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1.0 INTRODUCTION

This report contains DEMO (Reference 1-1) pre-test predictions for the
transient natural circu.ation tests to be conducted in the Fast Flux Text
Facility. Calculations of transient flows and transient temperatures in the
reactor and the primary and secondary heat transport locps are presented.

Tnese pretest predictions were made as part of the Breeder Reactor Natural
Circulation Verification Program. The purpose of the program is to determine
the validity of DBMO for whole plant, breeder reactor, natural circulation
analysis. Post test comparisons of the flows and temperatures measured in
FETF to the pre-test predictions in this report are an important part of the
DEMO vor if ication. Subseguent to completion of the FFTF Natural Circulation
Transient Tests, it is planned to issue & report making compar isons of these
pre-test predictions with the FFTF test data. The logic to be used in the
post test comparisons and the criteria with which the adequacy of the DEMO
models and the data used for the predictions will be judged are given in
Section 8 of this report.

The DEMO verification is part of a coordinated effort to verify a series of
codes for breeder reactor natural circulation de .y heat removal analysis.
DEMO will be verified for whole plant analysis, COBRA for whole reactor
analysis, and FORE-2-M for fuel pin analysis. The principal variables of
interest from the DEMO analysis are the total primary heat transpori <y<*em
flow available for croling the reactor and the reactor inlet temperature. The
reactor flow and inlet temperature ae input variables to COBRA. COBRA is
used for an overall Reactor Therma!-Hydraulic analysis. 7OBRA provides
thermal hydraulic boundary conditions to FORE-II-M. DEMO also predicts
temperatures for lumped regions of the core (fuel, non-fuel, and bypass
regions are calculated for FFTF) and hot-spot temperatures for selected
fuel-coolant locations; however, COBRA and FORE-II-M are relied upon for the
final values of these temperatures.

The FFTF Transient Natural Circulation tests that will provide data for the
code verification are planned as part of FFTF's Acceptance Test Program. In
these tests the reactor will be scrammed (causing the sodium pumps to be
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2.0 TESY DESCRIPTION

A series of transient natural circulation tests will be conducted as part of
the FFTF acceptance tests. The transient natural circulation tests are
described in Hanford Engineering Covelopment Laboratory (HEDL) Test
Soecification TS-51- 5A008, Revision 2 (Reference 2-1). Excerpts from this
test specification, relating to and necessary for the DEMO code ver ification
are reiterated below.

The test specification covers tests of the tramsition to natural circulation
cooling fram a series of steady state at-power initital conditions. All the
rests will be initiated with a reactor scram and main coolant pump trip. The

tests as described will include:

A) A transition to natural circulation in the primary loop f rom 5%
reactor power, 75% primary loop flow. The secondary loop pumps will
coastdown to 10% speed at which time pony motors engage and provide
10% secondary loop forced flow.

B) A transition to natural circulation in both primary and secondary
loops from 35% reactor power and 75% flow.

C) A transition to natural circulation in both primary and secondary
loops from 75% reactor power and flow following test subset B, and

D) A trunsition to natural circulation in both primary ana secondary
loops from 100% reactor power and flow.

Tne parts of this iesting that are of direct interest for DEMO code
verification are the transients run from the three normal power points, i.e.,

100%, 75%, and 35% reactor power --test subsets, B, C and D above.

The plant conditons at the beginning of subset B of the natural circulation
tests are specified as follows:

6071A--602A
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1) Reactor Power at 35% +1% of 400 Mw.

2) Primary loop flow at 75% :1! of 13,443 GPM.

3) Primary c)d leg temperature at 630 +5°F.

4) Primary hot leg temperature at 750 :SOF.

5) Secondary loop flow at 75% +IX of 13,200 GPM.

6) Secondary cold leg temperature at 602°F.

7) Decay power between 1.4 and 1.7% of 400 Mw.

8) Al six heat transport system (HTS) pony motors de-energized.

The transient wil) be initiated by scramming the reactor, which causes a rapid
control rod insertion and a trip of all six HTS sodium pumps. The pumps will
coast down to zero speed, and the plant will undergo 2 transition to natural
circulation flow. The peak core temperatures will be monitored by measuring
Fuel Qpen Test Assembly (FOTA) temperatures. Eight temperature channels are
displayed in the control room. The test will be continued until the primary
hot leg and secondary coid leg temperatures ae within 50°F, at which point
the primary and seconday pony motors will be started.

Subset C (from 75% power ) of the tests will be conducted after subset B of tne
testing has been successfully completed.

The plant conditions specified for the beginning of subset C of the tests
inciude:

1) Reactor power at 75% +1% of 400 Mw.

2; Primay loop flow at 75% +1% of 13,443 GPM.

3) Primary ld leg temperature at 662 +5°F,

4) erimary hot leg temperature at 920 +5°F,

5) Secondary loop flow at 75% +1% of 13,200 GPM.

6) Secondary cold leg temperature at 602°F .

7) Reactor decay power to be 3 to 3.5% of 400 Mw.

8) A1l six heat transport system (HTS) pony motors de-energized.

As with the subset B tests the transient will be initiated by scraming the
reactor, ciusing a trip of all six HTS sodium pumps. The pumps will coast
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Jown to zero speed, and the plant will undergo a transition to natura)
circulation flow. The peak FOTA temperatures will be monitored by means of
the eight temperature channels displayed in the control roam. The test will
be continued until the primary hot leg and secondary cold leg temperatures are
within S00F, at which point the primary and secondary pony motors will be
started.

The subset D (from 10C% power ) tests will be conducted after successful
completion of the subset C tests.

The plant conditions at the beginning of subset D of the tests include:

1) Reactor power at 100% +I% of 400 Mw.

2) Primary loop flow at 10G% +1% of 13,443 GM.

i) Primary cold leg temperature at 680 +5°F,

4) Primary hot leg temperature at 938 +5°.

5) Secondary loop flow at 100% +1X of 13,200 GPM.

6) Secondary cold leg temperature at 602°F.

7) Reactor decay power to be 4 to 4.5% of 400 Mw.

8) A1l six heat transport system (HTS) pony motor de-energized.

