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Thi s report is intanced to summarize plant and reactor opterations for i

'the six month period' commencing with tne completion of Phase || testing,
thereby satisf ying the reporting requirements of the Provisional Opera- !

ting 1.lcense DPR-il' and Section 50.59 of 10 CFR 50,

?

11. Genere I - Summerv '

l

j' A, introduction I

The Pathfinde_r Plant achieved initial criticality on a fifteen elements

9 slab core on March R4, 1964. The full core loading, boiler and
superheater, was completed in a deliberate manner = and zero power

. testing on the 2.2 w/o ref erence core was completed late in the Fall
[" of.1965. At that timo in the testing program, additional excess '

reactivity was gained by loading thirty-two 3.2 w/o boiler elements '

in place of 2.2 w/o elements. Then,.the reference coro for power
operatlon includec 64 2.2 w/o elements, 32 3.2 w/o elements, and 40
poison shims in the ooiler core and 409 highly enriched elements in
the superheater core. -Additional zero power, Phase 1, tests were ,

1. completed on this core early in 1966. The results of the Phase I
testing were reported in the Phase i Peport - NSP 6601 previously
submitted:to the AEC.

The Nuclear I nstrumentation Calibration. Test, the Superheater Radiative
-

Cooling Test, and the Flooded Nuclear ' Warmup Test were- completed at
1, reactor power. levels less than 8 MWT. These tests were completed in

i

''

May of .1966_ and the results were reported in the Phase || Report -
NSP 6602Lpreviously: submitted to the AEC. 7'

' Phase Ill testing began with reactor testing up to 8 MWT with steam
flow'condltions. The test procedures used to complete the Phase iI|-

)~ testing and:to reach full power in a saf e manner are:-t

1 Test 277.2A "_Ini tial Steam Operations to 8 MWT."
' 2.- Test 278. I A "I nI tial Reactor Operations - 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 steern f low. tests through the 40% (76 MWT) power testing
pnase.

B. Summarv of Pathfinder Startup Procedure

) To fully appreciate the startup and testing phases of the Pathfinder
reactor, a short summary of the Pathfinder Startup Procedure is in
order:

-2-
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'r.e + :.,0ced' recc.1er s4ste ; e s ! e $1e0 up to cpproxi-"

m1tel, 4."7'.' J' iett eir ;;. P 'evels not exceecing
6 MwT. C Jr e ng **.c w arm c. a mitum.m reverse f low
e," 150,,000 !:t / * * Os required e n rosgti the super-
Fest9a 2; pre.ent 10: 3 8 >:i l i ng. _ Tne reactor i s
pre $sgrited to keep ! *.e a ,ecr %es ter aster tempero-'' '
t.co n* l e t.51 2F'- 5;; c 'od.a

'

2. Dr a. e -a '"e (.m'aranc'a-
r;

The saperheerer is or*ines.witr. tr.e reactor in the

SPutdewn teseltion. A normel'OC.ier water level
i s esise ll t*.es wi th +te rc er1cr at 6ppr oximate ly.

'E 420*r with e sataration Orcssure et approximately.
300 psig,

, . 3, Reseter Or i h cal . R.3ita 3cwer +e 200 KW T

E The meximsm ellewable core power wi thout- steam f low
f_j with ine'superbes*er orst red is 200 KWT. A power--
g tc-ticw S4fety sys'em Drevenis n "igner power level
i-

w e i".Du1 s1eem flow, *
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J
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r . - ?>r ketcter *caAr M*. 4 *% in>J'
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h|4-
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.
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7, Oaen *%e Mein " t e *m 'ecl, stir '/31ve>

!

At a steam Ilow of spDrcxima'e ly 70,000 lbs/hr, the
main steam line Icw flow meters are on scale, The i

O_ M51V is opened and the power-to-f low protection
system relles on a signal from the main steam line
low flow meters. 4

8. Reise tne peseter oower to 40 wit and Pro,isuri re _t2 f540 osioO
'

!

The steam flow is raised to 90,000 lbs/hr to clear >

the flow Interlock scheme and the reactor power is
raised and maintained at a slightly greater than
equillDrium cordition to heet up the reactor (and

0g pressurize) et a rate of approxirnately 1 F/ minute.
.;

When the pressure reaches 540 psig, the pressure i

control system is put on eutomatic. '

9. Turbine Ster +uo at PO% Power

g The +urbine is put on the line at 20% power. The
steem line pressure may be automatically controlled
by the inlet valves; however, during the present
testing some of the steam flow is bypassed to the
condenser through the dump valve. Under these
condi tio'is, the dump velve automat i cal ly controir

] the steam 'ine pressure,
,

f

10. oower Escalation '

After the turbin's is 09 the.line, the power escala-
'

tion is a reutine matter, 'The superneater protection
} is af forded by the steam temperature saf ety system

and the steam line pressure saf ety syster.1 Also, a
steam flow less than 80,000 lbs/hr will initiate a
scram.. The control rod positions determine the

,

maximum allowable Steem temperature,

O
C, Summary of Reector testino - Initial S team Flow throuch-40% Power

t

Beginning wit *) the initial rise to 8 MwT and for eacn subsequent
power increese of not more than 70%, tne rod positions, the super-
heater f uel temperatures, end t'ie out lev steam temperatures were

$| predicted, The varicus operating parameiers were closely watched
g and whenever they were any value other than expected, the testing

,

was halted until the differences'were understood. All diffsrences
noted during 1he rise to 40% power were not of any saf ety
significance,

S. Several of the predicted rod heignts were in error because of the
lack of knowledge of the rod worths at power, The total rod worths
and the reactivity capabilities of the core appear to be known very
accurate |y,

e 3
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T e e s u c t r *' 6 4 ' t, - . .n i . r.i t :,w, ,er- g r < , j i c t ' . ". er s6 v0i vely nign.*

Essed on 9s*t r * l sa !.e e s '3 0 ! rv, tri i,g+rwe.the pcwer fract*on was
sligntty iess *s.a ex:er. .H , m : espondingiv, r*e outlei steam
7emperttures were sliy it, ;esh '' ?" exD*Ciec.g
The superne tier o,tl*1 s ;i .?9 1emteat!,.ro response to the position

'

of tre super *ie9t6f rocs was ci'fer9et !aen etDeCtec but the total

ng i''e acc w e i ndr iwe l w 1s es ex pec ted. Duringtempersture rise dsr e

tr.e boiler red ir tecta.sa ;e -t 40% pewer, tre superheater temperature

g r6sponse a4s d3 Dr ed i 4 *a c .

At each 20% pewer step, s series 9 !ssis were repeated. These tests
include:

,

l. F l u i d 0, ru*m i c t r f + a c t g

S: Tr.e Dynamics tests (433; c~eck tne dynamics etfects of
enanges in toeeweter semperiture, feedwater flow, '

-eac1er Orcssur e , reci rculat ico f low, sno control rod
motion, fne Nsts sre pectormed by estaclisning

| steedy $131e concitions enc tren introcucing known c

g. changes and recording t e affects of these changes on
other cr i tir:Ji carameiers, i

These tests were oil compte.eo wi e n sat isf actory
resal.s exceo1 fer the rec reale. ion tlow Tests. The
re'c i rcL I M wa t i c.. res s ;*-1 0d0 the tripping of running

g, recirculstice cumes. Bec hse e4 The unexpecTec large
backt ion thr%;e 6 1riptec cump, 19e dynamics responses
were not accurrtely crecic ed, it was also ceTermined
that 1he increase in recircula143n ilow, caused by the
closirg of '' e di sc''or ge va l ve of a t r i oped pump, may

,exceec 1*e tec "icsl spec:+icttior limil of 455 spm/sec.
) A pump restart at 3:wer wss never compleiec cecause of

15e seme teen soet limit. A;1Sougr. the pump trip 1ests
have been ciscont insec, .'e recirculation flow tests
involving disc.6 arge <tive mo1 ton have continued.

A safety system has toer- ecded to initiate e reactor

) Scr sm whenever e reci rcul:1 ior, pump accidenial l y irl ps
or the pump ' low crops teion 3 minimum value.

.

2. Reseter : * , * o e,. e tm + 5

tests (438) were completed at eachResctor shutcow e.

O cower level te show tha" *re re3* tor and plani sysiems
) would responc in a sete mtaner -o runeack, scram, isola-

tion serem, leed dsmp, anc lure. re i r i ps. All tests
were cat necesserily cer'ormec J. caen 00% power level.

F sc ly in tae testi g erogr..m, 311 runb 3ck si cra ts, wi1hI the exceptior c4 i* e srcri pt:rioc on t he Lcg N channe l
and ine c. ige. cewer lesels on "e power channels, were

.(,
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ccaver'ed :n initierf i Cor t r *s l i eC $9utacwn. Durang
a Controlled f *t ai d Own , all rods are run in until 1 hey
are bot tomed; ."eress, during i runback, the rods will
run in only until tne iqitiati.ng sige.al is cleared,

- 8)n'il the Of f ects Cf various c04 rating rod positions
car te more "noroughly evalvaied, this action wi11
rem 3in in etieci.

i. cad dumc tes+5 heve been comcleted up to 5 5 power
witaowt resuliiag in 2 reactor scram,

The reactor and plant systems responded in a safe
manner to 311 reacter shut 00wns, loed dump tests,
and turbine trips. None of'trese ini11sted tests
resulted in any superheater fuel 1emperature increases,

O
3. S taai ll tv Fvoluation

Several superheeter elements tre instrumented w th
thermocouples. The information obtained by virtue

of these thermocouples c.as been invaluacle during
] the power escalation program, If work were to be

conducted in the boiler core region, the holddown
mechanism would have to be removed from the reactor
vessel, Tne removal of the holddown mechanism would
seriously endanger the reliscilily or workacility of
the suDerheater ThermoC0uOle. To insert the oscilla*

] Tor rod into the boller core e 43 power, es recuired,
wes therefore urdesirable. Because of this, NSP recuested
that the insertion of the 'osci llator rod be made optional
after 100% power is achieved. The AEC approved the
Technical Spect rication Change No, 12, which granted
1his option. -

D
In lieu of the escilis1or red esting, a noise analysis
program .as initiated. Noise enalysis data have been
obtained at 20%, 40%, and 60% cower levels. The noi se
analysis givws no indication of unstaole tendencies
indicating that a sucstanti el margin exists between

O the 60% power level and eny unstable higner power
level,

,

4. Xenon Reactivit,

The xeron tollow tests perf ortred at 40% and 60% power*

S. levels verify the calculational predications,
I

The ef f ect of the xenon buildup af ter shutdown appears
to decrease the superrester power fraction on suo-
sequent startups.

S

.g.

-
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5. Redletion testim:

R5diation level data have been obtained at each power
level step. A redietion field around the puri fication ;

J- sys1em piping in the Fuel Handling Building required
that the piping De shielded with a lead filled Jacket. -

The radiation levels around the iurbine have been ;

increasing substantially with power. This operational
inconvenience has not yet been resolved. All other

'

3 measured radiation levels are in general agreement
V with predictions.

6. Water level Calibration end steam Orver Effleienev I

These tests have been completed .at each 20% power level
~

n. step. The water level measurements have been'as pre-
'''' dicted and tne steam quality downstream of the steam

dryers is below the maximum design value of .5%.

In summary, the behavior of the reactor at power up to 40% has been
thoroughly tested and evaluated with no basic control or safety '

n system problems encountered. There has been absolutely no indica-
|''' tion of boller or superheater fuei element f allures, i

.

D. Summarv of Plant System Difficulties

1

g The major plant equipment has operated in an acceptable manner during
the startup program, but several di f ficulties have been encountered

with some plant systems wnich have caused delev in the testing pro-
,

gram. Although these proolems may be reported in more detalI in '

other sections of this report, a brief summary of each problem is I

stated. *

O
l. Pressure Control System Werdware

,

I

The pressure control system is designed to control the ;

steam line prensure automatically with either 1he turbine
inlet valves or the dump valve io- the condenser. Several ,

O problems have occurred with the hardware of the dump
valve and its hydraulic positioning system; however, '

these problems have been resolved. The pneumati c pos t -
tioning equi pment for the inlet valves has been shown to
be, inadequate and automatic pressure control operations |
using the inlet valves has been discontinued except for |,

O very limited testing,,

l

All turbine operations are now conducted with a low
steam flow to the condenser with the dump valve auto-
matically con 1 rolling the steam line pressure,

oV The plant was in a shutdown condition for approximately |
three weeks in November while a hazards analysis review

1

!

-7-
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was completed v the dual valve mode of pressure control
operation. The ,eview verlfled the previous hazards
analysis; namely, that the high pressure protection and
steam temperature protection would limit the transient
f uel temperature to less than 1650 F, A " loss of steam0

flow" scram protection system was temporarily added for
backup protectlen during the testing program. This
system will initiate a scram if the steam f low suddenly

[ drops by more than one-third of the existing f low.

Control system hardware for the inlet valves is on
order and the system modifications 'ill be completedw
at a later date.

.

P. Steam riow Meters

There are three sets of steam flow meters on the bypass
and main steam lines. Each set of flowmeters, which are
required at different ranges of steam flow, have presented
operational problems. The bypass steam f low meters were1

) made operational by moving the condensate pots to a level 1

in line with the top of the flow norzle; however, all ;

!efforts to eliminate the problems with the main steam
line flow meters have fa. led. The flow meters indicate |

the ilow accurately enough but they are very sensitive
{("

): and occasionally " bounce", particularly during reactor
startups. The " bounce" in the indication is often enough
to reach the low flow scram setpoints and a scram results.

*

All other reactor parameters do not change when the
" bounce" is detected, and in most instances, the " bounce"
is seen only on a single flowmeter. This problem remains
to be solved. ;

T.
3. Main steam Line isolation Velve leakaoe

,

The leakage history of the MSIV has compelled us to
measure the valve leakage wnenever practical. During

i

) the initial steam flow testing phases, the MSly leakage
|

was excessive on occasions when measured in the shutdown '

condition.because of weld slag particles which apparently
ifell on the seat of the valve plug. The valve is located |In a vertical section of the stetsn line. After the valve I

seat was cleaned, the leakage was a minimum detectable'
- value.

{
1More recent leakage measurements tend to show that the

valve seating is proper and the leakage remains at a
tolerable level. An additional isolation Valve will be !

,

ordered and will be placed in the steam line if future
3 leakage measurements show that the present valve is

i/ unacceptable,
l

.

t

.
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4. Off* Gas ivstem Wydrocen Oomtentrations

|

During initial steam flow operations, possible explosive {
} hydrogen concentrations ( ,$s 4%) were approacned in the

|of f gas s< stem beceuse of non-ef f ective recombiner opera- ;

tion. . Off gas system modifications to pre-heat the off- 1

gas were effective in reducia.g tne moisture content of
the off gas and the recombiner efficiency was increased.

!

The recomDiner problem has been eliminated but an off gas I

system moisture problem still exists in the downstream
e of f gas system piping.

,

1

5. faulty "Weter in the steam Line" scram system
|

f
Several reactor scrams were caused by the magnetrol I

which transmits the " water in the steam line" signai. '

A reorientation of the instrument apparently eliminates
|a float vibration problem which previously existed, i

.

6. Control Rod Drives
s

) Maintenance was required on two control rod drives
which developed poor deshpot -action because of f aulty *

dashpot piston rings. The piston rfngs were replaced 6

in the two drives end operational testing is periodi-
'. cal.ly conducted to detect any fur ner failures of a

similar nature,
,

One control rod drive occasionall/ exhibits a slow .

insertion time when gang lowered with other rods. The '

drive remains operational althougn the source of this
difficulty ras not been.determinec.

In general, the operation of the control rod drives has
been very satisf actory considering their operational
history and requirements.

A combinetion of the cperational di f ficulties encountered during
3 startups of the Pattf inder supernest reacter and equi pment snor1-
/- comings during operation have resulted in a large number of reactor

shutdowns. These snutdowns have been ci centinual concern to the
management cf Ncrthern States Power Co. and Allis-Chalmers Co, and
the setety ccmmlitees for Pathfinder ccerations. As the testing
program progresses, the operational shutdowns have become much less
common and the equi pment failures are being eliminated. See Appendix A.

-

E. Chronoloeieal History of Testtnc and Goeretino Data Summarv -

A chronological history of the testing schedule for the six month
). reporti ng period ~i s li sted :

'

.

.g.

)
.

,

nr
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,

May 20th Started the initial steam operation
! to 8 MW Thermal. Completea the
}, testing on May 26th.

t

May 25 and 26th Safety Committee Meeting
'

f

May 26th Plant shutdown for miscellaneous,

'

maintenance projects.
-

;
.

- ;
.

June 15th Plant Startup. Started the initial i

reactor operation to 40 MWT (20% *

power).

! June 26th Plant shutdown for steam line valve
h- leakage measurements. . Preparations

,

for turbine operations also planned,
i

July 14 and 15th Safety Committee Meeting ;

y July 22nd Plant startup. Power testing at 20%-

1 was continued.

initial Turbinel enerator oporation.,,. - July 25th G-

1

July 30th Plant sn tcown for miscellaneous Iu
maintenance, j

August 6th' Plant startup. Power testing at 20% '

,

was completea on August 7th, i

August 8th Power testing at 40% begun.,

'

August 30th Plant shutdown for investigation of
,

pressure control system problems,
control rod drive maintenance, and !

reactor source replacement. >

j September 7 and 8th Safety Committee Meeting

October 7th Plant startup. Power testing at 40% {s

continued.
t

October 27 and 28th Safety Committee Meeting
.

'

November 8th Plant snutdown. Hazards analysis of

the pressure control system begun. '

.

November 29th Plant restart. Power testing ai 40%
to be comple ted and 60% oower testing

[ to be started.

-10-
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The operating data f or T9e six month per i od i s :

WD Wrs Critical

May 19 - June 30 146.07 250.64
July 81.35 97.40
August 996.26 463.50
September 0.00 0.00
October 799.58 364.00
November 19th 67.05 46.73

!

TOTAL 2090.'31 1222.27

This is equivalent to approximately 300 WD/T burnup for the boiler
fuel.

!

.
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111. Testino Aesults - Initial Ste w Flow to 401, P,gwe_r,

The significant tesiing results whicn pertain to reactor physics, reactor
f dynamics, shutdown tests, and radiation surveys from the initial steam
'

flow testing through the A0% power testing are reported in this section.

The power escalation testing at Dathfincer will be completed early in
1967 and an ACNP report will be prepared by Allis-Chalmers personnel.
The information reported herein may be useful for extracting general

) information and conclusions; however, it must be recognized that informa-
tion gained f rom the power escalation to 100% power may result in
corrections to the preliminary reported data.

.

A. Reactor Physics Measurements

The following information has been extracted from A'=C test reports
submitted to the Fathfinder Safety Committee.

I, Initial Steam Flow Testine to 8 WT (Test 277.2A)
)- For this test the superheater was drained. The control rod

configuration was Groups I and il full in, Groups IV and v
full out, and Group ill controlling. The' Group til critical
hel,ght at 420 F was 24.3 inches.

Reactor power was increasea to 6 WT and af ter approximately 16
hours of operation the Group ill critical heignt was 27.4 inches<

with a reactor temperature o+ 418 F. Correcting to 420 F the
Group f ll height would be 27.6 inches. Thus, 3.3 inches of
Group til movement or 0.4% ok were required to bring the reactor
to the above described Condi* ions. For the 0,4% ok, the reacti-
vity balance related to Group til movement is estimated as
follows:

TEST 277.2A RE ACTI VI TY BALANCE

UO2 temperature above 420F (0.024% ok) = 0.2 in.

Xenon for 16 hours (O.15% ik) = 1.3 in.

Therefore, voids ,*equired approximately 1.8 inches of Group Ill
movement or O.?2% ok. For the conditions of Test 277.2A the
core average voics were reported as 2.5%. Thus, a void coeffi-
cient of 0.094 ok per percent core average voids can be inferred.

from this data. Calculations predict a void coef ficient of
0.1% ok per percent of core average voids for these conditions.

2. Reeetor Testino to 40 WT / 204 oewer) (Test 278 lA)

The ref erence core f or thi s test was clean with 64 2.2 w/o
'

U-235 and 32 3.2 w/o U-235 boi ler elements, 40 B-55 shims, and

)_ -12-
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!

4|| superheater fuel elements. The bol'ler reference core loading
-

and control rod identification are snown in Figure I. The super- I

heater loading is snown in Figure 2.,

) ;

!All measurements were done with a moderator temperature of approxi- i
mately 420 F. For those measurements not at 420 F, critical '

rod heights are corrected to 420 F using the measured temperature
coef f icient reported in ACNP-65600. This coef ficient at 420 F

, is -l.6 x 10-4 ok/0F for the voided superheater,
i[ !a. Power i ncrease to 6 WT
1

At zero power and a modera' tor temperature of 420 F, the !
control rod configuration was Groups. I and || fulI in,
Groups IV and V full out, and Group Ill controlling at ,

) 24.5 inches. _ Reactor power was increased to 6 WT and j
,

,
,

af ter approximateIy 16 hours of operatlen the Group ili ;

critical height was 27.5 inches with a reactor tempera- '

ture of 420 F. Thus, 3.0 inches of Group iiI movement
|or 0.36% ok were requireo to bring the reactor to the

above described conditions.,

)
Test 277 results di f f er slightly f rom.these. For 277
the reactivity lor.s for the same step was. reported as

;

0.40% ok as compared to the 0.36% ok reported here.
However, in view of the varied xenon history, this

. di f f erence in within experimental accuracy.
\

:
^ -

At 6 WT copper wires were exposed in each of three super-
heater lon chamber channels. These data were normalized
to the average counts for each wire and are plot ad on -

Figure 3 The ion chamber channel locations are shown ,

on Figure 2 (L-9 is at the superheater center). All

-

three wires show the same general axial shape ri1h a
peak to average of approximately 1.52. The calculated >

axial peak to average for the same reactor condition
,is 1.55

b. Power i ncrease to 40 WT

Power was increased stepwise to 18, 28, 33, and 40 WT
by withdrawing Group til ke ting pressure approximately
con.stant at 300 psia - 420 F coolant temperature. On
Figure 4 are plotted the Group lit heights-versus core

'

power. All values are corrected to 420 F using a 16mpera- '

ture coefficient of -l.6 x 10-4 ok/in and zero power '

measurements of Group til differential worth versus
Group 111 height. The solid line on Figure 4 through
the dots below alI data points represents _the estimated '

,

xenon free Group lli heights. These estimates should
] be falrly accurate since the 'ime at each power leveI

representeo by the low Group ill points was only a few
hours. For example f our hours of operation at 20 and

-13-
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40 MwT vield expectec xenon worth of approximately 0.2
to 0.4% dA. Inus an error et 25% in the xenon correction
effects the ck in voids by less than 10%.

