater fyuel Temperatyre increases.

Severs! syperheater elements 2re ingtrymented w *n
thermocouples, The intormation obtained by virtue

ot these 'hermocouples (.2s deen invaluavle during

The power escalation program, |+ work were to be
conducted in the boi ler core region, the holddown
mechanism would have to be ~emoved ‘rom the reactor
vessel, Tre removal of *me holgdown mechanism would
seriousiy enganger the reliaci 'iily or workapility ot
the superreater tThermocouple, To insert the oscilla-
Tor rod into the boiler core 2 40% power, 8s reguired,

wa§ theretore yrgegirsble, Becsuse of Thig, NSP reguested
that the nsertion of the osci | lator roo be mage optioral

atter 100% power is ach eveo, The AEC approved The
Technical Specirication Change No, 12, whieh granted
Thig oprion,

In liev of The csciliator rog “esting, & noise analysis
program «as initiated, Noise 2nalysis gate have been
obtained at 20%, 40%, and 60% ocower levels. The noise
andlysig Qives no Indication Of ynstapie tendencies
indicating *haT & sucstant 2l margin exists between

The 80% power level ang any ursTable higner power
level,

Xenon Bepactivity

The xeron tollow *esTs pertormed at 40% and 80% power
levels verity *he caiculationa! predications,

The efttect of the xenon builgup after shyTgdown appears
TO decrease the superreater power ¢fraction on sub*
sequent startyups,
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Ragiatior level Zata "ave teen obtained at each power
leve! step., A ragietion tield around The puriticeation
Sysiom piping in the Fuel =angl . ng Builging requi red
That The piping be shieloed with & leac filleg jacket,
The ragiation leveis aroung the 1urbine have been
increasing substartially with power, This operational
InCoONRvVenience has not yet deen resolved, All other
MeASUred raciaT i on levels are in general agreement
with pregicrions.

8. ibrati + icien

These *ests have been completed at each 20% power level
step. The water level measurements have been as pre=-
gictec ang The steam guality gownstream of the steam
gryers is below the max mum cesign value of 5§,

In summary, The behavior 2t the reactor at power up to 40% has been
thoroughly Tested and evaiuated wi th no basic control or satety
system problems encountered, There has been absolutely no indica-
tion of boiler or superheater fuel element failures,

o v Ditt| *]

The ma jor plant equipmen~ nas operated n an acceprtable manner guring
the startup program, buT several ditticylties have been encountered
with some piant systems which have caused delav in the testing pro-
gram, Although these proociems mey be reported in more detail in
other sections of this report, a briet summary ot each problem s
stated,

. Pr trol tem r

The pressure control system is cesigned o control the
steam |ine prejsure automatically with either 1he turbine
inlet valves or *he dump valive 10 The condenser, Several
probliems have occurred with the hargware of the dump
valve and its hydraulic positioning svetem; however,
these problems nave been resolved, The pneumatic posi-
tioning equipment ¢tor the inlet valves has been shown 10O
be inagequate ang automatic pressure control operations
using the inlet valves has been discontinued except for
very |limited testing,

All tyrbdbine cperations are now congucted with 2 low
steam flow tO the congenser with the dump valve ayto-
maticaily coniroiling The s1eam |ine pressure,

The plant was in a shytgown condition for approximately
Three weeks in November while & hazards analysis review



was completed ¢ the cual valve moge of pressure control
operation, The ‘eview verifieg the previous hazaros
8ndiys s, namely, that the high pressure protecti on and
steam temperature protection would limit the trangient
fuei temperature to less than 1850°F, A “loss of steam
flow" scram protection system was temporari |y agged for
Deckup protectien guring the testing program, Thig
SysTem will initiate & scram i ¢+ the steam ¢ low suogen |y
grops by more than one=thirg of the existing flow,

Control system hardware for the inlet valves is on
orger ang the system modifications will be completes
8T 2 later gate.

alteem Fliow Meters

There are three sets of steam flow meters on the bypass
&ng méin steam |ines, Each set of flowmeters, which are

required at ¢itterent ranges of steam flow, have presentec

operational problems. The bypess steam flow meters were
made operational by moving tre congensate pots to 2 level
in line with the top of the f!ow nozzle; however, al|
efttorts 1o eliminate the problems with the main steam
line flow meters have fa led., The ¢low meters indicate
the flow accurately enough but they are very sensi tive
8ng occasionally "bounce", particulariy during reactor
startups. The "bounce" in the ingication s otten enoygh
T0 reach the low flow scram setpoints and & scram results,
All other reactor parameters do not change when the
"bounce" is getected, and in most instances, the ''bounce"
is seen only on a single flowmeter, This problem remains
to be solved,

+ | | ati

The leaxage history of the MSIV has compel led us to
measure the valve leakage wnenever practical. Ouring

the initial steam ¢ low tesTing phases, the MS|V leakage
WaS @xcessive On occasions when measured in the shutoown
condition. because of welg slag particles which apparentiy
fell on the seat of the valve plug. The valve is located
in & vertical section of the stéiam |ine, Atftter the valve
seat was cleaned, the leakage was & minimum cetectable
valye,

More recent |eakage measurements teng to show that the
valve seating is proper and the leakage remains at a
Tolerable level, An aggitional Isolation valve will ve
orcered and will be placed in the steam |ine if tuture
leakage measurements show that the present valve is
unacceptabie,
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During initial steam ¢iow operstions, possible explosive
hyarogen concentrations (.., 4%) were approsches in the
oft=ges system becayse of non-etfective recomdiner operas
Tion, Oft-gas system mogitications 1o pre-heat the otte
§8s were efrective in reducing the moisture content of
The offt-ges ang the recombiner efticiency was increased.
The recombiner problem has been el iminated but an otteges
sysTem moigtyure proviem stTill exisTs in the downstream
otf=ges system piping,

50 " ter n +h i " +

Several resctor scrams were caused by the magnetrol
which transmits the "water in the steam Iine" signal,

A reorientation ot the instrument apparently eliminates
& float vibration proviem which previously existed.

6. Contr R ri

Maintenance was required on two control rod drives
which developed poor dashpot action because of faulty
geshpot pigton rings, The piston rings were replaced
‘A The two drives and operational *esting is periodi=
cally congucred to cetect any fur~~er tailures of a
similar navtyre,

One control rod arive occasional!ly exhidits & slow
InserTion Time when gang lowered wi th other rods. The
drive remaing cperaticnal although the source of this
dirticulty ras not deen geterm nec.

In general, *re operation of the ~antrol rod 4rives has
been very sstistactory considering their operational
history ano requirements,

A combination ot the cperational ditficulties encountered guring
startups of the Patrtinger superneat reactcr ang equipment shorie
comings during operat on have resulted in a large number of reactor
shutdowns. Trese s~.'downs have been ¢t cantinuel concern to the
management ct Ncrthern States Power Co. and Allig=Chaimers Co, and

the satety commiitees for Pavrt.nger cperations, As the testing
program progresses, *he operational srutdowns have become much less
commonr and the equ pment failyres are being eliminated. See Appendix A.

r ‘ Higtar, t Testin n t*in :

A chronolegical history ot the *esting scheoule for the six month
reporting pericd is listed:
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May 25 and 28th

May 2€th

June 15th
Jurie 28%h
July 16 and 1Sth

July 22n¢g

July 28th

July 30th
AvgustT Bth

August 8Th

August 30th

September 7 ang 81h

October 7th

October 27 andg 28th

November 8th

November 29th

Started te initial steam operation
o 8 Mw Thermal, Completes the
TesTing on May 26Th,

Satety Committee Meeting

Plant ghyutdown for miscel laneous
maintensnce pro jects,

Plant Startup., Started the initial
reactor speration 1o 40 MWT (20%
power ),

Plant shutdown for steam | ne valve
leakage measurements, Preparations
tor turbine operations also planned,
Satety Committee Meeting

Plant startup, Power testing at 20%
was continyed,

Initial Turbine-Generator oparation,

Plant gnytgown for miscel laneous
ma ntenance,

Flant startup, Power testing at 20%
wa8s compietea on August 7th,

Power testing at 40% bdegun,

Plant ghyutdown for inv.s*ugc1uon ot
pressure control system probliems,
control rog drive maintenance, and
reactor source replacement,

Satety Committee Meeting

Plant sTartup, Power testing at 40%
continued,

SateTy Committee Meeting

Plant enytdown, Hazards analysis of
The pressure control system begun,

Plant restart, Power testing a1 40%
to be completed and 60% oower testing
'O be sTarted,
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ne operatin

May |9
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August
September
Qctober
November |(9th
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Tegting R I3 = init ol Steam Flow to 40% Power

The signiticant tfesting results which pervain to reactor physics, reactor
gynamics, Shuldown tests, and ragiat i on surveys from the initial steam
tlow testing through the 40% power *es*ing are reported in this section,

The power escalati on testing at Patht noger will be completed early in
1967 ang an ACNP report will be prepared by Allig=Chaimers personnel,

The information reported herein may be usetul for extracting general
'ntormation ang conclusions; however, |t must be recognized that informas
tion gaineg trom the power escalation to 100% power may result in
corrections o the preliminary reported gata,

A, b o P | nt

The following information has been extracted from A=C test reports
submitiec to the Pathfinger Satety Committee,

., Llaiti t Flow Testing T (Test 277.2A)
For this test the superheater was drained, The control rod
contiguration wes Groups | anag || fyll in, Groups IV and v
tull out, and Group |1l controlling, The Group 1!l eritical

height at 420 F was 24.3 inches,

Reactor power was ncreaseo *o & WT and atter approximately |8

hours of operation the Group |1l critical heignt was 27.4 inches
with a reactor temperature of 418 F, Correcting to 420 F the
Group |1l height would be 27,8 inches, Thus, 2.3 inches of
Group |1l movement or 0,.4% Ak were required to bring the reactor
To The above described congitions, For the 0,4% Ak, *he reacti=
vity baiance related to Group ||| movement is estimated as
follows:

TEST 277 R TIVITY BA

UOp temperature above 420F (0,024% &k) = 0,2 in,
Xenon tor 16 hours (0,15% k) = 1.3 in,

Therefore, voids “equireg approximately |.8 inches of Group 111
movement or 0,72% Ak, For *he conditions of Test 277.2A the
core average vo s were reported as 2,56, Thus, & void coefti=
cient of 0,09% &k per percent core average voids can ve interred
trom this cdate, Calculations predict a void coetticient of
0.1% &k per percent of core average voids for these conditions,

The reterence core for this test «as clean with 64 2.2 w/0
U=235 ang 32 3.2 w/0 U=235 boiler elements, 40 B=SS shims, and
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411 superhester fuel elements, The boiier reference core loaging
ong control rogd igentitication are shown in Figure |, The super-
heater iocaging is shown 1a Figure 2,

All measurements were done with a moderator temperature of approxi=
mately 420 F, For Those measurements not at 420 F, criticel

FOd heights are correctes to 420 F using the measured temperature
coetticient reportes in ACNP-656800, This coetfici ent at 420 F

is =1.86 x 10%¢ Ak/OF tor the voided superheater,

. Power Increase 1o & M1

AT zero power and & mogerator temperature of 420 F, the
control rod configuration was Groups. | and || fyll in,
Groups IV and V tull out, and Group | 1| contro ling ot
24.5 inches, Reactor power was increased 10 & MWT and
atter spproximately |6 hours of operation the Group |||
criticel height was 27.5 inches with a reactor tempera:
ture of 420 F, Thus, 3.7 inches of Group ||| movement
or 0,36% &k were requireg to bring the reactor to the
above described conditions,

Test 277 results ditfer slightly from these, For 277
The reactivity loss for the same step was reported as
0.40% &k as compared to the 0,36% Ak reported here.
However, (n vie. of the varied xenon history, this
ditterence 5 within experimental accuracy.

At & MWT copper wires were exposed in each of three super=
heater ion champer channels, These data were normalized
To the average counts for each wire ang are plo'“ed on
Figure 3, The ion chamber channe! locations are shown

on Figure 2 (L=9 is at the superheater center), Al

three wires snow the same general axial shape vith a

peak to average of approximately |.52, The calculated
axial peak To average for the same reactor condition

is 1,88,

b, ner + T
Power was increased stepwise to 18, 28, 33, ang 40 MWT
by withdrawing Group |11 ke ' .ng pressure approximately
constant at 300 psia - 420 *» coolant temperature, On
Figure 4 are plotted the Group |I! heights versus core

power, All values are corrected to 420 F using & tempera=~
ture coetticient of =18 x 10”% Ak/in and zero power

measurements of Group ||| differential worth versus
Group |1l heignt, The solid line on Figure 4 through
The dots below all gata points represents the estimated
xenon free Group ||| heignts, These estimates should
be tairly accurste since the me at each power level
representea by *he low Group (|l points was orily a few

hours, For example four nours ot operation at 20 and

-|%a
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40 MWWT ,ield expectes «enon worth of epprox mately 0,2
10 0.4% k. Thus an error or 258 in The xenon correction
8t10CTs T™he Ok in voigs by less than 10%,

Based on Figure ¢ * @ +ollow ng reactivity balance is

given for the clean core at &, 18, and 40 MWT and ot
300 psi e,

JEAT 278, 1A REACTIVITY 34| ANCE

ST
Eargmeter £ 0k
UOa above 420 F 0.02
Voids 0.10
/ Total 0,12

Power coetticien: (% Ak/MW) at 6 MWT » 1.9 x 10°2

Ja T
UO2 above 420 7 0.07
Voigs 0,30
Total .37

Power coetticient (% Lk/MN) at 18 MWT = 2.6 x 1072

40wt

uoz above 420 F 0.18
Voids {18
Total 1.3

Power coetficient (% an/My) a1 40 MWT = 5.5 x (072

For 40 MWT ang 300 psia, the expected void reactivity cefect
was approximatel, 2,0%, This s pased on a voi ler core
dverage void of 14% of coolant volume, For a void defect

of 1,15% &k, these same calcuiations would require a core
sverasge void of 9,.5% ot coclant velume, Thus at 40 MWT and
300 psia, the voios are lower Than expected and/or the Vo1 g
defect calculetions vield hig er vaiues than measured.

e, & Pr rizatinn
Pressurizatior from 300 *5 530 psia began wi*h Group (I at
42.3 inches ang the core power 2t 40 MWT, Initially the
Group |11 rods were ticed, :* 430 ps the power level as
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indicated by nuclear instrymentation “ag gdecreased to
approximate'!y 33 MwT, Group Il rods were Then withgrawn
T0 keep power ingication consTant to S50 psia,

On a second epproach ir pressuri2etion nyclear niirye
mentation wes kept constant oy withdrawal of Group |11
rods. This required Group ||| movement from 40.8 inches
8t 300 psiz to 46.7 inches at 350 psia,

It had been expected that with core pressurization, core
power would decresse, This results since the temperaty :
coetticient eftect from 420 to 475 F inserts more negartive
reactivity than the positive reactivity inserted by the de-
crease in voicds as the pressure is increased from 300 to
S50 psia,

Group |11 withdrawal vrom 40.8 *o 46.7 inches is worth
approximately 0.37% &k, Xenon 2ddition during pressuriza-
Tion is estimated to ve O, (5% &k, Thus, the net reactivity
Ioss due to increasing core Temperature with a decrease in
voids is estimated to be 0.2% Ok,

The neat balance taken at full pressure gave inconclusive
results. Power levels from 34 to 40 MWT were calryulated
gepending an which flow meter reading is accepted, During
Pressurization The waTer Temperature ncreased from 420 to
475 F. This ig expected to result in a decrease in neutron
arttenuation through the retleztor by a tactor of 1,39, MHowe
ever, during pressyrizartion the Grout ||| rods moved out
8Ng voids In The core cdecreased., BoTn of These effects
recuce current ingication for & fixec power level anc taken
togetner resu't in 8 |,25 gecrease i~ current, Thus, it is
estimated ThaT with constant currsat guring pressurizatinm,
the core power level At f 1| zressurs was

40 x |, 25 = 36 WT
1,39

lo=Core lon Chamber Data

In core ion chumbers were mor i Tored wontinuous !y during
€78, 1A, The output from these chamrers was usec to rrovide
qualitative information on core response To power leve!
changes, As examples ot this, the N«| string chamber
currents in milliamps are Vis*eg for five power |eve s at
300 psia and one at 880 psia,
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Shamper bdetys| P r vel [MWT)
£ 48 a2 22 40 b

T 4N L0154 ,032 043 046 082% . 068
. (M) L0242 082 090 . 108 + 138 138
? (L) .ogla . 049 ,088 g 11 . | 32 ,097
Avg 0208 D44 074 087 « 107 100
Power (MWT) === |3 30 34 4! 37
#5550 psia

rmal | to Aver + n |
7 0.7% 0.78 0.58 0.53 0.49 0.68
8 .18 1,18 .22 .21 .26 1,38
g 1.08 1o 1,19 .26 .23 .97

The power levels across the top are from heat balance cal=-
culetions, Those across the bottom use the percentage in-
crease in average current from the N=| gtring ang the heat
balance values at each level 70 estimate the power at the
next higher 'avel, These extrapolations agree with the
heet balance values to within |O0% with exception of the
tirst step, These cata also indicate that with pressurize=
tion, the power decreased from 40 to 37 MwT,

The ietters T, M, L reter to chambers at approximately 3,
36, and I8 inches from the bottom of the fue! ir channel
N=i, The individual currents divided by the string average
current are ligted in the lower halft of the table, As

core power s increased, the power distribution shifts into
The iower half of the core, However, when the pressure is
(ACreased power shifts back inTo the ypper hali of the core,

Beacror Teating 30 78 MWT (40% Power) (Test 278.2A Partial)

Measured resuits for control rod positions, in=core ion chamber
re80ings, angd fiux wire counts are jiven for power escalation
to 80 MYf, for supernester rogs (Group |) withdrawal, ang tor
boi ler rods interchange (Group | with IV and V), Results are
2180 given for a xenon /ollow (Test 335) atter a shutdown from
6 MWT,

The sxperimental resuits are used To calibrate control rods.
The react vi'y worths of xenon, voids, and Dopple: are ceduced
and compa~ed «i*h calculetional results, Measured power and void
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coettficients are estimates, Measures flux peaks and the flux
pedk Trends with control rod motion are compared with calculated
velues, THe measures superheater power fractions are compared
with calculated valyes,

Pregictions ot core physics behavior from 40% to 100% power are
reviewed, A recommendation s made for an abbreviated xenon
test to be gone a2t 80% power.

8, 1 ng £ riment +

Core power was increased to 40 MWT at 1000 COT on
8/5/66, AT this time the Group 11| rogs were at 42
Inches and the resctor waier temperature was 478°F,
The power leve! was helg a1 approximately 40 MW for
26 hours unti| 1400 on 8/6/68, During this period
Group |11 rods were withdrawn to 56 inches to com=
pensate for xenon bui ldup.

Cu wires were activated with Group |1l at 47 inches,
In=core ion cnamber currents were recorded as & funce-
tion of Group |1l withdrawal, Of special interest is

the |IC string lozated in superheater channel N=|{,
The power level in this channel is close to that in
Z=! (the hot channel), The average of the cyrrent
reaging for 1IC's No, 7, B, and 9 located at 54, 185,
ang 18 in respectively, trom the bottom of the fue!
IS & measyre ot the syperheater hot ciannel power ang
of the core power, Ratio of ingividual |13 readings
To the string average ingicate axial power shifts as
rFogs ara withgr.sn and power is increased.

