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I A35TFAC"'

Plans for reactor and primary loop natural circulation testing in the
Fast Flux Test Facility (FFrF) are su==arized. Detailed pretest pla- ing
with an emphasis on understanding the i=plicaticas of process noise and =odel
uncertainties for =odel verification and test acceptance are discussed for a
transition to tatural circulatien in the reactor core and pr# - / heat trans--

port icops frc= initial conditions of 55 of rated reacter pcVer and 755 of full
flev.

1. I3"[?CDUC"'ICU

The FF 7 has been designed to provide shutd:,vn heat receval utilizing
natural ec:rtective ecoling in the event that the nc=al forced flow cooling
capability is not available. [1] A series of tests are planned during the
::n startup progrs: to confir plant decay heat rejection capabilities by
natural circulation. [2] The pri=ary icop and vhcle plant testing is fccused
en satisfactory transition to natural circulation assu=ing le: of all elec-
trical power to the pu=ps during operation at full pcver, end-o.-life burn-up
conditions. "'his paper briefly su==arizes this series of planned tests. It

describes the instru=entation to be used in these tests and prevides detailed
test plans and analyses for the first test in this series; a reactor scrs= to
natural circulation frc= 5% pcver and 75% full ficv. Tests in an :':S secondary
loop of t'ransition to natural circulation frc= refueling conditions, a second
=ajor objective of the natural circulation plant acceptance test progrs=, have
been ce=pleted and are described in =cre detail in Reference (3].

.

2. _ NATURAL CIRCULATION "'IST PLUIS

"'he principal cbjective of the ::u natural circulation tests is to
confir= adequate FF:P shutdevn heat rejection capability utilizing a series
of tests which cul=inate in prototypic transients that ~. quire =inimal extra-
polation to the li=iting design cases. To facilitate required extrapolation
and to ensure that the relevant processes are understood, analytical models
vill be sufficiently validated to establish their acceptability for safety
evaluation. The progression of tests has been designed to assure that
transient fuel cladding tenperatures are maintained within nomal steady state
operating values to sinimize the potential for damage to sr.: fuel; protection
of plant ec=ponents has been given similar attenticn. A secondary Objective
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.of the testing is to collect data for further refinement of analytical models '

,

'used in the prediction of natural circulation perfor=ance.

The planned sequence of tests for confiming an acceptable trarution to
natural circulation frem full pcver, saximum turn-up conditions consist of
(1) a reactor sc' am to natural circulation frca 55 pcuer, 755 flow, (2) low
power (<55) steady-state natural circulation tests, and (3) high power scram
transients to naturd circulation conditions.

The first test (scram from 35 power) is the principal subject of this
Thispaper and will be conducted prior to reactor operation at higher power.

test is designed to provide early confirnation of sufficient shutdown heat ,

removal capability in the reactor vessel and the primary heat transport loops
to assure adequate decay heat removal during early phases of plant power,

testing. The detailed test design and planned evaluation is addressed belev.

Fo11cving the initial ascent to pcver, a series of natural circulationI

tests is planned at icv fission power (<55). These tests vill seasure loop
and core perfor=ance duri::g steady-state operation utilizing natural convec-

; tion in the pri=ary and secondary ?.est Transport Systems. These steady-state
tests are designed to provide key sedel verification data including icep
pressure drop /themal head correlations, in-core inter- and intra-subasse=bly

4 flev redistribution infomation, and unbalanced lecp heat rejection data.i

A final series of reactor scrs=s to natural circulation is planned frem
the folleving initial power, flew, and decay heat ccaditicus:

355 power, 755 flew, 1 hour at power.

J 755 power, 755 flow, 1 hour at power, and,

.

1005 pcver, 1005 flow, 25 hours at pcver..;

The f.nal transient is highly prototypic of the limiting case total loss of
pu=p electrical pcuer design transient, providing a rather direct confirmation
of tha adequacy of FFTF decay heat receval capability. Other tests in the
seriet vill support extrapolation frem this test to the =axi=us burn-up
condition.

Fiaal pretest predictions have not been ecmpleted for the low power scrs=,
the steady-state, er the high power t.ransient tests. Preliminary predictions
vere previr.,rsly reported in Reference (2] . letailed analyses for the 55 seres'

: are repcrted lat.cr in this paper. Final pretest predictions vill be issued
approximately one scnth prior to actusi test perfc = ance.