Based on Figure 4 tae following reactivity balance is
given for the clean core at 6, la, and 40 MWT and at
300 osia. ,

TE S T 2t8. l A oE ACTI V I TN 9ALANCE i

,

6 uwT .

Perameter M
002 above 420 F 0.02
Voids 0.10' ;Total 0.12

Power coefficient (% dA/MW) at 6 MWT = 1.9 x 10-2

.

18 MWT '

,

UO2 above 420 F 0.07
[

,

g,. Voids 0.30>< Total 0.37
i

Power coefficient (% LA/Md) at IB MWT = 2.6 x 10-2
.

40 wATs
j

UO2 above 420 F 0.16
Voids 1.15
Total I.31,

['y Power coetticient (% ok/MW) at 40 MWT = 3.5 x 10-2
,

For 40 MWT end 300 psi a, t'he expected vold reactivity defect
was approximately 2.0%. This is cased on a boiler core
average void of 14% of coolant volume. For a void defect, *

of -l.15% ok, these same calculations would require a core ^

average. void of 9.5% ot coolant vr. l ume . Thus at 40 MWT and
300 psia, the voios are lower inen expected and/or the void
defect calculations yield hig er values than measured.

C. Oore Pressurization
,-

#
Pressurization f ran 300 +c 550 osia began with Group li t at*

42.3 inches and the core power et 40 MwT. I nitially the
Group til rods were fixed. 't 430 psi the power level as

.

C -14-



- __

indicated by nuclear instrumentation nad decreased to
- approximately 33 MwT. Group 111 rods were then withdrawn

to keep power indication constant to 550 psia.

On a second approach in pr'.wssurization nuclear i nr,t ry-
mentation was kept constant ey wl1hdrawal of Group lll
rods. This required Group 111 movement from 40.8 inches
at 300 psia to 46.7 inches at 550 psia.

[ lt had been expected that with core pressurization,~ core
power would decrease. This results since tne temperatue:

.

coefficient etfeet from 420 to 475 F inserts more negative
; reectivity than the positive reactivity inserted by the de-

crease in volds as the pressure is increased f rom 300 to
! 550 psia.

Group lli withdrawal trom 40.8 to 46.7 inches is worth
approximately 0.37% ok. Xenon eddition during pressuriza-
tion is estimated to be 0.15% ok. Thus, the net reactivity

- loss 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 f rom 34 to 40 PMT were calc.ulated

, depending on which flow meter reading is accepted. During
pressurization the water temperature increased from 420 to

'S 4 75 F. This is expected to result in-a cecrease in neutron)* attenuation through the reflector by a f actor of l.39. How-
ever, during pressurization the Groue til rods moved out
and voids in tre core decreased. Botn of tnese effects 4

reduce current indication for a fixec power level and taken
toge1her result in a 1.25. decrease ia current. Thus, it is
estimated that with constant currant during pressurization,)' -
the core power level at full pressure vas

40 x l.25 = 36 M4T
l.39 '

) d. In-Core len Chamber Data

in core ion chambers were monitored continuously during
278.lA. The output fecm these chamters was used to crovide
qualitative inf ormation on core resconse to power level
changes. As examples of this, the N-l string chamber,

currents in milliamps are listed for five power levels at
300 psia and one at 550 esia. '

-15-
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|i; TCst 279. i A

N-1 ICN NMBE A oEePON5j,

Cnember ActV91 %wer level IMWt)

a .a a n .e 2 '

7 ( T) .0154 .032 .043 .046 .0525 .068 !

(M) .0242 .052 .090 105 .135 135}' ,

9 (L) .0218 .049 .088 .II .132 .097 |

c Avg .0205 .044 .074 .087 107 .100

Power (WT) --- 13 30 34 41 37
,

*S50 psia
Normallred to Averace at Esen Level

|
7 0.75 0.75 0.58 0.53 0.49 0.68 -

8 1.18 1.18 1.22 1.21 1.26 1.35
9 1.06 1.11 1.19 1.26 1.23 .97

IThe power levels across the top are f r'om heat balance cal-
culations. Those across the bottom use the percentage in-
crease in average current from the N-l string and the heat
balance values at each level To estimate the power at the

y- next higher lovel. These extrapolations agree with the i

heat balance values to with'n 10% with exception of the
first step. These data also indicate'that with pressuriza-
tion, the power decreased f rom 40 to 37 WT.

The letters T, M, L refer to chambers at approximately 54,
g 36, and 18 inches from the bottom of_ the f uel ir channel

N-l. The individual currents divided by tne string average
current are listed in the lower half of the table. As

' '

4 - core power is increased, the power distribution shif ts into
ja the lower half of the core. However, when the pressure is,

? increased power shif ts beck into the upper half of the core.
9 .

J 3. Sugtar TestMqlo 76 MWt (40(, Power) (Test 278.2A Partial)
.

Qi' Measured results for control rod positions, in-core _lon chamber
'. L reacings, and ilux wir.s counts are given for power escalation

'l to 80 W f, for superhester rocs (Group |} withdrawal, and for-

boiler rods interchango (Group I with IV and V). Results are
also given for a xenon tollow (Test 335) atter a shutdown f rom1

O '6 WT.
[.

The experimental results are used to calibrate control rods.
The react;vi?y worths of xenon, voids, and Dopplei are deduced ,

3. and compared *ith calculational results. Measured power and void

-16-
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coef fIcients are estimated. Measured f lux peaks and the f lux
peak trends with control rod motion are compared with calculated

!values. T!te measured superheater power f ractions are compared) with calculated values. '

I
Predictions of core pnysics behavior f rom 40% to 100% power are
reviewed. A recomendation is made for en abbreviated xenon
test to be done at 60% power.

a. Summarv of Ooeretion and Exoerimental oesults

1. Power I heresse to 60 WT
,

-

Core _ power was increased to 40. WT at 1000 CDT on '

8/5/66. At this time the Group 111 rods were at 42
inches and the reactor wa1er temperature was 478 F.0

;The power level was held at approximately 40 W for '

28 hours until 1400 on 8/6/66. During this period
Group ill rods were withdrawn to 56 inches to com-
pensate for xenon bulldup.

1
Cu wires were activated with Group lli at 47 inches.
In core ion enamber currents were recorded as a func-
tion of Group ||| withdrawal. Of special Interest is
the llc string located in superheater enannel N-l.
The power level in this channel is close to that in

p Z-| (the hot channeI). The average of the curren1
3reading for llc's No. 7, 8, and 9 located at 54, 36,

and 18 in respectively, from the bottom of the fuel
is a measure of the superheater hot caannel power and
of the core power. Ratio of individual'i10 readings
to the string average indicate axial power shif ts as

). rods are withdr'.sn and power ~ ls i ncreased..

.

At 1030 CDT on 8/8/66 the core power leve| was 38 WT
with Group li t at 51.6 in. By 2200 the core power
leveI was 60 WT wIth Group ilI at 73 inches.

) 2. Power i ncrease to 80 WT and Withdrawal of Superheater Reds

At 0930 on 8/9/66 the core- power leveI was 59 WT wIth
Group t il at 73 inches. The superheater power f raction
was 0.064. Superheater rods were withdrawn in eight

;
,7 steps untiI fuli out. /,t 0030 on 8/10/66 Group I was )

at 73 inches, the core power level was 86 WT, and the
superheater power f raction was 0. ll5.

Withdrawal of the Group I corJs increased core power by |
27 MWT incluaing Xe ef fects. With Xe corrected out, !the Group i rods are worth 30 WT.

j

.
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3.. Boiler Control noe laterenence '

At 1100 on 8/15/66 tee core power level was 76 MWT and I
the superheater power f raction was 0.118 with Group 11

iat 14 inches. The reactor water temperature was 478 F i
and xenon was at equi li bri um. '

|

After several reactor shutdowns, the interchange between
boiler. control red Group 11 and Groups IV and V bogen atp 2250 on 8/16/66. Tne core power level, and rod group

/ positions are summarized i n Ta b le l l .

I
.

TABLE l
i.

) 901 LER CONTROL ROD INTERCHANGE

Time Power (MwT) Rod Groue Heiants (in) '

H IV and V
.

2250 65 0 73 {[ 2315 60 0 60
2400 78 14 60
0030 (8/)7) 64 14 53

,

0930 64 14 53
1030 rT2.5 16.5 53

'

1100 56 16.5 45
'

~

Il45 69 22 45
~

'215 60 22 40
1300 81 27 40
1340 55 27 30

:1430 80 36 30
~

1445 45 36 24
1530 73 56 24
1600 51 56 18
1845 63 73 18

,

1900 81 73 24

)' At the start of the interchange with Group 11 at zero, the ,

superheater power f raction was 0 lli. At the end with
Groups IV and V at 18 in., the power fraction was 0.140,

4 Test 335 - Xenon Follow
'

Immediately after the rod interchange, the rods were
returned to the normal startup configuration (Groups /T1,
IV and V at 73 inches, Group || full in, and Group I
controlling) with core power at 76 MWT. This power was
held from approximately 2200 on August 17 to 0700 on

Group I reached 73 inches by 070|0.August 18. At this
) later time the core was shutdown. The core was then

returned to critical at 0924 with Groups I and 11 full
in, Group iii controlIing, and Groups IV and V at 73

'-18-
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inches. The reactor water was neld at 450 t SF ano'

criticality maintained until 1400 on August 20. Group
111 was controlling during this period of approximately

{} 55 hours, and Group lit differential worths were measured
for approximately every inch of rod motion,

b. Analysis of Results

Results from Test 335 - Xenon Follow - are discussed and
f.'

differential and integral worth curve for Group lli control
analyzed first. This is done since inese resulis provide a

,

rod positions f rom approximately 25 to 55 inches. Next the '

core reactivity balance to 80 percent power is presented.
Then results f rom the llc's and wire exposures are analynid.

[)- Finally, expected rod posi11ons' are revised using results ,

'

f rom 278.2A at 40 percent power.

1, Test 335 - 40 oorcent Power
:

Using period data taken during the xenon follow test, a
:) Group Ill alfferential worth curve was constructed as

shown on Figure 5. The dashed curve above 58 inches is
estimated.

<

,

,

The integral of this curve is also shown on Figure 5.
i)' Calculations were done to exactly match the power history

just prior to the reactor shutdown f rom 76 MWT to perform
the xeran test. The calculated worth of xenon is snownon Figure 6. Also on Figure.6 is shown the measured

-

,

worth of xenon.
+
,

) Since the calculated and measured xenon worth. curves
are in good agreement from 3 to 60 hours, the calculateo
worth was taken to be the measured value at shutdown. ,

'

This assumption gives a Group ill height of 50 inches
at shutdown for zero power and 450 F. It is also the
same height as at 17.8 hours after shutdown. This time

go agrees well with calculations which predict the xenon,

worth at 17 hours af ter shutdown to be the same as at
,

shutdown. This point is called the xenon return time.

Taole il summarizes results of this test.
|g-.

>
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TABLE ||
'

xCNON FC'. LOW AT 76y T TEST StJMMARY

Yemen Weetn (4 Ak) Calculated for
Osiculated Measured Equil. at 76 WT

O At snutdown 2.03 2.03 2.28

g Max 1 mum 2.70 2.75 3.10

O Times (hrs) - Measured
Calculated

! Maximum 7.0 7.8

Return 17.0 17.8
o-

Calculated results in Taele || also yield the worth of
Group ll. control rod from zero to 14 inches to be
0.25% & since at equilibrium xenon' for 76 MWT the Group
11 positice is 14 inches.

6,~ As an additional eneck of the xenon calculations and the
Group Ill red worth snown on Figure 5, calculations were
done to follow the xenon bulldup for 28 hours at 40 W T.
These calculations predict a xenon worth of 1.56%. This ;
compares U rh a Group lit worth of 1.60% & for movement
f rom 42.0 o 56.2 inches --- In good agreement.

The xenon free Group 111 height at 450F is estimated to
be 31.3 inenes. A clean core Group lil height at 450F
is estimateo to be 28.0 inches. This estimate uses a
420F clean core Group til height of 24.5 inches and a

'O temperature coef f i cient of -l .55 x 10-4 &/0F. The
wortn of Group ili from 2e.0'to 31.3 inenes is 0.41% & .
The calculated worths of samarium at shutdown and at 60
hours are 0.3't & and 0.34 S. Thus, 0.07% & is
attributed to fuel burnup and long term fission product'

burnup. At this time the fuel exposure in the boller
core is estimated to be 762 WD.,

2, Reference Core Reactivi ty

Prior to Test 278.lA, prediction had been made of expected
control roa positions for 20 percent power and equilibrium
xenon. These pcsitions were Groups I, lil, IV and VO controi coes at 73 inenes and Group i s centroi rods f uii
in. As a result of this test it appearea that the reactivity
worth of voics was being over calculated and estimates,,

-20-
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were redone for Test 278.?A. From results at 40 percent'

power it sepears that the newer predictions are in excell-
ent sgreement with measurements. However, this may be
somewnet fortuitous.

.

A reactivi ty bel snce is dere f or 76 WT. For this it is
assumed that tre calculated xenon worth and UO2 heating
reactivi+y wor +ts are occurate.

'

76 WT

478 F Clean GE0uD lil St 51,7 in

Measured Calculeted
Voids and Doppler 1II.at 50"---

.L ( ~ l . 95% & )
Equilibrium Xenon 11 at 14" Il at 11"

(-2.28% & ),

The reactivity difference between il and 14 inches on
) Group 11 is calculated to be worth 0.15% G . At the

time this measurement.was made it.is estimated that
0.35% & in fission products other than xenon had built
up, wheress the calculations had assumed no fission
product buildup. :, the core reactivity less of 76

''

WT appeers to ! . O. & less than predicted,f
The void worth to ?? WT thus appears to be accurate.
Of the 1.95% & for voids and Doppler, 1.7% & Is in
voids. This is based on 69 WT in tne boiler. At 550
psia and full flow, the average and exit voids are cal-
culated to be 14.5 percent and 24 percent, These values) yield a void coefficient of 0.12% & /% a from zero to
76 * T.

A power coetficient can also De determined f rom measured
data by noting the power increase resulting from Group I

~. and Group 11 wi thdrawal. Withdrawal of Group I control)- rods f rom 0 to 73 inches increased cower by 30 WT and
Group || rod withdrawal from 0 to 14 inches increased
power ey 18 W T. The deduced measured wortn of these
rods is 0.95% & , The calculateo worth is 1.15% 3.
Thus, a power coef ficient is estimated between 2.0 and

*

2. 4 x 10-4 S/W.

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

.

-
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TABLE 111 !

I
CORE RE ACTivl TY BAL ANCE !

- .
tCondition k t

!

Cold Clean 1.098 i

478F
|

Clean 1.083 I) Sm 1.079
Fuel Burnup l.078 (' 76 WT -

Voids plus Doppl4r 1.058
Equilibrium Xenon ~ 1.036 i

Critical with 11 et 16 inches

Based on results to date, predictions are made of tne ;

Grow || height for escalation of core power to 100%. . 1

These are listed-in Table IV. Expected positions are '

) given for the equilibrium xenon and xenon free conditions, j
For the equilibrium position an uncertainty is included. '

The uncertainty is equivalent to,approximately 30% of
the ok in xenon and volds beyond that at 76 W.

'
. .

TABLE IV

EXPECTED ROD HEIGHTS (IN. )

60% to 100% Power
,

,D Eeullibrium Xengq
F WT xenon Free Min Exoectee_ ~ M,g,

; 76 Ill at 56 11 at 16
||4 Ill at 67 23 26 29
152 II at 0- 27 32 38
190 11 at 10 32 40 58

{
The di f ference between these expected positions and
those shown in Test Procedure 278.2A is that the Group
|| Integral worth curve has been adjusted to retlect the
lower than calculated rod worth deduced f rom experiments.

O '

to date for the lower half of the core. The total Group
g worth was not adjusted.

3. Power Distribution

I Table V lists calculated and measured axi st peak to
average values f or each wi re exposure. The agreement
is fair.

3 -22-



-

c

,

TABLC y

AvlAi d dx peaks

Cg.11 14 w . OsI.

lit at 47 in.

[ N-| |.74 ! .58*
;. L-9 1.74 l.60*

11 at 0 in. '

S-5 1.31 1.6*
L-9 1.28 1,46

IV and V et
24 in.

m- S-5 1.62 1.48**I
.

*lli at 43 in.
**lV and V at 16 in,

h Calculations for other control rod configurations show
that at low void levels as rods are withdrawn the super-
heater axial peak increases. So it- is expected wi th lil

control rods et 47 in, and Groups IV and V at 24 in.,
the calculated peak val,ues would be greater than those
listed in Table VI.

h
Calculated values to compare w;th the llc readings are .

not presented herein. However, the intent is to use tne
axial power shapes computed as a f raction of control rod
withdrawal to obtain flux values at 18, 36, and 54, in.

. at locations N-l and L-9.

The superheater power f raction increased f rom 0.064 to
0.115 as Group I control rods were withdrawn. Then
during the rod intercharge it increased to 0.140. TheSe
values compare with calcat..tlons of 0.096 to 0.l16 and
0.150. Thus, with superneater rods in, the power f raction,

3
was substantially underestimated. With superheater rods ,

out, the agreement is good.
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B. Roseter Ovnemies Tes'ino (test 433)
] The purpose of Test 433 1s:

i

(1) to evaluate the effects on the reactor of certain fluid {
dynamic disturbances which are likely to occur during the '

operation of the plaint;
t

1

(2) to verif y tnet the trensient response to the dis 1urbances>

is not severe and is well within the limits of the reactor !
protection systems;

,
.

(3) to demonutrate that all control systems (pressure, f eed-
water level, f eedwater temperature; etc.), are adjusted to !a

J respond properly to the various dist'urbances imposed in !
this test; !

(4) to obtain reactor stability information at various power ;
levels and to predict the response at a higher power level; '

g. and
,

(5) to determine the accuracy of certain system responses as
indicated by the Pathfinder analog simulator model.

,

The following information has teen extracted f rom A-C test reports :

Q submitted to the Pathfinder Safety Committee.

l. Reactor Testino et 38 WT (20% Power)

8 Rannonta to oressure Retoolnt Chances and Control Rod
Movement -

,
J e

The f ollowing tSole shows a comparison between measured and
calculated parameters for the pressure setpoint and control
rod movement changes. These calculations were done assuming
a 15% superheater-to-boller power f rSction and associated
flux peaking, whereas the estimated power split at the timo

$ of the experiment was aoout 5%. The f lux peaking at this
condition has been shown to be equivalent to a power split

,

of 7.5%. The power coef ficient of reactivity for the calcula-
tions was about 2.3 x 10~2% Ak/W and was measured to be
aeout 1.5 x 10-2% ok/W at 30 W and 540 psi .

3 The effect of a smaller power split would be to lower tran-*

g sient temperature peaks, where as the ef f ect of a smaller
power coefficient of reactivity would be to increase tran-
sient temperature peaks, for a given fixed disturbance.
Thus, using the power peaking associated with the 7.5%
power split a correction factor to be applied to the cal-M,. culated fuel temperature results, is found to be

X = 0.765..

15.0 1.5,

-24-
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O !Tho cpplication of tho pow;r coef ficicnt pcrt of tha
[c rr0cticn fcetor directly to the f uel temperature is not
!strictly correct due to the non-linear character of the*

,-

pressure control system; however, it is more realistic to j
,

'

incluce this term then to omit it.L:

M The other important factor to be considerec in evaluating !these results is the nature of the disturbances, in the
calculations all step disturbances were true steps whereas
" step disturbances" during the test were actually ramp

.!Changes of about 2 seconds duration. (This was as f ast as |the operator could safely make exactly a +5 psi setpoint7
V Change.) These slower disturbances would have the effect (

of reducing trsnsient power peaks and transient temperature |

peaks and could well account for the remaining " discrepancy" ;

between measured and calculated results. '

:

The response of the reactor system to control rod motion wasn
V

less than anticipated since CRG lit was moved a maximum of
+0.9 inches,'whereas the calculated results were based in a .

CRG 11 motion of 2.0 inches. |
'
,

_

TR ANSI ENT PARAMETER V ALUES

initial Reacter Power: 38 MW; Pressure:. 540 psi; superheater
thermocouple No. 0- 10 = 675 F

Controlling with GP lli rods; Bulk steam: 543F; f eedwater tempera-
ture = 390F

s

O- Parameter Test Calculated ResultsMeasured Results (see report text i

f or cor.citions) 1

Il.) Pressure set Point ,

.O Change +5 psi with ,

T3 controi

a. Max ATp t/c No. +34F +75 F 'i0-10
ib. Max A power, incore +13% of existing j----

O No. 7 power
jc. Max a power, out- +8.2% of existing +14% of existing |core 5 power power

d. Max aP +5.5 psi +5.5 ;5si ;2
e. Max AT2 +8F +25F '

c 2.) CRG lli Motion, 0.9" our-

d
with T2 control

a. Max ATp t/c 0-10 +15F +42F for 2" of
CRG II Motion

,b. Max A power, in-core +l4.5% of existing ----
!

O. No. 7 power
c. Max a power, out. core +i4.55 of existing +375 of existing

5.' power power for CRG ll d

motion id. Max AP2 +1 psi ----
i

e. Max ATp +15F +42F for CRG 11
motion

'O ~25-
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b. ResDease to Feedwater riow o te Chance at 38 WTa

.' The feedwater flow rate was f.rsi reduceo, caus.ng reac1or
' water level to fall, and was then increased to prevent a !

low levol scram. The results ere listed.

