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CAUSESOF REACTOR SHUTDOWNS
...... iii i j i i

I. INTRODUCTIDN
- - i ,,

The purpose of this report is to present an analysisof causes of
reactor shutdownsas a supportto various engineeringprograms present-
ly under study. Continuingmeasurementand correlationof these facts
can demonstratethe incentivesand the necessityfor modifyingor
changingpresentconceptsin reactor safety and control circuitsas
reactor power lewls are continuouslyincreased.

B. Back_ro_p_

Reactor,Plant EngineeringOperationhas been studyingthe performance

of the safetyand control circuitsat various intervalsduring the past
18 months. A reportI_ was issuedOctober 1959, classifyinginto cer-
tain catagorlesthe direct and indirect causesof all reactor shutdowns
during the 12-monthperiod of FY-1959. As part of this continuing
engineeringeffortto Improveoperatingcontinuityand at the request of
various individuals,it was decidedto preparea seconddocumentto
update the originalreport and determinecertainperformancetrends
during the past 28 months.

C. Concluslons

I. ProductionIces chargedto reactor shutdownshas increasedabout
IS per cent from FY-1959.

2. The total numberof shutdownshas decreasedby approximately20
per cent from FY-1959.

3. The total number of resultantoutages droppedoff slightlysince
F_-1959 Bat has since_returnedto the originalfowl.

L_. The total number of scramshas droppednearly 40 per cent, while
the number of res_ultantoutages (minimumor longer) has dropped
approximately20 per cent from FY-1959.

5. Ruptures in the old reactorsdropped initiallybut have increased _ _.i
to slightlybelow the originallevel.

6. Ruptures in the K Reactors dropped initiallybug haveincr_e_sed ..
to slightlyabove the originallevel. "..........

i i _ i i i i jlL 1 ___ i
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7. Average power levels have increased about 15 per cent in allreactors.

9. Poison outages have dropped siL'nlficantlysince the adoption,ofspllnes.

I0. The production loss caused by water leaks, equipment failures,
scheduling, and miscellaneous occurrances has remained almostconstant.

D. _Recom[q@ndBtl.ons

I, lt is suggested that incentive trends be computed similar to those

shown in the charts of this document before establishing any pro-
Ject or modifications program for corrective purposes. The lag
between the preliminary engineering study and the beneficial use

of new equipment is generally two to four years depending upon the
size of the program. These programs should be continuously re-
evaluated on a systematic basis to make certain that the incentlv_:5

have not been changed by other programs or revisions to operating
standards during the interim period, lt should also be important
to measure the effectiveness of the modification program after

it is installed to see if it, in truth, did perform as predictedand Justified.

2. lt is suggested that a continuous reporting system be established
to show trends in reactor performance. Such information should
be issued monthly to en_Ineerlng and manufacturing management.
The fore,mt of this report should be outlined by an integrated

effort of all tho_e interested in such information. Plannln_ and
programming will be more effective if it includes feedback froma good measurements system,

II. ANALYSIS OF SI{UTDO'_,IPHIIDSOPHY

The period of analysis begins on July I, 195R and runs to the present. Datl_
before this period is rlotsignificant because of major safety circuit revi-

sions and the increased power levels from various plant improvement program_.
The statistical reliability of the analysis and the data is increased by
combining the scram information from all eight reactors. This was done forthe following reasons: . _ .......... "

I. Basically, the design, deslcn function, and components in the con-
trol and safety clrcutts are alike or relatively slmilar tn all

reactors in spite of differences in power levels, sLze, or a_e.
Performance failure in any one area will thus effect all reactorsin due time.
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2. The low frequency of occurrence for each type of scram in a single
reactor makes data bess meanLngful than a composite of scram infor-

mation from all reactors, except to predict similar trends in
llke equipment at sister reactors.