,

!

3. NA'"L?AL CIFOJLATICN TEST INSTMENTATION

In-core instrumeatation for the pri=ary system natural circulation tests
includes two Fueled Jpen Test Assemblies (FOTAs),. a Vibration Open Test
Assembly (VOTA) and an Absorber Open Test Assembly (ACTA). The core map of
Figure 1 shows the ;ocation of these assemblies in the core. The 70TAs, one
in row 2 and the other in row o, .are prototypic of the F7TF driver fuel ]
assemblies with the moccuple temperature instruments provided in pin wire

_ vrap, en the duct vall.t and in the cutlet stalk which extends above tne sub- |

assembly outlet. Each DTA has approximately kh themoccuples distributed
throughout the sub-assembly (e.g. see Figure 2). A specially calibrated eddy
current flov=eter is located is each FOTA sub-asse=bly stalt. Several of the
FOTA ther:ccouples vill be used to provide a high temperature scram signal
-during the steady-state natural cir culatica tes:s; thereby providing automatic

l
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test tezmination if unexpected cladding te=p;raturcs ars =Tuured. The ACTA
contains absorber pins prototypic of a control red assembly and is also
instr.:=ented with nu=erous ther=cccuples and an eddy current cutlet flow =eter.
The VOTA is a structural assembly which contains ther=occuples, an Outlet |

eddy current flow =eter, and self-powered fission chambers for measuring ;
i

neutron flu levels. The t o FOT>s and the VOTA are currently installed in
the cere. The ACTA vill be leaded after the initial ascent to power and vill
not be available for the 5% scrs= test.

The in-ccre thermoccuples are expected to have an aceracy of :1 -3C
depending on the success of planned averaging and isother:al calibration
procedures. The FCTA eddy current flev=eters utilize phase detector elec-
+ronics and have been calibrated in ex-reacter sodi= loops at lov ficvs
to an accuracy of :60 cc/sec. which is less than 26% .f the expected faeled
sub-asse=bly ficv during the 5% scrs= test.'

In adiition to the instr.:=entation in the OTAs described above, each core,

pcsition is instraented with an eddy current flov=eter and ther=occuples,

i located in the instr =ent tree abcve the sub-assably outlet. This instruent-
ation is expected te be of li=ited value for =odel calibration due to the slev
response ti=e of tha instrment tree ther=occuples and the possibility of
crcss flow betvem sub-assemblies through the gap between the sub-asse=bly
handling suchu :.t.d the bottc= cf the instr =ent tree. Nonetheless, all of
the flevneters have been calibrated in an ex-reacter sedi= 9st lecp at
high flows and selected fievneters (as shown in Fig.1) have been provided
with phase detection electronics and have been calibrated in the natural
circulation flev range. The selected assemblies include FCTA "tvins" and

.

neighbcrs to isolate effects attributable to the FCTA stalk er to cross fiev.
1

Reacter power vill be =easured using installed neutron flux instra en-
tation (c::=pensated ion cha=bers) located in the cavity cutside of the reactor
vessel. These chambers vill be calibrated using calori=etric =ethods with an
expected accuracy of (:T.k%) dring the initial ascent to power. '"he line-

arity of the ex-vessel cha=bers devn to the lov pcvers used in the natural
circulation tests vill per=it transfer of this calibration. The assumption
involved can be checked using in-core self-pcvered fission cha=bers in the
VCTA. Since the reactor ther-a' pcVer calibration vill not be done until
after the 5% scrs= test, the reactor power level uncertainty is expected to
be :20% for this early test (though the subsequent =cre accurate calibratica
vill be transferable to the test data). The decay heat ec=putation has an
uncertainty of t12% for an overall pcver uncertainty of :325

"he instraentation in the heat transpcrt loops during the natural cir-
culation tests includes per=anently installed Resistance Teperature retectcrs
(RTDs) in the primary and secondary loops for = essure =ent of loop aT. Prd-a y

loop flev is measured with the =agnetic flev=eter located in the cold leg!

which has been calibrated using a Pulsed Neutren Activation (?HAl [k] flev
=eter (:5% of readingl which vill be operating in a least one of the second-

I ary loc;s. In addition, te=perature data vill be obtained "- -ercus
process ther=occuples located in coth the reactor vessel and pri=ary and
seccndary loops.