Here again, the transient will be initiated by scramming the reactor, caus ing
a trip of all six HTS sod ium pumps. The pumps will coast down to zero speed,
and the plant will underm a transition to natural circulation flow. The peak
FOTA temperatures wil® be monitored by means of the eight temperature channels
displayed in the control room. The test will be continued until the primary
hot leg and secondary cold leg temperatures are within 50° , at which point
the primary and secondary pony motors will be started.
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3.0 MEASUREMENTS

The test data most significant to DEMD verification are measurements of
primary and secondary loop flow and primary and secondary hot and cold leq
sodium temperatures. These measurements will be compared directly to the DEMD
pre-test predictions. The instruments to be uysed for these measurements, the
max imum uncertainty for each instrument, and the expected instrument time
constants are listed in Table 2-1, The accuracies shown in the table for the
. *sistance thermometers correspond to test specification TS-51-4A009 Rev. |
(Ref. 3-1) requirements for precision measuring equipment with +5°F maximum
uncertainty. The FFTF Instrumentation System «gn Description, SDD-93
{(Reference 3-2) requirements for the RTD's specify repeatability and 1000 hour
drift of less than 3.5% for the instruments. Measurements tacen at
isothermal conditions prior to the steady-state tests will be used to quantify
measurement bias between the hot to cold leg RTD's, thus reducing errors in
the inferred AT. Therefore, the maximum error in reactor AT is estimated to
be less than 5°F. The +2% raximum flow error is based on the errors in

recent pulsed neutron act’vation measurements of flow in the FFTF primary and
secondary loops. The curve of magnetic flow meter's voltage response versus
measured flow, constructeu during these calibrations, will be used to obtain
flow data during the natural circulation tests. The values for the instrument
time constants are the comb.ned values for the sensors (estimated by FFTF
designers) and the instrument train through the data handling system
(specified in SDD 93). Power history prior to the test is required to
calculate the post-trip decay power,

The following data are to be acquired by the DDH&DS for the duration of each
test. The required scan interval for each parameter is specified following
the parameter. The feature of the computer that increases the scan interval
for selected parameters for 30 seconds following a scram is not to be used.

0 Reactor fission power (as provided by all three ranges of the

Hi?e Ran?e Nuclear Power indication and eventually by the LLFM
- 1 sec.
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TABLE 3.1

TEMPERATURE AND FLOW MEASUREMENTS FOR THE FFTF
STEADY STATE NATURAL CIRCULATION TESTS

Measurement
Primary Hot Leg Temp.
Primary Cold Leg Temp.
Secondary Hot Leg Temp.

Secondary Cold Leg Temp.

Primary Loop Flow
Secondary Loop Flow

*Accuracy is in % of reading

6071A--602A

Sensor
RTD
RTD
RTD
RTD

PM FM
PM M

z N

Sensor

Designator Accuracy

T-2x001
T-2X005
T-2X534
T-2X550
F-2x011
F-2x5485

+50F
#50F
#50F
+50f
0%

s2xe

Expected
Time

Constant
(Seconds)

>y W U On



R S B W N ——

R RSSO,

A1l fyel, absorber, and reflector assembly exit temperatures -
10 sec.

All fuel and reflector exit flows - 11 low flow PSD ECFM
(Phase Sensitive Detector Eddy Current Flow Meter) flows are
to be sampled at 1 second intervals. These are in positions
1201, 1202, 1703, 2101, 2201, 2202, 2610, 3508, 3606, 3610,
3707. A1) others are to be sampled at 10 second intervals.
Temperature channel from PSD output of 1202.

The primary hot leg temperatures (RTD's) - 10 sec.

The secondary hot leg temperatures (RTD's) - 10 sec.

IHX primary outlet temperature - 10 sec.

DHX module outlet temperatures - 10 sec,

Primary and secondary loop flows - 1 sec.

Primary and secondary pump speeds - 1 sec.

Reactor Overflow Tank (T-42) temperature - 60 sec.

Reactor cover gas pressure - 10 sec.

Secondary loop cover gas pressure - 10 sec.

Reactor vessel level (from the three PPS channels and the 5
ft. RV operating level probe) - 10 sec.

Primary pump tank level - 10 sec.

Secondary pump tank level - 10 sec.

Secondary expansion tank level - 10 sec.

Reactor overflow tank level - &) sec

DHX fan speed, inlet vane, and fine and coarse control damper
positions - the four DHX modules in Loop #1 unit are to be on
one second intervals. The other two DHX units (eight DHX
modules) are to be on 60 second intervals.

Nine exit temperatures from TLLM's(1) (7emperature, Liquid
Level Monitor) - 10 sec.

(I)These temperatures may be recorded by separate recorder if these channels
cannot be recorded by the DDH&DS.
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0 Nine intermediate level temperatures from TLIM U-355 - 10 sec.

o Three temperatures from PTP (Proximity Test Plug) - 10 sec.

The instrumentation for the two FOTA assembiies shall be recorded continuously
on magnetic tape or similar medium at a maximum scan interval of 1 second
during the test. The channels to be recorded includes the T/C's, eddy current
flowmeters and the additional low flow PSD channel for the flowmeters.

The instrumentation for the AOTA and VOTA assemblies shall be recorded
continuously on magnetic tape or similar medium at a maximum scan interval of
10 seconds during the test. The channels to be recorded include the exit
T/C's, eddy current flowmeters, and the additional low flow PSD channe. ‘“or
the ADTA flowmeter.

Pump coastdown time for each pump shall be recored.

6071A--602A



4,0 DEMO PLANT MODEL

The DEMO romputer code as set up to mode]l CRBRP was used as the basis for the
FFTF mode!. The steam side of the plant was deleted, and a simplified DHX
mode! was added. Geometrical changes were made to the reactor, IHX, pumps,
and piping to represent the physical characteristics. Wherever possible, the
same correlations and modelling techniques were used in the FFTF and CRERP
versions of DEMO.

A brief description of each component of the DEM” model of FFTF is given
below. A discussion of the reactor post-shutdown power calculation and the
DHX are included in Section 5.0, since they are not inherently a part of the
DEMO mocel, but are used as boundary conditions in the DEMO calculations.

4.1 REACTOR MODEL

The DEMO Reactor Simulation includes models for 1) reactor neutron kinetics
and decay power, 2) therma -nvdraulic models of the core and surrounding
regions and 3) thermal-hydraulic models of the inlet and outlet plena.

The standard DEMO medels for reactor kinetics and associated Doppler ard
sodium density feedbacks were used. These models are described in Ref. 1-1.
The neutronic data was taken from Ref. 4-1. Decay power as a function of time
is input to DEMO in tabular form and is discussed further in Section 5.

The inlet plenum for these pretest predictions was represented as a 1 node
fully mixed flu'd volume thermally coupled to the surrounding structure. The
upper plenum thermal behavior was calculated with the VARR I and PLENUM 2-A
(MOD) codes as described in Section 4.2,

The core/bypass region which takes flecw from the inlet plenum and discharges
sodium to the upper plenum is represented by three thermally independent
models which are hydraulically coupled at their boundaries - the inlet and
outlet plena. The thre~ separate models through the reactor are called the

-10-
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fuel, non-fuel, and bypass regions or channels. The fuel channel includes all
the fuel assemblies and the fuel open test assemblies. The non-fuel channel
inclydes the inner and outer reflectors, the radial shields and control and
shim assemblies. The bypass channel includes the vessel liner and the
in-vessel storage.

Dynamic flow redistribution between regions is calculated. At each time step
the fraction of total reactor flow through each channel is allowed to vary
until the total pressure drop across each channel is equal. The total
pressure drop in each channel is the sum of the dynamic pressure loss and the
static tnermal head. The thermal head is evaluat~d from the sodium
temperatures through the channel and the channel e avation. The dynamic
pressuyre drop is the sum of the friction and form lo.ses through the channel
and is a function of the channel flow rate. The static head portion of the
pressure drop is calculated directly with the DEMO thermal model by lumping
all the heat capacity 3f each assembly in the region together into one
assembly. The thermal behavior of the DEMO channel thus corresponds to an
average assembly.