1 Distureence: -105,000 lb/hr in 11.5 seconds >

MAX Power Change: -9% of existing power on in-core '

ion chamber No. 9 i

MAX ATF -28F on t/c No. 0-10 t

MAX app -l.7 pse
|

2. ' 'Disturbence; +150,000 le/hr in two separate disturbance ~

of 5.5 seconds and 12.0 seconds each |
MAX Power Change +l4.6% of existing power on in-core

.

chamber No. 9 ^

MAY AT : +45.5F on t/c No. 0-10F

MAL ~~2: +9F i

MAX 4,'2: +2 psi

) 3. Exoected Results t

Disturbance: +124,000 lb/hr in 4 seconds
MAX Power Change: +32.5% of ekisting power
MAX AT : +125FF

Comments: *,

In this run, the superhester rods were at 0" so that the I

power peaking essociated with this condition is representa-
i
.

tive of a 7.5% superheater-boiler power split. Thus, in
the second disturbance the, peak superheater temperatures ,

are considerably below the calculated peak disturbance. I

) Allso, since the ectual power peak is well colow the calcul-
ated power peak the offeet of changing the feedwater flow
rete apparently did not have as large an offeet on subcooling ;

es expected or the subcooling-reactiv.ty relationshi p is
less than expected. As Test 433 progresses these offects
will be analyzed and an attempt will be made to obtain

): Quantitative relationships. ;

The reactor responses to this distureance in the subcooling
is camped and shows no tendency toward oscillatory benavior.

c. A.,esconsa to Reeleculation Flow Chance at 34. 5 MW T w i t h the.

Qymp,,Ja lve on Auto Control

I,,,n,,1,,,,jp l P l an t Con d i t i on s

Reactor Power: 34.5 MWT (The flow reduction started
[

at 45.0 MWT and ended at this power |

when ganged valves were at 60% open -
.all three pumps running.) '

Reuctor Pressure: 540 psia
SuperheaPer Fuel Tempera- 692F on t/c No. 0-10

ture: i

-26-
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Steam Exit Temperature: 554 F*

Steam Flon Rate: 124,500 lb/hr
0 Feedwater Temperature: 367 F=-

Recircuietion riow mate 48,000 gpm
i Pressure Control System: Auto on Dump Valve

Feeewater Temperature: Hand
Reactor Water Level: Auto

O '- '''""''"**: "'*i'*"'''' " V''"'' S'"S** ''" '' *
60% to 100% (+14,000 gpm in 124 see)

MAX' Power Change: +24.3% on in-core chamber No. 8
~

MAX ATp: +13 F on t/c No. 0-10
s

MAX AP : +2 psi2
MAX AT : +6 F2

0
2. Exceeted nesults: (calculated)

Disturbance: +14,000 gpm in 130 seconds at 244 power
MAX Power Change +20%
MAX ATp: +18 F
MAX AP : +2 psi2

O MAX AT : +6 F2

. Commentt: *

The comparison between calculated end experimental results is
excellent; this is so, in part, because the calculated results

Q1 were run on the analog computer af ter the experimental data were?

obtained in orcer to establish the same initial conditions. Analog
_ computer results show that this rate of recirculation flow change

(255 gpm/sec) is worth approximately 0.7 cents /second in excess
reactivity rate. Again, no tencency towards instability is
evident. *

'

O
d. Tes t 433 at 38 MWT with Turbine i nlet Valves on Auto

The turbine inlet valves were in f ar f rom en optimized statr ;
thus, the results of plannd disturbances in this plant condi-r tion is not presented. Whea the inlet valve response is improvedO several of tnese tests will be performed to demonstrate satis-
f actory plant response with the turbine operating.

2. R'eactor testino at 76 MWt (without turbine) while on AUTO Dume ValveControl

0- -

e. Rosetor n.coonse to centroi nod uotion

The reactor response to withdrawal of the superheator control
rods (Group |} f rom 47" to 49" was recorded. The chart showed
very |1ttle change in any of the recorded variables because

- O the superheater rods were worth very little reactivity in this
.po,ition, otn.c coa ,,n.,y.r., ,,,,ci,iiy gong so,, ring o, ,n,

superheater rods several inches wili te at this power level, show
a .more merked response.. but a response that is smooth and which-

,

shows no tendency toward reactor system instability,

Q -27-
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t

b. Avector Resoonte to Pressure setooint Chances

_ Tnis disturcence was repeated six times to yield information
on the response of the various in-core ion chambers. The
disturbance was - 3 psi rather than the planned * 5 psi
Decause of a scram that occurred due to high exit steam
temperature; this scram may have been due to operator error
since the operster was "f ollewing" the exit steam tempera-

-

ture transient with the f loating scram setpoint. The 1 5-

psi transient would have teen preferrable to analyze, but
because of the safety restrictions placed on Test 433, the
setpoint disturbance was lowered.

Inl+1al Plant Conditions ,

m

Reactor Power: 76 MWT
Recirculation Flow: 60,000 gpm
Group i reds: 53.6 inches
Exit steam temperature : 626 F
Superheater Fuel Temp,

on t/c No. 0-10 690 F (67.4 MV),

Steam Flow Rate: 275,000 lb/hr
Reactor Pressure: 548 psig '

Pressure Control: Dump valve on Auto
'Feedwater Temperature

Control: Menual
7 Reactor Level: Auto

The transient results are fisied,

l. Disturbance: ,-5 psi in 6 seconds
MAX Power Change: -10.4% of existing power on in-core No. 9

_4 MAX ATr : -34.6 F on t/c No. 0-10
-

MAX AT : -18 F2
MAX AP : -6 psi2
MAX oW t +20,000 lb/hrs

2. Disturbance: -3 psi in 2.2 seconds
9 MAX Power Change: -5.4% on in core enember No. 9,

MAX ATF: -17.3 F on t/c No. 0-10
MAX AT2 -10 F
MAX oW : +10,000 lb/hrs

3. Distureence: '3 psi in 2.8 seconds.

j max Power Change: +8.3% of existing power in in-core No. 9
1 - MAX aTp : +21.6 F on t/c No. 0-10

MAX AT : +9 F2
MAX oWs: -12,000 lb/hr
Dan.pi ng : YF reacnes steady state in 55 seconds

J
.
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'

4. Eweeeted Results: (calculated on analog computer)
Disturbance: +2.8 psi in 3.5 secones at 42.1% power

-. MAX Power Change: +3.1% of existing power
7 MAX ATr: +25 F

MAX AT : +9 F2
Dampi ng : Tp reaches steedy state in 50 seconds

Comments:
-

The -5 psi disturbance results are shown in orcer to compare
the 76 MWT results to the previously reported 38 MWT re'sults.
While the 38 MWT results were.for a +5 psi change, a compari-
son shows that changes in t/c No. 0-10 response at 30 MW and
76 MW were identical. Power peaks were also quite comparable,
but the change in exit steam temperature was only 8F at

"
38 MW, while AT2 at 76 MW was 18F. This difference can be
attributed to the f 6ct that superheater Group I roos were
Inserted at 38 MW and were withdrawn to about 53 inches for
the 76 MW runs. Overall, the responses at the two power
levels are quite comparable, with no tendency of reactor

- system instability being in evidence.

The comparison of the +3 psi setpoint change to the analog
computer calculation shows very favorable results with the
superheater f uel temperature, exit steam temperature, and

-

return of the system to a steady state giving the best
comparisons,s

c. Resoonse to Feedwater Flow Rate Chances

1. Disturbence: -100,000 lb/hr in 4 seconds
MAX Power Change: -6.8% of existing power on in core

lon chamber No. 9
-

MAX AT : -19.5 F on t/c No. 0-10F
MAX AT : -8 F2

_
MAX 6P : -2 psi2

2. Elstureence: +125,000 lb/hr in 10 seconds
3 MAX Power Change: +8.2% of existing power on in-core~

lon chamber No. 9
MAX ATc: +12 F on t/c No. 0-10
MAX 4T : +6 F2
MAX oP : +2 psi2

7 3. Ex pected Aen.gili:
Disturbance: +124,000 lb/hr in 4 seconds
MAX Power. Change: +12% of existing power

; MAX AT : +60 Fp
_

Commen+s:

-)
In this run the transient response is less than expected,
as was the case f or the same disturbance at 38 MWT. While

-

sufficient time end evidence has not been available for

) -29-
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quantitetive explenations of the differences, it is expected
that lower measured. response is due to operating with a
lower value of succooling than the celculations assumed.
For example, when f eedwater temperature is 390 F, subcooling
is about 0.8 BtV/lb, wheroes when f eeawater temperature is
340 F, the subcooling is 3.6 BTU /lb. Thus, in the actual
test condition only about 15 cents reactivity is tied up in
subcoolln; (at 0.8 BUT/lb), whereas at 3.6 BTU /lb about 75
cents is >d up in subcooling. I t was noted that the ratio
Peak nowor at 404 is about the same as the ratio
Peak power at 20% measured

'

Peak oower at tot This ratio is approximately 0.5.
Peak power at 20% calculated.

,

d. ResDonne to Feedwater Tomooreture Chence

1 Disturbance: Feedwater temperature se1 point changed 43
lbs, equivalent to 16.8 F in 16 seconds

MAX Power Change: +3.8% of critical power on in-core
Chamber No, 7

MAX AT : +16.2 FF
MAX oT : +6 F2 -

MAX oP : +2'4 PSI2

2. Exoected Resul+s :
MAX Power Change: +4.0% of existing power
MAX oI : +18 FF
MAX AT : +6.5 F2

Comments:

Although the fest results and the calculated results compare
favorably as far as disturbance magnitudes are concerned,
the transient parameter shapes are quite dif f erent in the
two cases. The calculated transients are very smooth and
have no " peaks" or " troughs". Final steady-state values
also compare f avorably. The discrepancy between calculated
and expected results undoubtedly is caused by the gross
simulation of the feedwater temperature control system. A
simple first order lag and clamping circuit were used to
represent en obviously more complex system. The simulation
was cono like this in order to conserve computing hardware,
and because the system dynamic response has been unknown,,

e. Resoonse to Reduced Reelreulation Flow Chance

This test was not as specified in the procedure f or Test
433; the final ganged valve position was changed f rom 45%
open to a final position of 60% open because it became
apparent that the power-to-reci rculation-f low scram would
be reached during the transient. Since it was not necessary
to observe another scram during the course of this test and

-30-
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i since system response information to 60% open appeared to
.i be: adequate, the procedure was changed accordingly. A heat-W balance'at 100% valve open ' position yields 73.3 MWT'and at

. 60% veIve - posi tion, a heat balance; gave 60.8 MWT. ,
'
;

l. QJiturbance: +1874 gpm on Pump ilo. 13 in 20 seconds
MAX Power Change:. +15.9% of existing power on in-core

.0- chamber No. 7
.

'

Max ATp: +34.6 F on t/c No. 0-10 i

MAX a7 :. +14.5 F2
MAX oP : +3.2 psi2

'

2. ixoected Results:
,

i

No direct comparison available

3. Resulis at 38 MWT
Distusoance: +1781 gpm on Pump No.- 12 in 14 seco'.us

|MAX Power Change: +:. 0% of existing power on in-coro .;

MAX'AT : +32 4 F on t .No. 0-IOF
MAX AT : +7 F2 ,

Comments:

O'; Comparing tne rasuits at 38.MwT and 76 MwT, it appears tnetV- the same flow' disturbance causes larger power. changes at
the'hlgher power levei. This is an expected ef f ect sinee '

more. reactivity should be-tied up in voids at the higher
L power, which wil.1 nave the ef fect of causing largv power

>

changes. -

0-
.3. Reactor Testino at 76 MWT (with turbine) while on AUTO Dumo Ug ive Control with the inlet Valves on Hand, '

-

During the week of November 28, 1966, the runs of Test 433 at
76 MWT. with the dump vaive automatically-controlling pressure|O. and the iniat s ives on sand w.re completed.- These tests,
called the "spl .t f low" tests, were done at. 76 MWT to provide,

|; a' base with which future higher power test results can be
L compared. in all these-casas the inlet valve position was heldP

fixed by the mechanical. load limit control. ,

;A:
','V

Prior to these tests, analog computer studies. were performed,

that compared system transient response when the dump valse
.was on auto wIth the split f low arrangement as was actually

J used during the testing. -These computer studies predicted' ,

that changes in system parameters would be nearly the same
y whether the dump valve was on auto passing al1 of the generated

steam or whether the split f low arrangement was. used with thei,-

L dump. valve on auto and'~ passing about 60,000 lb/hr. Disturbance
stedies were pressure nipoint enanges, feedwater tamperature.,

changes,, control rod c' icn, and recirculation f low charg es..

L
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This memo presents the initi al conditions and _ transient conditions
'during tha planned disturoances as 'well as comparisons of pre-

g7 'vious 16 WT_ tests done _ wlth the dump valve on auto. The
. conclusions drown as 'a result of these comparisons are those

. ' '. that were presented to the Operations Committee af ter the tests
and prior to the 60% escalation step. These conclusions-are:

,

1) The system response to 'the - Test 433 disturbances is
] the same whether the dump valve handles alI of the

generated steam flow or whether the split flow arrange-ment.is used,
*o

"

2) No apparent safety hazard exists because of the split '

r
,

f low mode of operation.

4. Recirculation Pumo Tri o Tests
i

Thus f ar three attempts have been made to trip e recirculation
pump with the reactor producing power. The-first attempt on

.

10/18/66 ended in a scram due to high steam temperature approxi-
mately- 21 : seconds af ter the pump was. tri pped. in this case
steam temperature was approximately 40F below the initial value
at the time of scram, but the reactor operator f ailed to keep . '

steam temperature within range and a hign T2 scram resulted.

); . The second recirculation pump tri p was held on 10/19/66 with
'

low s1eam temperature out of range runoack- bypassed and thethe 1

:
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 tri p a reci rculation pump was made on
Nosemoer 7, 1966. and was carried through to compir. tion. Prior
to the pump trip, recirculation f 'ow was reduced by- ganging all
three'_ discharge valves f rom 100% to 60% open, initial condi -
tions taken f rom a heat balance just prior to pump trip are
listed in Teole 1

TABLE I

initial Conditions for One Pumo Trio 11/7/68

Reactor Power: 58.1 WT.

Group i rods controlling
at: 33.5 inches |

Enanne1 5 current: 0. 63 .x 10-6a -

Channel 6 current:- 0.58 x 10-6a
Channel 7: 28%

;
. . Reactor Pressura: 543 psig

. -Feedwater Temperature: 3800F
O Feedwater-Flow Rate: 210,000 Ib/h-

Steam Flow Rate: 210,000 lb/hr

-32-
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'* Recirculotlon_ Flow Roles: 15,800,-17,000 17,000 gpm on Inst 168
Exit S tem Tamperature: 580cF !

In Superhoo t er Fue l Tempera-
ture T/C No.'0-10 727*F $

~ Dump Valve Posi rion: 18% j
Pressore Control: Au ro on Dump Velve i

Feed.ater Temperature i

Control: Auto
Q ,. Level Control: Auto on single element

Table 2. lists the important transient parameter values during The ,

pump tri p. *
,

'

TABLE 2 ,

Results of One Reeleculation ,

Pumo Trio et 58,1 MwT
t

0-

1 Disturbance: Tri pped Pump No. I|
O ~ MAX Power Change: -56% of initial oower on in-core .

"

chamber No. 3
Final Steady state 74.9% of initial power with valves of

power change; two operating pumps at 60% .

Final flow, valves
at 6%, 60%, 60%: 38,000 gpm*

hy_ Max Positive Rate +416 gpm/sec measured on pump No. 11
.

of flow change: flow trace
Max changes in fuel -152 F at 16 seconds and +115 F at
temperature: 74 seconds

Max changes in steam -34 F at 16.5 seconds and +27 at
line temperature: 75 seconds

73~ Max change in S team
Flow Rate: -74,000 le/hr at 51 seconds. . .

Max change in Steam '

Line Pressure: -14.8 psi

2. Calculeted Results on Analog Computer, Case 2, Exp 66-27.
qN- Disturbance: Tripped one recirculation pump

Max Power Change: -50% of initial power
Final steedy-state 77% of initial power (with valves ,

powe opereting at'l00%) g

Final flow, valves 1

W .et 6%, 100%, 100%: 40,000 gpm.,

8 _ .. Max posi tive ra re
h of flow change: +432 gpm/sec
'' Max, change in steam -130 F at 21 seconds

1

*line tempere1ure +60 F at 65 seconds
p thermocouple: (superheater rods all out)
1(y Feedwater control '

'' system: Auto
i.

'? cm -
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Max change in 5ot -420F at'l5. seconds
'

"

= s pot f ue l +300F at 55 seconds
3

temperature :
'

_

;
E Pressure Control Auto on Dump Valve Reset ap; cx. |

system: 2.5 repeats /m:nute,
1

~

No T2 control-

This. test was successful in showing the reactor respc.nse ;1

[ to a pump trip at approximately 45 power. As predicted,
,

! the reactor safely returned to an equilibrium condition. '

While alI the. transient parameters did not correspond 6

' exactly with-predicted magnitudes and time relationships,
most parameter. values were in exceIlent agreement with
predietton. ,

It Is_ interesting to compare the response of thermocouple '

No. 0-10 to the computed hot spot temperature. Since the -|
thermocouple does not measure hot spot temperature a
correction must be made to Its values to obtain hot spot
temperatures . Table 3 shows a comparison between calev'ated -i

h and measured superheater f uel temperatures.
,

'

-
+

T/.8LE 3

'~ Comparison between Calculeted

).;& and Meesured Maximum Trancient
Temocratures durino a One Pumo

Trio et 60 MWT '

..

Max Hot Spot Max Hot Spot Max Expected'

Temperature' Temperature Hot Spot
change with with without
uncertainties uncertainties uncertainties

) Calculated +300F 1570F ;------

(analog) !

'

; Measured, +265F 1275F 1080F
*

' based on a -r
+l 15F peak
in t/c -

L No.-0-10-

From Table 3 it can be seen that. the changes In hot spot-

fuel. temperature predicted by the anelog calculations for i

*

the pump tri p are quite -close to those that must actuallye ;

a - occur at the- hot spot during the pump tri p. The initial '

f uel' hot spot temperature for the analog calculation was !

h, 1270F, whereas in .the reactor the -initial hot spot tempera- i

.ture (including = uncertainties) was 10lOF.
.. !

,,
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'The results of shutdown recirculation flow tests indicated that
.. recirculation pump tri ps and restarts may , result in rete of
]- flow increases exceeding the Technical Specification limit of
M 455 gpm/sec.- During a pump tri p, . the reverse f low through the

tripped pump is great enough so tnat as the pump discharge valve
closes, the rate of flow increase may approach 455 gpm/sec.
However, the rate of flow increase for a pump trip test can be
controlled by the initial discharge valve position and pump

h. trips with an initial valve position of 60% are definitely
'

within the tech spec limits.

On November 3rd, the Operations Co'mmittee decided that a pumpL

trip or.a loss of indicated recirculation flow should result in-

a reactor-scram. ~ The necessary circuitry changes were completed
prior to the recirculation pump trip test of November 7th.
During this trip test, the discharge valve of the three pumps
were closed to a 60% position, and the scrams, associated with
the pump that was- tripped, were bypassed. The tri pped pump was
not' restarted at. power.

) Considerable; concern was expressed about the boller hydrodynamics
and burnout margins for operations involving reduced recircula-
tion f low- rates during pump tri p tests. This matter was thoroughly
reviewed by A-C personnel and reported to the Safety Commi ttee.
From the' A-C analysis memo ' Burnout Margin during Reduced

- Recirculation Flow during Test 433 Testing" dated December 9,
1966, f rom L L Kintner to R W Klecker the analysis is summarized.

"I n summary,' the boi ler hydrodynamics - and burnout margins have
been adequate ly analyzed for all~ anticipated operations, including
pump tri ps and opteration at reduced flow. _The analysis,_ based

% on test data, shows that tae design _ calculations' reported in the
Technical Speci fications (reproduced in Figure 7) are conservative, q

re
i .The amount of conservatism more than offsets the sIightly reduced "

, recirculation f low (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 1.9. The power-,

to-_ flow scram circuit is set to account for power decalibration
and backflow during pump trips so that Burnout Ratios ~will not ~

,

exesed the values indicated in Figure 7.",

'

Further recirculation pump trip tests and restart tests have
been deferred until af ter 100% power testing is completed, it

]E c is anticipated that future test resul1s will justify the removal
.~

of the scram protection on the recirculation pump trips and loss I

of indicated flow. The reci rculation f low-to power . protection
. remains-in effect and will not be removed.

i

*
. 5. Pressure Control System Fai f ure and t.oss of Steam Flow Analyses
}

The following. information was extracted f rom an A-C report j

}.y " Pressure Control System Failure and Loss of Steam Flow Analyses" l!

;-
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dated November' 21,1966, prepared by J 7 Stone, O M Swanson, and .
- L L Kintner.

"On November 8,.1966,' Pathfinder was snutdown at the request of
A1|is-Chalmers.. >

-Ouring the October 26-28, 1966 Safety Committee meeting A-C
p1 presented-an alternate method of continuing the power escalativn

program. This alternate-was required because of difficulties ,

experienced in control of the turbine inlet valves with automatic
pressure control _ system. The alternate approach consisted of
splitting the steam flow from the reactor _with the majority of '

the f low passing to the turbine; the temainder being dumped
j- directly to the condenser, The inlet turbine valves would be on

" load limit" control; the-dump valve would be on automatic
pressure control. A-C had performed a technical speci fication
review and a review of the action by the safety system with tnis-

mode of ope ration,

f The Safety Committee requested that the accidents considered in
the Saf eguards report be re-reviewed' f rom the standpoint of the
alternate mode of operation.