h. TES"' DESCRIPTION, SCRA'! yRCM LOW F0VER (5%1

The first test planned to address natural circulation in the FFTF pr'-a f
loop and reacter vessel is a plant scrs= frc= 5% pcver (20 Mv} , 75% flev.
The prf=ary pu=p pony =otors vill be de-energi:e1 just prior to reacter scra

_ _
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so that the reactor vill undergo a transition to natural circulation fonoving
7

i
autcmatic trip of the pu.ap main motors upon scrsm. The test vin be condu.ted
prior to power operation above 5% pe and after steady cperation for
approximately 1, hour at 5% power. The calcuhted decay heat curve fonoving

i the transient as shown in Fig. 3 The secondary loops vill be operated with
pump pony sotors and with cold leg temperatura controned (via air flev

j cdulation) during the transient.
,

J

31s particuler test was originan y incorporated into the test program to'

prcnde experience in planning, conducting, and evaluating a transient natural
circulation experiment at a sticiently Icv reactor power level that risk to
the fuel and the plant canponants vould be sinimal even if the plant response
exhibitM unanticipated behavior. I=plicitly, a requirment was established
that ar significant unanticipated phencuenen be 1:ientif'~i. The role of the
test was extended scmewhat when the project elected to et t t subsequent

a

higher power plant testing upon demonstration by this test * sufficient plant

natural circulation capability to safely reeve the decay heat associated with
the lov total turn-up planned through the subsequent test s eries . To reet
both of these objectivea, it was necessar-/ to characterice the feasible range
of ncrmal plant response (hence defining an unanticipated result) and to
establish a criterica for vermitting fonov-on tests to proceed as planned.
These tasks necessitated stu:iying the relevant uncertainties (in plant data, ;

' =cdel parameters, test seasurments, and model structure) and then dete'. ining;

vhether the test, the instrumentation, and the planned evaluation, given the
'

uncertainties, cculd be expected to =eet the cbjectives. This process is the
detailed focus of this paper; such focus providing dire ' ~ ation for,

' those foncvit.g the FFTF tests and serving as an exercise in the develep=ent;

tof verification and validation technology.

The analyses performed to study this test have empicye<i pri=arily the
7" Westinghouse preprietary computer progrsm, IAES [5]. IAWS is a ec=plete

plant simulation similar in st:.teture and purpose to the more videly available
CSIO program. (ol Se principal si=plifying assumptions in the =cdel pertinent
to the icv pcver test are character 1ced by the inclusion of cniy one funy"

dyna =ic thermal / hydraulic channel in the reactor and one-dimensional =cdeling
of the fluid flev process. To 'ccupensate fer the first assumption, which can
readily be shcvn to be invalid with ISR-II data, the model is augnented withd

a quasi-iynsmic treatment of the fuel *cypass ficv (18% of total reacter flov
at steady-state for ??TF1 and the use of flev dependent factors to extrapolate

Theto a particular assembly frcm the calculated core average asse=hly.
.

'

I second assu=ption is not expected to be i=portant for this test since the fuel
assemblies will daninate the loop response and since a flov dependent
nultiplier is again employed to reflect the effect of intra-channel the:=al/
hydraulic mixing processes within an assembly. The two flow depen: lent facters*

are generated with 7LODISC and CCERA as discussed in [1] . The sensitivity of
the predictions for this test to the assumptions made in deriving the flev

;

!

dependent factors and to the uncertainties in actual plant =ulti-sannel
behavior, are assessed with 710 DISC and CORA [7], which model W.ta.ple

t- clustershydraulically-coupled, adia5atic-boundary channels and fuel as.>

with the INERGY =ethod for interchannel energy transfer, respecti7ely. These

|
progra=s require an IAWS-generated core driving pressure or tota' flev bcund-

,

ary condition, with attention required to ensure model compatibility.
Sensitivity results are discussed belev.

As a baseline for later comparisens, the ncminal IAWS predictions for
the planned test are shcvn in Figures k and 5, sith te=peratures and flevs
respectively. Tempsratures shown incluie average asse=bly mean coolant at

.

top of active fuel sene, and rev 2 FOTA (H70ll) peak coolant at top of active I
|,.