The dynamic portion of the pressure drop was morz difficult to determine
especially in the non-fuel region where channels cf widely differing thermal
and hydraulic characteristics are lumped together. DEMO inputs the dynamic
pressure drop as a function of flow from comparison with the more detailed
whole core COBRA model. The COBRA model uses 37 different channels for flow
redistribution and also calculates heat transfer between the ragions. Further
details as to how the correlations were developad will be given in Appendix

C. The difficulty in developing a dynamic pressure drop correlation for a
group of channels is that, while the total pressure drop for the region is
constant, each individual channel has a different dynamic and static portion.
The best method found for the evaluation of the dynamic pressure drop was to
calculate it using the total pressure drop (constant for all channels) and the
static pressure drop (evaluated using mixed mean temperatures for all the
regions) both of which can more clearly be calculated for a lumped group of
channels. The DEMO dyanmic pressure drop correlations were determined by the
following method:
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Boyn = ¥Protar - Pstanic
DEM)  COBRA  DEMD

By using the DEMD static pressure drop and the COBRA total pressure drop this
method assures that the total pressure drop between DEMO and COBRA will be
consistent with small differences in the static head calculation being
compensated for in the dynamic pressure drop correlation. The dynamic

pressure drop correlations for each channel are given in Figures 4-1, 4-2 and
4-3, These correlations are data input to DEMO for the transient calculations.

A description of the thermal modeling of the three DEMO reactor <hanneis is
given below along with the channel elevations used in the static pressure drop.

The DEM) fuel assembly channel (illustrated in Figure C-3) is divided into 3
axial sections representing the active core, upper fuel (fission gas plenum)
and the flow tubes. The active core section models the 36 inches of fuel in
the a-tive core as well as the 6.5 inch upper and lower reflectors adjacent to
the fuel to the core. The active core is represented with 5 axial and 5
radial nodes with 2 additional axial nodes for the inlet and outlet
reflectors. The 5 radial nodes include inner and outer fuel, clad, coolant and
duct. The dimensions used for this case are based upon an average fuel
assembly. A1l of the power generated in the fuel assemblies (96.7% of the
total power) is assumed to be generated in this region with a cnopped cosine
power distribution.

Above the upper ref lector there is a 42 inch fission gas plenum extending to
the top of the fuel pins. The upper fuel region of DEMO models this region
with 5 axial-3 radial nodes. The radial nodes represent the clad, sodium and
duct. The dimensions for the clad, duct and sodium flow area are unchanged in
this region fram the active core. Lumped in with the clad however is
additional metal mass to represent the spacers and spring which are located
inside the cladding tube.

The lTast axial region in the DEMO fuel assembly model represents the hardware
from the top of the fuel pins to the top of the flow tubes. This includes the

607 1A--602A =1k
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the centerline of the inlet nozzle or 23.48 inches below the centerlirnc ¢ the
outlet nozzle. In calculating the noszle to nozz'e static pressure drop the
additiona! 23.48 inches is assumed to be at the upper plenum temperature.

The DEMO bypass channel represents the in-vessel storage and the vessel
liner. This section is assumed to be unheated and is modeled as a large on
node mixing volune. Because of the long transport time through the bypass it
is not expected that its temperature will vary much during a 1000 second
transient. The hypass is assumed to end at the horizontal baffle. This gives
the elevation of the top of the bypass channel to be 182.5 inches above tne
inlet nozzle or 35.5 inches below the outlet nozzle. For the static pressure
drop calculation this additional height is calculated to be at the upper
plenum temperature.

4.2 REACTOR VESSEL UPPER PLENUM

During the development of the DEMO model, it was found that a one-node “oially
mixed plenum model was not adequate for the purpose of calculating the
pre-test predictions. Detailed analyses of the upper plenum using two
dimensinnal mixing codes (VARR-I1, Reference B-2, and TEMPEST, Reference 8-3)
have shown that the outlet nozzle temperature transient was much more seve.e
than that predicted with a one node perfectly mixed plenum mode . Temperature
transients as high as 200F/sec. were noted in the detailed analyses, with
outlet temperatures as much as 700F below that predicted with a one node
model.

Appendix B contains a detailed description of the analyses done to describe
the upper plenum performance. The end result of the analysis was an upper
plenum mode] based on the PLENUM-2A code (Reference B-1), and modified to
match the VARR-II results for th: first three minutes of the transient. The
PLENUM-2A (modified) model was u ed for design case predictions and VARR-II
was used for best estimate pred ' ctions.

The PLENUM-2A model is a genfralized two-node plenum mixing model developed
from tests done at Argonne ‘@tional Laboratory. Figure 4-4 shows the general
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TABLE 4.1

REACTOR VESSEL UPPER PLENUM MODEL DIMENSIONS |

Reactor vessel inner diameter - 19.64 ft ;

Reactor vessel sodium level* - w16 ft (varies ‘
during transient)

D2 - UIS diameter - 4,195 ft :
r 12 - Core flow tube height® - 3.035 ft .

D3 - Qutiet nozzle diameier - 2.271 ft {

Z3 - OQutlet nozzle centerline height* - 1.958 ft

D4 - Core flow area equivalent diameter - 3.7 ft

e i

*A11 heights measured fram the top of the horizontal baffle.

!
|
i
-
i
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configuration of the upper plenum model. The model is initialized with the
entire plenum treated as a tot2lly mixed one node region. When the reactor
scrams and the pumps start coasting down, the fluid velocity and temperature
entering the plenum rapidly fal1l. When the jet height (detemined by the
Richardson number, the ratio of the gravitational to :%e inertial forces)
drops below 2 predetermined value (the p enum height for ““e normal PLENUM-2A,
four feet for the version modified to match VARR-II), the mooe switches to 2
two-node mixing model, The interface layer is initially located at the exit
height of the core flow tubes (ZZ in Figure 4,4) and a1l the flow leaving the
core is assumed to entér the annular region below the flow tube ewit. The
flow entering this lower region is integy ated over time, and when its volume
is 1.5 times the volume of the mixing region, the interface layer starts
rising at a rate dctemmined by the froude number. The size of the Tawer mixing
region then expands as more of the upper region fluid 1. mixed wi'h it due to
the rise of the interface layer.

This model was used for the design case runs only. This was done to aveid a
proloiged and unnecessary detailed analysis with VARR-1] for each design
case. The modifications dore to PLENUM-ZA to make it match VARR-1I were based
upon the 100% initial power best estimate transient, and were therefore only
correcr. for this one case. Even so, comparisons made with this 100% power
modified PLENUM-2A model against YARR-1I for the 75% and 35X initial power
mode) showed good agreement in the short term, with only slight differences in
calculated flow noted (see Appendix B). The modified PLENUM-ZA model was
therefore adequate for the design case rums since it agreed well with VARR-II
in the short term and predicted lower temperatures and thermal heads than
VARR-IT in the long term.