At 1030 CDT on 6/8/66 the core power leve' was 38 MWT
with Group (Il ar §1,.8 in, By 2200 the core power
‘eve| was 80 MWT with Group I!! at 73 inches,

2. Power Increzse *o 80 MWT and Withdrawal of Syperheater Rods

AT 0830 on 8/9/66 the core power ievel was 59 MWT with
Group |11 at 73 inches, The superneater power fraction
was C.064. Superneater rods were wiTharawn in eight
sTeps until full out, /4t 0030 on 8/10/66 Group | wes
8t 73 inches, the core power level was 86 MWT, and the
superheater power fraction was 0,118,

Withdrawal ot the Group | rods increased core power by

€7 MuT incluoing Xe effects, With Xe corrected out,
the Group | rods are worth 39 MWT,
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5. Seilec Conrrol Rog intercognge

AT 1100 on 8/15/€6 tre core power level was 76 WT ang
The superheater power fraction was 0,118 with Group I
8t 14 inches, The reactor water temperature was 478 F
and x@nun was &t equi librium,

Aftter several reactor shyutdowns, the interchange hatween
boiler control rod Group |1 and Groups IV ang V begen at

2230 on 8/16/68, Tne core power level, ang rog group
positions are summarized in Table |1,

TABLE f
SQOLLER CONTROL ROD | NTERCHANGE

Lime Bower (MWT) Bog Groug Heignts (in)

i L ang ¥
2230 65 0 73
2818 80 0 80
2400 78 I4 80
0030 (8/)7) 84 l4 3
0830 84 14 53
1030 P.5 18,5 §3
1100 $6 18.8 45
1148 69 22 4
218 60 22 40
1300 8l 27 40
1340 L 27 30
1430 80 36 30
1448 45 38 24
1530 73 56 24
1600 Sl $6 18
1845 83 73 '8
1900 8l 73 24

At The sTart ot the interchange with Group || at zero, the

superheater power traction was O.!11, At the end witr
Groups IV ang V at 18 in,, the power traction was 0. 140.

T!‘Y §§§ - _Xenon Fgllgw

Immediately after the rod interchange, the rods were
returned To the normal startup contiguration (Groups fT1,
IV and vV at 73 inches, Group !| full in, ard Group |
controlling) with core power at 76 MWT, This power was
heid trom approximately 2200 on August |7 to 0700 on
August |18, Group | reached 7% inches by 0700, At this
fater time the core was shutdown. The core was then
retuyrned to critical ar 0924 with Groups | and || full
in, Group |1l controiling, and Groups IV and V at 73



inches, The reactor water was held at 450 ¢t SF ang

Crivicality maintainea unti! 1400 on August 20. Group
1] was con1rolling during this periog of Spprox imately
S5 hours, ang Group |11 gitterential worths were measyred
tor approximately every inch of rog motion,

{ f R *

Resuits from Tes* 335 - xenon Follow = are discussed ang
8ndiyzed tirst, This is cone since i1hese resulis provige a
difterential and integral worth curve for Group 111 control
rod positions from approximateiy 25 to 55 inches. Next the
core reactivity valance to 80 percent power s presented,
Then results from the |IC's ang wire exposures are analy oy,
Finally, expectes rog positions are revised using results
from 278.2A at 40 percent power,

b - 2 - r + P r

Using periog data taken during the xenon follow test, a

Group |11 gitterential worth curve was constructed as
shown on Figure §. The dashed curve above 58 inches 'S
estimared,

The integrai of *his curve is also shown on Figure §,

Calculations were done to exactly match the power history
JUST prior to the reactor shutdown from 76 MWT t» partorm
The xenon test, The calculated worth of x@non s shown
on Figure 6, Also on Figure 6 ‘s shown the measured
worth ot xenon,

Since the calculated and measured xenon worth curves

are in good agreement from 3 to 80 hours, the calculareg
wOrth was taken to be the measured valye at shutdown,
This assumption gives a Group 1| height of S0 inches

8T shutdown for zero power and 450 F. |+t is also the
same height as at 17,8 hours afTar shutdown., This time
agrees wel!l with calculations which credict the xenon
worth at 17 hoyrs atter shutdown TOo be the same as at
shutdown, This point is called the xenon retyrn time,

Tavle || summarizes results of this test,
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Calcu'ated results in Tavle || also vield the worth of
Group || control rod from zero to 4 nches to be

0.25% &k since at equilibrium xenon for 76 MNT the Group
Il positicn is |4 (~ches,

AS an agd Tional check of the xenon calculations and the

Group |11 rog worth shown on Figure 5, calculations were
done To fcllow *he xenon byuildup for 28 hours at 40 MWT.
These calculations predict 8 xenon worth of 1.56%., This
compares - h & Group 1| worth of |.60% Ak for movement
trom 42.0 "o 56.2 inches === in good agreement,

The xenon tree Group || height at 450F is estimated to
be 31.3 inches., A clean core Group |11 height at 4SOF
'S esTimateo to be 28,0 inches, This estimate uses a
420F clear core Group |11 he ght ot 24.5 inches and &
Temperature coetticient of =1 .85 x 10°¢ Ak/OF. The
worth ¢t Group 111 from 28,0 to 21.3 inches is 0.4!% Ok,
The calculated worths of samarium at shytgown and at 80
hours are 0.3'% Ok and 0,34 &k, Thus, 0.07% &k is
attributec *o ftuel Burnup andg long term fission product
durnup, AT thig time the fuel exposure in The bHoiler
core is esTimated to be 782 MWD.

Retorence _ore Reactivity

Prior to Test 278, 1A, prediction had been madge of expected
conTrol rog positions for 20 percent power and equi librium
xenon, These positions were Groups ly 111, IV ang V
contTreol rods at 73 incnes and Group || control rogs full

n

+ AS & result of thig test it appeareg tThat the reactivit

Y
wortTh ot voigs was deing over calculateg and est mates




were reccne for Test 278.%A, From resyults at 40 percent
DOwer T 3ppears *That the newer pregictiong are n excell-
ent agreement i Th measuremenTg, moOwever, This may be
somewnat ftortyi *ous,

A reactivity balance s dore tor 78 MWT, For this it is
assumead THat *re caiculated xenon worth ang U0, heating
FOBCTIivity wOr**s are accurste,

76 My T
428 F Clean Groyp 111 at 81,7 in
Maasuced Calculated
Yoids and Doppler .- it at §O"
(«1,95% &k)
Equilibrium Xenon 11 at 14" 4 ar LI®
(=2.208% o&x)

The reactivity ditterence between || ang |4 inches on
Group |1 s calculated *n be worth 0, IS% Ak, At the
tTime thig measurement wae mage * s est i mated that
0,358 &k in tission products other than xenon had huilt
up, whereas the calcuiations hag assumed no fission
product tul ldup. y The core reac*tivity icss of 78
MWT appesrs to .. 0, Ok less Than predicted,

The voig worth to 77 MWT thys appears *o be accurate,

Ot the |,35% &k tor voids and Doppler, |, 7% &k is in

voids, This is besed on 89 MWT in the boiler, At 550

Psia ang tull tlow, the average and exit voigs are cel-

culeved To be 4.5 percent sng 24 percent, These values

vield & veig coetticient of 0,126 &k/% a trom zero to ‘
76 MWT,

A power coetticient ~an also ve determined from measured

gata by noting the power increase resulting from Group |

and Group || withdrawal, Wwithdrawal of Group | control |
rogs from O to 73 inches increased cower by 30 MWT and |
Group || rog withgrawal from O to |4 inches increased |
power ty |8 MWT, The geduced measured worth ot these ]
roos is 0,95% Ok, The calculates worth (s |, IS% &k,

Thus, & power coefficient is estimated between 2.0 ang

2.4 x 107% Ak/ww,

A reactivity balance for the core ( just prior to escala-
tion to 60 percent power) is given in Table 111,




angi 'ign R
Cold Clean 1,098
478F
Clean 1,083
Sm 1,079
Fuel Burnup 1,078
76 MWT
Voids plus Doppler 1,058
Equilibrium Xenon 1.036
Critical with il at |8 inches

Based on results to cate, predictions are made of tae
Grow || height tor escaiation of core power to 1008,
These are listed in Table IV, Expected positions are
given tor the equiiibrium xenon and xenon free conditions,
For the equilibrium position an uncertainty is included.
The uncertainty is equivalent to approximately 30% of

the &k 1n xenen and voids beyond that at 76 MW,

TABLE IV
EXPECTED ROD HEIGHTS (IN.)
80% *o 100% Power

Eguilipriym Xer: a

76 Il at 56 1 at I8

4 I at 87 23 26 29
182 Il 8t 0 27 2 18
190 I at 10 32 40 S8

The ditterence between these expected positions and
those shown in Test Procedure 278,2A is that the Group
i1 integral worth curve has been ad justes to reflect the
lower than caliculated rod worth deduced from exper ments
to date for the lower halt of the core, The total Group
wortTh was not ad justed,

igtribution
Table V lists calculated ang measured axis!l peak to

average vaiues for each wire exposure, The agreement
is tair,
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11l a8t 47

N=|
L=9

at 0 in,

§=5
L-9

ang V at
eé in,

§=$ .62 I, 48%e

®l11 at 43 in,
eV ang V &t I8 in,

Calculations tor other control rog contigurations show
that at low void levels as rods are withgrawn the super~
headter axial peak ncreases, S50 It s expected with |||
control rods At 47 in, and Groups IV and V at 24 in,,
the calcuiated peak valyes would be greater than those
listed in Table VI,

Calculates values tc compare w th the |IC readi ngs are
not presented herein, However, the intent g to use the
axial power shapes computed as & fraction ot control rog
withgrawa! to obtain flux valyes at |8, 36, and 54, in,
et locations N=| ang L-9,

The superheater power ftraction increased from 0,084 to
0.1185 as Group | contrel rods were withdrawn, Then
during the rog interchar~e it increased to 0,140, These
valyes compare with cais .  .tions of 0.086 10 0.8 ang
0,180, Thus, with superivater rods in, the power fraction
was substantially underest i mated, Wwith superheater rods
out, the agreement is good.



B, Beacror Dyngmics Tes: ng (Test 433)
The purpose ot Test 433 is:

(1) to evaluate the ettec*s or the reactor of cer*ain fluig
dynamic disturdances wnich are |ikely to occur during the
oparation ot the piant;

() *o verity that the transient response o the disiurbances
IS NOT gsevere angd is well within the [imits of the reactor
protection sygtems;

(3) to demonutrate *that all control systems (pressure, feec-
water level, teedwater temperat.re, etc.), are ac justed to
respong properly to the various disturbances imposed i n
this test;

(4) to obtain reactor stability intormation at varicus power
levels ang to predic* the response at a higher power level;
and

(8) to cetermine the accuracy of certain system responses as
indicatea by the Pathfirder analog simulator model,

The tollowing intormation nas veen extracted from A=C +est reports
submitteg to the Pathtinder Satety Commi ttee.

. Beactor Tosting at 38 MWT (20% Power)

a, | ‘ontrol

Movement

The following tsvle shows @ comparison between measurec ang
calculated parameters for The pressure setpoint ang control
rod movemen* changes, These calculations were done assuming
8 5% superheater=to=boi ler power fraction ang associated

flux peaking, whereas the estimated power split at the *ime

of The experiment was avout 5%, The flux peaking at this
condition has been shown 1o be equivalent to & power split

of 7.5%., The power coefficient ot reactivity for the calcula-
tions was about 2.3 x 10724 Ak/MW and was messured to be
about 1.5 x 1072% Ak/MW at 30 MW and S40 psi.

The eftect of » smaller power split would be to lower tran-
sient Temperature pesks, where as the eftect of a smaller
power coefficient ot reactivity would be to increase tran-
sient temperature peaks, for & given fixed disturbdance,
Thus, using the power peaking associated with the 7,.5%
power split a correction factor to be applied to the cal-
culated tuel temperatyre results, is found to be

o x - o,
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The application of the power coefficient part of the

correction factor girect!y to the tuel

gtrictly

10mp.ra'ur0
SOrrecT gue to the non=iinear character of the

s NOY

pressure control system; hOwever, (t g more realistic to
InCiyoe this Term than *o omit i1,

The other ‘mportTant factor to be consigered

These results is the

change,) These
of reducing trangient

peaks and coule well account tor

between measured

A .V.‘u.71ﬂg
nature of the gisturbdances.
celculations all step disturdances
"step aisturbances" guring the
changes of about ? seconcs durstion,

The operator could sately make exactly

In Tthe

were Trye sTeps whereas
Test were actyally ramp

(This was as fast as

& +5 psi setpoint
slower disturbences woula have the ettect
power peaks ang transient temperatyre
The remaining "discrepancy"
ang calculated results,

The response of the remc*sr system to control rooc motion was
less than anticipeted since CRG 111 was moved & maximum of

+0.9 inches, whereas the
CRG || motion of 2.0

TRANSIENT PARAMETER VALUES

Initial Reacter Power: 38 MW ;

calculated results were based in a
inches,

Pressure: 540 psi; superheater
thermocouple No, 0-10 = 87SF

Controlling with GP |11 rogs; Bulk steam: S43F; reedwater tempera-
ture = X90F
Faramerter Test Calcyulated Resylts
Measured Results (see report text
tor conditions)
l.) Pressure Set Point
Change +5 psi with
T? control
8. Max ATp t/c No, +34F +7SF
0=10
b, Max 4 power, incore +I3% of existing ceee
Ne, 7 power
€. Max & power, oyt +8.2% of existing +l4% of existing
core S power power
g. Max &P +5.5 psi +«5.5 psi
e, Max 4Tp +8F +2SF
2.,) CRG Il Motion, 0,9" ou?
with T? control
8., Max ATg t/c 0-10 +|&F +42F tor 2" of

D. Max & power, in-core

No, 7 '

C. Max 4 power, Ou?-core‘
<

o} |

{

d. Max &P, i

e. Max ATy ‘
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+14.5% of existing
power

+14.5% of existing
power

+| psi

+|8F

CRG

Il Motion

«37% of existing

power tor CRG |1
moTion
+42F tor CRG |1
moTion



Besponse T0 Feeguarer Flow Rate Change o7 38 MeT

The teecwater flow rate wes f rs. reduces, caus ng reac . or
waTer lsvel 10 tall, ang weés then ncreasey o prevent a
'ow leval scram, The results ere |isted.

I, Ristyreance: =108,000 1b/nr in 11,5 seconds
MAX Power Change: “9% of exisTing power on in=core
1on chamber No, 9
MAX 4ATe “26F on t/¢ No, 0+10
MAX &Pp “1.7 psi
2. igtyrbance . +150,000 lo/hr in two separate cisturbance
ot 5.5 seconos ang 12.0 seconds each
MAX Pownr Change: +14.6% ot existing power on inecore
chamber No, 9
MAX ATg: +45,.5F on t/¢c No, 0=10
MA, - T «9F
MAX “ ! +2 psi
3. fxpecreg Resylts
Disturbance: +124,000 Ib/hr in 4 seconds
MAX Power Change: +32.5% ot existing power
MAX ATg: « | 25F
Samments :

In this run, the superhester rods were a* 0" so that the
PRwer peaking 28sociated with thig congiTion s representa=
tive ot & 7,56 superheater-voiler power split, Thus, in
The secong disturbance the pesk superheater Temperatures
2'@ consigerably below the calculated peak g sturbance,
Alsn, since the actual power peak is well delow the caleyl=
870d power peak the effect of changing the teedwater flow
rFete apparently did not nave as large an eftect on subcooling
8% @xpected - or the subcooling=reactiv.ty relationship s
less than expected. As Test 433 progresses these effects
will be analyzed ang an attempt will be made to obtain
quantitative relationships,

The reactor responses To this disturpance in the ;uocooling
% camped ang shows no tengency towarg oscillatory benavior,

Responge to Recircylation Flow Change 2 345 MNT with the
Qume Yalve on Ayto Control

il Blant Congitions

Ringsntor Powar : 34.5 MWT (The tlow reduction started
a8t 45.0 MWT and enced at this power
when garged valves were at 80% open -
all three pumps running,)

Rewcror Pressure: 47 psia

Suporheatar Fuel Tempera= 892F on t/c Ne. 0-10

tyre:
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Steam Ex it Temperatyre: $S¢ F

Steam Flow Rate: 24,500

Feedwater Temperatyre: 587 F
Recirculation Flow Rate: 48,000 gpm
Pressure Control System: Auto on Dump Valve
Feeowater Temperatyre: wang

Reactor water Level: Auto

Rigtyrsance: ecirculeation vaives ganged open from
0% 1o 1008 (+14,000 gpm in 124 sec)

MAX Power Change: +24.3% on in=core chamber No, 8

MAX ATe: «I3 F on t/¢ No, 010

MAX &P ! +2 ps

MAX ATs: «6 F

1 R |18 (calculated)
Disturbance: +14,000 gpm in 130 seconds at 24% power
MAX Power Crange: +20%
MAX ATe: <R F
MAX &P : 2 psi
MAX ;}Tz: +6 F

Commants:

The comparison between calculated and experimental results is
excellent; this is so, n part, becauss the calculated results

were run on The analog computer after the experimental date were
obTained in orger to establish the same initial congitions, Analog
computer results show that this rate of recirculation flow change
(@55 gpm/sec) is worth approximately 0.7 cents/second in excess
FO8CTIvity rate., Again, no tencency towards in3tab ity is
evigent,

qg. T!.? ‘;; Al Sw with THFQIH! |h‘!7 !:lv!‘ on A“YQ

The turdbine inlet valves were in tar from an optimized state ;
Thus, *he results of planred disturbances in this plant congdi-
Tion is nOtT presented. whea the inlet valve response is improved
several of these tests will be pertormed to demonstrate satisg-

factory plant response with the turbdine operating,

-

e. Reacvor Testing ot 76 MWT (without turbine) while on AUTO Dump yalve

-

gntrol
8. Regctor Regponse to Control Rog Motion

The reactor response to witharawal of the superheatir control
rods (Group |) “rom 47" to 49" was recorded. The chart showed
very liTtle change in any ot the recordes variables because
The superheater rods were worth very |ittle reactivity in this
position, Other rod maneuvers, essecially gang lowering ot the
superheater rods several inches woile at this power level, show
8 more marked response - but a responge that s smooth and which
Sshows no tendency toward reactor system nstabilit

Y.
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Resctor Responge o Presgure Setpoint Chanaes

This gisturdence was
on The response of

gisturbence wss = 3
becAaysSe Ot & scram

temperatyre; *r
since the
ture transient
PSi Yransient woulg have b
because of the satety res?
setpoint gisturbance was |

the
ps
that oc

var

- -
operstor

w T ON.C

lnitial Plant Congitions

Reactor Power:

Recirculation fFlow:

Grow | recds:

Exit stesn tempersture :

Superheater Fue!l Temp.
on t/¢ No, 0+10

Steam Flow Rate:

Reactor Pressure:

Pressure Control:

Feecwater Temperastyure
Control ;

Raactor Level:

The

Trangs ént results Are

~

.’M rhan'!-
MAX Power Change:
MAX ATe:
MAX AT2:
MAX QP2:
MAX QMQ:

Sisturbance:
MAX Power Change:
MAX ATr:
MAX AT
MAX AW,
X Qg

-l
<

"
pvisrurdbance:
e — e e

MAX Power Crange:

repeated six *

v .a».,—

$ sCram may

was ''fg!

mes 0 vield

neeccre

ntormat
chambers, The

anned ¢ 5 ps

high x| T steam

due to cperator error

the ex | T sTeam *tempera~

oating scram setpoint, The ¢ §

een preferrable

ricrions placed

Cwereog,

on
ous or
Than

Curreo oue

have been

"

‘e -
e P

AL~

.-

-
W

*»

analyze,
Test 433,

oy

on the

&

690 F (67.4 W)
275,000 Ib/hr
548 psig

Dump Valve on Ayto

Manyal

'.'U’:'
Irg1eg,

5 psi in B seconds
“10,4% ot existing
~34.6 F on t/c No,
-|a 3
8 psi
+20,000

pOwer

Ae IO

on

b

nr
*3 ps: in
=5.4% on
7.3 F on t/
F

2.2 seconds
necore champer

...-'-\
~ ~

No, 9

- | A

\
C NO,

-
-
2}

|

&.\‘

+3 ps n 2.8 seconds
+6.3% of existing power
+2!1,6 F No, O=I0
+9 F
-12,000

e reaches

n=core No,

on t/¢

I9/hr

sTeady state

n=core No.