1
!
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fusi tona. Flova includ2 the total icop flow and tha estimated E011 psak -

temperature risa is predicted to ba 31*C ' occurring 2k3 seconds into tha svant.
Extrapolation from the core average state variabits calculated by IANCS to the

,

EFoll peak =easured value was pertened using the same flow dependent analysis
previously used to provide the hot channel estimate present in the hot channel
=odel. The commen =cdel assu=ptions for the hot channel facter and the EF011
predictions helps assure that the accuracy (or conservatis=) of the EF011 T/C
prediction can be related the IADUS het channel =cdel. The nearly linear

temperature rise rate from 60-120 seconds has also teen selected for evalu-
ation as it represents a significant =easurable process characteristic. The
heatup rate during this period is effectively a function of decay heat, ccre
= ass, and heat capacit/ vith relatively lov sensitivity to core hydraulics.
A quasi-equilibrin: " steady-state" is reached after 600 seconds though upper
pertices of the outlet plecu=, irrelevant to 1 cop themal head, vill still be
heating.

5 SE3SITI'T"Y

In' order' to assess possible alternate out c=es of the test, sensitivity
studies were perfcmed with the IAUCS =cdel. ?eo pars =eters selected for

! variation in the initial sensitivity study vere decay pcuer and pressure drop,
the =ost sensitive design-event pars =eters. [1} The transient frc= 55 pcVer
is not sensitive to pu=p coastdevn time since peak te=peratures occ= rela-'

tively lang after the pu=p steps and, further, tests already cc=pleted have
eli=inatti =ost ccastdevn uncertainty. In the period inmediately folleving
the pu=p :castdevn a definite relationship is expected between power, flov and
AT. Decay pcver, treated as a pars =eter, directly represents uncertainty
in power in this relationship. Flov, in turn, is determined by well-known
system geometry, aT, pressure drop, and some transient phenomena.i

Treating the pressure drop as a pars =eter eculates the flow uncertain y in
the relationship. Consequently, it is inferred that results generated ever a

;
bread range of these two parameters enecmpass most foreseeable outec=es Of the

,! actual test. ?/o significant dependent variables which could be =easured
I dring a test are the peak te=peratre rise and the ti=e of the peak temper-
]

e.ture rise frc= the start of the transient in seconds. Figure 6 shows
calculated points of peak EF011 te=peratre rise and elapsed ti=e to the peak
for various ec=binations of decay pcver and core pressure drop. Eigher pre-vere,

4

drop causes a higher peak te=peratre later in time, while higher decay pover
leads to an earlier, higher peak. The test result on this g-id vill penit*

interpolation of pressure drcp and decay power =ultipliers yielding a si= ply
" calibrated" =cdel, provided no significant defic:.ercies exist in other areas

i of the IA3US :odel.

Additional sensitivity runs were =ade to analyce the effects of other
I potential contributors to test uncertainty. The sensitivity to = ass in the

upper pin structure was obtained. The mass above the core was doubled in ene
run and was distributed very nonunifomly in a second run. "he effects in ,

|
both cases were small. Other sensitivities examined in this study were the

i sensitivity of the HF011 T/C reading to the degree of coupling to the mas.1 of
the duct -vall, 'ihe sensitivity to fuel gap conductance, and the sensitivity
to initial power. Fredictions for the flev and temperature measure =ent for
the test under each of these cases are listed in Table I. These predictions

are for: (1) the te=perature rise at the tcp of the active cone in EF0ll,
aTgyoll, at its peak in the transient, (2) the time of the transient peak,
T=ax, (3) the change in Tgyoll between 1 and 2 minutes into the test, T -2,1
(h) the locp flow, '41com at t=ax, (.51 the flow through E70ll, 'J37o11, at :=ez ,
and 10 =inutes after the initiation of the test, -(61 aTgyoll, (J F '4 oop and (S)1

Table II consists of the results of the Table 1 analyses expressed
*4EF011as a = atrix of sensitivities , reflecting predicted changes in each =easured

- -- - -- - .
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system state assuming a unit change (i.e.100% change) in each of the uncertain j
'

pars =eters (except for Qo where the uncertainty was bounded by a 20% change).

A =cs: usefal result of these studies is the insensitivity of the temper-
ature rise between ene and two minutes to all pars =eters except the decay j

i

power and the duct = ass coupling. This insensitivity to flev =eans that one
can estinate the decay power frc= the EF0ll T/C reading which, in turn, an:vs
estimates of the reactor pressure drop Irc= the flevs at peak teperature er
frc= the quasi-steady state teperature and flows. Esti=stes obtained fic=
these tesparature and ficy =easurements shculd be consistent with the vi.nes
of Qd and AP obtained frc= the grid in Figure 6. In the next section the
appropriate degree of consistency is discussed.