4.3 SODIUM PUMPS AND PRESSIRE DROP
The DEMO pump and loop hydraulics model is shown schematically in Figure 4-5,
The figure is strictly appiicable to the DEMO model of one secondary loop

which contains one pump and one flow node. In the primary loops, the cover
gas pressures and free surface levels in the reactor vesse’ and pump tank are
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wupled to the fluid motion equations, Also the fluid eguations for each of
the two modeled loops are coupled in the reéactor inlet and outlet plena, As
the figure shows, friction torque and pumping torque are calculated as a
function of speed and flow. The calculated pump speed and flow are the basis
for the .»ad calculation from the pump head correlation, Flows are calculated
as functions of the coupled pump head, thermal head, and fluid friction and
and form losses.

The DEMO equation of motion for each pump is:

2 IN,
W% $ =TT,

where N is the fraction of rated rotational speed No, and T, Te. and

T, are pumping torque, friction torque, and motor torque, respectively,
normalized to refe” oce torque Tp. | is the pump rotational inertia. The
pump is coupled to the fluid through the pumping torque and through the pump
head-flow-speed correlations. Data for these correlations and the pump
inertia, were derived from extensive pump tests conducted prior to the pump's
installation in FFTF (Ref 4.2).

The loss torgues modelled in DEMO account for motor windaye, friction betwean
the pump shaft, and surrounding fluid and oearing losses. These are
determined experimentally in such 2 way that the total of the pumping torque
and loss torques is accurataiy represented for a pump coastdown. Thus if the
pump torgue departs from Q/N similarity at low speeds because of non-similar
hydraulic inefficiencies the torgque differences wou 1 be accounted for in the
friction torgue terms.

The head-flow spezd correlations for the FFTF pumps are as follows:

Primary Pump

-;! = 1.7798 + 0.170395 % - 0.223508 (%}2 - 0.12654 (%)3 + 0.020458 (&)4
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h = Jead ;’ft!
o %ed %RPM}
Q= Flow §GPH!

Secondary Pump

h -
Sy e 1.2265 + 0.3347 § - 0.4717 (S)2 - 0.025033 (%)3 + 0.00739 ( %‘

&3 He ad éftz
i Sgeed ‘RPM‘
q = Flow SGPM!

The pumping torque correlation, which is valid for both the primary and
secondary pumps is as follows:

= 0.43336 + 0.70175 § - 0.21684 (%)2 - 0.5889 (§)° + 0.30622 (&

*
i,
N
..07663 (&)5 + .00736 (&)6
where
T
T =
1
GPM
¢ 0

TR = Reference Torque
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The effective pump rotational inertias determined from coastdown datz were
16,728 Ib-ft2 for the primary pump and 8368 lb-ftz for the secondary

pump, These values were used in the best-estimate transient predictions. The
inertias specified for the design of the pump in the System Design Description
(Reference 4-2) were 18,000 1b-7t° for the primary pump and €500 1b-fFte

for the secondary pump. These values were used for the design case pretest
predictions in Sectien 7.

The pressure Orop data is input to DEMD as correlations of AP as a function of
mass flow rate. These correlations are based on test data taken for specific
camponents during their design or design verification and on standard AP
ctorrelations for other components such as piping.

‘ Correlations for main heat transport system pressure-dgrops are as follows:

1) The secondary loop (Figure 4-6)., This is a lumped AP vs. flow for
the kX secondary side, piping and fittings and the DNXs,

2} The reactor vessel to primary pump flow path (Figure 4-7). This is a
Tumpee correlation for the reactor exit nozzle and the piping and
pipe fittings.

| 3} The primary pump to reactor vessel flow path (Figure 4-8), This
| lumped correlation models the &P of the IHX, piping and pipe fittings.

4) The primary check valves (Figure 4-9),

51 The main coolant pump stopped rotor AP (Figure 4-10).

The development of these correlations is discussed in detail in References 4-2
.m “'Sa
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4.4 [HX MODEL '

The thermal model of the IHX includes bouth the tube bundle heat transfer ‘
region as well as the inlet and outlet p'ena for both the primary and
secondary sides. The tube bundle of the counter flow IHX is represented by 45
axial sections. Fear radial nodes, at each axial location, represent the
shell and baffle temperature, primary sodium temperature, tube wall
temperature and intermediate sodium temperature. Tnis model is based 2n a
one-dimensional flow model in which flow maldistribution is neglected., The
radial heat transfer coefficients are based on the Maresca-Dwyer correlations
which were recommended by the vendor. The tube bundle model is described in
detail in Ref, 1-1. The fluid transport/heat transfer between the fluid and f
structure in the plena are represented by 8 equal size axial sections each

with a fluid and a metal node. An alternating central-backward differencing
formulation is used to solve these equations, 7his model is discussed in

detail in Ref. 4-4,

4.5 DHX MODEL

The DHX model used in the FFTF pre-test predictions is a replacement for the
steam generator heat sink model which is a standard part of DEMO. The DEMD
verification objectives do not include the DHX, however, a simple heat sink
model was required to complete the DEMO plant model and make the
initializations and transient simulations reasonably straight-forward.

The OHX is modeled, thermally, as a simple counter flow heat exchanger, l
represented by 8 axial sections. Four radial nodes at each axial section

represent the sodium flow, tube metal, fin metal, and the air flov S5 DHX
inlet and outlet plenum are each represented as a single mixing r ~oupled l
to a plenum metal node. A symplified proportional-integral air flow

controller was added to maintain a set DHX sodium outlet temperature. Right
atter a reactor scram, when the DHX dampers are being shut off and the fans
are tripped by the scram signal the air flow was modeled to match the sodium
outlet temperature obtained from an FFTF IANUS calculation.
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4.6 PIPING AND PUMP THIRMAL MODEL

The accurate calculation of transient sodium temperatures throughout the plant
is essential to the calc ‘lation of the thermal driving head. Because it is
the thermal head which determines the flow after the pumps have stopped,
accurate mode).ag of the thermal heat cc, acity of the piping and components 1s
necessary. Thermal calculations are performed in DEMO using separate thermal
models for the piping, IHX, DHX, pump and reactor.

The FFTF plant contains approximately 1253 ft of piping in each of its th-ee
loops ‘333 ft in each primary circuit and 920 ft in each secondary circ “tj.
The DEMO piping model represents 2 loops vt piping with 52 segments eac.
consisting of 8 axial nodes and 5 radial nodes. The radiil nodes represent
the coolant, pipe wall, insulation, surface and ambient. With this layout the
average axial node length in the primary is 4.6 ft and in the seconcary 9.¢
ft. The finite difference formulation of this model uses an alternating
central-backward differencing technique to solve the equations. This method
minimizes the “"false mixing" (a numerical artificality that smooths the
ca’..lated axial temperature gradients in the fluid) effects introduced by the
approximation of the axial temperature gradient with temperature differences
across a finte node length. A more complete description of the piping mode ]
can be found in Reference 4-4. This mode)! ha- been verified analytically with
closed forn solutions (Reference 4-4) and experimentally with data from EBR-II.