*

Analysis of this mode-of operation, and investigation of previous
analyses of pressure control system failures showed that th(s
particular split valve arrangement was not-one of ine-initial
conditions used in the analog compu1er studies. However, from
the various accidents studied,.The simultaneous' valve closure

-

accident (where the dump f ails to respond when t.he inlet valve
closes rapidly) was- found to be most severe, in _ that superneater
temperatures. approached 1650F for about 2 seconds; the power. leve|

;at which.this occurred at 50%. This particular study led to
decisions _to add the following three safety actions to protect
the reactor from damage in the unlikely event that this accident
did occur.'

l. Scram when the inlei valves are closed and the!
i..

[ dump valve is closed less than x% (Presently x
'

= 4.5%) q

2. Scram upon high steam line pressure. (Present i

set point is 565 psig) !

|
3. Scram upon high steam temperature. (Present

'

-
,

.

set point is +25F above ambient steam tempera-
ture). This was the first time high T2 scram
was deemed necessary,

o
,

h)
A reevaluation of this accident.was made for the cass in wnich

'

the dump valve was partially open (above " closed" contact at )4.5% open) and was disabled because of system failure,

a
'

'
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If during this condition another system failure or. load dump
|caused the inlet /velves to suddenly close thereby suddenly

~

'

1 reducing steam flow, the superheater fuel temperature would
'

,s .

~1?
rapidly rise until high T2 or hign P2 scram terminated the

4

excursion. The question wnich could not be directly documented
by analog cale;lations was: Would the superheater fuel tempera-
ture (T,) rise above 1650F during this excursion, no matter whatm: si The initial power was? Extrapolations showed that tne fuel
temperature would peak below the 1650F point. However, for lack

,

s

z'- of definitive calculational proof, the plant was shut'down until
the situation could be thoroughly studied.- The results of the
study showed that tue extrapolati'ons, based on earlier analog
work, were r.orrect In' predi cting f uel temperatures peaking less .

.

Then 1650F for all power levels.
i

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 moce ;

or_ alternate mode of operation of the pressure control system and j

1
) that the consequences of a tallure of the pressure control system *

are not as severe as reported in the Pathfinder Saf eguards Report. j
Sinca tnere was some uncertainty at the outset of our review

i'

concerning tne consequences of failure of the pressure control
system which could result in a partial loss of steam flow buT

'7) e vet not cause a scram because of simultaneously closure, it was'

decided to pursue an independent means of protecting the super-
heater from loss of flow. As a result, a low steam flow scram
circuit is being added to provide'back up protection from 20 toa

100% power. Since it is new believed that this additional safety
protection is unnecessary for protection against pressure control

()| system f ai lures i t may, if desired by NSP, be' removed at a later" time.-

In summary, Allis-Chalmers concludes that the plant can be saf ely .
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 and the inlet valves on manual control or with both the
dump valve and the inlet valves on auto control af ter system per-,

formance is demonstrated."

The A-C analysis was reviewed by the Operations Committee and
737 accepted prior to the coatinu6 tion of reactor testing on November'

29th. .The Safety Committee subsequently-reviewed the analysis
in December.

.

~
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C.. Reactor Shutdown Testino'(Test 431)
,

The purpose of Test 431 is to determine the response of the reactor-

to runback, scram, turbine trip, and load dump at various levels
during the Test 278 power escalation series.

;
.

S peci f ical ly, the test has four purposes:
4

(1)- to observe, if superheater f uel thermocouples ere
avallable, if local hot spots may be generated In

/ the superheater by unf avorable rod bank- configura-
tions which might occur due to runback;

4

(2) -to confirm that all pertinent control systems
['. (pressure, reactor level, etc.) are adjusted to

respond properly and in a saf e direction when
any of the subject safety actions are imposed on
the reactor and evaluate their performance;.-,

{ (3) to observe reactor and turbine behavior as predicted
<)_ in response to turbine trip and turbine load dump'

and evaluate their performance;

(4) to evaluate the accuracy of the. Pathfinder Analog
' Simulator Results.

.q

I The followi_ng 'information has been extracted f rom A-C test reports'

submitted to the Pathfinder Safety Committee,

l. R_eactor Testina at 40 WT (204 Power)e

k Tho'following actions have been tested in accordance with
Test 431

l. Reactor scram at 40 W, 300 psig.
- 2. Racetor isolation scram at 40 W, 540 psig, manuel r

: pressure control.
- 3.); Reactor Scram- at 40 W, 540 psig, automatic pressure <"

. control.
>

I
'

The- following -is a presentation of the test results:
t

-a. Reactor Scram 'at 40 W. 300 osia

A reactor scram was manually initiated f rom 40 W, 300 psig..

with the reactor pressure, feedwater temperature, and water,
,

level control systems 'In HAND operation on June 21, 1966.

. Reactor power fell to essentially zero in about one second
4 ano,. f uel and steam temperatures' decreased.

\The reactor system behaved as expected following the scram.L

-;.
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b. Reactor i solation- Scram at 40 MW 540 osig

Of Reactor [isolationscramwasmanually initiated from_40.MW,
540 psi g .with reactor pressure, f eedwater temperature, and
water _ level control systems in HAND operation on June 24,
1966. -Several reactor-parameters were recorded on the
Offner recorder.

O: R. actor pow.c as. indicated by Cnannei 5 (out-of-core ion
chameer) and in-core ion enambers No. 8 and No. 9 fell
off in about-_one second._ Reactor. pressure and steam tempera-
ture are seen to decrease following scrare, fhe oscillations
'in the exit steam pressure trace are the results of noise
pickup rather,than actual pressure oscillations.

Steam flow through the Main Steam Isolation Bypass Valve
was recorded. 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 Isolation Valve. Follow-

O3
ing isolation scram, the 'MSIV begins to close and is f ully
ciosed i n i7 ,econds, gyp.., ,io, incre ses wniie tne MSiv
l_s closing as is indicated by the recorded results. Indicated
flow'is constant during the initial 6'se'conds of MSIV closure
because the steam . flow meter is not yet on scale and during
the final 6 seconds of valve closure because-the flow meter
35 ***"r***d ** '"''O. -

SC''**

- Fol lowing isolation scram, the bypass isolation valve also
begins to close and is fully closed in 120 seconds. Indi-
cated bypass steam flow comes on seale-again after 36 seconds
(full scale = 75,000.lbs/hr) and indicates zero flow af ter

.

,

0' 58 seconds. - i f tnis ' indication is correct, then steam fio.
to the main condenser following. isolation scram was termina-

5 ted (or at least reduced to less than 10,000 lb/hr) after
- about one minute rather. than the expected two minutes. This

condition is not satisfactory and will be investigated at
the earliest possible date. The investigation wil.1 be initi- !

D' 8''Y dir*Ct'd * **rd5 th* valv' perator which may be highly
non-linear (causing the valve to go much more than half-
closed.in only half the total closing time).

(Note: Information presented to-the Safety Committee on
-September 7, 1966, shows that the closing time of the by- !

b; < pass valve is satisfactory.) -

c. Reactor Scram at 40 %#. 540 osia. AUTO Pressure Control

Roactor scram was initiated f rom 40 MW, 540 psi g with reactor
pressure and water. level control in AUTO and f eedwater temp-

d? erature control in HAND operatlon on June 26, 1966. The scram
was not manually initiated, but rather happened when the
operator. attempted to _ drain water f rom the mai n steam line.

4
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The results of the test were recorded. As before, reactorJ R

power- f eil' of f in about one second and f uei temperatures I
'

decreased. .

Although'the reactor water level control system was on AUTO -j
at.the time of scram, this system had only single-element j
control (level) and'would therefore be very slow acting..

J

As a rwsult,,following a scram, the operator switches l

h: level. control to HAND and the not effect of it being on AUTO i

Is insignificant. |
'

The pressure control system is- lef t on AUTO f ollowing . scram. -

Normal = system operation following scram would' be dump valve !

closure in response to decreasi.ng pressure with closure
limited at the 8% minimum stop. Dump valve position was

- recorded and indicates that the valve opened f rom 11% to 14%.
There is-no explanation for this behavior and it is concluded '

i,
thety the polarity of the valve position signal was reversed

!somehow-and therefore, that the valve'actually closed from
|- Il$ to 8%. This conclusion w1lI be checked out during future '

testing.

2. Rosetor Testina at 76 WT (404 Power) '

a. Turbine Tri o at 38 WT

'On July 29,.1966, the turbine was Tripped with reactor. power
at about 38 WT and the dump valve slightly open.'(about. 2%)
and controlling pressure. Following the manual tri p, the
stop valves- closed and the dump valve opened to a position
sufficient to pass existing main steam flow. The dump valve -

* then-slowly closed attempting to control pressure until-the
>_ minimum-valve position limit was reached (about 9% Indicated).

The turbine trip initiated scram as it should and reactor
power fell off in less.than one second. Superheater tempera--
ture and steam pressure also decreased following the . turbine
trip and resultant scram.

.

Proper switchgear action disconnected the generator f rom'
,

the NSP grid immediately af ter the turbine trip and the
-turbine generator coasted down in a satisfactory manner.

b. Generator load Dumo at 38 WT'
.

On July 29, 1966, the generator load was dumped with reactor-
power at about 38 WT and- the dump valve slightly open (about
2%) and controlling pressure. Load dump is interlocked to;

y (1) quickly close the turbine inlet valves to
d' ' prevent turbine overspeed,

k.
-40-.
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(2) ~ quickly open the dump walve to a posi tion .|-=

sufficient-to pass existing main steam--

)! ' n . flow, and-

.,

, (3) :af ter five seconds, re-open turbine inle't j
valves to a position sufficient to main- . |

tain house load.-3.
,

h The system responded satisfactorily to the load dump.,

.Of fner traces illus+r.ete the dump. valve opening at the
time of the load dump followed by partial closure five
seconds later to compensate for re-opening of the turbine i

-

. inlet valves. It may be' notice,d that exit steam pressure
b. and temperature drop of f somewhat. This results from the

dump valve's greater flow capacity and is satisf actorily
i. corrected by the control system-in about 40 seconds,

c. Reactor Scram at 62 WT

~

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

-tion. .

Reactor power fell off in less than one second and super-

)
heater- temocrature and staan pressure decreased, The
pressure control system respondea *:ati sf actori ly,

d. Plant Shutdown at 76 MWT

On. August 12, 1966, the reactor was successfully shut down<

% f rom 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 into the core.,

The pressure control system performed satisf actorily.
}--

,
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D. Radiation Survev Results '(Test 332)
.

f) Test. 332 - Radi4stion Nbnitoring, is a formal requirement of the
~

'

Ltesting program. Limited reporting is given here; however, Section
-V of this report reviews the Pathfinder Chemistry and Radiation
Experience to 60% Power in detai l,

l.- ' Introduction
.y
' Extensive surveys of radiation levels in the Pathfinder plant

are'being made as a part of the startup test program. The
survey areas' include the reactor bui lding operating. f loor,
mezzanine floor, and plug floor, and the operating, mezzanine,
and basement floors of the' fuel building and turbine building.

{[.
. Radiation levels in the nuclear instrumentation ports are also]
recorded.'

2. Results

Representative results.are given in Table I and points of.

CJ' measurement art as shown on Figures 8, 9, and 10. The reported
{ dose rates for 100% power (190 Mwt) are given for.some points.

3. Conclusions
t

: In several cases, observed dose rates exceed reported results
|- when extrapolated from 20% power to f ull power. Some dis-

crepancy can be expected because the complex geometry forces
rough estimates to be used in many locations.

If dose rates become high enough to hinder operation, recommenda-
C);' tions will be made on actions Jhs reduce the levels at these

points. i t. can be expected tnat each probian which might arise =
will require. a solution pertinent to its own area. However, no
operational problens are known to exist at present (40F power,)',
The data to be taken at hicher power levels will be analyzed ynd
these extrapolations will again be compared with values reported,

Lqj in ACNP-62016.
>

:
.
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TABLE I

OBSERVED DOSE RATES AT SELECTED PolNTS
'

'I
b-

-

Run of
ACNP-620 l6

? Pai nts -- Dose Rate Units 8/5/66 8/9/66 8/9/66
-

100% Power- 40 MWT 65 MWT 80 MC-
-

Power Level 40 65 80-
Reci e Flow 62,000 66,000' 60,000-

Steam Flous. 139,000 210,000 265,000

te e 510- 560-

>cheIButIding
1

I20 3.0 5.0 6 .0
22 - closed hatch 14S7, 200n' 17S7, 250n .25-250

}24
23- < 10 mr .6 . 0 9.0 4. .

3.0 5.0 5.-

.25 65 mr closed hatch 14S7, 120n 17.-200 27-320
^ 26 . 2.0 4.0 5.0 '

28 closed hatch 12S7, 45n 14.-70 17-94

. H:ndling Bldg
"

Ic 0.6 .02 .00 .15
'2: .05 <.09 15-

'4- .75 .02 05 05.

5: .3 02 .02 . 05 - -)

3fna Building

2' - Il.6 i.2 2.0 6.0
;5- L.80 .02 .05 .05

f7 II.0 .02 .05 .02
r::9 - 32 .8 i .3 2.0

IS- .05 .09 .2
.2l .02 .35 .15

4-
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;E. ~Two phase Level Measurements and ste r. cuality Meas u remen ts

! O: 8- 7"o ***** '*v'' "'''""'*'at'' >

Two phase level measurements were made at 55 Mwt and 80 Mwt
wi th reactor pressure at 540 psig. For the 80 Mwt power,

t- measurements were made on both LL-3,- whi ch is 15 inches above
normal -level (1297'-5") and on LL-2, which is 33 inches above

0; .normai level, comparison of measured and expected values are
given below. ;

'

Run No. 4 5g.

g Reactor Power, Mwt 55 80
Reactor Pressure,' psig 540 540

Indicated Level, LR-251, in + 1.0 -l.7 +14.0
(LL-3) ( LL-2) -

,

Two phase Level, inches
(above 1297'-5") +15 +15 +33

Di f forence - ootween two phase -
measurement and water column,

inches 14 16.7 19

0)
Exit Vold Fraction 0.19- 0.25 0.25 '

__

Expected di f f orence between two-
phase measurement and water ^

10.8 -15.6 13.2 - 21.0( LL-3).

column, inches -

0- 17.8 - 25.6(LL-2)

Compering the measured dif forence between the two phase loveI-
and- the'. indicated leveI with the expected dif f erence in leveIs,

]for the lower power level (55 Mwt) the measured is closer to |

Q the upper limit. For the higher power level, the measured |
'

value is closer to the lower limit, as antici pated. I
1

The.high water level scram at f ull power (+4 inches, indicated)
is based. on the calculated upper limit of two pnase.s The data _

of test 278.2A shows this scram limit is still valid, if the |
.O data .at higher powers approaches closer to the lower limii as . |

'

\ ex pected, it may be possible to raise the high water level scram.
J:

2. Steam Ouality Measurements

- Initial steam quality measurements made since tne start of power j
Or testing indicated some moisture content botn upstream and down-

-43-
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stream of the.'dryors,-even when *he reactor was shut-down.
It was-concluded that. heat losses in the sample pi ping were

_

causing erroneous' readings. The pi pi ng was modi f led ( shortened)'
and insulated and' the steam f low sample was increased. These
modifications resulted..in low power measurements of about 0.6
to 0.8% moisture. It was concluded that this is th* test which
can be obtained with the leng sample.tuLe required.. Normally
sample tubes- f or conventional application are very short. The
indicated-readings will be corrected by -0.6% to ootain the true

- moisture content.

Data obtained during test 278.2A is reproduced below:

Moisture %

Powe r - i. eve | Pressure Upstream Downstream
Mwt psig Measured Corrected Measured Corrseted

, -

0.6970 292 0.872 ----

7 400 0.605 0 0.605 0 I

56 532 0.785 O.18 0.010 0.205

80 549 0.870 0.265 | 0.765 O.160

e

Downstream moisture contents are less than design (0.5%).
-l
.!4

_ |

4 *

r

4

,"

__ 44
*

m
2

b '

g
.,

,

o ,



-

1

.

[

lya Suoerheater Performance

j The testing results at Pathfinder are of particular interest because
the re3ctor core contains an integral superheater. This report section
reviews the significant thermal performance aspects of.the superheater
frc,m the inlTial steam flow testing through the 40% power testing. The
information has been extracted from A-C test reports submitted to the
Pathfinder Safety Committee.

A. Initial Steam Flew Testino to 8 Mbfr

!- 1.- Suoerheater Thermal-Farformance

During the first power increase, on May 20, 1966, steam flow
was established at 10 lbs/hr and power was increased to 2 W
indicated (1.4 x 10-0,000amps on Channel 5). These conditions were'

held long enough to evaluate superheater thermocouples. The
superheater reaches equilibrium temperature in a few minutes. A
comparison of measured temperatures with expected (mst probable)

-

temperatures for these conditions is shown in Figure ll. The

) expected temperatures are calculated assuming turbulent f low in
; all channels. Reynolds number is about 1500 for 10,000 lbs/hr

steam flow. Measured temperatures'were lower than expected at
the rteam outlet and (bottom of the core).

Next, steam flow was increased to approx!mately 28,000 lbs/hr
kz and reactor power was raised to 8 W (5.6 x 10-6 amps on Channel
; 5) with " holds" at 4 W 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 64 inches
fromthetop(relO; in element.'A-18 and inner fuel at 56 inches
from_the tup (1-21) in element E-9). At each-power level the
measured temperature was less than expected. The thermocouples
respondetj smoothly and as expected to changes la steam- f low- and
power. As. steam flow was increased, temperatures decreased and
when power-was increased, temperatures 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 value.

The next day (May 21, 1966) power was raised to 8 Mw in three
steps: 10,000 lbs/hr steam flow and 2 Mw, 28,000 lbs/hr steam
flow and 6 Mw and then raised to 8 W. This time reactor power

,

was kept at about 8 Mw (5.6 x 10-8 amps on Channel 5) for about
10 minutes, which was long enough to obtain thermocouple data
from_the multlpoint recorders in the containment buiIding. The
reactor was not quite at equilibrium since reactor water tempera-
ture was decreu :ng. 'Again, measured temperatures near the steam

} outlet'end were lower than expected.
,

During the afternoon of May 21, another run at 8 W 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

-45-
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' flow scram was reduced to 21',500 lbs/hr, and the maximum power-

-scram increased by 8% and minumum reactor water temoerature. ;

was.. limited to 400 F.
|

On May _ 23, - 1966, another run was_made at 6 x 10-8 amps on
Channel 5 (8' Mw indicated) and at about 23,000 lbs/hr steam |
flow. Equilibrium reactor conditions were achieved and a heat
balance ve made. The heat balance gave a reactor. power of *

6.0 Mw. % dsured'superheater temperatures are compared with :

[c''_ expected in Figure 12. Temperatures in elements A-16 and ,

Z-1 are close to expected, while temperatures in E-9 cnd W-9
are slightly 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 expected temperatures is given
in the following table for the three thermocouples recorded in

-the~ control room.
.

COWARISON OF_ MEASURED AND CALCULATED (NOTE I) e

SUPERHEATER l}{ERK) COUPLES

,

Thermocouple Fuel Calcul3ted (Note 2) t

. Designation- Eloment Most
Designation Probable Max ienum Measured

1-00' A-18 585 762 560

0-10 A-18- 563 680 560

1-21 E-9 556 6 93 _560

NOTE l Comparison made for 6 Mwt, 23,300 lbs/hr steam f low,
Group !!! control rods at 27 inches and reactor water
temperature = 420 F.

fiQlFJ Most probable from Figure 12.

The most accurate comparison of-expected and measured temperatures
is that for steam outlet thern. occupies, since no-correction is<

needed for thermocouple temperature relative to fuel temperature.
Thermocouples within the lower 10 inches of fuel length have a*-

small correction and those at 35 and 53 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 outiet temperatures. indicate that
power may be sIightly Iower than expected in Element A-18 and

.

si.lghtly higher than expected in Element W-9.
o

-46-
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The highLmeasured value of 600 F on 1-21 of E!sment E-9 compared
to a~most probable value of 556 F may-be due to a lower thermal

- ~ resistance between the fuel plato and thermocouple than.that
used in the calcu;ation. However,-it is sti_Il considerably below
the maximum valui of 693 F.

It_Is concluced from these measurements that:
'

1. Turbulent. flow exists in fuel channels at.'a steam flow as---

low as 10,000 lbs/hr. In Figure 11, measured temperatures
'

are compared with expecte,d temperatures based on turbulent
flow; the mergin between expected and measured is about-1

tho'same as for flow rates twice as high where turbulences

is assured (Reynolds number is greater than 3,000).
,

i 2. Superheater, temperatures in the instrumented - f ueI - e lements
are closely predicted using most probable values of flux:

distribetion end qucntitles used in the temperature calcula--
; tion.

7 3. The most probable peak temperature in -the superheater at
. 6 Mw pow 3r, 23,300 lbs/hr steam f low, 420 F reactor' water'

temperature with Group til control rods at 27 inches is f687 F. The maximum peak temperature including uncertainties .

-

. l s 915 F.

?. Suoerheater Power Fraction

!~' The' fraction of' reactor power generated i n the superheater is
deduced- frcun the superheater outlet steam temperature. Super-;

heater outlet steam temperature is measured on several i ns t ru- 'l
- ments. The most reliable. measurements gave a superheater out- |let steam temperature ranging from 480 to 490 F at 6 Mw equili ' |

'

brium conditions. This corresponds to a superheater power '

- fraction of .05 to .06, including a correction for heat loss -
to the moderator. The calculated' heat loss to environment from
the steam pipe is small (less than i F at 25,000 lbs/hr steam
flow). The predicted value for control rods Group-Ill at 27a

inches based on physics calculations is 0.067.

The lower measured power fraction compared to predicted may be
-- due to larger heat' loss to the moderator than calculated or
i . 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, t

-

'
. B. Reactor Testino to 40 MWT (204 Power)

) !. Summarv

- Superheater temoerature? were close to most probable calculated
temperatures anc considerably less than maximum calculated

J.

|3 -47-
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1 temperatures (including uncertainties) inroughcut - - !

Test P 78. l A'. ;!