The i= pact of the uncertainties in the pars =eter values was assessed by
bcunding the and then using the sensitivity = atrix to calculate the resulting
uncertainties in the interpretation of the measured values su==arized in
Table III. Colu=n 3 in Table III presents the =easured state uncertainties
due to a possible d change in the shape of the decay heat curve between the
time of the peak and the quasi-steady state at 10 =inutes. The uncertainties
in Colt =ns h-7 refleet the results of the Table II sensitivity studies. The
esti=ated uncertainties in Mus and in M(Z) represent plausible bounds; the
uncertainty in the duct =sss effect was based on a CORA run which indicated
a ec=paratively flat '.cprature profile across the assably for the test.
Column 3 in Table !!I consists of the additional uncertainties in the measured
values due to statistical hot channel facters.

Colu=n 9 in Table III is an estimate of the effects of three known =odel
structural apprcxi=ations whose effects were estimated withcut a direct
ec=parison of IA3US sensitivit/ runs. The three =cdel approximaticas are:

no radial heat transfer in the reacter core or vessel,
.

no flov =ixing under the instr =ent tree,.

a single nede upper plenu= without a stratificatien =cdel..

All three effects are expected to be sman in the low pcVer test. "'he
reliance of the analysis of EF011 teperatures for verification =inimizes the
effect of heat transfer since an of the sub-asseblies have pcVer-to-flev
ratics which are close to that of E7011. 570E has a stalk which prevents
cross flow for the assembly. Finally 1cv flov and plenu= AT should ~#a#~'--

stratification. Nevertheless, the effects are relevant for this test and in
the design case and sc=e uncertainty allevance was judged to be appropriate.

Radial heat transfer beyond i==ediate neighter assemblies vill act to
effectively deposit =cre decay heat in the fuel bypass channels , resulting in
a lowered flow through the core and a later peak te=perature - =uch like
increased AP and decreased Qd. Coolant sixing under the instr =ent tree vill
te.nd to reduce the adverse c"4mey effect caused by the cold sedium in the
instr =ent tree and reduce instr.=2ent tree pressure drop, both effects causing
a reduction in core a?, but without benefit in the ?OTA. Since fiev vill be <

|Acv and the bypass sodium temperature vill be quite close to the upper
plenu= teperature, plecu= stratification causing bypass stres=ing into the |

cutlet no::le vin be negligible. The si=plified uppar plenum =cdel veuld i

be =cre significant in the design transient. AH three =cdel apprcxi=ations
affect only the cere pressure bcundary conditions. Hence, the rate of heat-
up is insensitive to these uncertainties, and an esti=ste of the decay power
in EF0ll Sased on heatup rate veuld be unaffected by the uncertainties.
Estimates for the effects of these structural approximations on flev sensitive
=easure=ents were obtained by treating them as effective AP and using the



. s.
n

ssnsitivit/ s:.trix. Ths estimatse are listed in Colt =n 10 of Table III.
The subtotals of uncertainties i: Column 11 represent the appropriate

uncertainties in the measurements when the test results are to be used to |estimate Qd and 2. Ihat-is, these uncertainties vill indicate the precision
lvith which a determination of Qd and 2 can be made, given this test. To

establish the best posalble estisate, there are six sethods of obtaining Qd
and a? given in Table ".7. The uncertainty for each esti= ate of Qd and &
is calculated frem the sensitivites in Table II and the uncertainties in
Column H of Table I!!.

6. IVALUATION OF TEST RISULTS

To satisfy the initial test objective, ve need only observe that an
unanticipated result is one which is outside the bounds spec ### s 'y the total
a priori predictics uncertainty. Alternately stated, the total a pricri
prediction uncertainty represents the resolution itnit for this test to
uncover unanticipated phenc=ena in the FITF. Failure to uncover an unantici-
pated result vill provide a technical basis for proceeding with the natural
circulation test plan for the steady state tests. In these tes's and
subsequent transient tests, =cre precise screening for unanticipated phencsena
can be perfer:ed. Shculd an unanticipated result occur in the low pcver test,
a = ore detailed analysis and a closer examination veuld precede the next
natural circulation test; scme changes in the follev-on test plan =ight be
made to resolve any outstanding ancmaly.