3. Justification for modifying present equipment or for installing
additional equipment is classically based on the previous 12-months'
experience. Grouping all reactors together into 12-month periods
does show trends and variations in these Justifications. This
sort of grouping provides the necessary damping to large local
fluctuations making a smooth trend curve within certain defined
limits.

4. Each reactor encountered different operating problems at various
• intervals during the 28-month period; however, after a given time,

the problems seemed to diminish or change to a different reactor.
By grouping ali reactors together, the problems will appear in
their true magnitude.

Table I shows the four types of shutdowns and the approximate amount of pr,-
paratlon or planning time immediately before the shutdown.

TABLE I - TYPES OF SHUTDOWNS
-- - _ i

TYPE OF SHUTDOWN APPROXDIATE I_EPARATION TIME METHOD OF SHUTDOWN
_DIATE:,Y BEFORE SHUTDOWN

I. Instantaneous

(Scrams) None IXX, 2XX, or 3XX

Safety Circuits.

2. Immediate

(Ruptures) 0.2-4 hours Operator controlled
over I0 minute period.

3. Seml-planned

(Water Leak) I to _ days Operator Controlled
over I0 minute period.

4. Planned

(Scheduled) I to 4 weeks Operator controlled
over I0 minute period.

Naturally, the more preparation time that is available immediately before
a shutdown, the more effectively and efficiently the resultant outage time
can be used.

Table II shows the seven main reasons or categories of reactor shutdown
causes. These reasons can be further subdivided, as shown_ to provide more

specific information, lt is more important to know the reasons why instru-
ments initiate scram signals, than it is to know the number of times a

particular instrument scrams a reactor The ro,_nonwhy sn instrument scrams
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a reactor shows whether or not the instrumentis performingaccordingto
its design function. If the instrumentdoes performaccordingto its
design function in the safety circuit,it shouldnot be criticized. If it
no longer provides the same degree of operatingcontinuitywith respectto
safety, then th_ reasonswill show the incentivesfor changing or modify-
ing the spstem. A good example of this is the four Beckmans. About four
years ago, the Beck_nanscramming circuitwas modified to a two-out_f-four
coincidencematrix to prevent spuriousscrams and improve operatingcor,_Inulty.
The octant monitoringtheory was developedto achievebetter flux protection
in the top of the reactor after it was determinedthat the :JCCFtubes and
the horizontal controlrods co_Id shadow the top of the pile f:'omthe
Beckmans located in the bottom. The reasonsin Table II _teredesignedto
show trends in the functionalchange of instrumentand control system require-
ments, and thus show the incentivesfor changesin these systems as operat-
ing requirementschange.

TABLE II

RZASONSANDDEFnmNS,,,OSH  WNS

I. SCRAMS__.____' Any instantaneousreactor shutdownre-
gardlessof cause or means of shutdown.

A. IMPROPER REACTOR CONDI_I_Nz Any conditionwhich is unsafe to reactor
componentsor personneldemanding&n
instantaneousshutdown.

I. Faulty ProcessEquipment: ,Failure of a reactor or auxiliarycompon-
ent directlyrelated to productionor safety.

2. Non-StandardProcess

Condition: Anytime preset limits or standardsrequIA,e
a scram.

3. _usual Situations Occurrenceof a highly improbablesituation.

B. FAULTY YNSTRUMENTATI_Ns Any failurewithin the process monitoring
equipmentWhich directlyor indirectly
demands a scram.

I. Panelllt: Occurring in pressuremonitoringsystem.

2. Beckman: Occurring in flux monitoringsystem.

3. Safety C_rcultz Occurring in safety Clrcult_relaymatrix.

_. Temperatures Occurring in temperaturemonltcrlngsystem.

C. IMPROPER PROCEDURE: Any error by personn_elcauslng a scram.

I. InstrumentZ Caused on _nstrumentsystems.

2. Process Equipment: Caused on process equipment.

"_. Unu._ual Condition: Any freak or hi_,h_.ytmprnbable
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TABL_ _]_ (cont.)