No unexplained anomalous thermocouple behavior-was observed.
]A total of 23 thermocouples.(12 with continuous leads and 11

) .with connectioas) are still' functioning. i>:

1

'

|The peak measured .superheater temperature was. 716-F for equill-
!brium con'ditions of 40 W snd 540 psig. The corresponding

-

"

calculated peak- superheeter temperature is 733F (most probable)
|and 945F (including uncertsinties). The maximum measured steam '

1-; outlet temperature was 545F which corresponds 'to a superheater
|power f raction of 0.057. The calculated power fraction is 0.078. '

After reactor' shutdown, steam flow of 10,000 lbs/hr was maintained '

for 10 minutes and then cut off. Superheater f uel temperatures -
decrossed1 rapidly to approximately saturated steam temperature1

during the steam f low period and then increased af ter steam .f low
.J was cut off. The maximum superheator temperature increase

following steem flow cutoff was about 80F following an isolation
scram af ter about 9 hours operation at 40 Nt. Peak temperatures
occurred about 30 minutes after shutdown.

j 2. Suoerheater Tomoeratures durino Power Ooerotton

Superheater temperatures during equilibrium runs at 18 N t at 300
psig and for 40 N t et 540 psig are given in-Table 2. The calculated
peak ,superheater temperature for These equi li bri um condi tions i s
-also gi ven' i n Tab le 2. ,

!)
The local temperature of the superheater relative to core inlet

' steam temperature is a signi ficant measure of tne superheater--
performance. This quantity is determined.by f lux distributions,
steam flow distribution, steam onysi al properties, and geometry
of the fuel elements. During the test, measurec and calculatedy temperature excess aoove . steam i n let , for eeen working thermo-
couple was used to evaluate superneater performance.

,

in Table 2, the ratio of measured to calculated temperature
excess aoove inlet steam temperature are reproduced for each
thermocouple. The calculated temperature of eacn thermocouple

1 i

is the most procable temperature for the measured power, steam
flow and control rod position.

4

The measured temperature eYcess i s close to the most probable
calculated temperature excess. The majori ty of measured tempera-

'

|

tures are less than the most probable calculated tem peratures , j9; The ratio of measured-to calculated temperature excess is largest.
'

'

p~ (1.21 at 28 W t at 300 psig) for the inner fuel tube thermocouple,
43 inches from the top in element E-9. This is still considerably
below the allowable margin included in the design by use of hot
channel factors. The margin due to hot channel factors,

3.

"
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Reactor Power, inst.: - 17.0 .. '42.0L1

' Reactor Pressure,-psia- '325- 570 - *

Reactor Water Temperature, OF 425 480
' GP fil Control Rod Position,.in. .

66,000 16i,000
28.8

.

47.4
Reactor ' Steam ; Flow, -. Ibs /hr ,
Calculated Peak Superheeter Temperaturo (Note 1)

a. Nominal 647 . 733.

b. Maximum .835 945
c. Ratio: Maximum - Inlet -

1.85 1.83u

Nominal - Inlet * ,.-

. Local Superheater Temperature (Note 2) "
- -

T= - Tin T* - T "T" T IFuel Element Oistance . Th6rmocouple T Ta C
N:smber from Top. In. Welded to Tc - T n T -Tni c i
-A-18 35 ' Poison Tube 483 488 0.92 557 560 0.96 "

:h35 Inner Fue1 502 506 0.95 593 587 I.06
35 Outer Fuel. 488 5^.A 0.80 SGI 5 95 0.78
64 Outer Fuel 608 . 603 1.03 683 685 0.99
68 Outer Fuei . 589 604 .0.92 668 685 0.92 y

OutI et Steam '

602 601 I.01 669 692- 0.89 m
Z-1 35 inner Fuel 5 15 . 506, l.II. 597 ^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 y

E-9 17 Poison Tube 448 448 1.00 4 95 500 0.75
17 inner Fuei 457 461 0.89 508 513 0.85- r '
17 Outer Fuel 457 464 0.82 508 SIS 0.80 f
35 inner Fuel 527 520- 1.07 5 92 590 1.02 g-'

35 Outer FueI' 500 520 0.79 567 590 0.79 M4

*53 Poison. Tube 572 563 I.07 S31 645 0.92
53 Inner Fuel 610 586 1.15 698 -670 't.15

W-9 35 inner Fuel' 529 520 1.09 592 590 ,2.02
35 Outer Fuel Sil 520 0.91 580 590 0.91,

68 Outer Fuel 615 604 1.06 669 690 0.90
'

. 70 inner Fuel 658 624 1.17 716 717 1.00 ;

| Outt at Steam 615 603 1.06 671 690 0.91 '

,

K-10 53 Poison Tube 475 474 1.02 507 525 0.60
| 53 inner Fue1 475 482 0.88 524 535 0.80
l 53. Outer Fuei 475 479 0.93 528 535 0.87 .j
l.

NOTE (I) Nominal is the most probable value; maximum includes uncertainties.in neutron flux and temperature !
calculation

; (2) Tm is measured temperature; Tc is calculated (most-probable); T n is inlet steam temperature = li
| Reactor Water Temperature- +

. . J

l
'
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expressed as a retto of temperature excess above inlet ~ coolant i

is about I.B. (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 factors. ,

e

As expected, the maximum fuel temperatures occur within the
bottom 12 inches of the f uel element. - This is due to the large

} -

steam temperature rise to the hot spot relative to the tempera-
ture di.f ference between f uel plate (on T/C) and- bulk steam.

-

For the thermocouple having the highest measured temperature
at 40 W and 540 psig, (7160 F for inner f uel T/C at 70 inches ;

in element W-9) the calculated _ temperatures difforences are:

k Bulk steam at T/C minus Inlet - 2250F i

T/C minus Bulk steam at T/C - 120 F
>

Fuel Plate minus Bulk steam at T/C - 340 F

D Since steam temperature-rise is most significant for the maximum
f uei temperat.ures -(near the outlet end of the f us|) the quantities
which are of most significance are those which affect the heat
generation'over the length of the fuel element or coolant flow

. - in the fuel element. Local conditions (axial fluxg. local hot
channel factors and thermocouple correction factor) are less sig-

' nificant on maximum temperature.

-Temperatures in the upper half of-the core are affected more by
. local conditions. For the 40 Wt and 540 psig run, calculated

,

temperature dif ferences for the' inner fuel thermocouples in

h - element E-9 -at 17 inches and 35 inches are:
'

Olstance from Top of Core,-In. .L7. 15.

Bulk Steam at T/C minus inlet Steam 22 97-

T/C minus Bulk Steam iI 29

: Fuel Plate minus Bulk Steam 31 83
.

Therefore, for temperatures in the upper core region, local l

[' -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 af fected by
local- cond it.lons. - '

j ,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|ler interface.

!\,

\
*
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The flux wire' irradiation at 6'Mwt showed that an element midway r

between tne . corner elements (S-5) has an average flux over the)yi,a lengin of 0.8i times that of a corner element -(N-1). Four
instrumented elements out of twelve total hot elements is a i

signiticant number.

The foslowing conclusions are made based on steady-state
temperature measurements in Test 278.lA. J

'

) !,.

' -
8 Hot channel factors.used to calculate maximum superheater I

- - - temperatures are conservative. The largest ratio of
measured-to-most probabi'e calculated temperature excess'
(above' inlet coolant) is 1.21 whereas the hot channel fac- I

<

. , tors give a ratio of 1.8. For the majority of thermocouples,
Jthe measured temperature excess above inlet coolant is

less than the most probable temperature excess.

2. No significant discrepancy in calculated flux in the hot [fuel elements is apparent. Temperatures in symetrical
element, on opposite sides of the core are about the same,

.

Indicating no significant flux tilt. Calculated temperatures 4

based on calculated flux distributions agree well with -

,

measured temperatures.-

Tnree superheater temperatures were recorded in the contrcl room, ._

during Test 278.lA. Thermocouples responded rapidly and as,

expected with changes in power or steam flow.o '

!

Figure 13 is typical. of succeeding power increases f rom 6 - 16
Mwt - a smooth decrease in temperature as f low is increased and

'

: a smootn increase in temperature with no over-shoot as power is
y J i ncreased . The heat balance at the 16 Mw nominal power level

,gave a thermal powar of 17.8 Mw compared to an expected value
. of .16.7 Mwt 'Therefore, the maximum height'of Group 111 control
rods was limited to 36 inches instead of 50 inches to account
for'the higher than expected power. Subsequently, when ' it became

.. apparent that xenon would require higher rod positions, the
[. minimum water temperature was raised from 390 F to 405 F to

-account for the higher power and the control rod limit was in-
creased to 50 incnes. The scram power limit of 115% of range

~

and the minimum steam flow limit of 56,000:Ibs/hr were retained.

Figure 14 shows the first successful attempt of valve interchange
(Bypass valve to MS IV) and power increase f rom 16 Mwt to 30 Mwt.
Temperatures decrease as flow is increased above 80,000 lbs/hr ia

anc'Then increases as power.is increased.4

After equilibrium was achieved at 300 psig and 30 Mwt, the*

' steam outlet scram setpoint was calculated, based on the
- measured outlet steam temperature. The expected outlet steam

4 1
temperature was 510 F and 'the corresponding scram setpoint was
586'F. The measured outlet steam temperature was 470 F. There- ;I

fore, the scram setpoint was reduced to 559 F (Reduction is 2/3
{g of the difference between expected and measured outlet steam

. temperature). Control rod position was 30 inches. |
c
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Figure 15. shows the f uel temperature during a power increase
f rom 35 ' - 40 Mw. Steam flow is increased simultaneously with.-

)[ power so that superheater temperatures change only a small
amount. The steam outlet temperature scram setpoint based on
the measured outlet temperature at 40 Mw, 300 psig and control !
rods at 40 inches is 560 F.

Figure 16 shows the pressurization step. Good control of steam
} flow and power results in only a slight variation in superheater

temperature. The gradual increase in temperature-is due to
1 increasing reactor pressure., it was not necessary to reset
the outlet steam scram setpoint during pressurization. The ,

steam outlet-temperature at 540 psig was 540 F and the scram
; setpoint for 285 psig based on measured data was 560 F. After1

~i equilibrium conditions were achieved at 540 psig, the scram
setpoint for'500 psig minimum pressure was calculated to be'

.;
586 F.

,

it may be seen.In Figure 17 that when the reactor was shutdown
by a scram superheater temperatures decreased rapidly during

_

scram and decreased slowly until steam. flow was cut off. After
' steam f low was cut of f, the outlet steam T/C (1-00),- decreased
to reactor water temperature; the fuel thermocouples (0-10 and
1-39) increase and reach a maximum about l/2 hour after shut-
down. The maximum temperature increase of fuel thermocouples
during Test 278.lA was about 80 F.

3 '. Sueerheater Power Fraction i

The superheater power fraction basua on measured ~ steam outlet
.

temperature is compared with the calculated power fraction in<

(w Table 3. 'The power fraction was' expected to increase as con- ,

(( trol rod Group.lll was raised. The measured power fraction +

remained ' f a iriv constant for control rod positions between 27s

inches and 50 inches.

.The superheater outlet temperature is most accurately measured4

by the thermocouples in the main steam line which are used in
the steam outlet temperature scram. However, the minimum
temperature which can be measured on these thermocouples is
500 F. Steam outlet temperatures from the resistance thermo-

Themeasuredtemper[atureswereincreasedby20Fincomputing
meters in the main- eam line.were used for Runs I, 2, 3, and 4.

'

power fraction, since comparison with the thermocouples for
Runs 5 and 6 showed that the resistance thermometers read 20 F *

less than the thermocouples~.

The power fraction is calculated from enthalpies of outlet

steam saturated vapor and feedwater. The heat loss and energy- 1

). required to heat up the seal water are almost completely off j
set by the pump power and may be neglected for powers above ;
18 Mwt. j

k
1
1
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-SUPERHEATER FOWER FIMCT10N1
.x .

:Run No.. 'I 2 3 4 5 6

'JReactor' Power,~ Wt 6' 17.0' 27.9 40.2 40.0 '39.5 .

Reactor Pressure,'psla 317 325 290 310 570 562

Reactor Water Temperature, F 422 425 4 14 420 480 476

Steam Outlet Temperature, F 500 510 490 500 540 5453
(Note 1)

Steam Flow, Ibs /hr 25,000 66,000 105,000 150,000 161,000 150,000

- Feedwater Temporature, F 372 362 388 376 3 94 400-

Group i|| Control Rod
Position, in 27.3 28.8 30 34.9 47.4 50.l

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: Wasured - 0.85 0.91 0.82 0.84- 0.72 0.73Calculated.

'

Note 1: Runs I through 4 are measured velues from resistance thermometers plus 20 F. Resistance thermometers
read 20 F less than main steam line thermocouples. Runs 5 and 6 are from main steam thermocouples.

Note 2: N asured Power Fraction- = Enthalov of Outlet Steam - Sat Vapor Enthalov
Enthalpy of. Out let Steam - Feedwater Enthalpy

- _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ -a. .- _ ._,u._.__.. .. _ __ _ _ _
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-4. Shutdewn Coolina

e The isolation scram on June 24, 1966 was analyzed to compare
i measured temperatures after shutdown with calculated tempera-

tures. .The reactor has been operated for 12.4 hours at<18
Wt and 9.33 hours at 40 Nt. The emergency condenser was
cut of f 6 minutes af ter shutdown. The reactor water tempera-

O ture dropped f rom 476 F to 444 F in i minute and to 43i F in

the next two minutes. At the -time of steam f low cut of f (6|
minut9s) the reactor water temperature was about 425 F. Peak

,

superheater temperatures after steam flow cut-off were !
reached about 30 minutes after shutdown.,

,

\I The operating power - time history resulted in a calcelated- !

decay power at 30 minutos after shutdown of 0.358 Mwt. The
,

measured temperatures show reasonably good agreement with the
- most probable calculated temperatures. As expected the peak,

temperature occurred near the core center. The maximum tempera- H
ture was 513 F compared to a calculated maximum temperature-of. .iO '

570 F.
-_

The decay heat curves' used In the above caleuIation wilI be
used in Test 278.2A. The data f rom Test 278. l A shows that- peak
superheater temperatures for no steam flow are adequately

f predicted using these decay heat curves for the limited power
-v; time history achieved in Test 278. l A. Temperatures after shut- 'i^

down wilI continue to'be menitored during Test 278.2A and
_|

compared with calculated values. '

g C. Reactor Testino to 7G MWT (404 Powerl

I. fdElIllRCY.,

1
- Superheater peak temperatures during the superheater rod j

withdrawal, control rod interchange and power escalation from jg ~ 40- Wt to 80 Mwt were close to the most probable calculated i

value and considerably less than the maximum which includes
design uncertainties. The maximum measured temperature was
8500F, which occurred with CRG ll- f ully withdrawn and IV and V

,

at their minimum position (18 inches). This corresponds to a !

most probable peak fuel temperature of 9070F and an upper limit,
-97 based on thermocouple data, of I130cF.
s

-- There are a total of 22 superheater thermocouples still-func-
; .tioning (12 with continuous leads and 10 with connectors)
- compared with 23 at the end of Test 278.lA. Thermocouple 1-39

_ (W-9) has failed. No unexplained anomalous thermocouple behavior
3 was observed.

1
<

52- l
-

|

O:
.

_

- - - - - - - -----mm-----------mm--- - ei- mim -m



. . . -

'% x

(/ -

1

!

Superheater outlet steam temperature was 6800F with superheater.,

rods (CRG I) and CRG ll withdrawn and- CRG IV and V low in the
~

([I core. This corresponds to a superheater power fraction of 14 %
compared with expected of 14.6%. Reactor power was 64 Mwt and

' pressure was_540 psig.- >
,

The maximum measured superheater temperature following shutdown,
, was 6400F in the middle of the core, compared with a calculated

IDi' most probable thermocouple temperature of 6800F and calculated-
decay heat of 0.73 Mwt. Measurements of superheater outlet
steam temperature and. reactor water temperature may be useful i

as an alternative to the present procedure of calculating
residual decay heat _for normal shutdown procedures.

e/ Two phase' level measurements at 80 Mwt indicate that the presen+
n

high- level scram for full power operation (+4 inches, indicated)
will be adequate and that it may be possible to raise the scram' i

,

limit. El

Steam quality measurements at 80 Mwt show that moisture of steam, y) .-
downstream from the dryer is about 0.2% at 80 Mwt. The design'

value is 0.5%.

2. Suoerheater Temoeratures durino Power Ooeration

qgg Data of 278.lA was used to evaluate the upper limit on super-
heater fuel. temperature, compared with the calculated upper
limit based on design hot channel factors, it was concluded,

that a f actor of 1.52 applied to the most probab le value of'
(Tmax - Tin) would give the \ upper limit of superneater tempera- ,

ture compared with a design factor of 1.80, for the power level
cg_ and control rod configurations of Test 278. l A. Thus for a peak

,

superheater temperature of 12700F, using design hot channel
factors, the upper limit based on 278.lA results is 10450F. !

L

The data obtained during Test 278.2A confirm the conclusions
of Test 278.lA; i.e., that the design hot channel factors are

(gy too conservative.

During the power escalation to 80 MWT, and superheater rod with-
drawal, the maximum ratio of

|

Tm - Tin (measured temoerature - inlet steam temoerature) - l
fj: Tc - T n (calculated temperature - inlet steam temperature) !

"
i

lwas I .45 and it occurred in a central element- (K-10), where i
heat flux was low and small errors in measured temperature would l

inf !uence the f actor significantly. The highest measured I
temperatures which are most significant, are in the lower 12 i;()i inches of the core boundary elements. For these thermocouples, '

the highest value of the ratio was 1.18.
1

|
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During the control rod interchange the. highest value of ~* "

Te - T ni
was'l'.48 and It occurred in element Z-1 at the middle of the
core' For thermocouples in the lower 12 inches of the core,. '

where highest temperatures occur, the maximum ratio is 1.05.
The average of all thermocouples for~each run is below -l.0. ,

Q'. 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 amplitude'on the
hottest thermocouple Element A-18 T/C 0 - 10 was about * 250F.

,

E. .The superheater temperatures during the power increase from 40 ;
Ci WT to about 60 WT did not change appreciably. Maximum

measured temperatures increased from 7000F to 7400F when' Control *

Rod Group ||| was moved f rom S2 inches to 73 inches.
.

<

During the superheater rod withdrawal the measured temperature
Increased f rom 714 F to 7800F as control rods = were withdrawn i

0

O . from o to 73 inches, due primarily to the increase in super- '

heater. power fractlon. The' largest changes in superheater
temperature were, as expected, on the central element (1-21 on*

Element K-lO) which increased f rom 5210F to 6280F. .

t

(O
Durl'ng the contral rod interchange withdrawing Group ll rods
increased peak superheater temperatures, while inserting Groups
IV and V did not change peak superheater temperatures signifi-
cantly. The highest measured temperature was 8500F and it
occurred in Element W-9 on thermocouple 1-04 when Group || was
f ully withdrawn with IV and V at 18 inches. For this condition,

~

the most probable peak fuel' surface temperature is 907oF andI) ~the upper limit is ll300F, using the factor of 1.52 bwed on
experimental results. -The maximum peak temperature using the-
design hot channei f actor (l.70) Is 1208 F.0

It is concluded from the evaluation of:superheater; temperatures
n. dur|.1g Test 278.2A that the design hot channel factors used to |v predict peak superheater temperatures are too conservative.

For design maximum temperatures of 12700F, the data indicates
that the upper limit is 10450F and for maximum design tempera- !

tures of 14500F, the upper limit based. on the data is 13000F. ;
Data will-be further evaluated during power escalation to 100% |
power. Tlm

ilt
.

3. suoerheater outlet steam Temocrature
!

Superheater outlet steam temperature increased significantly {as Group l rods were withdrawn, and a lesser amount with the j
.

rod interchange. Superheater outlet temperature is directly
|

,

related to superheater power fraction.

$1
S
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From Figure 18, It-is seen that with Group Ill rods withdrawn

h,e,
and prior to the superheater rod withdrawal,.the outlet tempera-

,

,

ture is about 400F lower than calculated. With superheater t

rods withdrawn, Lthe outlet-temperature was close to calculated. '

.The shape of The outlet temperature versus rod position curves
is 5-shaped, whereas the predicted curve is linear. . For the
first 20 inches of rod withdrawal of Group I and Group lit,

j, .. . outlet temperature is not appreciably af fected. i
V

When Group !! rods were fully withdrawn, the steam outlet
,

temperature was again about 400F below calculated, insertion
of CRG lV and V has a small-effect on-superheater outlet
temperature, for motions between 24 inches and 73 inches. 1

#( The largest effect with Group IV and V are with Group ll f ully- ,
'' withdrawn and IV and V low in the core.

L

During the rod interchange, the maximum power f raction in the
superheater. was.14%. The expected power f raction was 16%, T

including an uncertainty factor of l.10.. Thus the most probable

; g, calculated value of power fraction is 14.5%, which agrees well
with the measured value.