In the FFTF pump, flow is ducted from the inlet to the impeller and from the
imp21ler to the exit nozzle. There is a net elevational change of 6 ft in the
pump making the calculation of accurate temperatures in the pump important.
The pump thermal model used in these pretést predictions is a “pipe-like"
model similar to the model used to represent the IHX p'ena. The duct is
represented by eight axial sections each containing a coupled sodium and a
structure node. The structure nodes account for the duct metal, the impeil.r,
and the sodium in the relatively stagnent sodium region surrounding the duct.
The sodium in the upper pump tank - neglected as are the leakage flows around
the impeller. The model used for i/ TF differs from the one used for CRBRP in
Reference .-4 because of the difference in pump design.

«31-
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5.0 BOUNDARY CONDITIONS

Power generation in the Reactor and power rejection in the Dump Heat
txchangers, which are boundary conditions for the pretest predictions are
discussed n this section, Unlike the temperature, flow, and power initial
conditions, the post-scram decay power, which is a function of the pre-scram
power history, cannot be precisely specified. Similarly, the transient heat
rejection in the DHX's, which is a function of air ambient temperature, cannot
be accurately projected. Additionally, verification of the simple DHX mode]
1S not part of the DEMO verification objectives, Therefore, the approach 15
to identify the DHX ogutlet sodium temperature and Reactor power as assumed
boundary conditions. Considerable effort has been spent in selecting
reascnab le boundary conditions; however, it is likely that post test
calculations made with the actual measured values for the DHX outlet

temperature and decay power hased on actual pre-test power history will be
necessary.

The post-shutdown reactor power generation is comprised of the fission power
and decay power. The fission power is calculated in the DEMO code with a
point reactor kinetics model. The decay power is input in tabular form as a
function of time, with separate tables f.r the fuel and non-fue!l assemblies,
The fuel assembly decay vower is the suvm of individual assembly decay powers
<sed by PNL in the whole core COBRA calculations. The non-fuel assembly decay
power table is similarly a sum of the decay powers in the control, shim,

ref lector assemblies and the fixed radial shield. The actual tables were
generated by the PNL whole core COBRA developers with the HEAT code supplied
by FFTF engineering. The power history for the 100% case assumed 24 ful)
power hours of cperation prior to the reactor trip. The 75% and 35% cases
assumeg 1 hour at 75% or 35% just prior to shutdown. The values of dec ay
power used for the best (stimate predictiens are shown in Table 5.1 for the
fuel assemblies and in Table 5.2 for the non-fuel assemblies.

The boundary condition at the heat sink is the sodium temperature exiting the
DHX. Figure 5-1 shows the boundary conditions for the 100X power nominal

case. The boundary conditions for other cases are in Appendix A. This
transient was prcduced by the simple DHX model and air contruller discussed in
Section 4-5,

-32-
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e

It is recognized that the DHX ocutlet temperature will morg than likely Ce
different for the actual test than that calculated in the pre-test predictions

because of different ambient tesperature conditions and Crudeness of the
simple DHX mode) used. Measured values of the DHK sodium outlet temperature '
transient will therefore be used .. an input boundarv condition to DEMO, if

necessary, during the post-test malysis.
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The primary pumps coastdown and stop in between SC and 95 seconds after their
trip. This coastdown is shown in Figure 6-19. The primary flow drops to a
minimum value of about 2% (260 gpm) of rated conditons 100 seconds after the
start of the transient. It then recovers to about 3% (390 gpm) as shown in
Figure 6-1. The drop in flow at 100 seconds can be explained from an
examination of the reactor temperatures. The reactor fuel assembly exit
temperature shown in Figure A-5 decreases initially because the reactor power
shutdown proceeds more quickly then the flow coastdown. Consequertly the
reactor and the hot leg piping are filled with cold sodium, causing a
reduction in the primary natural head as shown in Figure A-10. As shown the
primary natura) head drops to a minimum of .09 psi at 40 seconds. When the
pumps stop and tne flow is supported only by the thermal driving head, the
flow drops to a minimum while the reactor temperatures increase to 2 maximum
valuye. When the reactor temperature increases the thermal head recovers and
the flow recovers, From this it can be ceen that the minimum flow reached by
the reactor and the time required for it to recover has a significant effect
on the maximum reactor temperatures. Figure 6-3 shows the predicted
temperature at the location of the hot leg RTD for this transient. This
instrument is located 85 ft., upstream of the pump. The transient experienced
at this location is the reactor vessel exit temperature (Figure A-1) mitigated
by about 65 ft. of piping. Figure 6-4 shows the predicted temperature at the

ary cold leg RTD. This instrument is located just upstream of the cold leg
cne~k valve. The transient introduced early on (first 50 seconds) into the
primary c31d leg is caused by the collapse of the IHX primary outlet
temperature onto the secondary inlet temperature. Figure A-9 shows this
effect. This collapse occurs because as the flows decrease the dimensionless
size of the IHX becomes large and the heat is transferred more efficiently
from the primary to secondary side.

The secondary pump coastdown time is between «5-50 ceconds as shown in Figure
6-20. The resulting secondary flow coastdown is Shown in Figure 6-2. This
flow remains higher than the primary side, dropping to a minimur. of about 4%
(520 gpm) of rated conditions. The secondary thermal head is snown on Figure
A-10.

6015A-602A- ( $1478) -38-
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The secondary hot leg RTD is located upstream of the tec, before the DHX
inlet. The transient induced in this pipe is a -esu't of a change in the
ratio of the primary to intermediate flows. Figure b-5 shows the predicted
temperature at this location. Figure A-3 (Appendix A) shows how this
transient is mitigated by the piping.

The secondary old leg RTD is located 60 ft. downstream of the cecondary pump
outlet. Figure 6-6 shows the DEMO prediction for the temperaiure at this
location. The transient produced at this location is a result of the shutting
down of the air flow to the DHX. Figure A-4 shows how this transient is

mitigated by the piping and the pump.

Test C simulates a transition to natural circulation from 75% power and flow.
The initial conditions for this test are given in Section 2 with the power,
flows and secondary cold leg temperature used to fix the steady state
conditions. The shape of the transient curves produced in this run are
similar to those for the 100% case. As shown in Figure 6-7 the primary flow
drops from 75% to a minimum of 1.7% (220 gpm) of rated conditions at 100
seconds before it recovers to between 2 and 3% (260-390 gpm). In this case
the primary natural head drops to .07 psi at 40 seconds before recovering as
shown in Figure A-20. The primary hot leg temperature is shown in Figure 6-9.
This transient is caused by the rapid decrease in reactor outlet temperature
transported through the piping. Figure A-11 shows the primary hot leg
temperatures. The primary cold leg transient is shown in Figure 6-10. The
primary pump coasts down in 90-95 seconds for the 75% case as Figure 6-21
shows. The secondary pump stops at between 45-50 seconds. This coastdown is
chown in Figure 6-22. The secondary flow coastdown for this case is given in
Figure 6-8. As with the 100% case the secondary flow drops to a minimum of
4-5% (520-650 gpm) of rated flow. :igure 6-11 shows the secondary hot leg
temperature. Figure 6-12 shows the secondary cold leg temperatures. Both
these curves are similar in shape to the 100% calculations.
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Test B simulates transition to natural circulation from 35% power and 75%
flow. The initial conditions for this test are given in Section 2. As with
the other predictions DEMD was initialized by fixing the power, flows, and
secondary cold leq temperature and allowing the program to calculate the
remaining plant conditions.