Q




cted Res

computer
*

roance: .8 cs at 42. /% power

-
.

F reaches stTea2dy

The =5 psi disturdbance resuits are shown in orger 4o compare
the 76 MWT resuits to the previous!y reported 38 MWT resuits.
while the 38 MWT results were for 2 +5 ps change, & compari=
$On shows That changes in */¢c No, 0-10 response at 30 MW and
7€ MW were identical, Power peaks were 2iso quite compe “vle,
but The change n exit steam temperatyure was only BF a+
38 MW, while ATp ot 76 MW was IBF, This gifference can be
artridbuted to The fect that superhester Group | rods were
nserted at 38 MW and were withgrawn to sbout S3 inches for
the 76 MW runs, Overall, the responses at the *wo power
‘evels are quite comparable, with no tengency of reactor
system instability being in evidence,

The comparison of the +3 psi setpoint change To the analog
computer calculation ghows very favorable results with the
superheater fuel Temperature, exit steam Temperatyre, and
retyrn ot The svs'em 0 3 s1eady state @iving the best
compar  sons,

Rgiagni! b~ Foegwﬁ’!r Flow Rate Lhanges
Ristyrbance: =100,000 Ib/hr in ¢ seconds
MAX Fower Change: =6.8% of existing power on in=core
on chamber No, 9

MAX 4Tp “19.85 F on t/¢c No, 0=10
MAX AT,

\l.
MAX OF A

-

Digryrbance: ‘ ) 1b/hr in |10 seconds

MAX Fower Change: ex.§TiNng power on in=core

chamber No, 2
t/¢ No, O=10

Disturbance: +124,000 Ib/hr in 4 seconcs
MAX Power Change: +12% ot existing power
MAX :‘,‘: ¢6: [+

er |
In Tthis run the trangient response is
3 was The case for the same disturbance at

sufticient time ang evidence has not been v




qQuentiTative explanations ot *he ditterences, it s expectec
that lower measurec response is cue to nperating with @ “

~ - V{
Ower value of subcooling than the celculations assumed. i
For example, wher teedwater temperature is 390 F, subcooling

¥ |
s about 0.8 BTU/ b, whereas when feegwater Temperatyre s

’
340 F, the subcool ng 's 3.6 BTU/Ib, Thus, in The actue
fest condition only about IS cents reaztivity $ Tied yp in

subcoeling (at 0.8 BUT/Ib), whereas &t 3.8 BTU/ b sboyt 78 :

wuN § -

cents s ‘@ <P Ih subcooiing, |t was noted That the ratio -
Eeak powir 2t 40% § about The same as the ratio )
iﬂ ; Peak power at 20§ measured
!J‘ 5‘
) r at This retio is approximaetely 0.5, ;

3 Peak powar at 208 calcylated. !
il

g. Qgiagn'! 1o ‘!!ﬂ!ﬂl’ "M”'j'ﬂi'Q ’ngngg ;“

. |, Ristyrbance: Fewawater tempsraiure se point cranged 63 ]
1 Ibs, equivalent to 6.8 F in |6 seconds |
i MAX Power Change: +3,.8% of critical power on in-core ;
chamber No, 7 ‘

‘ MAX ATe «16.2 F .

i MAX ATa: 6 F h

" MAX &P +2.4 ps

? . Expecreq Resyi"s: L
7 MAX Power Charge: +4.0% of existing power |
i MAX AT +18 F
: MAX AT, +8 .8 F ]
;‘} ‘anoiz !

AlThough the rest results ang the calculated resulTs compare
fevorably as tar as gisturbance magniTydes are concerned, e
The Trans . ent parameter shapes are quite ditferent in the

Two cases. The calculated transients are very smooth ang

have no "peaks'" or "troughs", Final steady-state values

8180 compare favorably, The discrepancy between calcylateo

8Ny expected results undoubtedly is caused by the gross ,
simuiation ot the fteedwater temperature control system, A =
simple tirst orger lag ang clamping circuit were used to :
o represent an obviously more complex svstem. The simylation
: wes gone |ike this in order to conserve comput ng hardware,
and because The systAm dynamic response has been unknown.

: i i
e. Response *c Reguced Recircuistion Flow Change ‘

This *est was not as specified in the proceduyre ftor Test
433; the final ganged valve position was changed from 45%
cpen To a final position of 0% open because it became
apparenT That the power-to-recirculation=flow scram woy |l @
D@ reached during the transient, Since it was not necessary
o ocbserve another scram agur ng the course of *hig test and
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since system response information to 80% open appeared *o
be adequate, the procedure was changed accordingly, A heat
balance at |00% valve open position -ields 73.3 MWT and at
60% valve position, a heat balance gave 60,8 MwT,

. Ristyrpance: +1874 gpm on Pump ilo, I3 in 20 seconds
MAX Power Change: +15.9% of existing power on in-core
chamber No, 7
MAX ATe: +34.6 F on t/c No, 0~10
MAs 4Tp: +/4.5 F
MAX &P5 +3,2 psi

2. gxpecteg Resylts:

No direct comparison available

S. Resulis at 38 T

Ristyrpance: +1781 gpm on Pump No, I2 in |4 seco . s
MAX Power Change: + 0% of existing power on in=co s
chamber No, 9
MAX ATe: +32.4 F on t/c No. 0=10
MAX AT, : +7 F
Comments:

Comparing Tne rasuite at 38 MwT ang 76 MWT, it appears tha:
The same flow disturbance causes larger power changes at
the higher power level, This is an expected effect since
more reactivity should be Tied up in voids at the higher
power, which will nave the etfect of causing larg~~ power
changes,

Reactor Testing at 7& MWT (with Iyrpine; while on AUTO Dymp
Y& ve ConTrol with the Inlet Valves on Hang

Ouring the week of November 28, 1966, the runs of Test 433 at
76 MWT with the dump vai ve dutomatically controlling pressure
and the inlit valves on Hand were completea, These tests,
callea the "spl t flow" tests, were done at 76 MWT to provide
& base with which fyutyre higher power test results can be
compared. !n all these casas the inlet valve position was held
fixed by the mechanical load |imit control,

rrior to these tests, analog computer studies were performed
that compared system transient response when the dump valie
was On auto with the split flow arrangement as was actually
used during the testing, These computer studies predicted

That changes in system parameters would be nearly the same
whether the dump valve was on auto passing all of the generated
steam or whether tre split flow arrangemenT was used with the
dump valve on auto and passing about 80,000 Ib/hr, Disturbance
sTidies were pressure -=Tpoint cnanges, feedwater iamperatyre
changes, control rod =...cn, and rFecirculation flow chames,
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[ Feedwater Flow Rate: 210,000 Ib/h:
Steam Flow Rate: 20,000 Ib/hr

This memo presents the IniTial conditions and transient conditions
quring tha planned disturpances as wel | as comparisons ot pre-
vious 76 MWT tests done with tre dump valve on auto, The
conclusions drawn as a result of these comparisons are those

that were presented to the Operations Committee atter the tests
8Na prior To the 60% escalation step, These conclusions are:

I) The system response *o the Test 433 disturbances is
the same whether the cump valve handles all of the
generatec steam tliow or whether the split flow arrange~
ment s used.

2) No apparent satety hazard exists because of the split
flow mode of operation,

Recir tion rip Tegt

Thus far three attempts have been made to trip & recirculation
pump with the reactor producing power, The first attempt on
I0/18/66 ended in a2 scram due to nigh steam temperature approxi=-
mately 21 seconds atter the pump was tripped, In this case
steam temperature was approximately 40F below the initial valye
aT the time of scram, but the reactor operator failed to keep
sTeam Temperature within range and a high Ty scram resulted.

The second recirculation pump Trip was held on 10/19/88 with
the |ow sieam Temperature out of range runoack bypassed and the
high sTeam temperature scram set at +25 F above the initial
sTeam temperature, A scram occurred because the high steam
temperature setpoint was reached.

The third attempt to Trip @ recirculation pump was made on
No/emper 7, 1968, and was carried Through to complction, Prior
to the pump trip, recirculation f'ow was reduced by ganging all
Three discharge valves from 100% to 60% open. Initial congi=
tiong taken from a heat balance Just prior to pump trip are
listed in Tanle |,

TABLE |

Ini?igl "“gggn?igr\‘ for One Pump Trng l|"’7/§§

Reactor Power: S8, MWT
Group | rods controlling
ar: 33.5 inches

nanne! 5 cyrrent: 0.83 x 10~6a
Channel 6 current: 0.58 x 10"6a
Channel 7: 28%
Reactor Pressurs: 543 psig
Feedwater Temperatyure: 380°F



Recirculal ion Flow Rates:
Exit & om Tamperature:
Superhics ' er Fuel Tempera-

ture T/C No, 0=130

Dump Valve Positicn:
Pressure Conirnl:
Feedwater Temperaturae

Control:

Level Control:

1$,800, 17,000 17,000 gpm ©n IngT |68
£800F

727°F
8%
Auto on Dump Valve

AUTO
Auto on single element

Table 2 lists the important transient parameter values during The
pump trip. '
TABLE 2
Results of On irculation
Pump Trip 2t S8, | MNT
. Qistyrbance: Tripped Pumyu No, ||
MAX Power Change: -58% ot initial power on in=core
chamber No, 3
Final Steadv~state 74.9% of initial power with valves of
power change: two operating pumps at 50%
Final tlow, vaives
ar o%, 80%, 50%: 38,000 gpm
Max Positive Pate +416 gpm/sec measured on pump No, ||
of flow change: flow trace
Max changes in fuel =152 F at |6 seconds ang +!|IS F af
temperature: 74 seconds
Max changes in steam =34 F at 16.5 seconds and +27 at
line temperatire: 75 seconds
Max change in Steam
Flow Rate: =-74,000 Ip/hr at 5| seconds
Max change in Steam
Line Pressure: -14.8 psi
2. Laiculated Resyl!ts on Analog Computer, Case 2, Exp 86-27,

Disturbance:

Max Power Change:

Final steady-sTate
gow:

Final flow, valves
at 3%, 100%, (00%:

Max positive rare
ot flow change:

Max change in steam
iine temperature
thermocouple:

Feedwater control

system:
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Tripped one recirculation pump
-50% of initial power

77% ot initial power (with valves
operating at 100%)

40,000 gpm

+432 apm/sec

-130 F ar 2| seconds

+80 F at 85 seconds
(superheater rods all out)

Auto



Max change in hot ~420F at IS seconds

spot fuel +300F at 55 seconds
temperatyre:
Pressure Control Ayto on Dump Valve ReseT ap:r~-c«,
system: 2.5 remoats/m nute,

NO T2 control

This test was successful in showing the reactor response
to & pump trip at approximately 40% power., As predicted,
the reactor safely returned To an equilibrium congition,
while all the transient parameters did not correspond
exactly with predicteg magnituces and time relationships,
most parameter values were in excellent agreement with
prediction,

It is interesting to compare the response of thermocouple
No. 010 to the computed hot spot temperatyre, Since the
thermocouple does not measure hot spot temperature a
correction must be magde to its values to obtain hot spot
. Temperatyres, Table 3 shows a comparison between calcu ated
and measured superheater fuel temperatures,

T/BLE 3
rison T n Cal |at
n r im Trancient
T ratyr rin ne P

Trtgzg* 80 MyT

Max Hot Spot Max Hot Spot Max Expected
Temperatyre Temperatuyre Hot Spot
change with with witThout
yncertaint. es uncertainties uncertainties

Calculated +300F IS7CF sacse

(anaiog)

Measured, +265F 1278F |080F

based on 2

+| ISF peak

in t/¢c =

No. 0=10

From Table 3 it can be seen that the changes in ho* spot
tue| Temperature predictad by the anaing ca2lculations for
the pump trip are quite close to those that must actually
occur at the hot spot during the pump trip, The initial
fuel hot spot temperature for the analog calculation was
I270F, whereas in the reactor the initial hot spot tempera-
ture (including uncertainties) was I0I0F,
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5.

The results of shutdown recirzulation flow tests indicated that
recirculation pump trips ang restarts may result in rate of

flow increases exceeding the Technical Specification limit of
455 gpm/sec., During a pump trip, the reverse flow through the
Tripped pump is great enough so that as the pump discharge valve
closes, the rate ot flow increase may approach 455 gpm/sec,
However, the rate of flow increase for a pump trip test can be
controlleg by the initial discharge valve position and pump
trips with an initial valve position of 80% are definively
within the tech spec |imits,

On November 3rd, the Operations Committee deciged that a pump
fripor 8 loss of indicated recirculation flow should result in
a reactor scram, The necessary circuitry changes were compieted
prior to the recirculation pump trip test of November 7th,
Ouring this trip test, the discharge valve of the three pumps
were closed to a €0% position, ang the scrams, associated with
the pump That was Tripped, were bypassed. The Tripped pump was
not restarted at power,

Considerable concern was expressed about the boi ler hydrodynamics
and burnout margins for operations involving reduced recircula~
Tion flow rates during pump trip tests., This matter was thoroughly
reviewed by A=C personre! and reported tu the Safety Committee,
From the A=C analysis memo 'Burnout Margin during Reduced
Recirculation Flow during Test 433 Testing" dated December 9,

1966, from L L Kintner to R W Klecker the analysis is summarized.

"In summary, the boiler hydrodynamics and burnout margins have
heen adequateély analyzed for all anticipated operations, including
pump Trips and operation art reduced fiow, The analysis, based

on TesT data, shows that t.e design calculations reported in the
Technical Specifications (reproduced in Figure 7) are conservative,
The amount of ccnservatism more than offsets the slightly reduced
recirculation flow (57,500 gpm at 60% power) compared with the
design full power recirculation flow (64,000 gpm) so that the

full power burnout margin will be greater than [,9, The power-
to=flow scram circuit is set to account tor power decalibration
and backflow during pump trips so that Burnout Ratios will not
exceed the values indicated in Figure 7.,"

Further recirculation pump trip tests and restart tests have
been deferred unti| after |00% power testing is completed, |t
is anticipated that future test resulis will Justity the removal
of the scram protection on the recirculation pump trips and loss
of indicated flow, The recirculation flow=to~power protection

remains in effect and will not be removed.
Pressure Control System Failure and Loss of Steam Flow Analyses

The following information was extracted from an A=C report
"Pressure Control System Failure and Loss of Steam Flow Analyses"
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gated November 21, 1968, prepared by J T Stone, D ~ Swanson, and
L L Kintner,

"On November B8, 1968, Pathfincder was snutdown at the request of

Allig=Chalmers,

Quring the October 26-28, 1966 Satety Committew meeting A~C
presented an alternate method of continying the power escalatioun
program, This alternate was required because of diffticulties
experienced in control of the turbine inlet valves with aytomatic
pressure control system, The alternate approach consisted of
splitting the steam flow from the reactor with the majority of
the flow passing to *the turbine; the remainder being dumped
directly to© the condenser, The inlet turbine valves would be on
"load |imit" control; the dump valve would be on aytomatic
pressure control, A~C had pertormed a technical specification
review 2nd a review of the action by the satety system with this
mode of operation,

The Satety Committee requested that the accigdents consigered in
the Sateguards report be re-reviewed from the standpoint of the
alternate mode of operation, '

Analysis of this mode of operation, and investigation of previous
analyses of pressure control svetem ftailures showeg that th s
particular split valve arrangement was not one of The initial
conditions used in the analog computer sTudies, However, from
the various accidents studied, The simulTaneous valive closure
accigent (where the dump fails to respond when the inlet valve
closes rapidiy) was tound to be most severe, in that supernheater
temperatures approached |850F tor apout 2 seconds; the power level
at which this occurred at S0%. This particuler study led to
gecisions to add the following thrae safety actions to protect
tre reactor from damage in the unlikely event that this accident
did occur,

|, Scram when the iniet1 valves are closed and the
dump valve is closed less than x% (Presently x
= 4.5%)

2. Scram upon high steam |ine pressure, (Present
set point is 585 psig)

3, Scram upon high steam temperatyre, (Present
set point is +25F above ambient steam tempera-
ture), This was the first time high Ty scram
was deemed necessary,

A reevaluyation of this accident was made for the cas2 in which

the dump valve was partially open (above '"closed'" contact at
4.5% open) and was disabled because of system failure,
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't during this condition another system tai lure or load dump
caused the inlet valves *to sugdenly close thereby sudoenly
reducing steam flow, the superheater fuel temperature would
rapidly rise until high Ta or hignh P, scram terminated the
excursion, The question which could not be directly documented
Dy analog cal-,lations wus: wWould the superneater fuel tempera-
ture (T4) rise above I850F during this excursion, no matter what
The initial power was? Extrapolations showed that the tuel
Temperature would peak below the |650F point, However, for |ack
of gefinitive calculational proof, the plant was shut down unti|
The situation could be thoroughly studied. The resuits of the
$Tudy showed that t.e extrapolations, based on ear!ier ana'og
work, were rorrect in predict ng fuel temperatyres peaking less
Than I6S0F for all power levels,

Based upon the results of analog computer runs and the observation
of the reactor experimental data following small changes in

steam flow rate, Allis=Chalmers concluded that there is no un«
reviewed safety question involved with either the present mooe

or alternate mode of operation of The pressure control system ang
That the consequences of a tailure of the pressure control system
&re nOT as severe as reported in the Pathtinder Sateguards Report,

Since there was some uncertainty at the outset of our review
concerning The consequences of failyre of +he pressure controi
system which could result in a partial loss of steam flow buT
veT noT cause 3 scram because of simultanecusiy closure, it was
decided to pursue an ingepengentT means of protecting the super=-
heater from loss of fiow, As a result, a low steam flow scram
circuit is being added to provide back=up protection from 20 to
I00% power. Since it is ncw beljeved that This additional satety
protection is unnecessary for protection against pressure control
system failures it may, it gesired by NSP, be removed at a |ater
time,

In summary, Allis=Chaimers concludes that the plant can be safely
operated up to |100% power with the automatic pressure control in
either mode of operation, i.,e, with the dump valve on auto pressure
control ana the inlet valves on manual control or with both the
dump valve and the inlet valves on auto control after system per=
formance is demonstrated."

The A=C analiysis was reviewed » the Operations Committee and
acceptad prior to the continuarion of reactor testing on November
29th, The Safety Committee subsequently reviewed the analysis

in December,
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c.