4. Shutdown Coolino
-

The procedure for shutdown cooling in Test 278.2A, using calcu-
1

lated residual decay heat, proved- satisf actory. Graphs of. powerr"n ~~

versus time are maintained on a-daily basis end steam flow cut-
,

'

of f times are selected from the | curves in. Figure 278.2A.7.9 of
Test Procedura 278.2A. When the. total thermal power ~ approached ,

the limit specified-in the procedure (20,000,000 Kwbr),the
procedure was modified to permit operation up to 200,000,000 Kwbr.-

j;L The_ modification consists of adding 0.24 Mw to the residual
decay heat. The 0.24 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 outlet
temperature following a scram was reviewed to determine their-

:() _ usefulness as an alternate or supplementary orocedure to calcu-
lating residual decay heat. Both measurements appear to be of
sufficient magnitude to be useful. The rate of water temperature
decrease during the constant steam flow interval (10,000 lbs/hr)
is about 120F in 10 minutes and is linear over a 10 minute

.. period. Steam outlet temperature response is more rapid than
(} water temperature, as expected. For higher decay heat levels, J
/7 steam temperature and rate of water temperature increase are

expected to be more-useful.,

0The maximum measured temperature following a scram was 640 F on
thermocouple I-39 in element Z-l. This occurred 38 minutes

Q~
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g,' af ter 's scram f rom ' 76 Mwt.- (11:33, 8/16/66).. Steam' f low Lwas ':
: cut off'l7 minutes'after the scram. The calculated decay heate

at 38 minutes after the shutdown- was 0.73 Mwt and the calculated
nominal ~ temperature of1this thermocouple-was 680 F. Super- ,

heater fuel temperatures are only about 200F higher than the'.
-thermocouple temperature.
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V. Pathfinder Chemistrv'and Radiation ExDerience to 60% of roll Power,

Q .l. Chemistrv' Analysis

.it was originally assumed that.the primary _ system limits stated in
,

. the Tech Specs would require a daily laboratory analysis for each
{variable listed.' These variables are conductivity, pH, chlorides, j'

iodine, and boron. .This requirement has been relaxed through dis-
'Q = cussions with-the USAEC--and the-program now depends on inline -

'

instruments and lab analyses to monitor the system. For example,
we depend on inline instruments for conductivity and chloride values. 1

,

These values <are checked periodically in the lab. The gross
activity in the_ primary system is determined daily and therefore a |gross lodine number is not determined every day. The gross iodine i. . ,O spectrum is used for f uel surveillance. |

The chloride ion content in the primary system has been near the
minimum-detectable limit of 12 ppb until recently. There have besn '|two occasions following startups during which the chloride ion con-

l
tent has risen to a maximum during the first 24 hours and then |0- dropped off. There was e hlgn of 90 ppb on October 26 and a resample lone hour later was 64 ppb. The next day it was down to 12 ppb. -)Recently the chloride ion content has been varying between 12 and
30 ppb.

The pH of the reactor water and the f eeowater has been very stable.g
V The feedwater pH is 7 to 7.S, 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 limit was discussed during an Operations Committee :|meeting and the A-C Co. chemist was contacted as a result. It was i

decided that the 8.4 limit was actually a f eedwater limit and should |
w not be held as a reactor water limit.U ,

The gross $ activity'in the primary system has been increasing
steadily and the present activity is in the 10-2 uc/cc range. This
activity level has- caused some concern, it was first assumed that
the extended shutdowns wIthout purification flow were causing the

! r. high activity but recently it has been found that the purification
t 'y f low does not remove the activity when there is no'other f low in

the primary system. Spectrum analysis indicates that the activity _i

L is activated corrosion products and the isotopes'are the components
of the steels. Recently a trace amount of zirconium has been |
detectable. 'l

'n
.

The crud levels in the primary system have been a problem to analyze. |
' The _ extended period of time requi red to fi lter large volume samples
has not been generally available because approximately 18,000 cc of |p-imary system water must be filtered to get a weighable quantity of '

L particuiate matter. The fiIter paper usually reads 100 mr/hr or

[g more af ter the ti ltration and f rom .02 to . I ppm of fi lterable crud
'has been found.

The oxygen levels have been very steady. The feedwater contains .06
ppm and the reactor water contains .17 ppm.

O
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The boron content in the primary system has never approacned theg,
~

maximum Iimit of .5~ ppm.
X

'':;

Y
Attemptsi to measure'the silica content in the primary system have
been unsuccessful cecause it is very difficult to get the apparatus
clean enough to permit sample concentration with consistent results,

.

The inline conductivity instruments are checked ~ daily by lab analyses. '

.

g The feedwater has eeen consistently below .I umho/cm. The reactor
.

water conductivity increases after startups and then settles to a
steady value within the first 24 hours. The maximums have been as-hlgh as 4.5 umno/cm and 3.5 umho/cm.-

The isotopes in the primary system have been followed by gammaO. - s pectrosco py. Fresh primary system samples contain N 3, Cu64, Cr51,I

Mn56, 2n65, and Fe59-Co60 in identifiable quantities. Older samples,
on the order of. ten days, contain 99% Zn65 wIth icentifIable quanti-
ties of Cr51, Co60.Fe59, ana Zr95-Nb95 in equi li brium.

2. Radiation Measurements
$i

Most of the complete plant radiation surveys are being done under
the Test 332 format and the predicted radiation levels are identified
by areas in the ACNP-620l6 report. The surveys are done to_ monitor
the bui ldup at speci f ic pieces of equi pment. The results of all

. surveys are filed with NSP site, A-C Co site, and A-C Co-Washington.

The first detectable radiation problem was the hign radiation levels
in the basement of tne fuel handling building around the purification
line. The= level reached 340 mc/hr on August 13 with the reactor at
76 WT and 47,000 lbs/nr puri f ica, tion f low. A sleeve was built

.

O - around the line and the volume between the line and the sleeve was
fiiied.witn: lead shot. The next survey.was made on August 20 wIth

, 72 WT. and 30,000 lbs/hr puri fication f low. The radiation level on
L the outside of the lead shot snield was 4 mr/hr.

The recirculation pump vaults have been locked and the hatch covers
O shielded since 30 WT operation.- Personnel are not allowed in the '

,

vaults when the reactor is operating. The last nautron survey that
had readings within.the range of.the survey instrument was made on
August : 13 wi th the reector at 76 WT. At that time measurements of

,l.3 to 1.5 R/hr of neutrons.were made. The 115 WT survey gave 1
<

-indication that the field in the vaults was well beyond the instru-,

,

ment maximum of 1.5 R/hr of neutrons. The gamma field just below,

the hatch was 250 mr/hr in the hignest vault. The plug f loor in .

general was 4 to 10 mr/hr_with approximately 2-l/2 feet of concrete i

block over the hatches.. No-other radiation problems have been found
in the reactor buiIding.

|g The lower floor of the hot side of the turbine buiIding has been a
I controlled area for some time. The highest readings have been around
. he ai r ejector, No. 14 heater, and the main steam line. The highest .L

1'
1
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reading around the air ejector was I.5 R/hr at 115 MWT. .The bottom
of No. 14-heater was 1.I R/hr. This heater was' 250 mr/hr at- the

)q mezzanine level. The main steam line was 600 mr/hr at the elbow- fjust af ter the expansion bellows. The basement of the stage heater
: area.was' generally at-100 mr/hr or.slightly higher. These areas
have: shawn increases roughly proportional to steam flow with turbine

~

operation.

h .The radiation levels on the turbine building operation floor have
!

- 7

come up with the power increase f rom 40 to 60%. . The readings taken
17 MWE on October 20 around the turbine were 13 to 21 mr/hr.- The

at

readings taken at 25 MWE were as high as 115 mr/hr and the 2.5 mr/hr
lsodose line was'approximately 12 feet from the turbine. The ha l l-

>>

way at the entrance to the turbine buiIding was. 2 to.5 mr/hr.n,

This increased the background on the hand and foot. counter from 150-

to 400 cpm- and required the relocation of the instrument.

The turbine buiiding and reactor buliding exhaust duct monitors are I

both reading high during operation. At 60% power both' of these
monitors were reading approximately l-l/2 decades above the sampled

h activity. This ef fect has been increasing with increasing power 1

(- 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. Thi s
snine ef fect has also been seen on the f uel handling building duct
monitor during high purification flow rates.

|
''

-The shine in the count room has increased the background on the '
,

instruments by 50%.. This is not a health problem but'is mentioned
here-to point out that a new background must be determined at ecch
power change in order to do low I,eveI counting, q

s

{ 3 OH-s ite Moni torino

The environment was continually monitored with film badges and by
samples of 'the blota. There were no' increases in radiation, levels
in the environment during this period which can be attributed to
plant operation.

There was an increase in film darkening during the. latter part ofH the summer. This was considered to be a temperature ef fect, Thee fiIm holders were modifled to shade.The fiIm packets and allow
ventilation. The modification appears to have corrected the problem.
The USAEC supplied thermo luminescent dosimeters to be installed at
the monitoring-stations. These dosimeters were posted during November
and the results were compared with the film results. The f i lm
monitors will be checked again in the future with TLD's supplied by
the Conunission.

)
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'

-4;s Activity Releases

Month llculd Gaseous*

Total (uc) - Af ter Oi lution(uc) Total Gas (.pe) Total
Pe -icles(me)

June -493.3 1,43 x 10-8 1,49 x 108 ,,,ip x 103

8p July 2,533.9 8.68 x 10-8 1.95 x 10 5.58 x 103
~0 ~

8August 10,804.3 4.15 x 10 6.17 x 10 1,44 x 10'

~7~September 2,683.3 ~l.03 x 10 Shutdown .aaicown

3& _0ctober 19,899.7 1.55 x 10~7 7.48 x 108 9.19 x 10

3
~

November- 4,712.4 7.81 x 10 1.'07 x 100 5.18 x 10

!
l'

No solid waste shipments f rom the site dur ing this six-month period.
3

$- j
5. System Rediation' Levels '

q

iReactor water i

7.4 x 10-2 uc/cc gross S i9
~ -51.5 x.10 uc/cc gross iodine

Main steam and feedwater j

!
-8 x 10~4 uc/cc gross S' |S- i

6. - Health Ph'vsics'
|

' There have been no health physics. problems' in the area of personnel
,-!monitoring. The highest exposure in any two week period was 210:

O-
During this period we were working on the Sb8e sources and !mrom.

' inspecting a reactor head control rod drive nozzie. There were 21 i
exposures in all during this two week period of September 9 to '

September 30. There have been no significant " surprise" exposures.

We are in the process of whole body counting the Pathfinder personnel,
'The intent is to discontinue bloessay as a routine body burdeng--
survelIlance program. The preIiminary resuIts indicate 2n-65 in

I. some of the' clothing.but no internal.depesition. -;

7.- MiseeiIaneoui
,

g. Two trial runs with the semple boards were made at 60% power. These
runs were made to verify that the boards worked and to determine the

radiation levels which would exist. Two i tems were apparent. The

|

$- -60- I
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crud levels in the reactor water are such that an extended run wo'uldq be very difficult. The filter loads and f low adjustments are
1 required 6t.least every 1/2 hour. During a 2 hour test run the j

filter reaches 50 mr/nr.. The redlarion levels were higher on the
: resin' columns than the filters and the reactor water cation column

;

reached 420 mc/hr during this two hour run. j

;g' The-llquid waste discharge scheme will probably never be used as it| was originally intended. We have not been able to keep the volume ''

chamber for the' discharge monitor clean and at a low background.
An extra' flanged opening and a steam line have been installed for
cleaning purposes, but discharge by the Information from'the inline
monitor would require almost daily steam cleaning of the monitor.

-

Q-- At present all batches are held up until a lab analysis can be made.
*

The off gas system problee.s have not been resolved. The first
absolute filter gets wet and blows out_during off gas surges and we
have not been able to keep the pressure di f ferential equi pment inp service across this fiIter. It Is uncertain when the fiIter gets '!$_ wet but it is assumed that the filter blows during off gas surges,

when first pulling condenser vacuum or following the transfer of ,

auxillaries after scrams. Under these conditions, the second'
'

,

'

absolute filter, downstream of the off gas hold up tanks, maintains
the Integrity,of the system. This fi lter has never been blown.

g' - 'A leak in the off gas system was found at the off gas compressor.
At hign off gas flows tne gas passes the piston and blows 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
|3 ) has not been solved. The f loor drains are kept coverea to prevent
| the release.

:s

The primary system tritium levels have been between I x 10~3 and
3x 10-3 uc/cc. This is somewhat above the expected levels but are

,C-. still not above the 3 x 10-3 uc/cc waste release limit. The tritium *

analyses are run by i sotopes, I nc.
y

i
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VI..' Safety System Ooerations

L Throughout the testing program associated with the' escalation to 100%
;

power, several saf ety system modi fications have been completed, These=_ ,

modi f ications (50.59 ' review items) are submitted to the Pathfinder
;Operations Committee as "I tems for Saf ety Review" and the Operations

-

Committee actions .are reviewed by NSP management personnel and the Safety
Committee. Safety system modifications which are not within the scope

y of the Operating License DPR-ll, Section 50.59 of 10 CFR 50, or the
Technical Speelfications, require submittals to the AEC, generally in
the form of Technical Specification changes.

,

This section of the report summarizes the results of the required safety
;

y._
system checks and reviews the safety system changes made during the six '

month operating period.

A. Routine Safety System Checks

!

All safety system checks required by the Technical Speci fications
): have been perf ormed as required and include the following:

1. Boron Iniaction Svstem

Testing is required every two months of power operation; however,
operational- tests were performed every two months regardless of |

y. reactor operation. No maintenance has been required on this I

system since its pre-operational checkout. Periodic tests on
this system were completed on May 31, July 26, September 22, and
November 10, 1966.

2, Procesc ;netrumentation 9vstem=

Testing requirements for these systems are that components whien
supply input signals shall be tested each time the reactor system

jis depressurized if more than 90 days have elapsed since the-
|

previous test. Testing philosophy to date has been to initiate
i

a calibration signal into the system, if possible, and observe I

the system actions through to the final acticn device. All of |

these systems operated satisf actorily and no maintenance was
required during the report period. Systems included in this I

f

category and the dates tested are*

I
a. Reactor Scram Modes '

Testing' completed June 15 and September 26, 1966

b. Reactor Buiidino Isolation Scram

Testing completed June 10 and October I, 1966

c. Reactor Isolation Scram

e- Testing completed June 10 and October I, 1966
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d. Runback

testing completed June 14 and August 10, 1966

e . :getrol Sys+em I nterlocks~-

Testing completed June 3 and September 3, 1966

} Safety systems, in addition to the above, whlen.are periodically
tested using the testing criteria given for the Process Instru- ,

mentation include the following:

a. Resctor Buildino SDrSV Water Vglve

Testing performed on May 27 and September 10, l.966. No
mai ntenance- h'es - been requi red on thi s system,

b. Condenser Emercency Fi l l Va lve

Testing performed on May 2S and September. 3, 1966.. No
meintenance was required on this system during the report
period.

8.- Pressur' Control Svstems
;

The reactor pressure control system has been a major source of
maintenance and operstional problems. These problems include: I

frequent hydraulic oil f eaks and pi ping f ai lures, sluggish -
operation of the dump valve due to dirt in the oiI system,-in-

. adequate cooling of tne hydraulic system, less of prime on, ' .

| the-idle hydraulic pump, excessive vibration of the hydraulic
unit, erratic response when rate action is used in-the control

~

system,- electrical noise ~ pickup, dri f t of signals. due to tempera-,

ture and power supply frequency effects, non-l.inearity of turbine .i
inlet valve position f eedback, di f ficulty in obtaining proper. I

''
. adjustment of control units, bumps.on transfer from auto to hand- j

.and vice versa, deadoank and time lag in the inlet valve controls
causing' hunting of the system when the inlet valves are on auto,
" normal" maintenance and replacement of f ai led modules.

The majority of the above items have been brought under control
- by changes in operating procedures or equi pment modi fications.

.

Modifications to the hydraulic system are described in section 'l.

6 of-this report. Signal drift due to frequent variations in
i: vital bus power should be eliminated in the near f uture with the I

installation of a static inverter.

. .The major remaining problem is the unsatisfactory response of
1 the inlet valves on automatic. The system is presently being re- |

'

designed. .The inlet valve pneumatic control drive will be replaced |
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with'_an electric drive. Turbine first stage pressure will be ussa.
as.a feedback signal to the drive and to the dump valve'In place of
the present inlet valve position feedback. .The' drive ,will receive7 -

M:
a pulse type input signal which should-allow stable control in"
spite of the deadband and time lag in the valve mechanism.

The majority of plant operation and testing has been performed with
-the dump valve controlling reactor pressure. 'During turbine opera-
tion the inlet valves are manually positioned using the load limit,:

control. This "spil+ flow" mode of operation has presented no
difficulty. - Response of the system during Tests 433 (feedwater
temperature and .f low changes, pressure 'setpoint changes, power
changes,- etc. ) and 431 (seram, load dump, runback, etc.) has beensatisfactory.

.OJ
'

;
C. .Ghance of Runback slanals to Controlled Shutdown

The controlled shutdown (CSD) contact chain was modified to change jalI runback signals except those iisted below to controlled shut-X downs (i .e'. the control rods wi ll be f ully inserted even i f the |#
iinitiating signal clears. ) The signals that will remain runbacks
iare:
j

l. LRBN - 110% (110% level indications on the power
-channels initiate runback signals into 2 of 4

~g' logic. 115% level indications initiate scram
signals into 2 of 4 logic. ,

1

2. K206 - Channe1 4 (Log N) Moniter i
!

!
._ 3. K202- - Channe 1 4 ( Log N)' Short Period.
}O:

This change was made to avoid _the possibility of adverse flux shapes
duo' to rod positions resulting from runback (the control- rods will*

stop when the initiating signal clears.) until these rod patterns-
can be evaluated under controlled conditions.

OL .Refor to F1gure 19 for'a schematic description of the change.
!

!D. Reelrculation Pume Trio end Low Reeleculation Loco Flow Scram Circuitry
i

As mentioned in a previous section (111 B) of this report, operationalO' '

testing associated with the recirculation pump tri p -tests resulted-
~- in the addition of scram action on the loss of any one of tne three

- "

- reci rculation pumps.- Since it m'ay be postulated that a loss of
recirculation flow may occur witnout tripping the pump breaker, a
low recirculation loop flow scram was also added. The addition of

dj. these scram actions is considered to be temporary and f urther testing
results, or tetanical speci fication changes, may support the removal
of these scram actions.,

~64-
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The recirculation f low-to-power scram protection scheme is not
affected by.these system additions.

Refer to Figures 20 and _21 for a schematic description of scram
system additions. Note that the manual bypass key circuit for the
recirculation f low-to power scram contacts also bypasses the added
low recirculation flow scram contacts.-

}
E. Loss of steam Flow Protection

~

As: previously described in Sectioh lil-B of this report, a " Loss-
of Steam Flow" scram protection system has been added to serve as

. backup protection against _ possible improper pressure control system j1 operation. The circuitry will scram the reactor on sudden large jdecreases in steam flow and is presently set to initiate a scram if '

the steam flow drops by more than one third of the existing flow at I

any time._ The circuitry compares the existing steam flow signal-
with a delayed and attenuated steam f low signal; if the latter

. equals or exceeds the-former, a scram will occur.

Since.the circuitry may put out an unnecessary scram signal at low-
steam flows, a manual bypass key switch is provided to bypass both
(redundant) circuits simultaneously for-startup. The. existing _ power
to steam flow key swI tch (No. 324) wI lI provl'de the abi lity to by-
pass one side.at a time for maintenance or testing.

See Figure 2P for a schematic description of how the sc4ety system
;additions have been accomplished.
|
1

!

i-

-F. Emeroency Cordenser Ooeration !

Several changes have been completed on the control systems associated
3with the emergency condenser operstion. '

I. The Iimit 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-

J

,

tacts of the foilower-relays are' located in-the'
redundant process scram chains. The relays also j
initiate an annunciator and valve'"open" light, i

2. The pushbutton (PB56 "0 PEN") which opens valves
.

CV-1078 and CV-1578 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
if an isolation scram is received while in the j
ffood mode.

,

!,
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4. Switching of the emergency condenser action _from a
: low steam flow setpoint ofL40,000 lb/hr to a low
steam f low setpoint of 19,500 lb/hr- was formerly

~

a function of the " closed" contacts'on the MSlV
CV- 1033.' This transfer is now a function of-the-

"open" contacts' on the MSBV CV-1034. The setpoint-

transfer will now occur when the bypass valve is
moved f rom' the , f u l ly opened posi tion. (SeeSections

~_ VI-H-2 and VI-H-3).

5. On occasion, we nave performed maintenance on steam,

f low meters which supply signals into the power-to-
flow protection circuitry. The key bypass (No. 324)
which enables us to bypass the contacts'in_the power-

Ts to-f low scheme does not bypass the low steam f low
contacts in'the emergency condenser circuitry. An-

additional key bypass (No. 331) has been added to
perform this required function.

.

___ 6. .The location of the isolation Scram-Reset Button has
J been changed to the Vertical Panel B to allow for

; the installation of the key bypass (No. 331)-described
above.

-

See-Figure 23.

7
G. Modifientions to the Startuo Channels

The startup channel circuitry modifications 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=_

of f when operating in the overlap range. (Startup channel and inter-=

mediate channel overlap.):
.

The modificctions do accomplish the following purposes:
-

1.- Manual resetting of the low count rate tri p will=q
-

be required.

! 2. If the HV of any channel is turned off when the
reactor power level is below the overlap rance a
scram signal is automatically put into the 2 of 3

;3 short period logic. *

3. I f the HV is turned when the power is above the
f. overlap range,

-

a. The scram si gnal into the 2 of 3 short
3, period logic is automatically bypassed.

b. A high count rate signal is automatically
put into the 2 of 3 logic associated with
the overlap interlocks. I

^

> 1
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-4. inserting a testisignal via the tri p' test switch will.<

.

remove the scram bypass and will insert a scram sig-
nel into the 2 of 3 logic.

5. - If'the function switch is turned of f of the OPERATE.

position,

a. A scram signal is automati ally put into
the 2 of 3 short period logic, and

'b. - A high rate signal is automatically put ~ ;_ jinto the 2 of 3 logic. associated with the
overlap interiocks, and

;c. Allow count rate signal is automatically
inserted into the 2 of 3 logic associated
with the rod withdrawal prohibit circuitry.

|

H. Additional Chances to the Safety System Circuitry

1 Automatte Closure of the MSIV on (Qw Acactor Pressure
i

To prevent excessive cooldown rates following a scram f rom
!powers gre,ater .than 80 MWT while on manual pressure control,
!a circ,uit has been added to automatically shut the MSIV when

either low pressure scram switch is operated. .On startups,
this circuit will be defeated until the low pressure scram by-
pass resets on increasing' pressure. If a scram occurs before
the low pressure scramLis reset, manual action is required to
close the MSIV.