The second test objective, verification of sufficient plant natural
.

ciruelation capability to per=dt plant testing at higher power levels, can
be =et by perfer=ing an approximate calibration of the medel by esti=ating
the most sensitive parameters, 04 and a?, using the icy power test result.
Since these are only two of -a y actual uncertainties (plant data paraseters,
sedel structure), the esti=ates for Q,3 and AP are expected to be distered
frcm real values. To ec=pensate for the known approxi=ations involved, the
error beunds frc= the intersection of the six methods in Table IV vin be
used to generate an extreme, conservative esti= ate of Gd and a?. This
constitutes a "verst case" estimate of results of the low power test. Further,
to aHov for potential unkovn error scurces, ve use this result as ve vculd
use a ncsinal value and we apply the conservatism of the " safety evaluation
medel". Pren with this conservative precedure, the =argin to the established
limit is sufficiently large to allow an expectation of a successful test
result. Fr:m this result we conclude that the low pcver test, while inherentlye

i= precise, is suited to the intended purpose. Should the final esti= ate be
beyond the established lisit, additional evaluation or supplemental testing
vill be perfer=ed.

.

f

i

T. SUMMARY AND CONCLUSION

In the FFTF natural circul.ation acceptance test plan a low power scras
test win be performed prior to operation of the plant at a pcVer level above
57. . This test result will be used to deter =ine effective values of decay
povu and reacter pressure drops; these values will be used as nominal i= puts
to the " safety evaluation model", providing an approximate, but sufficiently
accurate calibration to the model to permit demonstration of safe decay heat
removal through the ensuing test series, pending cc pletion of additional,
more precise natural circulation tests. The meaning of the lev pcver test

!=easurements vill be partially obscured by IANUS sedel si=pli_'ications,
,

1

I
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parsm3 tera and plant dats unc;rtaintise, and tho s$asureint intecuracits.
As a result the deter =ination of decay power and pressure drop is less certain
than =easur eent errors alone veuld indicate. This study establishes a priori
bounds for total uncertainty and also prescribes the use of redundant
sessureents to help to i= prove the quality of the determination. An
uncertainty-b~cadened criterion for model acceptance is also developed. The
conclusien is that the proposed test is designed to satisPf the established
obj ectives . Further the techniques applied here, when uncertainties are
large, =ay also prove useful for designing and evaluating future tests planned
for =cdel verification and validation.
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Sensit ivit!! Mall'ix fol' 5% Tsursaierst Nattensil Cis'estlatious Teot

:
MEASUREMEtIIS PARAMETERS

.,
.

Transient aP O Upper Structure Duct Q (%)- Axiol Distribution
d , of MossMass

ATitF01l( C) 6.3 21 0.03 1.1 . 3.4 -2.8

20 -45 7.5 .' -25 -16 0
g ,(sec)t

Il-2( C) 0 8.8 0 1.1 1.4 O
,

2W pI -0.0541 0.071 -0.02 -0.02 0.079 0
goop

WilF0ll(%) -0.0973 0.271 0.02 -0.05 -0.079 0

Steady State
.

Tilf 011( C) 3.6 9.4 -0.3 -2.2 1.I O

.

W II -0.0011 0.106 0.035 -0.01 0.006 0
Loop

WilF0ll(%) -0.0773 0.212 0.040 -0.02 0.007 0 .

.

liie variation in piedicted values for a 100% cliange in the parameter (except Q ).I ,

2 All flows are expressed as percent of design flow.

IIEDL 8002-095.2
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Table TV
Uncertainly in Decay Heat (Qsl) anul Procusss.e prop (AP)

Unces sointies
Melled Measur ement

II 82 Od AP

itF0ll E' max 3 I ..ux 0.29 0.53 ,

1 T

loop 'nex) 0.24 1.17IW
2 T I-2

W ft 3 2.2"
11f 011 max'3 "

l .0
ilf ell (SS)

"
T"

4

1.3"

W,,p (55]"
5

2.1
w,, poi 3 [ss]

a
-

6

.

.
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APPENDIX C
,

PRETEST PREDICITONS OF THE THERMAL

AND HYDRAULIC RESP 0ftSES OF THE FUELED

OPEN TEST ASSEMBLIES TO THE 5% POWER

NATUAL CIRCULATION FFTF PLANT STARTUP

TEST, HEDL-TC-1778, OCTOBER 1980
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