D. UNEXPLAINED: Scrams which cannot be adequatelyIdentl-fled.

E. RESEARCH AND DEVELOPMENT: Scrams caused by researchand development
test facilitiesattached to reactors.

I. KUPTUKES: Fuel element failure requiringshutdowns.

I. _P_AN_D OUTAOES_ A scheduledoutage or outagewith a signi-
ficant amount of pre-shutdownplanning.

_. WATER LEAKS: Water leaks in process piping requiringashutdown.

V. POISON SHUTDOWNSI Shutdowns required to add or remove polsonfrom reactor.

I. EQUIPMENT FAILURES: Shutdowns caused by equipmentfailures
where some degree of advancenotice is
availablebefore the rLmctor is manually
shut down by the operator.

I. MISCELLANEOUS: Categoryfor those rare occurrencesnot
happening in frequency sufficient enough
to establisha group or tend by themselves.

©
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III. PRESENTATION OF DATA
• ,i

The time base (abscissa) for ali graphs is the same. Each point represents
a 12-month period as shown in Figure I, Time Base Chart, and is either defined
by point number as indicated in Figure I, or has the 12-_onth periods fabled
on the abscissa of the curve.

@)

TIME BASE CHART

FIGURE I

_"_ __ ._,,
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The first group of four miscellaneous summary graphs(2) shows:

I. Total number of shutdowns.
O

2. Total number of resultant outages.

3. Production loss due to shutdowns (al).

4. Average power level changes during the time period.

5. Relationship of power level increase to main causes of ali shutdownproduction loss.

O

6. Production Icss in the K Reactors du_ to the main causes of allshutdowns.

7. Production loss in the six old reactors due to the main causes ofall shutdowns.

8. Production loss in the K Reactors due to the main types of scramshutdowns only.

9. Production loss in the six old reactors due tO the main types ofscram shutdowns only.

0raoh No. 1 shows that while the total number of shutdowns has been decreased
by almost 20 per cent, the total number of resultan'_outages dipped in the
beginning but since has returned to the original lewl to remain about constant.

The relative production loss has steadily increased after an initial 20 per
cent drop to a point almost 15 per cent higher than at the first point on thegraph.

(2) The reader is cautioned to use not less than four points on the graphs and pre-
ferably six points to establish the average slope c,'trend on the graphs.



Graoh Nn. _ sho_s the trends in power level with respect to the main causes
of productionIoss_ all to the same time base. lt is quite apparentthat
the number of rupturesplayed an importantrole in the productionloss be-
cause all other causesremained relativelyconstant. There is also a direct
similaritybetween the shape ofpower level curves,the total productionloss
curve and the productionloss due to rupturescurve. The average slope or
trend p_r curve is approximatelya 15 per cent increaseon the first three
curves. The 15 per cent increaseon the total productionloss curve results
from a 40 per cent increasein ruptureloss.

O_raohNo. 3 shows the principaltrends in shutdowncauses between the K Reactors
and the six old reactors. Ali trends appearedto be constantduring the entire
period in the six old reactorsexcept for ruptures. The average slope or rate
of the increasebetweenrupture and the total loss is about even. Both ruptures
anl scrams appear to be rising at the K Reactors. As can be seen in a further
breakdown in Graph No. 4, the increasein total scram loss comes primarily
from KER.

GFaohNo, '4 shows a more detailedbreakdownof the scram losses shown in
Graph No. 3. The main reason scramsare increasingin the K Reactors is KER.
KER accounts for approximately50 per cent of the total scram lossesi
for both KE and KW combined. ImproperReactor Condition is increaslngslightly
at the K's indicatingt_t they may be tendingto become more difficulttc
operate with presentcontrolequipmentconceptsat the higher power levels.
Improper Procedurescramshave been significantlyreduced at all reactors.
Most eve_jthlngelse has remainedgenerallyconstantor has varied only slightly
indicatingno distincttrend or change.