Reactor Shytdown Testing (Test 431

The purpose of Test 42| is to determine the response of the reactor
to runback, scram, tyrbine trip, and load dump 8t various levels
during the Test 278 power escalation series,

Specitically, the test nas four purposes:

(1} *o ouserve, i+ superheater #yel thermocouples are
available, if local hot spots may be generated in
the superheater by unfavorable rod bank configura=
tions which might occur due to runback;

(2) to confirm that all pertinent control systems
(pressure, reactor level, etc,) are ad justed to
respond properiy and in & safe direction vhen
any of the sub ject safety actions are imposed on
the reactor and evaluate their pertormance ;

(3) to observe reactor and turbine behavior as predicted
in response to turbine trip and turbine load dump
ang evaluate their performance;

(4) to evaluate the accuracy of the Pathfinder Analog
Simuiator Results,

The following information has been extracted from A=C test reports
submitted to the Pathfinder Safety Committee,

|, React Tegting at Power

The following actions have been tested in accordance with
Test 431,

|, Reactor scram at 40 MW, 300 pPSig.
2. Reector isolation scram at 40 MW, 540 psig, manual
pressure control,

3., Reactor Scram at 40 MW, 540 psig, automatic pressure
control,

The tollowing is a presentation of the test results:

a, R tor + i
A reactor scram was manually initiated from 40 MW, 300 psig
with *he reactor pressure, feedwater temperature, and water
level control systems in HAND operation on June 21, 19686,

Reactor power fell to essentially zero in about one second
ana fuel and steam temperatures decreased,

The reactor system benaved as expected following the sc-am,
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Reactor lsolation Scram at 40 MW, 540 psig

Reactor isolation scram was manyally initiated from 40 MW,
$40 psig with reactor pressure, feedwater Temperature, and
water level control systems in HAND operation on Juyne 24,
|1966. Several reactor parameters were recorded on the
Ottner recorder,

Reactor power as indicated by Channel 5 (out=-of=core ion
champer) and in=core ion champers No, 8 and No, 9 tell

ott in asbout one second, Reactor pressure d steam Tempera=
ture are seen to decrease following scram he osci'lations
in The exit steam pressure trace are tThe r« |*ts of noise
pickyp rather than actyal pressure oscillations,

Steam flow through the Main Steam |solation Bypass Valve

was reczorged, Bypass steam flow was monitored to be zero
preceding the isolation scram since nearly all of the steam
was being passed by the Main Steam |solation Valve, Follow=
ing isolation scram, the MSIV begins tTo close and is fully
closed in |7 seconds, Bypass flow increases while the MSIV
is closing as is indicated by the recorded results, |[ndicated
flow is congtant during the initial 6 seconds of MSIV closure
because the steam flow meter is no* yet on scale and during
the final & seconds of valve closure because the flow meter
is satyrated at full scale,

Following isolation scram, the bypass isolation valve also
pegins to close and is fully ~losed in |20 seconds, Indi=
cated bypass steam fiow comes on scale again after 38 seconds
(full scale = 75,000 Ibs/hr) and indicates zero flow atter

S8 seconds, |f this indication is correct, then steam f|ow
to the main condenser following isolation scram was termina
ted (or at least reduced to less than 10,000 Ib/hr) atter
about one minyte rather than the expacted two minutes, This
condition is not satisfactory and will be investigated at

the eariiest possible date, The investigation will be initi=
ally directed towards the valve operator which may be highly
non=|inear (causing the valve to go much more than halt-
clesed in only halt the total closing time),

(Note: |Intormation presented to the Saftety Committ2e on
Septemper 7, 1966, shows that the closing time of the by~
pass valve is satisfactory,) ,

R , T i AUTO Pre re Control

Reactor scram was initiated from 40 MW, 540 psig with reactor

pressure and water |evel control in AUTO and feedwater temp-
erature control in HAND operation on June 28, 1966, The scram

was noT manually initiated, but rather happened when the
opérator artempted TC drain water from the main steam |ine,
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The resuits of *he test were recorded, As defore, reactor
power fell ott in about one second and fuel temperatures
decreased,

Although the reactor water level control system was on AUTO
at the time of scram, this system had only singie-eiement
control (level) and would theretore be very slow acting,
As @ result, following & scram, the operator switches

r level control to HAND and the net effect of it being on AUTO
is ingignificant,

The pressure control system is |eft on AUTO tollowing scram,
Normal system operation following scram would be dump valve

l closure in response t0O decreasing pressure with cl!osure

P limited at the 84 minimum stop., Dump valve position was
recorded and indicates that the valve opened from |I1% to |4%,
There is no explanation tor this behavior and it is concluded
that the polarity of the valve position signal was reversed
somehow and therefore, that the vaive actually closed from
1% to 8%, This conclusion will be checked out during future

P testing,
! 2. : | 7 T
TR, 1 i Tri 1 T
b On July 29, 1968, the turbine was Tripped wiTh reactor power

at about 38 MWT and the dump vaive slightly open (about 2%)
ang controlling pressure, Following The manyal trip, the

} stop vaives closed and the dump valive opened to a position
sutficient to pass existing main steam flow, The dump valve
then slowly closed attempting to control pressure until the
minimum=valve~tosition (imit was reached (apbout 9% indicated).

The turbine trip initiated scram as it should and reactor

power fell otf in less than one second, Superheater tempera=

ture and steam pressure also decreased following the turbine
P trip and resultant scram,

Proper switchgear action disconnected the generator from

the NSP grid immeciately after the turbine trip ang the
turbine~generator coasted down in a satisfactory manner,

b, Generator Load Dump at 38 MWT
On July 29, 1968, the generator |oad was dumped with reactor
power at about 38 MWT and the dump valve siightly open (about
2%) and controlling pressure, Load dump is interlocked to:

(1) quickly close the tyrbine inlet valves to
prevent turbine overspeed,
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d.

(2) aquickly open the dump alve To a position
sufficient To pass exisTing main sTeam
tlow, and

(3) atter tive seconds, re-open turbine inlet
valves 0 a posiTion sufficient to main~
tain house load,

The system responded satisfactorily to the |oad dump,

Otftner traces illus*-ate the dump valve opening at the
time of the |oad dump followed by partial closure five
seconds later to compensate for re-opening of the turbine
inlet valves, |t may be noticed that exit steam pressure
and temperature drop off somewhat., This results from the
dump valve's greater flow capacity and is satistactorily
corrected by the control system in about 40 seconds,

R tor r T )

On August 8, 1966, the reactor was scrammed from 62 MWT
with aytomatic pressure control and without turbine opera=-
tion, .

Reactor power tell oft in less than one second and super=
heater temoerature and steam pressure decreased, The
pressure control sys*tem responge. -atistfactorily,

Plant Shytdown at 76 MWI

On August 12, 1986, the reactor was successtully shut down
from 76 MWT by control rod run=in, with automatic pressure
control and without turbine operation,

Reactor power, superheater temperature, and steam pressure
decreased as *ne control rods were driven irntg the core,
The pressure control system performed satisftactorily,




O. Radiation Syrvey Resyits (Test 332)

Test 332 - Radiation Monitoring, is & formal requirement of the
Testing program, Limited reporting is given here; however, Section
V of this report reviews the Patht nger Chemistry ang Raciation
Experience to 604 Power in getail,

PR n?rggus?'gn

Extensive surveys of radiation levels in the Pathfinger plant
are being made as 2 part of the startyup test program, The
Survey areas include the reactor building operating floor,
mezzanine fioor, and plug floor, and the operating, mezzanine,
and basement floors of the fuel building and turbine builiding,
Rediation levels in the nuclear instrumentation ports are alsc

recorded,
2. Resylts
Representative results are given in Table | and points of
P measurement are as siown on Figures 8, 9, and 10, The reported

dose rates for |00% power (190 Mwt) are given for some points,

S. nclusion

In several cases, observed dose rates exceed reported results
when extrapolated fom 20% power to full power., Some dis-
crepancy can be expected because the complex geometry forces
rough estimates To be used in many locations,

gy

It dose rates become high enough to hinder operation, recommenda=~
tions will be made on actions to reduce the levels 2t these
r‘ pein*s, 1t can be expected tnat each problen which might arise
| will require a solution pertinent to its own area, However, no
operational problems are known to exist at present (40% power),
The data to be taken at hinher power levels will be aralyzed #=nd
these extrapolations will again be compared with values reported
in ACNP-82018,
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TABLE |

OBSERVED DOSE RATES AT SELECTED POINTS

Run of

ACNP=620i6
Points Dose Rate Units 8/5/66 8/9/68 8/9/68
IC0% Power 40 MWT 85 MWT 80 MWT
Power Level 40 88 80
I Reci=~ Flow 62,000 86,000 §0,000
Steam Flows 139,000 210,000 265,000
Reactor Hp0 475 479 478
Steam Temp $10-520 560 610
rc*or Building
20 3.0 S.0 £.0
22 closed hatch 4By, 200n |78y, 250n 25-280
23 < 10 mr 6.0 9.0 4.
4 3.0 5.0 S.
25 €S mr closed hatch 148y, 120n 17,-200 27-320
26 2.0 4.0 5.0
28 closed hatch 1287, 4Sn I14,=70 [ 7=54
"Hand!ling Bldg
l 0.6 '02 '08 . Is
2 .08 .09 .18
£ - .02 .08 .08
S 3 .02 .02 .08
bine Building
2 11,6 |2 2.0 6.0
S 1.80 .02 N .08
7 11.0 02 8 .02
9 32 .8 I3 2.0
IS .05 .09 2
el .02 38 18
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Two=phase (eve| measurements were made at S5 Mwt and B0 Mwt
with reactor pressure at 540 psig, For the 80 Mwt power,
measurements were mage on both LL-3, whick is IS inches above
normal level (1297'=5") and on LL=2, which is 33 inches above
normal level, Comparison of measured and expected values are
given below,

Run No, % S

Reactor Power, Mwt 1. 80

Reactor Pressure, psig 40 540

Indicated Level, LR=251, in + 1,0 |, 7 +14.0
(LL=8) (LL=2)

Two=phase Level, inches
(above 1297'-5") +18 +I8 +33

Ditterence petween two-phase
measurement and water column,
inches 4 16,7 19

Exit Yoia Fraction 0.i9 0.25 0.25
Expected diftference between two-
phas® measurement and water

column, inches 0.8 -15.6 13,2 = 21,0(LL=3)
17.8 - 25.6(LL=2)

Comparing the measured difference between the two-phase level
and the indicated level with the expected difterence in levels,
for the lower power level (55 Mwt) the measured is closer to
the upper |imit, For the higher power level, the measured
value is closer to the lower |imit, as anticipated.

The high water level scram at full power (+4 inches, indicated)
is based on the calculated upper |limit of twh=pnase, The data
of test 278,2A shows this scram limit is still val:d, |t the
data at higher powers approaches closer to the lower |imit as
expectad, |t may .e possible to raise the high water |evel scram,

te | ity Me nt

Initial steam quality measurements made since the start of power
testing indicated some moisture content both upstream and down=
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stream of the dryers, even when ‘*he reactor was shut=down,

| ¥ was concluded that heat losses in the sample piping were
causing erronecus readings, The piping was modified (shortened)
and insulated and the steam flow sample was increased, These
modifications resulted in low power measursements of apout 0,8

to 0.8% moisture, |t was concluyded that this is the _est which
can be cbtained with the iong sample tule required, vormal ly
sample tubes for conventional application are very short, The
indicated readings will be corrected by =0.6% to obTain the true
moisture content,

Data obtained during test 278.2A is reproduced below:

Moisture %

Power Level Pressure Upstream Downstresm
Mw T psig Measured | Corrected | Measured | Corrected

0 292 0.872

400

DownstTream moisture contents are less than design




Supecheater Performance

The testing results a* Pathtinder are of particular interast hecause
the r¢tor core contains an integral superheater, This report section
reviews the significant thermal performance aspects of the superheater
trem the initial steam flow testing through the 40% power testing., The
information has been extracted from A=C test reports submitted to the
Pathtinder Satety Committee.

Ouring the first power increase, on May 20, 1966, steam fiow

was established at 10,000 Ibs/hr and power was increased to 2 Mw
indicated (1.4 x 10°8 amps on Channel §). These conditions were
held long enough *o evaluate superheater thermocouples. The
superheater reaches equilibrium temperature in a few minutes, A
comparison of measured temperatures with expected (must probable)
temperatures for these conditions is shown in Figure '!, The
expected ftemperatures are calculated assuming turbulent flow in
all channels. Reynoids number is about !S00 for 10,000 Ibs/hr
steam flow, Measured temperatures were |ower than expected at
the «team outlet end (bottom of the core).

Next, steam flow was increased to approx mately 28,000 Ibs/hr

and reactor power was raised to 8 Mv (5.6 x 1073 amps on Channel
§) with “holds" at 4 Mw and 6 Mw to evaluate superheater tempera=
tures on the three thermocouples recorded continuously in the
control room, (Steam outlet (1-00) and outer fuel at B4 inches
from the top ¢~=IU, in element A~I8 and inner fuel at 56 inches
from the tup (I=2!) in element E=9), At each power leve! the
measured temperature was (ess than expected., The thermocouples
responded smoothly and as expected to changes in steam flow and
power. As steam flow was increased, temperatures decreased and
when power was increased, temperat.res increased. A few minutes
was required to reach equilibrium superheater temperatures. There
was no tendency for temperature overshoot, i.e., for superheater
temperature to exceed the equi librium value and then return to its
equilibrium vaiue.

The next day (May 2/ 1968) power was raised to 8 Mw in three
steps: 10,000 Ibs/hr steam flow and 2 Mw, 28,000 Ibs/hr steam
tlow and 6 Mw and then raised to 8 Mw, This time reactor power
was kept at about & Mw (5.8 x 10~8 amps on Channel S) for about
IO minutes, which was long enough to obtain thermocouple data
from the multipoint recorders in the containment building. The
reactor was not quite at equilibrium since reactor water tTempera-
ture was decre.:.ng. Again, measured temperatures near the steam
outlet end were |lower Than expected.

Quring the afterncon of May 2!, another run at 8 Mw was made
which reproduced the results of the previous 8 Mw run, The
reactor was not quite at equilibrium since the reac*or water
temperature was decreasing. For the next run, the minimum steam
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flow scram was reduced to 21,500 Ibs/hr, and the maximum power
scram increased by 8% and minumum reactor water temperature
was limited to 400 F,

On May 23, 1966, another run was made at 6 x 10™8 amps on
Channe! 5 (8 Mw indicated) and at about 23,000 Ibs/hr steam
flow, Equilibrium reactor conditions were achieved and a heat
balance v. mace. The heat balance gave a reactor power of

8.0 Mw, ™~ asured superheater temperatures are compared with
expected i1n Figure |2, Temperatures in elements A~i8 and

Z-| are close To expected, while temperatures in E=3 und W=3
are sligntly higher than expected (most probable) temperatures,
All temperatures are considerably below the maximum temperatures
(including uncertainties). A comparison of measured thermocouple
Temperatures with the range of expe-ted temperatures is given

in the following tabie for the three thermocouples recorded in
the control room.,

COMPAR ISON OF MEASURED AND CALCULATED (NOTE |)
SUPERHEATER THERMOCOUPLES

Thermocoup le Fuel Calculated (Note 2)
Cesignarion Eloment Most
Designation Probab le Max i num Measured
=00 A=18 585 762 560
0-10 A=-18 563 680 560
=21 E~9 556 693 560

NOTE | Comparison made for 6 Mwt, 23,300 Ibs/hr steam flow,
Group (1| control rods at 27 inches and reactor water
tempersture = 420 F,

NOTE 2 Most probable from Figure lc.

The most accurate comparison of expectad and measured temperatures
is that for steam outlet thermocouples, since no correction is
needed for thermocouple temperature relative to fuel temperature.
Thermocoup les within the lower |0 inches of fuel length have 2
small correction and those at 35 and S3 inches from the top have
the largest correction, The calculated thermocouple temperatures
assume the largest value of thermal resistance between the fuel
and thermocouple, The steam out et temperatures indicata that
power may be slightly lower than expected in Element A-(8 and
slightlv higher than expected in Element W=9,
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The hign measu~ed value of 800 F on (=2 of Elgment £«8 compared
to 2 mosT probadble value of S F may be due To a iower thermal
resistance between the fuel p 0 and thermocouple than tihat

‘ used in the calc:..ation., However, it is still considerably beiow
N the maximum value of 633 F,

&

iT is conciuged from these measurements that:

l. Turbulent fiow exists in fuel channels at a steam flow as %
low as 10,000 Ibs/hr. In Figure ||, measured Temperatures
are compared with expected temperatures based on turbulent
flow; The margin between expected and measured is about
the same as for flow rates twice as high where turbulence
is assured (Reynoids number is greater than 3,000),

2. Superheater temperatures in the instrumented fuel elements
are closely predicted using most probable values of flux
distribution and quantities used in the temperature calcula=
tion,

3. The most probsble peak tempersture in the superheater at
8 Mw powar, 23,300 Ibs/hr steam flow, 420 F reactor water
temperature with Group (|| control rods at 27 inches is
687 F. The maximum peak temperature including uncertainties
is 9IS F,

Power +ion

The traction of reactor power generated in the superheater is
deduced from the superheater outlet steam Temperature, Super-
hearer outlet steam Temperature is measured on several imgtry=
ments. The mosT reliable measurements gave a superheater out-=
iet sTeam temperature ranging from 480 to 480 F at 6 Mw equili= '
brium conditions, This corresponds t0 a superheater power
fraction of ,05 to O, including a correction for heat 10ss .
to the moderator, The calculated heat loss to environment from
the sveam pipe ic small (less than | F at 25,000 Ibs/hr steam
tlow). The predicted value for control rods Group IlI| at 27 ;
inches based on physics calculations is 0.087,

The |lower measured power fraction compared +o predicted may be
due TO larger heat loss to the moderator Than calculated or
lower power generated in the superheater, At higher power
levels, heat loss to the moderator is less significant in
deducing power fraction from superheater outlet temperature.

8. Reactor Testing vo 40 MWT (20% Power)
|, Summacy

Superheater temoerature- were close to most probable calculated
Temperatures ana considerably less than maximum calculated
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temperatures (incluging uncertaint esg) TnroughcuT Test 278, 1A,
NO unexplained anomaious thermocouple tehavior was observed,

A total ot 23 thermocouples (12 with continuous leads and ||
with connections) are stil| tunctioning,

The peak measured superneater Temperature was 715 F tor equili=
brium conditions of 40 Mw and 540 psig. The corresponding
calculated peak superneater temperature ‘e 733F (most prodadie)
and 94SF (including uncertainties), The meximum measured staam
outiet temperature was S545F whicn corresponds tTo a syperheater
power fraction of 0,057, The calculated power fraction is 0.078.

After reactor shutdown, steam flow of 10,000 Ibs/hr was maeintained
tar 10 minutes and then cut off, Superheater fuel temperatyras
decreassed rapidly to approximately saturated steam Temperatyre
during the steam flow period and ther increased after steam f|ow
was cut oftt, The maximum superneatar temperatyre increase
following steom flow cutoft was apout 8OF tollowing an isolation
scram after about 9 nours operation at 40 Mwt. Peak temperatyres
occurred apbout 30 minytes atter shutdown.

neat Ti tyr i ration

Superheater temperatures during equilibrium runs at |18 Mwt at 300
PSig and for 40 Mwt at 540 psig are given in Table 2
peak superheater temper.ture for "“hese equil i brium zonditions s
also given in Table 2,
The local temperature ot the superheater relative to core inlet
sTeam Temperature is a significant measure of the superheater
pertormance, This quantity is getermined by flux gistributions,
steam flow distribution, steam pnysi-al prcpertTies, and gecmeiry
of The fuei elements, During tre TesT, measurec and caiculated
tfemperature excess above steam nlet for each working thermo=
couple was useo To evaluate superneater pertormance,

In Table 2, *he ratio of measured to calculated temperature
éxcess apove inler steam temperatyure are reprocuced for each
thermocouple, The calculated temperature of eacn Thermocouple
Is the most prooable temperature for the measured power, steam
tlow ang contral red position,

The measured temperature excess s close to the mos+t probable
calculated temperature excess., The ma jorifty ot measured tempera-
tures are less than the mosT probable calculated temperatyres,

The ratio of measureg=to-calculated temperature excess s largest
(1.21 at 28 Mwt at 300 psig) for the inner fuel tube thermocouple,
43 inches from *the top in element -3, Thig is still considerably
below the 2l!owadble margin included in the design by use of hot
channe! factors, The margin due to hot channel factors,
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SUPERHEATER FUE. EH’EMQ

Reactor Power, Wwt 17.8 40.0
Reactor Pressure, -psia 325 570
Reactor Water Temperature, °OF 425 480
GP 111 Control Rod Position, in. 28.8 47.4
Reactor Steam Flow, Ibs/hr 66,000 161,000
Calculated Peak Superheater Temperatuie {Note 1)
a. Nominal 647 733
b. Maximum 835 945
e Nominal - |nlet Wl . ' o
Loca! Superheater Temperature (Note 2) ' e e - T
Fuel Element Distance Thermocoup le Te e T'__T!.n | Te 2__ia
N mber from Top, In, welded to c” lin Te = Tin
A-18 35 Poison Tube 483 488 0.92 557 S&0 0.9 il
35 Inner Fuel 502 506 0.9 593 587 1.06 b
35 Outer Fuel 488 574 0.80 561 59 0.7t
64 Outer Fuel 608 . 603 1.03 683 685 0.99 s
68 Outer Fue! 589 604 0.9 668 685 0.9 -~
Out fet Steam ' 602 | 60l 1,01 669 | 6% 089 %
= 35 Inner Fuel 515 506 .1 537 587 1.09 g
66 Poison Tube 605 603 1.01 662 693 0.86 —
70 Inner fuel 632 624 | 1,04 ] 682 | 713 0,87 —
E-9 17 Potson Tube 448 448 1.00 495 S00 0.75
17 Inner Fuel 457 461 0.89 508 513 0.85
17 Outer Fuel 457 464 0.82 508 SIS 0.80 2
35 Inner Fuel 527 520 1.07 592 590 §.02 2
35 Outer Fuel S00 520 0.79 567 590 0.79 [ ‘
53 Poison Tube S712 563 1.07 531 645 0.9
53 Inner Fyel 610 586 1,15 698 6170 1,15 ‘
W-9 35 Inner Fuel 529 520 1.09 59 590 .02 |
35 Outer Fuel S 520 0.91 580 590 0.91
68 Outer Fuel 615 604 1.06 669 690 0.9
70 Inner Fuel 658 624 .17 716 717 1.00
X Out izt Steam 615 603 i.06 671 690 0,91
K-10 53 Poison Tube 475 474 1.02 507 525 0.60
53 Inner Fuel 475 482 0.88 524 535 0.80
53 Outer Fuel 475 479 0.93 528 535 0.87

NOTE (1) MNominal is the most probable value; maximum includes uncertainties in neutron flux and temperature
calculation

(2) Tm is measured temperature; T. is calculated (most probable); T;, is inlet steam temperature =
Reactor Water Temperature
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expressed as a ratic of temperature excess zbove inlet coolant
is about 1,8, (See Table 2, calculated peak temperature),
Scram setpoints on power and flow during step increases and on
steam outleT Temperature are based on temperatures calculated
using hot channel ftactors.