,

2. Prevention of Closino-the MSBV when the MSiv is Ooen

As< described above (5),-the MSIV will automatically close when ,!
the: reactor pressure drops below the low pressure scram setpoint. I

To prevent the complete loss of steam flow when this occurs, an
interlock has been added to prevent the closing of the bypass
valve when the MSIV is not closed. After tne MSIV is closed,
it wil'l be necessary to push the reset button to position the

{
bypass valve. On an isolation scram, the MS8V will begin closing '

'

when' the MSIV begins to close.

3. Power Actuated Safety Valve Ooeration
.

-The power actuated safety valve was formerly closed or prevented
f rom opening when the MSIV was f ully closed. This function will
now be performed by the f ully open limit switch of the MS8V.
Furthermore, a one minute time delay has been added to this
action af ter the MSBV begins to close. See Figure 24.
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4. Automatie Reae+or Water Level ~ Contre 1-

i; q . The. reactor. level ~ controls 'are designed to operate as a "3 - [
element" system in which a signal proportional to the difference

y between feedwater tlow and steam plus purification flow Is used
!- to W as the level setpoint. Under optimum conditions, the feed-
L water and steam flow meters will come on scale at about 10% of-

full range and will not give fully rellaole indication below 20%
of full range. Therefore, to operate on auto level control:.

[.'
(level signal is the only input) control.
below 20% flow it is necessary to revert to single element

!, ' A toggle switch has been add 4d to the circuitry to allow the
: selection of either single element or three element control.

-The selector switch is. located on console C.>
<

5. Steam li ne Drai ni no Circui try

It is necessary to-drain the condensate from the main steam line - i

j' whi le-operating with the Bypass. Valve (CV-1034) open. The
L existing. control system did not permit this because the CV-1034)' "open" contacts prevented the energizing of the drain valve

:

; .
'

(CV-1040) solenold. A relocation of the CV-1034 "open" con-
tacts a.llowed the draining of the s+7am line whi le maintaining
the origin function ~of the contactt,

I:

).- -1 Technical soeci fication Chance

Technical Specification Change Requests No. 12 and No. 13, dated
August 16, 1966,'and August 18, 1966, requested permission for

-

- (l) reactor cooling rates in excess of 200 F/hr during the power
./ escalation program up to f ull power, and

!

L (2) use of the reactor noise analysis technique in lieu of the '

[ osciilator rod technique to evaluate'the stability of the
f- Pathfinder reactor.

These changes nad been-requested to allow 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 a result of the installation of the oscillator rod into the
: boiler core,

,

--

These change requests were designated as Proposed Change No. 12m

and approved by the Division of Reactor Licensing. The Technical
Specifications were changed as follows:

t

1. Change Section 8.0 to read:
~

"During testing of the emergency condenser and during the start-
up program, and with the superheater drained, the controlled

r
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cooling-rate of the reactor may exceed 200 F per hour under the i

following conditions:
^g .

(a) A' temperature reduction not to. exceed 50 F may. occur'0

at higher rates during any helf-hour period in which'
the overall temperature vari ation does not exceed ,

0100 F, or

O'- (b). During performance 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 during this 20 minute0

period, and the number of such tests .to be performed
under this temporary authorization shall not exceed -

O five."
,

2. Change Section 7.5.3.6 to read:

"7.5.3.6 stabiIitv Evaluatlen

'Ol Transfer f unction measurements shall be- made at zero power
(less than 5 M(), and subsequently may be made at higher power i

leveIs, to evaluate, reactor stability. An osciilator rod, If
,

used, shall be calibrated at several angular positions to assure-

.that, peak-to peak worth coes not exceed 10 cents in the configura- .;

tion used.-for transfer function measurements. The range of
0- investigation may extend trom 0.01 to about 12 cycles per

,

second. Evaluation of reactor stael11ty shalI be made at initial
- power escalation steps (as speci fied in 7.5.3 above), before
. proceeding to the higher power steps. Such evaluation and

_

iextrapolation:of stability shalI be based on analysis of reactor
power noise (noise transfer" function) or analysis of transfer !
function measurements made with the oscillator rod mechanism." |

v

l

J.. Non-Comol I ance I tem ConcernI no the- Use of' a Saf etyJygtem Byoa,31
,

|
An item of non-compliance concerning the use of a safety system |0:' bypass was cited on the Form AEC-592 dated 8-22-66. The NSP reply
to this citation stated:

To mi nimi ze the . possibi li ty that saf ety. ci rcuits are
inadvertently rencered inoperative in the f uture, we
are instituting the following two actions:

'' 'l. A ref resher course on the Technical Speci fications
section relating to the use of' bypasses is being
conducted for Pathfinder shift supervisors and
members of the plant supervisory staff to assure

1
,

y that responsible plant personnel are familiar with |

The intent and specific limitations of the sections.
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2. I n addition to Operations. Committee approval of theL
general methods and intended use of bypasses, it

Il . Shall henceforth be required that shift supervisors-

receive written authority f rom the Operation Super-
visor for each specific use of the bypass. Such
written authorization shall reference the related-

,

-Technical Specification authority, the purpose of
the bypass, and'shall c'learly define the limitations

I; of the use of the bypass with respect to reactor.

- conditions.

The two actions stated above have:been fully complied with,

i

BN 1

i
'

;

Bo ,

<
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.

.
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;V|l. 'Maior System and Ecuioment Performance
I

A. Primary system

O in aun. of tne report period the uain Steam Line was cleaned in an
attempt to eliminate the collection of corrosion scale depcsits on
the seats of tne Main Steam isolatlon Valve,.the Main Steam Byrass

'

Valve, Dump Valve, and the Turbine Inlet Stop Valves. The above
,

valves were disassembled, cleaned, and their seating surfaces re-
' finished at this time. It was necessary to replace the seat in them.

M
Main Steam Bypass velve; the new seat was seal welded to the valve
body.

:

A crack developed in the bellows of the safety valve discharge line
expansion joint in September. The crack was temporarily repaired
by-welding and a new bellows Installed in November. Additionaln-

X pipe supports were installed to prevent a re-occurrence of thi s
failure. A cracked seal bellows on No. 12 Reactor Safety Valve was
also replaced in November of this period.. '

The lower shaft seal bushings on No. 12 and 13 Reactor Recirculation
"n Pumps were replaced in July. These-bushings had become worn to the

point where excessive seal water flow was required.
,

B. MSIV and MSBlV Leakace

The Msiv and MSBIV have caused problems in maintaining the containment >

y' - . leakage rate within acceptable limits. Prior to this reporting'

period, the valve leekage rates were acceptable. The valves had
been apart. cleaned and retested in April 1966. Foreisn material
(believed to be welding slag) was found on the seating sTrf aces of
the MSly and-the MSBlV seating surfaces were damaged.

a

New parts
were ordered for the MSBIV. The i:ombined leakage at this time was

Q B.6 SCFH at 80 psig_and 8 psig on the reactor bul_lding. This leak-
age was acceptacle.

Test 277.2A was completed on May 25, 1966, and the steam valves were
closed af ter a 16 hour period of 25,000 lb/hr steam f low through the
MSBlV. The valves did not leak in the "as closed" condition as

.-O i determined by leakage testing. The valves were-operated a number
of tirses, retested and found to leak. The MSIV was cleaned and
retested and the leakege reduced to.an acceptable value. A new
plug and seat were installed in the MSBlV. A leakage test on the
MSBly determined that the valve was now leak tignt. Concurrently,
the secondary steam isolation valves (a paralled combination of 10

.O ~' valves including the steam dump valve, turbine stop valves, and the
'

*
'

steam supply to the high pressure f eedwater heater) were tested and
repaired so that.the steam line leakage would be acceptable even if
the MSIV did leak excessively. ,

Reactor testing continued following test proceoure 278 lA.. DuringC. this test, the MSIV was opened for the first time during steam flow
conditions, and at flows of up to 150,000 lb/hr at 477 F and 540
psig. The valves were leak tested in the "as closed" condition on

O' -7|_
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June 25,~1966. . The combined leakage was excessive, end the valves
. were retested af ter a' number of operaticns, and the tecikage remai ned
excessive. The secondary steam valves were retested and turbineI stop valves were " lapped in" to reduce the valve leakage to Zero.
At this time, the steam line leakage would be acceptable even if
the MSIV and the MSBlV did not close to isolate the containment.
The MSBlV was repaired by welding the seat to the body of the valve,
and lapping the seating surf aces. There repairs reduced the valve

g: leakage to zero. The MSIV seating surf aces were cleaned end re-
tested. Leakage tests now showed the valve leakage rates to be
acceptable.

.The second phase of 278. l A was c$nipleted on July 30, 1966, and the
valves were tested in the "as closed" condition. No leakage could
be detected. The valves were cycled and the MSIV was found toyD -
leak excessively.. The MSIV was repaired by cleaning the seating

i

surfaces and ratested. The combined leakage after repair was
,

acceptable during leakage testing on August 2, 1966.
-t

The valves were tested on Septemoer I, 1966, after steaming
g- operations were concludt;! on August 31, 1966. The leakage was

zero with the valves in the "as closed" position. The MSIV remained
closed unti| September 28, 1966, when the valves were again tested.
The MSIV leakage was unacceptable and the valve was repaired by
cleaning. The valve was retested on September 30 and the leakage
was. acceptable,

b;
Reactor. operation was resumed and operations continued to November
1966. The MSIV and MSBlV leakage was measured on November 19, 1966, :i
and found to be acceptaole. The valves were tested in the "as '

closed" condition and were not opened. '

:

DL The MSIV and MSBlV leakage problem appears to diminish as reactor !'operati on - conti nues. A number of problems have been found that '!
contribute to the MSIV leakage. Steam line travel resulting from
building pressure caused distortion in the MSIV body allowing leak-
age. This distortion has been minim! zed by limiting the steam line
travel to only the necessary amount. Foreign material was founds

D. on the MSIV seating surfaces and appeared to have cut and damaged
the MSBlV. The steam line has been cleaned as much as possible by
wire brushing and' flushing. The foreign material that escapea tne
cleaning appears to have oeen " swept" out curing steaming operation. ''

The leakage monitoring program wilI continue to assure that contain-
ment leakage rate limits are met.

I
'

C. Control Rod Drive Maintenance
,

The control red drive (CRO) operations have been very satisfactory
during the last six months despite the operational requirements for

I 'the reactor testing phase. All control rod drives have responded
properly to the safety system or control system demands on every
occasion.

~72-
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Three situations' of concern did occur during this six month period,
i

'

o
t

1.: Unusual Occurrence Summerv

: This summary concerns the li f ting of CR0 Ne, .lO f rom the vessel-
head when the reactor vessel was pressurized to establish puri-;<

_ fIcation flow. 'In

[U On. September 2, 1966, alI control rods were unlatched in
preparation for the removal of Control Rod Drive No. 3 from

,

;
f the vessel head. CRO No. 3 was being removed for an examina-
| tion of the dashpot. -

:

_
On September 9,- 1966, the reactor was being prepared for water

'.
' purification flow. The shutdown pump was unevellable, so it
was necessary to pressurize the reactor to approximately 50 -

!! 100 psig with the condensate pump to establish the purification
|h flow. A spare CRO had been Installed on the head in place of *

'

'

CR0 No. 3. When the reactor was pressurized, CRO No. 10 was
raised approximately three feet from the mounting nozzle, as '

y observed by two shi f t personnel. The reactor was immediately
| depressuri zed and CRO No. 10, still-in its mounting nozzle,

slipped downward and came to rest in a slightly tipped position
approximately two: feet above the normal position. -The drive

[- was' lifted from-this position and inspected for damage. There
'

-

h was no visi ble serious damage, so the- drive was . replaced on the
[' .vesseI head and the quiek disconnect tightened. 'An unusual
| occurrence investigation was started immediately,u

L The quick. disconnect coupling for CR0 No. 10 had been decoupled'!~

when_CRD No. 3 was removed from the head. Shi f T . personneI had-

anticipated that CRD No.-10 would also be removed at some later1 :

).: date and had dellbsrately disconnected the coupling. This event
,

| was.not logged and the Shift Supervisor on duty was only in- ~ l
,

!_ formed of the action taken with CRO No. 3. The only personnel
|L aware of the condition of CR0 No. 10 were the two men involved :|L with the actual decoupling operation.
,.

Control Rod Drive No..l0 was. removed-from the reactor vessel on
September 9th and examined on September 10th. Scratches were ;

h observed on the CR0 bushing nozzle, but subsequent. examinations
J!

!'. with the drive disassembled showed tnet no harmful effects
resulted from the incident. The drive was reassembled and re- 4

'

placed on the vessel head.

Whlle the drive was off of the head, the head mounting nozzle
for CRD No. 10 was examined 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 vessel head was removed to, - - allow insertion of $bBe sources, the head was raised to the
surf ece of the pool and a visual examination of the nozzle was

!
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completed.- The scratches on the nozzle are not serioue
{not effect the integrity of the nozzle. '

An Unusual Occurrence Report is being prepared..

Shortly after the incident occurred, A-C was contacted for
advice concerning the CRO-and mounting nozzle examinations 1

NSP personnel.in Minneapolis were notified and after consider- 1
able discussion, we concluded that although this type of '

f' occurrence may have serious consequences, this particular in-
{cident did not represent a nuclear safety problem because all

the control rods were unlatched. Therefore, it was decided i

that-a written report to the'AEC was not required.

On September 12, Mr John Flora was advised of the incident and
h our ' decision with ' respect to the AEC reporting.,

2. Failures of Control Rod Drive Dashoot Ram Piston Rinas
!Ouring the week of August 31st, all control rod drives were

D{tested to determine if the CR0 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 j~when the rod reached' tho' zero inch position. If the CRO being
tested has proper dashpot, the indicator pointer will slow down ;
smoothly as the zero inch position is ' approached, if the dash- 1

pot is not acting properly or i f the dashpot ram is stuck in the
*t

. fully depressed position the control rod will bottom in the
|

f ueI element' quad box and the indicator poinier w| |1 "oscilIate" ;
from the rebounding action of the selsyn indicator system.

P.r. lor to the test!ng on August 31st, it was considered that

)- CR0 No.s l0 was.the CRO of greatest concern; however, the testing
.

results showed that CR0 No. 3 had less dashpot ac.tlon. After '

viewing the control rod scram tests it was decided to remove
'

CRO No. 3 from the vessel head and disassemble the drive to
; determine the cause of the weak dashpot action. The removal of~

CRO.No. 10 was delayed until the maintenance was completed on
CR0 No. 3. (See above summary of Unusual Occurrence.).

C'ontrol Rod Drives No. 3 and No.-10 were discovered to have>

broken dashpot ram piston rings. The dashpot action is caused
primarily by orifice ef fects and the dashpot ram piston ring -

does have an ef fect on the ori ficing action. '
.

The circumstances of the piston ring malf unctions were reviewed
and Allis-Chalmers 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 15, 1966 written to J F Haines by
; ' H C Gignilliet are:

s:

-74-..
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8. The results 'of the analysis indicate that the maximum
f

|' expected velocity of the control rod for the postulated j'

' loss of sealing is approximately-47 inches /second at impact |i

'8 energy for complete loss of dashpot-action when the control
rod strikes the bottom of the quad box'at a veloc|ty of

I'
120 in/second. ,

b. It is recommended that the action of the drive be observed )
on the position indicator when the drives are scrammed f rom '!

O- the 6 to 8 inch position during the normal backstop clutch ,

ch.cx prior to ..acn reactor startup. Maifunction of th.
E

dashpot ~ piston ring can be determined during this check. *

|Repeated subjection of the control rod and control rod ;

drive to the forces resulting- from a piston ring malfunction I
will not cause d'amage to either.

O. '
o ,3po, ,,, ion,on oi, oontroi ro,eriy,, 3,y, 3..n 3,,ry , on
several planned testing occasions. No further dashpot piston

l- ring f al lures have been observed. ,

1

3 Slow Insertion Time (Run~ln) of Control Rod Drive No. 5-

l
'

|O Control rod drive No. 5 has been observed to have a slow insertion
time compared to other CR0s in the same rod drive group. During
control rod drive testing, this condition has been reproduced;
however, the condition generally exists only if the test includes
a gs'ng lower of the control rod group, but a slow insertion' time

O'' is n t always observed on a gang lower operation. All other
control rod drive functions are normal including 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

,!Q of the CRD is continuing on a routine besls and untiI further
|

|
problems become evident, the CR0 is considered as operational.

D.. Nuclear instrumentation

Q. The nuclear instrumentation has operated satisf actorily during this '

| . reporting period. Periodic checks were performed as required and a
| detailed calibration was completed. The instrumentation has been

3

. stable and has needed only minor repairs or adjustments. Startup
'

channel noise was measured and found to be less than l cps on each
channel.

|O
| The startup channel interlocks have been modified to provide some

'

L. additional features.- A manual riset of the low count rate trip wasL' Installed to eliminate relay noise. A scram bypass was installed
| .that will bypass startup channel period scrams (f rom noise) when
'

1 operating above the startup range. The modifications were installed0 consistent with amenoment 27 criteria. See Section VI-G.
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E. OH-Gas System Dl H iculties : '

;

k. During initial reactor testing at 6 WT, hydrogen levels in the
of f gas- system would ap'proach approximately 3% requiring controlled

L condenser leakage to limit the hydrogen concentrations. The failure
,

j of the recombiner catalyst- to do its job was determined to be caused
by lack of suf ficient operating temperature resulting in' excessi

moisture in the recombiner,
'n

f The recombiner catalyst.was cleaned by the manufacturer prior to
i power testing above 6 WT and the ef ficiency of the recombiner was
'

estimated to be approximately 75%. During the required shutdown, -!

the recombiner casing was insulated and a temporary steam heating
colI was added to the inlet of the recombiner.

W-" ,'The elevated temperatures of the of f gas increased the ef f ectiveness
of the recombiner during 40 W T testing, but controlled condenser
leakage was still required during operations. As the reactor power
level was increased above 40 WT, the ef ficiency of the recombiner
increased'and the hydrogen problem no longer exists. ,

,

'$
| Downstream off gas system moisture problems and off gas flow surges,

j have been creating dif ficulties wIth the first absolute fiIter.
i

The large of f gas flow occurs when pulling condenser vacuum or
following the transfer of auxiliaries after reactor shutdown.-

q

h" The off gas flow surges have also caused operational diffIcultles
, . with the loop seals on the air ejector and the of f gas delay pipe.-
L The after condenser loop seal has been lengthened to lessen the

chances of " blowing".and a valve has been Installed in the delay
! .

- pi pe loop- seal for throttling purposes.

Q Additional system changes included the installation of a permanent
preheater in the off gas line prior.to the recombiner and the addi-
tion of temporary cooling coiis in the of f gas delay pipe, Further ;,-

p. system modifications are expected. '

|$.. . F. RadlcaetIve Weste Hand |Ino
1
.

A metered raw water dilution line was installed (December). This
line provides raw water for diluting radioactive waste discharge |

,

.

to the river, it has been necessary in the past to use treated'

cooling tower makeup water for dilution.
g.- -

Blisters and cracks developed in the plastic lining of the reactor,j sump. The sump was therefore re' lined.

The stack 'ges sample lines were relocated and modifloo to provide i

a more ' representative sample and prevent sample plate out.
v *

,

i
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G. Dume Valve Hvdraulle Sunelv system
-

($
Problems with :the dump' valve hydraulic supply system have included.

% leaks and pi pe f ailures, vibration, dirt in the system, and in- ,

sufficient cooling. Revisions to the system include replacement
; of all sharp piping bonds with f lexible hose sections, and removal ,

of a check valve between the unloader and the accumulator. Addi-
tional. bracing and piping supports were added to reduce vibration,

,
.

y) ~ A centrifugal filter was installed to aid.in maintaining oill cleanliness. The cooling problems were resolved by changing the 1oil cooler supply to well. water. '

!, ' -

1
-

H. Area Monitorino System '

$)
,

Modification of.the area monitoring system is being planned to
: Improve system reliability. Some of the major difficulties with
l- the present system are: frequent diode and meter burnout, frequent ,

horn f ailure, and problems with the contacting meters (such as,

breakage of the foil which serves as the electrical conductor to
sg' the pointer, and corrosion of the contacts causing unreliable opere-,

tion).. The system is being redesigned to provide simpler and more
reliable operation.

.

-

f. l. Plant Makeue Water Systems
%
E7- The Cooling Tower Makeup Pumps and the Domestic Well Pump were

i disassembled and overhauled. The lime sludge basins were cleaned
and enlarged. Corrosion scale and sludge buildup in the cooling
water system continues to be a problem. The water. side of the
turbine oil coolers and the. ale compressor heat exchangers werer

) cleaned during this report period.

J. S ummary

L The preventive maintenance program was continued on all system
jg components to provide reliable operation. Only the significant

operational dif ficulties have been reported in this section and
unless otherwise reported, all major systems and system equi pment
have operated satisf actory.

L

O
.

I
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-Yll1 Containment Leakace Testina.

* Two " class C" containment leakage tests were performed during the report
-, period. A Class "C" test is an Indivicual valve _ leakage measurement of '

specific valves listed in the teen specs. A total'of three " class C"-

tests have been completed since the last " class A" or containment full
pressure integral leakage rate test. The " class C" tests during thisc

reporting period wort. completed on June 14, 1966, and November 16, 1966.
The tests were completed successf ully and did not require any maintenance -

to meet .the toch spec acceptance crlieria.

'

Class C Measured Leakages June November i
,

- ! 1. Vacuum Breaker at 78 psig 0 SCFH 0 SCFH
.. 2. Sump-Isolation Valve at 78 0 0 -

3. Heating System Return at 78 0 0
i- 4. Vacuum Ora'in Tank valves at 78 0 0' ,

5. RCP Gland seal water return at 40 0 0
| 6. Fuel Transfer Valve at 78 2 5

7. ' Shield Pool cooling water return at 78 5 2.4i

). 8. Ventilation valves (each) at 78- .5 .5,

'

9. Ventilation cooling water return at 78 i I *

,

i

j.
'

|
t

'

f.
L

'

! ,

: .

I

| .

)-

'

i

f
~

'

.
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IX , Plant ornanization

O A. senar.a.L
.