The second group of 12 graphs shows the number of occurrencesfor8

I. Main Reasons for Shutdowns,

2. Main Reasonsfor Outages,

3. Causes of Scram ShutdownsOnly,

4. Causes of Scram Outages Only,

in all reactors,the K Reactorsand the six old reactors.

Gr_ohs No's. 5._. and 7 show the ratio in number of shutdownsdue to:

I. Scrams,

2. Ruptures,

3. Water Leaks,

4. PlannedOutages,
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5. Equipment Failure Outages (not from scrams),

6. Poison Outages,

7. Miscellaneous Outages.

Scrams and ruptures have converged while the other causes have remained in au

almost constant relative position. This means that scrams dropned nearly
40 per cent while rupture dropped initially, but have since returned to theiroriginal level.

Graphs No's _, 9, and _ show the same information as above, but only those
shutdowns-whlch were not recovered and resulted in au outage (minimum orlony,er).

Oraohs No's, _,I,I_ and 13 show the relative ratio of the breakdowns for al_scram shutdowns: -

I. Improper Reactor Condition,

2. Faulty Instrumentatlon,

3. Improper Procedure,

4. Scram Source Unknown,

5. Research and Development.

Generally, the trend is downward or constant looking at the overall picture
for all reactors. Research and Development scrams from K_ and, on the basis
of the last four point_ Improper Reactor Condition scrams at all reactorsappear to be rising.

firaobsNo's. 14, 15, and 16 show the same information as above, bu_ only those
shutdowns which were not recovered and resulted in an outage,(minimum or
longer). These scrams generally occurred at equilibrium because recoveries

are not made due to the fast buildup of the Xenon transient at the higher Dower
levels. Again, most ,',rendsare downward or constant with the exceotion of
Research and Development and Improper Reactor Condition scrams. The latter
gives evidence that the old reactors, as well as the E Reactors, miFht be

tending to become more difficult to ouerate with the present control equlnment
concepts at the higher Dower levels. The next three or four points on these;
curves will verify or disprove this theory as the power levels increase for
the winter as the river temperature drops.

['/" C_OMPARISONFY-19_9 TO FY.1960

Tables 3, t_,and 5 show the trends of ali catavortes in slx-month steps_
that is, the 12-month per£od_ for FY-1959, CY-1959, FY-196,_ and the most resent

12-month period. These points correspond to the uolnts on Granhs _ throuyh 16
and show the full breakdown of the data 'r,'-_ all categories and sub-eotec_ries.

%.
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V. CONCLUSIONS AND RECOMMENDATIONS
_ ,,,, - , ,,,

Many conclusions and recommendations can be derived from this set of data.

Some of the important ones _ere listed at the beginning of the report. There
are only two additional comments that the author would like to make at the
close of this report.

A. Fuel E_e_ment Performance

The data has shown the incentive for the Bumper Fuel Element Program.
The original drop in the rupture curve can be c'_aimedby the adoption of
the I&E fuel element. The following increase in rupture rate meant
that the increase of power levels offset the gains in performance by the
I_,o. If power levels continue to increase, and it is assumed they

will, history would indicate that the Bumper Program may give only tempor-
ary relief to this all-lmportant problem of fuel element performarme.
This gives emphasis to the _rogr.amsnow in the initial thinking stages
so that another r.e_fuel element will be ready in the future to replace
the Bumper Slug when its performance failures start to increase.

B. R_actor C_ntrul an_ Safety
,eJ

Reactor control and safety are never-endlng prcblbms as power levels
increase. Years ago, the reactors were much more sluggish and stable
than they are today. Much has been learned about,reactor operation in
the last several years, and from this, many advances in control and sa_aty
circuits have been employed in new reactor construction in the last t_
or three years. Modern technology has provided many new and wonderful
devices which can provide for _alns in performance and continuity. _t
is hoped that an integrated effort to study reactor control will be re-

cognlzed and established to produce the incentives and means for updating
the equipment concepts presently in use tod_y. '
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