As expected, the maximum fuel temperatures occur within the
bottom I2 inches of the fuel element, This is due to the large
steam temperature rise to the hot spot relative to the tempera=
ture difterence between fuel plate (on T/C) and bulk steam,

For the thermocouple having the highest measured temperature

at 40 Mw and 540 psig, (718° F for inner fuel T/C at 70 inches
in element W=3) the calculated temperatures differences are:

Bulk steam at T/C minus Inlet = 225°F
T/C minus Bulk steam at T/C = 120 F
Fuel Plate minus Bulk steam at T/C -~ M4° F

Since steam temperature rise is most significant for the maximum

tue! temperatures (near the outlet end of the tuel) the quantities

which are of most significance are those which aftect the heat
generation over the length of the fuel element or coolant flow
in the fuel element, Local conditions (axial flux, local hot

channel factors and thermocouple correction facTor) are less sig=
nificant on maximum temperature.

Temperatures in the upper half of the core are &ffected more by
local conditions, For the 40 Mwt and 540 psig run, calculated
temperature differences for the inner fuel thermocouplies in
element E~8 at 17 inches and 35 inches are:

Distance from To; of Core, [n. 1% =
Bulk Steam at T/C minus I[nlet Steam 22 97
T/C minus Bulk Steam Il 29
Fuel Plate minus Bulk Steam 31 83

Therefore, for temperatures in the upper core region, local
flux and thermocouple correction factors are more significant
in the ratio of calculated=to-measured temperature excess above
inlet steam temperature. However, the temperatures of major
interest are the maximum temperatures which occur near the
bottom of the fuel, and these are not significantly atfected by
local conditions.

There are a total of twelve high=heat-generation elements in

the reactor, four of which contain thermocouples. These are
located at the corners of the superheater=bo. le~ interface.

-‘9-
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The flur wire irradiation at 6 Mwt showed that an element midway
between tne corner elements (5=5) has an average flux over the
lengTh of 0,81 times that ot a corner element (N=1), Four
ingtrumented elements out of twelve total hot elements is a
sign'ticant numoer,

The foilowing conclusions are made hased on steady-state

temperature measurements in Test 278, |A,

'« Hot channel tactors used to calculate maximum superheater
temperarures are conservative., The largest ratio of
measured-to-most probable calculated temperature excess
(above inlet coolant) is 1.2] whereas *he hot channe! face
tors give a ratio of 1,8, For the majority of thermocouples,
The measured temperature excess above inlet coolant is
less Than the most probabl!e temperature excess,

2. No signiticant discrepancy in calculated flux in the hot
fuel e'ements is apparent, Temperatures in symmetrical
elements on opposite sides of the core are about the same,
indicating no significant flux tilt, Calculated temperatures
based on calculated flux distributions agree well with
measured temperatures,

Tnhree superheater temperatures were recorded in the contrcl room
during Test 278.1A. Thermocourles responded rapidiy and as
expected with changes in power or steam flow,

Figure 13 is typical of succeeding power increases from & = I8
Mwt = a smooth decrease in temperature as flow is increased and
a smooth increase in temperarure with no over=shooT as power is
increased. The heat balance at the (6 Mw nominal power level
gave a thermal powsar of 17,8 Mw compared to an expected value
of 16.7 Mwt, Therefore, the maximum height of Group ([l control
rods was |imited to 36 inches instead of SO inches to account
for The higher than expected power, Subsequent!y, when it became
apparent Thart xenon would require higher rod positions, the
minimum water temperature was raised from 390 F to 408 F to
accounT for the higher power and the control rod |imit was in=
creased to 50 inches. The scram power |imit of |15% of range
and the minimum steam flow |imit of 56,000 Ibs/hr were retained.

Figure |4 shows The first successful attempt of valve interchange
(Bypass vaive to MSIV) and power increase from |6 Mwt +o 30 Mwt.
Temperatures decrease as flow is increased above 80,000 Ibs/hr
and Then increases as power 5 |ncreased,

After equilibrium was achievea at 300 psig and 30 Mwt, the
steam ouTiet scram setpoint was calculated, based on the
measured ouTler steam temperature. The expected outlet steam
temperature was SI10 F and the corresponding scram setpcint was
586 F. The measured outlet steam temperature was 470 F. There~
fore, t.e scram setpoint was reduced to 559 F (Reduction is 2/3
of the difference between expected and measured outlet steam
temperature), Control rod position was 30 inches.
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Figure IS shows *he fuel temperature during a power increase
from 35 = 40 Mw, Steam flow is increased simulTaneousiy with
power so that superheater temperatures change only a small
amount, The steam out et Temperature scram seTpoint based on
the measured outlet temperature at 40 Mw, 300 psij and control
rods at 40 inches is S60 F,.

Figure 16 shows the pressurization step. Bood control of steam
flow and power results in only @ slight variation in superheater
temperature, The gradual increase in temperature is due to
increasing reactor pressure.. |t was not necessary to reset

the outleT steam scram setpoint during pressurization, The
steam outlet temperature art 540 psig was 540 F and the scram
setpoint for 285 psig based on measured deta was S60 F, Atter
equilibrium conditions were achieved at 540 psig, the scram
setpoint for 500 psig minimum pressure was caiculated to be

586 F.

It may be seen in Figure |7 that when the reactor was shutdown
by & scram superheater Temperatures decreased rapidly during
scram and decreased slowly until steam flow was cut off, After
steam flow was cut off, the outlet steam T/C (1-00), decreased
to reactor water temperature; the fuel thermocouples (0=10 and
|~39) increase and reach a maximum about |/2 hour after shut=
down, The maximum temperature increase of fuel Thermocouples
during Test 278.IA was about 80 F,

akpecheatar Power Fraction

The superheater power fraction bass” on measured steam outlet
temperature is compared with the calculated power fraction in
Tabie 3. The power fraction was expc~ted to increase as con=-
trol rod Group ||| was raised. The measured power fraction
remained fzirlv constant for controi rod positions between 27
inches and SO inches.

The superheater outlet temperature is most accurately measured
by the thermocouples in the main steam |ine which are used in
the steam outlet temperature scram, However, the minimum
temperature which can be measured on these tharmocouples is

S00 F. Steam outlet temperatures from the resistance thermo-
meters in the main gteam |ine were used for Runs |, 2, 3, and 4.
The measured temperatures were increased by 20 F in computing
power fraction, since comparison with the thermocouples for

Runs S and 8 showed that the resistance thermometers read 20 F
less than the thermocouples.

The power fraction is calculated tfrom enthalpies of outlet
steam saturated vapor and feedwater, The heat loss and ene. gy
required to heat up the seal water are aimost completely off
set by The pump power and may be neglected for powers above

18 Mwt,

-8 |-
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SUPERHEATER FOWER FIACT ION

Run No. I 2 3 B 5

Reactor Power, Mwt 6 17.8 21.9 40.2 20.0

Reactor Pressure, psia 317 325 290 310 570

Reactor Water Temperature, F 422 425 414 420 480

Steam Outlet Temperature, F S00 510 490 509 540

(Note 1)

Steam Flow, Ibs/hr 25,000 66,000 105,000 150,000 161,000 150,000
Feedwater Temperature, F 372 362 388 376 394 400

Group 11l Control Rod

Position, in 27.3 28.8 30 34.9 47.4 50.1
Fraction of Power in
Superheater (Note 2)
a. Measured 057 .061 .056 .059 .055 057
b. Calculated .067 067 .068 .070 076 .078
c. Ratio: Measured 0.85 0.91 0.82 0.84 0.72 0.73
Calculated
Note 1: Runs | through 4 are measured velues from resistance thermometers plus 20 F. Resistance thermometers
read 20 F less than main steam line thermocouples. Runs S and 6 are from main steam thermocouples,
Note 2: Measured Power Fraction = Enihalpy of Outlet S -~ [

Enthalpy of Outlet Steam - Feedwater Enthalpy



The isolation scram on June 24, 13868 was analyzed to compare
measured Temperatures after shutdown with calculated tempera=~
tures., The reactor has been operated for 2.4 hours art |8
Met and 9.33 hours at 40 Mwt, The emergency condenser was
cut oft & minutes after shutdown, The reactor water tempera-
ture dropped from 476 F t0 444 F in | minute and to 43! F in
the next two minutes., At the time of steam flow cut off (8
minutns) the reactor water temperature was about 425 F., Peak
superheater temperatures after steam flow cut off were
reached about 30 minutes after shutdown,

The operating power = time history resulted in a calculated
decay power at 30 minutos after shutdown of 0,358 Mwt. The
measured temperatures show reasonably good agreement with the
mostT probadble calculated temperatures. As expected the peak
Temperature occurred near the core center, The maximum tempera-

ture was SI3 F compareu to a calculated maximum temperature of
570 F.

The decay heat curves used in the above calculation will be
used in Test 278.2A. The cata from Test 278.|A shows that peak
superheater temperatures for no steam flow are adequately
predicted using these decay heat curves for tThe |imited power
time history achieved in Test 278./A, Temperatures atter shut-
down will continue To be monitored during Test 278.2A and
compared with calculated values,

C. Reactor Testing to 7¢ MWT (404 Power)

. Summacy

Superheater peak temperatures during the superheater rod
withdrawal, control rod interchange and power escalation from
40 Mwt to 80 MwT were close to the mostT probable calculated
value and considerably less than the maximum which includes
design uncertainties. The maximum measured temperature was
850°F, which occurred with CRG (| fully withdrawn and [V and V
at their minimum position (I8 inches). This corresponds to a
most probable peak fuel temperature of 907°F and an upper limit,
based on thermocouple data, of |I30CF,

There are a total of 22 superheater thermocouples still func=
tioning (12 with continuous leads and |0 with connectors)
compared with 23 at the end of Test 278.1A, Thermocouple =39

(W=9) has failed. No unexplained anomalous thermocouple behavior
was observed,




Superheater outiet steam temperature was 880°F with superheater
rods (CRG |) and CRG I withdrawn and CRG IV and V low in the
core. This corresponds to 2 superheater power fraction of 4%
compared with axpected of [4.6%. Reactor power was 64 Mwt and
pressure was 540 psig.

The maximum measured superheater temperature *ollowing shutdown
was 640°F in the midd!e of the core, compared with 2 calculated
mosT probable thermocouple temperature of 680°F and calculated
decay heat of 0,73 Mwt, Measurements of superheater outlet
steam temperature and reactor water temperature may bde useful
as an alternative to the present procedure of calculating
residual decay heat for normal shutdown procedures.

Two=phase leve| measurements at 80 Mwt indicate that the presen®
high level scram for full power operation (+4 inches, indicated)
will be adequate and that it may be possible to raise the scram
limit,

Steam quality measurements at 80 Mwt show that moisture of steam
downstream from the dryer is about 0.2% at 80 Mwt, The design
value is o.sio

Data of 278.|A was used to evaluate the upper [imit on super=
heater fuel Ttemperature, compared with the caiculated upper
limit based on design hot channel factors., [T was concluded
that a factor of .52 applied to the most probable value of
(Tmax = Tin) would give the upper |imit of superneater tempera=
ture compared with a design factor ot |.80, for the power level
and control rod configurations of Test 278.!A. Thus for a peak
superheater temperature of |2709F, using design hot channel
factors, the upper |imit based on 278.|A resuits is [045°F,

The data obtained during Test 278.2A confirm the conclusions
of Test 278.1A; i.e., that the design hot channe! *factors are
too conservative,

ODuring The power escalation to 80 MWT, and superheater rod with=
drawa!, the maximum ratio of

was |.45 and it occurred in a central element (K=10), where

heat flux was low and small er~ors in measured temperature would
influence the factor significantly. The highest measured
temperatures which are most significant, are in the lower |2
inches of the core boundary elements, For these thermocouples,
the highest value of the ratio was |,!8,
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Ouring The control rod interchange the highest value of ;m-:-Ilﬂ

¢ in
was |.48 and it occurred in element Z=| at the middle of the
core. For thermocouples in The |ower |2 inches of +he core,
where highest temperatures occur, the maximum ratioc is .08,
The average of all thermocouples for each run is below 1.0,

The superheater temperatures varied periodically when the
reactor was on automatic pressure control, The frequency was
about 0.5 cycles per minute and the maximum amp|itude on the
hottest thermocoupie Element .A=I8 T/C 0 = |0 was about & 25°F,

The superheater temperatures during *he power increase from 40
MWT to about 80 MWT did not change appreciably. Maximum
measured temperatures increased from 700°F to 740°F when Control
Rod Group |1l was moved from $2 inches to 73 inches.

Ouring the superheater rod withdrawal the measured temperature
increased from 7I4°F to 780°F as control rods were withdrawn
from O to 73 inches, due primarily to the increase in super=
heater power fraction, The largest changes in superheater
Temperature were, as axpected, on the central element (I=2| on
Element K=10) which increased from S2!°F to 628°F,

During the contr.l rod interchange withdrawing Group |l rods
increased peak superheater tsmperatures, while inserting Groups
IV and V did not change peak superheater temperatures signifi-
cantly. The highest measured temperature was 8S0°F and it
occurred in Element W=9 on thermocoupie =04 when Group (| was
fully withdrawn with |V and V at I8 inches. For this condition,
the most probable peak fue! surface temperature is 907°F and
the upper |imit is |I309F, using the factor of |,52 bused on
experimental results, The maximum peak temperature using the
design hot channel factor (1,70) is 1208°F,

IT is concluded from the evaluation of superheater temperatures
during Test 278.2A that the design hot channel factors used to
predict peak superheater temperatures are too conservative,

For design maximum temperatures of I270°F, the data indicates
that the upper |imit is I04S°F and for maximum design tempera~-
tures of |4S0°F, the upper |imit based on the data is |300°F,
Data will be further evaluated during power escalation to |100%
power,

+ | +1
Superheater outlet steam temperature increased significantly
as Group | rods were withdrawn, and a lesser amount with the

rod interchange. Superheater outiet temperature is directly
related to superheater power fraction.
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From Figure I8, it is seen that with Group ([l rods withdrawn
and prior to the superheater rod withdrawal, the outlet tempera~
ture is about 40OF lower than calculated. WiTh superheater

rods wirhdrawn, the outlet temperature was close fo calculated.
The shape of the outlet temperature versus rod position curves
is S=shaped, whereas the predicted curve is |inear, For the
first 20 inzhes of rod withdrawal! of Group | and Group [I1,
out'!et temperature is not appreciably affected.

whan Group (| rods were fully withdrawn, the steam outlet
temperature was again about 40°F below calculated, Insertion
of CRG IV and V has a small effect on superheater outlet
temperature, for motions between 24 inches and 72 inches,

The largest effect with Group IV and V are with Group I tully
withdrawn and |V and V low ir the core.

During the rod interchange, the maximum power fraction in the
superheater was (4%, The expected power fraction was (6%,
including an uncertainty factor of 1,10, Thus the most probabie
calculated value of power fraction is 14.5%, which agrees wel|
with the measured value,

Shutdown Cooling

The procedure for shutdown cooling in Test 278,24, using calcu=
lated residual decay heat, proved satisfactory, Graphs of power
versus time are maintained on a daily basis and steam flow cut=
ott times are selected from the curves in Figure 278.2A.7.9 of
Test Procedura 278.2A. When the total thermal power approached
the |imit specified in the procedure (20,000,000 Kwhr), the
procedure was modified to permit operation up to 200,000,000 Kwher,
The modification consists of adding 0.24 Mw to the residual

decay heat. The 0.2¢ Mwt is the residual decay heat at one

week after shutdown from 1000 hours of operation at 200 Mwt,

The response of reactor water temperature and steam out et
temperature following @ scram was reviewed to determine their
usefuiness as an alternate or supplementary orocedure to calcu=
lating residual decay heat. Both measurements appear *to be of
sufficient magnitude to be usetul. The rate of water temperature
decrease during the constant steam flow interval (10,000 Ibs/hr)
is about 129F in 10 minutes and is |inear over a |0 minute
period. Steam outlet temperature response is more rapid than
water temperature, as expected. For higher decay heat levels,
steam temperature and rate of water temperature increase are
expected to be more useful.

The maximum measured temperature following a scram was 840°F on
thermocouple =39 in element Z=|, This occurred 38 minutes



after a scram from 76 Mwr, (|1:33, 8/16/68), Steam flow was
cut off |7 minutes atter the scram., The calculated decay heat
at 38 minutes after the shutdown was 0.73 Mwt and the calculated
nominal temperature of this thermocouple was 680°F, Super=-
heater fuel temperatures are only asbout 20°F higher than the
thermocour le temperature,
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V. PBathfinger Chemigtry and Radiation Exper ence to 0% ot Fuli Power

hemistry Analysi

It was originally assumed that the primary system |imits stated in
the Tech Specs would require a caily laboratory analysis for each
veriable listed. These variavies are conductivity, pH, chlorides,
logine, ang boron, Thig requirement has been relaxed through dis=~
cussions with the USAEC ang the program now depends on inline
instruments and (ab analyses to monitor the system, For example,
we gepend on inline instruments for conductivity and chlorige valyues,
These values are checked periodically in the lab, The gross
activity in the primary system is determined cadily and theretfore a
gross iodine number is not determined every day, The gross iodine
spectrum is used for fuel surveillance.

The chloride ion ~ontent in the primary system has been near the
minimum detectable limit of |12 ppb unti! recently., There have been
two occasions following startups during which the chloride ion con=
tent has risen To 2 maximum during the first 24 hours and then
dropped off, There was 2 nign of 90 ppb on October 26 and a resample
one hour iater was 64 ppb. The next day it was down to |2 ppb.
Recer® iy the chlorige ion content has been varying between |2 and

30 ppb.