For this transient the primary pump coasted to a stop in between 90-95
seconds. The pump coastdowns “or Test B cre almost i1dentical to those for
Test C shown on Figure 6-21 and 6-22. Figure 6-13 shows the primary flow
coastdown. In this case the minimum flow in the primary loop is 0.9% (120 |
gpm) at 110 seconds. '. should be noted that the pressure drop data is
extrapolated to this low flow. Therefore, more uncertainty exists in
predicted flow than existed in the previous cases. The flow recovers to about
1.7% after 1000 seconds. Figure A-30 shows that the minimum natural heac
reached in this case is .03 psi at 50 seconds. This is lower than the 75% and
100% power cases because of the reactor AT's are lower resulting in lower |
fnitial natural heads. The predicted primary hot leg temperatures are given

in Figure 6-15. At this low flow the transport time through the loop is much
greater than either the 100% or 75% power cases as can be seen from a |
camparison of the primary hot leg temperatures on Figures A-1, A-11 and A-21.

For the 35% case the sharp temperature drop at the reactor vesse] pit does not

reach the primary pump inlet (% 150 downstream) in 100 seconds. This comparec

with 500-600 seconds for the 100% and 75% powercase. Figure 6-16 shows the l
primary cold leg temperature. This transient is similar in shape to the 1
previous tests but expanded in time because of the Jower flow rates during

this test.

The secondary pumps coast to a stop in between 45-50 seconds. The predicted
secondary flow coastdown produced in this case is shown in Fiqure 6-14. This
flow drops to a minimum of about 3% (390 GPM) of rated flow. The temperature
for the secondary hot leg is plotted in Figure 6-17 and for the cold jeg ir
Figure 6-18. For the initial portion of the modelled transient, a large
change in tempera..re 1S not predicted.
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8.0 ACCEPTANCE CRITERIA

This section delineates the criteria and 'ogic with which the adequacy of the
transient natural circulation calculations, and by implication the models and
data in DEMD, will be determined. The criteria are intended to be used in
post-test comparisons of the pre-test predictions with data measured during
the testing. The post-test analysis will assess the effects of actual test
conditions as opposed to those used for the a-priori predictions, accuracy of
data used in the analysis, effects of measurement uncertainties, and
consistency of the models in DEMD with test results. However, in the end the
gquestions to be answered during the post-test analysis are: 1) How well do
the predictions and measurements agree? and 2) Are the differences between
predictions and measurements acceptably small?

8.1 POST TEST ANALYSIS

Considerable post-test analysis will be necessary to support and qualify a
“bottom line" acceptance criteria. These analyses will include the following:

1. Determination of the effect of decay power and heat sink boundary
conditions on the pre-test predictions. If differences between the
assumed and actual boundary ronditions are significant, the
predictions will be re-run with a decay heat based on the actual
power history and the measured heat sink sodium temperature but with
the same DEMD mode! and input data.

2. Assessment of the accuracy of the data used in the pre-test
predictions, The objective here, to the extent possible with the
instrumentation in FFTF, is to determine how much of the difference,
between the best estimate calculations and the measurements, is due
to uncertainties in the data used in the predictions. Particularly
significant are pump data that would affect the flow coastdown and
pressure drop data that would affect loop flows. The steady state
natural circulation tests (pretest predictions were made in
Refereice 4-5) will provide total loop Ap vs flow information. The
actua) measured pump speed coastdown and stop time will be used to
evaluate the accuracy of the pump friction torque data.

6015A-602A-(51478) -65-



3. Determination of the acCuracy of component thermal mocgels. The
outlet therma) response Ot tne piping, pump, IkX, reactor fuel
assemdbly group, and reactor upper plenum will be axaminea for given
measured flow &nd temperature input to the extent that that's
possible with the installed plant instrumentation,

4, An overall assessment of tiv. accuracy, DEMO and data. Based on Z ang
3 above and the differences between measured and best estimate flows,
an overall assessment of the accuracy of DEMO and the gata for
¢alculating natural circulation flows will be made.

8.2 BOTTOM LINE CRITERION

The bottom 1ine acceptance criterion has been developed in terms of primary
flow rate, This is because the primary flow available for decay heat removal
is the key variable calculated with DEMO in a natural circulation amalysis.
Figures 8-1, 8-2, and 8-3, for transients from 100%, 75%, and 35% power
respectively, each show flow as a function of time for the bDest estimate case,
the design case, and the acceptance boundry. As oiscussed in Sections & and 7
the best estimate case is based on best ystimate system data and the design
case s based rn datz2 for pressure drep, pump inertia, and decay puwer with
typical design uncertainties included in a direction to produce miniaum flow,
The acceptance limit curves were developed from the flows cailculated in the
design cases by 1) increasing flow by 2X of the calculated value to account
for the magnetic flow meter accuracy and 2) adjusting the calculated flow with
a one second first order lag to account for the magnetic flow meter time
constant, The acceptance limits correspond to the Jowest measured flows for
which it could be argued that the actual flow would not be less than the
calculated design flow. Thus, the acceptance criterion is that if the minimum
measured flow is greater than the minimum in the acceptance limit, it would
then follow that the DEMO calculations made with design data conservatively
envelope the actual natura) circulation flow. The data and mode? would
therefore be acceptable for design case transient natural circulation
predictions.

60154-602A- [ $1478) ~66-










il

Fe s
-

.
M,
-
<o
|
! - = P —
[ - Y i
TIM U
y ” A Pa————
| 4 PTANCE ~ N










4'930 - FENLIYEIMNEL
~J2

N a——— R J R e iy

g

100.

TEMPERATURES FOR THE 100% TRANSIENT

FIGURE A-1 DEMO PREDICTED PRIMARY HOT LEG



"AL LI TTISSIA #LOVIN-S-F -

M3l ADD ASYRING -S-D

"BEL TONX3 XHI ANYMING-S O

M3l L1X3 WWanl XHI 1¥3d4-S -H——
O

‘I35 il

-
O
&

009 * 00 *00Y

|
]

{

|

!

|

|

|
' .

|
|
|
|
|
.
|

!