The plant technical and supervisory staf f remained essentially as
reported in the Phase || Report NSP-6602, with the exception of
the resignation of J Y Lee, *he plant chemist. The Plant Organite-

O '' " '' '" "" " '''"'' ***

8. Plant Personnel Channes, .

l. Mr J Y 1.oe, Chemist, resigned on June 30, 1966.
-

2. Mr J Funke was hired as a laborer and started work onJuly 11, 1966.
*

3. Mr Einar Swanson, who had resigned on May 1, (See Phase 11
Report), lef t the employ of NSP on July 15, 1966.

4. Mr Gerry Nelis, who had been promoted to Nuclear Plant
Supervisory Engineer (See Phase || Report) transferred to
NSP - Minneapolls on September ist.

5. Mr Arne Hunstad, Engineer, joined the Results Crew on
g September 6, 1966. Mr Hunstad previously worked at the NSP

Riverside power station.

6. Mr Orville Todd, Machinist, was transferred to NSP -
Minneapolis on November 20th.

C. Onorator Licensina-

.

No additional operater licenses were obtained during this reportingperi od. The licensed reactor operator status ist '

O Senior Reactor Operators - 12

C E Larson, M H Clarity, M N Bjeldenes, R T McKaughan,
W A Sparrow, R A M.lelke, J B Brokaw, W E Anderson,
S L Pearson, H Solbel, R D Emerson, L W Severson.

O Reactor Operators 8--

> i

D L Magill, O E Severr n, F J Schober, O W Cragoe,
,

L V Triebwasser, E W N use, M J Balk, R S Holthe.

O Senior Reactor Operators aval table but not on the Plant
Staff

A E Swanson, G H Nelis.

O ~'*-



$ ;
i

|

:

)

D. 10M -

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 I, provides ample continuity and ;} technical quellfications necessary for continued safe plant
|operation. -

,
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APPEN0lX A !
l

r- Pathf inder Scram History - May 19. 1968 to November 19. 1968
,

ah-

|

3hutdown Time initiating
Power jNo. and Action Explanation of Cause

Date t,y,l '

2) 18|| Runback - Low FW 'The runback occurred when reducing f1 5-20-66 Temp; Scram - Emerg power due to high H2 content in off- 6 MWT iCond Operation gas.
|
|

1

) 0961 Scram - Emerg Cond Reducing power due to high H CC"I'"i2 5-21-66 Operation in off gas. Emerg Cond was unknowingly 8 MWT
2

cocked on one channel.
,

,

1962 Scram - Stram flow / Dump valve was closed from 8% to 8$5 5-21-66 power open
8 MWT

, ;

!;g
; 1751 Turned Sw. 159 to Test 277.2A - Planned Scram

4 5-23-66 Flood
8 MWT,

O '

1758 Scram - Simul Valve Dump valve delfted closed to reach
5' 5-23-66 Closure interlock setpoint. 0

,

I

:O
; 1952 Scram - Steam f low / Power was being held constant with *

,6 5-23-66 power steam f low at 25,000 lbs/hr. "A" 8 MWT
flowmeter seemed unstable and spiked

j- downward.

)GP Scram - Water in Faulty operation of main steam
7 0759 main steam line magnetrol 200 KWT5 -24 -66

3
1545 Scram - Steam flow / Auto level control was being checkedo 5-24-66 power out. Steam flow was too close to the 8 MWT

) trip point.

|

10
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# :tdown- Initiating Power
c. ACTIO" Explanation of Cause

Date '"*I

O

0250 Scram - Steam flow / Trip occurred at an indicated 23,000
9 5-26-66 power Ibs/hr flow. Setpoint is supposed to 8 WT

be 19,500 lbs/hr.

0354 Scram - Steam flow / Operator changed range on Ch 5 before
10 5-26-46 power proper steam flow was established. 2 MWT

O

2228 Scram - Short Master Control Sw. Introduced noise
|| 6-6-66 Period Ch 3 into startup channels. 0

4

1748 Scram - High level Low hotwell level caused less of seal .

-12 6 -15 -66 Ch 5 flow to recire pumps. Recire pump 0

-O
trips introduced a noise spike into
Ch 5.

Scram - Ch 3 Master control switch caused noise on
13 2154 Short Period startup channels. O

6-15 -66g
=

2317 Scram - Ch 3 Master control switch caused noise on
14 6 -15 -66 Short Period startup channels. 0

:O

1445 Scram - Steam flow / Had Just established steam flow. Flow
15 6-l6-66 power on one channel dropped down to setpoint. 200 KWT

O
V

Control to No. 14 htr leveltrol was in
2004 Runback - Low FW bleed positlon. Error on part of

16 6 -16-66 Temp Manual Scram operator who completed pre-start check- 6 MWT

O list n this system. Manual scram
required when outer rods ran in more
than 5".

.O
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*dcwn Time initiatin9,4o , and Action Explanation of Cause Power-

Date ,

___

1635 Runback - Low When the steam flow was increased to17 6-17-66 Reactor Water Level ^- 60,000 lbs/hr, the water level 7 MWT
varied enough to cause runback. (-11").

.

1913 Scram - Simultaneous For no apperent reason, the dump valvo18 6-17-66 Valve Closure drifted closed. 6 MWT

2346 Scram - Steam Flow / Low steam flow resulted due to loss of19 6-17-66 Power Ratio pressure and temp while raising power 15 MWT
from 7 MWT to 17 MWT.

1633 Scram - Steam Flow / Erratic operation of flow meter when90 6-18-66 Power. Ratio , opening the MISV 17 MWT..

2154 Scram - High Reactor When ,the steam flow was increased, the
1 6-18-66 Water Level water level varied enough to cause 19 MWT

scram. (44")
.

0224 Scram - Startup Noise on Ch No. 2 gave scram even
:2 6-20-66 Channel Short Period though the HV was off. Ch No. 3 was 16 MWT_

in ''0WELL".
,

Scram - High Steam Spurious signal gave scram when3 til5 Temperature technicien was working on the Offner 17 MWT6-21-66 recorder.

2210 Scram - Manual Trip Whlle pressurizing the reactor, a4 6-21-66
decrease in seal flow to the recire 17 f4(T
pumps caused one pump to trip.

_ ,
. . .

.. ....
- - - -
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1

6n initiating Exp!anation of Cause Power
. > . ACT' " l'V'IDate

2113 Scram - Emergency The action was causec wnile working
5 6-22-66 Condenser Operation on main steam flow trans. (575. 17 M#T

Svpess key action not thoroughly
understood.

1555 Scram - Opening of Iniflated by opening of the No. 12
6 6-25-66 No. 12 Safety Valve Setety Valve. (Indicated) 17 MWT

1750 Scram - Manual Trip Manual trip of PB No. 77 for
7 6 -24-66 - Isolation Scram isolation Scram - Test 40 MWT

,
-

0826 Runback - Low Low FW Temperature wnen starting to
8' 6-25-66 Feedwater Temperature increase power after opening MSIV. 32 MWT

-
-

1118 Scram - Startuo A scram occurrea prior to criticality
9 6-25-66 Channel Short Period by a noise spike on Channel No. 2 0 M#T

001d Scram - Steam Line Pressure control system transient
0 6 -26-66 High Pressure when aDplying temperature anticipatory 40 MWT

signal.

----.--.-
_

0355 Scram - Steam Flow / Lest steam flow signal wnen raising
| 6-26-66 Power Ratio power to 7 MWT. 2 MNT

--.-
_

1630 Scram - Water in Normal steam line craining operation
6-26-66 Steam Line apparently vibrated magnetrol which 40 M#T

gives the water in steam line signal.

|
|
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down Time
initiating.

Power 3andgo g Action Explanation of Cause
Date t,y,i .

a
-

0738 Scram - Startup A scram occurred prior to criticality
-33 7-23-66 Channel Short when draining the steam line. Channel 0 MWPeriod No. 3 short period spike.

9

1008 Scram - Channel A scram occurred while suberitical i

34- 7-23-66 No. 6 High Level frosi a noise spike on Channel No. 6. O MWT

;

1245 Scram - Emergency Emergency condenser came into ;
35 7-23-66 Condenser Operation operation at about 10,000 lbs/hr flow. 2 MWT ,

Faulty steam flow transmitter gave
g falso flow signal.

,

1502 Scram - Emergency At a low steam flow, emergency
36 7-23-66 , Condenser Operation condenser operated cue to faulty flow 2 MWT

transmitter.
)

1353 Scram - High Steam Whlle raising power with pressure
37 7-24-66 Temperature centrol on HAND, steam flow dropped 40 MWT

_ giving high steam temperature,
h

_.

Whl Le raising the' reactor pressure to
.2345 Scram - High Steam clear the low pressure reset, scram i38 7-24-66 Line Pressure occurred at an indicated pressure of 42 MWT

545 psig. The high pressure scram was
Q set too low.

.

_

0230 Screm - Steam Flow / Operator turned range select switch
39 7-25-66 Powe.- Rat io too high prior to initiating steam 200 KWT

flow,

l

0113 Scram - Channel Channel No. 6 noise spike was caused
40 7-27-66 No. 6 High Level when releasing startup chennel detector 20 KWT

withdrawal button.S
>

O
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"'
down Initiating Explanation of Cause Power >

No* Action LevelDate

D'

0919 Scram - Startup Startup channel high voltage was
41 7-27 SS Channel Short Period turned off and interlock requirements 20 MWT !

were not understood by operators.

9 !
-

1720 Scram - Water in The Water in Steam Line magnetrol was j
-42 7-27-66 Steam Line apparently vibrated during routine 40 MWT

operations.

Ib {

2257 Scram - Emergency Erroneous steam flow signal caused
43 7-27-66 Condenser Operation by faulty steam flow transmitter 2 MWT

caused the mergency condenser opera-
g tion.

While transferring the pressure control
0403 Scram - Water in system to auto, the dump valve 33 MWT

44 7-28-66 Steam Line (?) " chattered" and apparent ly vibrated
the " Water in Steam Line" magnetrol..,

U
,

14 52 Scram - Emergency Faulty flow signal tripped the
45 7-28-66 Condenser Operation emergency condenser when the steam 2 MWT

f low was n- 12,000 los /hr.

)
2158 Scram - Emergency Faulty flow signal tripped the

46 7-20-66 Condenser Operation emergency condenser. 2 MW
.

l
i

0236 Scram - Steam Flow / The steam flow indication dropped
-47 7-29-66 Power Ratio unexpectedly to give power to flow 17 MWT

scram. ,

,

> >

<

2247 Scram - Steam Flow / Steam flow dropped to give power to
48- 8-4-66 Power Ratio flow scram. 28 MWT

D

D

. _ _ _
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6 " '" "9 Explanation of Cause y[**

N- oOate
0

0319 Scram - Startup Noise on the startup channels gave
49- 8-5-66 Channel Short Period short period scram. High voltage 18 M

on channels was off.
O

._.

1350 Scram - Reactor While working on the pressure control
50 8-6-66 Pressure Control sy' stem, pressure signal was removed 40 M

causing the dump valve to open to
o ^ 20% giving reactor low pressure,
m

0537 Scram - Reactor During an attempted shutdown, the dump
51 8-7-66 Pressure Low valve opened abruptly while closing 40 M

the inlet valves resulting in a low

0 "'" t " Pr'55"r**

_

The turbine buliding vent monitor
0149 Scram - Turbine setpoint was not set for increased 86 M

B2 8-10-66 Building Vent High power operation. Off-cas system leak-
O. Radiation age was the cause of the act!vity level

1952 Scram - Reactor A reactor startup was started with-

53 8-10-66 Pressure Low high reactor temperature and pressure. 200 Kb
When reducing the reactor temperature

O for normal startup, a iew pressure
scram occurred.

1603 Scram - High Steam Ouring a pressure control system
54 8-||-66 Temperature setpoint change (teet), a high steam 76 M

setpoint was reached.
,

1949 Scram - Startup A noise spike on the startuo channels

55 8-11-66 Channel Short Period caused a short period scram. The 17 MW~

high voltage to the channels was off.
v-

1431 Scram - Recire Flow / Ouring Test 433 testing, while
56 8-12-66 Power Ratto reducing the recirc flow, a scram 59 MvG

occurred.,g
v

O.

__



I

ir

,

sf" '"fef*,*f"9 Explanation of Cause
C**{,

:

a
-

.

1253 Scram - Stop Valve Operator mistakedly operated Main
57 8-13-66 Trip Bank No. I Deluge Valves. 78 MWT ;

f?
,
1

1650 Scram - Steam Flow / The dump valve started to dri f t ;
58 8-13-66 Power Ratlo clos'ed reducing the steam flow. 8 MWT '

>

f>
,

1330 Scram - Feedwater Feulty flow meter indication gave
59 8 -15 -66 Flow / Steam Flow falso flow ratio. 80 MWT

Ratio
a

|

1833 Scram - High Level The high level setpoint on Channel 8 [
60 8-16 -66 Channel 8 was reached when bumping control rods. 75 MWT

'

a

1331 Scram - Startup While withdrawing the startup channel
,

61 8-16 -66 Channel Short Perloc detectors, a noise spike caused a 50 KWT.
short period scram on the startup i

db channels.

1659 Scram - High Steam When reducing the steam flow to No. 14
62- 8-IS-66 Temperature heater, the steam temperature setpoint 40 MWT

was reached.
A

.

0703 Scram - Turbine Apparent spike on the instrument
63: .8-18-66 Building Vent High during routine plant operations. 85 MWT

Radiat'lon
db

,

b-

1910 Scram - High Level Power increase af ter a rod bump 1

64 8-18-66 Channel No. 5 increased the power level to the 50 KWT
* scram level.

O

()-

_ _ _ . _ _ _ . .___



a
;

i
- . Time

|en initiating p **""
io . Action Explanation of Cause

|O ta g ,

g. ,

;

0556 Scram - Water in While draining the steam line, the
65 8-20-66 Steam Line water in Steam line magretrol was O MWT -

'

apparently vibrated.

.l
,

0705 Scram - Water in The Water in Steam Line magnetrol was !
S6 .8-20-66 Steam Line apparently vibrated during e draining 0 MWT

'

operation. j

,

|100 Scram - Steam Flow / The steam flow dropped to the setpoint
97 8-20-66 Power Ratio while increasing power. 10 MWT i

3

1840 Scram - Steam Flow / While suberitical, routine operations
28 8-20-66 Po.wer Ratio (7) caused a scram of unknown origin. O MWT

,

F t

| u) .

1326 Scram - Water in During a steam line draining operation,
99 8-20-66 Steam Line the magnetrol was apparently vlbrated. 200 KWT

:1
.

.

2048 Scram - High Steam Ouring a stop valve trio test, the
TO 8-20-66 Temperature dump valve starte4.c besing cousjeg 40 WT

'

high steam temperature.
3-

2315 Scram - Startup A noise signal on_the st,artup channels
71, 8-20-66 Channel Short Period gave a short period scram. The high 18 MWT

voltage to the channels was off.,

3
__

.

0338 Scram - Water in The water in steam line magnetrol *

72 8-21-66 Steam Line apparently vibrated while draining 200 KWT
'

the steam line.
O

D

.- . . . . . ._. . .-.. . .



. _

.

F- >

Tine-^0""
and initiating Explanation of Cause *'Ino

Date Action Level i

a
_

15 16 Scram - Stop Valve While taking the tureine off the i
+

75- 8-22-66 Trip line, a momentary dip in the stop 72 MWT
,valve oil pressure caused a scram. !

6
I-

1858 Scram - Steam Flow / Apparently edequate steam flow was
'74 8-25 -66 Power Ratio not' established prior to a uus range 2 MW'

i

change.!.
? ,

0554 Scram - Simultaneous The dump valve drifted closed during
75 6-27-66 Valve Closure a rod withdrawal to criticality. O MWT

,

B
;

1755 Scram - Stop Valve Ouring a turbine-startup, a scram !
76 8-27-66 Trip (7) was caused by a stop valve trip, 40 MWT

,

B

0029 Scram - Steam Flow / A power to flow scram occurred while
77- 8-28-66 Power Ratio opening the MS ly 17 MWT'

!h
L

'

1652 Scram - High Steam Technicians working on the Offner
$8 8-50-66 Temperature recorder caused dump valve motion 50 MWT |which resulted in scram.
-

0201 Scram - Emergency The emergency condenser operated when
9- 10-7-66 Condenser Operation the MSBV was opened with less than 8 MWT

40,000 lbs/hr f low indicated on the
main steam low flow meters. .

D

>
0407 Scram - Emergency The emergency condenser operated when

90 10-7-66 Condenser Operation the MSBV was opened to approximately 8 MWT
92%. (See79)

D

,

.

-------.h -_.mma__<- - - - - - - - - - - . . , , - =_v % M w--,-----.----e--- .aa,s2_s --
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""
e Explanation of Cause O

Date
t-

1541 Runback - Low A runback was caused by low feedwater
81 10-7-66 Feedwater Tempera- temperature. The reactor was in a O Md7

ture suberitical condition.

1915 Scram -' Emergency A scram resulted when the MSBV was
82 10-7-66 Condenser Operation opened with no flow indicated on 2 M#T

g meter.

0243 Scram - Steam Flow / A feedwater flowmeter spiked giving
83 10-8-66 Feedwater Ficw Ratio steam flow to feedwater flow differ- 32 MWT
g' ence of > 200,000 lbs/hr

'

0619 5 cram - Steam Flow / Errat:c behavior of teecwater flow
10-8-66 Feedwater Flow Rai %. mo+.r gave a flow spike, t 17 MWT

,

D

.

1259 Scram - Main Steam The monitor setpoint had not been reset
85 10-0-66 Radiation High for increased power operation following 30 MWT
g the extended shutdowr..

During a plant shutdown, a spike (one1842 Scram - Turbine point) on the monitor occurred during86 10-9-66 Building Vent High the transfer of plant equipment 45 MWTg Radiation auxillaries.
.

1725 Scram - Emergency With a steady operating condition at !87' 10-12-66 Condenser Operation ~ 25,000 lbs/hr flow, the emergency 8 MWT,

g_ condenser came into operation, j
i

2218 Scram - High Steam Apparently the dump vaIve position
BB 10-12-66 Temperature changed, decreasing steam flow and 30 MWT) causing high steam temperature.

,

9



__ _ _ _ _ _ _ _ _ _ _ - - _ _ - _ _ _ _ - _ _ _ _ _ - _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _

'

L

l

I"fif"[f"9
**" Explanat ion of Cause **"a
* Date

l

0523 Scram - Loss of Air When resetting the turbine stop
9 10-14-66 Pressure valves, a Less of Centrol Air scram 40 MWT

resulted.

>

1650 Scram - Loss of Station electrician removed a f use). 10 -14 -66 Clutch Power which resulted in a less of clutch 65 MWT
power.

>-

0544 Scram - High Steam The inlet valves were partially closed
l' 10-16-66 Line Pressure to open the dump val"e, resulting in 76 MWT

a high pressure scram.
>

1911 Scram - Emergency A main steam low flow meter indication
t 10-16-66 Condenser Operation sagged af ter the MSBV was opened. 17 MWT

>

|l03 Runback - High Steam While tripping the stop valves, the
5 10-18-66 Temp Setpoints dump valve opened causing an increase 80 MWT

in s, team flow and a decrease in steam
p temperature,

h

1415 Scram - High Steam Ouring dynamics testing, a recire pump
> 10-19-66 Temperature was tripped and the operator could not 80 MWT

" follow" the steam temperatures
>| changes.

1635 Scram - Steam Flow / While adjusting steam flow to No. 14
i 10-19-66 Power Ratio heater, the steam f low dropped enough 10 MWT

to give a scram.,

'

r

2319 Scram - High Steam A recire pump was tripped and the
10-19-66 Temperature steam temperature exceeded the 76 MWT

maximum allowable setpoint.
p ..

.



,

b

Time
/J*n and (nitiatin9 ExpIanation of Cause Power

No. Date Action LeveI
>

0334 Scram - Steam Flow / Steam flow dropped while opening the
97 - 10-20-66 Power Rat 1o MS|V. 17 !WT

p

060f Scram - High Steam Ouring pressurization, the steam flow
98- 10-20-66 Temperature to No. 14 heater was being reduced. 30 MWT

This caused a high temperature
y condition.

1960 Scram - High Steam The problems with the pressure control
99 10-20-66 Temperature system were being analyzed. Testing 76 fMT

resulted in a scram.
D

2345 Scram - High Steam An unexplained shutdown occurred after
00 10-23-66 Temperature more than two days of smooth centinuous 62 MWT
| cperation. A high steam temperature !

3 old occur.

0440 Scram - Steam Flow / Steam Flow drop af ter the MSIV was
01 10-26-66 Power Ratio opened caused the scram. 8 TWT
{

,

lp -

.)

0806 Scram - Steam Flow / An unexplained shutdown occurred when
02 10-24-66 Power Ratio the power level and steam flow were 45 MWT

well above the protection system limits,

h
i

2201 Scram - Turbine While transferring turbine seal
03: 10-31-66 Building Vent High supplies the seal heacer relief valve 40 MWT. j

. Radiation lifted. Reducing valve not controlling {
properly. I

r i

1
1040 Scram - Steam Flow / Reactor at steady state for 9 hours. '

)4 I l -3-66 Power N o apparent decrease in steam flow.
Steam flows at 67,000 lbs/hr and 64,000 17 M(TO lbs/hr. Trip setpoint is supposed to
be 56,000.

.

-



F_Date
.

"" I"
#f"9 Explanation of Cause *',"c ,

.

2323 Scram - Emergency While opening MSly the main steem
3 11-6-66 Condenser in Service flow meters became erratic.. 17 WT

-

?

- - . . . . . .

-

1483 Scram - Less of Work being done on Offner Recorder.

=3 Il-7-66 Rectre Flow Scram caused by shorting leads from 76 WT
No. 13 Recirc Pump flow signal.

. .

I

~

1601 Scram Manual scram Test 433 48 MW
'7 |l-8-66 P.B. 97

_

.

"

5

m

-

-

.

-

-

-

-

>

,

_ - . . . . . . - . - .
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