The pH of the reactor water and the feedwater nas been very stadle,
The feedwater pH is 7 to 7,5, and the reactor water pH is 8.3 to
8.8, The original |limit set by A-C Co. for the reactor water pH
was 8.4, This [imiT was discussed guring an Qperations Committee
meeting and the A-C Co, chemist was contacted as a resu!t. |t was
decided that the 8,4 |imit was actually 2 teedwater |imit and should
not be held as a reactor water |imit,

The gross B activity in the primary system has been increasing
steadi |y and the present activity is in the (072 yec/cc range. This
activity level has caused some concern, |t was first assumed that
The exteanded shutdowns without purification flow were causing the
high activity but recently it has been found that the puritication
flow does not remove the activity when there is no other flow in
the primary system, Spectrum analysis indicates that the activity
is activated corrosion products and the isctopes are the components
of the steels, Recently a trace amount of zirconium has been
detectable,

The crud levels i~ the primary system have been 2 problem to analyze.
The extended period of time required to fiiter large volume samples
has not been generaliy available because approximately 18,000 cc of
p~imary systTem water must be fi|tered to get a weighable quantity of
particulate matter, The fi|ter paper usually reads 100 mr/hr or
more after the tiltration and from .02 to .| ppm of filterable crud
has been found,

The oxygen levels have been very steady. The feedwaTer contains ,086
ppm and the reactor water contains .!7 ppm.



The boron content in The primary system has never approacned the
maximum limit of .5 ppm,

Attempts to measure the silica content in the primary system have
been unsuccesstu! tecause it is very difficult to get The apperatus
clean enough o permit sample concentration with consistent resulits,

The inline CONQUCT iviTy instruments are checked daily by |abp analyses,
The feedwater has neen consistently below | umho/cm, The reactor
water conductivity increases atter startups and then setTles to a
steady value within the +irst 2¢ hours. The maximums have been as
high 2s 4.5 umno/cm and 3.5 umho/cm.

The isoTopes in the primary system have been followed by gamma
spectroscopy. Fresh primary system sampies contain N3, C 8¢ orSI
MnS8, 2n8%, and Fe59-Co80 in igentitiaple quantities, Older samples,
on the order of ten days, contain 99% zn55 with igent f able auanti=
ties ot CrSl, Co80-reS9, ang 2r35-Np35 in equilibrium.

Radiation r nt

Most of the complete plant radiation surveys are being done unger

the Test 332 format and the predicted radiation levels 3re identif ed
by areas in the ACNP=820/6 report, The surveys are done to monitor
The buildup at specific pieces of equipment, The results of all
surveys are filed with NSP=gi te, A=C Co=site, anag A=C Co-washington,

The tirst detectaple radiation problem was the high ragiation levels
'n The basement of tne fuel hangling building around the puritication
line, The level reacned 340 mr/hr on August I3 with the reactor at
76 MWT and 47,000 Ibs/nr puritication flow. A sleeve was built
around the !ine and the volume between the |ine ang the sleeve was
tilled with lead shot, The next survey was made on August 20 with

72 MWT and 30,000 Ibs/hr puritication flow. The radiation level on
The ouTside of the lead shot shield was 4 mr/hr,

The recirculation pump vaults have been locked and the haten covers
shielded since 30 MWT operation, Personnel are not a2l lowea in the
vaults when the reactor is operating, The last nautron survey that
hed readings within the range of the survey instrument was made on
August I3 with the reactor at 76 MWT., At that time measurements of
1.3 to 1.5 R/hr of neutrons were mace. The |I5 MWT survey gave
indication that the field in the vaults was well bevond the nstru=
ment maximum of 1.5 R/hr of neutrons. The gamma field justT below
The hatch was 250 mr/hr in the hignest vault, The plug tloor in
general was 4 to 10 mr/hr with approximately 2-1/2 feet of concrete
block over the hatches, No other radiation probiems have been found
in the reactor bui lding,

The lower tloor of tre hot side of the turbine building has been 3
controlled area for some time, The highest reaagings have been around
The air e jector, No, |4 heater, and the main steam |ine. The highest



reading around the air e jector was (.5 R/hr at 1S MWT, The bottom
of No, |4 heater was I.,| R/hr, This neater was 250 mr/hr at the
mezzanine level, The main steam |ine was 800 mr/hr at the elbow
Just after the expansion bellows., The basement ot The stage heater
8res was generally at 100 mr/hr or slightiy nigher, These areas

have shown increases roughly proportional to steam flow with turbine
operation,

The ragiation levels on the turbine building operation fiocor have
come up with The power increase from 40 to 80%. The readings taken
at 17 MWE on October 20 around the turbine were I3 t0 21 me/hr, The
readings taken at 25 MWE were as high as IS mr/hr and the 2.5 mr/hr
Isndose |ine was approximately 12 teet from the turdbine, The hall=
way at the entrance to the turbine building was .2 to .5 mr/hr.

This increased the background on the hand and foot counter fram (50
To 400 cpm and required the relocation of the ingstrument,

The turbine building and reactor bui lding exhaust duct monitors are
bOTh reading high during operation, At 80% power both of these
monitors were reading approximately |=|/2 gecades above the sampled
activity, This ettect has been increasing with increasing power
operation and it is suspected that the turbine building exhaust

duct monitor is seeing shine from the turbine and the reactor building
exhausT duct monitor is seeing shine from the steam chase, This

snine effect has also been seen on the fuel hangdling duilding duct
monitor during high purification fiow rates,

The shine in the count room has increased the background on the
'ngtruments by S0%. This is not a health problem but is ment oned
here To point out that a new background must be determined at ecch
power change in order to do low leve| counting,

tf=Sit nitorin

The environment was continually monitored with tilm badges ana by
sampies of the biota. There were no increases in radiation levels
'n the environment during this period which can be attributed to
plant operation,

There was an increase in film garkening during the latter part of

the summer, This was considered to be a temperature eftect, The

film holders were modified to shade the fiIm packets and al low
ventilation, The mogdification appears to have corrected the problem,
The USAEC supplied thermo luminescent dosimeters to be installed ar
the monitoring stations, These dosimeters were posted during November
and the results were compared with the fiim results. The film
monitors will be checked again in the future with TLD's supplied by
the Commission,
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4. Agtivity :!’eﬂﬁgﬁ

GCaseous
Total (ue) Dil (we) tal Gas (we)

June | 493.3
July 2,533.9
August | 10,806.3 6.17 x 10°

September | 2,883.3 Shytdown

October | 19,899,7 | , 7.48 x 108

November TR T b A 1,07 x 108 5.18 x In°

No solid waste shipments from the during this six=month period,

System Ragiation Levels

Reactor water

gross B

gross iodine

Main steam and teedwater
8 x 107% yc/ec gross B
Health Physics

There have been no health physics problems in the area of personnel
monitoring, The highest exposure in any Two week period was 210
mrem, Quring this period we were working on the SbBe sources and
ingpecting a reactor head control rod drive nozzie, There were 2!
exposures in all during this two week period of September 9 to
September 30, There have been no signiticant "surprise'" exposures.

we are in Tthe process of whole body counting the Pathtinder personnel,
The intent (s to discontinue biocassay as a routine body burden
surveillance program, The preliminary results indicate 2n=65 in

some of the clothing but no internal depcsition,

Misce!llaneous

Two trial runs with the sample boards were made at 80% power, These
runs were made to verify that the boards worked and to determine the
radgiation ievels which would exist, Two items were apparent, The







crud levels in the reactor water are such that an extended run would
be very difticuit, The tiiter locads and tlow ad justments a e
required ¢t least every 1/2 hour. During @ 2 hour test run the
tilter reaches 50 mr/nr, The radiavion levels were higher on the
resin columns than the filters and the reactor water cation column
reached 420 mr/hr during this two hour run.

The liquid waste discharge scheme will prodably never e used as it
was originally intended. we have not been able to keep the volume
champer for the discharge monitor clean and at & |ow background,

An extra flanged opening and a steam |ine have been installed for
cleaning purposes, byt discharge by the information trom the inline
monitor would require aimest daily steam cleaning of the monitor,

AT present 2i| batches are held up until @ lab analysis can be made.

The off=gas system problers have not been resolved, The first
absolute filter gets wet and biows out during off=gas surges and we
have not been able to keep the pressure differential equipment in
service across this filter, |t is uncertain when the tilter gets
wet but it is assumed that the filter blows during otf=gas surges
when first pulling condenser vacuum or following the transter of
duxiliaries after scrams. Under these conditions, the second
apsolute filter, downstream of the off=gas hold=up tanks, maintains
the Integrity of the system. This tilter has never been blown,

A leak in the off-gas system was found at the ott-gas compressor,
AT high off-gas flows the 98s passes the piston angd blowe out of
The crank case opening, A better system of venting the compressor
is being studied at present,

The airborne activity release from the fuel handling building sumps

has not been solved. The floor drains are kept covered to prevent
the release,

The primary system tritium levels have been beiween | x IO'5 and

3 x 10°3 ye/ec. This is somewhat above the expected levels but are
$Till not above the 3 x 10”3 yc/cc waste release |imit. The tritium
analyses are run by lsotopes, Inc,



2 b tion

Throughout the testing program associated with the escalation to 100%
power, seve~al safeTy system modifications have been complieted. These
moditications (50.59 review items) are submitted to the Pathtinder
Operations Committee as "|tems for Safety Review' and the Operations
Committee actions 2re reviewed by NSP management personnel! and the Safety
Committee, Satety system moditications which are not within the scope

of the Operating License DPR=1|, Section S0.59 of 10 CFR S0, or the
Technical Specitications, require submittals to the AEC, generaliy n

the form of Technical Specitication changes,

This section of the report summarizes the results of the required safety
system checks and reviews the safety system changes made during the six
month operating period,

A. Routine Safety Sygitem Checks

All satety system checks required by the Technical Specitications
have been performed as required and include the toliowing:

Ve r j@ction *

Testing is required every two months of power operation: however,
operaticnal tests were pertormed every two months regardless of
reactor cperation, No maintenance has been reguired on this
system since its pre-operational checkout., Periodic tests on
this system were completed on May 3|, July 26, September 22, and
Novemper |10, 1966,

2. Process .nstrumentation Systems

Testing requirements for these systems are that componants which
supply input signals shall be tested each time the reactor system
is depressurized it more than 90 days have elapsed since the
previous tTest, Testing philosophy to date has been to initiate

8 calipration signal into the system, if possible, and observe
the system actions through to the final acticn device., All of
These systems operated satistactorily and no maintenance was
required during the report period, Systems included in this
category and the dates tested are:

8, Reactor ram Mogde
Testing completed June IS and September 26, 1966

b. Reactor Building Isolation Scram

Testing completed June |10 and October |, 1966

¢, Reactor lsolation Scram

Testing completed June |0 and October |, 1968
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¢. Runback
Testing compieted June |4 and August 10, 1968

e, (Cgrtro! Svs*em Interlocks

Testing completed Jure 3 and September 3, 1968

Satety systems, in adoition to *the sbove, which are periogically

tested using the testing criteria given for the Process Instry=-
mentation include the following:

a, tor ildin r ter Valve

Testing performed on May 27 and September 10, 1966, No
maintenance has been required on this system,

. Londenser Emergency Fill Valive

Testing performed on May 25 and September 3, (966, No
maintenance was required on this system during The report
period,

L r 1ro| *

The reactor pressure control system has been & ma jor source of
maintenance and operational problems, These problems include:
trequent hydraulic oi! leaks and piping tailures, siuggish
operation of the dump valve due to dirt in the oil system, in-
adequate cooling of the hydraulic system, loss of prime on

the idle hydraulic pump, excessive vibration ot The hyaraulic
unit, erratic response when rate action is used in the control
system, electrical noise pickup, dritt of signals due to tempera=~
ture and power supply ‘requency eftects, non-|inearity of turbine
inlet valve position feedback, difficulty in obtaining proper

ad justment of control units, bumps on transter from auto to hand
and vice versa, deadoank ang time lag in the inlet valve controls
causing hunting of the system when the inlet valves are on auto,
"normal" maintenance andg replacement of failed modules.

The majority of the above items rave been brought under control
by changes in operating procedures or equipment modifications,
Modifications to the hydraulic system are described in section

6 of this report, Signal drift due to frequent variations in
vital bus power should be eliminated in the near future with the
installation ot a static inverter,

The ma jor remaining problem is the unsatisfactory response of
the inlet valves on aytomatic, The system is presently being re=

designed, The inlet valve pneumatic control drive will be replaced
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w.th an electric drive, Turbine tirst stage pressure will be useq
8s & feedback signal to *he drive and to the dump valve in piace of
The present inlet valve pesition teedback, The drive will receive

@ puise type input signal which should aliow stable control in
spite of the deadbang ang time lag in the valve mechanism,

The ma jority of plant operastion and testing has been performed with
the dump valve controlling reactor pressure, During turbine opera-
tion the inlet valves are manuadlly positioned using the lcad limit
control. This "spli* tlow" mode of operation has presented no
difficulty, Response of the system during Tests 433 (feecwater
temperatyre ang flow changes, pressure setpoint changes, power
changes, etc.) and 431 (scram, load dump, runback, etc.) has been

satigfactory,
Sha Rynback Signalg t ntrol hutdown

The controlied shutdown (CSD) contact chain was modified to change
all runback signals except those listed below to control led shyt=

downs (i.e, the control rods will be fully inserted even it the
initiating signal clears.,) The signals that will remain runbacks
are:

le LRBN = [10% (110% level indications on the power
channels initiate runback signals inte 2 of 4
logic. 115% level indications initiate scram
signals into 2 of ¢ logic,

2. K206 - Channel 4 (Log N) Monitor

3. K202 - Channel 4 (Log N) Short Period.
This change wes made to avoid the possibility of adverse flux shapes
due To rod positions resulting trom runback (the control rods wil |
stop when the initiating signal clears,) unti| these rod patterns

can be evaluated under controlled conditions.

Reter to Figure 19 for a schematic dgescription of the change,

As mentioned in a previous section (111 B) of this report, operational
Testing associated with the recirculation pump Trip tests resulted

in the addition of scram action on the loss of any one of tne three
recirculation pumps., Since it may be postulated that a loss of
recirculation flow may occur without tripping the pump breaker, a

low recirculation loop flow scram was 2also added, The adadition of
these scram actions ig considered to be temporary; and further testing

resul*s, or tecnnical specification changes, may support the removal
of these scram actions,



The recirculiation flow=to=power scram protection scheme is not
atfected by these system additions,

Reter to Figures 20 and 2! for & schematic description of scram
system additions, Note that the manual bypass key circuit for the
recirculation flow=to=power scram contacts also bypasses the added
low recirculation flow scram contacts.

Aoss of Steam Flow Protection

As previousiy described in Section II| B of this report, & "Loss

ot Steam Flow' scram protection system has been added *o serve as
backup protection against possitlie improper pressure control system
operation, The circuitry will scram the reactor on sudden large
gecreases in steam flow and is presently set to initiate a scram |f
the steam flow drops by more than one third of the existing flow at
any time, The circuitry compares the existing steam flow signal
wiTth 2 gelayed and attenuates steam flow signal; it the |atter
equals or exceeds the former, & scram will occur,

Since the circuitry may put out an unnecessary scram signal at low
steam flows, @ manual bypass key switeh is provided to bypass both
(redundant) circuits simultaneous!y for startup, The existing power
To steam flow key switch (No, 324) will provide the ability to by=
pass one side at a time for maintenance or testing,

See Figure 27 for a schematic description of how the scéety svstem
additions have been accomplished,

Emergen rgenser QOperafion

Several changes have been compieted on the control systems associated
with the emergency condenser operation,

I. The limit switches on the emergency condenser outlet
valves, CV=1078 and CV=1578, have been rewired to
activate follower relays (078x and 1578x which cause
a scram (redundant) when the valves are open., Con-
Tacts of the follower relays are |ocated in the
regundant process scram chains, The relays also
initiate an annunciator and valve "open" light,

2. The pushbutton (PBS6 "OPEN") which opens valves
Cv=1078 and CV=i578 has been disabled and replaced
with additional contacts on the isolation scram
pushbutton (PB77),

3. The emergency condenser control circuitry has also
been changed to initiate the emergency condenser
it an isolation scram is received while in the
f lood mode,
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Switching ot the emergency congenser action from a
low steam flow setpoint of 40,000 I(b/hr 10 a low
steam flow setpoint of 19,500 Ib/hr was Tormerly

8@ function of the '"closed'" contacts on the MS|V
Cv=1033., This transter is now 2 function of the
"open" contacts on the MSBV CV=1034, The setpoint
transfer will now occur when the bypass valve is

moved trom the fully opened position, (See Sections
VieH=2 and VIi=H=3),

On occasion, we nave perftormed maintenance on stTeam
tlow meters which supply signals into the power=to-
tlow protection circuitry, The key bypass (No. 324)
which enables us o bypass the contacts in the power=
to=flow scheme does not bypass the low steam f!ow
contacts in the emergency condenser circyitry, An
additional key bypass (No, 33|) has been agued to
pertorm this required ftunction,

The location of the Isolation Scram Reset Button has
been changed to the Vertical Panel B to allow for

the installation ot the key bypass (No, 33|) described
above,

See Figure 23,

Modgificarions 1o the Startyp Channels

The startup channe! circuitry moditications were completed to accomplish
basically Two tunctions; manual resetting of the low count rate trip

and automatic bypass of the short period scram when the HV is turned

off when operating in the overl|zp range, (Startup chnannel and inter=
mediate channa! overlap,)

The moditicetions do accomplish the following purposes:

l. Manyal resetrting of the low count rate trip will
bé required,

It The WV of any channel is turned oft when the
reactor power level is below the overlap range a
scram signal is aytomatically put into the 2 of I
short period logic,

if the HV is turneg when the power is above the
overlap range,

8. The scram signal into the 2 of 3 short

—

period logic is automatically bypassed,
A high count rate signal is automatically

put intTo The 2 ot 3 logic associated with
The overlap interlocks,
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I,

2.

3.