,////

|

/

Pre——
JUNLYU3dNIL

i
|
}

e (> S V'Y
’ ~
230

.
=

|
|

!
|
’ -

f

|
F 3 /
+- ~0—v—~-—r»—~- — e ——
f /

|
|
!
,Al
|
-

. WS, S——
/

B

|

b
;

i

| S -—







AL LTWI ONEL INT XHI
31 ZeN 1TWNI INI XHI
3L HOS10 dRNd INI

ML N1 INI
ML 29 ! i 0

;
|
|

A
|

w g

“. w

g d
*







e 002 ‘001

B NSNS Sums e sem anm Sl S S

e lpr—————

p————







e g——————————————————————

FLOW PERCENT

VOLUME FLON PERCENT

A-AIR FLOW

I
,,-,_.‘.‘_k_‘.._ ' W N T S S—
)’ |

P e ——————————— . e e

1

L)
.
A
|
L
i
L)
'
1
1
L
.
A

M

YOLUME

P THERMAL PEYT]
PRI
SEC

O

O

v —
D
(3
A= -







OV TYWUWN UYIOININI-S O O
OV TYHULYN ANYNI Bd- S ey

r Bk

'?
gy, -

T
|
|
|
m
| |
w ,i+i|?
|

|
1
|

s e s—p————————







yl

M3l 1IW! TISSIA MeLOYN-S-9 - -

M3 A AMINd -S-EF--- Q-

"3l ZONXT XM AEYNINZ-S O O

3L 11X3 WNBNL I 1845 &t
NI

FENLVH3dNIL

34°930 -

|

3

r

f
|

J
|
f

e ———a———

/

/

— -_7;; —
/

| |
e ———————




i




3L L3N] WONAL INT XM

M3l ZeN L3N] INI XH]

diil HOS10 MNd INI

MMAL NRILLONS Nd INI

N3l IeN LW XHO

M3l L13UNe ONEL XHO
NioN

nwuvmweune

-~—

-_T_.____.__-__....~“,...__ DU S————————-
/
/

—
3ENLYH3IdN3L

e —

\

’

S
|
N1
|
| |
1 |
4 }
wi»la% |
|
| | |
|

|
|




v

;
t
!
|
i
m
|
)

T Ay P T Rl i G




4 930 3¥NLIVHIGN3L

—— e e







M3l NIV-9 -

INTON3d M1 INWA 23S-Br---0-
INIOHId M4 WA 18d O

HIMNBd TYREIL & -

D e i

1
!
{
{
}
¢
!
|
|
|
{
|
{

—

e s o i &




4

!

 EN— SE— S |
, |

AR P AN T T W WY T




et ————————1

HEAD

NATURAL HEAD

G S

LEGEND

4G -PRIMARY NATURA

i S =y

,
{1 |
|
i

|
|
, | -

€) S-INTERMEDIATE

1«.’.[]%;' SIS U GESEEEEEINNENS .., v{&lilJ




B T - —— . i T e




M3l LIIN! TISSIA 8010V
AL ADD A¥YRWINMNA

"3l ZeNX3 XMH] ANYRI¥d
&l 11X3 ¥ XHI 13d

.
Q0!

—————

!
|
“
4
|

e
e ———————

e ——————————————————————— e e




~
-
3 i
ot o
X g =
5 - )
=
¢ EN
- w
v 1‘ -
< >
Z 4 I
s J el ¢ .
>




<W3l 1IN! YNEL IN] YH]-§-OiD-
SMEL ZON 1IN . HI-S-O— B
M3l HIS!T w»Nd IN] v V-
ML N2 s diNd INI ---4
M3L 20N L3N8 XH0-S O O
AL LTUND WNEL XHO-S A
NP

*0001 Co6 ‘008

BT el
| |

|

|

|

f

——

——,ee e ———
y
!

e e e e ——

|
|
|




e i

M . St A— AR X Y ™




~
L

)
TEWP

(TA

ET

BAT

{
|
A
|
1
4
|
|
|
|
SEC .
02 Tt
TL
[ lO{

SSY oU

LEGEND
ASSY TENP

INLET N
A
T

|
!

-
|
4
!

_

|
o

RV LOFER PLENMUN TEMP

3- NN FUEL

- A -NON FUEL
—1-Ry f

il

§—— G- 5- RV
C O
3

O
"5
-~
4l

{
S PRI A

) S—

|
1







| . -

r
4
*
-
PUSERS—— - S— s S - - mh. -
{ o
[ | 1
| -
| 1 %
! O | | 1
! i |
-
~
e e e e———p et s sttt e et <ot el 0.‘Lw1‘.<t DU S —
N
|
|
\ |
|
B IR - S -+ S S NS (S Se— - SE T —— -
Q
! 4 { D
! - . L |
! - %
|
|
g - —— e S A S S - g
| -
| -
i -
! }
]
{
b e g e e—— e —p——————————— 3!,1—11 - T - ¢
| ! &
! A
-
! w
_ -
i
{
i

o0

I
}
|
‘
i
4
+
F
1
!
4
of
B
t
|
4
|
1
F
PERCENT
rERCENT

L
v

A
LEGEND

n x.J.J
' S ke
.- e . e - *I‘a‘iﬁ!‘l.W e S Y‘OI](AQI(!.Q - - 4 1;%“
{ , v Joa
<8®
| | - x>>a
i {
| , | G- 0oe
{ | o o (g~
' [ + rXA
— e S i S ‘oo o ﬂq B ) s
{ = aOm
1 ! s > . 1‘D
| ~ |
| ‘ ) |
)
| .
 Jalnls
R B e _— e ——————— o -"\ — o
“ / =
| f o
i &
| \ \ N
1
{ 1 J / |
) /
| - - - i+ ¥y s i .
-t e - — e ——— "l.lﬂi.“ —— e — — - o *.,o e ) O
P x
d ] | o
i +* - A 4 -
> 1| ¥ V d
|+ P 4 /

100.0

10.0

1.0
0.1







0001

M

\
!
A

e e e e e e A e

006

e |(lﬂ!||'|dl I p——

QY3 IYHNLYN ALY IOIMHIINL-S O

o
QY TWHUYN ASYHINd-S —&— —&-

o JESE Q)
23S - I
08 ‘004 *009 C0S "00% "00€ 0Cc2 ‘001 ‘0
| « T B T T 41 T 0°0
| | |
G |
| \ _ ¥
| 4
| | d
m
i g e
M g epiip i — — g ) - —4 170
— e ———e e J]‘\\\A —
w | ) 1
v
-
|
- t - e — L 20
{
'
f
|
| |
- A 1 'S ﬂ-o










0
SE COND!
GEN

SC
t
-

3
i NI PLENLM
PLENUM- 24
Q-YARR- ||

A -MED PLEMLM- 24

S UEE SR SE—"——————— S
b |
Q

Y1
bt
- o
g r—— .A e 3
st —————————————————————

6
>
:
2
2
3
-
n
















B e e e o

e p— a——




s
‘
4
A
§

v
-
<
-
R
S
-~ - S i
iy
o ~
‘
= R
" ‘7
£ r
.f‘
~h v



M

™ -
v

g
W ¢
~
A
'
+ e

g -
. A

w'!




FFTF PL@TS .R PLENZ2A




FFTF PLOTS 3SPCT.R PLENZA

!
|
l
|
|
‘i

t

S00.
TIME SEC.