Inserting a test signal via the trip tast switeh will
remove The scram bypass and will ingert 2 scram sige
nal into the 2 ot 3 logic,
I# Tthe function switch iy turned oft of the OPERATE
position,

8, A scram signal is automatizally put into
the 2 ot I short period logiec, ang

A high rate signal is automatically put
into the 2 of 3 logic associated with the
overlap inter .ocks, and

A low count rate signal is automatically
ingerted into the 2 of 3 logic associated
with the rod withdrawal pronibit cireuitry,

h 1o Ihe Satety Svstem Circuitry
Aytomatie Closyre of the MSIV on Low Reactor Pressure

To prevent excessive =00 ldown rates following @ scram from
powers greatver than 80 MWT while on manyal pressure controt,

@ circuit has been added To automatically shut the MSIV when

e ther |ow pressure scram switch s operated. On startups,
This circuiT will be gefeated unti| the |ow pressure scram by-
pass resets on increasing pressure, t & scram occurs betfore
the |ow pressure scram is reset, manual action is required to
close the MS|V,

Prevention of ~lgsing the MSSV when the MSIV is QOpen

As described above (S5), the MSIV will automatically close when
The reactor pressure drops delcw the |ow pressure scram setpoint,
To prevent the complete loss of steam flow when this occurs, an
interiock has been added to prevent +he closing of the bypass
valve when the MSIV is not closed. After the MSIV is closed,

't will be necessary to push the reset but-on +o position the
Oypass valve. On an isclation scram, the MSBV will begin closing
when the MSIV begins to close,

Power Actyuated Safety Valve Operation

The power actuated satety valve was tormer |y closed or prevented
from opening when the MSIV wes fully closed. This function will
NOow be performed by the fully open |imit switch of the MSBV,
Furthermore, a one minute time delay has been added +o this
action after the MSBV begins to close, See Figure 24,




T N L e e

¢. Automarvic Reac*or water Level Contrgl

The reactor level controls are designed to operate as a "3 -
element'" gsystem in which a signal proportional to the difference
between feedwater tiow and steam plus puritication flow is used
To L. 8s the level setpoint, Under optimum conditions, the feed=-
water and steam flow meTers will come on scale at about 10% of
full range ang will not give fully reliavle ingication below 20%
ot full range, Theretore, to nperate on auto level control
below 20% flow it is necessary to revert to single element
(level signal is the only input) control,

A toggle switch has been addeéd to the circuitry to allow the
selection of either single eiement or three element control,
The selector switch is locates on console C,

S, 1 in raining Circyitr

It is necessary to dreain *he cundensate from the main steam |ine
while operating with the Bypass Valive (CV=1034) cpen., The
existing control system did not permit this because the CV=I034
"open' contacts prevented the energizing cf the drain valve
(Cv=1040) solencid, A relocation ot the CV=-1034 "open" con=
tacts allowed the draining of the s*~am |ine while maintaining
the origin function of the contact:

Technical Specification Change

Technical Specification Change Requests No, |12 and No, |3, dated
August |6, 1966, and August |8, 1966, requested permission for

(1) reacter cooling rates in excess ot 200°F/hr during the pawer
escalation program yp to full power, and

(2) use of the reactor noise analysis technique in |ieu of the
oscillator rod technique to evalyate the stability of the
Pathtfinder reactor,

These changes nad been requested o ailow certain *tests which could
result in rapid cooldown during the startup program and to minimize
disturbances of the superheater thermocouple leads which would occur
as & result of the ingtallation of the oscillator rod into the

boi ler core,

These change requests were designated as Proposed Change No, 12
and approved by the Division of Reactor Licensing, The Technical
Specifications were changed as fol lows:

I. Change Section 8,0 to read:

"Ouring testing of the emergency condenser and during the start=
up program, and with the superheater drained, the controlled
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cooling rate of the reactor may exceed 200 F per hour under the
tollowing conditions:

(a) A temperature reduction not to exceed S0°F may ocecur
aT higher rates during any half=hour period in which

the overal| temperature variastion does not exceed
100°F, or

(b) During pertormance testing of the emergency condenser
cooling at higher rates may occur during a single 20
minute period occurring within any given hour, The
cooling shall not exceed 80°F guring this 20 minute
period, and the number of such tests to be performed

unger this temporary authorization shall not exceed
five,"

2. Change Section 7,5,.3.6 to read:

"7.5.3.6 Stapility Evaiyation

Transter function measurements shall be made at zero power

(less than 5 MW), and subsequentiy may be made at higher power
levels, to evaluate reactor stabiiity, An oscillator rod, it
used, sha:'| be calibrated at several angu ar positions to assure
That peak=tTo-peak worth goes not exceed |0 cents in the contigura=~
tion used for transter ftunction measurements, The range of
invesT gation mey extend trom 0,01 to about |2 cycles per

seconc, Evaluation of reactor stavility shall be made at initial
power escalation steps (as specified in 7,5.3 above), before
proceeding to *the higher power steps, Such evaluation and
extrapolation of stability shall be based on analysis of reactor
power noise (noise Transfer function) or analysis of transtfer
function measurements made with the osci | lator rod mechanism,"

Non=Compiiance |tem Concerning the Use of a Satety Sygtem Bypass

An item of non=compliance concerning the use of & saftety system
bypass was cited on the Form AEC-532 dated 8-22-68, The NSP reply
to thig citation stated:

To minimize the possibility that satety circuits are
inadvertent !, rengered inoperative in the fu* re, we
are ingtityting the foilowing two actions:

I. A refresher course on the Technical Specifications
section relating to the use of bypasses is being
conducted for Pathtinder shift supervisors and
members of the plant supervisory statf to assure
That responsiblie plant personnel are familiar with
the intent and specific |imitations of the sections,
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In addition to Operations Commitree approval of the
general methods and intended use of bypasses, |t
shall henceforth be required that shitt supervisors
Feceive written aythority from the Operation Super=-
visor tor each specific yse of The bypass. Such
writtTen authorization shail reterence the relateg
Technical Specitication authority, the purpose of
the bypass, and shall cleariy detine the | mitations
of The use of the bypass with respect *o reactor
condi tions,

The two actions stated above have been fyully compiied with,




VIil, Major System ang Eayipment Pertormance

A.

Primgrx System

In June of the report periog the Main Steam Line was cleaned in an
attempt to el iminate the collection of corrosion scale gepcsits on
the seats of the Main Steam Isolat on Valve, the Main Steam Byrass
Vaive, Dump Vaive, and the Turbine Inlet Stop Vaives, The above
valves were oisassemdled, cleaned, ang their seating surtaces re-
tinished at this Time, |t was necessary to replace the seat in the
Main Steam Bypass valve; the new seat was seal! welded to the valve
body,

A crack geveloped in the dellows of The satety valve discharge |ine
expansion joint in September, The crack was Temporari |y repaired
by welding and 2 new bellows installed n November. Additional
pipe supports were installed to prevent a re-occurrence of thig
tailure, A cracked seal beilows on No, 12 Reactor Safety Valve was
also replaced in November of this periog,

The lower shatt seal bushings on No, 12 and |3 Reactor Recirculation
Pumps were replaced in July., These bushings had become worn to the
point where excessive seal water flow was required,

MSIV ang MSBIV Leakage

The MSIV ang MSBIV have caused problems in maintaining the containment

leakage rate within acceptable |imits, Prior to this reporting
pericd, the valve leakage rates were acceptablie, The valves hag
been apart, cleaned anc retested in April 1968, Foreign material
(believed to be welding slag) was found on the seating surfaces of
The MSIV and The MSBIV seating surfaces were damaged., New parts
were orgered for the MSBIV. The combined leakage at this time was
8.6 SCFH at 80 psig anc 8 psig on the reactor building, This leak=
age was acceptravle,

Test 277.2A was completed on May 25, 1968, ang the steam valves were
closed after 2 16 hour period of 25,000 Ib/hr steam f|ow through the
MSBIV., The valves did not leak in the "as closed" condition as
determined by leakage testing, The valves were operated a number

of times, retested and found to leak, The MSIV was cleaned ang
retested and the leakzje reduced to an acceptable value, A new

plug and seat were installec in +he MSBIV, A leakage test on the
MSBIV determined that the valve was now |eak tight, Concurrently,
the secondary steam isolation valves (a paralle: combination of 10
valves including the steam gdump valve, turbine stop valves, and the
steam supply To the high pressure feedwater neater) were testeq ang
repaired so that the steam |ine leakage would be acceptavie even |+
The MSIV did leak excessively,

Reactor testing continued tollowing test procedure 278.1A, During
this test, the MSIV was opened for the first time during steam flow
congitions, and at tiows of up to 150,000 Ib/hr 2+ 477°F and 540
psig. The valves were |leak tested in the "as closed'" condition on
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June 25, I9€6, The combined leakage was excess ve, ang the valves
were retestec atter & number of operaticns, and *he leakage remained
excessive, The seconoary steam valves were retested and turdine
sTop valves were "“lapped in" to reduce the valve leakage *to zero,

AT This Time, *the steam |ine leakage would be acceptable even i+

The MSIV and the MSBIV did not close to isclate the containment,

The MSBIV was repaired by welging the seat to the body of the valve,
ang lapping the seating surfaces, These repairs reduced the valve
leakage to zero, The MSIV seating surfaces were cleaned 2ng re=
Tested., Leakage tests now showed the valve leakage rates to be
acceptaple,

The second phase of 278, |A was completed on Julv 30, 1968, ang the
vaives were tested in The '"as closed" congition, No |eakage could
be getected. The valves were cvcled ang the MSIV was found to
leak excessively, The MSIV was repaired by cleaning the seating
surtaces anc retested, The combined leakage atter repair was
acceptabie during leakage testing on August 2, 1968,

The valves were testeg on Septemper |, 1986, atter steaming
operations were ~onciudel on August 31, 1966, The |eakage was

Zero with the vaives in the "ag closed" position, The MSIV remained
closed unti| September 28, 1966, when the valves were again tested,
The MSIV ieakage was unacceptable ang the valve was repairedg by

cleaning, The valve was retested on Septemper 30 anc the |eakage
was acceptable,

Reactor operation was resumec and operations ron~inued To November
1968, The MSIV and MSBIV leakage was measured on Novemper 19, 968,
and found to be acceptapie, The valves were tested in the "a

as
closed" condition ang were notT opened.
The MSiV and MSBIV leakage probiem appears to diminish as reactor
operation continues, A numper cf probliems have been toundg that
contribute to The MSIV leakage, Steam iine travel! resulting from
bui lding pressure caused distortion in the MSIV body allowing leak=
age. This distortion has been minimi zed by | miting the steam |ine
~Travel To only the necessary amount, Foreign mavterial was found

on The MSIV seating surfaces and appeared to have cut and damaged
the MSBIV. The steam |ine has been cleaned as much as possible by
wire brushing and flushing, The foreign mater al that escapec The
cleaning appears to have neen '"swept' out guring sTeaming operation,
The leakage monitoring program will continye to assure That containe-
ment |eakage rate (imits are mert,

Control Rod Drive Maintenance

The control rog drive (CRD) operations have been very gsaristacrory
aquring the last six months despite the operational

requirements for
The reactor test ng pnhase, All contTrol rod drives have responded
properiy to the safety system or control system daemands on every
occasion,




Three situations of concern dig occur during this six month period,

Nnusval Occyrrence Summary

This summary concerns the |itting of CRD Ne, 10 from the vesse!
head when the reactor vesse! was pressurized To establish puri=
tication flow,

On September 2, 1966, all control rods were unlatched in
preparation for *he removal of Control Rod Drive No, ¥ trom
The vesse| head, CRD No. 3 was being removed for an examina-
tion of the dashpot, ;

On September 9, 1968, the reactor was being prepared for water
purification flow, The shutdown pump was unavei lable, so it
was necessary 1o pressurize the reactor to approximately 50 -
00 psig with the condensate pump to establ sh the purification
flow, A spare CROD had been installed on the head in place of
CRD No. 3, when the reactor was pressurized, CRD No. 10 weas
raised approximately threa feet from the mounting nozzle, as
observed by tTwo shitt personnel, The reactor was immediately
depressurized and CRD No, 10, still in its mounting nozzle,
s|ipped downward and came to rest in a slightly tTipped position
spproximately two feet above the normal position. The arive
was |ifteo from this position ang ingpected for damage, There
w&s no visible serious damage, so the drive was replaced on the
vesse| heao and The quick gisconnect tightened. An unusual
occurrence investigation was started immediately.

The quick disconnect coupling for CRD No, |10 had been decoupled
when CRD No. 3 was removed from the head, Shift personnel had
anticipated that CRD No. |0 would aiso be removed at some |ater
date and had de! berately disconnected the coupling, This event
was not logged and the Shift Supervisor on duty was only in=
formed of the action taken with CRD No, 2. The only personnel
aware of the condition of CRD No. |0 were the two men involved
with the actual decoupling operation,

Control Rod Drive No, |10 wes removed from the reactor vessel on
September 9th and examined on September |0th, Scratches were
observed on the CRD bushing nozzle, but subsequent examinations
with the drive disassembled showed that no narmtyul eftects
resulted from the incident, The drive was reassembled and re-
placed on the vessel head.

While the drive was off of the head, the head mounting nozzle
for CRD No. 10 was examinad using the boroscope, After an

examination of the photographs taken with the aid of the boro=
scope, A~C requested that a visual examination of the mounting
nozzle be made possible, While the vesse|! head was removed to
allow insertion ot SbBe sources, the head was raised to the

surface of the pool and a visual examination of the nozzle was
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completed, The scratches on the nczzle are not seriour
not effect the integrity of the nozzle.

An Unusual Occurrence Report is being prepared,

Shortly atter the incident occurred, A=C was contacted for
advice concerning the CRD and mounting nozzle examinations

NSP personnel in Minneapolis were notified and atter consiger=
able discussion, we conclyuded that although this type of
occurrence may have serious consequences, this particular in=
cigent dig not represent & nyuclear satety problem because all
the control rods were unliatched, Therefore, it was decided
that a written report *o the AEC was not required,

On September 12, Mr John Flora was advised of the incident and
Our decision with respect to the AEC reporting,

F ad i t Pigt Rin

Ouring the week ot August 3Is7, all control rod drives were
Tested to determine if the CRD dashpots were giving proper dash-
pot action, Each control rod was scrammed from a twelve inch
position and the position indicating pointer action was observed
when the rod reached the zero inch position, |+t the CRD being
tested has proper dashpot, the indicator pointer will slow down
SmOOThly as the zero inch position is approached, |f the dash-
pot is not acting properiy or it the dashpot ram is stuck in the
fully depressed position the control rod will bottom in the

fuel element quad box and the indicator poinver will "oscillate"
from The rebounding action ot the selsyn indicator system,

Prior to the test'ng on August 3ist, it wés considered thar

CRD No. 10 was the CRD of greatest concern; however, the testing
results showed that CRD No, 3 had less dashpot action., After
viewing the control rod scram tests it was decided to remove
CRD No. 3 from the vessel head and disassemble the drive to
determine the cause of the weak dashpot action, The removal of
CRD No. |0 was delayed unti| the maintenance was completed on
CRD No. 3. (See above summary of Unusual Occurrence,)

Control Rod Drives No, 3 and No. |0 were discovered to have
broken dashpot ram piston rings. The dashpot action is caused
primarily by orifice eftects and the dashpoT ram piston ring
dgoes have an effect on the orificing action,

The circumstances of the piston ring malfunctions wer'e reviewed
and Allis~Chaimers performed an analysis to determine the
possible effects on both the control rod drive and the control
rod. Conclusions of the analysis, extracted from the A=C
report, "Control Rod Dashpot Analysis for Malfunction of the
Piston Ring" dated November IS5, 1966 written to J F Haines by

H C Gignilliat are:
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a8, The results of the analysis indi~ate that the max i mum
expected velocity of the control rog for the postulatec
loss of sealing is approximately 47 Inches/second at impact
energy for complete loss of dashpot action when the control
rod sTrikes the bottom of the quad box at a velocity of
120 in/secong,

b, |t is recommended that the action of the drive be observed
on The position indicator when the drives are scrammed from
the € to 8 inch position during the normal backstop ¢lutch
check prior to each reactor startup, Malfunction of the
gashpot piston ring can be determined during this check,
Repeated sub jection of the control rod end control rod
drive to the forces resulting from a piston ring malfunction
will not cause camage 1o either,

Dashpot actions on ail control rod drives have been observed on
several planneg testing occasions, No further dashpot piston
ring failures have been observed,

3. | rti Ti =|n tr i N

Control rod drive No, § has been observed to have 8 slow insertion

time compared to other CRDs in the same rod drive group. During
control rod drive testing, this condition has been reprogucec ;
however, the condition generally exists only it the test includes
& gang lower of the control rod group, but @ slow insertion time
Is not always observed on a gang lower operation, All other
control rod drive functions ar~e normal inclyding the rod scram
times,

Efforts have been made to determine the cause of the unusual

behavior, but the cause has not yet been discovered, Testing
of the CRD is continuing on & routine basis ang unti| further
probiems become evident, the CRD is considered as operational,

r tr ntati

The nuclear instrumentation has operated satisfactorily during this
reporting period, Periodic checks were performed as required and a
deTai led calibration was completed, The instrumentation has been
stable and has needed only minor repairs or ad justments, Startup
channel noise was measured and found to be less than | cps on each
channel,

The startup channel interiocks have been modified to provide some
additional features, A manual raeset of the low count rate trip was
installed to eliminate relay noise, A scram bypass was installed
that will bypass startup channel periog scrams (from noise) when
operating above the startup range, The modifications were instalied
consistent with amenament 27 criteria, See Section Vi=G,
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Quring initial reactor testing at & MWT, hydrogen levels in the
otf=gas system would approach approximately 3% requiring control led
congenser |eakage to |imit 'he hygrogen concentrations, The tailure
of the recombiner catalyst to do its job was cdetermined to be caused
by lack ot sutticient operating temperature resulting in excess
moisture in the recombiner,

The recombiner catalyst was cleaned by the manufacturer prior to
power Testing above & MWT and the etficiency of the recombiner was
estimated to be approximately 75%., During the required shutdown,
the recombiner casing was insulated a'd a temporary steam heating
coi | was adoed to the inlet of the recombiner,

The elevated temperatures of the oft=gas increased the ettfectiveness
of the recombiner during 40 MWT testing, but controlled condenser
leakage was still required during operations, As the reactor power
leve| was increased above 40 MWT, the efficiency of the recombiner
increased and the hydrogen probiem no longer exists,

Downstream off-gas system moisture problems and off-gas ¢ low surges
have been creating difficulties with the first absclute filter,

The large off-gas flow occurs when pulling condenser vacuum or
tollowing the transfer ot auxiliaries atter reactor shutdown,

The off-gas flow surges have also caused operational ditticulties
with the loop seals on the air e jector and the otf-gas delay pipe,
The after-condenser loop seal “as been lengthened to lessen the
chances of "blowing" and a valve has been installed in the delay
pipe loop seal for throttling purposes,

Additional system changes included the installation of a permanent

preneater in the off-gas |ine prior to the recombiner and the addi=-
tion ot temporary cooling coils in the offt-gas cdelay pipe. Further
system modifications are expected,

Radicactive waste Handling

A metered raw water dilution |ine was installed (December), This
line provides raw water for diluting radioactive waste discharge
to the river, |t has bean necessary in the past to use treated
cooling tower makeup water for dilution,

Blisters and cracks developed in the plastic lining of the reactor
sump, The sump was *herefore relined.

The stack gas sample |ines were relocated and modifiea to provide
2 more representative sampie and prevent sample plate out,

-76=
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Problems with the dump valve hydraulic supply system have included
leaks and pipe failures, vibration, girt in the system, angd ne
sufticient cooling, Revisions to the system include replacement
of all sharp piping bends with ¢lexible hose sections, and removal
of & check valve between the unloader and the accumulator, Addi-
tionai bracing and piping supports were added to reduce vibration,
A centritugal tilter was instalied to aid in maintaining oi |
cleaniiness, The cooling probiems were resolved by changing the
il conler supply to well water,

nitori +

Moditication of the area monitoring system is being planned to
improve system reliability, Some of the major difficulties with
the present system are: frequent diode and meter burnout, frequent
horn failure, and problems with the contacting meters (such as
breakage of the foil which serves as the electrical conductor to
the pointer, and corrosion of the contacts causing unreliabie opere=
tion). The system is being redesigned to provide simpler and more
reliable operation,

Plant Mak ter Syst

The Cooling Tower Makeup Pumpe and the Domestic well Pump were
disassembled and overhauled. The |ime sludge basins were clesned
ang eniarged, Corrosion scale ang sludge buildup in the cooling
water system continues to be a problem, The water side of the
turbine oil coclers and the air compressor heat exchangers were
cleaned during this report period.

Sunmary

The preventive maintenance program was continued on all system
components To provide reliable operation, Only the significant
operational difficulties have been reported in this section ang
unless otherwise reported, all major systems and system equi pment
have operated satisfactory,

-7V=



Two "class C" containment

tests have been completed
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Containment Leakage Testing

Class C Measured Leakages

Vacuum Breaker at 78 psig

Sump Isolation Valve at 78

Heating System Return at 78

Vacuum Drain Tank valves at 78

RCP Glandg seal water return at 40

Fuel Transter Valve at 78

Shield Pool cooling water retyurn at 78
Ventilation valves (each) at 78
ventilation cooling water return at 78

-?e-

MNP OOOOO

leakage tests were performed during the report
A Class "C" test is an indivicual valve |eakage measurement of
specific velves |isted in the tech specs., A total of three "class L
since the last "class A" or containment fyl!
pressure integral |eakage rae test., The "class C" tests curing this
reporting period wer. completed on June |4, (968, and November 16, 1968,
The tests were completed successfully and did not require any maintenance
o meet the tech spec acceptance criter a,

November
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The plant technical ang supervisory statf ramainad epsantially es
FepOrTed in the Phase || Raport NSP-8602, with the oxception of

The resignetion of J Y Lee, “he plant chamist, The Plant Orgenize-
tion is shown on Figure 25,

| Chan

Mr J Y Les, Chemist, resigned on June 30, |966,

Mr J Funke wes hired as o iaborer and gtarted work on
July 11, 1986,

Mr Einar Swenson, who had resigned on May |, (Seo Phase ||
Repor?), ettt the employ of RSP on July 15, 1966,

Mr Garry Neils, who had been pramoted to Nucloar Plant
Suparvigsory Enginaar (See Phage || Report) trangterred *o
NSP = Minneapolis on Septembar |gt,

Mr Arne Munstad, Enginear, joinad the Resyults Crow on

Septembar 6, 1966, Mr Munstad preavicus |y worked at the NSP
Riverside power station,

Mr Orville Todd, Mechinist, was transterred *o NSP -
Minneepo!is on Novembar 20th

.

| N

No edditional opsrater llconses were obtained guring this reporting
pariod, The |icensed reactor operator status is:

Senior Reactor Operators = 2

CE Larson, M W Clarity, M N Bjelcenas, R T Mckaughan,
W A Sperrow, R A Mielke, J B Broksw, W € Anderson,
S L Pearson, H Seibel, R D Emargon, L W Severson,

Reactor Oparators « 9

D L Magill, DE Sevare~n, F J Schober, 0 W “ragoe,
LV Triebwaesser, € w nuse, M J Balk, R S Halthe,

Senior Reactor Oparators avei latle byt not on the Plant
Statt

A E Swanson, G H Neils

-'_79-
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NSP management has Thoroughly reviewed each of the above changes
with respect to Pathfinder requirements and find that the organiza~
Tion, as it exists on December |, provides ample continuity ang

technical qualitications necessary for continyed sate plant
operation,



|
Initiatin ! i Power
Action 9 Exp lanation of Cause ' Leve |
L 1811 Runback = Low Fw The runback occurred when reducing
| §-20-66 Temp; Scram - Emerg | power due to high Hy content in ofte & MWT
Cond Operation ges.
|
* 088 | Scram - Emerg Cond Reducing power due to high M. content
2 $=21-66 Operation in otf=gas., Emerg Cond wes unknowing ly 8 MWT
cocked on one channel,
¢ | 942 Scram - Steam flow/ | Dump valve wes ¢ losed from 8% to 6%
3 S=-21-88 power open 8 MWT
* 1731 Turned Sw, 159 to Test 277.2A = Planned Scram
v S$-25-86 Flood 8 MWT
L 4 , .
1758 Scram = Simul Valve | Dump valve dritted closed to reach
} S $-23-66 Closure interlock setpoint, 0
\
L
L J .
1982 Scram - Steam flow/ | Power was being held constant with
6 S=23-66 power sTeam fiow at 25,000 Ibs/hr, “A" 8 MWT
flowmeter seemed unstable and spiked
| gownward,
Scram -~ water in Faulty operation of main steam
? 0759 main steam |ine | magnetrol 200 KWT
S=24-66
[
| 345 Scram - Steam flow/ | Auto !evel control was being checked
o S=24-66 power out, Steam flow was too close to the | 8 MWT

| EEREE

trip point,




Time
ang
Date

Initiating
Action

Explanation of Cause

Fower
Level

0280 Scram = Steam flow/| Trip occurred at an indicated 23,000
9 S-26-66 power Ibs/hr tlow, Setpoint is supposed to 8 MWT
be 19,500 Ibs/hr.,
[ ]
0354 Scram = Steam flow/| Operator changed range on Ch 5 before
10 §~26-66 power proper steam flow was established, 2 MWT
&
2228 Scram = Short Master Control Sw., introduced noise
11 8=~3=66 Period Ch 3 into startup channels, 0
]
1748 Scram = High level Llow hotwe!| level caused |uss of seal
12 6~ 15-66 Ch § flow to recire pumps, Recirc pump 0
trips introduced & ncise spike into
® Ch §.
Scram - Ch 3 Master control switch caused noise on
13 2154 Short Period gtartup channels. 0
E= 1566
2317 Scram = Ch 3 Master control switch caused noise on
14 6=15-66 Short Period startup channels., 0
*
1445 Scram - Steam flow/ Had Jjust established steam flow, Flow
18 8~ 18~66 power on one channe! dropped down to setpoint,| 200 KWT
-
Control to No. |4 htr leveitrol was in
2004 Runback = Low FW bleed pesition, Error on part of
18 6~16-66 Temp Manual Scram operator who completed pre-start check= 8 MWT
] list on this system. Manual scram
required when outer rods ran in more
than S".
*



Initiating
Action

Explanation of Cause

Runback = Low
Reactor water Level

|

| When The steam flow was increased *o
A= 60,000 Ibs/hr, the water eve |
veried enough to cause runback, (=I|")

Scram = Simultaneous
Valve Closure

For no apperent reason, the dump valve
agrifted closed.

~ Steam Flow/
Ratio

v
|Low steam flow resulted due to loss of

|pressure and temp while reising power
from 7 MWT to |7 MWT.

« Steam Flow/
Ratio

|
|
|
|
|

|Erretic operation of flow meter when
opening the MISV

= High Reactor
Leve |

when the steam flow was ncreased,; the
|water level varied enough to cause
lscram, («4")

|

Scram = Startup
Channe! Short Period

'

|

'Noise on Ch No. 2 gave scram even
{though the HV was off. Ch No. 3 was
lin "DWELL",

Scram = High Steam
Temperature

|Spurious signal gave scram when
Technician was working on the Oftner
|recorder,

|

Scram = Manual Trip

|(While pressurizing the reactor, a

|decrease in seal flow to the recire
joumos caused one pump to tr
|

"
U S ]

4




Scram - Emergency
Condenser Operation

cavses wh
Ow trans.

~P Y > s
- (® ~

Scram = Opening of
NO. ’2 Sa-’e?v' Valve

by opening of the No.
ive, (Indicatec)

Scram = Manual Trip
- |solation Scram

Runback = Low
Feedwater Temperature|

Low FW Temperature when starting teo

nCreace power atter opening MSIV,

Scram -
Channe |

Startup
short Period

A SCram occ
°Y @ noise

yrreo
sPike

Scram - Steam
High Pressure

Preassure control system
when applying

e | sF B
- -

transient
temperature antic

“OST

POwWEr 1o

steam oW
T OMWT,

Norma| steam ne drain
apparentiy v
Jives

ng op
crated magnetrol
The watTer in

steam

parory



jown
NO,

Time
and
Date

T=23-66

Initiating |
Action :

Scram = Startup |
Channe! Short ;
Period |

]

Power

i aéd N
Explanation of Cause Love !

!
f
A scram occurred prior to criticality |
when draining the steam |ine. Ch.nn.tI O MWT
No. 3 short period spike. ;

|

withdrawal button,

1008 Scram = Channel A screm occurred while subcritical
7=23-68 No. 6 High Level from 8 noise spike on Channe! No, 6, O MWT
1245 Scram - Emergency Emergency condenser came into |
33 7-23-66 Condenser Operation operation at about 10,000 Ibs/hr flow. 2 MWT
Faulty steam fiow Transmitter gave
feise flow signal,
1802 Scram - Emergency At & low steam flow, emergency
36 7-23-66 Condenser Operation condenser operated cue to faulty flow 2 MWT
| transmitter,
1
1383 Scram - High Steam | While raising power with pressure
37 T=24-66 Temperature ' control on HAND, steam flow dropped 40 MWT
giving high steam temperature,
. While raising the reactor pressure to
2345 Scram = High Steam clear the low pressure reset, scram
e 72466 | Line Pressure occurred at an ind.cated pressure of 42 MWT
| 545 psig. The high pressure scram was
set toc low,
| | |
| 0230 Scram = Steam Flow/ Operator turned range select switch
39 [ T=28-68 Powe- Ratio | too high prior to initiating steam 200 KwT
| flow, ,
| {
' 0113 Scram = Channe ! Channe! No, 6 noise spike was caused |
40 ‘ 7=27-66 No. 6 High Level when releasing startup chennel detector 20 KWT




Y ime PR
“:.'" and '"A*;’*;"g Exp lanation of Cause Fower
. o.?. CTiQ Leve |
W
0919 Scram = Startup Startup channel high voitage was
7=27+5 channe | Short Period | turned oft and inter |ock requirements 20 MWT
were not understood by operators,
1720 Scram = Wever in The Water in Steam Line magnetrol was
72766 Steam Line spparentiy vibrated during routine 40 MWT
operations,
2287 Scram - Emergency Erronecus steam flow signal caused
7=27-66 Condenser Operation by faulty steam flow transmitter 2 MWT
caused the mergency condenser operg=~
tion,
: While transferring the pressure control
70‘03 Sf"” °_“'*'; - system to auto, the dump valve 33 WT
2866 | Steam Line (?) "chattered" and apparent |y vibrated
the “Water in Steam Line®™ magnetrol.
1432 Scram - Emergency Faulty flow signal tripped the
7-28-66 Condenser Operation emergency condenser when the steam 2 MWT
flow was ~ 12,000 (bs/hr,
2158 Scram - Emergency Faulty tlow signal tripped the
7-208-66 Condenser Operation emergency condenser. 2 Mw
0238 Scram = Steam Flow/ | The steam flow indication dropped
7=29-66 Power Ratio unexpected |y *o give power to flow 17 MWT
scram,
2247 Scram - Steam Flow/ Steam flow dropped to give power to
8=¢-6¢6 Power Ratio flow scram, 28 MWT




$ 3Sown
No.

Time
and
Date

Initiating
Action

Explanation of Cause

Power
Leve !

b TR SRS TINCTERALR ORISR A 1oL

0318 Scram = Startup Noise on the startup channeis gave
49 8=5-86 Channe! Short Period | short period scram, High voltage 18 MWT
| on channels was off,
L]
T
| 380 Scram - Reactor While working on the pressurs centrol
&0 =g =€6 Pressure Control system, pressure signal was removed 40 MWT
causing the dump velive *To open o
® ~ 20% giving reactor low pressure.
0837 Scram = Reactor During an attempted shutdown, the dump
S 8=7-86 Pressure Low velve opened abruptly while closing 40 MwT
the inlet valves resuiting in a low
° reactor pressure.
: The turbine building vent monitor
0149 Scram - T“'°'"°A setpoint was not set ‘or increased 88 MWT
52 B= 1066 8un'ld|f\g Vent High power operation., Off=gas system |eak=
* Radiation age was the cause of The activity level
| 882 Scram - Reactor A resactor startup was started with
g3 B= | Q=58 Pressure Low high reactor temperature and pressure. 200 Kv
When reducing the reactor temperature
® for normal startup, @ low pressure
scram occurred,
1803 Scram = High Steam Ouring a pressure control system
S4 8« |=86 Temperature setpoint change (teet), a high steam 76 MWT
setpoint was reached.
L
| 949 Scram = Startup A noise spike on the startun channels
§$ 8=11=86 | Channel! Short Period | caused a short period scram. The 7 MW
| high voitage to the channe!s was off,
e E
1431 Scram = Recirc Flow/ | During Test 433 testing, while
88 8=-12-66 Power Ratio reducing the recirc flow, a scram §9 MW

oceurred,




Time
ang
Date

Initiating
Action

Explanation of Cause

Power
Leve |

1283 Scram = Stop Valve Operator mistaked |y operated Main
8~13-66 Trip Bank No. | Deluge Valves. 78 MWT
|
1650 Scram = Steam Flow/ The dump valve started to drift
8=13-66 Power Ratio ciosed reducing the steam flow, 8 MWT
1330 Scram = Feedwater Feulty flow meter ingication geve
8=15-66 Flow/Steam Flow ‘talse flow ratio, 80 MwT
Ratio
1133 Scram = High Level The high level setpoint on Channel 8
8~-16-66 Channe! 8 was reached when bumping control rods. -
]
|
|
}
1331 Scram = Startup oJ While withdrawing the startup channe!
8-16-66 Channel Short Peri detectors, & noise spike caused a 50 KWT
short period scram on the startup
channels,
1659 Scram = High Steam wWhen reducing the steam flow to No., |4
82 B~18+86 Temperature heater, the steam temperature setpoint 40 MwT
was reached,
0703 Scram = Turbine Apparent spike on the instrument
83 8~18-68 Building Vent High | during routine plant operations, 85 MwT
Radiation
1910 Scram = High Level Power increase atter a rod bump
84 8-18-686 Channe! No. § ncreased the power level to the SO KWT

scram level,




Time it
¥n lﬂl’t‘?!ﬂg z Power
.hd 1 ' ' f |
A e Action Explanat ion of Cause Lawe |
|
« Water in While draining the steam |ine, the |
8-20-68 Steam Line water in Steam |ine magrertrol was i O MWT
apparentiy vibrated. |
|
Q0708 Scram - wWater in The Water in Steam Line magnetro! was
8-20-66 Steam Line apparent |y vibrated during @ draining 0 MWT
operation,
|
| 100 Scram = Steam Flow/ | The steam flow dropped to the setpoint
8-20-66 Power Ratio while increasing power, 10 MWT
I 140 Scram - Steam Flow/ While subcritical, routine operations
58 8~20-66 Power Ratic (?) coused 2 scram of unknown origin. O MwT
1326 Scram - water in During @ steam |ine draining cperation,
39 8-20-66 Steam Line the magnetro! was apparentiy vibrated. 200 KWT
2048 Scram = High Steam Ouring a stop valve trip test, the
8-20-68 Temperature gump valve started ¢lesing cousiag 40 MWT
high steam temperature.
2318 Scram = Startup A noise signal on the startup channels
8-20-66 Channel Short Period | gave & short period scram, The high 18 MWT
| voitage to the channels was off,
|
|
0338 Scram - Water in | The water in steam |ine magnetrol
8=~2i=886 Steam Line | apparently vibrated while draining 200 KWT
| the steam |ine.




Initiating
Action

s ———————utsail]

Explanation of Cause

Power
Leve |

IS16 Scram = Stop Valve While taking the turdine off the
73 8-22-66 Trip line, a momentary dip in the stop 72 MWT
vaive oi | pressure caused a scram,
1838 Scram =~ Steam Flow/ Apparent |y adequate steam flow was
74 B=25 686 Power Ratio not established prior to a uua range 2 MW
change.
0554 Scram = Simultaneous | The dump valve drifted ¢losed during
7% b=27-88 Valve Closure & rod withdrawa! to criticality, 0 MWT
1788 Scram - Stop Valve OQuring & turbine startup, & scram
7% Bel7=86 Trip (1) | was caused by a stop valve trip. 40 MwT
| !
|
|
0029 . Scram - Steam Flow/ | A power to flow scram occurred while
77 8-28-66 | Fower Ratio opening the MS |V 17 MWT
i
|
|
g
632 Scram = High Steam Technicians working on the Oftne-
78 8-30-66 Temperzture recorder caused dump vaive motion S0 MWT
| which resulted in scram,
1
0201 g Scram - Emergency The emergency condenser operated when
h, '0=7=86 | Condenser Operation the MSBY was ocpened with less than 8 MWT
‘ 40,000 Ibs/hr tlow indicated on the
1 , main steam (ow flow meters,
| !
0407 Scram - Emergency The emergency condenser operated when
0 |0=7=68 Condenser Operation the MSBV was opened *c approximately 8 MWT

e m——————————

92%. (See 79)
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Time
ytdown Initiating & a Power
No and Act ion Expignation or Cause
) Date o,
!
: - — — e e —— — e s ——
, L IS¢ | Runback LOw A runback was caused dy low feedwater
8l I0=7=66 Feedwater Tempera- temperatyure, The reacT>~ was in a O MWT
A ture subcritical condition,
918 Scram - Emergency A scram resulted when the MSBV was
82 | |0=7=586 Condenser QOperation opened with no flow indicated on 2 MwT
' meter,
0242 Scram - Steam Flow/ | A feedwater flowmeter spiked giving
;33 |0=8-66 Feedwater Flow Ratio| steam flow to feedwater flow giffer= 32 MWT
ence of > 200,000 Ibs/hr
0619 Scram = Steam Flow/ Crret.c behavior of teecwater flow
10=8=88 Feedwater Fiow Ra* '~ mo*.  gave a flow spike. 7 MWT
1259 Scram = Main Steam The monitor setpoint had not been reset
I0=8=66 | Ragiation High tor increased power operation following 30 MWT
‘ the extended shutdowr,
i | |
i | |
| £ i . Ouring a plant shutdown, 2 spike (one
1842 Scram = Turbine point) on the monitor occurred during
| AO-Q‘GG BUI -‘dlng Ven? ngh *the transter of plant equipment 45 MWT
1 Radiation auxiliaries,
i |
1728 Scram - Emergency With a steady cpere™ing condition at
a7 | 10=12=66 | Condenser Operation | ~~ 25,000 Ibs/hr flow, the emergency 8 MWT
> ‘ condenser came into cperation,
; 2218 Scram - High Steam Apparently the dump valve position
B8 O=12-66 Temperature changed, decreasing steam flow and 30 MWT

causing high steam temperature,




Scram = Loss of Air when resetTin
Pressure | valves, a Los

-
b
[

s

resu veo.,

Scram = Loss of | Station electrician removed
~l.

Cluteh Power which resulted in &8 loss of
| DOUQF .

Scram = High Steam ' The inlet valves were partially ¢losed

| Line Pressure to open the dump va'''e, resulting in
@ high pressure scram,

Scram = Emergaency |A main steam low fiow meter indication
| Condenser Operation |sagged after the MSBV was opened.

Runback = High Steam |While tripping the stop vaives, the

Temp Setpoints dump vaive opened causing an increase
in steam flow and & decrease in steam
temperature,

Scram = High Steam | During dynamics testing, a recirc pump
Temperature wvas Tripped angd the operator could not
| "tollow" the steam temperatures
changes.

i

Scram = Steam Flow/ While ad justing steam flow to No. |4
Power Ratio heater, the steam flow dr
‘ to give & scram,

opped enough

2319 | Scram = High Steam |A recirc pump was tripped and the
|O=|9-86 | Temperature | steam temperature exceeded the
‘ maximum allowablie setpoint,

N —




Time

own and (nitiating Explanation of Cause Fower
' Date Action Level
ik Scram = Steam Fiow/ Steam fiow dropped while opening the |
97 10=20-66 Power Ratio MS IV, L 1T MwT
|
080r Scram = High Steam Ouring pressurization, the steam flow
98 10=20-66 Temperature to No. |4 heater wes deing reduced, 30 MWT
This caused & high temperature
condition,
| %40 Scram = High Steam The problems with the pressure control
99 10=20-68 | Temperature system were being analyzed., Testing 76 MWT
resuited in a scram,
2348 Scram = High Steam An unexplained shutdown occurred after |
| 10=23-68 Temperature more than two days ©f smooth continuous| 62 MWT
| cperation, A high steam temperature ‘
! gid ocecur, !
| |
: 0440 Scram = Steam Flow/ Steam Flow drop atter the MS|V was |
| 10=2¢=68 | Power Ratio cpened caused the scram, j 8 MWT
L |
0806 Scram = Stean Flow/ An unexplained shutdown occurred when
10=24-66 Power Ratio the power level and steam flow were 45 MWT
r wel| atove the protection system |imits,
2201 Scram = Turbine i While transterring turbine seal |
3 | 10=31=86 Building Vent High supplies the seal heacer relief vaive | 40 MwT
Radiation litted. Reducing valve not controlling
properly,
1
1040 Scram = Steam Flow/ | Reactor at steady state for 9 hours,
| | =366 Power | Nc¢ apparent decrease in steam flow,
| Steam tlows at 87,000 Ibs/hr and 64,000 |7 MWT

Ibs/hr. Trip setpoint
be 56,000,

is supposed to

*



ng MSIV the main steam
became erratic.

Scram -
Recire

Loss of
Flow

e e t—

Work being done on Offner Recorder,
Scram caused by shorting leads from
No. |3 Recirc Pump flow signal.

Manyal scram Test 433
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