LEGEND
-REACTOR VESSEL EXIT TEMP.
S-PRIMARY PUMP INLET TEMP
-PRIMARY PUMP EXIT TEMP
-S-PRIMARY [HX INN@Z TEMP.
S-PRI [HX TUBNDL INLET TEMP

VAKK~ | REALTUF t L Al

NUM EXIT TEMPER

























7 Y
















w

-

v
B




‘
.
.
.
-
n.t M y $ s
e £ad " " g
wh
’ $ F y. "
B 4 * £ + § r it - .































- e L 4 t
- DU
{
!
4 9 874
"
>
a— | s =
- { b 1
y y

S <7 -

Ao
{ . 08

2

et
3
1
LS

4\ -
- teg €
’ |
¥ v w ~
. 7 {
- |
v |
- g 7 ¥
& 3 / |
‘ 1 006
- -
24
\~\‘« !

NOTLVAI T ATaWISSY 130 HI 40 401 3HI IV RNIVEIdWIL NVIN (3XEN
OVId 40 SNOELY O TWD YHE0D GNY OW3G 40 NOSTHVAW0D 8 491 4

vanwlJo o ¢ i




.







stems Section (R

¢ ~
>1te Representative

74 B \ 2
.~ r r .-

Reactor Programs Divis

rRR - N . n
JFQP "f",‘ect f“lv‘_e‘ ASS T. ngineering
J L L ’ 4

Associate Dir., Engineering

H. Golden
Director
S. Additon

Project Manager, CRBR Plant

.
ct Director, CRBR Plant,

CRBRP /OR Chief, Engineering Support Branch,




ATTACHMENT I11

DEMP PRE-TEST PREDICTIONS OF REACTOR INLET

FLOWS AND TEMPERATURES DURING THE
FFTF TRANSIENT NATURAL CIRCULATION TEST




ATTACHMENT 111
PRE-TEST PREDICTIONS OF REACTOR INLET FLOWS
AND TEMPERATURES DURING THE FFTF
TRANSIENT NATURAL CIRCULATION TEST

Pre-test predictions of reactor inlet flows and temperatures for the
FFTF transient natural circulation test from initial conditions of 35%
power and 75% flow were made during the first quarter of CY®0 and docu-
mented as a part of the Attachment Il report WARD-94000-00321 published
in March, 1980. Subsequent to the issuance of this report, there have
been two changes in data input for these predictions which have an im-

pact on the results. These are:

1) The initial predictions assumed a power history for the test which
is equivalent to 1 hour of operation at 35% of 400 th power. The
actual power history will be in excess of 5 hours of operation at
35% power and may be as long as 56 hours.

2) Pressure drop tests of the fuel assembly inlet nozzle/shield block
assembly conducted at low flows typical of natural circulation have
shown that the 4 P's at low flows are less than those assumed in
the analysis reported in the March predictions. 3

The significance of these two aspects is the following:

1) Higher decay heats associated with the longer times at power will
cause measured temperatures within the core (in the FOTA's) to be
higher than those which have been predicted for the 1 hour power
history. It was thus necessary to evaluate and quantify this
effect. It also means, because of higner core temperature, that
the flows will be higher because of the increase in the thermal
driving heads.

2) The reactor flows wiii be somewhat higher for a given thermal

head due to the reduced reactor & P's associated with the inlet
nozzle /shield block assembly.

111



For these reasons, it was decided to supplement the analyses described in
the WARD-94000-00321 with additional analyses of several cases to provide
data for FORE-ZM analyses so that the upper bound on fuel assembly temp-
eratures could be developed.

Four additional cases for the 35% power/75% flow test were analyzed.

Each of these cases was calculated with the same program used to compute the
results given in the March report with the exception of decay powers and
reactor 4 P's. The new decay powers used for the 56 hour decay heats are
shown in Table 1. For those cases using a "maximum" decay power, these
values were multiplied by 1.25. The difference in the correlations “c.

the reactor 4 P versus flow for the fuel assembly, non-fuel assembly and ty-
pass regions are shown in Figures 1 through 3. When the case is identi-

fied as a maximum &4 P case, Lhe uncertainties given in the March report
were used.

The four cases (in addition tc the "best estimate" 35% power/75% flow
case given in the March report) are as follows:

CASE 1: Same as the "best estimate" case given in WARD-94000-00321
except a nominal decay heat based on an assumed power history
equivalent to 56 hours of operation at 35% power.

CASE 2: Same as CASE 1 except maximum decay heats (+ 25% uncertainty)
for a 56 hour powe.: history.

CASE 3: Same as CASE 1 except the reactor pressure drops based on the
revised correlations (Figures 1 through 3).

CASE 4: Same as CASE 1 except that high side (“design") pressure drop

uncertainties (as described in WARD-94000-00321) were applied
to the pressure drop currelations.

I11-2



The new reactor vessel pressure drop correlations used for the average
fuel, non-fuel, and bypass assembly are shown in Figure 1 through 3,
respectively. These correlations were calculated from data taken from
COBRA-WC analyses which, in turn, were based on the new experimental

data on pressure drop through the fuel assembly inlet nozzle/shield blocks
from HEDL. The methodology used in the development of these correlations
was the same as that described in the March report.

Figure 4 shows a comparison of the predicted primary 1 op flow in GPM be-
tween the base case (results reported in WARD-94000-00321) and the four
additional runs. As expected, comparison between the base case and case
number 1 shows that higher decay heat (56 hours of operation) resulted

in higher primary loop natursl circulation flow. The maximum difference
in predicted flow due to the new decay heat effect alone is less than 15%
for the first 300 second transient. Comparison between the base case and
case number 3 shows further increase in the predicted primary loop natural
circulation flow due to the lower reactor vessel pressure loss coefficient
correlations used in case 3. The maximum difference in predicted flow
between these two cases is approximately 20%. Finally, the comparison
also show, that case 4 utilizing the "design" pressure drops and the nom-
inal decay heat for the 56 hrs. power history resulted in the most severe
tr.sient in terms of natural circulation flow. Figure 5 shows the same

compariion on an expanded scale for clarity.
i
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TABLE 1

DECAY HEAT* FOR 56 HR. INITIAL OPERATION AT 35% FULL POWER

TIME FUEL DECAY N-F/A DECAY
HEAT HEAT
(SEC) (1) (M)
0.0 6.769 .0990
1.0 6.769 .0990
3.0 6.111 .0903
6.1 © 5.459 .0816
12.0 4.998 .0754
| 24.0 , 4.488 0685
42.0 4.053 .0627
60.6 3.769 .0589
78.8 3.561 .0560
97.0 3.398 .0539
115.2 3.266 .0521
3.3 3.157 .0506
151.5 3.064 .0493
169.7 ' 2.984 .0483
187.9 ’ 2.915 .0473
206.0 2.843 .0463

*Neutronic heating needs to be added
to the decay heat for total heat to
fuel assembly 2°¢ nonfuel assembly.
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